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A B S T R A C T   

Cutting-edge flood visualisation technologies are becoming increasingly important in managing urban flood 
risks, particularly from the perspective of stakeholders who play a crucial role in controlling and reducing the 
risks associated with flood events. This review study provides a comprehensive overview of stakeholder analysis 
in this context, highlighting gaps in current research and paving the way for future investigations. For this 
purpose, scientific literature and critical analysis are conducted based on identified relevant research works to 
map the mutual role of stakeholders in this context. This study categorises cutting-edge technologies into four 
groups - virtual reality, augmented reality, mixed reality, and digital twin - and explores their adoption in 
engaging various stakeholders across the five key stages of risk management: prevention, mitigation, prepara
tion, response, and recovery. Results show that existing research has primarily concentrated on the support to 
water utilities and the communication with the general public. However, there is a noticeable gap in research 
regarding the comprehensive engagement of important stakeholders such as policy-makers, researchers, and 
insurance providers. Furthermore, the study highlights disparities in the involvement of stakeholders in damage 
assessment studies, particularly with a lack of representation from policy-makers and researchers. Finally, the 
study introduces the concept of overlooked key stakeholders and the interconnected impacts they have, which 
has received relatively little attention in previous research.   

1. Introduction 

Climate change has emerged as a significant driver of global tem
perature rise, which has contributed to the alteration of weather pat
terns across the world. As a result of these changes, certain regions have 
experienced a surge in precipitation intensity and the frequency of 
extreme rainfall, primarily in urban areas (Woolway et al., 2020). The 
amplified rainfall in urban settings, specifically those that lack adequate 
storm water management infrastructure or efficient drainage systems, 
has led to a variety of negative outcomes, with flooding being the most 
consequential (Piadeh et al., 2022a). Urban flooding can have far- 
reaching impacts on both physical infrastructure and the well-being of 
urban inhabitants. Floodwaters can lead to structural damage, weak
ened foundations, and clogged drainage systems, as well as soil erosion, 
leading to harm to critical infrastructures such as roads and bridges 

(Piadeh et al., 2023). 
On the other hand, the social impacts of urban flooding are 

numerous, affecting the health and safety of residents. Flood can be 
forceful and dangerous, sweeping away people and properties, causing 
drowning and other water-related injuries (Bakhtiari et al., 2023). They 
can pose a public health threat by carrying sewage (for the case of 
combined sewer overflows), chemicals, and other hazardous materials, 
which can result in outbreaks of waterborne diseases. The psychological 
impact of flood is also noteworthy, causing emotional distress and long- 
lasting effects (Sarmah et al., 2020). While numerous sustainable solu
tions, especially non-structural, have been developed to tackle the 
challenges of urban flooding, the involvement of stakeholders is critical 
for their success (Rafiei-Sardooi et al., 2021). Stakeholders including 
policy and decision makers, operators and industries, researchers and 
developers, and affected population not only bear the brunt of urban 
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flood damages but also play a crucial role in addressing the associated 
risks. Effective stakeholder engagement ensures that all perspectives are 
considered, resources are utilised effectively, and the needs of vulner
able populations are addressed adequately (Geaves and Penning- 
Rowsell, 2016). Collaborative efforts and consensus-building among 
stakeholders facilitate the development and implementation of flood 
risk management programmes that promote the long-term health and 
resilience of communities. 

Cutting-edge flood digital visualisation technologies (CEVT), which 
entails computer-based tools to create visual representations of flood 
risks, vulnerabilities, and potential impacts, represents a potent strategy 
for enhancing stakeholder engagement in flood risk management, 
especially through virtual reality (VR), augmented reality (AR), mixed 
reality (MR), and digital twin (DT) as illustrated in Table 1 (Macchione 
et al., 2019; Allam et al., 2022; Bakhtiari et al., 2023). More specifically, 
VR technologies allow users to enter a computer-generated 3D envi
ronment and better comprehend the potential impacts of flooding 
(Carneiro et al., 2018). Immersive 3D images provide a realistic and 
interactive experience, and 3D web-based visualisation refers to the use 
of 3D digital models and interactive technology on web platforms are 
the two initial application of VR technologies (Singh and Garg, 2016; 
Burian et al., 2020). Furthermore, the immersive dynamic VR environ
ment offers users a realistic and immersive experience to explore and 
comprehend flood events and their consequences in a controlled and 

safe manner (Luo et al., 2021). Finally, Game-based VR incorporates 
elements of gameplay to create a more immersive environment, aiding 
users in understanding complex flood scenarios and their consequences 
(Simpson et al., 2022). 

AR overlays digital information onto the real world, providing 
stakeholders with a view of the potential impacts of flooding in their 
real-world surroundings (Qamar et al., 2023). Two main approaches 
including mobile phone apps and computer software are identified in 
the context of flood visualisation. Mobile apps utilise the device’s 
camera and sensors to display real-time flood information, such as water 
levels, on top of a live video feed of the affected area (Haynes et al., 
2018). Computer software platforms enable the creation of customised 
AR applications using touch tables or physical replicas (Tomkins and 
Lange, 2019). MR technology enables the creation of immersive flood 
visualisation experiences that merge the physical world with digital 
content, allowing users to interact with the digital elements (Haynes and 
Lange, 2016). Finally, DT facilitates the creation of a virtual replica of a 
real-world system or environment. It creates a virtual model of the 
system by integrating data from various sources such as sensors, weather 
forecasts, and urban maps to build prototype or living platform for 
stakeholders (Pedersen et al., 2021). 

The integration of cutting-edge technologies has been shown to 
enhance stakeholder engagement in flood risk management, resulting in 
improved preparedness and resilience in the face of flooding events. 

Table 1 
Definitions, similarities, and differences between the four cutting-edge digital flood visualisation technologies within the context of flood management.  
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However, there is a few comprehensive and critical research on the 
application of these technologies in the context of stakeholder engage
ment across all stages of flood risk management. Several articles have 
directed their attention towards incident response measures and the 
involvement of some stakeholders including decision-makers, local au
thorities, technical staff, and emergency service providers (Wolf et al., 
2022). Their collective responsibilities encompass tasks such as 
acquiring geographical data pertaining to the incident, identifying the 
nearest responder to the incident site, determining the optimal route 
using traffic data, and facilitating communication with other emergency 
services. Conversely, other articles have sought the engagement of 
policy-makers, urban designers, and researchers in the implementation 
of flood mitigation measures during the stages of urban planning and 
design, utilising cutting-edge technologies (Langenheim et al., 2022). 
Alternatively, some articles have primarily focused on local commu
nities and the affected population, aiming to enhance their awareness of 
pre- and post-disaster risk measures through the utilisation of CEVT 
(Kundu and Nawaz, 2019: Gamberini et al., 2021). 

However, despite the valuable contributions made by various 
research works as outlined above to engage stakeholders in flood risk 
management through implementing cutting-edge technologies, there is 
a lack of comprehensive investigation of all relevant stakeholders across 
the entire spectrum of flood risk management. Urban flood risk man
agement involves a wide range of actors beyond the above-mentioned 
groups who plays a vital role in mitigating and responding to urban 
flood risks, and their collective efforts are integral to achieving effective 
outcomes. Moreover, flood risk management is continuous and iterative 
endeavour that encompasses various phases and hence focusing solely 
on a particular stage limits the understanding of the holistic dynamics 
and interdependencies among different components within the flood 
risk management framework. Thus, a more inclusive approach that ac
knowledges the multitude of stakeholders involved and encompasses the 
entire risk management continuum is necessary to fully evaluate the 
effectiveness, applicability, and limitations of these technologies in real- 
world scenarios. 

Therefore, this study aims to provide a holistic and critical overview 
of the role of stakeholders in studies implementing CEVT throughout 
urban flood risk management stages. By taking this approach, the study 
also aims to answer the following key research questions (RQ):  

• (RQ1): Which stakeholders are encompassed in CEVT studies and 
what are their roles?  

