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ANNOTATION

Climate change has amplified the frequency and severity of natural calamities, encompassing
a growing trend of extreme climatic events and facing substantial threats to global communities,
ecosystems, and economies. Within this background, the intertwining of urbanization and climate
change, impacting societal and economic dimensions, pose key challenges for European urban
centers in the foreseeable future.

A spectrum of financial instruments has emerged to finance projects reducing hazardous
impacts on communities, standing out as a powerful and versatile tool for managing the financial
consequences of natural disasters. For instance, Catastrophe Bonds can be employed to transfer
risks tied to potential disasters to financial markets, while Resilience Bonds have been introduced
to support resilient infrastructure initiatives, reducing the susceptibility to large-scale risks in
potential disasters.

Thus, insurance mechanisms assume a pivotal role in mitigating climate change-related
disasters by providing financial support to implement risk mitigation strategies and becoming
essential drivers for managing the risks associated with climate change.

This Doctoral Thesis delves into insurance's multifaceted and multidisciplinary role in
protecting individuals, communities, and societies against the financial burdens of socio-natural
disasters. The research seeks to provide a comprehensive understanding of the dynamic mechanisms
through which insurance functions as a risk transfer and risk reduction instrument. It also examines
its potential for influencing disaster preparedness, resilience, and urban-societal adaptation. By
combining empirical evidence, theoretical insights, and case studies, this research investigates the
evolving role of disaster insurance, including the challenges and opportunities it presents in the face
of an increasingly unpredictable climate.

More specifically, this thesis aims to contribute to clarifying the proactive role of insurance in
disaster risk management to provide policymakers, insurer companies, and researchers with
valuable insights into optimizing insurance frameworks for a more resilient and sustainable future.
More in detail, a final System Dynamics model is created to assess the feedback effects of floods
on urban areas in the Latvian context by implementing a novel Bayesian adaptive insurance scheme
mechanism. This model integrates an innovative and proactive role for the insurance sector,
involving the insurance company directly in co-financing risk reduction and mitigation investments.
The model assesses the impacts of natural hazards through probabilistic simulations, utilizing the
probability-impact curve for socio-natural hazards to explore the multidimensionality, dynamics,
short- and long-term perspectives, and different likelihoods of flood occurrence, not captured yet
in one single assessment tool. The validation of the research approach in case studies allows for an
understanding of the limitations and strengths of the developed tool.

The thesis introduction outlines the practical significance of the subject toward the specific
study's objectives, tasks, and hypotheses. The first chapter conducts a literature analysis, examining
key aspects related to the definition of socio-natural hazards, urban and infrastructural resilience,
and the evolving role of insurance companies in socio-natural risk reduction. It emphasizes novel
tools such as Smart Contracting for implementing Blockchain Technology and underscores the key
role of this technology in insurance mechanisms for cultural heritage. This initial section explains
the research needs in connection with the Doctoral Thesis.



The second chapter discusses the research methods employed, while chapter three details the
results obtained from studies aligned with the proposed research method. The results chapter
provides the main findings from each part of the methodological approach. It emphasizes a novel
mechanism based on a Bayesian adaptive insurance scheme addressing flooding risk directed
towards public administration. This mechanism incorporates Smart Contracts and is further applied
in developing a dynamic urban assessment tool for socio-natural hazards, with a specific focus on
floods in the Latvian context. The thesis concludes with recommendations and conclusions to
promote a more proactive role of the insurance sector towards disaster risk reduction strategies and
mechanisms.



ANOTACIJA

Klimata parmainas ir pastiprindjusas dabas katastrofu biezumu un smagumu, taja skaita
piecaugosu ekstremalo laikapstaklu skaitu, kas rada nozimigus draudus sabiedribai, ekosisttmam un
ekonomikai visa pasaulé. Saja konteksta pilsétu attistibas un klimata parmainu savijums, rada
nopietnus izaicinajumus Eiropas pilsétam tuvakaja nakotng.

Ir paradijies finanSu instrumentu klasts, lai finans&tu projektus, kas samazina bistamas ietekmes
uz kopienam, izceloties ka spécigs un universals riks dabas katastrofu seku parvaldiSanai.
Pieméram, katastrofu obligacijas var izmantot, lai parnestu ar potencialam katastrofam saistitos
riskus finan$u tirgos. Noturibas obligacijas ir ieviestas, lai atbalstitu izturigu infrastruktiiras
iniciativas, samazinot neaizsargatibu pret liela méroga katastrofu riskiem. Sadi apdroginasanas
mehanismi ienem izSkiroSu lomu klimata parmainu izraisito katastrofu mazinasana, nodroSinot
finansialu atbalstu riska mazinasanas strat€giju istenoS$anai un klustot par batiskiem vaditajiem
klimata parmainu radito risku parvaldiSana.

Saja disertacija ir veikti pétijumi par apdro§inasanas daudzpusigo lomu individu, kopienu un
sabiedribas aizsardziba pret dabas katastrofu raditajam finansialajiem zaud&umiem. P&tijums
cen$as sniegt visaptverosu izpratni par pieejamiem apdroSindSanas mehanismiem, kas darbojas ka
riska parneses un riska samazinasanas instrumenti. Apvienojot empiriskus pieradijumus, teorétiskas
atzinas un gadjjumu pé&tjjumus, darba tiek pétita apdroSinasanas mehanismu lietoSana pilsétu
noturibas un pielago$anas klimata parmainam konteksta.

Disertacija sniedz ieguldjjumu apdroSinasanas aktivas lomas skaidroSana katastrofu riska
parvaldiba, lai nodroS§inatu politikas veidotajiem, apdro§inasanas kompanijam un pé&tnickiem
veértigu ieskatu apdroSinasanas sistémas optimizéSana klimata noturigakai un ilgtsp&jigakai
nakotnei. P&tljumu rezultata Istenojot inovativu adaptivo apdroSinasanas shému mehanismu, kas
balstits Beiesa uz pieeju, tiek izveidots Sistému Dinamikas modelis, lai novertétu plidu raditas
sekas uz pilsétu Latvijas konteksta. Sis modelis integré apdroginasanas sektora inovativu un aktivu
lomu, kura apdroS§inasanas kompaniju tie$i iesaistas riska samazinaSanas investiciju
lidzfinansé$ana. Ar izveidota modela palidzibu tiek noverteta dabas katastrofu radita ietekme,
izmantojot varbitibas-ietekmes likni plidu raditajam ietekmé&m. Modelis tiek lietots, lai izp&titu
piedavata inovativa apdro§inasanas mehanisma dinamiku, istermina un ilgtermina perspektivas
attiectba uz dazadam plidu riska varbiittbam. Visi miné&tie aspekti 1idz $im vél nav ietverti viena
noveértejuma rikd apdroSinaSanas nozarei. Izstradatds pétijuma pieejas validacija gadijuma
petijumos lauj saprast rika ierobezojumus un stipras puses.

Disertacijas ievada ir aprakstita temata praktiskd nozime attieciba uz konkr&ta pétijuma
mérkiem, uzdevumiem un hipotéz&€m. Pirmaja nodala tiek veikta literatiiras analize, izmekl&jot
galvenos aspektus, kas saistiti ar dabas radito apdraudgjumu definiciju, pils€tu un infrastruktiiras
noturibu, un apdro§inasanas kompaniju lomu dabas katastrofu risku samazinasana. Taja tiek
uzsverti jauni riki, pieméram, viedie ligumi, kas tiek ieviesti bloku k&des tehnologiju, un uzsvérta
§1s tehnologijas galvena loma apdroSina$anas mehanismos infrastruktirai, kas atbilst kultoras
mantojuma definicijai.

Otraja nodala tiek apspriestas izmantotas p&tijumu metodes, bet treSaja nodala ir izklastiti
rezultati, kas iegiiti no pétljumiem atbilstosi izvél€tajam pé&tljuma metodém. Rezultatu nodala
sniedz informaciju secinajumiem un rekomendacijam. Disertacija tiek Ipasi uzsverts jauns
apdrosinasanas mehanisms, kas balstits uz Beiesa adaptivo metodi un t€mé atrisinat ar pludiem
saistitus riskus un publiskaja parvaldé. Sis mehanisms integré viedos Iigumus un tiek parbaudits
gadijuma izp&te ar speciali izstradatu dinamisku noveért§jumu riku Latvijas konteksta. P&tjjuma
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sasniegtas atzinas un rekomendacijas var tikt izmantotas, lai veicinatu apdroSinasanas nozares
aktivaku lomu katastrofu riska samazinasanas stratégiju un mehanismu ievie$ana.
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Introduction

Natural disasters, including hurricanes, earthquakes, floods, wildfires, and tornadoes, heavily
hit human lives and economies, causing extensive damage to infrastructure, homes, and businesses.
Socio-natural hazards, including pandemics, are amplifying this trend and continue to increase in
frequency and intensity due to climate change and urbanization. These aspects address the
importance of exploring effective strategies for mitigating their impact [1].

In fact, if not well-faced, these socio-natural hazards can escalate into catastrophic events,
making communities even more exposed to severe impacts of such occurrences in terms of physical
damage to material or immaterial assets and financial or life losses [2]. Specifically, during the last
15 years, there has been a recorded increase in disasters at a rate of 2% [3]. This increase is reflected
in economically relevant losses [4], gaining the attention of the scientific and professional
communities to find novel and effective insurance methods as resilient management tools for risk
reduction.

In its 2021 report [2], Swiss Re assessed more than 50 severe flood events globally, resulting
in nearly 26,000 lives lost at the EU level. Overall, the world incurred economic losses totaling $80
billion, with approximately 50% covered by insurance payments [5].

In July 2021, a large area involving the eastern part of the Czech Republic, Germany, and
Benelux countries faced unprecedented rainfall, resulting in the loss of 41 and 200 lives and several
thousands of devasted homes and people [6], while the estimated insured damages exceeded of the
substantial amount of € 2 billion [7].

Always in 2021, the worldwide value of insured damages from natural catastrophes reached
about € 100 billion. This ranked it as the fourth most expensive year since 1970, contributing to the
average annual increase of 5 to 6 percent in losses related to natural disasters over the last few
decades [8].

This general trend has been going on for the last 40 years, however, it is also expected that
losses will be more severe by climate change within the next years as global warming affects
environmental-related disasters due to global temperature has been steadily rising [9].

Based on loss statistics and trends, insurance companies have long assumed that climate change
is in progress. Additionally, the insurance coverage against natural hazards has adjusted benchmark
figures, expecting the following changes [10]: increased loss potentials, in terms of estimating the
worst-case annual loss like Possible Maximum Loss (PML); shorter high-intensity recurrence
periods, raising questions about whether climate-driven loss events can still be considered
accidental actuarial events; increased prevention and adaptation strategies from natural and socio-
natural hazards aims to limit negative consequences, reducing losses significantly and promoting
both individuals and organizations to invest in resilient practices and infrastructure. These aspects
reflect the need for a proactive attitude from the insurance sector towards managing disaster risks.

This role is also acknowledged in the Sendai Framework for Disaster Risk Reduction [11],
which recognizes insurance's crucial role in boosting resilience and lessening the impact of disasters
on individuals, communities, and nations throughout the disaster management cycle. Through
providing financial protection, insurance supports recovery efforts, aiding in rebuilding lives and
infrastructure and serving as a potent incentive for risk reduction and adaptive measures. The Sendai
Framework underscores the significance of insurance within a collaborative effort among
governments, the private sector, and communities to develop comprehensive risk reduction
strategies. This collaborative approach aims to implement tailored and robust insurance solutions,
thereby reducing risk and disaster more effectively and enhancing resilience towards complex urban
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and landscape systems. On the other hand, if governments offer full compensation for damages,
citizens are less incentivised to get insured, decreasing the overall demand for insurance coverage.

According to Paleari's study [12], there are several factors affecting the overall benefits and
sustainability of insurance mechanisms when coping with natural disasters that are only in part
directly insurance-related. The first one is related to the time reference. In fact, insurance works
only in an ex-post situation in terms of compensation to minimize the effects of natural disasters.
This perspective by Paleari [13] identifies an interesting dynamic affecting citizens' demand for
insurance coverage: the lower the insurance penetration, the higher the pressure is on governments
to finance the recovery of disaster losses.

The second one relies on the concept of disaster risk management [14] in connection with the
prioritization of recovery [15] or risk reduction strategies [16]. In fact, prevention and mitigation
are defined by insurance companies during risks and potential loss assessments, creating a cap for
the level of insurability (or re-insurability) faced with insurance accessibility and affordability [17].
Several studies highlight this aspect regarding the moral hazard potentially undermining any
economic benefit [18].

Given this background, it is evident that disaster risk reduction policies play a pivotal role in
promoting social welfare, fostering economic growth, and safeguarding environmental well-being.
Within these strategies, insurance becomes a crucial and flexible instrument for effectively
mitigating the profound financial impact of socio-natural disasters. Their role in supporting
community and urban resilience increased.

Thus, always aligned with Disaster Risk Reduction (DRR) strategies within the Sendai
Framework priorities, recently, the use of an integrated approach involving the whole insurance
industry, local and national governments together with the experiences offered by donors, NGOs,
and academia has significantly developed [19], becoming a research key driver. Towards this
multidisciplinary interest, exploring the dynamic nexus between socio-natural hazards, insurance,
and technological innovation becomes fundamental, specifically leveraging Smart Insurance
Contracts as an innovative instrument for mitigating the intricate socio-environmental impacts of
disasters and their connection with rising IT technologies like blockchain.

Smart Insurance Contracts represent a paradigm shift in risk management, encompassing
advanced technologies, real-time data analysis, and adaptive coverage options to move beyond the
traditional insurance boundary. At the same time, blockchain-based tools provide the interface for
real-time climate data collection and registered damages. On the one hand, this can automatically
certify the acquired information within each step of the process, both in terms of the regulatory and
financial framework and the implementation of risk mitigation infrastructures [20]. On the other
hand, it can improve the robustness of calculating potential losses and risk premiums and streamline
the bureaucratic process of insurance contracting and premium pay-off.

This thesis aims to analyze and explore the role of insurance in addressing socio-natural hazards
by introducing a proactive approach towards the investments and support of Disaster Risk
Reduction strategies, which not only transfer risk but actively reduce it. Moreover, it delves into
the domain of behavioural economics, exploring the capacity of Smart Insurance Contracts to
incentivize behavioural changes that foster disaster preparedness, promote risk mitigation, and
enhance societal adaptation.

This doctoral thesis explores the theoretical foundations, empirical evidence, and practical
applications of Smart Insurance Contracts in mitigating socio-natural hazards, focusing on flood
risk. It addresses the research gap concerning the limited exploration of resilience financial tools
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within the insurance sector. The research finally aims to conduct an integrated analysis to assess
the dynamics toward a more favourable and proactive role of the insurance system.

To address the issue of minimizing damage costs and safeguarding insured assets, still
considered knowledge gaps in the existing literature, the thesis introduces a novel insurance method
embedding the mechanism of a Smart Insurance Contract as a disaster risk reduction tool. The goal
is to support urban policy planning by investigating the role of insurance mechanisms in protecting
against climate change-related risks. The thesis finally underscores the importance of insurance in
promoting resilience and sustainable development for financing Disaster Risk Reduction (DRR)
measures.

Objectives and Tasks

The thesis aims to develop a quantitative assessment model that can support insurance
companies and urban planners in building urban resilience against socio-natural hazards at a local
level by implementing innovative insurance mechanisms. The main objectives for achieving the
goal are:

e  Examination of quantitative methodologies commonly utilized by insurance companies to evaluate
risk premiums;

o  Identification of the state-of-art of key concepts, models, and frameworks employed in evaluating
risk within insurance policies and investigation of any recent developments, innovations, or
emerging trends in the quantitative assessment of risk premiums within the insurance sector;

e  Evaluate the potential gaps in technological advancements, data analytics, and risk premium
evaluation;

e Developing a novel conceptual framework for a novel risk insurance mechanism, evaluating the
insurance system as pivotal role towards disaster risk reduction and mitigation with insights on the
use of Smart Contracting as an adaptive and resilient insurance scheme with an emphasis on floods;

e Include selected case studies that exemplify the application of the developed framework in
determining risk premiums referring to socio-natural hazards;

e Integrating the main findings from the case studies into a model developed and applied in an urban
Latvian context for assets and communities prone to flood by the development of a system dynamic
model towards;

e  Providing suggestions for further research on the topic and implementation of the developed tool.

Hypothesis

Considering the overall concern about climate change and the need to mitigate the risks of socio-
natural hazards, new and more proactive insurance tools may play a key role. However, there is
limited research on using and implementing resilience financial tools within the insurance sector.
This constraint raises concerns because it could result in growing long-term damage costs as the
threat of climate-related calamities increases. Thus, this research addresses the attention towards
integrated and multidisciplinary research to evaluate the dynamics within an insurance sector's more
favourable and proactive role.

To fill in this knowledge gap and assess the usefulness and efficiency of new insurance
instruments embedded in a proactive role of the insurance sector as a driver for risk mitigation and
prevention measures, the core question of the proposed case study is “fo what extent the applications
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of a novel insurance mechanism can be used for co-financing disaster resilience projects by
mitigation and adaptation strategies enhancing community resilience against weather-related
hazards”?

The hypothesis of this Doctoral thesis to this question is that the integration of Smart Insurance
Contracts, driven by advanced technologies, data analytics, and real-time risk assessment, can
significantly enhance the resilience of communities and reduce the socio-economic impact of
natural disasters and socio-natural hazards, leading to more sustainable and adaptive disaster risk
management strategies. This hypothesis postulates that the dynamic and proactive nature of Smart
Insurance Contracts when effectively implemented, improves financial risk transfer, drives
behavioural change, promotes disaster preparedness, and enhances societal adaptation to mitigate
such hazards' social and environmental consequences. The hypothesis to be examined relies on the
postulate that a multidisciplinary approach, encompassing engineering perspective, legislative
implementation, and insurance dynamics, can be beneficial in covering the limitations of traditional
insurance methods in disaster risk reduction and natural hazard mitigation.

Scientific significance

As socio-natural hazards continuously threaten the resilience of communities and ecosystems
globally, there is an urgent requirement for new perspectives, innovative solutions, and practical
approaches to disaster risk reduction. This doctoral research stands as an interface and intersection
of cutting-edge technologies, behavioural science, and environmental adaptation, providing a
unique viewpoint on how Smart Insurance Contracts can drive transformation in disaster risk
management.

Through a multidisciplinary lens centered on the key role played by insurance in DRR
mechanisms, this research represents an improvement towards comprehending the opportunities and
challenges that lie ahead in the challenge to make our societies more resilient, adaptive, and
sustainable in the face of socio-natural hazards.

The scientific topicality of this research is underlined by the current state-of-art of the insurance
sector related to climate-change-linked disasters threatening sustainable development worldwide.
In fact, it is expected that adverse climate change effects will significantly increase the frequency,
intensity, spatial extent, and duration of socio-natural hazards. Moreover, the insurance market has
not yet found a valid approach to face the effects of climate change in combination with the
increasing threats of natural hazards. This poses a high risk for disaster events, with a particular
focus on mitigative tools.

This doctoral study's unique approach to tackling the complex and interconnected problems
presented by socio-natural hazards is what makes it innovative from a scientific standpoint. This
research contributes to the improvement of research in several innovative ways:

1. Application of Smart Contracting and IT solutions in the insurance sector to make disaster

management more resilient, efficient, and effective;

2. The key role of proactive risk management within insurance frameworks is providing financial
indemnity after a disaster by implementing Smart Insurance Contracts to actively reduce risks
and vulnerabilities and the recovery time of a damaged asset;

3. Investigating how Smart Insurance Contracts can improve urban planning if exposed to risk,
with an emphasis on flood, supporting disaster preparedness, and promoting risk-reduction
actions.
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The scientific novelty of this PhD research thus lies in its pioneering exploration of Smart
Insurance Contracts as a novel approach to addressing the complex challenges of socio-natural
hazards. By evaluating the impact of integrating advanced technologies, and behavioural incentives,
within proactive risk management closely involving the insurance companies and comprehensive
urban adaptation strategies, this research opens new ways for more effective, sustainable, and
adaptive disaster risk mitigation.

Practical significance

The findings of the Doctoral Thesis are significant for urban planners and risk reduction
managers, providing knowledge and evidence of how a proactive role of insurance can contribute
to strengthening urban resilience aligned with the Sendai Action Plan 2015-2030 for DRR against
socio-natural hazards. Moreover, it represents a potential new paradigm for the insurance industry.

The approaches and methods developed in the thesis have been defined on the gaps that urban
contexts face when developing and implementing DRR action plans, which are addressed in the
proposed research method.

As communities worldwide tackle increasing vulnerability to floods, the study examines the
benefits and applications of employing innovative insurance solutions. By integrating advanced
technologies and risk mitigation strategies, the research offers practical insights into how smart
insurance contracts can play a pivotal role in enhancing resilience, reducing losses, and fostering
sustainable and more resilient approaches to flood management.

The study's findings contribute to a better understanding of the effectiveness of leveraging smart
insurance mechanisms for mitigating the impact of floods on communities and their socio-economic
environments. The thesis describes the role of Smart Insurance Contracts supporting a dynamic and
proactive insurance role, creating a better decision strategy for coping against socio-natural hazards,
with an emphasis on floods.

The developed tool implemented in a System Dynamics model fills the existing and actual
knowledge gaps identified in scientific literature by providing a novel approach for interviewing
disaster risk reduction mechanisms and insurance dynamics against socio-natural hazards.

Insurance companies can use the developed model with national and local urban contexts for
resilience strategies against natural hazards and to develop tailored business models.

The contractual and recursive tool structure includes social, economic, environmental, and
infrastructural aspects of the insurance system and disaster risk reduction urban resilience
assessment. Thus, applying the developed tool also supports the link between the disaster risk
reduction field and the policy planning of other sectors like urban planning, improving public
investment in risk reduction measures, and providing relief for the immovable assets sector.

This research incorporates case studies and practical applications of Smart Insurance Contracts,
offering empirical evidence and practical insights that can inform policy and industry decisions. It
bridges the gap between theory and practice, making the findings immediately relevant to
stakeholders.

The recommendations and frameworks developed in the study can also be eventually integrated
into existing urban planning at the EU, national, and regional levels. The proposed model provides
a useful decision support tool for disaster management, moving toward a different proactive role
for insurance companies towards a more resilient, sustainable, and safe future.
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Research framework

This doctoral study proposes a final System Dynamics model based on a novel Bayesian
adaptive insurance scheme. This mechanism incorporates Smart Contracts and is further applied in
developing a specific dynamic urban assessment for socio-natural hazards, with a specific focus on
floods in the Latvian context.

This model is designed to assess the potential of insurance playing a proactive role in disaster
risk reduction within socio-natural hazards (refer to Figure 1), comparing it to conventional
insurance mechanisms. Various methods for calculating insurance premiums for assets exposed to
socio-natural hazards are examined to achieve this goal. These methods are further integrated into
developing a new conceptual framework, shaping a novel definition and implementation of risk
insurance. This process is elucidated in Figure 1, within the research steps 1 to 3.

The doctoral thesis uses a System Dynamics modelling approach to assess the potential
advantages of a novel insurance mechanism based on Smart Contracting for urban assets and
communities exposed to socio-natural risks. This approach addresses the underlying risks of
disasters, in contrast to a traditional disaster insurance strategy that primarily focuses on providing
financial security for asset recovery. The thesis, developed and validated through ten scientific
publications, explores various aspects of engineering, legal considerations, and quantitative
theoretical and practical systems. It introduces an innovative tool for implementing socio-natural
risk mitigation strategies, emphasizing the proactive role that insurance can play.

The overview of the thesis is presented in Figure 1, outlining four steps and their corresponding
predefined objectives. Figure 1 illustrates the four primary interrelated studies and their detailed
results, which are presented in the respective sections of the thesis.

Dynamic model
implementing  smart
Theoretical and contracting
practical insights
Conceptual framework within case studies
Step 4

towards a novel risk

. insurance mechanism
Insurance premium

calculation methods

Step 3

Step 2
Step 1

E Article No. 5 Article No. 4 Article Na. 2 Article No. 1
Article No. 10 Article No. 7 Article No. 3
Article No.8 @ Article No. 8

Article No. 6 Article No. 9

[

Figure 1. The research framework of the Doctoral thesis.

Based on ten peer-reviewed research articles (Articles from No. 1 to No. 10 in the Approbation
section) presented at international scientific conferences and published in international scientific
journals, the research framework has been used to address the specific research objectives and

14



questions. These articles detail individual case studies employing different methodologies
integrated into a dynamic urban resilience assessment tool for natural hazards.

The thesis comprises an introduction and four chapters: a literature review, research
methodology, results and discussion, and final conclusions. The introduction outlines the aim of the
doctoral thesis, the scientific and practical significance of the developed tool, and the scientific
articles published on the thesis topic. The approbated results are based on the list of publications
presented at international scientific conferences (see the Approbation section).

Chapter 1 presents a literature review analyzing how the insurance sector deals with socio-
natural hazards. This section explores the current relevance of research field-specific terminology,
with a focus on trends in increasing the frequency of disasters linked to climate change. It defines
types of socio-natural hazards, examines insurance's role in changing exposures to socio-natural
disasters, and discusses the roles of smart contracting and blockchain technology as resilience-
enhancing strategies within the insurance sector. Traditional disaster risk reduction assessment
within the insurance sector is also covered.

Chapter 2 details each step of the methodology of the doctoral thesis, leading to the scientific
articles that validate the research objectives. Chapter 3 focuses on the results achieved, particularly
emphasizing the development and application of a dynamic evaluation of an innovative insurance
mechanism in response to a specific urban resilience assessment tool for natural hazards.

The final chapter provides overall conclusions and recommendations for applying the tool in
policy planning.

Approbation

The results of the author’s research have been presented and discussed in several scientific
conferences and published in 10 peer-reviewed scientific journals.
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1. LITERATURE REVIEW

1.1. Socio-Natural hazards

Effects of climate change on natural hazards

Climate change is currently catalyzing attention in the legal discourse surrounding
environmental protection. This issue is timely and necessitates various appropriate actions.
Furthermore, this phenomenon is characterized by its escalating pressure and its consequences on
both the landscape and human communities. These consequences are typically classified as natural
disasters or catastrophes [21]. A natural catastrophe is defined as an event caused by a (natural)
agent of exceptional intensity and unpredictable character based on the standard precautionary
measures adopted by the involved communities. Noteworthy examples include floods, storms,
earthquakes, cyclones, tsunamis, droughts, forest fires, heatwaves, ice and frost waves, and hail.

Available statistics underscore the impacts of natural disasters and the challenges communities
have grappled with during the last decades. According to the Emergency Events Database (EM-
DAT), there has been a noticeable increase in the reported number of disaster events worldwide
over the last three decades, specifically from 1990 to 2020. The majority of the reported and
analyzed hazards fall under the categories of hydrological and meteorological disasters [22] (see
Figure 1.1).
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Figure 1.1. Trend of disaster events by disaster type during the period 1990-2019 [22].

The reported number of hazards started to increase swiftly around the 1960s. As mentioned by
several authors [23], more accurate reporting leads the scientific community to account for a higher
number of events and losses. Increasing communication and cooperation among several countries can
be one of the possible reasons for such a trend in the reported number of disasters.
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Table 1.1.
Total number of disasters, by type during the period 1990-2019 [24]

Disaster type Number of disasters Percentage
(1990-2019) (%)
Flood 4119 41.5%
Storm 2942 29.6%
Earthquake 818 8.2%
Landslide 551 5.6%
Extreme temperature 524 5.3%
Drought 475 4.8%
Wildfire 341 3.4%
Volcanic activity 154 1.6%
Total 9924 100%

The aforementioned statistics clearly illustrate how climate change amplifies the likelihood of
catastrophic rainfall-related disasters, especially the global rise in temperatures. The risk of
droughts increases due to the escalating global temperatures, which also contribute to heightened
storm intensity and increased precipitation.

Changes in the intensity and frequency of droughts, storms, floods, extremely high
temperatures, and wildfires serve as the most conspicuous indicators of these trends. Natural
resources such as land and water will be particularly susceptible to future instances of extreme and
regular rainfall events and calamities caused by climate change. Since 1990, flooding has emerged
as the most frequent and disastrous natural disaster. Between 1990 and 2019, a total of 924 natural
disasters occurred, with 42% of them being floods.

During this period, thirty major natural catastrophes were attributed to storms, including
cyclones, hurricanes, tornadoes, blizzards, and dust storms. Storms and floods combined account
for 71 disasters that have occurred since 1990 [25] (see Figures 1.2 and 1.3).
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Figure 1.2. Total deaths per decade (1900-2020) [26]. Figure 1.3. Total deaths per decade (1900-2020) —
excluding top-50 [26].
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Figure 1.4. Deaths from natural disasters as a share of total deaths, 2019 [27].

Meanwhile, the available data from EM-DAT highlights a decrease in the number of deaths in
natural disasters from 1990 to 2019 (Figures 1.4 and 1.5). While this may appear controversial given
the increasing number of hazards, it can be readily explained by the so-called /earning effect. This
underscores the observation that communities, over time, have learned from past disaster events to
better assess and cope with natural hazards. This learning is attributed to infrastructure development
and more precise emergency response measures, achieved by immediately disseminating
information and data via alarms, radio, and television [28].
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Figure 1.5. Deaths from natural disasters by type, World, 1900 to 2022 [29].

Though it is possible to observe a severe decrease in human life losses, on the other hand, there
is still an increasing number of people injured and affected by natural disaster events during the last
20 years.

This aspect can be explained by the abovementioned tendency of population growth and
economic and infrastructure development [38], which increases potential loss and disruption
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associated with the hazard even if the probability and intensity of hazard activity remain constant
[30].
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Figure 1.6. Annual average number of millions of people affected by disaster type [31].

Table 1.2.
Relationship between hazards/people/losses in the years 2019-2022 [31]

2019 2020 2021 2022
Overall losses in US$ b (Munich Re) 166 210 280 270
Uninsured losses in US$ b (Munich Re) 109 128 160 150
Insured losses in US$ b (Munich Re) 57 82 120 120
Recorded events (CRED) 505 380 407 387
Deaths (CRED) 27,199 17,664 18,274 30,704
People affected in million (CRED) 109.2 97.6 103.5 185
People displaced by disasters in million (IDMC) 24.9 7 23.7 8.7
People in million living in acute food insecurity 33.8 15.7 23.5 56.8
driven by weather extremes (FSIN) 25 countries 15 countries 8 countries 12 countries

Thousands of small-scale disasters occur globally due to factors such as flooding, landslides,
fires, and storms. These incidents often go unreported in transnational databases. Nevertheless, their
impact can be just as devastating as larger disasters, resulting in fatalities, injuries, and the loss of
livelihoods. An analysis of reports from 104 nations revealed that between 2005 and 2017, fragile
and medium-sized, localized, and ongoing disasters accounted for USD 68 billion in overall
economic losses.

These losses represent a significant hardship as they tend to be borne by low-income
households, vulnerable businesses, and local and national governments [32].

Moreover, losses from slow-onset threats, such as droughts, are not always accurately accounted
for. Their consequences often accumulate gradually over an extended period, and their impacts are
challenging to measure. When slow-onset disasters are included in the risk profile of the Asia-
Pacific region, annualized economic losses increase more than fourfold to USD 675 billion,
constituting approximately 2.4 percent of the region's GDP (compared to previous assessments)
[33].

To establish the environmental context, a taxonomy of natural threats was developed based on
existing literature, frameworks, and international resources [5] in the fields of disaster management,
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climate change adaptation [34], and heritage preservation [35]. The hazard inventory now
encompasses specific risks and dangers that could potentially harm cultural heritage sites. Special
attention was given to the suitability of the hazard inventory for historic conservation and the unique
needs of the pilot sites.
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Figure 1.7. Classification of socio-natural hazards [36].

The three primary categories of natural threats and hazards are geological, hydrometeorological,
and biological. Most of these dangers and threats can be categorized as "socio-natural hazards"
because natural and human-made forces can cause them. For example, landslides, acid rain, and
riverbed erosion may result from a combination of environmental factors (such as rainfall) and
human activities (such as land-use change and pollution).

While anthropogenic hazards (e.g., technological hazards, social conflict, and development
pressure) are acknowledged in the theoretical framework, they were excluded from the assessment
procedure as they fell beyond the scope of the STORM project [36].

The hazards are further categorized based on the rate of onset to appropriately manage the
immediate and long-term consequences on heritage monuments. Thus, the hazard assessment
procedure incorporated sudden-onset hazards (e.g., earthquakes, storms, and floods) and slow-onset
hazards (e.g., wetting—drying cycles and wind-driven rain). Future changes due to climate change,
such as projected alterations in hydrometeorological hazards (e.g., precipitation intensity and heat
waves), were also considered in the assessment procedure.

Europe's situation and future scenarios

Climate change increases the frequency, severity, and intensity of extreme weather events [37].
These hazards threaten the global economic landscape, impacting companies and households in
diverse ways. In Europe, hydrological events have emerged as the most destructive extreme natural
hazards thus far [4].

In 2021, Belgium and western Germany experienced severe flash floods, resulting in the tragic
loss of over 196 lives [38]. The economic toll of hydrological events in Europe averaged around
3.5 billion USD per year over the period from 1980 to 2020 [49]. Projections suggest that annual
economic flood losses in Europe may surge to 20—40 billion EUR by 2050 under high-end climate
scenarios [50]. There's a tangible concern that by the end of the century, the number of Europeans
exposed to floods could more than double, rising from approximately 220,000 in the reference
period (1981-2020) to 455,000 [39].
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Turning attention to developing countries, the majority of economic damage due to natural
hazards appears concentrated in the agriculture sector [40] [41]. The estimated average annual
economic loss per year attributed to climate-related hazards in developing countries over the 1980—
2020 period is 24 billion USD [42]. Between 2005 and 2015, extreme hazards cost developing
countries a staggering 96 billion USD in livestock and crop production losses, with floods, droughts,
and other weather-related disasters contributing to 78% of these losses [41].

Forecasts suggest that the impacts of climate change could force an additional 32 to 132 million
individuals into extreme poverty by the end of 2030 [43].
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Figure 1.8. Annual economic damage caused by weather and climate-related extreme events in the EU Member
States [44].

According to Figure 1.8, it is evident that climate-related threats to human health and potential
economic losses encompass temperature extremes, excessive precipitation, and droughts.
Monitoring the impact of such threats is crucial for guiding policy and ensuring that appropriate
measures are taken to minimize harm.

In pursuit of its "smarter adaptation" goal, the EU adaptation strategy aims to enhance our
understanding of adaptation by pushing the boundaries of current knowledge. The EU is a signatory
to the UN Sendai Framework for Disaster Risk Reduction (SFDRR), which sets a target year of
2030 for reducing disaster-related losses and economic impacts [45].

Climate-related risks are estimated to have caused 487 billion euros in economic losses across
the EU-27 Member States between 1980 and 2020. Natural disasters have become more frequent,
and without mitigating and disaster risk reduction measures, they could lead to even more severe
losses in the future. Analyzing trends in economic losses is challenging, partly due to the high
variability in occurrence from year to year.

The EU adaptation plan aims to bolster the resilience of Member States, ensuring they are
prepared to handle risks and adapt to the impacts of climate change. This proactive approach aims
to prevent economic losses and other adverse effects [46].

The average annual (inflation-corrected) losses stood at approximately EUR 9.5 billion in 1981—
1990, 11.0 billion in 1991-2000, 13.2 billion in 2001-2010, and 14.5 billion in 2011-2020.
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However, due to the fact that a relatively small number (3%) of singular events accounted for a
substantial portion (around 60%) of the economic losses, identifying clear trends is challenging
[47].

Extreme weather events linked to climate change are projected to occur more frequently
worldwide, as indicated by the Intergovernmental Panel on Climate Change [48]. This poses a
potential impact on various industries, and systemic breakdowns could extend throughout Europe,
leading to increased economic losses. Nevertheless, the future cost of climate-related risks hinges
on several additional parameters, including population size, the value of exposed assets, and the
frequency and severity of incidents.

A comprehensive, integrated approach is imperative to effectively respond to and manage these
risks. A fundamental objective of the EU's updated adaptation plan, currently in development, is to
enhance society's resilience to climate change by prioritizing prevention, preparation, response, and
recovery [49].

1.2. Insurance against socio-natural hazards

The phenomenon involves the more frequent occurrence of specific geophysical and
hydrometeorological hazards, such as landslides, flooding, land subsidence, and drought. These
hazards result from interacting natural elements with overused or degraded environmental resources
and land [50].

This description signifies situations where specific hazards are more likely to manifest due to
human activities, contributing to the overall burden of disasters. Evidence suggests that responsible
management of land and environmental resources can diminish and prevent these socio-natural
hazards [12].

Weather insurance is recognized as one of the adaptation tools advocated by the policy
community to assist businesses and households in adapting to a more volatile and harsh climate
[51].

In weather insurance, a bonded payment value is utilized in place of the extreme, universally
occurring value of an extreme weather event. This approach pools risks across geographies and time
periods, aligning with the law of very large numbers. By consolidating the risks of numerous
individuals and businesses, variations from the anticipated loss become less likely, effectively
lowering overall risk. Furthermore, it redistributes risks from risk-averse clients to other risk-neutral
insurance companies.

Weather insurance accelerates recovery and mitigates the adverse effects of extreme weather
events on welfare [23]. Consequently, insurance emerges as a crucial option for addressing global
"climate change" or "temperature change" impacts for both homes and businesses. While coverage
for weather risks is not a new concept, the imperative for adaptation in the context of global climate
change has brought it to the forefront for both experts and policymakers [52].

A recent World Bank and European Commission research evaluated Europe's financial
preparation to respond to and recover from disasters [53]. It was shown that residential buildings
account for more than half of all losses due to flood and seismic risk.
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Figure 1.9. Proportion of households covered by catastrophe insurance against earthquakes (left) and floods
(right) [54].

However, less than half of the EU member states' populations are protected by disaster insurance
(see Figure 1.9). This indicates that there is a significant protection gap and that many people must
recover with the help of the government [55].

Table 1.3
Indicators of earthquake and flood risks in EU countries (Austria, Belgium, Germany, Spain, France, Italy) [13]
Member State World Risk Index 2018 Index of physical exposure Total direct damage as %
(EU-28 ranking) of annual average GDP,
1990-2017

AT 2.92 Earthquake: 4.0 Earthquake: -

Flood: 5.5 Flood: 1.31 %
BE 2.77 Earthquake: 2.7 Earthquake: 0.02 %

Flood: 4.0 Flood: 0.06 %
DE 2.42 Earthquake: 2.7 Earthquake: -

Flood: 6.1 Flood: 0.91 %
ES 2.80 Earthquake: 4.3 Earthquake: 0.02 %

Flood: 5.4 Flood: 0.13 %
FR 2.34 Earthquake: 3.0 Earthquake: -

Flood: 6.4 Flood: 0.42 %
IT 4.12 Earthquake: 6.1 Earthquake: 1.62 %

Flood: 5.4 Flood: 1.19 %

Table 1.3, as reported by Paleari [5], is utilized for descriptive and comparative purposes in
presenting information on insurance schemes. However, it's important to note that this table does
not cover risk assessment activities or awareness-raising campaigns supported by insurance
companies, which can significantly reduce risk.

The percentage of insurance premiums over a country's gross domestic product, known as the
insurance penetration rate (GDP), is a key metric representing the portion of a nation's wealth
covered by insurance. The more developed the insurance market, the higher the penetration rate.
This rate is categorized into four bands: very low (0-10%), medium/low (11-50%), medium/high
(51-89%), and very high (90-100%).

Various risk mitigation strategies are discussed, including deductibles and compensation limits
(D&C), the collection of risk-based premiums reflecting hazard or vulnerability levels, and the
exclusion of properties in high-risk areas. Additionally, the distinction between natural hazard
insurance coverage in voluntary versus mandatory plans is highlighted, with the latter either
mandating insurance against natural disaster losses or extending property insurance to cover
catastrophe risks (compulsory offer or purchase).
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"Push factors" influencing people to obtain insurance are discussed, encompassing both
"insurance-related factors" and "external factors." Bundling, required in compulsory schemes, and
add-on schemes, which lack bundled components, are explored. Flat premiums are described under
"risk reduction methods," acting as incentives for those most at risk to purchase insurance.

The overview of national insurance programs is based on a comprehensive analysis of literature,
including peer-reviewed papers, government and international institution reports, national
legislation, desk research, and personal communications. While the information is as complete as
possible, there are still knowledge gaps due to limited information on some insurance plans [56].

Despite the positive impacts of insurance, an oversized proportion of losses from extreme
weather events remains uninsured, not only in the southern part of the world but also in developed
economies. While 45% of losses from natural catastrophes were insured in high-income countries
from 2008 to 2017, this figure was only 7% in low-income countries [2].

One reason for this disparity is that extreme weather events affect numerous individuals
simultaneously, limiting risk pooling and necessitating higher premiums to cover the remaining risk
[57].

Another contributing factor to low insurance penetration is the tendency of individuals to
underestimate the likelihood of rare events like natural disasters, often relying on public post-
disaster relief [58].

Consequently, with climate change increasing the frequency and intensity of extreme weather
events, the need for insurance may rise, but providing insurance may become more challenging
[18].

1.3. Risk perception

This section proposes a classification of insurance companies' adaptation measures to the impact
of climate change.

Natural insurance uptake and demand perception of the economic agents towards saliency of
natural hazard square measure analyzed, and the need to be compelled to interact with adaptation
ways to mitigate damages is very important.

Some studies analyze the danger perception of economic agents associated with climate and
alternative natural hazards [59] and state that socio-demographic factors play a big role in risk
perception studies within the perception with socio-demographic factors like gender, age, and
financial gain level [60].

Whilst Lujala et al. [61] checked out the affected space from a distance, they acknowledged
that in juncture with perception distance, it is often classified into three sections that square measure
spatial distance (physical), which affects perception, while temporal distance (refers to however
before long folks think about the consequences of amendment global climate change temperature
change) and social distance (refers to however folks believe climate change affects folks like them)
have an effect on preference.

In keeping with Habiba et al. [62], in their analysis of the Bangladesh farming community, the
study found that once viewing the mitigation programs in terms of their adoption and absorption by
the community it is a two-step method.

Habiba et al. [62] state that the two-step method of adoption and mitigation effectiveness
involves accepting that the climate is ever-changing, so adoption.
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Petrolia, Landry, and Coble [72] state that once viewing the demand for insurance against
natural hazards, the acceptance and understanding of the danger square measure is vital before the
agents adopt that is insinuated within the two-step method.

Reynaud, Aubert, and Nguyen [63] state that the coping appraisal is very keen on the threat
appraisal level of worry and danger, during which it should reach a specific threshold for it to begin.

The coping appraisal embraces many sides of perceptions, including the perceptions regarding
one’s protecting self-efficacy, response prices, and action efficaciousness.

In keeping with Reynaud, the study adds the threat experience appraisal and also the reliance
on non-individual protection ways.

Carlton [64] checked out the USA and analyzed the consequences of extreme and severe drought
on global climate change beliefs, risk perception, and adoption angles and observed that attitudes
and beliefs didn't change. However, the danger perception did amendment with agents worrying
regarding drought and pests over flooding, while Lujala et al. [65] found that gender, academic
level, and political preferences do contribute to an individual’s perception and angle toward natural
hazard problems. Moreover, some of the results obtained by Lujala concur with the extra variable
in PMT by Reynaud as they observed that personal experience of the events and their harm helps
to vary individual perspectives and points of view, while Wachinger et al. [66] tried to elucidate
the explanations and the reasons why there's a weak relationship amongst risk perception, angle and
private action and observed that seem to be three reasons, such as experience and motivation, trust
and responsibility and private ability, during which personal ability includes economic and private
conditions.

Two of the most important scholars who have struggled and tried to draw up a possible
abovementioned classification are definitely Dlugolecki [67] and Mills [68]. Dlucolecki has
developed a classification divided into four categories: risk reduction, damage control, product price
adaptation, and risk transfer [67]. Mills, on the other hand, has obtained greater feedback both from
the doctrine and the insurance market. In particular, Mills proposes a classification divided into ten
categories of adaptation measures according to economic, financial, technical, and policy factors
[68]. The next six categories of the ten adaptation categories are those related to climate change.
For the first group of categories, Mills [68] points out that insurance companies promote and
encourage any activity to understand the climate change problem because data collection,
catastrophe modeling, and risk analysis are necessary to evaluate climate change risks. In practice,
in order to gain greater knowledge of the dynamics of climate change, insurance companies, in
addition to the standard work referred to the civil code and the insurance code of any legal system,
invest in their own research, creating research teams or assigning external research institutes for
specific tasks. Mills also points out that insurance companies are “building awareness and
participating in public policy” for the second category [68].

In order to stimulate the protection of private property against disaster, policyholders must be
acquainted with and aware of climate change impacts, possibilities of long- term physical risk
reduction, and related adaptation.

The third category group, “aligning terms and conditions with risk-reducing behavior”, aims to
make policyholders aware of the impact or, even better, to push them to consciously and actively
reduce the risk associated with it through specific implementation measures.

The next category related to the adaptation measure refers to “new insurance products and
services”. Specifically, these new economic tools are necessarily and closely linked to already
existing insurance products offered by the insurance companies.
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1.4. Infrastructural and urban Resilience

The concept of resilience has changed over the past several decades and is frequently examined
in conjunction with the idea of sustainability [69]. As a result of their close connection and frequent
interchange, it is imperative to take these two ideas into account jointly [70].

A story that has inspired many particular themes and geographic situations, particularly in
metropolitan areas, includes the idea of sustainability and, subsequently, resilience [71].

Resilience is increasingly being utilized to understand highly complex, dynamic social systems
like urban regions [72]. It can offer insights into complicated issues concerning sustainability and
vulnerability. Although the term "resilience" has been useful in many academic fields, many
different definitions of it vary according to the subject matter [73].

Controversy surrounds the notion of resilience and, by implication, the meaning of urban
resilience, and many publications have attempted to address this controversy [74] [75]. The
definition of resilience sometimes uses unclear terms. It is challenging to operationalize or apply
resilience to complex urban environments that are always changing due to the lack of a generally
acknowledged concept [70].

Urban resilience is a term used to describe a multifaceted, dynamic process among stakeholders
to reduce urban vulnerabilities and prepare and adapt the urban environment to absorb and recover
from external and internal disruptions [76]. Urban resilience is portrayed as a dynamic and
developing process that aids cities in achieving their objectives of being ready for quickly
functioning interdependent and effective systems [77].

An urban area's social, institutional, economic, environmental, and infrastructure dynamics are
defined as a multidimensional process [78]. These dynamics have an impact on how stakeholders,
including managers in the public, private, and nonprofit sectors and organizations, policymakers,
and researchers, respond to and get ready for the stresses and strains that urban areas must endure
[79]. These limitless pressures and strains include environmental deterioration, civil instability, and
economic crises. Some design elements of current insurance schemes and the level of government
engagement are explained by political ideas and opinions on the responsibilities that private insurers
and the public sector should play in compensating disaster losses. For instance, in nations with
strong social cohesion, governments frequently accept high loss potential, moral hazard, and cross-
subsidies between residents at high and low risk in exchange for affordable insurance [80].

The demand for insurance is influenced by prior disasters, which has occasionally led to the
introduction of government-backed insurance programs or the development of alternative public
safety measures to manage disaster risks [81].

1.5. Sendai framework for disaster risk reduction

The importance of a stronger understanding of disaster risk has been additionally remarked on
by the Sendai Framework 2015-2030, which appointed risk information a basic role in supporting
all the phases of the disaster cycle. The Sendai Framework was adopted in 2015, marking the end
of more than 20 years of rising interest in disaster risk reduction within the framework of the United
Nations. The General Assembly's resolution 44/236, which started the International Decade for
Natural Disaster Reduction on January 1, 1990, was a significant turning point in this area.

The International Strategy for Disaster Reduction was adopted in 1999 by the General Assembly
in response to progress made during the Decade addressed to lessen natural disaster-related
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casualties, poverty, property destruction, and social and economic disruption through coordinated
international effort, particularly in developing nations.

The first step started with the progress gained through the General Assembly resolution 54/219
adopting the International Strategy for Disaster Reduction in 1999 [82], which was further included
in the Hyogo Framework. The outcomes of the Hyogo Framework provided the background for the
key actions and roadmaps within the Sendai Framework. Its goal is to lower disaster risk and losses
on all fronts within the period of 2015-2030. It established four priorities and seven targets to
address disaster risk reduction and provides explicit guidance on the role of governments and
stakeholders, including the United Nations [83]. The Sendai Framework offers a systemic
perspective on the underlying variables affecting risk management and the effects of catastrophes.
The Yokohama Strategy for a Safer World and other earlier frameworks for reducing disaster risk
established the paradigm for risk reduction [84]. The document clearly outlines the key steps to
enhance risk information, emphasizing the importance of consolidating current information and
considering all risk components (i.e., hazard, exposure, and vulnerabilities) and their potential
interactions. It also emphasizes promoting the use and strengthening of baselines at relevant spatial
scales and their periodic updating. Additionally, the document underscores the importance of
effectively disseminating this knowledge to various stakeholders [85]. Moreover, the Sendai
Framework underlines the importance of promoting comprehensive multi-risk analyses by taking
into account climate change scenarios [86]. This shift was addressed and even reinforced in the
Sendai Framework, which increased the prominence of elements like the inclusion of technological
and biological hazards, the focus on risk management (in addition to risk reduction), governance,
and a wider view of sectoral action, including the 38 references to health [45].

According to the European guidelines developed within the Sendai Framework for Disaster Risk
Reduction, there are three fundamental pillars for an effective catastrophic risk reduction policy:
scientific understanding of the phenomena, risk communication, and optimal management. With
reference to the latter, the four phases of disaster risk management (DRM) are identified in risk
mitigation and prevention to reduce exposure and vulnerability to them and prevent natural hazards
from becoming natural disasters through structural reinforcements, effectiveness of technical
construction standards, micro-zoning and territorial restrictions; b) preparation and planning for
adverse events; c¢) effective response both immediately after the event and in the short-medium
term; d) structural, economic and social recovery and recovery [11]. The role of the insurance sector
in pivotal in all risk reduction policies but mostly addressed to find an effective response both in
the immediate aftermath of an event and over the short to medium term, encompassing structural,
economic, and social recovery. The transfer of risks, through appropriate insurance and transfer
policies, is an open option for both the public operator and the private entity. As for both involved
subjects, given the stringent budget constraints, it is necessary to carefully evaluate the trade-off
between risk reduction and risk transfer, knowing that the first is the key factor for minimizing
human losses and the second is crucial for ensuring a prompt restart of affected territories.

1.6. Insurance companies’ different approaches to socio-natural
disasters

The funding gap resulting from natural disasters could potentially be addressed through the

utilization of insurance instruments. The significance of insurance in mitigating the adverse
macroeconomic and welfare impacts of disasters has recently been underscored in studies conducted

29



by the European Insurance and Occupational Pensions Authority (EIOPA) and the European Central
Bank. These studies suggest that the economic downturn following a disaster could be mitigated if
a substantial portion of the damages is covered by insurance. This mechanism is of utmost
importance, considering an increase in the impact effect from socio-natural hazards predicted by
the catastrophic risk models drafted by the World Bank [82] and the European Commission [87].
Such models predict that big earthquakes and floods might cause more than EUR 50 billion in
damage in some nations. In every year, there is a 1% chance that this loss will occur.

The potential insurance operations related to a natural hazard exhibit significant variation based
on the country where the insurance is headquartered and where the contract is established [5]. These
differences are noteworthy, and in concluding this literature review, it appears essential to outline
the most salient ones. One primary distinction involves the interplay between private insurance and
public interventions, which can manifest across a spectrum ranging from exclusive reliance on the
market to a complete public monopoly.

Meanwhile, interesting forms of cooperation between the public and private sectors through
reinsurance [88] through public bodies or addressing the risk to the financial markets [89] can also
be relevant [90].

A second difference relates to the type of risks covered, which can essentially provide for three
different types of coverage: the mono-linear, meaning coverage of a single type of risk, such as
hurricanes or earthquakes; the one protecting a list of specific events; the open one that covers any
natural catastrophe [56].

The cost of covering risk is preeminent. The cost of the policies may vary depending on the
amount of the capital insured, based on the type of risk, the lower or greater exposure of a specific
territory to the risk considered, or the incentives that the public body makes available to the
insurance companies [91]. It is also necessary to consider the damages covered; in fact, most of the
systems cover only direct material damage, for example, some systems only consider buildings, and
others include goods contained in homes).

However, there are cases in which coverage also extends to the loss of income due to the
calamitous event [92]. Another difference concerns the limit of the insurance claim [93]. Despite
the fact there are few systems that, thanks to the state guarantee, offer unlimited damage coverage,
generally, a maximum limit is set for the compensation for each type of damage or for each type of
event. In addition, there are almost always specific deductibles designed to discourage customers
from claiming compensation for irrelevant or unproven demonstrable damages [94]. The
bureaucratic part linked to issuing an official natural disaster declaration should not be minimized.
Generally, this declaration is issued by an appointed specific public body and is necessary to open
a claim.

The last characteristic of different insurance companies approach to natural hazards concerns
the financial reserves of guarantee [95]: due to the need to maintain a considerable tied-up capital
to guarantee interventions to natural disasters, some countries stimulate the accumulation of funds
of guarantee through favorable fiscal arrangements, other countries, on the other hand, implement
other measures, more inherent to the financial market such as those related to the contingent capital
[96].

Table 1.4 provides a summary of the actual mechanisms connected to the insurance company
strategy.
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Insurance Companies’ approach and state of the art [52]

Table 1.4

Alternative risk transfer tools (ILS)

that provides options on
weather indices (i.e., a
rainfall index) for specific
sectors.

or on a company
basis (level) and
allows access to the
financial market by
reducing the risk on
the part of the
insurance company,
just like the CAT
bonds tool, which is
one of the cardinal
principles of the so-
called reinsurance.

Mechanism Description Advantages Challenges
2 Natural Type of insurance in which For investors: o Diffusion and
S Catastrophe Bonds  securities are involved relatively high disclosure of bonds
] (derivative bonds) that payback and low in relation to the
”§ transfer natural catastrophe correlation population less
8 (re)insurance risks to the involvement with accustomed to the
~§ capital market. other asset classes financial and
2 mean promise of reinsurance world.
3 diversification. o Reduce the total
)
g For sponsors: CAT cost of the operation
5 bonds allow access and simplify the
= to quite a large pool  legal and economic
2 of capital and documentation.
§ guarantee long
< coverage periods.
§ More convenient in
= these terms than
5 conventional re-
2 insurance.
S
§
<
s 5 Indemnity The type of insurance by The amount and e Particular attention
S insurance: (a) which the claim is calculated ~ emoluments is addressed to:
S8 Single Peril on the basis of the degree of ~ payable by the moral hazard,
= (b) Multiple Peril damage from the event insurance company adverse selection,
§ immediately following the are based on actual and high cost for the
I;§ moment the event takes place. damage, and the conclusion of the
S project and the operation.
methods of
distribution are
established on a
contractual basis.
Weather Type of insurance in which It can indifferently e Disseminate a
Derivatives intermediation takes place be used on a sector weather index

accessible to the
entire population to
prevent the most
vulnerable people
from being
excluded.

The costs and the
diffusion due to its
purely financial
conception have
always hindered the
evolution of this
tool.
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Each of these insurance mechanisms offers unique benefits and faces specific challenges, and
the choice among them depends on the nature of the risk, the preferences of the insured, and the
prevailing market conditions.

Natural Catastrophe Bonds are financial instruments designed to provide funding in the
aftermath of a predefined catastrophic event, such as hurricanes, earthquakes, or floods. Investors
purchase these bonds, and if the specified disaster occurs, the principal may be used to cover the
losses incurred by the issuer. The main advantages of this mechanism are that it allows insurers and
reinsurers to transfer a portion of their risk to the capital markets and provides rapid access to funds
for disaster response and recovery, meanwhile potentially attracting a diverse set of investors,
including hedge funds and institutional investors. They can still be complex due to the need for
clear trigger mechanisms and risk modeling, with the possibility that the bond payout does not
perfectly align with the actual losses incurred [17].

Indemnity insurance is a traditional form of insurance where the policyholder is compensated
for the actual financial losses incurred due to a covered event. It aims to restore the insured party
to their financial position before the loss. The advantages rely on the customization of the policy to
meet specific needs and cover a wide range of perils. It is thus to the actual losses suffered by the
insured. Nevertheless, this mechanism still shows a risk that those most likely to face losses might
be more inclined to purchase insurance, potentially leading to higher premiums. The indemnity
model may involve a more extended claims settlement process [38].

The third type (i.e., weather derivatives) are financial instruments whose value is linked to
weather conditions. These can be used to hedge against financial losses resulting from adverse
weather, such as temperature extremes, precipitation levels, or other meteorological events. They
made a more tailored risk management system, allowing businesses to hedge against weather-
related risks that impact their operations. In this case, derivatives can be structured to cover specific
weather parameters relevant to the insured party. The main challenges are the potential mismatch
between the derivative's payout, the actual financial impact of adverse weather conditions, and the
limited applicability (i.e., suitable primarily for businesses heavily dependent on weather-sensitive
activities) [97].

Pasquini, Steynor, and Waagsaether [98] stated that there are two types of decision-making
techniques that economic actors use when faced with uncertainty, and these approaches might be
normative and descriptive. Moreover, Pasquini et al. [99] claim that economic agents' support for
likelihood, the delay in consequences or outcomes, and hence the lack of information define
uncertainty.

Similar to Pasquini’s perspective, the normative method uses mathematical and analytical
techniques, such as expected utility theory and theorem theory, to help individuals make reasonable
decisions [100].

While descriptive approaches to decision-making look into a specific decision-making method
like the prospect theory and try to understand the limitations of the human mind, Pasquini et al. [98]
looked into the biases in decision-making when purchasing insurance, and the study discovered that
economic agents make heuristic decisions.

According to the latter, the heuristic decision-making approach entails agents using shortcuts
to make decisions in order to save time and due to limited psychological feature capacities.

According to the latter, the heuristic decision-making approach entails agents using shortcuts
to make decisions in order to save time and due to limited psychological feature capacities.
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The heuristic decision-making biases originate in the four basic issues of What You See Is All
There Is, Representativeness, Availability, and Effect. Pasquini et al. [99] state that availability is
determined once economic agents create choices supported by the recollections and that they live
the likelihood of chance supported by those recollections, while [101] state that representative
heuristics rely on creating a call of an incident supported what proportion it represents a typical
scenario. It is necessary to notice that economic agents use three decision-making biases to analyze
the uncertainty and their adoption strategy to mitigate effects. These biases embrace mental
accounting versus, however possible, the thought of loss or gain [102].

Once viewing the psychological science in natural insurance, it seems necessary to assess the
strictness of economic agents towards insurance as shown within the study by different Authors
[103].

Hu [104] states that the digitalization of flood maps into the web and communication of
economic agents on social media inflated the importance of flood risks and increased the uptake of
flood insurance. While Segal et al. [105] observed that the rise within the fusing effects of hazards
as a perform of concern inspired prosocial behavior and adaptation of price mitigating programs.
Nowadays, it is necessary to notice that it has been found that prosocial behavior existed amongst
the people who attributed the occurrence of a hazard to a supernatural event. According to the study
of Bohmelt [106], the importance of natural hazards usually increases after a disaster and attenuates
itself after a short period [107] as insurance take-ups spike simply once the hazard tones down.

The study by Gallagher [108] observed that uptake from non-affected regions is additionally
inflated and is according to the Bayesian model theorem that permits forgetting or incomplete data
concerning past events. On the other hand, Dumm et al. [109] found that the result attenuates
because the losses fade from memory. The result of losses on demand is far higher for newer losses.
According to the latter study, the representative heuristic model shows that individual policyholders
outweigh the likelihood of another harmful event occurring by nearly five hundredths once such an
event has occurred.

1.7. The ESG and the insurance sector

ESG stands for Environmental, Social, and Governance, representing a framework for
evaluating a company's impact on sustainability and ethical practices. Environmental factors assess
a company's ecological impact, social criteria gauge its relationships with stakeholders and
community, while governance evaluates its leadership, ethics, and transparency. ESG
considerations are crucial for investors, insurers, and businesses aiming to align with responsible
and sustainable practices, fostering long-term value and positive societal impact [56].

The connection between the ESG approach and the insurance sector underscores a
transformative shift toward sustainable and responsible business practices. Embracing ESG
principles offers several notable examples for the insurance industry, such as integrating
environmental factors into risk assessment, aligning insurers with climate-conscious policies, and
promoting resilience against climate-related events [110].

Secondly, a strong ESG commitment enhances social responsibility. By prioritizing social
impact, insurers can contribute to community well-being and address societal challenges. This
includes promoting diversity and inclusion, ensuring fair labor practices, and supporting initiatives
that benefit the broader public [111].

Furthermore, it should be emphasis that governance practices underpin the foundation of a
robust ESG approach. Implementing transparent governance structures fosters trust among
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stakeholders, including policyholders, investors, and the public. Effective governance is crucial for
navigating regulatory landscapes and ensuring ethical decision-making within the insurance sector
[112].

Moreover, the adoption of ESG principles in the insurance sector aligns with evolving consumer
preferences. Modern policyholders increasingly seek insurance providers that share their values and
demonstrate a commitment to sustainability. This shift in consumer behavior emphasizes the
business case for insurers to integrate ESG considerations into their strategies [113].

Thus, the connection between the ESG approach and the insurance sector reflects a broader
commitment to sustainable, ethical, and socially responsible business practices. This integration
mitigates risks associated with environmental and social factors and aligns insurers with the
expectations of a conscientious and environmentally aware clientele. As the insurance industry
continues to embrace ESG principles, it is likely to play a pivotal role in promoting a more
sustainable and resilient global economy [114].

It should be emphasized that at the European level, a new approach has taken hold to verify the
sustainability of the insurance itself [115]. It is well known that there is a lack of risk-related
experience and data that can be used to determine premiums, particularly in areas where there is a
lack of or underdevelopment of a real insurance market (such as with cyber risk or so-called
NATCAT for certain natural disasters) or when it is impossible to compare products [116]. The
subject chosen by the insurance business must be cautious when creating the rates in the lack of
trustworthy data for the evaluation of the premium in order to preserve the portfolio's overall
balance and, ultimately, to confirm throughout time the accuracy of the decisions made.
Environmental, social, and governance (ESG) sustainability factors are frequently excluded from
data processing tools [56].

Making informed investing decisions while maximizing risk management, avoiding being
overly cautious and conservative, and applying these principles can be quite intriguing.

To begin working toward a resolution, it appears that a different cultural approach is required,
one that can deeply inspire the participants in the insurance dynamics and foster in-depth knowledge
while attempting to comprehend the nature of these data and their close relationship to the likelihood
that the harmful event anticipated in the contract will occur [88].

The significance of the cultural approach is inextricably linked to the crucial regulatory-
systematic shift already outlined and, obviously, to better knowledge of the rights of both parties
during the contract's formulation.

Giving an eye at a supranational context, for instance, the European Commission has supported
and developed the H2020 NAIAD project to gather and analyze data and information for the creation
of a platform in which new insurance instruments or investments are made - to counteract the risks
resulting from floods and droughts - in which the prevention, management, and resilience measures
adopted (the so-called Nature based solution - NBS) are considered [117].

Similar to this, it has already been shown in the same supranational context that there is a
connection between sustainability, corporate governance, asset value, and the impact it has on a
company's share performance, even in unrelated fields.

Concluding this section, it is noteworthy that on December 8, 2017, during the climate change
conference held in Paris in 2015, many of the major asset managers, pension funds, and insurance
companies signed a declaration in support of the focus on the importance of improving the
transparency and public disclosure of the ESG rating by issuers, in addition to the Financial Rating
[118].
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1.8. Blockchain Technology and socio-natural hazards

Thanks to the invention of the Blockchain in 2014, the twenty-year-old Vitalik Buterin, made
public the characteristics of what then became the most platform for the event and performance of
sensible contracts: Ethereum. The aim of this platform is to supply a Blockchain with a tech tool
with an intrinsic programing language, which might be accustomed to building "contracts" and to
inscribe functions in order that these contracts are self-executed in accordance with the pre-set rules:
all this just by writing the logic of their operation in a few lines of code [119].

There is no globally accepted definition of a Smart Contract due to its recent appearance on the
legal scene and its technological complexity.

A simple definition is that of an agreement whose execution e is automatic, so an algorithm for
computer transactions, which is compliant with the terms of the contract, albeit perhaps a correct
definition, even thinking on the scope of the thesis was provided by the Italian IVASS (Italian
Institute for Insurance Supervision), according to which smart contracts are contracts written in a
language that can be electronically and automatically executed and performed by a computer, whose
clauses can produce actions without external intervention based on data received in input and
processed according to predefined rules [120].

Following the occurrence that the characteristics of any good or data can be somehow digitized
and represented by a code, all this can be stored and secured in a distributed register (ledger), even
from a dynamic point of view; the operations and the agreements between the nodes of the network
can be traced, and the Blockchain technology itself can automatically perform their performance
without any external intervention.

This perspective has become possible thanks to the Smart Contracts, which, as IT [121]
protocols, formalize all the elements of an agreement and automatically perform the terms of the
contract when the conditions foreseen by the agreement occur and are fulfilled (even the conditions
are therefore predefined and codified).

In brief, to provide a significative statement to better understand, it seems appropriate to
conclude that “a smart contract is a piece of code which is stored on a Blockchain, triggered by
Blockchain transactions, and which reads and writes data in that Blockchain’s database” [122].

The development and evolution of Smart Contracts have been spreading, and so has their
application. In addition to the first platform, Ethereum, other open-source projects were born to
create and develop more sophisticated Smart Contracts (for example, Mastercoin) [120].

The implementation of blockchain technology against socio-natural hazards represents a
promising frontier in leveraging decentralized and secure systems to enhance disaster preparedness,
response, and recovery. Blockchain, originally designed to underpin cryptocurrencies, is a
distributed ledger technology that offers transparency, immutability, and decentralization.

In the context of socio-natural hazards, blockchain can be applied in various ways. Firstly, its
decentralized nature ensures that critical information related to disaster management is distributed
across a network of nodes, reducing the risk of a single point of failure. This can be particularly
valuable in maintaining essential records, such as land titles, identification documents, and
infrastructure data, which are vulnerable during and after disasters [123].

Smart contracts, self-executing contracts with the terms of the agreement directly written into
code, play a pivotal role in automating disaster response and recovery processes. For instance,
insurance payouts triggered by predefined conditions, such as weather patterns or seismic activity,
can be executed automatically through smart contracts, expediting the financial assistance to
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affected parties. This enhances efficiency and reduces traditional insurance processes' bureaucratic
hurdles [124].

