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Abstract 

The number and severity of natural hazards has increased in recent decades.  These natural 

hazards cause billions in financial damage, as well as loss of life every year. Fortunately, 

societies have learned to adapt to these phenomena and invested in managing and 

mitigating their effects. Communication plays a key role in managing these natural 

disasters and the effects they smite upon communities. At the same time, information and 

communication technologies have become ubiquitous and integral part of our lives. 

However, the available technologies and the ability to utilize these technologies vary. 

Thus, there is a need for up-to-date review of the use of these technologies. In this thesis, 

the role of information and communication technologies in natural disaster management 

communication is examined. 

The purpose of this thesis is to aggregate scientific knowledge on the role of information 

and communication technologies in natural disaster management communication. As a 

result, this study used systematic literature review as a research method. In addition, the 

aim is to identify possible best practices and discuss the findings of the systematic 

literature review. The results are used to inform future work on developing an open-

source-based system for natural disaster management. 

The main contribution of this thesis is the summarization of the findings. These findings 

can be used as a knowledge base or to reflect upon new solutions in natural disaster 

management. The search strategy used in this study identified 584 studies in total from 

which 24 primary studies were selected.  

Recommended future actions involve further studying the identified best practices and 

their application in practice. In addition, further developing the proposed artifact is 

recommended. 
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1. Introduction 

The impact and occurrence of natural disasters has increased in recent decades (The 

Centre for Research on the Epidemiology of Disasters, 2022). Furthermore, climate 

change exacerbates natural hazards and intensifies the risk of extreme weather disasters 

(Field et al., 2012). However, natural hazards do not have to be extreme in a statistical 

sense to cause very serious impacts or conditions on the impact area (The Centre for 

Research on the Epidemiology of Disasters, 2022). A disaster can surpass a critical 

threshold in a physical, social, or ecological system by occurring at the same time as 

another hazard. A weather extreme, such a cyclone can have a very serious impact 

depending on where it will occur even though it would not be very extreme as a cyclone 

compared to other cyclones (Field et al., 2012). On the other hand, the most extreme 

cyclone statistically might not have serious impact if it occurs somewhere that it cannot 

make destruction. 

The intensity of natural hazards, as well as their impact area can vary greatly (The Centre 

for Research on the Epidemiology of Disasters, 2022). As the climate change and natural 

hazards intensify, these extreme disasters may strike in the future in areas where they 

have not been encountered before (Field et al., 2012). People cannot fully control these 

phenomena, but they can be prepared for, and the effects can be mitigated. Modern people 

are very dependent on the build infrastructure to transport goods, such as food and other 

essentials to fulfill their needs. In addition, basic services, such as banking and hospital, 

services must be always available, making it important to ensure that stakeholders can 

communicate with each other without interruptions. As a result, it is very important that 

people invest in mitigating the effects of natural hazards to reduce human and economic 

losses during these disasters. The role of information and communications technologies 

(ICT) is vital in this mitigation process (Rajanen, 2021). For these reasons, the role of 

ICT in natural disaster management communication is examined in this study. 

The paper aims to summarize existing evidence concerning the role of ICT in natural 

disaster management communication and identify best practices of ICT enabled natural 

disaster management communication. This study is conducted as a systematic literature 

review (SLR), and it follows the procedures and guidelines suggested by Kitchenham 

(2004; 2007) for undertaking systematic reviews. The procedures suggested by 

Kitchenham (2004) are complemented by the work of Okoli (2015) to assure proper 

structure and comprehensive use of SLR. The research methodology is discussed in detail 

in Chapter 3. 

According to Okoli (2015) it is important that the reviewers of the literature are as 

transparent as possible about the motives that lead them to choose their topic and 

elaborate how the focus of the review may have sifted over time (Okoli, 2015). Therefore, 

it is adequate to elaborate the reasons for choosing this topic. The initial reasons for 

conducting this study were to find out how disaster management could be carried out 

using an open-source disaster management system. Without going into too much detail, 

this natural disaster management system could be used by non-governmental 

organizations (NGOs) and other users such as the local government and the public within 

the disaster impact-area to avoid financial and human-life losses. 

Therefore, the rationale of conducting the SLR is to inform future work on developing an 

open-source-based system for natural disaster management. According to the model by 

Peffers et al. (2007), there are multiple entry points to design science research (DSR) in 
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information systems (IS). The need to design and develop an artificial solution or 

observing a solution can be seen as an entry point (Peffers et al., 2007).  

However, before starting to determine the functionality and architecture of the artifact, it 

was clear that it is first necessary to find out what kind of information and communication 

technology solutions are used today to manage natural disasters. By aggregating scientific 

research on the role of ICT in natural disaster management, it is possible to find out 

whether there is a need for new solutions. On the other hand, summarizing all existing 

research on the role of ICT in natural disaster management is not suitable for a Master’s 

thesis. Thus, it was decided to limit the topic of the thesis to ICT-enabled communication 

in natural disaster management. Therefore, this thesis aims to conduct a thorough SLR to 

find out how ICT enabled communication methods are used within natural disaster 

management. Also, the impact of these technologies is discussed, and the possible best 

practices are addressed. 

The purpose of the thesis is to strengthen the body of knowledge considering ICT and 

natural disaster management communication so that researchers and those interested in 

the topic can develop and reflect on solutions utilizing the results of this comprehensive 

systematic review. These research topics are very important because better management 

of natural disasters will reduce human and economic losses worldwide. It is important 

that scientists co-operate in this multidisciplinary field to save human lives and to enhance 

the disaster management capabilities. These are very practical motivators for this topic, 

and they are of high value as it affects all of humankind. Information and communication 

technologies today are very advanced and widespread and could seriously benefit 

governments and NGOs around the world tackling natural disasters or other large-scale 

emergency situations. 

For the reasons mentioned above this study has identified two research questions. The 

research questions addressed in this study are: 

• RQ1: How are information and communication technologies utilized in natural 

disaster management communication? 

• RQ2: What are the best practices in ICT enabled natural disaster management 

communication? 

The rationale and further discussion of these research questions are elaborated in chapters 

2 and 3. 

The rest of this study is organized as follows. In chapter 2, the background of this study 

and the key concepts are defined. Chapter 3 describes the research methodology and 

justifies the selection of systematic literature review as a research method. Chapter 4 

presents the results of the review and discusses the validity and reliability of these results. 

Chapter 5 is dedicated for discussion of the findings and will address the research 

questions. Finally, chapter 6 presents the conclusions and limitations of this study and 

suggests further areas of research.  
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2. Background 

This chapter provides background for this study and introduces key concepts of natural 

disaster management. However, this section does not cover everything related to natural 

hazards, natural disaster management and ICT, as these topics are broad, and it is outside 

of the scope of this study to address these topics exhaustively. Instead, terms and concepts 

relevant to this SLR are presented in such a way that it is easy for the reader to follow the 

research and understand the results and arguments of this thesis. 

Section 2.1 defines key concepts and provides an overview of the phases of natural 

disaster management. Section 2.2 details natural disaster management. Examples of ICT 

solutions that are used to manage the impacts of natural hazards are presented in section 

2.3. Section 2.4 discusses communication and section 2.5 highlights the importance of 

communication infrastructure. In addition, section 2.6 addresses citizen sensing and 

section 2.7 introduces design science research. 

2.1 Key concepts 

Natural hazard, natural disaster, and environmental hazard are distinct terms that are often 

used in relation to natural disasters. In colloquial language, these terms often overlap, 

although the meaning is not the same. United Nations Office for Disaster Risk Reduction 

(UNDRR) defines hazard as: “A process, phenomenon or human activity that may cause 

loss of life, injury or other health impacts, property damage, social and economic 

disruption or environmental degradation.” (United Nations Office for Disaster Risk 

Reduction, 2022c). In comparison, a disaster is a manifestation of a hazard that seriously 

disrupts the functioning of a community or a society and lead to material, human, 

economic and environmental losses, and impacts (United Nations Office for Disaster Risk 

Reduction, 2022a). This study focuses on natural hazards and natural disasters instead of 

looking at all hazardous phenomena, such as environmental hazards. Environmental 

hazards are hazards caused by different processes or materials that can be artificially 

created, and which have impacts on the environment (human health and nature). Thus, 

natural hazards can overlap with environmental hazards if the causes are natural. There 

are several ways to categorize hazards, but the most relevant concept for this study is to 

understand what natural hazards are. The following table (Table 1) differentiates hazard 

categories by examples. 

 
Table 1. Hazard examples (United Nations Office for Disaster Risk Reduction, 2022c) 

 

Hazard category Example 

Natural Earthquake, volcanic activity, landslide, rockslide, mud flow, 

cyclone (typhoon, hurricane), flood, avalanche, blizzard, rainstorm, 

drought, heatwave, tsunami, etc. 

Environmental Chemical pollution, environmental degradation 

Technological Industrial pollution, toxic waste, dam failures, factory explosions, 

oil spills, nuclear disaster 
 

Natural hazards are caused by nature itself, and man cannot prevent most of them, but 

they can be prepared for, and their effects can be mitigated. Traditionally, natural disaster 

management has been thought to consist of four different phases: mitigation, 

preparedness, response, and recovery (Coppola, 2015). Figure 1 illustrates these phases 

of the disaster management cycle. 
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Figure 1. Disaster management cycle (adapted from Coppola 2015) 

 

Table 2 below summarizes the activities undertaken in each phase of a disaster. The 

table (Table 2) was constructed based on definitions by UNDRR (2022e, 2022g, 2022f, 

2022d) and Coppola (2015). In short, mitigation refers to activities minimizing and 

reducing the effects of hazardous events by various strategies and actions (United 

Nations Office for Disaster Risk Reduction, 2022d). It is important to note that in 

climate change policy, mitigation of climate change refers to actions taken for the 

reduction of the causes of climate change, namely for the reduction of greenhouse gas 

emissions (United Nations Office for Disaster Risk Reduction, 2022d). However, 

Coppola (2015) defines mitigation also in relation to actions taken for minimizing the 

likelihood of a hazard, besides for minimizing or eliminating the consequences of the 

hazard. Preparedness in disaster management refers to the knowledge and capacities 

developed by different stakeholders to adequately anticipate, respond to, and recover 

from the impacts of natural disasters (United Nations Office for Disaster Risk 

Reduction, 2022e). Moreover, response refers to actions taken directly before, during or 

straight after a disaster to reduce losses and meet the basic needs of people affected 

(United Nations Office for Disaster Risk Reduction, 2022g). Finally, recovery refers to 

activities restoring and improving the conditions of a disaster-affected community 

(United Nations Office for Disaster Risk Reduction, 2022f). This review focuses on ICT 

enabled communication in all phases of disasters.  
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Table 2. Key activities in disaster management phases  
 

Disaster management phase Activities 

Mitigation Activities to avoid, reduce or minimize the likelihood and/or 

the consequences of a hazard, such as hazard-resistant 

construction, urban planning, public awareness, social 

policies, etc (Coppola, 2015; United Nations Office for 

Disaster Risk Reduction, 2022d). 

