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1. INTRODUCTION 

Earthquakes are one of the most destructive natural perils and can lead to severe economic, social and 

environmental impacts. Since 1990, more than 800 000 people have lost their lives as a consequence of 

earthquakes, which have caused an average of USD 34.5 billion in damages annually. Rapid urbanization, 

the accumulation of assets in seismic areas has led to an increasing amount of exposure to earthquake 

risk in many parts of the world.  

Insurance can make an important contribution to managing the financial impacts of earthquake risk, 

although the insurability of earthquake losses faces a number of challenges. The aim of this paper is to 

gives an overview of current insurance systems for earthquake risk that exists. An emphasis will be given 

to the role of insurance in mitigating financial consequences of catastrophic earthquakes as integrated 

part of disaster risk reduction. In particular, challenges related to low-probability high-consequence risk 

characteristics will be discussed. Various insurance and reinsurance models that have been developed 

and applied in different academic fields will be described.  

This paper addresses the protection gap for extreme events by focusing on natural catastrophe ('nat 

cat') perils, and specifically by analyzing the property insurance market. The 'protection gap' is defined 

as the uninsured portion of losses resulting from an event, namely the difference between total 

economic and insured losses. The term 'underinsurance', on the other hand, may be defined as the 

difference between the amount of insurance that is economically beneficial – which may include some 

rationally chosen self-insurance – and the amount purchased.  

A key contribution of this paper is identifying the specific challenges for increasing the availability and 

take-up of earthquake insurance, including the significant potential for severe, correlated losses from 

earthquake, the challenges in quantifying earthquake exposure and the limited willingness-to-pay for 

insurance coverage among households and businesses. It provides an overview of measures that can be 

implemented to reduce the size of expected losses and facilitate the purchase of insurance coverage. 

The paper proceeds as follows. Section 2 provides an introduction to the nature of earthquake risk and 

an overview of trends in the occurrence of earthquakes and their economic impacts as well as the role 

of insurance in managing earthquake risk. The next two chapters provide an overview of insurance 

coverage available for earthquake risk in different countries. It describes public (re)insurance schemes 

that have been established to provide coverage for earthquake (and sometimes other natural peril) 
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risks, as well as coverage available from private insurance companies. Next section outlines the 

significant level of underinsurance for earthquake risk and some of the main causes of underinsurance. 

The last section provides an overview of measures that can be implemented to reduce the size of 

expected losses and facilitate the purchase of insurance coverage. 

 

2. THE ECONOMIC IMPACT OF NATURAL DISASTERS WITH FOCUS ON EARTHQUAKE RISKS 

A natural disaster typically refers to an extreme event caused by a natural force or hazard, which 

overwhelms the response capability within a geographical area and thus seriously affects the social and 

economic activity of that sub-region. Natural catastrophe can be defined as a natural disaster that 

causes many casualties and large economic losses. Risk exposures associated with natural catastrophes 

are generally characterized by low frequencies, high levels of uncertainty and significant economic 

impacts. Natural hazards are often categorized as windstorms, flooding, earthquakes, drought and 

wildfires, cold waves and frost, and other events such as hail, avalanches, etc.  

 

The decadal period from 2010-2019 marked the costliest in the modern record for global natural 

disasters on a nominal and inflation-adjusted basis for each of the individual perils. Total direct 

economic damage and losses enhanced USD2.98 trillion (Aon Benfield, 2020). This was USD1.1 trillion 

higher than the previous decade (2000-2009). Asia-Pacific (APAC) accounted for USD1.3 trillion – or 44 % 

– of the decadal total as catastrophic events were recorded. The United States was second at USD906 

billion following a series of significant hurricane landfalls and severe convective storm outbreaks. EMEA 

was third with USD396 billion and the Americas (Non-U.S.) was fourth with USD377 billion. The 

economic costs were almost certainly enhanced by a combination of more intense weather events, 

increased vulnerable exposure and population in the path of the event footprint, and elevated direct 

business interruption impacts due to greater supply chain dependency within a globalized economy. 

 

The past decade provided some significant shifts in catastrophe loss trends – both regionally and on a 

by-peril basis. When comparing losses of the 2000s versus the 2010s, the most considerable growth 

occurred in the Americas; notably the Caribbean with 192% increases in economic costs from natural 

perils. Asia-Pacific also saw a major uptick in financial impact, with costs showing a 96% increase and 

became the first to ever record more than USD1.0 trillion in damage during a 10-year period. The United 

States (+36%) and EMEA (+19%) also showed decadal growth. 

On a by-peril basis, tropical cyclone and inland flood were the globe’s two costliest perils of the last two 

decade, follow by the earthquake. Unsurprisingly, these perils showed significant annual volatility as 

various atmospheric and oceanic conditions – such as ENSO phase – can often impact event frequency 

and location. The tropical cyclone standard deviation was USD 63 billion, earthquake (USD58 billion), 

and flooding (USD28 billion). Earthquake ranks third with very costly years such as 2011 and 2008, but 

also very low years, such as 2019.  

Figure 1: Cumulative Economic Loss by Peril 
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Source: AON, 2020 Weather, Climate & Catastrophe Insight, 2019 Annual Report 

Earthquakes can destroy settlements and kill many people. Aftershocks can cause even more damage to 

an area. It is possible to classify the impacts of an earthquake, by taking the following factors into 

account (National Research Council 1992): short-term (immediate) impacts; long-term impacts; social 

impacts (the impact on people); economic impacts (the impact on the wealth of an area); environmental 

impacts (the impact on the landscape). Effects are often classified as primary and secondary impacts. 

Primary effects occur as a direct result of the ground shaking, eg buildings collapsing. Secondary effects 

occur as a result of the primary effects, eg tsunamis or fires due to ruptured gas mains.  

 
Economic losses (both direct and indirect) due to earthquakes have occurred in over 154 nations out of 

245 as a result of earthquakes since 1900 (Daniell et al., 2012). Earthquakes are among the most costly 

of natural perils and have accounted for 6 of the 10 largest natural catastrophe events since 1980 in 

terms of overall losses (Swiss Re, 2020). The average earthquake since 1980 (for which economic loss 

estimates are available) has caused just over2x more in economic losses than the average climate-

related disaster (i.e. USD 9.85 billion vs. USD 4.77 billion)). Earthquakes tend to be “tail dependent" due 

to their potential to trigger secondary perils, such as tsunami and fire (i.e. the low frequency high-

impact earthquake "tail" event becomes an even higher-impact tail event as a result of the damages 

caused by secondary perils) (Kousky and Cooke, 2012). In many cases, such as the Great East Japan 

Earthquake, the secondary peril (tsunami) caused more losses than the ground shaking. Earthquake risk 

is also particularly “fat tailed” meaning low probability events have the potential to cause extreme 

losses. There is also recent evidence that the occurrence of large earthquake events could increase the 

probability of future events (Cook, 2017).  

Earthquakes with lower economic losses can have a major impact on smaller countries as compared to 

the event-year GDP of the country. Daniell et al. (2012) using Purchasing Power Parity shows the 

following annual average loss as a percentage of GDP (PPP) for each country. The study shows the 

relative impact of each individual earthquake, giving a better understanding of the economic risk of each 

individual nation in relation to GDP. It can be seen in Fig. 2 that Chile, Armenia, Turkey, Albania, 

Macedonia, Turkmenistan, Haiti, Nicaragua, Costa Rica, Japan and New Zealand have high exposure, as 

expected, to economic losses as a % of GDP.  
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Figure 2: Annual Average Loss (in % GDP (PPP)) from earthquakes over 112 years from 245 nations 

 

 
Source: Daniell J., Wenzel F., Khzai B. (2012) “The Worldwide Economic Impact of Earthquakes”.  
 

