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ABSTRACT: A prime requirement of the insurance industry is information on the level
of risk to which insured assets are exposed. Insurers would like to know the probability
that any given loss level will be sustained, because this enables appropriate premiums to
be set. Until recently providers of earthquake insurance have had to use best guesses
about the performance of buildings, together with regional aggregations of properties into
geographical zones, to arrive at a hazard rating and thus set premium levels.

New procedures are now available to use (a) the best available model of earthquake
occurrence, in terms of active faults and background seismicity, (b) appropriate
attenuation functions to estimate the severity of strong ground motion, and (c) available
knowledge of the performance of various types of buildings under earthquake loading, to
provide the probabilistic loss estimates that are needed. Innovative insurance conditions
can then be applied, in order to provide asset owners with an insurance package that
represents both good governance and cost-effective cover.

1 INTRODUCTION

1.1 Insurance Requirements

An insurer provides assurance of reimbursement in the event of loss, according to the conditions
agreed to in the policy. In return for this, the asset owner pays a premium. In order to set the level of
that premium, the insurer needs to know the probability that a loss will be sustained, so that from a
large number of policies the total of premiums received is sufficient to cover not only reimbursement
to claimants but also the running costs of the insurance company.

For some kinds of insurance, such as life, vehicle, fire & general, the usual actuarial procedure is to
estimate the Average Annual Loss (AAL). When an insurer has a large number of policies and, most
importantly, the claims are uncorrelated with each other, there will be a steady rate of claims and the
regular premium payments will be sufficient to balance the financial equation. But earthquake
insurance is different, because the likelihood is that all policyholders in a given locality will claim at
the same time. AAL is thus not an adequate measure of the risk to which the insurer is exposed. It is
still valid, but it is not as useful because the large annual variation in claims levels (large earthquakes
happen only rarely) leaves insurers exposed financially in the event of a significant natural disaster.

Insurers therefore take out reinsurance with international companies, who in turn protect their assets
by limiting their exposure in any one country. Because earthquakes in Japan, California and New
Zealand, for instance, are not expected to occur at about the same time, reinsurers can pay out on their
policies and still remain viable. So insurers want to know the maximum loss they are likely to incur –
this is the Probable Maximum Loss concept which is well established in the industry.

For the purpose of setting premiums for both direct insurance and reinsurance, insurers need more
detailed information on likely losses. In particular, they need to know the probability that any given
level of loss will be sustained. A reinsurer may well ask, for instance, what is the probability that
claims to Insurer A will exceed $X million in any one year. Or at the individual building level, a direct
insurer may want to know the probability that it will sustain $Y million of losses – because not only
does the building owner need to pay a premium but there will be reinsurance considerations as well.
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For a large portfolio it may be possible to structure the insurance package to provide (a) good
governance by protecting against all possible earthquakes and (b) a cost-effective way of achieving
that. Various mechanisms are available for this.

2 EARTHQUAKE RISK ASSESSMENT

2.1 Elements of the modelling

Smith & Cousins (2000) have described procedures for modelling earthquake risk. Three aspects of
research need to be synthesised in order to provide the risk information. These are the development of
a seismicity model, strong-motion attenuation relationships and building vulnerability models.

Stirling et al. (2002) have assembled a seismicity model which has two parts. The first is a compilation
of more than 305 active faults, many of which have been trenched and subjected to detailed
paleoseismological analysis. For each of these faults, these authors estimated the rupture frequency
and the likely magnitude and mechanism of future earthquakes.  Secondly, they have set up a
background seismicity model, which varies smoothly throughout the country and models a
background distribution of earthquake magnitudes at a set of grid points.

Dowrick & Rhoades (1999) have established a model for the attenuation of Modified Mercalli
intensity as a function of the location of the observer with respect to the epicentre, and of earthquake
magnitude and mechanism. This model provides us with the ability to estimate the likely ground
motion at a site, due to an earthquake elsewhere.

Models of mean damage ratio (e.g. Dowrick & Rhoades 2000 and references therein) predict the likely
amount of damage as a function of intensity. We fit the experimental damage ratios with a smooth
function of the form

rD  = 






 −

× C - MMI
B

 10A (1)
where rD  is the mean damage ratio, MMI the shaking intensity and A, B and C are positive constants.
The function is based primarily on New Zealand data for intensity zones MM6 and MM7 and a com-
bination of New Zealand and United States information (Rojahn 1985) for zones MM8 to MM10. The
general form of the function is illustrated in Figure 1.

Figure 1. Vulnerability function for single-storeyed houses.
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Figure 1 shows the mean damage ratio, but we are not limited to the mean of the distribution. At any
particular intensity we can represent a lognormal distribution of damage, whose mean is given by the
curve in Figure 1, and this is a better representation of the variability than the simple use of the mean.

