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Abstract
Flooding is a dynamic and multifaceted hazard that poses significant challenges to risk 
mitigation efforts. Given the involvement of multiple stakeholders in flood management, it 
is essential to incorporate diverse perspectives in assessing flood risk and subsequently de-
signing sustainable flood risk management strategies. This study demonstrates an effective 
approach to integrate stakeholder input into flood risk assessment, using Mobile Bay, Ala-
bama, as a case study. An extensive literature review was conducted to identify research 
gaps and to highlight key flood risk indicators. Based on this review, a structured question-
naire was developed and distributed to individuals with varying roles in flood management 
in the Mobile Bay area. A purposive sampling method was employed to capture a broad 
range of stakeholder perspectives. The findings reveal that geographical location and his-
torical flood events were regarded by stakeholders as prominent contributors to flood risk. 
Input from multiple stakeholders, collected through questionnaire surveys, was then used 
to weigh various flood risk indicators. Relevant secondary data were obtained from vari-
ous sources to develop a comprehensive flood risk map for the study area. The approach 
used by this study demonstrates an effective way to involve multi-stakeholder perspectives 
in flood risk assessment, and the findings offer valuable insights for policymakers seeking 
to enhance flood risk mitigation and build more resilient, evidence-based strategies.

Keywords  Flood risk assessment · Stakeholder perspective · Indicator-based 
assessment · Integrated approach
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1  Introduction

Flooding is one of the most common and destructive global hazards. Annually, millions of 
people are displaced, and billions are affected by flooding to different degrees (McDermott 
2022). From 1990 to 2022, 4713 flooding events have been reported around the world, 
having affected 3.2 billion individuals with nearly 1.3 trillion USD economic losses (Liu et 
al. 2024). Coastal cities are highly vulnerable to flooding due to climate change and high 
population density (Dada et al. 2024). Spatial analysis of flood exposure reveals that the 
United States Gulf Coast exhibits a particularly high level of exposure (Qiang 2019). This 
region also displays heightened social vulnerability to flooding (Shao et al. 2020). To mini-
mize flood losses, it is thus imperative to adopt effective flood mitigation measures. The first 
crucial step then is to conduct a comprehensive flood risk assessment.

Traditional flood risk assessments have predominantly relied on quantitative and model-
ing approaches. Geographic Information Systems (GIS) have been instrumental in quantify-
ing flood risks and are widely applied in global assessments (Efraimidou and Spiliotis 2024; 
Hagos et al. 2022; Zhang et al. 2020). In addition to GIS, remote sensing (RS) technolo-
gies have gained prominence for flood risk mapping due to their capabilities to integrate 
advanced machine learning algorithms for flood prediction (Munawar et al. 2022; Farhadi 
and Najafzadeh 2021). More recently, machine learning and other data-driven techniques 
have been increasingly utilized to model and quantify flood risks (Kumar et al. 2023; Chen 
et al. 2021). These approaches largely depend on physical indicators such as elevation, 
slope, proximity to water bodies, precipitation, land use, vegetation indices, built-up areas, 
and topographic variables.

While these physical factors are undeniably essential for flood risk assessment, they 
often overlook social, economic, and local contextual dimensions (Lechowska 2022). Con-
sequently, decision-making tends to be technology-driven and may lack understanding of 
community-level perspectives. Given that flood risk is a complex and multidimensional phe-
nomenon, effective assessment must consider physical, social, economic, and institutional 
dimensions (Ghasemzadeh et al. 2021; da Silva et al. 2020). Incorporating local knowledge 
and social perspectives is as crucial as integrating physical and technological data (Hermans 
et al. 2022; Hadlos et al. 2022). Therefore, an integrative approach to flood risk assessment 
requires collaboration across multiple sectors involved in risk management (Pasquier et al. 
2020). However, existing research in this field often neglects participatory and collaborative 
methodologies, resulting in less effective outcomes (Gebremedhin et al. 2020).

Extensive studies across various regions including Australia (Rogers et al. 2020), New 
Zealand (Elkhidir et al. 2022), Europe (Ciampa et al. 2021), Africa (Miller et al. 2022), Asia 
(Ishiwatari 2019), and the United States (Tate et al. 2021a, b) highlight the significance 
of collaborative, multi-stakeholder approaches in enhancing the effectiveness of flood risk 
management. Given the diversity of stakeholders involved, incorporating their varied inputs 
is vital to make the assessment process more equitable, resilient, and impactful.

International frameworks such as the United Nations Office for Disaster Risk Reduction 
(UNDRR) emphasize the need for multi-level stakeholder involvement and advocate for 
integrated flood risk assessment methods that incorporate physical, social, economic, local, 
and scientific perspectives. Stakeholder perceptions significantly influence flood prepared-
ness and response, making it critical to understand and include inputs from all levels ranging 
from households to policymakers. Individuals with higher awareness and understanding of 
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flood risks are more likely to engage in proactive behaviors, such as adopting early warning 
systems and contributing to community resilience (Hudson et al. 2020; Calvo-Solano and 
Quesada-Román 2024). A deeper comprehension of flood risks enhances stakeholder com-
mitment to prevention and resilience-building efforts (Morrison et al. 2018).

