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Abstract
Insurance coverage against natural disasters remains low in many exposed areas in
the world. Limited insurance supply is commonly identified as a primary factor
causing low insurance coverage. The French overseas departments provide a rare
natural experiment of a well-developed natural disasters insurance supply in highly
exposed regions. Indeed, the French natural disasters insurance system is guaranteed
by the French government; first foreseen for continental France only, it was extended
to overseas departments after Hurricane Hugo in 1989, in a state of emergency. This
natural experiment enables to analyze the determinants of insurance coverage on
the demand side. Using unique household-level micro-data, I estimate a theoretical
model of insurance market which had not been empirically tested. The structural
approach enables to disentangle the different possible causes of underinsurance. I
show that underinsurance in the French overseas departments is neither due to
perception biases nor to unaffordable insurance, but mainly to uninsurable housing
and to anticipated assistance, which crowds out insurance. Besides, the neighbors’
insurance choices impact the individual insurance decision via peer effects and via
neighborhood eligibility for assistance.
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Introduction

Natural disasters have had an important and growing impact on individual economies;
over the last decades, associated damages have frequently reached several percents
of GDP.1 Up to now, the increasing cost of natural disasters is largely explained
by the growing urbanization of risky areas (Barredo (2009), Bevere et al. (2011)).
In the future, climate change could have a major additional impact (IPCC, 2007).
Among the different strategies developed to manage natural risks, insurance as a
coverage solution has taken a growing importance over the last thirty years. There
is a macroeconomic value of risk transfer to insurance markets, since this transfer
greatly facilitates economic recovery. Actually, the national output decrease subsequent to natural disasters is mainly driven by the uninsured losses (von Peter
et al., 2012). As government is potentially the “insurer of last resort” after natural
disasters, the low insurance coverage of public and private assets deprives countries
of their ability to partially transfer catastrophic risk to private foreign actors via
insurance mechanisms.2

However, risk transfer to insurance markets remains limited. Even if insured losses
have significantly increased over time, they still represent a small fraction of economic losses (MunichRe, 2012). Indeed, insurance coverage remains low not only for
public goods but also for firms’ and households’ possessions, even in developed countries.3 In many developing countries and small island developing states, concurrence
of exposure and underinsurance is striking (Cavallo and Noy (2009), Freeman et al.
(2003), Pelling and Uitto (2001)). In particular, Latin America and the Caribbean
are one of the more disaster-prone areas of the world (Borensztein et al. (2009),
Heger et al. (2008), Rasmussen (2004)) and have the lowest levels of insurance cov1

Natural Disasters. Counting the Cost. March 21st, 2011. The Economist.
In almost all developing countries, insurers heavily rely on international reinsurance (Outreville, 2000). Local insurance companies can cede an important part of their risks to reinsurers,
which are mainly foreign companies. For example, in the Caribbean, local insurers which cover
households’ and firms’ possessions against natural disasters retain less than 20% of the amount
they insure and cede the remaining portion to reinsurers (Pollner, 2000).
3
For example, insurance coverage is low in the United States (Dixon et al. (2006), Kunreuther
(1984)) or in many European countries (Maccaferri et al., 2012)).
2
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erage (Borensztein et al., 2009).

Limited insurance supply is commonly identified as a primary factor causing low
insurance coverage in hazard-prone regions of the world, including Latin America
and the Caribbean. However the French overseas departments provide a rare natural experiment of a well-developed and regulated natural disasters insurance supply
in highly exposed regions such as Latin America, the Caribbean and other small
island countries.4 The French natural disasters insurance system is guaranteed by
the French government. This system was created in 1982 and was first foreseen to
apply to continental land only. However, following Hurricane Hugo that devastated
Guadeloupe in 1989, the government decided, in a state of emergency, to extend the
natural disasters insurance system to the French overseas departments. This wide
and regulated coverage supply enables to analyze the determinants of insurance coverage on the demand side, some of them being specific to developing countries, some
of them also widely applying in developed countries.

The first and main contribution of this paper is to provide explanations on the demand side for underinsurance in disaster-prone areas and to measure and compare
their magnitude. A structural approach enables to disentangle the different possible causes of underinsurance in the French overseas departments. I show that the
two standard explanations, perception biases and insurance affordability, are precluded.5 Actually, the two main explanations for the low insurance penetration rate
are uninsurable housing and charity hazard. Uninsurable housing, namely the fact
that dwellings are so little resilient to natural events that they can be considered
as uninsurable by insurers, widely applies in Latin America, the Caribbean and
many other developing countries. The impact of uninsurable housing on insurance
demand, which is captured by using proxies for low-quality dwellings, is quantified
4

The French overseas departments include French Guiana (South America), Guadeloupe
(Caribbean Sea), Martinique (Caribbean Sea) and Réunion (Indian Ocean). Mayotte (Indian
Ocean) became a French overseas department in March 2011. As data were collected in 2006 in
the French overseas departments, Mayotte is excluded from this empirical analysis.
5
A companion paper draws first basic and robust qualitative conclusions (Calvet and GrislainLetrémy, 2011).
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and important. Charity hazard, that is the fact that assistance is a substitute for
formal insurance and decreases demand for insurance, is a typical example of Samaritan’s dilemma and concerns many developed and developing countries. The impact
of charity hazard is shown thanks to the structural estimation, data on assistance
being unavailable, and is also of important magnitude. Besides, I show that the
neighbors’ insurance choices impact the individual insurance decision via peer effects
and via neighborhood eligibility for assistance, these two channels having comparable orders of magnitude. These results contribute to the growing literature about
charity hazard (Landry and Jahan-Parvar (2011), Raschky and Weck-Hannemann
(2007), Raschky et al. (2010)). Finally, I show that the existing insurance obligations (de facto for homebuyers, as in most Caribbean countries, and de jure for
French tenants) are operant but do not guarantee targeted households to be insured,
as they may not renew their insurance contracts once they have settled in.

The second contribution of this paper is to measure the impact of regulation on
insurers’ pricing behavior. The French government provides an unlimited guarantee
to one reinsurer and regulates in return the scope and the price of natural disasters
coverage. Beyond strict regulation, the attractive and unactuarial reinsurance policies offered by this reinsurer provide limited incentives for insurers to price natural
risks in their insurance policies. Similar pricing distortions have been observed in
other markets, for example in the retail electricity market (Joskow and Tirole, 2006)
where intermediaries’ pricing reflects their limited exposure and not the real price.
Besides, as reinsurance policies limit insurers’ exposure to natural risks, insurers also
have limited incentives to acquire detailed information on their insured risk exposure
(ex ante moral hazard) and to precisely assess damages (ex post moral hazard).

The third and last contribution consists in specifying and estimating a theoretical model of insurance (Abel (1986), Pauly (1974), Rothschild and Stiglitz (1976))
which had not been previously tested. In this model, a supply equation explains
the insurance premium; a demand equation explains the probability of purchasing
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insurance and takes into account the impact of insurance price on the decision to
purchase insurance. Such an estimation of demand and supply has been performed
on other markets such as the French labor market (Laroque and Salanié, 2002) but
is new for an insurance market. A unique household-level micro-database combining
detailed information about the insured and the uninsured has been built to estimate
this model.

The paper is organized as follows. Section 2 illustrates exposure and underinsurance
in Latin America and the Caribbean, presents commonly identified reasons on the
insurance supply and demand sides and details the natural disasters insurance supply
provided in the French overseas departments. Section 3 presents the theoretical
model. Section 4 details the data and the empirical specification, identification and
calibration of the model. Estimation results are commented in Section 5. Section 6
discusses their implications in terms of public policy and to which extent they apply
in other developing and developed countries. Section 7 concludes.

2

Exposure and underinsurance in Latin America
and the Caribbean

In many developing countries (Cavallo and Noy (2009), Freeman et al. (2003)) and
small island developing states (Pelling and Uitto, 2001), concurrence of exposure and
underinsurance is striking. Especially, Latin America and the Caribbean are one of
the more disaster-prone areas of the world (Borensztein et al. (2009), Heger et al.
(2008), Rasmussen (2004)); damages exceeding 50% of GDP have been observed in
the region (Table 1). Latin America and the Caribbean also have the lowest levels
of insurance coverage (Borensztein et al., 2009); less than 4% of losses were insured
between 1985 and 1999, ranking them last among the regions of the world, after
Asia (4%) and Africa (9%) (Charvériat, 2000).6 The insurance penetration rate,
6

For example, in 1999, in the cases of the Vargas tragedy in Venezuela and of Quindio earthquake
in Colombia, only 1.4% and 4.4% of total losses were insured, respectively (Charvériat, 2000).
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i.e. the percentage of insured economic agents, is particularly low among households
(Charvériat, 2000). For example, in Mexico in 1998, less than 1% of houses had
disaster insurance coverage (Kreimer et al., 1999); in Argentina, Ecuador and Brazil
flood insurance penetration rate is also very low among individuals (Gaschen et al.,
1998).
Table 1: Destructive impact of natural disasters in the Caribbean region
Country

Time

St Lucia
Grenada
Dominica
St Kitts and Nevis
St Lucia
Antigua and Barbuda
Guyana

1988 Hurricane Gilbert
2004 Hurricane Ivan
1979 Hurricanes David and Fredrick
1995 Hurricane Luis
1980 Hurricane Allen
1995 Hurricane Luis
2005 Floods
Notes: Heger et al. (2008).

2.1
2.1.1

Event

Damages
(% of GDP)
365
203
101
85
66
61
59

Insurance supply
Limited insurance supply

Limited insurance supply is commonly identified as a primary factor causing low
insurance coverage in hazard-prone regions of the world. Insurance supply is particularly limited in developing countries; microinsurance provides increasing but still
partial coverage of loss to life, property and crop caused by natural disasters (see
Mechler et al. (2006) for a review).7 Restricted supply is mainly due to unavailable
or unaffordable reinsurance and also to limited standardized information on risk
exposure (Cavallo and Noy, 2009).

The case of Latin America and the Caribbean is again particularly striking. Coverage supply for governmental expenditures remains limited despite recent advances
7

See also Barnett et al. (2008) for a review of index-based risk transfer products to cover natural
damages to crops.
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such as the creation of Caribbean Catastrophe Risk Insurance Facility in 2006 or
the success of the Mexican government in the issuance of catastrophe bonds in
2006 (Borensztein et al., 2009).8 Similarly, developments of insurance supply for
households remain isolated,9 and this insurance supply can be fragile. The example of Montserrat is particularly telling: in 1997, after several volcanic eruptions,
insurance companies responsible for most policies entirely withdrew from the island
(Analytica, 1997). Even when available, insurance premiums offered to households
are high in Latin America and the Caribbean, because of the limited reinsurance
supply (Auffret (2003), Charvériat (2000) and Evans (1996)).