 

3. THE ROLE OF INSURANCE IN REDUCING ECONOMIC DISRUPTION 

In general, higher levels of insurance penetration have been found to reduce the negative impact of 

disasters on economic output. Melecky and Raddatz (2011) found that countries with lower levels of 

insurance penetration faced larger declines in economic output and more considerable increases in 

fiscal deficits than countries with higher levels of insurance penetration. Similarly, von Peter, von Dahlen 

and Saxena (2012) estimate the relative impact of disaster events for a fully insured or uninsured 

economy. They find that insured losses have no statistically significant impact on long-term output (i.e. 

GDP growth does not diverge significantly from its pre-disaster trend) while uninsured losses cause a 

cumulative output cost over 10 years of 2.3% or more. Standard and Poor's (2015) study found that 50% 

insurance coverage of assets would reduce the impact of a major disaster (i.e. a disaster damaging 5% of 

all assets) on growth by 40% relative to a scenario with no insurance coverage. 

Insurance indemnity payments after an earthquake can provide quick compensation to households and 

businesses to repair or reconstruct damaged buildings, replace possessions, machinery and equipment 

and, where business interruption insurance coverage was purchased, compensate for losses due to 

disrupted production - thereby reducing the economic disruption caused by the event. Higher levels of 

insurance penetration for earthquake risk can also reduce the impact of earthquakes on public finances 

by potentially lowering the need for government compensation of losses incurred by households and 

businesses (and providing the government with greater flexibility to direct recovery spending towards 

mitigating economic impacts). A Lloyd’s (2012) case study of five disasters found that a larger share of 

uninsured losses tended to be correlated with a larger overall cost to taxpayers. This is likely because 
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governments faced with significant uninsured private losses after a disaster would face political pressure 

to compensate those affected, leading to negative impacts on public finances.  

In countries with low levels of insurance protection against earthquakes, a significant share of the costs 

of repair, reconstruction and replacement will be borne by households and businesses (or governments, 

if compensation for these losses is provided). The financial burden on households and businesses is 

likely to lead to reduced consumption and investment. In extreme cases, the extra financial burden on 

households and businesses could have financial stability implications through an increase in defaults on 

mortgages, consumer and/or commercial loans if debtors are faced with costs that are beyond their 

financial capacity. Following the Great East Japan Earthquake, some households and businesses were 

forced to obtain secondary loans against their residential and commercial properties, on top of existing 

mortgage loans, in order to finance these costs (Ranghieri and Ishiwatari, 2014).  

There are a number of reasons why the financial impacts of earthquakes may be most efficiently 

managed by insurance (and capital) markets. Insurance companies are able to accumulate funds 

through the collection of premiums in order to create reserves for paying out future losses. By providing 

coverage for other uncorrelated perils (including other catastrophe perils such as floods, cyclones or 

droughts), they can also diversify their exposure to earthquake risk within larger pools of accumulated 

premiums (Wang, Lin and Walker, 2009). The transfer by insurance companies of some of their 

earthquake exposure to international reinsurance and capital markets can further diversify the risk and 

reduce the impact of earthquake losses on the domestic economy. For example, 95% of insured losses 

incurred as a result of the Maule earthquake in Chile in 2010 were reinsured in international markets 

(Aon Benfield, 2011) which likely reduced the overall level of economic disruption from what was one of 

the largest ever recorded earthquake events.  

Finally, where insurance premiums are risk-based (and risk reduction is rewarded with lower insurance 

premiums), insurance can also provide an important incentive for ex ante risk mitigation actions which 

could reduce the overall level of damage from major earthquake events. 

4. INSURANCE COVERAGE FOR EARTHQUAKE RISK 

Insurance coverage for earthquake risk may be offered as a standard inclusion in residential and 

commercial property policies, as an automatic or optional extension (or endorsement) to these policies, 

or as a stand-alone policy that may be purchased independently. This coverage may be offered by 

private insurance companies or through public insurance schemes, or some combination of both. In a 

number of countries (including many with significant exposure to earthquake risk), specific insurance or 

reinsurance schemes, supported by governments or as an initiative of the insurance sector, have been 

developed to provide basic, or more comprehensive, coverage against earthquake risks, sometimes 

bundled with coverage for other natural catastrophe perils and usually limited to providing coverage for 

residential property. In other countries, including those with relatively lower earthquake exposure, 

private insurance companies are the main suppliers of earthquake coverage. 

4.1. Public insurance schemes 
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Earthquake risks are prevalent globally. Countries located near the plate boundaries constantly 

experience major seismic and volcanic activities. One notable example is the Ring of Fire, or the circum-

Pacific seismic belt, which hosts the majority of large earthquakes around the world. The circum-Pacific 

countries include: Chile, Peru, Mexico, USA (California and Alaska), Japan, Taiwan, Philippines, Indonesia, 

and New Zealand. This section provides a brief summary of existing insurance systems in California 

(USA), Iceland, Japan, Mexico, New Zealand, Taiwan, Turkey, EU countries and the case of Macedonia, 

Albania and Serbia. 

California (USA): In California, earthquake insurance coverage had been offered privately since early 

20th century. Currently, the privately funded, state-run California Earthquake Authority (CEA), which 

was established in 1996 in the aftermath of the 1994 Northridge earthquake, provides earthquake 

insurance coverage to homeowners; policies can be obtained incidental to fire insurance (optional). 

Insurer’s CEA membership is voluntary and member companies satisfy the mandatory offer law for 

selling the CEA policy. It is noteworthy that the CEA is not backed up by the State of California. The 

payable limit of the CEA is about US$ 100 million; if this amount is exceeded, the claim repayments are 

proportionally reduced. The policy covers damage and loss due to earthquakes. The premium rates 

range from 0.036- 0.90%, depending on zip code, structural type, built year, and number of storeys. A 

relatively high deductible of 15% is specified (10% can be selected). Policyholders can insure residential 

properties up to the total insurance value, while they can choose the level of coverage for content (e.g. 

US$ 5,000-100,000) and incidental expenses (e.g. US$ 1,500-291 15,000). 

Iceland: The state-owned Iceland Catastrophe Insurance (ICI), which was established in 1975 after the 

1973 Mt. Heimaey volcanic eruptions, provides catastrophe coverage for natural hazards including 

volcanic eruptions, earthquakes, landslides, snow avalanches, and floods. The participation is 

compulsory, incidental to fire insurance, and covers direct loss to buildings, content, and lifelines. The 

deductible is 5% for each loss. The premium rate for properties and content is 0.025%, while that for 

lifelines is 0.02%. The ICI is liable up to 1% of the total insured capital; if this amount is exceeded, the 

claim repayments are proportionally reduced. 

