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ABSTRACT

Catastrophic mortality events are characterized by a sudden and concentrated
increase in mortality and as such present a major risk to life insurers. Such
events include pandemics, war, natural disasters, terrorist attacks, and indus-
trial, transport, and other accidents. Of these, pandemics arising from influenza
are considered the most significant threat to the life insurance industry due to
their capacity to cause a major increase in claims. We review the features and
mortality implications of an influenza pandemic for life insurers, and describe
a range of other risks that are likely to emerge as well.

INTRODUCTION

Life insurers and reinsurers are exposed to the risk of future mortality uncertainty.
This risk may arise from trends such as improvements in mortality that continue to be
greater than expected, or the risk may be from a shock such as a catastrophic mortality
event, which causes an unexpected increase in mortality. The latter in particular poses a
significant threat to the life insurance industry due to the potential for a substantial rise
in claims over a short period of time. As a result, severe adverse financial consequences
can potentially arise, such as breaches in regulatory solvency and capital requirements
(Cox and Hu, 2004).

This article reviews the main sources of potential catastrophic risks facing life insurers, in
particular the mortality risk posed by influenza pandemics. Although there are a range
of catastrophic mortality events that may impact the life insurance industry, influenza
pandemics are considered the most serious threat because they have the potential to
cause large numbers of deaths in multiple regions around the world and their future

Alex Huynh is a consultant at Booz and Company, Sydney. Aaron Bruhn is Lecturer in Ac-
tuarial Studies, School of Finance and Applied Statistics, ANU College of Business and Eco-
nomics, Australian National University, Canberra, ACT 0200, Australia, phone: +61 2 6125
4904; e-mail: aaron.bruhn@anu.edu.au. Bridget Browne is a Senior Lecturer in Actuarial Stud-
ies, School of Finance and Applied Statistics, ANU College of Business and Economics, Aus-
tralian National University, Canberra, ACT 0200, Australia, phone: +61 2 6125 7373; e-mail:
bridget.browne@anu.edu.au. This article was subject to double-blind peer review.

233



234 RISK MANAGEMENT AND INSURANCE REVIEW

occurrence is thought to be inevitable (Osterholm, 2005; Standard & Poor’s, 2011). Poten-
tial associated nonmortality risks are discussed in order to place the impact of increased
mortality within a context of wider risks to the business. Risk mitigation strategies, both
traditional and more recent, are also discussed.

CATASTROPHIC EVENTS

A catastrophic event can be defined as “any natural or man-made incident, including
terrorism, which results in extraordinary levels of mass casualties, damage, or disrup-
tion severely affecting the population, infrastructure, environment, economy, national
morale, and/or government functions.”1 More general definitions include “a sudden,
extensive, or notable disaster or misfortune,” a “final decisive event, usually causing
a disastrous end,” “any sudden and violent change in the Earth’s surface caused by
flooding, earthquake, or some other rapid process,”2 or “an event causing great and
usually sudden damage or suffering; a disaster.”3 In the context of life insurance and
particularly for the purposes of reinsurance, a catastrophic event has a specific meaning
or definition, similar to “one event or occurrence claiming more than an agreed number
(a common figure is 5) of lives insured within a given period, usually 24–72 hours”
(IAAust, 2009). However, for the purposes of this article, we are referring to an event
that could cause widespread loss of life, potentially leading to substantial risks of
insolvency for a life insurer.

The events that are discussed in this article clearly represent a loss of life and property
that are tragic and disastrous by any reasonable definition. In terms of insured loss in
the life insurance context, however, many of these events are not likely to represent
unmanageable financial losses, for reasons specific to each type of event. However, we
note that of course all such events are tragic, and any other implication when discussing
them in the context of life insurance risk is not intended to be insensitive.

War
Perhaps the one event that gives rise to the most obvious loss of life on a large scale
is war, from which millions of civilians and military personnel have died throughout
history. One set of estimates for overall fatalities arising from the deadliest wars of the
20th century is provided in Table 1.

The estimation of fatalities attributed to war is exceptionally difficult. This is because of
the wide range of causes of deaths, unreliable and sparse data, and the varying views
taken by historians. The estimates above are intended only to indicate the magnitude of
these events, and estimates vary significantly between sources.4

Although it is clear that wars have the potential to cause millions of deaths, it is common
for life insurers to include a war exclusion clause in the policy contract, which exempts
them from paying out claims if the policyholder died as a result of war-related events
(Simon, 1981).

1 http://www.definitions.net/definition/catastrophic event, accessed June 15, 2012.
2 http://www.thefreedictionary.com/catastrophe, accessed June 15, 2012.
3 http://oxforddictionaries.com/definition/english/catastrophe, accessed July 27, 2012.
4 Indeed, alternative estimates to those above include 21.5 million fatalities for World War I, and

50 million for World War II (Urlanis, 1971; Keegan, 1989; Brzezinski, 1993).
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TABLE 1
Five Deadliest Wars Since 1900

Years Name of War Estimated Number of Deaths

1939–1945 World War II 66,000,000

1914–1918 World War I 15,000,000

1917–1922 Russian Civil War 9,000,000

1928–1937 1st Chinese Civil War 5,000,000

1960–1975 2nd Indo-China War 4,200,000

Source: White (2011).

Natural Disasters
A natural disaster is an event caused by nature, the scale of which results in signifi-
cant destruction and loss of human lives (Centre for Research on the Epidemiology of
Disasters, 2011). These include droughts, earthquakes, tsunamis, extreme temperatures,
floods, landslides, cyclones, volcanic activity, and wildfires. Table 2 describes the 20
natural disasters with the highest death tolls since 1900.

It is clear that the deadliest types of natural disasters have been floods, earthquakes, and
droughts. These have primarily occurred in developing countries where populations
are large but generally uninsured, and hence the impact on the life insurance industry
could be considered as limited in a historical context.

Although numerous natural disasters have affected developed or industrialized coun-
tries, they have generally caused tremendous amounts of property damage and a rela-
tively lower number of deaths in comparison to the natural disasters listed in Table 2.
This is due to relatively stricter building codes, modern medical facilities, good emer-
gency response, and early warning systems. For example, Hurricane Katrina in 2005
caused the highest general insurance loss in history of U.S. $73 billion (2010 dollars)
and although the loss of human life was tragic at 1,836 people, it was not on the same
scale as the natural disasters mentioned in Table 2 (Lucia et al., 2011). Other recent nat-
ural disasters such as the New Zealand earthquakes, Chinese floods, Australian floods
and tropical storms, and Chilean volcanic activity have not resulted in numbers of
deaths approaching those in the table, although the Japanese earthquakes of 2011 caused
approximately 28,000 deaths (Centre for Research on the Epidemiology of Disasters,
2011).

Industrial, Transport, and Other Accidents
Industrial accidents include spills or leaks of toxic chemicals, and various explosions.
Transport accidents include air, boat, rail, and road transport. Other accidents include
fires and collapses of key structures. Table 3 describes the 10 industrial and transport
accidents with the highest death tolls since 1900.

