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Abstract

During the last decades, natural hazards, such as earthquakes, volcanic eruptions, landslides, floods, storms, droughts, and
cyclones, have increased in frequency and severity, influenced by climate change and population growth. These natural
hazards can become sudden-onset disasters, causing human losses and property damages that affect economic stability and
growth. Although there is a pressing need for risk decrease and adaptation strategies to these unexpected events, targeted
natural hazard insurance would be a valuable tool to counteract governmental and individual consequences. This paper sum-
marizes an overview of risk assessment and mitigation strategies based on geological, geomorphological, and meteorological
factors. The study includes an examination of monitoring systems for movement and gas emissions, risk and emergency maps,
and highlighting the vulnerability of different areas at national and regional levels. Furthermore, the paper addresses the
importance of promoting comprehensive geological and geotechnical knowledge among citizens of every socio-economical
group and proposing the tools to effectively deliver the message, aiming at increasing the willingness for natural hazard

insurance at both individual and governmental scales for human and property protection.

Keywords Natural hazards - Geology - Risk management - Insurance

1 Introduction

Since the first half of the twentieth century, researchers are
focussing on the description and analysis of natural haz-
ards (Macdonald et al. 2012; Monte et al. 2021). Differ-
ent classifications of hazards exist, mainly based on their
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cause (natural, technological, social), origin (geophysical,
hydrological, climatological, meteorological, extraterres-
trial, or biological events) and/or intensity (common natural,
extremely natural, biological agents or chronic catastrophes
on a global scale) (IRDR 2021; Monte et al. 2021). Some-
times, there is not a strict differentiation between the types
of hazards as influences among them may exist. A hazard is
strongly connected with phenomena that may cause harm to
the well-being of individuals with a measured probability.
The combination of a hazard with vulnerable issues was
defined as the risk derived from a hazard. Based on “risk”
definitions IRDR 2021), it constitutes the key component
for describing the need to prepare an individual, community,
or system to be protected (Fig. 1). The scale of danger is
not considered equal to the risk. Measures to improve risk
assessment are developed to understand and prevent the risk
and improve preparedness and thus, adaptation to potential
changes driven by external sources or socioeconomic factors
is critical. Adaptation strategies vary depending on location
and the system’s needs. Ways of management of risks aim-
ing to mitigate the potential effects are defined as mitiga-
tion strategies. Usually, interactions between adaptation and
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mitigation strategies exist. However, sometimes adaptation
strategies might not be conductive to mitigation strategies,
while other times, their interactions are overlooked (Rosenz-
weig and Tubiello 2007). Such strategies have a high impact
if they are combined with communication strategies that
distribute information or use other procedures that increase
knowledge availability (Southwell et al. 2005).

1.1 Risk and financial vulnerability related
to natural hazard insurance

Except for the physical and social resilience that can be
increased by the aforementioned strategies (adaptation,
mitigation, and communication strategies), there is a need
to increase financial resilience. This can be achieved by
implementing sustainable and cost-effective financial pro-
tection operations and/or policies. Such methods can be used
at national, subnational, or even regional levels involving
the governments, businesses, farmers, householders, and
individuals in general (Vivo et al. 2021). Insurance or other
forms of financial protection can reduce financial vulner-
ability and the impact of natural hazards. Moreover, insur-
ance can strengthen adaptive positions and support eco-
nomic recovery on both governmental and individual scales
(Mushonga and Mishi 2022; OECD 2021a).

The protection of urbanized areas from natural hazards,
such as hurricanes, landslides, cyclones, floods, droughts,
earthquakes, and tsunamis, due to the influence of climate
change in combination with population rise, is one of the key
points of the strategic actions of the Agenda 2030 (Nations
2015), which in the framework of sustainable develop-
ment set 17 Sustainable Development Goals (SDGs). These
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highlighted the need for the government’s efforts to better
regulate land use, mainly in cities to decrease the harm-
ful effects of the climate change and ensure prolonged sus-
tainability (Commission 2016). However, as hazards have
increased both in frequency and level of risk, many of them
ended up disastrously (Schwarze et al. 2011). Geological,
geomorphological, and meteorological factors are some of
the key components for turning natural hazards into disas-
ters. Knowing those factors at a regional and national level
is critical for developing strategies that could effectively
mitigate the natural hazards risks to avoid a disaster. While
several risk adaptation and mitigation strategies, such as
monitoring systems (Aufli¢ et al. 2023), early warning sys-
tem, and maps (Anelli et al. 2022), have been developed
over time, there is a problem related to their implementation
in regional, subnational, or even national level. While the
technical and methodological knowledge of such techniques
are available in the scientific community and researchers are
focussing on investigations that aim in the simplicity of the
techniques and in the decrease of cost, the individuals or
even the communities are not aware of both the factors that
turn a hazard into a disaster and the strategies or tools that
scientific community developed in order to warn and pro-
tect the individuals and communities from such uncomforts.
Communication strategies can be developed to solve the lack
of knowledge by transferring the scientific knowledge to be
comprehensible for the individuals’ knowledge.