Preparedness Arming individuals with tools and knowledge to cope with 

natural disasters. Contingency planning, disaster risk analysis, 

knowledge development, early warning planning, etc 

(Coppola, 2015; United Nations Office for Disaster Risk 

Reduction, 2022e). 

Response Immediate actions to reduce or eliminate the impact of 

disasters to avoid further losses, such as search and rescue, 

security, water, food, shelter, medical care, etc (Coppola, 

2015; United Nations Office for Disaster Risk Reduction, 

2022g). 

Recovery Restoration (physical, social, cultural, and environmental) 

activities to return the state of community to at least the same 

state as before disaster (Coppola, 2015; United Nations Office 

for Disaster Risk Reduction, 2022f).  

 

2.2 Natural disaster management 

Natural disaster management has always been a natural way for humans to try and 

mitigate the effects of natural hazards (Field et al., 2012). UNDRR defines disaster 

management as: “The organization, planning and application of measures preparing for, 

responding to and recovering from disasters”(United Nations Office for Disaster Risk 

Reduction, 2022b). Natural disaster management can be defined similarly, but the context 

is natural disasters instead of all disasters. The goal of natural disaster management is to 

reduce the extent to which the community conditions are worsened by a natural disaster 

compared to the community conditions before the disaster and, eventually, to rebuild even 

better (United Nations Office for Disaster Risk Reduction, 2022b).  
 

In the past decade, natural hazards and extreme weather events have become more 

associated with large-scale disasters and significant level of financial losses (Field et al., 

2012; The Centre for Research on the Epidemiology of Disasters, 2022). Experience 

in coping with and managing these events has been widely gained at the international and 

national levels (Field et al., 2012). There are various methods for managing natural 

hazards. It is very hard to prevent these hazards, but the effects of these hazards can 

be mitigated. For example, urban planning, as well as the planning of residential 

areas, considering possible natural hazards is a good way to mitigate the effects of these 

hazards (Godschalk, 2003). In addition, education (Muttarak & Wolfgang, 2014), 

awareness (Ainuddin et al., 2014), prediction and different warning systems (Basher, 

2006) can reduce the impacts of natural hazards. In this study, the focus is the role of ICT 

in managing natural disasters. 

National governments play a vital role in managing disasters and the risks they 

pose (Field et al., 2012; Sakurai & Murayama, 2019). Governments often have the legal 

and moral obligation to look after their citizens. National-level governments have a 

critical role in addressing the current gaps of disaster management. The governments also 
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have a responsibility to address the increase in frequency, level, and duration of some 

climate extremes (Field et al., 2012). Of course, many national-level governments and 

what they can do vary greatly (Field et al., 2012). There is also a scarcity of instructions 

on which technologies to utilize in specific situations (Sakurai & Murayama, 2019). 

However, this important role forces governments to communicate natural disaster related 

information to citizens and it is vital that this communication is trustworthy. Trust may 

be the defining factor whether government communication is positively responded to in 

all phases of disaster (Liu & Mehta, 2021). 

 

The role of private sector is small in disaster management, but its importance is 

increasing (Field et al., 2012). For example, the private sector offers insurance policies 

for businesses if the companies or organizations suffer losses during the disasters. The 

private sector can also work as a sub-contractor for governments and for example 

implement the needed software for disaster management. In addition, private sector can 

offer help by developing modern solutions to aid in disaster management (Allsopp, 2014). 

Although the private sector has great potential in areas such as engineering, 

communication, and information technology, as well as the construction industry, there 

is little evidence of successful private sector activities within disaster risk 

management (Field et al., 2012). However, several solutions such as Twitter and 

Facebook help in natural disaster management communication, although they have not 

been directly developed for this purpose (Chatfield & Brajawidagda, 2013). 

  

National meteorological and hydrological services (NMHS) are essential in providing 

relevant forecast to battle natural disasters and climate change. Studies have identified 

that the most vulnerable countries have weaknesses in the availability of relevant 

information and turning this information into development decisions (Field et al., 

2012). The most important issues are not the gathering of data, but the knowledge 

management. As a result of these issues, it has been decided to help the vulnerable and 

developing countries particularly with operational use of climate information and 

improving access to this information (Field et al., 2012). It is important for various 

stakeholders that the NHMSs can use the full potential of current technologies, such 

as geographical information systems, wireless connections, and different communication 

channels, to increase the effectiveness of warnings (Field et al., 2012). 

  

Natural disasters can overburden a nation. Therefore, making solidary efforts is very 

important to relief the effects of extreme events and to further save human lives (Field et 

al., 2012). Humanitarian assistance will remain essential, but emphasis on pre-disaster 

planning can highly reduce the overall cost of natural disasters (Field et al., 2012). Non-

governmental organizations or NGOs have a vital role in the aftermath of extreme events. 

NGOs can offer humanitarian assistance, such as food, water, and medicine to effectively 

relief the effects of these natural disasters.  

2.3 ICT and natural disaster management 

Information and communication technologies cover a wide area of today’s technological 

solutions. There are various definitions for ICT. For the purposes of this study ICT is 

considered as any communications or telecommunications device, such as cell phones, 

computers, satellite networks and any device that can store, retrieve, receive, manipulate, 

create, or share information (UNESCO Institute for Statistics, 2009). 

ICT is utilized in disaster management in various forms. Early warning systems (EWS), 

geographical information systems (GIS) and even social media plays vital role in disaster 
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management today. EWS can be defined as technological instruments that detect and 

forecast hazardous events and issues, and then generate alerts of these events (Roger & 

Tsirkunov, 2010). A proper early warning system offers timely, accurate and meaningful 

information (Field et al., 2012). The success of early warning system is often dependent 

on the response it triggers. Even the best early warning system cannot help the users if 

there is no reaction to the warnings it delivers. EWS encapsulate numerous technologies 

from infrared to satellite technologies. 

Geographical information systems (GIS) enable the user to retrieve, store, analyze, 

manipulate, and map geographical data (Church, 2002). GIS used to be less available to 

the public in the early years of computing, but the development of different software and 

the increase of computing power have made GIS more accessible to different users 

(Church, 2002). Today different companies have achieved very accurate geographical 

information systems that are available to the public for free, such as Google Maps. Of 

course, Google Maps does not offer the same tools and functions that GIS might do, but it 

is free and can offer various benefits for the public that do not need the state-of-the-art 

mapping tools that might be in the interests of scientists and cartographers for example. 

The satellite and GPS (Global Positioning System) technologies used today have well 

contributed to the development of geographical information systems (Church, 2002). In 

addition, there are other solutions like OpenStreetMap that have seriously benefitted 

natural disaster management by bringing users together to help in disaster management 

(Dunn Cavelty & Giroux, 2011). Crisis mapping is a phenomenon where volunteers 

combine various data sources to assist emergency responders, local stakeholders, and 

others by providing and visualizing essential information (Dunn Cavelty & Giroux, 

2011). 

Social media, such as Twitter and Facebook have been used as a way of communication 

during various natural hazards (Reuter & Kaufhold, 2018). Communication channels 

such as mobile networks and land line telephones can easily get overwhelmed during 

natural disasters (Chatfield & Brajawidagda, 2013). When the capacity of these 

traditional communication channels is exceeded, social media can offer a good alternative 

way to simultaneously communicate to a mass group of people. Developing large-scale 

warning system is not cheap. The nature of natural disasters makes it hard for some 

governments to invest in proper early warning systems. The governments might also lack 

the expertise and the know-how to properly use these kinds of systems and it might lessen 

the impacts of early warning systems during extreme events (Chatfield & Brajawidagda, 

2013). Therefore, social media platforms can work as a handy tool for the governments on 

a national level to inform their citizens about the necessities, such as water, medicine, and 

shelter to try and mitigate the impacts of these natural hazards (Giroux et al., 

2013). Critical advice about evacuations and disasters can be transmitted timely to wide 

audience within minutes of the event. Among other things, social media can be used to 

create situational awareness, ensure public safety, boost preparedness, and facilitate 

recovery efforts (Giroux et al., 2013). 

2.4 Communication in disaster management 

Manoj & Baker (2007) identifies three categories of communication challenges during 

disaster response: sociological, technological, and organizational (Manoj & Baker, 2007). 

The technological challenge in disaster management is the rapid deployment of 

communication systems for all relief workers (Manoj & Baker, 2007). In addition, 

sociological challenges emerge with communication between ephemeral groups (Manoj 

& Baker, 2007). Whereas organizational challenge means a situation where hierarchical 
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and rigid organizations suddenly must behave in an agile and ad-hoc way and make their 

own decisions during disaster response (Manoj & Baker, 2007). In addition, disaster 

management can be very exhaustive, and it can affect the communication between relief 

workers and other parties (Murayama et al., 2016). During disaster response it is not 

always easy to build trust between different stakeholders (Manoj & Baker, 2007; 

Murayama et al., 2016). 

However, disaster communication does not happen only between emergency responders 

and disaster workers. Governments and the public can actively participate in disaster 

communication using social media (Reuter & Kaufhold, 2018). This communication can 

happen in two-way or one-way communication (Lovari & Bowen, 2020). Two-way 

communication refers to a dialogue that completes the information cycle compared to 

one-way communication that only provides information from the sender to the receiver. 

There is evidence that ethical reasons and different policies limit disaster responders and 

citizens' engagement in two-way communication (Lovari & Bowen, 2020). Despite these 

concerns, two-way communication can be used to build trust, to provide faster service 

with scarce resources, receive feedback and to use this feedback to improve the 

organization (Briones et al., 2011).  

Two-way communication, with a focus on listening, is a critical component of the social 

media management process that may be applied to risk, crisis, and catastrophe 

communication (Lovari & Bowen, 2020). It promotes a responsive organization by 

assisting in the identification of public issues and problems. 

2.5 Communication infrastructure 

The focus of this SLR is not communication infrastructure, but it is important to highlight 

the vital role that it plays in disaster management communication. Communication 

infrastructure can be defined as a platform built of copper cables, fibre, wireless 

technologies, radio frequencies and other solutions on which ICTs are used on. If the 

infrastructure does not work, a large majority of ICT solutions cannot be used. This 

complicates response to natural disasters as communication solutions are unavailable. 

Researchers and other organisations have been actively trying to solve this problem 

(Sakano et al., 2016). Examples of these solutions include Movable and Deployable 

Resource units (Chanakitkarnchok et al., 2019; Sakano et al., 2016) and Helikites 

(Allsopp, 2014). These solutions aim to provide disaster affected areas with the needed 

infrastructure when the basic infrastructure backbone is crippled by the effects of natural 

hazards.  