It is also worth noting that some industrial accidents such as nuclear accidents tend
to increase mortality over an extended period of time and hence have not featured
in the list in Table 3. For example, the Chernobyl disaster in 1986, the worst nuclear
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TABLE 2
Twenty Deadliest Natural Disasters Since 1900

Year Country/Area Type of Natural Disaster Estimated Number of Deaths

1931 China Flood 3,700,000

1928 China Drought 3,000,000

1959 China Flood 2,000,000

1943 Bangladesh Drought 1,900,000

1942 India Drought 1,500,000

1965 India Drought 1,500,000

1900 India Drought 1,250,000

1921 Soviet Union Drought 1,200,000

1939 China Flood 500,000

1920 China Drought 500,000

1970 Bangladesh Tropical cyclone 300,000

1983 Ethiopia Drought 300,000

1976 China Earthquake 242,000

2004 South East Asia Earthquake and tsunami 230,000

2010 Haiti Earthquake 222,570

1927 China Earthquake 200,000

1920 China Earthquake 180,000

1983 Sudan Drought 150,000

1923 Japan Earthquake 143,000

1935 China Flood 142,000

Source: Centre for Research on the Epidemiology of Disasters (2011).

power plant accident in history, is estimated to have killed up to 50 people in the initial
explosion and fire but since 1986 may have caused between 4,000 and 985,000 excess
deaths as a result cancer from radioactive contamination (WHO, 2005b; Yablokov et al.,
2009).

Terrorist Attacks
There is no consensus on the definition of terrorism (Zeidan, 2004), but one definition
from the United States is that “terrorism” is premeditated, politically motivated violence
perpetrated against noncombatant targets by subnational groups or clandestine agents
(National Counterterrorism Center, 2010a).

Data on terrorist attacks are largely incomplete, with information derived through open
source reporting rather than government collection programs. The data can also be
ambiguous due to its subjective nature in classifying what constitutes a “terrorist” attack.
Notwithstanding that, the deadliest terrorist attack in history is recognized to be the
September 11 terrorist attacks in 2001, which caused the deaths of nearly 3,000 people.
There have been numerous other terrorist attacks, such as hijackings and bombings,
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TABLE 3
Ten Deadliest Industrial, Transport, and Other Accidents Since 1900

Estimated Number

Date Country/Area Type of Accident of Deaths

Dec-20-1987 Philippines Transport (boat): MV Doña Paz 4,000

Sep-1-1923 Japan Other (fire): Great Kantō earthquake 3,800

Aug-7-1956 Colombia Industrial (explosion): Cali explosion 2,700

Dec-3-1984 India Industrial (gas leak): Bhopal disaster 2,500

Sep-26-2002 Senegal Transport (boat): MV Le Joola 1,860

Feb-17-1993 Haiti Transport (boat): Neptune 1,800

Sep-2-1949 China Other (fire): Chungking 1,700

Dec-6-1917 Canada Transport (ship collision and explosion) 1,600

Apr-26-1942 China Industrial (other): Honkeiko coal mine 1,549

Apr-15-1912 U.K. Transport (boat): RMS Titanic 1,500

Source: Centre for Research on the Epidemiology of Disasters (2011).

which have resulted in hundreds of deaths. Table 4 lists the 10 deadliest terrorist attacks
in recent times.

Clearly, more severe terrorist attacks such as those involving the use of biological
weapons have the potential to cause a substantial number of deaths.

DISEASE

SARS and AIDS
Severe acute respiratory syndrome, also known as SARS, is a respiratory disease caused
by the SARS coronavirus, which is believed to be an animal virus that crossed the
species barrier to humans (Peiris et al., 2003). The first known cases of SARS occurred
in Guangdong Province, China, in November 2002, and the last human transmission of
SARS occurred on July 5, 2003 (Guan et al., 2003; WHO, 2004). Over this period there
were 8,096 SARS cases in 26 countries causing 774 deaths and although it seems that
the spread of SARS has been fully contained, the possibility of resurgence of a SARS
epidemic remains as long as SARS coronavirus-like viruses are still present in wildlife
specifies (WHO, 2004).

The human immunodeficiency virus (HIV) is a retrovirus that causes acquired immun-
odeficiency syndrome (AIDS). The virus infects cells of the immune system, weakening
it and making infected individual more susceptible to other infections. It can take up
to 10–15 years for an HIV-infected individual to develop AIDS, which is the most ad-
vanced stage of HIV infection (WHO, 2011b). HIV is classified as a pandemic by the
World Health Organization (WHO) and since its outbreak more than four decades ago,
more than 60 million people have been infected with HIV and nearly 30 million people
have died from AIDS-related causes, with the sub-Saharan African region bearing the
majority of this burden. Overall however, the global growth of HIV appears to have
stabilized with the number of new HIV infections and AIDS-related deaths steadily
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TABLE 4
Ten Deadliest Terrorist Attacks

Estimated Number

Date Country and City Terrorist Group of Deaths

Sep-11-2001 United States: NYC

and Washington

Al-Qaeda 3,000

Apr-13-1994 Rwanda: Gikoro Hutus 1,180

Mar-21-2004 Nepal: Bedi Communist Party of

Nepal- Maoist

518

Aug-14-2007 Iraq: Sinjar Islamic State of

Iraq/Mujahidin

Shura Council

430

Aug-19-1978 Iran: Abadan Mujahideen-I-Khalq 430

Jan-17-2009 Congo: Tora Lord’s Resistance

Army

400

Mar-23-1994 Burundi: Bujumbura Tutsi 400

Jul-18-1987 Mozambique:

Homoine

Mozambique

National

Resistance

Movement

386

May-23-1996 Burundi: Kivyuka Tutsi 375

Dec-14-2009 Congo: Makombo

Tapili

Lord’s Resistance

Army

345

Sources: Kean et al. (2004), National Consortium for the Study of Terrorism and Responses to
Terrorism (2010), and National Counterterrorism Center (2010b).

declining due to HIV prevention efforts and the increased availability of antiretrovi-
ral therapy. HIV/AIDS is unlikely to cause a significant number of deaths in indu-
strialized countries given the widespread availability of medical care and increased
preventive measures and awareness5 (Joint United Nations Programme on HIV/AIDS,
2010).

Pandemics
A pandemic is an outbreak of infectious disease that spreads throughout the world
and infects a significant proportion of the human population. According to the WHO,
a pandemic can start when three conditions have been met: there is global out-
break of a disease caused by an agent that is new or long absent from the human

5 In 2009, the East Asia, North America, Western and Central Europe, and Oceania regions
accounted for approximately 71,900 AIDS-related deaths (Joint United Nations Programme on
HIV/AIDS, 2010).
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population,6 the agent infects humans and is able to cause serious illness, and the agent
transmits efficiently and sustainably among humans (WHO, 2011a).7 In contrast, an
epidemic refers to an infectious disease that spreads to people in a specific geographical
region that occurs well beyond what is expected based on recent experience (Potter,
2001).

Many pandemics have occurred throughout history such as the plague, smallpox, and
tuberculosis. However, it is impossible to determine which disease will cause the next
pandemic given that infectious diseases are able to mutate and become more viru-
lent (Morens et al., 2004). Diseases considered as having the potential to cause future
pandemics include anthrax, avian influenza, Crimean-Congo hemorrhagic fever, ebola
hemorrhagic fever, hendra virus infection, influenza, lass fever, marburg hemorrhagic
fever, meningococcal disease, human monkeypox, nipah virus infection, H1N1 influenza
virus, severe acute respiratory syndrome, and tularemia (WHO, 2011a). Other histori-
cally deadly diseases such as vector-borne diseases (dengue fever, the plague, rift valley
fever, yellow fever, and malaria), diarrheal diseases (cholera, botulism, and Escherichia
coli), tuberculosis, tetanus, typhus, measles, whooping cough, meningitis, syphilis, hep-
atitis, smallpox, and tropical diseases are not considered to be potential pandemic threats,
although it is worth noting that some of these infectious diseases are causing significant
number of deaths in developing countries.

