
Geological Society, London, Special Publications

doi: 10.1144/SP361.12
 2012; v. 361; p. 139-150Geological Society, London, Special Publications

 
Nigel Winspear, Rade Musulin and Mohan Sharma
 
countries in Asia
planning, risk mitigation and financing in developing 
Earthquake catastrophe models in disaster response
 
 

service
Email alerting

articles cite this article
 to receive free e-mail alerts when newhereclick 

request
Permission

this article
 to seek permission to re-use all or part ofhereclick 

Subscribe
London, Special Publications or the Lyell Collection

 to subscribe to Geological Society,hereclick 

Notes

guest on January 4, 2012Downloaded by 

2012
© The Geological Society of London

http://sp.lyellcollection.org/cgi/alerts
http://www.geolsoc.org.uk/gsl/publications/page417.html
http://sp.lyellcollection.org/site/subscriptions/


Earthquake catastrophe models in disaster response planning,

risk mitigation and financing in developing countries in Asia

NIGEL WINSPEAR1*, RADE MUSULIN2 & MOHAN SHARMA3

1Aon Benfield Asia, #42-01 UOB Plaza 1, 80 Raffles Place, Singapore 048624
2Aon Benfield Analytics Asia Pacific, Aon Tower, Level 29, 201 Kent Street, Sydney,

NSW 2000, Australia
3Catalytics Pte Ltd, UOB Plaza 1, 80 Raffles Place, #36-00, Singapore 048624

*Corresponding author (e-mail: nigel.winspear@aonbenfield.com)

Abstract: Earthquake catastrophe models combine simulated earthquake hazard intensity par-
ameters, such as ground-shaking intensity and liquefaction potential, with spatial data layers
describing the geography and vulnerability of exposed assets at risk (property, populations and
infrastructure) to calculate the probability of loss. There is significant scope for applying cata-
strophe models to disaster relief planning, risk mitigation and financing, especially for earth-
quake-prone developing economies in Asia. Potential uses of earthquake catastrophe models in
these areas include the following.

† Estimating probable levels of damage across an area resulting from a range of possible earth-
quake events. These estimates are useful in assessing the scale of the response required when an
earthquake event actually occurs and for devising a realistic plan for the disaster response
effort.

† Quantifying the humanitarian and economic benefit of introducing or upgrading existing risk
mitigation measures in advance of their introduction; and assessing the loss potential of poss-
ible sites for future infrastructure and/or industrial facilities.

† Quantifying risk metrics fundamental to the pricing of financial risk transfer solutions that
enable the transfer of the cost of relief and reconstruction away from the damaged national
economy, thereby cushioning it from financial shock caused by major earthquake damage.

Catastrophe (cat) models have been widely used in
the insurance and reinsurance industries for nearly
20 years for calculating the amount of insured loss
expected from natural catastrophes (such as earth-
quakes or typhoons) at an annual probability of
exceedance (e.g. such as 1/250, see Fig. 1). Prior
to the advent of catastrophe models, the insurance
industry’s usual approach was to estimate the
maximum percentage of total insured value in an
area that might suffer loss from a realistic earth-
quake event. This estimation was either based on
experiential knowledge or, in many cases where
such knowledge was inadequate, the estimation
was based on the subjective judgement of industry
experts; for example, seismologists from leading
reinsurers typically defined earthquake scenarios
and their associated losses that were followed by
the rest of the industry. Unfortunately, however,
using this method there was no way to estimate
the actual probability of each loss scenario. The
introduction of fully probabilistic cat models in
the late 1980s represented a major step forward by
providing a scientific basis for assessing both the
frequency and severity of earthquake catastrophe

risk. Catastrophe models gained rapid acceptance
in the insurance and reinsurance industries after
Hurricane Andrew devastated parts of Miami in
1992, causing the largest insured loss experienced
worldwide at that time (estimated at about US$15.5
billion in 1992 prices: AIR Worldwide 2005).

Earthquake catastrophe models are created by
combining four separate modules: exposure,
hazard, vulnerability and financial. The exposure
module is set up to capture the attributes of the
exposed assets primarily in terms of location, sum
insured, occupancy type (residential, commercial
office, etc.), coverage type (buildings, contents),
construction type (e.g. timber frame, brick, masonry,
reinforced concrete frame, steel frame) and policy
terms (size of deductible and limit). The earthquake
hazard module typically comprises a probabilistic
event catalogue containing tens of thousands of
physically realizable earthquake scenarios, each of
which is assigned an annual probability of occur-
rence or allocated to a specific simulation year
(out of tens or hundreds of thousands). The vulner-
ability module contains a set of mathematical
relationships describing the damageability of the
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exposed assets to earthquake ground shaking of
varying severities, and is usually sensitive at a
minimum to differences in occupancy and construc-
tion type. The financial module calculates the mon-
etary value of the physical damage and insured loss
expected from each stochastic earthquake event to
the portfolio as a whole, and calculates the prob-
ability of exceedance of a range of loss thresholds
(Fig. 1) from different financial perspectives (the
insured, the insurer, the reinsurer, etc.).

