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Abstract: The risk of natural disasters has increased over the last few decades, leading to significant
economic losses across the globe. In response, research related to the risk of economic loss due
to natural disasters has continued to develop. At present, insurance remains the best solution for
funding such losses. The purpose of this study is to analyse the development of insurance as an
alternative for sustainable economic recovery after natural disasters. The data used are articles
obtained from several sources indexed by Scopus and Google Scholar. The search resulted in a final
database of 266 articles, culled from a total of 813 articles before the final selection was made. The
articles used are publications from 2000-2021 (including 21 database periods), to which we applied
a systematic literature review method. Identification and evaluation of the articles was carried out
through visualization of their content, development of disaster risk insurance, and availability of
disaster risk insurance by country and type. The identification results show that the relationship
between the word “insurance”, according to visualization using the VOSviewer software, has a
relationship with other clusters including the words “disaster”, “disaster insurance”, “risk”, “natural
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T

study”, “recovery”, and “disaster risk financing”. The 266 articles studied show that there
was an annual increase in the number of published scientific papers over the period 2000-2021. The
types of disaster risk insurance, based on a review of the articles, include agricultural insurance, flood
insurance, property insurance, earthquake insurance, crop insurance, and natural disaster insurance.
In addition, of the six types of disaster risk insurance, three have been discussed the most in the
last five years, namely, agricultural, flood, and property insurance. The increase in the number of
scientific publications discussing these three types of disaster risk insurance has been influenced
by climate change. Climate change causes a significant increase in the potential for disasters and
is accompanied by an increased risk of loss. This review is expected to provide information and
motivation for researchers related to the development and importance of disaster risk insurance
research. Research in the risk sector for disaster losses due to climate change should be continued
in the future in order to help fund economic recovery, especially throughout the insurance sector.
With continuous research on disaster risk insurance, it is hoped that the resulting information can
be more effective in determining insurance risk and in helping local economies and communities
recover after the advent of a disaster. With the availability of funds for post-disaster recovery, the
regional economy affected by the disaster can be immediately restored and recovered from adversity.

Keywords: natural disasters; risk; insurance; sustainable economic recovery; systematic literature

review

1. Introduction

A disaster is a dangerous event; it is not known exactly when it will occur, and it may
be caused by nature or by humans [1]. Disasters can pose a risk of economic loss in the form
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of the loss of livelihoods and/or damage to infrastructure. In addition to economic losses,
natural disasters cause social impacts in the form of injuries, deaths, and psychological
effects. The type of natural disaster differs by region in the world. In continental Europe,
flooding occurs nearly every year [2,3]. Flood disasters have caused economic losses
in many countries on the European continent due to the damage caused and the costs
associated with disaster management [4-6]. In America, common disasters are floods [7-9],
earthquakes [10-13], tornadoes [14-16], and landslides [17,18]. The United States is a
country that often experiences tornadoes, one of the most dangerous and frightening
types of disaster, which can cause casualties, damage to settlements, and economic losses.
Meanwhile, on the Asian continent, the disasters that often occur are flash floods [19,20],
landslides [21,22], earthquakes, and tsunamis [23,24]. Flash floods, earthquakes, and
landslides are the types of disasters that lead to the highest material and economic losses.

The number of disasters that has occurred significantly increased up to 2021. In
particular, flooding is a type of disaster that has experienced a rapid increase in prevalence
worldwide [25]. This increase in flood disasters has been influenced by the occurrence
of global warming, causing climate change. Climate change has an impact on rainfall
intensity, which greatly increases the potential for flooding in various countries [26]. Based
on data obtained from the International Disaster Database, from 2000 to 2019, most disasters
were caused by extreme climate change. In terms of the spread of natural disasters, most
(42%) occurred in Asia; of those in other continents, 24% occurred in the Americas, 18% in
Europe, and the lowest (16%) number occurred on the African continent [27]. These results
demonstrate that climate change has increased the frequency and distribution of disasters
due to an increase in the number of extreme weather events. In particular, increased
numbers of flash floods and landslides have been observed [28,29].

The risk of loss cannot be avoided when a natural disaster occurs, and there exists
a close relationship between the two. When the potential for natural disasters increases,
it is naturally followed by an increase in the number of losses, which may be in the form
of damage to infrastructure or socio-economic losses. The relationships between natural
disasters and the risk of economic loss have been researched. Among other things, such
research has investigated the relationship between the risk posed by natural disasters
and the resulting losses [30], the level of damage caused [31], and sustainable community
economic recovery after the disaster [32]. Looking at the impact of disaster risk, research
focused on disaster management has also been carried out. This includes the use of social
media for the collection and dissemination of disaster-related information data [33] and
the use of artificial intelligence in detecting disasters [34]. All of this is done to minimize
the impact of disasters. According to [35], the threat of disasters cannot be eliminated,
but their destructive power can be reduced, such that the impact of disasters can be
reduced. Therefore, disaster risk management efforts need to be carried out in the form of
preventative activities to reduce the threat of disasters, as well as mitigation in the form of
physical development activities and capacity-building, preparedness, and public awareness
to face disaster threats [36,37]. Disaster risk management is needed as, in the future, it is
estimated that the level of disaster risk will increase, as triggered by climate change and
mass development in various countries.