INFLUENZA PANDEMICS

Influenza is a highly infectious viral disease that has been recognized as an ongoing
pandemic threat, because it has the potential to cause large numbers of deaths and its
future occurrence is thought to be inevitable (Osterholm, 2005). The inevitability of the
influenza virus having an ongoing presence in the human population is due to its ability
to mutate and subsequently avoid recognition by the human immune system (Cox and
Subbarao, 2000; Osterholm, 2005; Woolnough et al., 2007).8

In contrast to seasonal influenza epidemics that occur annually, influenza pandemics
are rare and unpredictable events, which have occurred irregularly throughout history.
Since 1590, there have been between 11 and 14 influenza pandemics with as little as 2
years separating some outbreaks and as many as 56 years between others (Patterson,
1986; Pyle, 1986; Beveridge, 1997; Potter, 1998; Chang et al., 2010). Although a simple

6 More specifically, it must be caused by a new influenza virus A subtype of which the hemag-
glutinin surface protein is not related to that of influenza viruses circulating immediately before
the outbreak, and could not have arisen from those viruses by mutation (Potter, 2001).

7 In contrast, a disease such as cancer is not considered a pandemic even though it is widespread
and kills a significant number of people, because a pandemic must also be infectious (Stitt, 2006).

8 A process called “antigenic drift” refers to small defects in the replication of genetic viral material,
which allow for slightly different strains of the virus to emerge from year to year. This usually
causes annual epidemics because people’s immunity to the new virus is limited. A process
called “antigenic shift” refers to the sudden introduction of a new influenza virus subtype to
the environment, which has the potential to cause pandemics as the human population will
generally have no protection against the new virus subtype. This can occur when an existing
influenza virus infecting an animal becomes capable of directly infecting a human or when the
formation of a new virus occurs through mixing of genetic material from animal and human
influenza viruses, which is known as genetic reassortment (Woolnough et al., 2007).
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TABLE 5
Influenza Pandemics of the 20th and 21st Centuries

Years Since Place of Origin Viral Estimated

Years Previous Pandemic or First Report Type Global Deaths

1918–1919 (Spanish Flu) 18 France or U.S. H1N1 50–100 milliona

1957–1958 (Asian Flu) 38 China H2N2 1–2 million

1968–1969 (Hong Kong Flu) 10 China H3N2 1 million

2009–2010 (H1N1 flu) 40 Mexico H1N1 18,500b

Source: Glezen (1996), Simonsen et al. (1998), Johnson and Mueller (2002), WHO (2005a, 2010),
and Taubenberger and Morens (2006).
aAlthough the global death toll of the 1918–1919 Spanish Flu is estimated to have been 50 million
people, others argue that it could have been as high as 100 million people (Crosby, 1989; Johnson
and Mueller, 2002; Patterson and Pyle, 1991).
b18,500 is the number of laboratory confirmed deaths (WHO, 2011c). However, the true extent of
deaths attributable to the 2009–2010 H1N1 flu could be significantly higher since many people
died without being tested.

approach based on historical frequencies suggests that there is a 3–4 percent chance of an
influenza pandemic occurring in any given year, the frequency of a pandemic outbreak
has not significantly increased or decreased throughout the passage of time and there
seems to be no chronological pattern that allows a reasonable prediction of the future
occurrence of influenza pandemics (Potter, 2001). The recent occurrence of the 2009–2010
H1N1 flu does not decrease the probability of another pandemic occurring in the near
future as virus mutations may occur at any time (Chang et al., 2010).

The main sources of empirical data on influenza pandemics are provided by four pan-
demics that have occurred in the last century: the 1918–1919 Spanish Flu, the 1957–1958
Asian Flu, the 1968–1969 Hong Kong Flu, and the 2009–2010 H1N1 flu. Table 5 summa-
rizes these pandemics.

Origin and Features
The origin of the 1918–1919 Spanish Flu is unknown although many historians suggest
that it may have originated in the United States or Europe where the first cases were
recorded9 (Crosby, 1989; Langford, 2002). There has also been speculation that it may
have emerged from China (Beveridge, 1997). The 1957–1958 Asian Flu is believed to
have originated in the southern provinces of Guizhou or Hunan in China (Cox and
Subbarao, 2000). Similarly, the 1968–1969 Hong Kong Flu began with an outbreak in
southeastern China followed by an epidemic in Hong Kong (Cockburn et al., 1969;
WHO, 2005a). In contrast, the 2009–2010 H1N1 flu began with reports of an outbreak

9 Despite being known as the Spanish Flu, there is no evidence that suggests that the influenza
pandemic originated in Spain or was more severe in Spain than elsewhere. As Spain was neutral
during World War I, there was no censorship and consequently its media widely publicized the
influenza pandemic. This is believed to have resulted in the popular association of Spain with
the 1918–1919 influenza pandemic (Patterson and Pyle, 1991; WHO, 2005a).
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of highly transmissible influenza-like illness in the state of Veracruz, Mexico (WHO,
2011c). Despite this, most authorities agree that future influenza pandemics are likely to
emerge from Asia where dense populations of humans live in close proximity to birds
and pigs10 (Potter, 2001).

While seasonal influenza epidemics usually occur during the autumn and winter
months in temperate regions and all year round for tropical and subtropical regions, the
emergence of influenza pandemics is not constrained by season (Nguyen-Van-Tam and
Hampson, 2003). This is because virus mutations that produce novel influenza viruses
are random in nature and as such, it is reasonable to believe that influenza pandemics
may emerge at any time during the year.

History also suggests that an influenza pandemic may last anywhere from less than
12 months to as long as 24 months. The duration of the influenza pandemic will have
a significant impact on overall mortality as, for example, a slower spread of influenza
accompanied with a longer duration may allow for better preventative measures to be
implemented.

Influenza pandemics have been characterized by multiple waves of infection, each with
varying impact. The reasons underlying this are not precisely understood, but may
include the adaptation of the virus to its human host, demographic or geographical
variation, seasonality, and overall immunity of the human population (Beveridge, 1997;
Miller et al., 2009). For example, the 1918–1919 Spanish Flu involved three successive
waves of infection within 1 year. The first wave began in March 1918 and caused high
morbidity11 but relatively low mortality. An exceptionally virulent second wave of in-
fection followed in August 1918, which caused significant mortality. In many countries,
a third wave with a level of impact between the first and second waves occurred in
early 1919. It is believed that all major populations of the world were affected within
10 months (Nguyen-Van-Tam and Hampson, 2003); however, this pattern was not
universal among all countries (Patterson and Pyle, 1991). For example, Australia de-
layed the outbreak until early 1919 through partial success of a maritime quarantine and
experienced a single longer wave of infection (Johnson and Mueller, 2002).

In the 1957–1958 Asian Flu, most countries experienced two distinct waves of infection
separated by 1–3 months (WHO, 2005a). The two waves of infection had similar severity
in several countries, but greater severity for the second wave in others (McDonald, 1958;
Dauer and Serfling, 1961). In less than 6 months, the infection had reached every part of
the world (Dunn, 1958).