• (RQ2): Which specific CEVT are utilised for each group of 
stakeholders?  

• (RQ3): How stakeholders are involved in the various risk stages?  
• (RQ4): What key stakeholders have not been included in the CEVT 

studies? 

Furthermore, despite the crucial roles of various groups of stake
holders involved in flood risk management and their potential impacts 
on, or susceptibility to, the influence of flood visualisation, the extant 
literature in this domain has primarily focused on a limited subset of 
stakeholders. This limited focus raises concerns regarding the potential 
oversight of crucial perspectives and insights in flood risk management. 
Such omissions can lead to incomplete or biased assessments of flood 
risks, inadequate consideration of social, environmental, and economic 
factors, and a lack of support from excluded stakeholders. As such, this 
study aims to highlight those stakeholders who have been traditionally 
overlooked or underrepresented in the applications of digital technolo
gies for flood management and flood digital visualisation. This study 
also investigates how these neglected stakeholders can be effectively 
engaged and integrated into the process, ensuring their voices are heard 
and their needs are considered. 

2. Research scope and design 

Following the guidelines recommended by Moher et al. (2009), the 
search strategy encompassed searching for the relevant keywords in ti
tles, abstracts, and keywords of the research studies documented in 
Scopus search engine (see S1 in Table 2). This approach allowed for a 
comprehensive exploration of the literature. To refine the search results 
and ensure the inclusion of pertinent studies, a series of four search and 
screening strategies (S2-S5 in Table 2) were sequentially applied. Each 
strategy aimed to progressively narrow down the pool of publications, 
ensuring the selection of high-quality and relevant studies. After 
meticulous screening and rigorous evaluation, a final set of 43 studies 
(See appendix for RIS file of used database) were deemed suitable for 
further analysis. It is noteworthy that the initial search yielded a 
considerable number of publications, with 891 articles identified in the 
first stage (S1). However, through the subsequent stages (S2 and S3), the 
search results were refined, allowing for a more focused and specific 
selection process. The selected studies underwent another round of 
screening, specifically targeting the application of data presentation 
techniques. This process aimed to identify studies that incorporated 
CEVT approaches for urban flooding. i.e., VR, AR, MR, and DT. 

Subsequently, investigation into the contributions of various stake
holders in the domain of digital visualisation of urban flooding (S4) was 
undertaken, drawing from the recommendations made by Piadeh et al. 
(2022c) for classifying stakeholders into three primary categories: 
policy-makers, CEVT developers, and CEVT users. Following this cate
gorisation, the stakeholders discussed in the 43 selected articles were 
identified, tracked, and analysed to address RQ1. The types of stake
holders were determined, along with their respective sub-categories. 
The identified stakeholder categories include water utilities, which 

Table 2 
Flowchart of the search strategies in the study.  

Code Search and screen 
strategy 

Keywords Selected 
research 
works 

S1 Finding publications 
studying urban flooding 
based on searching in 
titles, abstracts, and 
keywords 

(Urban OR City OR 
Domestic) AND (Flood OR 
Pluvial OR Fluvial OR Storm 
OR (Extreme AND 
Weather)) OR (Runoff OR 
Overflow OR Discharge OR 
Inundation OR 
Susceptibility) 

891 

S2 Results were limited to the 
last decade, English 
language articles, and 
journal papers only with 
searching under titles, 
keywords, and abstracts. 

– 193 

S3 Results were screened for 
application of data 
visualisation or data 
presentation research 
works. 

(Augment OR Virtual OR 
Mixed) AND (Reality) OR 
(Digital AND Twin) 

43 

S4 Results were screened for 
stakeholder identification. 
Stakeholders are identified 

(Authority OR ((Decision 
OR Policy) AND Maker) OR 
Politician) OR (People OR 
Citizen OR Academic OR 
(Affected AND population) 
OR Representative) OR 
(trustee AND Board) OR 
Community) OR (Operator 
OR Expert OR Engineer OR 
Technician) OR (Business 
OR Industry OR 
Commercial) 

42 

S5 Results were screened for 
finding risk management 
stages. Stages are 
identified 

(Prevention) OR 
(Mitigation) OR 
(Preparedness) OR 
(Response) OR (Recovery) 

41  
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encompass decision-makers and technical staff; policy-makers; re
searchers; the public, consisting of representative boards and affected 
populations; and insurance providers. It is pertinent to mention that the 
roles and responsibilities of all recognised stakeholders are further 
elaborated upon in Section 4. Furthermore, an analysis of the research 
works pertaining to various stages of flood risk management (S5) was 
conducted, following the recommendation made by Bhaduri (2019) in 
which distinct stages of risk management are characterised by specific 
features. In line with these features, the flood risk management ap
proaches discussed in the 43 selected articles were mapped into the 
stages elucidated by Bhaduri (2019). It was observed that the selected 
research works encompassed five key stages: prevention, mitigation, 
preparedness, response, and recovery. Further discussion on this risk 
management stages are provided in Section 5. 

To identify relevant studies, the current study specifically focuses on 
urban flooding and hence excludes other forms of flooding, such as 
flooding from non-urbanised rivers, dam breaks, lake, or wetland 
overflow. However, relevant cases outside of urban areas are considered 
to incorporate new ideas and concepts that may be useful for identifying 
gaps or suggesting future directions. These resources are used to 
demonstrate the gaps and potential stakeholder engagement in Section 
5. Furthermore, this study incorporates other relevant information 
sources including documents related to project management, and 
stakeholder engagement, drawn from various industries and their 
respective databases. However, while it is acknowledged that numerous 
recent advancements are being implemented at an industrial scale by 
municipalities, water companies/utilities, and regional and national 
agencies, these developments may not be publicly available in detail. 
Consequently, tracking all necessary information from these advance
ments can be impossible and thus, this study is constrained to relying on 
published journal or conference papers only. 

3. Research framework and structure 

Stakeholder analysis in the context of applying CEVT for urban flood 
risk management is referred to the process of recognising, role mapping, 
and classifying individuals, groups, or organisations with a vested in
terest or influence in the implementation and outcomes of these 

technologies (inspired by Masalegooyan et al., 2022). This analysis fa
cilitates an understanding of the stakeholders’ perspectives, roles, re
quirements, and potential impacts on the project, thereby promoting 
effective engagement and collaboration throughout the development 
and implementation of these technologies for urban flood risk 
management. 

Accordingly, the interactions among recognised stakeholders with 
CEVTs through various stages of flood risk management are outlined in 
Fig. 1. The complexity of Fig. 1 makes it challenging to analyse and 
identify the interrelationships among stakeholders, technologies, and 
risk management stages. Hence, this study adopts a three-level frame
work for conducting a stakeholder analysis in a more comprehensive 
manner. The first level, corresponding to RQ2, delves into the intricate 
dynamics between CEVT and the recognised stakeholders. This aspect, 
which is comprehensively explored in Section 5, delves into investi
gating how these CEVT have effectively engaged stakeholders to address 
specific objectives within the realm of flood visualisation. 

The second level, discussed in Section 5, focuses on mapping the 
roles of stakeholders onto the flood risk management stages to address 
RQ3. This involves identifying the responsibilities, interests, and con
cerns of each stakeholder group throughout the entire process. Finally, 
the third level deals with addressing RQ4 to identify overlooked stake
holders and their mutual impacts on CEVT. For this purpose, this study 
draws upon inspiration from similar works including but not limited to 
Piadeh et al. (2022c) for adopting a scientific literature review meth
odology to systematically identify neglected key stakeholders and 
analyse their roles and mutual impacts in the context of cutting-edge 
technologies. This approach recognises that a comprehensive under
standing of stakeholders extends beyond the confines of a specific field 
and requires a broader exploration of relevant literature. The scope of 
the literature review in this study is expanded to encompass not only 
articles within the field of flood visualisation, but also scientific reports, 
guidelines, and publications from diverse industries, such as non-urban 
flood management, project management, and stakeholder engagement. 
By incorporating these additional sources and drawing upon various 
industry-specific databases, the study aims to capture a more compre
hensive perspective on neglected stakeholders and their significance in 
advancing cutting-edge technologies. This multidisciplinary approach 

Fig. 1. Interaction map of different recognised stakeholders on data visualisation based on different flood risk management stages.  
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allows for a nuanced analysis of stakeholder dynamics and facilitates the 
identification of potential synergies and areas for improvement in flood 
risk management practices. 

