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Natural disasters risk is increasing in several regions around the world as a result of socio-
economic development and climate change. This indicates the importance of establishing
affordable and sustainable natural disaster risk management and compensation arrange-
ments. Given the complexity of insuring extreme risks, insurers and governments often
cooperate in catastrophe insurance systems. This paper presents a comparative study of the
main components and a broad range of indicators of fully private and fully public, as well
as public-private (PP) insurance systems, for extreme events, in ten countries. This analysis
results in the following nine main recommendations for policymakers who aim to establish
new, or improve existing, insurance arrangements for natural disasters: (1) mandatory
participation requirements are advisable to achieve a high market penetration rate;
(2) adequate monitoring and enforcement mechanisms need to be put in place to ensure
compliance with these requirements; (3) the government needs to take responsibility for
part of the (extreme) damage in order to keep an insurance system financially viable and
affordable; (4) private insurance companies should participate in a PP insurance scheme by
selling and administering policies and by covering medium-sized losses; (5) the integration
in systems of risk transferring mechanisms is advisable; (6) it is advisable that governments
stimulate the building-up of insurers’ reserves by providing tax exemptions; (7) risk
mitigation policies should be carefully integrated in a natural disaster insurance system,;
(8) a detailed assessment and mapping of risk provides the basis for an effective mitigation
policy; (9) insurance should provide financial incentives for policyholders to take risk
mitigation measures.
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Introduction

The global economic losses caused by natural disasters have increased significantly
over the past few decades and are projected to increase further in certain regions of the
world as result of climate change and population and economic growth in areas at
risk.! This has initiated a discussion among insurers and governments within several
countries about whether or not natural disaster risks are insurable with current
arrangements.” There are three main reasons why insurers in many countries have

! Bouwer et al. (2007b); Klein and Wang (2009).
2 Botzen and van den Bergh (2008); Kron (2008).
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difficulties to offer natural disaster insurance at low cost. First, it is difficult to
estimate uncertain low-frequency high-impact risks and, hence, the insurance
premiums.® Second, property and casualties (P&C) insurers have limited capacity to
cover the potentially large and correlated natural disaster losses. Third, there could
be a problem of adverse selection if, in the absence of significant premium
differentiation, only individuals with a high natural disaster risk purchase insurance.
At the other extreme, fully public natural disaster insurance may be considered,
which is usually provided in the form of ex post relief. The disadvantages of such a
system are: that it diverts financial resources away from other important public
projects; it works against the free market principle; and incentives for risk prevention
measures for individuals are often limited in the absence of risk-based insurance
premiums.*

Most of the existing international catastrophe insurance systems, such as those for
floods, have been developed with some sort of involvement of the government,
either through private markets or by providing compensation through public
reinsurance or a state guarantee. It is common that these systems are set up as a
Public-Private (PP) partnership with the participation of private insurance companies
with varying degrees of roles and responsibilities for the involved participants.’
In PP insurance systems, the government and the private sector cooperate in sharing
risks or selling insurance policies with the aim of achieving a high market share
and making optimal use of the expertise and capacity to carry risks of both sectors,
while the government’s role in fully private system is very limited, such as only a
regulatory role.

A well designed natural disaster insurance arrangement can ameliorate and limit
climate change impacts by spreading risk and providing incentives for risk reduction.®
In establishing a risk management and insurance system for natural disasters,
important lessons can be learned about how existing insurance arrangements for
extreme events are designed in different countries, what their main components are
and how they are integrated into systems. Their main characteristics, funding and
achievement of risk reduction are important components that determine the financial
viability and long-term robustness of an insurance system. This paper provides an
in-depth study of these components, in order to arrive at insights for policymakers
who aim to establish or improve an existing, natural disaster insurance arrangement.
According to our knowledge, this is the first integrated study that provides an
international comparison of private, public and PP insurance systems for two major
catastrophe risks: namely, flooding and earthquake. Even though only flood risk is
affected by climate change, the study of insurance systems for earthquake risks
can provide relevant insights for insurance against climate change-related disaster
risks. This is the case because earthquake risks can be characterised as extreme risks
that are uncertain, which pose challenges for insurance that may be comparable

