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Abstract
The purpose of the paper is to investigate the attitude to risk related to low-probability, 
high-impact events. To do this, we compare the willingness to pay (WTP) to reduce mor-
tality risks and the WTP for life insurance against earthquakes. We explore whether risk 
perception affects these measures, and exploit WTP to reduce risk of fatality to calculate 
the Value of a Statistical Life (VSL) related to seismic events. We rely on data from a sur-
vey administered to a representative sample of the Italian population. Our results highlight 
that the WTP to reduce mortality risk is lower than the WTP for life insurance, and that 
the correlations between risk perception and these two measures differ. The findings sug-
gest that individuals’ preferences are directed toward risk management strategies in which 
the mortality risk is transferred to the capital market, rather than risk mitigation strategies 
involving the individual in sharing the costs and benefits with all of society.
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Introduction

In 2009, a seismic event of 6.3 (Mw) magnitude in L’Aquila (Italy) caused more than 300 
fatalities, 1,500 injuries and huge damage to buildings, infrastructures, and cultural herit-
age sites (Modica et al. 2019). In May 2012, two major earthquakes (registering 5.5 Mw 
and 6 Mw) hit the Emilia-Romagna region1 and caused severe structural damage to one of 
Italy’s most productive industrial districts. In the aftermath of these earthquakes, 27 people 
died and several public and private buildings collapsed (Meroni et al. 2017). This anecdo-
tal evidence highlights a peculiar feature characterising these catastrophes: despite their 
low-probability, they cause huge losses in terms of human lives and economic damage.

Policy makers and scholars have tried to understand social behaviour towards low-prob-
ability, high impact events. Based on a recent survey, Rheinberger and Treich (2017) found 
evidence suggesting that society tends to be accepting of catastrophe rather than averse to 
it. This apparently counterintuitive finding builds on a complex behaviour, which involves 
individual preferences towards risk and human life. It resonates also with work on the regu-
lation of risk associated with catastrophes. Sunstein (2005) argues that given the tendency 
to overestimate dreadful events, the policy response is disproportionately high in developed 
countries and results in over-investment, triggered by people’s fear and anxiety. However, 
the literature emphasises, also, that whereas people assign a zero probability to worst-case 
scenarios, if they acknowledge that the possibility exists they tend to overestimate its prob-
ability (e.g., Camerer 1995, Sunstein 2009). That is, “individuals appear either to dismiss 
low-probability risks by bidding zero or near zero or to worry about the risk so much that 
they bid in a mode substantially above expected value” (McClelland et al. 1993: pp. 109). 
The resulting behaviour is in line with so-called prospect theory (Kahneman and Tversky 
1979; Tversky and Kahneman, 1992).2

The objective of the present article is to shed light on individuals’ behaviour in the con-
text of natural disasters. We are interested in whether beliefs about and attitudes to mortal-
ity risk differ with respect to how individuals manage these risks. Our empirical investi-
gation considers two main strategies related to hazard mitigation or adaptation to hazard. 
First, a priority in risk management is preventing natural disaster losses. The individual 
can exchange wealth for a reduced risk of mortality caused by a natural disaster, which 
is the Willingness To Pay (WTP) for a decrease in the risk of premature death. This is 
achieved by investing financial resources in reducing exposure to risk and vulnerability or 
in strengthening the institutional setting to achieve a more rapid and effective response to 
an emergency (Linnerooth-Bayer et  al. 2011). Second, the individual might adapt to the 
natural disaster mortality risk and insure against this risk by means of an insurance contract 
or other risk-financing instruments (e.g., catastrophe bond, etc.). This way of managing 
mortality risk allows an assessment of whether people neglect or alternatively overweight 
the low-probability risks associated with natural disasters (McClelland et  al. 1993). In 
addition, estimating the demand for insurance is important from both a public and private 
perspective. Since insurance provides a price signal related to the risk, it can be exploited 
by policy makers to measure the welfare effects of introducing natural disaster insurance 
(Botzen et al. 2009; Botzen and van den Bergh 2012). At the same time, the ability of the 

1   Both seismic events affected the Modena province and their epicentres were Finale Emilia and Miran-
dola.
2   The prospect theory emphasises that in decision making processes people are more sensitive to outcomes 
that are connected to losses than those related to gains. This is in line with the loss aversion element.
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insurer to assess what influences the level of premium that the individual is willing to pay 
is crucial for increasing market share and improving economic performance. The latter is 
of particular importance since anthropogenic climate change may increase the incidence 
and/or intensity of natural disasters in the near future (IPCC 2014).3

The exploration of individual attitudes to mortality risk should highlight whether people 
prefer to mitigate the overall risk or adapt to the current risk level. Moreover, being these 
two strategies related to shared or individual benefits, by analysing the willingness to pay 
enables us to assess the presence of potential altruistic behaviour when dealing with mor-
tality risk associated to natural disasters. To explore individual attitudes to mortality risk 
associated with a natural disaster, we build on the stream of work that relies on stated pref-
erences methods to assess the non-market benefits associated with hypothetical scenarios 
(see, e.g., Alberini et al. 2006). Specifically, our empirical analysis is based on data from 
a Contingent Valuation (CV) survey, administered to a representative sample of the Italian 
population of 800 individuals living in areas characterised by different seismic risk levels.