The international spread of the 1968–1969 Hong Kong Flu initially resembled the 1957–
1958 Asian Flu, but spread more slowly in the latter part of 1968 (Cockburn et al., 1969).
Nevertheless, it spread globally within 6 months. There were two geographically distinct
mortality patterns: North America had a first pandemic season that was more severe

10 Wild birds are the primary natural reservoir for all subtypes of influenza A viruses, which have
been responsible for causing the influenza pandemics of the 20th and 21st centuries. Pigs are
considered to be the most likely “mixing vessel” to create a novel influenza virus since they
are susceptible to avian, human, and swine influenza viruses (Glezen, 1996; Centers for Disease
Control and Prevention, 2011).

11 Morbidity is the incidence of disease or sickness.
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than the second while Europe and Asia had a second pandemic season that was more
severe than the first (Viboud et al., 2005).

In the 2009–2010 H1N1 flu, there were two waves of infection, the first of which began
in April 2009 and the second of which began in August 2009. Despite initial efforts
to contain the virus, within 5 weeks of the Mexico outbreak it infected people in 74
countries across all continents (WHO, 2011b). The global spread of the 2009 H1N1 flu
was far more rapid than that observed in previous influenza pandemics. This is largely
attributed to the greater volume of international air passenger traffic (Chang et al., 2010).

Making Sense of Historical Data
The preceding analysis of catastrophic mortality events suggests that an influenza pan-
demic represents the most likely catastrophic threat to the life insurance industry. Quite
clearly the major risk is that of increased mortality and its consequent impact on claims.

However, assessing the impact of influenza pandemics on mortality can be difficult
due to the scantiness and unreliability of available statistics (Woolnough et al., 2007).
This is partly due to the fact that increases in mortality may be caused not only by
influenza and pneumonia, but also from cardiovascular-renal disease and other un-
derlying chronic diseases that can be exacerbated by influenza (Eickhoff et al., 1961;
Housworth and Langmuir, 1974). This means that influenza-related deaths are often
attributed to complications that occur after the initial infection of influenza (Simonsen
et al., 1997) and as such, influenza may not be listed as a cause on the death certificate
for many influenza-related deaths (Woolnough et al., 2007). Even when it is, inconsis-
tencies arise because of changes in influenza coding of the International Classification
of Diseases and differences in influenza certification and coding between and within
countries (WHO, 2007).

Furthermore, 20th-century influenza pandemic mortality experience can be difficult to
apply to current circumstances due to environmental changes over time. Some changes
that may decrease the impact of future influenza pandemics include improvements
in medical care and technology, establishment of global health monitoring and early
warning systems, emergency preparedness plans, better communication methods, and
improved socioeconomic conditions (Baumgart et al., 2007). Changes that may increase
the impact of future influenza pandemics include a higher percentage of the popula-
tion at older ages, increased urban population density, and increased human mobility
through international air passenger travel (Faulds and Bridel, 2009).

Nevertheless, the range of historical influenza pandemic severities provides a wide
array of potential scenarios to examine and assess in terms of planning today, with the
1918–1919 Spanish Flu sometimes considered as the upper bound on future influenza
pandemic mortality (Glezen, 1996; Nguyen-Van-Tam and Hampson, 2003). The Spanish
Flu’s estimated death toll of 50–100 million people corresponded to 2.76–5.52 percent of
the world population at the time (Patterson and Pyle, 1991), but it is estimated that “in
today’s world, an event with as severe a mortality outcome as that of the 1918 pandemic
could only occur if a virus with substantially higher lethality and a better ability to spread
were to emerge” (Woolnough et al., 2007). Notably however, “any modeling of pandemic
risk contain[s] large inherent uncertainties and . . . the results would be dependent on a
wide range of assumptions” (Professor Neil Ferguson, cited in Woolnough et al., 2007).



CATASTROPHIC RISKS FOR LIFE INSURERS 243

TABLE 6
Estimated Excess Mortality Rates for the Influenza Pandemics of the 20th and 21st
Centuries

Global Excess Mortality U.S. Excess Mortality

Name Rate (per 1,000)a Rate (per 1,000)a

1918–1919 Spanish Flu 27.60–55.20 4.81–6.50

1957–1958 Asian Flu 0.34–0.69 0.38–0.46

1968–1969 Hong Kong Flu 0.28 0.14–0.17

2009–2010 H1N1 flu Not available 0.02–0.14

Sources: Dauer and Serfling (1961), Glezen (1996), Simonsen et al. (1998), United Nations (1999),
U.S. Census Bureau (2000, 2011a, 2011b), WHO (2005a), Viboud et al. (2010), and U.S. Department
of Health and Human Services (2011).
aCalculated as the number of excess deaths divided by the average of the population over the
pandemic.

Excess Mortality Rate
A common approach to assess the severity of an influenza pandemic is to calculate the
excess mortality rate. This is defined as the difference between the observed mortality
rate and the expected baseline mortality rate in the absence of an influenza pandemic
(Simonsen et al., 1997). The excess mortality rate has varied significantly among the
influenza pandemics of the 20th and 21st centuries as illustrated in Table 6.

Two features stand out from this table. First, there is an apparently decreasing excess
mortality impact over the last century. However, there is no biological reason why
random mutations could not produce further devastating viruses, nor why the mor-
tality arising from the 1918–1919 Spanish Flu should represent the maximum possible
mortality in a future pandemic (Murray et al., 2006). Second, the excess mortality for the
United States has tended to be lower than for the rest of the world. This is thought to
be due to more limited access to health care and poor nutritional status in developing
countries, where the disease burden has tended to be higher.

The excess mortality rate can be further decomposed into the clinical attack rate (the
rate of illness in the whole population) and the case fatality rate (the rate of death
among people who are infected by the disease) (Stitt, 2006). The differences in the excess
mortality rate for influenza pandemics in the last century have been primarily driven by
the case fatality rates, which have varied from greater than 2.5 percent for the 1918–1919
Spanish Flu, to less than 0.1 percent for other influenza pandemics (Taubenberger and
Morens, 2006). In contrast, the clinical attack rates for influenza pandemics over the past
century have ranged from 25 percent to 35 percent (Glezen, 1996; Nguyen-Van-Tam and
Hampson, 2003; Shrestha et al., 2011).

The 1918–1919 Spanish Flu was characterized by exceptionally high mortality and a con-
centration of mortality in young adults aged between 20 and 40 years old, arising from
three rapidly successive waves of infection within a single year (Pyle, 1986; Woolnough
et al., 2007). However, existing research on the characteristics of the virus has failed to
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provide sufficient explanation on a genetic basis of the exceptional virulence (Langford,
2002; Garcı́a-Sastre and Whitley, 2006; Taubenberger and Morens, 2006), but factors such
as World War I, limited medical knowledge and treatments, and an underlying disease
burden of tuberculosis are noted to have contributed to the high severity (Noymer and
Garenne, 2000; Baumgart et al., 2007; Woolnough et al., 2007). The relatively low impact
of the 2009–2010 H1N1 flu was predominantly due to the low virulence of the virus
(the lowest of influenza pandemics in the 20th and 21st centuries (Chang et al., 2010),
although pharmaceutical advances, efficient public health measures, and preexisting
levels of immunity may have also mitigated the impact.