Disaster management is needed in the form of activities carried out during the pre-and
post-disaster periods, as well as during the emergency response. Pre-disaster activities
can be in the form of risk management [38] while, during an emergency response, they
can be in the form of a series of activities carried out during a disaster to deal with the
adverse impacts caused [39]. The activities carried out may include rescue and evacuation
of victims, fulfilment of basic needs, protection, management of refugees, and provision
of infrastructure and facilities. Post-disaster activities that can be carried out include
rehabilitation, reconstruction, and community economic recovery [40,41]. Overcoming
the problem of economic losses and damage to infrastructure and community settlements
may occur through protection by having disaster insurance products. Disaster insurance
is a mitigation program against the potential risk of loss that may arise due to natural
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disasters. Disaster insurance can provide alternative funding for management in the event
of a disaster or during the post-disaster period. The selection of insurance products for loss
and protection serves as a solution for overcoming the losses and damage due to disasters.
Insurance can also provide a solution for the economic recovery of affected communities
and post-disaster areas [42].

Disaster insurance is a suitable method for transferring risk to insurance compa-
nies [43]. The development of disaster insurance has resulted in various types of insurance,
according to the risks faced. For example, floods can cause crop losses for farmers; to
overcome the risk of crop losses, agricultural insurance is used. Agricultural insurance is a
means for farmers to be compensated for the risks of farming, especially those associated
with food crops, horticulture, and plantations due to flooding [44]. Compensation is given
to farmers from the premium payments that have been made during the insurance program.
Research has revealed several approaches for addressing the problem of the risk of loss,
including earthquake insurance, which provides guarantees for properties against the risk
of damage or loss caused by earthquakes [45,46], and property insurance, which covers the
risk of property damage (e.g., for cars, electronic equipment, or houses) [47].

Research has suggested that disaster risk insurance may follow various different
systematic approaches, according to the disaster, the condition of the area, and the condition
of the community. A systematic literature review related to disaster risk insurance is quite
interesting. The development of the types of risks insured in post-disaster recovery was the
initial motivation for this research, and we wished to learn how far research into disaster
risk insurance has developed each year, and what types of disaster insurance have been
widely studied. With this knowledge, it is possible to know which types of disaster risk
insurance are interesting for research and development in the future. This study was
carried out based on articles that discuss insurance as a form of disaster risk management.
Identification and evaluation were carried out by considering the level of development of
disaster insurance each year, the types of disaster insurance, the development of disaster
insurance in each country, and the types of disaster risk insurance, which have been quite
widely discussed. The identification and evaluation considered the opportunities for the
development of disaster insurance and the level of future needs in overcoming the risk
of losses that occur. In addition, research related to how disaster risk insurance can be
an effective means of economic recovery for communities affected by disasters was also
considered.

Research discussing disaster insurance in general tends to focus on how the various
types of disaster insurance have developed. In contrast, in this study, we consider which
conditions lead to disaster-based insurance coverage and impact-based insurance coverage.
This general research is very useful for regulators (i.e., governments), in terms of planning
the provision of funds for post-disaster management, including infrastructure improvement
and recovery of economic activities in disaster-affected areas. Thus, government policies
for economic recovery can be realized more quickly. Meanwhile, specific research is usually
more useful for investors and insurance companies in order to design schema for insurance
products.

2. Materials and Methods
2.1. Scientific Article Data

In this study, we selected and identified the literature that focuses on insurance as
disaster risk management for review. These materials have focused on various types of
natural disasters, in the form of floods, earthquakes, storms, droughts, climate change,
and other natural disasters. The data used were articles obtained from several sources
indexed by Scopus and Google Scholar. The articles considered as literature material were
published from 20002021 and, so, 21 database periods were used. The articles considered
in the literature took the form of journal articles, proceedings, and the results of published
doctoral theses. Furthermore, they were written in English and discussed insurance as
disaster risk management. The search was carried out using the Publish or Perish software,
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selecting data sources in the form of Scopus and Google Scholar. In the selection of Scopus
and Google Scholar data sources, the keywords entered were the same, in the form of
“insurance” and “disaster.” The maximum number of results selected was 1,000, and the
publishing year ranged from 2000 to 2021.

