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ABSTRACT: The Christchurch earthquakes have taught us a number of reinsurance 

lessons and a lot about aspects of less than perfect insurance loss models for New 

Zealand. At least some loss models will be improved but it will take a few years.  

This paper summarises: (i) some of the reinsurance lessons learnt; (ii) the reasons 

insurance loss models are constructed and the ways in which they can be used and 

abused; (iii) elaborates some of the difficulties in building an earthquake loss model for 

New Zealand; (iv) considers the problems involved in damage data analysis; and (v) 

identifies some of the issues that will remain unresolved even when the next generation of 

loss models is completed. 

   

1 CATASTROPHE MODELS AND THE INSURANCE INDUSTRY 

Catastrophe models have had widespread use in the insurance industry (including reinsurers) since the 

late nineteen eighties.  These applications simulate tens of thousands of synthetic catastrophic events 

(generally of one peril type); to estimate the forces they exert across a given geography and then, using 

established relationships, determine the potential damage and costs associated with these forces. 

These applications are used for various purposes, but the two most common are the assessment of 

capital requirements and the pricing of risk transfer.  What do these phrases mean? 

Insurers (and reinsurers) are required either by regulation, rating agencies or good corporate 

governance to be capitalised (i.e. have assets) to meet potential claims liabilities to a level which 

means it is unlikely they will become insolvent (ie exhaust all of these assets). A common measure of 

this requirement is the determination of a loss with a given exceedance probability; by way of 

example, in Australia this requirement is currently set at a 1 in 250 year loss level (i.e. 0.4% 

probability of exceedence) and the proposed legislation in New Zealand utilise a variety of measures, 

one of which is a 1 in 1000 year loss (i.e. 0.1% probability of exceedence).  The most readily available 

method of assessing these losses is via catastrophe models. 

In any insurance or reinsurance contract risk is transferred from one party to another.  Commonly the 

price associated with transfering this risk is the average losses expected to the contract, some margin 

for the volatility associated with the contract, and then a margin for costs associated with the party 

taking on the risk.  Again, the most readily available means of assessing the potential losses to a 

contract (from a technical pricing perspective) is via a stochastic simulation using catastrophe 

modelling results. 

Because of these uses catastrophe models are regularly developed by third party vendors so that an un-

biased and commonly accessible approach is taken.  This position means that the commonly used 

models create a "language of risk" which can be commonly understood.  It also means that without 

seamless communication the details of a given model can be poorly understood, ill defined or, in 

extreme cases, misrepresented. 
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The widespread use of models for transactional purposes means that the applications have some core 

requirements: pivotal examples of these are: 

 Speed of use: The models must be fast to run to ensure they are not impractical for use during 

negotiations. 

 Scalable: data must be accepted and be logically consistent at different geographic resolutions 

(e.g. street address, post code etc). 

 Comparable: The models must be comparable across geographies, perils and risk types to 

allow the equatable assessment of risk in a portfolio. 

 Scope: The practice of catastrophe modelling has become so widespread that models are 

regularly built for regions and risks where experience makes the customisation and validation 

difficult. 

One of the most important components in the list above is the importance of making models 

comparable.  If a party has the option to use their capital to support risks in different cities, countries, 

for different perils or for different financial conditions, catastrophe models can be utilized to create a 

level playing field.  From this basis a risk carrier can identify which option is potentially most 

ulcerative or costly.  

As can undoubtedly be appreciated the criteria listed above mean that in many cases the models used 

employ either generalized data, crude assumptions and/or mathematical shortcuts during the modelling 

process.  Regularly these practices are not problematic, with the law of large numbers and model uses 

meaning that the accuracy is adequate for business decision making.  When faced with events such as 

we have seen in Christchurch however, these practices are forced under a very bright light, and close 

scrutiny is placed upon the applications. 