2.2 Synthesis

Using the seismicity model we perform a Monte Carlo analysis by constructing a synthetic catalogue
of earthquakes, typically for a period of 500,000 years (Smith 2003). For each earthquake in the
catalogue, we calculate the likely intensity at each of the locations of interest, then multiply the
resulting mean damage ratio by the value of the building to estimate the likely loss. Accumulating
losses over the duration of the synthetic catalogue yields estimates of how often any given loss level is
exceeded, for the complete portfolio. The result is a Loss Curve, as shown in Figure 2, where the
Return Period can equally be expressed as the reciprocal of the annual probability of occurrence. Thus
for this particular facility a $26 million loss has an annual exceedence probability of 0.002 (1 in 500),
and for a $66 million loss the probability is 0.0005 (1 in 2000).
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Figure 2. Loss curve showing the loss likely to be equalled or exceeded, as a function of return period, for a
hypothetical portfolio of commercial buildings near Wellington. The total replacement value of the buildings is

$350 million.

2.3 Asset Vulnerability Considerations

The third of the aspects described in Section 2.1 is particularly important. Figure 1 shows the mean
damage ratios for typical New Zealand housing stock. These are currently under review, following the
Fiordland earthquake in August 2003 and the large number of claims to the Earthquake Commission
(D. Middleton, pers. comm.). But for commercial buildings there are two important issues to be
addressed.

First, housing stock can usually be aggregated, to provide assessments of the total losses to a large
number of residences. The more properties are aggregated in the total, the more reliable is the mean
damage ratio (Figure 1) as a representation of the total damage. But commercial buildings cannot be
so aggregated because asset owners and insurance companies are usually interested in individual
buildings or small portfolios.  The distribution in the damage ratio needs to be included in the analysis,
so uncertainties are greater.

Secondly, any type of asset can, in principle, be represented by a curve such as in Figure 1, but in
practice such representations are based on very little data. For commercial buildings the type of
construction, age and height are all critical factors. For commercial plant the vulnerability needs to be
considered carefully because some installations can be rendered total write-offs at only a moderate
level of loading. This is a current area of research, and a very important one.
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Earthquake loss modelling in New Zealand relies almost exclusively on the Modified Mercalli
Intensity (MMI) as the measure of the shaking hazard. The MMI scale has the disadvantage of being a
somewhat fuzzy, subjective scale, and care needs to be taken to ensure consistency when transferring
results from the quantized form of the scale used for observation to the continuous decimal form used
in computation, but it nevertheless has the very great advantage that it is defined directly in terms of
observed damage. Vulnerability is generally expressed as the mean damage ratio (the cost to repair
divided by the cost to replace), and the variability between individuals in a class of buildings is well
modelled as a lognormal distribution about the mean. The mean damage ratio is a direct function of
the shaking intensity.

The link between the intensity and the consequent damage ratio is relatively well supported by data
from New Zealand earthquakes, though only for low-rise construction. However buildings of 1 to 3
stories in height account for more than 70% of the value of New Zealand’s building stock.

Over recent years an alternative system, named HAZUS, has been developed in the USA (FEMA
1997). It uses recorded ground motions, typically response spectral acceleration, as the ground motion
measure, and is basically a three-stage process. Stage 1 is to estimate the deformation of a building (or
other type of asset) in response to the ground motion using techniques similar to those used in standard
engineering design. Given the deformation, stage 2 is to assign the building to one of five damage
states (zero, slight, moderate, extensive and complete), and stage 3 is to estimate the repair cost from
the damage state(s).

The HAZUS method is much more complex than the New Zealand MMI-based method, but has
potential advantages for classes of asset currently not well supported by loss data in New Zealand. The
link between the instrumentally measured ground motion and the repair cost is however indirect and
not yet well supported by data.

2.3.1 Some uncertainties

A significant problem we face in earthquake loss modelling is that the cost to repair damage can be
greatly affected by factors other than the properties of the assets and strength of the ground shaking.
One such factor is the state of the economy. Another is the expectation of the affected populace. In
1931 the city of Napier was exposed to very strong shaking, as strong as ever likely to be experienced
in any New Zealand earthquake. Nonetheless the average repair cost for houses in Napier was only 7%
of the replacement value (Dowrick et al, 1995). In Inangahua in 1968, shaking of similar strength
resulted in repair costs of about 35%, five times as great (Dowrick et al, 2001), and extrapolation of
loss data from the 1987 Edgecumbe earthquake gives about 20% (Dowrick 1991).