2.2. Selection of Literature Database

Literature data obtained from the Publish or Perish software were selected by removing
literature in the form of books or topics that were considered irrelevant to the research
conducted. This selection was carried out in order to obtain literature that was in accordance
with our research objectives, in the form of articles discussing insurance as disaster risk
management. Each result was checked, one by one, in order to obtain an appropriate
database, in the form of journal articles, proceedings, and the results of published doctoral
theses, written in English. After carrying out the selection, the identification of articles was
also carried out by comparing the duplicate databases of Scopus and Google Scholar. If a
duplicate was found, the data from Google Scholar were deleted, leaving one version of
the title in the Scopus database. The total literature data obtained from the search results
comprised 813 results; after checking and sorting, 266 articles were obtained, which were
entered into the analysis detailed in this study. The literature review was carried out by
mapping the article data obtained, including the development of insurance research as
disaster risk management from 2000-2021, types of insurance as disaster risk management,
and the development of disaster insurance in several countries, based on the literature
used. The search process and strategy for obtaining relevant and quality articles is given in
the form of a flowchart in Figure 1.
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» Publication data outside the topic
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Google Scholar (n=422) > File not available (n=212)

i Peer-reviewed articles
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Figure 1. Flowchart of the Search Strategy and Process.

2.3. Methods and Systematic Data Analysis

We considered a systematic literature review method based on published articles.
The articles obtained were assessed, identified, and interpreted based on the findings
obtained after reading each article, in accordance with the research topic (i.e., insurance
as an alternative to disaster management). However, in the systematic literature review
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process, a systematic evaluation stage is also needed when conducting research, such that
there are no similarities to previous research. In this study, systematic analysis of article
data was conducted in the following stages: (1) Visualizing the article database, relative to
the relationships between the article data and the most-discussed topics. Visualization was
carried out using the VOSviewer software in order to obtain the most widely used word
quotes, the relationships between word quotes, and the level of attachment between word
quotes; (2) mapping the number of articles each year (from 2000 to 2021), presented in the
form of a bar chart, and providing general information related to research topics that are
frequently cited; and (3) mapping the type of insurance in each country and the number of
articles that have discussed it. This mapping was carried out by checking the articles one
by one, in order to determine the countries and types of insurance discussed, including
agricultural, flood, earthquake, property, crop, and natural disaster insurance.

3. Results

The following section describes the results of the data analysis focused on 266 articles,
including visualization of article data, development of disaster risk insurance, and types
of disaster insurance. Based on the database used, the majority of scientific papers were
published with a Google Scholar index (60%), while 40% of scientific papers were published
with a Scopus index. Therefore, the scientific papers in this field are mostly published on
the Google Scholar index; the reason for this is that the majority of research results in the
form of doctoral theses are published using the Google Scholar index. Meanwhile, only
scientific works in the form of papers and journal articles are published on the Scopus
index. In addition, the publication of scientific papers in journals with the Scopus index
has its own complexity, where the review process is quite long and detailed, such that the
quality of the scientific papers produced is higher.

3.1. Article Data Visualization

In this section, we provide a description of the visualization of article data obtained
using the VOSviewer software. Visualization was carried out to determine the relationships
between the data in the considered articles. The cluster size in the visualization shown
in Figure 2 reflects how many articles discuss the keywords in the research topic. If the
cluster in the visualization is large, it indicates that the word (quote) was present in in
most articles in the database. In contrast, if a keyword is not widely discussed in the
articles, then its cluster size is small among all words (quotations) related to the research
topic. A line connecting two clusters indicates that a relationship exists between the two
clusters in the form of quotes; furthermore, the distance between two clusters shows the
strength of the relationship between the two clusters. For clusters that have a tendency
to be highly bound (in the form of quotes), the distance between the two clusters is not
far; however, if the distance between the two clusters is large, the two quotations have a
weaker attachment [48,49].

Looking at Figure 2a, the cluster associated with the quote “insurance” has the largest
size, compared to the others. This indicates that the word “insurance” is the most-discussed
in the database. This is followed by clusters with the words “disaster” and “disaster
insurance”, occupying the second and third ranks. This demonstrates that insurance has a
great relationship with disaster risk management, as insurance can reduce the risk of losses
due to disasters. Next, to further determine the relationships between clusters (in this case,
quote words), we simply hover over the word quote that we want to see the relationships
with. We demonstrate this through the relationships of the word “insurance” with others, as
shown in Figure 2b. In the figure, it can be seen that relationships exist between this cluster
and others, including “disaster”, “disaster insurance”, “risk”, “natural disaster”, “study”,
“recovery”, “disaster risk financing”, and others. This indicates that, in the existing articles,
there are relationships between concepts associated with disaster risk management using
insurance. In addition, several countries have implemented insurance for disaster risk
management. This is indicated by the quote of the word “insurance” having relationships
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with “Indonesia”, “New Zealand”, “Japan”, and “China”. Thus, these four countries are
the most-discussed, based on the existing database of articles, when compared to other
countries. However, this does not mean that countries other than the aforementioned four
do not have disaster insurance options—it just has not been as widely discussed in other
countries when compared to these four countries.
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Figure 2. Article database visualization: (a) Clustered network graph from the article database; and
(b) clustered network graph of keyword “insurance” with other keywords from the article database.