Key stakeholders such as policymakers, international organizations, emergency manag-
ers, community leaders, and engineers tend to emphasize different facets of vulnerability. 
This diversity ensures that flood management strategies are better aligned with community 
needs (Manandhar and McEntire 2014). Clear and transparent communication among these 
actors fosters trust, encourages ownership, and enhances the implementation of risk reduc-
tion measures (UNDESA, 2023).

Global research demonstrates the effectiveness of multi-level stakeholder engagement. 
In England, local capacity and self-responsibility played pivotal roles in integrating com-
munity needs into national policy (Thaler and Levin-Keitel 2016). Participatory workshops 
in South Africa, involving community members and policymakers, enhanced early warning 
systems through shared knowledge and responsibility (Mugari et al. 2025). Collaborative 
modeling in European nations advanced flood risk awareness via social learning (Evers et 
al. 2012), while co-production strategies in the Netherlands emphasized the value of local 
self-organization in partnership with government entities (Edelenbos et al. 2017). During 
climate-related crises in Australia, inter-stakeholder collaboration mitigated resource con-
straints and improved disaster response (McAllister et al. 2014). Italy’s collaborative flood 
mapping efforts not only updated risk maps but also embedded lived experiences and local 
knowledge into mitigation and adaptation planning (Gnecco et al. 2024).

Building on these successful case studies, the present study aims to illustrate an approach 
integrating diverse stakeholder inputs into the flood risk assessment for the Mobile Bay, AL, 
along the U.S. Gulf Coast. Flooding is a persistent and historical issue in the Mobile Bay 
area, driven by its geographical location, diverse socio-economic conditions, heavy rainfall 
events, and rapid urbanization (Shao et al. 2019). These factors, compounded by a persistent 
increase in community vulnerability, continue to exacerbate flood risks in the Mobile Bay 
region (Dey et al. 2024a).

To address the pressing flooding challenges in the Mobile Bay area, this study incorpo-
rates input from a diverse range of stakeholders actively engaged in local flood risk man-
agement. These stakeholders include emergency managers, policymakers, urban planners, 
resilience officers, engineers, and representatives from non-governmental organizations. 
While stakeholder engagement in flood risk decision-making has been explored in other 
case studies, this study distinguishes itself by directly integrating input from multiple stake-
holder groups into the flood risk mapping process, resulting in a more representative map 
that reflects a broader range of flood-related perspectives and priorities. Unlike previous 
studies where risk maps were developed primarily through expert judgment or technical 
assessments, this research uses a structured quantitative survey to collect input from mul-
tiple stakeholder groups. The survey responses were analyzed to derive weights that reflect 
the diverse perspectives, contextual needs, and decision-making roles of these stakeholders. 
These weights were then applied to the spatial flood risk mapping process. By embedding 
stakeholder-derived priorities into the mapping methodology, this study introduces a novel 
and inclusive approach to flood risk assessment that enhances the relevance and applicabil-
ity of the resulting maps for decision-makers in the Mobile Bay area. This collaborative, 
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bottom-up strategy addresses the complex and multifaceted nature of flood risk, while also 
underscoring the limitations of traditional top-down assessment methods.

2  Study area

Mobile Bay, Alabama has been selected for this pilot study (Fig. 1). Mobile Bay is an impor-
tant area situated in the southeastern region of the United States, particularly in the state 
of Alabama. It is a wide estuary that is formed by the confluence of two major rivers: the 
Mobile and Tensaw Rivers (Dey et al. 2024a). In addition, numerous smaller rivers and 
streams flow into the bay. Since the bay opens into the Gulf of Mexico, it is a vital area for 
trade, transportation, and natural resource management (Shao et al. 2019). Mobile Bay is 
extensive geographically, covering an area of approximately 413 square miles (1,069 square 
kilometers). However, Mobile Bay is vulnerable to a set of challenges related to floods. With 
a humid subtropical climate, the area is well known for having large amounts of precipita-
tion each year due to its location along the Gulf Coast. Rainfall is consistently distributed 
throughout the year, with noticeable monthly totals and a slight uptick during the summer 
months (Shao et al. 2019). In addition, Mobile, a bustling city in Alabama, faces similar 
challenges confronting other coastal cities with its vulnerability to storm surge. This vulner-
ability is made worse by the growing threats of rising sea levels. The risk is further amplified 

Fig. 1  Study area map a administrative map of Mobile Bay b the location of Mobile Bay and Alabama 
State in the context of CONUS
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by the city’s increasing population, ongoing urban development, and the concentration of 
valuable assets along the coast (Shao et al. 2019).

Mobile Bay and its surrounding communities are naturally prone to coastal and com-
pound flooding due to their coastal location. Moreover, updated flood maps highlight that 
thousands of houses of Mobile County and Baldwin County reside within 100-year flood 
zones, which clearly indicates the need for flood risk mitigation. Due to its diverse charac-
teristics, historical vulnerability to flooding, and importance as a coastal region, Mobile Bay 
presents a critical opportunity to examine the perceptions of various stakeholders in flood 
risk assessment and mitigation. This area serves as an ideal case study to demonstrate how 
multiple stakeholder engagement contributes to effective flood mitigation strategies, con-
sidering the unique local challenges and the potential to improve resilience against future 
flooding events.