One of the main advantages of probabilistic
catastrophe models is that they simulate loss from
earthquake events with recurrence intervals that
are much too long to be present in the historical
record. As such they consider the loss potential
from a much wider range of possible earthquake
events than would be the case if only the historical
record were available. However, models are imper-
fect representations of reality, being limited by: (a)
typically sparse sampling in the instrumental and
historical record of large magnitude earthquakes
that usually occur on a much longer timescale
(making it difficult to accurately constrain the
activity rate and maximum credible earthquake
magnitude on a particular fault); (b) where faults
are either thought to be inactive or are not pre-
viously known (either due to lack of geological
mapping or because the faults involved are blind;
i.e. without surface expression, as caused the
January 1994 Northridge Earthquake in California,
and the September 2010 and February 2011
Christchurch earthquakes in New Zealand); (c)
where the location of seismic activity is time

dependent (i.e. where the main geographical loci
of earthquake productivity and earthquake event
parameters develop in a non-random manner over
time); (d) where there are no locally applicable
seismic attenuation relationships available (as is
the case throughout much of Asia); (e) where local
site soil conditions are poorly represented (these
can have a very strong influence on landslide, lique-
faction and seismic amplification potential); and (f)
where exposed assets (i.e. property, infrastructure or
populations) are difficult to define in terms of
location, value and vulnerability to earthquake
damage.

The objective of this paper is to outline the
potential application of earthquake catastrophe
models to: (1) disaster response planning; (2) miti-
gation of loss; and (3) disaster risk financing, as a
means for cushioning the national economy from
the adverse financial consequences of a seriously
damaging earthquake. It is anticipated that this
paper will stimulate the application of catastrophe
models in all three of these areas.

Earthquake catastrophe models in

disaster response planning

Catastrophe models can produce outputs that are
useful for the planning of disaster response and miti-
gation. This is achieved by combining earthquake
intensity parameters (such as maps of ground-
shaking intensity) with data layers describing the
location, value and vulnerability of the exposed
assets at risk (i.e. property, populations and infra-
structure) to produce estimates of physical
damage. This can be undertaken: (a) for an actual
earthquake event to indicate what emergency
response teams can expect; (b) for a number of pos-
tulated scenario earthquakes used for emergency
service training purposes; or (c) for thousands of
postulated scenario earthquakes from the prob-
abilistic event set, in order to estimate probabilities
of damaging effects on the asset portfolio (e.g.
annual probability of casualties exceeding a
threshold value).

Systems for real-time earthquake loss estimation
and response are already in existence in a small
number of developed countries, principally the
United States (e.g. Eguchi et al. 1994; FEMA
2010), Japan (e.g. Nakamura 1996; Yamazaki
et al. 1998; Hosokawa et al. 2008) and Taiwan
(e.g. Yeh et al. 2006), and a small number of other
territories including Central America (e.g. GFDRR
2008) and Colombia (Yamin et al. 2004). The
authors are not aware of any such systems that
have been created to date specifically for developing
countries in Asia, noting that certain territories such
as Indonesia and the Philippines are particularly at

Fig. 1. Loss Exceedance Probability Curve produced
by an earthquake catastrophe model for a portfolio
of property exposure in SE Asia. This curve gives
the annual probability of loss exceeding particular
thresholds (e.g. a loss of 400 is expected to be exceeded
at an annual probability of 1 in 250, also known as the ‘1
in 250 year return period’). The area under the curve,
when annualized, gives the annual loss cost. Both the loss
exceedance thresholds and the annual loss cost are
essential to the pricing of catastrophe insurance.
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risk of damaging earthquake and hence in need of
such systems. Whilst both of these territories are
already covered by earthquake loss estimation
systems with worldwide scope (e.g. USGS PAGER
and WAPMERR systems: see USGS 2010b and
WAPMERR 2010), there is significant potential
for locally developed, locally focused systems
to be created that will: (a) provide considerably
greater spatial resolution of the modelled earth-
quake hazard; (b) utilize locally applicable data
for earthquake hazard modelling (e.g. attenuation
relationships and high-resolution soil mapping);
(c) employ local experience in developing asset
vulnerability relationships; (d) generate additional
bespoke, customizable model outputs of use in dis-
aster planning; and (e) allow direct integration
of these outputs with decision support systems
used to train and guide emergency response units.
These models will also differ from existing cata-
strophe models available for these territories from
established commercial model vendor companies
because they will: (a) reflect the vulnerability of
the entire building stock (rather than just the
insured building stock; the two can be quite dif-
ferent in developing economies), populations and
infrastructure; and (b) produce outputs that are of
use in disaster response planning (such as those
outlined below).

To ensure consistently high quality of the under-
lying earthquake hazard model, it is recommended
that any such model spanning multiple territories
utilizes a globally standardized earthquake hazard
model which has benefited from significant local
input during development, such as the Global Earth-
quake Model (GEM 2010) or the USGS SHAKE-
MAP model (USGS 2010a) (Fig. 2). Equally
important is a finely resolved definition of the
exposed assets at risk, ideally with these data
defined at a horizontal resolution of 1 km or less
to allow relatively fine-scale variation in ground-
shaking intensity to be represented.

