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ABSTRACT

Artificial Intelligence (Al) in Emergency Management integration has become crucial to improving crisis response
efficiency and effectiveness. Al presents new paradigms for responding to emergencies but poses technical and
operational challenges, ethical considerations, and the need for robust regulatory frameworks. The study examines
various Al applications in emergency scenarios and employs a systematic literature review methodology to identify
solutions and future directions for ethical and effective Al integration. The findings highlight the critical balance
between leveraging Al capabilities and ensuring safety, privacy, and ethical compliance. Understanding AI’s
full scope and potential in this critical field is essential as we navigate technological advancements. The article
contributes to understanding AI’s potential to transform emergency management practices and emphasizes the
importance of ethical considerations and regulatory frameworks.
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INTRODUCTION

Integrating Information and Communication Technologies (ICT) and Artificial Intelligence (AI) in emergency
management is a transformative development representing a significant shift in how societies respond to crises.
The deployment of Al applications in emergency scenarios has the potential for profound positive impacts but also
carries inherent risks, thus necessitating a rigorous ethical framework. The central focus of this discourse is the
application of Al to enhance the efficacy of emergency responses while navigating the complex ethical landscapes
these technologies inhabit.

Al-powered tools in emergency management have the potential to revolutionize the traditional approaches to crisis
response. They leverage advanced signal processing and systems analysis techniques commonly used in fields such
as aeronautical engineering and medical diagnostics. When applied to emergency management, these methodologies
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provide unprecedented capabilities in real-time evaluation of complex and dynamic situations, offering actionable
intelligence to support informed decision-making.

The widespread use of sensors has resulted in the generation of rich data streams, which provide a unique opportunity
to enhance emergency response situational awareness and responsiveness. Additionally, advancements in Al
methodologies, such as Machine Learning (ML) and cognitive computing, offer potential solutions for addressing
the complex challenges of large-scale emergencies (Freeman, 2020; Yadav, 2024). Emergency management can
significantly improve efficiency and effectiveness by utilizing Al for predictive analysis, incident detection, resource
allocation, and deployment. These developments offer the possibility of reducing human and financial losses and
promoting more sustainable environmental practices, which can mitigate the pressing global challenges through
innovative Al applications.

The main aim of this section is to carry out a targeted literature review to highlight the recent developments and
emerging trends in integrating Al into emergency management. The study is centred around three key areas: firstly,
exploring how Al tools can improve the efficiency and effectiveness of emergency management while identifying
any associated technical and operational challenges and secondly, examining the necessary regulatory frameworks
for the safe use of Al in emergency management. Lastly, the study delves into the ethical implications of employing
Al in emergency management.

The structure of this paper is outlined as follows: Section II discusses the background, highlighting the role of Al
in emergency management, including technological challenges and ethical considerations. Section III describes
the methodology used for the systematic literature review. Section IV analyzes and presents findings from the
literature review. Finally, the paper concludes with a discussion and conclusions, emphasizing the potential for
future research, the strengths and weaknesses identified in the study, and the overall conclusion.

BACKGROUND

Al is undergoing rapid change, particularly in its application to emergency management. However, this integration
of Al poses both technological challenges and ethical considerations throughout all phases of the emergency
management cycle, from preparation to response and post-disaster recovery. Ethical considerations must be
prioritized when deploying Al technologies in emergency situations, ensuring adherence to ethical standards and
promoting equitable outcomes. Furthermore, AI’s role in promoting sustainable development and enhancing
resilience is crucial, highlighting the broader implications of Al applications beyond immediate emergency response
scenarios (Freeman, 2020).