In addition to hardware, resilient network solutions are crucial for the demanding and 

uncertain aftermath of natural disasters. Various resilient networks such as Wireless mesh 

networks (Chanakitkarnchok et al., 2019), Delay tolerant networks (Uchida et al., 2014) 

and Mobile AdHoc networks (Zemrane et al., 2019) have been developed to address this 

issue. The purpose of these solutions is to provide easy and efficient network deployment 

for rescue missions and to facilitate the overall response to natural disasters when 

communication infrastructure is compromised. The focus of this thesis is the usage of 

ICT in natural disaster management communication which often assumes that the 

communication infrastructure works as expected. It is not uncommon for a natural hazard 

to paralyse infrastructures which has created an interest in various resilient approaches 

(Godschalk, 2003). 
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2.6 Citizen sensing 

The term citizen sensor refers to an idea of connected network of users who actively 

observe, collect, share, and analyse their surroundings and disseminate this information 

via video, audio, or text messages (Sheth, 2009). The combination of smartphones, 

people, and web 2.0 has lowered the barrier for ordinary people to contribute to wikis, 

blogs, and social networking sites (Sheth, 2009). This citizen sensing offers a great 

resource for disaster managers and other relevant parties to paint the big picture. There is 

evidence that everyday users armed with mobile phones can help to tackle disastrous 

events (Sheth, 2009). However, it is possible that users provide incorrect information, 

making it difficult for disaster managers to parse relevant data (Sakurai & Murayama, 

2019). 

In natural disaster management citizen sensors can be used to enhance situational 

awareness (Yuan et al., 2013). The advantages of these human sensor networks are low 

cost, predictable power supply and senses, vast spatial coverage and they can 

communicate and give additional information of the events within minutes (Yuan et al., 

2013). Tools such as OpenStreetMap, CrisisCommons, Ushahidi and TtT are trying to 

offer solutions to take advantage of this citizen generated data (Yuan et al., 2013). Citizen 

sensing is an area where scientific community together with citizens could offer help to 

local governments in developing solutions to manage natural disasters. This collaboration 

between scientists and citizens in the field of information systems (IS) is called citizen 

science (Levy & Germonprez, 2017). 

In the field of IS, citizen science focuses on phenomena that interest both citizens and 

scientists where citizens intervene in data collection, collaboration, or co-creation of 

scientific ventures to further advance scientific research and to achieve more informed 

public, while citizens themselves are not the direct subject of research (Levy & 

Germonprez, 2017). Citizen sensing is a prime candidate for citizen science projects, 

where citizens can be engaged in the scientific process to help in societal and global 

problems. Powerful technology is available for citizens in developing and developed 

countries which enables citizens to actively contribute to science through their own tools 

and resources (Levy & Germonprez, 2017). Utilizing volunteer citizens to develop 

methods can provide valuable insight into natural disaster management, societal 

behaviour, and the needs of citizens during natural phenomena. 

2.7 Design science research 

Design science research (DSR) is not conducted in this thesis as such, but the DSR 

process is relevant for positioning the work in the IS field. Thus, it is important to briefly 

describe the DSR process so that the rationale of this thesis is clear. DSR is employed in 

IS to create and evaluate artifacts designed to solve organizational problems (Hevner et 

al., 2004). The artifacts obtained in a DSR project can be models, constructs, methods, or 

instantiations (Peffers et al., 2007). In addition, these artifacts are novel and provide utility 

in the defined problem domain (Hevner et al., 2004; Peffers et al., 2007). The problems 

that are solved using DSR often share similar characteristics such as, requirements and 

constraints that are in flux due to a lack of clarity in the context of a changing and/or 

complex environment (Hevner et al., 2004). In addition, the problem and its solution can 

have complicated relationships between subcomponents (Hevner et al., 2004). Further, 

design processes and artifacts have intrinsic flexibility (Hevner et al., 2004). Moreover, 

typically problems addressed in DSR rely heavily on human cognitive qualities (such as 

creativity) and human social abilities (e.g., teamwork) to generate effective solutions 
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(Hevner et al., 2004). An example of organizational problem that, it can be argued, fulfils 

all these characteristics is the construction of an open-source information system for 

disaster management using ICT-based best practices. The problem is complex, involves 

several, interdependent, and in flux processes and components, as well as human decision 

making and skills, and cooperation between many stakeholders.  

The DSR is typically carried out in an iterative and incremental process. The list below 

describes six steps in DSR according to Peffers et al. (2007). 

1. Problem identification and motivation 

2. Objectives of a solution 

3. Design and development 

4. Demonstration 

5. Evaluation 

6. Communication 

 

According to Peffers et al. (2007), DSR steps from 1 to 4 can be seen as entry points to 

conducting DSR. For example, a DSR problem can start from step 3 if the previous steps 

are completed (i.e., the problem and objectives are clear and defined). 

The research in this thesis is intended to inform step 1 (clarifying and motivating the 

problem of constructing natural disaster management communication; chapters 1 and 2), 

step 2 (clarifying the state of the art of the research on the disaster management systems 

and the role of ICT that are useful for defining further the objectives of future systems; 

chapter 4), and step 3 (identifying state-of-the-art ICTs and best practices that can be 

included in the future development of open-source based natural disaster management 

communication systems; chapter 4 and chapter 5). 

.  
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3. Systematic literature review 

To answer the research questions, this thesis uses the Systematic Literature Review (SLR) 

as a research method. The review follows the guidelines by Kitchenham (2004; 2007). 

This chapter details SLR as a research method and provides an overview of the selected 

research method. Systematic reviews are commonly used to summarise existing evidence 

on a specific treatment or technology and to identify gaps on current research to suggest 

new areas of investigation (Kitchenham, 2004). Systematic reviews also aim to provide a 

thorough research on the selected topic and the research must follow a predefined search 

strategy that is reported in detail to promote transparency (Kitchenham, 2004). The search 

strategy must aim to detect as much relevant literature as possible and requires rigorous 

inclusion and exclusion criteria to ensure proper assessment of potential primary studies. 

Systematic reviews specify the quality criteria used in study selection and specify what 

information is collected from each primary study. This allows the research to be replicated 

by other researchers if necessary (Kitchenham, 2004). For these reasons, SLR is selected 

as a research method for this study as it helps to identify needs for new solutions and 

areas for research. The process of systematic literature review is outlined in Figure 2, and 

this study follows the presented process. 

 

Figure 2. The stages of systematic literature review (adapted from Kitchenham 2004) 
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3.1 Planning the review 

The motivation for this SLR arose from the need to summarise existing use of information 

and communication technologies (ICT) in natural disaster management communication. 

SLR is a process that allows this investigation to occur in an unbiased and thorough 

manner. Two research questions were formed to achieve these objectives. The aim of the 

first research question is to collect robust evidence on how ICT is used and to strengthen 

the body of knowledge in this area. In support to this, the second research question has 

been developed to investigate the best practices of using ICT solutions in disaster 

management communication. The research questions (RQ1 and RQ2) are listed and 

described below. 

RQ1: How are information and communication technologies utilized in natural disaster 

management communication? 

The answer to this question will outline the use of ICT in natural disaster management 

communication. Furthermore, the answer to this question sheds some light on the users 

of these technologies and the purpose that these technologies are used for. 

RQ2: What are the best practices in ICT-enabled natural disaster management 

communication? 

The answer to this question will outline the best practices of ICT in natural disaster 

management. Further, by identifying the best practices, the topics for future studies can 

be discussed in more thorough manner. 

A review protocol is necessary to reduce the possibility of researcher bias (Kitchenham, 

2007). A review protocol is a plan of action that defines the basic review procedures and 

describes the conduct of the systematic literature review (Kitchenham, 2007). A review 

protocol includes a rationale for conducting the SLR (Chapter 1 & Section 3.1), the 

research questions (Section 3.1), search strategy (Section 3.2.1), study selection criteria 

(Section 3.2.2), study selection procedures (Section 3.2.3), study quality assessment 

(Section 3.2.4), data extraction strategy (3.2.5) and data synthesis (3.2.6) (Kitchenham, 

2007). In addition, a project timetable is recommended, but it was not implemented in 

this SLR (Kitchenham, 2007). The use of the review protocol is illustrated in the sections 

mentioned above. 

3.2 Conducting the review 

This section presents the procedures and steps used for conducting the review. Section 

3.2.1 describes the search strategy including selected databases, search terms and number 

of identified papers in each database. Section 3.2.2 elaborates the study selection criteria 

and Section 3.2.3 describes the study selection procedure. Section 3.2.4 introduces the 

study quality assessment instrument and the results of the study quality assessment. 

Section 3.2.5 defines how required data from primary studies was obtained. Lastly, 

section 3.2.6 describes the data synthesis. 
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3.2.1 Identification of research 

The search is conducted using the following digital libraries: 

• ACM 

• IEEE Xplore 

• Scopus 

• Web of Science 

The following libraries were selected based on their availability and credibility. Further, 

databases such as ACM and IEEE Xplore are often used in the field of information 

systems, computing, and software engineering. In addition, Scopus and Web of Science 

provide multidisciplinary research which is valuable for this specific topic as it cannot be 

assumed that using only technology savvy databases would lead to meaningful studies 

within natural disaster management. Lastly, these databases contain only peer-reviewed 

studies, which indicates the quality of the studies found in the databases. 

Two sets of search terms were derived from the research questions and relevant keywords 

after preliminary searches, namely primary search terms and secondary search terms 

(Table 3). The search terms are derived directly from the research questions. The primary 

search terms referred to keywords representing ICT and synonyms. The secondary search 

terms included keywords representing the topic of natural disaster management and 

communication. The search string was formed by combining primary and secondary 

search terms. Table 3 presents the search terms. In addition, database specific search 

strings can be found on Appendix D. The search was performed in January 2022 

according to the pre-defined search protocol elaborated during the planning of the review. 

Search strategy is shown in Figure 3 below. 

Table 3. Search terms 

 

Primary search terms information and communication* technolog*, 

ICT, information technolog* 

Secondary search terms emergency communication*, natural disaster, 

natural hazard*, disaster mitigation, emergency 

management 

Search string ("information and communication* technolog*" 

OR "ICT*" OR “information technolog*”) 

AND (“natural disaster” or “natural hazard”) 

AND ("communication*" OR "response” OR " 

mitigation" OR “management") 
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Figure 3. Search strategy (adapted from Kitchenhamn 2004) 

After executing the database searches, the identified studies were exported from each 

database and imported to Covidence. Covidence is a tool that can be used to facilitate the 

systematic literature review process, especially study screening and data extraction 

(www.covidence.org). In this SLR, Covidence was used to facilitate study screening 

during phases 1 to 4 of study selection procedure detailed in Table 5. In total, 584 studies 

were identified during the initial search. Table 4 below details the number of papers 

identified in each database. 

Table 4. Number of papers identified in each database 

 

Database Number of papers 

ACM 75 

IEEE Xplore 57 

Scopus 297 

Web of Science 155 

Total 584 
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3.2.2 Selection of primary studies 

The inclusion and exclusion criteria are vital for the validity and replicability of the 

systematic literature review. The inclusion and exclusion criteria assist in selecting the 

studies that are relevant for answering the research questions of the study. They ensure 

that all relevant studies are included in the systematic review and studies that are not 

relevant are excluded. This element describes how papers were selected to achieve the 

presented results. 

The following inclusion criteria were applied: 

• Study focuses on using ICT in disaster management communication. 

• Study is published between January 2010 and January 2022. (ICT is evolving 

rapidly and as a result it is not meaningful to look at old technologies and 

solutions. The past decade is suitable to derive an accurate picture of current 

methods) 

• Study is published in English. 