2 NEW ZEALAND EARTHQUAKE MODELS 

An obvious sensitivity of any earthquake model is the underlying knowledge of seismicity and the 

region in question.  This relationship governs the location, technique and frequencies associated with 

the events generated.  Whilst most New Zealand earthquake models use GNS fault catalogues where 

possible, many include events described as background seismicity.  These are sources which cannot 

accurately be located on known fault sources, but are included either on a gridded or spatially 

homogenous basis. 

Whilst there are numerous earthquake models built for New Zealand, and the sophistication of these 

varies significantly, there are commonly three applications used by the industry, and they have similar 

characteristics. 

In general the applications used are shake models, estimating the amount of shaking generated by an 

earthquake.  Where secondary perils are included, such as landslide or liquefaction, these are applied 

as variable scalers on the amount of shaking, commonly looking at ground zonation on a 3 - 4 

category scale.   

Given the dirth of large loss experience in New Zealand, very little allowance is made for post event 

amplification, or demand surge 

Vulnerability functions, which describe the relationship between the generated forces (e.g. ground 

shaking) and sustained damage may be based on past loss experiences and/or engineering research.  

If based on loss experience (claims) difficulties exist in separating various loss agents. Claims 

information may not allow identification/separation of damage from ground shaking and other causes 

such as ground failure due to liquefaction. There might also be other “pollutants” hidden in the data 

such as demand surge or other claims cost (e.g. the costs of assessing each claim).  

Engineering research, which may range from theoretical considerations to a full scale shake table or 

wind tunnel experiments, can possibly isolate various loss agents more clearly. It certainly yields 

results that are free of ‘artificial’ loss drivers such as demand surge or claims handling costs. However, 
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this type of research might not be available for all territories, perils or types of structures – and there 

may be a gap between theoretical considerations and actual losses. 

A large proportion of vulnerability functions that are used in commercial earthquake loss models were 

developed in the USA (e.g. based on APPLIED TECHNOLOGY COUNCIL - ATC13 Earthquake 

Damage Evaluation Data for California). Questions remain how applicable these California 

vulnerability functions may be in other countries – even if they may have been modified. 

Regardless of what the basis of a model’s vulnerability functions is, they are all designed to reflect the 

main loss mechanism (e.g. ground shaking) and can be assumed to be excluding the secondary loss 

drivers demand surge and other claims costs. 

3 THE CANTERBURY EARTHQUAKES 

There are many publications which have detailed the Canterbury Earthquake sequence of 2010 

through 2012 (and potentially beyond), so we will not re-document the findings and features in detail.  

There are, however, some key characteristics worthy of note that have played out into the Insurance 

Industry, and our understanding of current practices.   

3.1 Liquefaction 

Models as described above for the purpose of risk quantification focus on the known and main perils, 

often treating other sources contributing to the overall damage on a much coarser level than the pure 

shaking effects. If not ignored completely, they are often only taken into account in generalised 

loading factors, say as a 10-20% multiplier of ground shaking damage.  

Liquefaction, and lateral spreading of soil, are examples of such generalised secondary perils. They 

are very common side effects in bigger earthquakes and their devastating effect on buildings 

contributes to the overall loss, but they are technically often subsumed under “soil amplification” as 

amplification of seismic motion in most cases is the dominant effect as liquefaction tends to be a 

localised effect. In addition, post-event claims data are normally not split into different causes of 

damage. Therefore, such an approach seems to be justified. 

The earthquakes in Canterbury are unique in the sense that liquefaction was the dominant loss driver. 

The importance for the insurance industry has been aggravated by the fact that much of the land 

damage has been covered under the EQC coverage, a situation almost unique in the world. 

It is envisaged that future generation of EQ risk models will treat liquefaction and lateral spreading in 

a more precise way. The Canterbury earthquakes provide a rich source of data for refinement of 

models. 

3.2 Demand Surge / Underinsurance 

The various inflationary (known as “post loss amplification” or PLA) factors in insurance claims pay-

outs following a disaster is an important (and inconsistent) variable contributing to the final 

(insurance) market loss. Earthquakes and hurricanes experienced in the early 1990’s led to 

observations that construction costs increase in the period immediately after a large catastrophic event. 