Commercial earthquake catastrophe models cur-
rently in use for most Asian territories currently
simulate only ground-shaking damage and do not
explicitly consider major secondary perils, particu-
larly fire following the earthquake and tsunami
inundation. At present, the only exception to this
is in Japan where commercial catastrophe models
have the capability to estimate losses arising from
fire following the earthquake (but not tsunami).
Both of these are important secondary perils that
need to be considered in a full catastrophe risk
assessment, noting that in some instances, such as
for the M 9.0 Tohoku earthquake of 11 March
2011, damage from tsunami significantly exceeded
that from ground shaking.

Fire following the earthquake is a possibility
whenever and wherever a major earthquake strikes

(a) where there are available ignition sources, such
as lit cooking fires (in Asia today these are often
fed by bottled kerosene) or where LPG tanks are
damaged and their contents ignite in (b) areas domi-
nated by high-density wooden housing with few fire
barriers (such as in older parts of some major Asian
cities and in many informal housing areas) where (c)
the fire fighting service is either overwhelmed by the
sheer scale of the disaster or is unable to reach areas
affected by fire because of the damage sustained.
Major fire does not accompany every major
earthquake, however. The few large fires that do
occur tend to affect high-value industrial facilities
storing flammable petrochemicals (e.g. Izmit,
Turkey in 1999; and Hokkaido, Japan in 2003). For-
tunately, no widespread earthquake-triggered con-
flagration scenario affecting tens of thousands of
residential properties has occurred anywhere in the
world since the 1923 Great Kanto Earthquake and
conflagration devastated the Tokyo–Yokohama
area of Japan, killing more than 100 000 people.
Smaller-scale fires have, however, occurred more
recently as a result of earthquakes, including fires
that consumed thousands of homes in an 82 ha
area of Kobe, Japan after the 17 January 1995
Great Hanshin Earthquake (RMS 2005); the 30–
50 significant fires following the 17 January 1994
Northridge Earthquake in California (Evans et al.
1997); and the 12 fires in Kaohsiung City and
Pingtung County, southern Taiwan, in the aftermath
of two major earthquakes on 26 December 2006
(Wen et al. 2008). When modelling the effect of
fire following the earthquake, catastrophe models
must probabilistically simulate multiple different
outcomes for each ground-shaking event, taking
into account the number of initial locations in
which fire starts and the subsequent development
of each fire either as it burns out or as it merges
with other fires to form a larger fire. This is clearly
a very complex modelling problem requiring a
detailed understanding not only of the local built
environment but also of the dynamics of fires in
these environments; and is tackled at only a
cursory level by the few commercial earthquake
catastrophe models available that consider this
secondary peril.

Tsunami is also a known peril in Japan, and
in the Indonesian and Philippine archipelagos.
Earthquake-triggered tsunamis most recently
affected Japan in 2011, and Indonesia in 2004,
2006 and 2010. In the Philippines, local earthquake-
triggered tsunamis were generated in 1976 and
1994. However, other territories bordering the
South China Sea are also at risk from tsunami
caused by failure of the subduction zone located off-
shore from Manila (Megawati et al. 2009; Lau et al.
2010). Sieh (2009) predicted that another extremely
large (M 8.8) subduction-related earthquake is likely
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to occur in the next few decades on the subduction
zone west of Sumatra, Indonesia, which could
result in a tsunami that devastates the south-central

part of western Sumatra. In both of these cases it is
possible that damage from tsunami may outweigh
that from ground shaking, particularly where the

Fig. 2. USGS SHAKEMAP (#USGS 2011) for the M 9.0 Tohoku Earthquake epicentred offshore from NE Japan on
11 March 2011. The box shows the approximate area of rupture of the subduction zone that began with this earthquake.
As an indication of the likelihood of damage, MMI VI intensity shaking is expected to cause damage to poorly
constructed masonry buildings.
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area affected by tsunami is a long way from the
earthquake epicentre. For this reason, any earth-
quake catastrophe model developed for disaster
response planning for these territories needs to be
capable of simulating damage from either or both
of ground shaking and tsunami inundation. It is
worth noting that no commercial catastrophe
model developed for the insurance industry cur-
rently available takes tsunami into account in its
damage calculations for any Asian territory.

A number of catastrophe model outputs useful
for disaster planning are listed below. It is envisaged
that these would be implemented as spatial data
layers in a geographical information system (GIS),
in order to enable the following.

† Visualization of the spatial data by disaster relief
co-ordinators at control locations and by emer-
gency response units in the field.

† GIS analysis and ad hoc querying of spatial
relationships in the modelled output data (e.g.
in order to identify population centres that can
be accessed by road with modelled ground-
shaking intensity of MMI VI or more, with at
least 500 predicted casualties).

† Integration with other related resources, such as
satellite and aerial photographic imagery, and
third-party data products providing an alterna-
tive independent view on the risk, such as
WAPMERR, USGS SHAKEMAP and PAGER
estimates of ground-shaking intensity, number
of fatalities and populations affected by severe
ground shaking.