Al will play a critical role in emergency management by enhancing the abilities of first responders to handle various
crises, including natural disasters and industrial incidents. This is achieved by developing advanced Situation
Awareness (SA) models that incorporate real-time sensor data, enabling dynamic decision-making. The European
ASSISTANCE project is a prime example of this, as it has created an actionable SA (aSA) module that integrates
Al technology with sensor data to predict and display gas distributions in emergency scenarios. This module aids
first responders in their decision-making processes. (Mioch et al., 2021)

A study conducted in Xuwen County, China, examined the impact of Al applications on public perception and
trust related to emergency management services. The study found a significant positive correlation between public
expectations of emergency management services and their satisfaction with these services. The introduction of Al
governance, characterized by scientific prediction, prevention, and management, plays a vital role in mitigating
the damage caused by natural disasters and strengthens public trust in government services. This shift towards
Al-driven governance can revolutionize traditional emergency management models, fostering a more harmonious
relationship between the government and the public (Chen et al., 2023).

The findings suggest that in the future, emergency management will heavily depend on Al technologies for efficient
response and to satisfy the public. By integrating Al in emergency response, decision-making processes can be
streamlined, and a trust-based relationship can be established between emergency management authorities and the
public. This advancement implies a more responsive, efficient, and publicly endorsed emergency management
framework that harnesses Al’s capabilities to meet the complex demands of modern crises.

RESEARCH METHOD

A systematic review uses a detailed, reliable, iterative, and thorough methodology, which includes planning,
conducting, and reporting the review, as outlined by the Kitchenham and Charters, 2007 methodology.
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Planning the Review

This systematic review aims to gather and analyze the tendencies, challenges, and solutions to provide a nuanced
theoretical understanding and practical strategies for the ethical integration of Al technologies into emergency
management systems. This work will support a discourse on ensuring that Al implementation aligns with ethical
standards and supports the resilience and efficacy of emergency responses.

Three pivotal research questions guide this study, each reflecting the urgent need to explore the expansive role of Al
within the domain of emergency management:

RQ1. How can AI tools enhance emergency management, and what are the inherent technical and operational
challenges?

RQ2. What regulatory framework is required to support Al’s safe and ethical adoption in emergency management
while fostering innovation?

RQ3. What are the ethical implications of employing Al in emergency management, and how can we ensure
transparency and accountability in its applications?

Data Source Identification and Search Strategy

To collect primary studies, we referred to the digital libraries of prominent organizations, such as Scopus, WoS, and
the Iscram Library. Our search focused on the past five years, from 2019 to January 2024, to capture the latest
trends in AL

Our study covered conference proceedings and journal articles, thoroughly examining paper titles and abstracts.
Considering their unique syntax, it’s important to mention that the search string notation was tailored for each
digital library. The search query employed was:

* Scopus and WoS : ( "Artificial Intelligence” OR “AI” ) AND ( “emergency management” OR “crisis
management” OR “disaster response” ) AND ( "regulations” OR ”ethical considerations” OR ”legislation’
OR “law*” ) AND ( "’tools” OR “technologies” OR applications” )

i

e Iscram Library: ( "Artificial Intelligence” OR "AI”)

Criteria for Selecting Primary Studies

The criteria for selecting primary studies involve an automated search through digital libraries using a predefined
search string. However, it’s possible for retrieved articles to not directly align with the study’s focus, even if they
contain the search string terms in their titles and abstracts. Hence, to ensure a consistent approach in including or
excluding articles, we refer to the criteria outlined in Table 1. Articles meeting these criteria will be accepted or
rejected based on their alignment with the study’s focus.

Quality Assessment

In assessing studies selected for our investigation on the integration of Al in emergency management, we applied
predefined inclusion, exclusion, and quality assessment criteria. Initially, we identified studies that specifically
addressed the application of Al in emergency management scenarios, including those that discussed technical
and operational challenges, regulatory frameworks, and ethical implications and provide case studies or practical
applications. Studies not focused on Al in emergency management, lacking in academic rigour, or not within
the scope of our research questions were excluded. For the quality assessment, each study underwent a thorough
evaluation by five reviewers, focusing on criteria such as the clarity of Al application, the depth of analysis regarding
challenges, discussions on regulatory and ethical considerations, methodological rigour, relevance and currency of
the research, and its contribution to the field. Scores were assigned as Low, Medium, or High based on a consensus
between the reviewers for each criterion. This rigorous process ensured that only studies of high relevance and
quality were considered for our analysis, facilitating a robust synthesis of current knowledge and practices in using
Al for emergency management.
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Table 1. Inclusion and Exclusion Criteria for AI in Emergency Management Research