The contribution of the analysis is manifold. First, we adopt and compare two alterna-
tive approaches to trading income for risk reduction. A common approach to cost-benefit 
analysis of public interventions involves measuring how much people would pay to reduce 
the risk of premature mortality caused by a specific event. CV techniques rely on the crea-
tion of a hypothetical contingent scenario which allows the respondent to state his or her 
WTP to obtain a (public) good. Both the provider of the good and the payment method 
affect the individuals’ monetary evaluation.4 The CV survey employed in our study created 
a contingent market in which the respondent expressed WTP in the form of a donation to a 
public institution which would implement the intervention to reduce the risk of premature 
mortality caused by the direct and indirect effects of an earthquake. Moreover, we explored 
a real-world scenario by asking respondents to indicate their WTP for a life insurance con-
tract. We compare a strategy involving individuals bearing the cost of the intervention and 
sharing the benefits with the whole of society, for example, implementing a solution to a 
public health threat (Onwujekwe and Uzochukwu 2004), with a strategy where the costs 
(insurance premium) and the benefits (compensation for losses) are exclusive to the house-
hold – the second strategy to manage risk.5 While the former strategy refers to mitiga-
tion of a mortality risk by financing a public intervention, the latter is at the other end of 
the spectrum and involves the individual adapting to the baseline hazard. The difference 
between these two financial decisions sheds light on the emergence of altruistic or free-
riding behaviour in the context of a natural disaster. Moreover, since in both cases the costs 
are borne by the individual, we define shared benefits as those benefits that arise from the 

3   Some studies highlight that, given the high-impact nature of catastrophes, in areas characterised by 
higher insurance density, the insurance industry may experience serious capacity problems (Berz 1999).
4   Pearce et al. (2006) provide a detailed description of several techniques that can be adopted to measure 
the WTP or to accept a compensation in CV studies. They argue that the payment can take diverse forms, 
including voluntary or coercive methods, and can influence the monetary evaluation. For instance, taxes, 
fees and charges (i.e., coercive methods) involve issues such as accountability, trust in government, how tax 
revenues are spent, etc.
5   Several authors highlight that property insurance may also provide an incentive to invest in mitigation 
measures to limit the potential damage caused by natural disasters (Botzen et al. 2009; Botzen and van den 
Bergh 2012). This can be achieved by a reduction (e.g., via discounts or partial compensation from govern-
ment) in insurance premiums based on ex-ante mitigation measures. This does not change our empirical 
setting since in this case also the costs and benefits accrue to the household.
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public intervention and idiosyncratic benefits as those that accrue to the individual (house-
hold) in the case of WTP for life insurance.

Second, we contribute to the extant literature by focusing on seismic events. Few stud-
ies examine individuals’ attitudes to risk from earthquakes. However, they are of particular 
interest in the Italian case since most of the Italian territory is affected by seismic risk and 
Italy’s history has been marked by numerous earthquakes. According to the Italian Para-
metric Earthquake Catalogue (Version 2015; Rovida et al. 2016) between the years 1000 
and 2014, there were 4,584 earthquakes with intensities greater than 5 and/or magnitudes 
greater than 4.0 Mw. However, despite the high propensity for earthquakes in Italy, so far, 
there is no strong or effective policy focused on reducing earthquake mortality.

Third, we examine what influences the WTP for a reduced mortality risk through public 
intervention and the WTP for insurance against earthquakes. To do this, we statistically 
analyse the effect of the individual’s demographic (age, family size, etc.), behavioural (risk 
perception, propensity to donate, experience of past events, etc.) and economic (income, 
source of income, etc.) characteristics on the WTP to mitigate the risk or finance a risk 
adaptation strategy.

Fourth, whereas the damage to property caused by natural disasters has been explored 
extensively in several studies (Kouski, 2019), the focus on exploring social attitudes in the 
context of low-probability, high impact events that affect health has been slight. The pre-
sent paper contributes by exploring the demand for insurance against mortality risk. To do 
so, we build on the extant literature and create three main indicators: (i) the willingness 
to pay for insurance purchase, (ii) the willingness to insure, which measures in a dichoto-
mous way whether the individual is willing to sign an insurance contract or not, and (iii) 
the conditional willingness to pay for insurance which is calculated on those respondents 
who are willing to pay a positive amount of money to insure their life against earthquakes. 
The analysis confirms previous findings about the effects of catastrophes on the demand 
for property insurance and provides evidence that natural disasters trigger a broad range 
of attitudes to behavioural risk that go beyond increased purchase of property insurance 
(Skidmore 2001; Fier and Carson 2015).

Furthermore, to provide implications for policy making in the context of mitigation of 
the effects of natural disasters, we calculate the Value of a Statistical Life (VSL) associated 
with seismic events. The VSL can be estimated based on the WTP for a reduced statistical 
risk of death arising from a specific danger.6 Most work on VSL is related to road accidents 
(De Blaeij et al. 2003), air pollution (e.g., Vassanadumrongdee and Matsuoka, 2005) and 
generic risks (e.g., Alberini et al. 2004, Kruonick et al. 2002) and there is scant evidence 
on the VSL related to natural disasters.

Our analysis provides three main findings. First, we observe that the WTP to reduce 
mortality risk through public intervention is lower than the WTP for insurance. This sug-
gests that people tend to prefer mortality risk management strategies involving adaptations 
to existing risk and the transfer of that risk to capital markets. The finding also highlights 
that idiosyncratic benefits are higher than shared ones. Second, individuals have a correct 
perception of the objective risk in their geographical area and experiencing past events 
leads to higher WTP. Third, the VSL related to seismic events is in line with previous stud-
ies and has an average value of €4.2 million and a standard deviation of 2.3.

6   Thus, the VSL can be defined as the change in the risk rather than a valuation of a specific individual’s 
life (De Blaeij et al. 2003). The present paper takes an economic perspective, although there are obvious 
social and moral dimensions related to this issue.
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The paper is organised as follows: Section 2 delves into the related literature, Section 3 
presents the empirical analysis, while Section  4 describes the results. Finally, Section  5 
concludes the paper.