3.2. Development of Disaster Risk Insurance

Insurance as a form of disaster risk management has developed continually throughout
the world. Disaster insurance has also received good responses from communities and
governments, as indicated by the demand for disaster insurance both by the community
(individuals) and by governments in the form of national disaster insurance. Disaster
insurance can provide an efficient solution for addressing the problem of losses that occur
both among the closest communities and on a large scale, namely, the state. Insurance is
considered sufficient to help communities in the event of a natural disaster. For example, if
a flood disaster occurs, the agricultural sector will experience a significant loss in the form
of damage to the crops of farmers. The existence of agricultural insurance can cover the
risk of loss to farmers due to the occurrence of a flood disaster [50]; however, it should be
noted that, in insurance, policyholders need to pay an agreed-upon premium as a form of
conversion or compensation for losses experienced by farmers when a disaster occurs. In
this case, the party who will convert or provide compensation is the insurance company [51].
Research related to disaster risk insurance has attracted a lot of attention among researchers.
Research conducted on disaster risk insurance has been widely published in both Scopus
and Google Scholar. The research that has been published in this area has tended to increase
over the period from 2000 to 2021, as evidenced in Figure 3. Research published in the form
of proceedings, journal articles, and doctoral theses was collected in a literature database.
The development of disaster risk insurance research each year, from the collected database
of articles, is shown in Figure 3.

Based on Figure 3, the most publications related to insurance as disaster risk manage-
ment occurred in 2018, with as many as 24 scientific articles being published. Meanwhile,
the fewest number of publications occurred in 2001 and 2005, with only two articles in each
of these years. Research in the disaster risk insurance sector has increased significantly
leading up to 2021. This has been influenced by the risk of loss and the frequency of natural
disasters that occur increasingly each year. Climate change leads to an increase in the
frequency of disasters, especially those dependent on weather factors, such as droughts,
floods, landslides, and storms. Indirectly, research related to disaster risk insurance is
expected to continue to be a concern for researchers, even if it does not mean that the
possibility will continue to increase.
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Figure 3. Data for publication of works from 2000 to2021.

Based on a database of 266 published articles, we classified the top 10 articles with the
most citations. The citation count indicates how interesting the information provided in
an article is, such that it can be used as a reference in other research articles. The more an
article is cited, the more interesting the information it provides, and the more references
are made in other articles in the following period. Figure 4 shows the citation information
of the collected articles, with reference to the search results on Google Scholar.

Kunreuther, (2006) 339
Raschky and Hannemann, (2007) 214
Lodree and Taskin, (2008) 190
Miranda and Vedenov (2001) | 178

Deryugina (2017) 168
Ganderton et al., (2000) = 166
Glauberetal, (2002) [ ] 159
Schwarze and Wagner (2007) [N 114

Picard (2008) 111,
Clarke and Wallsten, (2003) 100

Authors

0 50 100 150 200 250 300 350 400
Number of citations

Figure 4. Top 10 article citations based on the collected database.

The number of citations is not affected by how long ago the article was published. For
example, looking at the number of citations in Figure 4, an article published in 2000 was
in sixth place, while an article published in 2006 was in the first position. In addition, an
article published in 2017 was in the fifth position and, when considering positions six to ten,
most articles were published in the earlier part of the considered period; namely in 2000,
2002, 2003, 2007, and 2008. The number of citations of the article in the first position, that by
Kunreuther in 2006, was a total of 339 citations in books, proceedings, journal articles, and
other forms of articles. The ease of obtaining the article files, the quality of the article, and
the information’s level all serve to attract the attention of researchers in making references
in their research and determining whether the article may continue to be a reference for
researchers in the future. A detailed explanation regarding the research topics discussed in
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the top 10 articles with the most citations is given in Table 1. Knowing the research topics
from the top 10 most-cited articles provides material for evaluating the development of
disaster risk insurance, both at present and in the future.

Table 1. Research topics from the top 10 most-cited articles.

Indexed ce .
Author Database Keywords Citation Focus
Disaster insurance, building codes, . .
.. . Insurance, Hurricane Katrina,
Kunreuther homeowner motivation, community . .
Scopus . . e . 339 post-disaster economic
(2006) [52] planning, disaster mitigation, risk
recovery
assessment
Raschky and Natural hazard insurance, market Insurance, flood disaster, risk
Weck-Hannemann Scopus failure, government assistance 214 of economic loss
(2007) [53] '8
Lodree and Taskin Inventory, news seller, emergency Risk management, insurance,
Scopus o . 190 . .
(2008) [54] response, supply chain disruption insurance premium
Miranda and Scopus Agricultural insurance, natural 178 Extreme weather, agricultural
Vedenov (2001) [55] P disasters, weather, risk of loss risk, index-based insurance
Deryugina Disaster relief, hurricane fiscal costs, Hurricane, climate, risk of loss,
Scopus S 168 :
(2017) [56] social insurance insurance
Ganderton et al. Scopus Disaster. risk. insurance 166 Natural disasters, risk of loss,
(2000) [57] P ! ! insurance
Glauber et al. . Disaster r?sk protection, rop Extreme weather, crop loss,
Scopus insurance, climate change, disaster 159
(2002) [58] reliof crop Insurance
Schwarze and Scopus Political economy, natural hazards, 114 Flood disaster, insurance,
Wagner (2007) [59] P flood insurance, Germany, EU economic loss
Picard (2008) [60] Scopus Equlty—eff.1c1ency. trade-off, natural 11 Natural d¥sasters, risk of loss,
disaster insurance insurance
Clarke and Insurance, Jamaica, altruism, natural . .
Google Scholar 100 Hurricane, loss, insurance