Differences Between Insured and General Populations
In life insurance, the process of underwriting involves evaluating the health and financial
status of the applicant and is used to select the risks that the insurer is willing to
accept, and to classify and price the risks that are accepted (Bellis et al., 2010). There
are several types of underwriting used to evaluate the risk of each applicant depending
on the product and level of coverage: examples include full medical underwriting,
simplified underwriting, and guaranteed issue.12 In the normal course of events, the
mortality on fully medically underwritten products is usually significantly lower than
that of the general population, because full medical underwriting usually removes at-risk
subgroups, such as those with underlying chronic diseases. The mortality on guaranteed
and simplified issue products is closer to or worse than that of the general population
(Toole, 2007a).

There is also a significant amount of economic self-selection involved with purchasing
a life insurance policy. Individuals need sufficient discretionary income to purchase a
life insurance policy and generally would only be interested in purchasing it if they had
assets or a particular lifestyle to protect (Toole, 2007a). As a result, they are likely to be
healthier than the general population, due to better education, better understanding of
good health maintenance, and better access to preventive health care due to their greater
financial means.

Whether or not differences in mortality experience between insured and general pop-
ulations continue in the event of a pandemic does not have a straightforward answer.
The health system may be overwhelmed in the event of a pandemic, and as such there
may not be a significant difference in the access to or quality of health care between
those insured and those not. However, the higher socioeconomic status of those insured
could continue to result in better access to health care as well as better education about
the impact of influenza. On the other hand, this group is also more likely to engage in
international travel and live in high-density urban areas.

Some historical evidence does suggest that underwriting and economic self-selection
will continue to result in lighter mortality experience for the insured population in the
event of an influenza pandemic. Mead (1919) observes that the ratio of all cause mortality

12 Full medical underwriting usually involves a physical examination by a doctor, a blood test,
and possibly other tests for diseases or drugs. Simplified underwriting generally requires the
applicant to answer a series of questions about their current and previous health as well as any
dangerous hobbies or activities. Guaranteed issue typically involves very little to no underwrit-
ing.
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TABLE 7
Summary of SoA Delphi Study on the Effect of a Flu Pandemic on Insured Mortality

Expected U.S. Insured Population Excess Mortality Rate (per 1,000)

Moderate Scenario (0.7 per Severe Scenario (6.5 per

Summary Statistics 1,000 General Population) 1,000 General Population)

Mean 0.437 (62.4%) 4.639 (71.4%)

Minimum value 0.200 (28.6%) 1.300 (20.0%)

25th percentile 0.350 (50.0%) 3.388 (52.1%)

50th percentile 0.400 (57.1%) 5.000 (76.9%)

75th percentile 0.500 (71.4%) 5.500 (84.6%)

Maximum value 0.700 (100.0%) 7.000 (107.7%)

Source: Toole (2007b).

claims paid to the average amount of sum insured in force was higher for industrial life
policies13 than for ordinary life policies during an 1889 influenza pandemic, likely due
to the higher socioeconomic status and medical underwriting of ordinary life policies.
These findings are consistent with similar studies on the 1918–1919 influenza pandemic
(Craig and Dublin, 1919; Little, 1919).14

Furthermore, a Swiss Re study on the 1957–1958 and 1968–1969 influenza pandemics
observed a 12 percent lower excess death rate in standard ordinary policyholders com-
pared to age- and gender-matched general population (Woolnough et al., 2007). These
results are consistent with a study published by Metropolitan Life Insurance Company
(1976). A number of other sources and studies are based on the estimated impact of a
new pandemic and these suggest that the ratio of insured lives’ mortality to that of the
general population can range from 40 percent to 100 percent (Weisbart, 2006; APRA,
2007; Dreyer et al., 2007; Stracke, 2007; Toole, 2007a).

A Society of Actuaries (SoA) Delphi study surveyed 30 life insurance industry experts
about how the U.S.-insured excess mortality might deviate from that of the U.S. general
population during an influenza pandemic. Two pandemic scenarios were adopted from
the U.S. Department of Health and Human Services’ projection for the number of excess
deaths as a result of an influenza pandemic: a moderate scenario of 0.7 excess deaths
per 1,000 and a severe scenario of 6.5 excess deaths per 1,000 (Toole, 2007b). The results
of this study are summarized in Table 7.

13 Industrial life insurance is a small insured amount policy intended to cover burial expenses
(Woolnough et al., 2007).

14 Other studies, such as Moir (1922) and Metropolitan Life Insurance Company (1948), also
provide information about mortality experience of insured populations during the 1918–1919
influenza pandemic, but comparison with the general population is limited since no age and
gender distribution data are provided.
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FIGURE 1
Age-Specific Distribution of Excess Mortality Rates for the 1918–1919 Spanish Flu in
England and Wales

Source: Langford (2002).

In general, the participants of this study believed that the ratio is higher in the severe
scenario compared to the moderate scenario, as the impact of underwriting and economic
self-selection could be diminished. Overall however, given that differences have been
observed between the insured and general population during influenza pandemics, it is
plausible to consider that such differences may occur in the future.

Mortality Variations With Age
The age-specific distribution of excess mortality rates for seasonal influenza epidemics
typically has a “U” shape curve representing high mortality among infants and the
elderly with comparatively low mortality rates at other ages (Nguyen-Van-Tam and
Hampson, 2003). On the other hand, the age-specific distribution of excess mortality
rates for influenza pandemics has tended to affect a higher proportion of persons under
65 years of age than seasonal influenza. During annual seasonal influenza epidemics,
only about 10 percent of influenza-related deaths occur in persons under 65 years of
age (Centers for Disease Control and Prevention, 2011), whereas during the influenza
pandemics of 1918–1919, 1957–1958, 1968–1969, and 2009–2010, persons under 65 years
of age have accounted for 99 percent, 36 percent, 48 percent, and 87 percent of all excess
influenza-related deaths, respectively (Simonsen et al., 1998; Shrestha et al., 2011). This
is often attributed to the partial immunity that many persons over 65 years of age may
have retained from exposure to similar influenza infections as children or young adults
(Nguyen-Van-Tam and Hampson, 2003).

The age-specific distribution of excess mortality rates for these four influenza pandemics
have exhibited either “\/\,” “U,” or “/\” shapes, which have been quite similar for both
genders. Figure 1 shows the “\/\” excess mortality curve from the 1918–1919 Spanish
Flu in England and Wales, though it is worth noting that there was considerable variation
between countries (Murray et al., 2006).
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FIGURE 2
Age-Specific Distribution of Excess Mortality Rates for the 1957–1958 Asian Flu and
1968–1969 Hong Kong Flu in the United States.

Sources: Dauer (1958) and Housworth and Spoon (1971).

There was excess mortality in children under 5 years old and very high excess mortality
in young adults aged 20–40 years old while there was negative excess mortality among
older persons15 (Luk et al., 2001; Langford, 2002; Murray et al., 2006).

In comparison, the 1957–1958 Asian Flu and 1968–1969 Hong Kong Flu in the United
States exhibited the characteristic “U” excess mortality curve as shown in Figure 2
(Eickhoff et al., 1961; Serfling et al., 1967; Housworth and Spoon, 1971). This corre-
sponded to excess mortality concentrated in infants and the elderly.