Related Literature

Attitudes Toward Insurance Against Catastrophes

Understanding whether people underestimate or ignore events characterised by low-prob-
ability outcomes has given rise to a large stream of research in economics (Rheinberger 
and Treich 2017). Prospect and cumulative prospect theories, formulated by Kahneman 
and Tversky (1979) and Tversky and Kahneman (1992),7 emphasise the need for further 
investigation into how individuals behave when faced with a close-to-zero probability that 
a specific event will occur. People tend to either overweight or underestimate (round to 
zero) low-probability events (McClelland et al. 1993). This behaviour might be explained 
by the existence of a risk threshold below which the individual substantially neglects the 
event, even though the outcome may cause huge losses (Slovic et al. 1977; Kunreuther and 
Pauly 2004). The so-called “attention threshold” can be affected by various factors such as 
how the potential losses are presented to the individual (Laury et al. 2009).

Individuals’ attitudes to low-probability, high-loss events, such as natural disasters, have 
been investigated from different perspectives. An extensively exploited heuristic to assess 
whether people overestimate or underestimate the occurrence of such events focuses on the 
examination of insurance purchase patterns (e.g., McClelland et al. 1993; Kunreuther and 
Pauly 2004; Robinson and Botzen 2019). Botzen et  al. (2009) emphasise that insurance 
premiums may provide an incentive to introduce private mitigation measures to reduce the 
losses from natural disasters. Also, insurance is a valuable tool which supports the victims 
of disasters, thereby improving local resilience (Kunreuther 1996).

Some authors suggest that insurance should be promoted or should be partially/totally 
compensated by government, especially in hazard-prone areas (Kunreuther 1996; Laury 
et al. 2009). However, in a study of the Netherlands case, Botzen and van den Bergh (2012) 
investigated the patterns that characterise the WTP for insurance against floods and found 
that, on the one hand, people tend to underestimate the risk of flooding and, on the other 
hand, ex-post government compensation schemes reduce demand for insurance. Their find-
ings are confirmed by Kousky et al. (2018), who provide evidence for the US case, that dis-
aster assistance decreases the incentive to buy insurance to protect against natural disasters.

The related literature also investigates the factors that lead to underestimation of the 
natural disaster hazard. Laury et al. (2009) argue that, in laboratory experiments, the way 
people express their preferences about insurance purchase have a strong influence on 
insurance behaviour. The authors show that when insurance alternatives are presented in 
abstract terms individuals are more likely to neglect low-probability risks – which is in line 
with prospect theory. However, if the decision making occurs in a less abstract context, 
expressed in terms of dollars lost, people tend to have a higher willingness to insure. In 
works based on a revealed preferences approach, it has been observed that people often fail 
to purchase insurance against high-loss, low-probability events such as floods (Kunreuther 

7   See Barberis (2013) for a review of empirical work supporting prospect theory.
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et al. 1978; Kunreuther 1996). This is explained mainly as the result of government relief 
in the aftermath of the natural disaster which crowds out other types of private investment, 
such as insurance purchases if the government aid is treated as a substitute for ex-ante 
insurance (Kousky et al. 2018). In addition, there are certain individual characteristics that 
predispose the individual to purchasing or not insurance. For instance, Kunreuther (1984) 
highlights that past experience of a natural disaster combined with knowledge about some-
one who is insured, increase the likelihood of insurance purchase. Browne and Hoyt (2000) 
provide evidence for the US case that while insurance premiums are negatively correlated 
with insurance demand, there is a positive and statistically significant relationship between 
income and insurance purchases.

Other studies, such as Tian and Yao (2015), directly measure the WTP for insurance 
and the Willingness To Insure (WTI) against earthquakes. They observe that the WTP for 
insurance is positively affected by risk perception and exposure to risk, whereas WTI is 
affected only by previous experience. Cameron and Shah (2015) show that changes in the 
perception of risk due to direct experience of floods or earthquakes have a negative effect 
on individuals’ risk-taking behaviour.

However, most of the literature focuses on individual behaviour in the context of prop-
erty losses. Very few studies adopt a broader perspective and analyse attitudes to risk in 
the context of health losses caused by natural disasters. Fier and Carson (2015) emphasise 
that anxiety about an event can increase protection efforts, in the form of property insur-
ance purchase, whereas witnessing a traumatic event, such as a destructive catastrophe, 
makes the individual more willing to purchase life insurance. In an attempt to investigate 
the relationship between natural disasters, political risk and the insurance market, Chang 
and Berdiev (2013) find that the number of natural disaster-related deaths positively influ-
ences consumption of life insurance.

More research is needed to investigate individual attitudes to mortality risks associated 
with natural disasters. We employ the stated preferences method to directly explore the 
relationship between life insurance and natural disasters. We provide insights into whether 
and to what extent people transfer mortality risk to the capital market, by assessing the 
WTP for life insurance.

The VSL Related to Natural Disasters

In the context of natural disasters, insurance plays a crucial role by providing the finan-
cial resources to enhance resilience and increasing the incentives to implement mitiga-
tion measures aimed at reducing the risk of incurring economic and health losses. That is, 
households may be rewarded by reduced premiums if they introduce ex-ante measures such 
as house constructions that are resistant to earthquakes or floods.8

Mitigation measures can be introduced by governments in the form of public goods 
(more secure public schools, roads, infrastructures, etc.) that reduce the mortality risk for 
the whole society. Public interventions can also provide financial resources to improve the 
safety of private buildings. This type of intervention is similar to monetary compensa-
tion for economic losses that governments (usually) provide in the aftermath of a natural 
disaster.