† Assessment of uncertainty surrounding mod-
elled parameters by comparing with actual
measured parameter values, such as ground-
motion observations from seismic acceler-
ometers, changes in land surface elevation, tilt
and shift in horizontal location recorded by
ground-based GPS stations, and airborne/
satellite-based synthetic aperture radar (SAR)
and light detection and ranging (LiDAR)
surveys. Once differences have been quantified,
it is then possible to adjust the modelled values
to take account of measured parameter values
via a statistical routine such as kriging. Maps
of modelled, measured and adjusted values,
and the differences between them, can then be
displayed and queried in the GIS.

The GIS and its accompanying data would form part
of a decision support system designed to guide the
disaster response services in making more effective
use of resources available by providing forewarning
of what to expect in the aftermath of a major earth-
quake. Useful data layers, including outputs from
catastrophe models, which should be implemented
in the GIS as spatial data layers include the
following.

(1) Hazard maps: base maps describing the
modelled magnitude of the earthquake or
earthquake-induced hazard, including (a)
ground-shaking intensity (e.g. peak ground
acceleration or displacement, Modified Mer-
calli Intensity (MMI) scale); (b) average or
peak tsunami inundation velocity and depth;
and (c) estimates of ground deformation (i.e.
areas likely to have undergone uplift or subsi-
dence, liquefaction, lateral spreading of gently
sloping ground, settlement or landslide).
These maps can potentially be generated in
real time following an actual earthquake scen-
ario or in advance to represent one or more
events carefully chosen from the event set of
a probabilistic catastrophe model, as would
be useful for emergency service training. As
noted above, for an actual event it is important
to also overlay measured values onto the mod-
elled hazard base maps, where available, to
provide a means by which the accuracy of
the modelled estimates can be assessed and
if necessary improved. A catalogue of pre-
vious earthquake events would also be very
useful.

(2) Assets: maps and lists of the exposed known
assets at risk. These include population and
housing density by administrative zone, digi-
tized outlines of buildings and/or registered
land allotments, and location of utility life-
lines (e.g. water mains, piped gas, electrical
systems and telephone trunk lines). Asset
schedules should also be updated at periodic
intervals to reflect population growth and
changes in the built environment. Note that
there may be a mismatch between the
coarser spatial resolution of asset inventory
data (which may be available by adminis-
trative zone) and the underlying hazard
mapping; in such cases possible resolutions
include disaggregating the asset data to
match the finer hazard resolution or aggregat-
ing the hazard data to match the resolution of
the assets.

(3) Estimates of property damage: maps and lists
of modelled likelihood and severity of damage
to property (e.g. residential, commercial
and industrial property), infrastructure (e.g.
schools, health clinics, roads, bridges, tunnels,
water and sewerage infrastructure, pumping
stations, etc.) and utility lifelines. These
outputs may be generated either for
scenario earthquakes or using the entire prob-
abilistic event set, allowing estimation of the
probability that damage will exceed a
threshold value(s) over 1 year or several con-
secutive decades chosen at random. Maps
of field observations concerning damage to
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infrastructure (such as ruptured gas or water
mains, fallen lengths of high-tension power
lines or damage to telephone and electrical
substations) should also be overlain onto
these modelled damage maps to provide a
means by which the accuracy of the modelled
estimates can be assessed and, if necessary,
improved.

(4) Estimates of casualties: maps and lists of esti-
mated populations and population centres
exposed to hazard of varying levels of inten-
sity, together with estimates of resulting
casualties and fatalities. For example, the
USGS’s PAGER product (USGS 2010b) pro-
vides estimates of populations and settlements
affected by ground shaking of various intensi-
ties together with estimated number of fatal-
ities from previous earthquakes in the area.
These products do not consider temporal vari-
ation in the human populations of affected
areas, which can sometimes be significant,
and there is therefore scope for improving
such estimates by considering temporal vari-
ation not only in the gross population of an
area but also how it splits into populations
housed within buildings and those located
without. Again, these outputs could be gener-
ated either for scenario earthquakes or using
the entire probabilistic event set, as noted in
(3) above.

(5) Key location estimates: values for the par-
ameters listed in (1)–(4) above for key prede-
fined static locations (such as major towns or
cities) and for locations dynamically chosen
defined by the user.

(6) Locations identified as being safer (for pre-
evacuation assembly) and land-based evacua-
tion routes to be used by disaster response
teams in the aftermath of a damaging
earthquake.

(7) Data enabling logistical support for the ensu-
ing disaster relief effort; for example, identify-
ing areas likely to require some or all of:

† immediate emergency food and medical
assistance (via land, sea or air including
air drop);

† estimates of displaced households and
associated shelter requirements;

† dispatch of military troops to re-establish
law and order, and to assist in the search
for survivors;

† dispatch of rescue assistance and fire-
fighting teams;

† land-based routing to overcome impassa-
ble bridges, tunnels or roads.

(8) Backdrop maps including topography, veg-
etation cover, land use, hydrology, soil type,

precipitation isohyets, satellite and/or aerial
photographic imagery.