3 Freeman and Pflug (1999).

4 Jaffee and Russell (2005).

3 Seldon (1997); Kunreuther and Michel-Kerjan (2007).
® Botzen and van den Bergh (2009).
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to extreme climate change risks. Moreover, policies and insurance incentives for the
mitigation of earthquakes risks may provide relevant insights into how such policies
and incentives can be integrated in insurance programmes for catastrophe risks such
as flooding.

The remainder of this paper is structured as follows. The next section describes the
main components of catastrophe insurance systems and their indicators, on the basis
of which these systems will be compared. The section after that describes fully private
and fully public insurance systems for flood risks. The subsequent section presents
the comparison of PP insurance systems for flood and earthquake risks. The
penultimate section discusses the main findings of the comparative study for setting up
a PP natural disaster insurance system. The last section concludes.

Insurance systems’ components and indicators

A large variety of catastrophe insurance systems can be observed across the globe.
Table 1 shows the main comparative studies of such systems and their key components
and indicators.

Our study examines, in more detail, the technical aspects of the reliability and
the sustainability of PP insurance schemes. For example, what are the differences in
premium pricing, coverage, funds management and incentives for risk-reducing
measures, and how do they influence the overall performance of insurance systems?
In contrast with existing studies, this paper deals with two main types of catastrophe
risks—flood and earthquake—in several countries, by using a broad range of
measurable and descriptive indicators of a system. Table 2 provides the indicators that
will be used in our comparative study, which will be discussed in detail below.

General characteristics

The general characteristics describe the main features of a system, such as year of
establishment, whether it is a voluntary or mandatory system, and the main roles
of stakeholders from the public and private sectors. Furthermore, the main
characteristics of insurance arrangements are determined by the size of the catastrophe
risk, which consists of the standard disaster return period and the damage that can be
expressed as a percentage of GDP. The damage and frequency of the hazard can
influence the degree of responsibilities that each stakeholder takes on within the
system. The market penetration rate of an insurance scheme indicates how many
people are covered by the insurance. Sometimes insurance is compulsory in order to
achieve a high market penetration rate. In PP systems, where the government covers
part of the damage, indemnities may be paid conditional on an official trigger in the
form of an official declaration of a disaster.

Funding and coverage conditions

In terms of funding, coverage conditions on the hazards that the insurance covers are
important indicators. Another important feature is whether or not an insurance
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Table 2 The main components and indicators of the insurance systems examined in this study

Indicators

Description

General
characteristics

Funding

Mitigation

Programme name and
year of establishment
Programme duration

Standard disaster return
period

Damage intensity
Compulsory coverage

Market penetration

Official trigger

Responsibility public
sector

Responsibility private
sector

Hazard covered

Damage covered

Limit of indemnity
Individual policy
deductibles
Premium setting

Premium level

Reinsurance

Reserves and special tax
treatment

Integration of risk
mitigation and
preventive measures
Risk zoning and risk
maps

Incentives based on
premiums

Incentives based on
deductibles

The official name of an insurance scheme and the year of
the establishment;

The duration of a programme, which is either on a
temporary or permanent basis

The reoccurrence probability, which is the return period
in years for a specific disaster that is generally used to
assess actuarial risk-based premiums and coverage
Estimated damage in absolute value and as a % of GDP,
caused by a specific hazard within a given period
Whether participation in an insurance system is
mandatory or voluntary for the insured

The % of homeowners in a given region or in a country
who have purchased insurance products against a
specific catastrophe risk

Whether an official disaster declaration is needed before
the insurance takes into effect and, if applicable, the
predefined minimum damage level before the
declaration is granted

The main responsibilities of the public sector in the
insurance system

The main responsibilities of the private sector in the
insurance system

The covered catastrophic hazards, e.g. earthquake,
flood, storm, hail, volcanic eruption

Type of damage covered, e.g. damage to residential or
commercial property and contents, casualties or business
interruption damage

The overall and per policy limit of coverage in U.S.$
Amount of loss that a policyholder pays before the
insurance starts paying

By whom the premiums are determined and whether
they are risk-based or flat

The level of insurance premium for a specified risk for a
specified period of time in U.S.$ (numbers are
indicative).