8   Here we refer to interventions that go beyond the requirements of Italian building codes.
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A possible way to measure individual behaviour toward mortality risk associated 
with low-probability, high consequences events is to explore to what extent people are 
willing to pay to reduce mortality risk. The exchange of wealth for a risk reduction has 
been employed to measure the welfare gains from public projects that reduce mortality 
risks (either directly, e.g., through improved road safety, or indirectly, e.g., by switching 
to resource saving technologies). In this case, the so-called VSL is defined as the trade-
off between monetary wealth and fatal safety risk (e.g., Viscusi and Aldy 2003, Ashen-
felter 2006).9 VSL is crucial for effective cost-benefit analysis since it can be considered 
in terms either of the individuals’ WTP for a fatality risk reduction or as the marginal cost 
of increasing safety related to a specific cause (Kniesner and Viscusi 2019). The VSL has 
been employed widely to assess the benefits of environmental regulation to reduce green-
house gas emissions and premature death. The technique is particularly important in the 
context of natural disasters due to the health-related benefits which, often, are associated 
with policy interventions.

Different studies provide different estimates of the VSL; however, the literature on natu-
ral disasters and, especially, seismic events is rather limited. In a review of the existing 
work, Kochi et al. (2006) point out that the mean VSL can vary widely across studies and 
its standard deviation may be very large.

Among the few studies that assess the VSL in the context of mortality risk associated 
with natural hazards, Zhou et al. (2020) proposed a framework to measure the direct losses 
caused by earthquakes in China. They adopt a human capital approach, based on average 
characteristics of the local areas, and assess the VSL based on residents’ life expectancy, 
human capital investment, income, etc. In our paper, we measure the VSL by adopting a 
stated preferences approach based on a CV method.

Empirical Analysis

Seismic Risk in Italy

A large part of the Italian territory is affected by seismic risk, which varies considerably 
depending on the specific geographical area. According to the Civil Defence risk map there 
are a few risk-free areas (e.g., the region of Sardinia); however, the population’s percep-
tion of risk depends more on past experience than on the current level of danger (Deng 
et  al. 2015). Italian law defines four risk levels for municipalities – see Fig.  1 for each 
municipalities pre-assigned risk level. The Italian Institute of Geophysics and Vulcanology 
(Istituto Nazionale di Geofisica e Vulcanologia - INGV), reports every earthquake with a 
magnitude of over 4.0 Mw or an intensity of over 5. Table 1 presents the yearly number of 
earthquakes in our cohort of interest. By combining information on the frequency of earth-
quake events and the number of fatalities, we can obtain a risk of death indicator, which 
will allow us to investigate perception and anxiety of the population. This is in line with 
studies showing that the public has a short memory of the fatalities from natural disasters. 
We consider the number of fatalities in the 1952–2014 cohort; unfortunately, the available 
data on the victims of Italian earthquakes is less sophisticated than the available data on 

9   Although some scholars criticise the VSL approach from a moral and ethical perspective (see, e.g., Ack-
erman and Heinzerling 2004), Viscusi (2011) highlights that the alternative to using the VSL for cost-bene-
fit analyses is not to assign an infinite value to life, but to give it zero value.
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earthquakes and objective risk. Therefore, the number of casualties is retrieved from vari-
ous sources (see Table 2).

Fig. 1   Seismic classification of Italian municipalities
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The Survey

The survey, delivered in 2017, covers the entire Italian territory, which includes a few 
earthquake-free areas. Specifically, we created a random sample of 800 individuals in order 
to be representative of the population of the geographical areas, gender and age (Table 3). 
In particular, 400 individuals were interviewed by phone, following the computer assisted 

Table 1   Annual numbers of earthquakes of magnitude over 4.0 and/or intensity over 5

Source: INGV Istituto Nazionale di Geofisica e Vulcanologia

Number of earthquakes per year

Year # Year # Year # Year # Year # Year # Year # Year #
2014 20 2006 24 1998 53 1990 38 1982 20 1974 25 1966 9 1958 11
2013 23 2005 28 1997 94 1989 32 1981 36 1973 19 1965 18 1957 19
2012 75 2004 28 1996 41 1988 32 1980 77 1972 19 1964 10 1956 22
2011 22 2003 33 1995 38 1987 33 1979 16 1971 22 1963 24 1955 17
2010 21 2002 79 1994 23 1986 45 1978 22 1970 24 1962 13 1954 11
2009 61 2001 59 1993 25 1985 27 1977 18 1969 19 1961 15 1953 9
2008 34 2000 51 1992 28 1984 57 1976 49 1968 44 1960 22 1952 10
2007 18 1999 31 1991 29 1983 24 1975 13 1967 18 1959 15

Table 2   List of earthquakes and fatalities and related references

Year Date Fatalities Quake Reference

2013 Dec,29th 1 Matese Newspaper article in “Corriere del Mezzogiorno”
2012 May,20th 7 Finale Emilia Newspaper article “FattoQuotidiano”
2012 May,29th 20 Finale Emilia Newspaper article in “La Repubblica”
2012 Oct,26th 1 Pollino (Calabria) Newspaper article “Meteoweb”
2009 Apr,6th 309 L’Aquila News archive by RAI-tv
2002 Sep,6th 3 Sicily Newspaper article in “La Repubblica”
2002 Oct,31st 30 Molise Newspaper article in “Corriere della Sera”
2001 Jul,17th 4 Sud-Tirol Newspaper article in “La Repubblica”
1998 Sep,9th 2 Monte Pollino Pollino Local seismic grid system bulletin
1997 Sep,26th 11 Umbria & Marche Civil Defence archive
1996 Oct,15th 2 Reggio Emilia Civil Defence archive
1990 Dec,13th 17 Calrentini (Sicily) Local newspaper “NewSicilia”
1984 May,7th 7 San Donato (Lazio) Historian’s blog
1984 Apr,24th 3 Tuscany Newspaper article in “La Repubblica”
1980 Nov,23rd 2,914 Irpinia Newspaper archive
1979 Sep,19th 5 Valnerina (Umbria) Newspaper archive
1978 Apr,15th 5 Patti Gulf (Sicily) Local newspaper “Giornale di Lipari”
1976 May,6th 986 Friuli INGV bullettin
1972 Jan,25th ? Ancona City Council Archive
1968 Jan,15th 370 Belice (Sicily) Civil Defence archive
1962 Aug,21st 17 Ariano Irpino Historian’sblog
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personal interviews (CATI) methodology, and the other 400 interviewees completed an on-
line questionnaire, following the computer assisted web interviews (CAWI) methodology. 
Moreover, we split the sample in four groups of 200 people, spread across the four seismic 
risk areas identified by Italian law. We balance the responses with respect to the people 
located in the four Nielsen regions (Table 3). As already mentioned, the objective of the 
survey was to measure the WTP for a reduction in the mortality risk due to a seismic event. 
The survey respondents were required to consider the opportunity to reduce this risk while 
taking account of the real probability of experiencing an earthquake and not overestimating 
this probability.