Wallsten (2003) [61]

disasters, migration

In the top 10 articles, the majority discussed hurricanes and floods. In the case of
climate change, disasters that have shown increasing frequency of occurrence are hurricanes
and floods, which are influenced by extreme weather. Based on Table 1, three articles
focused on hurricane disasters, namely, [52,56,61]. Meanwhile, four articles focused on
disasters caused by weather and floods [53,55,58,59]. Thus, it can be estimated that, in the
future, research topics related to hurricanes, extreme weather, and floods will still be a
concern for researchers conducting research into disaster risk management efforts, one of
which is insurance. In Table 1, it can be seen that, in the top 10 cited articles, there were
7 articles discussing risk insurance associated with weather factors, demonstrating that the
topic of risk insurance due to extreme weather is still actively being researched. An article
with a certain topic and many citations indicates that the research topic is considered to be
quite interesting to discuss and has a major contribution for later researchers.

3.3. Types of Disaster Insurance

Natural disasters that occur have different types, and the risks caused by disasters vary.
For example, the risk of loss from an earthquake comes typically in the form of damage to
buildings while, in a drought disaster, the risk of loss is most felt in the agricultural sector,
namely, due to the death of community agricultural crops. Therefore, with the development
of research, the types of insurance are progressing. Disaster insurance has become able
to focus more on dealing with the specific risk of losses incurred. Disaster risk insurance
can be mainly divided into six types: agricultural insurance, flood insurance, property
insurance, earthquake insurance, crop insurance, and natural disaster insurance. Based on
the database of articles collected, these types of disaster insurance have been widely used
in various countries across the world. The purchasing of disaster insurance is adjusted
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according to the disasters that occur and the risks posed to the country. However, not all
countries implement disaster insurance when tackling the risk of losses that occur. In such
cases, disaster management still uses assistance from the government, in terms of funding
the risk of losses that occur. The availability of disaster insurance by type in each country is
detailed in Table 2.

Table 2. Number of articles in the database by type of insurance in each country.

Country

Type of Insurance and Number of Articles in the Database

China
US.A.
Indonesia
Korea
Japan
New Zealand
Australia
England
Malaysia
France
Bangladesh
India
Ethiopia
Kenya
Hungary
Georgia
Nigeria
Netherlands
Honduras
Colombia
Mongolia
Caribbean
Mexico
Jamaica
Ghana
Poland
German
Egypt
Italy
Uganda
Georgia

»—tr—\HNr—xHI\]r—\wmwoo

2
1
1
1
1
1
1
1
1

1 5 6 1
3

6 2
1 6
3 6
2

Description:

Agricultural insurance

Flood insurance s

Property insurance

N, RPRPNRRP P W

Earthquake insurance
Natural disaster insurance

Plant insurance

Disaster insurance has undergone various developments to overcome the risk of
losses that occur. Risk management is no longer general in nature, but has become more
specific, based on the risks posed; this can be seen by the availability of various types
of insurance. The availability of disaster insurance based on the type varies for each
country, which is adjusted to the level of need and the impact of the risks that arise, such
that the availability of insurance types in each country also differs. There are countries
that have various types of disaster insurance available, as these countries are located in
areas prone to natural disasters. However, there are also countries where only one type of
disaster insurance is available, and even countries which have not implemented disaster
insurance. For example, in China, the availability of disaster insurance has been well-
developed. The availabilities of various types of disaster insurance are provided in Table 2.
There are many types of disaster insurance, in the form of agricultural insurance, flood
insurance, property insurance, earthquake insurance, crop insurance, and natural disaster
insurance. Based on the collected database of published scientific papers, eight articles
have discussed agricultural insurance, three articles have discussed flood insurance, one
article has discussed property insurance, five articles have discussed earthquake insurance,
six articles have discussed natural disaster insurance, and one article has discussed crop
insurance. Based on Table 2, flood insurance is the most widely available type when
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compared to other types of insurance; that is, it was found to be available in 14 countries.
Furthermore, in second place is natural disaster insurance (available in 13 countries),
followed by crop insurance (which is available in at least 3 countries).