Blockchain's transparency ensures accountability in the distribution of aid and charitable
donations. By recording each transaction on an immutable ledger, stakeholders can trace the flow
of funds from donors to beneficiaries, minimizing the risk of corruption and ensuring that resources
reach those in need. This transparency fosters trust among involved parties and the general public,
encouraging greater participation in relief efforts [125].

Moreover, blockchain's decentralized and tamper-proof nature contributes to data integrity and
security. During disasters, there is an increased risk of data manipulation, whether for
misinformation or malicious purposes. Blockchain's cryptographic techniques make altering
information extremely difficult, ensuring the reliability of critical data, such as emergency response
plans, medical records, and supply chain information [126].

In terms of socio-natural hazard prediction and monitoring, blockchain can facilitate the secure
sharing of data among various stakeholders, including government agencies, research institutions,
and NGOs. This collaboration can lead to more accurate risk assessments and early warning
systems, enabling communities to better prepare for impending disasters [127].

Despite the promising applications, challenges persist in the widespread adoption of blockchain
for socio-natural hazards. Issues such as scalability, energy consumption, and regulatory
frameworks need to be addressed. Additionally, there is a need for increased awareness and
education about blockchain technology among stakeholders involved in disaster management [128].

Thus, the implementation of blockchain technology against socio-natural hazards holds
significant potential to revolutionize disaster preparedness, response, and recovery. Through its
decentralized and transparent features, blockchain can enhance data integrity, automate processes,
and ensure the efficient and accountable distribution of resources during times of crisis. As
technology continues to mature and address its existing challenges, its role in mitigating the impacts
of socio-natural hazards is likely to become increasingly prominent.

1.9. Smart insurance contracts

"Smart contracts" are the development of the research of Nick Szabo, who was a reference
author in the data encryption landscape in the late nineties. In 1997, he published two papers [6] in
which he theorized a system of transfer of rights performing a mathematical algorithm derived from
the system of vending machines.

In 1998, he released the third paper in which he decided to formalize the concepts drafted in
both previous works. In his scheme, a property right ad hoc is included in a title intended to
circulate, together with related data [129].

The transfer is put into mathematical-cryptographic security, and the property title is placed in
a chain of previous securities as a guarantee of the continuity of operations [91].

The most peculiar implementation of crypto-currency is the Bitcoin currency implemented in
different protocols such as Ethereum and its cryptocurrency Ether (second to bitcoin by
capitalization and by currency/dollars exchange).

This new platform allows using the so-called Smart Contracts [130]. In the insurance sector,
types of insurance have been developed using Smart Contracts. The first example, among others, is
InsureETH, a British startup in the airline reimbursements/compensations field.
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Another example is that of the pilot project of the American International Group (AIG) jointly
with IBM and Chartered Bank, who worked looking for multinational insurance coverage and
prepared an IT insurance Smart Contract.

It appears necessary worth adding that recently, AXA insurance [131], in order to provide
refunds following a delay or cancellation of a flight, has developed an extremely interesting smart
contract.

Fizzy insurance appeared revolutionary because, as described in the AXA portal, it excludes
any kind of negligence, which is typical of traditional insurance [132] dynamics.

Regardless of any external event or subjective/objective responsibility and liability, the smart
insurance contract automatically compensates in case of flight delay [133] due to the innovative
combination of parametric insurance and blockchain technology, ensuring the inviolability of data
locked in the platform [134].

The previous background emphasizes how smart insurance contracts play a pivotal role as a risk
reduction mechanism in the face of socio-natural hazards, offering innovative solutions that enhance
efficiency, transparency, and resilience. In the context of disasters such as floods, earthquakes, or
climate-related events, these contracts leverage advanced technologies, including blockchain and
smart contracts, to address the unique challenges associated with risk management [135].

One significant contribution of smart insurance contracts lies in their ability to expedite the
claims process during and after socio-natural hazards [136]. Traditional insurance often involves
lengthy assessments and paperwork, leading to delays in compensating affected individuals and
businesses [137]. Smart contracts, triggered automatically by predefined conditions like extreme
weather events, initiate the claims process instantly, facilitating rapid payouts [138]. This
accelerated response is critical in providing timely financial assistance to those impacted, aiding
the recovery time and minimizing the disaster's economic impact [134].

Transparency is another key feature that makes smart insurance contracts valuable in the context
of socio-natural hazards. The decentralized and tamper-proof nature of blockchain ensures that all
transactions, from policy issuance to claims settlements, are recorded transparently. This
transparency builds trust among stakeholders, including policyholders, insurers, and regulatory
bodies. It also enables a clear audit trail, crucial for post-disaster assessments and ensuring that
resources are allocated efficiently [119].

The use of parametric insurance, enabled by smart contracts, further enhances the efficacy of
risk reduction. To determine payouts, parametric insurance relies on predefined triggers such as
wind speed, rainfall, or seismic activity. This eliminates the need for time-consuming loss
assessments and ensures swift compensation based on objective and verifiable data. In the aftermath
of a socio-natural hazard, where traditional assessment methods may be hindered, parametric
insurance provides a reliable mechanism for prompt financial support [139].

Additionally, blockchain technology's decentralized and secure nature reduces the risk of fraud
in insurance claims. The immutability of the blockchain ensures that it cannot be altered once data
is recorded. This feature is particularly beneficial in situations where fraudulent claims may arise
amidst the chaos of a natural disaster. The integrity of the claims process is preserved, promoting
fairness and accuracy in payouts [125].

While adopting smart insurance contracts in the context of socio-natural hazards holds immense
promise, challenges remain. Regulatory frameworks must evolve to accommodate these innovative
mechanisms, ensuring compliance with legal standards. Moreover, there is a need for widespread
education and awareness among both insurers and the insured to promote the understanding and
acceptance of these technologies [140].
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Thus, smart insurance contracts serve as a transformative tool for reducing risks associated with
socio-natural hazards. By leveraging technology to streamline processes, enhance transparency, and
expedite responses, these contracts contribute significantly to building resilience in the face of
disasters. As technology evolves and stakeholders embrace these innovations, smart insurance
contracts are poised to become integral to comprehensive disaster risk reduction strategies.

1.10. Interconnecting cultural heritages, blockchain and insurance

Cultural heritage is a wealth that has its own resources inherent within the innate objective
meaning to be exploited even if sometimes new ones have to be compelled, in terms of individuals,
skills, and money or within the variety of capital contributions for maintenance or, again, for
substantial changes in content and kind. Cultural heritage contributes to identity, image, education,
landscape, land management, housing heritage, cultural and religious requirements satisfaction,
tourist attraction, etc.

First, it appears necessary to define the scope of the discussion or clarify what underlies the
meaning of ‘cultural property’, pars pro toto of the wider concept of cultural heritage [7].

The expression originates in the Convention for the Protection of Cultural Property in the Event
of Armed Conflict, signed in The Hague in 1954 [141].

From there, the notion of ‘cultural property’ effectively entered into the internal legal language,
with, in the beginning, sporadic references in some of the very first regional laws, and then, after a
while, started to be used ‘officially’ with the aforementioned law establishing the Ministry of the
sector, which was called precisely ‘Ministry of Cultural and Environmental Heritage’.

The aforementioned Commission's work concluded with a Final Report (Protocol),
accompanied by a series of Declarations, which could be seen as an organic proposal for legislative
modification [142].

What emerged wasn't solely the results of a superficial analysis of the state of the cultural
heritage, but a careful analysis, while not rhetorical and poor in outline judgments.

The Commission brought out a general state of precariousness and decay of the Italian
archaeological, artistic, historical, environmental, archival, and book heritage that could not (and
cannot) be attributed only to ‘funding deficiencies, but to the specific idea that one has of cultural
heritage.

It is appreciated only in parts or only as an artistic value, often not considering the relevance
that this has as a testimony of history.

In the first place, a very broad notion of ‘cultural heritage of the nation’, since it included ‘all
assets referring to the history of civilization’; secondly, and this would be the definition that will
acquire broader notoriety, a defining criterion was introduced general and residual, for which ‘any
other good that constitutes material testimony having the value of civilization’ is a cultural valuable
asset [141].

This expression broke into social consciousness and represented a check and fact of modernity,
as the idea of recognizing cultural value only to assets with a certain artistic and aesthetic value was
still extremely relevant.

The way was also paved for what is defined as ‘minor goods’, meaning such goods that do not
possess the required minimal requirement of ‘unrepeatability’ [143].

The essential characteristics of the cultural asset are somehow derived: the ‘materiality’ and the
‘value of civilization’, when cultural assets are defined as ‘immovable or movable things’ of an
author who is no longer living [144].

38



Another requirement that emerges from the analysis of the legislation is the dimension, so the
‘cultural’ character can consist of both ‘individual’ goods and “universality of things’ (collections,
collections, series).

The third aspect, on the other hand, concerns the registry of the property since it must be the
work of an author who is no longer living, and the realization has taken place for at least fifty years,
for it to be considered cultural.

Cultural heritage, as a unicum, can be seen as a broad concept and includes the natural as well
as the cultural environment. It encompasses landscapes, sites, historic places, and built
environments, as well as bio-diversity, past and continuing cultural practices collections, living
experiences, and knowledge. It records and assesses the long processes of historic development,
forming the essence of different national, regional, indigenous, and local identities and is an integral
part of modern life [145].

It is a dynamic reference point and a positive tool for growth and change. Each locale or
community has a unique history and collective memory that are irreplaceable and serve as a crucial
building block for growth both now and in the future [13].

The main focus of the International Conference was this concept of legacy that was presented
in 1999 at the XII International General Assembly on the management of tourism in Mexico that
turned out to be the main subject for the International Council on Monuments and Sites to focus on
to develop and assess relating to the presentation and interpretation of the historical site, places,
and cultural diversities. Another definition of heritage is that given by UNESCO to the Convention
‘concerning the protection of the world cultural and natural heritage’ adopted by the XVII General
Conference held in Paris in November 1972 [146], which distinguished natural heritage from
cultural one.

The latter, the only one of interest in this thesis, was proposed in these terms: ‘the following
shall be considered as’ cultural heritage’: monuments: architectural works, works of monumental
sculpture and painting, elements or structures of an archaeological nature, inscriptions, cave
dwellings and combinations of features, which are of outstanding universal value from the point of
view of history, art or science; groups of buildings: groups of separate or connected buildings which,
because of their architecture, their homogeneity or their place in the landscape, are of outstanding
universal value from the point of view of history, art or science; sites: works of man or the combined
works of nature and man, and areas including archaeological sites which are of outstanding
universal value from the historical, aesthetic, ethnological or anthropological point of view’ [14].

The diversity of points of view on the meaning of the term ‘heritage’ [147] depends on whether
it could have acquired several different dimensions: it is considered synonymous with vestiges of
the past of any kind or the product of modern conditions attributed to the past and influenced by it,
or the whole cultural and artistic production of the past or present, and even a significant commercial
activity, generically identified as a heritage industry, based on the sale of goods and services related
to it [17].

In order to highlight the dynamics related to cultural heritages and the insurance field, it is worth
observing how, anticipating the infra outlined case study, given a pretty recent report issued by the
Italian Association of Insurance Companies (ANIA) in 2017, stated that ‘the catastrophic events of
August 2016 in the Centre of Italy have highlighted, once again, how vulnerable the Italian territory
is and to what extent the historical buildings in Italy are incapable of withstanding earthquakes,
even ones that are not particularly severe. Based on the estimates of the Department of Civil
Protection, the earthquakes of the summer of 2016 caused damage of over € 23.5 billion, of which
€ 12.9 billion for damages to private dwellings (the estimate includes direct damage, both public
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and private — namely the destruction of buildings, infrastructure, crops and damage to businesses
and enterprises, cultural heritage, power networks, gas, and water distribution systems —and eligible
costs, borne by the state in response to the emergency’ [148].

The preservation of cultural assets depends on disaster prevention. Determining the degree of
damage to both movable and immovable cultural heritage after a disaster requires careful
management and thorough examinations.

The Italian experience with the Department of Civil Protection (CPD) and the Ministry of Civil
Protection seems applicable to the European environment in this regard [149].

It actually appears to be a consistent strategy to establish a special committee that has recently
issued, distributed and published behavioral models developed by specially trained teams after an
earthquake. These models enable damage descriptions, vulnerability index calculations, and
intervention cost calculations.

A number of European nations have created and implemented significant web-based
information and guidance systems for emergencies connected to natural catastrophes, particularly
floods. But regrettably, they frequently lack specific advice and guidelines on preserving and
protecting cultural heritage [150].

Generally, preventive measures for hazards—regardless of their type—are divided into two
groups: structural and non-structural. Because they are frequently unsightly, upsetting, and
expensive, structural measures are difficult to implement when protecting cultural heritage.

Using rules to protect cultural assets from natural disasters creates a dilemma because historic
monuments' originality, authenticity, aesthetic qualities, and values should not be compromised
[151]. However, only one European Standard is currently available to protect cultural heritage from
earthquakes.

Recent experiences with catastrophic damage and genuine chances to modify the built
environment to lessen such harm suggested that certain adjustments to the pertinent criteria may be
made and put into practice.

Insurance firms play three roles in risk management: they manage physical risk, manage
financial risk, and manage investments [152]. They may connect to vulnerable clients and investors
through their insurance, reinsurance, and investment activities [153].

From what is mentioned above, the intersection of cultural heritages, blockchain
implementation, and insurance heralds a transformative period. The synergistic relationship
between these elements creates a dynamic framework that addresses the unique challenges cultural
institutions, artifacts, and heritage sites face.

Blockchain's decentralized and tamper-proof ledger technology emerges as a cornerstone in
preserving cultural authenticity. By providing an immutable record of ownership, provenance, and
historical significance, blockchain ensures trust in the documentation and tracking of cultural assets.
This combats illicit activities like theft and forgery and establishes a transparent foundation for
collaboration among institutions, governments, and the global community. In this context,
integrating smart contracts within this framework adds a layer of efficiency and responsiveness to
insurance processes related to cultural heritage. Automation of claims triggered by predefined
conditions, such as damage or loss, accelerates indemnification, resulting in a timely influx of
financial support, crucial for restoring and protecting cultural artifacts in the aftermath of
unforeseen events.

Thus, the role of insurance in cultural heritage extends beyond financial compensation,
becoming a proactive force in risk mitigation and prevention. Insurance mechanisms incentivize
robust preventive measures as cultural institutions and heritage sites face diverse threats, from
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natural disasters to human activities. This can include investments in advanced security systems,
climate control technologies, and disaster preparedness strategies, contributing to the overall
resilience of cultural assets.

Moreover, the connection among cultural heritages, blockchain, and insurance democratizes
access to protection. Smaller institutions and even individual collectors can benefit from tailored
insurance solutions facilitated by blockchain's transparency and the programmability of smart
contracts. This inclusivity fosters a global culture of responsibility and care for our collective
heritage, irrespective of scale or geographic location.

While this symbiotic relationship promises transformative benefits, challenges remain.
Integrating blockchain into cultural heritage necessitates standardized protocols and international
cooperation to ensure interoperability and widespread adoption. Regulatory frameworks must
evolve to accommodate the unique features of blockchain and smart contracts, fostering a conducive
environment for their application in the cultural sector.

It can be summarized that the connection among cultural heritages, blockchain implementation,
and insurance reflects a paradigm shift in how we approach the preservation of our global legacy.
It represents a harmonious collaboration between technological innovation, risk management, and
cultural stewardship. As this integration matures, it holds the promise of safeguarding our past and
shaping a more resilient and inclusive future for cultural heritage preservation.
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2. METHODOLOGY

Aligning with the key research questions specified in the research hypothesis and the research
objectives and emphasizing its scientific significance, this doctoral study endeavors to articulate
the conclusive proposal for a System Dynamics model based on a novel Bayesian adaptive insurance
scheme. This mechanism incorporates Smart Contracts, which are considered a dynamic urban
assessment tool for socio-natural hazards, with a specific focus on floods in the Latvian context.

This model is designed to assess the potential of insurance playing a proactive role in disaster
risk reduction within socio-natural hazards (refer to Figure 2.1), comparing it to conventional
insurance mechanisms. Various methods for calculating insurance premiums for assets exposed to
socio-natural hazards are examined to achieve this goal. These methods are further integrated into
developing a new conceptual framework, shaping a novel definition and implementation of risk
insurance. This process is elucidated in Figure 2.1, within the research steps 1 to 3.

The final research step aims to consolidate the specific outputs derived from research steps 1 to
3. These findings will be incorporated into assessing the proactive role that insurance companies
can play in investing in risk reduction projects. The model will be tested using a case study focused
on an urban context in Latvia exposed to floods. A comprehensive overview of the research
methodology is presented in Figure 2.1, encompassing four steps aligned with the predefined
objectives of the thesis.

Dynamic model
implementing  smart
Theoretical and contracting

practical insights
within case studies ‘

Conceptual framework

towards a novel risk .Step 4
. insurance mechanisn‘ * Inclusion of
Insurance premium Step 3 outcomes of Step 1-
calculation methods 3/into a dynamic
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Figure 2.1. Research framework and methods of the Doctoral Thesis.
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As mentioned, the research methodology encompasses a comprehensive approach involving
four distinct research steps. It starts with an in-depth analysis to verify the current state of the
insurance industry in dealing with and managing socio-natural disasters. An analytical study follows
this step focused on the characteristics of innovative IT technology (e.g., Blockchain technology)
within the realm of smart insurance contracts, encompassing fictional and real cases.

Implementing a private insurance or banking finance system, particularly from an economic and
quantitative standpoint, is also aligned with applying and implementing Resilience Bonds to sustain
an innovative model for mitigating catastrophic risks. Towards this direction, step 3 of the research
involves the application of the contractual insurance instrument for immovable public assets (i.e.,
cultural heritage). This aim seems essential to assess mitigating risk measures associated with non-
incomes and losses.

In step 4, the insights gained from the separate application of these defined quantitative
approaches were utilized to develop a dynamic insurance contractual assessment tool tailored
specifically for socio-natural hazards, implementing quantitative and probabilistic methods. Within
this latest approach, the simulation of different socio-natural hazards within the model explicitly
represents the uncertainty inherent in disaster risk management.

This research methodology ensures a holistic exploration of the main research aspects addressed
to this Doctoral thesis, contributing to advancements in the field's academic and practical aspects.
In fact, the overall research framework integrates insights from insurance, risk management, and
technology fields and also analyzes potential legal aspects. Based on the latest research in insurance,
risk modeling, and smart contracting, the literature review is addressed to better understand
insurance's pivotal role in investing in risk reduction.

The consistency of the proposed research framework is highlighted by the definition and frame
of the conceptual framework implemented in a System Dynamics model integrating feedback
behaviour, simulations, and real-world data. This approach represents a potential interface and
platform to engage different stakeholders, effectively triggering collaboration among industry
professionals, insurers, and policyholders to ensure practical relevance.

2.1. Insurance premium calculation method

This stage is addressed to conduct an extensive literature review to identify existing premium
calculation models analyze historical data and case studies to understand current insurance industry
practices towards utilising statistical and actuarial methods to assess risk factors and their impact
on premium calculations. The objective is to explore and evaluate various methodologies for
calculating insurance premiums, focusing on assets exposed to socio-natural hazards (see
approbation Papers No. 5, 8, and 10).

Insurance calculation method portfolio

Given the specific nature of insurance derivation, the first methodological step is inherent in
the calculation of the premium rate (see Approbation Publication No. 5, 6, 8, and 10).

In particular, in the context of the calculation methods in the insurance framework, the author
has tried to highlight the standard steps for explaining the mechanisms relating to the general rate.

Forecasting the portfolio and evaluating the profitability of the current and future insurance
operations is possible thanks to a thorough examination of the insurance portfolio covered by the
contracts (type of insurance as a whole or by-products).
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The assessment of the insurance portfolio's quality is one of the key factors in the company's
final grade. A complete examination of the current insurance portfolio is necessary in order to set
goals for the medium- and long-term periods by business lines (products and/or insurance) and to
ensure the financial security and solvency of the insurance firm [116].

Table 2.1
The main indicators of the insurance portfolio [154]

Key indicators Characteristic

Diversification of portfolio The high level of portfolio diversification and lack of dependence on large
insurance customers ultimately have a positive effect on the final financial result of insurance

operations.

The stability of the The level of stability of the insurance portfolio affects, first of all, a high level of
insurance portfolio extension of insurance contracts. A stable insurance portfolio has a positive effect

on the profitability of insurance operations.
Unprofitability by activity Group loss ratio reflects the correctness of payment, which is covered by insurance.

The technical result is Characterizes the ratio of earned premium to the cost of the lines of business. It is
along the lines of business necessary to determine the profitability of the business.

The relative magnitude of The relative magnitude of the risks taken by ratio to the size of equity determines
the risks taken the susceptibility to catastrophic risks.

The loss ratio is sometimes determined as the distribution of losses for each insurance contract
over the course of the insurance contract as the ratio of paid losses to the premium received in the
underwriting year in order to obtain a speedier conclusion. As a result, this computation is possible
only when the contract for a specified period is made.

Some businesses use a technique known as "cash settlement loss," which assumes a correlation
between all losses paid on the portfolio throughout a given period and all premiums received during
that same period to quickly assess the portfolio in terms of cash flows. Since this figure does not
account for segment losses, analysts are unable to review the tariff policy.

The evaluation of a portfolio is based on statistical measures of its dynamics. According to the
average of the sum insured portfolio and the average insurance price, by the number of contracts in
each period and the premiums collected on these contracts. These facts are required for the analysis
that follows the proposed tariff change. Calculations of the portfolio's average rate are also
necessary.

A sensible tariff policy with the appropriate size net rates serves as the foundation of a cost-
effective portfolio. The probability of occurrence of insured events was calculated for this portfolio
assessment using statistical data on the incidence of accumulated losses, the average magnitude of
the damage, and other factors.
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Table 2.2
Key indicators and specification [154]

Sufficiency Coverage Solvency

The share of insurance premiums Coverage level of insurance reserves The degree of coverage of the
insurance reserves for risky types of own funds insurance premium own funds and
insurance insurance reserves, the recommended

value of the index not less than 150%

K1 = Insurance reserves / netto-premium K4 = Own capital / technical K1 = (Own capital + insurance
of risk insurance * 100% insurance reserves netto * 100%  reserves) / (netto - premium of risk
insurance) * 100%
Normal less 100% Normal more 50%

Coverage level reserve declared, settled Adequacy of inflows in the form of The share of own funds and insurance
losses cash insurance premiums to cover the reserves in the company's assets
running costs of the insurance
premiums, the current cost of doing
business, management, and
operating expenses, excluding
expenses related to investing

activities
K2 = Cash flow / reserves claims * 100% K5 = (netto-premium of risk K2 = (Own capital + Insurance
insurance) / costs of the proceedings  reserves) / total capital * 100%
*100%
Normal less 100% Normal more 700% Normal more 80%
Level of cover unearned premium reserve Coverage level reserve declared, The share of equity in the obligations
accounts receivable (recommended - less settled losses cash of the company, not related to
100%) insurance contracts, the recommended
value of the coefficient of not less than
100%
K3 = Receivables under insurance, K2 = Cash / allowance claimed, K3 = Own capital / non insurance
coinsurance / unearned premium reserve) unsettled losses * 100% liabilities * 100%

*100%
Normal less 100%

When a number of conditions are met, including strong insurance reserves and an appropriate
investment strategy, an insurance company's sufficient own funds guarantee its solvency. Therefore,
focusing on reserve calculation, appraisal, and coverage is crucial. Insurance reserves have a
financial meaning that indicates the insurer was able to fulfill its obligations. For each type of
commitment, an insurer covers the appropriate insurance reserve according to the internationally
approved scheme for generating insurance reserves.
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Table 2.3
The main indicators of the insurance portfolio [154]

Fields of analysis (tariff factor) Analysis results

Territory into the insurance Reveals territorial differentiation on loss and assesses the adequacy of regional
contract coefficients.

Sales channel To evaluate the effectiveness of sales channels in order to select the least loss.
Agent As a result of analysis in the context of loss of designers selected designers

with the lowest loss ratio.

The primary conclusion I am Allocated risk population for primary and extended contracts to carry out a
running a few minutes late; my  comparative analysis of the key characteristics of profitability.

previous meeting is running over

extension

Brand, model Reveals the target segments with the highest profitability.
Insurance contract

Insurance sum Risk profiling in the context of the insurance sums allows you to select the
most interesting
segments of sales

By meeting these requirements, the company is able to rapidly modify its motor insurance tariff
policy and achieve break-even insurance operations. The analysis's findings will determine whether
the selection criteria be widened or deepened.

An investigation of the portfolio's subjective qualities reveals the insurance portfolio's
problematic facets. These qualities are arbitrary because, on the one hand, the number of client
companies eventually influences both the client-to-company ratio and the company's reputation. On
the other hand, the quantity and seriousness of regulatory authorities' complaints (compared to the
volume of contracts) suggest the number of unhappy clients and, eventually, the extent to which the
customer fully covers each client's insurance products.

Static methods in an insurance company: analysis of the portfolio

Unprofitability in insurance operations is a measure of how well an insurer is performing its
activities other than life insurance. This measure can be calculated for all types of insurance or for
each type individually. The sequence of calculation is determined by the foundation for the
calculation, which may be underwriting, the operational year, or the time at which a loss first occurs
(the insured event).

The proportion of insurance payments to accumulated (paid or earned) premiums at the end of
the underwriting year includes reserves for incurred but unreported claims as well as the estimated
allowance for losses.

At the end of the calendar year, the ratio is determined by subtracting the reserves for insurance
payments (losses) from the denominator, which includes premiums paid during the calendar year,
from the numerator, which includes reserves for insurance payments (losses) at the end of the
calendar year. For calculating on-year loss events, as shown by equation 1, the denominator is the
premium received during the calendar year, with the numerator being insurance payouts for insured
events that happened during the calendar year, plus insurance reserves for losses sustained during
the calendar year [149].
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] Loss Adjustments . Underwriting Expenses
Loss Ratio = ———————— Expense Ratio =
Premium Earned

Net Premium Written

(M

Combined Ratio = (Loss Ratio + Expense Ratio)

Often, in order to get a quicker result, the loss ratio is calculated as the ratio of paid losses to
the premium received in the underwriting year, the allocation of losses for each insurance agreement
during the term of the same insurance agreement. Thus, this calculation is made possible only after
the contract for a specific period [139].

Some companies, for rapid portfolio assessment in terms of cash flows, use a so-called cash
settlement loss, which implies a correlation of all paid losses on the portfolio over a given period
Casco on all premiums received in the same period.

As this calculation does not account for segment losses, experts are unable to review the tariff
policy.

By the number of contracts in each period on the collected premiums on these contracts,
according to the average of the sum insured portfolio, the average insurance premium.

These data are necessary for the subsequent analysis for tariff revision. Calculations of the
average rate for the portfolio are also needed.

More analysis on the payment of commission is the basis for the discount policy and budget
presentation discounts to insurance intermediaries. A sensible tariff policy with the appropriate size
net rates serves as the foundation of a cost-effective portfolio.

For this vital portfolio assessment, on the basis of statistical data on the incidence of
accumulated losses and the average size of the damage, the highest probability of occurrence of
insured events is determined. Separately calculated the average paid loss and the average loss
claimed [155].

Catastrophe scenarios, here intended in terms of natural hazard, might provide different
economic and financial results, the most common of which are the curve of average annual loss
(Annual Average Loss, AAL) and curve of probability of exceedance (Exceedance Probability, EP)
[52].

The AAL is sometimes defined as “pure” or “claims report award/awards” and can be inserted
into the final premium jointly with an allowance for expenses and the return on the fixed initial
capital [156]. The EP curve is usually described as a graphical figure of the probability that a loss
occurred by possible events, such as natural hazards, exceeds a certain amount/sum [157].

Reading points on the curve give different interpretations and points of view on the severity and
frequency of losses.

These curves are very useful to insurers and reinsurers [158] to determine the size and
distribution of potential losses in their portfolios.

The EP curve allows insurers to determine the probable maximum loss (hereafter referred to as
PML = Probable Maximum Loss) for a portfolio of buildings in a certain timeframe due to a natural
hazard occurrence.

The insurer first determines the percentage risk it deems acceptable and then checks the total
loss amount for that specific probability level on the curve EP.

It appears absolutely essential for the continuation of the discussion that the authors conduct
and deal with the theoretical questions described above in a table and a graph so that how the
insurance companies determine the risk and the price starting from a numerical base is partially
clarified, i.e., the determination of the percentage of exceedance probability [56].
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2.2. Conceptual framework towards a novel Risk Insurance Mechanism

The second methodological step aims to frame and evaluate a conceptual framework for a Novel
Risk Insurance Mechanism, including the insights gained from the premium calculation methods
(see Approbation Publication No. 4, 7, 8, and 9).

This research method is a step to synthesize findings from the premium calculation exploration,
identifying gaps and shortcomings in existing insurance mechanisms with the aim to further propose
innovative concepts and structures for risk insurance, considering both theoretical foundations and
practical implications.

Moving towards a new paradigm involving insurance mechanisms in disaster risk reduction
strategy emphasizes resilience's interdisciplinary nature, which includes the social, economic,
institutional, infrastructure/engineering, and community structures and any related data.

Multiphase contracts and blockchain: emphasis on the Italian context

The desired multi-period implementation within smart insurance contracts is subject to the
actual fact that, periodically, through the storage of information from external certified sources
using blockchain technology, the contractual structure can change, i.e., the premium, the total sum
of compensation, or the determination of the proportion of the percentage of risk.

The minimal and necessary options of a multi-phase contract are described as follows:

e  The agreement is based on a bilateral provision whereby the insured party pays the company, at
predetermined intervals, a sum known as the insurance premium, and in the event that the insured
event occurs, the company compensates the harmed party. This is burdensome, so it adopts the
standard scheme of an insurance contract [123];

e Aleatory, in the sense that the insured event's occurrence is unknown even after it has been
identified, documented, and laid out; information technology [159] ;

e Information technology (IT), in that the contract's terms are agreed upon via an online platform
using blockchain technology. Specifically, the employment of a digital signature tool to convey
consent constitutes one of the signature methods [160];

e  Blockchain Technology. A technology made out of nodes and arcs can be fixed in the conventional
supply chain's nodes and arcs structure, making it possible to utilize it to capture the supply chain's
organizational and network risks;

e Real-time data flow refers to the ability of a Blockchain contract structure to receive data and
information about the insured asset and its related environment and to be able to change the
contract's initial terms on a regular basis [57];

e Automatic renegotiation, also known as automatic consensus, refers to the contract's ability to
change its initial terms on a regular basis based on the flow of data [161].

In this methodological phase, the author, by connection with local insurance companies, has
focused attention on the study of the legislation within the Italian panorama.

It is required to describe the typical insurance contract within the framework of the Italian civil
code, which furthermore does not fundamentally differ from that of other significant European
nations. According to Article 1882 of the Civil Code, insurance is a contract whereby the insurer
agrees to compensate the insured for losses incurred as a result of claims within the agreed-upon
limitations or to pay a lump sum or an annuity if an incident involving human life occurs.
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As a result, the first mentioned characteristic — that the contract is burdensome — can be
absolutely transferred to the new agreement because it is a necessary component and fundamental
to the definition [162].

Regarding the alea, the risk is attributed to the hypothetical chance that an occurrence that
would be destructive and detrimental to the subject's particular interest occurs as a determining
factor of the insurance contract.

It is simple to comprehend how it can continue to exist in a "latent" state, which is more
accurately referred to as potential or materialize, once the hypothetical possibility is realized.

Therefore, the risk must be objectively uncertain (i.e., caused by external causal factors and not
by the parties, unaware of the possibility of occurrence and when), although it must be possible
(albeit with a greater or lesser likelihood of verification that only affects the amount of the
premium), while also being harmful and detrimental to the protected interest [163].

Since the absence of this state ab origine determines the ex tunc validity of the contract due to
lack of cause (Article 1895), and since the termination of the contract results in the termination of
the relationship, again, the state of objective and absolute uncertainty that characterizes its essential
features with the probabilistic forecast of the fact, human or natural, which is detrimental to the
protected interest must already exist effectively at the time of adherence to the policy. So, even
including this feature in the new contract is not prevented.

IT aspects in connection to blockchain use and real-time data flow can be summed up as follows
[134]:

e  Verify the flow of data, in particular to any possible communication of the delay or arrival on flight
time,

e Certify the data received and

e  Payment of the agreed sum whenever the delay occurs.

To develop this thesis, it is essential to emphasize that practically all of the elements are
adaptable to the contract implementation project, some of which are inherent ex se, such as
compensation and the alea, and others for after implementation, such as Blockchain.

As the steps that must be managed to move on to the next phase are determined at the beginning,
a smart contract can thus be conceived of as a multiphase contract. This seems to be the case with
the resilient method's mitigation process [164].

The various steps of the process are as follows: the initial data collection relating to climatic
phenomena (and their effects on flood phenomena) and the damage they cause, for which the
Blockchain can act in terms of certifying that the data comes from reliable sources; the stipulation
of the contract both in the insurance part and in the financing part of the mitigation work; the
certification of the timetable for the construction of the mitigation work; and the completion of the
mitigation work [165].

The so-called Big data's new opportunity for data collection, including for traditional insurance
risks like health, driving, climate, and seismic events, along with the Blockchain approach's role in
validating it, appear to be the ideal conditions for widespread adoption of smart contracts in the
insurance industry.

Quantitative and Bayesian approaches

Selecting one of high current interest among the potential domains for using a Bayesian adaptive
scheme in multi-periodic insurance coverage, namely the risk associated with extreme climatic
events, and in particular, studying the flood risk.
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It is prodromal a multidisciplinary approach to conduct this type of research because the macro-
fields involved include actuarial science for the quantitative analysis, engineering expertise for
assessing flood risk in a particular area, legal perspective to provide proper legal support for smart
contracts in a multiperiodic scenario, and informatics expertise to describe the process made
possible by blockchain technology [166].

In order to maximize total territorial resilience, it is necessary to evaluate how prospective
infrastructure enhancements, including physical and/or soft measures, can be made.

In this context, it is necessary to create quantitative or semi-quantitative methodologies that
could assess the optimization of the capacities defining the resilience of an urban system and/or
community in a manner akin to a cost-benefit analysis.

In this regard, during the past ten years, special focus has been placed on the selection of
specialized risk assessment techniques with a focus on the measurement of vulnerable regions and
communities at risk [167].

The engineering perspective, which is emphasized by the technical aspect of this method,
emphasizes the significance of considering the critical infrastructure's vulnerability assessment,
particularly as it relates to urban networks at risk for natural disasters like floods [168].

As the methodology can identify resilience characteristics at the urban scale and plan for
enhancing strategies, the study of Serre et al. [169] proposes an assessment of the impacts of
potential disruption of urban networks on the evaluation of the capacities that characterize the level
of resilience of an urban environment.

2.3. Theoretical and practical insights within case studies

The third methodological step aims to gain theoretical and practical insights into applying the
novel risk insurance mechanism through case studies. Selecting case studies and applying the
developed conceptual framework to assess the effectiveness of the novel risk insurance mechanism
in real-world scenarios is the background of the third research step in this thesis, which effectively
incorporates qualitative and quantitative data, interviews, and on-site observations for a
comprehensive understanding.

The case studies of Villa Adriana and Villa d’Este were selected as examples of cultural heritage
prone to social-natural hazards. Before conducting an in-depth analysis of the two key elements
outlined, the research methodology considered two key implementation phases.

The first methodological element dealt with a cross-search of the national Italian database and
the UNESCO database of cultural sites of economic and social value that are managed
commercially, either directly or through competitive bidding processes. This section was researched
using the UNESCO online page in order to learn more about the Italian cultural heritage, which has
been shown to be one of the most negatively impacted and affected by the pandemic outbreak. It
can also support a financial analytical analysis. In order to conduct the research, data on cultural
heritage sites were compared with the UNESCO list.

In order to draw attention to the distinctive characteristics and key elements built into the
framework above, the second methodological aspect refers to the legal/regulatory dissemination of
the implementation of provisions that have influenced the issue of cultural heritage at the national
level. This methodological segment specifically covered the analytical examination of the laws
pertaining to the subject of cultural heritage up to the level of national application of binding
legislation.
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The next methodological decline focuses on quantitatively analysing potential catastrophic
events and associated economic effects (losses).

The analysis and economic study of the balance sheets, which can be found on the relevant
website, at least in the last three years, was the focus of the fourth section, which followed the
identification of the Cultural Site. This was done in order to have a scalar projection of the most
important indicators between costs and incomes. The last three years of accessible data were
analyzed qualitatively and quantitatively, with the most important balance sheet elements being
highlighted and annuities being compared to produce a progressive historical analysis.

The final portion examines the consequences of the pandemic on cultural activities in general
and the national territory sites in particular through research for statistical data and reports.

2.4. Dynamics model implementing smart contracting

The latest methodological approach endeavors to construct a System Dynamics model
incorporating smart contracting to simulate and evaluate the proposed innovative risk insurance
mechanism. Utilizing system dynamics modeling techniques to represent the dynamic interactions
among various components of the insurance system appears to be the most suitable tool for framing
complex interactions. Implementing smart contracting features within the model automates
processes and simulates real-time responses, as detailed in the approval publication No. 1.

This approach also holds relevance in the context of urban disasters, where disaster management
remains a challenging issue, necessitating creative solutions for the development of urban resilience
measures. This perspective gains added significance when considered within the framework of
Sustainable Energy and Climate Action Plans (SECAPs) for Municipalities [138].

For example, in the scholarly work of Serre et al. [169], urban resilience is comprehended and
divided into three fundamental capacities: resistance capacity, absorption capacity, and recovery
capacity. The recommendation is to establish urban and engineering networks capable of mitigating
flood risk. A similar approach to assessing resilience was proposed by Bruneau et al. [170],
introducing the "4Rs" (Robustness, Redundancy, Resourcefulness, and Rapidity). The resilience of
specific tools is described by the qualities of the system matching these 4Rs.

These conceptual and (semi) quantitative model methods, grounded in the selection of an
appropriate set of indicators, could serve as the cornerstone for creating a framework to evaluate
the efficacy of specific mitigation and/or adaptation techniques. Numerous examples of urban
catastrophes underscore the ongoing challenges in managing urban flooding, particularly under
unstable conditions. Strategic and creative methods are crucial for developing effective urban
resilience strategies.

Therefore, it is evident that in risk assessments [171], hazards must be identified, along with
the probabilities of their occurrence and quantification of the effects they would have on vulnerable
locations. This facilitates the creation of adaptive management strategies [167].

Application of System Dynamics for insurance mechanism analysis

This section delineates the proposed smart insurance mechanism, an outcome derived from
previous studies within the thesis. The novel smart insurance mechanism put forth in the thesis is
tailored to insure against natural disasters while facilitating insurance companies' active
involvement in disaster risk mitigation. This approach signifies a progressive step in the insurance
industry's proactive engagement with disaster risk reduction. Given that the issues under
investigation are dynamic rather than static, the System Dynamics (SD) methodology has been
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chosen for the analysis of the proposed smart insurance mechanism. The SD approach enables the
exploration of the complexity and dynamic challenges associated with the insurance policies under
scrutiny. In the thesis, a case study is conducted using the SD approach, focusing on insurance for
local communities in Latvia grappling with the impacts of climate-related disasters on their real
estate assets.

The System Dynamics methodology was pioneered by J. Forrester and colleagues at the
Massachusetts Institute of Technology (MIT) in the 1950s [172]. The SD approach allows the study
of different systems with the help of feedback loops, delays, and non-linear relationships between
system components. The core tenet of SD is that interactions and feedback between a system's
numerous components determine how the system behaves as a whole. The key concepts for the SD
approach application are introduced in Table 2.4.

Table 2.4
Key concepts in system dynamics modeling [173]
Causal Loop Causal loop diagrams are graphical representations used to visualize the relationships
Diagrams between the variables in a system and the direction of influence. They help identify feedback

loops and understand the underlying dynamics.

Feedback loops  Feedback loops occur when the output of a system component influences its own behavior
or that of other components in the system. There are two types of feedback loops: positive
feedback loops, which amplify changes in the system, and negative feedback loops, which
tend to stabilize the system.

Stocks and Stocks represent accumulations of resources or quantities within the system (e.g., inventory,
flows population), while flows represent the rates at which these resources move between stocks.
Delays Delays in system dynamics refer to the time it takes for an action or change in one part of

the system to have an effect on other parts. Delays can lead to oscillations or non-intuitive
behaviors in the system.

Simulation SD models are typically implemented using computer simulation software. These models
allow analysts to experiment with different scenarios and policies, helping them understand
how the system responds to changes over time.

Numerous disciplines, ranging from corporate management and economics to public policy,
environmental studies, and engineering, extensively employ system dynamics modeling. This
methodology empowers decision-makers to identify potential obstacles, gain insights into the
behavior of complex systems, and assess policies and tactics before implementation. Understanding
the workings of dynamic systems facilitates better planning, decision-making, and problem-solving
[174]. System dynamics systems have proven effective in resolving intricate problems within
various insurance-related industries, laying a robust foundation for the objectives of this study [175]
[176]. The application of System Dynamics for the analysis of insurance mechanisms in this study
can be encapsulated in four steps illustrated in Figure 2.2.

52



1. Development of Causal

Loop Diagrams }

2. Building stocks and flows
model

3. Model Testing and
Validation

4. Analysis of proposed
smart insurance mechanism
in a local case study |

Figure 2.2. Four steps of System Dynamics application for insurance mechanism analysis

The study is elaborated in detail in the publication No. 1, is in review in an open-access journal,
and is included in the Annex of the thesis. The development of causal loop diagrams, building stock
and flow models, and the validation process are expounded upon in the subsequent sections of this
sub-chapter. An analysis of the proposed smart insurance mechanism in a local case study is
presented in the results chapter, specifically in Section 3.4.

Development of Causal Loop Diagrams

The initial step in creating the System Dynamics (SD) model involves defining the dynamic
problem and the model's hypothesis, illustrating the problematic behavior of the system, and
proposing a hypothetical solution, respectively. This dynamic problem and hypothesis are most
effectively represented by a causal loop diagram (CLD) [172].

Causal loop diagrams (CLDs) illustrate the interaction of variables in the SD model through
connections symbolized by arrows. Positive relationships among variables are denoted by a plus
sign, while negative relationships are indicated by a minus sign. It's important to note that in CLDs,
the connected variables' symbols signify only the change in the link between the two variables
without considering the entire system's change. These connected variables can form loops, known
as feedback loops, in the SD model. Each type of loop can have a positive or negative impact on
other loops in the system:

e Reinforcing loops amplify changes within a system, potentially causing exponential growth or
decline, and are marked with the letter R in CLD. Reinforcing loops embedded in the system are
often the cause of problematic behavior.

e  Balancing loops, marked with the letter B in CLD, have the opposite effect of reinforcing loops.
They tend to restore equilibrium or maintain stability within a system due to their counter-
interaction with the changes in the initial variable in the loop.

To address the dynamic problem and implement the hypothesis in the SD model, CLDs are
constructed based on a review of the literature and expert knowledge of the selected system under
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study. Once the key variables and their interrelationships are identified in the conceptual model
developed with CLDs, the empirical model structure that simulates the system's behavior is created.

The dynamic problem in this study is defined as follows: existing disaster insurance
mechanisms cover the costs of disasters but do not prevent the risk of future damage causes, which
are increasing due to the impact of climate change, resulting in an increase in the frequency and
intensity of extreme weather events.

The dynamic hypothesis in this study is defined as follows: advanced insurance mechanisms
implemented by a smart insurance contract can help reduce damage costs by supporting investment
in disaster risk mitigation measures, thus protecting insured assets and, at the same time, attracting
new customers due to a more effective insurance scheme.

Building Stock and Flow Model for a local case study

The stock and flow models have been developed to empirically analyze the dynamic problem
and implement the hypothesis. Utilizing stock and flow models facilitates the exploration of the
dynamic behavior of a system over time, enabling the identification of key leverage points for policy
intervention. To achieve this, the conceptual model derived from CLDs is transformed into a
quantitative simulation model using SD software, specifically Stella Architect. This transformation
involves establishing the mathematical relationships between the model variables and determining
the simulation's time horizon. The requisite data for this case study is obtained from relevant
statistics.

For the case study, empirical information is collected for Jelgava, a city in central Latvia with
a population of approximately 55,000 people prone to spring floods. The insured assets considered
in this study encompass residential buildings facing spring floods with high probability (10% or
once every 10 years), average probability (1% or once in 100 years), and low probability (0.1% or
once in 1000 years), along with associated losses and restoration costs outlined in Table 2.5.

Table 2.5
Disaster probability, damage, and restoration costs [177].
Flooding probability in 100 years, % Flooded buildings area, m’ Restoration costs per m’
10% 103773 19.5
1% 547400 25.8
0.5% 695111 31.8

This statistical data serves as input for a stochastic-probabilistic simulation of spring flood
hazard events implemented in the SD model through the RANDOM function, incorporating
stochastic components and applying hazard probabilities with different return times [178]. The
simulation involves a stochastic-probabilistic variable in the model and incorporates random
sampling across 1000 simulation runs. This number of simulation runs is deemed sufficient to
encompass a variety of potential combinations for disaster event occurrences over a 50-year period,
utilizing the provided disaster input data from Table 2.5.

The function describing asset loss is determined based on a damage curve for buildings derived
from the national flood risk assessment and management plans. For the insurance model, it is
expressed in monetary units (EUR), with the damage defined as the damaged asset area in square
meters (m?). The resulting risk premium that insured assets must pay to the company in the model
simulation is estimated for a 10-year period using equation 2.

RP = La,,emge +o%*P ?2)
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Where:

RP — Risk premium,

Laverage — Loss associated with the average yearly loss per asset in the area subjected to disaster,
o — Volatility of yearly loss per asset in the area subjected to disaster,

P — Premium charge in %.

Three scenarios are compared with the help of the developed SD model in a simulation for a
time period of 50 years and a time step of one year. The scenarios are summarized in Table 2.6:

Table 2.6
Analysed scenarios with the developed SD model.
Case study Name Risk DRR measure Flood risk Flood risk
scenario premium reduction reduction
measure measure cost,
efficiency, % EUR
1. Business-as-usual Assessed No - -
every 10
years
2. Investment in Assessed Riverbed cleaning, coastal 20.5 1200 000
disaster risk every 10 erosion prevention, and
reduction years flow-through restoration
3. Smart contract Fixed Riverbed cleaning, coastal 20.5 1200 000
approach erosion prevention, and

flow-through restoration

The costs incurred by insurance companies, estimated as the total payouts to insured assets after
the damage has occurred and the return on investment, serve as a basis for comparing the overall
costs of transitioning from conventional insurance schemes to smart contracts in the BAU scenario.
The comparison involves summing the damage to all assets in the area and the cost of disaster risk
reduction measures, as based on [177].

The developed SD model enables the simulation of changes in the number of insured assets in
the area. The assumption in the case study is an initial share of insured buildings in the area equal
to 10%. In reality, fluctuations in the number of insured assets are influenced by factors such as risk
perception and willingness to pay for risk. However, the model does not delve further into the study
of risk perception. Changes in the willingness-to-pay-for-risk parameter are subjected to sensitivity
analysis to comprehend their influence on the model's output.

Other assumptions in the model concerning the company's profit do not take into account
payments for workers and other expenses related to administrative processes. Only risk premium
payments are considered as income, with payouts and investment pay-offs as outcomes. The
difference between income and outcome is regarded as the insurance company's profit. The study
assumes that flood risk reduction measures impact not only the insured assets but also other assets
in the area when such measures are implemented.

Model Testing and Validation

Multiple structure verification tests were conducted to validate and verify the developed System
Dynamics model, encompassing: i) Content validation, ii) Extreme value test, and iii) Sensitivity
analysis. The content validation procedure involved a panel of subject-matter experts in climate
change, insurance, and system dynamics modeling. During this process, the experts assessed the
model's structure, assumptions, and parameters in several stages. Initially, the model's Causal Loop
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Diagrams (CLDs) were presented to the panel for review, soliciting feedback on the model's
structure and assumptions. The panel provided input on key variables and interrelationships,
suggesting changes to enhance the accuracy and robustness of the model. Subsequently, the panel
reviewed the model parameters, offering feedback on their values and ranges suggesting changes
based on their expert knowledge and available data.

The developed Stock and Flow model underwent validation through an extreme value test. In
this test, the model was calibrated using historical data from the case study and then simulated with
extremely high and low parameter values to assess if the model behavior aligns with the assumptions
made in the CLD and SD Stock and Flow model under extreme conditions. Understanding the
effects of uncertainty in data and identifying crucial variables impacting the model's output is
crucial for practical model application.

Sensitivity analysis was employed to examine how the system responds to changes in the values
of uncertain input parameters crucial for model output. This analysis is essential for assessing the
robustness of the model. The results of the extreme value test and sensitivity analysis are elaborated
further in Publication No. 1.
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3. RESULTS AND DISCUSSION

This section of the doctoral thesis’s summary presents the main results adhering to the
methodological framework of the thesis. Thus, it serves as a comprehensive summary, highlighting
the principal results and findings derived from the methodological steps and research methods
outlined in Section 2 (refer to Figure 2.2). These details are in-depth presented in the ten scientific
publications referenced in the introduction section.

3.1. Insurance premium calculation methods: main findings

This section presents the main outcomes in connection to the Approbation Publication No. 5, 6,
8 and 10. In particular, it reported key aspects of insurance premium calculation methods on socio-
natural hazards and their potential practical application.

Traditional insurance scheme vs resilience approach

Approbation Publication No. 5 outlines the main characteristics of the so-called resilience
bonds, highlighting, in particular, the reference values inherent to the risk that affect the insurance
premium, if any, and the uncertainty related and inherent in the contract itself.

In the stylized quantitative model for a cost-benefit analysis, considering a traditional insurance
scheme and a resilience approach, we may consider the opportunity of financing mitigative
infrastructures [179].

The analysis has to be performed taking account of both the two viewpoints: one concerning
the profit or loss account and the other the balance sheet, to which the mitigative infrastructures
must be thought of as an additional value of the asset side.

Let's consider that the flood risk could be expressed by the distribution of the claim amount in
a fixed time unit and that this risk must be faced throughout a fixed time horizon, at most even
perpetual.

Let X be a function with a known density function and moments. Let's consider a risk assessment
based only on the first two moments, thus having E[X] = m, and sigma[X] = m., such that insurance
premium P is a function of these two parameters f(m, mz) = P. A finite time horizon 7 (time units)
or at least an infinite time horizon can be considered.

Assuming a fixed discount rate  and the relative discount factor v = 1/r, the actual total cost
for flood risk insurance C(7) can be calculated as reported in equation 3:

B
c(T) = w 3)

Then, in case in case of infinite time horizon (i.e., perpetual payment), equation 4 could be
characterized as:

Cle) = @)

Let consider a mitigative infrastructure with cost K and a building time duration S. Let assume
S < T. Let consider that after this infrastructure is built, the exposure to flood risk is reduced, i.c.,
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we have a new claim Y with the first two moments E[Y] = n; and sigma[Y] = n, such that insurance
premium is a function of these two parameters f{(n, n2) = P\ for which it is P; < P.

A resilience bond is composed of two parts, one relative to the insurance aspect and the other
relative to infrastructure financing.

We can assume that for the insurance side, the issuer has to pay a coupon equal to P, and for
the financing side, an additional coupon of Q = g(K) till time S, which can be the bond-maturity.

So the actual total cost in the case of a resilience bond approach, defined as a function D, over
time can defined as expressed in equation 5:

P+QU—-v% PwS(A—vT9)
T + r

D(T) = (5)

In the case of infinite time horizon (i.e., perpetual payment P/ after time S), equation 6 can be
characterized as:

_ 1,5
ey = PHAUZVI s (B ©)

Therefore, the total cost for the two approaches, i.e., C and D, can be compared both for a finite
and for an infinite time horizon. In this way, conducting a sensitivity analysis on the model
parameters, namely X, Y, », K, and others, is a straightforward task, even including refinement
through continual updates with new data.

This allows for a comprehensive understanding of the cost-benefit analysis associated with the
utilization of a traditional insurance scheme versus a more robust approach for funding the expenses
during the initial time interval until the completion of the mitigative infrastructure, denoted as time
S in our scheme. In this context, a resilience bond with a maturity matching the infrastructure
timeline and a coupon rate contingent upon the initial risk assessed by premium P, along with the
supplementary component tied to infrastructure cost K, emerges as a dual-purpose instrument. This
bond serves not only as a means of risk coverage but also as a mechanism for financing the
infrastructure, eventually including infrastructure for flood risk mitigation.

The final key point is to assess if the higher cost of a resilience bond, with the financing of
mitigative infrastructures, could be convenient with respect to a traditional insurance approach, i.e.,
only facing claims payments for different time spans.

Risk Premium Evaluation in the Italian Context by Exceedance Probability

Approbation Publication No. 6 aims to elucidate the dynamics of insurance concerning
catastrophic events and how insurance companies engage with insured parties (i.e., contractors) to
craft tailored insurance policy contracts. The study mainly focuses on the regulatory landscape in
the Italian context, serving as a key example of contractual challenges related to drafting insurance
contracts against natural hazards.

Approbation Publication No. 6 identifies the drawbacks arising from information asymmetry
between parties, encompassing critical elements of the policy agreement, such as the definition of
overall risk, exposure, vulnerability, and the consequent insurance premium. A fictional application
of the Exceedance Probability (EP) curve for risk and premium assessment by insurance companies
is elucidated in the Paper No. 6. This method concentrates on crucial insurance parameters
determining the premium and potential indemnity in the context of natural hazard-related risks.
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The study introduces the potential connection between insurance dynamics and the new
environmental, social, and governance (ESG) parameters for implementation in financial markets.

Publication No. 6 also focuses on normative aspects. The central theme is a systematic
examination of insurance dynamics from the perspective of the company during contract
elaboration. This analysis is specifically tailored to the Italian context, with a particular emphasis
on the availability of data related to flooding events and extreme weather conditions.

The framework for insurance dynamics against natural hazards, particularly Catastrophe Models
involving the application of Exceedance Probability, is outlined in the publication. Particularly, the
second part of the study delves into the dissemination of insurance dynamics in Italy, with a specific
focus on natural hazards. This section continues to concentrate on normative studies, elucidating
general methods for calculating risk and premiums and offering an in-depth examination of
insurance dynamics from the company's standpoint during contract formulation.

Moreover, Publication No. 6 highlights how a lack of transparency in contractual information
poses a significant obstacle, hindering access to data crucial for risk calculations related to assets.
Addressing this information gap is crucial for empowering individuals to use the data consciously.

A fictional case study of catastrophe scenarios in an area prone to flood hazards by
implementing the curves of Average Annual Losses (AAL) and the probability of exceedance (EP)
[180] is outlined in the Approbation Publication No. 6. The AAL, also known as "pure" or "claims
report awards," can be incorporated into pricing alongside allowances for expenses and return on
capital. The EP curve is commonly depicted as a graphical representation of the probability that a
loss resulting from possible events, such as natural hazards, exceeds a certain amount [181]. Points
on the curve offer varying interpretations in terms of the frequency and severity of losses.

These curves are invaluable for insurers and reinsurers in determining the magnitude and
distribution of potential losses in their portfolios. The EP curve allows insurers to establish the
Probable Maximum Loss (PML) for a portfolio of buildings within a specific timeframe due to the
occurrence of a natural hazard. The insurer first defines an acceptable percentage risk and then
checks the total loss amount for that specific probability level on the EP curve [182].

For the continuation of the discussion, it is crucial for the authors to address the theoretical
questions described above through a table and a graph. This approach would partially clarify how
insurance companies determine risk and pricing based on numerical foundations, specifically in
determining the percentage of exceedance probability [88].

In the proposed practical example, it is assumed that there is a set of catastrophic events (£7)
that could pose a threat to a portfolio of immovable assets. Each event has an annual probability of
occurrence (p;) and an associated loss (L;). Additionally, more than one event might occur in the
same year. The table below assumes eight events, ordered by decreasing total losses (L). The sum
of the probabilities of all events must equal 1 (see Table 3.1).

Table 3.1
Fictional EP curve definition.

Ei, step Pi, % Li, € EP (Li), % E[L]=piLi €
1 0.005 1000000 0.00500 5000

2 0.015 750000 0.01993 11250

3 0.02 500000 0.03953 10000

4 0.05 300000 0.08755 15000

5 0.1 200000 0.17880 20000

6 0.2 100000 0.34304 20000

7 0.25 50000 0.50728 12500

8 0.36 10000 0.68466 3600

Total: 1.00 97350
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The variables included in Table 3.1 could be better explained as follows.

The expected or predicted loss in relation to a given event (£;) over a timeframe equal to a year
is:

E(L) =p;- L @)

The total expected losses for the entire set of events, defined as AAL, is given by the weighted
sum of expected losses for each event and the probability that the event will occur (see equation 8).

n
AAL=) pioly ®)
i=0

If only one event takes place during the year, it is possible to determine the EP curve, i.e., the
expressed loss value, as described in equations 9 and 10:

EP(L)=P(L>L)=1-P( >L)) )
ep) =1-[ Ja-p (10)
i=1

From equation 10, it can be deduced that the EP, as shown in the Figure 3.1 curve, is the annual
probability that a loss exceeds a certain value, which is equal to 1, the probability that all other
natural hazards below this value will not occur.
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Figure 3.1. Fictional EP curve drafted according to Table 3.1.
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Furthermore, the weaker party lacks assurance that the scrutiny applied to them and their assets
is reciprocally conducted on the insurance company. The publication highlights the importance of
incorporating new parameters, particularly Environmental, Social, and Governance (ESG) criteria
[53], into contract and insurance instruments in the Italian context. This inclusion aims to enhance
awareness, product safety, and rating reliability while mitigating the information asymmetry
prevalent throughout the thesis methodology.

Many businesses lack comprehensive insurance reserves, impacting the amount of investment
capital available. For instance, when examining the division between accrual basis and cash basis
in detail, most statistical techniques used for reserve analysis rely on triangles and tables depicting
insurance payments over various time periods. While there are numerous statistical methods, they
all share a fundamental premise: losses accrued over time follow a consistent pattern.

It's essential to note that there is no additive division of business segments. Instead, when a line
of business is subdivided, the same statistical method is applied to each component to estimate
results. These individual estimates are then aggregated to estimate the overall line of business.
However, this overall estimate rarely aligns with the estimate for the entire line of business obtained
using the same statistical methodology. As per convention, the total of the parts of a line of business
typically surpasses the reserve estimate made for the entire line of business.

Insurance in the context of flood risk: a multidisciplinary perspective

Approbation Publication No. 8 serves as a pivotal contribution to the implementation of the
methodological approach outlined in the doctoral thesis. It underscores the imperative need for a
multidisciplinary approach when addressing risk, particularly in the context of flood risk mitigation.
The publication explores various concepts, including the resilience of Critical Infrastructure (CI),
smart contracts, and blockchain technology. It delves into engineering considerations related to
quantifying urban resilience and navigates through legal aspects associated with the integration of
smart contracts supported by blockchain technology.

Expanding on the concepts of smart contracts and blockchain introduced in the paper,
Publication No. 8 proposes an innovative actuarial model. This model incorporates a Bayesian
adaptive design of the contract, a subject that will be thoroughly examined in section 3.2. The
integration of these cutting-edge technologies not only enhances the understanding of risk but also
contributes to the development of more sophisticated and adaptable risk mitigation strategies. The
interdisciplinary nature of this research highlights the importance of converging insights from
diverse fields to comprehensively address the complexities of risk management, particularly in the
domain of flood risk.

Insurance mechanism facing adaptation measures to climate change

Approbation Publication No. 10 delves into understanding various adaptation measures
implemented by insurance companies to address climate change, evaluating the beneficial aspect of
a proactive role of insurance in potentially investing in risk reduction measures. Referring to 3.1.4.

Referring to insurance mechanisms facing adaptation measures to climate change, the paper
emphasizes the inherent significance and connection between insurance companies, the obligatory
interface they confront annually, and, notably, the myriad tools developed by these entities within
the insurance and reinsurance sector to address natural hazards.

An interesting result in connection to this publication is a classification of adaptation measures
in the insurance companies to climate change impact with reference to Dlugolecki [183] and Mills
[34].
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These are notable authors who have formulated classifications related to climate change
adaptation. Dlugolecki's four-category classification covers risk reduction, damage control, product
price adaptation, and risk transfer. Mills, with broader feedback, proposes a ten-category
classification grounded in economic, financial, technical, and policy considerations [34]. Six of
these categories specifically address climate change.

In the first category group, Mills observes that insurance companies actively promote
understanding climate change through activities such as data collection, catastrophe modeling, and
risk analysis. Beyond legal codes, insurers invest in research, forming teams, or outsourcing tasks
[184]. For the second category, Mills notes insurance companies are "building awareness and
participating in public policy" to inform policyholders about climate change impacts and long-term
risk reduction possibilities.

The third category group, "aligning terms and conditions with risk-reducing behavior," aims to
motivate policyholders to actively reduce risks. The subsequent category, "new insurance products
and services," includes innovations like the Adjusted Gross Revenue (AGR), securing harvests in
the USA by providing cash proportional to average income.

The last two Mills categories, "investment in climate change solutions" and "financing customer
improvements" [185], involve insurers rebalancing portfolios for climate change opportunities.
Emphasizing the need for joint efforts from the insurance and banking sectors, the author notes
minimal efforts by all parties in this area.

Publication No. 10 focuses on the financial and economic support mechanisms employed by
insurance companies in response to natural hazards. The potential insurance operations related to a
natural hazard can significantly differ based on the country where the insurance company is
headquartered and where the contract is stipulated.

The first distinction about insurance mechanism concerns the relationship between private
insurance and public interventions that can be modulated on a range of different systems ranging
from exclusive dependence on the market to complete public monopoly.

A second distinction in insurance mechanisms involves the types of risks covered, with three
main categories: mono-linear coverage (focused on a single type of risk, like hurricanes or
earthquakes), specific event coverage, and open coverage for any natural catastrophe. The cost of
coverage is a crucial factor, varying based on insured capital, risk type, territory exposure, and
public incentives to insurance companies [186]. The scope of damages covered is another
differentiator, ranging from direct material damage to the potential inclusion of income loss from
calamitous events. Spanish systems also consider personal injuries [187]. Insurance claims are
subject to limits, with few systems offering unlimited coverage. Most have maximum limits for
each damage type or event, alongside deductibles, to deter claims for irrelevant or unproven
damages.

The bureaucratic aspect of obtaining an official natural disaster declaration is significant. While
most systems require this declaration from a specific public body to open a claim, Spain does not
necessitate it, and risk coverage is not contingent on the extent or amount of damage [188].

Lastly, variations in the financial reserves for guarantee distinguish insurance companies'
approaches. Some countries encourage fund accumulation through favorable tax arrangements,
while others adopt measures inherent to the financial market, such as contingent capital-related
initiatives [189].

Table 1.3 in section 1.6 summarizes the overall findings, including descriptions, the social and
economic functions, and the advantages and challenges associated with each financial insurance
mechanism.
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Publication No. 10 highlights important key aspects. The first pertains to the crucial significance
of the established relationship between natural hazards and insurance companies. The second delves
into the importance of how studies and adaptation classifications presented by various researchers
and insurance companies can best interface with natural hazards. The last underscores criticism
directed at the insurance industry for fostering general misinformation and a bias toward the
financial world. While theoretically positive, this inclination results in the exclusion of a substantial
portion of the population that is disconnected from financial dynamics.

3.2. Conceptual frameworks towards a new insurance tool: main
findings

Flood risk insurance strategies for public administration

Approbation Publication No. 4 contributes to the economic and financial analysis and
management of flood risk, expanding its scope to include hydrogeological risk considerations
within the realm of public administration. As the primary entity responsible for mitigating these
phenomena through territorial maintenance, public administration incurs the costs associated with
restoring services damaged by such events. The assets requiring restoration encompass all public
infrastructures (such as transportation, energy, water supply systems, and communication) and the
damage suffered by private property if it impacts services guaranteed to the population.

Publication No. 4 proposes potential strategies that public administration can implement to
address flood risk, examining three main approaches: absolute passivity, entailing payment for
damages as they occur (business-as-usual scenario), a conventional insurance scheme, and a
resilient, innovative insurance scheme. The economic and financial analyses in this work underscore
how the assumption of a time horizon can influence the feasibility of each strategy compared to the
others. This study emphasizes the crucial role of quantifying flood risk mitigation measures from
an engineering perspective and explores potential challenges in pursuing these objectives within the
regulatory framework of public administrations.

The potential use of Blockchain-based tools is proposed to enhance this synergy. The paper
highlights the pivotal role that such IT data management platforms could play within risk analysis
and management schemes, serving as both a data collection tool and a certification mechanism for
the various steps necessary to complete the process.

More in specific Publication No. 4 emphasis how the effect of climatic phenomena causing
damage varies across geographical areas and has been extensively addressed within the insurance
market, including traditional products and mechanisms involving financial markets, such as
Catastrophe Bonds (Cat-Bonds), which have seen a significant increase in the market in recent
decades [190].

While the insurance market focuses on risk transfer and payments to other entities, public
administration often bears the responsibility for managing these risks and addressing resulting
damages. This poses a significant and growing economic challenge, particularly in dealing with
upfront investments for adaptation or mitigation risk reduction solutions (UNISDR 2015).

One specific risk related to extreme climatic phenomena is flooding, both riverine and coastal,
exacerbated by the rise in extreme climate events like heavy rains or storm surges. The impact on
local assets depends on various factors, including the morphology of the territory, underlying
hydrogeological risk, overall vulnerability of the population, and exposure of infrastructure to the
hazard. Hydrogeological risk, in particular, affects not only private assets but also public
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infrastructures, such as transportation networks, energy and water distribution systems, and
communication networks, incurring high restoration costs for public administration.

Approbation Publication No. 4 introduces a financial scheme for flood risk management from
the perspective of public administration, offering a choice between different risk reduction
strategies. The first involves a completely passive approach, with payments made as the damage
occurs (business-as-usual scenario). The second is a traditional insurance scheme, while the third
emphasizes urban resilience, evaluating the feasibility of upfront investments for risk mitigation
through hazard-specific mitigation or adaptation projects. This aligns with the concept of resilience
bonds, a financial structure first introduced in 2019 by the European Bank for Reconstruction and
Development (EBRD).

The paper presents a comparative quantitative assessment model for the three strategies,
employing a stochastic process to describe expectations regarding future damage levels. Similar
quantitative-based approaches have been presented in previous papers by the same authors (see
Approbation Publication No. 7 and No. 9) and Reguero [179], focusing on financing coastal
resilience.