Based on the report “The Human Cost of Disasters
2000-2019”, 7348 serious catastrophic events (Fig. 2)
were exposed, offending 1.23 million victims and affecting
the economic situation of 4.2 billion people with global
economic losses of around US$2.97 trillion. Compared
with 1980-1999, 4212 events were recorded, affecting
3.25 billion people and resulting in economic losses of
approximately US$1.63 trillion (OECD 2021b; UNDRR
2020). As there is almost a 60% increase in catastrophic
events that nearly doubled the economic losses, well-
designed management from physical, social as well as
economic sides of view is mandatory. Insurance markets
can work as critical components for protecting households,
businesses, and governments from the financial impacts
of natural hazards. It must be highlighted that countries
covered with high levels of insurance could recover within
12 months after exposure to a catastrophic event, while
those with limited insurance could need 4 years for com-
plete recovery (Carpenter et al. 2020). In 2010, the Euro-
pean Council tried to develop a report related to the facili-
tation and support of appropriate disaster risk insurance,
financial risk transfer markets, and regional insurance
pooling aiming at the transfer and cooperation knowledge
as well as the seed of financing under the framework of
the European Union (EU). Despite the development of the
“Green Paper” report as the first step for the development
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Fig.2 OECD calculations based on natural catastrophes data provided by Swiss Re and PCS. Data on OECD country GDP is from OECD

(2021a, b)

of a relative EU directive, no further steps were achieved
(Commission 2013). Besides the low insurance protection
in European countries, many countries of the Organiza-
tion for Economic Cooperation and Development (OECD)
also have low insurance protection (OECD 2021b). Nat-
ural hazard insurance could redistribute and reduce the
potential financial risk related to adverse events by sharing
costs among individuals or during different periods of time
(Commission 2013).

The concept of insurance is based on transferring indi-
vidual risks to an insurer's pool. The “collection” of risks
can lead to natural hazard cost reduction in any specific
time period (Commission 2013). Insurance supervisors and
regulators can press the insurance companies for broader
coverage of all relevant natural hazards aiming for a broader
use of insurance packages (OECD 2021b). Nevertheless,
individuals or even communities must ensure they have
the knowledge to evaluate the necessity of specific natural
hazard insurance in their area. A characteristic example is
earthquake insurance. It may be considered a prerequisite in
areas of high seismic risk, however, owners of houses built
under the framework of earthquake-proof specifications may
opt for low-cost insurance.

As a community comprises several social groups, it is
mandatory to adapt well-designed communication strategies
to meet each group's needs and expectations. Usually, coun-
tries with developing economies suffer more from natural
hazards (Kahn 2005) due to the lack of effective resilience
measures. Thus, straightforward communication tools that
individuals or the public sector could utilize are the priority
for compliance with the principle of leaving no one behind.

New technologies in the insurance field could provide
opportunities for reducing insurance underwriting costs,
claims settlement and distribution, and the design of
advanced products such as parametric insurance. The natural
hazard risk insurance programs may offer a possible solution
for an affordable way to cover complex risks or for high-risk
policyholders, leading to reduced public financial exposure
(OECD 2021b). Such knowledge can be widespread through
specific communication strategies that inform individuals
with different backgrounds.

1.2 Objectives

Several geological factors are strongly influencing the
appearance of natural hazards, the increase of risk, and thus
the appearance of a natural disaster. When natural disasters
occur in an area, the individuals are personally and finan-
cially affected. To limit or even to eliminate such effects of
a natural hazard, several adaptation and mitigation strategies
had been developed. The present study aims to cover basic
aspects of adaptation and mitigation strategies based on an
area’s geological, geomorphological, and meteorological
factors. It is acknowledged that the lack of knowledge of risk
resilience techniques is the main problem for the risk preven-
tion of individuals and communities. A deep understanding
of the basic geological principles related to natural hazards
and the available strategies for risk resilience is mandatory
for the protection of individuals and their properties. For
the complete protection of a community, the information
of all the social groups is mandatory. Thus, communication
strategies which can be addressed to different audiences are
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critical for the protection of a community under the possible
occurrence of a natural hazard. Such information and com-
munication strategies are further described below.

Progress in resilience against natural hazards involves the
systematic assimilation of pre-existing hazard-specific com-
munication tools and methodologies into a comprehensive
methodological framework designed to enhance community
resilience in the face of natural hazards. Moreover, this inte-
grated approach incorporates the beneficial use of insurance
mechanisms as a vital component of the strategy. By amal-
gamating a diverse array of hazard-specific communication
tools within a cohesive framework, the primary aim is to
create a robust system that effectively disseminates critical
information, raises community awareness, and fosters pre-
paredness to confront various natural hazards.

In addition to the communication aspect, the incorpora-
tion of insurance against natural hazards serves as a sig-
nificant element in fortifying community resilience. By
leveraging insurance coverage, communities can signifi-
cantly reduce the financial burden and the adverse impact
of natural disasters on their livelihoods. Insurance policies
tailored to specific hazard risks can offer a safety net, facili-
tating post-disaster recovery and promoting a swift return
to normalcy. This symbiotic integration of hazard-specific
communication tools and insurance strategies will collec-
tively empower communities to not only respond effectively
to natural disasters but also build greater adaptive capacity
to mitigate potential losses and ensure a more sustainable
path to recovery and resilience. The ultimate goal is to forge
a harmonious and all-encompassing approach that bolsters
community resilience, reducing vulnerability, and fostering
a proactive stance in confronting the challenges posed by
natural hazards.