2.1.2

The exception of the French overseas departments

The French overseas departments provide a rare natural experiment of a welldeveloped and regulated natural disasters insurance supply in highly exposed regions such as Latin America, the Caribbean and other small island countries.

As many countries located in the same areas, the French overseas departments are
highly exposed to tsunamis, floods and ground movements;10 Guadeloupe and Martinique are exposed to intense seismic activity;11 each of the three islands is made
of one active volcano (Grande Soufrière in Guadeloupe, Mount Pelée in Martinique,
Piton de la Fournaise in Réunion) and is exposed to strong hurricanes or cyclones.12
8

In the 1980s and the 1990s, Mexico, Colombia, Costa Rica, Nicaragua have also set up national
natural disasters funds for uninsured regional or local infrastructures (Charvériat, 2000).
9
In Brazil, the government-owned reinsurance institute largely contributes to develop the supply
of floods reinsurance (Charvériat, 2000); in Puerto Rico, a reserve for catastrophe losses was created
in 1994 to improve the availability and the affordability of catastrophe insurance (Charvériat (2000),
Evans (1996)); in Manizales (Colombia), the city allows any resident to buy insurance to a private
insurer through the municipal tax collection system (Fay and Wellenstein, 2005).
10
Ground movements include all soil and subsoil movements (such as mudslides, rock and/or
block falls, land collapses or subsidence, landslides, movements due to clayey soils).
11
See the French earthquake map: http://www.planseisme.fr/IMG/jpg/Poster_alea_
sismique_avril_2008-2.jpg. Major earthquakes occurred in Guadeloupe in 1843 and in Martinique in 1839. Earthquakes of smaller intensity can more frequently happen, such as Les Saintes
(Guadeloupe) earthquake on November 21, 2004 and Martinique earthquake on November 29,
2007. According to scientists, a major earthquake is foreseen in each of these two islands in the
very next decades.
12
Hurricane Dean damaged Guadeloupe and Martinique on August 16, 2007; Cyclone Dina
occurred in Réunion on January 22 and 23, 2002.
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The French overseas departments were integrated into France as overseas departments in 1946 and are now integral parts of France. The French natural disasters
insurance system was created in 1982 to institutionalize and coordinate numerous
aid mechanisms that had lasted for centuries (Favier and Larhra, 2007). It applied first to continental land only; a specific insurance system was initially foreseen
for the overseas departments. However, following Hurricane Hugo that devastated
Guadeloupe in 1989, the government decided, in a state of emergency, to extend
the natural disasters insurance system to the French overseas departments (Bidan,
2000).13 Thus, since August 1, 1990 the French overseas departments have benefited
from a well-developed and regulated supply of natural disasters insurance. Indeed,
the government provides an unlimited guarantee to the French natural disasters insurance system and regulates in return the scope and the price of natural disasters
coverage. Thus, the insurance system corresponds to a tax system: the government
ultimately compensates insured damages caused by natural disasters and taxes the
insured in return.14

Definition of natural disasters. Natural disasters are defined by the law as
“uninsurable natural hazards” (Insurance Code, section L. 125-1).15 They can be
earthquakes, volcanic eruptions, hurricanes or cyclones, tsunamis, floods or ground
movements. In practice, after a natural event, the French government decides
whether this event is a natural disaster and which period(s) and municipality(ies)
are concerned.16 The decision relies on the opinion of an interministerial commission, which analyzes the phenomenon on the basis of scientific reports. Storms (but
13

At that time, the natural disasters insurance system was also extended to two self-governing
territorial overseas collectivities of France, Mayotte and Saint Pierre and Miquelon. Mayotte
became a French overseas department in March 2011 and so was not a department in 2006, when
data were collected.
14
The natural disasters insurance system also provides coverage to firms and local governments.
15
Natural disasters are defined by the law as “uninsurable natural hazards mainly caused by
abnormal intensity of a natural agent, when usual measures to prevent from these damages could
not prevent their occurring or could not have been taken” (Insurance Code, section L. 125-1).
16
An order of the ministries of the Interior, of the Economy and of the Budget establishes
whether an event is a natural disaster and determines the concerned period(s), municipality(ies)
and hazard(s) covered by the insurance system. Insured households and firms can benefit from the
insurance compensation only if an order is published for the considered event.
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neither hurricanes nor cyclones) and fire forests are considered as insurable risks;
their coverage is not de jure but de facto included in home insurance and is not
regulated.

Insured households. The coverage of dwellings against natural disasters is mandatorily included in comprehensive home insurance (Insurance Code, section L. 125-1)
and this coverage is not provided by any other insurance policy to my knowledge.
Insurers are not allowed to sell home insurance without this coverage, which guarantees that insurers do not select their clients. Similarly, households are not allowed to
buy home insurance without this coverage. Recall that this system was first foreseen
to apply to continental France only, where almost all households purchase home insurance. Thus, this mandatory inclusion initially guaranteed a large mutualization
of natural risks over the country.

In practice, French insurers offer to households a coverage of their dwelling against
several hazards (such as theft, fire, explosion, water damages or natural disasters),
without letting them choose their insured value of the building; households can
choose their insured value of furniture only.

Insurance pricing. The law imposes the natural disasters premium to be a fixed
share of the home insurance premium (Insurance Code, section L. 125-2): the premium for natural disasters amounts to 12% of the premium for other risks (Insurance
Code, sections L. 125-2 and A. 125-2).17 Insurers are allowed to increase the home
insurance premium (and so the natural disasters premium) with respect to the exposure to natural risks.

Reinsurance policy. However, using reinsurance policies, the government provides limited incentives for insurers to price natural risks. Indeed, the government
provides an unlimited guarantee to one reinsurer, the Caisse Centrale de Réassurance
17

The premium for natural disasters equals 12% of the premium for other damages only, excluding
for example the premium of the coverage for civil liability. For the sake of simplicity, the model
ignores this point (Section 3). See http://www.ccr.fr for more details.
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(CCR), which offers to insurers an attractive and unactuarial reinsurance policy and
captures more than 90% of the market shares on the natural disasters reinsurance
market.18 Insurers transfer to CCR their natural risks (at the exception of a fixed
deductible which equals the sum of their collected premiums); in counterpart, they
pay to CCR a fixed share of their collected natural disasters premiums. As potential loss and reinsurance premium paid by the insurer depend on the exposure of his
insured in a very limited extent, insurance premiums partially reflect risk exposure
and insurers have limited incentives to acquire detailed information on their insured
risk exposure (ex ante moral hazard) and to precisely assess damages (ex post moral
hazard).

More precisely, the reinsurance policy offered by CCR is such that the insurer yields
50% of the sum of all the natural disasters premiums he has collected (over all policies) and 50% of his losses caused by natural disasters (over all policies) to CCR
(quota-share contract).19 So, the insurer keeps half of the premiums and covers half
of the risks. On his remaining risks, he is exposed until a deductible, which equals
the sum of the initially collected premiums (stop-loss contract) (Figure 1).20 In
2006, the amount paid by insurers to CCR corresponded to 51.5% of the collected
premiums (Mn=C670 over Bn=C1.3, Letrémy (2009)), that is 50% as the price of the
quota-share policy and 1.5% as the price of the stop-loss policy. In practice, the
stop-loss price depends on the composition of the insurer portfolio in terms of professional risks and not household risks.21

Finally, insurers also have to give to the French government 12% of the collected
premiums to fund prevention measures (Environment Code, section L. 561-3). Thus,
over the initially collected natural disasters premium, the insurer pays 63.5% of the
premium, that is 51.5% to CCR and 12% to the government; in counterpart, the
18

Private communication to the author.
Since 2000, insurers are not allowed to select which risks they cede to CCR (Erhard-Cassegrain
et al., 2006).
20
Each year the deductible is reassessed given the provision realized by the insurer.
21
Private communication to the author.
19
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insurer is exposed until a deductible which equals the sum of the collected premiums.

Natural
disasters
premiums
collected byy
the insurer

51.5%

12%

CCR
Maximum
loss
Govern for the
i
‐mentt insurer

36.5%

Figure 1: Reinsurance policy
This reinsurance policy is globally applied to all natural disasters policies offered
by the insurer (home, firm and car insurance in continental land, overseas departments and territories). For the sake of simplicity, the theoretical model (Section 3)
compares the premium of one home insurance policy with the additional expected
coverage that it represents.

Insurance penetration rate. Despite the supply of a wide coverage against natural disasters at a regulated price, in 2006 only half of households living in the
French overseas departments have purchased home insurance, which includes coverage against natural disasters, for their main home (Table 2). This penetration rate
is higher than the rate observed in other exposed countries, but remains much lower
than the rate observed in continental France, where households are far less exposed
to natural risks and almost all insured (Table 2).

2.2

Insurance demand

Several reasons may explain a low demand for natural disasters insurance: perception biases, unaffordable insurance, uninsurable housing, anticipated assistance,
which crowds out insurance, and a vicious circle of underinsurance.
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Table 2: Population, exposure to major natural risks and insurance penetration
rate for main home in France in 2006
French
Guiana

Guadeloupe Martinique Réunion

Continental
France

Population
205,954
400,736
397,732
Percentage of households exposed to natural hazards
Earthquakes
0
100
100
Volcanic eruptions
0
30
100
Wind effects
0
100
100
Tsunamis and floods
85(† )
84
100
Grounds movements
70
100
100
Forest fires
0
0
0
Avalanches
0
0
0
Percentage of households insured for their main home
52
43
50

781,962

61,399,733

55(? )
65
100
100
100
100
0

59(? )
0
8(? )
21(† )
19
19
1

59

99

Notes: (?): Réunion and continental France are exposed to earthquake of small intensity; continental France is also exposed to wind effects of small intensity. (†): the tsunamis to which
French Guiana and continental France are exposed are also of small intensity, but these two areas
are exposed to floods of high intensity. Population census by the French National Institute of
Statistics and Economics Studies (INSEE) in 2006; GASPAR database by the French Ministry of
Ecology; French Household Budget survey by INSEE in 2006 (13,374 observations for percentage
calculations).