The analysis delves into the role of engineering competence in risk assessment and cost-benefit
analysis of infrastructures used for risk management (e.g., embankments, dams, expansion tanks).
Additionally, it outlines the regulatory framework, particularly within the European context,
guiding public administrations in pursuing these objectives.

The findings of this publication are essential to delve into the System Dynamics model as
proposed in sections 2.4 and 3.4.

The primary focus is on presenting a financial scheme encompassing three distinct strategies
for public administration in managing flood risk. These strategies include:

1. Passive Strategy, which entails the payment of damages as they occur;

2. Standard Insurance Strategy, which involves determining a premium to shift a portion or the

entirety of the compensation burden to the insurance market;

3. Innovative Insurance as a Resilient Strategy, which combines the standard insurance scheme
with financing for mitigating infrastructures, ultimately reducing risk exposure upon
completion.

The comparison will primarily focus on assessing the effectiveness of three distinct applications
over a specified time horizon. It's essential to recognize that the benefits of the resilient strategy
will materialize post-completion of mitigating infrastructures, incurring higher initial costs. While
our approach aligns with Reguero [179], we introduce a stochastic framework for damages.

Enhancing urban resilience for flood risk reduction involves advancing mitigative
infrastructures like hydraulic defense works, retaining dams, and expansion tanks. The process
necessitates risk assessment through engineering modeling, encompassing pre- and post-mitigation
project loss calculations and the overall costs and time for resilient infrastructure construction. This
aspect is intricate, given site-specific engineering solutions and the nuanced nature of risk reduction
assessments.

In the proposed model, the authors link flood risk to its primary source (i.e., rain levels and/or
riverbed conditions in the exposed area). Establishing the statistical dependence of damages on this
primary risk source poses a challenge due to the often-suboptimal quality of databases correlating
damages with climate phenomena, especially in public administration archives. To maintain focus
on the primary investigation, we omit this aspect, similar to the approach taken by Reguero [179],
which doesn't reference any recorded loss databases for coastal damages.
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Instead, we directly gathered historical damage data and organized it temporally (year, season,
month). For simplicity and to mitigate seasonality effects in climatic events, we adopt an annual
basis, a common assumption in many actuarial models. All subsequent quantities will be treated on
an annual basis.

The exposure model can be defined as follows.

Let X(h),i.i.d for h =1, 2, . . ., represent the yearly random payment for flood damages in year
h, with a distribution function f(X), specifically f(X) =f(X(h)) Vh, his distribution can be estimated
through the analysis of historical series of yearly damages, with moments E/X" [ forr =1, 2, . . ..

Assume an insurance premium function based on f{X), denoted as P = g(f(X)), where g - R —
R. According to a standard assumption grounded in risk aversion principles, P > E/X]. Full
coverage of damages by the insurance contract is assumed.

Suppose that, with a cost W and a completion time », a mitigative infrastructure alters the
random variable describing yearly damages for subsequent years to Xz, such that £/Xz] < E/X] and
o/Xr] < o[X]. Consequently, for the insurance premium with the same function g, g(f(Xz)) = Pz <
P.

Assessing risk reduction through engineering expertise could be a challenging task, as it cannot
be evaluated using a historical series of damages (given that the mitigative infrastructure did not
exist before).

Since the comparison must be made in terms of current values, a generic annual discounting
factor v corresponding to the rate of 7 must be fixed, that is, v = (1 +i)—1.

For the passive strategy (indicated with the subscript P in the following symbols), the random
present value of the total payment by the public administration, fixed a generic time horizon of m
years, Cp(0,m), as reported in equation 11,

CP(0,m) = ) X,v" (11)

The expected value of X corresponds to a deferred annuity installment E/X], expressed in
equation 12.

EICy(0,m)] = 27"

— E[X] (12)
i
For the standard insurance strategy (denoted with subscript / in subsequent symbols), the current

value of total expenditure for the public administration, deterministic in this case, forms a deferred
annuity installment P, as stated in equation 13.

_,m

¢,(0,m) = fP (13)

In accordance with the risk aversion principle, wherein P > E/X], we have:

E[Cp(0,m)] < C;(0,m) 14
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However, the passive strategy might incur annual compensation so high as to jeopardize the
financial solidity of the public administration. In contrast, with the insurance strategy, the public
administration can plan a constant yearly payment equal to P. The probability of very high
compensation increases with the volatility of X, deducible from the historical series used to estimate
its distribution f(X).

The resilient strategy (indicated with subscript R) necessitates payment of insurance coverage
P and financing of mitigating infrastructures with cost W for n years. After the completion time, the
annual insurance cost decreases to Pr. Let Q be the annual installment for n years to finance the
mitigating infrastructure, satisfying equation 15.

W=——-2Q (15)

This leads to the total expenditure, deterministic in this case, for the first n years incurred by
the public administration, as reported in equation 16, and the following chain of inequalities, as
presented in equation 17.

1-—
i

Ce(0,m) ==L+ Q) (16)

E[Cp(0,m)] < €;(0,m) < Cx(0,7) (17)

In terms of expected values, in the first n years, the passive strategy (though with a random
result) is more cost-effective than the standard insurance strategy, which, in turn, is cheaper than
the resilient one. Studying the break-even point problem in terms of time horizon is crucial to
determine when the resilient strategy becomes more cost-effective, considering that for a generic
value m > n, the present (deterministic) value of expenditure overall for this strategy is presented
in equation 18.

—_pm-n

Cr(0,m) = vn(P+Q)+Vn1 Py (18)

i

So, the break-even point concerning the standard insurance strategy will be mj, the minimum
value of the time horizon m (> n) such that:

m;p=__min = C(0,m) < ((0,m) (19)

m=n+1,n+2,...

While the break-even point concerning the passive strategy will be mp, the minimum value of
the time horizon m (< n) such that:

mp=_ min  Cp(0,m) < E[Cp(0,m)] (20)

m=n+1n+2,..

Evaluating the cost W and completion time n of the mitigating work and quantifying risk
reduction through engineering expertise can be a complicated objective, especially because there is
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no real feedback on the exposure to risk following the completion of the work. It is necessary to
proceed only with hypotheses validated in contexts with some similarity.

A further development, based on such an ability to estimate through engineering skills, could
be to evaluate a possible range of mitigating infrastructures, with costs and times given by pairs
W) and n(j), for the generic j-th option (j = 1, 2, ..., J). From this, the ex-post risk exposure
distribution is described by the random variable Xz(j) and the corresponding reduced premium Pr(j).

In this case, the problem of optimizing the choice of the mitigating work could concern the
minimum Pg(j) given a maximum level of infrastructure cost or the minimum in terms of the break-
even point provided by the different choices, i.e., the minimum m*(j), with J € {1, 2, ..., J}.

In comparing the convenience of the different strategies, the role of Blockchain tools underlying
the concepts of smart contracts would be essential for the need for automatic contract passages from
one phase to the next without wasting time, for example, from the completion of the mitigation
infrastructure to the certification of risk exposure reduction. A smart contract can be defined as an
automatic updating of contractual conditions upon the occurrence of certain conditions to be
verified through Blockchain tools.

Presenting decision-making problems related to the selection of a risk mitigation strategy
becomes intriguing when the distribution of random damage is known. Although no specific
reference is made to an actual database of flood-related damage, we adopt a common assumption
in the actuarial context, considering a lognormal distribution for random damage.

In particular, the authors aim to emphasize the potential significance of certain parameters in
conducting a sensitivity analysis to assess the efficacy of resilient strategies compared to others.
This assessment is based on the model introduced in the preceding section.

For the random variable representing damage, denoted as X, we assume a lognormal distribution
characterized by parameters ¢ and 0. We further model the risk reduction after the completion of
mitigative infrastructures within a specific timeframe. For the residual risk, Xz, we assume a
lognormal distribution with parameters uz = (1 — dj)u and or = (1 — d>)o.

The insurance premium loading is hypothesized as a proportion o (> 0) of the volatility
associated with random damage. Consequently, the total premium can be expressed as follows.

P = E[X] + ao[X] 1)
Similarly, for the premium after the completion of the mitigative infrastructure.
PR =E[XR]+(XO-[XR] (22)

Considering a standard parameterization characterizing the original risk exposure and one after
the construction of the mitigative infrastructure.

mu=10=2d;, =01,d, =0.1,a=0.05 (23)
It is important to note that:
E[X] = 20.08,0[X] = 90.01, fromwhich P = 24.58 24

And
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E[Xg] = 12.42,6[Xgz] = 38.09,  from which Py = 14.33 25)

Regarding the mitigation work and its financing (W = 100, n = 5, i = 0.02), from which Q =
21.21 (to be paid over the planned n years of completion time). We proceed with a sensitivity
analysis of the break-even points m;, and mp, according to (19) and (20). This analysis examines
the time horizon at which the resilient strategy becomes advantageous compared to others,
considering variations in the most significant parameters, including the volatility of the original risk
and those related to the mitigative infrastructure. Disregarding the description of the volatility of
the results and considering them only in terms of their expected values, the standard insurance
strategy is consistently less convenient than the passive strategy (see equation 2).

It should be noted that as the volatility of the original risk increases, the breakeven point with
respect to the standard insurance strategy constantly approaches, but there is no monotonous trend
with respect to the passive strategy. The passive strategy's trend depends on the effect of loading
the related insurance premium to this parameter, and the cost of the passive strategy, a function of
the expected value alone, does not suffer in such a significant way. Of course, the higher the
volatility of the original risk, the less safe the passive strategy is, as the probability of huge claims
increases, potentially causing serious difficulties to the general economic situation of the public

administration.
Table 3.2
Break-even point sensitivity with respect to the volatility of the original risk o.
c mr mp’
16 27
2.1 13 24
2.5 7 22
3 6 89
Table 3.3
Break-even point sensitivity with respect to mitigative infrastructure costs C.
w mi’ mp’
100 16 27
110 17 29
150 21 36
200 26 45
Table 3.4

Break-even point sensitivity with respect to risk reductions deriving from mitigative infrastructures
measured by d; = d..

di=d; mi’ mp’
0.1 16 27
0.11 15 25
0.15 13 20
0.2 12 17

Table 3.5
Break-even point sensitivity respect to mitigative infrastructures completion time 7.

n mr mp
5 16 27
6 17 29
8 19 33
10 21 37
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The results are largely as expected; the break-even point moves away as the cost of the
mitigation work increases (see Tables 3.2-3.5). It could be interesting to analyze a model where, as
the cost of mitigation works increases, their effectiveness in terms of risk reduction also increases,
leading to a non-monotonous trend in the break-even point. However, a minimum level of abatement
may need consideration to avoid making the break-even point the sole decision-making element in
measuring the efficiency of the mitigating intervention.

Concerning the sensitivity to the reduction of risk derived from the mitigative infrastructure,
we assume that the reduction rates of the parameters describing the original risk, ¢ and o, have the
same value (di = d»), while the effects of the mitigation works could impact these parameters in
various ways, depending on the type of intervention.

It is interesting to note the effect of shortening the break-even point with increasing
effectiveness, which is much more pronounced for the passive strategy than the insurance one.

Given the higher cost of the resilient strategy until the completion of the mitigation work, if this
period is longer, it also entails an obvious shift in the break-even point, roughly the same magnitude
compared to the standard insurance strategy and even more pronounced compared to the passive
strategy.

Approbation Publication No. 4 introduces the potential use of innovative IT technology
platforms, specifically Blockchain, within the insurance sector. Blockchain-based tools provide
interfaces for real-time climate data collection and the recording of damages.

Regarding the potential (and in some cases effective) role of Blockchain in the insurance
environment for various purposes (see Gatteschi [191] [135] and Approbation Publication No. 7
and 9).

Hence, a smart contract can be thought of as a multiphase contract, in which the steps to be
controlled to proceed to the next phase are set at the beginning, which seems exactly the case of the
mitigating process through the resilient strategy described in this work.

The various steps of the process are: the initial data collection relating to climatic phenomena
(and their consequences in terms of flood phenomena) and the damage caused by them, for which
the Blockchain can act in terms of certifying that the data comes from reliable sources; the
stipulation of the contract both in the insurance part and in the financing part of the mitigation work;
the certification of the timetable for the construction of the mitigation work (contractual clauses
may be linked to any delays with respect to the settled timetable); the change in the regime of the
insurance contract once the completion of the works has been certified, without the need for a new
agreement on the actual exposure to risk, once this had been fixed at the signing of the contract
(perhaps to be validated ex post by engineering expertise).

Note that since these mitigation processes should span various decades and trends in climate
phenomena could be observed over such timeframes, the multiphase contract can consider
refreshments in the assessment of some parameters of the model. For example, those describing the
primary risk expressed by the distribution of random damage, with the consequent adjustment of
the premium level for insurance coverage.

Publication No. 4 introduces an innovative approach that combines the effects of upfront risk
reduction investments for public administration with resilient insurance mechanisms. The work
presents a multidisciplinary analysis of potential flood risk coping strategies, offering a more
comprehensive understanding of hydrogeological risk, an increasingly urgent concern for public
administrations, particularly in light of the intensifying manifestations of extreme climatic
phenomena in recent years.
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The regulatory context, within which local public administrations can explore possible
synergies at the European level (Covenant of Mayors) and in other geographical areas, is discussed.
In addition to a conventional insurance approach, the paper describes an assessment scheme derived
from a resilient approach. This resilient approach not only economically covers recorded damages
but also includes the financing of risk mitigation works, a structure employed for so-called
resilience bonds. The paper aims to provide a consistent approach to the application of international
frameworks such as the Paris Agreement, the Sendai Framework for Disaster Risk Reduction, and
the Agenda 2030 for Sustainable Development. Moreover, it is well integrated into the regulatory
context of SECAP.

The construction of the quantitative model is emphasized to be based on engineering expertise,
essential for both ex-ante and ex-post risk assessments and for designing the most effective
mitigation works in terms of cost—benefit ratio. Given the additional cost of mitigation work, an
appropriate indicator for comparing the resilient strategy to others is the break-even point,
commonly used in investment evaluation contexts.

Financing for resilience using insurance adaptive schemes coping flooding risk

Approbation Publication No. 7 describes the initial attempt at a basic model for addressing flood
risk, involving stakeholder choices (specifically, the public administration responsible for flood risk
in a given area) among options such as no insurance, insurance, or insurance combined with
investments in mitigative infrastructures.

In this subsection, we do not consider the role of new information collected after the choice
time, which could be integrated into contract design. For example, considering trend variations in
risk exposure, registered losses, and the comparison between the premium paid and registered losses
over time could generate a potential surplus for investment in mitigative infrastructures. This model
is refined in publication Approbation Publication No. 7 and utilized to formulate assumptions for
the System Dynamics model outlined in sections 2.3 and 2.4.

A multiphase insurance adaptive scheme addressing flood risk in a specific area begins by
considering a random variable Y that describes the risk level in the insured area. This variable could
represent factors such as rainfall, water levels of rivers, or other indices measuring the primary
source of flood risk. Historical series observations (y;, i=1,2...n) allow us to estimate the distribution
of the random variable Y (i.e., F(Y)).

Let X be the random variable describing random loss due to flood risk in a fixed unit of time in
the insured area without any mitigative infrastructures. Historical series observations (x;, with
i=1,2...n) allow us to estimate the distribution of the random variable X (i.e., F(X)). Applying a
premium principle based on the distribution of X enables us to determine a premium P/X] per unit
of time.

The insurance contractual conditions need to consider estimates related to the random variable
X. It could be valuable to estimate a regression model between X and Y, directly linking contractual
conditions to the original source of risk, especially in cases of data scarcity for losses. Hydraulic
engineering expertise could help estimate the regression function between X and Y when various
mitigative infrastructures are built.

Assuming C;, with i=1,2...m, as an increasing sequence of infrastructure costs, we can determine
the regression functions /i (with i=1,2...m), describing decreasing risk exposure given the
distribution of Y. So, let P/Xi/, i=1,2...m, be the premium per unit of time if infrastructure i is built.
From the assumption of the efficiency of mitigative infrastructures, we have P/X;] < P[X;+;] for
each i.
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If #;is the time necessary to build up infrastructure 7, let's assume that before the infrastructure
is finished, the risk exposure remains the original one. Although a more detailed assumption about
the evolution of risk exposure during the building time can be considered, we prefer to focus on a
simplified version.

Let / be the regression function between X and Y without any mitigative infrastructures X=/(Y).
The fundamental choices for stakeholders, such as public administrations responsible for flood risk,
include:

1. No insurance (and no resilience action), paying random losses (average E/X] for each unit of

time).

2. No insurance, taking resilience action through mitigative infrastructure i, and paying random

losses (average E/X] for each unit of time) plus the constant amount c¢;/¢.

3. Insurance and no resilience action, paying a constant amount P/X].

Insurance and resilience action through mitigative infrastructures i, paying a constant amount
P[X] + ¢/t until time ¢; after that, the premium P/X;] < P/X] for each unit of time.

Considering there are m possible infrastructures, strategies // and /7 have m different scenarios.
The comparison between / and /// depends on the randomness of future losses relative to the average
value estimated for the past. A similar comparison can be made between I/ and IV, but since we
don't have observations of the losses relative to r.v. Xi (for each i=1,2...m) due to historical series
not considering risk mitigation by infrastructures 7, estimation relative to r.v. X; is based solely on
engineering expertise.

Thus, the authors focus on the crucial choice between III (average is the same as /) and IV
(average is the same as /]) for each infrastructure i, with i=1,2, ...m, choosing between no resilience
and resilience. The present value (PV) of the total cost, with a discount rate r, is considered for a
fixed time 7, leading to the following expressions:

T
PV = Z PIX](L+ 1)t 26)
=
i T
PV(IV,i) = z (P[X] + %) A+nr4+ Z PIX (A +7)7Y 27
=1 t j=tH1

In the given scenario outlined in the preceding subsection, let's consider a regular time grid s,
where i=0,1,2,...,k, at which we reset the insurance contract accordingly. We initiate the process
without any infrastructure, relying on engineering expertise estimations of infrastructure costs and
their associated risk reduction effects. If P represents the constant total premium paid from s; to s;+;
(with i=0,1,2,...,k-1), and X (i, i+1) denotes the total loss incurred in the same interval, two distinct
cases emerge. In the first case, P < X (7, i+1), and in such instances, the insurance system covers
the larger losses. Conversely, in the second case where there's a surplus P < X (7, i+1), the adaptive
contract design may allocate a portion of it, denoted by a in the range (0, 1), back to the insured.

These surpluses are aggregated, and the insured, typically the public administration, then has
the choice of which kind of infrastructure to invest in. If the decision is to invest in infrastructure i,
the stakeholder must wait to accumulate a total surplus equal to its cost, c;. At the designated time,
according to the regular grid introduced earlier, a new contract begins. The premium paid by the
insured must be estimated using information collected up to that time for a contract of further
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duration ¢, representing the time necessary to build up infrastructure i. Following this additional
duration, the insurance contract proceeds with a premium E/X;/, considering the expected loss
associated with infrastructure i.

It's worth noting that with this adaptive model, the starting premium P must be higher than the
expected loss since it needs to generate the surplus required to finance the mitigative infrastructure.
Only when the necessary surplus has been raised does the insurance premium become fair relative
to expected losses. This design with a fixed premium and surplus distribution aligns with the legal
framework of smart contracts. The new definition of the premium requires a renegotiation between
the two counterparts, as stipulated by the same legal environment.

The optimization problem in this adaptive insurance scheme aims to determine the strategy that
minimizes the total cost, as discussed in the preceding subsection. The optimal strategy is defined
in terms of the pair P and infrastructure i. It's crucial to compare equivalent strategies, such as no
insurance or only insurance (without resilience), within this optimization problem. The total cost
for the strategy (P*i*)is expressed as follows, where s; represents the expected time at which the
necessary surplus ¢; is collected:

i i+ti T
PV(P*,i*) = ZP(I +1r)75i + Z P[X](1 + r)7h 4+ Z P[X;](1 + r)_tl' (28)
Jj=1 j=i+1 j=i+ti+1

This formulation captures the core of the optimization problem within the adaptive insurance
scheme. It takes into account not only premiums, surpluses, and infrastructure costs over time but
also delves into the identification of potential strategies for insurance companies. One such strategy
involves allocating a portion of the surpluses to bolster investments in Disaster Risk Reduction
(DRR) strategies. This, in turn, aims to raise awareness and encourage increased insurance coverage
for both assets and civilians.

In essence, the optimization problem extends beyond the traditional scope of insurance
dynamics. It explores how the adaptive model can be strategically leveraged to contribute to broader
societal goals, such as enhancing disaster resilience. By channeling surpluses into DRR initiatives,
insurance companies not only fulfill their financial objectives but also actively participate in
fostering a more resilient and well-protected community. This approach aligns with the evolving
role of insurance in comprehensive risk management strategies, transcending the conventional
boundaries of financial compensation to become a proactive force in promoting overall societal
well-being.

Flood risk insurance: from Blockchain to a Bayesian adaptive design contract

Approbation Publication No. 8 introduces an insurance contract designed to address flood risk
in a multiperiodic scenario, employing an adaptive Bayesian scheme. The exploration delves into
the opportunities and criticisms inherent in the perspectives of the disciplines involved, namely
actuarial, engineering, and law. The intricate details related to the informatics aspects tied to
blockchain technology are intentionally omitted, as this subject is best addressed in specialized
informatics literature. It is noteworthy that the classical actuarial approach, specifically Bayesian
adaptation facilitated by the accumulation of new reliable information on the considered risk, can
be seamlessly integrated into a smart contract framework with the support of blockchain technology.

Publication No. 8 explores the interconnected relationship between smart contracting,
blockchain technology, and the Bayesian adaptive design of contracts for flood risk insurance. The
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integration of quantitative tools for urban resilience assessment, coupled with innovative
information technology (IT) tools and the processing of big data from GIS and satellite monitoring,
underscores the need for more resilient insurance mechanisms supported by flexible contracting,
such as smart contracts. This publication provides a comprehensive overview, covering general
aspects of measuring and mitigating flood risk from an engineering perspective, conducting an in-
depth analysis of legal aspects related to smart contracts over multiple periods, and presenting a
Bayesian adaptive design of the contract within an actuarial framework.

Significantly, this publication is instrumental in paving the way and emphasizing the
development of research directions for multidisciplinary research. The escalating concentration of
human populations in urbanized areas has heightened exposure to flood recurrence times, posing
challenges in implementing effective mitigation measures, especially concerning land availability
in potential flood risk zones.

Critical Infrastructures (CI), among various assets experiencing increased risk due to heightened
exposure, deserve specific attention. CI encompasses systems, networks, and assets crucial for
society's functioning, public health and safety, and a nation's economy. These engineering and
technological networks, including energy and water supply, transport services, oil and gas supply,
banking and finance, and information and communication technology (ICT) systems, are critical for
maintaining essential societal functions. Failures in these systems can significantly impact the
population, economy, and national security [19, 20].

The complexity of urban systems, coupled with the increasing complexity of CI systems,
necessitates strengthening interactions among people, activities, and properties [15]. This
complexity heightens vulnerability, especially given the limitations in building new infrastructures
in high-risk areas due to land constraints [20, 21]. Consequently, the intricate nature of
infrastructures and urban systems restrains component activities during crisis periods. These
observations underscore the critical attention of policymakers, economists, urban planners,
engineers, insurance companies, and scientists. Their collective focus aims to develop innovative
Risk Management frameworks that are more sustainable and resilient in addressing the effects of
climate change and natural hazards.

Approbation Publication No. 8 underscores that flood risk assessment often revolves around
estimating potential loss and damage costs. However, due to data scarcity, it is frequently
impractical to conduct such assessments for each individual infrastructure or asset at risk. In
response to this limitation, insurance companies commonly resort to using proxies in their databases
to overcome data shortages.

From the presented perspective, there is a compelling need to shift towards a holistic risk
reduction approach for areas prone to natural disasters. This approach should not only encompass
engineering infrastructural systems but also consider social and territorial dimensions, including
human, environmental, financial, and political systems, which collectively contribute to either
enhancing or diminishing overall resilience. Consequently, it becomes crucial to evaluate how
potential improvements in Critical Infrastructure (CI) infrastructure, encompassing both hard and
soft measures, along with financial and insurance mechanisms, can optimize overall territorial
resilience.

In the pursuit of enhancing infrastructural resilience from an engineering standpoint, it is
essential to emphasize the spatial and time-dependent nature of preparation, resistance, and
adaptation capacities to flood risk. These aspects highlight the need for new and innovative
technologies to support an integrated Risk Management approach aimed at strengthening resilience
at the urban level. Notably, recent advances in computing power, particularly in the processing of
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Big Data, have been pivotal. However, challenges arise when analyzing and processing diverse
datasets, such as environmental, flooding, geological, weather, satellite observations, topography,
cadastral location, corporate, specific insurance, and socio-economic data, specifically tailored for
flood risk evaluation [42].

Publication No. 8 underscores the findings from Rumson [42], emphasizing the imperative to
enhance flood risk assessment through improved programming device capabilities to store, process,
and analyze both aggregated and disaggregated data. This highlights the need for a holistic approach
to data collection, analysis, and processing using various analytical tools, including Geographical
Information Systems (GIS), probabilistic modeling, and the definition of damage curves. This
multidisciplinary approach can support the development of proper insurance-based mechanisms as
adaptive options to increase local resilience to flood risks.

In this context, blockchain technology emerges as a promising platform for mitigating risk and
vulnerability in the collection and analysis of diverse data sources, such as Big Data related to GIS
systems, environmental variables, exposure data, and social media data. Blockchain enables real-
time risk assessment, leading to a more precise definition of risk-based pricing for insurance
policies, addressing potential losses.

The technical definition of blockchain as a "decentralized ledger and cryptographically secure
transaction" [64] is highlighted. It is not merely a tool for payment or exchange of goods and
services but introduces a revolutionary capability, allowing the exchange of properties on the
internet. Blockchain operates as an international safe register shared by all entities within a specific
computer network, relying on peer-to-peer technology. Its decentralized nature eliminates the need
for central repositories, fostering a peer-to-peer transactional network recorded in blocks,
constituting the blockchain. All transactions are recorded and verified directly by the system and
are only possible when approved by over 50% of the network nodes [65]. The European association
of credit institutions has expressed a positive opinion on the reliability of the blockchain system,
with its key characteristic being decentralization, as there is no central repository but a peer-to-peer
transactional network among users.

Publication No. 8 underscores the capability of digitizing and representing the characteristics
of any good or data through a code, enabling the storage and security of this information in a
distributed register. This applies not only from a static perspective but also dynamically. Operations
and agreements between network nodes can be tracked, and the execution can be automatically
carried out by the Blockchain itself without the need for intermediaries. This capability is made
possible by Smart Contracts, which, functioning as IT protocols, formalize agreement elements and
automatically execute predefined terms when the specified conditions are met.

To provide a clear understanding of the operation of smart contracts, it is defined as a piece of
code stored on a Blockchain, triggered by Blockchain transactions, and interacting with the
Blockchain's database [52]. The rapid development and evolution of Smart Contracts have led to
their increasing application. Open-source projects such as Ethereum, Counterparty, and Mastercoin
have contributed to the creation of increasingly sophisticated Smart Contracts. Currently, these
contracts are employed for the automatic execution of derivatives, futures, swaps, and options and
even for building platforms for the sale of goods on the Internet without central authorities [53].

Regarding the specific focus of this paper, the state-of-the-art analysis, closely tied to the
blockchain's current regulatory substrate, primarily explores dynamics within the insurance sector.
In this sector, innovative forms of insurance utilizing Smart Contracts have emerged. Examples
include Insure ETH, a UK startup specializing in airline reimbursements, and a pilot project by the
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American International Group (AIG), IBM, and Chartered Bank collaborating on a Blockchain
insurance Smart Contract for multinational coverage.

The paper identifies a significant implementation gap, suggesting a shift from a purely refund-
based insurance blockchain to a big data management approach coupled with smart contracting.
This transition enables the implementation not only of standard smart contracts but also multi-
period contracts. In a multi-period implementation, the contractual structure, including the
insurance premium, compensation amount, or risk percentage, can be modified periodically using
blockchain technology and data from external certified sources.

In the context of natural disasters, the scanning of temporal phases in a multi-period contract
allows essential elements to be changed or modified without terminating the contract or requiring a
new agreement between the parties. The paper emphasizes that this approach enables the blockchain
to be more than just a verifying agent of the insured event and transforms it into a powerful tool for
storing and managing information from a multi-dimensional perspective.

The distinction between the one-dimensional perspective, where blockchain primarily verifies
the insured event, and the multi-dimensional perspective, where blockchain facilitates the
perpetuation and modification of the contract over time, is highlighted. In the latter, data relevant
to insurance dynamics against natural hazards, such as rainfall, river height, and previous damage,
serves not only to create a network of useful information but also to store this information securely
using blockchain technology. The implementation of a multi-phase contract involves the continual
modification of initial parameters based on the flow of data and the mutual consent of the parties
involved.

Building upon the concepts of smart contracts and blockchain introduced in Paper No. 8, an
actuarial model with a Bayesian adaptive design for the contract is proposed. Consider the set of
data, denoted as H(0), representing information collected at time 0, originating from time -m. Let
the function W represent the premium to be paid for one unit of time until the first updating time,
as detailed below.

W(0) = f(H(-m,0) = f(H(0)) 29

Within this dataset, we include information on damages resulting from the insured risk.
Additionally, the dataset encompasses relevant details related to flood risk, mitigative
infrastructures, and other pertinent factors. This information plays a crucial role in the
comprehensive analysis and understanding of the risk landscape, allowing for a more nuanced
evaluation of the effectiveness of mitigative measures and the overall resilience of the system in the
face of potential hazards. The inclusion of these diverse data points facilitates a holistic examination
of the complex interplay between insured risks and various contributing factors, contributing to a
more robust and informed risk assessment framework.

Consider the sequence of updating times in the contract denoted as m;, m2, and so forth (i.e.,
m;). At any given time, m;, where i takes values from /, 2, and beyond, the updated premium is
determined by leveraging the information collected starting from -m, denoted as H(-m, m;). The
calculation for the new premium that must be paid until the updating time m;+; is defined by equation
30 as follows:

W@ = f(H(=mm;) = f(H{D) (30)
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Let's assume that the collected information H(0) comprises the historical series of damages,
denoted as x(i), where i takes values from -m to 0 (i.e., i = -m;-m+1, ... 0), representing each time
unit from -m to the issue date 0 (refer to equation 31).

H(—m,0) = x(—m),x(—m + 1), ...x(—1), x(0) 3D

Let's assume H,(0), where » = 1, 2, ..., represents the estimate of the -t moments of this random
variable. If we adopt a premium principle based on a variance-style charge, our interest lies solely
in H;(0), H>(0), and so on. The premium for a time unit starting from the issue date, denoted as
W(0), can be expressed as outlined in equation 32.

W (0) = f(K1(0),K,(0)) (32)

Commencing from the issue date, the contract entails payments of the premium W(0) for each
unit of time until the first contract update at time m;,, triggered by the arrival of new information
denoted as H(1, m;) = x(1); x(2)...x(my).

At time m, leveraging all the information recorded in the interval (-m, m;), new estimates for
H;(m;) and H>(m;) are obtained. Consequently, the premium is updated as articulated in equation
33.

W(my) = f(K;(my), K, (my)) (33)

This premium must be paid for each time unit from m; + I to the next updating time m..

Now, let n; = m; - m;.;, where i takes values from /, 2, and so forth, representing the number of
time units between mi and m;.;. Consequently, the total premium paid in such an interval is n; W (i).
The disparity between this total premium and the total claim in the same time interval, denoted as
C(i), is expressed in equation 34.

W@ - C@=U@ (34

This represents either a profit or a loss for the insurance company. The contract may stipulate
that in the case of a profit, i.e., when U(i) is positive, a portion of the surplus earned by the company
will be shared with the insured. This sharing can take the form of infrastructural investments aimed
at risk mitigation. The assessment of the costs associated with mitigative infrastructures and their
impact in terms of risk reduction requires an engineering analysis, as described in paragraph 1.

The influence of infrastructural investment on this numerical model can be introduced through
a non-decreasing sequence of thresholds, denoted as L(i), where i takes values from /, 2, and so
forth in the interval (mi.;, m;). These thresholds affect damages during the same time period: the
higher L(i), the lower the expected total damage C(i).

The assessment of the relationship between surplus and threshold increase needs to be carried
out using engineering considerations. It is reasonable to account for a delay between the emergence
of the surplus and its impact on the threshold, owing to the time required to complete the
infrastructures.

The role of blockchain technology lies in certifying the collected information and automating
the changes in contractual terms (i.e., the premium level and surplus sharing) at each updating time.
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This automation is central to the concept of smart contracting, involving the update of the contract
without a new negotiation between the two parties. This approach has been of paramount
importance for implementation in the System Dynamics model, as presented in section 3.4, and
aligns with the principles outlined in Approbation Publication No. 1.

In Publication No. 8, the author initially highlights a notable regulatory gap within the insurance
industry while exploring the potential advantages arising from the implementation of blockchain
using a Bayesian quantitative approach. A pivotal focus in Publication No. 8 emphasizes that in
Europe, specifically in Italy, a regulatory framework capable of accommodating the proposed smart
contract exists. This is exemplified by the Fizzy Axa contract, which adopts blockchain technology
for the insurance contractual framework, allowing for seamless real-time data flow [192].

Furthermore, Publication No. 8 presents crucial insights into the application of the proposed
insurance premium calculation approach, extending its relevance to public administrations. It
underscores the necessity for evaluating investments in mitigation, considering the potential future
reduction in risk coverage costs within such a context.

Publication No. 8 underscores the imperative to reiterate the absolute need for a national or,
preferably, a European platform to effectively operationalize the transfer of the described risk to
financial markets [164]. Therefore, it is essential to emphasize that the legislative elements
governing each step of this process should be agreed upon in a European context. This approach
ensures compliance with the principles outlined in supranational treaties and the Covenant of
Mayors [193], avoiding fragmented harmonization of national regulations.

Publication No. 8 underscores the potential applicability of the proposed premium risk
calculation in developing a quantitative infrastructure resilience model. This aligns with the
contemporary necessity, as mandated by national regulations, to conduct a mathematical study
before arriving at significant political, business, and financial decisions, particularly those related
to mitigating structures. This consideration extends to the development of contractual insurance
structures, including what are commonly known as Resilience Bonds.

The discourse surrounding Resilience Bonds is currently grappling with the challenge of
determining whether the increased cost associated with funding mitigation infrastructures is
practical compared to a conventional insurance method [194]. This traditional approach typically
involves addressing only claims payments over varying time periods.

Approbation Publication No. 8 underscores the significance of employing diverse alternative
analytical methods in the strategic planning of insurance organizations. Break-even analysis and
the assessment of income stability, serving as robust indicators, prove instrumental in addressing
information asymmetry within insurance contracts. Moreover, these methods contribute to
monitoring the key success factors crucial for the financial and economic development of insurance
organizations. A well-balanced insurance portfolio and the potential for growth emerge as integral
facets influencing an insurer's competitiveness.

A comprehensive examination of the insurance portfolio facilitates strategic planning for future
periods, ensuring both the financial stability of insurance operations and the solvency of the
insurance firm. Furthermore, it highlights the importance for insurance companies to possess the
authority to determine client premiums, a task complicated by risk ambiguity, moral hazard, and
associated uncertainties. The viability of catastrophic insurance relies on the existence of sufficient
demand, with factors such as income levels, risk knowledge, risk perception, and the expectation of
post-disaster public reimbursement influencing willingness to pay.

In a broader context, cultural, behavioral, and educational factors play a crucial role, as the
demand for insurance is not solely governed by a logical trade-off between the price of the policy
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and its anticipated benefits. Finally, the presence of robust institutions and a clear regulatory
framework emerge as indispensable for fostering the growth of competitive insurance markets.

Given the flood risk context, Approbation Publication No. 8 emphasizes that an automatic
updating scheme of the contract could extend to include infrastructures tasked with risk mitigation.
Furthermore, this component of the contract could be intricately linked to the certification approach
facilitated by blockchain.

Future developments in this research could manifest in diverse directions. The engineering and
actuarial approaches need to engage in a productive dialogue to render their respective analyses
mutually beneficial. Simultaneously, the legal perspective must elucidate all aspects to ensure that
the automatism provided by smart contracts in multiperiodic scenarios is not only conceivable in
theory but also effective in practical applications.

A Multi-Disciplinary Approach in insurance contracts coping with Natural Hazards

As mentioned, the role of risk insurance in the context of socio-natural disasters is key for the
effective execution of pre-disaster risk reduction strategies. This aspect is crucial in supporting
comprehensive risk management efforts aimed at diminishing marginal risks. By empowering
policyholders to transfer risk, this approach significantly alleviates the substantial financial burdens
associated with costs incurred during the post-disaster recovery phase.

Publication No. 9 underscores a critical observation: the absence of an integrated risk insurance
strategy for community resilience planning. This deficiency hampers the establishment of properly
optimized holistic risk management. On the one hand, it reinforces pre-disaster risk mitigation
measures, primarily relying on mitigative infrastructural solutions. On the other hand, it contributes
to the better definition of risk prevention strategies, mainly associated with land planning and urban
development.

This paper seeks to demonstrate the pivotal role that insurance markets can play in mitigating
the economic consequences of natural and climate change disasters. It emphasizes the need to
quantify more precisely the beneficial effects and costs of engineering-based mitigative solutions.
In this context, a robust legal framework is essential for implementing the actuarial quantitative
model, facilitating the creation of an integrated multidisciplinary approach. This approach holds the
potential for implementation on a novel platform capable of collecting and processing information
from various sources and dimensions, such as blockchain technology.

The scientific community is increasingly interested in employing blockchain technology to
address issues related to the contractual dimension of natural disaster risk insurance, which can be
conceptualized as a form of smart contracting. Through a comprehensive study involving law,
environmental engineering, insurance, and IT, this paper proposes a specific multidisciplinary
methodology. The goal of Publication No. 9 is to draft and implement a digital insurance contract
on a blockchain platform tailored to mitigate natural hazards, advancing a quantitative concept to
optimize the impact of catastrophe risk insurance on community resilience. It provides a key
synergy for defining pre-disaster conditions and offers insights into a multidisciplinary approach
that can contribute significantly to the field.

Governments, as well as legal entities, play a crucial role in the insurance landscape,
exemplified by instances such as flood insurance. This type of insurance is intricately linked to land
planning, investments in adaptation, and coverage for vulnerable assets [58]. Against the backdrop
of an alarming rise in economic losses resulting from disasters, particularly in the context of climate
change (most notable in non-insured losses) [195] [196], more precise risk assessments demand
extensive data processing from diverse dimensions (e.g., environmental, geological, weather,
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insurance-specific, engineering, legal, socio-economic). Consequently, the adoption of proper data
platforms and leveraging Big Data becomes imperative for pricing optimal insurance premiums
[197]. This approach can effectively reduce the risk in hazard-prone communities, subsequently
enhancing overall community resilience. It also provides an opportunity to allocate economic
resources strategically, particularly to more vulnerable locations, addressing the challenge of non-
insured assets [198].

In this context, emerging technologies such as Blockchain have garnered interest, especially in
insurance applications. The feasibility of smart contracts in the insurance sector, particularly for
instantaneous insurance, holds promise. The insurance industry is increasingly exploring
blockchain technology, introduced by Nakamoto's milestone paper [199], as evidenced by
documents from major insurance groups [200] [201] and consultancy firms [202] [203]. The
establishment of the B3i in 2016, the first blockchain-centered insurance consortium [204], further
underscores this trend.

While peer-to-peer insurance or reinsurance is a potential field for blockchain application [205],
current models still rely on traditional insurance structures. However, smart contracts, considered
an innovation, have been prototyped using the Ethereum blockchain [206].

This interconnection and multidisciplinary approach can bolster the development of insurance-
based mechanisms for adaptation, contributing to increased local resilience against various
disasters. Blockchain technology, in this regard, serves as a robust platform for mitigating risk and
vulnerability through the collection and analysis of diverse data sources (e.g., Big data related to
GIS systems, Environmental variables, Exposure data, Social media data). This enables real-time
risk assessment and facilitates a more precise definition of risk-based pricing for insurance policies,
considering potential losses. Publication No. 9 further emphasizes how the adoption of blockchain
technology within a multidisciplinary framework can enhance overall community resilience to
natural disasters, emphasizing the application of smart contracts in natural hazard insurance.

The evolution of smart contracts within blockchain technology has primarily focused on
automating compensation mechanisms in the insurance industry [207]. However, there is a
significant gap in implementation, pointing toward the need for a transition from purely refund-
focused insurance blockchains to ones centered on big data management [208].

The current one-dimensional perspective of contracts primarily focused on a single period or
contractual phase, is evident. Data entered into Blockchain technology undergoes a transformation
into legal effects, such as compensation, within a single phase, lacking the ability to extend or
modify the contractual structure. However, the future may see a shift toward a multi-phase contract
involving periodic data scanning aimed not at contract termination but at evolution, change, and
adaptation.

Paper No. 9 identifies the minimal and necessary features of a multi-phase contract, including
onerousness, randomness (uncertainty), IT stipulation through an online platform using blockchain
technology, the incorporation of blockchain technology, real-time data flow, and automatic
renegotiation. These features, applied to insurance dynamics against natural hazards, can create and
store a network of valuable information to counteract risk phenomena. The implementation involves
the perpetuation of the contract, step by step, modifying initial parameters based on the consensus
expressed by the parties.

The analysis of contracts with these characteristics within the Italian regulatory system can
provide valuable insights. In terms of contract cost, the relationship between advantage and
performance is pivotal, drawing parallels with examples from the Italian civil code, such as the sale
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of assets. The aleatory nature of the insurance contract is evident, given the uncertainty of the
occurrence of a determined event, making it a perfect example in the context of this research.

The European association of credit institutions expresses a positive opinion about the reliability
of the blockchain system, emphasizing its decentralized nature. Blockchain architecture,
characterized by decentralization, eliminates the need for a central repository and operates on a
peer-to-peer basis. In a standard blockchain structure, transactions are created and validated by
active users, or nodes, in the network. Miners, also participants in the architecture, create blocks in
the network.

Publication No. 9 expands on blockchain and smart contracting applications across sectors,
including air flight delays and variable mortgages. It delves into the legal and technical aspects of
connecting blockchain with smart insurance contracts, exploring the distinctions between Standard
Smart Insurance Contracts and Multi-Period Contracts. Additionally, it discusses potential
drawbacks for Smart Insurance Contracts in the context of natural hazards.

In its main findings, Publication No. 9 proposes a methodological approach, integrating
engineering, insurance-actuarial, legal, and IT dimensions within a blockchain-supported platform.
This multidisciplinary platform aims to optimize the interaction of regulatory, insurance, and
engineering dimensions, facilitating the development of a tool capable of processing diverse
information types. The use of blockchain technology in risk reduction strategies for natural hazards
is highlighted.

Within this definition, a customized blockchain platform for "community" risks is proposed for
environmental risks in specific geographical areas. This involves disciplines such as engineering
(estimating accident probabilities, designing risk mitigation tools, and assessing potential damage),
legal (legislation for public-private synergies and supervising the digital platform), actuarial
(quantifying bonuses for potential damage coverage transfer), and IT (establishing a blockchain-
based digital platform) (see Figure 3.2).
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Figure 3.2. Novel multi-disciplinary approach for Blockchain implementation.

In this methodological approach, blockchain technology's role is to certify collected information
and automate contractual term changes, which is essential for smart contracting. The automation,
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constituting the core of smart contracting, updates the contract without requiring a new negotiation
between the parties.

The initial step involves creating an inventory of local hazards, assessing their occurrence, and
gauging potential impacts on assets at risk. The method maps potential mitigation strategies
applicable in a local context, emphasizing infrastructural dimensions and exploring the benefits of
these strategies.

The proposed platform, based on this approach, could leverage open-source data and Big Data
in a certified and validated manner. Blockchain, in premium computation and risk assessment, acts
as a shared ledger recording individuals' and assets' histories [69]. This enables insurance companies
to determine premiums automatically based on trustworthy data. The flexibility of blockchain and
smart contracts allows policies and coverage to be activated or deactivated based on collected and
validated data.

Blockchain has become a platform to mitigate risk and vulnerability, collecting and analyzing
data from various sources. This enables real-time risk assessments and precise risk-based pricing
of insurance policies, contributing to a more adaptive risk reduction tool. This approach enhances
overall resilience and allocates financial resources effectively, particularly to vulnerable areas.

This methodology finds relevance in urban disasters, requiring innovative approaches to
disaster management and building urban resilience. It aligns with sustainable development plans,
especially within the framework of Sustainable Energy and Climate Action Plans (SECAPs) for
Municipalities [71].

However, concerns exist, including scalability limitations, potential congestion, integration
challenges between different blockchain platforms, and the inherent complexity for average users.
These challenges may lead to skepticism and concerns about fraud associated with blockchain
products. The methodological approach also includes a Bayesian calculation method, emphasizing
the importance of multidisciplinary connections for technological implementations in the insurance
field.

In summary, Publication No. 9 presents a comprehensive approach that integrates various
scientific areas, leveraging blockchain to enhance risk reduction, resilience, and optimized
insurance practices.

3.3. Case studies

Insurance mechanism for cultural heritage with Adjusted Gross Revenue

Natural hazards, particularly those exacerbated by climate change, have been causing an
increasing number of catastrophic events, elevating the likelihood of damage also to cultural
heritage. The escalation in both the frequency and economic consequences of hazards triggered by
natural disasters propels the development of insurance tools and schemes as risk financing and
management instruments.

The current status of the insurance market, especially in Italy concerning biological and natural
disasters, depicts a general context where the assets of individuals are not adequately insured against
the risks of disasters. In contrast, only a limited number of public entities and small to medium-
sized companies are insured with specific policies covering earthquakes and floods. However, there
has been a slight upward trend among medium to large companies in the last decade, as they have
judiciously taken advantage of specific insurance policies. According to Porrini, the cause of the
lack of penetration of insurance policies among individuals can be traced to the so-called "disaster
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syndrome", a state of shock and bewilderment common in the impact phase of disasters due to
distortions on the demand side and insufficient supply of coping disaster resources [209].

Looking at the Italian context as an example of a country exposed to several socio-natural
hazards, including biological hazards, and with exposed cultural heritage

The health emergency caused by COVID-19 immediately reverberated its effects on cultural
heritage [5]. As of February 24, 2020, the Italian Ministry of Culture (MIBACT) had suspended
free admission to museums and places of culture from Sunday, March 1, 2020. A decision preceded
a few days before by the closure of museums, cinemas, and theaters in the areas most affected by
the pandemic, which was followed, in the days immediately following, by the suspension
throughout the national territory of the public opening services of institutions and places of culture
[210]. In the following months, from May 2020, the opening service to the public of museums and
other cultural institutes and places was allowed under certain conditions, and, from June 2020, the
holding of shows open to the public in theatrical halls, concert halls, cinemas, and other spaces.
Indeed, from November 6, 2020, the exhibitions and public opening services of museums and other
cultural institutes and places have been suspended again [211]. Disaster prevention is essential to
save cultural heritage. Management and investigations after a disaster are also very important to
define the extent of damage to movable and immovable cultural heritage [212]. This represented a
massive impact on the incomes of such economic activities.

Within this context, the Italian experience with the Department of Civil Protection (CPD) and
the Ministry of Civil Protection seems appropriate also for the European context. In fact, setting up
a special Committee that has recently disseminated, released, and published behavioral models
compiled by specially trained teams after an earthquake seems a consistent approach. These models
allow a description of the damage, calculate vulnerability indexes, and estimate the cost of the
intervention [55].

These preventive measures, in the general context of hazards, regardless of their nature, are
typically sorted into two categories: structural and non-structural. Structural measures are
challenging to materialize in the case of cultural heritage protection because they are mostly visible,
disturbing, and often not cost-effective [213].

The Approbation Publication No. 2 is part of a broader research effort by the authors, building
upon assumptions and results obtained in the context of a case study involving the assets of Villa
Adriana and Villa D'Este. The objectives of Approbation Publication No. 2 focus on unveiling an
innovative strategy for an ex-ante (prevention and mitigation) and e-post (recovery and adaptation)
risk mitigation. This strategy is aimed at economic heritages vulnerable to damage and losses,
particularly those, like the Covid-19 pandemic, that can impact profitability broadly.

The paper specifically addresses cultural heritage exposed to socio-natural hazards,
emphasizing the irreversible damage and destruction caused by long-term climate effects and
disasters. This is also indicated by the European Parliament: "Prolonged climate impacts and other
disasters occasionally lead to irreversible damage to cultural heritage or the complete destruction
of entire areas of cultural heritage, including both movable and immovable elements" [214]. The
study shifts attention to the financial impact of Covid-19 on a specific heritage: Villa D'Este and
Villa Adriana in Tivoli, Rome Province, chosen due to their significant income loss during the
pandemic.

Villa Adriana and Villa D'Este in Tivoli are among Italy's most significant UNESCO-designated
cultural sites [215]. Although the cultural site is now viewed as a whole, the assets were initially
divided, with Villa Adriana being designated as a World Heritage Site in 1999 and Villa D'Este as
a World Heritage Site in 2001. The grounds of the Villae include an amazing concentration of
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fountains, nymphaea, grottoes, water themes, and an organ that produces audible effects created by
water. The choice of the site of the two Villae underlies a multiplicity of factors and motivations
[210].

A cultural asset, in this case, Villa Adriana and Villa d'Este, should be subject to an economic
risk assessment in the event of a catastrophe of any kind, including environmental (in the sense of
climatic events and their consequences, such as a flood), seismic, fire, or health-related (such as the
pandemic). Different hazards have distinct effects on specific budget items, both on the revenue
and expenditure sides. The Italian context was selected to illustrate how the pandemic impacts ticket
sales by decreasing them.

As mentioned in the introduction, the paper fits into the context of broader scientific research
on the relationship between biological hazards and cultural heritage. In particular, this section refers
to the sum of the losses from non-incomes suffered by the cultural heritage mentioned in the case
study, specifically Villa Adriana and Villa D'Este, during the pandemic outbreak from Covid-19.

However, unlike a pandemic, a fire or a flood in some of the structure's spaces would likely
lead to the site's temporary closure and negatively impact ticket sales. Moreover, unlike a pandemic,
this scenario probably involves significant costs to restore the structure's full efficiency [216].

Both engineering-structural prospective analyses are required to assess the effects of these costs
or lost profits. From the forecast of non-income losses from ticket sales [209], it might be possible
to evaluate the potential use of insurance coverage to deal with the risks described above,
considering a flexible component of the periodic cost based on the ongoing registered claims
experience. In the next part, a case study is proposed, starting with a quantification of the premium
with a flexible insurance approach.

Consider a random variable X that describes the theoretical amount of compensation in the time
unit (for example, one year), from which an insurance premium P can be calculated. In traditional
insurance, this premium is considered constant for each period of coverage and is a function of the
distribution of X. The variable X encompasses all damages [149].

The flexible approach involves recording the suitable compensation amount during the period
preceding a recalculation and redefinition date (¢#) from the inception (start) of the insurance
coverage, which can be fixed as time 0, representing the compensation for ¢ years, denoted as Y(0,7).
The frequency of recalculation must be contractually determined and outlined annually or at a
different specified frequency.

Let Y(0,¢) represent the total amount compensated by the insurance company, and P denote the
sum of premiums paid by the insured within the same time frame. The flexibility lies in providing
a bonus-malus scheme based on different predefined levels, as described in Equation 35 below:

Y(0,t) — P =D(t) (35)

Should D(?) exceed a certain threshold, meaning more compensation than premiums paid, the
flexibility scheme might increase the premium until the next recalculation. On the other hand, if
D(t) is negative, there could be a decrease in the premium sum until the next recalculation or
retrocession of part of D() to the insured party, perhaps to be linked to risk mitigation works. More
specifically, the potential progression of risk mitigation works, to be financed independently and/or
through these hypothetical insurance retrocessions, may gradually decrease the total amount of
insurance coverage, provided that the sum of the actual and effective damage is positively affected
(i.e., reduced) by mitigation; otherwise, this flexibility scheme would end up generating positive
D(t) levels, consequently increasing the premium.
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This section presents a real case study based on the methodology and calculation methods
aligned with the Doctoral thesis and the approbation Publication No. 2. As highlighted earlier,
cultural heritage has traditionally been considered a static element whose value is represented by
the intrinsic value of the assets that compose it and the cost of reconstruction. Over time, companies
have adopted traditional forms of risk mitigation and reconstruction insurance without the desirable
diffusion for such a decisive and important issue for public welfare. Initially, insurance coverage
focused on ex-post protection, involving the disbursement of equal sums, theoretically for the
reconstruction of damaged assets. More recently, attempts have been made to provide ex-ante
protection, allowing the constant disbursement of the insurance premium to allocate part of it to the
construction of risk mitigation structures.

The author's idea in the possible development of a different approach lies in the notion that
economic cultural heritages can no longer be understood solely as public assets, whose value is
outlined by the cost of the immovable asset itself. Cultural heritage, exemplified by Villa D'Este
and Villa Adriana, must be considered economic activities and industries exposed to the risk of
natural hazards and business risk. Public entities, while not subject to insolvency rules, are
susceptible to market rules and fluctuations in cash flow. Unravelling doubts about the systematic
classification of economic cultural heritage as public industries, it seems appropriate to assess
whether some form of insurance, initially used for other areas, could be useful for heritage when
incomes are affected due to hazards, losses, and negative fluctuations.

To mitigate the catastrophe risk from natural hazards regarding financial losses, the author
suggests evaluating the option of adopting a particular form of insurance, widespread above all in
the USA in the agricultural field: protection derived from the Adjusted Gross Revenue (AGR). AGR
insurance is a non-traditional insurance plan that allows the risk management of the entire company.
It is a compelling product that could serve as a model for possible application in Italy and other
European Union countries. AGR is a policy that insures company revenues, using the historical
gross revenues of an agricultural company as a reference parameter, obtainable from tax data
(average of the last 5 years) reported by the parties. This insurance product is applicable to any
production sector.

Although closely related to the paper, the AGR Policy offers, among other features, insurance
coverage for losses of gross revenues due to natural disasters or calamities. Using the data obtained
from the paper on the calculation of Covid-19 losses for the heritage of Villa D'Este and Villa
Adriana, the following calculations are reported after proceeding to the calculation table for the
claboration of the insurance premium and respective disbursement.

The data inventory necessary to calculate the AGR for the presentation of the case study is
proposed in the table below with a reference to the years 2017-2019 (i.e., before Covid-19).

Table 3.6
Data inventory for the case study of Villa d’Este and Villa Adriana [210]
2017 2018 2019
Tax charges, € 316491.81  31500.00 55905.12
Charges for active workers of service, € 229136.30  215000.00 161517.36
Purchase of goods of consumption and services, € 710067.95 801500.00 1209335.69

Recovery, restoration, adjustment, and maintenance of ~ 1237997.60 975000.00 1343449.73
the immaterial assets (software/hardware) and material

movable and immovable assets.

Purchase of goods of consumption and services, €

Ministerial and state grants: concession assets, € 200000.00  400000.00 199744.81
Ticket sales, € 3350822.12 4000000.00 4869535.94
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According to Table 3.6, the eligible income for 2017 amounted to € 3,333,123.66, calculated
as:

3350822.12 + 1237997.60 — 710067.95 — 229136.30 — 316491.81 = 3333123.60 (36)

Once the eligible income has been determined for each year, the AGR is calculated by
incorporating increases or decreases, as outlined in Table 3.7.

Table 3.7
Calculation of AGR
Year Eligible Incomes, € Increase/Decrease, %
2017 3333123.66
2018 4327000.00 4327000.00/3333123.66 = 1.2981
2019 4985972.31 4985972.31/4327000.00 = 1.1522
The average eligible income is computed using the equation below.
(3333123.66 + 4327000.00 + 4985972.3)
3 = 4215365.12 € 37)
The average percentage increase/decrease is derived from Equation 38.
1.2981 + 1.1522
; =122 (38)
4
The adjusted gross revenue can be calculated as:
4215365.32 - 1.488 = 6274149.74 € 39)

The value is verified by the AIP (Approved Insurance Provider), which then utilizes it to
calculate the insurance coverage. The insurance program offers different levels of income coverage.
The insured individual may choose the package that best suits their needs. The packages offered
include:

e 80/75 or 80/90 = coverage level of 80% with the payment of a rate of 75% or 90%;
e 75/75 or 75/90 = coverage level of 75% with the payment of a rate of 75% or 90%;
e 65/75 or 65/90 = coverage level of 65% with the payment of a rate of 75% or 90%.

Publication No. 2 envisages the introduction of an insurance policy known as Agricultural Risk
Insurance (AGR). The study strongly advocates for the implementation of AGR, highlighting its
potential benefits in curbing macroeconomic and financial repercussions, minimizing losses, and
mitigating risks associated with natural calamities.

In order for insurance programs to operate optimally, they must satisfy a range of criteria,
particularly in terms of their capacity to quantify risks and provide extensive coverage. The study
accentuates the critical necessity of cultivating a comprehensive understanding of socio-natural
hazards. This depth of understanding serves as a fundamental prerequisite for devising effective
mitigation strategies aimed at preserving and safeguarding urban cultural heritage assets.

The effectiveness of insurance initiatives hinges on meeting specific prerequisites, notably the
ability to quantify risks and provide comprehensive coverage. This study places significant
emphasis on the imperative of acquiring a thorough understanding of socio-natural hazards. Such
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comprehension serves as a foundational requirement for the development of robust mitigation
strategies tailored to protect urban cultural heritage assets.

This proposed approach offers advantages in terms of constraining macroeconomic and
financial impacts, minimizing losses, and diminishing risks associated with natural hazards. This
perspective aligns with a resilience and risk management strategy. The introduction of AGR not
only has the potential to naturally introduce new operational dynamics to the insurance market but
is also designed to alleviate the adverse consequences of a hazard. This is achieved, at the very
least, by constraining costs and financial damages associated with such events.

Furthermore, the implementation of AGR represents a proactive step towards enhancing the
overall resilience of the economic system in the face of natural calamities. By providing a financial
safety net and reducing the economic fallout, AGR contributes to a more robust risk mitigation
framework. This approach not only addresses the immediate financial impacts of natural disasters
but also fosters a culture of preparedness and long-term resilience within the insurance industry and
the broader economic landscape.

Socio-natural disaster effect in cultural heritage during COVID-19: losses estimation

The approbation Publication No. 3 focuses specifically on cultural heritage vulnerable to socio-
natural hazards, emphasizing the irreversible damage caused by long-term climate effects and
disasters. The European Parliament acknowledges that “prolonged climate impacts and disasters
can occasionally result in irreversible damage to cultural heritage, even leading to the complete
destruction of entire areas, encompassing both movable and immovable elements” [32].

The study then shifts its focus to the financial repercussions of Covid-19 on specific heritage
sites, namely Villa D'Este and Villa Adriana in Tivoli, Rome Province, selected due to the
significant income loss they experienced during the pandemic. Both sites are integral to Italy's
cultural landscape and are recognized by UNESCO as among the most important cultural sites in
the country [215].

The selection of these sites is motivated by several factors. Firstly, their inclusion in the
UNESCO list underscores their qualitative importance on a national and international scale.
Secondly, the entrepreneurial and economic management methods applied to these assets align with
the criteria set by UNESCO. Thirdly, the ease of retrieving fiscal and economic balance sheets for
the years 2017-2020 facilitates data analysis. Lastly, the geographical location of the sites and the
unfavorable economic situation resulting from the severe Covid-19 outbreak in 2020 further justify
their selection.

The collected information is summarized in Tables 1.2 and 1.3. Table 1.2, based on the 2017—
2020 extracted financial statements, examines macro-data related to budget items in four areas:
fixed (mandatory payments and non-recursive ones), variable costs, and fixed and variable
revenues.

In Table 1.3, the authors analyze the most relevant values of the indicators from Table 1.2 over
the last three years to assess any negative impact of hazards. Additionally, Table 1.4 in the
Approbation Publication No. 3 reports several government provisions that limit or prevent the
opening of Cultural Heritage sites, exacerbating their economic condition.

The paper underscores the need for an economic risk assessment for cultural assets exposed to
risks, evaluating the impact of cost reductions and potential multihazard scenarios, such as
combinations of extreme weather events or biological pandemics. To evaluate the impact of these
costs, historical data series are essential for extrapolating estimates of economic risk related to
various balance sheet items affected by a catastrophic scenario.
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Based on the investigated case study, the reduction in ticket revenue during catastrophic events
can be evaluated. Utilizing the daily average of incomes b (assuming a constant flow without
seasonality) from previous years, derived from annual total receipts B(z) with ¢t = 2019, 2018, ...,
and considering m annual revenue figures, the following descriptive equation can be derived.

b = (B(2019) + B(2018) + -+ B(2019 — m + 1)) - (%) : (%) (40)

Based on the equation it could be assessed the impact of a forced lockdown, such as the one in
2020 due to the pandemic (as indicated in Table 1.3 and 1.4), and compare the estimate of the
reduction in collection with the years before (i.e., 2017-2019). To illustrate this with a numerical
example using the data in Table 1.3 for collections in 2017-2019, it can be determined that

1 1
b = (3350822 + 4000000 + 4869535) - <§) : (ﬁ) =11.160 (41)

Then, assuming a forced lockdown of n = 130 days in 2020, there would be an estimated loss
of €1 450 818, which is then compared with the difference between the average takings in 2017—
2019 (€ 4 073 452) and the total ticketing income in 2020.

Paper No. 3 underscores the vulnerability and economic instability of cultural sites, exemplified
by the impact of the Covid-19 pandemic on cash flow in 2020. The simple mathematical equations
calculate the average income losses, considering the three-year period (2017-2019) as the baseline
and factoring in the days the site was closed.

Key findings include the disproportionately high management costs of cultural sites, even when
closed, the exposure to risks without effective mitigation measures, and the lack of insurance
coverage in financial records related to natural events. Additionally, the study emphasizes the
following aspects:

e  Public administrations, including the examined cultural heritage, are exposed to hazards without
adequate preventive and remedial countermeasures. The hazard of Covid-19 revealed a lack of
measures despite not causing direct damage to assets and people.

e  The second key aspect concerns the inconsistency of provisional balance sheets drawn up before
the pandemic outbreak and the inability, both generally and specifically, to address it at an
entrepreneurial level.

e  The third aspect highlights the total absence, as per balance sheets, of any insurance coverage
related to natural events, emphasizing the need for insurance that maintains the flow of money to
avoid worsening direct and indirect consequences.

3.4. Smart insurance mechanism analysis by System Dynamics approach

The functioning of the insurance mechanism studied and implemented in the System Dynamics
(SD) model for the defined case study is best elucidated through Causal Loop Diagrams (CLDs).
The conceptual model, developed with CLDs for three case study scenarios and outlined in Table
2.6, identifies the key variables and their interrelationships within the studied system. By employing
reinforcing and balancing loops in CLDs, the conceptual model introduces a dynamic problem of
the system and a dynamic hypothesis of the model. This is based on a thorough review of the
literature and the expert knowledge of the selected system under study.
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The simulation results of the Stock and Flow model, which is based on CLDs and delineates
three case study scenarios, are analysed by comparing model variables such as Risk Premium, Area
of Assets Insured, Insurance Company Profit, Insurance Companies’ Expenditure, and Total Costs
of Disaster. These variable results facilitate a comprehensive comparison of different aspects of the
performance of the proposed smart insurance mechanism in the analysed scenarios. A more detailed
analysis of the results is available in the Approbation Publication No. 1.

Scenario 1 model

The problem explored in Case Study Scenario 1 revolves around the notion that, in a business-
as-usual insurance mechanism, the total risk premium payments escalate with an increased number
of insurance contracts due to heightened risk perceptions linked to climate change. The hypothetical
behavior in this scenario is depicted in Figure 3.3, illustrating risk premium payments and insurance
payout flows over a 10-year period.

B 0 10 20 30 40 50

D Risk premium payments
O Insurance payouts
B Attachment and detachment points

EUR

Years

Figure 3.3. Illustration of insurance companies’ payment flows in case study Scenario 1.

The attachment point signifies the loss level at which the insurance company intervenes to cover
excess losses, while the detachment point indicates the loss level at which the insurance company
ceases coverage. The sum between the attachment and detachment points of insurance is utilized
for payouts to insured assets, indicating that the risk associated with these points is not covered.

For Case Study Scenario 1, a Causal Loop Diagram (CLD) is formulated and presented in Figure
3.4. The main components of the CLD are two feedback loops and variables: Damage to assets and
Extreme weather events. The relationships between the variables suggest that assuming all other
factors remain constant, an increase in the extreme weather event variable will lead to a rise in the
value of damaged assets. Similarly, a surge in asset damage will result in an increase in the cost of
risk premiums after the reassessment of risk premiums in contracts within a 10-year period. The
time delay between accounted damage to assets over the period for which the risk premium is
assessed is represented by the two stripes on the connector between damage to assets and risk
premium.
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Figure 3.4. CLD for case study Scenario 1.

Risk premium, willingness to pay for insurance, assets insured, and insurance company budget
are the variables linked in the reinforcing loop R1. The values of the variables related to the
reinforcing loop R1 increase in a closed loop, following the reinforcing loop definition. This loop
illustrates the dynamic issue of the rising risk premium over time due to increasing asset damage,
resulting in rising insurance company budgets and a subsequent decline in the risk premium, as seen
in Figure 3.3. In this case, the supply-demand elasticity function determines the extent to which the
risk premium value will decline. The number of assets in the area determines the growth of loop
R1, and the CLD is complemented by balancing loop B1, which includes variables Assets insured
and Assets remaining to be insured. The empirical model structure, known as a stock and flow
model, simulates the system's behavior based on developed CLDs. The results of the empirical
model simulation for Case Study Scenario 1 are presented and discussed more comprehensively in
the Approbation Publication No. 1.

Scenario 2 model

In accordance with the approaches outlined in Scenario 2 and Scenario 3, the government would
invest in Disaster Risk Reduction (DRR), thereby enhancing the safety of the covered assets. The
underlying concept of these scenarios is that the insurance firm takes on the responsibility to
reimburse the government's investment through bonds, thereby positioning the insurance industry
proactively as a driver for risk reduction and preventive measures. The government is envisaged as
the local area's representative responsible for DRR development, thereby expressing interest in
progressing towards investment in DRR, ultimately repaid by the insurance firm through bonds.
This strategy assumes that effective DRR implementation will lead to a reduction in risk,
subsequently resulting in diminished insurance payouts due to fewer incidents causing asset
damage. Scenario 2 elaborates on this case, as depicted in Figure 3.5.
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Figure 3.5. Illustration of insurance companies’ payment flows with Investment in disaster risk reduction
(Scenario 2) [217].