4. Recognised stakeholders 

Table 3 presents an overview of the key stakeholders and their roles 
and responsibilities involved in CEVT. The five recognised stakeholder 
groups include water utilities, policy-makers, researchers, public, and 
insurance providers. The water utilities group encompasses decision- 
makers and technical staff, while the public group comprises represen
tative boards and affected populations. 

4.1. Contribution analysis of recognised stakeholders in flood 
visualisation studies 

According to the selected research works, the contribution of the 
recognised stakeholders in cutting-edge flood visualisation studies can 
be highlighted in Fig. 2. Water utilities hold the largest share of 44%, 
indicating their significant involvement and valuable input in terms of 
data, expertise, and practical insights. The public group follows closely 
with a 35% share, highlighting the importance of incorporating the 
perspectives and experiences of the society members. Policy-makers 
contribute 10%, researchers 7%, and insurance providers 4%, show
casing their respective roles in advancing flood visualisation practices. 
Further analysis within the water utilities group reveals that decision- 
makers account for 71% of the contribution, while technical staff 
make up 29%. In the public group, the majority of the contribution 
comes from the affected population (79%), with representatives ac
counting for 21%. These findings highlight the collaborative efforts of 
stakeholders in flood visualisation studies, showcasing their diverse 
contributions towards advancing the field and improving flood risk 
management strategies. 

The largest share of water utilities, who play a vital role in safe
guarding communities, reveals that it is imperative for them to utilise 
cutting-edge digital technologies efficiently in addressing the challenges 
presented by flooding. The prominence of decision-makers in these 
studies can be attributed to their responsibilities and decisions which 
have a significant impact on the success of these initiatives, thereby 
making their perspectives and insights crucial in comprehending the 
challenges and opportunities of CEVT. Although the insights and per
spectives of operators are crucial for the successful implementation of 
CEVT for flood visualisation, their role is often more practical and less 
strategic than that of decision-makers (Pedersen et al., 2021). Hence, 
their share in studies related to the use of such technologies in flood risk 
management is lower than that of decision-makers. 

As illustrated in Fig. 2, the public group which accounts for 35% of 
the focus, is placed as a second rank. The great emphasis on this group is 
a result of the growing recognition of the importance of engaging them 
in effective and sustainable flood risk management efforts, and the po
tential benefits of employing cutting-edge technologies to facilitate such 
engagement (Li et al., 2022). These studies have predominantly targeted 
the affected population within the public group, comprising 79% of the 
focus. This is because the ultimate objective of flood risk management is 
to protect and benefit stakeholders who are the most vulnerable to 
flooding impacts. Thus, comprehending their viewpoints, requirements, 
and concerns is crucial in developing effective digital visualisation 
methods and flood risk management strategies (Schröter et al., 2017). In 
contrast, representatives account for 21% of studies, suggesting a more 
specialised or narrow perspective on flood risk management. Although 

Table 3 
Primary relevant stakeholders recognised in flood visualisation studies.  

Recognised 
stakeholders 

Roles/Responsibilities Reference 

Water utilities Participating in flood-related 
initiatives, aiming to minimise the 
impacts of flooding on 
communities and ensure the 
reliable provision of water services 

Pedersen et al. (2022) 

Decision-makers Formulating flood risk 
management plans that encompass 
structural and non-structural 
measures, align with allocating the 
necessary resources and funding to 
implement these strategies 
effectively 

Amirebrahimi, 
Rajabifard, Mendis, & 
Ngo (2016) 

Technical staff Ensuring flood control systems are 
operational and effective in 
safeguarding people and property 
and monitoring flood situations 
and environmental conditions that 
can impact system performance 

Schröter et al. (2017) 

Public Consisting of individuals who 
reside in flood-prone areas or have 
a stake in flood risk management, 
being able to actively participate in 
flood risk management processes 
by providing input on policies and 
strategies 

Li et al. (2022) 

Affected 
population 

Individuals and communities 
directly impacted by flood events, 
possessing valuable local 
knowledge and expertise regarding 
flood risks, historical patterns, and 
community-specific 
vulnerabilities. 

Burian et al. (2020) 

Representatives Composing of elected or appointed 
representatives accountable to the 
public, ensuring that flood risk 
management policies and practices 
are responsive to community needs 
and priorities 

Jacquinod and 
Bonaccorsi, (2019) 

Policy-makers Developing policies, regulations, 
guidelines, and procedures that 
influence the actions and decisions 
in flood risk management 

Truu et al. (2021) 

Researchers Conducting studies and 
investigations to gather data on 
various aspects of flood risk, 
developing sophisticated models 
and tools to simulate and predict 
flood events, and assessing the 
consequences of floods 

Li et al. (2015) 

Insurance 
providers 

Offering financial protection, 
promoting risk reduction 
measures, conducting risk 
assessments, sharing data and 
expertise, and supporting recovery 
efforts to mitigate the impact of 
floods on individuals, insurance 
providers, and communities. 

Mirauda et al. (2018)  

Fig. 2. Contribution percentage of the recognised stakeholders in the studies of 
cutting-edge visualisation technologies applied to flood risk management. 
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their perspectives and insights are valuable, they may not always reflect 
the broader concerns and needs of the affected population (Li et al., 
2022). Therefore, studies that focus on the public group prioritise 
affected population perspectives and insights over representatives. 

The relatively low presence of policy-makers at 10% can be attrib
uted to their macro-level perspective on flood risk management. This 
group may not be directly involved in the implementation of digital 
technologies for flood risk management, which is usually an operational 
and tactical concern. Besides, the 7% representation of researchers in 
flood visualisation studies suggests that the specific research studies may 
have prioritised practical applications and immediate needs related to 
flood risk management over academic engagement. Collaborative efforts 
may have primarily involved other stakeholders such as government 
agencies that possess a direct role in implementing flood mitigation 
strategies, thereby resulting in a narrower emphasis on academic 
involvement (Ghaith et al., 2022). The lowest percentage of insurance 
providers (4%) can be attributed to the predominant involvement of 
academic or governmental institutions in the research conducted in this 
domain, which may not possess direct links to the private sector. 
Moreover, institutional, or regulatory barriers may limit this group’s 
engagement in flood risk management through the utilisation of cutting- 
edge digital technologies (Mirauda et al., 2018). 

4.2. Timeline contribution analysis of recognised stakeholders in flood 
visualisation studies 

The information pertaining to the contribution of the recognised 
stakeholders in flood visualisation studies over the past decade is pre
sented in Fig. 3. Overall, this Figure provides insights into the emphasis 
placed on various stakeholder groups across these years, thereby 
demonstrating a notable shift in the recognised target audience for 
further analysis during this period. Initially, the primary emphasised key 
groups were decision-makers, technical staff, and affected population. 
The inclusion of these stakeholders reflects their fundamental roles in 
shaping decision-making processes. Involving decision-makers allows 
for their perspectives and priorities to be incorporated into the visual
isation process. This helps ensure that the resulting visualisations align 
with the strategic goals and objectives set by decision-makers (Sun, Puig, 
& Cembrano, 2020). Technical staff involvement is crucial as they 
contribute valuable insights into the technical aspects of flood man
agement. Their expertise ensures that the visualisations accurately 
represent the physical aspects of floods, enabling more informed 
decision-making (Macchione et al., 2019). 