When all the groups that constitute a community are
informed for the risks of their area and the strategies that
could be implemented for the minimization of the effects,
they are in a position to claim personal or community cov-
erage by the use of physical of financial insurance. Thus,
the present review study has three main objectives: (1) The
increase of individuals’ geological knowledge for risk man-
agement, (2) The highlight of the obstacles in individual’s
willingness against natural hazards insurance, and (3) The
information and communication strategies for the wide-
spread of geological knowledge aiming in the overcome of
individual’s willingness against natural hazards insurance.

The main goal of the present review study is to propose
different tools, methods, and procedures for the information
of all the groups that constitute a community aiming at their
protection from a physical and financial perspective. Based
on an anthropocentric approach, the protection of human
resources is a priority. When their protection is guaranteed,
the assurance of their properties referred to the generic
buildings and individual properties as well as the assurance

@ Springer

of critical infrastructures, such as the electricity sector, the
transportation, the water sector, and the sewage system must
be ensured. Such infrastructures are the key components for
the individuals’ well-being while they are also significant for
the warming and the activation of a community in case of
risk. The need of the protection of these sectors is higher in
the case of combined natural hazards. A characteristic exam-
ple is the exposure to a wildfire under an epidemic period.
In this case, the transport of individuals must be ensured
maintaining all hygiene measures to avoid the transmission
of the epidemic. The investment in proper natural hazard
insurance, with respect to the geological factors of an area,
could protect the individuals, communities, or systems to
avoid any financial losses. Proper communication strategies
can lead to the achievement of ideal investment.

2 Geological knowledge for risk
management

Developing risk adaptation and mitigation strategies is
mandatory to protect individuals and communities against
natural hazards. Strategies of high interest related to geo-
logical, geomorphological, and meteorological factors that
influence the occurrence of a natural hazard are presented
in this section and divided into two main categories: the
monitoring systems frequently used as early warning sys-
tems and the mapping (Fig. 3). This categorization relies
on the scope of the study. It does not mean that such tools
cannot be combined.

2.1 Mapping

Mapping is one of the most widespread and traditional meth-
ods used to monitor a wide variety of natural hazards (Hearn
2019). Geological, geomorphological, and engineering geo-
logical field mapping is mandatory for the natural hazards
study. A group of techniques employed to systematically
record the ground morphology, landforms, processes, mate-
rials, lithologies, surface conditions, groundwater sources or
levels, and tectonic conditions that affect the surface or the
subsurface of the Earth are combined for effective mapping.
Adding digital data, images of different scales, multimedia,
and combining different map layers can lead to the specifica-
tion of high-risk areas. Based on the designed maps, hazard
identification can be achieved and a risk management plan
can be organized. The accuracy of maps depends on the
covered area and the technological development, as accurate
satellite images, aerial photographs, geographic information
systems (GIS), and high-tech geological equipment can be
combined for a high-quality result (Auflic et al. 2023). The
combination of geological maps with socioeconomic maps
containing a spatial distribution of the vulnerable groups of
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a community can reflect the high-risk areas. The mapping of
protective infrastructures is also crucial for the final protec-
tion of individuals.

When combined with existing maps, monitoring tech-
niques could provide results that can work as warning sys-
tems. However, data from sensors or numerical data cannot
provide semantic meaning if they are not given in a spa-
tial-temporal framework. The semantic Earth observation
data cubes are an advanced procedure that could provide
a solution for combining big-data with latitude, longitude,
and time. These data expert systems work with semantic
queries that individuals can understand to insert new infor-
mation automatically in a machine-based way (Augustin
et al. 2019).

2.2 Monitoring/early warning systems

Remote sensing is one of the tools used for recognizing and
monitoring landslides, floods, and earthquakes and has been
widely applied after the launch of the Landsat satellite in
1972 (Notti et al. 2020). Remote sensing detects and moni-
tors the physical features presented in an area by measuring
reflected and emitted radiation from a specific distance, such
as from a satellite or aircraft. The image analysis of meas-
urements taken at different times could lead to high resolu-
tion and dimensionality of spatial as well as spectral data.
Remote sensing imaging instruments are mainly divided
into active and passive sensors, separated into optical,
radar, multispectral/hyperspectral, or Light Detection and
Ranging (LiDAR). The passive ones measure solar energy
that is reflected or emitted from features existing on Earth's
surface. In contrast, the active ones generate their signal,