Whether a PP system uses reinsurance for hedging risk
and whether this is obtained from public or private
reinsurance, with or without a state guarantee
Whether, and how, a PP insurance system builds up
financial reserves, with or without a tax exemption

Whether, and how, the damage mitigation and
prevention measures are integrated into the insurance
programme

Whether there are risk maps available that show hazard-
prone areas

Whether risk-based premiums provide policyholders
with incentives to undertake mitigation measures
Whether risk-based deductibles provide policyholders
with incentives to undertake mitigation measures
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scheme covers only direct or also indirect damage, such as business interruption losses.
The extent of coverage varies per system and is often set as a maximum compensation
per policy for buildings or contents, or an overall maximum amount of damage
covered per event, or a combination of these two.” Another limit on the indemnity
paid can be set by a deductible, which is the portion of damage that the policyholder
must pay before the insurer covers expenses.

The main sources of funding for an insurance system are earnings from premiums,
reinsurance coverage, reserves or financial contributions from the government in the
form of either direct compensation or as a state guarantee. Premiums can be either
risk-based or flat, and are determined by insurers, the government or by representatives
of both. Insurers can be stimulated to build up sufficient financial reserves by special
tax benefits.

Incentives for mitigation measures

In order to achieve long-term sustainability of an insurance arrangement, the
stakeholders need to integrate adequate incentives and policies in the programmes that
prevent or limit potential damage.® In-depth studies of hazard-prone areas and risk-
zoning are essential to manage different catastrophe risks, to adopt appropriate
mitigation measures in high-risk areas and to set up post-disaster relief plans. In
addition to risk reduction strategies implemented by the government and insurers,
policyholders can often limit potential damage by taking risk-reducing measures.
Insurers can reward policyholders who voluntarily reduce their risk by lowering the
level of deductibles and premiums.

Comparison of private and public flood insurance systems

This section examines the fully private flood insurance systems in the U.K. and
Germany, and flood insurance systems in Spain and Switzerland, which may be
characterised as fully public systems. These fully private and fully public systems are
summarised in Table 3 and provide a useful basis for comparison with the PP systems
discussed in the next section.

General characteristics

In Germany, insurance against natural disaster risks is provided by the private sector
as a supplementary coverage to home contents and building insurance for which an
additional premium needs to be charged. This insurance can be purchased on a
voluntary basis. The overall market penetration is very low, and is on average about 5
per cent for building and 10 per cent for content insurance.’ The main responsibility of
the government is to provide flood protection. Because of the low market penetration

" Michel-Kerjan and Pedell (2005).
8 Botzen and van den Bergh (2008).
° Thieken et al. (2006).
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of flood insurance, the government also provided ad hoc disaster relief after several
major flooding events, such as during the 2002 floods, which caused about €9.2 billion
of damage. This government relief may reduce the demand for private insurance and it
has been argued that the parallel administrative procedures of government relief and
insurance after a flood can be time-consuming and inefficient.'®

Private flood insurance in U.K. was established in 1961 as the result of a
gentlemen’s agreement, which defines a division of responsibility between the
government that is responsible for providing flood protection and the insurance
industry that provides insurance for flood risk as part of the standard home insurance
policies. Although it is not compulsory, the market penetration for U.K. flood
insurance is between 75 per cent and 95 per cent, which can be explained by the
requirement to carry flood insurance when applying for mortgages.'' Insurers in the
U.K. have threatened to cancel the gentlemen’s agreement after severe flooding
occurred in 2000, because insurers judged that government investments in flood
protection have been inadequate.'> Following this discussion, the Association of
British Insurers (ABI) created a two-year temporary agreement on flood cover, which
was revised in 2005. The latest Revised Statement of Principles applies from 1 January
2006, in which the ABI makes clear that a successful operation of flood insurance is
only possible if the government investments in flood protection are adequate;
otherwise insurers may limit coverage for flood risks.