Finally, engaging the affected population allows for a better under
standing of their vulnerabilities, perceptions, and preferences in flood 
risk management strategies. By involving them, the selected research 
works can foster participatory approaches and empower communities to 
contribute to decision-making processes, ultimately leading to more 

inclusive and community-centred flood risk management solutions (Fu 
et al., 2021). The involvement of stakeholders in selected research works 
has been a consistent approach, with decision-makers and technical staff 
being regularly targeted. However, there is no unanimous agreement 
regarding the inclusion of the affected population. While significant 
attention was given to the affected population in certain years e.g., 
2016, 2017, 2019, or 2021, this focus waned in other years over the past 
decade, such as 2015 and 2018. These highly variable changes show the 
absence of a definitive consensus within research communities 
regarding the significance of including the affected population as crucial 
stakeholders. In other words, while researchers tend to develop strate
gies for decision-makers, the affected population has often been viewed 
as victims rather than contributors for finding solutions. 

This focus have expanded recently to include four additional groups: 
policy-makers, representatives, insurance providers, and researchers. 
The broadening of the focus through last decade reveals a more 
comprehensive and inclusive approach to these studies, aligning with 
the principles of integrated and participatory flood risk management. By 
involving all the mentioned stakeholders, selected studies can benefit 
from various perspectives, interdisciplinary collaboration, and broader 
landscape of flood risk management (Zhang et al., 2020). This approach 
promotes holistic understanding, transparency, equity, informed 
decision-making, and the development of effective risk management 
strategies and provides valuable insights into emerging trends, techno
logical advancements, and best practices in flood risk management, 
fostering innovation and evidence-based decision-making. 

5. Technology-based role mapping 

5.1. Contribution analysis of recognised stakeholders across cutting-edge 
technologies 

The primary goal of this investigation is to delve into the multifac
eted involvement of diverse stakeholders in the utilisation of CEVT, as 
indicated in Fig. 4. Overall, flood visualisation studies have demon
strated a concerted effort to leverage these cutting-edge technologies for 
engaging stakeholders in the realm of flood risk management. However, 
despite these endeavours, notable research gaps persist, particularly 
concerning the adoption of VR for policy-makers and the utilisation of 
MR and DT technologies by representatives and insurance providers. 
These gaps highlight the imperative for further exploration and inves
tigation to bridge these knowledge voids. Additionally, in the landscape 
of flood visualisation studies, the prevailing emphasis has been on the 
involvement of decision-makers and the affected population through the 
application of the VR technology. 

Fig. 4 also reveals that AR, MR, and DT have been more frequently 
explored in relation to policy-maker engagement as they offer unique 
opportunities for policy-makers by providing a realistic and dynamic 
representation of flood scenarios, enabling them to gain a deeper un
derstanding of the potential impacts and exploring various mitigation 
strategies (Li et al., 2015; Truu et al., 2021). On the other hand, the 
absence of research works exploring policy-maker engagement in 
VR-based studies suggests a literature gap and an opportunity for future 
research. Understanding how VR can be effectively utilised to engage 
policy-makers, and how it can enhance their decision-making process in 
flood risk management, would be valuable for advancing the field. 

Moreover, the preference VR in engaging decision-makers may stem 
from the immersive characteristics of this technology, which have the 
potential to enhance decision-makers’ spatial cognition and foster an 
intuitive understanding of flood risks (Wang et al., 2019). Furthermore, 
VR offers a shared visual platform that facilitates collaborative decision- 
making processes, allowing stakeholders to collectively discuss various 
flood management options. Besides, involvement of technical staff using 
cutting-edge technologies has been relatively limited, as evidenced by 
the sparse number of articles specifically addressing their participation. 
This observation highlights a potential gap in the literature concerning 

Fig. 3. Heat map for the contribution of recognised stakeholders in cutting- 
edge flood visualisation studies over the last decade. 
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the engagement of technical staff as crucial stakeholders as they can 
ensure that the technical components of flood visualisation tools are 
accurate, reliable, and robust, providing a solid foundation for decision- 
making processes (Zhang et al., 2020). 

Fig. 4 also emphasises that the significant number of VR studies 
engaging the affected population may be attributed to the user-friendly 
nature of VR platforms and devices have become more accessible and 
affordable in recent years, making it easier to involve a larger number of 
participants (Burian et al., 2020). Additionally, the immersive nature of 
VR can create a stronger emotional connection and sense of presence, 
allowing individuals to better internalise the potential consequences of 
flooding. Conversely, while several articles focused on representatives 
utilising VR and AR, there exists a lack of research encompassing MR 
and DT technologies. The inclusion of representatives using VR and AR 
demonstrates an increasing recognition of their potential in involving 
this group and establishing a platform for collaborative decision-making 
and fostering meaningful discussions (Su et al., 2021). However, the 
absence of research in the realm of MR and DT can be attributed to 
limited accessibility, technical complexities, or insufficient awareness 
pertaining to the potential advantages of these technologies (White 
et al., 2021). 

Similar to representatives, a number of studies have addressed the 
involvement of insurances using VR and AR technologies. However, 
there is a lack of research exploring the engagement this group through 
MR and DT technologies. VR and AR offer interactive experiences that 
can aid in risk assessment, claim adjustment, and communication of 
flood information. By leveraging the interactive nature of them, in
surances can enhance their risk modelling capabilities and improve 
underwriting accuracy (Tomkins and Lange, 2019). The absence of 
studies in the field of MR and DT area may be attributed to pressing 
research priorities, limited resources, or a lack of recognition of the 
specific requirements of this group in the flood risk management 
context. Researchers have been also involved in several studies across all 
cutting-edge technologies. It is concluded that while these studies have 
recognised the valuable contribution of researchers in advancing visu
alisation technologies, there remains room for further exploration as the 
involvement of researchers brings a wealth of expertise and knowledge 
in areas such as visualisation techniques and human–computer inter
action. Their participation ensures scientific exploration and critical 
evaluation of the effectiveness and limitations of these technologies (Li 
et al., 2015). 

5.2. Contribution analysis of recognised stakeholders across flood 
visualisation objectives 

Table 4 provides an insightful overview of the primary flood 

visualisation objectives. These objectives encompass critical areas such 
as flood damage assessment, which aims to evaluate the extent and 
impact of flood-related destruction. Flood inundation simulation focuses 
on accurately modelling and visualising the spatial extent and progres
sion of flooding. Lastly, flood evacuation routing is explored, empha
sising the development of efficient and effective evacuation plans for 
vulnerable areas during flood events. 

Regarding these objectives, Fig. 5 shows a stream-flow diagram that 
examines the involvement of stakeholders in research works focused on 
the discussed visualisation objectives. Overall, Fig. 5 demonstrates that 
flood inundation simulation has garnered significant attention as a pri
mary objective in flood visualisation. Moreover, when it comes to flood 
visualisation, the public and water utility groups have made greater 
contributions compared to other stakeholders. Regarding flood damage 
visualisation, VR is the primary method employed, while MR is not 
commonly utilised for this purpose. However, all technologies are 
employed for the other two objectives. 

Studies utilising AR reveals a predominant focus on flood inundation 
simulation (Puertas et al., 2020; Zhang et al., 2020). Alternatively, 
several numbers of studies explored the application of AR for flood 
evacuation routing, seeking to optimise evacuation strategies and routes 
during flood events (Mirauda et al., 2018). However, there is few 
research articles specifically addressing flood damage assessment using 
AR. These studies, which aim to evaluate the extent of damage caused by 

Fig. 4. Bubble plot illustrating the distribution of stakeholders’ engagement based on various cutting-edge technologies in flood visualisation studies.  

Table 4 
Primary flood visualisation objectives discussed in flood visualisation studies.  

Flood visualisation 
objective 

Description Reference 

Flood damage 
assessment 

Quantifying and evaluating the magnitude 
of human or property damage inflicted by 
flood events which necessitates the 
comprehensive analysis of various factors 
such as property damage, disruption to 
critical infrastructure, economic losses, and 
potential environmental ramifications. 