In 1931 New Zealand was in the depths of a severe economic depression. Jobs were scarce, the
Government was cutting its spending, and the building owners of Napier expected to have to bear the
costs of repairs themselves. Money was therefore scarce and tightly rationed, and wages were highly
constrained. In both 1968 and 1987 the economy was in a relatively normal state, and money for
repairs was available from the then Earthquake and War Damage Commission’s insurance scheme.
And now, in 2004, there is a building boom in progress, construction workers are scarce, and the
populace has become accustomed to having even minor losses rectified by insurance companies.

3 INSURANCE SOLUTIONS

3.1 Excess/Deductible

Insurance companies often impose an Excess. This is the first part of the loss, to be borne by the asset
owner. Its purpose is (a) to reduce the number of small claims to the Insurer, and (b) to reduce the
premium by guaranteeing cover only for claims in excess of this amount, which are less likely than the
small claims. A large-asset owner should be able to negotiate the excess level with the insurer, and the
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setting of the level is a business decision. From Figure 2, for instance, the asset owner may decide that
a $10 million excess is manageable, given that uninsured losses will be as high as this with an annual
probability of only 1 in 250. The premium for the total cover should then be reduced with the
acceptance of that excess level.

3.2 Insurance layers

Insurance for large portfolios of assets is normally structured in two or more layers. Consider Figure 2.
The asset owner may choose to take out insurance for $60 million, say (with or without an excess as in
3.1 above) and then take out a second policy with an excess of $60 million to cover higher losses.
These losses, according to Figure 2, have an annual probability of less than 1 in 1600, so this second
layer of insurance will be substantially cheaper than the first. And the amount of cover provided by
that second layer will be a business decision: to take total cover to $90 million, perhaps? This would
provide total cover while allowing for uncertainties in the modelling. For very large portfolios it may
be cost effective to set up an insurance structure with more than two layers, each with its own
premium rate.

3.3 Probable Maximum Loss

The concept of Probable Maximum Loss (PML) is firmly entrenched in the insurance industry. But its
definition remains unclear. What is a probable maximum? Losses from a magnitude 7 earthquake in
downtown Auckland? Just possible, but very unlikely. From a statistical point of view, it is clearly
preferable to work from the Loss Curve (Figure 2). As the loss level increases, so the probability
decreases. But insurance companies are concerned about commercial viability. They want to know
what is the largest loss they are likely to face, and they will reinsure for that. The analysis process of
deaggregation is some assistance here.

Figure 3 shows the deaggregation of the total risk into risk from individual earthquake sources, for the
portfolio whose loss curve is in Figure 2. The figure shows transparent “walls” on each of the faults
where earthquakes can occur to cause more than $25 million of loss to the portfolio. This is the loss
level with a 500 year return period (see Figure 2). The height of each wall indicates the relative
potential of that source for inflicting loss on the portfolio. In the example it is clear: the Wellington
fault is the major culprit. The figure shows that about 60% of losses above the $25 million level are
due to earthquakes on the Wellington fault. A further 25% are from the Wairarapa fault. So a good
candidate for the PML is a Wellington fault event. This occurs with a mean return period of about 600
years. What will the losses be? In other centres, such as Christchurch, the identification of a PML
event is not so straightforward.

Figure 4 shows the distribution of likely losses to this portfolio, for an earthquake on the Wellington
fault. It is a distribution and not a single estimate, because there are uncertainties in the calculation,
such as precisely where the epicentre will be, the actual magnitude, what the resultant ground motions
will be at the buildings, and the vulnerabilities of those buildings. These uncertainties combine to give
a distribution of likely losses, shown as a histogram in Figure 4. The Figure indicates that an
earthquake on the Wellington fault will cause possibly as much as $150 million losses. The median of
the distribution is $47 million, the 75-percentile $62 million, and the 90-percentile $76 million. It is
then a business decision on the part of the insurance company to decide what level of reinsurance
protection they need.
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Figure 3. Deaggregation of earthquake risk for the portfolio of buildings analysed in Figure 2.
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Figure 4. Distribution of likely losses to the portfolio analysed in Figure 2, in an earthquake on the Wellington
fault.
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4 CONCLUSIONS

The tools we have developed for earthquake risk assessment are based on the most recent research and
meet a number of needs in the insurance industry. In particular:

• The loss curve provides estimates of likely losses as a function of annual probability or mean
return period, for individual buildings or for a whole portfolio which may be distributed
geographically.

• Engineering assessment of buildings provides estimates of their vulnerability, for calculation
of this loss.

• Deaggregation of the risk identifies the important seismic sources that constitute the major
hazard, and scenario studies for these sources provide information on the Probable Maximum
Loss for a particular portfolio.

• The loss curve and the scenario studies together provide a basis for structuring the insurance
package in order to provide a cost-effective insurance solution.
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