3  Data and methods

Both primary and secondary data were used in this study. Primary data were collected using 
the Qualtrics survey. Secondary data were utilized to integrate perspectives from stakehold-
ers with diverse backgrounds to produce the flood risk map. Input from a diverse group 
of stakeholders is crucial for enhancing flood risk mitigation efforts. First, an extensive 
literature review was conducted to identify crucial flood risk indicators (Table 1). Using 
these indicators, we designed a structured questionnaire consisting of 19 questions. The 
goal was to evaluate the priority and selection patterns of different indicators among vari-
ous stakeholders which would assist us to understand the different priorities held by various 
stakeholders and the reasons.

3.1  Sampling strategy and data collection

The 47 respondents in this study were selected using a purposive sampling approach, which 
targeted key professionals involved in flood risk management within the Mobile Bay area. 
This group included emergency managers, resilience officers, engineers, and policymak-
ers, ensuring the inclusion of individuals with direct experience and expertise in flood risk. 
However, the non-random nature of the sample means that it may not fully capture the 
diversity of perspectives from other stakeholder groups, such as residents or private sector 
entities, and the findings may not be directly applicable to other geographic regions or to all 
individuals involved in flood management. Future studies could address this limitation by 
incorporating a broader, more representative sample of stakeholders. However, the survey 
was distributed via Qualtrics to various stakeholders working in flood risk mitigation in 
Mobile Bay. The data collection was conducted from early March to late April 2023. After 
collecting the responses through Qualtrics, we used Qualtrics data analysis tools and Excel 
software to analyze and visualize the survey data. It is important to note that the sample 
size needed to achieve statistical significance depends on various indicators, such as the 
population size, the level of precision desired, and the confidence level chosen. Gener-
ally, the larger the sample size, the more reliable the results will be. The minimum sample 
size required to obtain meaningful insights in exploratory surveys of targeted professional 
groups is often considered to be around 30 respondents (Braun and Clarke 2021; Guest et 
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Indicator Specific 
Variables

Justification Unit Dimension of 
Flood risk

Stud-
ies used 
similar 
indicators

Geographic 
Location and 
proximity to 
flood-prone 
areas

Distance 
from River 
or Coast

Location close to 
flood-prone rivers or 
coasts increases Haz-
ards likelihood.

Kilometer Hazard (Haque et 
al. 2023; 
Cutter et 
al. 2012; 
Tate 2012; 
Cutter 
and Finch 
2008)

Elevation Low-lying areas more 
prone to flooding

Meter

Past Historical 
Flood Events

Flood 
Damage 
Location

Past flood history 
increases flood risk 
perception

-

Demographic 
characteristics

Age over 
60

Older people are more 
vulnerable

Percentage of 
individuals aged 
60 + per census 
block group (%)

Vulnerability (Haque et 
al. 2023; 
Tate 2012; 
Shah et 
al. 2018; 
Tate et al. 
2021a, b)

Age under 
18

Children are more vul-
nerable to flooding

Percentage of 
individuals under 
18 per census 
block group (%)

Disabilities Disability Movement restrictions 
enhance vulnerability 
to flooding

Percentage of 
individuals with 
a disability per 
census block 
group (%)

Language and 
cultural barriers

Language 
spoken

Language barriers 
enhance vulnerability

Percentage of in-
dividuals who do 
not speak English 
per census block 
group (%)

Access to com-
munication and 
transportation

Own 
vehicle

Having a vehicle 
reduce vulnerability

Percentage of 
households with 
at least one ve-
hicle per census 
block group (%)

Access to emer-
gency services 
and resources

Emergency 
shelter 
location

Emergency shelters 
nearby decrease 
vulnerability

-

Financial 
Condition

Poor hous-
ing – old 
houses

Poor housing increase 
vulnerability. Older 
houses are generally 
more susceptible to 
structural damage 
during floods due to 
age-related deteriora-
tion, outdated building 
codes, and lower 
resilience standards.

Percentage of 
housing units 
built before 1950 
per census block 
group

Income Lower-income groups 
are more vulnerable

Median house-
hold income per 
census block 
group (USD)

Table 1  Indicators collected from different sources and used in this study
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al. 2006; Malterud et al. 2016; Robinson 2014). Our study collected 47 complete responses, 
providing adequate coverage of key stakeholders in the Mobile Bay area. It should be noted 
that while this sample allows for a robust representation of professional perspectives, it 
is not intended to be statistically generalizable to all stakeholders beyond the study con-
text. This study used a purposive sampling strategy because our targeted respondents were 
mainly stakeholders in flood management in the Mobile Bay area. Due to the limited num-
ber of targeted respondents in the study area, a total of 47 complete responses were collected 
from these stakeholders. Data cleaning operation was performed on Qualtrics. Incomplete 
survey responses were excluded from the dataset. Most of the outcomes were demonstrated 
using descriptive statistics. Based on the muti-stakeholders input, the indicators were com-
puted in percentage scale (Eq. 1) and used as weights for flood risk mapping.