Insurance obligations. Purchasing home insurance is often required as a condition for obtaining a mortgage. However, some homebuyers may not renew their
insurance contracts once they have settled in. Indeed, as there is very little monitoring once people have moved in, some households choose to cancel insurance expenditure as soon as possible. This situation prevails in most Caribbean countries
(Auffret, 2003).22 In the French overseas departments, purchasing home insurance
is also compulsory for tenants. According to my data, in 2006 only 67% tenants and
72% homebuyers are insured, whereas the overall insurance penetration rate is 48%.
22

This is also the case in the United States: banks or financial institutions can require the
purchase of flood insurance to deliver a mortgage (Browne and Hoyt (2000), Office (1983)); there is
very little monitoring of insurance renewal and many households do not renew their flood insurance
policies (Kunreuther and Pauly, 2005).
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Perceptions biases. Perception biases are often evoked to explain a low demand
for coverage against extreme events. A wide literature deals with cognitive biases
in the perception of extreme risks and their impact on demand for natural disasters
insurance (see Tallon and Vergnaud (2007) for a review). For example, perception
of low probabilities is reduced because of availability bias (Tversky and Kahneman,
1973), the “gambler’s fallacy” following from a “belief in the law of small numbers”
(Tversky and Kahneman, 1981),23 the presence of a minimum threshold to look
for information because of information cost (Kunreuther and Pauly, 2004) or the
disability of comparing with ordinary risks (Kunreuther et al., 2001).

Insurance affordability. Another standard explanation is that insurance may be
too expensive for overseas households. When insurance is available, insurance premiums offered to households are high in Latin America and the Caribbean (Auffret
(2003), Charvériat (2000) and Evans (1996)). For example, in Mexico, premiums in
earthquake-prone areas amount to 0.5% of the value of housing on an annual basis
(Charvériat, 2000); in the Caribbean, rates for property insurance against disasters
exceeded 1% of amount insured in the 1990s (Charvériat (2000), WB (1999)).

Even if insurance price is regulated in the French overseas departments, overseas
households may not afford insurance, given that the median standard of living in
the French overseas departments is almost 40% lower than in continental France
(Michel et al., 2010).

Uninsurable housing. In developing countries, many dwellings are so little resilient to natural events that they can be considered as uninsurable by insurers.
Uninsurable housing has a great magnitude in Latin America and the Caribbean.
In Mexico, about 50% of total housing stock correspond to uninsurable houses, built
with no solid materials or without access to potable water (Charvériat, 2000). 60%
of total housing stock in the Caribbean is built without any technical report (IDB,
23

The belief in the law of small numbers is the belief that, once the dwelling has been damaged
by a disaster, the probability of being touched again is lower.
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2000).

In the French overseas departments, dwellings made of light materials (such as wood
or sheet metal) of heterogenous quality represent 13% of dwellings in 2006 (Castéran
and Ricroch, 2008) and are especially numerous in French Guiana. According to my
data, the number of low-quality dwellings is significant and the insurance penetration rate is lower among their occupiers: this rate is 17% only among houses still in
construction (3% of the sample), 15% among houses without hot water (23% of the
sample), 34% among houses without drainage (53% of the sample) and 9% among
houses without toilets inside the building (4% of the sample), whereas the overall
insurance penetration rate is 48%.

All these low-quality dwellings are legal. A building permit, similar to the one existing in continental France or in other developed countries, is not required by law
to build a house. Indeed, in the French overseas departments, the building property
allows households to own the walls of their dwelling without owning the ground on
which it is built. This is why more than 30% of individual dwellings in the French
overseas departments have been built without a permit (DIREN (2005), Garnesson
and Hecquet (2007), Olive and Riviere (2010)). Similarly, in the Caribbean region,
building standards and location restrictions are either nonexistent or outdated and
inadequate (Auffret, 2003). However, a building permit can be required by insurers
as a condition for obtaining home insurance.

Uninsurable housing can be seen as a rational adaptation to exposure to natural
disasters in low-income countries and an illustration of the poverty trap. Low-income
households use these either nonexistent or outdated and inadequate building rights
to build low-quality dwellings, that would be destroyed by an impending natural
disaster. These households with few assets can be trapped this way in chronic
low-quality dwelling. This phenomenon has been studied, especially in the field of
small businesses and agriculture (Barnett et al., 2008). Within the French overseas
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departments, however, dwellings of good quality are on average built in more exposed
areas, probably because of risk exposure also provides positive amenities (river sight,
fertile ground).

Charity hazard. Assistance is a substitute for formal insurance and decreases demand for insurance. This phenomenon, called charity hazard, is a typical example
of Samaritan’s dilemma. Charity hazard has been formalized by several theoretical
papers but only few empirical findings have been established in the case of natural
disasters insurance (see Raschky et al. (2010) for a review).24

Charity hazard has an important magnitude in many developing countries (Gilbert,
2001), including Latin America and the Caribbean. Indeed, the Caribbean region
largely depends on international assistance: the World Bank and the Inter-American
Development Bank provide important and increasing assistance to victims of natural disasters (Auffret, 2003).

In the French overseas departments, after natural disasters, households can also rely
on substantial financial assistance by government, local authorities, non-governmental
organizations or relatives. Their anticipation of financial assistance is essentially
based on their past experience and is difficult to quantify because of the numerous
assistance channels. Official statements after natural disasters confirm that the uninsured can rely on an important compensation from the government (Senate, 2005).
Indeed, a main channel of governmental assistance to overseas France is the rescue
fund for overseas. This compensation covers damages caused by natural disasters in
the main home (including rebuilding); it is funded by budgetary credits.25
24

Charity hazard has been tested in health insurance (Herring (2005), Chernew et al. (2005),
Brown and Finkelstein (2008)); first results suggest charity hazard in crop insurance in the United
States (Deryugina and Kirwan, 2012).
25
See order of December 8, 2010 relative to the implementation of help facility by the rescue
fund for overseas.
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A vicious circle of uninsurance. Finally, underinsurance may reinforce itself
for two main reasons. The first reason is similar to a peer effect. Social norms
impact the decision to purchase insurance: individuals may decide to purchase insurance because they know others who did so; they may think that their relatives
have similar preferences to them or have already spent the search costs of gathering
information on risk, insurance or relief (Kunreuther and Pauly, 2005).

The second reason relies on the endogeneity of provided assistance and is this way
linked to charity hazard. The neighbors’ decision of uninsurance increases the neighborhood eligibility for assistance and so decreases the individual benefit of purchasing insurance. In other words, the more people are uninsured around one individual,
the less he needs to purchase insurance since the political power of the uninsured
grows. This mechanism is predicted by theory for many types of public aid: Arvan
and Nickerson (2006) consider endogenous governmental compensation and show
that an individual’s purchase of insurance coverage creates negative externalities by
diminishing neighborhood eligibility for such aid.26

3

Theoretical model

I estimate a structural model of insurance supply and demand (Abel (1986), Pauly
(1974), Rothschild and Stiglitz (1976)) within the French overseas departments. I
detail here the theoretical specification of this model.

The supply equation explains the insurance premium offered by insurers. This price
conveys the nullity of the insurers’ expected profit. Nullity of expected profit means
that collected premiums equal expected losses. Both amounts, which reflect the
specific design of the French natural disaster insurance system (Section 2), are here
precisely modeled. Insurers are assumed to offer a unique standardized contract
with full coverage.
26

See Herring (2005) for illustration of endogenous availability of charity care for health.
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The demand equation explains the household’s probability of purchasing insurance.
The quantity of purchased insurance results from the comparison by households between their expected utilities with and without insurance. The decision of whether
to purchase insurance or not depends on the insurance price. I enrich this demand
equation to precisely model the underlying determinants of insurance demand (Section 2).

3.1

Risk structure

A dwelling suffers a loss Ld caused by natural disasters with probability pd . I assume
that uninsured households receive assistance Ad after a disaster. The net loss is thus
Ld − Ad . Ordinary risks (such as theft, fire, explosion or water damages) cause a loss
Lo with probability po . No assistance is provided to compensate damages caused by
these individual risks.

For the sake of simplicity, losses caused by natural disasters and damages caused
by ordinary risks are assumed to be independent events. As the product of the two
probabilities pd po is negligible with respect to any of the two probabilities, there are
indeed three states of Nature: a high loss Ld −Ad with a small probability pd , a small
loss Lo with an important probability po , and no loss with probability 1 − pd − po
(Figure 2).
Households may have a potentially biased risk assessment, different from the true
ones (that are insurers’ ones), for the probability of ordinary losses p̃o , for the probability of natural disasters p̃d and for the losses L̃d caused by natural disasters. For
the sake of simplicity, I assume that households have the same estimation of their
ordinary losses Lo than insurers.
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Figure 2: Risk structure

3.2

Modeling the supply side

Insurance policy. As households’ choices of coverage are restrained to furniture in
France (Section 2), I assume that a unique standardized contract with full coverage
is offered by insurers. Therefore households either purchase home insurance (α = 1)
or not (α = 0).

Nullity of expected profit. Insurance companies are assumed to be price takers.
Competition on insurance market and risk neutrality of insurers imply the nullity
of the insurers’ expected profit on each group of identical households (for what is
observed by the insurers). Nullity of expected profit means that collected premiums
equal expected losses caused by ordinary risks ELo and by natural disasters ELd .
I add a multiplicative constant c; this loading factor represents transaction costs
(information search, negotiation, policy drafting, controls, claim disputes).
π = c(ELo + ELd ).

(1)

Collected premiums and expected losses both reflect the specific design of the French
natural disaster insurance system; they are here precisely modeled.
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Premiums. The home insurance premium π is the sum of the premium for natural
disasters πd and the premium for other risks πo . The premium for natural disasters
πd amounts to r = 0.12 of the premium for other risks πo (Section 2).

π = πd + π o , 
1+r
πd .
⇒π=

r
πd = rπo .

(2)

Expected losses. Expected ordinary losses equal
ELo = po Lo .

(3)

All insurers are assumed to be reinsured against natural disasters by CCR, since
CCR captures more than 90% of the market shares on the natural disasters reinsurance market (Section 2). Expected losses caused by natural disasters are determined
by the unactuarial reinsurance policy offered by CCR (Section 2). The insurer is
exposed until a deductible, which equals the minimum between the natural disaster
premium and half of the losses caused by natural disasters. In counterpart, he has
to pay a fixed share k = 0.635 of the natural disaster premium. Indeed, this share
corresponds to the price of reinsurance policy and also to a tax to fund prevention
measures (Section 2).


Ld
ELd = pd min πd ,
− kπd ,
2
= (pd − k)πd .

(4)
(5)

The supply equation (1) becomes
π = c(ELo + ELd ),
= c(po Lo + (pd − k)πd ),
r
= cpo Lo + c(pd − k)
π.
1+r
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(6)
(7)
(8)

Thus


r
r
− cpd
log(π) = log(cpo Lo ) − log 1 + ck
1+r
1+r

3.3


.