Japan: The government-endorsed Japan Earthquake Reinsurance Company (JERC), which was 

established in 1966 after the 1964 Niigata earthquake, plays a major role in promoting earthquake 

insurance for residential buildings. The purchase is incidental to fire insurance and is not mandatory 

(thus the penetration rate is not so high). Primary insurers sell policies and collect fees from 

policyholders; the covered loss is retained by the JERC, government, and private insurers. The aggregate 

limit of the indemnity for earthquake insurance is JPY 6.2 trillion; if this amount is exceeded, the claim 

repayments are proportionally reduced. The policyholder can obtain earthquake coverage up to about 

30-50% of the total insured value under fire insurance policy; in addition, the maximum insured amount 

is limited to JPY 50 million for buildings and JPY 309 10 million for movables, respectively. There is a 

discount mechanism of premiums to encourage seismic risk mitigation; for instance, properties with 

base isolation are granted for 30% discount, and certified properties which meet the current seismic 

design requirements are granted for 10% discount. Other cases include buildings constructed after 1981 

(when the new seismic design code was implemented in Japan), and certified buildings according to the 

seismic grading system. 
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Mexico: Earthquake insurance in Mexico is mainly provided by private insurers, under the regulation by 

the Commission Nacional de Segurosy Fianzas (CNSF). The major seismic event that led to adoption of 

earthquake insurance was the 1985 Michoacan earthquake. The purchase is optional and is often 

accompanied by fire insurance. The insurance covers damage and loss of buildings and movables due to 

earthquakes and volcanic eruptions. The premium rates vary widely, depending on occupancy type, 

number of storeys, and geographical region. Typical values of deductible are 2-5%. In addition to private 

earthquake insurance, the government-supported Natural Disasters’ Fund, which was created in 1996, 

provides financial support to the recovery/restoration of impaired infrastructure and to the disaster 

victims. 

New Zealand: The government-owned Earthquake Commission (EQC) provides natural disaster 

insurance (EQCover) to homeowners in New Zealand. The EQC was established in 1944 after the 

devastating 1942 Wairarapa earthquakes. The participation is incidental to fire insurance and is 

automatic/compulsory. The contract covers damage and loss of residential properties, content, and land 

due to earthquakes, landslides, volcanic eruptions, and tsunamis. The premium rate is 0.05%. The 

insured amount is limited to NZ$ 100,000 for buildings and NZ$ 20,000 for content, respectively. The 

deductible is set to: NZ$ 200 or 1% of the loss for residential properties, NZ$ 200 for content, and the 

greater of NZ$ 500 or 10% of the insured loss for land, with the maximum deductible of NZ$ 5,000. In 

addition to the EQCover, private insurers offer natural disaster damage extension, which can insure 

commercial buildings (variable rates depending on geographical region, structural type, built year, and 

number of storeys). 

Taiwan: The government-endorsed Taiwan Residential Earthquake Insurance Fund (TREIF) operates the 

earthquake insurance programme in Taiwan. TREIF was established in 2002 in the aftermath of the 1999 

Chi-Chi earthquake. The policy is incidental to fire insurance and its purchase is compulsory. The 

insurance covers damage and loss of residential properties due to earthquakes. The upper limit of the 

repayment per household is TW$ 1.2 million for residential properties and TW$ 180,000 for contingent 

expenses, respectively. The premium rate is 0.122%. The total amount of the payable claims is TW$ 60 

billion. 

Turkey: The state-owned Turkish Catastrophe Insurance Pool (TCIP) was created after the 1999 Izmir 

earthquake to reduce catastrophe earthquake exposure to the government. The owners of residential 

properties within municipality boundaries are obliged to take earthquake insurance coverage, which 

insure damage and loss due to earthquakes. The premium rates range from 0.044-0.55%, depending on 

structural type and geographical region. The maximum insured limit is TRY 110,000 and the deductible is 

2%. Currently, as the financial status of the TCIP is not sufficient, it cedes a large amount of its risks to 

international reinsurers. Commercial and industrial properties as well as residential properties in rural 

areas can be insured on a voluntary basis. 

There is also some public backing for earthquake insurance in Albania, Macedonia, and Serbia through 

the Europa Reinsurance Facility Ltd. (Europa Re). Europa Re is a Swiss-based specialty property 

catastrophe reinsurance company owned by the countries of South Eastern Europe. Europa Re provides 
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reinsurance for earthquake risk (and other natural perils) to insurance companies in these countries as 

well as market infrastructure services and technology support.  

EU countries: Porrini and Schwarze (2012) classify variable insurance schemes for natural  catastrophe 

coverage (including earthquakes for some countries) in EU member states into 5 categories: (1) regional 

public monopoly insurer of natural hazards guided by statutory provisions and public consultation 

processes; (2) compulsory insurance for all natural hazards; (3) compulsory inclusion of natural hazards 

into general house ownership insurance; (4) free market natural hazard insurance with ad-hoc 

governmental relief programmes; and (5) taxpayer financed governmental relief funds. The Netherlands, 

Denmark, and Switzerland have adopted Schemes 1 and 2; France and Spain have used Schemes 2 and 

3; the UK has adopted Schemes 3 and 4; Germany has followed Scheme 4; and Poland, Italy, and Austria 

have adopted Schemes 4 and 5. These schemes suppress insurance-related problems, such as adverse 

selection, moral hazard, and charity hazard, differently. For instance, Scheme 1 can be used to mitigate 

all three issues, whereas Schemes 2 and 3 can deal with adverse selection and charity hazard effectively 

but may be susceptible to moral hazard. Effectiveness of Schemes 4 and 5 are limited to avoiding charity 

hazard and adverse selection, respectively. It is noteworthy that the selection of a suitable scheme has 

an important influence on how risk mitigation and (financial) risk management are implemented. 

Furthermore, insurance penetration rates for earthquake coverage in Europe are unevenly distributed 

among member states of the EU (Maccaferri et al. 2011). Notably, many earthquake-prone countries 

(e.g. Italy, Greece, Romania, Spain, and Portugal) show rates below 10%, although high maximum losses 

within the past 20 years have been experienced (e.g. Greece: 2.1% in 2010 GDP value and Italy: 0.6% in 

2010 GDP value). 

4.2. Private insurance coverage for earthquake risk 

Private insurance companies are the main providers of earthquake coverage in many countries that face 

a potentially material level of earthquake risk. In some countries, private insurers are also the main 

source of coverage for some of the main secondary perils resulting from earthquakes, such as fire and 

tsunami. 

In most countries, private insurers do not include earthquake risk in standard residential or commercial 

property policies and only make coverage available as an optional extension, endorsement or stand-

alone coverage (normally at an additional cost). In many of these countries, including Austria, Germany, 

Mexico, Philippines and Portugal, optional earthquake coverage is bundled with coverage for other 

natural catastrophe perils as a specific extension or included only when a comprehensive, or all-risk, 

policy is purchased (OECD, 2015). In Canada, the United States and Switzerland, private insurers usually 

only offer earthquake coverage for residential property as a specific optional add-on or separate stand-

alone policy (i.e. not bundled with other natural catastrophe perils). Private insurers in Australia, 

Belgium and Hungary normally include coverage for earthquake and related perils as a standard 

inclusion in residential and commercial policies. In a few countries some private insurance companies 

will offer earthquake coverage as a standard inclusion while others will offer coverage as an optional 

extension. 
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In countries with public (re)insurance schemes, private insurance companies might also provide 

coverage for risks that are not covered by the schemes (e.g. commercial buildings, contents, land) or for 

amounts in excess of the coverage provided by the schemes (where limited, such as in the case of Japan, 

New Zealand, Chinese Taipei, Switzerland and Turkey). In Switzerland, where most (17 of 19) cantonal 

monopoles offer voluntary compensation for earthquake damage (rather than contractually-mandated 

claims payments), some private insurance companies have developed a form of excess coverage aimed 

at closing the gap between whatever voluntary compensation is provided and the actual level of 

damage.  

Earthquake insurance is not broadly compulsory in any of the countries that rely exclusively on private 

insurance coverage of earthquake insurance (with the exception of a few specific cases in Costa Rica and 

Colombia). However, mortgage lenders in a number of countries, including Macedonia, Albania, Latvia, 

Portugal and Russia, will often require the purchase of earthquake coverage on mortgaged properties.  