• Study is peer-reviewed. 

• Study is a conference article or journal paper. 

The following exclusion criteria were applied:  

• Study does not clearly focus on natural hazards (e.g., focuses on environmental 

hazards, such as oil spills and other man-made hazards, technological hazards, 

etc.). 

• Study focuses on the use of ICT in a different context than communication (e.g., 

hazard detection, measurement, monitoring, recognition, imaging, etc.). 

• Study focuses only on communication infrastructure rather than communication 

itself. 

• Study does not have human actors (only focus on device-to-device 

communication). 

• Literature reviews are excluded. 

• Duplicates are removed. 

• Full-text is not available. 

3.2.3 Study selection procedure 

The selection of primary studies was carried out in five phases. Table 5 presents these 

phases and the total amount of studies retained after each phase. 

Table 5. Phases of study selection procedure 

 

Phase Number of studies 

retained 

Phase 1: Number of studies after conducting the search on selected databases 584 

Phase 2: Removing of duplicates 532 

Phase 3: Exclusion based on title and abstract 71 

Phase 4: Exclusion based on reading the full text 27 

Phase 5: Exclusion based on applying study quality assessment 24 
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3.2.4 Study quality assessment 

This study uses quality assessment to further assist primary study selection. Quality 

assessment was performed using the Kitchenham (2007) guidelines. According to 

Kitchenham (2007), the concept of study quality has not been precisely agreed upon. 

However, study quality relates to the level that the study lessens the bias and ensures 

internal and external validity (Kitchenham, 2007). According to Kitchenham (2007), 

quality assessment is usually done using a quality assessment instrument defined based 

on factors that could bias the results. Researchers should define such questions for quality 

assessment that best fit the context of their research and are appropriate considering the 

research questions (Kitchenham, 2007). Based on these guidelines, the quality assessment 

instrument presented in Table 6 below was developed for this study. 

Table 6. Quality assessment instrument 

 

# Item Yes/No 

1 Does the study mention the related natural hazards?  

2 Does the study adequately define the used ICT's?  

3 Does the study assess communication in natural disaster management?  

4 Are the aims of the research stated clearly?  

5 Is the research context described adequately?  

6 Is the research method in the study described?  

7 Is the data collected in such a way that it addresses the research question?  

8 Are the findings of the study clearly presented?  

9 Are the possible problems, limitations or conflicts of interests clearly stated?  

 

Quality assessment instrument was designed to provide evaluations of important issues 

related to the research questions of the study (such as the relevance regarding natural 

hazards and the use of ICT), as well as to evaluate the quality, validity, and credibility of 

the primary studies. To assess the quality of the primary studies, nine questions were 

derived that corresponded to sufficient quality standards. Each study was then evaluated 

against these quality criteria and for each question a study can get 0 (if the criterion is not 

fulfilled) or 1 point (if the criterion is fulfilled). Thus, a study can get maximum points of 

9 and minimum points of 0. Based on this scoring instrument, a quality threshold scale 

was constructed to assess the study quality. Study quality thresholds can be found on 

Table 7 below. 

Table 7. Study quality thresholds 

 

Quality Percentage 

Excellent quality 75% - 100% 

Good quality 50% - 75% 

Fair quality  25% - 50% 

Bad quality 0% - 25% 

 

The suitability of the studies has already been considered extensively using detailed 

inclusion and exclusion criteria. Studies that achieve good quality or excellent quality will 

be included. The studies that pass the quality assessment are used as the primary studies 

in this thesis. Quality assessment was performed after reading the full texts. Of the 27 
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studies that were left after reading the full texts, 24 remained after quality assessment and 

were chosen as primary studies. 

3.2.5 Data extraction 

This review adopted the guidelines for data extraction proposed by Kitchenham (2007). 

According to Kitchenham (2007), the data extraction form must be designed in a way that 

it enables the collection of all necessary information to assess the research questions. In 

addition, data extraction forms should include the necessary publication details of all 

studies, such as title, authors, journal, year of publication, and the date of data extraction 

(Kitchenham, 2007).  

The following information was obtained for each study to answer the research questions: 

• Type of ICT 

• Application of ICT 

• Type of natural hazard 

• Phase of disaster management 

• Best practices 

• Study setting 

Data extraction was performed after the quality assessment. Excel was used to document 

data extraction. Data extraction form can be found in Appendix B. 

3.2.6 Data synthesis 

Data synthesis summarises the results of the included primary studies (Kitchenham, 

2007). Synthesis can be descriptive or quantitative, in which case it is called a meta-

analysis (Kitchenham, 2007). The results should be presented in a way that is consistent 

with the research questions (Kitchenham, 2007). This SLR adopts descriptive data 

synthesis. 

Studies included in this research are heterogeneous in terms of the type of ICT used, the 

application of ICT, types of natural hazards, natural hazard phases and research methods. 

The results are tabulated and examined from several different perspectives of 

heterogeneity. The studies are summarized by highlighting relevant data and concepts for 

answering the research questions. The data synthesis is presented in chapter 4. 
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4. Results 

This chapter presents the results of the systematic literature review. In total, twenty-four 

studies related to the role of ICT in natural disaster management communication were 

identified during the study selection process. These studies were selected based on the 

SLR process described in chapter 3. Each primary study is given its own unique identifier 

that is used during this section (P1…Pn). See Appendix A for the complete list of primary 

studies. 

4.1 Overview of studies 

This section describes the identified primary studies. In this section, a more detailed 

understanding of the literature, study types, quality, publication trend and used research 

methods is provided. 

4.1.1 Primary studies 

Primary studies were retrieved from four different databases: ACM, IEEE Xplore, 

Scopus, and Web of Science. After conducting the initial search on selected databases, 

the following percentage of studies were identified from each database: 

• ACM (12,8%) 

• IEEE Xplore (9,8%) 

• Scopus (50,9%) 

• Web of Science (26,5%) 

Figure 4 presents the number of studies left for each database after the study selection 

procedure and quality assessment. 

 

Figure 4. Primary studies per database 

Interestingly, more than half of the selected primary studies (13 or 54,2%) were obtained 

from a single database (Web of Science), although prior to the selection of the studies, 
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this database covered only about one-quarter of all studies (26,5%). Thus, it seems that 

multi-disciplinary databases provide more comprehensive number of studies on the role 

of ICT in natural disaster management communication compared to databases related to 

computer science, information processing science, computing, and electrical engineering. 

This study included only journal articles and conference papers. Figure 5 presents the 

number of different study types. 

 

Figure 5. Primary study by type of publication 

The primary studies of this thesis were mainly published in scientific publications. Only 

three journals had more than one primary study for this thesis, namely Natural Hazards 

(2 papers), International Journal of Environmental Research and Public Health (2 papers) 

and Journal of Disaster Research (2 papers). Table 8 below presents the journals and 

conferences related to IS or ICT. Nine papers were found in IS and ICT publication 

forums (2 journal articles and 7 conference articles). In addition, interdisciplinary journals 

related to information and computer sciences and systems were identified among the 

publication forums: Earth Science Informatics (P4; 2019), Environmental Modelling and 

Software (P10; 2018), Geo-Spatial Information Science (P16; 2017), Journal of Medical 

Internet Research JMIR - Research Protocols (P18; 2013), Journal of Medical Systems 

(P20; 2012), and The Review of Socionetwork Strategies (P21; 2018). Thus, overall, the 

sample of primary studies reviewed in the thesis consists of 15 papers published in IS and 

ICT related forums. The remaining nine papers were published in forums addressing 

Environment and Public Health, Sustainability, Disaster Research, Natural Hazards, and 

Earth sciences. 
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Table 8. Publications or conferences in IS or ICT related field 

 

Publication or conference Primary 

study 

ICTC 2020: The 11th International Conference on ICT Convergence: "Data, Network, and 

AI in the Age of 'Untact'" 

P22 

ICEEICT 2016: The 3rd International Conference on Electrical Engineering and Information 

Communication Technology 

P19 

ICT-DM 2018: The 5th International Conference on Information and Communication 

Technologies for Disaster Management 

P23 

ICT-DM 2019: The 6hh International Conference on Information and Communication 

Technologies for Disaster Management 

P7 

ITCC 2019: International Conference on Information Technology and Computer 

Communications 

P1 

JGITM 2012: Journal of Global Information Technology Management P15 

JAIS 2015: Journal of the Association for Information Systems P6 

CSCW 2017: The ACM Conference on Computer Supported Cooperative Work and Social 

Computing 

P12 

HST 2013: The IEEE International Conference on Technologies for Homeland Security P17 

4.1.2 Quality assessment results 

The quality assessment was carried out with 27 studies that fulfilled the inclusion criteria 

and passed the exclusion criteria after inspecting their full text. Studies were given points 

based on the questions designed for the quality assessment instrument (Table 6). After 

conducting the quality assessment 24 studies were selected as primary studies. Quality 

assessment instrument aimed to identify valid, credible, and relevant studies reflecting on 

the research questions. The list below summarises the results of the quality assessment: 

• Excellent quality: 16 articles (59%) 

• Good quality: 8 articles (30%) 

• Fair quality: 2 articles (7%) 

• Bad quality: 1 article (4%) 

After quality assessment, three studies were excluded. Detailed quality assessment results 

for the selected primary studies can be found in Appendix C. 

4.1.3 Publication trend 

Only studies published between 2010 and 2022 were included in this study. Studies 

published during these years were examined because ICT is evolving rapidly and this 

research focus on the role of ICT in natural disaster management communication today. 

It is not feasible to review old technologies which may no longer be used. Figure 6 below 

presents the distribution of primary studies during the specified period. 
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Figure 6. Publication distribution per year 

 

Interestingly, this research area has gained a small amount of more interest during the 

years 2017-2020. On the other hand, the trend seems to be declining in 2021 and 2022. 

The small number of studies in 2021 and 2022 is probably because the identification of 

studies was conducted in January 2022 and not all recent papers are indexed yet in the 

surveyed databases. However, the number of samples considered is small and no precise 

conclusions can be drawn from this. 

4.1.4 Research methods 

The primary studies were conducted using several different research methods. The most 

used research methods were information systems development and case studies. 

However, several studies composed their methods by combining elements from several 

different methods. Figure 7 presents the used research methods. 

 

Figure 7. Research methods in primary studies 
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4.2 Related natural phenomena 

This section describes the natural phenomena discussed in the primary studies. The 

natural phenomena are characterized in the following by type, country of occurrence and 

phase of disaster management. This SLR identified a variety of natural phenomena from 

a wide range of locations at all different phases of disaster management. 

4.2.1 Related natural hazards 

The primary studies examined various natural hazards. A large proportion of the studies 

did not focus on just one hazard but looked at disaster management more 

comprehensively. On the other hand, studies that focused only on a specific hazard or 

disaster provided insightful points of view of these circumstances. Not every natural 

hazard was examined, but that is not relevant to this study. Table 9 below presents the 

related natural hazards. 