(9)

Modeling the demand side

Comparison of expected utilities. A household is assumed to be risk averse:
his utility function U (·) is concave with respect to his wealth. He purchases insurance
(α = 1) if and only if his expected utility EU is higher when he is insured (α = 1)
than when he is not (α = 0).27
α = 1 ⇔ EU |α=1 ≥ EU |α=0 .

(10)

Given full insurance of price π, the expected utility of the insured is
EU |α=1 = U (W − π).

(11)

The expected utility of the uninsured is
EU |α=0 = p̃o U (W − Lo ) + p̃d U (W − L̃d + Ãd ) + (1 − p̃o − p̃d )U (W ),
= U (W ) − p̃o [U (W ) − U (W − Lo )] − p̃d [U (W ) − U (W − L̃d + Ãd )]. (12)

I enrich the demand equation (10) to precisely model the underlying determinants
of insurance demand (Section 2).

Insurance obligations. Purchasing home insurance is compulsory for tenants
and often required as a condition for obtaining a mortgage (Section 2). As many
tenants and homebuyers remain uninsured (Section 2), proxies {Ok }k for occupancy
status are added to control for these insurance obligations and to measure their
impact.
27

The standard expected utility framework may not be the best appropriate to analyze the
economic consequences of fat-tailed events (Weitzman, 2009); however Weitzman’s alternatives
may be less appropriate to study the purchase of catastrophe insurance.
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Uninsurable housing. A significant number of houses are uninsurable buildings:
they do not meet building standards or have been realized without building permit (Section 2). I enrich the demand equation (10) by adding proxies {Hk }k for
uninsurable housing.

Peer effects. To test whether the more neighbors are insured, the higher the
individual probability of purchasing insurance is, I add in the demand equation
the expected penetration rate E(Zpeer,i ) of the group Jpeer of peers to which the
household i belongs:
P
E(Zpeer,i ) =

j∈Jpeer ,j6=i

α(j)

card(Jpeer ) − 1

.

(13)

This model corresponds to a degenerated Nash equilibrium, where the decision of
the group impacts the household’s decision but where the reverse impact is negligible
because of the size of each group. This strategy is inspired by other papers studying
peer effects, such as Hernández-Murillo and Sengupta (2012).

Neighborhood eligibility for assistance. The decision of purchasing insurance
by one household depends on the decisions of others’, not only via peer effects but
via neighborhood eligibility for assistance. To test for its endogenous nature, anticipated assistance is assumed to depend on the expected penetration rate E(Zaid ) of
the group Jaid for aid eligibility: Ãd (E(Zaid )).28 This enables to test whether the
percentage of insured households around one individual decreases his likelihood to
get assistance after a disaster and so decreases the charity hazard effect.

28

Again, this model corresponds to a degenerated Nash equilibrium.
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The demand equation becomes
α = 1 ⇔ [U (W − π) − U (W )] + p̃o [U (W ) − U (W − Lo )]
X
+ p̃d [U (W ) − U (W − L̃d + Ãd (E(Zaid )))] +
ok Ok
k

+

X

hk Hk + δE(Zpeer ) ≥ 0.

(14)

k

4

Data and model specification, identification and
calibration

I present the unique household-level micro-database that has been built to estimate
this theoretical model (Section 3). The empirical specification, which is fully parametric, is detailed. The identification and calibration of the model are discussed; all
the performed robustness tests are exposed.

4.1

Data

The database combines information about insurance expenditure for the insured,
risk exposure and other economic variables for the insured and the uninsured. It
has been built by matching the 2006 French Household Budget survey with the
GASPAR database, which presents information about exposure to natural disasters.

The French Household Budget survey, managed by the French National Institute of
Statistics and Economics Studies (INSEE), is a comprehensive national survey on
households’ expenditures, and in particular insurance expenditures. Regarding home
insurance, households declare whether they have purchased home insurance and if
so the amount of the premium paid. Neither the identity of the different insurers
nor the type of companies (mutual insurance company or not) are observed. Data
on assistance are not available (Section 4).29 The French Household Budget survey
29

Even detailed data on assistance provided by the rescue fund for overseas are not available.
Annual aggregate statistics at the departmental level only were provided by the French Ministry
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also provides information about the household himself (such as size, income and
standard of living, and, for the reference person,30 gender, age and place of birth).
Detailed information about housing (such as occupancy status, dwelling quality,
number of rooms) is given. However, no information on dwelling compliance with
building standards and permits is provided. The 2006 French Household Budget
survey comprises 3,134 households living in the French overseas departments.31

The GASPAR database, built by the French Ministry of Ecology, is the database
of computer-aided management for administrative procedures relative to natural
and technological risks. It specifies which hazard each municipality is exposed to
and provides the number of disasters by hazard type (such as earthquake, volcanic
eruption, wind effects) in each municipality from 1990 (date of the enforcement of
the natural disasters insurance system in the French overseas departments) to the
survey date.

As the decision of whether to purchase insurance or not depends on the insurance
price, I exclude from the study the households insured by their relatives or their
employer and all the other households who declare themselves as insured but do not
report their premium amount. Over the initial 3,134 households, 2,860 observations
remain. I then exclude 40 observations for which key variables (annual income,
number of rooms) are missing and 11 for which the declared annual income is below
=C500. Finally, 2,809 observations remain.

Table 3 describes my sample. The average municipal exposure to natural disasters
is high but very heterogenous: while municipalities are in average exposed to 4
distinct natural hazards, some are exposed to 5 hazards, and others to none; in
average, 8 natural disasters have occurred since 1990, this number reaching 18 in
of Overseas.
30
More often than not, the household reference person is the family reference person when there
is one, or the oldest man, with priority to the oldest active person.
31
In French Guiana, the sampling plan of the 2006 French Household Budget survey overrepresents the coastal area, which is more exposed to floods and tsunamis (Forgeot and Celma, 2009).
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some municipalities, whereas others have been spared. 48% of households living in
the French overseas departments have purchased home insurance, which includes
the coverage against natural disasters, for their main home in 2006. This insurance
rate also strongly varies among municipalities: it reaches 0.92% in some of them,
whereas in others no one is insured. The premium paid by the insured is on average
=C254 and ranges from =C20 to =C2,000, reflecting important disparities among the
sample population. Indeed, the annual income ranges from =C600 to =C169,637 for
an average of =C22,694. 36% of households are tenants; 13% are homebuyers, the
remainder owning their home. While dwellings present 4 rooms in average, some
present only 1, others 12. Many houses lack some modern conveniences: 23% are
without hot water; 53% without drainage; 4% without toilets inside the building. 3%
of houses are still in construction. Finally, the reference person is born in continental
France and abroad in 10% and 8% of cases, respectively; she is a woman in 46% of
households; her age varies between 17 and 95.

4.2

Specification, identification and calibration of the supply
side

As no information is provided on the insurer, the nullity of the expected profit over
all insurers confounded only can be considered.32

Ordinary losses. Ordinary losses Lo depend on the dwelling characteristics. More
precisely, they depend on the values of furniture and of the building. One proxy
for the value of furniture (mainly jewels and furniture) is the standard of living Y ,
i.e. the wealth divided by the household’s size.33 One proxy for the value of the
building is the number of rooms N . Losses also depend on occupancy status, since
32

However, some characteristics of policy-holders could capture their choice of insurance company
(and this way indirectly modify the premium, even if insurers may not measure them). For example,
some insurance companies (mainly mutual ones) cover civil servants exclusively and are said to
increase premiums with respect to the risk exposure in a smaller extent than other companies.
Here dummies for civil servants and other characteristics such as age or gender appear as non
significant in the premium estimation.
33
The standard of living is measured by the income per consumption unit. The first adult is
worth one consumption unit; the second adult and each child older than 14 are worth 0.5; younger
children are worth 0.3.
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Table 3: Descriptive statistics
Percentage
Minimum Maximum
/ mean
Sum of hazards
4
0
5
Number of past disasters
8
0
18
Households insured for their main home
48 %
Insured households living in the same municipality
47 %
0%
0.92 %
=C254
=C20
=C2,000
Premium paid by the insured
=C22,694
=C600
=C169,637
Annual income
=C13,359
=C407
=C87,266
Standard of living
Number of rooms
4
1
12
Tenants
36 %
Homebuyers
13 %
Houses still in construction
3%
Houses without hot water
23 %
Houses without drainage
53 %
Houses without toilets inside the building
4%
Reference person born in continental France
10 %
Reference person born abroad
8%
Age of the reference person
49
17
95
Gender (woman) of the reference person
46 %
Notes: Are considered in the sum of natural hazards earthquakes, volcanic eruptions, wind effects, floods (including tsunamis) and ground movements. 2006 French
Household Budget survey and GASPAR database. 2,809 observations.
tenants, denoted by Ot = 1, do not bear all losses, a part of them being borne by
their landlord.34

These effects are assumed to be multiplicative: the value of furniture in each room
increases with respect to the standard of living Y , and the number of pieces of
furniture increases with respect to the number of rooms N ; last, tenants insure only
a fraction (1 − τ ), τ ≥ 0 of the total value of the dwelling. l is a multiplicative
constant. Thus, the ordinary loss Loi for household i is
Loi = lYiy Nin (1 − τ Oti ), τ ≥ 0.
34

(15)

Landlord is responsible for potential damages to furniture in furnished dwellings, to the structure (walls, foundations) and for damages implying his liability (structural defects).
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y and n are the elasticities of the loss with respect to the standard of living and the
number of rooms, respectively.

Loss probabilities. I have no specific information for po , since I do not observe
past ordinary losses nor other proxies for the probability of suffering these losses.

Insurers estimate the probability of natural disasters using information about physical hazards. Business practices indicate that French insurers use very basic information about natural risk exposure, very likely because their financial exposure to
natural risk is limited thanks to the reinsurance contract offered by CCR (Section
2); this is a typical case of ex ante moral hazard. I assume that the probability of
natural disaster estimated by insurers for each household i linearly increases with
respect to the sum of hazards Ri to which his municipality is exposed.35
Insurers: pdi = pRi , p ≥ 0.

(16)

Error. An error  is attached to the supply equation. This error term is due to
a potential assessment error made by the insurer. It is assumed to be normally
distributed.
Using (9), (15) and (16), I get


ckr
cpr
log(πi ) = log(cpo l) + y log(Yi ) + n log(Ni ) + log(1 − τ Oti ) − log 1 +
−
Ri + σ,
1+r 1+r
= log(cπ ) + y log(Yi ) + n log(Ni ) + log(1 − τ Oti ) − log(1 + κ − ρRi ) + σ,
(17)
where cπ = cpo l, κ = ckr/(1 + r) and ρ = cpr/(1 + r).