In most countries, the pricing of earthquake insurance coverage offered by the private insurance sector 

varies with the level risk, often based on measures of exposure assessed through the use of commercial 

catastrophe models. The level of granularity in risk-based pricing is usually higher for larger commercial 

policies than for residential coverage (in a number of countries, premium discounts for more resilient 

structures are usually only applied in the case of large commercial policies). In some countries (e.g. 

Colombia, Mexico, the Philippines), regulatory authorities have been instrumental in the development 

of local catastrophe models for use in pricing which has often been critical for enhancing the market's 

capacity to provide coverage (OECD, 2015). Similarly, in Albania, Macedonia and Serbia, funding from 

the World Bank was used to finance the development of an earthquake catastrophe model (AIR 

Earthquake Model for Southeastern Europe) for application in the underwriting of Europa Re policies. 

In many countries with more limited property insurance markets, microinsurance schemes have been 

established to provide some coverage of earthquake losses for vulnerable segments of the population. 

Many of the microinsurance programs established have been designed to provide protection for a 

number of risks including earthquake. For example, Afat Vimo in India provides coverage for property, 

stock in trade, personal accident, and death from 19 perils including earthquake, fire and flood. The 

Buhay Buhay Kabuhayan scheme in the Philippines covers losses from personal accident, permanent 

disability, fire, typhoon, flood, earthquake and lightning (OECD, 2015). In Mexico, a microinsurance 

product covering earthquake and meteorological risks for low-income families for damages of 

approximately USD 1 000 to USD 2 000 was being developed in 2015 (Zorrilla, 2015). In Nepal, the 

Centre for Self-Help Development offers coverage for women at an annual premium of NPR 100, for 

indemnity coverage up to NPR 6 500 for the repair of a damaged dwelling.  

Some microinsurance programs use parametric triggers as the basis for claims settlement (which can be 

beneficial in terms of reducing the overall cost of providing coverage). For example, a microinsurance 

scheme in rural China provides payouts based on the magnitude of the earthquake with a fixed payment 

of CNY 500 provided for earthquakes with a magnitude of 6.5 or larger, and CNY 1 000 for an earthquake 

with a magnitude of 8 or larger. Alternatively, the scheme can offer indemnity coverage of up to CNY 16 

000 if the property collapses or otherwise becomes uninhabitable (Shah, 2010). Other microinsurance 
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programmes also offer payouts based on a simplified loss assessment process (sometimes for a fixed 

amount). For example, in the Philippines, a microinsurance scheme provides a set pay-out of PHP 10 000 

per unit if the dwelling is damaged or if the policyholder is killed by a natural disaster. 

5. UNDERINSURANCE OF EARTHQUAKE RISKS 

Earthquake losses (along with flood losses) are the least insured among disaster perils. Since 2000, 

approximately 85% of reported earthquake losses have been uninsured although there has been some 

improvement in the level of insurance coverage over time.  

5.1. Economic reasons for not fully insuring 

Risk takers (individuals, households, or firms) may choose not to fully insure their assets. There are 

rational reasons for not fully insuring, given the transaction costs involved. Mossin (1968) concludes that 

it is not optimal to purchase full insurance when the premium contains a loading. For many property 

insurance lines, cost ratios are around 30% of premiums. Large corporations usually self-insure part of 

their risk, backed by their globally-diversified portfolios. Similarly, individuals may prefer not to insure 

high frequency / low severity losses and instead use savings or credit as substitutes for risk transfer. 

Moreover, insurers use retention and co-insurance to reduce moral hazard, leading to lower sums 

insured. 

Affordability is perhaps one of the biggest reasons for underinsurance, particularly for lower-income 

households and small and medium-sized enterprises. For instance, Eling et al. (2014) and Cole et al. 

(2013) find a significant price elasticity of demand for microinsurance. On the supply side, insurance 

contracts cannot be scaled down efficiently for lower-income customers due to transaction costs 

(Demirgüç-Kunt et al. 2008). Sustainability of insurance markets requires that insurance premiums are 

commensurate with the underlying risk. Risk-adjusted premiums can also provide risk takers with price 

signals about their hazard exposures and thereby encourage risk reduction and mitigation measures. 

Risk based premiums also reflect the cost of capital that insurers must hold as buffer against the risk of 

earthquake losses (Kousky and Kunreuther 2014). Risk-adjusted premiums challenge low-income 

individuals residing in hazard-prone areas. Born and Klein (2016) find trade-offs between regulation that 

is intended to promote affordability and the competitiveness of the market.  

Another reason for underinsurance relates to limitations in the supply of insurance. Insurable risks are 

measurable, have independent loss occurrences, manageable average and maximum losses, premium 

rates that are acceptable to both insurer and insured, and adequate industry capacity. Insurability can 

be challenged by situations of ambiguity, in which insurers don't know the probability distribution of a 

risk (Kunreuther et al., 1995 or Courbage and Liedke, 2003). Some catastrophes change the insurer's 

perception of the underlying risk, leading to capacity shortages. However, the industry typically 

overcomes such periods through the adaptation of data and modeling, leading to a subsequent recovery 

in capacity. 

The diversification of a market portfolio can be incomplete for risks with fat tails and dependencies, 

resulting in more capital requirements and higher premiums (Kousky and Cooke, 2012). Extreme cases 
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of a non-diversification trap could lead to market failure, according to modeled results (Ibragimov et al., 

2009). The diversification of extreme event scenarios is increasingly facilitated by the evolution of 

capital market instruments like cat bonds which spread risks to a much broader base of investors. 

Scenarios that may have challenged diversification in the global reinsurance market are better 

diversified in the global capital markets. 

5.2. Financial development 

The degree of development of the financial sector strongly affects non-life insurance penetration 

(Outreville 2013). Not only is the insurance industry highly interdependent with financial markets, but 

also a well-functioning banking system increases consumer confidence in financial transactions. Credit 

drives the financing of insurable assets and may require insurance to protect collateral, such as when 

property insurance is required for mortgages. 

The religious acceptance of insurance varies across cultures and is therefore part of the financial 

inclusion topic. Traditional insurance is not permitted as a means of risk management in Islamic law. 

Park and Lemaire (2011) find the share of Muslims in the population reduces insurance penetration.  

5.3. Institutional framework and market structure 

Weak property rights, prevalent particularly in emerging economies, may limit insurance demand. Esho, 

et al. (2004) show a positive relationship between the protection of property rights and insurance 

purchases. Gilbert (2001) suggests that dwellings may be uninsurable without legal title or official 

recognition. Treerattanapun (2011) finds that corruption and political risk may reduce insurance 

demand since they are detrimental to the enforcement of insurance contracts. 

The competitiveness of insurance markets can further affect product attractiveness. Browne et al. 

(2000) suggest that the presence of foreign competitors, which often increases competition and product 

variety, could increase insurance penetration. Market concentration, leading to lower competitiveness, 

could reduce penetration. 

5.4. Risk perceptions 

Behavioral research indicates that people under-estimate the risk of low-probability events such as 

natural catastrophes. Kunreuther and Pauly (2003) observed that people often fail to purchase 

insurance against low-probability high-loss events, even when it is offered at favorable premiums. One 

reason for low awareness about low-probability risks is the lack of experience with rare events. Lazo et 

al. (2014) find that personal experience is a key determinant of disaster mitigation behavior; for 

example, people are more likely to evacuate from hurricanes if they have previous experience with 

evacuations. By definition, much of the population has not experienced a 1-in-100 year earthquake in 

their lifetimes, so risk salience for such low-probability catastrophic events would be lower than for 

more frequent events. 