Investment in disaster risk mitigation constitutes one of the two additional feedback loops
introduced in Scenario 2 (Figure 3.6). The loop R2 delineates how an intelligent contract investment
in Disaster Risk Reduction (DRR) measures can diminish asset damage, reduce risk premiums, and
ultimately elevate insurance willingness, insured assets, and the budget of insurance companies.
The reinforcing loop R2 is counterbalanced by loop B2, ensuring that the budget of insurance firms
does not grow indefinitely.
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Figure 3.6. CLD for Investment in disaster risk reduction (Scenario 2) [217].

While this approach is geared towards diminishing disaster risk, there exists the possibility of
a negative balance in an insurance company's budget. This can occur due to a reduction in risk
premium payouts resulting from a decrease in disaster events, making it challenging to recover the
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initial investment in disaster risk reduction. Consequently, the introduction of a fixed premium price
becomes necessary. The empirical model structure, known as a stock and flow model, simulating
the system's behavior, is established based on developed Causal Loop Diagrams (CLDs) for Case
Study Scenario 2. The results of the model simulation are presented and elucidated in the
Approbation Publication No. 1.

Scenario 3 model

In Scenario 3, referred to as the "Smart Contract approach," a fixed premium concept is
considered. Under this methodology, the disparity between insurance payouts and the established
risk premium or a percentage of the insurance company's profits is utilized to reimburse the initial
government bond investment in disaster risk reduction measures.

4

EUR

_ __ __ . __ Fi_xe_d pre_m_iu_m
Investment
Bayoff

0

10 20 30 40 50 Years

Risk premium payments

Insurance payouts

Attachment and detachment points

Investment in DRR measures (loans, bonds, etc.)
Investment pay-off
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Figure 3.7. Illustration of insurance companies’ payment flows with Smart contract approach (Scenario 3) [217].

To counteract the effects of loop R2 in the insurance system model provided, it becomes
essential to introduce a fixed premium that is not contingent on asset damage. This fixed premium
is determined based on historical data at the time of fixation. Consequently, the Causal Loop
Diagram (CLD) for the smart contract technique in Figure 3.8 does not incorporate the connection
between asset damage and risk premium. The proposed CLD underwent scrutiny and received
approval for further utilization in a System Dynamics (SD) stock and flow model by a panel of
experts in SD and insurance.

The total expenditure of the company in Scenario 1 differs from the approaches in Scenarios 2
and 3, where insurance firms' expenditure encompasses both the pay-off of investments and payouts
to insured assets after damage occurs. The costs incurred by insurance companies, estimated as the
total in the SD model, can be utilized to compare the overall costs of transitioning from conventional
insurance schemes to smart contracts in the Business-As-Usual (BAU) scenario. Evaluating the total
disaster costs involves summing up the damage to all assets in the area and the expenditure on
Disaster Risk Reduction (DRR) measures to assess the overall efficacy of the analyzed scenarios.

The study indicates that implementing flood risk reduction measures may expose other assets
in the vicinity to risk beyond the insured assets. Investing in DRR using this strategy can lead to
reduced risk and risk premiums, thereby increasing people's willingness to pay for insurance. The
System Dynamics (SD) model allows the simulation of changes in the localized insured asset count.
Only payments for risk premiums and payouts from investment gains are recorded as income and
results, respectively. Profit for insurance firms is defined as the difference between income and
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results. The simulation results for Scenario 3 are presented and discussed in Approbation
Publication No.1.
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Figure 3.8. CLD for Smart contract approach (Scenario 3) [217].

Comparison of scenarios

In this section, a comparative analysis of the statistics obtained from 1000 simulation runs for
each scenario is presented. These statistics shed light on the behavior of the following parameters:
insured assets area, insurance company profit, insurance company expenditure, and total costs of
disasters. The selected parameters for comparative analysis allow us to comprehend the differences
in each insurance mechanism and their impact on insurance companies’ business.

The statistics of the insured asset area are depicted in Table 3.8. In Scenario 1, the mean insured
asset area for all simulation runs is approximately 2.48E+05 m> The minimum insured asset area
is 1.09E+05 m?, while the maximum is significantly larger, at 4.93E+05 m’. Scenario 2 presents a
different picture, with the mean insured asset area notably higher, at 5.11E+05 m?. The standard
deviation in Scenario 2, equal to 3.51E+04 m2, is much smaller than in Scenario 1, suggesting that
simulation results for the insured asset area are more tightly clustered around the mean.

Table 3.8.
Statistics of insured asset area
Statistic Scenario 1 Scenario 2 Scenario 3
Mean of insured assets area 2.48E+05 5.11E+05 N/A
Std. Dev. of insured assets area 8.86E+04 3.51E+04 N/A
Min of insured assets area 1.09E+05 3.33E+05 N/A
25% Percentile of insured assets area 2.03E+05 4.76E+05 N/A
75% Percentile of insured assets area 3.05E+05 5.33E+05 N/A
Max of insured assets area 4.93E+05 5.33E+05 N/A

*N/A —not applicable

In contrast to the other scenarios, Scenario 3 exhibits unique characteristics as the risk premium
value is set constant; hence, the insured asset area in all simulations is equal to 4.63E+05 m2.
Scenario 2 presents a higher average insured asset area, while Scenario 1 shows a lower average
insured asset area than Scenario 3. This tendency is well presented by histograms in Figure 3.9,
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where, for Scenario 1, the graph is skewed towards lower insured asset area values; for Scenario 2,
the graph is skewed towards higher insured asset area values. And for Scenario 3, the insured asset
area is the same for all simulation runs.
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Figure 3.9. Histograms for insured asset area in Scenario 1(a), Scenario 2(b) and Scenario 3(c).

The statistics for the profitability of insurance companies across three scenarios are shown in
Table 3.9. In Scenario 1, the mean insurance company profit is EUR 34.6 million, with a standard
deviation of EUR 13.5 million, indicating a considerable range in profit levels based on simulation-
run hazard occurrences. The lowest profit value is EUR -34.9 million, suggesting a probability that
the insurance business could suffer a loss. About EUR 42.4 million represents the 75th percentile,
indicating that 25% of simulation runs show profits higher than this value. The highest profit in all
simulations is EUR 98.1 million.

Scenario 2 exhibits different statistical values. In comparison to Scenario 1, the average
insurance company profit is noticeably larger, at about EUR 67 million, indicating a better degree
of profitability. However, the standard deviation is EUR 30.8 million, showing that profit levels
can vary significantly compared to Scenario 1. The minimal profit recorded is EUR -20.5 million,
pointing to a reduced potential loss for the insurance firm. In 25% of simulation runs, the company
will produce earnings higher than the ones shown by the 75" percentile, about EUR 89.9 million.
In all simulation runs, a maximum profit of EUR 146 million was recorded.

Table 3.9
Statistics of Insurance company profit
Statistic Scenario 1 Scenario 2 Scenario 3
Mean 3.46E+07 6.70E+07 2.79E+07
Std. Dev. 1.35E+07 3.08E+07 4.55E+06
Min of Insurance company profit -3.49E+07 -2.05E+07 5.15E+06
25% Percentile of Insurance company profit 2.72E+07 4.55E+07 2.55E+07
75% Percentile of Insurance company profit 4.24E+07 8.99E+07 3.08E+07
Max of Insurance company profit 9.81E+07 1.46E+08 3.08E+07
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The mean average insurance company profit in Scenario 3 is EUR 27.9 million, which is less
than Scenario 2 but more than Scenario 1. In comparison to the other scenarios, Scenario 3's
standard deviation of EUR 4.55 million is relatively low, indicating less fluctuation in profit levels
among simulation runs. The minimal profit that has been recorded is roughly EUR 5.15 million.
The documented maximum profit is EUR 30.8 million, which also represents the 75th percentile.
Corresponding to the statistics in Table 3.9 above, Figure 3.10 shows the histograms for insurance
company profit in three scenarios. The largest average profit is found in Scenario 2. Despite having
a lower average profit, Scenario 3 has the lowest profit variability, suggesting a more stable and
predictable scenario for the insurance company, while Scenario 1 shows lower average profitability
and greater profit level variability.

The three separate scenarios from the perspective of companies' spending are represented in
Table 3.10. In Scenario 1, the mean value of expenditure in the total number of simulation runs is
EUR 1.36 million. In Scenario 2, it is EUR 26.2 million, and in Scenario 3, it is EUR 4.10 million.
A higher standard deviation indicates greater variability in spending in Scenario 2, equal to EUR
12.3 million, while for Scenario 1 and Scenario 3, it is EUR 1.41 million and EUR 4.55 million,
respectively. The minimum expenditure is 0, while in Scenario 3, it is EUR 1.20 million.
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Figure 3.10. Histograms for insurance company profit in Scenario 1(a), Scenario 2(b), and Scenario 3(c).

Table 3.10.
Statistics of Insurance company expenditure
Statistic Scenario 1 Scenario 2 Scenario 3
Mean of Total insurance company expenditure 1.36E+06 2.62E+07 4.10E+06
Std. Dev. of Total insurance company expenditure 1.41E+06 1.23E+07 4.55E+06
Min of Total insurance company expenditure 0.00E+00 0.00E+00 1.20E+06
25% Percentile of Total insurance company expenditure 0.00E+00 1.76E+07 1.20E+06
75% Percentile of Total insurance company expenditure 1.89E+06 3.39E+07 6.49E+06
Max of Total insurance company expenditure 7.12E+06 6.83E+07 2.69E+07
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According to the statistics presented in Table 3.10 and the histograms in Figure 3.11 for
insurance company expenditure, there is significantly higher expenditure expected for the insurance
company in Scenario 2 compared to Scenarios 1 and 3. Similarly, as for insurance company profit,
Scenario 3 has a different distribution pattern for insurance company expenditure. In Scenario 3,
the proportion of simulation runs with lower expenditure is much higher than for Scenarios 1 and
2, appearing as a skewed histogram graph towards lower values.
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Figure 3.11. Histograms for insurance company expenditure in Scenario 1(a), Scenario 2(b), and Scenario 3(c).

Finally, the total costs of the disaster are compared among the analyzed scenarios in Table 3.11.
Scenario 2 and Scenario 3 show similar statistical outputs, as the applied disaster risk measures
considered in these scenarios have the same effect on reducing disaster risk and, consequently, the
damage costs. Both Scenario 1 and Scenario 3 exhibit significantly lower mean and maximum
values of total disaster costs compared to Scenario 1. This information is consistent with the
histogram graphs shown in Figure 3.12, where Scenario 2 and Scenario 3 have similar skewed
graphs towards lower values in the total cost of disaster.

Table 3.11.
Statistics of the total costs of disaster

Scenario 1 Scenario 2 Scenario 3

Mean of Total costs of disasters 6.99E+07 7.90E+06 7.34E+06
Std. Dev. of Total costs of disasters 3.02E+07 1.12E+07 1.05E+07
Min of Total costs of disasters 0.00E+00 0.00E+00 0.00E+00
25% Percentile of Total costs of disasters 4.92E+07 0.00E+00 0.00E+00
75% Percentile of Total costs of disasters 8.99E+07 1.79E+07 1.36E+07
Max of Total costs of disasters 1.58E+08 5.86E+07 5.38E+07
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Figure 3.12. Histograms for total costs of disaster in Scenario 1(a), Scenario 2(b), and Scenario 3(c).
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Summarizing the comparison of the selected model parameters among the defined scenarios,

the results indicate that Scenario 1 has a lower number of insured assets with higher total disaster

costs compared to Scenarios 2 and 3. Therefore, Scenario 1 can be considered less desirable for
local communities. Scenario 2 proved to be the most profitable among the analyzed scenarios;
however, Scenario 3 exhibited more consistency in profitable outcomes. Moreover, Scenario 3 did
not show any cases of negative values in profit, unlike the other two scenarios. Such differences
between scenarios are also reflected in the statistics of the insurance company’s expenditure.
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CONCLUSIONS AND RECCOMANDATIONS

This Doctoral thesis aimed to fill the knowledge gap on how new insurance instruments
embedded in a proactive role of the insurance sector can be used for co-financing disaster resilience
projects as mitigation and adaptation strategies enhancing community resilience against weather-
related hazards.

The Doctoral thesis wanted to demonstrate the effectiveness of integrating Smart Insurance
Contracts to be substantial to enhance the resilience of communities and reduce the socio-economic
impact of natural disasters and socio-natural hazards, leading to more sustainable and adaptive
disaster risk management strategies. A novel mechanism based on a Bayesian adaptive insurance
scheme addressing flooding risk directed toward public administration has been proposed. This
mechanism incorporates Smart Contracts and is further applied in developing a System Dynamics-
based urban assessment tool for socio-natural hazards, with a specific focus on floods in the Latvian
context.

This doctoral research underscores the pivotal role played by insurance mechanisms in
mitigating climate change-related disasters and safeguarding lives, livelihoods, and critical
infrastructure. By deploying a comprehensive approach involving robust risk assessment,
innovative insurance mechanisms, incentives for risk reduction, capacity building, stakeholder
collaboration, and continuous monitoring and evaluation, the outputs of the Doctoral thesis are
relevant, enhancing community resilience and propelling sustainable development amid the
complex challenges posed by climate change. Recognizing the evolving nature of climate risks, this
Doctoral thesis demonstrated how fostering innovation towards the effectiveness and accessibility
of insurance mechanisms in the ever-changing landscape provides policy support toward DRR
strategies and planning.

This Doctoral thesis represents a comprehensive study presenting fundamental insights and
strategic recommendations for stakeholders, particularly public administrations, insurance
companies, policymakers, and disaster risk managers. I particularly bedside the innovative Bayesian
Adaptive Insurance mechanisms implementing Smart Contracts. This study highlights the
usefulness of the System Dynamics modelling approach for examining the feedback loops that
govern the behavior of complex systems related to the insurance mechanism of disaster insurance.
The study aims to solve an existing problem in conventional disaster insurance mechanisms, which
aims only to provide financial safety for asset recovery after a disaster event and not to decrease
the risk of disaster itself. This problem is especially becoming topical with climate-related disaster
risk increases and can lead only to higher damage costs in the long term.

The analysis of results unfolds key conclusions and offers a set of crucial recommendations,
harmonizing diverse perspectives for effective risk reduction and resilience enhancement presented
as follows.

Conclusions

e  The study advocates for a novel multidisciplinary approach, recognizing the importance of
legislative, engineering, and actuarial dimensions. This approach aims to create a comprehensive
assessment tool for the insurance sector, specifically designed to quantify the benefits of mitigative
risk reduction measures against socio-natural hazards.

e The thesis highlights the escalating economic challenge faced by public administrations in
managing risks and addressing damages in the insurance market, particularly with the upfront
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investments required for adaptation and mitigation solutions. It introduces a novel financial scheme
for flood risk management, emphasizing a resilient approach that combines upfront risk reduction
investments with insurance mechanisms. This aligns with the concept of resilience bonds, offering
a choice between passive, traditional insurance, and proactive urban resilience strategies.

The analysis of results underscores the crucial role of engineering competence in risk assessment,
cost-benefit analysis, and the design of effective mitigation works. The regulatory framework,
especially in the European context, guides public administrations in pursuing these objectives.
There is a focus on integrating innovation, such as Blockchain technology, into insurance
mechanisms. This technology is proposed as an innovative tool for real-time climate data
collection, damage recording, and smart contract implementation. The proposed smart contract is
a multiphase contract type designed to adapt over decades, taking into consideration climate trends
and adjusting parameters for risk assessment.

The thesis emphasizes the potential of blockchain technology in mitigating risk and vulnerability
by enabling real-time risk assessment. The necessity for automatic updating schemes of contracts
linked to certification, facilitated by blockchain, is highlighted. This facilitates more precise risk-
based pricing for insurance policies, setting the stage for utilizing various innovative technologies
(e.g., Big Data processing, GIS, and probabilistic modeling). These technologies form an integrated
Risk Management approach aimed at enhancing urban resilience. This approach addresses spatial
and time-dependent preparation, resistance, and adaptation capacities to flood risk.

The study underscores the potential of blockchain technology in mitigating risk and vulnerability
by enabling real-time risk assessment. It emphasizes the need for automatic updating schemes of
contracts linked to certification facilitated by blockchain, providing more precise risk-based pricing
for insurance policies.

Insurance companies are encouraged to consider strategic allocation of surpluses towards Disaster
Risk Reduction (DRR) strategies, contributing to broader societal goals and enhancing disaster
resilience.

The study emphasizes the crucial role of multidisciplinary research in addressing the interconnected
relationship between smart contracting, blockchain technology, and Bayesian adaptive design for
flood risk insurance. The escalating concentration of human populations in urbanized areas
amplifies the need for resilient insurance mechanisms supported by flexible contracting tools.

The research underscores the significance of the System Dynamics modeling approach in
comprehensively examining the intricate feedback loops governing the behavior of complex
systems, specifically within the realm of disaster insurance mechanisms. Addressing a critical gap
in conventional disaster insurance paradigms, focused primarily on post-disaster financial recovery.
The study aims to tackle the fundamental issue of reducing the inherent risk of disasters. This
becomes particularly relevant in the context of escalating climate-related disaster risks, which, if
left unaddressed, could result in escalating long-term damage costs.

The System Dynamics model addresses the limitations of conventional disaster insurance
mechanisms by proposing a new model that not only financially safeguards asset recovery post-
disaster but also actively works to decrease the risk of disasters. This innovative approach becomes
especially pertinent with the increasing threat of climate-related disasters.

In response to the limitations identified in conventional insurance models, the research introduces
a novel insurance mechanism. This paradigm shift aims to counteract the inherent inefficiencies of
existing models in dealing with the mounting threats posed by disasters. Applied in a local case
study, the proposed insurance mechanism operates on a dynamic hypothesis, envisioning a smart
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insurance contract. This innovative contract not only supports investments in disaster risk
mitigation measures, thereby reducing damage costs and safeguarding insured assets but also
facilitates the attraction of new assets through a more effective insurance scheme. The net result is
a system that yields even higher benefits for the insured assets, showing the potential benefits of a
proactive role of the insurance sector for co-financing disaster resilience projects and enhancing
community resilience against weather-related hazards. Results from the SD model, including the
Smart contract approach, demonstrate the consistent benefit of such mechanisms in providing both
disaster cost reduction and revenue for insurance companies. The case study utilizing the developed
System Dynamics model demonstrates the effectiveness of the innovative insurance mechanism. It
confirms that fixing risk premiums for insurance companies is a crucial step in decreasing overall
disaster costs when investing in Disaster Risk Reduction (DRR) measures. The Smart contract
approach, as compared to business-as-usual or conventional mechanisms, consistently shows better
results in terms of disaster costs and revenue for insurance companies.

The proposed insurance mechanism, incorporating a dynamic hypothesis and a smart insurance
contract supporting investment in disaster risk mitigation measures, aims to reduce damage costs
and attract new assets to be insured. The model developed holds promise in advancing the practical
application of innovative insurance mechanisms in diverse regions. By providing valuable insights
for insurance companies, policymakers, and disaster risk managers, the model offers information
on the most beneficial scenarios for local communities and other stakeholders. The proposed
paradigm shift in insurance mechanisms has the potential to reshape disaster risk management
strategies, steering them toward more effective, sustainable, and community-centric approaches.
The proposed premium risk calculation is recommended for developing a quantitative
infrastructure resilience model. This aligns with national regulations mandating mathematical
studies before significant decisions related to mitigating structures, including Resilience Bonds.
The research encourages a proactive role for insurance companies in promoting overall societal
well-being by channeling surpluses into DRR initiatives, aligning with the evolving role of
insurance in comprehensive risk management strategies.

The complexity of urban systems and CI necessitates a holistic risk reduction approach, considering
both engineering and social dimensions. Policymakers, economists, urban planners, engineers,
insurance companies, and scientists are urged to collaboratively develop innovative and sustainable
Risk Management frameworks.

The methodology proves particularly relevant in the context of urban disasters, where innovative
approaches are crucial for effective disaster management and building urban resilience. Its
alignment with sustainable development plans, especially within the framework of Sustainable
Energy and Climate Action Plans (SECAPs) for Municipalities, emphasizes its applicability to
contemporary challenges. Engaging stakeholders, including insurance companies, policymakers,
and disaster risk managers, is crucial for the successful implementation of innovative insurance
mechanisms. Collaborative efforts can foster resilience and contribute to sustainable development
goals in the face of climate-related challenges.

Recommendations
Future developments involving Monte Carlo simulation to address variability in results,
emphasizing the need for real-world data to validate the theoretical model, as demonstrated by the
study on flood risk, could be addressed.
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e  The proposed approach, applicable to various risks and mitigation strategies, should be further
developed based on the quality of data available in feasibility studies for resilient processes in moe
real cases.

e Future developments should involve a productive dialogue between engineering and actuarial
approaches. The legal perspective must clarify aspects to ensure the practical effectiveness of smart
contracts in multiperiodic scenarios.

e Insurance organizations are encouraged to employ diverse alternative analytical methods, such as
break-even analysis and income stability assessment, for strategic planning. These methods address
information asymmetry within insurance contracts, contribute to monitoring key success factors,
and enhance an insurer's competitiveness.

e  Consideration of cultural, behavioral, and educational factors is crucial in understanding the
demand for insurance. The study emphasizes that factors beyond a logical trade-off between policy
price and benefits, including income levels, risk knowledge, risk perception, and post-disaster
public reimbursement expectations, influence willingness to pay.

e The proposed multidisciplinary approach should be further refined through continuous
collaboration between legislative, engineering, and actuarial professionals. This collaboration is
essential for the ongoing development and improvement of the assessment tool for the insurance
sector with the aim of creating an assessment tool for the insurance sector in order to quantify the
benefit of mitigative risk reduction measures coping against natural hazards.

e The study aligns with sustainable development plans, and future research should explore ways to
seamlessly integrate blockchain-based risk mitigation tools with existing frameworks, such as
SECAPs for Municipalities. This integration ensures a holistic and coordinated approach to urban
resilience.

e The proposed methodology should undergo further validation and real-world application to assess
its effectiveness and reliability. This could involve pilot projects or partnerships with insurance
organizations to implement and evaluate the practical implications of the blockchain-based risk
mitigation tool.

e  Future research should focus on validating the proposed innovative insurance mechanism in various
contexts and regions. Continuous refinement and validation of the System Dynamics model will
enhance its applicability and reliability, providing a robust tool for decision-makers.

This PhD thesis lays the groundwork for transformative advancements in the realm of disaster
risk management, emphasizing the critical role of innovative insurance mechanisms in building
resilient communities within the continuously evolving challenges of climate change. The insights
and methodologies presented herein contribute to a growing body of knowledge with practical
implications for diverse stakeholders involved in the complex landscape of disaster resilience and
sustainable development.

The integration of these conclusions and recommendations provides a roadmap for stakeholders,
policymakers, and researchers to navigate the complexities of flood risk management, leveraging
innovative technologies and collaborative approaches for a resilient and sustainable future.
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30 Abstract— This study explores how the System Dynamics modelling approach can help to deal
31 with the problem of conventional insurance mechanisms by studying the feedback loops
32 governing complex systems connected to the disaster insurance mechanism. Instead of
33 addressing the disaster's underlying risk, the traditional disaster insurance strategy largely
34 focuses on providing financial security for asset recovery after a disaster. This constraint
35 becomes especially concerning as the threat of climate-related disasters grows since it may
36 result in rising long-term damage expenditures. A new insurance mechanism is suggested as
a solution to this problem in order to lower damage costs while safeguarding insured assets
37 and luring new assets to be protected. A local case study utilizing a System Dynamics stock
38 and flow model is created and validated by examining the model's structure, sensitivity
39 analysis and extreme value test. The case study results performed on a city in Latvia highlight
40 the significance of effective disaster risk reduction strategies in lowering overall disaster costs
41 applied within the innovative insurance mechanism. The logical coherence seen throughout
42 the analysis of simulated scenario results strengthens the established model's plausibility. The
43 case study's findings support the innovative insurance mechanism's dynamic hypothesis and
a4 show that they can be used in various settings. The information this study provides and the
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risk mitigation.
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52 1. INTRODUCTION
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56 ecosystems, and economies worldwide. Within the last 2 decades (i.e. 2000-2019), the Emergency
57 E\_'ems Database (EM_-]?AT) [1] depicted a strong i1_1c1jease in disaster events (more than 7 300),
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According to statistics on natural disasters in Europe, floods and storms, followed by severe
2[9] temperatures, account for most disaster incidents. According to a Swiss Re analysis, [3] the
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recurrence rates of similar flood occurrences have dramatically increased across South and Eastern
Europe. Changes in forestry and agricultural land use, population expansion, and urbanisation are
thought to have contributed to the growing flood risk. In addition, a research by [4] found that
from 1960 to 2010, the distance in Europe across which multiple rivers flood simultaneously
increased by roughly 50%, contributing to large -scale flood impacts.

In the study of [5], which suggests that land-use changes, urbanisation, and climate change were
reported as contributors to increasing flood risk, similar findings about an increase in the
frequency of extreme events such as floods, heatwaves, droughts, windstorms, and wildfires across
Europe are found.

According to [6], urbanisation and climate change, which will affect social and economic
factors, will provide more difficulties for European cities in the near future. According to EEA,
earthquakes came in second with losses of about EUR 29 billion, while flooding and storms were
the most expensive hazards in Europe from 1998 to 2009, with losses totaling up to about EUR 52
billion for floods and EUR 44 billion for storms [7].

Large portions of Europe were hit by droughts, according to the Munich Re report for 2018.
Droughts are thought to cause over EUR 3.3 billion in damage to forests and agriculture. Overall
damages from two significant winter storms in Europe totaled EUR 3.1 billion, and tropical storms
caused EUR 310 million in property damage. Strong wind gusts in coastal areas have caused EUR
3 billion in damage [8].

One of the biggest risks associated with the climate in Latvia is flooding. Due to the spring's
quick snowmelt, riverine flooding occurs every year in Latvia and can become disastrous.
According to the event's severity, the return rate is expected to range from once per 10 to 200
vears. Together, these incidents result in the destruction of structures, loss of land and natural
resources, interruptions to energy provision, and problems with the water management system.
This circumstance demonstrates that some settlements in Latvia are not sufficiently "resilient” to
natural disasters, so research must be done to give a more comprehensive understanding of the
issue associated with riverine floods [9].

The yearly rise in storm surge damage to buildings in all coastal cities in Latvia between 2040
and 2070 may be close to EUR 1.5 million per year, according to the Latvian Adaptation Plan to
Climate Change for Time Period to 2030 [10]. Damage in the years 2070 to 2100 could possibly
top EUR 3 million annually. In addition, as a result of climate change, increased rainfall and
snowmelt could result in yearly economic losses of EUR 40 000-50 000 in the years 2020-2040
and EUR 160 000-210 000 in the years 2070-2100 [9].

Building urban resilience is crucial to reducing the effects of natural disasters in Latvia,
according to the current condition and anticipated future effects, and it must be carefully taken
into account when used in local policy planning. Local governments (i.e., municipalities) might
greatly benefit from a tool that aids in the evaluation of the consequences of various urban
resilience methods and fills in knowledge gaps about long- and short-term tradeoffs in urban
resilience planning.

These disasters threaten human lives, infrastructure, and the environment. In this context,
insurance mechanisms play a vital role in mitigating the impacts of climate change-related
disasters by providing financial protection and promoting risk reduction measures, and innovative
insurance mechanisms have emerged as essential tools to mitigate and manage the risks associated
with climate change.

Projects mitigating the effects of hazards on communities can now be financed using a wide
range of financial and insurance mechanisms. Event-linked instruments, including Catastrophe
Bonds, have increased in popularity in recent years [11].

A wide range of financial tools is emerging to finance projects reducing hazard impacts on
communities. In recent years, event-linked securities such as catastrophe bonds have expanded.
For example catastrophe bonds can bed used to transfer risks related to the possibility of disasters
to the financial markets (2021), [12] or like Resilience Bond created to support resilient
infrastructure initiatives lowering large-scale risks in potential disasters [13], [14].
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Due to the interaction of these factors, it is necessary to increase resilience through hazard
mitigation techniques. Resilience is defined as the capacity to anticipate, withstand, recover from,
or more successfully adapt to actual or potential unfavourable events [15], [16]. A community's
capacity to withstand and recover from disasters can be improved by making proactive investments
in hazard mitigation measures that assist in reducing catastrophic losses and damages.

However, financial resources are frequently allocated disproportionately to support recovery
initiatives after a disaster, rather than using the few resources to finance pre-disaster mitigation
activities. According to research, disaster mitigation investing is cost -effective because it typically
generates $6 in savings for every $1 invested [17].

This proactive role could be played by insurance companies, implemented in different type of
mechanisms. Insurance mechanisms offer indispensable tools to manage the risks associated with
climate change [12]. By facilitating risk transfer, encouraging risk reduction measures, promoting
collaboration, and fostering innovation, these mechanisms contribute to building resilience and
ensuring sustainable development in the face of climate challenges. Policymakers, insurers, and
communities must work together to enhance the accessibility, affordability, and effectiveness of
insurance mechanisms, ultimately safeguarding societies against climate change-related risks and
supporting a more resilient future [18].

2.1. Role of insurance sector in mitigating and adapfting te climate change-related risks

The insurance sector has a proactive role in mitigating and adapting to climate change-related
risks. Insurance mechanisms begin with a comprehensive risk assessment to effectively mitigate
climate change-related risks. This involves analyzing historical disaster data, studying climate
projections, and evaluating vulnerability assessments considering factors such as historical data,
climate models, vulnerability assessments, and exposure analysis. Insurance providers can
accurately price policies and determine coverage levels by understanding the frequency, severity,
and spatial distribution of risks. Proper risk pricing ensures that policyholders pay premiums
commensurate with the level of risk they face, thereby incentivizing risk reduction measures [19],
[20]. Through risk management advice and guidelines, insurers also encourage policyholders to
implement measures that mitigate climate-related risks, thus fostering resilience.

Insurance mechanisms have the potential to incentivize risk reduction and adaptation measures.
Insurers can offer reduced premiums or additional coverage benefits to policyholders who adopt
climate adaptation strategies, invest in resilient infrastructure, or implement sustainable practices.
By encouraging proactive measures, insurance mechanisms contribute to building climate
resilience, reducing vulnerability, and promoting long-term sustamability [21].

Parametric or index-based insurance products have emerged as inmovative mechanisms to
enhance the efficiency and effectiveness of climate risk mitigation. These products utilize
predetermined triggers, such as wind speed, rainfall levels, or temperature thresholds, to determine
the payout amounts. By removing the need for complex claims processing and assessments,
parametric insurance enables faster response and timely financial support to affected
policyholders. It also reduces administrative costs for insurance providers, enabling them to offer
coverage to more individuals and businesses in high-risk areas [22].

By offering lower premiums or other benefits, such as deductible discounts or specialized
coverage options, insurance providers encourage policyholders to implement climate adaptation
and mitigation strategies insurance mechanisms can play a pivotal role in incentivizing risk
reduction measures. These measures may include constructing resilient infrastructure, adopting
sustainable land management practices, implementing early warning systems, or investing in
disaster-resistant building materials. Insurance mechanisms foster a proactive approach to risk
reduction through such incentives and enhance overall community resilience [18], [23].

Effective risk communication and education are essential components of state-of-the-art
insurance mechanisms. Insurers engage with policyholders, urban communities, and local
authorities to raise awareness about climate change risks, insurance options, and risk reduction
measures [24]. Through educational campaigns, workshops, and community forums, stakeholders
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are empowered to make informed decisions, enhance their risk perception, and actively participate
in building urban resilience [25].

Successful implementation of insurance mechanisms to mitigate climate change-related
disasters requires collaboration among various stakeholders. Government agencies, non-
governmental organizations, insurance providers, local communities, and academic institutions
must work together to develop comprehensive solutions. By pooling resources, knowledge, and
expertise, stakeholders can create integrated approaches to disaster risk reduction and ensure that
insurance mechanisms align with broader climate change adaptation strategies [19].

Monitoring and evaluating the effectiveness of insurance mechanisms is crucial to their long-
term success. By continuously assessing changes in risk profiles, insurance uptake rates, claims
experience, and the overall resilience of insured assets, stakeholders can identify areas for
improvement and make necessary adjustments. This iterative process helps refine the insurance
mechanisms, enhance their efficiency, and adapt to evolving climate change risks [26].

Insurance mechanisms can incentivize the development of green and resilient infrastructure in
urban areas. Insurers encourage risk reduction and resilience-building practices by offering lower
premiums or tailored coverage options to policyholders who implement climate adaptation
measures, such as green roofs, permeable pavements, or flood-resistant constructionv[11], [27].
These incentives protect insured assets and contribute to the overall sustainability and climate
resilience of urban environments.

Insurance mechanisms against climate change risks require continuous innovation and research
[11], [18], [27]. Insurers need to stay abreast of emerging climate science, technological
advancements, and risk modeling techniques. By investing in research and development, insurers
can improve risk assessment accuracy, develop tailored coverage options, and adapt to changing
climate dynamics Innovations such as parametric triggers, data analytics, and remote sensing
technologies contribute to the effectiveness and efficiency of insurance mechanisms.

Governments play a vital role in supporting insurance mechanisms against climate change risks
[28]. Policymakers can facilitate the development and implementation of supportive regulations,
tax incentives, and risk-sharing frameworks. Public-private partnerships foster collaboration
between insurers and governments, enabling the design of comprehensive insurance solutions that
address the unique challenges of climate change and promote inclusive coverage [23], [29].

2.2 Aim of the paper

Considering the overall concem towards climate change and the need to mitigate natural
hazards’ risks, new and more proactive insurance tools may be key soon. However, there is limited
research on the use and implementation of resilience financial tools implemented with the
insurance sector to perform integrated research to evaluate the dynamics towards a more favorable
and pro-active role of the insurance system.

This constraint raises concerns because it could result in growing long-term damage costs as the
threat of climate-related calamities increases. To address this issue and reduce damage costs while
protecting insured assets, a novel insurance method is proposed in this study.

To fill in this knowledge gap and assess the usefulness and efficiency of new insurance
instruments embedded in a proactive role of the insurance sector as driver for risk mitigation and
prevention measure the core question of the proposed case study is “fo what extend the
applications of a novel insurance mechanism can be used for co-financing disaster resilience
projects by mitigation and adaptation strategies enhancing community resilience against weather-
related hazards™?

The aforementioned issues will influence the business strategies and upcoming advancements
of insurance businesses. A variety of intricate and dynamic elements brings on the occurrences
and issues. These elements depend on one another since they are connected and have causal
connections. This study wants to represent a first step to create a proactive business development
model for insurance companies in the climate-related risk reduction field. Thus, a case study for
the Latvian context will be made to identify issues linked to business operation through a system
dynamics modelling.
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This study explores the role of insurance mechanisms in safeguarding against climate change-
related risks and highlights their importance in promoting resilience and sustainable development
with help of insurance bonds for financing the disaster risk reduction (DDR) measures.

A new insurance mechanism is suggested as a solution to this problem in order to lower damage
costs while safeguarding insured assets and luring new assets to be protected. A local case study
utilizing a System Dynamics stock and flow model is created and validated by examining the
model's structure, sensitivity analysis and extreme value test.

Two different insurance mechanism are analyzed as potential option when a risk reduction
financing come from a governmental risk mitigation strategy: (i) a declining risk premium in
connection to the risk reduction from a governmental risk mitigation strategy (ii) a fix risk
premium where the savings from reduced premiums can partly cover the initial investment in risk
reduction measure or support it.

Developing a System Dynamics model to analyze insurance mechanisms aimed at declining and
mitigating climate change-related disasters in the urban context can provide valuable insights into
the complex dynamics and feedback loops involved.

System Dynamics model requires expertise in system dynamics modeling techniques, climate
science, urban planning, and insurance practices. It is crucial to gather relevant data, consult
domain experts, and refine the model iteratively based on feedback and validation.

2. METHODOLOGY

The study uses System Dynamics (SD) modelling to investigate the complex and dynamics problem
of insurance policies aiming to helping local communities dealing with climate-related disasters
impacts on their real estate assets. This section presents the description of SD method and steps
performed for development of system dynamics model and conducting a case study, including the
definition of the dynamic problem and hypothesis, creation of causal loops that explain the behaviour
of studied system, necessary data inputs, model validation, and scenarios used to determine the effects
of various policy interventions.

The SD is a methodology developed by Forrester et.al. in the 1950s at the Massachusetts Institute
of Technology (MIT). This approach is particularly useful for studying dynamic systems that exhibit
feedback loops, delays, and non-linear relationships. The fundamental principle of system dynamics is
that the behaviour of a system arises from the interactions of its various components rather than the
components themselves. These components could be physical elements, entities, or variables that
influence each other and produce changes in the overall system behavior [30].

Key concepts in system dynamics modeling include [31]:

* Stocks and flows: stocks represent accumulations of resources or quantities within the system
(e.g.. inventory, population), while flows represent the rates at which these resources move
between stocks.

* Feedback loops: feedback loops occur when the output of a system component influences its
own behavior or that of other components in the system. There are two types of feedback loops:
positive feedback loops, which amplify changes in the system, and negative feedback loops,
which tend to stabilize the system.

* Delays: delays in system dynamics refer to the time it takes for an action or change in one part
of the system to have an effect on other parts. Delays can lead to oscillations or non-intuitive
behaviors in the system.

* Causal Loop Diagrams: causal loop diagrams are graphical representations used to visualize the
relationships between the variables in a system and the direction of influence. They help identify
feedback loops and understand the underlying dynamics.

* Simulation: SD models are typically implemented using computer simulation software. These
models allow analysts to experiment with different scenarios and policies, helping them
understand how the system responds to changes over time.
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System dynamics modelling is widely used in various fields, including business management,
economics, public policy, environmental studies, and engineering. It helps decision-makers gain
insights into the behaviour of complex systems, identify potential challenges, and test policies and
strategies before implementing them in the real world. By understanding the dynamic nature of systems,
it enables better planning, decision-making, and problem-solving [32].

SD has been implemented in several complex problem sectors connected to insurance mechanisms
[33], [34], this represents a good background for the purpose of this study.

2.1. System Dynamics: Building Causal Loops Diagrams

System's behaviour is represented by a diagrams known as causal loops [30]. The causal loops are
a crucial part of the system dynamics approach as they present the studied system's dynamic problem
and give insight into how to deal with the problem. The causal loop diagrams (CLDs) show interaction
of variables in SD model by the connections between them symbolized by arrows. The arrows are
symbolised by plus sign for positive relationships among variables, whereas negative relationships are
symbolized by minus sign. This relationship n CDLs is considered under assumption Ceteris paribus,
meaning “all other things being equal”. This means that the connected variables symbol is signifying
only the change in the link of the two variables, without looking at the whole systems change.

The connected variables can be linked in a loops, known as feedback loops in SD model. The
feedback loops strongly influence a system's behaviour and are used to examine the potential effects of
various policy interventions, which address the dynamic problem. The feedback loops can include a
dynamic hypothesis, which aims to show how systems behaviour can be improved to deal with the
dynamic problem. The dynamic interaction within CLDs is shown by reinforcing loops and balancing
loops. Each type of loop can have positive or negative effect of other loops in the system:

* Reinforcing loops amplify changes within a system and may cause exponential growth or
decline and is marked with letter R in CLD. Reinforcing loops embedded in the system are often
the cause of the problematic behaviour.

* Balancing loops have the opposite of the reinforcing loops. Balancing loops tend to restore
equilibrium or maintain stability within a system due to their counter interaction with the effect
in the changes of iitial variable in the loop. Balancing loops are marked with letter B in CLD.

Through the use of reinforcing and balancing loops within CLDs a dynamic problem of system and
dynamic hypothesis of the model is introduced. The dynamic problem in this study is that existing
disaster insurance mechanisms allow covering the costs of disaster, but do not allow to prevent the risk
of future damage causes, which are increasing due to climate change impact resulting as an increase in
frequency and intensity of extreme weather events. The dynamic hypothesis is that advanced insurance
mechanisms implemented by smart insurance contract can help to reduce damage costs by supporting
investment in disaster risk mitigation measures, thus protecting insured assets, and at the same time
attracting new customers due to a more effective insurance scheme.

To address the dynamic problem and implement the hypothesis in the SD model in scenarios, CLDs
are constructed based on a review of the literature and expert knowledge of the selected system under
the study. Once the key variables and their interrelationships are identified i the conceptual model
developed with CLDs, the empirical model structure that simulates the system's behaviour is created.

2.2. Setting up System Dynamics Stock and Flow Model

System dynamics stock and flow models are used to simulate the behaviour of complex systems

over time [30]. In a stock and flow model, variables are represented by:
1) stocks, which accumulate or deplete over time, and by
i1) flows, which represent the rate at which variables enter or exit a stock.

The interactions between stocks represent feedback loops and flows, and the mathematical
relationships between the stocks determine the behaviour of the system over time and flows. This makes
the system dynamics approach particularly useful for modeling complex social-ecological systems, as
it allows for the representation of multiple feedback loops and nonlinear relationships between
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variables. The use of stock and flow models also allows for the exploration of the dynamic behaviour
of a system over time, and the identification of key leverage points for policy intervention.

The conceptual model from CLDs is translated into a quantitative simulation model using the
system dynamics software Stella Architect. This involves defining the mathematical relationships
between the model variables and the simulation's time horizon. The data in this case is gathered from
statistics for a specific case study.

2.3. Defining a Case study

The developed stock and flow models is applied for a case study exploring the scenarios of
conventional and smart contract insurance. These scenarios are designed to test the effectiveness of
smart insurance contract for real estate assets in mitigating the impacts of climate change related
extreme weather events. The empirical data is collected for a local case study of Jelgava city, which is
located in the central Latvia and has population around 55 thousand inhabitants. The city is subjected
to yearly natural hazard of spring floods and the insured assets considered in this study are residential
buildings for the spring floods with a high probability (10% or once every 10 years), average probability
(1% or once in 100 years) and with a low probability (0.5% or once every 200 years) with losses and
costs of restoration shown in the table 1.

TABILE 1. DISASTER PROBABILITY, DAMAGE AND RESTORATION COSTS [35]

Flooding probability in 100 years, % Flooded buildings area, m2  Restoration costs per m2

10% 103773 19.5
1% 547400 258
0.5% 695111 318

This statistical data serves as an mput for stochastic-probabilistic spring flood hazard event
simulation implemented in the SD model trough fimetion RANDOM (stochastic component) applying
hazard probabilities with different return times [36]. Simulation includes a stochastic-probabilistic
variable in the model and considers random sampling of 1000 simulation runs. This amownt of
simulation runs is enough to capture variety of different possible combinations for disaster event
occurrences over 50 years from given disaster input data in Table 1.

Function describing asset loss is based on damage curve for building from national flood risk
assessment and management plans [35] and for insurance model is expressed in monetary units. The
damage is accounted as damaged asset area (m”). The determined risk premium that insured assets must
pay to insurance company in the model simulation is estimated for 10-year period by equation 1:

RP = Lavemge +o=*P (L
‘Where
RP — Risk premium,
Lverage — loss associated with the average yearly loss per asset in the area subjected to disaster,
o — volatility of yearly loss per asset in the area subjected to disaster,
P — premium charge in %.

Three scenarios are compared with help of the developed SD model in a simlation for a time period
of 50 years and time step of one year. The scenarios are summarized in Table 2 and include:
1) Scenario 1 - Business as usual (BAU) — conventional insurance mechanism;
2) Scenario 2 - Investment in disaster risk reduction — the insurance with bond for DRR measures
without fixed premium;
3) Scenario 3 - Smart contract approach — the proposed smart contract insurance scheme with
investment in disaster risk reduction (DRR) and fixed premium.
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TABLE 2. ANALYSED SCENARIOS WITH THE DEVELOPED SD MODEL

" Flood risk
. . Risk 3 Flood l.“k reduction
Scenario Title . DRR measure reduction measure
premium ficiency, % measure cost,
€ ¥ EUR
Assessed
1. Business as usual every 10 No - -
years
Investment 1n Assesed Raverbeds cleanng, coastal
2. disaster risk every 10  erosion prevention and flow- 20,5 1200000
reduction years through restoration
Smart contract Riverbeds cleaning, coastal
3 Fixed erosion prevention and flow- 20,5 1200 000

approach through restoration

The Scenario 1 assumption is that the risk premium payments will increase due to increasing
number of insurance contracts due to higher risk perception due to climate change. The expected
behaviour in risk premium payments and insurance pay-outs for Scenario 1 is illustrated in figure 1 in
payment flows of a 10-year period. Attachment point is the level of loss at which the insurance company
will step in to pay for the excess for the losses and detachment point is the level of loss which will no
longer be covered by insurance company. The pay-outs to insured asset are being made in the amount
that 1s between the attachment pont and detachment point of msurance, meaning the 1isk behind the
points is not covered.

D Risk premium payments
[  Insurance payouts
B Attachment and detachment points

Fig. 1. Illustration of insurance companies’ payment flows in business as usual (Scenario 1).

The proposed Scenario 2 and Scenario 3 approach foresees an investment made by government
into DRR that will positively affect the safety of the insured assets. The idea of these scenarios is that
the insurance company accepts the obligation in form of bonds to payoff the governments investment
moving towards a proactive role of the insurance sector as driver for risk mitigation and prevention
measure. The government is considered as the representative of the local area that is responsible for
fostering the DRR and therefore is interested to be oncoming towards investment in DRR that is
eventually payed-off by in insurance company trough bonds.
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Such an approach considers that the risk is reduced due to effective implementation of DRR, and
consequently the insurance pay-outs will reduce due to fewer events encountering damage to assets,
also leading to the deacrese in the risk premium accordingly. This case is described by Scenario 2 and
presented in figure 2.
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o
e
0 10 20 30 40

[ Risk premium payments

O Insurance payouts

[ Attachment and detachment points

I investment in DRR measures (loans, bonds, etc.)
[ Investment pay-off

50 Years

Fig. 2. Tllustration of msurance companies’ payment flows with Investment m disaster nsk reduction (Scenano 2).

Though this is a practice towards reduction of DRR, in certain cases a negative balance in
insurance companies budget may occure due to decrease in risk premium payouts due to deacrease of
disaster events leading to inability to cover the initial investment into DRR, hence there must be
introduced a fixed premium price. The case of a fixed premium is considered in the Scenario 3 shown
in figure 3 and named as Smart contract approach. Within this approach the the share of insurance
companies income, which is the difference between insurance pay-outs and the fixed risk premium is
used to payoff the bonds of initial investment in DRR measure made by government.

EUR

Fixed premiurr)

Investment
payoff

iy

Risk premium payments

Insurance payouts

Attachment and detachment peints

Investment in DRR measures (loans, bonds, etc.)
Investment pay-off

0 50 Years

EEEOO

Fig. 3. Tllustration of msurance compantes” payment flows with Smart contract approach (Scenaro 3).
The total expenditure of the compant in Scenario 1 is different from Scenario 2 and 3 approach,

where the insurance companies expenditure is not only the payouts to msured assets after damage has
occuwrred, but also the pay-off of investment. The insurance companies expenditure can be used to
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compare the overall costs of moving from conventional insurance scheme in BAU scenario towards
Smart contract approach and in the SD model is estimated as the sum of payouts to insured assets after
damage has occurred and the pay-off of investment. Also, the total disaster costs are estimated to
compare the overall effectivness of studied scenarios scenarios as the sum of the damage to all the
assets in the area and investment into DRR measures.

The DRR measures in Scenario 2 and 3 are selected based on the assumption for Jelgava city
flood management plans and are presented in the Table 2. Study considers that under the given flood
risk reduction measure falls not only the assets insured, but also other assets in the area when flood risk
reduction measures are implemented. The effect of such an approach towards investment in DRR can
lead to decrease of the risk and the risk premium, hence the willingness to pay for insurance can
increase. The model developed SD model allows to simulate the change in the number of insured asset
in the area. The assumption in case study for initial share of insured buildings in the area equal to 10%.
In reality, the change in number of insured assets is influenced by such factors as perception of risk and
willingness to pay for the risk. However, the perception of risk is not further studied in the model. The
changes in willingness to pay for the risk parameter are tested sensitivity analysis in order to understand
the influence of the variable on the models output.

Other assumtions in the model for the company’s profit is that it does not consider payments for
workers and other expenses related to the administrative processes. Only Risk premium payments are
accounted as income and the payouts with investment pay-off as outcomes. The difference between
income and outcome is considered as the insurance companies profit.

2.4. Model Testing and Validation

Multiple structure verification experiments were conducted in order to validate and verify the
developed System Dynamics model. The tests to check the model's structural soundness and gauge how
well it captured the system's behaviour in various scenarios included a number of methods. The model
was simulated to see if it could replicate the foreseen behaviour of a system's after the initial stock and
parameter values were estimated using available data and expert knowledge.

2.4.1. Content validation procedure

A thorough validation process was used to evaluate the model's content validity, and a panel of
subject-matter experts in climate change, insurance, and system dynamics modelling. The experts
reviewed the model's structure, assumptions, and parameters as part of the process. The validation
procedure was conducted in several stages. First, the models CLDs were presented to the panel for
review, and feedback was solicited on the model structure and assumptions. The panel provided input
on the key variables and interrelationships in the model, and suggested changes to improve the accuracy
and robustness of the model. Next, the model parameters were reviewed by the panel. The experts
provided feedback on the values and ranges of the parameters values and suggested changes based on
their expert knowledge and available data.

2.4.2. Extreme value test

The SD model is validated through an extreme value test, in which the model is calibrated using
historical data of case study and then simulated with an extremely high and low parameter values to
understand if the model behaviour is logical to the assumptions made in CLD and SD stock and flow
model under extreme condition. The test involves comparing the model predictions to extreme changes
in mode] variables Hazard occurrence. For extremely low value test Hazard occurrence is set no hazard
during the simulation period and Area of assets with insurance was equal to all the assets in the area.
For the extreme high value test, the Hazard occurrence is set to occurrence of the hazard with maximum
damage every simulation year with all the assets insured. In addition to these changes for both extreme
value tests, also the Area of assets with insurance variable is set to be equal to all asset area in selected
case study and the Exhaustion point (e.c. Detachment point) of insurance payouts is set to 0, meaning
all losses will be covered by insurance company.
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2.4.3. Sensitivity analysis

Understanding the effects of model uncertainty and identifying the crucial variables that have the
biggest impacts on the model's output is important for further use of the model in practice. I nthis case
sensitivity analysis is used for analysing how a system responds to changes in the values of one or more
input parameters, which data is uncertain, but the variable may be crucial for model output.

In this study, a sensitivity analysis is conducted by testing the effect one specific parameter
influencing the number of insured assets, because it is important factor for the overall output of the
model regarding the risk premium payments and pay-outs for damage to assets. The Willingness to pay
for insurance in the model is determined by Number of new contracts based on Risk Premium cost. The
number of new contracts in the model is based on the hypothetical functions presented in figure 4,
where risk premium is measured in EUR per m’ and Number of new contracts in m” (new insured area
of assets).

20000
=
& 15000
g
£ 10000
c
=]
© 5000
H
= 0
s
5 0 2 4 6 8 10121416 18 20 22 24 26 28 30 32
£ Risk premium, EUR per m2
=
=

—&8—Runl —@—Run2 Run 3
—8—Run4 —&—Run5

Fig. 4. Hypothetical functions for the number of new contracts variable in the sensitivity analysis.

For sensitivity analysis, the hazard event is kept static as in extreme value test with maximum
hazard occurrence possibility to obtain comparable results over several sensitivity analysis simulation
runs.

3. RESULTS

3.1. Causal Loop Diagrams of the developed model

The behaviour of the studied insurance mechanism implemented in SD model explained through
CLDs shown in figures 5, 6, and 7, and show only the main variables important to explain the dynamic
behaviour of the SD model.

The BAU scenario CLD in figure 5 consists of two feedback loops and the out variable of Damage
to assets and Extreme weather event. The links between variables show that increase in Extreme
weather event variable value will lead to increase in Damage to assets value, under the assumption “all
other things being equal”. Applying the same assumption, the increase in Damage to assets will lead to
the increase in Risk premium value. The two stripes on connector between Damage to assets and Risk
premium symbolise the time delay between the accounted damage to assets over a period of time for
which the risk premium is estimated.

The variables connected in the reinforcing loop R1 are Risk premium, Willingness to pay for
insurance, Assets insured and Insurance companies budget. The reinforcing loop R1 is positive loop,
meaning that there is an increase of values in the variables connected in the loop. This loop represents
the dynamic problem of increasing Risk premium over time due to increase of Damage to assets that
leads to growth of insurance companies budget and thus decrease in Risk premium as introduced in
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figure 1. In this case, the strength of decrease in Risk premium value is depending on supply-demand
elasticity function. The growth in loop R1 depends on the amount of assets in the area, and CLD is
marked with balancing loop B1 that includes variable Assets insured and Assets remaining to be
insured.

Damage +
to assets
Insurance company
budget

R # Extreme weather
+
t
Q‘/ Risk Premium even

Assets Willingness

(\ insured to pay for insurance
F—
31/_

Assels remaining
to be insured

Fig. 5. CLD for with Business as usual (Scenaro 1).

Two more feedback loops are added to Scenario 2 including the investment in disaster risk
reduction (figure 6). The loop R2 shows how investment in DRR measures by smart contract will lead
to decrease in Damage to assets, thus decrease in Risk premium and consequently increase in
Willingness to pay for insurance, Assets insured and Insurance company budget. The loop B2 is the
balancing loop of reinforcing loop R2, which does not allow to infinitely grow the in insurance
companies budget.

DRR measures
by smart insurance contract
- +
Remaining budget R2 i +
for mitigation actions
B2

Damage

to assets
Extreme weather

event
Insurance company
budget

4 R
\ b Risk Premium
Willingness

Assets J
to pay for insurance

insured
Assets remaining

to be insured

Fig 6. CLD for Investment in disaster risk reduction (Scenario 2).

To implement smart insrunce scheme it is neccesery to cancel the effect of loop R2 in the given
insurance system model by introducing fixed premium that is not depending on the damage to assets
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and is determined based on the historical data at the moment when it is fixed. Therefore, in figure 7,
the CLD showing for Smart contract approach does not include the link between Damage to assets and
Risk Premium. The panel of SD and insurance experts reviewed and approved the proposed CLD for
further implementation in a SD stock and flow model.

DRR measures
by sm:rl insurance contract
Remaining budget .
for mitigation aclions

Damage

to assets
Extreme weather

event
Insurance company
budget

\ b R\sk Premium

Assels Wllhngness

insured to pay for insurance
@+
Assets remaining

to be insured

Fig. 7. CLD for Smart contract approach (Scenano 3).
3.2. Empirical model testing and validation

3.2.1. Results of extreme value test

Model testing by extreme value test is performed for Hazard occurrence variable into separated
simulations with minimum and maximum values of hazard event magnitude (i.e. Flooded buildings
area, m°) set for each simulation step. This simulation result for the risk premium variable in figure 8
shows a decrease of the value to 0 over the simulation time due to no risk of hazard event.

4

3,2

24

EUR per m2

0 10 20 30 40 50
years
Fig. 8. Risk premmum value 1n extreme test with mumimum hazard occurrence value.
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The Risk premium variable's behaviour corresponds to the variables shown in figure 9. The values
of variables shown in figure 9 are cumulative values in a given simulation step. The increase in
insurance companies profit occurs due to received risk premium payments in the first 10 years of
simulation, considering that there are no damage costs to cover. In this case, the risk premium is still
based on historical risk statistics. In the next 10 simulation years the 1risk premium is decreased due to
decrease of risk as the hazard occurrence variable is set to zero. Consequently, the insurance companies
profit is growing slower. The rest of simulation period after simulation year 20 when risk premium is
equal to zero and the profit is of company has reached plateau.

30M

2am

18M

EUR

12M ——

6M

0 10 20 30 40 50
years
— Total damage costs covered by insurance
— Total costs of disasters
Insurance company profit
Fig. 9. Insurance company profit, Total costs of disaster and Total damage costs covered by insurance in extreme test
with mimmum hazard occurrence value.

The result of extreme value test for hazard occurrence variable maximum value is presented in
figure 10 for Risk premium variable and figure 8 for Insurance company profit, Total costs of disaster
and Total damage costs covered by insurance.
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Fig. 10. Risk premium value in extreme test with maximum hazard occurrence value.

The results show an increase of Risk premium after 10 years of simulation due to ncreased risk
of hazard and another increase after 20 years of simulation. Further growth does not occur as Risk
premium value has reached is a plateau in regard to maximum risk of hazard. The Insurance company
profit appears to be negative, meaning that insurance company experiences financial losses in case of
extremely high-hazard event occurrence. Consequently, The Total costs of disaster and the Total
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damage costs covered by insurance are increasing over simulation and have the same value as all of the
assets in the area are considered insured for extreme maximum value test (see figure 11). The Extreme
value test results show that the model behaviour is logical to the assumptions made in CLD and SD
stock and flow model.

-100M

-500M

0 10 20 30 40 50
years
— Total damage costs covered by insurance
— Total costs of disasters
Insurance company profit

Fig. 11. Insurance company profit, Total costs of disaster and Total damage costs covered by insurance 1n extreme test
with maxmum hazard occurmrence value.

3.2.2. Sensitivity analysis output

The results of the sensitivity analysis show that the model is sensitive to changes in the Number
of new signed contracts variable. The figure 12 shows how the Assets with insurance variable,
measured as area of assets with insurance in m’units, changes under assumptions of hypothetical
function for Number of new signed contracts variable shown in figure 3. Simulation mun 1 considers
that no new contracts are made and therefore the area of insured assets remains the same. In further
simulations runs, the sensitivity of willingness to pay for insurance is increased and therefore for each
simulation run more new assets sign insurance confracts.

200k

160k

120k

40k

10 20 30 40 50
years
—Run1 — Run2 ....Run 3
— Run4 —Run5

Fig. 12. Sensitivity analysis results for Area of assets with insurance.
The hazard occurrence is maintained at maximum possible and the Risk premium value remains

the same as in figure 10. The Area of assets with insurance in figure 12 after the simulation year 10
reaches plateau as no new contracts are signed due to the increase in Risk premium. Moreover, the

128



figure 13 showing Insurance company profit under sensitivity analysis corresponds to the expect logical
behaviour of the model. The figure shows how higher number of contracts will lead to higher losses in
insurance companies budget due to higher payouts for damage under extremely high hazard occurrence
every simulation year compared to the historical hazard occurance at the start of the simulation. Again,
the results of sensitivity analysis show that the model behaviour is logical to the assumptions made in
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CLD and SD stock and flow model.

The results obtained for Risk premium in BAU scenario shown in figure 14 (A) indicate
that average mean value in all simulation runs for the Risk premium value increases compared
to historical risk premium at the start of the simulation. Nevertheless, the Risk premium value
in all simulations leads to increase in Area of assets insured value by the effect of hypothetical
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Fig 13. Sensitivity analysis results for Insurance company profit.

3.3.1. Business as ustal scenario

3.3. Resulls of case study and policy scenarios

function for Number of new signed contracts variable as shown in figure (B).

EUR per m2

The mean average of simulation runs for insurance companies profit in BAU scenario shown figure
15 (A) is increasing during simulation period. However, there are simulation results appearing as
negative values in Insurance company profit for simulation with the most often occurrence of hazard
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Fig.14. Confidence intervals for Risk premum (A) and Area of assets msured (B) in BAU scenario.
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events. The probabilities of the final insurance companies profit at the end of simulation run is shown
in figure 15 (B).
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Fig 15. Confidence intervals (A) and histogram (B) for Insurance company profit in BAU scenario.

The confidence intervals and histogram for Insurance companies expenditure in BAU scenario
are shown in figures 16 (A) and (B) respectively. In case of BAU scenario, the Damage costs covered
by insurance company due to insurance payouts for assets insured are equal to the total insurance
companies expenditure.
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Fig.16. Confidence intervals (A) and ustogram (B) for msurance companies expenditure in BAU scenano.

The Total costs of disaster for all assets in the area (see figure 17) appear to be much higher than
the Damage costs covered by insurance company in figure 16. This is due to the fact that at the start of
the simulation only 10% of assets in the area are considered to be insured and during the simulations a
relatively small share of the total assets area is signing insurance contract based on Hypothetical
functions for the Number of new contracts variable, which is dependent on risk premium value, which
again is dependent on the hazard occurrence over simulation period.
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Fig. 17. Confidence mtervals (A) and histogram (B) for Total costs of disaster in BAU scenano.

The results of BAU scenario can be interpreted in the follow way according to the CLDs: the
occwrrence of disaster event during the simulations is higher than historical and therefore the Risk
premium is increasing and also Area of assets insured value by the effect of hypothetical function for
Number of new signed contracts (figure 14) therefore the Insurance company profit is also increasing
(figure 15). Nevertheless, Damage costs covered by insurance company (figure 16) and the Total costs
of disaster (figure 17) are increasing significantly over simulation time. The results of the BAU scenario
underline that the model represents the dynamic problem of existing disaster insurance mechanisms
defined for the study.

3.3.2. Scenarios with investment in disaster visk reduction

The results of simulation for Scenario 2 with investment in flood risk reduction measures in
figure 18 (A) show the conficence intervals for Risk premium, which is similar to BAU scenario
output. In figure 18 (B) the Risk premium for Seneario 3 is given as static due to definition of the
fixed Risk premium value in all 1000 simulation runs.
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Fig 18. Confidence intervals for Risk premium in Scenarios 2 (A) & 3 (B).

In the figures 19 (A) and (B) cormresponding tendency of Number of insured assets is shown for
Scenario 2 and Scneario 3, respectively. The Scenario 2 has variation in number of insured asstets
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corresponding to variation in Risk premium, while Scneario 3 has a same trend in all simulation due to

the fixed premium definition.
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Fig.19. Confidence mtervals for number of insured assets in Scenanos 2 (A) & 3 (B).

The results of Number of insured assets both scenarios with investment in DRR ar shown in figure
20. Scenario 2 (see figure 20 A) has as similar tendency in confidence intervals as Scenario 1 (See
figure 20 A) showing that the investment in flood risk reduction measure will lead to slight deacrese n
variability of insurance company profit. For the Scenario 3 (figure 20 B) the confidence intervals for
the Insurance company profit are showing that the range of profit uncertaintly has decreased and most
of simulation results are located at the higher levels of the graph with mean average of the simulation
outputs is moved closer to the higher income values. There are also less probable outcomes with
negative insurance companies profit values. The distribution of Insurance company profit in Scenarios

2 and 3 in form of Historgram is shown in figure 21 (A) and (B), respectively.
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Fig.20. Confidence intervals for Insurance company profit in Scenarios 2 (A) & 3 (B).
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Fig.21. Histograms for Insurance company profit in Scenarios 2 (A) & 3 (B).

Thought there is a certain probability to have a higher company profit in Scenario 2 then in
Scenario 3, the total Expenditure of insurance company on disaster including the damage related
payouts and pay-off of investment in figures 22 and 23 show how that Scenario 3 leads to lower overall
expenditure and maintains very high probability of having low the average mean of the payouts. This
signifies that the Scenario 3 has overall lowest costs in all scenarios compared, while Scenario 2 is
slightly better then businees as usual in Scenario 1.
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Fig.22. Confidence intervals for Total expenditure of insurance company in Scenarios 2 (A) & 3 (B).
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Finally, the Total costs of disaster are compared in figures 24 and 25. The results show that
Scenario 3 leads to much lower total costs of disaster due to fixed premium. As for Scenario 2 the total
costs of disaster appear slightly lower than shown for Scenario 1.
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Fig.24. Confidence intervals for Total cost of disaster in Scenarios 2 (A) & 3 (B).
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Fig 25. Histograms for Total cost of disaster in Scenarios 2 (A) & 3 (B).

4. CONCLUSIONS

Insurance mechanisms that decline and mitigate climate change-related disasters play a key role
in protecting lives, livelihoods, and infrastructure. Through robust risk assessment, innovative
insurance mechanisms, incentives for risk reduction, capacity building, stakeholder collaboration, and
continuous monitoring and evaluation, these mechanisms enhance community resilience and foster
sustainable development in the face of climate change challenges. As climate risks continue to evolve,
it is imperative to foster ongoing innovation, research, and policy support to ensure the effectiveness
and accessibility of imsurance mechanisms in the future.

The study highlights the usefulness of the System Dynamics modelling approach for examining
the feedback loops that govern the behaviour of complex system related to the insurance mechanism of
disaster insurance. The study aims to solve an existing problem in conventional disaster insurance
mechanism, which aims only at providing the financial safety for asset recovery after disaster event
and not at decreasing the risk of disaster it-self. This problem is especially becoming topical with
climate related disaster risk increase and can lead only to higher damage costs in the long term.

A new insurance mechanism in this study is suggested to overcome the current ineffectiveness of
the conventional insurance model to deal with the growing threats of disasters and applied in a local
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case study. For the proposed msurance mechanism, a dynamic hypothesis is created that foresees a
smart insurance contract supporting investment in disaster risk mitigation measures to reduce damage
costs, thus protecting insured assets, and at the same time allowing to attract new assets to be insured
due to to a more effective insurance scheme resulting even in higher benefits for the assets insured.
Model is structure is described by the causal loop diagrams and implemented in a stock and flow model,
which content is validated by experts and tested by extreme value test and sensitivity analysis to verify
the reliability of the model outputs.

The results of the extreme value test indicated that the model can accurately show the system's
behaviour under extremely high and low variable values. This increases confidence in models ability
to predict the behaviour of the studied system. The sensitivity analysis also showed that the model is
sensitive to small changes in a single variable value. It is important to notice how these small changes
can significantly affect the long-term behaviour of the studied system under different inputs. Sensitivity
analysis showed how change in willingness to pay for msurance would influence the expected outcomes
of the model. Overall, these structure verification tests provided important validation of the system
dynamics model and increased confidence in its ability to accurately represent the behaviour of the
system under different conditions. By verifying the model structure, parameters, boundaries, extreme
conditions, and unit consistency, the model was able to provide more accurate predictions and insights
for the defined case study scenarios.

Results of case study showed that fixing risk premium for insurance company is a crucial step
towards decreasing the overall costs of disaster when investing in DRR measure, while the business as
usual scenario had the highest disaster costs. The investment in DRR without fixed premium is better
than conventional mechanism, but does not provide such consistent revenue for insurance company as
in a case of a Smart contract approach.