Identification and calibration of risk parameters. cπ , 1 + κ and ρ cannot
be simultaneously identified. I estimate cπ and ρ and I calibrate κ = ckr/(1 + r).
r = 0.12 and k = 0.635 are imposed by the government and CCR (Section 2). I
35

R is public information.
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calibrate loading factor c using values provided by literature: c ≈ 1.3 (Gollier, 2003).
Thus, I take κ = ckr/(1 + r) ≈ 0.088. Estimations are performed for c ∈ {1, 1.5},
that is for κ ∈ {0.068, 0.10}.

Estimation of cπ = cpo l does not enable to simultaneously identify po and l (and
c), even when considering that c is already calibrated. I calibrate po using statistics
provided in continental France: po ≈ 0.075 (FFSA, 2006);36 estimations are performed for po ∈ (0.05, 0.5). Risk parameter l is deduced from the estimated value of
cπ .

Similarly, the risk parameter p will derive from the estimated value of ρ = cpr/(1+r),
given that c is calibrated and r is known.
Therefore the supply equation becomes



if αi = 1, log(πi ) = log(cπ ) + y log(Yi ) + n log(Ni ) + log(1 − τ Oti )


− log(1 + κ − ρRi ) + σi ,



 if α = 0, π = 0,
i

i

where cπ = cpo l and ρ = cpr/(1 + r) are estimated parameters and κ = ckr/(1 + r)
is calibrated.

4.3

Specification, identification and calibration of the demand side

Comparison of expected utilities with and without insurance implies the sum of
three terms (Equation 14):
36

In continental France, between 2000 and 2004, statistics by the French federation of insurance
companies about home insurance show that the frequency of ordinary risks is around po ≈ 0.075
(FFSA, 2006). Abroad, the probabilities of some of the ordinary risks correspond to the same order
of magnitude. In Taiwan, the probability of fire occurrences in residential buildings per m2 of floor
space is around 0.01 (Lin, 2005). In Long Beach (CA), the probability of burglary is around 1.9%
for a house which has never been burglarized and reaches 59% after a first burglary (Short et al.,
2009).
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• the certain utility decrease caused by the premium payment [U (W − π) −
U (W )],
• the utility decrease caused by ordinary losses, weighted by their occurrence
probability, p̃o [U (W ) − U (W − Lo )],
• and the utility decrease caused by natural disasters, weighted by their occurrence probability, p̃d [U (W ) − U (W − L̃d + Ãd (E(Zaid )))].
These terms enable to measure households’ valuation of risk coverage or, equivalently, their valuation of risk exposure. Risk exposure depends on loss probabilities
and losses, while its valuation depends on risk aversion. Thus, there are three sources
of variation in each of this term: loss probabilities, losses and risk aversion;37 not
all of them can be simultaneously identified.

Although proxies for risk aversion (age, gender, purchase of other insurance policies)
are provided, risk aversion itself (even expressed as a function of these proxies) and
risk parameters cannot be simultaneously identified. As charity hazard is one of
the main potential explanations for underinsurance, I privilege estimation of risk
parameters, which enables to capture charity hazard, and I calibrate risk aversion.

Utility function and risk aversion. In an expected utility setting, constant relative risk aversion is a reasonably good approximation of individual attitude toward
risk (Chiappori and Salanié, 2008). A constant relative risk aversion λ with respect
to the income corresponds to the following utility function: U (W ) = W 1−λ /(1 − λ).
Literature has estimated different values for λ (Chiappori and Salanié, 2008). Estimations are here performed under the assumptions that utility is the log function,
which is the limit case of U (W ) = W 1−λ /(1 − λ) as λ tends to 1. Results are robust
when using λ = 2 or λ = 3.

Calibration of some risk parameters. Once λ is calibrated, some risk parameters can be identified, but not all of them.
37

This also holds for the first term, since premium is observed for insured households only.
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Ordinary losses Lo cannot be simultaneously identified with their occurrence probability p̃o . Indeed, as households are assumed to have the same estimation as insurers
of their ordinary losses Lo (Section 3), losses Lo are simultaneously estimated in the
supply equation - but for the insured households only - and in the demand equation.
This is why, in the demand equation, losses Lo intervene in the expected utility
decrease caused by ordinary losses p̃o [U (W ) − U (W − Lo )] and, via the premium, in
the certain utility decrease caused by the premium payment [U (W ) − U (W − π)].
The probability of ordinary losses p̃o , of which no proxies is observed, is calibrated.
Section 5 presents the results under the assumptions that p̃o = 0.075. Estimations
are performed for p̃o ∈ (0.05, 0.5), while allowing p̃o to be different from po . Significativeness and sign of all estimated coefficients are robust to the choice of these
parameters.

Similarly, losses L̃d caused by natural disasters cannot be simultaneously identified
with the probability p̃d of natural disasters. These losses intervene in the demand
equation only, in the expected utility decrease caused by natural disasters p̃d [U (W )−
U (W − L̃d + Ãd (E(Zaid )))].38 Losses L̃d can reasonably be assumed to depend on
the same dwelling characteristics than ordinary losses Lo . Thus, for every household
i, I assume that
L̃di = βLoi , β ≥ 1.

(18)

In continental France, the ratio of the mean natural disasters losses over the mean
ordinary losses L̄d /L̄o ranges from 6.25 to 12.5.39 Knowing that natural disasters are
more intense events in the French overseas departments, I take β = 20. I perform
38

Losses caused by natural disasters are not estimated in the supply equation, as potential loss
and reinsurance premium paid by the insurer are not determined by these losses (Section 2).
39
In continental France, between 2000 and 2004, statistics by the French federation of insurers
companies about home insurance show that the damages caused by ordinary risks are on average
around =C1,200 (FFSA, 2006). Damages caused by floods and ground movements for continental households are on average around =C7,500 and =C15,000, respectively (Grislain-Letrémy and
Peinturier, 2010).
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estimations for β ∈ (10, 48);40 significativeness and sign of all estimated coefficients
are robust to the choice of this parameter.

Learning from past disasters. The number S of past disasters that have occurred in the municipality between the enforcement of the insurance system (1990) to
the sampling date (2006), is public information. Past disasters have a double impact
on households’ estimation of their exposure to natural disasters. First, the number
of past disasters increases households’ estimation of their probability p̃d of suffering
another disaster. Second, this number modifies households’ expectation of receiving
assistance, since their expectation is built on compensation provided to them after
past events. Thus, households’ expected assistance Ãd depends on number S of
past disasters and on penetration rate E(Zaid ) of the group Ja of joint eligibility for
assistance (Section 3): Ãd (S, E(Zaid )). Given that no proxy for expected assistance
is observed (Section 4), capturing charity hazard requires to disentangle the two
impacts of the number S of past disasters on insurance demand.

More formally, in the theoretical model,
α = 1 ⇔ [log(W − π) − log(W )] + p̃o [log(W ) − log(W − Lo )]
X
ok Ok
+ qd (S, E(Zaid ))[log(W ) − log(W − βLo )] +
k

+

X

hk Hk + δE(Zpeer ) + ν + η ≥ 0,

(19)

k

where qd (S, E(Zaid )) “summarizes” the two impacts of past disasters, the one of the
probability p̃d of natural disasters and the one on expected assistance Ãd . Indeed, as
the number S of past disasters increases, insurance demand is modified by a premium
increase and a utility loss. The premium increase effect (PIE) refers to the fact that
an increase of insurance price (as risk and sinistrality are correlated) may reduce
insurance demand. The utility loss effect (ULE) denotes the fact that the anticipated
40

Indeed, as the potential losses cannot exceed the wealth of the household, wealth determines the
upper bound of the range of values for β: 48. Estimations provide consistent orders of magnitudes:
Lo between =C1,000 and =C1,500 for β ∈ (10, 30) and Lo between =C600 and =C1,000 for β ∈ (30, 48).
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loss of utility may also increase, which should on the contrary increase insurance
demand. If anticipated assistance also increases with respect to the number of past
disasters, this reduces the utility loss effect: this is the charity hazard effect (CHE).
The sign of ∂α/∂S is determined by the sign of
∂π ∂pd dU ∂ p̃d
∂ Ãd 0
−
−
(U (W − L̃d + Ãd (S)) − U (W )) − p̃d (S)
U (W − L̃d + Ãd (S)) .
| {z } |{z}
{z
}
∂pd ∂S dW | ∂S
∂S |
{z
}
{z
}
|
≥0
≥0
≥0
ULE≥0
PIE≤0
|
{z
}
CHE≤0
|
{z
}
d UL
ULE+CHE=− ∂q
∂S
(20)
As data on anticipated assistance are not available, the sum of ULE and CHE only
can be identified. Thus, estimation enables to capture the charity hazard effect only
if it overcomes the utility loss effect, i.e. only if |CHE| ≥ ULE. A negative sign of
∂qd /∂S would so indicate charity hazard; a positive sign does not enable to conclude
about the presence of charity hazard.
∂qd
∂ Ãd
≤ 0 ⇒ |CHE| ≥ ULE ⇒
≥ 0.
∂S
∂S

(21)

A negative sign of ∂qd /∂S would indicate that anticipated assistance by households
increases with respect to the number S of past disasters that have occurred in the
municipality (Equation 20). This would correspond to a cumulative effect in the
anticipation of assistance: households living in municipalities where numerous disasters occurred have noticed the importance of assistance, probably more than the
other households have; therefore they anticipate higher amounts of ex post aid.

Besides, to test for the endogenous nature of anticipated assistance (Section 3), the
expected penetration rate E(Zaid ) of the group Jaid of joint eligibility for assistance
is crossed with the charity hazard effect. Thus, for each household i,
qdi = (q + θE(Zaid,i ))Si .
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(22)

A negative sign of q would indicate a charity hazard effect and a positive sign of θ
would mean that the percentage of insured neighbors decreases this charity hazard
effect, as it decreases the individual likelihood to get assistance after a disaster.