Kunreuther (2015) referred to this as availability bias: people judge the likelihood of events based on 

salience and memorability. Furthermore, Dillon et al. (2014) show that people may interpret "near 
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misses" as successful risk prevention rather than as a warning of possible loss. Other researchers see the 

effects of this low perception in other risk reducing measures such as disaster preparation. 

There is evidence that experience with events changes insurance demand behavior. Cameron and Shah 

(2012) find that people that have recently experienced catastrophes report higher probabilities for 

catastrophic events in the following year. In line with a hypothesis that businesses make more rational 

purchase decisions than individuals or households, Aseervatham et al. (2013) show that catastrophe 

events have no effect on commercial lines demand. 

The expectation of government post-disaster assistance may reduce the demand for private insurance 

(Browne and Hoyt 2000), in both developed and emerging markets. For example, one study of US 

homeowners (Kousky et al. 2013) find that a USD 1 increase in average aid grants decreases average 

insurance take-up by about USD 6. 

5.5. Insurance perceptions 

Financial literacy and consumer education about insurance are critical for supporting take-up (Eling et al. 

2014). While insurance is an abstract product that relies heavily on trust in the insurance company to 

pay potential claims, catastrophe insurance adds an additional layer of comprehension and trust. 

Homeowners may misperceive the coverage provided by their insurance policies. Households and 

businesses with property insurance coverage may be unaware of any exclusion in coverage for 

earthquakes or other natural disasters and assume that their exiting property policies cover such 

damage. In Australia, for example, one survey found that 45% of respondents were unaware whether 

their insurance policy provided coverage for earthquake damages (Insurance Council of Australia, 2013). 

There is also misperception about the availability of government post-disaster assistance. While the 

majority of individuals expect some form of government post-disaster funding, the majority of federal 

post-disaster assistance goes to emergency relief services and to rebuilding public infrastructure. In the 

US, 11% of FEMA's Disaster Relief Fund was spent for individual assistance between 2014 and 2016, 

while 74% was spent on public assistance. 

In emerging economies, many potential customers have never before had formal insurance. For 

example, surveys by one major microinsurance intermediary, which operates in Africa, Asia, and Latin 

America, shows that 77% of customers have never had insurance before. Especially in markets where 

there is little previous knowledge of insurance products, personal experience can be critical in making a 

"first impression" in the market. Cole et al (2013) suggest that lack of trust is a significant barrier to 

participation in formal insurance programs. 

Ease of purchase may also impact insurance buying behavior. In a recent global survey, while 50% of 

consumers reported buying insurance policies based on cost, nearly 30% reported that frequency of 

communication with their insurer was an important factor, while 30% cited the quality of service. 

Insurance is an abstract concept that often requires customized explanation. 

6. DEALING WITH UNDERINSURANCE 
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Narrowing the protection gap requires either reducing expected losses or increasing the insured portion. 

There are numerous ways to deal with underinsurance and close the protection gap for property risks. 

These measures involve insurers and governments enhancing the awareness, attractiveness, access and 

affordability of insurance.  

6.1. Mitigation, building standards and zoning 

Governments, households and firms, and the insurance industry all play an important role in 

establishing and enforcing risk reduction standards. For example in mature markets such as the US, 

Japan, Canada and Australia, building codes have reduced risks and improved insurability. Deryugina 

(2013) found that stricter building codes reduce the amount of money spent by the federal government 

following a hurricane and earthquake. Dumm et al (2009) show that homeowners can capitalize some of 

these safety benefits in high-risk areas through increased values of their homes. Governments can also 

discourage development of high-risk areas through zoning, or provide incentives to relocate from high-

risk areas after a disaster. 

Insurers can play an important role in encouraging investment in mitigation. Mitigation is a necessary 

condition for some risks to become insurable. Actuarial and underwriting expertise can help measure 

the relative costs and benefits of mitigation decisions. Premium rates can provide ex ante incentives for 

better risk management and prevention investments in physical structures. However, homeowners may 

be reluctant to make investments due to uncertainty about their ability to capture the benefits of lower 

premiums in the future. Long-term contract features relating to premium discounts could strengthen 

the economic incentives to invest in safety features. Long-term contracts can also be tied to the 

property instead of annually renewable policies tied to the individual homeowner. Creating industry 

standards on premium discounts would enable homeowners to capture the pay-back via lower 

premiums even after changing insurance carriers. 

In the United States, a review of federal mitigation grants over 23 years found an average benefit : cost 

ratio for investments in earthquake risk reduction is 3:1 (i.e. such investments reap benefits equivalent 

to 3 times the cost of those investments, on average) (MMC, 2017). However, despite the potential 

benefits of risk mitigation measures, there is general under-investment by governments in disaster 

prevention and risk reduction. Most countries allocate significantly more funds to disaster response 

than risk reduction. In the past two decades, approximately 87% of the estimated USD 107 billion 

provided as development assistance for disaster-related programmes was devoted to post-disaster 

response and reconstruction, and only 13% was devoted to risk reduction and other ex-ante risk 

management measures (Keating, A. et al., 2014).   

Voluntary implementation of risk reduction measures by individuals is also limited due to many of the 

same factors that result in low take-up of insurance (low awareness, affordability concerns and 

expectation of government financial assistance - as discussed in the next section). For example, in the 

United States, only an estimated 10% of earthquake and flood prone households have adopted 

mitigation measures (Kunreuther and Michel-Kerjan, 2012).  

6.2. Measures to reduce uncertainty about exposure 
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Developments in the accuracy and coverage of catastrophe modelling, and the underlying scientific 

understanding of earthquake risks (including the identification of new active faults and evidence of 

major historical earthquake events), can contribute to reducing the level of uncertainty about exposure 

estimates and the characteristics of very low frequency extreme events that have only occurred in the 

distant past.  

The coverage of commercial catastrophe modelling has increased significantly in recent years. The major 

commercial modelling firms have released models covering North America, the Caribbean, Europe, 

Turkey, Australia, New Zealand, Japan, China, India, Chinese Taipei and a number of countries in 

Southeast Asia (Indonesia, Malaysia, Philippines, Singapore, Thailand and Viet Nam), South America 

(Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Peru and Venezuela) and South Eastern Europe 

(Macedonia, Albania and Serbia). In 2017, a model covering earthquake risk in 11 Middle Eastern 

countries (Bahrain, Iraq, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria, United Arab 

Emirates and Yemen) was developed (Lloyd's, 2017). In some cases (e.g. Colombia and Peru), model 

development has responded directly to regulatory requirements for their use in calibrating capital and 

reserve requirements. Secondary perils, including fire following earthquake, liquefaction, tsunami and 

landslides, have been included in a number of the commercial models. There have also been a number 

of recent improvements in the modelling approach, such as more detailed analysis of the ignition 

potential and emergency response capacity for fire following earthquake (Krezel, 2017) and the use of 

remote sensing to monitor stress accumulation in active fault lines (O'Donnell, 2017).  

Public sector agencies are also improving scientific understanding and data availability in areas critical 

for improving the quantification of earthquake risk. In Europe, the Seismology and Earthquake 

Engineering Research Infrastructure Alliance for Europe has launched a project aimed at improving the 

availability of building inventories across Europe with detailed typologies of construction types relevant 

for assessing the level of seismic risk (Trigka, 2017). 

6.3. Earthquake reserves and solvency requirements 

Expected losses due to exposure to earthquake risk are managed through technical provisions/reserves 

and capital requirements aimed at absorbing losses beyond the reserves set aside. Regulatory measures 

and tax requirements should therefore be established with the aim of balancing the need for companies 

to set aside sufficient funds to cover extreme events while ensuring that profits are subject to taxation 

at appropriate levels (i.e. that companies do not allocate excessive profits to reserves in order to reduce 

their tax burden). How regulators and tax authorities balance these objectives has an impact on the cost 

of funds backing earthquake exposure and therefore the cost of supplying insurance coverage for 

earthquake risk (low allowances for reserve accumulation or high capital requirements can both affect 

the willingness of insurance companies to provide coverage for earthquake risk).  