The questionnaire was organised in four main sections. The first section asked about 
risk perception and past experience of seismic events. These multiple choice questions 
were aimed at capturing the perceived risk in the respondent’s location, based on a measure 
ranging from low-risk to high-risk. We compared this information with the real, objective 
risk for the respondent’s municipality.

The second part of the survey asked about the WTP for a reduction in the mortality 
risk related to earthquakes. The main question designed to elicit WTP asked how much 
the respondent would be willing to pay to reduce the fatality risk related to a seismic 
event. The respondents were given information on the Average Death Risk (ADR) from 
an earthquake, which is 8.9 per 100,000 people, and how an earthquake-proof building 
policy could reduce this risk.10 ADR is computed by considering the time series for the 
most recent two decades:

The earthquakes considered were those with an intensity of over 5 or a magnitude of 
over 4.0 Mw11 and the average was computed for each year between 1952 and 2014. This 
yielded an average of 8.9 fatalities. Respondents were then asked whether they would be 
willing to finance a fund to provide financial resources for preventative measures such 
as earthquake-proof buildings, that would reduce the mortality risk from 9 to 8 people 
over 100,000 inhabitants. This fund would be managed by the Italian Civil Defence, and 

ADR =

# fatalities

population
#quakes

Table 3   Sample description

North-West North-East Centre South Italy Males Females

18–34 Yrs 43 31 38 63 175 89 86
35–54 Yrs 79 58 68 90 295 146 149
55–74 Yrs 61 43 52 68 224 107 112
> 75 Yr-old 30 22 24 30 106 141 65
Total 213 154 182 251 800 383 417

10   To this regard, consolidated streams of the literature focus on whether and how government actions may 
reduce the impact of natural disasters (see, e.g., Booth and Key 2006; Andreotti et al. 2018). Therein, regu-
lations for new buildings, code enforcement, and updating of existing buildings are effective ways to tackle 
disaster hazard (Spence 2004).
11   These are the earthquake criteria used in the Italian Parametric Earthquake Catalogue, version 2015 
(Rovida et al. 2016).
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individuals could make a voluntary one-time money transfer. We explained that the fund 
would be managed efficiently by the public institution and that donors would be able to 
monitor exactly how the money was spent. These are crucial aspects because WTP is 
affected by the respondent’s trust in the public institutions; our explanation was aimed 
at reducing potential distortions. To quantify the WTP, we built on Santagata and Signo-
rello (2000) and asked a discrete choice question related to the respondent’s willingness 
to donate €X. A “yes” response then led to an open-ended question about the maximum 
amount he/she would be willing to donate. A “no” answer led to a question asking the 
reasons for this response and offered a set of possible options including low trust in public 
institutions or low confidence in how the resources would be spent. In a pilot study, we 
identified the bids offered through a discrete choice question. The sample was then split 
into five sub-samples (of 160 respondents each) depending on the amount of the donation 
indicated {€5; €10; €20; €50; €100}.

The third section of the survey asked about the respondents socio-economic and demo-
graphic characteristics including family size, gender, age, propensity to donate to NGOs, 
income and education level.

The fourth section was related to the WTP for life insurance and property insurance (the 
latter to be used as a robustness check). We used the same approach described to elicit the 
WTP for mortality risk reduction. We identified whether the respondent was willing to pur-
chase life insurance and then asked about their WTP for life insurance, through an open-
ended question. We also asked whether the respondent had insurance. Finally, we asked 
whether the respondent would purchase a property insurance and his/her willingness to pay 
for a hypothetical insurance policy against damage to property.

Survey Results

In this section, we present the results of the empirical analysis. First, we discuss attitudes 
to and beliefs about risk in the context of mortality associated to an earthquake. Second, 
we explore the factors influencing the WTP for insurance and mortality risk reduction, by 
focusing on the features characterising both WTP measurement approaches. Finally, we 
calculate the VSL with respect to seismic events which highlights important implications 
for public decision making processes.

Risk Attitudes and WTP

The survey described in Section  3 captured individual attitudes to earthquake mortality 
risk, in two ways. It defined a hypothetical scenario in which respondents were informed 
about the risk they faced and the opportunity to finance a public intervention aimed at 
reducing the mortality risk associated to a seismic event. It also asked respondents to state 
their preferences about how much to spend to purchase a life insurance policy that trans-
fers the mortality risk to the capital market. Again, we defined the WTP for a reduction in 
the mortality risk as an indicator of how much wealth the individual would be willing to 
sacrifice for an increase in health. In addition, we measure the Conditional Willingness To 
Pay (CWTP), which excludes individuals not willing to pay a positive amount to reduce the 
fatality risk linked to earthquakes.