	
P ercentage =

(
Number of Responses for Specific Indicators

T otal Number of Responses

)
∗100� (1)

3.2  Stakeholder derived weights and risk mapping

This study integrated stakeholder perspectives directly into the flood risk mapping work-
flow using a frequency-based weighting approach. First, we compiled a list of flood risk 
indicators from an extensive literature review and circulated it to practitioners involved 
in flood risk mitigation through Qualtrics survey. Respondents could select one or more 
indicators they considered the most important. For each indicator, we calculated the per-
centages of responses (Eq. 1) and used them as weights, as these percentages directly reflect 
stakeholder’s priorities. To operationalize the IPCC risk framework, we collected spatial 
datasets to represent hazard, exposure, and vulnerability, respectively from reliable sources 
including USGS, FEMA, county offices, and the U.S. Census. Each indicator was normal-
ized using min-max standardization method to bring values onto a common 0–1 scale, mak-
ing them comparable across indicators. Each indicator layer in the GIS was multiplied by 
its corresponding weight within each dimension of hazard (Eq. 2), exposure (Eq. 3), and 
vulnerability (Eq. 4), respectively. The three indices were then multiplied (Eq. 5) to produce 
the final flood risk map, which was classified into five categories for cartographic display.

	 H =
∑ n

i=1
W i∗Zi� (2)

Indicator Specific 
Variables

Justification Unit Dimension of 
Flood risk

Stud-
ies used 
similar 
indicators

Awareness or 
Preparedness

Population 
Density

Higher density leads 
more peoples exposed

People per square 
kilometer per 
census block 
group

Exposure (Yaseen et 
al. 2023; 
Haque et 
al. 2022; 
Shah et al. 
2018)

Household 
density

More dense housing 
exposed a community 
to flooding

Households per 
square kilometer 
per census block 
group

Table 1  (continued) 
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E =

∑ m

j=1
W j∗Zj� (3)

	 V =
∑ p

k=1
W k∗Zk� (4)

	 R = (H∗E∗V )� (5)

Where,
H, E and V = Weighted indices for hazard, exposure, and vulnerability.
n, m, p = Number of indicators in hazard, exposure, and vulnerability.
Zi​, Zj​, Zk​ = Normalized values of the respective indicators.
Wi​, Wj​, Wk​ = Corresponding weights of each indicator.
R = Risk.

3.3  Weighting rationale

We adopted a frequency- and rating-based weighting approach because it provides a trans-
parent, direct translation of stakeholder preferences into quantitative values. This method 
allowed the priorities of diverse professional groups to be reflected in a way that is easily 
interpretable for both technical and non-technical users. While more sophisticated meth-
ods such as the Analytic Hierarchy Process (AHP), Principal Component Analysis (PCA), 
or entropy-based weighting are widely used in multi-criteria decision analysis, these tech-
niques require either pairwise comparisons or larger datasets. Given our pilot study’s rela-
tively small sample size and its emphasis on inclusivity and transparency, the frequency/
rating approach was the most pragmatic option. Future studies with larger samples may 
apply AHP or PCA to validate and refine the weight structure.

4  Results

4.1  Respondents background

This study aimed to incorporate insights from a diverse group of stakeholders involved in 
flood risk mitigation efforts in the vulnerable Mobile Bay area.

To understand the varying priorities and the rationale behind them, the study engaged 
professionals actively working in the region, including emergency managers, NGO work-
ers, engineers, resilience officers, city planners, policymakers, and others (Fig. 2). Among 
the participants, emergency managers constituted the largest group. The professional roles 
of respondents are particularly significant, as occupational priorities and experiences shape 
how individuals perceive and respond to flood risks. These backgrounds influence the iden-
tification of key risk factors. The diverse background enabled us to incorporate multiple 
stakeholders’ perspectives into flood risk assessment.
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4.2  Stakeholders’ perceptions regarding climate change

Based on the analysis of the responses, it is evident that stakeholders hold the belief that the 
coastal ecosystem has experienced noticeable impacts due to climate change over the pre-
ceding three decades. 56% of respondents exhibited a strong concurrence with this notion, 
while 44% expressed a general agreement. Looking forward to the next three decades, 
stakeholders anticipate even more pronounced effects of climate change on the coastal eco-
system. A significant 52% of respondents strongly agreed that climate change will severely 
impact the coastal ecosystem along with disasters, whereas 32% of respondents somehow 
agreed with the notion and the rest of 16% stakeholders expressed a neutral opinion regard-
ing that (Fig. 3). These findings offer valuable insights into the prevailing perceptions of 
stakeholders regarding the historical and anticipated future influences of climate change 
on coastal ecosystems (Cass et al. 2023). As such, they contribute to the growing body of 
knowledge concerning the dynamic interactions between climate change and ecologically 
sensitive regions.