Let us check that no other phenomenon could imply a negative sign of q. First, perception bias could decrease ∂ p̃d /∂S and therefore the demand for insurance (Section
2) but not imply a negative sign for the estimated coefficient ∂qd /∂S: even in the
presence of perception bias, the perceived utility loss would still increases with respect to the number S of past disasters, even when considering the belief in the
law of small numbers. This belief consists in considering that once a dwelling has
been damaged by a disaster, the probability of being struck again is lower (Tversky
and Kahneman, 1981). Households may have this belief after one unique disaster,
but likely not after having been struck several times, which is the case as they have
suffered in average 8 disasters since 1990 (Table 3). Second, a negative sign of
q could derive from uncontrolled differences in risk aversion. In other words, one
cannot exclude for now that more exposed households do not purchase insurance
because they have a lower risk aversion.41 However, data show that households who
live in more exposed areas are presumed to be actually more risk averse (Table 4):
they are older, the proportion of women among them is higher.42 Besides, among
households who live in more exposed areas, the proportions of people either born
in continental land (who could be considered as managing risk differently), or who
purchase automobile insurance - with a limited or an extended coverage -43 are not
significantly higher.44
41

Heterogeneities in wealth or in dwelling quality are already taken into account in the demand
equation. The location choice of wealthy households is not significantly correlated with risk exposure; dwellings of good quality are on average built in more exposed areas (Section 2).
42
Levin et al. (1988), Powell and Ansic (1997), Halek and Eisenhauer (2001) and Jianakoplos and
Bernasek (1998) show that women are more risk averse than men. Morin and Suarez (1983), Palsson
(1996) show that the risk aversion increases with respect to the age; however, cohort effects may
complicate the impact of age on risk aversion (Brown (1990), Jianakoplos and Bernasek (1998)).
Besides, risk aversion depends on contextual framework (Schubert et al. (1999)).
43
Third-party insurance only is mandatory for automobiles. Only 1.5% of households own a car
without this coverage.
44
These statistics also confirm that supply accessibility is not lower for exposed households.
Indeed, difficulties in terms of supply accessibility are especially limited for home insurance, as
households can purchase a home insurance policy on the phone in approximately 20 minutes.
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Table 4: Self-selection on housing market: correlation between proxies for risk
aversion and the number of past disasters in the municipality
Correlation
value
Age of the reference person
0.060
Gender (woman) of the reference person
0.068
Place of birth (continental France) of the reference person
-0.0032
Insured automobile
-0.0053
Comprehensive automobile coverage
0.029

Pr > |r|
0.0015
0.0003
0.86
0.78
0.13

Notes: 2006 French Household Budget survey and GASPAR database. 2,809 observations.
Adverse selection because of insurance pricing? On the contrary, if q ≥ 0,
it can be tested whether there is adverse selection, that is whether
ULE + CHE ≥ |PIE|,

(23)

i.e. whether ∂α/∂S ≥ 0. Insurance subsidization for exposed households by the
least exposed ones could lead to an extensive adverse selection, that is to a higher
participation, on the insurance market, of exposed households. Here, adverse selection would mainly come not from the lack of information by insurers but from their
limited incentive to use information because of reinsurance policies (Section 2): as
insurers bear a very limited part of losses caused by natural disasters, insurance
premiums partially reflect natural risks and this way subsidies exposed households.

Insurance obligations. Dummies for tenants Ot and for homebuyers Ob are
added to control for these insurance obligations and to measure their impact.45
Results are robust when tenants and homebuyers are excluded from the sample and
also when the model is estimated either on tenants only or on homebuyers only.

Uninsurable housing. Data provide information about dwelling quality, but not
about dwelling compliance with building standards or permits (Section 4). The
45
Monitoring of insurance renewal may be partly realized in public housing. Unfortunately,
information about public housing is not available.
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Inter-American Development Bank defines insurable housing market as housing built
by solid materials and with potable water and drainage (IDB, 2000). Here I control
for uninsurability by adding dummies for low dwelling quality: a dummy Hc for
houses still in construction and three dummies for houses without modern conveniences (without hot water Hw , without drainage Hd and without toilets inside the
house Ht ).

Groups of peers and of joint eligibility for assistance. Different definitions
for the group Jpeer of peers and for the group Jaid for joint eligibility have been
tested by crossing the municipal level (which is the smallest geographical level that
I observe) with any other observed household characteristic (such as age, gender,
occupational groups, place of birth).46

The place of birth can also explain the probability of purchasing insurance via an
“initial peer effect”. Indeed, as insurance penetration rate of continental France is
exceptionally high (Grislain-Letrémy and Peinturier, 2010), having grown up in a
place where a wide majority of people are insured can increase the probability of
purchasing insurance. This is why dummies Bcl and Ba for households born in
continental France and abroad, respectively are added to the demand equation.

Wealth. The wealth used to perform estimations corresponds to households’ holdings. Indeed, households can lose almost all their belongings in the case of a natural
disaster. For the sake of simplicity, I assume that the observed income w earned by
the household during the year is constant over time until the death of the reference
person inside the household. I denote by A the age of the reference person in the
household and E his life expectancy, which is calculated by linear interpolation using registry office statistics (Niel and Beaumel, 2010). I use here the discount rates
recommended by Gollier (2007), that is r1 = 4% until 30 years and r2 = 2% beyond.
46

When the geographical level is the municipality, the geographical impact is implicitly assumed
to be uniform across municipalities, as there are too many municipalities to allow for different
coefficients between municipalities.
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Thus, I get
w
if E − A ≤ 30,
(1 + r1 )t
0≤t≤E−A
X
X
w
w
=
+
otherwise.
t
31
(1 + r1 )
(1 + r1 ) (1 + r2 )t−31
0≤t≤30
31≤t≤E−A

W =

X

(24)
(25)

This corresponds to a multiplication of the annual income by a factor from 6 (for
old people) to 24 (for young ones), with an average of 18. Sign and significativeness
of all coefficients are robust to this modification: they are similar when using the
holdings as here defined or the annual income. They are even robust when uniformly
multiplying annual income until to 100. Indeed, in the inequality from which results
insurance demand (Equation 26), the constant by which income is multiplied can
be factorized in the terms implying income; its presence only modifies the order of
magnitude of the coefficients of the other terms.

Selection bias. I add the term ν, where  is the error attached to the insurance
premium. This term allows for a selection bias, i.e. for correlation between unobserved heterogeneity factors that affect the insurance premium and the decision to
purchase insurance.

Error. Another error η is also attached to the decision to purchase insurance. It
can be interpreted as an assessment error made by households. It is also assumed
to be normally distributed.  and η are assumed to be independent, since possible
correlation is taken into account by the selection bias term.
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Finally, the estimated model is

αi = 1 ⇔ [log(Wi − πi ) − log(Wi )] + p̃o [log(Wi ) − log(Wi − Loi )]







+[qSi + θE(Zaid,i )Si ][log(Wi ) − log(Wi − β Loi )] + ot Oti + ob Obi







+hc Hci + hw Hwi + hd Hdi + ht Hti + δE(Zpeer,i ) + bcl Bcli + ba Bai + νi + ηi ≥ 0, (26)


if αi = 1, log(πi ) = log(cπ ) + y log(Yi ) + n log(Ni ) + log(1 − τ Oti )







− log(1 + κ − ρRi ) + σi ,





if αi = 0, πi = 0.
where errors  and η follow independent centered normal distributions with unit
variance, cπ = cpo l and ρ = cpr/(1+r) are estimated parameters and κ = ckr/(1+r),
p̃o and β are calibrated parameters.

Identifying variables. Identification requires the presence of variables that explain the probability of purchasing insurance but not the insurance premium. These
identifying variables are the dummies for houses still in construction (Hc ) and without drainage (Hd ).47 Economically, it means that houses still in construction and
without drainage have a lower probability of being insured (because they are likely
uninsurable) but, once a house is covered, the price of its coverage does not depend
on these characteristics.

The model is overidentified, as identification requires to exclude one variable only
from the demand equation. The two identifying variables are here compatible: when
only one of the two is excluded from the premium, the remaining one is not significant
in the premium equation and both variables are significant in the demand equation.
47

Houses still in construction and houses without drainage correspond to 3% and 53% of
dwellings, respectively (Table 3). These dummies (as dummies for houses without hot water
or toilets inside the dwelling) do not significantly explain the losses, even when considering that
losses can be differently estimated by households and by insurers.
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(27)

5

Results

Estimation is based on maximum likelihood and is detailed in Appendix A.

5.1

Supply

Insurance pricing. Table 5 presents the results of the estimation of the insurance
premium (Equation 27). As expected, the insurance premium increases with respect
to the standard of living and the number of rooms of the dwelling, which are proxies
for the insured value (furniture and building values). Besides, as the policy coverage
depends on the occupancy status, the premium consistently depends on this status.
The premium increases with respect to the number of natural disasters that have
occurred in the municipality, confirming that the potential loss of the insurer depends
on the exposure of his insured, even if it is in a very limited extent (Section 2).
Table 5: Estimation results: supply equation
Coefficient
cπ
y
n
τ
ρ
σ
κ

Estimate
2.6
0.36
0.35
0.21
0.077
0.66
0.088

Standard error
0.33
0.015
0.036
0.031
0.0072
0.016
0

Pr > |t value|
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Notes: κ = ckr/(1+r) is calibrated at 0.088 (using c = 1.3, k = 0.635 and r = 0.12).
2006 French Household Budget survey and GASPAR database. 2,809 observations.

Insurance affordability. Some overseas households may not afford insurance, as
the median standard of living in the French overseas departments is almost 40 %
lower than the one in continental France (Michel et al., 2010). To determine whether
insurance is affordable for overseas households, the premiums offered to the uninsured are here estimated. These premiums can be estimated using these coeffi-
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cients.48

The premiums offered to the uninsured are on average 14% below the premiums paid
by the insured, mainly because the uninsured are on average poorer (Table 6).49 As
the premium increases less than proportionally with respect to the income (ŷ < 1,
Table 5), the budget weight (ratio of the premium over the annual income) decreases
with respect to the income: the budget weight of the premium is so higher for the
uninsured (the mean being 1.8%) than for the insured (1.4%), while remaining limited (Table 6). This limited budget weight of insurance premium for the uninsured
suggests that insurance premiums do not discourage them from purchasing insurance. Answering properly that question requires estimation of insurance demand
and in particular of the elasticity of insurance demand with respect to the premium.
Table 6: Home insurance: premium and budget weight
Lower
Median
quartile
Uninsured households
Premium (2006=C)
212
166
209
=
Annual income (2006 C) 15,735
7,756
13,032
Budget weight
1.8%
1.1%
1.6%
Insured households
=
Premium (2006 C)
254
118
180
Annual income (2006=C) 30,217 13,974 25,056
Budget weight
1.4%
0.5%
0.8%
Mean

Upper
quartile
255
20,236
2.3%
300
40,222
1.4%

Notes: 2006 French Household Budget survey and GASPAR database. 2,809 observations.
48

These estimated coefficients (Table 5) correct the presence of a significant selection bias in
Equation 26 (Table 7). In other words, this estimation takes into account the presence of unobserved heterogeneities that increase the probability of purchasing insurance and the insurance
premium. These unobserved heterogeneities may be relative to risk aversion: households with
higher risk aversion have a higher probability to purchase insurance; their higher risk aversion may
be partially measured by insurers and so reflected in their premium. Regarding residuals, using
their estimated variance implies that residuals for the uninsured are assumed to have the same
variance than the ones for the insured.
49
The elasticity of demand with respect to the income is estimated in Section 5.2.
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5.2

Demand

Table 7 presents the estimation results for the demand equation (Equation 26).
These results are now precisely commented and derived to quantify and compare
the magnitude of demand determinants.
Table 7: Estimation results: demand equation
Coefficient
ot
ob
hc
hw
hd
ht
q
θ
δ
bcl
ba
ν
p̃o
β

Estimate
0.38
0.84
-0.65
-0.92
-0.54
-0.72
-0.60
0.83
0.76
0.83
-0.58
0.66
0.075
20

Standard error
0.077
0.10
0.24
0.082
0.066
0.21
0.088
0.16
0.13
0.12
0.11
0.095
0
0

Pr > |t value|
<0.0001
<0.0001
0.0075
<0.0001
<0.0001
0.0007
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Notes: p̃o and β are calibrated at 0.075 and 20, respectively. 2006 French Household
Budget survey and GASPAR database. 2,809 observations.