We also follow Botzen and van den Bergh (2012) and identify three ways to elicit indi-
vidual attitudes to life insurance: (i) WTI which captures the percentage of people who are 



328	 Economics of Disasters and Climate Change (2022) 6:317–337

1 3

willing to pay a positive amount for earthquake life insurance (dichotomous); (ii) WTP 
which is a relevant measure to assess the welfare effects related to the introduction of 
life insurance policies; and (iii) CWTP which excludes from the WTP calculation those 
respondents who are not willing to pay for life insurance.12

WTP for Insurance vs. WTP for Fatality Risk Reduction

Table 4 summarises the above described measures and provides average values (€ per year) 
for the geographical areas in the Italian territory. Based on the WTP to reduce the mortal-
ity risk, we observe that the highest WTP is linked to the northwest area followed by the 
northeast, the south and the centre where the WTP is lowest. The results are similar for 
CWTP: while respondents in the northwest regions demonstrate the maximum WTP, those 
in the centre are more willing to pay for mortality risk reduction than those in the south and 
northeast – which may be due to the recent seismic events which hit the centre of Italy. In 
other words, having decided to pay a positive amount of money to reduce fatality risk (i.e., 
CWTP), the individual WTP is higher in the centre than in other regions less affected in 
recent years by high-magnitude earthquakes (Cameron and Shah 2015). In terms of insur-
ance purchase behaviour, although respondents located in the south are more willing to 
insure against property and health losses (WTI), WTP and CWTP are lower than in the 
north-west of Italy. This may be due to the polarised (north-south) economic conditions, 
that affect the Italian territory. By comparing the various measures used to capture people’s 
attitudes to mortality risk, we observe that the WTP to reduce mortality risk, in the form 
of a donation and overall increased safety, is lower than the WTP for life insurance. This 
finding is even more clear if we make the WTP measures conditional on those respondents 
who stated a positive WTP.

Table 5 provides statistical evidence supporting the higher WTP for insurance, based 
on a test for mean differences. Differences on the number of observations are related to the 
availability of information provided by the respondents.13 We compare the two open-ended 

Table 4   WTI and WTP for insurance and WTP for risk reduction across geographical areas

Notes: WTP = Willingness to Pay; CWTP = Conditional Willingness to Pay; WTI = Willingness to insure. 
“Open-Ended” is the WTP obtained using the open-ended evaluation question. All values are annual meas-
ures in euros

Measure North-West North-East Centre South Italy

WTP Open-ended 33.4 24.5 20.4 21.9 25.2
CWTP Open-Ended 78.9 52.4 62.7 51.9 61.7
WTP Life Insurance 64.0 32.9 27.5 35.2 41.1
CWTP Life Insurance 377.6 257.0 161.8 208.3 253.4
WTI Life 15.5% 9.9% 13.8% 18.4% 14.9%

12   Moreover, we replicate these last measures in the context of insurance against damage to property 
caused by an earthquake. This is used as a robustness check. As reported later, the main findings are con-
firmed in the context of property insurance which is, however, a different framework of analysis.
13   For the purpose of the study we require that the same respondent answers to both questions (i.e., the 
WTP for the reduction of mortality risk and the WTP for life insurance). In so doing we can compare the 
two risk management strategy within the same individual.
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questions eliciting the WTP for mortality risk reduction and the WTP for insurance. Unlike 
the simple exploratory data analysis in Table 3, here we delve into individual preferences 
by comparing the WTP for mortality risk reduction and for life insurance.14 The WTP for 
individual insurance (either conditional or non-conditional on a positive WTP) is always 
greater than the WTP for fatality risk reduction through public intervention. This find-
ing provides insights into individual attitudes to mortality risk. The respondents reported 
a higher WTP for risk adaptation measures than risk mitigation measures. That is, indi-
viduals assign greater value to strategies that transfer the mortality risk to the capital mar-
kets compared to those involving public goods which might provide an overall increase in 
safety. This would suggest that people are more interested in protecting themselves through 
the purchase of life insurance than financing public interventions that would reduce the 
overall risk and benefit the society as a whole. This holds even when we exclude pro-
test responses from those who do not trust the public institutions and how the financial 
resources would be used.15

Although this would suggest non-altruistic behaviour, we would recommend some cau-
tion when interpreting this result since estimation of the WTP using a CV method could 
be biased downward (or upward). One source of bias is the so-called anchoring effect 
that affects evaluation questions where discrete choice questions are followed by open-
end questions. It may be that the response to the open-ended question depends on the bid 
offered in the discrete choice question (Santagata and Signorello 2000). Since this potential 
bias would affect only the WTP for mortality risk reduction, the difference with respect 
to the WTP for insurance may be driven by this effect. On the other hand, the yea-say-
ing effect may work in the opposite direction. That is, compliance bias implies that the 
respondent will answer “yes” regardless of the amount of the bid (Brown et al. 1996). This 
bias would overestimate the WTP for mortality risk reduction.