Criteria Type Inclusion Description Exclusion Description

Thematic Focuses on Al applications in emergency Irrelevant to Al or emergency management,

Scope management, including technical and oper- covering areas not focused on these topics.
ational challenges.

Regulatory Examines regulatory and ethical frame- Works that do not address regulatory or eth-

and Ethical works for safe and ethical Al adoption in ical aspects of employing Al in emergency

Framework emergency management. scenarios.

Publication Peer-reviewed journal articles and confer- Non-peer-reviewed publications, blogs,

Type ence reports providing innovative insights.  news articles, and non-academic content.

Publication Published within the last five years for rele- Publications older than five years, consid-

Period vance. ered technologically obsolete.

Language English publications for international acces- Non-English documents without available
sibility. translation.

Research Empirical, qualitative, quantitative, or Opinions, editorials, and articles without a

Methodology  mixed methods studies. solid empirical or theoretical foundation.

Case Studies

Includes real-world applications or case

Theoretical studies without practical appli-

and Practical cations or real-world case studies.

Applications

studies of Al in emergencies.

Data Extraction Strategy

We categorized the research inquiries into various criteria to extract data from the chosen primary studies. Table 3
provides an overview of the data extraction criteria (EC) for classifying the gathered solutions and applications. The
data extraction criteria and their options are described as follows:

EC1 Innovations and Technologies: What innovations and technologies are being utilized or explored in this
context?

EC2 Domain Described: What is the primary domain or area of study where these Al applications are being
utilized?

EC3 Technical and Operational Challenges: What technical and operational challenges are faced when imple-

menting these Al applications?

EC4 Impact on Efficiency and Effectiveness: How do these Al applications impact the efficiency and effectiveness
of the operations?

ECS5 Case Studies or Practical Application Examples: Are there any case studies or practical examples where Al

has been applied successfully in this field?
EC6 Existing Regulatory Frameworks: What regulatory frameworks currently govern the use of Al in this domain?
EC7 Ethical Considerations: What ethical considerations must be considered with the use of Al in this area?

EC8 Model Used: What Al models or methodologies are being employed in these applications?

The criteria corresponding to EC1, EC2, EC3, EC4, and EC5 correspond to RQ1, EC6 to RQ2, and EC7 and EC8
to RQ3.

Conducting the Review

The process of identifying primary studies in digital libraries took place in January 2024, resulting in the acquisition
of thirty-five papers. There were instances of duplication among these papers due to their presence in multiple
digital libraries. Table 2 shows the distribution of papers across different digital libraries, along with the screening
process at each stage, culminating in the total number of studies incorporated into the review.

The selection of papers followed specific inclusion and exclusion criteria. Notably, many papers sourced from
digital libraries were initially considered potential candidates based on the presence of the search string in their
titles and abstracts. However, upon closer examination, including full paper scans, it became evident that the topics
diverged from the scope of our investigation. Consequently, eighteen papers were ultimately selected for our study.
The selected studies by the database are shown in Figure 1.
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Table 2. Results of conducting stage

Source Potential ~ Removing Scanning  Selected
Studies duplicates title and Studies
abstract
Scopus 16 16 12 6
WoS 6 2 1 0
Iscram 13 13 12 12
Library
Total 35 31 25 18
7
Database
B iscram
Scopus
S 4 .
2
=]
0w
- 2
£
1 1 1 1 1
]
2019 2020 2021 2022 2023 2024

Figure 1. Annual Distribution of Selected Studies by Database

ANALYSIS AND FINDINGS FROM THE LITERATURE REVIEW

The systematic review found eighteen selected studies. Table 3 summarises the extracted information quantitatively
(for a detailed synthesis of the selected studies, please refer to Appendix A).