In contrast, the 2009 H1N1 flu caused disproportionately high mortality in young adults
and had a “/\” excess mortality curve (Vaillant et al., 2009). The age-specific distribution
of excess mortality for the 2009–2010 H1N1 flu is not shown as complete vital statistics
are not yet available.

15 The high excess mortality in young healthy adults is often attributed to a “cytokine storm,”
which is an overreaction of the immune system resulting in the failure of multiple organ sys-
tems (Kobasa et al., 2007). Another explanation is that many apparently healthy young adults
were also infected with tuberculosis exacerbating secondary pneumonia that can occur as a
complication of an influenza virus (Noymer and Garenne, 2000). Negative excess mortality in
the elderly is observed as the number of deaths caused by pandemic influenza in this age group
was significantly lower than seasonal influenza. This is believed to have arisen because of partial
protection from the infection as a result of exposure to a similar virus causing the epidemic of
1847–1848 (Langford, 2002).
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FIGURE 3
Age-Specific Distribution of Clinical Attack Rates for the Influenza Pandemics of the 20th
and 21st Centuries From Local U.S. Studies

Sources: Collins (1931), Chin et al. (1960), Davis et al. (1970), and Shrestha et al. (2011).

Impact on Morbidity
The morbidity impact of an influenza pandemic is generally measured by the clinical
attack rate. During seasonal influenza epidemics, typical clinical attack rates range from
5 percent to 15 percent (Faulds and Bridel, 2009). In contrast, the clinical attack rates for
influenza pandemics of the 20th and 21st centuries have ranged from 25 percent to 35
percent (Glezen, 1996; Nguyen-Van-Tam and Hampson, 2003; Shrestha et al., 2011). The
higher observed transmissibility for influenza pandemics is due to the high susceptibility
of the human population to a novel influenza virus (Miller et al., 2009).

Obtaining accurate and detailed morbidity data is also difficult as clinical attack rates
have received less attention than excess mortality rates, with researchers generally re-
lying on anecdotal evidence or local studies to estimate clinical attack rates. Figure 3
shows the clinical attack rates for the influenza pandemics of the 20th and 21st centuries
as published by U.S. local studies.

This illustrates a decreasing trend in clinical attack rates as age increases. This is at-
tributed to the fact that healthy susceptible school children, college students, and em-
ployed persons tend to have more frequent contact with others than do the elderly.

OVERALL IMPACT OF A PANDEMIC

Several studies have examined the potential impact of an influenza pandemic on the
life insurance industry. They have focused on estimating the aggregate life insurance
claims using deterministic scenarios derived from the 1918, 1957, and 1968 influenza
pandemics. A summary of some of these studies is presented in Table 8.
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Although the methodology and assumptions vary slightly between studies, unsurpris-
ingly it is apparent that a wide range of outcomes are considered possible. This is due
to the inherent uncertainty involved with modeling influenza pandemics since there is
limited historical experience on which to base key assumptions. In general, the studies
conclude that the life insurance industry will be able to absorb the impact of a severe
pandemic, but will incur significant losses.

TRADITIONAL RISK MITIGATION

Managing the exposure to catastrophic mortality events is not straightforward for life
insurers and reinsurers because the probability of such an event occurring in any year is
low while the potential for devastating losses is high. Since influenza pandemics are rare
events, there are scarce data for forming assumptions within the range of internal risk
models adopted by companies, and as such calibration of required parameters leaves
much uncertainty. This would typically be dealt with through a range of stress tests,
scenario testing, and sensitivity testing (Baumgart et al., 2007).

Several possibilities relating to the mitigation of risk arising from exposure to pandemics
are discussed below.

Capital and Reinsurance
A common strategy to manage the exposure to catastrophic mortality risk is the use
of risk transfer mechanisms such as reinsurance or retrocession.16 This will typically
transfer the risk from a smaller and less diversified insurer to a larger reinsurer with a
more diversified portfolio. However, this ultimately exposes the ceding party to the same
risk it seeks to transfer, via the credit risk of the counterparty reinsurer. This is because
reinsurance and retrocession may default when faced with widespread catastrophic
losses in a pandemic, as reinsurance is essentially pure mortality risk business, and the
usual advantage conferred by reinsurers’ geographical diversification is significantly
reduced in the event of a pandemic17 (APRA, 2007; Dreyer et al., 2007; Cummins and
Trainar, 2009). In other words, credit risk is substituted for mortality risk. This issue of
credit risk is discussed in more detail shortly.

Exposure to mortality risk can also be partly mitigated by retaining the risk through
holding greater levels of capital (Baumgart et al., 2007). However, this poses the addi-
tional risk to the business that this use of capital may be highly inefficient, with the
economically efficient amount of capital to hold difficult to determine as the insurer
needs to balance the risk of insolvency against the economic cost of capital required to
protect against this risk (Woolnough et al., 2007).

16 Reinsurance refers to insurance that is purchased by an insurer from a reinsurer to transfer risk.
Retrocession refers to the purchase of insurance by reinsurers from other reinsurance companies
to transfer risk (Bellis et al., 2010).

17 Geographic diversification is not as effective as for other catastrophic mortality events since an
influenza pandemic is likely to affect multiple geographical regions around the world, compared,
for example, to a single earthquake.
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Product Diversification
The impact of increased mortality due to an influenza pandemic will also depend on the
proportions of death benefit and longevity benefit products in a life insurer’s portfolio
(Broekhoven et al., 2006). If mortality were to increase unexpectedly, death benefit prod-
ucts such as individual and group life policies will cause losses, whereas an increase
in mortality will cause gains for longevity benefit products such as annuities because
payments to the policyholder will no longer need to be made and reserves can be re-
leased. As the values of death benefit and longevity benefit products move in opposite
directions in response to changes in mortality, the aggregate impact on the life insurer
may be a loss or profit (Cox and Lin, 2007).

However, the effectiveness of this natural hedge will depend on the age-specific distri-
bution of excess mortality rates as life insurers primarily write death benefit policies to
younger age groups, and sell annuity policies to older age groups. Furthermore, for most
life insurers, death benefit products constitute a larger proportion of business written
compared to longevity benefit products, and as result, a significant loss is the more likely
outcome.

Diversification across other lines of businesses is also somewhat limited, mainly be-
cause health and general insurance business may also be affected adversely. Health
insurance, for example, is likely to contribute to losses through an increase in claims for
hospitalizations, general practitioner visits, and other medical expenses due to increased
morbidity (Broekhoven et al., 2006). With respect to general insurance, greater business
interruption claims may arise due to closure of business operations ordered by civil
authorities, and travel insurance claims may also increase due to trip cancellations from
travel restrictions and interruptions due to sickness (Faulds and Bridel, 2009). Various
other lines of businesses such as public liability, employers liability, product liability,
and medical malpractice coverage may also be affected depending on policy wording
and legal judgments (Maynard and Baxter, 2008).

Pricing for the Risk
Perhaps the most obvious approach to risk mitigation is to price appropriately for the
risk involved. However, this is problematic for various reasons. First, it is difficult to
assess the risk of an influenza pandemic. Second, explicitly building this extra cost into
premiums may be difficult to achieve in a competitive market, especially before actual
insurance losses occur. Third, although pricing could be used to recover some of the
losses following a pandemic, this also would be constrained by competitive forces. To
some extent however, postevent recoupment of losses is possible, given that the majority
of life insurers are likely to be affected (Stitt, 2006).