Although these two sources of bias may be counterbalancing, it is important to stress 
that, in our empirical exercise, the open-ended question may overestimate the WTP for 
mortality risk reduction because respondents are asked to state their preferred amount, in 
an open-ended format, only if they had accepted the discrete bid.16 Although this method-
ology may inflate the WTP for mortality risk reduction, we observe that the WTP for life 
insurance is consistently higher.17

Factors Affecting the WTP

Table 6 presents the variables used in the empirical exercise to identify the factors influ-
encing the WTP for mortality risk reduction and the WTP for life insurance against 

14   For this reason, the rows in Table 4 include different numbers of observations. To restrict the analysis, 
we included respondents who replied to both elicitation questions, i.e., the question about the WTP for pub-
lic intervention and question about the WTP for life (property) insurance.
15   Although moral hazard may affect the results, we must be aware that we interview people who do not 
already have a life insurance against natural disasters. This implies that the respondents have only a limited 
opportunity to adapt their behaviour to the fact that they have an insurance.
16   In the succeeding sections, WTP for mortality risk reduction is calculated also by employing only the 
discrete choice question. To compare the two WTP variables, we exploit the open-ended question since the 
WTP for life (property) insurance is based on this format. Several authors argue that WTP calculated based 
on an open-ended question should be interpreted as the lower bound to the true WTP, while WTP estimated 
based on a discrete choice model should be considered the upper bound to the true WTP.
17   The results are confirmed when we employ the WTP for property insurance.
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earthquakes.18 Since our interest is in risk beliefs and attitudes to risk, the key variables 
of interest are those that concern risk perception and past experience of natural disas-
ters. The former is a dummy variable that is equal to 1 if the risk perception in the area 

Table 6   Econometric results

Notes: aLogit model estimation. bPoisson model estimation. The regressions include geographical dum-
mies. Regressions are weighted by the population for each risk level of the area in which the respondent is 
located. This enables to control for exposure of the population to different objective levels of risk

(1) (2) (3) (4) (5) (6)
WTPb

(Open-ended)
WTPa

(Discrete choice)
WTPb

(Open-
ended) No 
protest

WTPa

(Discrete 
choice) No 
Protest

WTPb 
Life
Insurance

WTIa 
Life
Insurance

Bid -0.00707** -0.00820***

(0.00298) (0.00303)
Risk Perception -0.210*** 0.0476 -0.214*** 0.0336 0.527*** 0.373

(0.0202) (0.211) (0.0205) (0.232) (0.0187) (0.285)
Past Experience 0.541*** 0.0729 0.549*** 0.102 0.409*** -0.170

(0.0241) (0.250) (0.0246) (0.272) (0.0239) (0.348)
Family Size -0.392*** 0.507 -0.395*** 0.541* 0.495*** 0.306

(0.0235) (0.311) (0.0235) (0.320) (0.0289) (0.491)
Periphery -0.0795*** -0.323 -0.0502** -0.297 -0.199*** -0.0795

(0.0247) (0.270) (0.0252) (0.288) (0.0225) (0.338)
Age 2 0.331*** 0.291 0.367*** 0.311 -0.328*** -0.644*

(0.0260) (0.266) (0.0257) (0.287) (0.0202) (0.367)
Age 3 0.986*** 0.787** 0.830*** 0.408 -0.613*** -0.409

(0.0294) (0.324) (0.0295) (0.347) (0.0286) (0.440)
Age 4 -0.455*** 0.160 -0.651*** -0.331 -1.518*** -0.909

(0.0501) (0.439) (0.0497) (0.453) (0.0471) (0.635)
Net Income 2 -0.209*** 0.239 -0.0880*** 0.383* 0.228*** 0.000616

(0.0194) (0.207) (0.0195) (0.224) (0.0168) (0.276)
Net Income 3 -0.823*** -0.536 -0.639*** -0.347 -0.818*** -0.813

(0.0416) (0.399) (0.0424) (0.430) (0.0435) (0.720)
Education 0.355*** 0.239 0.297*** 0.114 -0.148*** 0.291

(0.0211) (0.220) (0.0216) (0.253) (0.0175) (0.313)
House Insurance 0.180*** 0.725**

(0.0199) (0.352)
N 538 538 416 416 332 346
Pseudo R2 0.0713 0.0751 0.119
Chi2 3035.6 24.33 2734.7 25.92 8644.2 23.24
AIC 39538.9 694.8 33699.5 581.1 63878.1 379.0
BIC 39594.6 754.9 33751.9 637.5 63931.4 432.8

18   The difference in the number of observations across the various specifications is due to missing data in 
the reply of each respondent.
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is medium-high and is equal to zero if the respondent perceives a low level of seismic 
risk. We are also interested on the relationship between past experience of earthquakes and 
WTP. Thus, we introduce the Past experience variable which is equal to 1 if the respond-
ent directly witnessed a seismic event in the previous five years and is zero otherwise. We 
also include a control variable to capture the respondent’s altruistic behaviour, i.e. Fam-
ily Size, and socio-economic and demographic controls such as age, net income (based on 
three main income classes: 0-1k€, 1k-2k€, >2k€ per month), education (bachelors degree 
or higher) and home insurance for the models that employ WTP for life insurance as the 
dependent variable. Finally, in order to control for the quality of the buildings we also 
include a variable that captures the location of the individuals with respect to the city cen-
tre (Periphery). The results in Table 6 show that if the focus is on WTP to reduce mortality 
risk (Columns 1–4), the coefficients of Risk Perception are negatively correlated with the 
WTP (in the models with open-ended questions). However, focusing on specifications that 
exploit WTP for life insurance as dependent variable, the perception of seismic risk has a 
positive and significant coefficient. Moreover, the coefficient of Past Experience is posi-
tively correlated to the WTP in models that employ a WTP elicited through an open-ended 
question as the dependent variable. This insights suggests that direct experience of a natu-
ral disaster is associated with either WTP for insurance or WTI. To investigate the role of 
perceived risk in more depth, Fig. 2 compares the perceived vs. the objective risk. Italian 
Law differentiates among four types of seismic risk to which municipalities are exposed. 
We observe that individuals have an overall non-distorted perception of risk with respect 
to the objective seismic risk assigned to the area. Most respondents living in an area des-
ignated as high risk (1st and 2nd bars in Fig. 2) correctly perceived higher levels of risk. 
However, such relationship is not linear.