These outputs would be very useful both for: (a) dis-
aster response planning (both in the immediate
aftermath of an event and for training the emergency
response services prior to an event); and (b) guiding
longer-term efforts to mitigate the effects of dama-
ging earthquakes (e.g. when evaluating and priori-
tizing options for future extension of utility lifeline
systems to minimize exposure to potential lique-
faction). In the event of a damaging earthquake, it
is envisaged that a catastrophe model would be
employed to estimate the damage resulting from an
event with the parameters specified (e.g. magnitude,
location, depth, focal plane solution), producing
outputs consistent with the data resources listed
above. These could be used to create a damage
assessment report, which in turn would be used to
assess the scale of the disaster response required
and as the basis for manually creating an initial
plan for the actual response effort. In this way
the emergency response co-ordinator would have
access to a working response plan up to several
days in advance of disaster relief teams reaching
a remote affected area. It took several days, for
example, before ground-based response teams could
reach the Indonesian Mentawai islands affected by
the recent 25 October 2010 Mw 7.7 earthquake and
tsunami because of seasonally rough seas.

It is important to note that differences are always
expected between the modelled and the actual
damage situation on the ground because of uncer-
tainty in the form of: (a) incomplete representation
in the catastrophe model of a more complex and
detailed reality, as the real world is far more compli-
cated in detail than is possible to represent in
models; (b) ground-shaking intensity at the location
of each exposed asset (reflecting uncertainty in
the detailed characterization of the earthquake
hazard); (c) the damage response of each individual
asset to this ground shaking (reflecting the ability of
the model to accurately simulate damage to the
asset); (d) estimation of damage caused by second-
ary perils (such as fire following the earthquake,
or tsunami and flood caused by failure of natural
or man-made river dams); and (e) lack of detailed
accurate descriptions of the exposed assets at risk
(e.g. the location of an asset may be specified by
street address or postal code rather than by an
actual co-ordinate location; its replacement value
may only be estimated; and its construction may
be incompletely or incorrectly listed). These
sources of uncertainty cause deviation of the mod-
elled hazard and damage from actual values experi-
enced. As a way of improving confidence in the
model predictions, it is essential to quantify differ-
ences between original modelled and actual
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parameters (making them available for display and
query within the GIS system). Actual measured
values can also be used to improve the accuracy of
the modelled predictions by adjusting the modelled
values, as already noted.

Training exercises based on a handful of realistic
earthquake scenarios are also essential for preparing
the emergency response services and testing exist-
ing disaster response plans. Owing to the physical
effort involved in each training exercise, including
co-ordinating numerous different disaster response
agencies, it is essential to limit these to a handful
of realistic earthquake disaster scenarios represent-
ing a small number of both relatively extreme
hypothetical scenarios and/or actual historical
events. Hypothetical scenarios would be defined
as: (a) specific individual events, defined by expert
judgement and/or by identifying the maximum
credible event likely to affect an area using a
probabilistic earthquake hazard model; and/or (b)
in terms of maximum ground-shaking intensity
expected to be exceeded with a fixed probability
in a given period (e.g. 10% chance of exceedance
in 50 years).

Earthquake catastrophe models in

disaster risk mitigation

One way for a country damaged by earthquake to
enhance its ability to recover from major earthquake
damage is to purchase catastrophe insurance to
provide guaranteed financing for relief and recon-
struction. Another alternative is to make far-sighted
investments in disaster risk mitigation that will pro-
gressively lessen the effect of a damaging earth-
quake when it occurs, thereby reducing the loss
(both humanitarian and economic) experienced by
the economy, and eventually the amount of cata-
strophe insurance required (because economic loss
expectations will become lower with time).
Examples of earthquake disaster mitigation mea-
sures potentially include: (1) upgrading the existing
minimum seismic design code for engineered build-
ings; (2) making engineered design of buildings
compulsory (together with adequate enforcement)
throughout the economy as a whole (noting that
this is not currently the case with the majority
of single-family housing in Asia); (3) retrofitting
major buildings with lateral structural bracing and
lifeline infrastructure systems (water, gas, elec-
tricity) with automated tremor-induced shut-offs
(this step may exceed minimum design code speci-
fications); (4) choosing routes for new lifelines and
infrastructure that are less likely to experience
severe ground shaking, ground deformation or
tsunami inundation (e.g. routing of lifelines away
from areas that may liquefy during shaking or

amplify the ground motions, such as reclaimed
land or soft alluvial soils); (5) identifying zones in
which to build that are likely to be safe from
tsunami inundation (and, conversely, zones that
are not safe to build in and in which future major
developments that would give rise to serious conse-
quences should they fail, such as nuclear power
plants, should be reconsidered); and (6) enforcing
the use of steel-framed construction (rather than
timber frame, which is easily demolished by
tsunami) in areas at risk of tsunami inundation.
Bespoke catastrophe models can be used to estimate
the benefit gained from such improvements in
advance of their implementation, as outlined later.