WIDER RISKS

Given that mortality risk represents the most significant financial risk to insurers aris-
ing from an influenza pandemic, the previously highlighted studies have focused on
estimating the additional gross or net life insurance claims that may arise. Quite clearly,
however, in the event of an influenza pandemic, a life insurer is exposed to a range of
risks other than increased mortality such as underwriting risk, operational risk, market
risk, liquidity risk, and credit risk. A discussion of these risks follows.
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Underwriting Risk
Underwriting risk may worsen as individuals who are exposed to a greater risk of
influenza seek to obtain life insurance, and although this may increase demand, it has
the potential to worsen claims experience as the increase in risk has not been accounted
for (Stitt, 2006). In particular, there could be significant adverse selection in simplified
insurance products, which involve limited underwriting or screening procedures.

The increase in underwriting risk could be avoided by temporarily suspending new busi-
ness. Although adequate pricing could potentially reduce underwriting risk, it would
be difficult to achieve in an influenza pandemic because the additional risk cannot be
accurately assessed and for a similar reason, additional underwriting procedures may
not reduce underwriting risk either.

Operational Risk
As with other industries, the life insurance industry is exposed to potentially significant
operational risk in the event of a pandemic with a high rate of infection during a
pandemic likely to disrupt business operations. Substantial increases in staff absenteeism
can be expected due to personal illness, unwillingness to attend work, inability to travel
to work due to quarantine restrictions, or having to take care of sick family members
(Risk Management Solutions, 2007).

Any spread of infection in the workplace could be mitigated by implementing appro-
priate occupational health and safety measures, such as promoting greater awareness
about infection, reduced contact between staff and the general public, access to adequate
health care, rigorous hygiene practices, and frequent cleaning of common areas (Stitt,
2006; Baumgart et al., 2007; Risk Management Solutions, 2007). However, specific to life
insurers is the probability that a surge in claim and insurance policy applications may
strain the level and quality of services provided during a pandemic (Baumgart et al.,
2007; Mäkinen, 2009). This may significantly impact on the company’s future level of
new businesses and market share after the pandemic if the level and quality of services
provided is poor relative to competitors (Faulds and Bridel, 2009).

Market Risk
An influenza pandemic may cause an increase in market risk depending on the extent,
duration and severity of the pandemic and its impact on the real economy (Munich
Re, 2007; Faulds and Bridel, 2009). The value of a life insurer’s assets may fall due to
underlying macroeconomic effects and market reaction due to increased uncertainty,18

with the greater state of uncertainty causing a rise in the volatility of financial markets
(Baumgart et al., 2007; Risk Management Solutions, 2007). This may lead to an increase
in investors’ risk aversion resulting in a “flight to safety” whereby investors shift away
from riskier assets such as equity and corporate bonds toward safer assets such as
government bonds, gold, and cash (Broekhoven et al., 2006). As a result, equity and
corporate bond markets may fall sharply.

18 Macroeconomic effects include supply shocks from a loss of productivity due to increased death
and illness of staff, demand shocks as consumers avoid exposed industry sectors such as tourism
and aviation, and direct losses arising from the costs of responding to the crisis (Broekhoven
et al., 2006; Risk Management Solutions, 2007).
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A pandemic may have a similar impact on economic growth as a typical business cycle
downturn or recession although the effects are likely to be short term19 (Buetre et al.,
2006). In response, central banks are likely to implement expansionary monetary policies
leading to a fall in interest rates (Munich Re, 2007).

If exposure to market risk is within accepted bounds of risk, it could be accepted and
retained. If it cannot be accepted, the amount of exposure could be reduced or transferred.
In particular, it would be appropriate to review investments in industries that could be
more adversely affected by a pandemic (Faulds and Bridel, 2009). The exposure could
also be transferred using derivatives such as protective put options to hedge against
equity market exposure and swaptions to hedge interest guarantees20 (Baumgart et al.,
2007). This may once again introduce credit risk, although most likely to a lesser extent
than for, say, reinsurance.

Liquidity Risk
A risk of insolvency through liquidity risk is significant (Toole, 2007a). An unexpected
rise in life insurance claims has the potential to increase liquidity risk if there are in-
sufficient liquid assets available to meet cash flow obligations. This increase in claims
can clearly come from an increase in death benefits, but it can also come from savings
products as policyholders may surrender these policies in order to pay for increased
medical expenses (Faulds and Bridel, 2009). Liquidity risk arising from increase claim
volumes is compounded if these are paid for by liquidating assets at a depressed value,
and if counterparty reinsurers default on their obligations (Stitt, 2006).

Liquidity risk could be retained if the life insurer has sufficient financial capacity, such
as letters of credits, to withstand this risk. Otherwise, the life insurer could reduce the
risk by adjusting the asset allocation, delaying claim payouts, or arranging for bridge
financing (Risk Management Solutions, 2007).

An additional and resultant business risk arising from claims not being paid in a timely
manner is that the reputation of the life insurer could be damaged and future business
may be jeopardized.

Credit Risk
Credit risk associated with the ability of reinsurers to pay claims may increase substan-
tially in the event of a pandemic. This is because the life reinsurance market is highly
concentrated and all life insurers with reinsurance protection are likely to seek reim-
bursement at the same time. As a result, reinsurers may develop solvency issues causing
them to potentially default on their obligations or be slow to pay reinsurance claims
(Weisbart, 2006). Consequently, the life insurer’s solvency and ability to pay claims in a
timely manner may be significantly compromised (Baumgart et al., 2007).

19 Depending on the severity of the pandemic, McKibbin and Sibodenko (2006) estimate a loss of
0.8–12.6 percent of gross domestic product (GDP) to the global economy while Arnold et al.
(2006) estimate a loss of 1.0–4.0 percent of GDP to the U.S. economy.

20 A protective put option protects the buyer from a drop in stock price and consists of buying a
put option on a stock and the stock itself. A swaption is an option to enter into an interest rate
swap where a specified fixed rate is exchanged for floating rate (Hull, 2011).
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An alternative to reinsurance are catastrophic mortality bonds, which essentially elim-
inate credit risk. These instruments offer several advantages and disadvantages com-
pared to reinsurance. These are described in the next section.

CATASTROPHIC MORTALITY BONDS

THE MARKET

Securitization involves the isolation of a pool of assets or rights to a set of cash flows and
the repackaging of the assets or cash flows into securities that are traded in the capital
markets (Cowley and Cummins, 2005). Insurance-linked securities (ILS) are instruments
designed to transfer insurance risk to the capital markets (Cummins and Trainar, 2009).
Life securitizations have been predominantly used as a financing tool although some
have facilitated risk management. On the other hand, nonlife securitizations have typi-
cally been used to transfer catastrophic event risk (Ernst & Young, 2011).

The market for ILS has expanded significantly in recent years, growing at 40–50 percent
per year since 1997 (Hartwig et al., 2008). To the end of 2011, there have been seven
public catastrophic mortality bonds transactions with a total bond issuance value of ap-
proximately U.S. $2.5 billion,21 though catastrophic mortality bonds represent less than
10 percent of the overall volume outstanding for life ILS. Despite this, the medium-term
outlook for catastrophic mortality bonds remains positive and the market is estimated
to reach U.S. $5–20 billion by 2019 (Frey et al., 2009; Weistroffer et al., 2010).