In terms of capital requirements, most countries use some form of value-at-risk (VAR) measure to 

calculate the amount of capital that insurance companies must hold to cover potential losses on the 

insurance coverage that they have provided. Among EU countries, the VAR threshold is usually 

established at 99.5% (i.e. 1-in-200 year return period), consistent with Solvency II requirements. In 
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Canada, the level is set at a 1-in-500 year return period (i.e. 99.8%) and in New Zealand, it is set based 

on a 1-in-1 000 year return period (i.e. 99.9%). Other countries use other types of risk measures to 

establish capital requirements, including requirements based on probable maximum loss (usually based 

on a modelled estimate) and the amount of exposure retained by the insurance company. A few 

earthquake-prone countries, including Albania, Canada, Chile, Colombia, Mexico, Philippines, Portugal, 

Russia, Serbia and Turkey allow for (or require) the establishment of specific reserves or provisions for 

seismic risk.  

6.4. Reinsurance and capital markets risk transfer 

Reinsurance, retrocession and capital market risk transfer instruments can provide additional layers of 

risk absorption capacity and potentially reduce the risk of extreme losses, therefore contributing to 

overall market capacity and insurance affordability. The global nature of these markets also allows for 

some portion of the losses from an earthquake event to be absorbed by international markets (and 

investors) thereby diversifying the burden away from the affected country. 

Capital markets are providing an increasing amount of coverage for earthquake risk. Risk transfer to 

capital markets is most commonly done through the issuance of catastrophe bonds although other risk 

transfer mechanisms such as sidecars/quota shares, industry loss warranties and collateralized 

reinsurance/retrocession are also used. Earthquake and storm exposure are the most common natural 

disaster perils transferred to capital markets. In terms of earthquakes, most capital market risk transfer 

is for earthquake exposure in the United States (approximately USD 3.5 billion in outstanding capital) 

and Japan (approximately USD 2.7 billion in outstanding capital), although earthquake exposures in Latin 

America, Europe, Turkey and China have also been transferred to capital markets (Artemis, 2020).  

The relative cost of risk transfer to reinsurance and capital markets is impacted by the extent to which 

that risk transfer benefits from a reduction in capital requirements. Most countries provide a capital 

credit for the transfer of earthquake exposure to reinsurance and capital markets although many take 

into account the credit risk of reinsurers to which the risk has been transferred (providing reduced credit 

for transfers to less creditworthy reinsurers). Some countries treat capital market risk transfer 

differently than transfer to reinsurance markets, for example by considering the level of basis risk 

(Germany), by requiring specific approval for capital reductions related to capital markets risk transfer 

(Canada) or by not allowing any capital credit for exposure transferred to capital markets (New Zealand). 

6.5. Enhancing awareness of earthquake risk 

There is a general tendency among households and businesses to underestimate their level of exposure 

to earthquake risk. Most countries implement various approaches to improving the public's 

understanding of earthquake risk, for example, by making information on earthquake risk publicly 

available or organizing community-level campaigns aimed at improving awareness and understanding of 

earthquake risk. In most cases, the primary rationale for awareness efforts is to improve emergency 

preparedness - although a few countries suggested that increasing the insurability of earthquake risk (by 

increasing awareness of the need for financial protection) was a moderate or important rationale for 

awareness raising activities.  
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Many countries publish specific hazard maps in order to make information on risk available to 

households and businesses although the level of awareness of the existence of these maps may be 

limited. For example, almost all municipalities in Japan had prepared hazard maps before the Great East 

Japan Earthquake. In frame of the Europe Re facility project for Macedonia, Albania and Serbia, 

CATMonitor (https://www.catmonitor.com) as a free website for monitoring and building awareness 

about earthquake and flood risk among the general public was launched in 2016. Using an interactive 

website, CATMonitor's goal is to enable homeowners, businesses and government agencies to visualize 

and contribute to the understanding and measurement of risk for their homes, businesses, government 

facilities and communities 

One approach to improving risk awareness could be to communicate risk information when a property is 

rented or purchased. For example, in France, landlords and sellers are required to provide information 

about any insurance payments made as a result of damage from natural disasters. In California, a 

Natural Hazard Disclosure Law was put in place in 1998 requiring property sellers to disclose information 

on whether the property is located in a natural hazard zone, including earthquake fault zones and 

seismic hazard zones. Risk-based insurance premiums can also offer an important signal on the level of 

risk faced by households and businesses as higher premiums would normally be charged in high-risk 

areas (leading to greater awareness of the level risk).  

Experience with earthquake events can also be an important driver of demand for insurance coverage. 

For example, earthquake insurance take-up rates increased in all 47 prefectures in Japan following the 

Great East Japan Earthquake (from 48.1% in 2010 to 53.7% by 2011). Similarly, after three major 

earthquakes occurred in 2011, earthquake insurance take-up increased by 12.5% in Turkey. In Lorca 

(Spain), premium volumes increased by 13% in 2012 - following the 2011 earthquake - more than double 

the growth rate in premium volumes at the national level. In California (United States), the take-up level 

for earthquake insurance increased significantly in the two years following the Northridge earthquake 

and actually led a number of insurers to restrict the coverage they provided or exit the market 

altogether as a result of their accumulating exposure to earthquake risk. 

6.6. Mandatory insurance programs 

Governments can help further expand the availability of risk transfer solutions to individuals and 

corporations by introducing compulsory insurance schemes to create a sufficiently large risk community. 

Compulsory insurance is used in virtually all countries, albeit mostly as part of social security schemes 

related to health, old age and unemployment, or as compulsory liability insurance (eg, motor liability 

insurance). However, mandatory insurance schemes are rare for property cat perils. 

Though the mandatory schemes differ in terms of coverage and institutional set-up, almost all are 

attached to standard fire policies for buildings. Mandatory catastrophe insurance schemes that are not 

linked to fire polices typically do not achieve broad coverage due to the difficulty of enforcement. For 

example in Turkey, residential buildings within municipal boundaries must have earthquake coverage 

through a private insurance company on behalf of the state-owned Turkish Catastrophe Insurance Pool 

(TCIP). Initial take-up rates were low as compliance was not strongly enforced. With a new catastrophe 

https://www.catmonitor.com/
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law enacted in 2012, however, take-up improved considerably as homeowners now need earthquake 

coverage to sign up for electricity or water services, obtain a mortgage, or receive rebuilding aid from 

the government if their homes are damaged in an earthquake. 

The main advantage of mandatory schemes is that they form the widest possible risk community and 

eliminate adverse selection. Premiums are often made affordable by standardizing premiums rates 

across risk types, allowing the cross-subsidization of higher-risk policyholders with the premiums paid by 

lower risk policyholders. Risk bundling of various types of natural perils can help to improve societal 

acceptance of such schemes by pooling risks more broadly, though combining risks may be more 

difficult when there is a high risk disparity among regions. Finally, in cases where affordability remains 

the key constraint, voucher or subsidy programs may be considered to further boost penetration.  

6.7. Providing premium subsidies 

Where the affordability of earthquake insurance is a challenge, governments could provide subsidies or 

tax incentives to reduce the cost of insurance. A number of countries provide implicit subsidies as a 

result of flat-rate premiums or by establishing premiums for publicly-backed earthquake insurance that 

is below the level of expected or probable losses. New Zealand, France and Spain have flat (or relatively 

flat) pricing for earthquake coverage as a deliberate government policy based on the principles of 

solidarity and sharing of risk across citizens. In Japan, up to JPY 50 000 in income tax deduction is 

available for policyholders who purchase earthquake insurance.  