Mol et al. 
(2022) 

Flood inundation 
simulation 

Accurate modelling and simulation of the of 
flood inundation which entails the 
integration of advanced computational 
models, geospatial data, and cutting-edge 
visualisation techniques 

Su et al. 
(2021) 

Flood evacuation 
routing 

Optimising evacuation strategies during 
flood events considering crucial variables 
such as population distribution, 
transportation networks, flood forecast 
information, and time constraints inherent 
to evacuation processes. 

Li et al. 
(2022a)  
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floods, involve the public group as the primary stakeholders. The 
involvement of stakeholders in inundation simulation and evacuation 
routing studies encompasses all recognised stakeholders (Tomkins and 
Lange, 2019). The limited representation of stakeholders in flood dam
age assessment studies may be attributed to the complexity of damage 
assessment processes, data availability challenges, or a lack of aware
ness regarding the potential applications of AR in this specific domain. 
Further research is needed to explore the potential of AR in facilitating 
comprehensive flood damage assessment that involve various stake
holder groups. 

Research works used DT technology have demonstrated a primary 
focus on flood inundation simulation (Wang, Chen, & Wang, 2022; 
Ghaith et al., 2022). These studies leverage the capabilities of DT to 
accurately simulate the process of flood inundation, allowing for a 
detailed visualisation of flood scenarios. The involvement of water 
utilities in inundation simulation studies using DT indicates the recog
nition of their expertise in data analysis and flood risk management 
(Pedersen et al., 2021; Pedersen et al., 2022). However, few research 
articles specifically address flood damage assessment using DT. These 
studies have primarily involved policy-makers as the key stakeholders 
since their engagement in damage assessment studies allows for the 
integration of assessment results into policy development and 
decision-making processes (Truu et al., 2021; White et al., 2021). 
Nevertheless, further research is needed to explore the potential con
tributions and involvement of a wider range of stakeholders in flood 
damage assessment using DT. 

MR studies have concentrated on inundation simulation and evacu
ation routing, with no specific focus on damage assessment (Li et al., 
2015). Despite the limited number of MR studies, they have successfully 
engaged diverse groups of stakeholders as they aim to use interactive 
capabilities of MR to enhance the understanding of flood progress. While 
the absence of MR studies focusing on damage assessment may be 
attributed to technical limitations or resource constraints, it highlights a 
potential area for future exploration in flood visualisation area. 
Furthermore, selected studies utilising VR have placed significant 
emphasis on damage assessment, which is driven by several factors (Wu 
et al., 2019). Firstly, assessing the extent of flood damage is essential for 
planning, resource allocation, and decision-making in risk management. 

Researchers can analyse the physical and economic impacts of flooding 
and provide valuable insights for control efforts. Besides, immersive 
nature of VR allows for a more comprehensive understanding of flood 
damage. Users can navigate and explore virtual environments and 
visualise the actual impact of floods on infrastructure (Simpson et al., 
2022). 

Alternatively, while VR studies strived to engage a wide range of 
stakeholders, public and water utilities have received great attention. 
Recognising the importance of community engagement and participa
tory approaches, researchers have sought to involve the public in the 
visualisation objectives (Aahlaad et al., 2021). This engagement allows 
for greater awareness and promoting community resilience. Involving 
water utilities in VR-based simulations enables them to assess the 
effectiveness of their response plans, testing and refining evacuation 
routes, and evaluating the resilience of critical facilities, and identifying 
potential vulnerabilities (Fu et al., 2021). It is worth noting that 
continued collaboration and engagement of various stakeholders in VR- 
based flood visualisation studies will contribute to the development of 
more robust and comprehensive flood risk management strategies for 
visualisation objectives. 

6. Flood-risk based role mapping 

The primary goal of this section is to map the role of recognised 
stakeholders in studies employing cutting-edge technologies for flood 
risk management stages. Accordingly, five key stages for flood risk 
management are identified including (1) prevention, i.e. reducing the 
likelihood and severity of flooding; (2) mitigation, i.e. improving the 
response capabilities; (3) preparedness i.e., reducing risks and potential 
impacts of flooding; (4) response, i.e. offering immediate assistance, and 
(5) recovery, i.e. rebuilding, rehabilitating, and restoring affected areas 
(Rouhanizadeh et al., 2020; Oubennaceur et al., 2021). Fig. 6 illustrates 
the distribution of focus among various stakeholders, categorised ac
cording to the risk management stages. Overall, the findings indicate 
that these studies have engaged stakeholders from all groups during the 
mitigation, preparedness, and response stages. However, representa
tives and insurance providers were not considered in the prevention 
stages, while policy-makers and researchers were not prominently 

Fig. 5. Stream-flow diagram demonstrating the application of cutting-edge visualisation technologies in engaging stakeholders for varied flood visual
isation objectives. 
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involved in the recovery stage. Additionally, these studies have pri
marily concentrated on engaging decision-makers and the affected 
population, particularly during the stages of mitigation, preparedness, 
and response. 

6.1. Policy makers 

Several research works focused on the involvement of policy-makers 
in all stages of flood risk management, namely prevention, mitigation, 
preparedness, and response. They recognised the significance of 
engaging policy-makers as stakeholders in shaping and implementing 
effective strategies to address flood risks in the mentioned stakeholders 
(Rydvanskiy and Hedley, 2021). However, a notable gap exists in the 
literature concerning the involvement of policy-makers in the recovery 
stage. This stage, which focuses on post-flood restoration, reconstruc
tion, and long-term resilience building, is a critical phase that requires 
active engagement and policy interventions. (Luo et al., 2021). This gap 
suggests the need for further exploration and investigation into the role 
of policy-makers in the recovery stage, as their involvement can play a 
crucial role in guiding recovery efforts and allocation of resources. 

6.2. Water utilities 

There are a relatively higher number of studies focusing on the 
mitigation and preparedness stages (Aahlaad et al., 2021). Emphasis on 
the mitigation stage aligns with the overarching objective of reducing 
the exposure and vulnerability of communities to flood hazard, as rec
ognised by decision-makers. The emphasis on preparedness underscores 
the understanding that proactive planning and preparedness measures 
can effectively mitigate the impacts of flooding and facilitate more 
efficient response efforts. Similarly, the involvement of technical staff is 
evident across all risk management stages, with a particular emphasis on 
mitigation (Bartos and Kerkez, 2021). This emphasis can be attributed to 
the recognition of technical staff’s expertise in assessing vulnerabilities, 
analysing flood hazards, and designing and implementing mitigation 
measures. Their contributions in utilising cutting-edge technologies for 
flood risk assessment and evaluating the efficacy of mitigation strategies 
are pivotal in ensuring comprehensive flood risk management practices 
(Macchione et al., 2019). 

6.3. Public 

Selected research works exhibited a notable commitment to 
involving the affected population across all stages of flood risk 

management. Notably, there is a significant emphasis on the prepared
ness stage, and relatively high focus on the mitigation and response 
stages (Sermet and Demir, 2019). The emphasis on the preparedness 
stage signifies the recognition of the affected population as active par
ticipants in building resilience, fostering community-driven responses, 
developing emergency response plans, and adopting appropriate mea
sures to mitigate the impacts of flooding. By involving the affected 
population in the mitigation stage, these studies seek to ensure that 
community perspectives, needs, and concerns are considered in the 
development and implementation of effective mitigation strategies. 
Furthermore, the emphasis on the response stage highlights the efforts 
made by studies to understand the experiences, perceptions, and chal
lenges faced by the affected population to develop of more effective 
response strategies (Fujimi and Fujimura, 2020). 

A notable gap exists in the literature concerning the engagement of 
representatives in the prevention stage. Several factors may contribute 
to this, including a predominant focus on immediate response efforts 
following flood events, which may divert attention from long-term 
planning and preventive measures. Furthermore, challenges related to 
stakeholder coordination, limited resources, and institutional barriers 
may hinder the inclusion of representative boards in prevention-focused 
studies (Mirauda et al., 2018). 