Each data extraction criterion and the obtained results are discussed.

EC1. Innovations and Technologies

In the domain of emergency management, recent literature has illuminated the significant role of Al and ML in
pioneering Innovations and Emerging Technologies. Machine Learning is the most prominent area, accounting for
27.78% of the studies (Farasin et al., 2020; Imran et al., 2020; Ortiz et al., 2020; Palomba et al., 2020; Ramsey et al.,
2023). This is followed by Generative Al (Freeman, 2020; Karinshak, 2024; Tsai et al., 2023) and Neural Networks
(Jiang et al., 2021; Moumtzidou et al., 2020; Wu & Shan, 2021), each comprising 16.67% of the research. Decision
Support Systems, although significant, represent a smaller portion at 11.11% (Nussbaumer et al., 2023; Suciu et al.,
2021). These results demonstrate a diverse range of interests within the field of Al, highlighting Machine Learning
as the most extensively explored area.

Systems like Sahana EDEN exemplify the integration of Al into disaster management, enhancing emergency
response capabilities (Nussbaumer et al., 2023). The serious game format has been utilized to elucidate Al
applications in crisis contexts (Adam & Lauradoux, 2022), while the synergy of crowdsensing with Al signifies a
novel approach to emergency solutions (El Barachi et al., 2020). The emergence of commercial gaming technologies
such as Oculus Rift and Photon Cloud marks a notable advancement in creating immersive environments for training
emergency responders (Sharma et al., 2019). The CitizenHelper system (Pandey et al., 2020) and the adoption
of platforms like Google Dialogflow for chatbots (Tsai et al., 2023) demonstrate the innovative use of real-time,
Al-infused analytics and conversational interfaces in emergency management training. Further, computational
creativity has been applied to scenario modelling, and pyramid ConvLSTMs have been introduced to enhance
high-dimensional data analysis for emergency scenarios (De Nicola et al., 2019; Jiang et al., 2021). Integrating
VR for immersive training and Al for data analysis reflects a commitment to developing sophisticated training
solutions (Xia et al., 2022). Progress in flood detection has been achieved through semantic segmentation and
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ML, while AI’s predictive analytics are increasingly utilized for emergency preparedness and response (Ortiz
et al., 2020; Suciu et al., 2021). Combining Al with crowdsourced human feedback for image categorization
(Imran et al., 2020). Applying Random Forest and U-Net models to satellite imagery is a testament to the evolving
intersection of human intelligence and Al (Palomba et al., 2020). The innovative application of deep learning
to satellite data, especially using Sentinel-2’s capabilities, transforms crisis management (Farasin et al., 2020).
Moreover, developing interactive visualizations for explaining complex ML models enhances the interpretability of
Al (Ramsey et al., 2023). Al-based predictive dispatch for emergency vehicle routing underscores the efficiency
gains possible in emergency fleet management (Landsberg et al., 2020). Collectively, these studies showcase a trend
towards technologically sophisticated, efficient, and adaptive emergency management systems.

EC2. Domain Described

In the context of emergency management and crisis management, studies have explored a diverse range of areas.
This theme represents the primary focus, accounting for 83.33% of 15 studies. The research encompasses natural
disaster scenarios (Karinshak, 2024; Moumtzidou et al., 2020; Nussbaumer et al., 2023; Pandey et al., 2020; Tsai
et al., 2023; Xia et al., 2022), education and society (Adam & Lauradoux, 2022), and the use of crowdsensing and
social media (El Barachi et al., 2020). Integrating satellite-based flood mapping in crisis management is another
significant area, as shown in Moumtzidou et al., 2020.