Because this is the time when insured losses are adjusted, these increased costs have led to larger 

insured losses than would have been expected. Most companies base their exposure on the registered 

insured value from each written policy often calculated by generic replacement value calculators based 

on simple criteria such as the floor area of a property. When the replacement value exceeds the total 

insured value two contributory factors have to be considered; direct undervaluation of the original 

replacement cost (under insurance) and inflationary (or amplification) factors associated with a large 

catastrophe. In some cases, such as in the reconstruction of Darwin after Cyclone Tracy (1973), it has 

approached 100%; in other words, actual losses were double those anticipated on the basis of the pre-

event repair and construction costs. 

Most studies have shown that demand surge is the most significant (and consistent) component of 

PLA but it should be noted that other components exist and their influence varies based on unique 
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factors on an event by event basis. PLA is commonly described as comprising of four factors: 

 Demand Surge - inflation in prices as a result of the increase in demand for  resources relative 

to supply in the market; 

 Repair cost delay inflation - price escalation caused by delays in making repairs; 

 Claims inflation – relaxation of insurers procedures for policing claims against exaggeration 

and fraud; 

 Coverage expansion - expansion of insurance cover beyond the original policy terms and 

conditions, often as a result of political pressure. 

From an economic and modelling perspective, demand surge has been defined as the response of the 

construction labour and materials market (supply) to a massive increase in the need for materials and 

labour for immediate repairs (demand). The costs of supplying the extra labour and materials include 

the costs for housing imported labour and the contemporaneous strength of the construction industry, 

over-time shifts, and inefficiencies in supply routes, etc. When viewed from this narrow perspective, 

demand surge is a regional cost modifier that can be quantified for a given event in a region. However 

for recent major catastrophes such as Katrina, Rita and Wilma in 2005 these economic issues became 

a national problem further exacerbated by the events close temporal spacing and somewhat depleted 

resources due to U.S. involvement in several overseas conflicts. 

The amount of demand surge is likely to be driven by three factors: 

 The quantum of the losses associated with the event; 

 The location of the losses associated with the event; and 

 The state of the economy and in particular, the building industry, at the time of the event. 

Figure 1, illustrates how demand surge arises as the demand for labour, materials and plant increase 

through time. Once local supply is exhausted, resources from neighbouring regions must be imported 

which incur a higher cost. 

 

Figure 1 Effects of time after an event on demand surge. 

In Christchurch the influence of PLA or specifically demand surge is still classed as a potential factor 

and will not be revealed until long after the majority of the construction and repairs are complete. 

While the major insurers responsible for funding the claims for the major property reconstruction 

projects have yet to commence work, the EQC has been busy facilitating the thousands of repairs for 

claims within the $100k limit. They have, to date, been keeping a stringent control on any potential 

cost escalations but as the demand for labour and material increase as the other larger construction 

projects commence the potential for cost amplification will increase. 
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The situation with regard to the treatment of PLA in catastrophe loss models is not consistent and 

where it is offered it is provided as an option to switch on or off by the user. Where fragility functions 

have been developed from actual claims experience, PLA may be already included implicitly; in other 

cases, where the equivalent curves are derived from engineering considerations, PLA is more often 

than not ignored.  

3.3 The EQC 

The Earthquake Commission of New Zealand covers the first NZ$100k of earthquake building losses 

and the first NZ$20k of contents losses. However, the Earthquake Commission Act (the Act) clearly 

defines what is covered, and there are various components such as swimming pools, paths and fences 

or drive ways that may not be covered by the EQC. This creates issues, as the data typically used for 

earthquake loss modelling is coarse. The sum insured stated in an insurance policy is interpreted to be 

the replacement value of a dwelling. Typically there is no detailed breakdown between the actual 

building, the garden shed, the pool and the fence, etc. The EQC cover is usually considered as a very 

large deductible in the available earthquake loss models; and it therefore applies from the first dollar. 

No allowance is made for the fact that there may be various non-EQC components in the loss. 