The results obtained from the case study with developed SD model show an agreement with the
desired dynamic hypothesis of innovative insurance mechanism and show a logical coherence
throughout analysis of results. The model's predictions consistently match the expected trends and
pattems postulated according to existing theoretical underpinnings foreseen in the methodology. The
created SD model can further boost the application of innovative msurance mechanisms in practice in
different regions and give valuable insights for insurance companies, policymakers or disaster risk
managers by providing information on the most beneficial scenarios for local communities and other
stakeholders.
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Abstract — The economic cultural heritages are exposed to several natural and nowadays
biological hazards, which, in addition to causing potential structural damage, can lead to
severe loss deriving from financial non-incomes. The paper aims to highlight the role of
insurance in mitigating financial damages and losses, specifically explaining the key role of
insurance in mitigating biological hazards like Covid-19. The paper is part of broader
research by the aunthors and uses the assumptions and results already obtained previously in
the context of the case study relating to the asset of Villa Adviana and Villa D'Este.

Keywords — Biological and natural hazards; Covid-19; cultural heritages; risk mitigation;
risk and resilience; insurance

Nomenclature

AIP Approved Insurance Provider -
AGR Adjusted Gross Revenue -
CPD Department of Civil Protection -
NFIP National Flood Insurance Programme -

1. INTRODUCTION

1.1. Background

The rise in the number and economic consequences of hazards triggered by natural disasters
creates momentum for developing insurance tools schemes as a risk financing and
management instrument. For many years, insurance mechanisms against natural hazards have
been one of the most crucial matters of discussion at the European level. In 2013, the
European Commission drafted a Green Paper entirely dedicated to ‘Insurance against Natural
and Anthropogenic Disasters’. Moreover, in the focal Paris Agreement of COP 21 of
December 2015 [1] this relevant topic was a key aspect to enable cooperation within different
disciplines, and improve understanding, and support in several fields, such as, among others,
risk insurance.

In many countries around the world, including Italy, interest in a natural hazard insurance
system [2] emerges from the search to find an efficient tool for compensating those insured
who suffer losses, assessing the financial risk of uncertain losses, and ensuring faster and
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better rebuilding repair timeframe. In Italy, natural hazards, such as earthquakes, floods, and
landslides, are responsible for annual losses equal to 0.2 % of the national gross domestic
product. This issue is particularly significant due to the insurance market's problematic
aspects, inherent limits, and disaster insurance's low penetration rate [3].

The current situation of the insurance market, in particular the Italian one against biological
and natural disasters, sees a general context in which the assets of individuals are not almost
entirely insured against the risks of disasters. Indeed, only a limited part of public entities and
small-medium sized companies are insured with specific policies to cover earthquakes and
floods. On the other hand, there has been a slight growth trend of medium-large companies
in the last decade, which have deemed it appropriately and coherently to take advantage of
specific insurance policies over the years. According to Porrini, the cause of the lack of
penetration of insurance policies in the context of individuals has to be found in the so-called
disaster syndrome — stunned, shocked state common in the impact phase of disasters — due to
the distortions on the demand side and insufficient supply of coping disaster resources [2].

According to the study of Croce [4], the year 2020 was the first of the Covid-19 Pandemic
era that profoundly marked the life of the entire world population, as the current pandemic is
one of the systemic challenges that are likely to intensify in the coming years. The reason lies
in the policies and economies oriented by the capitalist mechanisms triggering a more critical
effect as environmental and human decline. To cope with this scenario, it is necessary to
radically rethink our lifestyles and organizational forms towards a structural change towards
environmental sustainability that affects everyone and requires everyone's commitment.

The health emergency caused by COVID-19 immediately reverberated its effects also on
cultural heritage [5]. As of February 24, 2020, the Italian Ministry of Culture (MIBACT) had
suspended free admission to museums and places of culture from Sunday 1 March 2020.
A decision preceded a few days before by the closure of museums, cinemas and theatres in
the areas most affected by the pandemic, which was followed, in the days immediately
following, by the suspension throughout the national territory of the public opening services
of institutions and places of culture [5]. In the following months, from May 2020, the opening
service to the public of museums and other cultural institutes and places was allowed, under
certain conditions, and, from June 2020, the holding of shows open to the public in theatrical
halls, halls concert halls, cinemas and other spaces. Indeed, from 6 November 2020, the
exhibitions and public opening services of museums and other cultural institutes and places
have been suspended again [6].

Natural hazards, particularly those enabled by climate change, have been causing increasing
numbers of catastrophic events, leading to a higher probability of damage to cultural heritage.

According to a recent report published by the Italian Association of Insurance Companies
(ANIA) in 2017, ‘the catastrophic events of August 2016 in the Centre of Italy have
highlighted, once again, how vulnerable the Italian territory is and to what extent the historical
buildings in Italy are incapable of withstanding earthquakes, even ones that are not
particularly severe. Based on the estimates of the Department of Civil Protection, the
earthquakes of the summer 2016 caused damage for over € 23.5 billion, of which € 12.9
billion for damages to private dwellings (the estimate includes direct damage, both public and
private — namely the destruction of buildings, infrastructure, crops and damage to businesses
and enterprises, cultural heritage, power networks, gas and water distribution systems — and
eligible costs, borne by the state in response to the emergency’ [7].

Disaster prevention is essential to save cultural heritage. Management and investigations
after a disaster are also very important to define the extent of damage to movable and
immovable cultural heritage [8].
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Within this context, the Italian experience with the Department of Civil Protection (CPD)
and the Ministry of Civil Protection considered it seems appropriate also for the European
context. In fact, setting up a special Committee that has recently disseminated, released, and
published behavioural models compiled by specially trained teams after an earthquake seems
a consistent approach. These models allow a description of the damage, calculate the
vulnerability indexes and calculate the cost of the intervention [9].

Several European countries have implemented and developed important web systems of
information and advice for emergencies [10] related to natural disasters, in particular floods.
But, unfortunately, they usually do not contain specific information and instructions on the
conservation and protection of cultural heritage.

Preventive measures, in the general context of hazards, regardless of their nature, are
typically sorted into two categories: structural and non-structural. Structural measures are
challenging to materialize in the case of cultural heritage protection because they are mostly
visible, disturbing, and often not cost-effective [11]. This subject would require further
research and comparison to best practice non-structural measures. As far as structural
measures are concerned, the application of standards to protect cultural heritage from natural
hazards leads to the problem that historic monuments' originality, authenticity, aesthetic
qualities, and values should not be compromised. However, only one European Standard is
in practice available for effective protection of cultural heritage against earthquakes [12].

In the light of the case study presented infra, it appears extremely relevant to verify the
legal and operational conditions in the Italian regulatory framework. In the context of Italian
legislative prescriptions, a Seismic Code (EuroCode-8) was published in March 2003 [13],
containing standards for buildings (minor historical architectures). The Ministry of Cultural
Heritage has extracted and outlined the guidelines for cultural heritages from this standard.
Recent experience with catastrophic damage, linked to real opportunities to adapt the
architectural heritage to reduce such damage, indicated that some changes to the relevant
standards could be adapted and implemented.

Insurance companies have a ftriple role as risk managers (physical risk management),
insurers (financial risk management) and investors (investment management). They may be
linked to sensitive clients and investees through their insurance, reinsurance and investment
activities [3].

Insurance transactions related to sensitive customers expose insurance companies to several
risks. In particular, in underwriting, these risks apply and are evident to many sectors of the
non-life insurance business, particularly in the industrial and commercial insurance
business [2].

European countries have decided to assess various approaches to insuring cultural heritages
against natural disasters. In particular, flood insurance is not popular in the European context,
and in some countries, it is not possible at all to insure property positioned in an area of
potential floods and inundations, such in the Czech Republic. A specific study of flood
insurance assessments in the European Union and a comparison with the US NFIP (National
Flood Insurance Programme) defines that the American system offers several substantial
benefits and has determined and decreased federal disaster assistance. Lasut assess the
situation in Europe as it follows: ‘France has a functional system of insurance protection
against natural disasters [...] In Germany, three classes of flood zones are declared, which
correspond to the risk of flood occurrence, and insurance premiuns depend on the location
of the property in the zones. As in the USA, there are some conditions that a property owner
has to fulfil before the insurance can proceed. This situation means that the state and local
governments are the main providers of flood reparations in major catastrophes. In Britain,
insurance policy changed in 2002 and flood insurance is becoming harder to obtain as
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agreements on providing household flood insurance at reasonable cost expire.” [14].
Nevertheless, the insurance companies, among the European area, are increasing their
involvement in advisory tools, namely in relation to floods.

Otherwise, the American National Flood Insurance Program (US NFIP) was conceived and
designed as an alternative to disaster relief, and distributes the responsibility and social and
economic burden for floodplain management to each government level and the private sector,
setting a federal standard for assessing new developments in floodplains and materializing a
comprehensive floodplain mapping program. The prescriptions of NFIP can be understood
with the most relevant literature [15], [16] or through analytic description [17].

In a nutshell, concluding this section relating to the introduction, the authors' objectives
aim at highlighting an innovative strategy of ex ante (prevention) and ex post (losses) risk
mitigation for all those economic heritages which, as occurred with the SARS Cov2
pandemic, may suffer damage and losses, latu sensu, such as to affect their profitability.

1.2. The Definition of the (Economic) Cultural Heritage

To verify the extrinsic and intrinsic importance of cultural heritages, the criticality of a
threat such as that relating to any hazard, it appears extremely decisive to assess the
characteristics of an economic heritage, in the sense in which, broadly speaking, the latter has
a financial connotation in the country's economic macro-system.

Like any other public asset, cultural heritages are exposed to the risk referred to in natural
and biological hazards. Many authors have offered valuable disseminations on catastrophic
risks from natural disasters [18] and their consequences in terms of human and economic
damage from reconstruction. Recently, this interest has also turned towards the biological
hazards due to the Covid-19 pandemic. However, natural hazards similar to biological hazards
involve other problems, perhaps less immediately perceptible but equally serious, such as the
purely financial ones from non-incomes. In recent years, attention on the mitigation of
cultural heritage risk has considerably increased. More specifically, a momentum started
towards a better understanding of the economic aspects that could have an essential part of
municipalities' budget and thus on the municipality planning and risk management.

In fact, the so-called economy of cultural heritages, understood as managed assets, plays a
key role in the public economy [19], especially in some areas of the world, such as Europe.
Moreover, like a private company, economic management in cultural heritage dynamics, has
made it possible to implement tourism, welfare, and heritage management [20]. Nevertheless,
it seems opportune, before delineating, in the continuation of the paper, the nodal fulcrum of
the text, to settle the main objective and subjective characteristics of cultural heritage with an
emphasis on the economic one.

Starting from the general concept of heritage, Europe, in the past, developed a typically
monumental conception of cultural heritage: it included sites and monuments on the basis of
their historical and aesthetic value, a method which was gradually abandoned in favour of a
more anthropological and global approach in order to safeguard not only the materiality of
goods, but also the symbolic, social, cultural (and subsequently economic) values of which
they are an expression [21]. Therefore, the notion of cultural heritage has considerably
expanded over time and has become progressively more complex. This is no longer limited
to historical monuments, but includes the urban sector, natural landscapes and any
construction considered worthy of being preserved.

The renewed meaning of the notion of ‘cultural heritage’ has stimulated a new relationship
of collaboration between scientific and humanistic disciplines. This new approach opened up
the possibility of broader and deeper involvement in the vast range of potential actors of
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conservation, protection, safeguarding, and enhancement of cultural heritage [22], paying
particular attention to the recipients of use: the communities of citizens.

Moreover, precisely starting from the broader concept of cultural heritage, economic
management is understood as the enhancement of the intrinsic and extrinsic value of tangible
and intangible assets [23] from an economic/financial point of view in accordance with the
‘esprit” of obtaining resources and income for self-financing and in- house livelihood of the
cultural site ex se [24].

The enhancement of the heritage is structured in different degrees of intervention, the first
of which is represented by the finding of resources: to meet the needs of the cultural heritage
it is necessary, first of all, to build suitable financing systems [25] that involve not only the
governing bodies, such as the proverbial lack of resources, but also the private actors (profit
and non-profit) in a subsidiary perspective, of invelvement and participation and taking
responsibility.

1.3. The Importance of the Cultural Sector in the Ifalian National Macroeconomic
Perspective

Leaving aside the 2020 data, affected by the Covid-19 pandemic outbreak, it is necessary
to highlight the role of cultural heritage as a macroeconomic industry, with a specific
emphasis on Italy. As of 2019, Italy claims for 4,908 museums, archaeological sites,
monuments and eco-museums open to the public. It is a widespread and vital heritage resource
throughout the whole territory. According to the detection, at least one recognized museum
structure is in one out of three Italian municipalities [26]. Most are museums, galleries or
collections, in addition to 327 archaeological areas, 630 monuments and 69 eco-museum
structures.

The market value of the cultural heritage industry, according to the latest survey carried out
by the National Institute of Statistics (hereinafter ISTAT), outlines incomes for a total of
€ 168 billion [27].

Taking as reference only the museum compartments, of which ISTAT has drafted a specific
section, since the last annual survey, the 358 Ttalian state museums have produced € 27
billion, a value equal to 1.6 % of GDP, it is equivalent around to 10 % of the total museums
in Ttaly, which has about 5 thousand archaeological sites and parks throughout the national
territory. With 117 000 jobs, € 278.000.000 of revenues and 53 million visitors during the
year, Ttalian state museums are a fundamental and strategic force for the country's growth
[28].

2. THE EFFECTS OF NATURAL HAZARDS ON THE ECONOMIC AND FINANCIAL
COMPONENTS OF CULTURAL HERITAGE

2.1. Financial and Economic Data on Damage from Natural Disasters

Natural disasters represent a severe threat to cultural heritage. Many heritage objects are
further negatively affected and damaged by inadequate emergency interventions because
urgent responses to basic and fundamental needs may bring to emergency measures and to
planning and rehabilitation measures for recovery that are not sensitive to cultural heritage.
According to the World Bank’s Independent Evaluation Group [29], the cost of disaster
damage is rising, and in the 1990s it reached US $ 652 billion, which is 15 times higher than
in the 1950s. The number of events grew by 400 % between 1975 and 2005, with 2,6 billion
people affected by natural disasters over the past ten years [30], [31].
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As reported by the European Parliament, ‘long-term climate effects and other disasters
sometimes cause irreversible damage to Cultural Heritage, or completely destroy entire areas
of Cultural Heritage, both movable and immovable” [32].

On one side, Italy, is extremely known for its cultural heritage, one of the most important
and largest in the world (50 UNESCO World Heritage cultural sites). However, on the other
side, the Italian territory is extremely exposed to natural disasters [31]. Moreover, in addition
to the above data, it is worth mentioning two important hazards occurred recently that
seriously affected Italian Cultural Heritage, such as ‘the 1997 earthquake that destroyed the
San Francis Basilica in Assisi and the 2009 earthquake that damaged the L’Aquila Cathedral.
Therefore [...], concerning the protection of Cultural Heritage, a relevant role could be
plaved by insurance instruments’ [33].

Within this background, a multi-hazard perspective nowadays due to the occurrence of
biological hazards, like pandemic from Covid-19, created the ground for a more important
role of insurance mechanisms specifically addressed to cultural heritages.

2.2. Traditional Forms of Insurance on Cultural Heritage Sites Affected by Natural Hazards

According to several authors [34], [35], insurance companies are extremely relevant
according three economic points of view. The first is represented by the risk transfer, which
is transferred from a risk-averse and weak counterpart individual to the risk-neutral insurer,
namely the insurance company. The second is represented by risk pooling, whereby, by
operating a multi-insurance in favour of several insured individuals, the inherent uncertainty
of the individual instead becomes the ‘certainty’ for the insurance company that this risk will
materialize, at least, in the premiums paid by the same insured. The last economic role play
is taking the form of risk allocation by which the payment of the premium by each insured
party should be directly proportional to its own level of risk.

In the light of the economic key roles of above, it seems appears pretty obvious that
insurance increases general social welfare and nevertheless, convincing the holders to act
preventively, as well as encourages the risk-averse individuals to enter the market, since the
determination of the risk price obviously involves a general economic benefit from the
precautionary expense. Consequently, risk transfer, risk pooling, and precautionary risk
mitigation from the abovementioned assumptions create the substrate for the optimal
economic risk management portfolio [36].

In view of the preservation and maintenance of cultural heritage, it seems appropriate to
recall an important contribution according to which *Thus, the preservation of Cultural
Heritage assets must guarantee not only their capacity of lasting over time against natural
decay without losing their authenticity and usability but also their capacity to withstand
natural hazards and extreme events with limited and expected structural performance’ [37].

In this case, the role of insurance arises as a suitable mechanism both from an ex-ante and
an ex-post point of view. First of all, it might be seen as an ex ante tool because it allows to
make an in-depth analysis about vulnerability aspects and the exposure to hazard risks of the
heritages, which would be necessary for the calculation of the premium. Consequently, it
might be understood as an ex post tool because it covers heritages for the damages and the
consequent reconstruction [38].

Insurance, so far, is an active tool for unexpected losses [39] caused by natural hazards. It
might aid in well in depth understanding all the aspects of the risks connected to catastrophic
events [40] and in decreasing the related immediate long-term financial losses [41].
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3. METHODOLOGY

This study has been organized in the following methodological steps.

An in-depth literature analysis is performed to identify the general background and the state
of the art of the insurance tools in biological and natural hazards at the Italian and
international levels. In specific, this first step is addressed to identify the general framework
that regulates the insurance schemes for cultural heritage within the scope of the regulatory
and binding laws.

The second stage, better outlined infra, is addressed to identify the key features and critical
aspects of risk mitigation of cultural heritage against biological and natural disasters with a
specific focus on the Italian national point of view.

The final stage is about presenting an innovative concept for elaborating insurance tools
addressed to non-incomes risk mitigation mechanisms for cultural heritage facing Covid-19.

Cultural heritages are an essential industry for countries [5]. They can be considered critical
assets exposed to natural hazard potential, enabling physical damage and cash flow
disruptions.

As mentioned in the introduction, the paper fits into the context of a broader scientific
research [15] on the relationship between biological hazards [16] and cultural heritage. In
particular, this section refers to the sum of the losses from non-incomes suffered by the
cultural heritage referred to in the case study, in particular, Villa Adriana and Villa D'Este,
during the pandemic outbreak from Covid-19.

From the forecast of losses non-incomes from ticket sales [5], it might be possible to assess
a possible use of insurance coverage to deal with the risks described above, considering a
flexibility component of the periodic cost according to the claims experience ongoing
registered.

Consider a random variable X that describes the theoretical amount of compensation in the
time unit (for example, one year), from which an insurance premium P can be calculated and
for which in a traditional insurance has to be considered constant, for each period of coverage
and function of the distribution of X.

As an element of the insurance coverage, in addition to the cost of restoring the damage
deriving from the occurrence of accidents, the revenue from ticketing could also be
considered in terms of damage of closures of the structures due to accidents that prevent the
use of the same for the potential clients. The variable X is to be considered all-inclusive of all
damages.

The flexible approach is based on recording the amount of the adequate compensation in
the period prior to a recalculation date ¢, from the start of the insurance coverage, which can
be fixed as time 0, i.e. the compensation for 7 years, ¥(0,7). The periodicity of recalculation
must be contractually fixed every year or with a different frequency.

Let ¥(0,1) be the total amount compensated by the insurance and P the number of premiums
paid by the insured in the same period, the flexibility consists in setting a bonus-malus scheme
according to the different levels that the difference as described in the equation below:

¥(0,0)— P =D(1). (1

If D(f) exceeds a certain threshold, i.e. more compensation than premiums paid, then the
flexibility scheme could increase the premium until the next recalculation.

While in case D(f) is negative, there could be a decrease in the premium until the next
recalculation and/or retrocession of part of D(¢) to the insured, perhaps to be tied to risk
mitigation works.
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Precisely the possible progression of risk mitigation works, to be financed independently
and/or by resorting to these possible insurance retrocessions, could gradually decrease the
cost of insurance coverage, provided that the amount of the actual damage is affected in the
right way (i.e. reducing) of the mitigation effect, otherwise, this flexibility scheme would
return to generate positive D(f) levels which would consequently increase the premium.

The systematic-quantitative approach outlined above refers to an evaluation that poses as
focal and prodromal to the case study referred to in the next section.

4. A NEW INSURANCE APPROACH FOR CULTURAL HERITAGE BASED ON THE
ADJUSTED GROSS REVENUE: A CASE STUDY

This paragraph proposes a real case study based on the methodology and calculation
methods.

Cultural heritage, as highlighted above, has always been considered a static element whose
value is represented by the intrinsic value of the assets that compose it and by the cost of
reconstruction.

And therefore, companies have, over time, adopted traditional forms of risk mitigation and
reconstruction insurance without even the diffusion that would have been desirable for such
a decisive and important issue for public welfare.

In fact, the insurance coverage, ab initio, has focused on ex-post protection, i.e. on the
disbursement of equal sums, theoretically to the reconstruction of damaged assets, or, more
recently, attempts have been made in order to provide ex-ante protection, i.e. the possibility,
through constant disbursement of the insurance premium, to allocate part of these to the
construction of risk mitigation structures.

The author's idea in the possible development of a different approach underlies the idea that
the economic cultural heritages, whose definition has been outlined, among others by Pagano
[5] by now, can no longer be understood as any public asset, whose value is outlined by the
cost of the immovable asset ex self. In fact, the cultural heritage, and Villa Adriana and Villa
D'Este are an example of this, they must be, for the aforementioned reasons, as well as
economic activities, industries, exposed not only to the risk of natural hazards, but also to the
so-called business risk in the sense in which, although ‘public entities” are not subject, at least
in accordance with Italian law, to the rules of insolvency, they are subject to market rules and
to these fluctuations in the context of cash flow. In practice, having unravelled the doubts on
the systematic classification of economic cultural heritage as public industries, it seems
appropriate to verify whether some form of insurance, ab initio used for other areas, could be
used and useful for the purposes of heritage when incomes are affected due to hazards to
losses and negative fluctuations.

Therefore, to mitigate the catastrophe risk from natural hazards regarding financial losses,
the author suggests evaluating the option of adopting a particular form of insurance,
widespread above all in the USA in the agricultural field, i.e. the protection deriving from the
Adjusted Gross Revenue (AGR).

AGR insurance is a non-traditional insurance plan that allows the risk management of the
entire company. It is a very interesting product because it could be a study model for a
possible application in Italy and other European Union countries.

AGR is a policy that insures company revenues; the historical gross revenues of an
agricultural company are used as a reference parameter, obtainable from the tax data (average
of the last 5 years) reported by the parties.

It is an insurance product applicable to any production sector.
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Although strictly related to the paper, the AGR Policy offers, among others, insurance
coverage for losses of gross revenues due to natural disasters or calamities.

Using the data obtained from the paper on the calculation of Covid-19 losses for the heritage
of Villa D'Este and Villa Adriana, proceeding to the calculation table for the elaboration of
the insurance premium and respective disbursement, the following calculations are reported.

TABIE 1. RELEVANT INDICATORS (2017-2019) [5]

2017 2018 2019
Tax charges, € 316491.81 31500.00 5590512
Charges for active workers of service, € 229136.30 21500000 161 51736
Purchase of goods of consumption and services, € 710 067.95 8§01 500.00 1209 335.69

Recovery, restoration, adjustment and mamtenance of the immaterial

assets (software/hardware) and material movable and immovable assets, 1237 997.60 975 000.00 134344973
Purchase of goods of consumption and services, €

Mimsterial and state grants: concession assets, € 200 000.00 400 000.00 199 744 81

Ticket sales, € 335082212 400000000 486953594

Eligible Revenues (2017): (€)
3350 822.12+1237 997.60— 710 067.95—229 136.30—316 491.81 =3 333 123.60

The eligible income for 2017 was therefore equal to € 3 333 123.66.
Once the eligible income has been calculated for each year, the adjusted gross revenue by
means of increases or decreases is calculated:

TABLE 2. CALCULATION OF AGR

Year Eligible Incomes, € Increase/Decrease, %

2017 3333 123.66

2018 4327 000.00 4327 000.00/3 333 123.66= 12981
2019 498597231 4 985 972.31/4 327 000.00=1.1522

The average eligible income is calculated in Eq. 2 (€).

(3333123.66+4 327 000.00+ 4 985 972.3)

3 =4215365.12 (2)
The average % increase/decrease is calculated in Eq. 3 (%).
(1.2981+l.1522):1.22 3)
4
The value obtained is squared: 1.22%=1.488.
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The adjusted gross revenue is calculated in Eq. 4.

4215365.32-1.488=6274149.74 AGR (4)

The value is verified by AIP (Approved insurance provider) which then uses it to calculate
the insurance coverage.
The insurance program offers different levels of income coverage. The insured per- son
may choose the package that best suits to the needs. The packages offered are:
— 80/75 or 80/90 = coverage level of 80 % with the payment of a rate of 75 % or 90 %;
— 75/75 or 75/90 = coverage level of 75 % with payment of a rate of 75 % or 90 %;
— 65/75 or 65/90 = coverage level of 65 % with payment of a rate of 75 % or 90 %.

5. CONCLUSIONS

In the first place, the paper highlights a long-lasting exposure and vulnerability of cultural
heritages to natural hazards, the effects of which have not yet been fully mitigated with ex-
ante tools. In particular, the paper clarifies that cultural heritages are highly exposed to
catastrophic effects due to their geographical and systematic connotation and the rules of
public law that govern them. Moreover, this ruling underlies a long-standing problem that
involves most of the Italian and world cultural heritage so that the latter, inherently exposed
to any hazards — even pandemics — are not adequately protected from an insurance point of
view.

Secondly, the paper underlines the evolution of the concept of heritage, from a mere
immovable static asset to a real economic industry comparable to a financial institution
capable of producing income from cash flow. In relation to this, the more serious the natural
hazards result in these cases, the more the heritages take the form of economic companies.
As more they are subject to losses, they are unproductive and unable to remedy as non-
incomes. Therefore, the second conclusion underlies the delicate managerial and financial
situation inherent in an economic, cultural heritage and the pathological consequences that
derive from any occurrence of hazards, such as, for example, the COVID-19 pandemic
analysed in the case study.

Ultimately, the paper envisages the introduction of an insurance policy, the so called AGR.
This approach's benefits rely on limiting the macroeconomic and financial effects, mitigating
losses, and declining the risk from natural hazards from a resilience and risk management
strategy perspective. Not only could such an elaboration as per the proposed insurance
implementation could naturally feed new operational variations of the insurance market, but
it would be aimed at mitigating the pathological consequences of a hazard, if only from the
point of view of limiting costs and financial damage
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Abstract — The paper aims to provide a clarification of assessing insurance risk related to an
asset owned by a subject under public law and, more specifically, to an economic cultural
asset. This study is aligned with key aspects proposed by the EU for the protection of the
cultural heritage from natural disasters. In the first place, given the peculiarity of the material
inherent to cultural heritage, a motivation underlies the search for the correlation between
the latter and the commonality. Secondly, it appeared necessary to verify the differences,
similarities and importance of the economic management of cultural heritage in order to
understand the social, economic, material and intangible importance of an asset managed in
an economic way within a social axis (municipality). The third reason relates to the general
severity and the risk and subsequent damage that a hazard, such as a pandemic outbreak
(COVID-19), can cause on one or more cultural heritage. In the final analysis, perhaps the
most meaningful aspect underlies the verification of the possible consequences in the analysis
of summations of losses generated by a hazard in order to allow a prospect of what could be
the consequences of such a catastrophic scenario.

Keywords — Covid-19; cultural heritage; losses; natural hazard; risk assessment

1. INTRODUCTION

1.1. The Organization and Protection of the Cultural Heritage in Italy

It appears prodromal and necessary to carry out a brief analytical and temporal excursus on
the political measures that have affected this broader concept in the context of the Italian
Republic. Then, the authors would proceed to an examination of the ontological concept
relating to nature referred to in the sub appropriation of the material and intangible asset [1]
belonging to and derivation of publications corresponding to cultural heritage [2].

A department responsible for the protection of cultural and environmental heritage will only
find its formal entry into the country's institutional landscape in 1974/1975.

The most significant publication of the Department is attributable to the acts of the
Investigation Commission for the protection and enhancement of the historical,
archaeological, artistic and landscape heritage, established by law No. 310, known as the
Franceschini Commission, named after its President [3]. The authors describe the legislative
and legislative implementation that has taken place and has affected the sector of cultural
heritage. In the following, in the drafting of the text, the authors explain the qualitative
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connotation of the term ‘cultural heritage’, highlighting universally recognized, objective and
subjective distinctive features.

Starting from the chronological excursus of the Italian Law in the Cultural Heritage field,
the Ministry, which will take the name of Ministry for Cultural and Environmental Heritage,
was born by decree law 14 December 1974, No. 657, converted into Law 29 January 1975,
No. 5, will then find complete organizational articulation with the Decree of the President of
the Republic (D.P.R.) December 1975, No. 805. The responsibilities relating to Antiquities
and Fine Arts, made the competent public body to decide to postpone the transfer of
competences in the field of entertainment (3™ paragraph of article 1 of decree law 657/1974).

The following events see in 1998, by the legislative decree of 20 October 1998, No. 368
and subsequent amendments and additions, the Ministry assumes the name of Ministry for
cultural heritage and activities, following the transfer of competences in the field of sports
and sports facilities and in the field of entertainment, (i.e. cinema, theatre, music, travelling
shows and dance); with the decree law 18 May 2006, No. 181, the competences in matters of
sport are attributed to the Ministry for youth policies and sporting activities. In 2006, the
organizational system by Departments was replaced by a system that still includes a general
secretariat and general management, and Italy moved from a horizontal organizational model
to a pyramid system. Given the D.P.R. 26 November 2007 No. 233, a new organizational
model is issued which sees the birth of seventeen general managers with the function of
regional directors, while in 2009 with D.P.R. 2 July 2009 No. 91, a new regulation for the
reorganization of the Ministry is issued. In addition to statements of rationalization, efficiency
and economy, sees the birth of a general direction for the enhancement of cultural heritage.
In 2013 with law no. 71 the Ministry assumes a new name of Ministry of Cultural Heritage
and Activities and Tourism [4], MIBACT, on21 October 2013 the Office for Tourism Policies
passes from the Presidency of the Council of Ministers to MIBACT. During 2014, a further
reorganization of the Ministry took place following the provisions made by the so-called
‘Spending review’, by reason of which each Ministry was required to reduce its workforce,
will thus lead to the issuance of the Decree of the President of the Council of Ministers 29
August 2014, No. 171 containing: ‘Organization Regulations of the Ministry of Cultural
Heritage and Activities and Tourism in accordance with Article 16, paragraph 4, of Decree
Law April 24, 2014, No. 66, converted into law No. 89 [5]. It is evident that the cultural
heritage system has undergone significant organizational and institutional changes over a few
decades, highlighting critical issues and operational difficulties. The new Regulation intends
to pursue broader objectives whose effects are difficult to predict over time, with the
awareness of the possibility of having to make further changes and additions. During last
years the fragile ministerial structure has encountered difficulties that cannot always be
overcome, with serious damage to the entire protection system.

The new Regulation is developed in seven Heads and 41 articles plus two tables A and B
relating respectively to Organic Endowment of Management and Organic Endowment of the
Areas. The design sets itself a number of goals that aim to integrate culture and tourism, the
overcoming the multiplication of command lines, the lack of autonomy of the Museums, and
a new attention towards contemporary art and creativity [5].

Cultural heritage is a wealth that has its own resources inherent in the innate objective
meaning, to be exploited even if sometimes new ones have to be added, in terms of people,
skills and money or in the form of capital contributions for maintenance or, again, for
substantial changes in content and form.

Cultural heritage contributes to identity, image, education, landscape, land management,
housing heritage, the satisfaction of religious and cultural needs, tourist attraction, etc.
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First, it is necessary to define the subject of the discussion or clarify what is meant by
‘cultural property’, pars pro toto of the wider concept of cultural heritage [7].

The expression made its debut in the Convention for the Protection of Cultural Property in
the Event of Armed Conflict, signed in The Hague in 1954 [8] From there the notion ‘cultural
property’ entered the internal legal language, with initially sporadic references, in the Statutes
of the ordinary Regions and in the very first regional laws, and then was used ‘officially’ with
the aforementioned law establishing the Ministry of the sector, which was called, as already
highlighted, precisely ‘Ministry of Cultural and Environmental Heritage’.

The aforementioned Commission's work ended with a Concluding Report, accompanied by
a series of Declarations, which could already very well be considered an organic proposal for
legislative modification.

What emerged was not only the result of a superficial analysis of the state of the cultural
heritage, but a careful research, without rhetoric and poor in summary judgments.
The Commission brought out a general state of precariousness and decay of the Italian
archaeological, artistic, historical, environmental, book and archival heritage that could not
(and cannot) be attributed only to ‘funding deficiencies, but to the very idea that one has of
cultural heritage “and the tools that the legislator makes available to protect it. It is appreciated
only in parts or only as an artistic value, often ignoring the importance that this has as a
testimony of history.

The Commission in Declaration I used the expression ‘cultural property’ and made explicit
two meanings. In the first place, a very broad notion of ‘cultural heritage of the nation’, since
it included ‘all assets referring to the history of civilization’; secondly, and this will be the
definition that will acquire greater notoriety, a defining criterion was introduced residual and
general, for which *any other good that constitutes material testimony having the value of
civilization’ is a cultural asset. This expression broke into social consciousness and
represented a fact of modernity, since the idea of recognizing cultural value only to things
with a certain artistic and aesthetic value was still pregnant. The way was also paved for what
are defined as ‘minor goods’, meaning by such goods that do not have the required
requirement of ‘unrepeatability’ [9].

Since then, the proposed formulation has been at the center of many debates or doctrinal
interventions on this point, for which Giannini himself has discussed and deepened the notion
of cultural heritage as a ‘material testimony having the value of civilization’.

Although contained in an official document, this notion does not rise to a definition having
a normative character and at the time it remained without recognition at the theoretical and
hermeneutical level.

The notion was first introduced in national legislation with art. 148, co. 1, Legislative
Decree No. 112/1998, which defined ‘cultural assets’: ‘those that make up the historical,
artistic, monumental, demo-ethno-anthropological, archaeological, archival and book
heritage and the others that constitute evidence of civilization value’. This standard reflects
the echo of the notion developed at the time by the Franceschini commission, which contained
the following definition of cultural property: ‘good that constitutes material testimony having
the value of civilization’

The art. 148, lett. a), Legislative Decree No. 112/98 has accepted a mixed notion of cultural
property, which appears to be a middle way between the non-mandatory listing of the things
subject to protection and a reference to new assets that the law it can identify as a ‘testimony
having the value of civilization’.

From here the essential characteristics of the cultural asset are derived: the ‘materiality’
and the ‘value of civilization’, which seem to echo in the same art. 10 of Legislative Decree
22 January 2004, No. 42 (Code of cultural heritage and landscape), when cultural goods are
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defined as ‘immovable or movable things’ of an author who is no longer living, produced for
at least fifty years, which must have a particular legal qualification. The first character, the
material consistency, is also for the 2004 legislator a trait that must distinguish the assets
capable of being declared cultural.

It does not seem easy to hide the perplexities aroused by the choice of identifying a
distinctive feature of cultural property in materiality, which seems to have emerged
‘strengthened” by the Code, which seems to be very clear in stating that non-material goods
cannot be attracted to the category cultural heritage. On closer inspection, the T.U. of 1999,
had provided a definition that revealed the idea that even non-material goods could be
included in the sphere of cultural heritage. The majority doctrine [10] in this regard has
expressed itself in a very unanimous in believing that the legislator had also intended to refer
to ‘intangible’ or ‘volatile” goods [11], in the sense of goods that are not ‘things” but an
expression of popular culture. According to the Council of State, a ‘reality character in the
broader sense of the term must be found in the regulatory data: in other words, the good in
its materiality must constitute the central element of the case regulated by the standard and
its cultural and environmental value must inform the ratio of the content™ [12].

Another character that emerges from the analysis of the legislation is the dimension, so the
‘cultural’ character can consist of both ‘individual’ goods and ‘universality of things’
(collections, collections, series).

The third character, on the other hand, concerns the registry of the property, since it must
be the work of an author who is no longer living and that the realization has taken place for
at least fifty years, for it to be considered cultural. This is established by art. 10, co. 5 of the
Code. The Code of cultural heritage and landscape, approved with Legislative Decree 22
January 2001, No. 42 has brought news in relation to the identification of cultural assets,
specifically those belonging to the public. The expression ‘ascertainment of the qualification
of cultural property’ is intended to refer to the activity that the Public Administration
undertakes in order to identify the assets subject to protection and enhancement, that is to
ascertain that a certain ‘thing’ possesses the characteristics ‘intrinsic ‘required by law, so that
an asset can be considered worthy of protection and safeguarding and therefore be defined as
a’ cultural asset ‘. Art. 12 of the Code entitled ‘Verification of cultural interest’ dictates the
procedures for identifying cultural assets in public ownership.

Therefore, once the qualitative and connotative value of the cultural asset as a whole has
been etymologically outlined, the cultural heritage, as a whole, can be understood as, ‘a broad
concept and includes the natural as well as the cultural environment. It encompasses
landscapes, historic places, sites and built environments, as well as bio-diversity, collections,
past and continuing cultural practices, knowledge and living experiences. It records and
expresses the long processes of historic development, forming the essence of diverse national,
regional, indigenous and local identities and is an integral part of modern life. It is a dynamic
reference point and a positive instrument for growth and change. The particular heritage and
collective memory of each locality or community is irreplaceable and an important
Jfoundation for development, both now and into the future’ [13].

This definition of heritage enunciated in 1999 at the XII International General Assembly
on the management of tourism in Mexico turned out to be the main object for the International
Council on Monuments and Sites to focus on to develop strategies relating to the presentation
and interpretation of historical places and cultural diversities. In this assembly the concept of
heritage was discussed as a set of cultural materials that an individual or one community
shapes in a determined phase of its historical becoming.

To integrate the above in a strictly national context, it seems appropriate to take a look also
at the supranational level and, in particular, ,another definition of heritage, not different from
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that enunciated by ICOMOS in 1999 but recognized worldwide, is that given by UNESCO
(United Nations Educational, Scientific and Cultural Organization) to the Convention
‘concerning the protection of the world cultural and natural heritage’ adopted by the XVII
General Conference held in Paris in November 1972, which distinguished cultural heritage
from natural heritage. The first, the only one of interest in this scientific paper, was proposed
in these terms: ‘the following shall be considered as’ cultural heritage’: monuments:
architectural works, works of monumental sculpture and painting, elements or structures of
an archaeological nature, inscriptions, cave dwellings and combinations of features, which
are of outstanding universal value from the point of view of history, art or science, groups of
buildings: groups of separate or connected buildings which, because of their architecture,
their homogeneity or their place in the landscape, are of outstanding universal value from
the point of view of history, art or science, sites: works of man or the combined works of
nature and man, and areas including archaeological sites which are of outstanding universal
value firom the historical, aesthetic, ethnological or anthropological point of view® [14].

It is understood how the reflections addressed to this theme are heterogeneous in the
specifications of heritage but univocal with respect to the concept that it can be understood
as a historical, cultural, artistic, natural, intangible heritage inherent in every civilization.
What these definitions have in common is the consideration of heritage as a social process
that draws life and motivation from the present and that involves power, tradition, memory
and identity: it implies a precise selection of reference values through which to identify what
is important to preserve. of the past. Most scholars agree that heritage is linked to the past,
that it represents a sort of legacy to be preserved and passed on to the present and future
generations, both in terms of traditions and material objects [15].

The diversity of views on the meaning and breadth with which the term ‘heritage’ [16] has
been used depends on whether it could have acquired various dimensions: it is considered
synonymous with vestiges of the past of any kind, or the product of modern conditions
attributed to the past and influenced by it, or the entire cultural and artistic production of the
past or present, and also a significant commercial activity, generically identified as a heritage
industry, based on the sale of goods and services related to it [17].

1.2. The Effects of a Hazard on Economic Cultural Heritages. The COVID-19 Case in 2020
as a Negative Projection of Losses from Missed Incomes

The cultural and creative sectors, worldwide, are very important since their impact on the
economy and employment [7]. Furthermore, they develop innovation in a multitude of
economic forms and help to implement a general positive social impact. These sectors are
among the sectors most affected by the pandemic, with most of the employment system at
risk concentrated in large urban centers. The relevant dynamics. in the consequences, many
sub-sectors range and involve, with the activities linked to physical events and places (venue-
based) and the related supply chains that are among the most affected by social distancing
measures. National and supranational policies to support public and private enterprises during
the covid-19 pandemic may not be adequate for non-traditional business and employment
models that characterize the cultural heritage sector. In addition to short-term support for
artists and businesses, which comes from both the public and private sectors, the policies put
in place for recovery and revitalizing local economies can also leverage an economic and
social impact generated by culture [17]. Health concerns related to the pandemic have led to
unprecedented closures of museums and heritage sites. Around 90 % of the world's museums
(more than 85 000 institutions) were temporarily closed during the crisis and the remaining
10 % may not reopen until 2021 due to significant economic difficulties. The sharp reduction
in revenues (3 out of 5 museums in the survey by the Network of European Museum
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Organizations — NEMO reported losses [18] of an average of € 20 300 per week due to the
inability to travel and the obligation to close) of charitable contributions and sponsorships for
cultural sites, including public and private museums jeopardize the financial sustainability of
cultural heritages, especially of the smallest ones. This has led to falling wages and layoffs
for a number of workers (temporary staff, external contracts including brokers, seasonal
workers, exhibition-related jobs, publication of catalogs, exhibition and educational
materials, events and other commercial activities). According to a survey conducted by the
International Council of Museums (ICOM) the contract of 6 % of temporary staff referred to
in museums and cultural heritages has not been renewed or has been terminated, while 16.1 %
of museum freelance professionals he was fired. In the medium term, and if social distancing
measures continue, the ticket sales and planning will be slow and difficult to return to pre-
crisis levels. Any further decline in income will lead to a reduction in cultural activities. This
represents a structural threat to the survival of businesses operating in the cultural economic
system, which will affect other subsectors that rely on these professionals for creative content
as well. In a short-medium term perspective, cultural sites, especially Italian ones, where the
outbreak has been extremely severe, will have fewer resources and capacities to contribute to
the social and economic development of their local communities [18]. Over the last few
decades, the proceeds from cultural heritage have become an engine of local development
and a point of reference for many communities. The cultural sector has always increased the
attractiveness of cities, towns and communities as places to visit, to live in and to invest in,
and are increasingly seen as vital centres for the community, at the centre of urban
regeneration efforts [14]. The lockdown measures have led to an abrupt shutdown of cultural
sites and museums from local development projects and the cancellation of cultural, social
inclusion, wellness and educational programs, only partially replaced by new digital
offerings. In the aforementioned time frame, it appears that the cultural sector will have less
capacity to contribute to local development projects if there is no need for new regulations
regarding the reduction of individual freedoms.

2. RESEARCH METHODOLOGY

The methodology of the paper is divided into four sections.

Prior the in-depth analaysis of the two main aspects described before the reseach
methodolgy was considering two main implementing stages.

The first relates to the legal/regulatory dissemination of the implementation of provisions
that have affected the matter of cultural heritage at national level in order to highlight the
peculiarities and salient features inherent in the framework above. in particular, the first
methodological section involved the analytical study of the rules that concerned the theme of
cultural heritage up to a national application scope of the binding law.

The second methodological section concerned the cross-search on the Unesco database and
on the Italian national database of cultural sites managed economically, directly or through
tenders, with economic and social significance. the second methodological section was
conducted by the authors on the UNESCO web portal in order to research the Italian cultural
heritage, which, as has been highlighted, is located in one of the geographical areas most
affected by the pandemic outbreak, capable of supporting a financial analytical study . the
study was carried out by cross-referencing the data available on cultural heritage sites with
the UNESCO list.

The third section, after the identification of the Cultural Site, was directed to the analytical
and economic study of the balance sheets, which can be found on the relevant website, at least
in the last three years, so as to have a scalar projection of the most relevant indicators between
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costs and incomes. The financial study methodology was carried out through the qualitative
and quantitative analysis of the last three-year period available, highlighting the most
significant balance sheet items and comparing the annuities to obtain a progressive historical
analysis.

The fourth section concerns the analysis, through research for statistical data and reports,
of the effects of the pandemic outbreak referred to Covid-19, on cultural activities in general
and particularly on the national territory sites.

The last methodological declination concerns the quantitative analytical processing on the
mathematical projection of possible catastrophic scenarios and related economic
consequences (losses).

2.1. Case Study An Ifalian Example of Economic Cultural Heritage. The Case of Villa
Adriana and Villa D'Este in Tivoli

The cultural compendium of Villa Adriana and Villa D'Este in Tivoli [16] is one of the most
important cultural sites in Italy, recognized by Unesco.

Indeed, although the Cultural site is nowadays understood as a whole, ab initio the assets
were divided and Villa D Este was ‘declared a World Heritage Site by UNESCO in 2001, the
villa grounds include a masterpiece of Italian garden design with an amazing concentration
of fountains, nymphaea, grottoes, water themes and a organ which produces audible effects
created by water’, while Villa Adriana was ‘declared a World Heritage Site by UNESCO in
1999, the Villa was built between 118 and 138 A.D. by the Emperor Hadrian in a lush and
verdant oasis near Tivoli, the ancient Tibur’. The choice of the site of the two Villae underlies
a multiplicity of factors and motivations, the first of which is inherent in the inclusion of the
Cultural Heritage within the recognized UNESCO list, and therefore, qualitatively, this ruling
asserts the importance of the site to the within the national and international framework. The
second motivation underlies the management methods of the assets that are conducted in an
entrepreneurial and economic way like any private company, through its own management or
public contracts in favor of third parties, and this ruling perfectly responds to the qualitative
and quantitative criteria set out in the premises. The third reason concerns the ease of
retrieving the fiscal, economic / accounting balance sheets for the years of exercise under
consideration (2017-2020) of the company of the cultural site as well as the accuracy of the
same data. The fourth and final reasoning relates to the geographical location of the site and
the unfavorable economic situation conditioned by the very severe pandemic outbreak
(Covid-19) which highlighted in the 2020 budget the possible losses from current revenues
as well as the increase in costs for extraordinary maintenance of the site.

As better outlined in the rest of the paper, the analysis focuses on the dissertation and
verification of the possible catastrophic effects (losses) of any hazard on the cultural heritage
in question. In particular, as per Table 1, on the basis of the 2017-2020 extracted financial
statements (the latter only provisional), the macro-data examined concern some budget items
that underlie four areas: fixed, in the sense of mandatory payment and not in the recursive
quantum, and variable costs on the one hand and fixed and variable revenue on the other.

In Table 2, the authors examine the most relevant values of the indicators referred to in
Table 1 over the last three years in order to allow an assessment of any negative impact of a
hazard.
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TABLE 1. MOST SIGNIFICANT BALANCE SHEET ITEMS
Costs Revenue/Incomes
Fixed Tax charges: Charges for mmlstel?lal and state grants;

active workers of service: corncessions on assets

Purchase of goods of

consumption and services;

Variable Recovery, restoration, ticket sales
adjustment and maintenance;
extraordinary of real estate
TABLE 2. RELEVANT INDICATORS 2017-2019 [16]
2017 2018 2019
Tax charges, € 31649181 31.500.00 55.905.12
Charges for active 22913630 215.000.00 161517 36
workers of service, €
Purchase of goods of 801 500 00
consumption and 71006795 1.209.335.69
services, €
Recovery, restoration,
adjustment and
maintenance of the
immaterial assets 975 000.00
2

(software/hardware) 1237997.60 134344973
and material movable
and immovable assets,
€
Mimsterial and state
grants; concessions on 200 000.00 400 000.00 199 744.81
assets, €
Ticket sales, € 335082212 4000 000.00 4869 535.94

At the bottom of this section, in Table 3, it seems appropriate to report the several
government provisions that have limited or prevented the opening of the Cultural heritage,
exacerbating its economic condition.
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TABLE 3. NATIONAL PROVISIONS THAT AFFECTED VILLA ADRIANA AND VILLA D’ESTE

Closed Open with restrictions Open without restrictions

DPCM (decree of the
Prime Minister)
09.03.2020

Binding from 10.03.2020 to
03.04.2020

Bmding from 01.04.2020 to
DPCM 01.04.2020  10.04.2020

Bmnding from 10.04.2020 to
DPCM10.04.2020 03.05.2020

Binding from 04.05.2020 to
DPCM 26.04.2020 17.052020

Binding from 18.05.2020 to

DPCM 17.05.2020 14.06.2020

Binding from 15.06.2020 to
Repeal of the DPCM 06.11.2020
17.05.2020

Bmding from 06.11.2020 to
DPCM 03.11.2020  03.12.2020

Binding from 04.12.2020 to
DPCM 03.12.2020 15012020

2.2. Quantitative Model for Estimating Losses Deriving from Catastrophic Scenarios

The occurrence of a catastrophe that can have a different nature, such as environmental (in
the sense of climatic events and their consequences, such as a flood), or seismic, or due to
fire, or health (such as the pandemic outbreak that actually registered last year, 2020, and
which will also have repercussions in the current one, 2021), could or should be subject to an
economic risk assessment for the cultural asset, such as Villa Adriana and Villa d'Este in this
case. The various types of catastrophe have a different impact on some budget items, on the
revenue side and on the expenditure side. Just to give an example, the pandemic impacts the
proceeds from ticketing (reducing it) but not it has consequences in terms of the costs of
restoring the structure, net of some health care costs (thermoscanner for example) that could
be considered necessary. On the contrary, a fire or a flood of some spaces of the structure
would probably result in the temporary closure of the site and therefore negatively impact the
ticketing as in the case of the pandemic, but, unlike this, it would presumably also require
considerable costs to restore the full efficiency of the structure. Obviously, as a small positive
compensation of the days of closure of the site, there could be reductions in costs such as
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those of utilities and also related to the salary of employees, perhaps taking advantage of
some flexibility in existing employment contracts. To evaluate the impact of these costs and
/ or lost earnings and also of the cost reductions as just mentioned, both engineering-structural
prospective analyzes are needed, for all costs related to the restoration linked to events never
recorded previously, and serve historical data series from which to extrapolate the estimate
of the economic risk relating to the various balance sheet items that would be impacted by a
catastrophic scenario. Just by way of example, given that the reduction of the ticket revenue
occurs in each of the catastrophic events, from the daily average of daily incomes (b)
(assuming a constant flow and without seasonality) recorded in previous years, obtainable by
exploiting the data of the annual total of receipts B(f), with # = 2019, 2018, ... until the
availability of the data. Assuming having (m) annual revenue figures, it is possible to obtain
the following

b=(B(2019)+ B(2018) +...+ B(2019—m+1)) (il[il s (1)
m 365

and therefore, by estimating the days of forced lockdown which can lead to a predetermined
catastrophe, whether they are n, the expected loss of collection would be (bn). A verification
of this estimate can be obtained with the data of the 2020 budget, counting the number of
days of forced lockdown of the sites in 2020 that can be deduced from the calendar of closures
illustrated in Table 3, and comparing the estimate of the reduction of the collection from the
ticketing sales illustrated above, with the actual reduction of 2020, compared to the 2017—
2019 average.

Just to coneretize with a numerical example what has just been said, with the data available
in Table 2 relating to collections for the years 2017-2019 it is possible to have that

b=(3350822 + 4000000 + 4869535)- [1] (LJ =11.160 (2)
3) 365
and that the number of forced lockdown days in 2020 (optimistically considering the days of

partial closure with a regular ticketing flow) was n = 130, there would be an estimated loss
of

11160-130=1450818

which will be compared with the difference between the average 2017-2019 takings, or
4 073 452 and the total 2020 ticketing incomes.

2020 data on losses of daily incomes from ticketing is available also on opening days,
compared to the average of previous years, which could be a further element of evaluation to
implement a model for estimating losses from catastrophes, more in-depth than that proposed
by the applied methodology.

3. RESULTS AND ANALYSIS

The results of the paper can be summarized as follows.

First of all, the paper highlights the precariousness and the economic/financial instability
of the cultural site in relation to a possible fluctuation of the cash flow due to a natural hazard,
as it happened in 2020 due to the Covid-19.

In particular, by setting the average of the three-year period 2017-2019 as the average value
of the receipts and using as a hypothesis a constant flow of visitors throughout the year, by
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reducing and dividing this value by the sum of the days in which the cultural site was closed
to the public, the authors have obtained the abovementioned mathematical equation that
delineates the average losses from incomes.
The second result relates to the evidence of the extremely expensive management of the
cultural site, even though it is forbidden to be visited by tourists, regarding current expenses.
The third result concerns the ease of exposure of the cultural site to any hazard which
highlights the absolute lack, as per balance sheets, of any risk mitigation program, even
merely insurance capable of calming the effects of losses deriving from missed incomes.
The fourth result pertains to an in-depth analysis concerning the case in which the topic
treated and the research that derives from it is not studied in depth in scientific publications.
The fifth and last result, from a quantitative point of view, derives directly from the
mathematical analysis referred to in the previous section and concerns the case study for
which, the forecasts of annual decrease in incomes, for the analyzed cultural site, are
realistically in a average line from 29.79 % to 43.3 %.

4. CONCLUSIONS

The conclusions can be divided into three parts.

The first conclusion underlies the observation that the public administration, including the
cultural heritage examined, is the total reward of the hazards, latu sensu intended. The hazard
called Covid-19 highlighted the total lack of preventive and remedial countermeasures to stem
the effects and risk exposure of the assets to the hazard which, in the intrinsic negativity of
hazards, in any case, did not cause direct damage to the assets and to people.

The second conclusion concerns the total inconsistency of the provisional balance sheet
drawn up prior to the pandemic outbreak and the impossibility highlighted, both in general
and in particular, to remedy at an entrepreneurial level. In fact, hypothetically, when the final
2020 balance sheet is deposited, the latter will show a significant loss, in line with the above
function that is difficult to stem in the next financial years.

The third conclusion, in line with the results highlighted above, concerns the total or almost
total absence, as per balance sheets, of any insurance coverage related to natural events, not
merely limited to the reconstruction of the real estate, but, as experienced in other business
areas and highlighted in some papers, an insurance able to keep the flow of money unchanged,
in the form of liquidation, in order to avoid the aggravation of direct and indirect
consequences that, mostly at a private level, occurred last year (2021), including, it seems
appropriate to remember, the level of employment, the loss of purchasing power and the
contraction of the market.

The aforementioned conclusions highlight the peculiarity of the paper which involves, not
as a primary aspect the ex se risk or, at most the cost of reconstruction of the damaged asset,
but, and this is the key aspect, inherent in the systematic classification of a economic asset,
outlined as a cultural heritage, and the economic, social, labor (employment), political and
financial consequences tout court deriving from the hazard. In fact, too often, it is customary
to think of catastrophic damage as purely direct effects on the material structure of the asset
without investigating the plethora and the social-economic spectrum that surrounds it.
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Abstract

This work aims to offer a contribution in the analysis and management, from an
economic and financial point of view, of the flood risk, and extended to the hydro-
geological risk, from the perspective of a public administration. As main responsible
actor for containing the phenomenon through the maintenance of the territory, public
administration is responsible for the cost of restoring of the services that have been
damaged by this type of phenomenon. The assets of which the public administration
must ensure the restoration are all public infrastructures (i.e. transportation, energy
and water supply system, communication) together with the damage suffered by pri-
vate property, if these affect services to be guaranteed to the population. In this work,
the authors propose possible strategies that a public administration can put in place
to deal with flood risk. Three main strategies are analysed: an absolute passivity that
provides for the payment of damages as they occur (i.e. business-as-usual scenario), a
classic insurance scheme, a resilient and innovative insurance scheme. The economic—
financial profiles of these strategies proposed in this work put an emphasis on how the
assumption of a time horizon can change the convenience of one strategy compared
to the others. This study highlights the key role of the quantification of flood risk mit-
igation measure from an engineering perspective, and their potential issues to pursue
these objectives in connection to the regulatory framework of the public administra-
tions. This synergy is supported by the potential use of Blockchain-based tools. Within
the paper is highlighted the key role that such platform IT data management platform
could have within risk analysis and management schemes, both as a data collection
tool and as certification of the various steps necessary to complete the process.
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1 Introduction

The phenomenon of climate change is intensifying the manifestations of extraordinary
climatic events, and in recent decades, worldwide, the damage has raised to tens of bil-
lions of dollars. The climatic phenomena that cause damage are different depending on
the geographical areas. These have already been largely addressed within the insurance
market (Munich 2013), both as traditional products and with mechanism involving the
financial markets, i.e. cat-bonds. Such mechanism encountered an important increase
in the market since their appearance a few decades ago.

In addition to the insurance market, focused on the transfers the risk and part of
the payments to other subjects, in several risk reduction strategies it is mostly the
public administration that ultimately has to face the management of these risks and
the consequent damages unlocking a significant and growing economic challenge
on how to face with up-front investment for adaptation or mitigation risk reduction
solutions (UNISDR 2015).

A particular type of risk related to extreme climatic phenomena is flooding both as
riverine or coastal, which is aggravated with the increase in the number of extreme cli-
mate event such heavy rains or storm surges. The impact on the local assets depends on
the local conditions including morphology of the territory and its underlying hydroge-
ological risk, the overall vulnerability of the population and the infrastructures exposed
to the hazard. Specifically, hydrogeological risk is a type of risk that, in addition to
private assets, creates damage to many public infrastructures (e.g. transportation net-
work, energy and water distribution systems, communication network) that the public
administration it is forced to restore, often at very high costs.

The theme we want to present in this paper proposes a financial scheme of a flood
risk management process from the point of view of a public administration, which can
choose between different risk reduction strategies.

The first is the completely passive payment of the damages as they occur (i.e.
business-as-usual scenario). The second is a traditional insurance scheme. The third
entails an attitude of urban resilience, which consists in evaluating the possible con-
venience of up-front investments for risk mitigation through an appropriate hazard
mitigation or adaptation project specifically addressed to have a more resilient urban
infrastructures and assets at risk.

This third strategy follows the idea of the financial structure as proposed by the so-
called resilience bonds, which are having a first development in recent years starting
from the first issue in 2019 of a five-year climate resilience bond by the European
Bank for Reconstruction and Development (EBRD).

In this paper, a comparative quantitative assessment model of the three proposed
strategies will be presented, based on a stochastic process that can describe the expec-
tations of the level of damage that will be achieved over future time horizons. A similar
quantitative-based approach has been presented in recent previous papers by the same
authors, Pagano et al. (2019a,b), and by Reguero et al. (2020) for financing coastal
resilience.

The problem analysis will be completed by describing the other disciplines involved
in this risk management scheme, i.e. the role of engineering competence will be
explained, in terms of risk assessment and costs—benefits (in terms of mitigation respect
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to the original level of risk) of the infrastructures that could be used for this purpose
(embankments, dams, expansion tanks, ...) and also what is the regulatory framework
(particularly for the European context) within the public administrations can act to
pursue these objectives.

Finally, this paper wants to create the ground on the use of an innovative IT tech-
nology platform for the insurance sector (i.e. Blockchain). Blockchain-based tools
provide the interface for real-time climate data collection and registered damages.
The platform provides the automatic certification of the acquired information within
each steps of the process, both in terms of the regulatory and financial framework, and
in terms of the implementation of risk mitigation infrastructures.

This paper has the following structure.

The first paragraph describes the regulatory context in which the public adminis-
tration can act to deal with flood risk and catastrophic risks in general. The second
paragraph is dedicated to comparing the convenience of the various strategies that
the public administration can implement according to a quantitative actuarial scheme,
even with a numerical example in order to offer a sensitivity analysis for some key
parameters, with the crucial role of engineering expertise for their assessment. The
third paragraph will highlight the possible role of Blockchain in the various steps of
the flood risk management scheme presented in this work. Finally, some conclusions
and ideas for further research developments will be pointed out.

2 Public administrations and the regulatory framework for flood risk
assessment and management

Since the early 1970s, extreme events associated with natural disaster have been grow-
ing both in frequency and intensity. Specifically, during the last 15 has been recorded
an increase of 2% per year as reported in Serre and Heinzlef (2018).

The same increased trend was also reflected on flood disasters registered from 2007.
‘What happens in the year 2013 in the Central Europe was particularly impactful: 16.5
billion in economic losses (large-scale damage across Germany, the Czech Republic,
Hungary and Poland) for 4.1 billion in insurance paid claims. The year 2013 has the
negative record of the increase in flood damages of approximately 50% respect to the
period 2003-2012 and to show for the first time three consecutive losses exceeding
100 billion in a 10 years period time (Swiss 2014).

These figures represent an evidence how the increase in the population in urban areas
and the consequential increase in their complexities of both social and technological
dimensions define a bottleneck within flood risk management in public administration.

In fact, the rapid growth of human concentration and urbanized areas has increased
the exposure to the existing flood recurrence time making more difficult the realization
of proper mitigation measures such as the availability of the land to be settled as
potential flood risk zone, or protection and improve safety of river banks.

Among different assets that increased their risk to flood due to an increased expo-
sure, Critical Infrastructures (CI) need a specific emphasis. Critical infrastructures
represent body of systems, networks and assets that are essential for the functioning
of asociety, public’s health and/or safety and economy of a nation. Cl are thus engineer-
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ing and technological networks, such as energy and water supply systems, transport
services, banking and finance, and ICT (information and communication technology)
systems. All these systems are important (and thus critical) to maintain essential func-
tions of society, and their failures can heavily seriously affect the population, economy
and national security [as stated in Galland (2010) and in Serre (2018)].

This is the reason that addressed the attention of policy-makers, economist, urban
planners, engineers, insurance companies and scientist to find innovative risk manage-
ment frameworks to more sustainable and more resilient cope with climate changes
effect and natural hazards (Quenault 2014).

There are initiatives at various levels worldwide with the aim of creating coordina-
tion and guidelines for public administrations, to design resilient schemes in the face
of the risks of climate change, also with regard to the economic—financial aspects of
risk assessment and financing of resilient actions.

Keenan (2019) describes the reference legislation and the opportunities granted by
it, to adopt resilient strategies against the risks associated with climate phenomena in
that area as exposed as California is.

Also in the European context, significant steps towards a coordination of local
administrations have been observed, mostly in the assessment of risks deriving from
the climate change phenomenon.

In particular, in 2008, the European Commission launches the first, and to date the
most ambitious, initiative targeting local and subnational authorities to lead climate
and energy action. As part of the Covenant of Mayors, cities and towns take action
towards sustainable energy, including alleviation of energy poverty, climate change
mitigation and adaptation to secure a better future for their citizens.

Covenant of Mayors for Climate and Energy (2008) is a voluntary-based initiative
focused on the proactive role of local authorities for making territories (more) resilient
to the impacts of climate change. That work produced Sustainable Energy and Climate
Action Plan (SECAP) in 2015 (Bertoldi 2018).

One key point of the SECAP is Risk and Vulnerability Assessment (RVA),
which is an analysis of the relevant risks and vulnerabilities, by analysing cli-
mate hazards and assessing vulnerability (of urban sectors): (1) Municipal buildings,
equipment/facilities, (2) Tertiary (non-municipal) buildings, equipment/facilities, (3)
Residential buildings, (4) Transport.

The assessment could address for instance risks related to floods, extreme low
temperatures and heat waves, droughts and water scarcity, storms and other extreme
weather events, increased number or intensity of forest fires, sea level rise and coastal
erosion.

In a SECAP, a Baseline Emission Inventory and a Risk and Vulnerability Assess-
ment are mandatory and identify a set of actions to be undertaken: one of these actions
could be the introduction of resilience bonds to finance risk mitigation strategy by a
more resilient infrastructural system.

A joint SECAP can be developed by a group of adjoining local authorities. This
can even increase the effectiveness of the risk reduction plan by the definition of a
regional common long-term vision.
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3 A quantitative comparison among different risk management
strategies

This paragraph will describe the financial schemes generated by three different strate-
gies for dealing with flood risk by the public administration:

— the passive strategy provides for the payment of damages as they occur,

— the standard insurance strategy provides for the quantification of a premium with
which to transfer the burden of compensation (in part or totally) to the insurance
market,

— the innovative insurance resilient strategy, involves combining the standard insur-
ance scheme with the financing of mitigating infrastructures, which will reduce
risk exposure once completed.

It will therefore be a question of comparing the effectiveness of the different strate-
gies, based on the time horizon that will be set, taking into account that the advantage
of the resilient strategy will materialize after the mitigating infrastructures, which
involved higher costs in the initial phase, will be completed. We consider a simi-
lar approach to one proposed in Reguero et al. (2020), but we assume a stochastic
framework for the damages.

Flood risk reduction by an enhanced urban resilience means moving towards the
improvement of mitigative infrastructures (e.g. hydraulic defence works, retaining
dams, expansion tanks, ...). Within this process is required the risk assessment through
engineering modelling including the calculation of potential losses before and after
the realization of a mitigation project and the overall costs of and time required to build
the resilient infrastructure. This aspect is not trivial since each engineering solution
and its risk reduction assessment is site specific and not always straightforward.

Within the proposed model, the authors refer to the original source of the flood risk
in connection to, that is to rain levels and/or to those of river beds in the area exposed
to the risk.

It would be a question of finding the form of dependence, through statistical infer-
ence issues, of the damages recorded starting from the data of this primary source of
risk, which can be a not easy task since the quality of the databases linking the damages
to corresponding climate phenomena are not so good, almost for many public admin-
istrations archives. Also other study Reguero et al. (2020), regarding the economic
loss distribution for coastal damages, no reference is made to any database of actually
recorded losses.

Therefore, it was decided to skip this aspect of the investigation, which would have
removed us from the focus treated in the present work.

‘We will directly acquire the knowledge of a historical series of the damages
recorded, with the temporal scan (year, season, month, ...) which will be at the basis
of the quantitative model: for simplicity and to avoid seasonality phenomena relating
to the climatic events in question, we will consider an annual basis, which is a usual
assumption in many actuarial models. In what follows, therefore, all the quantities
will be considered defined on an annual basis.
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3.1 The model of risk exposure

Let X(h), iid for h = 1,2, ..., the yearly random payment for flood damages in
year h, with distribution function f(X), thatis f(X) = f(X(h)) Yh, which can be
estimated by the analysis of historical series of yearly damages, with moments E[X"],
forr=1,2,....

Let assume an insurance premium function of f(X),thatis P = g(f (X)), g : M —
2, for which a standard assumption due to a risk aversion principle, is P > E[X]. We
assume a full coverage of the damages by the insurance contract.

Assume that with a cost W and a completion time n, a mitigative infrastructure
provides that the r.v. which describes the yearly damage for following years is Xg
such that, E[X ] < E[X]ando[X g] < a[X], from which for the insurance premium
with the same function g, it holds g( f(Xg)) = Pp < P.

The assessment of risk reduction by engineering expertise could be ahard task, since
it cannot be evaluated using historical series of damages (the mitigative infrastructure
did not exist before).