Table 9. Related natural hazards 

 

Natural hazard Number of studies Primary studies 

Multiple 11 P1, P2, P7, P14, P18, P19, P20, P21, P22, 

P23, P24 

Earthquake 5 P3, P9, P15, P16, P17 

Flood 3 P4, P6, P10 

Rainstorm 1 P8 

Typhoon 1 P11 

Avalanche 1 P13 

Landslide 1 P12 

Drought 1 P5 

 

4.2.2 Countries covered by studies 

Of the 24 primary studies, 11 discussed specific natural disasters. The countries where 

these natural disasters occurred can be found on the following Table 10 and the following 

figure (Figure 8). Primary studies also mentioned several other natural disasters in 

different areas, but these were not further examined. 

Table 10. Related natural disasters 

 

Country Number of studies Primary studies 

China 4 P8, P9, P11, P15 

Japan 3 P3, P21, P23 

USA 2 P5, P12 

Italy 1 P16 

Myanmar 1 P16 

Thailand 1 P6 

Indonesia 1 P1 

 



29 

 

Figure 8. Manifested natural disasters per country as referred in primary studies (created with 
Excel). 

Based on the primary studies of this thesis, it appears that this topic is being studied more 

in Asia compared to other continents. 

4.2.3 Disaster management phases 

The phases of natural disaster management are mitigation, preparedness, response, and 

recovery (Coppola, 2015). The most studied phase of natural disaster management in this 

SLR was response (54%). Based on these studies, it appears that scholars find that ICT 

can offer most during this phase of disasters. This may also result from the selected 

secondary search terms, which included the keywords “mitigation” and “response”. On 

the other hand, the second most studied were ICT methods that focused on several 

different phases of the crisis (33%). Table 11 below presents the studied disaster 

management phases. 

Table 11. Studied disaster management phases 

 

Disaster phase Number of studies Primary studies 

Response 13 P1, P3, P6, P7, P8, P9, P11, P16, P17, P18, P20, P22, P23 

Multiple 8 P4, P5, P12, P14, P15, P19, P21, P24 

Mitigation 2 P2, P13 

Preparedness 1 P10 

 

4.3 ICT in natural disaster management communication 

This chapter details the role of ICT in natural disaster management communication. A 

brief overview of the used information and communication technologies is presented. 

Afterwards, the results of these technologies are presented in separate sections. 
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4.3.1 Overview of ICT 

Several different technologies were used in the primary studies. Some studies focused on 

several technologies, while others dealt only with a specific technology. Naturally, when 

some technologies are used, other technologies are used indirectly. For example, 

smartphones or other mobile devices are used when using mobile applications. However, 

for the purposes of this SLR, it is not feasible to discuss every part of the puzzle, but to 

focus on the ICT that the study specifically examines. Table 12 below presents the used 

information and communication technologies. 

Table 12. Used ICTs 

 

ICT Number of studies Primary studies 

Social media 10 P5, P6, P7, P8, P9, P11, P12, P16, 

P21, P23 

Information system 5 P1, P10, P18, P20, P24 

Mobile application 3 P13, P14, P19 

Multiple 2 P3, P4 

Social network 1 P17 

Virtual community 1 P15 

Cell phones 1 P2 

Ultra-high-definition Broadcasting 

system 

1 P22 

 

Figure 9 below illustrates the used ICTs at different phases of natural disaster 

management. However, it is important to note that the category “Multiple” includes all 

possible combinations of natural disaster management phases. For example, P21 focused 

on all phases of natural disaster management, while P15 focused on response and 

recovery. 

 

Figure 9. Number of ICTs used at different disaster management phases 
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Interestingly, some technologies focus more heavily on a particular phase of natural 

disaster management than others. For example, social media has a strong representation 

in the response category with 7 primary studies (P6, P7, P8, P9, P11, P16, P23), while 

novel information systems can be identified from three different categories: response (P1, 

P18, P20), preparedness (P10) and multiple (P24).  

4.3.2 Social media 

Social media is used in disaster management communication by various parties. 

According to the primary studies, at least the following social media platforms have been 

used to manage natural disasters: Twitter, Facebook, YouTube, Weibo, web discussion 

forums, Reddit, Pinterest, GoFundMe, and Wikipedia. Social media users are 

heterogenous and there are many benefits in using social media for several parties, such 

as journalists, governmental agencies, responders, different organisations, and the public 

(P12, P6). Table 13 below presents the used social media platforms. 

Table 13. Social media used in natural disaster management 

 

Social media Number of studies Primary studies 

Twitter 7 P5, P6, P7, P12, P16, P17, P23 

Facebook 4 P5, P6, P12, P21 

YouTube 4 P5, P6, 12, P17 

Weibo 4 P8, P9, P11, P12 

Web discussion forums 1 P15 

Reddit 1 P12 

Pinterest 1 P12 

GoFundMe 1 P12 

Wikipedia 1 P12 
 

In total 10 studies focused on social media for communication and management of natural 

disasters. The studies indicate different roles of social media such as communication, 

enabler, citizen sensing as well as challenges that are discussed in the following 

subsections. 

Social media for communication 

Governmental agencies utilize social media platforms in disaster management 

communication for one-way and two-way communication (P5, P6, P12). Governmental 

agencies can use social media in disaster management communication to share 

information, situational awareness, decision making and to carry out rumour control (P5). 

Social media can also be used to communicate about a slow-moving phenomenon, such 

as drought and to teach and guide citizens on how to mitigate the effects of these 

phenomena (P5). Two-way communication offers the ability to share ideas and discuss 

over certain topics that can even spark ideas of great help to the disaster management 

(P5). 

The public uses social media during natural disasters to seek and receive timely 

information, to determine disaster magnitude and to check-in with family and friends 

(P8). Often, individual users share their emotions and experiences and work on their 
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experiences together with others (P6, P8). Individuals share photos, videos and posts 

about the crisis and can thus be of a great help to disaster management (P5, P6, P7, P9, 

P21). 

Compared to traditional media social media is often more local, up-to-date, and more 

contextualized (P6). Hyper locality and speed of information have also driven traditional 

journalists to follow social media news related to emergencies with dedicated tools (P12). 

Traditional media is also more politicized and do not offer everyone the opportunity to 

present important ideas (P6). When communities and professionals are not listened during 

natural disasters, they usually start looking for alternatives (P5, P6). This has driven 

professionals to publish important hazard-related material on social media (P5, P6). This 

information sharing is one of the significant advantages of social media (P5). In addition 

to disseminating information, individuals provide their own perspectives and guidance, 

which can be helpful to governmental agencies (P5). Social media can also provide 

information that controlled media cannot present (P6). Traditional media have also been 

accused of looking for stories to sell, rather than spreading important information (P6). 

Citizen sensors 

Several studies look at the community primarily as a victim affected by the natural 

disaster and may not see the full potential of individuals in crisis response (P6). However, 

it has been found that through social media communication, a community can manage 

their own circumstances during disasters and provide useful information to disaster 

responders (P5, P6, P7, P9, P21). Social media communication also enables to use the 

community and individuals as "citizen sensors" or "data sensors" (P5, P6, P7, P9, P12, 

P21). It can be argued that social media users could help identify important information, 

such as water level, the spread area of floods, report on evacuation activities, and more 

(P9, P12, P21). These potentially millions of connected sensors can communicate 

valuable information to crisis responders. These sensors are equipped with five senses 

and can provide valuable data very quickly (P7).  This data collection should be done as 

automatically as possible, and work still needs to be done to automatically track this data 

(P7). Often, the most important data comes from the people who are present at the time 

of the disaster manifestation. For example, information about a landslide could be 

obtained in minutes, although it can be challenging to detect it with other sensors or early 

warning systems (P12). This can be of a great help during natural disaster management 

and the sensemaking process (P12). 

Social media as an enabler 

Social media empowers individuals to participate in disaster management communication 

(P6). Social media can remove barriers by affording an avenue for public to participate 

proactively in crises (P6). Activities such as sharing photos and videos of the crisis that 

was previously the responsibility of government agencies are now possible for individuals 

(P6). The traditional crisis management assumes that the resources and ability to act in 

times of crisis are in the hands of crisis responders and governmental bodies, but social 

media contradicts this view by allowing individuals to share resources and network in 

times of crisis (P6). Resources, such as expertise, knowledge and skills can be shared via 

communication on social media (P6). Social media offers a lot to natural disaster 

management, and it has been argued that it meets the criteria to be considered as 

infrastructure (P12). At least, it is safe to say that social media has established itself as a 

feature of modern crisis response (P12, P6, P5).   
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Challenges 

However, with great power comes great responsibility. Utilizing social media during 

crises can be challenging (P8, P16). Not all information is essential for crisis 

management, as people share a lot of irrelevant information, spam, their own opinions 

and even interfere with each other on social media (P8, P16). Credibility is a complicated 

and relevant topic, and it is not always easy to assess the credibility of posts on social 

media (P8, P16). However, the information can be confirmed, for example, by comparing 

it from several sources (P8). The dissemination of misinformation and malicious acts are 

a dangerous phenomenon during crisis situations. 

4.3.3 Information systems 

Several different information system solutions for natural disaster management 

communication were identified in this SLR. Information systems are used, for example, 

for logistics (P1), the implementation of ontologies for knowledge generation and 

communication (P4, P10), the communication of hospital staff (P18), the communication 

of disaster responder physicians (P20), creating survivable social networks (P17), and for 

early warnings (P24). In addition to this, this section covers ICT and evacuation (P3), 

virtual communities (P15) and cell phones (P2). 

Humanitarian Logistics 

P1 proposed a solution to solve logistical problems between different stakeholders. They 

implemented a web-based system that can speed up the distribution of various goods in 

the disaster area. This system could be used with mobile technologies and computers (P1). 

The research developed an integrated logistics information system for "humanitarian 

logistics" (P1). Humanitarian logistics implies the effective and efficient planning, 

operating, and controlling of goods distribution (P1). The system is prone to accurate 

information of the needs of the disaster victims (P1). They argue that the problem of weak 

collaboration among humanitarian stakeholders, such as government agencies and donors 

could be solved via logistics information system (P1). Information technology can 

enhance readiness and effectiveness in solving the complex problems of disaster relief 

(P1). 

Knowledge management 

P4 and P10 develop and examine an intelligent ontology-based system called Flood AI 

for communication and knowledge creation about floods. The system uses natural 

language processing, disaster ontologies, artificial intelligence (AI), and voice 

recognition to create knowledge (P4, P10). Developers provide an engine that can answer 

users' fact-based questions about floods. Flood AI uses ontologies to connect these 

inquiries to relevant data and outputs answers to these flooding related questions (P4, 

P10). The architecture of the system allows it to be integrated with various technologies 

and devices, such as chat-bots, web-based systems, smart home devices and more (P4, 

P10). It aims to open the knowledge of floods to multiple cases and applications (P10). 

Utilizing the experiences of these studies, this model can potentially be extended to other 

natural hazards and thereby provide individuals with new channels to gain insight into 

various natural upheavals (P10, P4). For such solutions, it is important that security is 

taken care of so that users' personal information does not fall into the wrong hands. For 
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example, when using chat bots, it is important to prevent, eavesdropping, sniffing and 

man-in-the-middle attacks (P10). In addition to flooding, there has been research on 

wildfire and earthquake related ontologies (P4). 