4.3  Indicator-based flood risk assessment

As the impacts of climate change become increasingly evident and disasters more unpredict-
able, proactive measures are essential. Accordingly, after gathering stakeholders’ perspec-
tives on the impacts of climate change, the study aimed to explore their views on commonly 
utilized disaster assessment methods. Indicator-based flood risk assessment is a technique 
that involves identifying, quantifying, and analyzing key indicators to determine the prob-
ability and severity of flood incidents. This method involves evaluating various indicators, 
such as precipitation patterns, river discharge, topography, land use, population density, 
infrastructure, and emergency response preparedness, to create a comprehensive framework 

Fig. 2  Professional backgrounds of respondents categorized by occupation
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for assessing flood susceptibility and potential impacts on communities (Li et al. 2023). By 
using this approach, stakeholders, policymakers, and researchers can make informed deci-
sions regarding how to prioritize interventions, allocate resources, and develop strategies to 
reduce the adverse effects of flooding events (Yaseen et al. 2023). This method also helps to 
deepen our understanding of the complex interactions between environmental, climatic, and 
societal indicators, which is crucial for developing resilient and sustainable solutions in the 
face of a changing coastal landscape (Ma and Jiang 2023).

Based on our analysis of the literature, we include the following question: “Is variable-
based vulnerability assessment an effective method for managing flood risk?” We discovered 
that 8% of respondents disagreed with the following statement, while 60% of stakeholders 
agreed (Fig. 4).

Nearly 32% expressed neural opinion, indicating various opinions among different stake-
holder groups. Meanwhile, a majority (60%) of the respondents believe that conducting 

Fig. 3  Distribution of stakeholder agreement on future climate change impacts to coastal ecosystems
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indicator-based flood risk assessments is significant, which is consistent with earlier study 
findings (Haque et al. 2023).

4.4  Relative importance of various flood risk indicators

This study conducted an extensive literature review to identify the flood risk indicators. 
Those indicators used in multiple previous studies were selected as important indicators 
and used in this study (Cutter et al. 2012; Tate 2012; Cutter and Finch 2008; Haque et 
al. 2022, 2023; Shah et al. 2018; Tate et al. 2021a, b; Yaseen et al. 2023). To understand 
the importance of different flood risk indicators, we developed a survey item and gathered 
opinions from stakeholders with expertise in flood risk mitigation. Respondents were asked 
to select the indicator/s they considered the most important. They were allowed to select 
more than one indicator. Their responses were then computed as percentages to reflect the 
relative importance of each indicator (Eq. 1). A similar approach to value weighting has 
been performed in other flood prone regions (Shah et al. 2018). The results from the survey 
indicating relative importance of each indicator are presented in Fig. 5.

The selection of the indicators highlighted that geographic location stands as the lead-
ing variable of risk to flooding (Fig. 5). Several studies have identified geographic location 
as a key determinant in flood risk assessment (Dey et al. 2024; Haque et al. 2022; Haque 
et al. 2023; Chakraborty et al. 2023). These findings not only underscore the consistent 
importance of geographic location and critical infrastructure availability but also provide a 
reliable empirical basis for understanding the flood risk indicators in the decision-making 
process. The resulting weights were then utilized to facilitate the development of a flood risk 

Fig. 4  Stakeholders’ agreement levels on the effectiveness of indicator-based flood risk assessments
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map. Geographic location and past flood experience were found to be the most significant 
indicators of flood risk assessment. Similar findings were reported in another geographic 
context (Haque et al. 2023).

4.5  Stakeholder’s opinions about the value-weighting in flood risk assessment

Indicator based flood risk assessment involves multiple indicators related to flooding and 
their respective weights. After asking stakeholders to select the most important indicator/s 
for flood risk, we were interested in what approach influenced their value weighting. Lit-
erature review assisted us to identify some common approaches that are being followed 
during the value weighting process. They include expert opinion, data analysis, stakeholder 
input, risk assessment, following the existing best practice. We asked respondents how they 
determined the relative importance of different indicators in flood risk mitigation. A diverse 
range of responses was obtained, with risk assessment and data analysis methods emerging 
as the most used approaches for determining the relative importance of flood risk indicators 
and guiding the value-weighting process (Table 2). Experts such as hydrologists, engineers, 
urban planners undoubtedly have the expertise to give relative weight. However, only depen-
dent on their input is not sufficient to address the multifaceted nature of flood risk. They may 
offer valuable technical insights, but these need to be contextualized with local knowledge 
and input from other stakeholders to create a comprehensive and effective approach that can 
be accepted by a broader community. Similarly, data analysis is a widely used approach, 
but it might not capture community perceptions and the socio-political context of flooding. 

Approaches Percentage
Expert opinion 18
Data Analysis 24
Stakeholder Input 20
Risk assessment 26
Following the existing best practice 12

Table 2  Stakeholders value 
weighting preferences based on 
survey responses

 

Fig. 5  Contribution of different indicators to flood risk assessment as perceived by stakeholders
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Input from a diverse group of stakeholders provides the necessary qualitative insights to 
interpret and act upon data effectively. Risk assessment metrics often combine expert opin-
ion, data analysis and modelling to provide a comprehensive assessment of risks. Involving 
stakeholder input would make this assessment more inclusive, leading to more targeted 
mitigation strategies. Lastly, following the existing best practices is also good practice but 
the nature of best practice must be evolved with the evolving nature of disasters (Maldonado 
2016). Incorporating local perspectives can make sure the best practices are up to date to 
reflect present realities and community specific challenges (Osei et al. 2024; Cumming et 
al. 2022). Hence it is very important to incorporate or combine all those efforts to plan for 
effective flood risk mitigation.