Investments in loss mitigation ultimately
enhance the ability of the economy to recover
from unexpected major earthquake damage. Of
these, it is the extent to which suitable engineered
design is required and enforced in the economy as
a whole that is, perhaps, the single most important
from an overall economic perspective as this
directly affects not only the level of property
damage incurred but also humanitarian and conse-
quential (loss of family members, medical expenses
for casualties, loss of livelihood, loss of breadwin-
ner, etc.) losses. This is of significance to the
economy as a whole because major earthquakes
can kill and injure tens or hundreds of thousands
of people and can damage hundreds of thousands
of properties. This level of damage cannot be
easily absorbed into the normal building capacity
of an economy because the diversion of material
and labour to post-event reconstruction from other
activities would cause severe stress and disruption
(Musulin et al. 2009). Note that the provisions
made when designing a seismic code governing
lateral building strength depend on accurate as-
sessments of the ground-shaking intensity likely to
be encountered. This is often expressed as the
shaking intensity likely to be exceeded only once
in a fixed period of time (such as a 10% chance of
exceedance in a 50 year period, which corresponds
to a return period of 475 years) at a specific location.
Earthquake catastrophe models can be used for this
purpose because, by default, they already perform
similar calculations; that is, they calculate the prob-
ability of exceedance of loss to a combined portfolio
of locations. All that is needed is an adjustment to
allow them to calculate the probability of excee-
dance of ground-shaking intensity at each location
in turn. As private commercial catastrophe models
do not currently allow adjustment in this way, it is
anticipated that public open-source models will be
developed that are not so constrained in the adjust-
ments that can be made. Catastrophe models will
also be developed specifically for the purpose of
disaster relief planning and risk mitigation in Asia
in the future.
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Catastrophe models also have a key role to play
in quantifying the financial benefit of introducing
disaster risk mitigation measures. For example,
Kunreuther & Michel-Kerjan (2009) used a cata-
strophe model to determine the economic benefit
of mandating the use of residential loss mitigation
measures for insured household property in several
hurricane-exposed US states. The analysis sug-
gested that this could reduce damage by up to
61% in Florida at a return period of 100 years,
equivalent to about US$51 billion in losses. Earth-
quake catastrophe models can and should be used
in a similar way to evaluate the financial benefit
of proposed disaster risk mitigation measures
(examples of which are listed earlier) in advance
of their introduction; and also for assessing (in
order to minimize) the loss potential of possible
sites for future infrastructure and/or industrial
facilities. Perhaps the most significant advance
developing economies in Asia can make is to take
measures to strengthen existing non-engineered
buildings to prevent (or at least significantly
delay) their collapse in order to purchase time to
allow their inhabitants to escape. As there are lit-
erally millions of non-engineered buildings requir-
ing reinforcement in Asia, a multi-stage process is
suggested below that when coupled with active
enforcement of the seismic building design code
would assist greatly in reducing the vulnerability
of the building stock in coming decades.

† Focus initially on retrofitting public buildings
such as government buildings, public hospitals
and large schools to help to ensure that core
public services remain operational in the after-
math of a major earthquake (noting that govern-
ment effectively ceased to function in the
immediate aftermath of the 2010 Haiti Earth-
quake in part because of widespread collapse
of government buildings). Large school build-
ings are included here because of the number
of casualties that could potentially result
should they collapse.

† Dramatically increase enforcement of compli-
ance to the seismic design code for new building
construction. Obviously, there are corruption
issues to first overcome in certain developing
countries in Asia that prevent this from happen-
ing. However, enforcing this step would mean
that the problem of the lack of earthquake resist-
ance of buildings would gradually diminish as
the building stock is gradually renewed on a
timescale spanning multiple decades.

† Identify areas known to be dominated by
non-engineered buildings that are unlikely to
comply with existing seismic design regulations
and focus on developing low-cost simple sol-
utions for reinforcing these buildings to allow

their occupants to escape. Because this describes
the majority of buildings in most developing
Asian countries, some form of prioritization
will be necessary, such as focusing initially on
the most vulnerable buildings; for example,
adobe and poorly constructed masonry buildings
located in areas with soft soils that may enhance
ground-shaking intensity or liquefy.

Earthquake catastrophe models can be used to esti-
mate in advance the considerable long-term finan-
cial benefit to the economy of such improvements.

Earthquake catastrophe models in

disaster risk financing

The financial consequences of a damaging earth-
quake can be mitigated in multiple ways, both
before the event (ex ante) and after the event (ex
post) (Table 1). A consistent shortcoming in the dis-
aster risk management strategies of developing
economies in Asia is their reliance on ex post
disaster financing solutions, preferring for various
reasons (such lack of affordability of alternative ex
ante solutions) to rely on their own, often limited,
financial resources to cover as best they can the
majority of disaster losses (e.g. by emergency real-
location of budget), and on international assistance
for major disasters. This contrasts with developed
countries, where ex ante disaster financing solutions
are instead the norm (ADB 2008).

Ex ante disaster risk financing solutions are gen-
erally preferable because the guarantee of payment
of a pre-agreed amount (which in some instances
can be rapid) reduces dependence on ad hoc
sources of post-disaster funding. Catastrophe insur-
ance is often a key component of ex ante disaster
risk financing solutions, providing the buyer with
the significant advantage of leverage in which a
smaller insurance premium can result in a much
larger payout. Catastrophe models enable the
quantification of risk metrics that are fundamental
to the pricing of catastrophe insurance and reinsur-
ance, and other forms of alternative risk transfer
that seek to transfer financial risk to non-traditional
risk carriers such as the capital markets (e.g. via
catastrophe bonds). Risk metrics include estimates
of the limit of catastrophe insurance coverage
needed, the technical price (i.e. the annual loss
cost) of the insurance and the probabilities of the
insurance cover being activated and exhausted, at
which point the spillover in excess of the insurance
limit falls back to the government or public.