6.4. Insurance providers 

The involvement of insurance providers in visualisation studies has 
primarily been observed in all stages, while the prevention stage has 
remained unaddressed (Zhang et al., 2020). The absence of studies 
focusing on prevention can be attributed to several factors. Firstly, the 
prevention stage often entails long-term planning, regulatory measures, 
and strategic interventions, which may lead insurance to perceive their 
involvement in this stage as less immediate. Secondly, the prevention 
stage’s complexity and interdisciplinary nature may pose challenges in 
terms of stakeholder coordination and collaboration, necessitating 
greater effort and resources to effectively engage insurances (Zhu et al., 
2014). 

6.5. Researchers 

Lastly, researchers have been prominently involved across all stages 
of flood risk management, except for the recovery stage (Ghaith et al., 
2022). The scarcity of studies focusing on the recovery stage stems from 
its nature, which predominantly involves post-flood assessments, reha
bilitation, and reconstruction efforts aimed at restoring affected areas 

Fig. 6. Bubble plot illustrating the distribution of stakeholders’ engagement based on flood risk management stages in flood visualisation studies.  
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and communities. While researchers can offer valuable insights and 
expertise in areas such as modelling and impact assessment, their 
involvement in the recovery stage may be perceived as less immediate. 
Moreover, the recovery stage necessitates rapid response and decision- 
making, with a heightened emphasis on practical actions that may lie 
outside the academic sphere of influence. 

7. Impact of the recognised stakeholders on cutting-edge 
visualisation technologies 

The primary focus of recent flood visualisation studies lies in 
engaging stakeholders in the flood risk management and understanding 
the impacts of digital visualisation on them, rather than specifically 
assessing how these stakeholders can contribute to the advancement and 
improvement of these techniques. This section aims to shed light on the 
potential impacts that the recognised stakeholders can have on 
enhancing the CEVT performance and promoting their widespread use. 

Table 5 presents valuable insights regarding these impacts. Water 
utilities can play a pivotal role in improving the performance of visu
alisation technologies and driving their adoption. Their expertise and 
data contributions are essential in enhancing the accuracy and reliability 
of these technologies. By providing domain-specific knowledge, water 
utilities enable the testing and validation of visualisation models, 
ensuring their efficacy in real-world applications (Antonios et al., 2023). 
Similarly, the active involvement of public contributes to the enhance
ment and promotion of flood visualisation technologies (Auliagisni 
et al., 2022). Their involvement enriches the accuracy, relevance, and 
usability of these technologies through contributing data, local knowl
edge, feedback, and user experience. Moreover, their engagement fos
ters community empowerment, awareness, and collaborative 
governance, leading to more effective flood risk management practices. 

As outlined in Table 5, policy-makers enhance the adoption and 
effectiveness of flood visualisation technologies by integrating them into 
policies and regulations, providing funding and support, and promoting 
data accessibility and sharing which ultimately leads to increased 
resilience to floods (Vanderhorst et al., 2021). Researchers can also 
improve cutting-edge technologies by developing innovative algorithms 
and models, collaborating with stakeholders, providing expertise in data 
interpretation, engaging social media feeds, and disseminating research 
findings to promote their adoption in flood risk management (Ye et al., 
2023). Insurance providers can improve the performance of visual
isation technologies and promote their use by sharing valuable data, 
collaborating with technology developers, and integrating the tools into 
risk management practices. Their contribution includes providing in
sights on flood risks and damages, addressing gaps in current methods, 
and raising awareness among clients about the benefits of these tech
nologies for risk assessment and claims management (Kanbara and 
Shaw, 2022). 

8. Potential engagement and future perspective 

This section delves into the identifying of neglected stakeholders in 
flood visualisation studies, employing the framework presented in Sec
tion 4. The research aims to shed light on these often-overlooked 
stakeholders and emphasises their significant impacts on the develop
ment and utilisation of cutting-edge technologies. By elucidating their 
roles and exploring the mutual impacts between stakeholders and 
technologies, this study paves the way for further investigations in this 
field, thereby enabling more effective flood risk management strategies 
and fostering the adoption of cutting-edge technologies. 

8.1. Analysis of overlooked authorities 

Table 6 presents an overview of potential but neglected authorities’ 
stakeholders in cutting-edge flood visualisation studies, majorly envi
ronmental agencies, local councils, and meteorological organisations. 

Environmental agencies are responsible for monitoring the environ
mental impacts of floods in urban areas, including assessing water 
quality, ecological systems, and habitats affected by floods, as well as 
working towards their preservation and restoration (Fujimi et al., 2020). 
They also develop and implement measures to mitigate the environ
mental damages caused by urban floods and actively promote environ
mental awareness and public education regarding the importance of 
sustainable practices in reducing flood risks. 

By involving these stakeholders in the development, application, and 
promotion of CEVT, their performance can be significantly enhanced, 
ensuring alignment with environmental goals and facilitating their 

Table 5 
Potential impacts of recognised stakeholders in recent studies on cutting-edge 
technologies.*  

Stakeholder Impact of stakeholders on technology 

Water utilities  
Decision-makers  - Defining the geographical boundaries and parameters of 

flood visualisation in area of interest  
- Ensuring comprehensiveness and accuracy of data 

utilised in flood visualisations  
- Choosing appropriate flood visualisation models that 

meet specific criteria such as computational efficiency, 
ease of use, and affordable costs to facilitate 
communication and interpretation of flood-related data  

Technical staff  - Collecting pertinent data on flood risk parameters 
impacting on the quality of visualisations  

- Conducting calibration procedures for flood 
visualisation models  

- Offering feedback to model developers by testing model 
outputs with their experiences  

- Assessing the accuracy of tools in real case flood events 
Public  

Affected 
population  

- Offering insights on flood visualisation tools and their 
user-centred design  

- Participating in testing and evaluation of tools, 
providing feedback and areas of improvement  

- Enhancing the utilisation and adoption of tools by 
advocating for community engagement  

Representatives  - Facilitating the development of user-friendly platforms  
- Collaborating with experts in visual communication and 

engagement  
- Aiding on identifying effective strategies for reaching 

diverse audiences 
Policy-makers  - Providing financial support for the tools advancement 

aimed at enhancing flood-related data representation 
and communication  

- Offering regulation and cloud-based data storage to 
facilitate data availability  

- Deciding on appropriate strategies for presenting flood 
risk information and identifying the intended audience 
of the visualisations 

Researchers  - Integrating cutting-edge data analytics techniques and 
artificial intelligence to analyse large amounts of flood 
data and create improved flood visualisation tools.  

- Creating more interactive and immersive visualisations 
enabling users to explore the impact of various flood 
scenarios.  

- Employing geospatial data and mapping technologies to 
produce comprehensive flood visualisations displaying 
the location, extent, and intensity of flooding.  

- Enhancing visualisation tools by integrating data from 
social media feeds to generate a more comprehensive 
and accurate representation of the flood situation 

Insurance providers  - Augmenting visualisation methods by conducting 
distinctive flood risk assessments and visualisations to 
offer supplementary data and perspectives.  

- Disseminating data and information to foster more 
thorough and precise flood visualisations.  

- Allocating resources to research and develop advanced 
flood risk models and partnering with academic 
institutions to incorporate state-of-the-art scientific 
modelling techniques 

*: Inspired by Vanderhorst et al. (2021); Auliagisni et al. (2022); Kanbara and 
Shaw (2022); Antonios et al. (2023); Ye et al. (2023). 
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integration into effective flood risk management practices (White et al., 
2021). Furthermore, CEVT offer powerful tools to raise awareness 
among environmental agencies and promote their engagement in flood 
risk management. These technologies facilitate real-time data integra
tion and impact assessment, empowering agencies to make informed 
decisions and enhance environmental protection efforts (Seebauer et al., 
2019). 