measured after its reflection back from the Earth's surface.
Depending on the sensors installation platforms, they are
divided into satellite-based, aircraft-based, unmanned aerial
vehicle (UAV)-based as well as ground-based. Images from
remote sensing may differ from spatial, radiometric, spectral,
and temporal aspects. Passive sensors installed on satellites,
such as Landsat, IKONOS, QuickBird, SPOT, WorldView,
and Sentinel, are integrated on multispectral or even bet-
ter on hyperspectral systems operating over a variety of
spatial resolutions (Casagli et al. 2017; Chen et al. 2019;
Philipp et al. 2021; Ye et al. 2019). Images are taken in
VIS-NIR-SWIR, and far infrared, and the microwave por-
tion of EM is provided and can be further analysed by a
range of methods. Active sensors history began with the
airborne satellite Synthetic Aperture Radar (SAR) in 1991,
when ERS-1 was launched. Since then, Radarsat, ALOS,
Cosmo-SkyMed, TerraSAR-X, and Sentinel are some of
the space-borne platforms that have the ability to monitor
motions in the microwave part of the spectrum (Bianchini
et al. 2013; Philipp et al. 2021; Rott and Nagler 2006).
After one decade, a novel technique for near real-time
monitoring was introduced by the ground-based SAR sys-
tem (e.g. InSAR, LiDAR, DInSAR). Ground height could
be measured by Light Detection and Ranging (LiDAR),
which is categorized as airborne LiDAR (ALS) and ter-
rain LiDAR (TLS) (Aufli¢ et al. 2023). Such a technique
could be advantageous for landslide detection and monitor-
ing. Differential Interferometric Synthetic Aperture Radar
(DInSAR) prevails for surface displacement analysis with
high precision. However, it is limited in the scenes’ cor-
relation due to the change in surface properties when soil
moisture, vegetation, or snow exists (Philipp et al. 2021).
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Interferometric Synthetic Aperture Radar (InSAR) is regu-
larly used to investigate surface displacement measures pro-
viding information for the underlying processes. It is a well-
designed technique for ground deformation measurements
caused by seismic events, volcanic eruptions, landslides, and
other geophysical phenomena that can cause such deforma-
tions (Bignami et al. 2021). UAVs are also known, especially
for high-risk situations, as they ensure the lack of human life
danger. Moreover, they are beneficial for inaccessible areas
at low altitudes and with flights implemented close to the
tested objects where manned systems are insufficient (Casa-
gli et al. 2017). The temporal resolution gives information
for the temporal distance of the acquisitions of two images
that cover the same area. When the sensor is on a satellite,
the temporal resolution may vary from hours to days depend-
ing on the geostationary nature of the platform orbit (Aufli¢
et al. 2023). The remote sensors with temporal resolution
in the scale of hours with high spatial accuracy can work
as efficient warning systems for slow-onset natural hazards.

Geotechnical monitoring is a helpful technique for identi-
fying displacement and surface depth that provides feedback
for prediction modelling and stability analysis (Chae et al.
2017). Sensors that are frequently used for this technique are
inclinometers, tiltmeters, extensometers, and geophones. Such
sensors are usually installed in boreholes or/and on the sur-
face of possible landslides and can give periodic, continuous,
near real-time, or even real-time measurements (AufliC et al.
2023). With the real-time record of measurements in an online
system, there is the opportunity to provide a danger signal to
inform the communities or individuals for immediate action.
GNSS/LPS-based Online Control and Alarm System (GOCA)
is another technique that can be applied as an early warning
system, especially for real-time deformation monitoring due
to natural hazards such as landslides and volcanoes. It consists
of a set of GPS sensors and communication units placed in
the monitoring area connected to two GOCA software: sensor
communication and deformation analysis. The packages are
running in a central computational system and the object point
positions are given to reference points. The online deformation
analysis is based on the Kalman filter or a flexible user-defined
displacement estimation. When a critical state is reached,
proved by statistical testing, the setting of an alarm is enabled
(Jager and Gonzalez 2006). Distributed fibre optic monitor-
ing technology is also used for the geotechnical monitoring
of pipelines. These pipelines are usually installed in areas
with significant seismic activity or permafrost areas where
visual inspection is difficult or impossible. Optical fibres use
distributed strain and temperature measurements correlated
to the Brillouin scattering sensitivity, giving details for the
mechanical and thermal stresses. The scattering analysis is
combined with the time domain technique resulting in strain
and temperature measurement profiles. The temperature meas-
urements control soil erosion or dune migration (Ravet et al.
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2017). Geotechnical monitoring is sometimes combined with
ground-based geodetic methods. These provide monitoring
and observation of points’ absolute displacements concerning
stable reference points in an area of interest (Haberler-Weber
2005). One of the most widely used geodetic methods is the
tachymetric measurements, where geodetic reflecting prisms
are located in stable areas to establish reference points.

In contrast, another set of prisms is placed in the tested
area. To fulfil the geodetic network, a measurement instru-
ment is included. The reference points must be carefully
selected to ensure their long-term stability and the high
accuracy of the method (Haberler-Weber 2005; Peternel
et al. 2017). While this method provides real-time monitor-
ing by an automatic procedure, it is restricted to a limited
area where the ground points are placed.

Geo-hydrological monitoring is mandatory for a wide
range of natural hazards, such as landslides, debris flows,
and floods that are usual in mountain environments or shal-
low landslides and debris flows as results of sediment trans-
port and soil erosion (Gariano and Guzzetti 2016). Such nat-
ural hazards can have as a source, over a long time, rainfall
triggering events that could vary in duration and intensity
(Abbate et al. 2021). Measuring water-related parameters for
areas with high-risk sensitivity is crucial for predicting flood
initiation, landslide initiation, and movement (Bezak et al.
2021). The water has the ability to reduce the shear strength
of geological materials by becoming saturated. Increasing
pore water pressure decreases the resistance to shear stress
and causes instability. Parameters such as precipitation, pore
water pressure, groundwater level, soil moisture, snow cover
thickness, and water discharge can be measured periodically
or continuously with near real-time data collection. If an
automatic way designs the monitoring, immediate notifica-
tion for potential risks can be spread to inform and protect
the public (Aufli¢ et al. 2023). Except for monitoring pro-
cesses, modelling tools are used to describe geo-hydrolog-
ical processes. The open-source model PCR-GLOWB-2
(Sutanudjaja et al. 2018) and the model CRHyME (Abbate
et al. 2023), both written in Python, are some of the models
that aim to reproduce water balance over terrain and simu-
late processes related to hydrogeological hazards, including
solid transport, erosion, shallow landslide, and debris flow.
The models can address and quantify several processes that
could occur simultaneously, are physically connected, and
cannot be described separately (Abbate et al. 2023).