The leverage provided by catastrophe insurance
provides the policyholder (in this case, the national
or local government) with a greater ability to meet
heavy unexpected disaster relief and reconstruction
obligations than might otherwise be the case.
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Figure 3 shows considerable volatility in calculated
payout for an earthquake disaster relief risk finan-
cing scheme in a SE Asian country over the past
6 years. Disaster funding in this territory at present
consists of simply a budgetary allocation that does
not accumulate year to year. In years with major
earthquake-triggered catastrophes there may be
a significant disaster funding shortfall, requiring
emergency reallocation of budget that was pre-
viously allocated to other longer-term development
objectives. Catastrophe insurance provides a means
of meeting these enhanced obligations, in a way that
can be allowed for in advance in the annual budget,

thereby significantly reducing the need for emer-
gency budgetary reallocation after the event. In
this way, the economy can be protected to some
degree from unexpected fiscal shocks caused by
earthquakes that could interrupt, delay or even halt
its development.

In developing Asian countries, earthquake cata-
strophe insurance penetration is usually highest
in the commercial and industrial sectors of the
economy, and lowest in the residential and munici-
pal (i.e. government) sectors. The commercial and
industrial sectors can, therefore, expect to be indem-
nified to the limit of their insurance coverage in the

Table 1. Summary of the main disaster risk financing options available at governmental level

# Type Option Remarks

1 Ex post Donor assistance (for relief/
reconstruction)

Often too little, too late; not guaranteed; not
timeous; may be given instead in the form of
debt cancellation; donor fatigue if several major
events occur worldwide in same year

2 Ex post Emergency reallocation of budget to
provide funds for disaster relief and
reconstruction

Budgetary reallocations will divert funds from other
longer-term development objectives. However,
the margin available for reallocation is often
limited

3 Ex post Increased governmental borrowing
(domestic and international).

Sovereign national rating may suffer a downgrade if
an earthquake damages the capital city or an area
of major industrial infrastructure on which the
economy is dependent. Ability to borrow will
consequently be reduced at a time of need

4 Ex post Tax increases or new taxes On the taxable population and commercial economy
5 Ex ante Contingencies in budget – enabling

the retention of relatively small
amounts of fiscal risk

Draw down from pre-allocated national reserves to
finance small but recurrent disasters.
Contingencies are unlikely to be enough to cover
damage from major earthquakes

6 Ex ante Contingent credit (either on its own
or together with other forms of
ex ante funding) from international
or domestic sources. Also known
as Catastrophe Deferred Drawdown
Option (Cat DDO)

Long-term deferred credit facility to cover relief,
recovery and reconstruction demands and/or to
provide funding whilst a catastrophe fund begins
to accumulate. Arranged in advance but the loan
is drawn down only after a qualifying loss event

7 Ex ante National catastrophe reserves fund Accumulating reserves fund set aside specifically
for disaster relief and reconstruction purposes

8 Ex ante Catastrophe insurance (either on its
own or together with other forms
of ex ante funding)

Benefit of insurance leverage provides the ability
to meet volatile and occasionally very heavy
demands for relief and reconstruction funds.
Indemnity or parametric trigger basis

9 Ex ante Catastrophe reserves fund þ
catastrophe insurance þ
contingent credit

As the catastrophe reserves fund accumulates, the
need for catastrophe insurance decreases. The
contingent loan facility provides bridging finance
whilst the catastrophe fund is accumulating

10 Ex ante Catastrophe bond(s)/Insurance
Linked Securities

Investment-grade bond issued to secure the issuer
by accessing guaranteed disaster finance from the
international capital markets. Payout trigger
usually has a parametric basis, although
indemnity bonds do exist

Ex post, arranged after the event; Ex ante, arranged before the event. Ex ante solutions are preferred because the amounts involved are
arranged in advance and can, in some instances, be paid rapidly.
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event of a damaging earthquake, whereas the un-
insured parts of the economy will obviously not
benefit from any payment from the insurance indus-
try. This means that across the economy as a whole a
major ‘disaster financing gap’ exists between the
total economic loss and the amount recovered
from insurance. This gap can be very large. For
example, only a tiny portion (less than 2%) of the
US$85–120 billion economic loss from the 2008
Wenchuan Earthquake in China was insured; and
even in Japan only about 3.5% of the US$100–
130 billion economic loss (1995 prices) from the
1995 Great Hanshin Earthquake was insured. A dis-
aster risk financing solution, such as catastrophe
insurance, can potentially fill some of this gap
where it is specifically designed to cover segments
of the economy that are currently mostly uninsured,
such as the residential and municipal sectors. Since
it is difficult to enforce the purchase of residential
earthquake insurance in developing economies in
Asia, the premium for such insurance cover would
need to be paid instead either by the national or
local government itself and/or by international
donors. The municipal sector is the responsibility
of the local and national governments, and hence
funding for earthquake insurance would need to be
drawn from their respective budgets and/or by
donor assistance. In both cases, it is envisaged that

a single earthquake catastrophe insurance policy
could be issued to the national government on
behalf of a particular economic sector as a
whole. Payouts from the insurance policy would
subsequently be disbursed by the government at its
discretion to assist in disaster relief and/or recon-
struction. It is worth noting here that there are
currently only a few examples worldwide of cata-
strophe insurance being used to provide funds
directly to government or government agencies
(rather than directly to individuals such as home-
owners) because of earthquake damage, all of
which employ catastrophe models as the basis for
loss estimation. In both cases outlined below, the
amount of insurance coverage and hence the payout
is calibrated to a proportion of the total economic
loss and is not tied to a specific economic sector.