3.4. Methodology Used in Disaster Risk Insurance Studies

Based on the collected database of scientific publications, five main methods are used
to determine the type of disaster risk insurance. Based on the results of the analysis, the
most frequently used method is the characterization approach, which is present in as
much as 40% of the article database. The next method is statistical approaches (in 18%
of the article database), followed by inventory approaches (16% of the article database),
heuristic approaches (15% of the article database), and deterministic approaches (12% of
the article database). Methods using a characterization approach are the most widely used
in determining the type of disaster risk insurance, as such an approach is based on the
characteristics of the disasters that have occurred in the area being observed. Determination
of disaster characteristics based on published articles is carried out by looking at geographic
and topographical information in the observed area. Thus, the type of insurance offered
is considered acceptable among the public and the government. Thus, in determining
the type of disaster insurance by adapting to the characteristics of the disasters in a given
area, effective risk management can be provided. Statistical approaches are mostly used to
analyse the factors influencing the purchase of certain types of insurance and the number
of premiums that are paid by the public. This approach can provide insurance companies
with an overview of the type of insurance and the number of premiums paid by the public.
Thus, the insurance offered to the public is deemed both acceptable and desirable.

Studies using the characterization method are carried out by analysing the geograph-
ical and topographic maps of an area to determine the types of disasters that may occur.
The software used by the researchers may include ArcGIS (geographical information sys-
tem) and HidroSIG Java (for visualization and analysis of hydro-climatological data tools).
Among the studies applying a statistical approach, there are several statistical analyses that
are commonly used, such as regression analysis, the Black-Scholes method, and Structural
Equation Modelling (SEM). Among the studies following a statistical approach, researchers
generally use software, such as SPSS (for interactive statistical analysis) in the statistical
data analysis process, and MATLAB (for numerical computational programming) in the
process of determining insurance premiums. Researchers using an inventory approach
collect data in the form of the types of disasters and risks that occur in the area studied.
These researchers use software such as AutoCAD Map to carry out data processing and
the analysis of Geographic Information Systems. In the heuristic approach, the researchers
apply a search strategy based on existing supporting data, in the form of disaster risk, to
determine the best insurance policy. Finally, the researchers using a deterministic approach
seek to estimate the parameters of the insurance model under study. These five approaches
used by researchers are generally applied to determine the type of insurance, premiumes,
influencing factors, or the level of willingness to purchase the insurance on offer.

Based on the approach used in determining the type of insurance, the type of disaster
due to extreme weather was the most discussed, in as much as 39% of the articles in
the database. This was followed by natural disasters in general (as much as 32% of the
articles), flood disasters (19%), and earthquake disasters (10%). Of the several researchers
who discussed extreme weather disasters, they conducted research on disasters in the
form of droughts, storms, floods, and forest fires. The number of researchers discussing
extreme weather disasters has been influenced by a significant increase in the potential
for disasters that have impacts on various sectors. Several sectors may be affected by
extreme weather disasters; for example, an increase in high rainfall causes an increase in the
potential for floods and landslides, which have impacts on the risk of loss for community
settlements, agricultural land, and livestock. In addition, the research revealed that the
mainland of the African continent has experienced the worst droughts. This is due to
extreme weather disasters on the mainland of the African continent, causing minimal
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rainfall and increasing high temperatures, leading to drought on community agricultural
land and causing crop failures for agricultural products. According to the research results,
several types of insurance related to extreme weather disasters are offered, namely, crop,
agricultural, flood, and property insurance.

4. Discussion
4.1. Trends in Disaster Risk Insurance Studies

Research on disaster risk management through insurance has developed quite sig-
nificantly. Based on the results shown in Figure 3, research in the form of articles has
increased over the last 21 years (2000-2021), considering the number of publications in
the related literature. The published articles serve to evaluate the quality of solutions
offered for disaster risk insurance. In the development of research in the future, the risk
of loss caused by extreme weather is expected to be a prominent topic. The occurrence
of climate change increases the potential natural disasters in the form of floods, droughts,
and landslides [62,63]. The trend of research development, according to the articles that
have been published, involves discussing the risk of extreme weather disasters caused by
climate change. The evaluation of existing insurance continues to be carried out, including
the level of gaps that occur and the adjustment of insurance premiums [64,65]. Premium
adjustments are made due to the increased potential for disasters. The occurrence of climate
change causes an increase in the potential for disasters due to increased extreme weather in
all regions.

Research related to insurance as disaster risk management has attracted the attention
of researchers in various countries. The potential risk of loss due to the occurrence of natural
disasters has sparked the attention of researchers in both institutions and universities. This
research has been carried out in the form of evaluation and appropriate policy solutions
for dealing with natural disaster risks. One of the solutions offered to overcome this risk
of loss is the purchasing of insurance. The natural disasters that occur in each region
vary, leading to different types of insurance being chosen. Based on the results shown
in Table 2, six types of insurance were observed in the database, namely, agricultural,
flood, earthquake, property, crop, and natural disaster insurance. Based on the type,
disaster insurance has different uses in funding the risk of loss. Agricultural insurance
provides a guarantee of compensation for all risks of loss caused by natural disasters in
farming, fishing, and animal husbandry. Crop insurance is part of agricultural insurance,
which provides compensation for risks that occur due to disasters in the plant sector
only. Flood insurance provides property insurance against the various risks that occur
due to flooding. Property insurance provides insurance coverage for valuable assets that
need to be protected—including houses, apartments, and shophouses—against the risk of
disasters that may occur. Earthquake insurance provides coverage for property against
damages or losses caused by an earthquake. Natural disaster insurance is usually taken
out at the national scale, where this insurance becomes a disaster mitigation program
against potential losses that may arise due to natural disasters, such as tsunamis, floods,
earthquakes, and other natural disasters.