3 Obstacles in individual’s willingness
against natural hazards insurance

The main obstacles to an individual’s willingness to be
insured for natural hazards are mainly social and financial
parameters. The lack of concerns related to them can work
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as obstacles for individuals to understand the necessity
of their protection against natural hazards (Brondi et al.
2021).

The social parameters are mainly divided into the follow-
ing components (Amirsadat et al. 2023): (i) awareness, (ii)
knowledge and skills, (iii) attitude, (iv) social capital, and
(v) social position.

The awareness of individuals is crucial for their protection
against natural hazards (Iv€evi€ et al. 2020). The awareness
of individuals could be enhanced by the knowledge of ways
to reduce natural hazards, plans for preparation and imple-
mentation of crisis management at least at the neighbour-
hood level, necessary measures to prepare against hazards,
as well as practical ways for the training and the information
communication against the hazard (Engdahl and Lidskog
2014). At a neighbourhood level, three main aspects must
be covered for the increase individuals awareness and the
ensure of community’s well-being: the knowledge of places
that are in severe danger or they are sensitive to the reoccur-
rence of a hazard, the existence of relief groups that could
deal with natural hazards, and the specification of groups
with high-sensitivity against the risk.

In some cases, there is an unjustified overconfidence in
the integrity of a structure to withstand shocks from natural
hazards that leads to the adoption of low-risk safety meas-
ures (Luis et al. 2016). A typical example is the building of
houses in technically filled rivers with the belief that there
is a limited possibility of river flooding under extreme mete-
orological events (Amirsadat et al. 2023).

The knowledge could cover aspects such as the necessary
education about preparation against natural hazards derived
by access to specific sources, such as radio, television, and
the Internet. The lack of access has a double impact on risk
protection willingness and understanding of the hazards' sig-
nificance. First, the knowledge of vulnerable individuals,
such as physically disabled, elderly, deaf or blind people in a
community, is crucial for their proper protection (Amirsadat
et al. 2023). Actions from the authorities and potential cov-
erage of their insurance are helpful for the community and
increase the safety feeling of such individuals (Wachinger
et al. 2013). Correlated to this, the people’s knowledge of
organizations or institutions responsible for reducing the risk
in the face of a natural hazard is mandatory (Green 2008). In
case of social readiness to set up temporary shelters or find
safe places to pass the natural hazard danger, the necessity
of insurance, at least for individuals’ life, could be avoided.
Despite that, the lack of such infrastructures is another
parameter for enhancing the willingness for complete insur-
ance. The experiential knowledge of individuals against the
face of a hazard, especially under the lack of insurance, and
the observation of indigenous feedback under these events
are also crucial for buying insurance (Gruev-Vintila and
Rouquette 2007). Thus, people’s attitude that they can deal

with natural hazards due to their skills decreases their will-
ingness to insure (Amirsadat et al. 2023).

Social capital deals with an individual's participation in
social groups or networks that could increase trust and soli-
darity (Sarrica et al. 2018). In this case, the citizens believe
in collective action and cooperation that could increase the
effectiveness against a natural hazard. This may be a fact;
however, when the intensity of a hazard is high proper man-
agement cannot be ensured. Correlated to social capital,
social position is also critical for the willingness to insur-
ance. The belief that a person belongs to a group with com-
mon behaviour, economic status or education level can lead
to the acceptance or rejection of insurance.

The financial parameters are mainly divided into (Amir-
sadat et al. 2023) (i) employment, (ii) income and expenses,
(iii) access to economic resources, (iv) diversity of liveli-
hoods, (v) capital and assets, and (vi) stability and distribu-
tion of income.

It is evident in countries with high unemployment rates
that asking for individuals’ coverage is redundant. Moreover,
the amount of income correlated with the expenses neces-
sary for individuals' livelihood is critical for the measure-
ment of the available money that could be spent for extra
activities that could ensure their safety. Another variable
related to income and expenses is the number of people who
base their livelihood on that salary. A typical example is a
large family usually supported by two individuals who have
to cover the basic needs of all the family members. Thus,
the stability and distribution of income are crucial for the
individuals' livelihood and welfare (Amirsadat et al. 2023).

Recovery of the community covering aspects such as
the limited time of finding a job after losing one, having a
second job, use of technologies in business development,
support to new businesses and institutions, financial inde-
pendence, and properties values are only some of the aspects
that influence the cost of insurance for both individuals and
communities. The law of demand also plays a significant
role in insurance companies.