Small elasticity of insurance demand with respect to premium. The elasticity of insurance demand with respect to the premium can be calculated from
these results. The elasticity of insurance demand with respect to the premium is
null when using household’s holdings as wealth; this can be due to the fact that the
premium is negligible with respect to households’ holdings. However, even when
using annual income as wealth, the price elasticity of insurance demand remains
lower than 1 · 10−7 in absolute value, which is far smaller than results found by other
studies for home and flood insurance (Table 8). As the premium increases by 10%,
the number of households who are willing to purchase insurance decreases by only
0.1%. This small price elasticity confirms that households are not discouraged from
purchasing insurance by its price.
38

The elasticity of insurance demand with respect to the income can also be calculated and its order of magnitude is consistent with other studies (Table 8).50 The
income elasticity of insurance demand equals 0.02. Its positive sign confirms that
the insured are on average richer than the uninsured (Table 6). Income elasticity of
insurance demand may be positive or negative. Indeed, two opposite effects are at
stake. On the one hand, theory predicts that, if the absolute risk aversion decreases
with respect to the income, the demand for insurance also decreases with respect
to the income (Schlesinger, 2000). On the other hand, wealthier households may
buy costlier houses, exposing themselves this way to higher potential losses and increasing their need of coverage (Cleeton and Zellner, 1993).51 Here a third effect
is probably also at stake. Low income households likely benefit from more assistance after natural disasters,52 which decreases insurance demand from low-income
households. The positive sign of income elasticity means that the last two effects
overcome the first one.
Table 8: Price and income elasticity of demand for home and flood insurance
Line of insurance and place
Home insurance
French overseas departments
Florida
New York
National flood insurance
Unites States
Unites States

Definition
of demand

Price
elasticity

Income
elasticity

Citation

(PP)
(FA)
(FA)

> −1 · 10−7
-1.08
-0.86

0.02
0.06
-0.03

Current study
Grace et al.
(2004)

(PP)
(FA)

-0.11
-1.00

1.40
1.51

Browne and
Hoyt (2000)

Notes: insurance demand is defined either by the percentage of purchased policies
in the population (PP) or by the face amount of coverage (FA). For the sake of comparability with other studies, elasticities are calculated while using annual income
as wealth.
50

For the sake of comparability with other studies, the income elasticity is also calculated while
using annual income as wealth.
51
Cleeton and Zellner (1993) show that the income elasticity of insurance demand is positive if
φa +η > 1, where φa is the elasticity of relative risk aversion to initial income and η is the elasticity
of the amount of risk with respect to the initial income.
52
For example financial assistance by the rescue fund for overseas decreases with respect to the
income.
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Insurance obligations. Tenants and even more homebuyers have a higher probability of purchasing insurance than homeowners. This result shows that the existing
constraints relative to insurance purchase are operant. Besides, they have an important impact: if all households were tenants, the percentage of insured households
would go from 48% (Table 3) to 60% (Table 9); if all households were homebuyers,
the percentage of insured households would reach 73 % (Table 9).53

Uninsurable housing. As expected, households living in a house in construction
or without modern conveniences have a smaller probability of purchasing insurance.
In practice, insurers can control building quality and permit, either before selling
the contract or once a loss has occurred before paying compensation. In any case,
this control can be easily anticipated by households. The impact of uninsurable
housing is important: if all households were living in a house still in construction,
the percentage of insured households would go from 48% down to 26%; if all dwellings
were houses without hot water, the insurance penetration rate would go down to
15%; if they were living in a house without drainage, this rate would go down to
37%; if all dwellings were houses without toilets inside the building, this rate would
go down to 21% (Table 9).
Table 9:
demand

Impact of uninsurable housing and insurance obligations on insurance

Assumption
Ot = 1
Ob = 1
Hc = 1
Hw = 1
Hd = 1
Ht = 1

Percentage of
insured households
60%
73%
26%
15%
37%
21%

Notes: the initial percentage of insured households is 48%. 2006 French Household
Budget survey and GASPAR database. 2,809 observations.
53

Purchasing home insurance is also required as a condition for obtaining a mortgage in the
United States (Browne and Hoyt (2000), Kunreuther and Pauly (2006)) (Section 2). Browne and
Hoyt (2000) show that the number of mortgages per capita in the United States is negatively related
to the number of policies purchased per capita, likely because the level of mortgages captures wealth
and income effects.
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Charity hazard. The probability of purchasing insurance decreases with respect
to the number of past disasters that have occurred in the municipality. As explained
in Section 4, the negative sign of q reveals the presence of charity hazard that overcomes the utility loss effect, and means that anticipated assistance by households
increases with respect to the number of past disasters that have occurred in the
municipality. There is indeed a cumulative effect in the anticipation of assistance:
households living in municipalities where numerous disasters occurred have noticed
the importance of assistance, probably more than the other households have; therefore they anticipate higher amounts of ex post aid.

A vicious circle of uninsurance. The penetration rate in the neighborhood increases the individual probability of purchasing insurance (δ > 0), which reveals
peer effects: the more neighbors are insured, the higher is the individual probability
of purchasing insurance. This peer effect is significant at the municipal level, but
not when defining the group of peers as households sharing same observed characteristics inside a municipality.

Besides, the penetration rate in the group for aid eligibility decreases the charity
hazard effect (θ > 0): the percentage of insured households around one individual
decreases his likelihood to get assistance after a disaster. The relevant group for
aid eligibility is also the municipality (Jaid = Jpeer ). This suggests that there is no
favoritism towards households sharing one of the observed characteristics.54

If 3 over 4 households living in the municipality were insured, the individual probability of purchasing insurance would go from 0.48 to 0.74. The two channels have
a comparative impact on insurance demand. While still assuming that 3 over 4
households living in the municipality were insured, if there were peer effects only,
the individual probability of purchasing insurance would reach 0.53; if the endogenous nature of assistance only was at stake, this probability would reach 0.54 (Table
54

The two external effects of neighbors’ insurance decision (based on peer effect or aid eligibility)
remain significant when considering one without the other.
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10).55
Table 10: Impact of the municipal insurance rate
Assumption
Municipal insurance rate = 75%
via peer effects only
via aid eligibility only

Individual probability of
purchasing insurance
0.74
0.53
0.54

Notes: the initial probability of purcahsing insurance is 0.48. 2006 French Household
Budget survey and GASPAR database. 2,809 observations.
The place of birth explains the probability of purchasing insurance when this characteristic is simply added to the demand equation. Indeed, all things being equal,
households whose reference person is born in continental France have a higher probability of purchasing insurance, whereas households born abroad have a lower probability of purchasing insurance. This result suggests that having grown up in a place
where a wide majority of people are insured increases the probability of being insured. This “initial peer effect” has also an important magnitude. If all households
were born in continental France, the percentage of insured households would go from
48% to 74%. On the contrary, if all households were born abroad, the percentage of
insured households would go from 48% down to 31% (Table 11).
Table 11: Impact of the place of birth on insurance demand
Assumption
Bcl = 1
Ba = 1

Percentage of
insured households
74%
31%

Notes: the initial percentage of insured households is 48%. 2006 French Household
Budget survey and GASPAR database. 2,809 observations.
Therefore households are not discouraged from purchasing insurance by relatively
high insurance premiums but by assistance provided after disasters; uninsurable
housing also decreases the probability of being insured. My findings also suggest
55

If all households living in the municipality were insured (which is plausible, as in some municipalities 92% of households are insured, Table 3), the individual probability of purchasing insurance
would go from 0.48 to 0.80.
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that the neighbors’ insurance choices impact the individual insurance decision via
peer effects and via neighborhood eligibility for assistance.

6

Discussion

The French overseas departments provide a rare natural experiment of a welldeveloped natural disasters insurance supply in highly exposed regions such as Latin
America, the Caribbean and other small island countries. The determinants of insurance coverage on the demand side are uninsurable housing, which mainly applies
in developing countries, and charity hazard, which also widely applies in developed
countries. Implications of these insurance demand factors in terms of public policy
are here precisely discussed.

6.1

Uninsurable housing

Uninsurable housing widely applies in developing countries (Gilbert, 2001) and is
well-documented in Latin America and the Caribbean (Section 2). Many developing countries (located in Africa, Asia and Pacific region, Europe or Middle East)
benefit from some aids by the World Bank specifically dedicated to dwellings repair
or rebuilding (Gilbert, 2001). These reconstruction projects often include an improvement of dwelling quality (introduction or use of earthquake resistant materials
and designs, training of local masons, carpenters and artisans) (Gilbert, 2001). In
the French overseas departments, building aid is already in place (Tjibaou, 2004).56
This housing policy contributes to the decrease of uninsurable housing (Table 12).
This may probably partly explain why the penetration rate has been progressively
increasing (except in French Guiana, where uninsurable housing remains especially
important) since 1995 (Table 13), since the impact of uninsurable housing on insurance demand is important (Section 5, Table 9).
56

Furthermore, recent legal evolutions enable landowners of squalid dwellings with neither right
nor title to be compensated if public operations require their dwelling to be demolished. See law
n0 2011-725 of June 23, 2011 relative to informal housing districts and fight against bad housing
on overseas departments and regions.
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Table 12: Evolution of dwelling quality in the French overseas departments
Share of (%)
Permanent
in 1999 / in 2007 structures
French Guiana
68.0 / 73.0
Guadeloupe
74.8 / 89.6
Martinique
88.5 / 93.7
Réunion
73.7 / 86.2

Dwellings
in wood
16.8 / 16.4
10.1 / 5.5
5.3 / 3.6
10.3 / 4.2

Traditional
huts
10.3 / 6.5
12.6 / 3.6
4.4 / 1.1
14.0 / 8.5

Makeshift
dwellings
4.8 / 4.2
2.5 / 1.2
1.8 / 1.7
2.1 / 1.1

Notes: Main homes only are considered. Dwelling can be a house or an apartment.
Population census by INSEE in 1999 and 2007.
Table 13: Evolution of home insurance penetration rate in the French overseas
departments
(%)
1995
French Guiana 47
Guadeloupe
29
Martinique
39
Réunion
29

2001
38
32
41
45

2006
52
44
50
59

Notes: French Household Budget survey by INSEE in 1995, 2001 and 2006. 2 922
observations in 1995, 3 302 in 2001, 3 134 in 2006.