4.6  Flood risk mapping

According to IPCC “the risk from flooding to human and ecological system is caused by the 
flood hazard, the exposure of the system affected and the vulnerability of the system” (IPCC 
2021). With the combination of hazard, exposure, and vulnerability in measuring flood risk, 
we collected relevant indicators representing the three dimensions, respectively. Based on 
the 13 indicators listed in Table 3, we developed a flood risk map (Fig. 7) to visualize the 
spatial dimension of flooding in the study area.

Elevation data was collected from the USGS website, emergency service location data 
was collected from the two counties (Mobile County and Baldwin County) office websites, 
past flood data were derived from FEMA flood damage records related to the flooding event 
caused by Hurricane Nate in 2017 and distance from river was calculated using the Euclid-
ean distance measurement tools in ArcGIS platform. From the US Census Bureau, we col-
lected the relevant data for the expected indicators and standardized it using the min-max 
formula. For each flood risk indicator, we developed a spatial layer highlighting areas of 
high and low values based on the variance within the dataset. Since the value ranges varied 
across different indicators, using data variance allowed for a standardized approach to con-
sistently represent the relative level of flood risk in each layer (Fig. 6). Finally, we multiplied 
all the standardized values with the derived weights to demonstrate Mobile Bay’s flood risk. 
The uniqueness of this map is we incorporated the input of multiple levels of flood risk 
management stakeholders in risk mapping along with the objective data. The flood risk map 
was classified into five distinct categories using the equal interval method. These categories 
are very high risk (red: 11.7 to 41.3), high risk (orange: − 17.9 to 11.7), moderate risk (yel-
low: − 47.4 to − 17.9), low risk (light green: − 77.1 to − 47.4), and very low risk (dark green: 
− 106.6 to − 77.1). This classification, applied to both Mobile and Baldwin Counties (Fig. 7), 
allows for a clear spatial visualization of risk levels across the region. This enables targeted 
mitigation efforts, where resources can be prioritized for regions exhibiting higher risks.

“Calculate geometry” is a widely used tool in ArcGIS to calculate the volume of geom-
etry, and this study utilized it to determine the area at risk due to flooding (Table 4). Almost 
45% of the Mobile Bay area is under considerable risks, among them 5.21% is at a very high 
level of risk. A recent study (Dey et al. 2024) conducted in the same study area using a data 
analysis-driven approach made similar findings.
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5  Discussion

This study emphasizes the importance of stakeholder input in decision-making and inte-
grates perspectives from multiple groups into flood risk assessment. Stakeholders expressed 
diverse views regarding climate change, its impacts on the Mobile Bay ecosystem, and their 

Category Indicator Definition Data source Years
Hazard Elevation Low-lying areas 

more prone to 
flooding

USGS

Distance 
from River 
or Coast

Closer proxim-
ity increases 
flood hazard

JRC Global 
Surface 
Water

2020

Past Flood 
History

Areas with past 
flooding have 
a higher hazard

FEMA 
flood dam-
age data 
(2017 Hur-
ricane Nate 
event)

2017

Exposure Population 
Density

More people 
exposed to 
potential flood 
hazards

Census 
Bureau

2023

Household 
Density

Denser housing 
increases expo-
sure to flood risk

Census 
Bureau

2023

Vulnerability Age Over 
60

Elderly popula-
tions are more 
susceptible to 
harm

Census 
Bureau

2023

Age Under 
18

Children are 
more vulnerable 
to flood impacts

Census 
Bureau

2023

Poor 
Housing

Substandard 
housing is more 
prone to damage

Census 
Bureau

2023

Income Lower-income 
groups face 
greater difficulty 
in coping

Census 
Bureau

2023

Own 
Vehicle

Lack of vehicle 
limits evacua-
tion ability

Census 
Bureau

2023

Disability Higher vulner-
ability due to 
mobility and 
access issues

Census 
Bureau

2023

Language 
Spoken

Language barri-
ers hinder access 
to warnings and 
instructions

Census 
Bureau

2023

Emergency 
Service 
Location

Proxim-
ity to service 
location reduces 
vulnerability

Mobile & 
Baldwin 
County of-
fice website

2023

Table 3  Flood risk indica-
tors categorized under hazard, 
exposure, and vulnerability, with 
corresponding data sources
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long-term implications. These perspectives highlight the growing need for collaboration 
to achieve effective flood risk mitigation. Flooding is a multifaceted hazard that requires 
a multidisciplinary approach, integrating scientific, technical, economic, social, and cul-
tural perspectives. Each stakeholder group brings unique expertise and priorities, which 
often differ significantly (Manandhar and McEntire 2014). For example, hydrologists focus 
on hydraulic modeling tools to simulate flood scenarios, predict flooding, and guide infra-
structure development (Kumar et al. 2023), whereas community organizations emphasize 
building resilience through education, awareness, and preparedness (McEwen et al. 2018). 
Both approaches are essential for sustainable flood risk management. Collaboration among 
these diverse groups is therefore not only beneficial but indispensable to addressing the 
complexities of flood risk comprehensively. The distinct roles of stakeholders have also 
been highlighted in prior studies. Emergency managers typically concentrate on infrastruc-
ture and operational readiness, while community leaders emphasize social cohesion and 
the well-being of vulnerable populations (O’Sullivan et al. 2013). Policymakers prioritize 
regulatory frameworks and resource allocation, whereas engineers focus on infrastructure 
resilience (Manandhar and McEntire 2014). These varying roles illustrate the multifaceted 
nature of flood risk mitigation and further underscore the necessity of collaborative, inte-
grated approaches.