The approach that insurance companies follow is also
crucial for the insurance market. Thus, companies have to
deal with the psychology of decision-making (Mushonga
and Mishi 2022). Two main decision-making approaches
have the economic agents to consider when dealing with
natural hazard uncertainty: the normative and the descrip-
tive approach. The normative approach includes mathemati-
cal and analytical tools in which individuals make rational
decisions (Pasquini et al. 2019). The descriptive approach
focusses on the perspective of the actual decision-making
process, considering the prospect theory and understand-
ing the human mind's flaws. Research proved that economic
agents use heuristic decisions for insurance purchasing (Pas-
quini et al. 2019; Sum and Nordin 2018). In this process,
agents use shortcuts in decisions making due to limited
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cognitive capacities and with the purpose of saving time and
cognitive resources (Sum and Nordin 2018). The derived
problems from this procedure can be solved by involving
experts related to natural hazards (e.g. geologists or environ-
mentalists) in the insurance companies, aiming to increase
individuals' trust and willingness for insurance.

4 Information and communication
strategies

The development of advanced communication strategies
taking advantage of technological evolution can lead to
effective informing of society. Several strategies that have
been already used for the widespread of knowledge in rela-
tive or other sectors are given below. Some of them are still
under development, while others refer to tools that could
be potentially useful and need further investigation. As the
background of individuals even in the same community may
differ, the combination of more than one information and
communication strategies could be mandatory for the spread
of knowledge to all the social groups aiming in the principle
of “leave nobody behind”. Information and communication
strategies that could be used in the communities aiming
to increase the geological knowledge among the individu-
als with an ulterior motive the increase of natural hazard
insurance willingness are the databases development, the
collection of relative images and videos, the development
of related educational material, the gamification, and the
engagement of stakeholders in citizen science.

4.1 Databases development

Long-term databases containing the measures derived from
the monitoring systems, described in Sect. 2.2, can be uti-
lized to establish the record of the occurrences of a natural
hazard event (Dunbar 2007). The databases are available to
the public to educate and inform about hot spots and natural
hazards trends. Web technologies, such as retrieval capabili-
ties and interactive search, can be used to access databases
more easily. National databases are of high importance due
to their extended coverage. Among them, the National Geo-
physical Data Center (NGDC) Worldwide Significant Earth-
quake Database, the NGDC Significant Volcano Database,
the NGDC Worldwide Tsunami Database, and the Volcanic
ash advisory database of the National Oceanic and Atmos-
pheric Administration (NOAA) that covering the related
times, casualties, damages, as well as the physical character-
istics of the natural hazards (e.g. the maximum water height
for tsunami or the volcanic ash location in the atmosphere),
are included in the databases (Dunbar 2007).

Due to the potential interactions between the different nat-
ural hazards, developing a relational database management
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system (RDBMS) is mandatory, at least for the hazards with
strong correlations. The available data can be exported as
tables, reports, interactive maps or custom CD-ROMs. The
maps are connected to a geographic information system
(GIS) or to additional auxiliary geospatial data. The differ-
ent GIS layers can be included given extra information such
as an area's topography, political boundaries, or population
density. In addition, hyperlinks and hazard pictures can be
included to provide further details of a natural hazard (Dun-
bar 2007).

4.2 Natural hazards images and videos

Capturing the consequences of natural hazards effects via
images or videos is critical for permanently storing the
derived information. In addition, these media could serve
as reminders for both the public and the scientific commu-
nity and can work as tools for their preparation to handle
similar future consequences (Dunbar 2007). The images and
videos can be uploaded to online platforms or connected to
Google Earth or similar software that allows a virtual tour
in the affected areas.

Moreover, the development of informative posters or vid-
eos can be achieved by graphical designers or other experts
in the field. The posters may be put up in the local area,
such as in offices, shops, waiting areas, bus stops, schools
or public noticeboards, presented in relative or non-relative
exhibitions, or uploaded on social media aiming at public
awareness. The videos can be widespread as advertising
tools on both the Internet and TV media, while they can be
created as educational material in schools, universities, or
conferences. Moreover, videos targeted at specific groups
can also be developed aiming at a deep understanding of
the audience. A typical example of the coverage of targeted
needs is the development of videos related to site-specific
natural hazards provided to tourists who want to visit such
areas aiming at their awareness and protection in case of
need. This is mandatory for areas containing volcanoes or
areas sensitive to tsunamis. Such videos can be played on
airplanes, ships, or other transportation media.

4.3 Educational material

The implementation of courses on natural hazards in all the
grades of educational systems is crucial for knowledge com-
munication across all ages. The courses can cover sources
of natural hazards, ways to limit their impacts or even their
exposure, tools to manage and mitigate risks, and ways of
protection during risk events. Moreover, organizing confer-
ences and workshops involving authorities, the public and
experts in the field can provide deep communication involv-
ing individuals of higher ages.
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4.4 Gamification

Teenagers between 12 and 17 years old frequently use
the Internet and 94% of US teens supported its use as a
medium for helping them with homework or learning new
content (Lenhart et al. 2005). Online games play an essen-
tial role for communication purposes not only in teenagers
but also in individuals of older age as they could be used
for both entertainment and educational purposes. Quiz,
simulation, sandbox, real-time strategy, action-adventure,
survival, and platformer games could be used to develop
games focussed on natural hazards concepts. UN Office
for Disaster Risk Reduction (UNDRR), in cooperation
with other organizations, governments and academic com-
munities, developed, among other tools, an online game.
This game aims to teach children how to develop com-
munities’ infrastructures with high safety and how early
warning systems, education, and evacuation plans can pro-
tect human lives and properties (UNDRR 2018). All the
related aspects, such as population, budget, natural hazard
probability, physical parameters, and consequences, are
included in the game, as given in Fig. 4 (UNDRR 2018).