Subsidized premiums dampen the risk signal inherent in risk-based premium pricing and could reduce 

(or eliminate) any incentives for policyholders to make investments in risk reduction. Where subsidies 

eliminate or reduce impediments to insurance affordability and availability among households and 

businesses, they may also reduce the incentives for risk mitigation or land-use controls at the level of 

local governments (Douglas, Bowditch and Ni, 2013). The opportunity cost of premium subsidies, which 

are recurring and have limited (or no) benefit in terms of reducing risk, needs to be evaluated against 

the alternative use of those funds for investing in risk reduction. 

6.8. Government-backed insurance  

In many countries, governments also act as insurers or reinsurers for certain risks in order to 

supplement private schemes. Government backstop programs can facilitate a limited private-sector 

insurance solution where risk assessment is particularly challenging, and where the magnitude of a 

potential loss exceeds private sector capacity. When the private market can ultimately provide efficient 

coverage, public sector involvement should focus on facilitating the availability and affordability of 

insurance schemes, as well as setting standards for risk reduction and mitigation. 

There are public sector-funded insurance programs that target increasing consumer affordability and 

access rather than market efficiency. These programs have largely come about due as market-correcting 

responses to specific catastrophe loss events but are not necessarily optimal long-term solutions for 

sustainable risk transfer.  



18 
 

By taking some of the contingent costs of natural catastrophe damage off government balance-sheets 

and into the capital markets, governments – particularly those in emerging markets that may be more 

severely affected by catastrophic financial losses – can reduce fiscal vulnerability to disasters. Some 

examples include a sovereign catastrophe bond issued by Mexico, the Caribbean Catastrophe Risk 

Insurance Facility (CCRIF) that was set up as a donor-backed multicounty disaster-relief fund into which 

governments pay premiums, as well as the similar Pacific Catastrophe Risk Insurance Pilot is a natural 

catastrophe program for several Pacific Is and countries and the African Risk Capacity (ARC) that insures 

the five participating nations against drought risk, using a modelled loss index based on satellite rainfall 

data. 

7. CONCLUSIONS 

This paper reviewed a broad range of topics related to earthquake insurance. An emphasis was given to 

the role of insurance in mitigating financial consequences of catastrophic earthquakes as integrated part 

of disaster risk reduction. In particular, challenges related to low-probability high-consequence risk 

characteristics were discussed. 

Underinsurance of property risks is a global challenge. Much of the protection gap is due to uninsured 

natural catastrophe risk, which has steadily risen over recent decades. We conclude that most of the 

historic growth of earthquake economic and insured losses can be attributed to economic development 

and the shift of growth to less-insured lower-income economies. Underinsurance falls into several 

categories: completely uninsured, insured for certain perils, insured with restrictive policy terms 

(deductibles/exclusions), and insured with asset undervaluation. For individuals, factors like perception 

of risk, insurance knowledge, affordability, reliance on government post-disaster relief, trust in insurers 

and ease of doing business can hinder adequate coverage. 

Closing the gap will require specific measures by insurers and governments to change buying behavior 

and market structures. Insurers can better design customized products for the most underinsured 

groups. Governments play an important role in setting standards for risk mitigation, building standards 

and zoning. Some governments have even established government-backed insurance programs or multi-

country insurance funds. They can further extend the reach of risk transfer solutions by introducing 

compulsory insurance schemes to create a sufficiently large risk community or by using insurance 

principles to prepare disaster recovery plans for the most economically vulnerable populations. 

. 

REFERENCES: 

1. Aon Benfield (2011), “Chile: one year on”, 

www.aon.com/attachments/reinsurance/201102_chile_one_year_on_report.pdf. 

2. Aon Benfield (2020) “Weather, Climate & Catastrophe Insight - 2019 Annual Report”, 

www.aon.com. 

3. Artemis (2020) "Catastrophe bonds & ILS outstanding by risk or peril", Artemis Dashboard, 

www.artemis.bm/deal_directory/cat_bonds_ils_by_risk_or_peril.html. 

http://www.aon.com/attachments/reinsurance/201102_chile_one_year_on_report.pdf
http://www.aon.com/
http://www.artemis.bm/deal_directory/cat_bonds_ils_by_risk_or_peril.html


19 
 

4. Aseervatham V., Born P. and Richter A. (2013) “Demand Reactions in the Aftermath of 

Catastrophes and the Need for Behavioral Approaches”, Working paper presented at the 

American Risk and InsuranceAssociation 2013 annual conference. 

5. Born P. and Klein R. (2016) “Catastrophe Risk and the Regulation of Property Insurance 

Markets”, Journal of Insurance Regulation 35(5): 105-139. 

6. Browne M. J., Chung J. and Frees E.W. (2000) “International Property-Liability Insurance 

Consumption”, Journal of Risk and Insurance, 67(1): 73-90. 

7. Browne M.J. and Hoyt R.E. (2000) “The Demand for Flood Insurance: Empirical Evidence”, 

Journal of Risk and Uncertainty, 20(3): 291-306. 

8. California Earthquake Authority, https://www.earthquakeauthority.com/. 

9. Cameron L. and Shah M. (2012) “Risk-Taking Behavior in the Wake of Natural Disasters”, IZA 

Discussion Papers, No. 6756, Institute for the Study of Labor (IZA). 

10. Cole S., Giné X., Tobacman J., Townsend R., Topalov, P. and Vicker J. (2013) “ʻBarriers to 

household risk management: Evidence from India”, American Economic Journal: Applied 

Economics, 5(1): 104–135. 

11. Commission Nacional de Segurosy Fianzas de Mexico, https://www.gob.mx/cnsf/. 

12. Cook T. (2017) "Why Do Great Earthquakes Follow Each Other at Subduction Zones?”, Eos, 98, 

31 March, https://doi.org/10.1029/2017EO070481. 

13. Courbage C., and Liedtke P. M. (2003) :On insurability, its limits and extensions”, Insurance 

research and practice, 18(2): 44-49. 

14. Daniell J., Wenzel F., Khzai B. (2012) “The Worldwide Economic Impact of Earthquakes”, Paper 

No. 2038, Conference: Proceedings of the 15th World Conference of Earthquake Engineering, 

Lisbon, Portugal. 

15. Demirgüç-Kunt A., Beck T. and Honohan P. (2008) “Finance for All? Policies and Pitfalls in 

Expanding Access, World Bank, Washington, DC. 

16. Deryugina T. (2013) “Reducing the Cost of Ex Post Bailouts with Ex Ante Regulation: Evidence 

from Building Codes”, Available at SSRN: https://ssrn.com/abstract=2314665. 

17. Dillon R. L., Tinsley C. H. and Burns W. J. (2014) “Near-Misses and Future Disaster 

Preparedness”, Risk Analysis, 34, 1907–1922. 

18. Dumm R. E., Sirmans G. S., and Smersh G. (2011) “The capitalization of building codes in house 

prices”, The Journal of Real Estate Finance and Economics, 42(1): 30-50. 

19. Earthquake Commission of New Zealand, https://www.eqc.govt.nz/. 

20. Eling M., Pradhan S. and Schmit J. (2014) “The Determinants of Microinsurance Demand”, The 

Geneva Papers on Risk and Insurance - Issues and Practice (39): 224-263. 

21. Esho N., Kirievsky A., Ward D. and Zurbruegg R. (2004) “Law and the Determinants of Property-

Casualty Insurance”, The Journal of Risk and Insurance, 71(2): 265-283. 