Fig. 2   Comparison of perceived risk and objective seismic risk
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The Education and Family size variables capture, respectively, individuals with a bach-
elor’s degree (or higher) and the number of family members living in the building. The 
former has a positive correlation with the WTP to reduce mortality risk through public 
intervention and a negative one when the WTP for life insurance is concerned. Conversely, 
Family size has a positive correlation with WTP for life insurance and a negative one for 
WTP for mortality risk reduction. The Age variable emphasise that higher WTP for mor-
tality risk reduction is associated to younger respondents, whereas the only negative coef-
ficients are found when the WTP for life insurance is employed as dependent variable. This 
finding is in line with Alberini et al. (2004). Moreover, we control for the location of the 
building in which the respondents live. The Periphery variable accounts for the fact that 
buildings in the city centre tend to be older than those located outside it. Only for the speci-
fications in columns 5 and 6 we control for the propensity of the respondent to insure his/
her house against damages. We can observe that the coefficient of the House insurance 
variable is positive and significant in both specifications.

Finally, the income variables (introduced via dummies for different levels of income), 
suggest that higher income levels are associated with lower WTP with respect to the omit-
ted category – which includes people with net income below 1,000 euros. This finding may 
be correlated to the quality of the dwelling with richer respondents who live in more recent 
and restructured houses (which comply with the last releases of the seismic building code) 
being less willing to pay.

VSL and Natural Disasters

The final empirical exercise calculates the VSL related to earthquakes using two 
approaches. We employ the open-ended and discrete choice evaluation questions to meas-
ure the WTP to reduce mortality risk. Table  7 presents the results of the VSL assess-
ment. Estimates of the WTP are presented with and without the control variables. We 
estimated a logit model including only the dichotomous dependent variable and the bids 
offered to respondents. We added the controls presented in Table 5 and Section 4.2. The 
WTP was measured following Santagata and Signorello (2000) who adopt the formula 
ln[1 + exp(α)]/β to calculate the expected value of the mean WTP from an estimated logit 
model (Hanemann 1984). We observe that the VSL derived from a discrete choice ques-
tion is higher than the VSL measured based on an open-ended question. This is in line with 
Brown et al. (1996), who emphasise that the two types of evaluation questions can lead to 
different results and should be considered the lower and upper bounds of the true WTP 
value.

Table 7   VSL estimation

Elicitation question Protest 
answers

Controls WTP Change in risk VSL (€)

Open-Ended Y 19.13 1/100,000 1,193,000
Open-Ended N 25.21 1/100,000 2,521,000
Discrete choice Y N 51.72 1/100,000 5,172,000
Discrete choice N N 68.29 1/100,000 6,829,000
Discrete choice Y Y 41.19 1/100,000 4,119,000
Discrete choice N Y 50.4 1/100,000 5,040,000
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The VSL we obtained is in line with the adjusted results in the meta-analysis conducted 
by Kochi et al. (2006) who estimate the VSL as $5.4 million with a standard deviation of 
$2.4 million. In our study, the average VSL value is €4.2 million with a standard devia-
tion of 2.3, and varies between €1.2 million (open-ended WTP) and €6.8 million (discrete 
choice WTP). When we control for different respondent characteristics (see Table 7) the 
resulting WTP using the discrete choice model is lower than in the model without controls 
and, consequently, leads to a lower VSL.

The findings suggest that a considerable benefit is associated to the policy interven-
tions that are aimed at reducing the mortality risk due to earthquakes. Indeed, this should 
be considered in the measurement of the benefits that specific kind of actions may bring 
about. That is, the VSL calculation shows that a reduction in mortality risk leads to an eco-
nomic benefit for individuals.

Conclusions

This paper investigated risk beliefs and attitudes to low-probability, high impact events 
such as earthquakes. It contributes to the literature on people’s behaviour in the context 
of mortality risk and confirms previous findings from studies that focus only on property 
losses. We analysed whether risk attitudes are contingent on how the costs and benefits 
are distributed according to the mechanism employed to manage risky activities. That is, 
we identified two ways of managing mortality risk and compared individual preferences 
across these strategies. On the one hand, mitigation activities rely on public interventions, 
financed hypothetically by individuals through voluntary donations to the public authority, 
which reduce the mortality risk for the whole society. On the other hand, individuals can 
transfer the mortality risk to the capital market through life insurance purchases.

Based on a survey administered to a sample of the Italian population, we estimated the 
different types of WTP through a CV method. The results highlight the WTP for a reduc-
tion in mortality risk caused by earthquakes is lower than the WTP for life insurance. Peo-
ple’s WTP is higher if the costs and benefits accrue exclusively to the individual house-
hold. That is, respondents value risk adaptation strategies (no reduction of risk) higher than 
mitigation strategies – aimed at reducing the mortality risk for the whole society.

We also assessed the influence of risk perception and observed that the patterns related 
to the WTP for fatality risk reduction and the WTP for life insurance  are different. As 
expected, risk perception is positively correlated with the WTP for insurance and the WTI. 
However, in the case of WTP to reduce the mortality risk, it has the opposite negative sign. 
This corroborates the previous result by providing further evidence that people weight 
strategies that concern private goods more heavily than public strategies (i.e., remedy for a 
public health threat).

Finally, the paper exploited the WTP to reduce mortality risk to estimate the VSL 
related to earthquakes. The VSL ranges between €1.1 and €6.8 million depending on the 
evaluation question, with an average value of €4.2 million.

The present work sheds some light on the heterogeneity of WTP measures with respect 
to the strategies related to managing mortality risk. This research could be extended in 
several directions. First, it would be interesting to compare hazard adaptation and mitiga-
tion strategies in a field or lab experiment that would allow us to disentangle the attributes 
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of each payment method. Second, in-depth exploration of the causes of these differences 
would contribute to analyses of individual behaviour.
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