Catastrophic mortality bonds have primarily appealed to large, globally diversified
insurers and reinsurers, and have predominantly been used in developed countries.
Arguably these bonds enhance the capacity of the life insurance industry to write mor-
tality risk business by transferring catastrophic losses from the insurance industry to the
capital markets (Lin and Cox, 2007; Bouriaux and MacMinn, 2009).22

Key Features
The basic transaction structure of catastrophic mortality bonds has remained reasonably
generic over the seven public transactions that have occurred to the end of 2011.23

Similarly, the contingent claim payoff mechanism has remained essentially the same for
all transactions.

The key components of the contingent claim payoff mechanism are the principal amount,
mortality index, attachment point, and exhaustion point. The principal amount repre-
sents the maximum payoff that the sponsor can receive if the bond is triggered this has
typically ranged from U.S. $50 to U.S. $100 million per tranche. The mortality index,
attachment point, and exhaustion point determine whether the bond is triggered and
if so, what percentage of the principal is paid. The mortality index is defined over a

21 Table A1 in the Appendix summarizes these transactions.
22 Capital markets are likely to more easily absorb catastrophic losses, whereby any insured losses

may be large relative to the total capitalization of the insurance industry, but miniscule in
comparison to the total volume of securities traded in the capital market.

23 The generic structure is shown in Figure A1 in the Appendix. Cowley and Cummins (2005),
Bauer and Kramer (2008), and Helfenstein and Holzheu (2006) provide detailed descriptions on
the functioning of these instruments for the interested reader.
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2-calendar-year period24 and calculated using general population mortality rates pub-
lished by official public reporting sources weighted by age and gender (Rooney, 2008).
The weights are specified by the sponsor to broadly reflect their exposure to an in-
sured population and are fixed throughout the duration of the risk period25 (Standard
& Poor’s, 2011). The attachment and exhaustion points are expressed as a percentage of
the mortality index at issuance.

The contingent claim payoff to the sponsor, being any reduction in the principal amount,
is triggered if the mortality index value exceeds the attachment point. If the mortality
index does not exceed the attachment point, the full principal amount is returned to
the investor at maturity. Once the attachment point is exceeded, the reduction in the
principal amount increases linearly between the attachment and exhaustion point until
the index exceeds the exhaustion point and the full principal is lost by the investor
(Bridet, 2009). Thus far, the lowest attachment point has been 105 percent while the
highest exhaustion point has been 150 percent.

The choice of an index-based payoff trigger is driven by investors’ demand for trans-
parent, easy-to-understand, and hard-to-manipulate triggers26 (Weistroffer et al., 2010).
Index-based payoff triggers can be standardized more easily than indemnity-based ones,
and they reduce moral hazard because the sponsor still has an incentive to limit losses as
the payoffs are based on an independent metric rather than the sponsor’s actual losses.
Adverse selection is also reduced because payoffs are based on publicly available data
and there are few informational asymmetries to be exploited (Helfenstein and Holzheu,
2006; Bouriaux and MacMinn, 2009).

Advantages and Disadvantages
Catastrophic mortality bonds offer several advantages over traditional reinsurance for
hedging exposure to catastrophic mortality losses. They act as a form of collateralized
stop-loss reinsurance,27 which essentially eliminates the credit risk exposure for sponsors
(Bagus, 2007). Compared to 1-year coverage usually provided by stop-loss reinsurance,
they allow the sponsor to secure fixed cost multiyear coverage, typically ranging from
3 to 5 years, which in turn allows sponsors to spread the fixed cost of issuance over
several years (Cummins, 2008). Furthermore, these bonds have the flexibility to access

24 The mortality index is measured over a 2-calendar-year period in order to mitigate the chance
that an influenza pandemic will be cut off by the end of a measurement period.

25 The risk period is the time period over which the catastrophic mortality bond provides coverage.
26 An indemnity-based payoff trigger is not used because investors would expect to receive a

significant premium for moral hazard and adverse selection depending on the type of business
covered, risk modeling credibility, and the market’s confidence in the sponsor’s risk management
procedures; investors would want to undertake more extensive due diligence of the sponsor
and the securitized portfolio to better understand the insurance risk they are undertaking;
and sponsors will be reluctant to disclose data on insurance portfolios since they could be of
proprietary nature and their disclosure valuable to competitors (Hartwig et al., 2008; Rooney,
2008).

27 Stop-loss reinsurance is a form of excess of loss reinsurance under which the reinsurer’s liability
commences when the aggregate claims experience on the reinsured portfolio during a specified
time period exceeds a predetermined level (IAAust, 2009).
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capital markets when required by using shelf programs.28 This has the potential to avoid
market disruptions caused by reinsurance prices and availability cycles (Cummins and
Trainar, 2009).

On the other hand, several disadvantages arise with catastrophic mortality bonds. First,
they have significant up-front transaction costs such as legal, risk modeling, broker,
rating agency, and bank fees that require minimum transaction sizes for the issuance to be
economical (Helfenstein and Holzheu, 2006), whereas traditional reinsurance generally
has no up-front costs aside from brokerage fees (PartnerRe, 2008). Second, the issue of
basis risk exists for catastrophic mortality bonds since the payoff trigger is index based
and the actual loss suffered is unlikely to be perfectly matched by the bond payoff.
This contrasts with traditional reinsurance, which has no basis risk since it is indemnity
based and provides full coverage for reinsured losses (Hartwig et al., 2008). Third, the
capital credit given by regulators and rating agencies may be reduced for catastrophic
mortality bonds in comparison to traditional reinsurance (Standard & Poor’s, 2008).
Finally, the terms of catastrophic mortality bonds are fixed throughout the duration of
coverage while traditional reinsurance can be adjusted every year allowing for short-
term commitment and flexibility (PartnerRe, 2008).

SUMMARY

In this article, we have surveyed past and likely sources of catastrophic mortality risk
for life insurers. Among these, an influenza pandemic is generally accepted to be the
most likely catastrophic risk that a life insurer faces and we have looked in detail at the
possible characteristics of such an event. While it is impossible to make firm predictions,
most analysis expects that a major influenza pandemic would be a costly but not fatal
event for the life insurance industry.

We have discussed the spectrum of risks that a life insurer would face from a catastrophic
mortality event, and have noted the variety of risk management strategies and tools to
deal with these risks. Traditionally these include reinsurance, a diversified product and
geographical base, flexibility in pricing, a range of other strategies concerning asset
choice and management, as well as various reactions an insurer can adopt if a pandemic
occurs. More recently, ILS such as catastrophic mortality bonds have added to the tools
available. All of these have limitations to some degree, and the ongoing exposure of life
insurers to pandemic risk is likely to remain a challenging issue.

28 Shelf programs are structured such that all the legal, modeling, rating, and other structuring
costs are done for a very large bond issue. However, not all of the bond capacity is issued
initially and some is left to be issued at later time when needed by the sponsor. This lowers the
issuance cost for subsequent issues and reduces the time to access capital markets (Helfenstein
and Holzheu, 2006).
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FIGURE A1
Basic Catastrophic Mortality Bond Transaction Structure

Sponsor Special purpose 
vehicle Investors
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rate

Swap
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Source: Linfoot (2007).
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