† Caribbean – the Caribbean Catastrophe Risk
Insurance Fund (CCRIF) covers 16 island
nations in the Caribbean for earthquake and hur-
ricane windstorm peril up to the limit of each
island’s catastrophe insurance policy. The orig-
inal CCRIF scheme used a parametric index
(i.e. an index constructed from modelled event
characteristics, such as ground-shaking inten-
sity, across an array of island locations) to calcu-
late the insurance payout. An upgraded loss

Fig. 3. Example of volatility in calculated damage covered by a proposed earthquake catastrophe insurance scheme in a
major Asian territory for the period 2004–2009. Spikes represent damage from particularly damaging earthquakes. It is
envisaged that catastrophe insurance payouts would have been made for most, if not all, of these major events had such a
catastrophe insurance scheme been in place at the time. Note that some of the most damaging events are caused by
smaller (Mw 6–7) earthquakes; these events occurred onshore in proximity to major population centres.
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estimation methodology is now being adopted
involving modelling of actual event damage
using a bespoke catastrophe model. The
CCRIF scheme has made payouts to policy-
holders several times since its inception, most
recently to the Government of Haiti within
3 weeks of the devastating 12 January 2010
earthquake. Note that the payout received was
about 20 times the premium paid by the
Haitian Government into the CCRIF.

† Mexico – the Mexican Government’s disaster
agency FONDEN has issued multiple Cata-
strophe Bonds to institutional investors to
enhance its ability to meet relief obligations
arising from an earthquake similar to the 19 Sep-
tember 1985 magnitude 8.1 ‘Mexico City’ Earth-
quake. In each case, a fixed payout is made to
FONDEN if a qualifying earthquake (i.e. one
that exceeds a threshold magnitude within prede-
fined areas during the fixed lifetime of the bond).
No payouts to FONDEN have yet been
made because, fortunately, no major earthquakes
have yet occurred in the areas specified.

An important consideration when designing a dis-
aster risk financing scheme is that developing
countries are naturally keen to maximize retention
of funds within their national economies; for
example, by minimizing payments made inter-
nationally to third parties such as reinsurers. This
can be accommodated by combining selected risk
financing options (outlined in Table 1) in such a
way as to retain more risk (and, hence, premium)
within the national economy by only transferring
exceptionally large losses to international rein-
surers. For example, smaller, more frequent, losses
might be tackled using domestic catastrophe
reserves and/or budget contingencies set aside
specifically for this purpose. Larger, less frequent,
losses could be handled using funds drawn only
when required from a guaranteed contingent credit
facility from an international agency. Infrequent
exceptionally large losses could be covered by cata-
strophe insurance (backed by international reinsur-
ance) with a deductible set at a level to ensure that
only losses exceeding a certain size are covered by
the insurance. By covering only very large losses,
catastrophe insurance would be considerably less
expensive than if it were to also cover smaller,
higher frequency, losses as well. This means that
less premium would be paid onwards to inter-
national reinsurers, helping to maximize the dom-
estic retention of premium within the territory.

A call is made here for disaster risk financing
schemes covering vulnerable economic sectors
that are currently mostly uninsured (such as the
residential and municipal sectors) to be set up in
collaboration with the governments of highly

earthquake-prone developing countries in Asia,
such as Indonesia and the Philippines. This would
help to significantly cushion these economies from
the fiscal risk arising from unexpected major earth-
quake disasters. Catastrophe models enable the
pricing of catastrophe insurance, which provides
the capability to cover occasional extreme loss
events; and, as such, underpin the development of
such schemes.

Conclusions

There is significant scope for applying earthquake
catastrophe models to disaster relief planning, risk
mitigation and disaster financing operations in
earthquake-prone developing territories in Asia,
and a call is therefore made here for the develop-
ment and application of bespoke catastrophe
models to support these purposes. Catastrophe
model outputs can be deployed within decision
support systems designed specifically to enable dis-
aster relief planning, for use in training the emer-
gency services on scenario earthquakes and to give
advance warning of what to expect in the aftermath
of an actual earthquake. Catastrophe models can
also be used to quantify the financial benefit of pro-
posed risk mitigation measures prior to their intro-
duction as part of a wider cost–benefit analysis.
Finally, catastrophe models have a more traditional
application in loss estimation and pricing for insur-
ance and reinsurance, including enabling the devel-
opment of disaster risk financing schemes for
developing countries that are prone to damaging
earthquakes.
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