22. Europe Re facility, https://www.europa-re.com/reinsurance. 

23. Gilbert R. (2001) “Doing More for Those Made Homeless by Natural Disasters”, Disaster Risk 

Management Working Paper Series, 1, World Bank, 2001. 

24. Ibragimov R., Jaffee D. and Walden J. (2009) “Nondiversification traps in catastrophe insurance 

markets”, Review of Financial Studies, 22(3): 959-993. 

25. Japan Earthquake Reinsurance Company, https://www.nihonjishin.co.jp/. 

https://www.earthquakeauthority.com/
https://www.gob.mx/cnsf/
https://doi.org/10.1029/2017EO070481
https://ssrn.com/abstract=2314665
https://www.eqc.govt.nz/
https://www.europa-re.com/reinsurance
https://www.nihonjishin.co.jp/


20 
 

26. Keating A. et al. (2014) “Operationalizing Resilience against Natural Disaster Risk: Opportunities, 

Barriers and a Way Forward”, Zurich Flood Resilience Alliance. 

27. Kousky C. and Cooke R. (2012) “Explaining the Failure to Insure Catastrophic Risks”, Geneva 

Papers on Risk and Insurance Issues and Practice 37, 206–227. 

28. Kousky C., Michel-Kerjan E.O. and Rachky P. (2013) “Does federal disaster assistance crowd out 

private demand for insurance”, Risk Management and Decision Processes Center, The Wharton 

School,University of Pennsylvania. 

29. Kousky C. and Kunreuther H. (2014) “Addressing Affordability in the National Flood Insurance 

Program”, Journal of Extreme Events, 1(1): 1-28. 

30. Krezel J. (2017), "Modeling Fire Following Earthquake at High Resolution", AIR Worldwide: In 

Focus, 30 January. 

31. Kunreuther H. (2015) “The Role of Insurance in Reducing Losses from Extreme Events: The Need 

for Public–Private Partnerships”, The Geneva Papers, 40(4): 741-762. 

32. Kunreuther H., Meszaros J., Hogarth R.M. and Spranca M. (1995) “Ambiguity and underwriter 

decision processes”, Journal of Economic Behavior and Organization, 26(3): 337-352. 

33. Kunreuther H. and Pauly M. (2004) “Neglecting Disaster: Why Don’t People Insure Against Large 

Losses?” Journal of Risk and Uncertainty 28(1), pp. 5-21. 

34. Lazo J. K., Bostrom A., Morss R. E., Demuth J. L. and Lazrus H. (2014) “Communicating hurricane 

warnings: Factors affecting protective behavior”, Submitted to Risk Analysis, June 2014. 

35. Lloyd’s (2012) “Global Underinsurance Report”, Lloyd’s, London. 

36. Lloyd's (2017), "Seismic Shock: A new earthquake model for the Middle East", Emerging Risks 

Report 2017, Lloyd's, London, www.lloyds.com/~/media/files/news-and-insight/risk-

insight/2017/meeq/seismic-shock---a-new-earthquake-model-for-the-middle-east-2017.pdf. 

37. Maccaferri S., Cariboni F. and Campolongo F. (2011) “Natural Catastrophes: risk relevance and 

insurance coverage in the EU”, Ispra: European Commission, Joint Research Centre. 

38. Melecky M. and Raddatz C. (2011) "How Do Governments Respond after Catastrophes? Natural-

Disaster Shocks and the Fiscal Stance", World Bank Policy Research Working Paper No. 5564, 

World Bank, Washington, DC. 

39. MMC (2017) “Natural hazard mitigation saves 2017 interim report: an independent study –

summary of findings”, Multi hazard Mitigation Council, National Institute of Building Sciences, 

Washington, D.C. 

40. Mossin J. (1968) “Aspects of Rational Insurance Purchasing”, Journal of Political Economy, 

76(4), 553-568. Retrieved April 26, 2020. 

41. Natural Catastrophe Insurance of Island, https://nti.is/. 

42. National Research Council (1992) “The Economic Consequences of a Catastrophic Earthquake” 

Proceedings of a Forum. Washington, DC: The National Academies. 

43. O'Donnell A. (2017), "The Evolution of Earthquake Modeling (interview)", 25 May, Insurance 

Journal, www.insurancejournal.tv/videos/14966/. 

44. OECD (2015) “Disaster Risk Financing: A global survey of practices and challenges”, OECD 

Publishing, Paris, http://dx.doi.org/10.1787/9789264234246-en. 

https://nti.is/
http://dx.doi.org/10.1787/9789264234246-en


21 
 

45. Outreville J. F. (2013) “The relationship between insurance and economic development: 85 

empirical papers for a review of the literature’, Risk Management and Insurance Review 16(1): 

71–122. 

46. Park S.C. and Lemaire J. (2011) “The Impact of Culture on the Demand for Non-Life Insurance”, 

University of Pennsylvania, Wharton School Working Paper IRM 2011-02. 

47. Porrini P. and Schwarze R. (2012) “Insurance models and European climate change policies: an 

assessment”, European Journal of Law and Economics, (doi: 10.1007/s10657-012-9376-6). 

48. Ranghieri F. and Ishiwatari M. (2014) “Learning from mega disasters: lessons from the Great East 

Japan Earthquake”, World Bank, Washington, DC. 

49. Trigka R. (2017), "Newsletter-X- Reducing the risk posed by natural and anthropogenic 

earthquakes across Europe: the SERA project", European Commission: DRMKC News, 29 

September, 

50. Shah H. (2010) “Catastrophe Micro-Insurance for Those at the Bottom of the Pyramid: Bridging 

the Last Mile”, in M Garevski and A Ansal (Eds.) Earthquake Engineering in Europe, Geological 

and Earthquake Engineering. 

51. Standard & Poor’s (2015), “Storm alert: natural disasters can damage sovereign 

creditworthiness”, Standard & Poor’s Ratings and Services,September. 

52. Swiss Re (2020), "Natural catastrophes in times of economic accumulation and climate change 

(database)", Swiss Re sigma No2, Swiss Re, www.sigma-explorer.com/. 

53. Taiwan Residential Earthquake Insurance Fund, https://www.treif.org.tw/eindex.aspx. 

54. Treerattanapun A. (2011) “The Impact of Culture on Non-Life Insurance Consumption”, Wharton 

Research Scholars Journal, Paper 78. 

55. Turkish Catastrophe Insurance Pool, https://www.dask.gov.tr/. 

56. Von Peter G., von Dahlen S. and Saxena S. (2012), "Unmitigated disasters? New evidence on the 

macroeconomic cost of natural catastrophes", BIS Working Papers No. 394, Bank for 

International Settlements. 

57. Wang  Z., Lin T. and Walker G. (2009) "Earthquake risk and earthquake catastrophe insurance for 

the People’s Republic of China’’, Asian Development Bank Sustainable Development Working 

Paper Series No. 7, Asian Development Bank, Manila. 

58. Zorrilla R. (2015) "Mexico to offer microinsurance against earthquakes and floods", BNamericas, 

4 June, www.bnamericas.com/en/news/insurance/mexico-to-offer-microinsurance-against-

earthquakes-and-floods1/. 

 

 

http://www.sigma-explorer.com/
https://www.treif.org.tw/eindex.aspx
https://www.dask.gov.tr/
http://www.bnamericas.com/en/news/insurance/mexico-to-offer-microinsurance-against-earthquakes-and-floods1/
http://www.bnamericas.com/en/news/insurance/mexico-to-offer-microinsurance-against-earthquakes-and-floods1/