3.2 The comparison of strategies expected costs over a time horizon

In this paragraph, we will proceed to the comparison of the expected costs of the three
different strategies, fixed the time horizon. Since the comparison must be made in
terms of current values, a generic annual discounting factor v corresponding to the
rate of i must be fixed, thatis v = (1 +i)~".

For the passive strategy (indicated with the subscript P in the following symbols),
the random present value of the total payment by the public administration, fixed a
generic time horizon of m years, Cp (0, m), is

m

CpO,m) =Y X
h=1

from which its expected value is a deferred annuity of instalment E[X], that is

1 — ™

E[Cp(0,m)] = — " E[X].

i

For the standard insurance strategy (indicated with subscript I in the following sym-
bols), the current value of the total expenditure for the public administration, which is
deterministic in this case, is a deferred annuity of instalment P , that is

1—pm

Cr(0,m) = P.

For risk aversion principle, from which it follows P > E[X], we have
E[Cp(0,m)] < C;(0,m) (1)
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but the passive strategy could incur in annual compensation so high as to endanger
the financial solidity of the public administration, which instead, with the insurance
strategy, can plan a constant yearly payment equal to P. The probability of very high
compensation increases as the volatility of X increases, that can be deduced from the
historical series, with which its distribution f(X) is estimated.

The resilient strategy (indicated with subscript R in the following symbols) provides
that for n years it will be necessary to pay the insurance coverage P and to finance the
mitigating infrastructures for which the cost W was assumed, while after completion
time the annual insurance cost decreases to the level Pg.

Therefore, let O be the annual instalment assuming that it has to be paid for the
entire duration of the construction of the mitigative infrastructure (but different dura-
tions could also be considered), that is n years, to finance the cost of the mitigating
infrastructure, which satisfies the equation

I—U”

W=

0,

i

from which we have the total expenditure, also in this case deterministic, incurred by
the public administration for the first n years

Cr(0,m) = - (P+0Q)

i
and the following chain of inequalities
E[Cp(0,n)] < Cr(0,n) < Cr(0, n)

that is, in terms of expected values, in the first n years the passive strategy (albeit with
arandom result while the other are deterministic) is more convenient than the standard
insurance strategy, which in tumn is cheaper than the resilient one.

It is therefore a question of studying the break-even point problem in terms of time
horizon, starting from which the resilient strategy becomes more convenient than the
others, taking into account that for a generic value m > n the present (deterministic)
value of the expenditure overall for this strategy is

—ym—n

" 1
(P+0O)+ u”f%P:a.

Cr(0,m) = —
I

So the break-even point respect to the standard insurance strategy will be m7 that is
the minimum value of the time horizon m(> n) such that

m’} = min Cr(0,m) < C;(0, m) (2a)

m=n+1l.n+2....
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while one respect to the passive strategy will be m’;, that is the minimum value of the
time horizon m(< n) such that

m*P = Cr(0,m) < E[Cp(0, m)]. (2b)

min
m=n+1.n+2...

The evaluation of the cost W and completion time n of the mitigating work and
the quantification of the risk reduction through an engineering expertise can be a
complicated objective, above all because there is no real feedback on the exposure to
risk following the completion of the work, but it is necessary to proceed only with
hypotheses validated in contexts with some similarity.

A turther development, which rests on such ability to estimate through engineering
skills, could be to evaluate a possible range of mitigating infrastructures, with costs
and times given by pairs W(j) and n(j), in the case of the generic j-th option, j =
1,2,...,J, from which the ex-post risk exposure distribution is described by the
random variable X (j) and the corresponding reduced premium Pg(j).

In this case, the problem of optimizing the choice of the mitigating work could
concern the minimum Pg(j) fixed a maximum level of infrastructure cost, or the
minimum in terms of break-even point provided by the different choices, that is the
minimum m*(j), with J €,1,2, ... J.

In this comparison of convenience of the different strategies, the role of Blockchain
tools underlying the concepts of smart contracts, would be essential for the need of
automatic contract passages, from one phase to the next, without wasting time, for
example, from the completion of the mitigation infrastructure, to the certification
of risk exposure reduction. Indeed. a smart contract can be defined as an automatic
updating of contractual conditions upon the occurrence of certain conditions to be
verified through Blockchain tools.

3.3 Numerical example: sensitivity analysis on the convenience of the resilient
strategy

The aim of this section is to present the decision-making problems that may arise in
terms of choosing the risk mitigation strategy, in case the distribution of the random
damage is known. As already mentioned in the introductory part of section 3, no
reference is made to any actual database of damage deriving from floods, but a classic
assumption in the actuarial context of a lognormal distribution for the random damage
is considered. In particular, we want to highlight what could be the key role of some
parameters for the sensitivity analysis of the convenience of the resilient strategy
compared to the others, on the basis of the model presented in the previous section.

For the random damage X, we assume a lognormal distribution characterized by
the parameters 1 and o and we model risk reduction after mitigative infrastructures
completion time, assuming for the residual risk Xz, a lognormal distribution with
parameters pg = (1 —d)u and og = (1 —da)o.
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The insurance premium loading is assumed a proportion & > 0, of the volatility of
the random damage, so the total premium is

P = E[X]+ac[X]
and analogously for the premium after the mitigative infrastructure has been built
Pr = E[Xg] +ac[Xg].

Considering a standard parameterization characterizing the original risk exposure and
one after the construction of the mitigative infrastructure,

mu=1,6=2,d=0.1,d» =0.1, ¢ = 0.05,
note that it holds
E[X]=20.08,0[X]=90.01, fromwhich P =2458
and
E[Xr]=12.42,0[Xg] = 38.09 fromwhich P = 14.33,

and that relating to the mitigation work and its financing

W = 100, n = 5,1 = 0.02 from which 0 = 21.21 (it has to be payed for the
planned n years of completion time).

We proceed to a sensitivity analysis of the break-even points m} and m, accord-
ing to (2a) and (2b), that is the time horizon at which the resilient strategy begins to
become advantageous compared to the others, respect to variations of the most sig-
nificant parameters, that is the volatility of the original risk and those relating to the
mitigative infrastructure. Disregarding the description of the volatility of the results
and considering them only in terms of their expected values, the standard insurance
strategy is always less convenient than the passive strategy, see (1).

It should be noted that as the volatility of the original risk increases, while the break-
even point with respect to the standard insurance strategy is constantly approaching,
there is no monotonous trend with respect to the passive strategy, which depends on
the effect of loading the related insurance premium to this parameter, that the cost of
the passive strategy, a function of the expected value alone, does not suffer in such a

Table1 Break-even point "

sensitivity respect to volatility of N I r
the original risk & 2 16 27
2.1 13 24
2.5 7 22
3 6 89
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Table 2 Break-even point W . .
o R mjy mh
sensitivity respect to mitigative
infrastructures cost C 100 16 27
110 17 29
150 21 36
200 26 45
Tabl.e.3. Break-even pf)int 4 =ds m; ',
sensitivity respect to risk —
reductions deriving from 0.1 16 27
mitigative infrastructures
measured by d) = da 0.11 15 2
0.15 13 20
0.2 12 17
Table 4 Break-even point ¥ ¥
e R n ny mp
sensitivity respect to mitigative
infrastructures completion time 5 16 27
" 6 17 29
19 33
10 21 37

significant way. Of course the higher is the volatility of the original risk, the less safe
is the passive strategy, since the probability of huge claims increases, that may create
serious difficulties to the general economic situation of the public administration.

The results are widely expected, that is the break-even point moves away as the
cost of the mitigation work increases. It could be interesting to analyse a model such
that as the cost of mitigation works increases, even their effectiveness, in terms of risk
reduction, increases, which could lead to a not-monotonous trend in the break-even
point. However, we may have to consider a minimum level of abatement required, in
order not to make the break-even point the only decision-making element in terms of
measuring the efficiency of the mitigating intervention.

As regards the sensitivity with respect to the reduction of risk deriving from the
mitigative infrastructure, we assume that the reduction rates of the parameters that
describe the original risk, 1+ and o, have the same value, that is ¢; = d>, whereas the
effects of the mitigation works could impact the values of these parameters in very
different ways, depending on the type of intervention.

It is interesting to note the effect of shortening the break-even point with increasing
effectiveness, much more pronounced for the passive strategy rather than the insurance
one.

Itis quite clear that, given the higher cost of the resilient strategy until the completion
of the mitigation work, if this period is longer, it also entails an obvious shift in the
break-even point, of roughly the same magnitude compared to the standard insurance
strategy and even more pronounced compared to the passive strategy.
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4 Blockchain and the legal environment for smart contracts

Starting from the pioneering papers of Szabo (1997, 1998), there is no universally
accepted definition of smart contract and for the purpose of our paper we can use one
of the most used (r2), ““an agreement whose performance is automatic, so an algorithm
for computer transactions, which comply with the terms of the contract”.

A more detailed definition, even thinking about the applicative scope of the paper
was provided by the [talian IVASS (Italian Institute for Insurance Supervision), accord-
ing to which smart contracts are contracts that are written in a specific language that
can be understood, translated and executed by a computer, whose clauses can pro-
duce actions without external intervention based on information received in input
and processed according to predefined rules, see Grasso (2018), and the information
technology underlying this automation is just the Blockchain.

About the potential (and in same cases effective) role of Blockchain in insurance
environment, for various purposes, see (Gatteschi et al. 2017, 2018; Sayegh 2019;
Pagano et al. 2019a,b).

Hence, a smart contract can then be thought as a multiphase contract, in which the
steps to be controlled to proceed to the next phase are set at the beginning, which seems
exactly the case of the mitigating process through the resilient strategy described in
this work.

The various steps of the process are: the initial data collection relating to climatic
phenomena (and their consequences in terms of flood phenomena) and the damage
caused by them, for which the Blockchain can act in terms of certifying that the data
comes from reliable sources, the stipulation of the contract both in the insurance part
and in the financing part of the mitigation work, the certification of the timetable for
the construction of the mitigation work (contractual clauses may be linked to any
delays with respect to the settled timetable), the change in the regime of the insurance
contract once the completion of the works has been certified, without the need for a
new agreement on the actual exposure to risk, once this had been fixed at the signing
of the contract (perhaps to be validated ex post by engineering expertise).

Note that since these mitigation processes should be of various decades and in
these lengths of time some trends in climate phenomena could be observed, then
the multiphase contract can consider some refreshments in the assessment of some
parameters of the model, for example, ones which describe the primary risk expressed
by the distribution of the random damage, with the consequent adjustment of the
premium level for insurance coverage.

5 Comments and further lines of research

This paper presents an innovative approach on how combines the effect of up-front risk
reduction investment for public administration with a resilient insurance mechanisms.

This work presented a multidisciplinary analysis on possible flood risk coping
strategies, for which the entire hydrogeological risk can be understood more generally,
an increasingly pressing problem for public administrations also in relation to the
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evidence of increasingly accentuated manifestations. of extreme climatic phenomena
in more recent years.

The regulatory context in which local public administrations can consider possi-
ble synergies within schemes at European level (Covenant of Mayors) and in other
geographical areas was described.

In addition to the use of a classic insurance approach, an assessment scheme is
described deriving from a resilient approach, that is, in addition to the economic cov-
erage of the damages that are recorded, it provides for the financing of risk mitigation
works, a structure used for the so-called resilience bonds.

This paper wants to provide a consistent approach on the application of international
frameworks like the Paris Agreement, the Sendai Framework for Disaster Risk Reduc-
tion and the Agenda 2030 for Sustainable Development. Moreover is well integrated
in the regulatory context of SECAP.

It was highlighted that the construction of this quantitative model must be based on
engineering expertise, for the ex-ante and ex-post risk assessment and for the design of
the most effective mitigation works in terms of cost—benefit ratio. Given the additional
cost of the mitigation work, an indicator that seems appropriate to us to compare the
resilient strategy to the others is that of the break-even point, which is very common
in the context of investment evaluation.

A development of the research will consist in the analysis of the quantitative scheme
considering also the element of the variability of the results, for example through the
use of the Monte Carlo simulation, in order to highlight how the uncertainty of the
cost of claims of the passive strategy may produce much more critical scenarios than
other strategies, which provide a deterministic flow for hedging risk.

The necessary multiphase process that must be completed to implement the resilient
strategy, can be guided and controlled in the various phases using Blockchain tools,
both in the role of data collector and in the role of certifying the completion of the
various steps of the process, according to an initially established protocol that does
not have to be re-discussed by the counterparties at each step, according to the scheme
of so-called smart contracts.

Compared to the theoretical model presented in this work, it will now be a question
of carrying out the research through the possibility of having data relating to real
contexts of this type of risk, as in Castelli et al. (2019) in which a quantitative study
of the flood risk of the Arno river in the Florence area is presented. The necessary
data are those relating to climatic phenomena combined with those of flood damage
caused by rivers that insist on the same area. It will also be necessary to know the
mitigation projects that the relevant authorities already have or plan to implement in
the near future, and the risk reduction assessment they plan to obtain.

The proposed approach can be exploitable and consistently applied to several types
of risk and for different types of mitigation strategy strengthening the resilience of
urban infrastructures against river flooding. The proposed approach provides a solution
to face against lack of financial capacity for public administration that would like to
sustainable and viable manage their risks.
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Further developments of the quantitative model can also be considered as a function
of the quality of the data that will be available in the feasibility study of a resilient
process in a real case.
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Abstract — It is now well known that the world community must share the risks and hazards
deriving from climate change and, more generally, from the environment. At the end of
summer 2019, the European Bank for Reconstruction and Development (EBRD) issued the
‘World's first dedicated climate resilience bond and this confirms the thesis according to which
financial, social and economic instruments are always most necessary for the development of
society and to avoid that natural hazards can, as occurred in the past, cause extremely heavy
damage with negative repercussions on every single area of a community. Starting from the
characteristics of resilience bonds and reinsurance, the paper seeks to highlight the potential
advantages that would derive from a systematic application of recursive comtractual
instruments (smart contracts). The authors focused on the study of the projection of financial
and quantitative data of resilience and catastrophe bonds on the basis of a determined
timeline, a fixed insurance premium, mitigation works related and connected to the main
contract (insurance). In particular, the study concerns the correlation of the urban
implementation of risk mitigation works with the specific catastrophic flood risk. The paper
implements a purely economic and social cost-benefit analysis (ACB) in the sense that
includes, among others, a public approach and the goal of maximizing social welfare,
according to efficiency economic criteria. In a nutshell, the authors highlight as the main
result not only the possibility, but also the convenience of the joint and multidisciplinary
application of the quantitative method (resilience bonds) to infrastructure resilience.

Keywords — Insurance; flood; public administration; quantitative method; resilience; risk
mitigation; urban infrastructure

1. INTRODUCTION

Preliminarily, using experience from the Italian context, albeit in the broader supranational
scenario, it is absolutely essential and at least advisable to carry out a discussion on the
methods for stipulating a legal transaction, in particular an insurance contract, with the public
administration. This examination allows to verify the operating methods and necessary
requirements to outline a possible contract such that, against a fixed premium, it is possible
to guarantee the coverage of damages and at the same time the construction of a mitigative
infrastructure.

Moreover, the paper outlines the concept of infrastructural resilience.
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In order to make urban areas more resilient, a novel risk reduction approach based on a
strategic development of urban and infrastructural systems has been proposed within the last
Sendai Protocol developed in 2015 based on the resilience concept. The Sendai Protocol also
foresees building the capacity to learn and thus anticipate the effect of a catastrophe, which is
a substantial element for increasing resilience against natural hazards [1].

For this purpose, the introduction of the term resilience has an important role, however the
term itself is interpreted in many different ways depending on the field of science. This
concept is "essential" to describe the functionality of the communities, infrastructures or any
other type of systems under the effect of hazard. Based on the United Nations Office for
Disaster Risk Reduction (UNISDR), disaster risk management resilience is used to describe
“ability of a system, community or society exposed to hazards to resist, absorb, accommodate,
adapt to, transform and recover from the effects of a hazard in a timely and efficient manner,
including through the preservation and restoration of its essential basic structures and
functions through risk management”. In this context resilience is also being actualized by the
EU Commission to ensure appropriate planning and preparation for disaster risk management
and sustainable development [2].

Secondly, the paper outlines the main characteristics of the financial instruments called
resilience bonds (collateral), highlighting, in particular, the reference values inherent to the
risk that affect the insurance premium, if any, and the uncertainty related and inherent in the
contract itself.

In the third instance, the paper highlights the possible consequences on the calculation of
the risk and, likewise, of the premium, in relation to the construction of mitigating
infrastructures.

Subsequently, entering the focus of the paper, the authors highlight the possible correlations
between the decrease in risk following construction of a mitigation infrastructure and the issue
on the financial market of resilience bonds linked to the immovable assets de quibus.

In the fourth instance, the authors examine the supranational legislation inherent to
Sustainable Energy and Climate Action Plan (SECAP), highlight the guidelines dictated by
the European Union paying attention to a systematic framing of a financial system such as
resilience bonds [3] in relation to the variations of adaptation and mitigation of environmental
risk referred to in the same SECAP.

In particular, the authors, through a quantitative study projection with related cost benefit
analysis, seek to first outline the financial effects in the issue of bonds, highlight the costs
inherent to the infrastructures and perform a summary of the operation as a whole from one
point from an economic and social point of view.

The motivations that led the authors to carry out such analysis are inherent, on the one hand,
to the social implications in the sense that greater protection of assets and better awareness of
the problem referred to natural disasters allow the community to be aware of the risk.
Secondly, it was carried out in order to highlight the possible financial variations in the sense
in which the implementation of mitigative works partially limits the damage to the same
assets.

Third, the assets covered by recursive insurance, at the end of the mitigation
implementation, are naturally subject to a greater interest on the market. Ultimately, any ex
post damages, on the one hand limited as highlighted above, with a view to implementing a
resilience bond, would be distributed among heterogeneous subjects, avoiding imbalances on
the public economy. The cost-benefit analysis is necessary from a public law perspective in
the sense in which, according to the authors, the proposed model, for the protection of the res
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publica, must be purely addressed to the public administration and, thus, such a careful
analysis is prodromal and factual for the implementation and activation of the relevant bodies.

The choice to carry out an in-depth analysis of the possibility of implementing the method
and of the practical application of the model to flood risk mitigation mainly concerns the
seriousness of the damage caused by the aforementioned hazard on the territory of Italy, as
can be seen from the last report called the yearbook of environmental data relating to 2017.
The year 2017 was marked by fourteen paroxysmal events characterized by high quantities of
rain often concentrated over the course of a day, which caused “flash floods™ (sudden floods)
in both urban and rural areas.

TABLE 1. HAZARD / GDP AND ALLOCATED SUMS ASSESSMENT AND ANALYSIS

Victims and Total estimated
Event missing damage / GDP, Funds allocated with
period  County persons Resources to restore, € % executive provisions, €
15-
20/1/17  Molise 0 €99 006 314 0.005784 € 5400 000
€42 536 321.59
(DPC funds
€ 63 000 000
15— (funds for Soil Defence
18/1/17  Abmzzo 29 (landslide) € 772 000 00 0.045103 Interventions -Reg. Abruzzo)
21-
23/1/17  Sicilia 1 € 30879578 0.001804 € 8000000
€ 22 000 000
(DPC)
22— € 56 000 000
25/1/17  Calabna 0 € 108 758274 0.006354 (Fiscal Law 2018)
€ 800000
(Mmistry of the Environment
and Protection of the
Territory and the Sea)
Friuli € 485 000
26- Venezia (Italian civil protection —
28/4/17  Giulia 0 € 1600000 0.000093 Friuli Venezia Giulia)
25/6/17  Veneto 0 €12312 842 0.000719 € 6700 000
28/6/17 Lombardia 0 € 200000 0.000011
€12 312 842 (adding
damages occuired on
5/817 Veneto 1(landshde)  28/6/17) 0.000719 € 6 700 000
8/8/17 Valle d'Aosta 0 € 7887156 0.00046 €3 000000
€ 15 570 000
(DPC funds)
€ 20 000 000
9-10/9/17 Toscana 8 € 56 188 554 0.003282 (Toscana)
5-7/11/17 Campania 0 € 289 037 162.00 0.016886
11- Emulia
12/12/17 Romagna 0 € 105 000 000 0.006134 € 10 000 000
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Table 1 reflects information extracted from the Higher Institute for Environmental
Protection and Research (ISPRA) website on some of the most severe hazards which have
occurred; the analytical description [4] relating to the damage and effects to the ground of the
flood events that occurred in 2017, the assessment of the overall damage compared to GDP,
and most of all, the funds allocated with executive provisions.

Some salient features can be deduced from this explanatory and highly significant table.

First of all, the total quantified value (€) of the damages occurred as a result of floods that
occurred in Italy during the year 2017. The amount, truly significant, is greater than
€ 700 000 000 and the importance of the value is reflected by the fact that the total national
public budget is equal to approximately € 27 000 000 000. Therefore, the value of damages
exclusively for flood damage was almost 3 % compared to the entire allocated budget of the
2017 financial law.

The second focal point can be obtained from the sum of the respective values inherent in
the ratio between estimated damage and GDP. The aforementioned value is equal to 0.1 % of
the GDP of the entire nation and is inherent, as already highlighted above, only to the damage
caused by floods which occurred in one year. This result is also extremely worrying.

But it is the third result that proves to be the most upsetting for cost benefit analysis or for
any other public economy study, i.e. the relationship between the amount provided by public
administrations and resources to restore any assets.

In fact, by adding the value of the amounts paid by public bodies for the ex post
reconstruction of assets damaged by floods, the amount is only equal to € 260 191 322.

Therefore, the ratio between the value for the integral reconstruction of the assets and the
loans is only 35.9 % and, therefore, for over 60 % of the value of the residual value of the
assets, the administration was unable to carry out any reconstruction.

It is precisely from this elementary analysis that, in the authors' opinion, it no longer seems
possible to think of a continuation of the classic method of contrasting against natural hazards,
which is therefore capable of operating pro quota exclusively ex post.

The authors' perspectives are inherent to an implementation of urban resilience and the
accounting and financial management of the risks of public administration assets

The conclusions pertain to the possible operational variations and effects of an application
of the related insurance contract for mitigating constructions on the financial market, such as,
for example cat bonds or preventive resilience bonds.

2. METHODOLOGY

The methodology proposed by the authors follows three guidelines:

— The first, preliminary, concerns a theoretical study of administrative and insurance
regulations on the modality of stipulation of contracts between the public
administration and private companies.

— The second concerns an engineering elaboration on urban resilience and, more
particularly on flood risk. In particular this section involves a graphic projection of
risk analysis.

— Inthe third instance, in the quantitative context, the authors propose the elaboration of
a stylized quantitative model for a cost-benefit analysis, considering a traditional
insurance scheme and a resilience approach with which the authors consider the
opportunity of financing mitigative infrastructures.
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3. FAILURE OF INSURANCE SYSTEMS AGAINST NATURAL DISASTERS

The starting point in the drafting of the paper is represented by the analysis carried out by
the authors regarding the insurance systems against natural hazards in some of the more
developed countries on the basis of 2019 IVASS report [5].

As can be seen from the Table below, the system, although in some cases, more capable of
withstanding catastrophic events, is always fallacious in the dual meaning of application that
the paper aims to highlight and implement, that is, primarily the ex-ante prevention and not
therefore, merely the ex post reconstruction, and secondly, the division of costs into
heterogeneous subjects and not already exclusively to be charged to public entities.

TABLE 2. GENERAL FRAMEWORK OF FR/CH/UK/US INSURANCE SYSTEM
AGAINST NATURAL HAZARDS

France Switzerland UK USA
Hazards Floods, Floods, landslides, Earthquakes, storms Specific policies for hurricanes,
earthquakes, earthquakes and floods storms, other specific policies for
voleanic eruptions, floods and earthquakes. Flood
tsunamis coverage: mandatory for
mortgages, with federal insurance
program (public-private
partnership)
Obligatory  System not System not System not mandatory. Floods: compulsory coverage m
nature mandatory, but compulsory, but for ~ Optional msurance flood nisk areas and for buildmgs
nsurance 1s many natural nisks lmked to relatively covered by mortgages. Earthquake:
compulsorly msurance widespread basic coverage not mandatory
hinked toa compulsorily hnked  coverages, generally
widespread, basic  to a very widespread, provided in case of
fire protection basic fire protection  mortgages
System Strong state Strong regulatory role No regulatory Floods: role of the federal
governance  regulatory role, of the local cantonal  1intervention by the govemment in determining risk and
unlimited public  authorities. Inmost  state. No public tariffs. Fund grants subsidize
economic cantons, insurance is compensation foreseen policies. Earthquake: Parmership in
guarantee forthe  offered by a publicly- in case of natural California with the
main reinsurer ovmed company. disaster California Earthquake Authority
CEA Fund which enjoys tax
benefits and grant-subsidized
policies
Role of Hedging offer, Insurance system Hedging offer, Policies in collaboration with
insurance compensation offers coverage and  compensation various forms of parmership, where
companies  management, manages management, and applicable
creation of compensation, m the establishment of
dedicated reserves  form of a public dedicated reserves 1n
in the financial monopoly orunder  the financial
statements free competition statements, which
mught take advantage
of tax breaks
Remsurance A state-guaranteed It 1s provided by Insurance companies  Free reinsurance market, also
reinsurer is consortium systems  operate freely on the  issued cat bonds by the CEA fund
provided, with that associate public  market
freedom to operate and private insurers
for other entities  separately
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4. SECAP AND COVENANT OF MAYORS. NEW PERSPECTIVES

This section aims to relate the perspective of a cost benefit analysis for recursive insurance
contracts against natural hazards and the legislation relating to SECAP (former SEAP) and
covenant of mayors

In December 2008, the EU adopted an integrated energy and climate change strategy which
sets ambitious targets for 2020. The aim is to steer Europe on the right path towards a
sustainable future by developing a low carbon economy based on energy efficiency [6].

The EU has set three key deadlines, defined respectively: “2020 package”, “2030 package™,
“2050 package™.

The 2020 package establishes the following objectives:

1. 20 % reduction in greenhouse gas emissions compared to 1990 levels;
2. 20 % of energy consumed in the EU is produced from renewable sources;
3. 20 % improvement in energy efficiency.
The 2030 package defines the following objectives:
1. at least 40 % reduction in greenhouse gas emissions compared to 1990 levels;
2. atleast 27 % of the energy consumed in the EU produced from renewable sources;
3. 27 % improvement in efficiency energy [7].

The 2050 package sets the most ambitious goal, namely an 80 % cut in emissions compared
to 1990 and a so-called "low-carbon economy" implemented in every country in the European
Union.

Tt should also be said that each nation belonging to the European Union has set its own
targets for reducing emissions, which may even be higher than those set by the EU. To achieve
these goals, itis clear how each economic sector must contribute to the reduction in emissions.

This document (SECAP) must be submitted within two years of the ratification of accession
to the Covenant of Mayors by the City Council (for Italy) or the equivalent decision-making
body (for foreign municipalities). The SECAP is divided into six sections presented hereafter,
each of which refers to a specific implementation process:

Strategy: Definition of the goal of reducing CO» emissions. The target can be set both in
absolute terms and per capita reduction; the use of per capita reduction targets is used by cities
that have a constant and / or rapid increase in population, so it is more complex and
insignificant to set an absolute reduction target.

Emissions inventory: Definition of the final energy consumption of the municipality and
the consequent CO» emissions, divided by energy carrier and sector in the reference year. It
is highly recommended that this year be the same as the one for which the intervention strategy
is to be defined, to avoid difficulties in interpreting the results. Other important data to include
are number of inhabitants, type of measurement unit that will be chosen (whether tonne CO»
or equivalent tonne CO», which integrates the emissions of other greenhouse gases), and any
notes on the method. Finally, the results are listed on the final energy consumption, on the
supply of the same and on the total emissions. Two approaches are provided for the total
calculation of emissions: the first is the so-called standard, defined by the IPCCC
(International Panel Convention for Climate Change),

Mitigation actions: Description of the actions that are intended to mitigate emissions; also
with assignment of budget, attribution of responsibility, forecast of timing and reduction. It is
important to also include comparison scenarios; usually the “Business as Usual™ scenario is
used to analyse what the emissions trend would be like if no reductive action was taken, and
it is compared with a scenario in which instead contrast actions have been taken. This type of
processing is graphical and also allows you to see the estimated effectiveness of the initiatives,
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and to understand which can be the most effective in terms of cost / benefit ratios. The impact
of the actions on its own time span is estimated (2020 or 2030). For each action planned for
implementation, it is useful to give an estimate of its economic cost and effectiveness. Within
this section it is also possible to insert the examples of excellence; i.e. emission reduction
actions that have been particularly successful; these initiatives must be already concluded or
in progress [8].

Scoreboard: To understand the sectors where the actions and the adaptation cycle prepared
in the action plan have been successful. In other words, the scoreboard Framework serves to
provide a snapshot of the progress of the adaptation process in which the local administration
is placed, according to an evaluation of this type. It is a self-assessment; each administration
will then give a vote based on what it considers complete at each phase of the process.

Risk and vulnerability: This section is dedicated to the assessment of climate risk in the
area, with impact and related assessments. In this case, it is necessary to specify the year in
which this assessment was made; in addition, it is necessary to specify the territorial area on
which the risk and the method used are assessed. Indications are also given on particularly
significant climatic hazards. In addition to the risk and climate vulnerability assessments, the
potential effects that these criticalities can bring in the various sectors are indicated (for
example: drop in tourism, risk of water shortages, etc.). This section is present only in the
new SECAP.

Actions for adaptation: Illustrates the actions taken to adapt to climate change in various
sectors, with an indication of investors (stakeholders) and costs. The various actions are
described on the basis of sectors of intervention (e.g. in the construction sector, an adaptation
action is the ban on building in places particularly at risk to flooding / landslides). This section
is also present only in the new SECAPs [9].

Established to involve cities in the pursuit of the objectives of the European Union, the
Covenant of Mayors is characterized by a multi-level governance model and is based on the
shared vision according to which local administrations, together with private partners, can
accelerate ambitious energy strategies that lead to a future with low greenhouse gas emissions.
The initiative encourages its signatories to draw up action plans and to direct their investments
towards mitigation and adaptation measures to climate change. Joining this initiative
represents an opportunity for local authorities to consolidate their efforts to reduce greenhouse
gas emissions in the area, benefit from European support and recognition, and exchange
experiences with European counterparts. In addition, the Covenant of Mayors can be seen not
only as an initiative related to the energy sector, but also as a way to develop sustainable
measures that allow their cities to achieve better urban planning and socio-economic
development [10]. Even if initially it was designed for large urban centres, the Covenant of
Mayors did not place requirements on the size of the signatories: everyone can participate,
from small municipalities to major metropolitan areas. Today the Covenant of Mayors, which
became global in 2017, has over 7500 local and regional authorities active in 121 countries,
which can take advantage of the strength of a multi-stakeholder movement worldwide and the
technical and methodological support offered by various dedicated offices

Therefore, in the regulatory context of local public administrations, in anticipation of
adherence to the Covenant of Mayors, the paper seeks to show and to highlight possible
operational variations on risk mitigation, in particular against floods, for the negotiation and
development of insurance contracts [11].
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5. CONCEPT OF INFRASTRUCTURAL RESILIENCE

Due to the complexity and interdependency of infrastructure in urban areas, there is a higher
risk to have cascading effects and also generate secondary effects in areas much further from
the real flooded area [9], [10]. This is a key aspect to consider in order to minimize the
secondary problems, such as financial and operative ones that are directly affecting the
networks may have [10]. In order to make urban areas more resilient, a novel risk reduction
approach based on a strategic development of urban and infrastructural systems has been
proposed based on the resilience concept within the last Sendai Protocol developed in 2015
[10]. The Sendai Protocol also foresees building capacity to learn and thus anticipate the effect
of a catastrophe, which is a substantial element for increasing resilience against natural
hazards [14].

For this purpose, the introduction of the term resilience has an important role, however the
term itself is interpreted in many different ways depending on the field of science. This
concept is “essential” to describe the functionality of the communities, infrastructures or any
other type of systems under the effect of hazards [15]. Based on the United Nations Office for
Disaster Risk Reduction (UNISDR), disaster risk management resilience is used to describe
“ability of a system, community or society exposed to hazards to resist, absorb, accommodate,
adapt to, transform and recover from the effects of a hazard in a timely and efficient manner,
including through the preservation and restoration of its essential basic structures and
functions through risk management™ [2]. In this context, resilience is also being actualised by
the EU Commission to ensure appropriate planning and preparation for disaster risk
management and sustainable development.

Some studies suggest that infrastructure resilience has a direct connection with the term
resilience proposed by Holling and used in ecology [15]. This definition is generalized as the
capacity of a system to absorb disturbances and to recover after a major disruption and to
restart an activity on the territory [11].

Based on this, different methods have been proposed to assess resilience and the role of the
infrastructural resilience within it. For instance, in the scientific work of Serre et al. [11]
urban/engineering networks able to propagate flood risk are proposed overall urban resilience,
understood and identified into 3 main capacities namely: resistance capacity, absorption
capacity and recovery capacity. A similar approach for looking at resilience was proposed by
Bruneau et al. [16] with the introduction of the “4Rs™ (i.e. Robustness, Redundancy;
Resourcefulness; and Rapidity), according to which resilience of specific systems is described
by qualities of the system matching these 4Rs.

Such conceptual and (semi) quantitative model approaches based on the selection of a set
of proper indicators can serve as the base for the development of a framework for assessing
the effectiveness of specific mitigation and/or adaptation strategies.

6. INSURANCE AGAINST NATURAL DISASTERS. THE REASON BEHIND ITS
LIMITED SPREAD IN ITALY

In this context, Italy stands out on the international scene for the management of damage
from natural disasters entrusted almost exclusively to state intervention during the ex post
reconstruction phase. This factor, together with the “cultural” reluctance of individuals to
acquire protection against natural disasters, explains the scarce diffusion of insurance
coverage for these events, which can be acquired as a supplement to fire insurance policies
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on homes. The reduced propensity of Italian families, compared to other European countries,
to purchase non-compulsory, non-life coverage also contributes negatively [17].

The spread of insurance against natural disasters is higher for industrial and commercial
buildings, but its level is still unsatisfactory. For example, the 2012 Emilia earthquake caused
a lot of damage to the dense industrial fabric of companies in the area affected by the event.
However, even on that occasion the contribution of insurance compensation to the costs for
the reconstruction was modest (around 10 % of the total costs, OECD 2017). While in the
case in Italy the ratio between total damages and damages compensated by insurance was 10
to 1, during the 2005 hurricane Katrina, which happened in the United States, a country with
a high degree of insurance coverage against natural disasters, the ratio was approximately
equal to 3.5 [18].

In order to have an updated picture of the diffusion of the insurance instrument to protect
itself against damage from natural disasters by homeowners, in the first months of 2017 the
Italian Insurance Supervision Institute conducted a census survey [17], [18] with all the
companies that on 30 September, 2016 would work on fire insurance field against fire the
housing units located in Italy. The companies have reported the main characteristics of the
individual contracts, including the possible extension of coverage to damage caused by
earthquakes and floods. Fire coverage protects 12.2 million homes (35.4 % of the total similar
properties in Italy). The percentage is extremely small compared to other EU countries.

As for Italy, as has already been analysed, there is no compulsory insurance on natural
disasters and the implementation and level of policies covering damage from natural disasters
are poor.

The current situation of the Italian insurance market for coverage against natural disasters
sees the assets of private citizens not fully covered against disaster risks; only a limited part
of medium-small companies is insured with specific policies covering earthquakes and floods;
on the other hand, a significant part of medium-large companies is adequately insured against
natural disasters, especially multinational companies.

According to Kunreuther [21], the scarce penetration of policies among private citizens is
the result of a real disaster syndrome due to both distortions on the demand side and
insufficient supply. In the following, we will analyse how the scarce diffusion of policies on
a voluntary basis covering natural disasters is attributable to different types of causes:
regulatory problems are added to the causes on the demand side and to the causes on the
regulatory side.

In particular, with regard to the regulation referred to in public-private bargaining, the
legislator never intervened precisely in outlining guidelines on these modalities.

In fact, as highlighted below, the stipulation of any insurance contract by a local authority
must go through a rigorous discipline of public tender, as used in the broader context of public
and administrative law [22].

Although the legislator has never provided for a specific discipline for the above type of
insurance, this does not mean that this contractual scheme is prohibited by any law. Using a
theoretical scheme and verifying what is referred to in the Italian and EU binding regulations,
the authors have tried to outline the current operating methods to achieve a contracting and
stipulation meeting point between public and private.

The point of interconnection between local authorities and insurance companies, in light of
the results of the paper, can only be the covenant of mayors which, we would say, finally,
grants greater autonomy to some bodies governed by public law.
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7. FLoobD Risk AND RESILIENCE

As mentioned urban population increase and the consequential rise of the increase
complexity of the CI represent factors that amplify the level of local vulnerability [16], [17].
In fact, there is a direct connection of the natural hazard losses to the number of people and
complex infrastructure living in areas prone to hazards.

Thus, the assessment of the Risk losses is not a trivial task since both the engineering
dimension as well as the social impact should be evaluated. Generally, the Risk to natural
disaster including flood is defined within the probability perspective in terms of occurrence
time of a certain hazards, factored by the severity of its consequences [25], according to the
following formula:

Risk = Probability - Consequence (1)

Thus, Risk represents a key instrument and criteria leading to flood zone management
policy, land and infrastructural development planning [26]. Tt is thus evident the important
role of the engineering dimension to assess the potential cost/benefit in terms of decreased
flood risk level once a specific (or other engineering system) is strengthened and/or newly
built.

Risk formula presents also other expended description on where the probabilistic dimension
of the Hazard is then related to the Exposure and Vulnerability. Both aspects are related to
the intrinsic propensity of a certain asset to be at Risk. Thus, the engineering aspect to
understand the effects of a hazard of a certain magnitude is essential. This general formula is
reported below:

Risk = Hazard - Exposure - Vulnerability (2)

Within the proposed Risk assessment there the need to use GIS-based system on which
hazard (e.g. flood), vulnerability and assets maps are combined through the use a weighing
process and normalization.

This task has to be replicated for each climate-related impact [27].

In this way the flood risk assessment is translated in terms of potential loss and damages
costs. This is most of time impossible to be done for each infrastructure and/or asset at risk
due to data scarcity. In these way insurance companies’ databases are often using proxies to
overcome this bottleneck.

As reported by Kaspersen and Halsnes [28] Danish Insurance Company define a damage
function and unit damage costs based on flood levels for different buildings during extreme
precipitation. In this case health costs (based on number of people exposed to mixed rain-
sewage water) and expected costs for different rain patterns considering extremes climate
event are calculated in monetary values as losses for each asset and damage costs.

Since quantitative and probabilistic approaches are not always possible to be used and
converted into a monetary dimension (mostly in connection to the social dimension, the
effectiveness of Risk Reduction scenarios through a Multicriteria Assessment (MCA) towards
urban adaptation planning [29].

Normally with adaptation strategies are beneficial for the overall resilience of certain system
and thus its risk reduction. According to [25] for physical systems can be identified in 2 types
of measures namely hard and soft. The first referred to (semi)permanent installation within
the area of the potential flood, the second ones are those relate to natural process for example
like are tackling flood in terms of erosion decrease and or increase of roughness in the flooded
areas [2], [11].
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Despite the guidelines provide by Sendai Framework for strengthening resilience to
disaster, several risk flood assessments have not fully implemented a resilience approach.
Sometimes, only reduction measures to flood hazard are proposed as possible solution while
in other only the perspective of the vulnerability is considered. Nevertheless, in both cases a
range of solutions for maximum flood magnitude is offered. The main criticality is lying on
not considering the time dependent concept of the resilience aspects such as the time of
recovery.

Traditional flood risk analyses are mainly focused on hazard reduction and its impact as
damages reduction in fact directly introducing structural and infrastructural measures. This
approach is not addressing the attention to pre-flood hazard condition and recovery phase to
return to the ex-ante situation.

There is a lack on real quantitative methods able to shave more tailored strategies to have
more resilient infrastructure to flood resilience, and one of the main reasons is the because
several disciplines and expertise should be involved (i.e. flood, resilience, and CI network
interdependencies.

By using a resilience approach time dependency, such as recovery can be taken into account
as and thus considering other characteristic component of the resilience such as robustness,
redundancy and flexibility (see Fig. 1). While traditional approaches consider as the only
utility function to be maximized the damage.

A

state

ol /L

recovery rate

time

[ A - amplitude of state change I

Fig. 1. System response to a shock [1].

The concept of resilience is also embedding the concept of state equilibrium and its
threshold of stability, once that threshold is passed the recovery is not feasible. Fig.2
highlights these aspects at different level of magnitude of a certain hazard and involving
several components of the resilience.

For example, systems may need to be able to cope rigidly (resistance) to the most frequent
hazards that they are exposed to or the hazard which causes the greatest damages and
disruption (resilience).
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Fig. 2. System response as a function of disturbance magnitude [1].

Flood impacts are often quantified in terms expected annual damage (EAD) depending on
evaluation of the exceedance probably related to certain hazard likelihood (Fig. 3).
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Fig. 3. Expected annual damage and expected annual disruption.

Moreover, the assessment of optimal and tailored strategies is related to the difficulty of the
data availability.

Fig. 4 shows the effects on the application of CI resilient strategy applicable also to flood.
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Fig. 4. Visualisation of the effect of resihence.

Data gathering is a key aspect on risk reduction of CI through a resilient strategy that should
involve:
— Data collection from the gathering for CI networks;
— Flood hazard maps;
— Assessment of the exposure and vulnerability of CI to floods;
— Assessment of the cascading effects;
— Assess the recovery time.

It is essential to have create and inventory about the damages past events.

There are also other dimensions to be considered in the system response in terms of
economic and social aspects in turn involving other vulnerability indicators.

In this context prevention measure like discouraging citizens from living in high-risk areas,
or encouraging the uptake of mitigation measures has a great potential within the recovery
strategy.

However, this aspect is still lacking on a real application due to lacks on existing legal
frameworks to support these measures.

From the proposed approach on quantifying the reduction of Risk due to specific resilience
measures it is possible to see how there is a need for the creation of an interdisciplinary and
holistic approach.

8. THE ACTUARIAL QUANTITATIVE COST-BENEFIT ANALYSIS FOR FLOOD
Risk. INSURANCE OR RESILIENCE BONDS

In this part of the paper, we introduce a stylized quantitative model for a cost-benefit
analysis, considering a traditional insurance scheme and a resilience approach with which we
may consider the opportunity of financing mitigative infrastructures [30].

The analysis has to be performed taking account of both the two viewpoints: one concerning
the profit or loss account and the other the balance sheet, to which the mitigative
infrastructures must be thought of as an additional value of the asset side.

Let consider that the flood risk could be expressed by the distribution of the claim amount
in a fixed time unit, and that this risk must be faced throughout a fixed time horizon, at most
even perpetual.
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Let X be such r.v. with known density function and moments. Let consider a risk assessment
based only on the first two moments of such r.v. E[X] = m; and sigmal[X] = mo, such that
insurance premium P is a function of these two parameters f(mi, m») = P.

We can consider a finite time horizon T (time units) or at least an infinite time horizon.

Assuming a fixed discount rate r and the relative discount factor v = 1/r, the actual total cost
for flood risk insurance C(T), is

(D) =P(1+vDir, (3)
in case of time horizon T and
C(0) = Plr, (4)

in case of infinite time horizon, that is a perpetual payment P.

Let consider a mitigative infrastructure with cost K and a building time duration S. Let
assume S < T. Let consider that after this infrastructure is built, the exposure to flood risk is
reduced, i.e. we have a new claim r.v. ¥ with the first two moments E[¥] = n; and
sigma[Y] = ny, such that insurance premium is a function of these two parameters f(n1, n2) =
Py for which it is Py < P.

A resilience bond is composed by two parts, one relative to the insurance aspect and the
other relative to infrastructure financing.

We can assume that for the insurance side the issuer has to pay a coupon equal to P and for
the financing side an additional coupon of @ = g(K), till time S, which can be the bond-

maturity.
So the actual total cost in case of a resilience bond approach, D(), is
D(T) = (P+O)(1+5) 7 (1+vENPy [, (5)
in case of time horizon T
D(w) = (P+O)(1-+)/r + v (P fr), (6)

in case of infinite time horizon, that is a perpetual payment P, after time S.

Therefore we can compare the total cost for the two approaches, C() and D(), both for a
finite and for an infinite time horizon. It is even an easy task performing a sensitivity analysis
on the model parameters: X, Y, », K, ... .

Some of them could be better and better be estimated using new data that arrives
continuously.

So we can have full awareness of the cost-benefit analysis of using a classic insurance
scheme or a more resilient approach financing the costs of the first time interval, till the
mitigative infrastructure is ended, in our scheme time S, issuing a resilience bond with this
maturity and with a coupon rate depending on the original risk measured by the premium P
and the additional part linked to the infrastructure cost K, which would serve both for risk
coverage and for infrastructure financing.

9. CONCLUSIONS

Given the mostly quantitative/mathematical declination, the first conclusion concerns,
among other things, the usefulness of recalling the need for an assessment of investments for
mitigation, also in terms of lower risk coverage costs in the future, for public administrations.
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Secondly, it appears necessary to reiterate the absolute need for a desirably European, but
at least national, platform to make the transfer of the risk outlined above to the financial
markets fully operational.

Ultimately, in full compliance with what has been pre-written by the supranational treaties
as well as by the Covenant of Mayors itself, it is fundamental to underline that the elements
of the legislation that can govern all the steps of this process, should and could be agreed in a
European way and not be the result of stunted harmonization of national regulations.

The proposed cost-benefit analysis highlights the possible implementation of the
quantitative infrastructure resilience model and is subject to the need, extremely current in
light of national regulations, to carry out a mathematical study prior to a political, business
and financial choice such as that of a mitigative structure, and the related contractual insurance
structure.

The final key point is to assess if the higher cost of a resilience bond, with the financing of
mitigative infrastructures, could be convenient respect to a traditional insurance approach, i.e.
only facing claims payments, for different time spans.
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Abstract — The aim of this paper is to highlight the insurance dynamics in relation to
catastrophic events and how the insurance companies approach the insured parties
(contractors) for the definition of a tailored insurance policy contract. Within this study the
emphasis has been addressed more on the regulatory situation in the Italian context as a Key
example of the existing contractual problems regarding the drafting of insurance contracts
against natural hazards. In particular, the study defines the drawbacks of having information
asymmetry between the parties towards several substantial elements of the policy agreement,
including the definition of the overall risk, exposure, vulnerability and the consequential
insurance premium. This study provides an overview of the possible calculation as a specific
one based on the risk / premium assessment tool of the Exceedance Probability curve (EP
curve) method used by insurance companies. This method focuses on some of the most
important insurance parameters for determining the insurance premium and the possible
indemnity in relation to the risk related to natural hazards. In the results and discussion, the
research reports on how an information discrepancy on coniractual transparency appears
evident in fact creating an obstacle to facilitate the access to the data referred to in the risk
calculation inherent in the asset and obviating the information discrepancy, allowing the
private individual to use the information consciously. With the presentation of a risk
calculation tool based on the EP curve and relative loss or exceedance, the study shows a
possible correlation between insurance dynamics and the new environmental, social,
governance (ESG) parameters for implementation on the financial markets.

Keywords — Insurance company; natural hazard; risk and resilience

1. INTRODUCTION

In recent years, the insurance industry has undergone considerable losses due to extreme
weather events. The year 2011 is considered a record year for natural disasters, with insured
claims that have cost the industry more than 127 billion dollars. Moreover, according to one
of the latest reports on Europe drafted in 2013, it has shown that EU has experienced a global
amount of € $33 billion of losses, for which about 50 % have been paid by insurance
companies [1].

A series of catastrophes in the late eighties and early nineties of the last century has placed
a great challenge on the insurance industry.

* Correspondmg author.
E-mail address: andrepaga23 @live.t

©2020 Andrea Jonathan Pagano, Francesco Rommagnoli, Emamnuele Vannuec:.
This 1s an open access article licensed under the Creative C 1
licenses'by/4.0), m the mammer agreed with Saiendo.

License (http://creativecommons org/ 373

197



Environmental and Climate Technologies

2020/ 24

With an emphasis on the Italian context, the Italian Statistical Bureau Centre (ISTAT)
revealed thatin 2015, 19.61 % of the Italian population was exposed to flood risk (with peaks
of 53.16 % in the North-East), 4.10 % to landslides, while in 2016 about 8.92 % of the
territorial area of the Italian peninsula has been classified as a high seismic area. In front of
such evidence it would be essential to better evaluate how the community could strengthening
its capability to withstand against hazards triggering potential natural disaster [2]. In this light
insurance represents an effective mechanism to move towards more tailored and customized
risk reduction strategies.

If the dynamics, in terms of prevention within a territory, are addressed more towards
government and administrative management, the role of insurance, in terms of limiting
damage and mitigating the consequences of “weak contractors”, is certainly paramount.

This study highlights the unfavourable position, [3] from a contract-definition perspective
speaking, of the insured subject against the insurance company in order to denounce the
disparity in the knowledge of the two parties involved in the contractual dynamics and to
propose a constructive approach towards the total sharing of the data that insurance
companies benefit from in preparing the very first draft of the contract de gtio.

The approach, as outlined above, concerns the awareness, among others, of the weak party
issue when entering into contracts and the lack of transparency in drafting the insurance
contract. The proposition is inherent in the possible implementation of a general information
model.

In particular, the insured person does not know the process that leads the insurance company
to draft and draw up the contract. [4] With regard to the third methodological point of the
methodology of the paper, i.e. the EP curve, the insured subject is not aware of the inherent
and innate variables, such as the probabilities connected to the occurrence of an event, the
maximum tolerable loss threshold of the insurance company or even the algorithmic dynamics
referred to in the definition of the consideration to be charged to the insured party.

The study was motivated by the increasingly pressing need, as well as by the obligation, to
date not yet respected, to provide the “weak”™ contractor with a complete picture of the legal
and financial aspects that involve the contract itself. The aim concerns of contributing to
highlight the responsibilities and duties attributable to the insurance company, as well as,
consequently, the rights, continuously injured and limited, of the insured subject. In
particular, the whole paper is in the light of according to a civil perspective to sensitize the
mass media and the subjects involved to build the basis of a new systematic approach to
defining and drafting insurance contracts against natural hazards.

The pressing need described in the above paragraph is highlighted as evidenced by the
compulsive and continued production by European public bodies of directives and provisions
in the insurance field on transparency and contracts, such as the Directive (EU)
2016/97 (https://eur-lex.europa.eu/legal -content/EN/TXT/PDF/?uri=CELEX:32016L0097 &
from=EN) the so-called Insurance Distribution Directive or "IDD" that regulates the way
insurance products are designed and sold both by insurance intermediaries and directly by
insurance undertakings.

2. RESEARCH METHODOLOGY

The research approach within this paper is based on both a consistent analysis focused on
relevant outcome from research and on grey literature.

Specifically for this paper, the methodology is addressed in four areas of study. The first
one, concerns the analysis of data referred to natural disasters focused on the Italian context.
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This analysis consists of research on specialized websites in data processing, in particular,
with regard to the Italian theme, the authors are focused on the latest ISTAT (Italian Statistical
Bureau) data [5].

The second part relates to the dissemination of insurance dynamics in Italy in general and,
in particular in regard to natural hazards. The focus is oriented on the normative study and
the explanation of the general methods of calculation of risk and premium and focused on the
systematic study of insurance dynamics from the point of view of the company in the
elaboration of the contract.

The third methodological step was addressed in the study of insurance dynamics in the
elaboration of the drafting of the EP curve. The connection between the first two
methodological areas and the drafting of the curve EP concerns the case in which the
aforementioned curve allows the insurance company to calculate the risk, or rather, as
explained more extensively below, the percentage of times in which a loss exceedance occurs.
This aspect, in addition to highlighting the usefulness of this tool, also shows the information
discrepancy and, above all, the advantages that the weak party could have in cases where the
data referred to in the curve were available and clear.

The fourth area of study concerns the possibility, merely experimental and hypothetical, of
the possible application of Environmental, Social, and Governance ESG parameters in the
reduction of catastrophe risk. The last methodological aspect concerns the study of some of
the most important parameters introduced in recent years in the insurance and financial sector,
in particular the analysis focuses on ESG criteria, which are mainly used to screen potential
investments. Environmental criteria consider how a company performs as a natural factor.
Social criteria examine how it manages relationships with employees, suppliers, customers,
and the communities where it operates. Governance deals with a company's leadership,
executive pay, audits, internal controls, and shareholder rights. The analysis that has been
carried out consists in establishing a parallel between the standard operations underlying the
ESG criteria and the insurance dynamics, showing points of contact and new opportunities
for private and public investors.

3. GENERAL FRAMEWORK ON CONTRACTUAL INSURANCE REGULATIONS IN
THE ITALIAN CONTEXT

In insurance matters, except for the Italian Insurance Supervisory Institute (IVASS)
decisions and EU Directives, the information obligation on the truthfulness of the data
inherent to the risk and insuring asset is generally recognized exclusively as a burden of the
insured party. The insurance contract originates from the truthful information that the insured
party is charged to communicate to the insurance company [6].

The insured party, during the transaction referred to as the negotiation for contractual
completion, must comply with some duties, including the general one in order of the context
of conducting the negotiation in good faith. With reference to that, during the pre-contractual
phase pursuant to article 1337 of the civil code of Italy and by additional charges specifically
determined for the stipulation of the insurance contract, both parties must respect the civil
law determinations

In particular, the insured party must report clearly and without reticence to the insurance
company all circumstances that may affect the probability of occurrence of a risk and its
possible consequences, drafting, indeed, a description of the risk fout court. Articles 1892
and 1893 of the civil code of Italy (c.c.) describe in a clear and precise way the statements
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that must be complied to by the insured, delimiting the consequences for a possible breach of
contract (non-fulfilment) [6]. These regulations provide that the insured is obliged to report
to the insurer any relevant situation on the risk: if the subject is not intentionally culpably or
intentionally grossly negligent the contract is voidable, while in presence of slight negligence
the contract is valid and effective, but the insurer is granted a unilateral right of withdrawal.
The insurer has a short period of forfeiture, to withdraw from the contract, if it occurs the
awareness of the false declarations of the insured, before the loss should occur, or by the
exemption from the obligation to pay, if the claim occurs before the false declaration is
discovered.

These provisions on the subject of pre-contractual information have a ratio both of a
“public” and “private” nature. The main question of the problem from the “res publica
(public)” point of view is to give insurance companies the opportunity for an appropriate and
early assessment of the risks they take.

Shortly, the insurance market that works correctly is the one in which any risks are divided
and allocated among several parties. [7]

According to the Italian Supreme Court (Corte di Cassazione 13.3.2007, n. 5849), the
knowledge of the risk is fundamental for the insurer in order to evaluate the insurable assets
from the point of view of the insurance assessment, in order to provide the exact determination
of the premium within the framework of the so-called "neutralization of risks" and allocate it
in a category of homogeneous risks.

From the “private” side in the insurance contract there is the concrete possibility of an
information asymmetry, in fact from some points of view the insured is the weak party of the
negotiation, while for others the insurer can be considered the weak subject of the negotiation.
From the contractor's point of view, being a subject that does not exercise the insurance
business professionally might be considered as a disadvantage in terms of negotiations.
Furthermore, it must be added that the contract is completely prepared by the insurer and
therefore the margins for setting up a negotiation often do not take place for the contractor.

The insurance code can aid the contractor in terms of art. 166, paragraph 1, which declares
that the contract must be drawn up in a clear and comprehensive manner, and further, in the
second paragraph of the same article, it states that the clauses that indicate forfeitures, nullity
or limitation of the guarantees and charges to be borne by the insured person, must be reported
using characters and terms with particular evidence [8].

From the point of view of the insurer, despite the fact that the company itself prepares the
contract, it is required to provide all the information regarding the risk. However,
theoretically, such intel is in the hands of the contractor who may not make incorrect
declarations in order to pay a lower premium.

In the insurance contract, the pre-contractual declarations represent a more important part
than the other contracts, even if this contract is always subject to the general discipline of
art. 1337 c.c.

In light of this, the insurance contract is defined as an uberrimae bonae fidei contract, i.e.
a contract that requires the maximum sincerity, transparency and trust between the parties.
There are several theories about the nature of the duty of the insured to describe and declare
the entity of the risks inherent to the asset.

The prevailing thesis, confirmed also by the Supreme Court of Italy, declared that the
description of the risk constitutes for assuring a real obligation arising from the law, as this
obligation is of a precontractual nature as the declarations regarding the risk must be made
during the negotiation for the stipulation of the insurance contract. As mentioned above, this
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orientation, was confirmed by the Supreme Court, which in several decisions argued that this
is a pre-contractual obligation.

The uncertainty and the randomness about the actual occurrence of the event must be
verified and measured, both by the insurer and by the insured so that it would be convenient.

From the insured person’s point of view, it is fundamental to understand whether to pay the
gross premium immediately and to acquire the right to any compensation for damages.

From the insurer’s point view, it is equally fundamental to evaluate whether to immediately
receive a fee, the net premium, and to pay, in the future, compensation for the damage
connected with the occurrence of the event.

The first focal point that the author wanted to highlight in this paragraph is precisely
represented by the clear information asymmetry that takes place whenever an insured person,
in the first place, does not have full knowledge of the totality of the hidden and manifest risks
with regard to the asset, secondly, when the insurance company presents a contractual,
unilaterally drafted facsimile, in which the calculation of the risk and the premium are not
known by-the weak party [9].

4. GENERAL FRAMEWORK ON CONTRACTUAL INSURANCE REGULATIONS
AGAINST NATURAL HAZARDS IN THE ITALIAN CONTEXT

The second part of the paper focuses on the application of the legislation and the
information asymmetry when the asset and the insurance relate to natural hazard or, more
generally, to risks related to natural hazard that can trigger catastrophic effects.

The risk related to the asset belongs to the insured person, who must fulfil the obligation of
information by means of the aforementioned declarations, net of actual and presumed
knowledge of an extremely complex risk like that of natural hazards.

For the purposes of the regulations referred to in art. 1892 of the Italian Civil Code, in order
to define the risk, it is exclusively the insured party's reticence that has value and is
sanctioned. In fact, if a harmful event occurs, even if these circumstances did not directly
affect the occurrence of the risk, the application of the regulation in question shall stand and
be binding, as there is a connection between the inaccurate declaration and the consensus of
the company [10].

As regards the assessment and evaluation of the relevance of the inexact declaration or of
the reticence, this assessment must be objective, therefore generally acceptable criteria must
be used for the evaluation. Therefore, to carry out the assessment, only those inaccuracies
that affect the representation of the risk must be taken into consideration. Therefore, the
legislation does not take into consideration the actual causal link between the incorrect
declaration and the harmful event, but rather the mere incorrect representation of the risk
connected and correlated to the asset [11].

As for catastrophic events, from the point of view of the company the element of
impossibility exists of gathering reliable information from the weak party and a similar
possibility that the asset to be insured can be exposed in various degrees to one or more
natural hazards, whereby insurance companies have difficulty to ascertain the demand for
coverage and to have success in providing this coverage, due to the excessive cost of the
premiums [12].

One of the first legislative measures put in place by the Italian legislator was introduced at
the beginning of the 2000s and focused on the aspect of insurance coverage in the agricultural
sector. The Legislative Decree 102/2004 wanted to incentivize the stipulation of insurance
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coverage in the agricultural sector, through the provision of state contributions. In addition
to the use of state contributions, the Ministry of Agricultural, Food and Forestry Policies in
Ttaly has approved the agricultural insurance plan.

The plan, renewed and proposed every year, aims to extend and make insurance coverage
more accessible, to protect against atmospheric damage and weather.

Every year this plan establishes minimum standards for the stipulation of policies to cover
the risks for breeding and agriculture. It also makes state grants available to make insurance
premiums accessible.

A few years after this measure strictly directed towards agricultural policies was introduced,
the legislator has ruled on the introduction of a policy measure in order to develop a more
general regulation of insurance on immovable assets exposed to natural hazards. The
legislative decree 59/2012 (converted with Law 12 July 2012, n. 100) allows the use of
insurance policies against any type of damage to buildings against the risks deriving from
natural disasters. The above regulation is understood to establish measures to encourage the
stipulation of insurance policies, including the exclusion, even partial, of state intervention
for damage to buildings and tax incentives [13].

The use of insurance policies against catastrophe risks can be useful to reduce public
spending in the event of catastrophic environmental events, as well as a tool to limit lack of
transparency in claims for compensation [14].

Moreover, in the policy conditions, according to the law, it is advisable to insert the
conditions of insurability that can reduce the harmful events and encourage the quantification
of the premium and of the same operation of compensation for damages.

In light of the general provisions, a specific case can identify a gap that is the case by which
a subject may not legitimately be aware of the necessary and prodromal data to provide the
mandatory information referred to in the declaration that the insuring must lend in favour of
the insurance company [15].

Starting from the assumption that it has been possible to experiment and devise insurance
instruments against natural hazards, it is possible to highlight some characteristics.

Preliminarily, it appears necessary to highlight that, apart from the obligation to ensure
certain risks (as for the Civil Car Liability in Italy), the insurance contract assumes that there
is convenience to its stipulation from both the point of view of the parties. At the base there
must be uncertainty about the occurrence of well-defined events.

The problem of insurance of catastrophic risks is primarily a problem of being insurable in
a technical sense, although it is also relevant from a legal point of view [16].

Technical insurance depends on an assessment of the insured risk carried out according to
specific insurance parameters other than the judgment of insurability in a legal sense
understood as the compliance of the insurance coverage with the legal system.

It must be said that this distance of concepts finds second thoughts on the part of the
proponents of the theory that sees in the insurance company a structural element of the
insurance contract, or a necessary tool for the realization of the contractual economic
operation. In this way it is possible to conclude that the insurability in a technical sense, as a
necessary condition for risk management by the insurance company, is also a prerequisite for
the implementation of the proper function of the recognized insurance contract worthy of
protection of the case. The relationship between technical insurability and legal insurability
also arises with regard to coverage of catastrophic events, where the technical and economic
risks of risk management find consideration, to some extent, by the legislative regulations
[17].
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With specific reference to the coverage of catastrophe risks, the Italian legislator opted for
a reference to the autonomy of the predisposing party. In Article 1912 c.c. in fact, it is
expected that “earthquake, war, insurrection, social turmoil™ are excluded from coverage in
non-life policies “unless otherwise agreed”. The rule is placed within the title on "damage
insurance”.

Nothing is outlined in the area of life policies, if the Italian Insurance Supervisory Institute
(ISVAP now IVASS) recently mentioned that, in setting the minimum contents of life
insurance contracts linked to mortgages, it also provided for the exclusion of death due to
catastrophic risks (see ISVAP Reg. 40/2012) [18]. The exclusion of these risks must therefore
be considered as present in the contract, unless otherwise agreed, according to a legal
integration mechanism. It follows that the subject covered by a policy for damages, where
coverage of catastrophic events is not envisaged, will not claim any indemnity towards the
insurer in the event of a claim caused by events of this nature. Something different can
however be said where the insurer is found to be in breach of specific information obligations
in favour of the contractor, the insured and the beneficiary. According to art. 31 of the ISVAP
regulation 35/2010, as set in implementation of the art. 182 cod. ass. (Private Insurance Code
- Legislative Decree No. 209/2005), it is envisaged that “in preparing the pre-contractual and
contractual documentation the companies illustrate, with particularly evident graphic
character, the clauses that provide for charges, obligations and exclusions™ [19].

If it is considered that the law should also be extended to legal exclusions, according to the
orientation recently followed also by the legislator, then also the exclusion pursuant to art.
1912 must be literally included and highlighted in the contractual and pre-contractual
documents. If remains to be established which is the consequence of the violation of said rule
of conduct.

According to the majority jurisprudential orientation, consequences will be on the
compensation plan compensating the contractor (the insured or the beneficiary) for the failure
to fulfil his / her own interests. In this case, the customer will be entitled to a sum of money
corresponding to what he/she would have received if the exclusion had not been effective. It
must be said that in general the insurance policies contain limitations of coverage. The
problem is sometimes that of an "excess" of exclusion. Thus, in the presence of a contractual
clause which provided for the exclusion of damage to buildings “due to settlements, collapses,
landslides or vibrations of the ground from any determined cause™, the Supreme Court of Italy
ruled in the sense of the voidness of a similar limitation based on art. 1229 of the civil code,
setting up the same, given the extent of its scope, an exemption from liability and not a causal
delimitation of the risk [20].

Based on this analysis, it could be pointed out that, in accordance with the insurance
dynamics against natural hazards, information asymmetry becomes more acute when the asset
and the risk connected to it are not easily known and calculable by the weak party.

Within this scenario, which is heterogeneous and devoid of orderly and precise regulation,
therefore, we highlight the case of a context in which the parties, in particular the insured, do
not actually have the right to fully define the risk factors and damage inherent in an asset
exposed to natural disaster [21].
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5. FRAMEWORK ON INSURANCE DYNAMICS AGAINST NATURAL HAZARDS.
CAT-MODELS

The insurance industry over the years has implemented so-called catastrophe models
(CATMODELS) to mitigate and, within limits, control catastrophe-derived damages. The
adoption of models for natural catastrophe scenarios, since the 1990s, has allowed the
industry to analyse and measure risk more accurately.

Today, the use of these models became the norm. In particular, one of the most important
models in regard to mitigation of risk against natural hazards corresponds to the drafting of
the EP curve. In fact, the EF curve allows the insurance company to verify and outline: 1) the
probability that a given hazard affects one or more portfolios of buildings or immovable
assets; 2) the maximum loss borne by the insured person with regard to the data processed by
the system [22].

Given the prevalence of templates for catastrophic scenarios in insurance and increasing
costs of extreme weather events, the accuracy of the results of modelling is a primary concern
for insurers.

Tt is worth noting and adding that the cost to be charged to the insurance in the event of a
catastrophic natural event implies a considerable disbursement by the company itself, and
also for this reason, as well as avoiding the physiological insolvency, the phenomenon of so-
called reinsurance in recent years has grown considerably [23].

The possibility that climate change might facilitate changes in the gravity and probability
of extreme weather events could affect the accuracy of the models for natural catastrophe
scenarios [ 17]. This scientific paper assesses whether and how these models consider climate
change through a series of case studies contributed by various providers to both academic and
commercial models [24]. Catastrophe modelling approach contains a specific view of the
operators for the hazards, risks and the vulnerability of the insured goods. This view has been
designed using the observed data as a base [25]. The above approach facilitates the application
of this risk to view records of a particular customer, in order to quantify the probability and
magnitude of the potential loss. This is achieved by reducing the complexity inherent in the
physical interaction between hazards and vulnerability, by parameterizing the features in a
limited set of measurable units [26]. These units are applied systematically, consistently and
repeatedly in a custom set of exposure data. Financial characteristics related to the insurance
sector can then be superimposed to calculate a net loss tailored to the client using the tool.
Use of the above approach is however only a small fraction of what is needed to optimize the
use of catastrophe modelling within an activity [27].