MISSION INTRODUCTION

Hello!

This is o village in a coastal area in Asia. The village has 135 people who live
mostly on fishing products and tourism. You have to protect as many
people, buildings and livelihoods as you can against a possible tsunami

Wednesday,
October 31,
2018

Daily News Post

Tsunami Strikes!

Earlier today a devastating tsunami hit this small town off the coast
of South East Asia. With absolutely no warning, the Tsunami swept in
at an estimated height of 15 metres. A survivor reported We have o
community centre designed to shelter people as we know there is o
possibility for a tsunami, but there was no warning whatsoever.
Coastal homes in this small community suffered enormous

currently estimated at $3.450. Most recent estimates show the death
toll has raised to 66 and o further 66 people are seriously injured. We
have launched a full investigation into the poor planning. Our recently
appointed town planner has been suspended pending the results of
the report.

Board or virtual reality games with scenarios related to
natural hazards can be developed to fulfil the above tasks.

4.5 Engaging stakeholders in citizen science

The field of citizen science has expanded rapidly with the
development of smartphones in the last few years, allowing
more information to be shared through digital media (Sar-
rica et al. 2018). By using phones with built-in GPS receiv-
ers, volunteers can readily provide geo-location information
about events in real time, supporting the popularization of
science around the new concept of citizens’ observatories.
The term “citizens’ observatories” was first used in 2014 in
the EU FP7 Topic ENV.2012.6.5-1: ‘Developing commu-
nity-based environmental monitoring and information sys-
tems using innovative and novel Earth observation applica-
tions’ applied to a framework that combined participatory
community monitoring with monitoring by policymakers,
scientists, and other stakeholders.

In practice, citizens’ observatories typically share a simi-
lar model (Liu et al. 2017) that includes engaging the par-
ticipation of citizens in data collection, data interpretation,
and information delivery. The model normally combines

MISSION REPORT

QASSIFED
HOUSING AND DEVELOPMENT

Buildings destroyed 2 Total Damages $3.450
Population housed 320/320 Population died 66
Population sheltered o Population injured 66
MISSIONS

School Built Pass Hotels Built Pass
Hospital Built Pass

BONUS

Key Facts Found 4 Budget Remaining $37.265

Fig.4 Natural hazard parameters as aspects of game development (UNDRR 2018)
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(i) sequential aspects, (ii) interaction with citizens and
other stakeholders, (iii) data collection tools, and (iv) an
ICT infrastructure that underlies the citizens’ observatories
framework and supports effective citizen participation.

The ICT infrastructure (represented in the oval at the top
of Fig. 5) is an essential part of the citizens’ observatories
model, and it normally encompasses boundary services with
sensors and apps, data management, and data storage support
(Liu et al. 2017). A practical example in the AGEO platform
and its ICT infrastructure including the AGEO mobile app that
enables two-way communication between citizens and other
stakeholders, fostering co-design and collaborative manage-
ment processes. With this ICT infrastructure, new citizens’
observatories focussed on geohazards across the European
Atlantic region were set up. Citizens Observatories promote
the participation of diverse groups of stakeholders in different
activities and, from the AGEO experience, they may also work
even in situations of crisis as the COVID pandemic. A clear
benefit of citizen observatories and the existence of an open
information flow is the transferability and replication potential.

For example, the methodological approach in the AGEO
project started with the identification of existing networks
(on the area of influence of each pilot site), then pilot leaders

and local partners used referrals to get in touch with existing
community networks and relied on word of mouth to spread
information, facilitated by the access to digital sources
describing AGEO (e.g. website and social media).

The approach was typically initiated with a face-to-face
or online meeting with managers/responsible from the rel-
evant stakeholders’ groups (e.g. recreational, non-profit
groups, landowners’ associations, fire squad/police stations
and local/regional schools), where the goals of AGEO were
explained, and digital/printed materials provided. The fol-
low-up on the initial contacts typically included a request to
respond to a survey (in the local language) addressing natu-
ral hazards and generic community concerns. These surveys
included questions such as “What are your concerns relat-
ing to natural hazards?”, “How would you like the Citizens
Observatory to be?”, “Would you like to be involved?”, and
created favourable conditions for further engagement. In the
second stage, social events within each group of stakeholders
were organized to boost people’s participation. These were
linked to the observatory topic, conveyed scientific-based
information, and used formats tailored to the audiences.
Examples of such events include guided tours, open discus-
sion/workshop sessions, and visits to and from schools.

Information Communication Technological infrastructure

Input

Database ——

CS or CO

Server
System

Output

Users

Citizen participation
through social media
{Implicit citizen as sensors)

CS or CO
project

Digitally active people
(explicit physical sensors)

©®

Support citizens to
report or upload
their cbservations

facebook

wy Flickr

®

Support citizens
to receive useful
information

®

Environmental

Identify what Explore what products Recruit and

NGOs citizens want and services a CS or retain Enterprises
and what they CO programme can citizens =
can offer provide for citizens :ms;""

N

©

Structural work system to realize a CS or CO project |

Authorities

LY

Citizens

£

Fig.5 A common model for citizens’ observatories programs in practice. Source: Liu et al. (2017)
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The experience with AGEO has confirmed that the five
crucial factors that drive stakeholder engagement are as
follows:

1. Relevance: citizens are more likely to engage in a citizen
science project if they feel that the project is relevant to
their interests and concerns. Relevance can be enhanced
by involving stakeholders in the design and implemen-
tation of the project and by clearly communicating the
goals and benefits of the project.