The current Spanish system for catastrophe disaster coverage originates from a
national insurance system that was established to cover losses from the Civil War
between 1936 and 1939. In 1954, the system was transformed into the current
institution for natural disaster relief, the Consorcio de Compensacion de Seguros
(CCS)." 1t was only in 1990 that it became a legal national framework that covers
extreme risks, which includes both natural and man-made disasters. Flood insurance is
a part of the catastrophe coverage, which is compulsorily included in the P&C
insurance policy, which is based on solidarity and collective risk sharing.'* The public
sector is responsible for covering the risks and paying out claims and the government
provides an unlimited state guarantee to the CCS. Private insurers compulsorily issue
insurance policies for natural catastrophe damage.

In 19 out of the 26 cantons of Switzerland, insurance for damage caused by natural
hazards is compulsory and is provided as an extension of P&C coverage by cantonal
public entities, which are called the Cantonal Insurance Monopolies (CIM). In the
remaining seven cantons natural hazard insurance is not provided by the CIM but
instead by several competing private companies. The federal government is not
involved directly in the insurance systems. Insurance coverage is compulsory,
which results in an average market penetration for natural disaster insurance above
90 per cent.

10 Richter and Schénberger (2005).
" Huber (2004).

12 Lamond et al. (2009).

13 CCS (2008).

14 Machetti (2005).
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Funding

Because both insurance systems in Germany and in the U.K. are fully private,
reinsurance is obtained from the private market, in which the risk is diversified
between insurers, reinsurers and insurance pooling. Premiums are the main source of
income in these systems and no government financing is available, except for post-
disaster relief in Germany. In Germany, insurance premiums are actuarially sound and
are based on a zoning system called ZURS created by the German Insurance
Association (GDYV). The deductibles and premiums for individual policies vary per
insurer and are, respectively, 10 per cent and 1.1 per cent per 10° insured value (IV).
Premiums in the U.K. are also risk-based and amount to about 1.87 per cent per 10°
IV. These premiums are higher than in the PP flood insurance systems that will be
discussed in the next section. During the last couple of years, insurance premiums for
households in flood-prone areas have increased significantly in the U.K., and in some
cases insurers even refuse to continue to provide flood coverage.'” Because of these
problems, there have been discussions to modify the insurance system in the U.K.
and establish a PP insurance system along the lines of the U.K. terrorism insurance
Pool Re."”

The Spanish CCS system provides broader coverage with lower premiums
(0.01 per cent per 10° IV) and deductibles compared with the other systems. All natural
hazards, such as earthquake, pandemics, flood and other losses to people or property in
Spain caused by extraordinary events are covered. The premium is collected by insurers
on behalf of the insurance Consortium, for which the insurers retain a fee of 5 per cent
of the premium. The premiums are set by the CCS and are not differentiated according
to flood risk zones, but according to the types of insured property. The CCS creates an
equalization reserve in addition to the technical provisions.