Rescue management 

P18 aimed to create an information system to improve the efficiency of hospital personnel 

during emergencies, assure positioning, facilitate communication, help rescue teams, and 

to provide knowledge and information to perform better during rescue operations. The 

system consists of mobile application and server-side support given by Central Station 

(command centre) providing valuable data, such as information, guidelines, status, exits, 

directions and more (P18). Researchers found it important that hospital staff have 

methods to act inside the hospital in potential crisis situations, such as during a fire. This 

was solved with route instructions, among other things, as well as readable quick response 

(QR) codes that show the location of the staff. At the same time, staff can communicate 

with central Station using the mobile application (P18). 

The speed of treatment is vital at natural disaster areas, as the earlier the affected 

individuals get treatment, the more likely they are to survive. P20 found out what kind of 

requirements doctors and nurses have for such an emergency medical communications 

system. The study identified that the key requirements are as follows: an interface that 

allows physicians and caregivers to ensure appropriate and effective treatment of patients; 

an on-the-spot management method that supports decision-making and responding to 

immediate requests for assistance; clear multiplex display and transfer of data, such as 

text, automatic location communication to report location of personnel and vehicles and 

command and control system to transfer patients vital and diagnostic data; video 

streaming must be available to upload patient-specific information; easy-to-use terminal 

for quick responses; area-wide internet connection with sufficient capacity and reliability 

(P20). In addition to enabling local care, meeting these requirements will enable 

teleconsultation between the disaster area and the local hospital (P20). 

Early warning communication 

This SLR excluded studies that focused solely on networks and/or infrastructure. In 

addition to networks and infrastructure, P24 focused on enabling communication by 

sending an early warning, as well as making sure foreigners also receive this warning in 

a language they can understand. In Japan, many different natural hazards are encountered, 

and as a result, it is important to be able to communicate the early warnings to foreigners 

as well (P24). The objective was to develop a new method to reach individuals in such 

situations that usual ways of communication do not. 

To fill this gap, the researchers wanted to create a method to deliver messages to indoor 

residents and to people who do not understand Japanese (P24). This was solved by 

installing the system to terminals and placing them inside fire alarms (P24). Then these 

terminals received a warning from broadcasting station to activate a fire alarm sound 

(P24). The system got positive feedback and was thought to be important in situations 

where smartphones are not available (P24). 
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Cell phones 

Cell phones have a significant role on disaster management communication (P2). P2 

studied the role of cell phones in natural disaster management and estimate that: “a one-

standard-deviation increase in cell phone usage reduces disaster fatalities by nearly one 

half.” (P2). This information was obtained by comparing and combining data from over 

thirty years on cell phone usage, economic data, and deaths resulted from natural disasters 

(P2). While it should be acknowledged that many factors contribute to decrease of 

fatalities from natural disasters, cell phones can save lives by spreading information and 

assist in the coordination of rescue missions (P2). Cell phones seem to have the greatest 

impact in disasters that strike suddenly without warning, such as earthquakes (P2). 

However, it is important to understand that cell phones alone do not help in areas where 

help is not available, as rescue missions always require the help of others (P2). 

Survivable social network 

Many individuals are used to having online services at their fingertips, and ubiquitous 

communication solutions such as social media available around the clock. P17 argues that 

one important piece of the puzzle in disaster management is quick, simple, and cheap way 

to re-establish local communications within a community. By ensuring reliable 

communications, communities can better manage their resources and coordinate their 

activities (P17). “Instead of voice being the killer app, we’ve shifted to email and social 

networking” (P17). The researchers suggest a Survivable Social Network, which provides 

a social networking service for users when connections are down that they perceive as 

good as when connections work (P17). The service offers typical social networking 

features such as sending messages, updating statuses, and sharing images while providing 

a familiar feeling without networks (P17). By improving the ability of users to work 

together, they can reduce the load of disaster responders (P17). 

Virtual communities 

In a study conducted in China (P15), it is argued that quality of information is more 

critical to a community than information quantity. Virtual communities offer a path for 

individuals to seek support and exchange information during disasters (P15). More 

specifically, web discussion forums are examined to find out how social capital influences 

information exchange among these forums and how it affects the individual and collective 

well-being in these communities (P15). According to P15, individuals can be 

overwhelmed by information from various channels in the aftermath of a disaster and 

need accurate, reliable, and timely information. This information quality contributes more 

to the well-being of the community and its members (P15). Features such as trust, 

reciprocity, shared language, and shared vision are important for evaluating the quality 

of information, but not the quantity of information (P15). The study offers strategies to 

disseminating relevant information in virtual communities such as forum moderation and 

appropriate system design that compliments credibility of users (P15). Although the 

results are interesting, no major conclusions can be drawn from them, as only certain 

types of forums in China are explored (P15).  

ICT and evacuation 

P3 provides interesting information of the role of ICT in dissemination of information for 

foreigners that have hard time understanding local instructions or notices because of 
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language barriers. During 2016 Kumamoto earthquakes, Royal Thai embassy in Tokyo 

utilized Facebook, Twitter, and their official website among other solutions to 

disseminate critical information about shelters, road conditions, trains and pick-up 

locations and times to their citizens in Japan (P3). The embassy communicated with local 

authorities to facilitate the evacuation of Thai citizens and to provide them with the 

adequate solutions during the disaster. P3 argues that while ICT may not solve everything 

related to evacuations during natural disasters, because most of these operations are run 

by human decision, they see it as very useful factor in the disaster response phase. The 

paper presents an overview of the evacuation process and offers lessons learned from 

these relief efforts for future disasters (P3). 

4.3.4 Mobile Applications 

In total, three studies focused on mobile applications as a solution to disaster 

management. These studies examined the evaluation methods of mobile applications for 

avalanches (P13), the suitability of mobile applications as a solution to disaster reduction 

in general (P14) and the role of communication system during a crisis situation (P19). 

P14 investigated the suitability of mobile applications to reduce the effects of natural 

disasters. It seems that most mobile applications focus on only one hazard and one disaster 

phase rather than considering multiple hazards (P14). Applications that focus on pre-

disaster phases provide mostly warnings and guidance, while programs that focus on post-

disaster phases provide mostly location data (P14). Only about one-third of programs 

allow information to be shared across different social media services or via text message. 

Enabling this within applications could provide better tools for communication and 

disaster response (P14). Also, there is a need for more transparent and trustworthy privacy 

policies among the applications (P14). A big problem with the use of mobile applications 

is also that the costs of use (devices, mobile data) is usually more expensive in countries 

where the risk of a natural disaster is high (P14). Furthermore, several high-risk countries 

use multiple languages, making it difficult to develop adequate applications (P14). In 

many of these countries, literacy is often poor, and many people have no education (P14). 

For the above reasons, they believe that other options still need to be used as part of 

natural disaster management (P14). 

P13 studied the evaluation methods of mobile applications for avalanche risk 

communication. Avalanche as a hazard was chosen because of the extensive research that 

has been conducted related to this subject (P13). Interestingly they found out that the 

content of the applications was chosen mostly based on what is "useful" for the users 

rather than to minimize death toll for example (P13). A lot of visual elements were used 

in the applications to express the risk level, but the methods were contradictory and some, 

for example, believed that it was dangerous to express the hazard only visually, as it may 

be too big of a simplification (P13). The reasons for making mobile applications are very 

practical, phones nowadays reside in people’s pockets and in many places mobile network 

has good coverage (P13). 

The applications aim to help users plan their trips, offer knowledge, and raise awareness 

on avalanches (P13). Interestingly, only one of these applications were developed to cover 

multiple hazards (P13), which is in line with the findings of P14. On the other hand, this 

might also be a result of the purpose to focus on avalanches. Researchers suggests that in 

the future, it would be important for users to be able to send images and observations 

through applications (P13). In addition to this, they suggest that the evaluation of 
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applications should be conducted with scientists and disaster communication experts 

(P13). 

P19 proposed a system that cover a wide range of functionality to assist users and disaster 

managers in these circumstances. The objective is to develop a system to tackle 

disruptions caused by natural hazards (P19). The android based mobile application offers 

functionalities for location sharing, information sharing, search of critical location, 

reporting an incident and more (P19). The aim is to provide users with adequate 

functionality that works both offline and online (P19). This will help the facilitation 

process during disasters (P19). 
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5. Discussion 

This systematic literature review aimed to summarize existing evidence concerning the 

role of ICT in natural disaster management communication and to identify best practices 

in natural disaster management communication enabled by ICT. The goal was to 

strengthen the body of knowledge concerning this area of research and to use the results 

to develop effective, open-source-based disaster management system. The results were 

obtained following the SLR process detailed in chapter 3. In this section, answers to the 

research questions are presented and the SLR results highlighted in chapter 4 are 

discussed. The answers to these research questions are complex and they are answered 

explicitly in two separate sections. First, the first research question is answered in section 

5.1. Second, the second research question is answered in section 5.2.  

In this section, when citing the primary source, both the paper ID (Pi) and the reference 

in APA (American Psychological Association) style are used to make clear that the 

reference cited is a primary source and to make it easier to identify the authors and year 

of the publication. In section 5.3 the results of this SLR are reflected onto the initial idea 

of an open-source-based disaster management system. Section 5.4 discusses implications 

for research and practice. 

5.1 RQ1: How are information and communication technologies 
utilized in natural disaster management communication? 

Information and communication technologies are used in natural disaster management 

communication in various ways. Based on this systematic review, it can be said that ICT 

is an integral part of today’s natural disaster management, and the results suggest that its 

role is ever increasing. The impact of ICT is difficult to quantify, but some estimations 

have been made. For example, the use of cell phones alone to manage natural disasters, 

has made a significant contribution to reduce the impacts of these disasters (P2, Toya & 

Skidmore, 2018). Although it is not easy to quantify the effects of ICT in natural disaster 

management communication, the roles and the extent of use of ICT in this context can be 

described and discussed. 

The role of social media in managing natural disasters is immense. Social media is used 

by governments, private companies, NGOs, researchers, emergency responders, and the 

public to gain situational awareness and to communicate with other stakeholders. Social 

media also allows people to act as citizen sensors, which facilitates the sense making 

process of the disaster and gives ordinary people an active role in managing natural 

disasters. Social media has also been proven to be used to enable evacuations (P3, 

Leelawat et al., 2017), to communicate information about natural disasters (P12, Dailey 

& Starbird, 2017; P6, Leong et al., 2015; P5, Tang et al., 2015), to share knowledge and 

skills (P6, Leong et al., 2015), to provide emotional support (P6, Leong et al., 2015), to 

name a few. 

Citizen sensing as a concept could have a lot to offer for natural disaster management. 

Social media has been used as a tool to gather information from individuals. However, 

this process is not easy and can be time consuming. Separating relevant data from the 

massive amount of information and spam can be tricky, as social media services are used 

a lot in natural disaster management communication. On the other hand, the primary 

studies that covered mobile applications concluded that it would be important to collect 

data, such as images and videos from their users to get better understanding of the 
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situation (P13, Charrière & Bogaard, 2016; P14, Navarro de Corcuera et al., 2022). Based 

on the primary studies, it appears that citizen sensing is emerging as a topic from many 

perspectives.  