Given this importance, the present study incorporated multiple stakeholders’ inputs into 
the risk assessment process. The approach is particularly relevant in areas where local per-

Fig. 6  Flood risk indicators categorized under three major components: Exposure, Vulnerability, and Haz-
ard. Exposure indicators: a Population density, b Household density; Vulnerability indicators: c Age over 
60, d Age under 18, e Poor housing, f Income, g Own vehicle, h Disability, i Language, j Emergency 
shelter; Hazard indicators: k Past flood events, l Elevation, m Distance from river
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Risk categories Area (sq. km) Area (%)
Very low 1020.31 11.36
Low 1962.86 21.86
Moderate 1889.82 21.03
High 3642.21 40.54
Very high 467.37 5.21
Total 8982.57 100

Table 4  Area-wise flood risk 
percentage
 

Fig. 7  Flood Risk Map of Mobile Bay. The map illustrates the spatial distribution of flood risk zones 
across Mobile Bay, categorized into five levels: very low (green), low (light green), moderate (yellow), 
high (orange), and very high (red)
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spectives are often overlooked in traditional expert-driven models. Its flexibility allows for 
scalability, making it suitable for coastal cities, urban areas, and rural flood-prone regions 
where community engagement is vital for resilience planning. Conventional flood risk 
assessment models are often expert driven, relying on quantitative data and physical indi-
cators (e.g., elevation, land use, historical flood data). While these models are essential 
for understanding the physical dynamics of flooding, they often neglect local knowledge 
and socio-economic factors that are critical to understanding community vulnerability. 
By contrast, the stakeholder-informed method applied in this study incorporates diverse 
local perspectives, producing flood risk maps that combine objective physical data with 
the contextual priorities of those most affected. This participatory approach enhances both 
the legitimacy and local relevance of risk assessments, making them more effective for 
community-driven flood mitigation strategies.

Survey results further revealed that nearly 60% of respondents strongly agree that indi-
cator-based flood risk management is effective. This preference suggests growing recog-
nition of the importance of structured, data-driven methods. Such approaches inherently 
encourage the inclusion of diverse stakeholders, as they integrate climatic, environmental, 
social, and economic indicators essential for comprehensive risk assessment. This finding 
aligns with global frameworks such as the Sendai Framework for Disaster Risk Reduction 
(UNDRR 2015) and the Paris Agreement (UNFCCC 2015), both of which emphasize inclu-
sive, multi-level collaboration in addressing climate-related disasters.

Among the indicators assessed, geographic location emerged as the most significant 
factor influencing flood risk mitigation. This underscores the context-specific nature of 
flood risks and vulnerabilities and highlights the need to include stakeholders from diverse 
geographic settings. For example, residents and authorities in riverine areas may priori-
tize levees or early warning systems due to frequent flooding (Perera et al. 2020), whereas 
coastal stakeholders may advocate for sea walls or nature-based solutions such as wetland 
restoration. Consequently, living in a flood-prone region strongly shapes stakeholder deci-
sions. Incorporating such diverse perspectives ensures strategies are tailored to the spe-
cific challenges of different regions, contributing to more effective and enduring mitigation 
measures.

Other factors such as historical flooding experiences, professional backgrounds, and 
political perspectives also shape decision-making at various stakeholder levels (O’Sullivan 
et al. 2013). Flood management authorities with extensive local experience may priori-
tize interventions based on past flood events, while engineers may emphasize infrastructure 
such as dams, levees, roads, and hospitals. Social scientists, in contrast, focus on building 
community resilience through education, awareness campaigns, and social cohesion. These 
differences highlight the importance of integrating multiple perspectives to ensure well-
rounded and effective mitigation strategies. The study also shows that value-weighting in 
indicator-based assessments is influenced by such factors. While stakeholders may have 
differing metric preferences, combining them produces a more comprehensive and robust 
assessment.

A key outcome of this study is the development of a stakeholder-informed flood risk 
map, which aligns with findings from previous studies in similar regions (Dey et al. 2024a). 
Although formal quantitative validation was not performed, the study conducted a qualita-
tive comparison with historically flooded areas, such as those impacted by Hurricane Nate 
in 2017, and found good alignment. Furthermore, stakeholder experts, including engineers 
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and emergency managers, reviewed the maps and provided feedback to improve their accu-
racy and relevance. Future work should build on this by incorporating formal validation 
methods, such as field assessments or comparisons with actual flood damage data, to further 
strengthen the robustness of the results.