In continental Europe, flooding is a serious problem that has been affected by climate
change. In overcoming the risk of unwanted losses, disaster insurance is one of the solutions
offered to the public [64,66]. In addition, crop insurance is also in demand by farmers, as the
disasters that occur can have an impact on the agricultural sector in Europe, influenced by
the occurrence of extreme weather. Extreme weather causes high rainfall, leading to floods
in plantation areas [67]. In the Americas, based on Table 2, flooding is a problem that often
occurs [68,69]. Flooding disasters may cause losses in the agricultural crop sector. However,
farmers often feel unable to buy flood insurance, as the premiums are generally quite high.
To reduce the burden of such large premiums, farmers can purchase crop insurance [70],
which typically provides lower premiums when compared to flood insurance because
flood insurance bears a wide range of risk types in the form of property, vehicles, and
crops; therefore, the premium offered is generally high. However, the premiums for crop
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insurance may be lower, as the risk borne is in the form of plant damage only. Tornadoes
also often occur in several areas of the Americas, and they pose a threat with a large risk
of loss [71]. However, tornado insurance does not yet exist in the Americas. To overcome
these problems, we look at the risk of losses caused by tornadoes, namely, the damage to
vehicles, houses, and other property. The solution to overcoming these losses is that the
public can buy a type of insurance that covers the risk of loss from any disaster that occurs;
for example, they can buy property insurance, which covers the risk of loss from a tornado.

Due to climate change, the African region has been experiencing extreme weather,
resulting in drought and causing the agricultural sector to experience crop failure. Agri-
cultural insurance can provide a solution for overcoming crop failures in agricultural
production [72,73]. In addition, in the Asian region, the availability of insurance types
varies widely, causing several countries in the Asian region to have a high disaster risk.
As shown in Table 2, based on the database of articles that have been collected, China,
Indonesia, Korea, and Japan have experienced developments in the availability of types of
disaster risk insurance.

4.2. Sustainable Disaster Risk Insurance

The climate change that is occurring is of widespread concern among researchers. The
impacts of climate change are causing warmer temperatures, rising sea levels, and erratic
rain patterns, as well as other extreme weather conditions. The disasters that may occur can
lead to losses in the socio-economic sector. These risks cannot be avoided, especially if they
are exacerbated by the occurrence of climate change. Disaster insurance plays an important
role in funding in the event of a disaster, or as a means of economic recovery [74]. The
existence of disaster insurance guarantees the availability of funds for economic recovery.
In the agricultural sector, agricultural insurance is sufficient to help farmers overcome the
losses they experience such that, in the future, they will have the capital and supplies to
procure the seeds and fertilizers they require [75,76]. Meanwhile, on a large scale, national
disaster insurance can assist recovery, both during and after disasters. In the event of a
disaster, such insurance can provide the capital for needs during an emergency response,
in the form of tents, basic necessities, and medicines. Meanwhile, after the disaster, the
government has the available funds to recover the economy affected by natural disasters.
Activities that can be carried out take the form of infrastructure development, offices, and
community economic centres. Thus, with insurance, the large-scale, planned, timely, and
targeted sustainable financing needs can be met, which are managed transparently to
protect state finances.

4.3. Types of Disaster Insurance Based on Geographical Conditions

Based on the results shown in Table 2, considering the type of insurance, the available
insurance in a given country differs, as adjusted to the geographical conditions of the
country. For example, earthquake insurance is quite popular in Japan, Indonesia, China, and
New Zealand. Earthquake insurance is quite attractive to these four countries as large-scale
earthquakes often occur. Earthquakes often occur in Japan due to its geographic location,
above four large plates of the earth’s crust (called tectonic plates) [77]. Meanwhile, China is
quite attractive for earthquake insurance as it is influenced by its geographic location in
mountainous areas, which cover 73.4% of the land area and which have an impact on the
frequent occurrence of earthquake disasters [78]. In addition, earthquake insurance is quite
popular in New Zealand, due to the fact that earthquakes with high intensity frequently
occur in the country, causing considerable economic loss to its communities [79,80].