The major difference between natural disaster related mobile applications and social 

media in the context of citizen sensing is that when mobile applications are used there is 

no need to go through a massive amount of data, because the users provide data just for 

this specific purpose. While using social media, the big challenge is parsing this data, as 

well as identifying disaster related and relevant information (P7, Auclair et al., 2019). On 

the other hand, although the information provided by mobile applications can be easier to 

structure, there are far fewer potential citizen sensors available. The strength of social 

media compared to mobile applications is precisely this coverage, as well as the huge 

volatility of data. To find the best solution, both private companies and scientific 

community could work together, to make the most of this communication in the event of 

natural disasters. 

In addition to social media and mobile applications, a significant number of studies were 

found on novel information systems (IS) related to natural disaster management 

communication. All primary studies that introduced new information systems sought in 

some way to solve communication and information sharing problems related to natural 

disasters. One of these systems was Flood AI, which provides users with information 

about floods (P10, P4, Sermet & Demir, 2018, 2019). Developers created an engine that 

can answer users' fact-based flood questions (P10, P4 Sermet & Demir, 2018, 2019). 

Flood AI connects these inquiries to relevant data using ontologies and provides solutions 

to these flooding-related issues. Flood AI can be implemented for example, to websites 

and chatbots, through application programming interfaces (APIs) (P10, Sermet & Demir, 

2018). 

Furthermore, IS are used in natural disaster management communication to increase 

medical personnel's efficiency during emergencies, to ensure positioning, to promote 

communication, to assist rescue teams, and to provide knowledge and information to help 

them perform better during rescue operations (P18, Bellini et al., 2013). Further, IS are 

being developed to enhance resilient communication technologies and systems (P24, 

Kumagai et al., 2019; P20, Qiantori et al., 2012). 

It is important to highlight that even though the role of ICT in natural disaster 

management communication is major, the ICTs do not work as well in isolation as they 

do in densely populated areas. Even the best ICT solution cannot help saving a person 

from trouble if help cannot be provided. Even if the danger could be communicated 

immediately and to the right party, victims cannot be helped if help is not available. As a 

result, ICT is unlikely to be the ultimate solution for managing natural disasters but 

combined with other solutions the potential is extensive. Similarly, as mentioned in the 

introduction, disasters can paralyze the communication infrastructure and other essential 

infrastructure. Therefore, from natural disaster management perspective it is important 

that the providers of these infrastructures have their own plans and resources to overcome 

these challenges. Figure 10 below illustrates the used ICTs and their users in different 

phases of natural disaster management based on the primary studies. 
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Figure 10. The role of ICT in natural disaster management communication (model built upon the 
framework from Coppola 2015 (the central part of the figure) with data from the literature review). 

To conclude, the results show that information and communication technologies are 

widely utilized in natural disaster management communication in multiple ways by 

heterogenous users in all phases of natural disaster management. 

5.2 RQ2: What are the best practices in ICT enabled natural disaster 
management communication? 

None of the primary studies directly or explicitly presented a best practice in ICT enabled 

natural disaster management communication. However, two best practices can be derived 

from the primary studies. These best practices are the two-way communication in natural 

disaster management and the citizen sensing. 

5.2.1 Two-way communication 

Government organizations can utilize social media in natural disaster management 

communication to disseminate information, maintain situational awareness, make 

decisions, and regulate rumors (P7, Auclair et al., 2019; P9, Bai & Yu, 2016; P6, Leong 

et al., 2015; P21, Shibuya & Tanaka, 2018; P5, Tang et al., 2015). This communication 

can be direct one-way announcing of information or a two-way dialogue (P5, Tang et al., 

2015). Two-way communication enables feedback on the information sharing process 
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and can help the disaster managers to understand whether the audience understands the 

shared information (P5, Tang et al., 2015). In addition, two-way communication allows 

people to share ideas and talk about certain issues, which can lead to even better solutions 

for disaster management (P5, Tang et al., 2015). This two-way communication allows 

communities to refine their ideas and knowledge and to share supportive messages (P6, 

Leong et al., 2015). 

While two-way communication offers many good aspects, it is also time consuming in 

comparison to one-way communication (P5, Tang et al., 2015). Moreover, two-way 

communication makes organizations vulnerable to criticism. However, this criticism can 

be used as feedback to identify vulnerabilities in organizations actions and thereby further 

improve disaster management activities (P5, Tang et al., 2015). Two-way communication 

also makes organizations seem less authoritative compared to one-way communication 

and this way brings organizations closer to the community (P5, Tang et al., 2015). 

Although two-way communication requires more effort and puts organizations in 

vulnerable position, it can be argued that this time should be used, as the possible positive 

effects offered by two-way communication surpass the negatives. Therefore, the thesis’ 

author argues, based on the results of this systematic literature review, that two-way 

communication is one of the best practices in ICT enabled natural disaster management 

communication. 

5.2.2 Citizen sensing 

Primary studies show that by utilizing social media a community can manage their own 

circumstances and communicate valuable information to disaster managers (P7, Auclair 

et al., 2019; P9, Bai & Yu, 2016; P6, Leong et al., 2015; P21, Shibuya & Tanaka, 2018; 

P5, Tang et al., 2015). This communication enables individuals and even communities to 

be used as "citizen sensors" or "data sensors" through social media (P9, Bai & Yu, 2016; 

P12, Dailey & Starbird, 2017; P21, Shibuya & Tanaka, 2018). In addition to providing 

valuable information, citizen sensing can help disaster managers and other individuals in 

the sense-making process of a disaster (P12, Dailey & Starbird, 2017), share knowledge 

(P6, Leong et al., 2015) or even detect hazards and provide warnings (P12, Dailey & 

Starbird, 2017). 

In addition to social media, mobile applications have potential in citizen sensing. 

According to Charrière and Bogaard (P13, 2016) it would be critical for people to be able 

to contribute photographs and observations via mobile applications. Enabling user 

contributions in mobile applications for disaster management, could allow disaster 

managers to collect valuable data for the purposes of disaster management (P13, Charrière 

& Bogaard, 2016). Mobile applications directly developed for natural disaster 

management are likely to provide disaster managers with data specific to their needs. In 

contrast, in social media, it is challenging to obtain relevant information automatically 

from a large amount of data (P7, Auclair et al., 2019). For example, different usage 

patterns and the number of different languages pose a challenge for identifying credible 

information with ease (P16, Zahra et al., 2017). 

Based on the primary studies, the thesis’ author argues that while data collection methods 

may not yet be fully automated (P12, Dailey & Starbird, 2017), natural disaster 

management may still benefit from citizen sensors. By defining appropriate processes, 

data can also be exploited without automation, especially when the data is provided 

directly to the purposes of disaster managers. However, it is important that there are 

methods for assessing the reliability and credibility of the data provided, as cases where 



42 

such data has caused unnecessary actions are already known (Sakurai & Murayama, 

2019). Based on the results of this systematic literature review, the thesis’ author argues 

that citizen sensing is a best practice in ICT enabled natural disaster management 

communication. 

5.3 Integrating the study in the design science research cycle 

As mentioned in the introduction, the initial motivation for conducting this review was to 

inform future work on how natural disaster management could be carried out using an 

open-source disaster management system. This system could be used by key stakeholders 

to better manage natural disasters. DSR is a method in IS field suitable for novel artifact 

development (Peffers et al., 2007). These artifacts can be used to solve organizational 

problems (Hevner et al., 2004). However, in the context of natural disaster management, 

the organization varies as ephemeral groups are formed to manage different disasters. 

Stakeholders that need to cooperate during natural disaster management in its different 

phases can include government officials, citizens, hospital staff, journalists, scientists, 

system designers and software developers, etc. It can be argued that this complexity of 

the organization itself is at the core of the typical characteristics of DSR as often the 

problem’s requirements and restrictions are in flux due to a lack of clarity in the context 

of the environment (Hevner et al., 2004). Based on the primary studies, the author argues 

that natural disaster management has a semi-permanent organization structure 

(government officials) in specific locations and that only the sub-organizations (disasters 

responders, NGOs) that form around it vary. Therefore, DSR is suitable for advancing the 

design and development of the artifact. Figure 11 below presents the DSR process 

according to the model by Peffers et al. (2007). There are 6 steps in the process, starting 

with defining the problem and ending with communicating the solution to the 

stakeholders. 

 

Figure 11. Design science research process (adapted from Peffers et al. 2007) 

According to Hevner et al. (2004) a design artifact can be seen as completed when it 

fulfils the requirements and constraints it was aimed to solve. In addition, rigorous 

methods are required to construct and evaluate the novel artifact (Hevner et al., 2004). 

This SLR complements the problem definition by identifying constraints of the 

environment under which the management system is to be developed and used and 

observing the current solutions to clarify the requirements and objectives of the novel 

solution (step 1 and step 2; chapters 1, 2, and 4). In addition, rigor is derived from the 
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SLR to serve as a knowledge base for future design and development of the artifact (step 

3; chapters 4 and 5). Moreover, this knowledge base can be used to guide in the evaluation 

of the artifact having defined the objectives of the solutions and the current best practices 

(step 5; chapter 4 and 5).  

It is not yet clear what form the artifact will take and whether this SLR properly 

compliments the requirements assessment. Nevertheless, it is safe to say that the first 

steps have been taken to design the proposed artifact. From the viewpoint of DSR the 

process started by observing practical solutions that have worked which can be seen as 

an entry point (see Figure 11). Now it is time to take steps backward in the process to 

apply rigor retroactively (Peffers et al., 2007).  

5.4 Implications for research and practice 

The majority of natural disasters mentioned in primary studies occurred in Asia as can be 

seen from Figure 8. This can be partly explained by the fact that Asia has the highest 

number of natural disasters compared to other continents (The Centre for Research on the 

Epidemiology of Disasters, 2022). Moreover, it is natural for people to research things 

that affect their own lives. However, other continents could learn a lot from natural 

disasters manifesting in Asia as the risk of extreme events is increasing globally (Field et 

al., 2012) and it would make sense to look elsewhere for examples. In addition, in 

countries where access to technology, its usage, affordability and skills are lower, the risk 

for natural disasters is generally higher (P14, Navarro de Corcuera et al., 2022). The 

differences between countries, continents, and developing and developed countries 

related to ICT and natural hazards are interesting and further collaboration is necessary 

in practice to identify such solidary efforts that countries can offer to one another. In 

addition, cooperation, and knowledge sharing between countries is important for natural 

disaster management (P3, Leelawat et al., 2017). 

Based on the primary studies, mobile applications and social media has a lot to offer for 

natural disaster management (Figure 10). However, none of the primary studies focused 

directly on the use of social media through mobile applications. This confluence of social 

media and mobile applications is interesting from a natural disaster management 

perspective. The cost of using technology is higher in countries that are most prone to 

natural disasters (P14, Navarro de Corcuera et al., 2022). Therefore, there is a possibility 

that we have not yet fully realized the potential of these technologies in natural disaster 

management communication. 