Public health, another important domain, contributes 16.67% with three studies (Adam & Lauradoux, 2022; Ramsey
et al., 2023; Wu & Shan, 2021). Training, essential for Al application, comprises 11.11% (Pandey et al., 2020; Xia
et al., 2022). Among these, studies Wu and Shan, 2021 and Sharma et al., 2019 delve into social governance and
public health emergencies, underscoring AI’s crucial role in complex scenarios. The deployment of technologies in
smart cities for pandemic management and earthquake risk is detailed in (Pandey et al., 2020) and (Tsai et al., 2023).

EC3. Technical and Operational Challenges

Technical and Operational Challenges constituted 94.44% of the research with 17 studies. This is followed by
Emergency Management Challenges, which involve seven studies and account for 38.89% of the total research.
Public Health Challenges and Disaster Response Challenges, each covered by 1 study (5.56%), represent a smaller
portion of the research. Research addressing emergency management’s technical and operational challenges
highlights this field’s diverse and complex hurdles. The unpredictable and variable nature of disasters poses
significant challenges, demanding the development of robust and resilient response mechanisms (Nussbaumer
et al., 2023). In serious gaming for disaster education, the primary challenge is creating engaging and informative
experiences with operational relevance (Adam & Lauradoux, 2022). Integrating crowdsourced data into Al
algorithms for emergency response faces the critical need for accuracy and timeliness in data analysis (El Barachi
et al., 2020).

The paper Sharma et al., 2019 examines the operational challenges in emergency management, including the
complex orchestration of multiple systems and stakeholders. The convergence of Virtual Reality (VR) and Artificial
Intelligence (Al) in creating immersive training environments, along with the intricacies of data collection and
processing, is emphasized in Xia et al., 2022.

Managing and effectively auguring vast datasets to enhance disaster response is a core focus, as delineated in
(Moumtzidou et al., 2020; Wu & Shan, 2021), while Ortiz et al., 2020 concentrates on integrating varied data sources
for dependable emergency management. Data preprocessing and model training, particularly challenging with limited
data during emergencies, are significant operational hurdles, as discussed in Palomba et al., 2020. Additionally,
Suciu et al., 2021 explores the complexities of merging different data sources and ensuring interoperability amidst a
pandemic. The delicate balance required between Al precision and human judgment in damage assessment tasks is
critically explored in Imran et al., 2020.

EC4. Impact on Efficiency and Effectiveness

Research emphasizes enhancing emergency response capabilities through Al-driven real-time data analysis and
improving efficiency in predictive tasks (Adam & Lauradoux, 2022; El Barachi et al., 2020; Farasin et al., 2020;
Landsberg et al., 2020; Suciu et al., 2021; Wu & Shan, 2021). Sharma et al., 2019 showcases the effective
deployment of Al agents in collaborative virtual environments designed for emergency response training. Ramsey
et al., 2023 examines the role of visualizations in enhancing the interpretation of model decisions to boost operational
efficiency. Moreover, Landsberg et al., 2020 explores the potential of Al to refine dispatch strategies, which could
lead to faster response times and improved patient outcomes.

Studies investigating the operational impacts highlight resource allocation challenges and the vulnerabilities arising
from increased dependence on technology (Jiang et al., 2021; Nussbaumer et al., 2023; Pandey et al., 2020; Tsai
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Table 3. Summary of the Result (N=18)