6.2

Charity hazard

Charity hazard has an important magnitude in many developing countries (Gilbert,
2001) and among them the Caribbean region (Section 2); some aids, for example
ones from the World Bank, are specifically dedicated to dwellings repair or rebuilding
in developing countries (Gilbert, 2001). Charity hazard is also at stake in developed
countries (see Raschky and Weck-Hannemann (2007) for a review).

Many European countries (Austria, Czech Republic, Germany, Italy, Poland, Slovakia) combine public assistance and private insurance with a low penetration rate
(Maccaferri et al., 2012).57 For example, in Canada, public assistance is also developed (through the Disaster Financial Assistance Arrangements and local funds
57

In all these countries that combine public assistance and private insurance, it is difficult to
determine the causality between the development of public assistance and the low penetration rate
of private insurance: was demand for private insurance reduced because of public aid? Or was
assistance initially developed to make up for a limited private insurance supply?
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created by some provinces) and Canadian households do not distinguish between
public aids and compensations provided by insurers (Dumas et al., 2005). In Germany and in Italy, insurance is private and governmental assistance to flood victims
is provided on an ad hoc basis; less than 10% of German households and about 5%
of Italian buildings are insured against floods (Bouwer et al. (2007), Schwarze and
Wagner (2007)). These few examples illustrate differences in the institutional design
of governmental relief programs between countries. This design - actually more its
transparency than the coverage magnitude - significantly determines the demand
for private natural hazard insurance (Raschky et al., 2010).

Charity hazard may also occur in developed countries where public assistance coexists with public insurance. In the United States, flood insurance is offered by the
Federal State and is purchased by a minority of households (Dixon et al. (2006),
Kunreuther (1984)).58 Before Hurricane Katrina, Browne and Hoyt (2000) and
Kunreuther and Pauly (2006) show that a key explanation for the low demand
for natural disasters insurance from American households is their biased risk perception and not charity hazard.59 After Hurricane Katrina, Bush administration
committed to provide billions of dollars in disaster relief to victims; this may have
induced expectation of Federal assistance (Kunreuther and Pauly, 2005). Landry
and Jahan-Parvar (2011) plead for an assessment of charity hazard with respect to
other determinants of flood insurance demand in the United States.

To what extent is charity hazard an issue? After all, as recalled by Raschky
and Weck-Hannemann (2007), a catastrophe fund is de facto a “mandatory insurance”. Indeed, one can argue that public assistance is not that much different from
insurance subsidy: public assistance is a cross-subsidization from less exposed tax58

In the United States, flood insurance, which is offered by the Federal State to households,
is purchased by around half of the single-family homes living in special flood hazard areas - i.e.
zones with a 100-year recurrence interval for flood - and by only 1% of single-family homes outside
(Dixon et al., 2006).
59
For example, Browne and Hoyt (2000) test the presence of charity hazard and find a positive
correlation between governmental aid and flood insurance purchase - and not a negative one. Their
interpretation is that flood exposure may increase both governmental aid and insurance purchase.
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payers to more exposed ones; similarly, insurance subsidy is a cross-subsidization
from less exposed insured households to more exposed ones. This comparison is
especially relevant for countries where insurance pricing implies insurance subsidy,
such as France or the United States. Indeed, in France, the natural disasters premium is a fixed share of the home insurance premium (Insurance Code, section L.
125-2). In the United States, flood insurance is actuarial with subvention of specific
risks and 22% of flood insurance policies are subsidized (Hayes and Neal, 2009).

Coate (1995) answers this very precise objection: compensation provided by insurance is defined ex ante, whereas compensation provided by aid is often defined ex
post. This main difference has two important consequences, both underlined by
Coate (1995).

First, ex post assistance is likely to be inefficient. There are two main reasons to
expect that people who provide assistance will not choose the optimal level of assistance. The first reason is that assistance may rely on approximate loss assessment
or even on discretionary decisions. In the United States, half of disaster payments
by the Federal Emergency Management Agency are politically motivated (Garrett
and Sobel, 2003).60 The second reason is that the uninsured can free-ride, since
natural disasters assistance is provided via different channels. To that respect, the
assistance providers themselves can consider that the level of assistance is not optimal.

Second, providing ex post assistance reduces self-responsibility and gives no incentive for prevention. It does not refrain households from living in exposed areas or
from building vulnerable houses, while these choices increase future losses and so
future assistance provided by the whole society. Certainly, insurance subsidy also
reduces self-responsibility, but this subsidy may be temporary or combined with
60

Similarly, in Pakistan, after the 2001 flood in Islamabad and Rawalpindi, public support checks
were mainly distributed to family members and political supporters of local councilors who coordinate governmental assistance (Mustafa, 2003).
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other incentives for prevention. For example, in the United States, this subsidy is
temporary: flood insurance is provided at subsidized rates until the completion of
the community’s flood rate map. In France, this subsidy goes with incentives for
prevention: the natural disasters insurance deductible increases with respect to the
number of past disasters that have occurred in the municipality;61 increasing the
premium with respect to the risk exposure could also be considered.62 Efficiency
of such insurance policies clearly requires that the most exposed households had
purchased insurance.

A third argument can be added to Coate (1995)’s ones: public assistance may distort
the fiscal system and so redistribution between the rich and the poor. For example, in the United States, after Hurricane Andrew in 1992, assistance to the rich
was funded by the poor, as Federal assistance was counterbalanced by a reduction
of social budget (Favier and Pfister, 2007). On the contrary, in the French overseas departments, low income households benefit from more assistance after natural
disasters (for example via the rescue fund for overseas). Actually this precisely contributes to explain why the uninsured are the poor in these departments (Subsection
5.2).

7

Conclusion

This paper provides additional keys to understand the determinants of insurance
demand against natural disasters in highly exposed regions. It provides first keys
to foresee the impact of the development of a natural disasters coverage supply
in disaster-prone areas (either via governmental initiatives or via microinsurance
in developing countries) on the insurance penetration rate - and so on the abil61

The natural disasters insurance deductible paid by individuals is fixed by the government and
can increase in municipalities which suffered several natural disasters and made however no risk
prevention plan (Insurance Code, section L. 125-1, annex I). As the very wide majority of the
municipalities in the French overseas departments have already undertaken or set up such plans,
this rule has a negligible impact in these departments.
62
For now, increasing the premium with respect to the risk exposure is considered for insurance
of firms’ or local authorities’ buildings only, not for home insurance. See http://www.senat.fr/
leg/pjl11-491.html.
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ity of governments to partially transfer catastrophic risk via coverage mechanisms.
Findings suggest that the development of an affordable supply of natural disasters
coverage would probably increase the insurance penetration rate in disaster-prone
areas, but would unlikely imply a wide majority of insured households because of
charity hazard and, in developing countries, because of uninsurable housing.
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A

Appendix: likelihood

Estimation is based on maximum loglikelihood. The calculation of the likelihood is
hereafter detailed.

Recall that the estimated model is

αi = 1 ⇔ [log(Wi − πi ) − log(Wi )] + p̃o [log(Wi ) − log(Wi − Loi )]







+[qSi + θE(Zaid,i )Si ][log(Wi ) − log(Wi − β Loi )] + ot Oti + ob Obi







+hc Hci + hw Hwi + hd Hdi + ht Hti + δE(Zpeer,i ) + bcl Bcli + ba Bai + νi + ηi ≥ 0,(28)


if αi = 1, log(πi ) = log(cπ ) + y log(Yi ) + n log(Ni ) + log(1 − τ Oti )







− log(1 + κ − ρRi ) + σi ,





if αi = 0, πi = 0.

(29)

I denote
Zα = − log(W ) + p̃o [log(W ) − log(W − Lo )] + [qS + θE(Zaid )S][log(W ) − log(W − β Lo )]
+ ot Ot + ob Ob + hc Hc + hw Hw + hd Hd + ht Ht + δE(Zpeer ) + bcl Bcl + ba Ba ,
Zπ = log(cπ ) + y log(Y ) + n log(N ) + log(1 − τ Ot ) − log(1 + κ − ρR).

(30)
(31)

Besides, the probability density function of centered normal distribution with unit
variance is denoted ϕ(·) and the cumulative density function is denoted by Φ(·).

For an insured household who pays a premium π, the probability of purchasing
insurance can be directly calculated using (19). Using the symmetry of the normal
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distribution, I get




P r η ≥ −(log(W − π) + Zα + ν) = Φ log(W − π) + Zα + ν ,

(32)

and the hazard is  = (log(π) − Zπ )/σ with probability 1/σ · ϕ ((log(π) − Zπ )/σ).
Thus, for an insured household who pays a premium π, the likelihood function is

 

1
log(π) − Zπ
log(π) − Zπ
ϕ
Φ log(W − π) + Zα + ν
,
σ
σ
σ

(33)

For an uninsured household, the premium is not observed. Thus, the expected value
of the probability of not purchasing insurance is63
Z
1−
R





Φ log(W − exp(Zπ + σ)) + Zα + ν ϕ()d.
{z
}
|

(34)

F ()

I use the method exposed by Laroque and Salanié (2002) to approximate the integral
that appears in the likelihood.64 Following their estimation method, I denote by i
the ith m-quantile (Φ(i ) = i/m) and calculate ¯i , the average normal-weighted
point in each interval [i , i+1 ]. As xϕ(x) = −ϕ0 (x),
R i+1
¯i =

i

xϕ(x)dx

Φ(i+1 ) − Φ(i )



= m ϕ(i ) − ϕ(i+1 ) ,

(35)

and the integral can be approximated by
Z
F ()ϕ()d ≈
R

m−1
1 X
F (¯i ).
m i=0

(36)

Results are here presented for m = 10; they are robust when using m ∈ {20, 30, 40, 50}.

63

The likelihood function for the uninsured (34) takes into account the fact that the selection
bias ν and the estimated premium for the uninsured both depend on the error term .
64
Laroque and Salanié (2002) explain the wage and the participation decision on labor market,
taking into account the fact that the decision to work depends on the wage. Their estimation is
based on maximum likelihood and requires the approximation of a similar integral.
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