As highlighted in the previous paragraphs, one of the sections of the paper is dedicated to
one of the most popular tools in insurance companies for calculating risk and maximum loss,
including the type of risk associated with natural hazards.

In the next sections an insight about quantitative aspects on the assessment of risk insurance
is proposed through the description of the definition of the Exceedance Probability curve and
its main bottlenecks.
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6. ELABORATION OF THE EP CURVE AS A TOOL FOR INSURANCE COMPANIES
FOR RISK REDUCTION WITHIN A CONTRACTUAL CASE AGAINST A
NATURAL HAZARD

Catastrophe scenarios, here specifically in terms of natural hazards, can provide different
financial results, the most common of which are the curve of average annual loss (Annual
Average Loss, A4L) and curve of probability of exceedance (Exceedance Probability, EP)
[28]. The 4AL is sometimes called “pure” or “claims report award/awards” and can be
incorporated into the pricing together with an allowance for expenses and the return on capital
[29]. The curve EP is commonly described as a graphical representation of the probability
that a loss produced by possible events, namely here natural hazards, exceeds a certain amount
[30]. Reading points on the curve offer different interpretations in the frequency and severity
of losses.

These curves are very useful to insurers and reinsurers to determine the size and distribution
of potential losses of their portfolios. The EP curve allows insurers to determine the probable
maximum loss (hereafter referred to as PML = Probable Maximum Loss) for a portfolio of
buildings in a certain timeframe due to a natural hazard occurrence. The insurer determines
first the percentage risk it deems acceptable then checks the total loss amount for that specific
probability level on the curve EP [31].

It appears absolutely essential for continuation of the discussion that the authors conduct
and deal with the theoretical questions described above in a table and a graph so that the way
in which the insurance companies determine the risk and the price starting from a numerical
base is, partially, clarified, i.e. the determination of the percentage of exceedance probability
[32].

The practical example is the assumption that there is a set of catastrophic events (E;) that
can jeopardize an immovable asset’s portfolio. Each event has an annual probability when it
oceurs (p;), and a loss associated with it (L;). Furthermore, it must be considered that there is
the possibility that more than one event might occur the same year. The table below takes as
assumption eight events which are ordered in accordance with decreasing total losses (L). The
sum of the probabilities of all events must be equal to 1.

TABLE 1. HYPOTHETICAL EP CURVE DEFINITION

E;, step P, % Li,e EP(L),% E[L]=piL,€
1 0.005 1000000  0.00500 5000

2 0.015 750 000 0.01993 11250

3 0.02 500 000 003953 10 000

4 0,05 300 000 0.08755 15 000

5 0.1 200 000 0.17880 20 000

6 02 100 000 0.34304 20 000

7 025 50000 0.50728 12 500

8 036 10 000 0.68466 3600

Total: 1.00 97350
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The expected or predicted loss in relation to a given event (E;) over a timeframe equal to a
year is:
E(L)=p, L (3)

The total expected losses for the entire set of events, namely the average annual loss
(hereinafter AAL, as also reported in Table 1), is substantiated by the weighted sum of
expected losses for each event and the probability that event will occur. A4L is defined as
below:

AAL = Zp L )
i=0

If only one event takes place during the year, it is possible to determine the EP curve, i.e.
the expressed loss value, as follows:
EP(L)=P(L>L)=1-P(L<L) (5)

EP(L)=1-T]_(-p) (6)

From Eq. (6) it can be deduced that the EP as shown in Fig. 1 curve is the annual probability
that a loss exceeds a certain value, which is equal to 1 the probability that all other natural
hazards below this value will not occur.

0.6
0.5

04 | o

@
Piogs

0 20000 40000 60 000 80000 100 000 120 000 140 000
Loss, €

Fig. 1. Theoretical EP curve draft according to Table 1 data.

The elaboration proposed by the authors on the calculation of the EP curve concerns the
calculation of the risk as well as the maximum loss drafted by the insurance company. In
particular, the authors, as highlighted by illustrious colleagues, even in heterogeneous fields
believe that to date there is a need for risk awareness, greater data sharing and implementation
of the transparency referred to in the contracts [33].

It is necessary, in order to allow the weak party to have greater knowledge and awareness
of the risks associated with natural hazards, that the insurance companies share the calculation
method in a simple and clear manner also, among others, in full compliance with European
and national regulations [34].
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Ultimately, it is essential for the weak party to understand the incidence of EP curves in
relation to the elaboration of the premium, in relation to the asset, the exposure and the
perception of the risk against natural hazards [35].

The relationship between the empirical section referred to in the curve EP and the lack of
information highlighted above underlies the possibility for the weak contractor, in conclusion,
to obtain an equal, at least theoretically, contractual position with the insurance company

7. THE ESG EXPERIENCE. A NEW EUROPEAN APPROACH

The lack of experience and data relating to risk — to be used in the determination of
premiums — is well known especially where a real insurance market is still lacking and
underdeveloped [36] (for example, cyber risk or so-called NATCAT for some natural events)
or when it is not possible to refer to comparable products. In the absence of reliable data for
the evaluation of the premium, the subject appointed by the insurance company must be
cautious in developing the rates in order not to compromise the overall balance of the portfolio
and, subsequently, to verify over time the correctness of the choices made.

Data processing programs often do not include sustainability variables such as
Environmental, social, governance (ESG): using these parameters can be very interesting for
optimizing risk management and avoiding an excessively prudent and conservative attitude
and making informed investment choices [37].

To undertake to reach a solution, a different cultural approach seems necessary, capable of
deeply motivating the subjects involved in the insurance dynamics, developing in-depth
knowledge, trying to understand the nature of these data and their close correlation with the
possibility that the harmful event envisaged in the contract occurs [38]. The meaning of the
cultural approach is inherent in the necessary regulatory-systematic change of direction
described above as well as, of course, in better information on the rights of both parties in the
drafting of the contract.

Looking towards a supranational context, the European Commission, for example, has
promoted and developed the H2020 NAIAD project [39] to collect and analyse data and
information for the creation of a platform in which new insurance instruments or investments
are made - to counteract the risks deriving from floods and droughts - in which the prevention,
management and resilience measures adopted (the so-called Nature based solution — NBS)
are taken into account.

Similarly, in the same supranational context, even in non-related areas, it has been
demonstrated already the correlation between “Sustainability”, corporate governance, the
value of the assets and the influence it has on a company’s share performance [40].

In this respect, the 2014/95 / EU directive (in Italy transposed into law by Legislative
Decree No. 254/2016) represents a focal opportunity to consolidate the transparency and
publicity of "extra" financial information and hopefully could allow investors, consumers
and, more generally, all stakeholders to have, in their respective areas and for their respective
purposes, a clear framework for company activities. At the same time, the Financial Stability
Board (FSB) has drafted some guidelines to encourage financial operators to provide greater
disclosure of information regarding climate change as well as natural hazards, from the point
of view of both investors and issuers, as it is clear that such a choice can help companies in
the decision-making process and allows stakeholders to understand the impact of climate
change on business operations. Reconnecting the last section to what was observed on
information asymmetry, and the weak role from the contractual party point of view of the
weak party, it is worth highlighting that during the climate change conference conducted in

383

207



Environmental and Climate Technologies

2020/ 24

Paris in 2015 (https://unfcce.int/process-and-meetings/conferences/past-conferences/paris-
climate-change-conference-november-2015/paris-climate-change-conference-november-
2015) on 8 December 2017, many of the major asset managers, pension fund and insurance
companies signed a declaration to support the focal point of the importance of improving the
transparency and public disclosure of the ESG rating by issuers, in addition to the Financial
Rating [41].

8. CONCLUSION AND POLICY IMPLICATIONS

The conclusions of the paper can be defined as follows. In the first place, the paper tends
to raise awareness of common sense, insurance companies and individuals with regard to
information asymmetry in insurance contracts. In particular, by making a general criticism of
the informative mode, the initial burden of which is on the weak party, today more than ever,
this statement is even more anachronistic and inadequate in the light of a risk that is difficult
for an individual to calculate or predict, such as a natural hazard.

Except for very rare exceptions, the insurance contract is seen as a “unilateral” contract in
the sense that it is written in its entirety by the insurance company that composes it on the
basis and studies of its own derivation, thus leaving the subject assured the mere possibility
of outlining the risk, the premium and the object to be insured. Therefore, since the
preparatory phase is always the responsibility of the insurance company, with all the
consequences that this entails, what are the protections granted to the insured? Even today, a
famous Latin phrase dominates the insurance world: Quis custodiet ipsos custodes? Who will
guard the guards themselves?

The focal concept is inherent in the age-old problem of awareness that those who delimit
the areas of rules and provisions are often not subject to similar checks. Thus, if the insurance
company is well aware, or at least theoretically aware of the risks outlined above, outlining
the preparatory scheme of the contract in relation to a cost benefit analysis, on the other hand,
the weak party has no guarantee that effectively the same checks that were carried out on
himself/herself and on the asset are then carried out in reverse on the company itself.

Another point of discussion of the paper concerns one of the methods of calculating the risk
used by the companies, namely the EP Curve, highlighting the strengths and weaknesses of
such a calculation, also in light of the unilateral nature of the same during the contracting
phase. In particular, one of the focal points of discussion and results pertains to the EP curve
as a tool for calculating the insurance premium. To date, in the opinion of the authors, this
tool should be made understandable and available for the weak party to raise awareness and
share the data of the connected risk. In fact, even in compliance with the implementation of
supranational regulations, it is no longer acceptable that one or more parties referred to in a
given contract have no right and the right to know every single aspect referred to in one or
more essential elements of the latter. In particular, using the 2016/97 European directive as a
guideline in correlation with the binding provisions of the Italian civil code, it seems
appropriate to the authors that the calculation dynamics, including the EP curve, are shown
and explained within the information sheet in the precontractual phase.

The final point concerns the Italian perspective of the use of new parameters in drafting
contracts and financial/insurance instruments. In particular, the implementation of the
aforementioned by means of the introduction of ESG criteria in order to allow greater
awareness, product safety and rating reliability, as well as limiting the general information
asymmetry exposed throughout the entire paper, seems to be fundamental from different
aspects.
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ABSTRACT. — This paper shows how insurance markets can be used
for mitigating the economic consequences of climate changes, in par-
ticular for facing flood risk. Not only providing financial compensation
for losses, but also for financing resilience through mitigative infrastruc-
tures. This approach is similar to one allowed by the so called resilience
bonds, financial instruments whose cash flows depend on the occurrence
of contractually settled (catastrophic) events and part of the economic
value of the investment is devoted to finance resilience actions. Our pro-
pose is based on an adaptive design of the insurance contract, based on
information collected at each checking time and the (eventual) surplus
of the premium paid respect to the payments occurred for damages has
to be (automatically, settled in contractual conditions) used for financ-
ing mitigative infrastructures. The cost of these infrastructures, the time
to build up, the implied risk reduction, have to be assessed by an engi-
neering expertise and even we need a legal framework into which the
actuarial quantitative model can be implemented. The periodic renewals
of the contract (surplus evaluation, changing in risk exposure due to the
infrastructures already built,...), can be interpreted as a sort of smart
confracting and in this framework the novelty of blockchain technology
could be used to collect new information from various sources.

INTRODUCTION. — Since the early 1970s extreme events associated
to natural disaster have been growing both in frequency and intensity.
Specifically during the last 15 years has been recorded an increase of
2% per year. This increase is reflected also on economic losses, in fact
addressing the attention of the scientific and professional arenas to
novel and effective methods of insurance as resilient management tools
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for risk reduction. In U.S. context the devastating impact of Hurricane
Katrina in 2005 was quantify in more than 1,800 people losses within an
area of 230,000 km? of the U.S. The recovery phase investment from the
federal government were quantify on 100 billion $.

These trends highlights the need to strengthen the interdisciplinary
aspect towards the disaster risk management involving policy and law
makers, engineers, insurance company and researchers in difference dis-
ciplines able to create tailored community resilience strategies.

Since now there have been several example on how singularly each
expertise community was proposing the implementation of both mitiga-
tion and adaptive solution in ex-ante and ex-post disaster occurrence.
Engineers tried to promote innovation diffusion meantime redefine more
specific codes and standards to have more resistant structure. Planners
were reorganizing and reassessing the land use for the development of
the urban area prone to hazards.

In this context the need to have a more resilient insurance system is
essential in order to be more flexible and optimizing the management
of the residual risks. The example of the CAT bonds is going in this
direction in fact strengthening the key role of insurance as one of the
key Disaster Risk Reduction (DRR) measure with a consist effect during
the recovery phase of the built environmental and the social dimensions.

Nevertheless there is evidence of a relevant decrease of the ratio
of insured losses vs uninsured losses due to the increased exposure
and which may be partly limited financial availability. Several authors
stressed on how insurance plays a key role in food risk management like
in France and UK. During the post disaster has been highlighted how
insurance can substantially decrease the recovery phase in fact provide
a more quick way to have repayment of the losses compared to govern-
ment support.

More in specific as stated in a recent document from European
Commission, for insurance in adaptation to climate change, the role of
insurance should be more and more effective in the future, respect to
what happened in the past. Insurance mechanisms can provide financial
compensation for large disaster losses, so that those affected can recover
faster. The sooner and more comprehensive the recovery, the smaller the
impacts of a disaster are likely to be in the long run, which helps to make
society more resilient.

Insurance companies can play a large role in assessing, communi-
cating and signalling risk through premiums, deductibles and payments.
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Stakeholders involved in the insurance sector can generate incentives or
requirements for risk management, which in turn can limit the poten-
tial impacts of an extreme weather event. Another option would be to
include requirements that relate to resilience in the insurance policy: if
an insurance-taker does not take any measures against the risk to which
he/she is exposed, the pay-out will be lower. So, the role of insurance
could be considered not only for financial compensation for losses after
an extreme weather event, but also providing incentives for risk reduc-
tion as, for example for flood risk, the building of mitigative infrastruc-
tures.

Some features that allow to make an insurance scheme more effi-
cient are an interaction between public and private sectors with a com-
monly stated and understood objective. Governments and the insurance
sector exchange data, set common objectives and divide responsibilities.

One key point for increasing resilience against extreme weather
events, as floods, is the construction of mitigative infrastructures which
has to be financed by the stakeholders, as public administrations. There
is an important novelty in the finance-insurance market precisely regard-
ing this kind of need, that are the so-called resilience bonds.

They provide a transfer of the insurance risk, from the insurance
to the financial market, as already done by the more famous cat-bond,
bonds whose payments are linked to a contractual cat-event (storm,
flood, earthquake,...), but they add also a project financing of infra-
structures which can mitigate the original risk. For example, focusing on
flood risk, the costs of such infrastructures has to be assessed using an
hydraulic engineering expertise. Then the time necessary to finish such
buildings, more than one year, which is the typical duration of an insur-
ance contract, is a constraint which implies the consideration of multi
year contracts, which is the natural environment for bonds.

During this period, we need to collect data of different nature, cli-
matic, insurance (damages), engineering... and one instrument which
seems useful to this aim is the so-called “Blockchain technology”, which
is raising up a lot of interest for applications in a wide range of fields.
The key function of its use is to collect reliable information that could
be used for a dynamic updating of contracts, that is one of the main
opportunity given by smart contracting, with an adequate support of
law’s context in which such contracts are merged, that is one of the main
issue to be developed for the full functioning of this kind of innovative
business model.
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Blockchain and the connected smart contracting, seem very interest-
ing even for insurance business, in particular for the bayesian adaptive
approach which is a classic issue of actuarial science, based on the
updating of premium evaluation using the collection of new information
of risks phenomena.

The new opportunity of collecting offered by the so-called big data
even for classic insurance risks as for example, health, driving, climate
and seismic events, together with the validating role of Blockchain
approach, seem to be the perfect scenario for a massive use of smart
contracting in insurance business.

In this paper we describe the scheme of a flood risk insurance, the
bayesian adaptive design of the contract, using Blockchain to validate
both new data of risk phenomenon and the effect of mitigation of the
faced risk due to infrastructural works.

In the first paragraph the engineering point of view of measuring and
mitigating flood risk is presented. In the second we provide an overview
of the legal aspects of smart contracts in a multiperiodic scenario. In the
third paragraph the bayesian adaptive design of the contract according
to an actuarial approach is proposed. Then we propose some conclusions
and mainly some comments of possible developing lines of this multi-
disciplinary research.

ASSESSMENT OF FLOOD RISK FOR CRITICAL INFRASTRUCTURAL SYS-
TEMS. — FLOOD AND CRITICAL INFRASTRUCTURE. — Since the early 1970s
extreme events associate to natural disaster have been growing both in
frequency and intensity. Specifically during the last 15 has been record-
ed an increase of 2% a year [see 1].

The same increased trend was also reflected on the number of disas-
ter flood events more than 600 from the year 2007 [let see 2]. What hap-
pened in the year 2013 in the Central Europe was particularly impactful:
16.5 billion in economic losses (large-scale damage across Germany, the
Czech Republic, Hungary and Poland) for 4.1 billion in insurance paid
claims. The year 2013 has a record of the increasing flood damages of
approximately 50% respect the period 2003-2012 and to show for first
time three consecutive losses exceeding 100 billion in a 10 years period
time [see 1, 3]. These figures represent an evidence how the increase of
the population in urban areas [let see 1] and the consequential increase
of their complexities of both social and technological dimensions define
a bottleneck within flood risk management.
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In fact, the rapid growth of human concentration and urbanized areas
has increased the exposure to the existing flood recurrence time mak-
ing more difficult the realization of proper mitigation measures such
as the availability of the land to be settled as potential flood risk zone.
Among different assets which flood risk increased, exposure of Critical
Infrastructures (CI) needs to be highlighted.

Critical infrastructures represent body of systems, networks and
assets that are essential for the functioning of a society, public’s health
and/or safety and economy of a nation. CI are thus engineering and
technological networks, such as energy/water supply, transport services,
water supply, oil and gas supply, banking and finance, and ICT (infor-
mation and communication technology) systems. All these systems are
important (and thus critical) to maintain essential functions of society,
and their failures can heavily seriously affect the population, economy,
and national security [see 4, 5]. Such CI systems, facing with the increase
of the population in urban systems must increase the service there are
providing in turn increasing both the interconnection of the CI and thus
the overall vulnerability [see 5, 6].

This is the reason that addressed the attention of policy-makers,
economist, urban planners, engineers, insurance companies and scientist
to find innovative Risk Management frameworks to more sustainable
and more resilient approaches towards decreasing the negative effects
of climate change and natural hazards [see 7]. A new approach has thus
been gradually developed, based on the concept of urban resilience,
nowadays implemented within the Sendai Framework for Disaster Risk
Reduction [see 8], however a robust methodology that is based on scien-
tific research for quantitative assessment of benefits to flood risk reduc-
tion from mitigating infrastructural solutions is still not well defined and
is the next desired improvement for risk management field.

Regarding the flood impact during the last decade the disruption and
damage to the urban context increased $21 billion in 2015 to US $25
billion in 2016.

It is this essential to implement proper tool, mechanism and strategy
able to reduce Risk mostly in term of strengthened infrastructural resil-
ience. It is of utmost importance how to properly quantify the risk to
most effectively apply the optimal strategy for strengthening the Critical
Infrastructural resilience.
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THE CONCEPT OF INFRASTRUCTURAL RESILIENCE. — Due to the complexity
and interdependency of infrastructure in urban areas there is higher risk
to have cascading effects in fact generating secondary effects in areas
much more far from the real flooded area [see 6, 9]. This is a key aspect
to consider in order to minimize the secondary problems that are directly
affecting the networks may have [see 10].

In order to make urban areas more resilient a novel risk reduction
approach based on a strategic development of urban and infrastructural
systems has been proposed within the last Sendai Protocol developed in
the 2015 based on the resilience concept [see 11]. Sendai Protocol also
foresees building the capacity to learn and thus anticipate the effect of
a catastrophe, which is a substantial element for increasing resilience
against natural hazards [see 1].

For this purpose the introduction of the term resilience has impor-
tant role, however the term itself is interpreted in many different ways
depending on the field of science. This concept is “essential” to describe
the functionality of the communities, infrastructures or any other type
of systems under the effect of hazard [let see 12]. Based on the United
Nations Office for Disaster Risk Reduction (UNISDR), in disaster risk
management resilience is used to describe “ability of a system, com-
munity or society exposed to hazards to resist, absorb, accommodate,
adapt to, transform and recover from the effects of a hazard in a timely
and efficient manner, including through the preservation and restoration
of its essential basic structures and functions through risk management”.
In this context the resilience is also being actualised by EU Commission
to ensure appropriate planning and preparation for disaster risk manage-
ment and sustainable development.

Some studies suggest that infrastructure resilience has direct con-
nection with term of resilience proposed by Holling [10] and used in
ecology. This definition is generalized as capacity of a system to absorb
disturbances and to recover after a major disruption and to restart an
activity on the territory. Based on this, different methods have been pro-
posed to assess resilience and role of the infrastructural resilience within
it. For example, in the work of Serre et al. [1] is proposed for urban/
engineering networks are able to propagate flood risk the overall urban
resilience is identified into 3 main capacities namely: Resistance capac-
ity, Absorption capacity and Recovery capacity. Similarly approach for
looking at resilience was proposed by Bruneau et al. [11] with the intro-
duction of the “4Rs” (i.e., Robustness; Redundancy; Resourcefulness;
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and Rapidity), according to which resilience of specific system is
described in by qualities of the system matching these 4Rs.

Such conceptual and (semi) quantitative model approaches based
on the selection of a set of proper indicators can serve as the base for
development of a framework for assessing the effectiveness of specific
mitigation and/or adaptation strategies.

Froop Risk AND RESILIENCE. — As mentioned urban population increase
and the consequential rise of the increase complexity of the CI represent
factors that amplify the level of local vulnerability [see 12, 13]. In fact
there is a direct connection of the natural hazard losses to the number
of people and complex infrastructure living in areas prone to hazards.

Thus the assessment of the Risk losses is not a trivial task since
both the engineering dimension as well as the social impact should
be evaluated. Generally the Risk to natural disaster including flood is
defined within the probability perspective in terms of occurrence time of
a certain hazards, factored by the severity of its consequences [see 14],
according to the following formula:

Risk =Probability x Consequence ) ) Y (D)

Thus Risk represents a key instrument and criteria leading to flood
zone management policy, land and infrastructural development planning
[see 15]. It is thus evident the important role of the engineering dimen-
sion to assess the potential cost/benefit in terms of decreased flood risk
level once a specific (or other engineering system) is strengthened and/
or newly built.

Risk formula presents also other expended description on where the
probabilistic dimension of the Hazard is then related to the Exposure
and Vulnerability. Both aspects are related to the intrinsic propensity of
a certain asset to be at Risk. Thus, the engineering aspect to understand
the effects of an hazard of a certain magnitude is essential. This general
formula is reported below:

Risk = Hazard x Exposure x Vulnerability ) ) Y(2)

Within the proposed Risk assessment there the need to use GIS-based
system on which hazard (e.g., flood), vulnerability and assets maps are
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combined through the use a weighing process and normalization. This
task has to be replicated for each climate-related impact [see 16].

In this way the flood risk assessment is translated in terms of poten-
tial loss and damages costs. This is most of time impossible to be done
for each infrastructure and/or asset at risk due to data scarcity. In these
way insurance companies’ databases are often using proxies to over-
come this bottleneck.

As reported by Kaspersen and Halsnes [17] Danish Insurance
Company define a damage function and unit damage costs based on
flood levels for different buildings during extreme precipitation. In this
case health costs (based on number of people exposed to mixed rain-
sewage water) and expected costs for different rain patterns considering
extremes climate event are calculated in monetary values as losses for
each asset and damage costs.

Since quantitative and probabilistic approaches are not always pos-
sible to be used and converted into a monetary dimension (mostly in
connection to the social dimension, the effectiveness of Risk Reduction
scenarios through a Multicriteria Assessment (MCA) towards urban
adaptation planning [see 18].

Normally with adaptation strategies are beneficial for the overall
resilience of certain system and thus its risk reduction. According to [19]
for physical systems can be identified in 2 types of measures namely
hard and soft. The first referred to (semi)permanent installation within
the area of the potential flood, the second ones are those relate to natural
process for example like are tackling flood in terms of erosion decrease
and or increase of roughness in the flooded areas [see 1, 20].

AN OVERVIEW OF THE LEGAL ASPECTS FOR CONVENTIONAL AND
MULTI-PHASE SMART CONTRACT. — To highlight the scientific and appli-
cative gap of a specific smart insurance contract against natural hazard,
the first methodological approach, specifically the legal one, leads to an
overview of the state of the art of the thematic areas of implementation
of smart contracts themselves.

Our focus is to propose how a Smart Contract could act in an insur-
ance scheme and let see Lamberti et al. [21,22] and Sayegh [23] to have
an overview of the application of Blockchain approach to the insurance
sector. There is no universally accepted definition of Smart Contract,
due to its recent appearance on the scene and its technological complex-
ity [see 24].
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A simple definition is that of an agreement whose performance is
automatic, so an algorithm for computer transactions, which comply
with the terms of the contract [see 25]. Perhaps a more correct definition,
even thinking about the applicative scope of the paper was provided by
the Italian IVASS (Italian Institute for Insurance Supervision), accord-
ing to which smart contracts are contracts that are written in a specific
language that can be understood, translated and executed by a computer,
whose clauses can produce actions without external intervention based
on information received in input and processed according to predefined
rules [see 26].

As regards and more closely related to the development of the paper,
the most analysed state of the art, to obtain a link to the current regula-
tory substrate referred to in the blockchain, was clearly that of the insur-
ance dynamics. In the insurance sector, forms of insurance have devel-
oped that use Smart Contracts. The first example is InsureETH, an UK
startup, in the field of airline reimbursements/compensations. Another
case is that of the pilot project of the American International Group
(AIG) together with IBM and Chartered Bank who worked together for
a multinational insurance coverage, preparing a blockchain insurance
Smart Contract.

It is worth adding that recently AXA insurance in order to refunds
following delay or cancellation of the flight, has developed an extremely
interesting smart contract. The insurance called Fizzy, appears revolu-
tionary because, as described in the AXA portal, it excludes any kind
of negligence, typical instead of the traditional insurance dynamics. The
smart insurance, regardless of any external event or subjective/objective
liability, automatically compensates in case of flight delay.

In order to the title section, what would be the difference of a stand-
ard smart insurance contract, therefore with instant effect, compared to
a multi-phase contract? One of the main differences was highlighted at
the end of the section just ended, and it is quite clear that the main dif-
ference is about multiphase.

The desired multiphase implementation within the smart insurance
contract is subject to the fact that, periodically, through the storage of
data from external certified sources, using the blockchain technology,
the contractual structure can change, such as the insurance premium,
the sum of compensation or the determination of the percentage of risk.
In the title of this paper we make a clear recall to this kind of insurance
adaptive scheme and therefore, even if in a perspective about natural

221



314 A.J. PAGANO ET AL.

disasters, the scanned periods may be related to prolonged periods, the
determination of multi-mode concerns the scanning of temporal phases
in which it is possible to change and modify essential elements of the
contract without the latter termination or requiring a new agreement
between the parties.

The second difference concerns the method of using the blockchain
technology. Picking up one of the smart contracts mentioned above in
the insurance field, the blockchain is simply used in two steps: 1) vali-
dation of the insured event, such as the hours of flight delay, and 2) the
payment of the sum of money [see 27].

In other words, in the very few applicative experiences that took
place in the last few years, insurances first of all made use of blockchain
technology as an instrument to verify the insured event. The informa-
tion, using as an example the AXA contract, deriving from the airline are
stored within the blockchain data flow and any event of delay beyond
the allowed limit *“unblocks” and acts as a check and authorization for
the second step.

The one-dimensional perspective of the contract in relation to the
uniqueness of the period, understood as a contractual phase, emerges
clearly. The data entered and the “transformation” of these through
blockchain technology into legal effects, such as compensation, are con-
tained in a single phase, without any possibility, that extends or changes
the contractual structure. Therefore, in a one-dimensional perspective,
the will of the parties, the economic agreements, regardless of informa-
tion, external events, blockchain technology acts exclusively as a verify-
ing agent of the insured event, relegated to a kind, using a parallel with
civil law, of contract for future effects.

On the other hand, the contract that, hopefully, should be imple-
mented, involves a completely different dimension, that of periodic data
scanning, aimed not at the termination of the contract, but at its evolu-
tion, change and adaptation.

It is essential to delineate, first, the minimal and necessary features
of a multi-phase contract mentioned above, and secondly, to highlight
if there are examples, even partials that can be joined from a regulatory
point of view to the latter.

As regards the specific legal section, it is possible to summarize the
fundamental features of the insurance contract to be implemented, in
possession of the technical and legal requirements, as well as in compli-
ance with national and supranational regulations, such as written form
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of the contract, multiperiod scan and related termination of the contract,
initial risk, determination of the premium and possibility to use eventual
surplus in risk mitigation assets.

Some of the previous point have already been clarified, then down
below, it shall be pointed out the residual parts and, in general, summa-
rized the whole framework.

First of all, in accordance with Italian and European regulations,
some points, that is the essential and fundamental minimum require-
ments emerge clearly, and from these latter the foundations must be laid
for practical implementation.

In particular, the contract includes, with a view to an initial Italian
implementation, the following rules: Art. 1882 et seq. Italian Civil Code,
Atrticle 8-fer of Legislative Decree 135.2018 converted into L 12/2019,
Article 41 of Regulation (EU) n. 910/2014 of the European Parliament
and of the Council, of 23 July 2014, EU Regulation 2017/1129 of the
European Parliament and of the Council, of 30 June 2019, Directive
2016/97, recently implemented in Italy with Legislative Decree May
68/2018 EU Regulation of the European Commission (EU) 2017/1469
of 11 August 2017.

The second focal point relates to the mandatory written form, pre-
scribed for all insurance contracts. in compliance with article 8-ter of
Decree Law 135.2018 converted into L 12/2019 Smart contracts meet
the requirement of written form subject to the IT identification of the
interested parties, through a process having the requirements set by the
Digital Agency for Italy (AGID) with guidelines to be adopted within
ninety days from the date of entry into force of the law converting this
decree. On the one hand the written form is prescribed, or rather the
recognition of the validity of the smart contract in all the contracts that
require the written form, on the other the guidelines of the AGID, recent-
ly diffused, say nothing against the prescriptions of the written form.

In a supranational context, in accordance with the regulations
910/2014, 2017/1129 and 2017/1469, if on the one hand the written form
is prescribed, or rather the recognition of the validity, on the one hand
of the information content of the insurance contract, compulsorily in
writing, on the other hand as regards the smart contract, or more gener-
ally, any electronic document lacks the guidelines of individual member
states.

The second profile is related to multi-periodality. This profile is
allowed in the sense in which the contract is intended as a unicum in
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order not to incur the prohibition of which, in the event of a risk reduc-
tion, as originally calculated, the insurer must apply the lower premium
starting from the deadline following the related communication, or, as
an alternative, the express right of the contractor to withdraw from the
agreement within two months of notification and with effect from the
following month is reserved. In the reverse case, of an increase, there-
fore, of the ab initio established risk, the insured is, on the one hand
obliged to give immediate notice to the insurer, and on the other, the
latter has the right to withdraw from the contract with effect to date from
the following month, while he cannot, continue the agreement by raising
the premium or reducing the sum insured, without the express consent of
the insured. The multi-period must be understood, therefore, as a multi-
ple temporal scan within a single contractual period.

Even in the supranational panorama it seems plausible to be able to
give the same conclusions as in the legislation concerning Italy, with the
specification that the supranational provisions of the information content
do not seem to obstruct the desired declination.

In accordance with the provisions of the Italian civil code, in com-
pliance with the guarantees granted to the parties, it does not seem pos-
sible to change the premium without the express consensus at the time
of determination of the same. Both from what can be deduced from the
contrary in the provision of the Regulation of 11 August 2017 in the pay-
ment execution section, and from the provisions of the major European
civil law systems, it seems that a variation, in order to the performance
of the contractual, assumed as an unicum, is not feasible. Because of
this, the premium, shall remain the same during the entire duration of
the contract.

As regards the possible destination of a sum for mitigative infra-
structures, the multi-period, and not the multi-year, therefore framing
the contract as a unicum time scan, could grant the expedient of the
initial fixed premium, potentially higher than a standard quantification.
The allocation of part of the premium, at fixed intervals, according to the
data flow, within the single time period scan, referred to in the contrac-
tual life, does not seem to suffer any prohibition. It seems therefore that
this financial and environmental tool can be implemented in the sense
that, since a payment by the weak party (insured) of a fixed premium,
there do not seem to be any impediments to the disbursement of part of
it, at certain periods and in certain circumstances, for the implementation
of mitigative infrastructures.
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THE ACTUARIAL MODEL: AN INSURANCE ADAPTIVE SCHEME. — In
the first subsection we present the basic model to face flood risk, which
implies the choice of the stakeholder, for example the public adminis-
tration responsible for flood risk in a certain area, among no insurance
for such risk, insurance or insurance and investment in mitigative infra-
structures. In this subsection we don’t consider the role of new informa-
tion, collected after choice time, which can be considered into contract
design, for example in terms of trend variations of the risk exposure, of
the registered losses, of comparison between the premium paid and the
registered losses till a certain time, and so on. This last point could be
considered in order to generate potential surplus which can be invested
in mitigative infrastructures.

THE BASIC MODEL: NO INSURANCE, INSURANCE OR INSURANCE AND RESIL-
1ENCE. — In this paragraph we describe the multiphase insurance adaptive
scheme facing flood risk in a certain area. Let consider a random vari-
able Y which describes the risk level in the insured area. Such random
variable could describe or the rainfall registered in a fixed unit of time
(hours, days, weeks,...) or the water level of one or more rivers which
flow in the insured area, or some other indexes measuring the primarily
source of flood risk. We assume to have historical series of the obser-
vations of this random variable, yi, with i=1,2...n, from which we can
estimate the distribution of r.v. Y, FY.

Let X the random variable which describes the random loss due to
flood risk in a fixed unit of time into insured area without any mitigative
infrastructures. We also assume to have historical series of the obser-
vations of this random variable, xi, with i=1,2...n, from which we can
estimate the distribution of r.v. X, FX.

In that case, applying a premium principle based on the distribution
of X, we can determine a premium P[X] in the unit of time.

The insurance contractual conditions have to take count of the esti-
mates relative to r.v. X, but it should be interesting even to estimate a
regression model between X and Y, from which contractual conditions
could be directly linked to the original source of risk, that can be useful
(or necessary), for example, in case of losses data scarcity.

Let I be the regression function between X and Y without any miti-
gative infrastructures, that is X=1(Y).
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From hydraulic engineering expertise we can estimate the regression
function between X and Y in case of various mitigative infrastructures
are built.

Let assume Ci, with i=1,2...m, an increasing sequence of infrastruc-
tures costs, more and more efficient, such that the regression functions
li, with i=1,2,...m, describe a decreasing risk exposure, given the distri-
bution of Y.

So, let P[Xi], i=1,2...m be the premium in the unit of time, in case
of infrastructures i is built, with the same premium principle applied
before, in this case to r.v. X; =1,(Y). From the previous assumption on
the efficiency of mitigative infrastructures we have, P[X;] < P[X,,,], for
each i.

If ti is the time necessary to build up infrastructures i, let assume that
before the infrastructures is not finished, the risk exposure remains the
original one, even if from an engineering point of view we can have a
more detailed assumption in term of the evolution of risk exposure dur-
ing the building time. With some further refinements to the quantitative
model is possible to take count even of these aspects, but we prefer to
focus on a simplified version.

The fundamental choices of the stakeholder, for example the public
administration responsible of the flood risk in the area, are three:

* no insurance (and no resilience action) and payment of the random
losses (in average E[X] for each unit of time);

* no insurance and resilience action through mitigative infrastructure i
and payment of the random losses (in average E[X] for each unit of
time) plus the constant amount ci/ti;

« insurance and no resilience action and payment of a constant amount
P[X];

 insurance and resilience action through mitigative infrastructures i
and payment of a constant amount P[X] + ci/ti till time ti, after that
the premium P[X|] < P[X] for each unit of time.

Indeed we have to take count that the possible infrastructures are m,
and so strategies 1l and IV have m different scenarios.

The comparison between I and III only depends by the random-
ness of future losses respect to the average value estimated for the past.
Roughly the same comparison of I and IV, but we have to consider that
we don’t have observation of the losses relative to r.v. X;, for each i=1,
2... m, since the historical series cannot take count of risk mitigation
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given by infrastructures i. So the estimation relative to r.v. Xi, is founded
only in engineering expertise.

So we focus on the crucial choice between III (in average is the same
of I) and IV (in average is the same of II), for each infrastructures i, with
i=1,2,... m, that is between no resilience and resilience.

Let consider the present value (PV) of the total cost, with a discount
rate r, which can be fixed with many types of assumptions that we don’t
explore now. We have to assume a time horizon which can be + oo or a
fixed time T. Let consider this second choice.

So the present value of the total cost in case of strategy III

PV (IID) = ¥ j =1.2,..., T P[X] (1+1) -tj

While the present value of the total cost in case of strategy IV with
infrastructure i (ti is the time to build it), for i=1,2,...,m

PV AV, 1) =Yj=1.2,., 1 (PIX]+cifti)(1+r) -tj + ¥ j=i +1,1+2,.... T
P[Xi] (141) -

So the optimal strategy is one that minimizes this total cost.

THE ADAPTIVE SCHEME: SURPLUS FOR FINANCING MITIGATIVE INFRASTRUC-
rures. — Given the scenario described in the previous subsection, let
consider a regular time grid si, i=0, 1, 2 ... k at which we reset the insur-
ance contract in such a way.

We start without any infrastructure and we know the engineering
expertise estimation on infrastructures costs and their risk reduction
effects.

If P is the constant total premium paid from si to si+l, i=0, 1, 2,...
k-1, and X(i, i+1) is the total loss paid in the same interval, we have two
different cases.

The first P < X(i, i+1) and in that case the larger losses is covered
by the insurance system.

In the second we have a surplus P — X(i, i+1) and the adaptive design
of the contract could provide that part of it, a in (0,1), is given back to
the insured.

These surplus are summed up and the insured, the public administra-
tion, have to choice in which kind of infrastructure invest it. In case the
decision is for infrastructure i, the stakeholder has to wait to accumulate
a total surplus equal to its cost, ci.

At the time, one of the regular grid introduced before, a new contract
starts: the premium paid by the insured has to be estimated using infor-
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mation collected till that time, for a contract of further duration ti, the
time necessary to build up infrastructure i. After this further duration the
insurance contract will proceed with premium E[Xi], given the expected
loss with infrastructure i.

Let observe that with this adaptive model the starting premium P has
to be higher than the expected loss, since it has to produce the surplus
necessary to finance the mitigative infrastructure. Only when the nec-
essary surplus is raised up, then the insurance premium has to be fair
compared to expected losses.

We remark that this design with a fixed premium and the distribution
of the surplus is allowed by the law environment of smart contracts. For
the new definition of the premium is necessary a new deal between the
2 counterparts, as stated by the same law environment.

So the optimization problem in this adaptive insurance scheme has
to determine the strategy that minimizes the total cost as seen in the pre-
vious subsection. The optimal strategy has to be defined in terms of the
couple P and infrastructure i. Let consider that even in this optimization
problem we have to compare also the equivalent strategies no insurance
or only insurance (without resilience).

The total cost for the stratey (P*, i*) is given by, let si the expected
time at which the necessary surplus ci is collected.

PV (P*,i*)=3j=1,2,...i P (14r) -sj + £ j=i +1, i +2..., i+ti P[X] (140) -tj +

+ Y j =i+t +1, 1+t +2,..., T P[Xi] (141) - ¢

The role of blockchain for this insurance adaptive scheme, is to
certificate the information (data relative to the source of risk, to losses,
to surplus, to infrastructure building) in order to allow for automatic
renewals of the contract when it is not necessary a new deal between the
counterparts to the contract.

COMMENTS AND FURTHER RESEARCH RECOMMENDATIONS. — This
paper has presented an insurance contract facing flood risk in a multipe-
riodic scenario, based on an adaptive bayesian scheme, pointing out the
opportunities and the criticisms by the point of view of the disciplines
which are involved: actuarial, engineering, law. We disregard to detail
the informatics aspects linked to the blockchain technology, leaving this
issue to the specialist informatics literature. We underline that a classical
actuarial approach, the bayesian adaptation due to the collection of new
reliable information on the considered risk, could be inserted in a smart
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contract approach, with the support of blockchain technology.Since the
risk is the flood one, we remark that an automatic updating scheme of
the contract could concern also the infrastructures which have the role
of risk mitigation and that also such component of the contract could be
linked to the certification of blockchain approach.

Develops of this research could be imagined in various directions.
The engineering and the actuarial approach have to dialogue in order to
make their own analyses usable and useful one for the other and the legal
overview has to clarify all the aspects such that the automatism provided
by smart contracts in multiperiodic scenarios can be effectively conceiv-
able in real cases.
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Abstract

Informatics tools underlying cryptocurrencies markets, the so-called Blockchain,
is raising up a lot of interest for applications in a wide range of fields. The key
function of its use is to collect reliable information that could be used for a dy-
namic updating of contracts, that is one of the main opportunity given by smart
contracting, with an adequate support of law’s context in which such contracts
are merged, that is one of the main issue to be developed for the full functioning
of this kind of innovative business model. Blockchain and the connected smart
contracting, seem very interesting even for insurance busir in particular for
the bayesian adaptive approach which is a classic issue of actuarial science, based
on the updating of premium evaluation using the collection of new information
of risks phenomena. The new opportunity of collecting offered by the so-called
big data even for classic insurance risks as for example, health, driving, climate
and seismic events, together with the validating role of Blockchain approach,
seem to be the perfect scenario for a massive use of smart contracting in insur-
ance bus In this paper we describe the scheme of a flood risk insurance,
the bayesian adaptive design of the contract, using Blockchain to validate both
new data of risk phenomenon and the effect of mitigation of the faced risk due

ine

to infrastructural works.

Keywords: Blockchain, smart contracts, flood insurance, bayesian infer-
ence.

Introduction

The insurance sector, among many others, has an increasing interest for the
application of blockchain technology, introduced by the milestone paper by the
inventor Nakamoto [1], to its business, as shown by many documents of main
insurance groups (let see [2], [3]) and consultancy firms ([4],[5],[6],[7]) and we
have arrived to the creation, in 2016, of the B3i, the first blockchain-centered in-
surance consortium (as described in [8]). The key point for the use of blockchain
for insurance business is the feasibility of smart contracts in this sector and the
answer seems to be positive almost for the so-called instantaneous insurance, i.e.
contracts with short duration which imply an automatism in issuing and in pay-
ing the eventual benefit settled in the contract as, for example, the flight delay
msurance proposed by AXA, called Fizzy, completely developed on a blockchain
platform.
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In Gatteschi et al. ([9],[10]), there is a complete resume of the potential ad-
vantages of blockchain in many processes characteristics of insurance business,
for instance the increase of speed of claim processing, data entry for identity
verification, collecting reliable data for fraud prevention, use of mobile devices
for instantaneous insurance (as the case mentioned before). One of the potential
application field which still has to be investigated is peer-to-peer insurance or
reinsurance (let see, [11], [12]), though it must be said that, at present, they
are not real peer-to-peer models, as they have a traditional insurance model or
risk carrier behind them, supporting the heavy part of the insurance business.
In this context, smart contracts could represent an important innovation and a

prototype solution based on the Ethereum blockchain has already been imple-
mented [13]. It should be underlined, however, that the adoption of peer-to-peer
insurance models by the wider public is not imminent yet since a large part of
customers still considers necessary the interaction with intermediaries [14].
Our paper is focused on the analysis of the potential use of blockchain tech-
nology for smart contracts which consider a multiperiodic insurance coverage,
exploiting the automatism allowed by blockchain technology for updating the
contractual conditions, based on new reliable information collected while time
passes. Up to our knowledge this is a new issue in the literature and our aim is
to underline opportunities and criticisms of this kind of contracts.

This periodic updating of the contract is a well-known approach in actuarial
: e.g. the so-called credibility theory, which is based on a bayesian adap-
tive scheme.

Among the possible fields for applying a baye
periodic insurance coverage, we choose one of large current interest, that is the
risk connected to extreme climate events and, in particular, we analyze the flood
risk. To pursue this kind of research we need a multidisciplinary approach,
the macro-fields which are involved are the actuarial science for the quantitative
analysis, an engineering expertise for evaluating the flood risk in a certain area,
the legal point of view in order to give a proper law support for smart contracts
in a multiperiodic scenario and, finally, the informatics expertise to explain the
provided by blockchain technology.

ing the current instruments for an economic mitigation of extreme risks
due to climate events, traditional reinsurance, cat-bonds and resilience bonds,
> an approach similar to one implicit in resilience bonds scheme, that
is not only a coverage of eventual damages, but also the opportunity of financing
infrastructures for mitigating the risk. Our propose is based on the calculation
of the insurance premium at issue date and at every updating time, based on
information collected at each time in a classic bayesian adaptive scheme, such
that the premium level may automatically change time by time. Furthermore,
at each renewal time, part of the eventual surplus of the premium payed respect
to the payments oceurred for damages has to be (automatically, settled in con-
tractual conditions) used for financing mitigative infrastructures. Blockchain
technology has the role of certifying reliable new information and also the state
of mitigative infrastructures, which can vary according to the use of the surplus
as mentioned before.

eme in a multi-

an adaptive sd
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This paper has the following structure. In the first paragraph the engineering
point of view of measuring and mitigating flood risk is presented. In the second
we present an overview of the legal aspects of smart contracts in a multiperiodic
scenario. In the third paragraph it is presented the bayesian adaptive design
of the contract according to an actuarial approach. Then we propose some
conclusions and mainly some comments of possible developing lines of this mul-
tidisciplinary research.

1. 1. Assessment of flood risk of critical infrastructural systems

1.1 Flood and eritical infrastructure

Since the early 1970s extreme events associate to natural disaster have been
growing both in frequency and intensity. Specifically during the last 15 has
been recorded an increase of 2% a year [15] . The
also reflected on the number of disaster flood events more than 600 from the
r 2007 [16] . What happens in the year 2013 in the Central Europe was par-
ticularly impactful: 16.5 billion in economic losses (large-scale damage across
Germany, the Czech Republic, Hungary and Poland) for 4.1 billion in insurance
paid claims. The year 2013 has negative record of the increase of flood dam-
ages of approximately 50% respect the period 20032012 [3] and to show for first
time three consecutive losses exceeding 100 billion in a 10 years period time [15,
18]. These figures represents an evidence how the increase of the population
in urban areas [15] and the consequential increase of their complexities of both
social and technological dimensions define a bottleneck within flood risk man-
agement. In fact the rapid growth of human concentration and urbanized areas
increased the exposure to the existing flood recurrence time making more
difficult the realization of proper mitigation measures such as the availability of
the land to be settled as potential flood risk zone. Among different assets that
increased their risk to flood due to an inereased exposure Critical Infrastrue-
tures (CI) need a specific emphasis. Critical infrastructures represent body of
systems, networks and assets that are essential for the functioning of a society,
publics health and/or safety and economy of a nation. CI are thus engineering
and technological networks, such as energy/water supply, transport services,
water supply, oil and gas supply, banking and finance, and ICT (information
and communication technology) systems. All these systems are important (and
thus critical) to maintain essential functions of soclety, and their failures can
heavily seriously affect the population, economy, and national security [19, 20].
Such CI systems, facing with the increase of the complexity of urban systems
must strengthen their interactions among people, activities, and properties. In
fact this represents an increase of the vulnerability without the possibility to
build new infrastructures in risk areas mainly due to lack of land [20, 21]. In
other words the complexity of infrastructures and urban systems le s the
activities of components in a erisis period. This is the reason that addressed
the attention of policy-makers, economist, urban planners, engineers, insurance
companies and scientist to find innovative Risk Management frameworks to

same increased trend was

%

234



more sustainable and more resilient cope with climate changes effect and nat-
ural hazards [22]. A new approach has thus been gradually developed, based
on the concept of urban resilience, nowadays implemented within the Sendai
Framework for Disaster Risk Reduction [23].

1.2 The concept of Infrastructural Resilience

Due the complexity and independency of infrastructure in urban areas there
is an higher risk to have cascading effects in fact generating secondary effects
m areas much more far from the real flooded area [21, 24]. It is a key aspect to
minimize the secondary problems that flooding of networks may have [25]. In
order to move towards these directions a novel risk reduction approach based on
a strategic development of urban and infrastructural systems has been proposed
within the last Sendai Protocol developed in the 2015 based on the resilience
concept [26]. Based on the United Nations Office for Disaster Risk Reduction
(UNISDR) within the term resilience was introduced a time referenc
the disaster event (i.e. ex-ante, during, ex-post) and the conce

under the effect of an hazard [27]. In this way resilience it can be seen as as
the capability to withstand a shock or stre: sisting and adapting, in order
to restore the initial functionality [1]. This is also involving the definition of ab-
sorption /resistance, adaptation, recovery capacities to (re) create or maintain a
balance functionality of the system [15]. In this definition there is the proacti
capacity to learn and thus anticipate the effect of a catastrophe [15]. Resi
has direct connection with ecological dimension as proposed by Holling [27].
The definition can be thus generalized as capacity of a system to absorb distur-
bances and to recover after a major disruption and to restart an activity on the
territory [15]. Different methods have been proposed to assess resilience and role
of the infrastructural resilience within it. For example in the work of Serre et
al. [15] is proposed for urban/engineering networks are able to propagate flood
risk the overall urban resilien dentified into 3 main capacities namely: Re-
sistance capacity, Absorption capacity and Recovery capacity. Similarly like in
the concept proposed by Bruneau et al. [28] with the introduction of the 4Rs
(i.e. Robustness, Redundaney; Resourcefulness; and Rapidity) approach. It is
thus evident how conceptual and (semi) quantitative model approaches
on the selection of a set of proper indicators must be developed for as
the effectiveness of specific mitigation and/or adaptation strategies within an
overall Risk Reduction framework.

1.3 Flood Risk definition

As mentioned urban population increase and the consequential rise of the
increase complexity of the CI represent factors that amplify the level of local
vulnerability [29, 30]. In fact there is a direct connection of the natural hazard
losses to the number of people and complex infrastructure living in areas prone
to hazards. Thus the assessment of the Risk lo: is not a trivial task since
both the engineering dimension as well as the social impact should be evaluated.
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Generally the Risk to natural disaster including flood is defined within the
probability perspective in terms of occurrence time of a certain hazards, factored
by the severity of its consequences [31] , according to the following formula:

Risk =Probability x Consequence (1)

Thus Risk represents a key instrument and criteria leading to flood zone
management policy, land and infrastructural development plamning [32]. It is
thus evident the important role of the engineering dimension to a: the po-
tential cost/benefit in terms of decreased flood risk level once a specific CI (or
other engineering system) is strengthened and/or newly built. Risk formula
presents also other expended deseription on where the probabilistic dimension
of the Hazard is then related to the Exposure and Vulnerability. Both aspects
are related to the intrinsic propensity of a certain asset to be at Risk. Thus, the
engineering aspect to understand the effects of an hazard of a certain magnitude
is essential. This general formula is reported below:

Risk = Hazard x Exposure x Vulnerability (2)

‘Within the proposed Risk assessment there the need to use GIS-based system
on which hazard (e.g. flood), vulnerability and maps are combined trough
the use a weighing process and normalization. This task has to be replicated
for each climate-related impact [33]].

In this way the flood risk ment is translated in terms of potential loss
and damages costs. This is most of time impossible to be done for each in-
frastructure and/or asset at risk due to data scarcity. In these way insurance
companies databases are often using proxies to overcome this bottleneck. As

reported by Kaspersen and Halsnes [34] Danish Insurance Company define a
damage function and unit damage costs based on flood levels for different build-
ings during extreme preeipitation. In this case health costs (based on number of
people exposed to mixed rain-sewage water) and expected costs for different rain
patterns considering extremes climate event are calculated in monetary values
as losses for each asset and damage costs. Since quantitative and probabilistic
approaches are not always possible to be used and converted into a monetary di-
mension (mostly in connection to the social dimension, the effectiveness of Risk
Redue cenarios through a Multicriteria A nent (MCA) towards urban
adaptation planning [35]. Normally with adaptation strategies are beneficial for
the overall resilience of certain system and thus its risk reduction. According to
[36] for physical systems can be identified in 2 types of measures namely hard
and soft. The first referred to (semi)permanent installation within the area
of the potential flood, the second ones are those relate to natural process for
example like are tackling flood in terms of erosion decrease and or increase of
roughness in the flooded areas [15, 37].

iomn s

1.4 Holistic resilience approach for Risk reduction: a new paradigm
for adaptation and mitigation strategies

‘Within the presented perspective there is a need to move towards an holistic
risk reduction to areas prone to natural disaster not only including the en-
gineering infrastructural system but also the social and territorial dimensions
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in terms of human, environmental, financial and political system which could
increase or decrease the overall resilience. Consequently there is need to as-
sess how potential CI infrastructure improvements including hard and /or soft
measures together with financial and insurance mechanisms can optimize the
overall territorial resilience. In this context there is a need to develop quantita-
tive or semi quantitative approaches that could evaluate the optimization in a
sort of cost/benefit analysis among the capacities characterizing the resilience
of an urban system and/or community. In this respect over the last decade
particularly attention was devoted to the selection of specific on risk as
ment with an emphasis on the measure of vulnerability areas and community
at risks [38]. In fact on this extend the select of specific vulnerability indicator
for food risk can have a real effect on the formula used to define the local risk.
Nowadays most of the common indicators are addre:
nerability in terms of susceptibility, fragility sometime even embedding specific
resilient aspect such as adaptability [15]. The aspect to move towards a new
paradigm of the disaster risk reduction emphasis the multidisciplinary of the
resilience thus including neluding the social, economie, institutional, infrastruc-
ture /engineering and community structure and all the connected information
[15, 39]. Thanks to the indicators methodology, it is now possible to explore
social, urban, technical phenomena and to determine which area is more or le
resilient by a comparative work [39] normally within a Multi Criteria Analysis
(MCA) approach. The technical dimension and thus the engineering perspec-
tive within this approach highlight the importance of taking into account the
assessment of the critical infrastructure vulnerability, and more specifically ur-
ban networks facing with natural disaster such flood risk. The study of Serre et
al. [15] proposes an assessment on the impacts of potential disruption of urban
networks based on the evaluation of the capacities that characterized the level
of resilience of a urban environment from a technical perspective. In this the
methodology is able to identify resilience characteristics at the urbane scale and
to plan for enhancing strategies. The contribution of the use of MCA model
identified factors that would lead to increase urban resilience, highlighting the
importance of urban networks and critical infrastructure. As reported in the
work of Feofilovs et al. [40] the approach Mayunga [41] provide also a consis-
tent holistic method resulting in an index score for the measure of communitys
disaster resilience taking into account both the different phase of a disaster (i.e.
mitigation, preparedness, response, and recovery) and the potential dimensions
of resources (so called capitals including the infrastructural) that can be mobi-
lized (i.c. social, human, economic, physical, environmental) or affected by an
occurred hazard.

ed to characterized vul-

1.5 The need of multidiscipline interface: the implementation of
the block chain

Several examples of urban disasters show the challenges still actual in urban
flood management, especially in an uncertain context, driven by as strategic
and innovative approaches to build urban resilience strategies. It is thus clear

237



how within risk assessments, hazards need to be identified, together with es-
timations of their probability, and quantification of the impacts these hazards
will have on vulnerable areas. This enables adaptive management strategics to
be developed. This becomes even more a crucial aspect towards sustainable de-
velopment plans and strateg scording to the framework of the so called Sus-
tainable Energy and Climate Action Plans (SECAPs) for Municipality. Within
it Risk, Vulnerability assessments represent aspect that must assessed, evalu-
ated and improved [33]. Within the definition of measures addressed to enhance
the infrastructural resilience for the engineering dimension must be emphasized
how preparation, r ance and adaptation capacities to flood Risk are spatial
and time dependent. All the: is a need of a new and
innovative technology toward the direction of an integrated Risk Management
toward strengthening resilience to flood at urban level In this direction is going
the latest development advances in computing power within the processing of
Big Data that can anyway create a criticalities once there is a need of analysis
and processing of several dataset such as environmental, flooding, geological,
weather, satellite obervations, topography/cadastral location, corporate, spe-
cific insurance, social economic, Risk/Hazard [42] specifically addressed for the
flood risk evaluation. In this direction is going the use of Big-Data and the latest
development of computing power that can anyway create criticalities once there
is a need of analysis and processing of several dataset such as environmental,
flooding, geological, weather, satellite obervations, topography/cadastral loca-
tiow, corporate, speci ocial economic, Risk/Hazard [42] specifically
d for the flood risk evaluation. Rumson [42] underlines the need to bet-
s risk flood thanks to improved ability of programming device to store,
ind analyse aggregated and disaggregated data, combining database and
real-time streaming data [43]. In this way is highlighted the need of an holistic
approach on data collection, analysis and processing with different types of an-
alytical tools involving Geographical Information Systems (GIS), probabilistic
modelling and definition of the damage curve thus in connection of engineering
aspects relied to the vulnerability of physical as: exposed to Risk (e.g. any
type of networked critical infrastructure as key instrument proposed. This in-
terconnection and multidisciplinary aspect can thus support the development of
proper imsurance-based mechanisms as an option of adaptation able to increase
local resilience to flood hin this view blockchain technology represent a good
platform to mitigate risk and vulnerability towards the collection and analysis
of different data sour Big data related to GIS sys Environmental
variables, Exposure data, Social media data, ete..) a real time risk assessment
and thus a better definition of a risk-based pricing of insurance policies facing
with potential los The article of Hokey Min [44] emphasis how within a
blockchain platform Big Data and any other types of distributed database can
be more efficiently share and more fast confirmed and validated. Within the
same article the author explains the potential of blockchain to categorize and
s vulnerability and risk associated to a certain occurrence probability, and
how consequently develop contingency plan for risk mitigation.

o818
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2. An overview of the legal aspects for multi-period smart con-
tracts

To highlight the scientific and applicative gap of a specific smart insurance
contract against natural hazard, the first methodological approach, specifically
the legal one, leads to an overview of the state of the art of the thematic areas of
implementation of smart contracts themselves. The most important implemen-
tation of the Bitcoin protocol is without any doubt Ethereum, with its eryp-
tocurrency Ether (second to bitcoin by capitalization and by currency/dollars
hange). This platform allows the use of the so-called Smart Contracts.[45]
These ”smart contracts” are the development of the research carried out by
Nick Szabo, who in the nineties was a reference author in the data encryption
landscape. In 1997 he published two papers [46] in which he theorized a system
of transfer of rights in execution of a mathematical algorithm, inspired by the
47] The following year he released the third
paper in which he formalized the concepts outlined in previous works. In his
scheme a specific property right is included in a title intended to ci
gether with related information.
The transfer is put into a mathematical-cryptographic security and the owner-
ship title is placed in a logical chain of previous similar securities as a guarantee
of the continuity of operations.[48] Thanks to the invention of the Blockchain,
in 2014, the twenty year old Vitalik Buterin, outlined the characteristics of what
same the main platform for the development and performance of smart
Ethereum. The purpose of this platform is to provide a Blockchain
tech-tool with a built-in programming language, which can be used to build
"contracts” and to encode functions, so that these contracts are self-executed
in accordance with the pre-set rules: all this simply by writing the logic of their
operation in a few lines of code.[49]
There is no universally accepted definition of Smart Contract, due to its recent
appearance on the 1e and its technological complexity. A simple definition is
that of an agreement whose performance is automatic, so an algorithm for com-
puter transactions, which comply with the terms of the contract. [50] Perhaps a
more correct definition, even thinking about the applicative scope of the paper
was provided by the Italian IVASS (Italian Institute for Insurance Supervision),
according to which smart contracts are contracts that are written in a specific
language that can be understood, translated and executed by a computer, whose
clauses can produce actions without external intervention based on information
in input and processed according to predefined rules.[51]
rdance with the fact that the characteristics of any good or data can be
digitized and rep ted by a code ch of these informations can be stored
and secured in a distributed register, not only from a static but ¢

sales 'm of vending machines

~ulate, to-

e

a dynamic
point of view .The operations and the agreements between the nodes of the net-
work can be tracked and their execution can be antomatically performed by the
Blockchain itself without the intervention of intermediaries. All this has become
possible thanks to the Smart Contracts which, as IT protocols, formalize the
elements of an agreement and automatically execute the terms of the agreement
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(terms that are therefore predefined) when the conditions foreseen by the agree-
ment are fulfilled (even the conditions are therefore predefined and codified).
In a nutshell, to provide a significative statement in order to understand the
operation of smart contracts a smart contract is a piece of code which is stored
on an Blockchain, triggered by Blockchain transactions, and which reads and
writes data in that Blockchains database [52] The development and evolution
of Smart Contracts have been sudden, their application is expanding day by
day. In addition to Ethereum, other open source projects were born to create
increasingly sophisticated Smart Contracts (like Counterparty and Mastercoin).
To date, they have been created to automatically execute derivatives, futures,

swaps and options. They have also been used to build platforms for the sale
of goods on the internet, among unknown people, without the help of central
authorities. [53]

As regards and more closely related to the development of the paper, the most
analysed state of the art, to obtain a link to the current regulatory substrate
referred to in the blockchain, was clearly that of the insurance dynamics. In the
insurance sector, forms of insurance have developed that use Smart Contracts.
The first example is InsureETH, an UK startup, in the field of airline reimburse-
ments/ compensations. Another case is that of the pilot project of the American
International Group (AIG) together with IBM and Chartered Bank who worked
together for a multinational insurance coverage, preparing a Blockchain insur-
ance Smart Contract.

It is worth adding that recently AXA insurance [54] in order to refunds follow-
ing delay or cancellation of the flight, has developed an extremely interesting

smart contract. The insurance called Fizzy, appears revolutionary because, as
described in the AXA portal, it excludes any kind of negligence, tipycal instead
of the traditional insurance dynamies. The smart insurance, regardless of any
external event or subjective / objective liability, automatically compensates in
case of flight delay. [55]

And therefore, summarizing the two research questions, it is possible to de-
termine that, firstly, the smart contracts have had a rapid development and
evolution, and secondly, in the insurance sector, the blockchain technology is
used and relegated to the automation of the mechanism of compensation. This
huge implementation gap leaves the way for the use of blockchain data stor-
age technology and modification of the contractual structure. In practice, it's
time to move from a purely refund insurance blockchain to a big data manage-
ment one.[56] In order to the title section, what would be the differen
standard smart insurance contract, therefore with instant effect, compared to a
multi-period contract? One of the main differences was highlighted at the end
of the ion just ended. and it is quite clear that the main difference is about
multiperiod. And, in this case it is appropriate to clarify this aspect, because
multiperiod is not necessarily synonymous with a long term as the smart stan-
dard contract is not synonymous with short term.

The desired multiperiod implementation within the smart insurance contract is
subject to the fact that, periodically, through the storage of data from external
certified sources, using the blockchain technology, the contractual structure can
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such as the insurance premium, the sum of compensation or the deter-
mination of the percentage of risk.[57]
And therefore, even if in a perspective about natural disasters, the scanned
periods may be related to prolonged periods, the determination of multi-mode
concerns the scanning of temporal phases in which it is possible to change and
modify essential elements of the contract without the latter termination or re-
quiring a new agreement between the parties. The second difference concerns
the method of using the blockchain technology. Picking up one of the smart
contracts mentioned above in the insurance field, the blockchain is simply used
in two steps: 1) validation of the insured event, such as the hours of flight delay.
and 2) the payment of the sum of money.[58] In other words, in the very few
applicative experiences that took place in the last few years, insurances first of
all made use of blockchain technology as an instrument to verify the insured
event. The information, using as an example the AXA contract, deriving from
the airline are stored within the blockchain data flow and any event of delay
beyond the allowed limit "unblocks” and acts as a check and authorization for
the second step.
The one-dimensional perspective of the contract in relation to the uniqueness
of the period, understood as a contractual phase, emerges clearly. The data
entered and the "transformation” of these through blockchain technology into
legal effects, such as compensation, are contained in a single phase, without
any possibility, that extends or changes the contractual structure. Therefore,
in a one-dimensional perspective, the will of the parties, the economic agree-
ments, regardle , blockchain technology acts
exclusively as a verifying agent of the insured event, relegated to a kind, using
a parallel with civil law, of contract for future effects.[59]
On the other hand, the contract that, hopefully, should be implemented, in-
volves a completely different dimension, that of periodic data scanning, aimed
not at the termination of the contract, but at its evolution, change and adap-
tation.
In the perspective of a multi-phase contract, the relevant data, in accordance
with the insurance dynamics against natural hazards, for exampl
height of the rivers, the damage previously incurred, not only serve to
a network of useful information to counteract the harmful phenomenon of risk,
but also serves to store information using blockchain technology. The imple-
mentation, in addition to the aforementioned characteristics of a smart insur-
standard contract, involves the perpetuation of the contract, step by step,
following the flow of data and the physiological modification of the initial pa-
rameters to which the parties have expressed their consent.
It is ntial to delineate, first, the minimal and ne ary features of a multi-
phase contract mentioned above, and secondly, to highlight if there are exam-
ples, even partials that can be joined from a regulatory point of view to the
latter. What are the minimum and essential characteristics imputable to such
a contract?
Onerous, and therefore, taking up the standard sch
tract, the agreement is based on the bilateral provis

of information, external even

ance

eme of an insurance
on by which the insured

con-
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‘e premium, to the company,
which, in the case whu.h th(> (!vvut occurs compensates the damaged party.[60]
Aleatory, in the sense that the insured event, even if determined, deseribed and
certain in its occurrence.[61] IT, in the sense that the stipulation
of the contract occurs through an online platform through blockchain technol-
ogy. In particular, the methods of signature are constituted by the expression
of consent through the use of a digital signature device. Blockchain Technology.
Real time data flow, in the sense of an IT contract structure able to receive
data and information related to the insured asset and related environment able
to modify time by time the mitial parameters set out in the stipulation of the
contract. [62]

Automatic renegotiation, automatic consensus, in the sense that the contract,
considering the flow of data, capable of physiologically modifying the initial
parameters of the contract, is legitimated, in relation to the flow, to change
economic conditions even when the new conditions result "in peius” for the so-
called weak party, the insured subject.[63]

An analysis of the contracts disseminated with the individual characteristics
mentioned above can be carried out by determining some cases that are widespread
within the Italian regulatory system.