Extraction Criteria # Studies %o
Criteria (EC)
Specific Al Applications 18 100%
Decision support systems 2 11.11%
Serious game 1 5.56%
Crowdsensing 1 5.56%
EC1 Al Simulation 2 11.11%
Machine Learning 5 27.78%
Generative Al 3 16.67%
Virtual Reality 1 5.56%
Neural Networks 3 16.67%
Emergency/Crisis Management 15 83.33%
EC2 Public Health 3 16.67%
Training 2 11.11%
Technical and Operational Chal- 17 94.44%
EC3 lenges
Emergency Management Challenges 7 38.89%
Public Health Challenges 1 5.56%
Disaster Response Challenges 1 5.56%
Impact on Efficiency and Effective- 18 100%
ness
EC4 Real-time data analysis 6 33.33%
Decision-making during response 5 27.78%
Technological Reliance 4 22.22%
EC5 General mentions of case studies or 15 83.33%
practical application
Without specific details provided 3 16.67%
Adherence to Data Protection Laws 3 16.67%
EC6 Alignment with Privacy Regulations 7 38.89%
Focus on technical aspects 6 33.33%
Not specified 2 11.11%
Ethical Considerations 18 100%
Privacity 12 66.67%
EC7 Bias 3 16.67%
Data 9 50%
EC8 Model Used 14 77.78%
Not specified 4 22.22%

et al., 2023). Selected studies also illuminate AI’s advanced understanding and decision-making capabilities during
crises (Adam & Lauradoux, 2022; Jiang et al., 2021). Additionally, various studies collectively identify significant
improvements in training methods, flood detection, and the overall efficiency of emergency response (Moumtzidou
et al., 2020; Ortiz et al., 2020; Xia et al., 2022)

EC5. Case Studies or Practical Application Examples

The results strongly focus on practical applications and case studies in Al and emergency management, with 83.33%
This indicates that most of the research is geared towards applying theoretical Al concepts in real-world situations
or analyzing existing case studies. In this context, Sahana EDEN is highlighted as a key solution in coordinating
responses (Nussbaumer et al., 2023). A simulation game reflecting municipal council decisions during disasters
offers insights into the complexity of disaster response (Adam & Lauradoux, 2022). Using drones for real-time
accident monitoring is emphasized (El Barachi et al., 2020). AI’s role in public health emergencies for efficient
resource allocation (Wu & Shan, 2021). Also, VR is shown to be effective in Mass Casualty Incident (MCI)
triage training Xia et al., 2022, while Sentinel-2 satellite imagery proves vital for environmental monitoring in
natural disasters (Moumtzidou et al., 2020). The response to Hurricane Florence showcases practical technology
applications (Ortiz et al., 2020). The STAMINA project illustrates Al’s use in disaster management (Suciu et al.,
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2021). The rapid damage assessment during Hurricane Dorian demonstrates the importance of swift evaluations
post-disaster (Imran et al., 2020).

Additionally, AI’s application for crisis management reflects its adaptability (Palomba et al., 2020). While lacking
in detail, another study indicates Al’s broad potential in disaster management (Karinshak, 2024). AI’s practicality
in real-world scenarios is also exemplified (Farasin et al., 2020), including its use in monitoring bridge health during
natural disasters (Ramsey et al., 2023). Finally, AD’s role in predicting disease spread is presented, underlining its
importance in disaster planning and response (Landsberg et al., 2020). However, 16.67% of the references lack
specific details, suggesting these discussions are more general or conceptual (Pandey et al., 2020; Sharma et al.,
2019; Tsai et al., 2023).

ECB6. Existing Regulatory Frameworks

The outcomes of our research reveal various dimensions in the study of using Al in emergency contexts within
existing regulatory frameworks. Studies such as El Barachi et al., 2020, Wu and Shan, 2021, and De Nicola
et al., 2019 emphasize adherence to data protection laws and the broader regulatory landscape encompassing Al in
emergencies, accounting for three studies or 16.67% of the sample. The importance of aligning Al applications
with regulations like the General Data Protection Regulation (GDPR) and German privacy laws is underscored in
Farasin et al., 2020, Ramsey et al., 2023, and Landsberg et al., 2020, representing seven studies or 38.89%. In
contrast, a focus on technical aspects, accounting for six studies or 33.33%, is seen in works that overlook in-depth
regulatory discussions (Moumtzidou et al., 2020; Ortiz et al., 2020; Pandey et al., 2020; Sharma et al., 2019; Tsai
et al., 2023; Xia et al., 2022). Nussbaumer et al., 2023 suggests that ethical imperatives should guide software
development principles rather than directly addressing regulatory frameworks. Similarly, Adam and Lauradoux,
2022 focuses on the ethical and societal implications, prioritizing these over formal regulations. Jiang et al., 2021
addresses data privacy and user consent linked to regulatory compliance, while Karinshak, 2024 emphasizes ethical
guidelines and advocates for a normative regulatory approach. Studies not specified in these categories account for
two or 11.11% of the sample.