2. Accessibility: citizen science projects must be designed
to be accessible to all stakeholders, regardless of their
scientific expertise or technology skills. This may
involve training and support, developing user-friendly
interfaces, and ensuring the project is culturally and lin-
guistically appropriate.

3. Trust: trust is critical in stakeholder engagement, par-
ticularly for underrepresented communities. Building
trust requires transparent communication, the use of
reliable and trustworthy sources of information, and
ensuring that the data collected are secure and protected.

4. Recognition and incentives: these play an important role
in motivating citizens to participate in a citizen science
project. This may involve providing opportunities for
hands-on involvement, recognizing contributions and
achievements, and offering tangible benefits such as
access to training and resources.

5. Sustainability: Maintaining stakeholder engagement
over time can be challenging, especially if the process
is time-consuming or if the results are not immediately
apparent. Ensuring the sustainability of the project
requires continuous engagement and communication
and providing ongoing opportunities for participation

5 Future perspectives and conclusions

With natural hazard incidence continuously increasing over
time, optimum risk management is critical for the well-being
of society. In this article, it is argued for the benefit of the
prospective reader that several aspects can be developed to
enhance risk management, including risk knowledge, moni-
toring and warning service development, dissemination and
communication strategies, and protection capabilities. The
present review study focussing in three main objectives: (1)
the increase of individuals’ geological knowledge for risk
management, (2) the highlight of the obstacles in individu-
al’s willingness against natural hazards insurance, and (3)
the information and communication strategies for the wide-
spread of geological knowledge aiming in the overcome of
individual’s willingness against natural hazards insurance.
Geological knowledge can be implemented as a tool for
individuals to understand the natural hazard risk sources as

well as to develop monitoring, warning, and response strat-
egies based on area-specific ggomorphological, geological,
hydrogeological, geotechnical, and meteorological factors. A
deep understanding of risk knowledge can increase the indi-
vidual or community’s awareness and thus increase their will-
ingness to involve ways of protection in their daily life. Buying
relative insurance protects their economic stability and prop-
erties against the effects of natural hazards. The highlight of
high-risk areas, especially in the urban areas, based on gained
experience by previous events correlated with the present cir-
cumstances and the geological knowledge for the specific areas
derived from monitoring and early warning systems and maps,
could lead to a prioritization of insurance needs. Dissemination
and communication strategies for spreading knowledge across
the spectrum of groups that comprise a society are critical for
the high protection of the society as well as the increase of
insurance willingness buying in case this is mandatory. Data-
bases development, educational tools, audiovisual material,
and gamification are the only communication tools that could
provide insurance involvement in human life.

With the advent of new and advanced communication
and Earth Observation technologies, the potential for pro-
active citizen involvement in disaster preparedness, mitiga-
tion, and warning has increased, particularly in the context
of the ongoing effects of climate change. The citizen sci-
ence approach can significantly contribute by providing a
large volume of data that can enhance our understanding of
natural hazards and the associated risks. This information
can inform decision-making processes related to disaster
preparedness and response, ultimately reducing the risk of
harm to communities and ecosystems. Furthermore, citizen
science can increase awareness and encourage community
engagement in disaster risk reduction efforts, promoting
a more active role in protecting both themselves and their
communities.

In this vision, technological advances and capacity-
building actions would enable integrating risk authorities
and citizen communities’ viewpoints, combining theoretical
and empirical perspectives with real-world, on-the-ground
applications, thus creating resilient societies with a shared
understanding of risks, roles, and responsibilities between
risk agencies and risk publics. This change would probably
be gradual, starting with information-sharing mechanisms
(such as the already adopted emergency warnings sent to
mobile phones within one region) and moving on to col-
laborative environments where experts and citizens serve to
work together to tackle complex compound-risk scenarios
and multi-agent threats jointly.

As the need for individual’s protection is getting higher
due to the population increase and the climatic change
effects, the need for insurance in a wide area of sectors
appears. Until 2070, households and critical infrastruc-
ture should all be covered by insurance. Based on an
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anthropocentric approach, the protection of human resources
is coming first, followed by the protection of individuals’
properties, mainly focussed on their houses, followed by
the protection of critical infrastructures such as roads, water
supplies, and electricity supplies that ensure the well-being
of individuals. The willingness of individuals for insurances
can be increased by the development of a common threshold/
indicator at which the individuals are willing to insure their
assets against natural hazards. Such an indicator should be
the result of a multidisciplinary research where at least social
and geological sciences are involved. The financial contribu-
tion of public authorities for insurance could decrease the
excessive necessary expenses in a case of a natural disaster
while could decrease the cost of insurance corresponding to
each citizen. Such a decrease in the price of insurance could
lead to price competitiveness by aiming to price reduction
and price threshold establishment. Thus, the insurance price
will be accessibly for everyone and insurance will be con-
sidered a matter of course, not a luxury.
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