Anecdotal evidence from the recent Christchurch experience suggests that the non-EQC component of 

the loss from ground-up may exceed more than 10% of the total loss. It seems unlikely or even 

unpractical to capture a finer level of detail in regards to the assets covered by an insurance policy. A 

new approach is therefore required to make an adequate allowance for non-EQC losses in earthquake 

loss modelling. 

The EQC also covers some damage to land. However, very few models exist, that even make an 

allowance for this loss component. As the recent Christchurch events have shown land damage can 

make up an enormous proportion of the total loss bill. Whether or not any of the commercial model 

makers will implement land loss components in their products remains to be seen.  

3.4 Earthquake Clustering 

Catastrophe models started to include time dependency in the last two decades. Mainly this has been 

done in areas with historical evidence of quasi-periodic repetition such as the North Anatolian fault in 

Turkey, or in parts of the subduction zones in Mexico and Japan. Yet, catastrophe models used for risk 

transfer quantification are normally based on the assumption of time-independency. Frequency of 

earthquakes is usually supposed to follow a Poissonian distribution.  

Aftershocks, which can be regarded as a short-term cluster, are often completely ignored in risk 

analysis. On one hand it is difficult to distinguish losses caused by earthquakes occurring within a very 

short time span, on the other hand insurance and reinsurance contracts often contain an “hours clause”, 

which combines losses that occurred within a certain number of hours, for earthquakes typically 72 

hours.  

It is a unique feature of the Canterbury earthquakes that a long sequence of aftershocks over many 

months lead to significant damage and financial loss in a significant population centre.  

In an environment like Canterbury, without records from significant earthquakes in thousands of 

years, standard approaches determining seismic activity based on a catalogue of historical events and a 

poissonian distribution would nowadays lead to a significant overestimation of the earthquake risk. 

The Canterbury sequence of strong earthquakes over more than one year will lead to the incorporation 

of more, short-term time dependency elements in the catastrophe models used in the insurance 

industry. 

4 SOME CLOSING THOUGHTS 

1. Before the advent of (primitive) loss models in the late 1980s, loss estimation for reinsurance 

purposes relied on (limited) loss experience, a great deal of discussion (often in the absence of 

much information), and serious thought about the reinsured’s appetite for risk. Even then, 

much of the latter thought centred on a 0.4-0.5% annual chance of losing the company. 
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2. Models are expensive to build and can rarely incorporate the latest earthquake science or the 

various views on what is state-of-the-art. With high quality building codes and limited rele-

vant historic insurance loss data, vulnerability estimates must remain uncertain, especially 

when earthquakes are clustered, damage progressive, the result of multiple loss-producing 

agencies, and understanding of the complexities of demand surge is still limited. And then 

there is insured damage to the land. 

 

3. Earthquake models will undoubtedly improve as some of the wealth of new data on liquefac-

tion, building damage and demand surge is incorporated into updated models over the next 

decade. But new earthquake models will still (largely) neglect the potential for landslide loss-

es, subsidence, river avulsion and, no doubt, other loss drivers we have hardly begun to think 

about. 

 

4. The loss models most widely used in the insurance industry are global models, “tuned” for lo-

cal conditions with appropriate seismicity and building vulnerabilities. The EQC – private in-

surer nexus and the provisions for land cover in certain circumstances are New Zealand spe-

cific features that have been inadequately addressed by global vendors focussed on big 

pictures rather than local circumstances. It is difficult to imagine that this situation will change 

in the short term, thus creating opportunities for local expertise 

 

 

5. Perfect earthquakes and flawless reinsurance loss models don’t, and won’t, exist. We need to 

put a lot more effort into understanding what is included, and what is not included, in loss 

model estimates. Executives and directors need a thoroughly informed and defined view of 

their appetite for risk. If a company with a well-thought out risk management strategy and 

well-protected for the impact of a 1-in-1000 year loss fails when a 1-in-2000 year loss event 

occurs, is that reprehensible or good risk management? And what about the company, in the 

same circumstances, that doesn’t fail? 

  

 