Researchers across disciplines use a variety of methods to map flood hazards. Tradi-
tional approaches often rely solely on physical indicators such as elevation, slope, rain-
fall, and proximity to rivers, alongside hazard simulations such as HEC-RAS (Khatooni 
et al. 2025), SWAT (Karami et al. 2024), or machine learning classifiers (Bentivoglio et 
al. 2022; Mudashiru et al. 2021; Dey et al. 2024b, c). While effective in identifying areas 
of biophysical susceptibility, these methods tend to underrepresent social and institutional 
vulnerabilities (Vojtek 2023). The stakeholder-informed approach presented here comple-
ments these models by embedding local expertise and practitioner perspectives directly into 
the indicator-weighting process. Although our results such as the concentration of high-
risk areas in low-lying coastal zones are broadly consistent with hazard-driven maps of 
Mobile Bay (Dey et al. 2024a), the novelty of this method lies in generating a composite risk 
surface that reflects both objective hazard data and subjective stakeholder priorities. This 
added dimension improves the interpretability and acceptance of the maps among decision-
makers, thereby increasing their usefulness for policy and planning. Future research could 
further test predictive performance through direct comparison with physically based hydro-
logic models. Although this study used a frequency- and rating-based weighting approach 
for simplicity and transparency, future research could apply more advanced techniques such 
as the AHP or PCA with larger datasets to refine stakeholder-derived weights and enhance 
the robustness of the mapping process.

Overall, this study reinforces the argument that the inclusion of diverse stakeholders and 
their perspectives is decisive for effective flood risk assessment. By integrating expertise 
and priorities across disciplines, it is possible to create strategies that are both comprehen-
sive and sustainable. Incorporating input from multiple stakeholders into factor identifica-
tion, prioritization, and weighting allowed this study to develop a stakeholder-informed 
flood risk map for the Mobile Bay area. Such inclusive approaches ensure that flood risk 
mitigation strategies are responsive to diverse needs and contexts, ultimately contributing to 
a more resilient and adaptive future.

6  Conclusion

This study aimed to investigate the importance of incorporating multiple stakeholders in 
effective flood risk mitigation, given the diverse nature of flooding. Numerous studies 
argued for the role of different stakeholders at both individual and community levels, con-
cluding that, in the context of climate change and the evolving nature of flooding, collabo-
ration is essential. Every stakeholder has a role to play in managing flood risk, from the 
household level to government agencies. Effective risk mitigation requires all these entities 
to work in unison to tackle this complex problem. The roles of engineers, meteorologists, 
climatologists, policymakers, urban planners, sociologists, economists, emergency manag-
ers, community organizations, and NGOs are equally important because flooding impacts 
multiple sectors. Effective mitigation cannot occur without collaboration among stakehold-
ers. For example, policymakers need to consult community members, local authorities, and 
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other stakeholders before making decisions to ensure that policies address current chal-
lenges accurately. Similarly, sustainable planning requires input from the entire community 
to facilitate the sharing of resources, information, and knowledge. As a result, this study 
placed significant emphasis on incorporating the perspectives of diverse stakeholders in the 
flood risk mitigation process and developed a comprehensive flood risk map that integrated 
their input into the decision-making framework. In addition to stakeholder-derived insights, 
the flood risk map was qualitatively compared with past flood events to ensure its alignment 
with known flood-prone areas. Future research could further validate these maps with actual 
damage data and field assessments to strengthen their utility for risk management and policy 
decisions.

Along with the lack of quantitative validation, another important limitation of this study 
was the restricted inclusion of a broader range of stakeholders such as community mem-
bers due to outreach constraints. Only emergency managers, policymakers, city planners, 
resilience officers, meteorologists, and NGO workers from the respective area participated. 
Involving a more diverse group of stakeholders could have produced more comprehensive 
flood risk assessment. This study advocates for future research that includes a wider range 
of stakeholders, particularly community members who are directly affected by flooding. 
This study highlights the critical importance of incorporating stakeholder input in flood 
risk assessments, ensuring that the resulting maps reflect local priorities and realities. While 
the method of assigning weights based on stakeholder preferences is effective for this pilot 
study, future work could consider more advanced techniques, such as the AHP or PCA, to 
refine and enhance the accuracy of the stakeholder-derived weights, particularly in studies 
with larger datasets.

While this study provides valuable insights into the flood risk perceptions of key profes-
sionals in the Mobile Bay area, the non-random, purposive sampling strategy limits the 
generalizability of the findings to the broader flood risk management community. Future 
research should consider including a more diverse set of stakeholders, such as residents 
and private sector representatives, to enhance the representativeness of the results and 
the generalizability of the flood risk maps. In addition to that, future flood risk maps can 
consider more physical and socioeconomic factors. Future studies could also incorporate 
qualitative insights through focus group discussions (FGDs) with community members and 
in-depth interviews with authorities, such as emergency managers and policymakers. The 
stakeholder-informed approach demonstrated in this study can be applied to other regions, 
particularly those with diverse flood risk management stakeholders, such as coastal cities 
or rural flood-prone areas, but needed to make sure a robust sampling includes wide range 
of stakeholders. Compared to conventional expert-driven models, this participatory method 
offers a more inclusive and locally relevant framework for flood risk assessment, ensuring 
that maps are not only scientifically rigorous but also aligned with local priorities. Most 
importantly, this study offers a compelling example of how diverse stakeholder input can be 
effectively integrated into flood risk mitigation efforts, paving the way for more inclusive 
and informed decision-making.
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