The CIM in Switzerland collect premiums and provide damage coverage through a
collective reinsurance pool, which is called the Interactional Reinsurance Union. In the
seven cantons with private insurance, the private insurance companies provide natural
hazard insurance (excluding earthquake) in combination with fire coverage for
buildings and contents, which is reinsured by the private Swiss Natural Hazard Pool
(SVV). The cantonal insurance entities are free to choose coverage levels based on
their risk appetite and market shares. The average CIM premiums for building
and contents insurance are, respectively, 0.023 per cent and 0.052 per cent per 10° IV, '°
while average private premiums are 0.18 per cent per 10° IV. The CIM premiums are
calculated as the average risks of all hazards in Swiss territory in such a way that they
are sufficiently high to cover the total damage.'” The administrative costs of the CIM
are significantly lower than the private Swiss insurers; CIM’s costs are on average
$6 per 10° IV while private insurers charge up to $35 for the same coverage, which
makes the CIM one of the most cost-efficient systems.'® Private insurers participate in
the pool together with the CIM and cover 20 per cent of damage themselves and the

15 Crichton (2008).

16 This applies to simple or industrial risks.
7 OFAP (2011).

'8 Jametti and Von Ungern-Sternberg (2005).
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remaining 80 per cent is covered by the pool members in proportion to their market
19
share.

Mitigation

In Germany and the U.K., private insurance companies have a clear interest in
developing accurate and detailed flood risk assessments and flood risk maps. The
governments of both countries have the responsibility to develop adequate flood
protection measures. Recently, the U.K. government created the Planning Policy
Statement 25 (PPS) in collaboration with insurers, which sets out the Government’s
national policies on different aspects of land-use planning and flood damage reduction.
These policies were one of the main conditions put forward by U.K. insurers for
continuing to provide flood cover.?® Risk-based premiums in the U.K. and Germany
may provide incentives to policyholders to mitigate flood risks.

Unlike the systems in the other countries, flood risk mitigation measures are
implemented only to a limited degree by the Spanish CCS. A recently approved policy
stimulates regional authorities to develop flood risk assessments and to create flood
hazard maps to be used for land-use regulations.?' However, no financial incentives
are provided to stimulate the undertaking of risk-reducing measures, such as risk-
based premiums or deductibles.

An important difference between the public and private systems in Switzerland is
that the CIM spends more than twice as much on fire prevention and public awareness
measures (about 30 per cent of premium income) than private insurers. Moreover, the
CIM plays an active role in many aspects of prevention, such as implementing building
codes in hazardous areas. The cantons without public insurance invest much less in
risk reduction and play no active role in stimulating prevention measures.””> An
explanation for this is that the monopoly insurer CIM is able to capture all the benefits
of prevention via lower damage payments.'® No financial incentives are provided by
the CIM to stimulate the undertaking of risk-reducing measures by policyholders, such
as risk-based premiums or deductibles.

Comparison of PP insurance systems

Flood insurance

Table 4 shows a comparison of general characteristics of PP flood insurance systems
in the U.S., France, and Belgium. The PP flood insurance system in the U.S. has a
long history and flood events with a large amount of damage are relatively frequent
in the U.S. France was one of the first countries in Europe to set up a mandatory
PP catastrophe risk insurance scheme based on solidarity and collective risk-sharing

19 von Ungern-Sternberg (2004).
20 ppS25 (2008).

21 Cantos (2007).

22 VKF/AEALI (2008).
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principles. The recently established Belgian flood insurance system utilises an
interesting combination of private insurance instruments together with public
reinsurance.

General characteristics

In 1968 the U.S. Congress established the National Flood Insurance Program (NFIP),
with the objective to limit the costs of ad hoc federal disaster assistance paid out of
taxes. The NFIP is administered by the Federal Emergency Agency (FEMA), which
is responsible for covering the risks. Insurers play only the role of financial
intermediary in the NFIP through what is called the “Write Your Own” (WYO)
programme, which allows the participating P&C insurers to sell the stand-alone
standard flood insurance for which they receive an allowance.” Households or
companies can purchase flood insurance from the NFIP or buy more expensive
commercial insurance. The market penetration is approximately 50 per cent in the
1/100 flood zone and much lower in the other flood zones, which can be explained by
the limited scope of the obligatory purchase requirement, which only applies to
homeowners in the 1/100-year flood zone who have a mortgage that is backed by a
federal lending in