Property insurance is generally preferred in geographical areas where floods, volcanic
eruptions, and earthquakes often occur. Property insurance is purchased to obtain com-
pensation for damage to property owned by the community [81]. Meanwhile, agricultural,
flood, and crop insurance are generally in demand in geographic areas that have extreme
weather. These three types of insurance have experienced an increase in demand in the
last five years, as influenced by climate change. For example, in China, which features
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mountainous areas, the extreme climate has caused some areas to be submerged by floods
recently. As such, flood insurance is quite attractive to the public in order to minimize
the risk of losses they experience [82]. In addition, agricultural and crop insurance are of
interest to people in several regions of China. The purchasing of agricultural insurance
is carried out in order to reduce the losses experienced by the community in the farm-
ing, livestock, and fisheries sectors caused by extreme weather in the form of floods and
hurricanes [83,84]. However, farmers may also be interested in buying crop insurance,
which is adjusted to the risk of loss in the crop sector caused by disasters. Crop insurance
is in demand by farmers in China, as the premiums provided are more affordable [85].
Furthermore, flood insurance is quite attractive on the European continent, as floods occur
often in several European countries. Flood disasters in Europe have experienced a steep
increase and are predicted to occur more often due to global warming [64,66].

Natural disaster insurance is generally in demand in countries with a high level of
potential for natural disasters. The country purchases natural disaster insurance, which is
generally used for the availability of funds in disaster management on a national scale. The
funds are used to mitigate post-disaster losses, in the form of infrastructure development
and long-term economic recovery. Several studies that discuss natural disaster insurance
have considered the countries of Japan, Indonesia, and China. Considering Indonesia’s
geographical location, which is between two continents and two oceans, it is naturally
prone to disasters. In addition, Indonesia is located between the Eurasian, Indo-Australian,
and Pacific plates. The movement of these plates will eventually cause various natural
disasters, such as volcanic eruptions, earthquakes, and tsunamis. In 2018, the Indonesian
government formed a policy to conduct research on natural disaster mitigation schemes by
purchasing insurance [86,87]. Meanwhile, research related to natural disaster insurance
in China has been influenced by geographic locations in mountainous areas and its harsh
climate, causing disasters to occur frequently and posing a fairly large risk of loss. Due to its
topography and natural conditions, China is one of the countries with the highest disaster
risks in the world. Disasters that often occur include hurricanes, floods, landslides, and
earthquakes, leading to many studies which have examined the effect of natural disaster
insurance in post-disaster management [88-91].

5. Conclusions

The provision of an overview of the development of insurance research as a response
to the risk of disaster losses can increase the interest of researchers in developing this topic.
Research related to disaster risk insurance needs to be developed and continually carried
out, as natural disasters continue to occur, and their frequency has been increasing due to
climate change. Research related to disaster insurance has continued to increase over the
last 21 years (2000-2021). Annual risk management continues to progress and has been
effective in overcoming the losses that occur; however, the risk of disasters occurring has
also continued to increase with time. Research conducted on an ongoing basis can minimize
the risks that occur. The systematic literature review method can be used to facilitate future
research findings related to research topics that are currently experiencing development.
Some tools that can be used to determine developments and research that have not been
well-developed are Publish or Perish software and VOSviewer; that is, Publish or Perish
software can help to find articles related to the research topics to be developed, while the
VOSviewer software can map research topics that have been carried out, such that research
topics that have not been considered which should be developed by researchers can be
determined. The involvement of institutions and universities in disaster risk insurance
research can improve academic products. The improvement of academic products related
to research findings also needs to be carried out through the publication of scientific works
at the international level. Thus, the availability of information on the development of
actuarial science research, especially regarding disaster risk insurance, may be increased,
leading to increases in knowledge for other researchers. In addition, the availability of
information also increases innovation, creativity, and further disaster management.
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Based on our findings, we found that research related to disaster risk insurance con-
tinues to increase annually. Various types of disaster risk insurance have been developed,
based on the level of need and the risk that is to be insured against, including six key types
of insurance: agricultural, flood, earthquake, property, crop, and natural disaster insurance.
The type of insurance purchased is affected by the local prevalence of disasters, which often
occur on a large scale and cause considerable losses. The disasters that occur are generally
influenced by the geographic conditions of a disaster-prone area. Research on extreme
weather loss insurance has been conducted more extensively over the past five years, and
it is an interesting field of research, both at present and for the future. This is influenced by
climate change around the world, causing disasters due to extreme weather to continue to
increase.

The main limitation of our systematic literature review research related to the databases
used, considering the topic of disaster insurance in general, which considers floods, earth-
quakes, hurricanes, droughts, climate change, and other natural disasters. We constructed
a database of articles obtained from Scopus and Google Scholar, which were written in
English. The articles used as representations of the literature were in the form of journal
articles, proceedings, and published thesis/dissertation results. Based on this limitation,
further research will be carried out considering topics that are more specific to certain types
of natural disaster risks, such as earthquake disaster insurance, extreme weather disaster
insurance, and so on, which is still relatively undeveloped. As such, the source of the article
data used can be expanded not only to Scopus- and Google Scholar-indexed articles, but
we may add articles from Crossref, Web of Science, and Microsoft Academic. In this way,
the findings and analyses may be more specific. In addition, we will also consider articles
written in other international languages—for example using French, Spanish, Russian,
Mandarin, and Arabic—in order to expand the article data as a basis for obtaining more
comprehensive research findings.
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