As far as the cost of the contract is concerned, this is meant as the one in which
a subject receives an advantage in exchange for a non-gratuitous disbursement,
defined as performance. There is a close relationship between advantage and
performance, a causal link. A typical example in the Italian civil code panorama
is re pre
able assets, in which a sub]t ¢t pays a sum to another party and the latter, as a
counter- s the asset de quo. [59]

The dynamics inherent in the concept of "aleatory”, on the other hand, per-
tains to the uncertainty of the occurrence of a determined event. Remaining
in the specific theme of research and paper, clearly the insurance contract is
the perfect example. IT technology is inherent in the numerous chaos of digital
contrac In particular, a digital contract is an agreement entered into on an
online platform through which legal effects desired by both parties emerge. one
of the best known digital contracts ertainly the one related to e-commerce
platforms, through which the buyer, in exchange for a payment, in most cases by
credit card or similar means, purchases one or more a s on a website, which
can act as a vendor tout court (Nike store, Ticketone) or as a mere intermediary
(Amazon, Ebay).

The technical definition of blockchain is "decentralized ledger and eryptograph-
ically secure transaction” [64]. More generally, it is a technology that makes it
possible to exchange not only information on the internet, but, for the first time,
properties as well. Not therefore the simple payment or ex hdll'—'l‘ of goods and
services, but, thanks to this innovation, any other form of collaboration between
men can tdk{‘ advantage of the posslblht s offered by the network. So, when we
talk about blockchain, we refer to an international safe register, shared by all
the subjects acting within a specific computer network, based on peer-to-peer
technology.

of whether it concerns movable or immov-
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The chain has the peculiarity of recording and archiving all the transactions
that are carried out within that network, not requiring the presence of third
parties, so-called trusted. The name blockchain originates from the nature of
the structure: each node of the network has a specific function in ascertain-
ing the information entered, which is transmitted to the next node in a chain
formed by blocks, the blockchain indeed. All transactions carried out to date
and verified directly by the system are recorded in it. In fact, transactions are
sible if they are approved by 50% + 1 of the nodes.[65] The European
association of credit institutions has, in one of its reports, expressed a positive
opinion about the reliability of the system. The main characteristic of the whole

IT structure can be synthesized with a single term: decentralization. In fact,

10 central repository in the blockchain but a peer-to-peer between users,
by ons in blocks.[66]

In a standard blockchain architecture, transactions are created from active c
ponents inserted in the network: the active user is called node and trans
Bitcoin to another node inserted in the network. The blocks of the network are
created, in a chain, by other participants in the architecture that are defined
miners. Miners to create blocks must solve complex algorithms and, if they
succeed, they are rewarded with some Bitcoins. The newly created transaction
is distributed and validated following a rigid one verification protocol to avoid,
among others, the problem of "double spending problem ”. In practice, the
validity of one transaction is confirmed with the consent of the nodes of the
network on the basis of parameters set for the operation of the network itself;
the nodes that validate they are rewarded with Bitcoins. When the validity of

itering trans

the transaction is verified, the miners put it in a block and the transaction is
executed (performed) in full respect of privacy.[49]

The flow of data, in the sense of the mere consecution of information entered in
an [T platform, can be understood thinking of what is set out above regarding
the smart insurance contract on air delay. the peculiarity of this contract is the
discrepancy between the initial condition, and therefore the uncertainty inherent
in the event, and the event itself. In practice, following the random logic of the
msurance contract, the peculiarity consists in the input of data in real time and
the consequent immediate simultaneous supply of the sum established in favour
of the insured subject. The change of facts, the occurrence itself, modifying
the conditions and using IT produces legal effects.[50] In the determination of
a new possible contract the flow of data, albeit with different purpose, that is
exclusively that relating to the change of the editorial, risk and insurance pre-
mium parameters, and therefore excluding the provision of any sum, it would
have exactly the same functioning.

The last single feature inherent to the possible implementation of the contract
de quo, concerns the forecast and contextual acceptance of the parties, of the
modification in fieri of the economic conditions. This profile is closely linked to
the data flow above. In particular, a data entry could be envisaged as per the
msured asset, as well as the surrounding environment, capable of modifying the
economic conditions, and therefore the insurance premium.[67] A contract to
refer to and to use as a potential analogy tool certainly concerns the so-called
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variable interest rate mortgage. A variable rate mortgage is a type of mortgage
whose interest rates vary based on the performance of certain parameters indi-
cated in the contract.

The reference parameters to which the interest rates are linked are usually the
Euribor (EURo Inter Bank Offered Rate, ie the average interest rate of the
financial transactions in Euro between the main European banks) the IRS (In-
terest Rate Swap) - EuroIRS or the Official ECB Reference Rate. The Euribor
(Euro Interbank Offered Rate) is the interest rate used as an indexing param-
eter for variable-rate mortgage loans. The Euribor has replaced the national
indexes since January 1, 1999. It is calculated daily as a simple average of the
quotations recorded by a group of banks representing the European and world
credit panorama se ed by the European Banking Federation.

The refere ate for variable-rate mortgages is published daily at 11 am by a
group of banks representing the European eredit landscape. There are currently
20 institutions that contribute to taking over the Euribor.[68]

Summarizing the main section, regardless of the will of the parties that have
signed the contract, the data coming from a third party, an external and in-
dependent entity, the economic characteristics may undergo changes. and so,
if the Euribor, with the flow of data, is capable of modifying, inaudita altera
parte, with the increase or decrease of the interest rate, the economic conditions,
imposing on the parties, as above, with a view to an insurance smart contract
against natural hazard, the flow of data entered into the digital blockchain
platform is capable of modifying the parameters, such as risk and insurance
premium, regard of the parties will.[69]

For the purposes of drafting the paper, it is worth highlighting that almost all
the features, some of which are inherent ex se, such as compensation and the
“alea”, others for subsequent implementation, such as IT, the flow of data and
blockchain, are adaptable to our contract implementation project. As regards
the dynamics of the renewal of the consensus to change the initial parameters,
it seems appropriate to briefly outline a double scenario. Prima facie, the dy-
namics of the variable rate inherent to the leans, by structure and contractual
framework do not seem to coincide with the insurance dynamics, and therefore,
and this is the trait d’union with the section of engineering mitigation risk, [70]
it appears extremely prudent to operate a contract in which a high premium
nsurance is envisaged, above the real initial risk. In particular, when the ini
tial conditions change into peius, the prize in any case continues to be suitable
from the point of view of the insurance company for the continuation of the
activity, and when, with defined time scans, reconnecting to the theme of the
nmultiperiod, the risk conditions reduce the difference between the bonus paid
and the premium that, ideally, would have been corrected from a mathematical
point of view, could be used to create risk mitigation structures.[71]

3. The actuarial model: a bayesian adaptive design of the contract

In this paragraph the bayesian adaptive design of the multiperiodic contract
is deseribed according to an actuarial scheme. Let H(0) be the set of data
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representing information collected at time 0 starting from time —m and let
W(0) = f(H(=m,0) = f(H(0)

the premium which has to be paid for one unit of time until the first updating

time. Among such data we have the damages due to the insured risk and other

information relative to flood risk, mitigative infrastructures and so on.

Let my,msa,... be the sequence of updating times settled in the contract.
At the generie time m;, with i = 1,2, ..., exploiting the collected information
starting from—m, that is H(—m,m;), the new premium becomes

W(i) = f(H(=m,m;) = f(H(i)
and has to be payed until updating time m;q.

Let assume that the collected information H(0) is the historical series of the
damages x(i), with i = —m, —m+1,...0, in each time unit starting from —m to
issue date 0

H(—m,0) = z(—m),z(—m + 1), ...z(—1), z(0)
and let assume H,.(0), for r = 1,2,
random variable. If we assume a premium principle based on a variance

, the estimate of the r —th moments of this
style
ed only in H;(0), Hy(0) and so the premium for a time
unit starting from issue date, W(0), could be expressed as

W(0) = f(K1(0), K2(0)).

Starting from issue date the contract provides the payments of the premium
W(0) for each unit of time, until the contract will have a first update, at time m.
based on the arrival of new information, that is H(1,m ) = (1), (2), ..., z(my).
At time my, using all the information registered in the interval (—m,m;) we
have new estimates of Hy(my), Ha(m,) and consequently the premium becomes

W(my) = f(K1(my), Ka(my))
which has to be payed for each time unit from mj 4 1 to next updating time
ma.

Let n; = m; —m;_; with i = 1,2, ... be the number of time units between m;

and m;_y, so the total premium payed in such interval is n;W (i). The difference

between such total premium and the total claim in the same time interval C(i)
W (i) —C(i) = Uli)

is a profit or a loss for the insurance

charge, we are intere

:Ompany.
The contract could provide that in case of profit, i.e. U(i} is positive, part of
the surplus obtained by the company will be shared with the insured, that is,
used for infrastructural investment for risk mitigation. The evaluation of mit-
igative infrastructures costs and their impact in term of risk reduction, has to
be assessed by an engineering anal; s described in paragraph 1.

The effect of this infrastructural investment on this numerical model could be
introduced by a not decreasing sequence of thresholds L(i), with i = 1,2 in
the interval m;_1¢,m;, which have an impact on the damages in the sam
the higher is L(z), the lower we expect the total damage C().

The assessment of the relationship between surplus and threshold increase has

me:
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to be implemented using engineering issues. It seems reasonable to consider a
delay between the arise of the surplus and the effect on threshold, due to the
time necessary to accomplish the infrastructures.

The role of blockchain technology is the certification of the collected infor-
mation and the automatism with which the contractual terms (i.e. the premium
level and the sharing of the surplus) should change at each updating time. Such
automatism is the core of the concept of smart contracting, that is an update
of the contract without a new bargain between the two counterparties. The
legal aspects such that smart contracting is really admissible for this kind of
insurance contract, has been analyzed in paragraph 2.

4. Comments and further lines of research

This paper has presented an insurance contract facing flood risk in a mul-
tiperiodic scenario, based on an adaptive bayesian scheme, pointing out the
opportunities and the criticisms by the point of view of the disciplines which
are involved: actuarial, engineering, law. We disregard to detail the informatics
aspects linked to the blockchain technology, leaving this issue to the specialist
informatics literature. We underline that a classical actuarial approach, the
bayesian adaptation due to the collection of new reliable information on the
considered ris] ed in a smart contract approach, with the sup-

could be insel

port of blockchain technology.
Since the risk is the flood one, we remark that an automatic updating scheme
of the contract could concern also the infrastructures which have the role of risk
mitigation and that also such component of the contract could be linked to the
certification of blockchain approach.
Develops of this research could be imagined in various directions. The engi-
neering and the actuarial approach have to dialogue in order to make their own
analyzes usable and useful one for the other and the legal overview has to clar-
ify all the aspects such that the automatism provided by smart contracts in
multiperiodic scenarios can be effectively conceivable in real cases.
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Abstract — Risk insurance for disasters plays a relevant part in the implementation of risk
reduction strategies during the pre-disaster phase. This is essential to support risk
management towards decreasing the marginal risk allowing policy holders to transfer risk to
avoid considerable financial loads from the costs incurred during the recovery phase in a
post-disaster phase. There is evidence that the introduction of an integrated risk insurance
strategy for community resilience planning is still lacking. Thus, this undermines the
possibility to have proper optimized holistic risk management; on the one hand this
strengthens pre-disaster risk mitigation measures, mostly relying on mitigative
infrastructural solutions, and on the other hand it better defines risk prevention strategies
mostly connected to land planning and urban development. This paper will show how
insurance markets can play a key role towards mitigating the economic consequences of
natural and climate change disasters, and how essential it is to better quantify the beneficial
effects and costs of engineer-based mitigative solutions. In this context, the legal framework
into which the actuarial quantitative model can be implemented will support the creation of
an integrated multidisciplinary approach with potential implementation on a novel platform
capable of collecting and processing information from different sources and dimensions such
as blockchain technology. The scientific community is, in fact, increasingly interested in
implementing blockchain technology te overcome problems linked to the comtractual
dimension of natural disaster risk insurance which can be interpreted as a sort of smart
contracting. Through a study that involved four distinct areas, namely: law, environmental
engineering, insurance and IT, this paper proposes a specific multidisciplinary methodology
to achieve the drafting and implementation of a digital insurance contract on a blockchain
platform against natural hazards. This paper proposes the basis to advance a quantitative
concept to optimize the impact of catastrophe risk insurance onto the community resilience;
in fact providing a key synergy for definition of pre-disaster conditions.

Keywords — Blockchain; insurance; natural hazard; risk mitigation; risk reduction;
smart contract

1. INTRODUCTION

Since the early 1970s, extreme events associated with natural disaster have been growing
both in frequency and intensity. Specifically, during the last 15 years there is a recorded
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increase of disasters at a rate of 2 % [1]. This increase is reflected in economic losses [2],
gaining the attention of the scientific and professional communities to find novel and effective
methods of insurance as a resilient management tools for risk reduction.

According to the study of Paleari [2], there are several factors affecting the overall benefits
and sustainability of insurance mechanisms when coping with natural disasters that are only
in part directly insurance-related. The first one is related to the time reference. In fact,
insurance works only in an ex-post situation in terms of compensation to minimize the effects
of natural disasters. This perspective by Paleari [2] identifies an interesting dynamic affecting
the demand for insurance coverage from citizens: the lower the insurance penetration is, the
higher the pressure is on governments to finance disaster losses. In this context, if
governments offer full compensation, there is less incentive for citizens to get insured, in turn
decreasing the overall demand for insurance coverage.

The second one relies on the concept of disaster risk management [3] in connection with
the prioritization of recovery [4] or risk reduction strategies [5]. In fact, prevention and
mitigation are defined by insurance companies during risks and potential loss assessments
creating a cap for the level of insurability (or re-insurability) faced with insurance
accessibility and affordability [6]. Several studies highlight this very aspect also in terms of
the moral hazard potentially undermining any economic benefit [7].

Moral hazards occur at the governmental level, where existing private insurance schemes
reduce the priority to prevent risks at the individual level [2]. The drawback of moral hazard
by insurance policyholders is reflected in mandatory schemes applying flat premiums [8].
Governments normally distribute uniform packages of catastrophe benefits generally as
ex-post public compensation.

At the EU level, two main insurance schemes against natural hazards can be identified [2].
The first one is defined in terms of voluntary add-on insurance schemes where the coverage
for natural hazards is optional and it is proposed by private insurers. This has the consequence
of having low penetration and thus supporting ex-post Government assistance.

The second scheme applied is mainly based on the mandatory extension of property
insurance to disaster risks. In this context, a model of using non-risk-based premiums is
normally used in high-risk area risk-averse to guarantee affordability and availability.
The second scheme type has the consequence to have higher insurance penetration, but with
a bigger loss potential [6], [8].

Rumson [9] defines insurance as the proper mechanism to deal with the issue of information
asymmetry among the insurer and the insured. In this dynamic, insurance can trigger a risk-
transfer between clients, the global insurance and capital markets [10], [11]. This could create
a worldwide and interconnected risk transfer and (re)insurance markets from catastrophic
losses occurring in a specific locality [11], [12] but shared globally.

By using this shared catastrophe information, in a non-speculative and competitive market,
the price would be set upon the assessment of risk-reflective pricing [13]. For this reason,
both sides within the stipulation of an insurance contract (i.e. underwriters and actuaries) need
up-to-date access and availability of detailed and accurate information about the nature of the
risks [14]. Bin et al. [15] identify how the price fixed by the insurance market represents a
mechanism to raise awareness and potentially encourage risk-reluctant behaviour. If market
alterations happen, these mechanisms can be weakened, resulting in negative societal effects
[16].

Governments (and consequently legal entities) have a key connection to insurance. One
example is flood insurance, which can be related to land planning, investments in adaptation,
and coverage for some of the most vulnerable assets. [17] In this context and under the light
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of a growing increase of economic losses from disasters [18] in relation to weather/climate
change (most evident for non-insured losses) [19], [20] more accurate risk evaluations need
an enormous amount of data to be processed from different types of dimensions (e.g.
environmental, geological, weather, insurance-specific, engineering, legal, socio-economic).
Consequently, proper data platforms and the use of ‘Big Data’ need to be considered for
pricing optimal insurance premiums [14]. In this way will be possible to lowering the risk of
community prone to hazard in turn increasing the overall community resilience with a direct
effect on the insurance premiums, in fact providing the possibility to allocate economic
resources to more vulnerable locations. This aspect would be essential to create a solution to
the problem on non-insured assets [13], and potentially result in an increased investment
contributing to sustainable development in more resilient areas against weather/climate
change-related disaster.

In this direction, informatics tools like “blockchain’ are raising interest for applications in
a wide range of fields including insurance. The key function of their use is to collect reliable
information that can be used for a dynamic updating of contracts; this is one of the main
opportunities presented by smart contracting, with an adequate support of legal context in
which such contracts are merged, and one of the main issues to be developed for the full
functioning of this kind of innovative business model.

The key point for the use of blockchain technologies for the insurance business is the
feasibility of smart contracts in this sector and the answer seems to be positive for the
so-called instantaneous insurance, i.e. contracts with short duration which imply an
automatism in issuing and in paying the eventual benefit settled in the contract. One example
of this is the flight delay insurance proposed by AXA, called Fizzy, completely developed on
a blockchain platform.

The insurance sector, among many others, has an increasing interest for the application of
blockchain technology, introduced by the milestone paper by the inventor Nakamoto [21], to
its business, as shown by many documents of main insurance groups [22], [23] and
consultancy firms [24]-[27] and we have arrived to the creation, in 2016, of the B3i, the first
blockchain-centred insurance consortium [28].

One of the potential fields for application which still has to be investigated is peer-to-peer
insurance or reinsurance [29], [30], though it must be said that, at present, they are no “real”
peer-to-peer models, as they have a traditional insurance model or risk carrier behind them,
supporting the heavy lifting of the insurance business. In this context, smart contracts
representing an important innovation and a prototype solution based on the Ethereum
blockchain have already been implemented [31]. It should be underlined, however, that the
adoption of peer-to-peer insurance models by the wider public is not imminent since many
customers still consider it necessary to interact with intermediaries [32].

This interconnection and multidisciplinary aspect can thus support the development of
proper insurance-based mechanisms as an option of adaptation able to increase local
resilience against different types of disasters. In this scope, blockchain technology represents
a good platform to mitigate risk and vulnerability towards the collection and analysis of
different data sources (i.e. Big data related to GIS systems, Environmental variables,
Exposure data, Social media data, etc.) providing a real -time risk assessment, and thus a better
definition of a risk-based pricing of insurance policies faced with potential losses.

This study would like to propose a novel approach as opportunity to decline risk-pricing of
policies. These relate to a novel type of data collection technique and processing aiming to
strengthening blockchain platform-based solutions merging information derived from

213

254



Emvironmental and Climate Technologies

2019723

inclusive and holistic data sources. In this way it would be possible to have predictions and
pricing of risk on more extended and up-to-date empirical datasets.

This article also reveals how the adoption of blockchain technology involving a
multidisciplinary framework can improve overall community resilience to natural disasters
favouring adaptation strategies. The study proposes a consistent methodological approach
identifying the role of insurance on risk adaptation, multi-dimensional data provision, and
data processing for insurance price definition and the potential role played within a consistent
legal framework.

Specific emphasis will be dedicated to highlight the capacity constraint that relates to the
application of smart contracts to insurance against natural hazards. This paper will emphasize
the potential use of blockchain technology for smart contracts which consider multi-periodic
insurance coverage, exploiting the automatism allowed by blockchain technology for
updating the contractual conditions, based on new and reliable information collected over
time.

2. METHOD

‘When examining the issue on how to increase community resilience with novel insurance-
based mechanisms, a systematic literature review was finalized. This part was mainly made
on the analysis of scientific papers and grey literature.

In order to more consistently move towards the clarification of the research objectives, the
research has been organized into these main steps:

— Role of insurance as adaptation measure to natural disaster;

— Smart contracts as insurance mechanisms against natural hazards;

— Blockchain overview;

— Blockchain and smart contracts: how they work.

The main results following the literature review will be implemented in a multidisciplinary
manner that will serve as a framework to address the main challenges over the use of different
data sources for the definition of a more updated and focused catastrophic (CAT) model for
an optimized risk/premium evaluation.

Specifically, chapter 2 will better clarify the following main questions:

— What is a smart insurance contract?

— What are the experiences of implementing the blockchain technology in the insurance
sector?

— What would be the difference of a standard smart insurance contract?

— Is there a regulatory framework capable of "accepting" smart multi-period insurance
contracts? Possible multi-phase contracts with constant data flows. Analysis of the
individual characteristics of the new contract;

— Is it possible to find any contractual declination to implement a multi-period smart

contract?

— What structure could a smart multi-period contract have against natural hazard risk
mitigation?

— What other aspects could it involve (e.g. Bayesian-quantitative and engineering
profiles)?
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2.1. Role of Insurance as Adaption Measure to Natural Disaster

Insurance dynamics have a focal role in human progress and efforts to predict, mitigate,
and adapt to natural disasters [19]. Effective insurance can be a tool to spread the
communication of risk related to a certain geographical location. In order to perform
successfully, premiums, coverage, and types of insurance must be risk-based and determined
according to accurate information. Insurance dynamics against natural disasters have been
evolving for several years [33] including theoretical and practical aspects from several fields
of expertise. This multifaceted interaction is embracing classical risk assessment
perspectives, environmental engineering and insurance dimensions, as well as from adaption
and mitigation strategies in the administrative area of municipalities to contract
determination.

In the global insurance dynamics context, the insurance instrument used most frequently
today also uses a risk mitigation method related to natural disasters [34].

The mitigation methods can consist of different implementation declinations. For the
purposes of this paper, clearly, the most interesting profile is related, on the one hand, to the
supervision and the constant study of the area in which the immovable asset is placed, and on
the other, to the creation of adaptation tools capable of decreasing the risk itself.

Specific examples of the use of insurance as dynamic mitigation tool to disaster are
provided in the car insurance sector where the initial policy stipulated and the premium
proposed within it can be dynamically be adjusted on the constant verification of the
information implying a change of the asset de quo.

Risk mitigation, in compliance with this profile, consists in determining the topicality and
the exposure of an asset according to the eventual occurrence of a hazard where the asset
itself is placed [35].

In other cases, with a constant analysis and verification of an insured asset respect its initial
status would be able to allocate part of the insurance premium to the implementation of
mitigative measures due to a decreased risk affect the asset. In accordance with this second
perspective, mitigation is effective, through the modification and improvement of the
structure itself, is also expressly agreed [36].

2.2. Smart Conftracts as Insurance Mechanisms against Natural HazZards

To highlight the scientific and practical gap of a specific smart contract insurance against
a natural hazard, the first methodological approach, specifically legal, leads to a literature
review of the state of the art of the thematic areas of implementation of smart contracts
themselves.

“Smart contracts™ are the development of the research carried out by Nick Szabo, who, in
the 1990s was a reference author in the data encryption landscape. In 1997, he published two
papers [37] in which he theorized a system of transfer of rights in the execution of a
mathematical algorithm, inspired by the sales system of wvending machines [38].
The following year he released the third paper in which he formalized the concepts outlined
in previous works.

In his scheme, a specific property right is included in a title intended to circulate, together
with related information.

The transfer is put into mathematical-cryptographic security and the ownership title is
placed in a logical chain of previous similar securities as a guarantee of the continuity of
operations [39].
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The most important implementation of crypto-currency is the Bitcoin that is implemented
in different protocol like Ethereum and its cryptocurrency Ether (second to bitcoin by
capitalization and by currency/dollars exchange) [40].

This platform allows the use of the so-called smart contracts [41]. Thanks to the invention
of the blockchain, in 2014 Vitalik Buterin outlined the characteristics of what then became
the main platform for the development and performance of smart contracts: Ethereum.
The purpose of this platform is to provide a blockchain — a tech-tool with built-in
programming language, which can be used to build “contracts™ and to encode functions, so
that these contracts are self-executed in accordance with the pre-set rules: all this simply by
writing the logic of their operation in a few lines of code [42].

There is no universally-accepted definition of smart contract, due to its recent appearance
on the scene and its technological complexity. As described by Grasso et al. [43] the smart
contract is defined as an agreement that is automatic updated finding the optimal condition
among the parties involved in the insurance contract. This definition is showing the need to
have a proper platform for providing the correct transactions which comply with the terms of
the contract. Another definition was provided by the Italian IVASS (Italian Institute for
Insurance Supervision) describing smart contracts as on-line modifiable contracts processed
according to predefined contract rules, based on the creation of continuous updated depository
of information of the insured assets [44].

In accordance with the fact that the characteristics of any good or data can be digitized and
represented by a code, all this can be stored and secured in a distributed register, not only
from a static but also a dynamic point of view; the operations and the agreements between
the nodes of the network can be traced and their execution can be automatically performed
by the blockchain itself without the intervention of intermediaries. All this has become
possible thanks to smart contracts which, as IT protocols, formalize the elements of an
agreement and automatically execute the terms of the agreement (terms that are therefore
predefined) when the conditions foreseen by the agreement are fulfilled (even the conditions
are therefore predefined and codified). In a nutshell, to provide an important statement in
order to understand the operation of smart contracts “a smart contract is a piece of code which
is stored on a blockchain, triggered by blockchain transactions, and which reads and writes
data in that blockchain’s database™ [45].

The development and evolution of smart contracts has been sudden, their application is
expanding day by day. In addition to Ethereum, other open source projects were born to create
increasingly sophisticated smart contracts (like Counterparty and Mastercoin). To date, they
have been used in the financial sector to automatically execute derivatives, futures, swaps
and options. They have also beenused to build platforms for the sale of goods on the internet,
among unknown people, without the help of central authorities [46].

2.3. Blockchain Overview

The technology called “blockchain™ is at the top of financial and political dynamics.
It pertains to different areas, completely heterogeneous, often with reference to legal
problems as well. However, there is no such thing as a globally recognized and summarized
text that fully describes the potential and the areas of application that this technology can
have. Literally the word “blockchain™ means “concatenated blocks™ and, even if there is no
single one definition, it is possible to delineate it as a concatenation of blocks constituted by
the set of verifiable transactions, with vertical or tree structure, able to connect different
nodes, which are formed physically from the servers of each participant that are used by the
subjects to take part and consciously adhere to the decision. The great versatility of the system
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is explained because there are different definitions and “blockchain™explanations that also
depend on usage.

According to the first definition, a blockchain is a database of transactions: “The blockchain
is a technology which allows the creation and management of a large distributed database for
transaction management shareable between multiple nodes on a network™ [47].

This definition therefore refers to a database structured in connected blocks, each of which
contains multiple transactions, which are validated by the network itself in the analysis that
is made of each block. Each node of the chain is physically constituted by the server through
which each participant has access to the blockchain; sees, controls and approves all
transactions.

For others, however, the blockchain best expresses the evolution of the concept of a
"ledger" [48]. Before the advent of the blockchain, in relation to the systems that already
allowed the exchange of transactions and information, the idea of centralized logic prevailed,
in which everything was referred and managed by a single unit or authority, about which
parties had confidence. With the concept of a decentralized ledger, it has become a
phenomenon of decentralization of information: data is no longer guarded by a single central
unit, but moves to external locations, which have become increasingly important in the
transactions [49].

Internationally, the most important sector inherent in the implementation of this new
technology is finance. More generally and always related to money transfer transactions, the
blockchain has brought enormous new developments. In fact, blockchain technology makes
it possible to provide a more direct flow of payment between the payer and the payee, even
if the transaction lies beyond the borders of the same country, without the need for
intermediaries and with advantageous costs and almost instantaneous speed. Today, there is
a real financial revolution through the implementation of systems that are based on the
blockchain and that will perhaps allow for solving issues such as fraud, threat detection or
identity theft, ensuring a high level of safety [50].

2.4. Blockchain and Smart Contracts: How they Work?

In the insurance sector, forms of insurance have developed that use smart contracts.
The first example is InsureETH, a UK startup, in the field of airline reimbursements and
compensations. Another case is that of the pilot project of the American International Group
(AIG) together with IBM and Chartered Bank, who worked together to develop multinational
insurance coverage, preparing a blockchain insurance called smart contract. It is worth noting
that recently AXA insurance [51], in order to deliver refunds following the delay or
cancellation of flights, has developed an extremely interesting smart contract. The insurance
called Fizzy, is revolutionary because, as described in the AXA portal, it excludes any kind
of negligence, typical in traditional insurance dynamics. Smart insurance, regardless of any
external event or subjective/objective liability, automatically compensates in case of flight
delay [50]. This is happening thanks to the combination of parametric insurance and
blockchain technology, which ensure the inviolability of data and contracts and can preview
of the amount of compensation. An “ad hoc™ protection that could not be simpler or more
accessible: should the flight be more than two hours late; the customer is immediately and
automatically compensated. AXA representative Jean-Baptiste Mounier, in talking about the
essence of the smart contract, points out that “The smart contract is the party that decides
whether or not we should indemnify the policy holder and triggers a payment request to our
system. The use of a smart contract to trigger claims will add trust in the insurer/policy holder
relationship™ [51].
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Therefore, the first two research questions concerning the implementation of smart
contracts in the insurance sector offer room for some reflection. First, it is correct to highlight
a propensity of the insurance world for technological experimentation, and, likewise, the
contractual determination of AXA-Fizzy on the voluntary exclusion of any objective and
subjective element in relation to the payment of compensation seems extremely interesting.
Secondly, and this is the fundamental element, the key factor of the research, is that the
implementation of blockchain technology in the insurance field is still firm and static to the
consent mechanism element determined even if the future is uncertain. The gap therefore
consists in the absence of a smart insurance contract capable and able to modify elements and
parameters that are inherent to the accidents, to the probabilities, and therefore to the
subjective element of the contract and its causa contrahendi, [52] at the same time without
changing the consent of the parties.

To summarize the two research questions, it is possible to determine that smart contracts
have had a rapid development and evolution, and that blockchain technology is being used
and relegated to the automation of the mechanism of compensation in the insurance industry
[53]. This huge implementation gap leads the way for the use of blockchain data storage
technology and modification of the contractual structure. In practice, it is time to move from
a purely refund insurance blockchain to a big data management one [54].

2.4.1. The Difference Between a Standard Smart Insurance Contract and a Multi-Period
Contract

‘What would be the difference between a standard smart insurance contract, one with instant
effect, compared to a multi-period contract? One of the main differences was highlighted at
the end of the previous section. It is quite clear that the main difference is in the term “multi-
period”. In this case it is appropriate to clarify this term, because multi-period is not
necessarily synonymous with long-term just as the smart standard contract is not synonymous
with short-term.

The desired multi-period implementation within smart insurance contracts is subject to the
fact that, periodically, through the storage of data from external certified sources, using
blockchain technology, the contractual structure can change, ie. the premium, the sum of
compensation, or the determination of the percentage of risk [55].

Therefore, even if facing with insurance to natural disasters, the determined periods may
be related to prolonged periods. In this way, the determination of multi-mode concerns the
scanning of temporal phases in which it is possible to change and modify essential elements
of the contract without the latter termination or requiring a new agreement between the
parties.

The second difference concerns the method of using blockchain technology. Picking up one
of the smart contracts mentioned above in the insurance field, blockchain is simply used in
two steps: i) validation of the insured event, such as the hours of flight delay, and ii) the
payment of the sum of money.

In other words, in the very few applicative experiences that have taken place in the last few
years, insurance companies first made use of blockchain technology as an instrument to verify
an insured event. The information, using as an example the AXA contract, deriving from the
airline are stored within the blockchain data flow and any event of delay beyond the allowed
limit "unblocks" and acts as a check and authorization for the second step.

The one-dimensional perspective of the contract in relation to the uniqueness of the period,
understood as a contractual phase, emerges clearly. The data entered and the "transformation"
of this data through blockchain technology into legal effects, such as compensation, are
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contained in a single phase, without any possibility, that extends or changes the contractual
structure. Therefore, in these one-dimensional insurance dynamics, blockchain technology
performs as verifying agent, regardless of the will and the consensus of the parties or external
events [56].

Nonetheless, the contract that, hopefully, will be implemented in the future, may involve a
completely different dimension — that of periodic data scanning, aimed not at the termination
of the contract, but at its evolution, change, and adaptation.

In the perspective of a multi-phase contract, using blockchain the relevant data, in
accordance with the insurance dynamics against natural hazards, might able to create and
store a network of useful information to counteract the harmful phenomenon of risk. The
implementation, in addition to the aforementioned characteristics of a smart insurance
standard contract, involves the perpetuation of the contract, step by step, following the flow
of data and the physiological modification of the initial parameters to which the parties have
expressed a consensus.

2.4.2. Regulatory framework for Smart Multi-Period Insurance Contract and Possible
Multi-Phase Contracts with Constant Data Flows

The minimal and necessary features of a multi-phase contract are described as follows:

— Onerous, and therefore, taking up the standard scheme of an insurance contract, the
agreement is based on the bilateral provision by which the insured party pays, at agreed
intervals, a sum called the insurance premium, to the company, which, in the case that
the insured event occurs, compensates the damaged party [53];

— Aleatory, in the sense that the insured event, even if determined, described, and
outlined, is uncertain in its occurrence [5];

— information technology (IT), in the sense that the stipulation of the contract occurs
through an online platform through blockchain technology. In particular, the methods
of signature are constituted by the expression of consent through the use of a digital
signature device;

— Blockchain Technology. A blockchain consisting of nodes and arcs can be fixed in the
typical supply chain structure comprised of nodes and arcs and thus can be used to
capture both organizational and network risks associated with the supply chain;

— Real time data flow, in the sense of an IT contract structure able to receive data and
information related to the insured asset and related environment able to modify time
after time the initial parameters set out in the stipulation of the contract [57];

— Automatic renegotiation, automatic consensus, in the sense that the contract,
considering the flow of data, capable of physiologically modifying the initial
parameters of the contract, is legitimated, in relation to the flow, to change economic
conditions even when the new conditions result in peius for the so-called weak party,
the insured subject.

An analysis of the contracts disseminated with the individual characteristics mentioned
above can be carried out by determining some cases that are widespread within the Italian
regulatory system.

As far as the cost of the contract is concerned, this is meant as the one in which a subject
receives an advantage in exchange for a non-gratuitous disbursement, defined as performance.
There is a close relationship between advantage and performance, a causal link. A typical
example in the Italian civil code is represented by the sale, regardless of whether it concerns
movable or immovable assets, in which a subject pays a sum to another party and the latter,
as a counter-claim, sells the asset de quo [56].
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The dynamics inherent in the concept of *“aleatory”, on the other hand, pertain to the
uncertainty of the occurrence of a determined event. Remaining in the specific theme of
research and paper, clearly the insurance contract is a perfect example [58].

IT technology is inherent in the inevitable chaos of digital contracts. In particular, a digital
contract is an agreement entered into on an online platform through which legal effects
desired by both parties emerge. One of the best-known digital contracts is certainly the one
related to e-commerce platforms, through which the buyer, in exchange for a payment, in
most cases by credit card or similar means, purchases one or more assets on a website, which
can act as a vendor tout court (Nike store, Ticketone) or as a mere intermediary (Amazon,
Ebay). More generally, IT technology makes it possible to exchange not only information on
the internet, but, for the first time, properties as well. Not therefore the simple payment or
exchange of goods and services, but, thanks to this innovation, any other form of collaboration
between people can take advantage of the possibilities offered by the network. All
transactions carried out to date and verified directly by the system are recorded in it. In fact,
transactions are only possible if they are approved by 50 % + 1 of the nodes [59].

The European association of credit institutions has, in one of its reports, expressed a
positive opinion about the reliability of the blockchain system. The main characteristic of the
whole architecture of computer science can be synthesized with a single term:
decentralization. In fact, there is no central repository in any blockchain but a peer-to-peer
between users, by entering transactions in blocks [60]. In standard blockchain architecture,
transactions are created from active components inserted in the network: the active user is
called “‘node™ and transfers Bitcoin to another node inserted in the network. The blocks of the
network are created, in a chain, by other participants in the architecture that are defined as
miners. To create blocks, miners must solve complex algorithms and, if they succeed, they
are rewarded with bitcoins. The newly created fransaction is distributed and validated
following a rigid verification protocol to avoid, among other issues, the problem of "double
spending". In practice, the validity of one transaction is confirmed with the consent of the
nodes of the network on the basis of parameters set for the operation of the network itself.
The nodes that validate a transaction are rewarded with Bitcoins. When the validity of the
transaction is verified, the miners put it in a block and the transaction is executed (performed)
with full respect to privacy [42].

The data flow, as consecution of information entered in an IT platform, can be understood
thinking of what is set out above regarding the smart insurance contract on air delay.
The peculiarity of this contract is the discrepancy between the initial condition, and,
therefore, the uncertainty inherent in the event, and the event itself. In practice, following the
random logic of the insurance contract, the peculiarity consists in the input of data in real
time and the consequent immediate simultaneous supply of the sum established in favor of
the insured subject. The modification of the facts as well as the occurrence of any event, are
elements able to produce legal effects directly embedded within the blockchain technology
[43].

In the determination of a new possible contract, the flow of data excluding the provision of
any sum, it would have exactly the same function previously proposed.

The last single feature inherent to the possible implementation of the contract de quo,
concerns the forecast and contextual acceptance of the parties, of the modification in fieri of
the economic conditions.

This profile is closely linked to the data flow above. In particular, a data entry could be
envisaged as per the insured asset, as well as the suwrrounding environment, capable of
modifying the economic conditions, and therefore the insurance premium [61].
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A contract to refer to and to use as a potential analogous tool is the so-called “variable
interest rate mortgage™.

A variable rate mortgage is a type of mortgage where interest rates vary based on the
performance of certain parameters indicated in the contract.

The reference parameters to which the interest rates are linked are usually the Euribor
(EURo Inter Bank Offered Rate, i.e. the average interest rate of the financial transactions in
Euros between the main European banks), the IRS (Interest Rate Swap) — EuroIRS or the
Official ECB Reference Rate. The Euribor (Euro Interbank Offered Rate) is the interest rate
used as an indexing parameter for variable-rate mortgage loans. The Euribor has replaced the
national indexes since January 1, 1999.

Euribor is calculated daily as a simple average of the quotations recorded by a group of
banks representing the European and world credit panorama selected by the European
Banking Federation.

The reference rate for variable-rate mortgages is published daily at 11 a.m. (GMT) by a
group of banks representing the European credit landscape. There are currently 20 institutions
that contribute to the Euribor [62].

Summarizing the main section, regardless of the will of the parties that have signed the
contract, the data coming from a third party, the may involve economic changes Should the
Euribor, with the flow of data, be capable of modifying, inaudita altera parte, with the
increase or decrease of the interest rate, the economic conditions, may impose changes on the
parties. A similar idea can be applied to insurance smart confracts against natural hazards.
The flow of data entered into the digital blockchain platform is capable of modifying the
parameters, such as risk and insurance premium, regardless of the parties’ will [63].

2.4.3. Implementation of the Multi-Period Smart Contract: Potential Drawbacks for the Smart
Insurance Contract against Natural Hazards

In this first methodological phase, the authors, by background and by connection with local
insurance companies, have focused attention on the study of the normative dimension within
the Ttalian panorama.

It is necessary to define the standard insurance contract within the Italian civil code which,
moreover, in substance, does not differ absolutely from that of other major European
countries. Article 1882 of the civil code states that insurance is the contract with which the
insurer, following the payment of a fee, defined as a premium, is obliged to compensate the
insured, within the agreed limits, for the damage that the latter suffered from a claim, or to
pay a sum or an annuity upon the occurrence of an event related to human life.

Therefore, the first characteristic outlined, namely the fact that the contract is onerous, is
absolutely transferable to the new agreement as an essential element and inherent to the
definition.

Regarding the alea, as a determining element of the insurance contract, the risk is
attributable to the abstract possibility that a damaging and detrimental event of a certain
interest of the subject occurs. It is easy to understand how it can remain in a “latent” shape,
more properly potential or materialize, when that possibility mentioned in abstract terms
becomes real. The risk must therefore be possible (albeit with a greater or lesser likelihood
of verification that affects only the amount of the premium), but objectively uncertain (i.e.
caused by external causal factors and not by the parties, unaware of the possibility of
occurrence and when), while, as mentioned, harmful and detrimental to the protected interest.
The state of objective and absolute uncertainty that characterizes its essential features with
the probabilistic forecast of the fact, human or natural, which is detrimental to the protected
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interest must already exist effectively at the time of adherence to the policy, since its lack ab
origine determines the invalidity ex tunc of the contract due to absence of cause (art. 1895),
while the termination of the contract results in the termination of the relationship, again for
lack of a causal justification. And, therefore, even this single characteristic has no impediment
to its inclusion in the new contract.

The next three characteristics, i.e. IT, blockchain and real-time data flow, can be analysed
together. In particular, since these characteristics are extremely distant from the
determinations referred to in the 1942 civil code, it is possible to make a comparison in
relation to the contractual experiences that have developed in recent years. As mentioned
above, it is precisely the AXA contract, to give an example, among the particular
implementations of blockchain technology in the insurance sector that provides a
methodological answer. In fact, the AXA contract perfectly encompasses the three
characteristics de quibus.

Without going into detail already explained in the previous section, the smart insurance
contract against flight delay, integrates IT consistency, being completely digital, able to be
stipulated by using an app on a smartphone.

It also uses blockchain technology, and by reconnecting to the third profile, it uses the
aforementioned technology to: 1) verify the flow of data, in particular the possible
communication of the delay or arrival on flight time, 2) certify the information received, and
3) pay the agreed sum in the case of delay.

For the purposes of drafting this paper, it is worth highlighting that almost all the features,
some of which are inherent ex se, such as compensation and the alea, others for subsequent
implementation, such as IT, the flow of data and blockchain, are adaptable to our contract
implementation project.

In regards to the dynamics of the renewal of the consensus to change the initial parameters
of a contract, it seems appropriate to briefly outline a double scenario. Prima facie, the
dynamics of the variable rate inherent to the loans, by structure and contractual frame work
do not seem to coincide with the insurance dynamics, and therefore, and this is the trait
d'union with the section of engineering mitigation risk, [64] it appears extremely prudent to
operate a contract in which a high premium insurance is envisaged, above the real initial risk.
In particular, when the initial conditions change in peius, the premium in any case continues
to be suitable from the point of view of the insurance company for the continuation of the
activity, and when, with determined time scans, reconnecting to the theme of the multi-period,
the risk conditions reduce the difference between the bonus paid and the premium that,
ideally, would be corrected from a mathematical point of view, could be used to create risk
mitigation structures. [65]

With regard to possible implementation and the combination of purely legal aspect, i.e. civil
insurance and smart contract /atu sensu, it is worthwhile to add that Italy has proved to be a
precursor of the times and has promulgated a specific regulation, D.L. 135/2018 modified in
L. 12/2019, currently in the implementation definition phase.

As far as European regulations are concerned, the supranational legislator, within the smart
contract discipline, including cryptocurrencies and blockchains, has moved along two lines.
On one hand, through the introduction of binding regulations, such as, Regulation 910/2014
(which repeals Directive 1999/93/EC) 1127/201; and on the other, through mere resolutions,
notably 2018/2185 of 13.12. 2018, addressed to specific bodies within the Parliament, urging
the Commission to develop a draft of technical standards at the level of the relevant
international organizations, such as ISO, ITU and CEN-CELENEC and to promote an analysis
of the existing regulatory framework in the various Member States in order to verify the
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overlap and applicability of smart contracts, strengthening, if possible, their validity through
legal coordination or mutual recognition among Member States.

2.4.4. Other Aspects in Insurance Smart Contract: Link with a Bavesian-Quantitative and
Engineering Context

The closure of the aforementioned section and the simultaneous and relative apparent
impossibility of operating an analogue implementation between insurance and loans,
determines a mandatory and natural involvement of two distinct scientific areas. The first is
actuarial science, the application of which, prodromal to the implementation of the contract,
consists of the draft of a Bayesian model and engineering science to determine possible risk
mitigation structures in relation to the income of difference between insurance premium and
the actual risk borne [66].

Considering the current instruments for an economic mitigation of cat-risks due to natural
hazards, traditional reinsurance, cat-bonds and resilience bonds, our Bayesian approach
concerns a similar approach to the resilience bonds scheme that is not only compensation
coverage of eventual damages, but also the chance of financing infrastructures for mitigating
risks. Our methodological proposal is based on the calculation of an insurance premium at
issue date and at every updating time, based on information collected at each time in a classic
Bayesian adaptive scheme, such that the premium level may automatically change over time.
Furthermore, at each renewal scan time, part of the eventual surplus of the premium paid in
respect to the payments procured for damages shall be (automatically, settled in contractual
conditions) used for financing mitigative infrastructure. Blockchain technology has the role
of certifying reliable new information and also the state of mitigative infrastructure, which
can vary according to the use of the surplus as mentioned before [67].

3. RESULTS AND DISCUSSION

From the proposed literature review, it is highlighted that a blockchain technology applied
to smart contracts in the insurance sector against natural hazards has an important role and,
as of vet, unexplored potential.

In fact, the blockchain and smart contracts could have a tremendous impact on the use
insurance in disaster risk reduction (DRR) strategies, in turn strengthening resilience to
natural disasters. In this way, the implementation of a blockchain platform would speed up
claims processing, reduce operating costs, and have the possibility to develop a more
up-to-date policy premium in real time. In this scenario, a smart contract could facilitate
reimbursements based on data collected from various available sources including a
connection with cloud-stored ‘Big-data’.

With this in mind, this paper proposes a methodological approach using the blockchain as
supporting platform technology involving four distinct scientific areas which are
interconnected inextricably: engineering, insurance-actuarial, legal, and IT (Fig. 1).

This represents an innovative multidisciplinary platform towards an optimized interaction
of the regulatory, insurance, and engineering dimensions in order to move towards the
development of a tool capable of implementing the potential data processing of different types
of information: the use of the blockchain technology within risk reduction strategy to natural
hazards can support this transition.
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Fig 1. Novel multi-disciplinary approach for blockchain implementation.

In this specific definition, a blockchain platform customized for the insurance market on
“community” risks could be applied for an environmental risk in a certain geographical area,
the potential damages of which are borne by both individual citizens and the public
administration of the entire community.

Disciplines involved:

— Engineering: estimate of the probability of an accident due to environmental risk (i.e.
floods), design and evaluation of risk mitigation tools, estimate of potential damage;

— Legal: legislation for the possibility of public-private synergies, both for investments
in risk mitigation tools, and for implementing "community" forms of insurance, and
for supervising the digital platform;

— Actuarial: quantification of the bonus for the transfer of the coverage of the potential
damage (also in terms of reinsurance layers);

— IT: setting up a digital platform (blockchain) in which the subjects that take charge of
the risk (public administration, private, insurance already in place), offer parts of the
risk coverage to potential investors, with “prices” (premiums) already agreed
according to actuarial valuation principles.

Merging the information coming from different data sources and disciplines in the proposed
methodological approach, the role of blockchain technology is the certification of the
collected information and the automation with which the contractual terms (i.e. the premium
level and the sharing of the surplus) should change at each updating time. Such automation
is the core of the concept of smart contracting, that is an update of the contract without a new
bargain between the two parties. The legal aspects such that smart contracting is really
admissible for this kind of insurance contract, have been analysed in the paragraph above.

The first step of the proposed methodological approach will be oriented towards the creation
of an inventory of local hazards, the assessment of their occurrence, and the overall potential
impact on the asset at risk based on patrimonial and non-material damages [68]. Finally, the
definition of potential specific mitigation strategies applicable in a local context should be
mapped and included within an overall inventory. Through this process, the assessment of the
potential benefits of mitigation strategies addressed within the infrastructural dimension
should be carefully explored.
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The proposed innovative platform based on the developed approach could give an
opportunity to use open source data and “Big data” in a certified and validated way. In the
context of defining the premium via a computation/risk assessment, the blockchain would
play the role of a shared ledger recording a history of persons (both physical & legal in terms
of previous claims, committed infractions, health history, damages, etc.) and immovable
assets. Insurance companies could trust the data use for the policy definition and
automatically (and up-to-date) determine the premium. In this perspective, blockchain and
smart contracts could be used in a flexible way even activating or deactivating certain policies
and coverage, based on data collected and validated by the platform itself.

Within this view, blockchain technology represents a good platform to mitigate risk [69]
and vulnerability towards the collection and analysis of different data sources [70] (i.e. Big
data related to GIS systems, Environmental variables, Exposure data, Social media data, legal
constraints, etc.). In this way, a real time risk assessment and thus a better definition of a risk-
based pricing of insurance policies faced with potential disaster losses will be possible.

This would thus represent a more advanced system to use insurance as a more adaptive risk
reduction tool aiming to increase the overall resilience and to better allocate financial
resources towards more vulnerable areas.

The application of such an approach could also play a relevant role for urban disasters for
which disaster management is still an issue that needs innovative approaches to build urban
resilience strategies. Moreover, this perspective becomes even more relevant towards
sustainable development plans and strategies according to the framework of the so-called
Sustainable Energy and Climate Action Plans (SECAPs) for Municipalities [71].

Nevertheless, there are several concerns about the adaptation of a blockchain-based
platform for smart contracts even including those for natural disasters. As mentioned by
Gatteschi et al. [72], one limitation is scalability. This implementation limit is related to the
fact that, although the transactions in a given system are relatively low, the possibility of flow
congestion of the connected servers is high, and in a contractual context, this aspect certainly
represents a limitation. This also increases the risk that accidents could occur during the
transaction. Furthermore, the same study highlights that there is a criticality on the integration
of different application developed by different blockchain platforms. Finally, there is an
intrinsic complexity of the platform itself when experienced by “average users”. This could
lead to scepticism of fraud associated with blockchain products like Bitcoin.

After having explained the section dedicated to the actuarial part [73], it is necessary to
explain the multidisciplinary connection. In fact, the latter is fundamental for innovative
technological implementations [74] and shall pay attention to a new possible contractual
implementation in the insurance field [75].

Specifically, the proposed approach proposed is a Bayesian calculation method.

Regarding the last methodological part — IT — the authors, stating that for logical
consequence they preferred to focus on the areas mentioned above, the IT sphere has been
addressed through a specific method on the study of the various blockchain platforms and on
the empirical evidence of a stipulation of a smart contract.

4. CONCLUSIONS

Insurance dynamics against natural disasters have been evolving for several years.
The theoretical and practical aspects involve several fields of expertise in a multifaceted
interaction among environmental, engineering and insurance dimensions.
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This paper proposes a basis for a quantitative framework to strengthen the role of risk
insurance for risk reduction strategies towards a potential blockchain platform merging
actuarial, legal, and engineering dimensions.

The novelty of this paper is two-fold: first, the paper identifies the potential of using already
existing mechanisms, like the periodic premium renewal in smart contracts, applicable to
natural disaster insurance; second, the paper highlights the need for a more quantitative
approach including a multi- and inter-disciplinary framework interfacing on a blockchain
platform.

Within this paper, the possible benefits of the implementation of blockchain technology
from an insurance perspective in terms of assets at risk, has been proposed.

The methodological perspective that the authors have chosen is relevant for reducing risk
from several perspectives. In particular, in the first place, it allows an analytical study of the
immovable asset insured and, for this reason, the above determinations involve a greater
knowledge of the area involved and a lower risk of an unexpected disaster. As explained
below, the final insurance agreement allows an investment of a variable amount to be
allocated exclusively toward risk mitigation.

The authors point out a first result, in the sense of highlighting an evident regulatory gap
within the insurance scenario, also outlining the numerous advantages that would derive from
the implementation of blockchain technology under a Bayesian quantitative method.

Moreover, it is worth highlighting that in Italy and, more broadly, in Europe there is
regulatory framework capable of welcoming the proposed smart contract, and the clear proof
is the example set out in the Fizzy Axa contract. There are no impediments to the
implementation of the insurance contractual framework through blockchain technology, with
real-time data flow.

The aforementioned flow, due to the substantial and regulatory differences highlighted
between the insurance contract and the variable rate mortgage is an example of a contract
capable of changing economic conditions to outline the time and the risk and the relative
"correct" insurance premium.

It is precisely from the apparent impossibility mentioned above that the engineering risk
mitigation profile originates. If it does not seem possible to change the economic conditions
for the weak party in peius, there are no impediments for both parties to decide for an
insurance premium higher than the initial risk. This can be based on the establishment, at each
scan time period, the any surplus between actual damage coverage and paid premium
insurance is intended for the implementation and construction of risk mitigation measures.

The output of this scientific paper can be divided into three sections: the first concerns the
creation of a methodological basis through which to outline all or part of the implementation
research project as set out above. Therefore, the first output concerns the explanation of "how"
possibly reaching a normative, engineering and actuarial implementation and improvement.
Secondly, the paper seeks to highlight the regulatory provisions, especially in Italy, within
which insurance companies can move in the field of smart contracts, in particular by
connecting these to a dimension against natural hazards.

The main outcomes of the present study are thus oriented towards the proposal of a novel
multidisciplinary approach considering legislative, engineering and actuarial dimensions. The
aim is to create an assessment tool for the insurance sector in order to quantify the benefit of
mitigative risk reduction measures coping against natural hazards.
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Abstract

The analysis proposed in this study concerns literature reviews among the ways in which insurance companies
cope with climate change, natural disasters and climate risk management. The paper aims to explore the several
adaptation measures against climate change adopted by insurance companies for the development of models able
developing an acceptable risk forecast. The importance of the paper is substantiated in a structural analytical study of
the most important literature on the adaptation of insurance companies to climate change, highlighting the
methodologies and specific cases. The conclusions of the paper highlight the natural relevance and relationship
between insurance companies, the mandatory interface that year after year the insurance companies have to face and
especially the numerous tools that have been developed by the latter in the insurance and reinsurance field for the
natural hazards

Keywords: Natural hazards; insurance companies; risk management; climate change

1. Introduction

At EU and world level there is an evident need to face with challenges related to the occurring of natural
disasters. In the light of constant increase of the global population and thus of the infrastructures interfacing with any
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community there is a growing exposure to disaster related hazards. Moreover, the effects of a climate change are
contributing to increasing the likelihood of disruptive occurrence of natural disaster. Even if the effects of the Hyogo
framework [1] have been relevant in terms of important benefit on decreasing the number of live lost, the effects of
the disasters still greatly affect the social-economic capacity of the community prone to the disaster. Swiss Re’s
report of year 2013[2] evaluated a total amount of 308 disaster events (150 were natural catastrophes and 158
technological) with almost 26 000 lost lives at EU level. Specifically, Europe has experienced a total amount of § 33
billion of economic losses with about 50% of insurance payments [3].

Based on the abovementioned background insurance represents a key tool within Disaster Risk Reduction (DRR)
strategies in line with the Sendai Framework priorities [4]. Recently the use of an integrated approach involving
whole insurance industry, local/national governments together with the experiences offered by donors, NGOs and
academia has significantly developed [S].

Specifically, this paper focuses on an overview about the relationship and role played by\insurance companies
within the disaster and climate change risk management and how they can bring benefit during prevention,
preparedness and adaption phases of disaster management. The overview will try to explore the connection with
macro-economic dimension as well as policy levels.

The paper clarifies the way of insurance companies’ schemes to interface with natural disasters [3, 6], risk
prevention and mitigation techniques and financing or payment of the price following the event. In particular, the
literature review wants to assess the role of subjects involved in the difficult relationship mentioned above, the main
related issues and possible development of risk reduction approaches in synergy with the private and public market.

2. Literature review on insurance companies in disaster risk reduction and management
2.1. Insurance companies facing with adaptation measures to climate change

First of all, it seems preliminary to clarify whether, actually, especially in recent years, at least on the date of the
second industrial revolution, it would be possible to speak tout court of disasters (totally natural). A dramatic
response was provided by Yeb Sano, head of the Philippines delegation at UN climate talks in Poland (November
2013). It should be remembered that shortly before the emotional speech made by Mr. Sano, Philippines were badly
hit by a typhoon that caused countless human and economic losses and that still continue to have repercussions latu
Sensii.

He told he would refuse to eat until progress was made. In a nutshell, he linked the "staggering" devastation
caused by Typhoon Haiyan to a changing climate. "In solidarity with my countrymen who are struggling to find food
back home, I will now commence a voluntary fasting for the climate, this means I will voluntarily refiain from
eating food during this Cop, until a meaningfil outcome is in sight ... What my country is going through as a result
of this extreme climate event is madness, the climate crisis is madness. We can stop this madness right here in
Warsaw” [7].

And it is precisely from the climate change that the paper originates with a first reflection about the
interface between it and the insurance companies [8] or the stakeholders latu sensu. It is a fact that climate change is
a factor that involves changes and countermeasures for any company [9]. Indeed, as stated by several authors [10],
climate change should be one of the areas of greatest interest for companies to place on their agenda. Insurance
companies are absolutely not exempt from this obligation [11] of confrontation to climate change. Indeed, far from
it, insurance companies are, certainly among the subjects most affected by climate change. Indeed, they must be
understood “on the fiontlines of climate change [12].

Before highlighting the various strategies of adaptation of the insurance companies [11] according to the
most important literature in this study field, it is worth remembering that most of the studies have had as their centre
of research a specific case. In particular, the authors that referring to specific case study approach [13] have helped
to highlight important issues. Nevertheless, the proposed studies highlight lacks on proposing a more extended and
general approach applicable to all insurance companies and different situation facing with natural disaster.

Resuming the first part of the paper on the fact that climate change affects most companies in the market
[14], the role of insurance companies on adaptation strategies fo climate changes is becoming starting from the
second half of the twentieth century. A prerequisite for understanding the various types of adaptation mechanisms
proposed by the most influential literature concerns the impact (direct or indirect) [15] of climate change on
insurance companies in connection to the evaluation of financial consequences. In short, the direct impacts are the
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“cause effect” relationship between the natural hazard and the structure of the company, i.e. the real and immediate
effect of the disaster on any part involved in the company. On the other hand, the indirect effects affect the residual
consequences of the disaster, from economic to social effects [16].

Although there is lack of interest on the direct impact assessment there are several evidences on the effect
of climate change in the daily activity of a company, not necessarily insurance [17], and how this aspect is relevant
for companies tout court [18]. For example are reported cases that required the change of the company operative
place as a result of temperature or water raising, occurred of a flood or even a structural damage connected to
typhoon or earthquake.

On the contrary, as said before, indirect impacts concern social, regulatory, economic and cultural changes,
without forgetting the possible consequences on the role or the decisions of the stakeholders [19]. In the following,
according to the major literature, all the adaptation measures concern indirect impacts.

After making the necessary premises and framing the scope of adaptation measures, entirely related to
indirect impacts, it is now necessary to examine the financial consequences. In particular, the two main financial
consequences are decreasing revenues and increasing claims expenses [20]. As Maynard stated, both sides of the
balance sheet are affected [21].

In this part is proposed a classification of adaptation measures in the insurance companies to climate
change impact based on the collected references.

Two of the most important authors who have undertaken to draw up a possible classification in the sense
are definitely Dlugolecki [22] and Mills [23]. The first of the two has developed a classification divided into four
categories risk reduction, damage control, product price adaptation and risk transfer. Mills, has obtained greater
feedback from the public and from the market. In particular, Mills proposes a classification divided into ten
categories of adaptation measures, based on economy, financial technic and policy [24]. Among the ten adaptation
categories, the following next six categories are those related to climate change.

For the first group of categories, Mills points out that insurance companies promote and encourage any
activity for understanding the climate change problem, because data collection, catastrophe modelling and risk
analysis are prodromal for evaluating climate change risks. In practice, in order to gain greater knowledge of the
dynamics of climate change, insurance companies, in addition to the standard work referred to the civil code and the
insurance code of any legal system, invest in their own research, [25] creating research teams or assigning external
research institutes for specific tasks [26]. Mills also points out that for the second category insurance companies are
“building awareness and participating in public policy”. In order to stimulate the protection of private property
against disaster, policyholders must be acquainted and aware about climate change impacts, possibilities of long-
term physical risk reduction and related adaptation. The third category group, “aligning terms and conditions with
risk reducing behaviour”, aims to make policyholders aware of the impact, or even better, to push them to
consciously and actively reduce the risk associated with it through specific implementation measures. The next
category related to the adaptation measure refers to “new insurance products and services”. Specifically, these new
economic tools are necessarily and closely linked to already existing insurance products offered by the insurance
companies. For example, one of the innovations in this field is the so-called adjusted gross revenue (AGR), a new
USA insurance tool that ensures the harvest through the provision of a quantum in cash proportionate to the average
income of previous years. The last two categories referred to in the Mills classification are respectively related to
“investment in climate change solutions” and “financing customer improvements™ [27]. The author, in order to the
investments above, points out that rebalancing their asset portfolios, insurers participate in investment opportunities
due to climate change, meanwhile in order to the last category he sets out that such operation should be promoted by
both insurance and bank sectors, but he admits only minimal efforts in this field has been showed by all the subjects
involved.

2.2 Insurance companies’ different approaches to natural disaster

In this section the paper has an emphasis on the next steps of various adaptation measures to climate
change for insurance company, i.e. the possible financial and economic mechanism to be performed in relation to a
natural hazard. The possible insurance operations in relation to a natural hazard vary a lot depending on the country
where the insurance has its registered office and where it stipulates the contract [28]. The differences are notable,
and to conclude this literature review, it seems necessary to draw up the most important.
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A first distinction concerns the relationship between private insurance and public interventions that can be
modulated on a range of different systems ranging from exclusive dependence on the market to complete public
monopoly. Meantime interesting forms of cooperation between the public and private sectors through reinsurance
through public bodies or addressing the risk to the financial markets can also be relevant [29].

A second difference relates to the type of risks covered which can essentially provide for three different
types of coverage: the mono-linear one (coverage of a single type of risk, such as hurricanes or earthquakes, etc.),
the one protecting a list of specific events; the open one that covers any natural catastrophe [30].

The cost of covering risk is preeminent. The cost of the policies may vary depending on the amount of the
capital insured, based on the type of risk, the lower or greater exposure of a certain tewritory to the risk considered or
the incentives that the public body makes available to the insurance companies [31].

It is also necessary to take into account the damages covered: most of the systems cover only direct
material damage (some systems only consider buildings and others include goods contained in homes). However,
there are cases in which coverage also extends to the loss of income due to the calamitous event. The Spanish
system also considers personal injuries [32]. Another difference concerns the limit of the insurance claim [33].
Despite the fact there are few systems that, thanks to the state guarantee, offer unlimited damage coverage, generally
a maximum limit is set for the compensation for each type of damage or for each type of event. In addition, there are
almost always specific deductibles that are designed to discourage customers claiming compensation for irrelevant
or unproven demonstrable damages.

Moreover, the bureaucratic part linked to the issuing of an official natural disaster declaration should not be
de minimized. Generally, this declaration is issued by a specific public body specifically appointed and is the
necessary condition to open a claim. However, in the case of Spain, this official declaration is not necessary and
covering risk is not subject by the extent and amount of damage [34].

The last characteristic of different insurance companies' approach to natural hazards concerns the financial
reserves of guarantee: due to the need to maintain a considerable tied-up capital to guarantee interventions to natural
disasters, some countries stimulate the accumulation of funds of guarantee through favourable fiscal arrangements,
other countries, on the other hand, inplement other measures, more inherent to the financial market such as those
related to the contingent capital [35].

2.3. How insurance can be beneficial in disaster and climate risk management

Given the natural correlation between natural risks and insurance companies, the latter, over the years, have
developed some tools to interface in a productive and suitable manner for the needs of a problem as serious as that
of an earthquake or a flood [36, 37]. In particular, insurance companies, without distinction, have been able to
develop insurance and reinsurance tools in order to completely reduce the risk of a possible insolvency on their part
whether the risk actually would take place [38].

Given the impossibility of a complete structural analysis of each single tool, perhaps it is the case of a
drafting of a table with the analytical description, the social and economic function, the advantages and the
challenges that the greatest of these are addressed [39].

Table 1. insurance and risk transfer tools to natural disaster, adapted from [39]

Name of tool - systematic Description Advantages Challenges

framework

Natural Catastrophe Bonds - Type of insurance m which For investors: relatively high The most complicated challenge

Alternative risk transfer securities are involved payback and low correlation concerns the diffusion and

tools/ insurance- linked (derivative bonds) that transfer involvement with other asset disclosure of bonds in relation to

securities (ILS) natural catastrophe classes mean promise of the population less accustomed
(re)insurance risks to the capital diversification. to the financial and reinsurance

market

For sponsors: CAT bonds allow
access to a quite large pool of
capital and guarantees long
coverage periods. More
convenient m these terms than
conventional re-nsurance.

world Furthermore, it would be
useful to reduce the total cost of
the operation and simplify the
legal and economic
documentation.
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Indemnity nsurance
(a) Single Peril

(b) Multiple Peril -
Traditional insurance

Type of insurance by which the
claim is caleulated on the basis
of the degree of damage from the
event immediately following the
moment in which the event takes
place

The amount and emoluments
payable by the insurance
company are based on actual
damage and the project and the

methods of distribution are
established on a contractual
Dbasis.

In particular, this type concems
moral hazard, adverse selection
and a particularly lugh cost for
the conclusion of the operation.

‘Weather Derivatives -
Alternative risk transfer tools
(ILs)

Type of insurance in which
intermediation takes place that
provide options on weather
indices (i.e. a rainfall ndex) for
specific sectors.

It can indifferently be used on a
sector or on a company basis
(level) and allows access to the
financial market, by reducing the
11sk on the part of the insurance
company, just lke the CAT
bonds tool, which is one of the

Dissemination of a weather index
accessible to  the  entire
population to prevent the most
vulnerable people from being
excluded. Moreover, the costs
and the diffusion due to its
purely financial conception have

cardinal principles of the so-
called remsurance.

always hindered the evolution of
this tool

3. Conclusions and discussion

The conclusions, in agreement with the aim of the paper, move towards three foundational guidelines. The first
concerns the importance of the established relationship between natural hazards and insurance companies. The
relationship established over the years has become increasingly important both in a private and public dimension
and involves public and private citizens as also mentioned the study of Kolk et al. [40]. The second conclusion
concerns the studies and adaptation classifications presented by different researcher and insurance companies in
particular to interface in the best possible way to the natural hazards. Given a general approach often aimed at the
study of the specific case, it seems desirable that the next theoretical and practical studies will turn towards a more
general approach applicable to all the companies involve, an item aleady similarly addressed in the study of
‘Weinhofer et al. [41]. The third conclusion, in accordance with description of the most widespread tools in insurance
and insurance, concerns a criticism of the lacks that the companies have not yet been able to fill. In particular, it
seems necessary to highlight that the totality of the tools, [42] subject to high costs, general disinformation and a
propensity to the financial world, which although theoretically positive, involves the exclusion of large part of the
population, unrelated to the above financial dynamics [43, 44].
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