EC7. Ethical Considerations

A detailed analysis of ethical considerations in Al research is extensively covered by 18 studies, representing the
entirety (100%) of this segment, including references This comprehensive coverage underscores the importance
placed on ethical issues in Al research.

Privacy emerges as a crucial area of concern. A significant number of studies (12, accounting for 66.67%) delve
into privacy issues, emphasizing the pervasive nature of privacy considerations in Al research highlight bias in
data and algorithms, reflecting a critical awareness of potentially skewed interpretations and the need for unbiased
computational methods (Adam & Lauradoux, 2022; Pandey et al., 2020; Wu & Shan, 2021).

Data handling and protection are also key areas of focus. Nine studies (50%) shed light on the importance of secure
and ethical data management practices (De Nicola et al., 2019; Farasin et al., 2020; Jiang et al., 2021; Landsberg
et al., 2020; Moumtzidou et al., 2020; Pandey et al., 2020; Suciu et al., 2021; Wu & Shan, 2021; Xia et al., 2022).

EC8. Model Used

A significant majority of the studies (14 out of 18, or 77.78%) specify the models they employ, including . These
studies demonstrate a broad application of diverse computational techniques and models across different domains.
In this sense, ML models and techniques are notably utilized, as indicated by studies (Ortiz et al., 2020; Pandey
et al., 2020; Wu & Shan, 2021). Particularly, Wu and Shan, 2021 stands out for its implementation of neural network
models and expert systems, highlighting the versatility of neural-based approaches and the reliance on structured
knowledge.

Deep learning techniques, known for their depth and complexity, are employed in studies like (El Barachi et al.,
2020; Jiang et al., 2021), reflecting their growing importance in extracting intricate patterns and insights from
data. Karinshak, 2024 explores generative Al models for simulations and the broader application of generative
Al showcasing innovative uses of Al in creating dynamic and predictive environments. The role of Al in image
processing is emphasized in Imran et al., 2020, enhancing the analysis and interpretation of visual data. Moreover,
Palomba et al., 2020 presents the application of Random Forest models, exemplifying the use of ensemble learning
methods for robust decision-making processes. On the other hand, a smaller proportion of studies (4 or 22.22%) do
not specify the models used El Barachi et al., 2020; Nussbaumer et al., 2023; Tsai et al., 2023; Xia et al., 2022.

This diverse application of technologies, from ML to generative Al models, demonstrates the expansive reach and
potential of Al and computational methods in advancing both research and practical applications.

WiP Paper — Open Track
Proceedings of the 21st ISCRAM Conference — Miinster, Germany May 2024
Berthold Penkert, Bernd Hellingrath, Monika Rode, Adam Widera, Michael Middelhoff, Kees Boersma, Matthias Kalthoner, eds.



Niifiez et al. Envisioning the Future of Emergency Management

Discussion
Strengths and Challenges

Integrating AI and ML in emergency management has highlighted several key strengths. A prominent one is the
varied Al Applications in different contexts such as crisis scenario games and crowd sensing. Systems like Sahana
EDEN are notable examples, significantly enhancing emergency response capabilities. In the realm of Training,
technologies like Oculus Rift have revolutionized immersive training environments, while platforms like Google
Dialogflow showcase the innovative use of Al in real-time analytics. Data Analysis has also seen advancements
with tools like pyramid ConvLSTMs, demonstrating a commitment to developing sophisticated Al solutions. The
synergy between Al and Human Intelligence is increasingly evident, with Al being combined with crowdsourced
feedback for tasks such as image categorization. This synergy is further exemplified by applying models like
Random Forest to satellite imagery. Lastly, a major strength lies in the Transformation in Crisis Management, where
the use of deep learning on satellite data and the development of interactive visualizations for complex ML models
enhance the interpretability of Al and lead to greater efficiency in emergency management.