Table 12 presents the type of information and communication technologies used in natural 

disaster management communication. Interestingly over 54% of the primary studies 

focused on response phase of the disasters (Table 11). This is in contrast with the United 

Nations (UN) call for preventive approach (Aitsi-Selmi et al., 2015) as only 13% of the 

primary studies focus on preventive measures (preparedness, mitigation). Then, one could 

argue that communication is at the center of response phase after disaster manifestation 

compared to other phases. Many devastating earthquakes, floods, and other hazards are 

usually event driven (Aitsi-Selmi et al., 2015), which could contribute to people naturally 

looking to response phase rather than preliminary mitigation and preparedness actions. 

However, the search string used in this study did not mention all phases of disaster 

management, which may have affected these results. Notwithstanding, the UN call for 

preventive approach and the observed evidence based on the literature (see Figure 9), 

highlights the need for more research and development in this area focusing on building 

and evaluating systems for preventive action.  
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There is evidence that citizens actively participate in managing disasters through modern 

ICT solutions (P7, Auclair et al., 2019; P9, Bai & Yu, 2016; P6, Leong et al., 2015; Levy 

& Germonprez, 2017; P21, Shibuya & Tanaka, 2018; P5, Tang et al., 2012). This could 

pave the way for citizen science projects between researchers and citizens. Citizen science 

has a vast potential to assists in confronting larger economic, societal, and environmental 

challenges we face (Levy & Germonprez, 2017). In addition, citizen science can bring 

scientists and the public closer together and facilitate in dissemination of information 

(Levy & Germonprez, 2017). Moreover, in addition to citizen sensing, citizen science 

could be utilized in examining various natural phenomena, in practical activities such as 

measuring water levels (P21, Shibuya & Tanaka, 2018). Ubiquitous technology, mobile 

phones, social media, and the web create an interesting possibility for citizens to 

participate in IS research and for researchers to benefit from this possibility. These 

circumstances create a unique opportunity to better understand the world and create 

economic, societal, and environmental impacts (Levy & Germonprez, 2017) that 

eventually help both citizens and scientists. This is by no means easy, but thesis’ author 

is confident that citizens and researchers together can overcome the obstacles and shape 

our future. 
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6. Conclusions 

This study aimed to summarize existing evidence concerning the role of ICT in natural 

disaster management communication and to identify best practices in disaster 

management communication enabled by ICT. The results show that the role of ICT is 

immense, and it can be utilized in various ways by heterogenous users in all phases of 

natural disaster management. This study examined the ICT solutions used in disaster 

management communication and suggested best practices implied by the primary studies. 

The results of this thesis are valuable for researchers and other parties interested in 

understanding natural disaster management communication. The contribution of this 

thesis is the summarization of used ICT solutions and describing practical applications of 

these solutions related to natural disaster management communication. In addition, 

identified best practices can offer an avenue for future research. 

6.1 Limitations of the study 

Part of the limitations of this research is that the author is not an expert in the field of 

disaster management. On the other hand, this is a common problem when conducting 

interdisciplinary research and could be prevented, for example, by consulting experts in 

the field during the research. However, during this study, no professionals were consulted, 

and the researcher made his own decisions after reading relevant background literature, 

familiarizing with the topic, and consulting with his supervisor. Thus, efforts were made 

to avoid mistakes by gathering comprehensive information on the subject before starting 

the SLR process. In addition to this, the subject has always been a passion for the author, 

which has led him to become acquainted with the subject. In addition, the ICT perspective 

helped in thoroughly understanding the studies, while the main focus of the thesis was on 

understanding and synthesizing the role of ICT in disaster management. 

The fact that the author is not from the field of disaster management or geosciences and 

geography also threatens the validity of selected keywords. On the other hand, the 

selected keywords were derived from the research questions and the review of related 

work, and covered general concepts such as information and communication 

technologies, natural disasters, natural hazards, communication, mitigation, and response, 

etc. Furthermore, different strategies, such as piloting and refining the search string, were 

used to reduce the impact of this threat. After all, the effect of this threat is difficult to 

assess, however the obtained primary studies represent a valid sample from which the 

author was able to answer the research questions. With a different search phrase, 

additional studies could have been retrieved, and these could have added to the overall 

picture of the topic. 

According to Kitchenham (2007) a single researcher should discuss inclusion and 

exclusion decisions with their advisor, an expert panel, or other researchers. During this 

study, the author consulted the thesis supervisor when defining the inclusion and 

exclusion criteria. After that, the decisions were made by the author alone, while the 

supervisor reviewed the research process afterwards. When one researcher alone makes 

decisions, there is a risk for selection bias. However, majority of the inclusion and 

exclusion decisions were clear to apply and thus pose only limited threat to the validity 

of the findings. 
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This study comprehensively uses references from a variety of sources. However, it should 

be noted that not all sources are from scientific publications. On the other hand, these 

references are presumably from reliable sources, such as the ones maintained by the 

United Nations Office for Disaster Risk Reduction. In addition to this, the EM-DAT 

database, which is also maintained by a scientific institution, is used. On this basis, it is 

reasonable to assume that the data provided by the database can be used in this study. 

Overall, the studies used as sources in this systematic literature review can be seen as 

credible. 

6.2 Future work 

This SLR identified two best practices related to natural disaster management 

communication: citizen sensing and two-way communication. The studies presented in 

this thesis suggest that these topics are already being studied. However, this study did not 

identify comprehensive evidence that these solutions would be actively explored and 

developed into practice. It is important that innovation and ideas in natural disaster 

management communication remains not only a hobby for the scientific community, but 

also help governments, NGOs, and communities to manage natural disasters in practice. 

As a result, empirical research on these best practices is recommended for future work, 

as well as the implementation of practical applications and the evaluation of their impacts 

in natural disaster management. 

To overcome the limitations of two-way communication, the reviewer suggests a study 

to better understand what the best practices are to have an effective dialog with the 

disaster affected communities and individuals. For example, is it worthwhile to set up a 

Facebook group for a specific natural disaster to have a discussion, or is it a better option 

to respond on Twitter to people with a lot of followers? Should social media influencers 

be exploited? Conducting empirical studies on the methods can save resources and at the 

same time enable better communication to the disaster affected community. 

In an ideal world, algorithms would automatically produce an accurate snapshot of the 

natural disaster’s situation based on social media data. However, achieving this level of 

citizen sensing and automation all around the world is utopian or at least there is still a 

long way to go. Whatever the case, the author recommends exploring methods by which 

developing countries, or those that do not have the capacity for sophisticated algorithms, 

can benefit from the opportunities offered by social media. It is important to research 

novel state-of-the-art solutions, but it is equally important to not forget the practice and 

offer solutions for organizations that do not have the capacity to use them themselves. 

The importance of infrastructure is highlighted in Chapter 2 of this thesis. Many of the 

studies excluded in this thesis examined the importance of infrastructure. However, this 

was not the focus of the thesis. Notwithstanding, none of these excluded studies 

mentioned the use of satellite internet constellations, such as Starlink in their studies. The 

reviewer recommends that the rapid deployment of satellite internet constellations for 

disasters responders are explored in future studies to facilitate disaster management 

activities. 

In addition, requirements specification for an open-source-based disaster management 

system are recommended. This study strengthened the understanding of ICT enabled 

natural disaster management communication and contributed to the summarization of 

current solutions. Based on this review, there is a need for comprehensive disaster 

management systems that could be deployed at any location. However, this study did not 
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examine the requirements of such system from the perspectives of key stakeholders nor 

technology. Therefore, it is only natural that future work is recommended in this area. 
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Appendix B. Data extraction form 

Item Description 

Unique identifier Unique ID for all studies 

Date of data extraction - 

Publication details Title, author, journal, publication date 

Type of article Conference paper, journal article 

Study objectives What are the objectives? 

Research questions If mentioned 

Research method Case study, qualitative, quantitative… 

Type of ICT Cell phones, social media, mobile applications… 

Application of ICT How is ICT used? 

Type of natural hazard Multiple, earthquake, tsunami… 

Phase of disaster Mitigation, preparedness, response, recovery 

Best practices If mentioned 

Study setting Manifested disaster, simulation, not related to any specific 

disaster 
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Appendix C. Quality assessment results 

Primary 

Study 

1 2 3 4 5 6 7 8 9 Total 

P1 1 1 1 
    

1 1 5 

P2 1 1 1 
 

1 1 1 1 1 8 

P3 1 1 1 
 

1 1 1 1 
 

7 

P4 1 1 1 1 1 1 1 1 
 

8 

P5 1 1 1 1 1 1 1 1 
 

8 

P6 1 1 1 
 

1 1 1 1 1 8 

P7 1 1 1 1 1 
    

5 

P8 1 1 1 
 

1 1 1 1 1 8 

P9 1 1 1 1 1 1 1 1 
 

8 

P10 1 1 1 
 

1 
  

1 
 

5 

P11 1 1 1 1 1 1 
 

1 1 8 

P12 1 1 1 
 

1 1 1 1 
 

7 

P13 1 1 1 1 1 1 1 1 
 

8 

P14 1 1 1 1 1 1 1 1 1 9 

P15 1 1 1 1 1 1 1 1 1 9 

P16 1 1 1 1 1 1 1 1 
 

8 

P17 1 1 1 1 1 
  

1 
 

6 

P18 1 1 1 1 1 1 1 1 1 9 

P19 1 1 1 
 

1 
   

1 5 

P20 1 1 1 
 

1 1 
 

1 
 

6 

P21 1 1 1 1 1 1 
 

1 
 

7 

P22 1 1 1 
  

1 1 1 
 

6 

P23 1 1 1 1 1 
  

1 
 

6 

P24 1 1 1 1 1 1 1 1 
 

8 

Total 24 24 24 14 22 18 15 22 9 172 
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Appendix D. Database-specific search strings 

Database Search string  

Scopus TITLE-ABS-KEY ( ( "information and communication* 

technolog*"  OR  "ICT*"  OR  "information technolog*" )  AND  

( "natural disaster"  OR  "natural hazard" )  AND  ( 

"communication*"  OR  "response"  OR  " mitigation"  OR  

"management" ) )   

Web of Science ("information and communication* technolog*" OR "ICT*" OR 

“information technolog*”) AND (“natural disaster” or “natural 

hazard”) AND ("communication*" OR "response” OR " 

mitigation" OR “management") 

ACM [[All: "information and communication* technolog*"] OR [All: 

"ict*"] OR [All: "information technolog*"]] AND [[All: "natural 

disaster"] OR [All: or] OR [All: "natural hazard"]] AND [[All: 

"communication*"] OR [All: "response"] OR [All: " mitigation"] 

OR [All: "management"]] 

IEEE Xplore ("All Metadata":"information and communication* technolog*" 

OR "All Metadata":"ICT*" OR "All Metadata":“information 

technolog*”) AND ("All Metadata":“natural disaster” or “natural 

hazard”) AND ("All Metadata":"communication*" OR "All 

Metadata":"response” OR "All Metadata":" mitigation" OR "All 

Metadata":“management") 

 

 