Local councils, also known as municipalities or local authorities/ 
government bodies, have direct responsibilities in urban flood risk 
management. They are responsible for urban planning, infrastructure 
management, and emergency response within their jurisdictions. They 
oversee the maintenance and management of urban drainage systems, 
storm water management, and flood control infrastructure and during 
flood events, local councils coordinate emergency response efforts (Jun 
et al., 2013). Local councils can engage in collaborative partnerships 
with technology developers, enhance public awareness through targeted 
campaigns, formulate effective policies, and invest in staff capacity 
building initiatives. 

Concurrently, the integration of these technologies into local council 
practices can raise awareness among stakeholders, improve communi
cation channels, facilitate data-driven decision-making processes, and 
foster active engagement in flood risk management endeavours (Deva
giri et al., 2022). Meteorological organisations provide critical weather 
forecasting and monitoring services that support urban flood risk man
agement. They collect and analyse meteorological data to issue timely 
and accurate weather forecasts, including information about heavy 
rainfall events and potential flooding. 

By providing early warnings and flood alerts to local councils, 
emergency management agencies, and the public, they help facilitate 
preparedness and response efforts (Gandini et al., 2020). Meteorological 
organisations’ expertise in data collection, forecasting, risk assessment, 
and collaboration contributes to the accuracy, reliability, and effec
tiveness of these technologies in supporting flood risk management ef
forts (Lima et al., 2017). These technologies contribute to the 
advancement of meteorological practices and enhance the effectiveness 
of meteorological organisations in managing and mitigating the impacts 
of floods by enhancing their data analysis capabilities, improving fore
casting and warning systems, and supporting decision-making processes 
(Costa et al., 2022). 

8.2. Analysis of overlooked businesses 

Another major overlooked group are businesses, as listed in Table 7, 
including contractors, suppliers, equipment manufactures, and software 
developers. Contractors play a vital role in flood risk management by 
providing expertise in engineering, construction, maintenance, and 
emergency response. They design and build flood protection infra
structure and maintain and repair existing structures (Zhu et al., 2022). 
They also install and maintain flood warning systems and assist with 
emergency response efforts to mitigate flood risks and promote com
munity resilience. Contractors can leverage cutting-edge technologies to 
enhance design, streamline construction and maintenance processes, 

Table 6 
Mutual impacts of overlooked authorities’ stakeholders in recent studies on 
cutting-edge technologies.*  

Stakeholder Impact of stakeholders on 
technology 

Impact of technology on 
stakeholders 

Environmental 
agencies  

- Improving the simulations 
by integrating authoritative 
data into the tools  

- Establishing realistic flood 
scenarios derived from 
historical events to enhance 
the comprehension of 
ecological and 
environmental impacts  

- Incorporating 
environmental indicators, 
such as water quality, into 
tools to foster awareness 
and understanding of the 
significance of 
environmental 
considerations in flood risk 
management  

- Conducting training 
workshops aimed at 
introducing the potential of 
flood visualisation 
technologies and promoting 
their adoption.  

- Facilitating access for 
agencies to real-time data 
from various sources, such 
as environmental sensors, 
satellite imagery, and 
weather forecasts  

- Enhancing the 
understanding of potential 
environmental impacts 
caused by floods through 
the creation of virtual 
replicas of real-world envi
ronments, allowing for the 
visualisation of vulnerabil
ities and risks associated 
with flooding  

- Providing a collaborative 
platform that facilitates the 
sharing of information, 
data, and insights among 
stakeholders, promoting 
interactive discussions and 
enabling the visualisation 
of different flood scenarios 

Local councils  - Collaborating in research 
projects to provide 
feedback on technology 
development and 
incorporate the 
visualisation outputs into 
urban planning processes  

- Communicating flood risks 
to the public through 
incorporating the 
technologies into 
community outreach and 
education programs  

- Incorporating technologies 
into infrastructure 
development projects to 
improve their design, 
functionality, and resiliency  

- Investing in building the 
capacity of staff members to 
effectively utilise cutting- 
edge technologies to 
enhance their understand
ing and proficiency in using 
these technologies for 
decision-making and 
communication purposes  

- Providing local councils 
with a deeper 
comprehension of the 
severity and extent of flood 
risks and their potential 
impacts on communities  

- Facilitating effective 
communication of complex 
flood-related information 
such as potential risks, 
protective measures, and 
emergency response strate
gies through interactive 
visualisations  

- Enhancing information 
sharing by utilising user- 
friendly interfaces, interac
tive maps, and virtual 
environments  

- Empowering local councils 
to make evidence-based 
decisions in flood risk 
management through data 
integration and analysis 

Meteorological 
organisation  

- Ensuring the tools 
reliability and effectiveness 
by providing 
meteorological 
organisations with essential 
information such as rainfall 
patterns, storm forecasts, 
and hydrological data  

- Enhancing the accuracy and 
realism of flood simulations 
and real-time visualisations 
by integrating real-time 
forecasting data from 
meteorological organisa
tions into the tools, 
enabling more precise and 
up-to-date representations 
of potential flood scenarios  

- Facilitating immersive and 
interactive visualisation of 
complex weather and flood 
data, allowing 
meteorological 
organisations to explore 
and analyse data in 3D 
environments  

- Enhancing communication 
of potential flood impacts 
to the public through the 
creation of engaging and 
informative visualisations  

- Supporting the 
development of early 
warning systems by 
integrating real-time visu
alisation capabilities with 
forecasting systems  

- Providing visual flood 
scenarios enabling to make  

Table 6 (continued ) 

Stakeholder Impact of stakeholders on 
technology 

Impact of technology on 
stakeholders 

informed decisions about 
resource allocation, 
emergency response, and 
flood mitigation  

- Providing impetus to 
analyse the flood risk data 
and provide inputs to the 
risk mitigation design 

*Inspired by Zhu et al. (2014); PMI (2017); Seebauer et al. (2019); Fujimi et al. 
(2020); Gandini et al. (2020); White et al. (2021). 
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optimise training, and ensure safety for better flood risk management 
(Wang et al., 2023). On the other hand, these technologies have a 
transformative impact on contractors, empowering them with enhanced 
operation capabilities, improved stakeholder engagement, and efficient 
decision-making. 

Suppliers are responsible for the procurement and distribution of 
various products and materials necessary for flood risk management (Li 
et al, 2023). Their role is primarily focused on the supply chain and 
ensuring that the required equipment and materials are available when 
needed. Their role extends to collaboration with technology developers, 
integration into existing systems, training, and ensuring market acces
sibility to advance the adoption and utilisation of cutting-edge tech
nologies (Wang et al., 2019). Alternatively, by embracing these 
technologies, suppliers can enhance their competitiveness, meet 
customer expectations, increase efficiency and productivity, access to 
new market opportunities, and drive growth in the flood risk manage
ment industry (Jun et al., 2013). 

Besides, equipment manufacturers produce a wide range of flood 
management equipment, including flood barriers, pumps, sensors, 
monitoring devices, early warning and communication systems (Li et al., 
2022b). They ensure the availability of reliable and efficient equipment 
necessary for mitigating flood risks. These stakeholders have a signifi
cant impact on promoting cutting-edge technologies by driving tech
nological advancements, providing essential hardware components, 
ensuring quality and standards compliance, and offering training and 
support. Alternatively, cutting-edge technologies create market de
mand, drive technological innovation, necessitate customisation and 
integration efforts, and stimulate research and development. These im
pacts shape the direction of equipment manufacturers, enabling them to 
meet the evolving needs of visualisation technologies and contribute to 
their advancement. 

Software developers play a vital role in flood risk management by 
creating specialised software solutions for flood modelling, data anal
ysis, and visualisation (Zhang et al., 2023). They integrate real-time data 
and sensors, design decision support systems, and ensure the continuous 
improvement of software applications. As illustrated in Table 7, their 
expertise in designing, developing, integrating data, creating user in
terfaces, enhancing realism, and collaborating with domain experts 
contributes to the effectiveness and utility of these technologies in flood 
risk management process (Chittaro et al., 2017). Cutting-edge technol
ogies also have a significant impact on software developers, requiring 
them to acquire specialised skills, adopt new development paradigms, 
collaborate with domain experts, and keep pace with technological 
advancements. 