However, the field also has notable challenges, representing key areas for future research and innovation. The
unpredictability and variability of disasters present significant hurdles in developing robust and resilient Al-based
response mechanisms. The user-friendliness and accessibility of serious gaming experiences, particularly for people
with disabilities, is crucial for effective disaster education and remains an area needing improvement. Another
challenge is ensuring the accuracy and timeliness of data for emergency responses, where Al support is essential yet
still evolving. Careful attention to data collection and processing is necessary in virtual reality training integrated
with Al Another vital aspect is managing large datasets and ensuring their interoperability to improve disaster
responses. Balancing Al precision with human judgment, especially in critical tasks like damage assessment,
remains a crucial concern. Legal and data processing challenges, particularly in complex regulatory environments
like Germany, also underline the need for harmonious legal frameworks and efficient data processing protocols.
These challenges highlight the multifaceted nature of Al applications in emergency management and underscore the
importance of ongoing research and development in addressing these issues effectively.

Highlighting the Potential for Future Research

Recent research in Al for emergency management underscores the importance of integrating ethics, enhancing
communication, and ensuring interoperability. There is a growing need for further research into privacy-preserving
Al techniques to bolster data analysis and establish secure data collection and sharing protocols with a strong
emphasis on privacy. Advanced platforms in virtual environments are recommended to improve emergency response
training and increase user engagement. The importance of integrating diverse data sources for better pattern
recognition and chatbot refinement in disaster management is underscored, particularly in Indigenous communities,
highlighting the need for cultural sensitivity in Al applications.

Continued research in Al ethics and regulation is crucial, focusing on enhancing model accuracy and efficiency.
The expansion of VR and Al technologies for training and the development of broader Al tools for emergency
management is advocated. Collaboration between humans and Al is vital, particularly in refining algorithms for
various risk scenarios. The expansion of datasets and improvement of models are also essential, with an emphasis
on ethical Al usage. Proposals for technological advancements include adopting cutting-edge data-cleaning
technologies and improving visualization techniques to enhance data presentation. A major area of focus is
increasing predictive accuracy in incident management and emergency vehicle routing, exploring AI’s potential in
areas such as predictive firefighting.

These recommendations collectively shed light on the future directions for integrating Al into emergency management,
pointing towards a path of ethical and effective Al use in this critical field.

CONCLUSION

The integration of Al in the field of emergency management presents both groundbreaking opportunities and
significant challenges. Various studies highlight the importance of incorporating ethics into information systems,
improving communication and interoperability, and safeguarding privacy. It is recommended that serious games be
used as educational tools for Al and its ethical implications and that further research into privacy-preserving Al
techniques be conducted.

The findings suggest expanding Al applications in diverse cultural contexts and developing culturally sensitive Al
solutions for disaster management. Expanding the use of VR and Al in training and developing Al tools for a wide
range of emergency management applications is critical to enhancing the accuracy and efficiency of Al models.
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For our future work, we plan to take a comprehensive approach to exploring the cultural, psychological, and
logistical challenges of implementing Al in emergency settings. This will help us better understand how Al can
effectively integrate into emergency management. In addition, our focus will be on identifying and investigating
potential areas for further research and development. By doing so, we aim to extend the scope of our current study
and improve its relevance and impact on Al applications in emergencies.
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APPENDIX A

A list of papers selected for this Literature Review is included in Appendix A. Can be accessed in: Appendices-
Resource.
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