8.3. Influential parameters on implementing cutting-edge flood 
visualisation technologies 

Recognising the distinctions in stakeholder involvement and tech
nology adoption between developed and developing countries is 
essential for formulating inclusive and targeted strategies to enhance 
flood visualisation worldwide. Primary key stakeholders involved in this 
context, including policy-makers, CEVT developers, and CEVT users 

Table 7 
Mutual impacts of overlooked businesses stakeholders in recent studies on 
cutting-edge technologies.*  

Stakeholder Impact of stakeholders on 
technology 

Impact of technology on 
stakeholders 

Contractors  - Helping in access to 
accredited data by installing 
proper equipment, 
calibration, maintenance, 
and operation  

- Assessing impacts of 
potential flood events on 
infrastructure  

- Promoting tools by creating 
realistic training simulations 
such as practicing 
emergency protocols for 
flood response teams to 
enhance their skills in a safe 
and controlled virtual 
environment  

- Developing virtual replicas 
of infrastructures by 
integrating real-time data 
from sensors to monitor 
performance, identify main
tenance needs, and simulate 
flood scenarios for predic
tive analysis  

- Aiding in construction and 
maintenance activities 
through providing real-time 
guidance and overlaying 
flood protection infrastruc
ture designs, and ensuring 
accurate and efficient 
implementation  

- Mitigating the costly risk of 
errors or delays during 
construction by detecting 
potential weaknesses in 
advance 

Suppliers  - Allocating resources to 
research and develop new 
tools  

- Accessing new business 
opportunities, expanding 
customer base, and 
potentially entering new 
market segments  

- Improving stakeholder 
communication by utilising 
visual representations to 
convey the risk mitigation 
measures taken  

- Optimising the delivery of 
goods and services through 
efficient resource allocation, 
resulting in cost savings and 
enhanced outcomes  

- Encouraging innovation and 
exploring novel approaches 
to develop advanced 
technologies and solutions 
that more effectively tackle 
flooding-related challenges 

Equipment 
manufacture  

- Engaging in the design, 
production, and 
development of hardware 
components and computing 
equipment specifically 
tailored for the tools  

- Investing in research and 
development  

- Customising and optimising 
hardware components to 
cater to the specific 
requirements of visualising 
floods  

- Adhering to industry 
standards and implementing 
rigorous quality control 
measures  

- Generating a growing market 
demand for specialised 
hardware components and 
devices, resulting in 
increased sales and business 
opportunities for equipment 
manufacturers  

- Fostering technological 
innovation within the 
equipment manufacturing 
industry  

- Engaging in industry 
partnerships and 
collaborations to drive 
standardisation efforts, 
develop best practices, and 
facilitate the exchange of 
knowledge and expertise 

Software 
developers  

- Integrating data from 
various sources, such as 
satellite imagery, GIS data, 
and real-time sensor feeds  

- Designing user interfaces 
and interaction mechanisms 
that are intuitive and user- 
friendly, enabling smooth 
navigation and interaction 
with the visualisation 
technologies  

- Enhancing the accuracy of 
the technologies by refining 
algorithms and models,  

- Embracing novel 
development paradigms and 
frameworks, which 
necessitate the adoption of 
diverse programming 
languages, tools, and 
libraries specifically designed 
for the creation of immersive 
and interactive experiences  

- Keeping abreast of the latest 
advancements and 
technological breakthroughs 
in the field of visualisation 
technologies, enabling  

Table 7 (continued ) 

Stakeholder Impact of stakeholders on 
technology 

Impact of technology on 
stakeholders 

resulting in lifelike 
experiences  

- Optimising the performance 
of the technologies by 
effectively handling large- 
scale datasets and complex 
simulations 

software developers to 
harness new capabilities and 
continually enhance their 
applications 

* Inspired by Jun et al. (2013); PMI (2017); Costa et al. (2022); Wang et al. 
(2019); Wang et al. (2023). 
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play pivotal roles in shaping the implementation and success of flood 
visualisation technologies in their respective countries. Overall, devel
oped countries tend to have more advanced technological in
frastructures and greater financial resources, which allow them to access 
and deploy cutting-edge technologies. In contrast, developing countries 
may face challenges in acquiring such technologies due to financial 
constraints and limited technological advancements. 

In developed countries, policy-makers may exhibit higher levels of 
awareness and understanding of the potential benefits of these tech
nologies in flood management. Moreover, they often have more sub
stantial financial resources to invest in cutting-edge solutions. In 
contrast, in addition to a lower level of awareness among policy-makers 
in developing countries regarding the potential of digital technologies in 
flood visualisation, financial limitations could also hinder their ability to 
invest in and promote the adoption of advanced solutions. 

In developed countries, CEVT developers may consist of multi- 
national and international corporations with extensive experience in 
the field and access to sophisticated technologies. Their establish net
works and expertise which enable them to deliver complex and large- 
scale flood visualisation projects. In developing countries, CEVT de
velopers primarily comprises local companies and small to medium- 
sized enterprises (SMEs). These entities might have limited access to 
cutting-edge technologies and possess less experience in executing large- 
scale flood visualisation projects due to resource constraints. 

The users of flood visualisation technologies, such as emergency 
responders, operators, and local communities, also exhibit differences 
between developed and developing countries. In developed countries, 
users are likely to have a higher level of acceptance and awareness of 
technology, as they are accustomed to advanced technological solutions 
in various sectors. On the other hand, users in developing countries 
might have a lower level of acceptance and awareness of digital tech
nologies, partly due to limited exposure to such innovations. The cul
tural, educational, and economic factors may influence their readiness 
to adopt and utilise cutting-edge flood visualisation tools. 

9. Conclusions 

This study undertook a comprehensive examination of stakeholder 
analysis concerning the implementation of CEVT i.e., VR, AR, MR, and 
DT in different urban flood risk management, including prevention, 
mitigation, preparation, response, and recovery. Stakeholders recog
nised in these studies entail water utilities, policy-makers, researchers, 
public, and insurance providers. Furthermore, the study addressed a 
notable gap in existing research by identifying and evaluating over
looked stakeholders who have not been adequately studied. The 
following are the key findings derived from this study:  

• Water utilities, specifically decision-makers and technical staff, have 
been the primary focus of previous investigations. The public, 
comprising representative boards and affected populations, emerges 
as the second most prioritised group among these studies. However, 
there is a gap in research pertaining to comprehensively considering 
policy-makers, researchers, and insurance providers, indicating a 
wide scope for future studies.  

• Stakeholders have been involved majorly in inundation simulation 
and evacuation routing. However, it is worth noting that damage 
assessment studies have predominantly focused on the involvement 
of the public, water utilities, and policy-makers.  

• The applications of VR in engaging policy-makers, as well as the 
utilisation of MR and DT in engaging representatives and insurance 
providers are not explored fully. 

• Although the engagement of recognised stakeholders in the mitiga
tion, preparedness, and response stages of flood risk management 
has been extensively investigated, the involvement of representa
tives and insurance providers in the prevention stage is little studied.  

• The role of policy-makers and researchers in the recovery stage has 
received limited attention. Their involvement can significantly in
fluence preventive measures and guide recovery efforts.  

• There has been limited exploration of how stakeholders can actively 
contribute to the advancement and improvement of these visual
isation tools. 

The findings of this study emphasise the importance of efficient 
communication and collaboration among stakeholders to achieve shared 
objectives. Effective communication channels and collaborative pro
cesses are crucial for addressing the complexities of urban flood risk 
management and ensuring that all stakeholders are actively involved 
and aligned in their goals. This study identifies overlooked stakeholders 
and suggests future research directions and serves as an overview, 
shedding light on the potential contributions and roles that stakeholders 
can play in the development and enhancement of these tools. However, 
further studies are required to evaluate how cutting-edge digital tech
nologies can truly affect or be impacted by these stakeholders. 
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