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ABSTRACT: Studies of seismic damage to a variety of property types in New Zealand
have found that the data fit well to a lognormal distribution. In this study, this
distributional form is used in a numerical simulation of seismic damage to a number of
portfolios of property. The value of various levels of knowledge about the vulnerability of
the property is assessed. In some situations, better knowledge of the vulnerability of the
property can be of value to the owners and insurers in assessing the seismic risk.

1 INTRODUCTION

To manage and minimise the financial risk in future earthquakes, an understanding of seismic
vulnerability of the built environment is needed. Studies of damage in past earthquakes in New
Zealand have been carried out by Dowrick and colleagues (Dowrick 1991, Dowrick & Rhoades 1993,
1995, 2002, Dowrick et al 1995, 2001, 2003, 2004). Dowrick 2003 contains a summary of the damage
studies up to that time. The vulnerability of items of the built environment to damage in earthquakes
varies enormously. It depends on the robustness or fragility of the item, which may be inherent to the
item or the result of earthquake resistant design.

To estimate the financial risk, some assessment of the vulnerability of the items subject to seismic
hazard needs to be done. The question that this study addresses is “What value is there to more
detailed inspection and classification of seismic vulnerability of portfolio items?”

2 SEISMIC VULNERABILITY

Vulnerability may be defined as the degree of damage to a given item of the built environment caused
by given strength of shaking. There are both qualitative (e.g., as ‘damage states’) and quantitative
(e.g., as ‘damage ratios’) measures of vulnerability. For most purposes in financial risk assessment, it
is necessary to have quantitative measures of vulnerability of the classes of property under
consideration. This is conveniently done in terms of a damage ratio Dr, defined as
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where Value is best expressed in terms of Replacement Value, and Dr is a function of the strength of
shaking and of the physical nature of the item considered.

Within New Zealand, studies of damage ratios have been carried out for four earthquakes: 1931 Mw
7.8 Hawke’s Bay (Dowrick et al 1995), 1942 Mw 7.1 Wairarapa (Dowrick & Rhoades 2002), 1968
Mw 7.2 Inangahua (Dowrick et al 2001, 2003, 2004) and 1987 Mw 6.5 Edgecumbe (Dowrick 1995,
Dowrick & Rhoades 1993, 1995). These studies cover intensity zones MM 6 to MM 10 as used in
New Zealand (Dowrick 1996). The type of property covered was domestic buildings (houses) and
their contents, non-domestic buildings and their contents, stock, plant and equipment. It is found that
there is considerable scatter of damage ratios for individual items.

From these studies it has been found that a typical distribution of damage ratios of those items which
suffer damage fits the truncated lognormal distribution form with a density function:
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Here the parameters µ and σ are estimated by sample mean and standard deviation of the natural
logarithm of the damage ratio of those items which are damaged.

In addition to this distribution of damage ratios of those items which suffer damage, a further
parameter is the fraction of property items which are undamaged. For the lower levels of shaking
intensity, many items may not suffer any damage at all, whereas at higher levels of intensity most or
all items may suffer damage.

The mean damage ratio for all items in a given MM intensity zone is a useful parameter for evaluating
the risk. Considering all N items (damaged and undamaged) in an MM intensity zone, the principal
ways of defining the mean damage ratio are firstly;
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where Drm is effectively the simple mean of the individual item damage ratios.

Secondly;
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where rD  is effectively a value-weighted mean of the individual item damage ratios. Note that all N
items of damaged and undamaged property are considered to determine these means.

While the first form above (Drm) has more reliable statistical properties (Rhoades & Dowrick 1999),
the two forms tend to give similar values when derived from large and homogeneous populations. For
more inhomogeneous populations, with large ranges of replacement values and vulnerabilities, the
resulting damage ratios can differ widely as rD  is sensitive to individual damage ratios for high-value
property items.

The second form above ( rD ), Equation 4, can be used to estimate the expected total loss for a
portfolio of property items, using the mean damage ratio and the total value of all items in the
portfolio.

Differing sub-classes of property have differing vulnerabilities. One example of this is non-domestic
buildings constructed before the more stringent seismic provisions introduced in the late 1970s have a
higher vulnerability compared to buildings constructed after these provisions were in force. The
relative vulnerabilities also vary with the level of intensity of shaking.

For plant, equipment and stock, Dowrick and Rhoades 1995 studied non-domestic property in the
1987 Edgecumbe earthquake and summary results are given in Dowrick 2003. Stock is defined as
mostly manufactured items stored in bulk prior to sale or hire. Because there are often so many
individual items of equipment or stock at a given site, in general it is impractical to find Dr for every
item individually (in contrast to a single buildings). The available data covered groups of items rather
than individual items. Any such group was called a ‘parcel’ and could comprise all of the equipment in
a given building or on a given site. The ‘parcel’ was taken as the unit to ascertain the replacement
value and the cost of damage. A description of the nature of each parcel was obtained and each parcel
of equipment or stock was placed (a priori) in one of three classes of relative earthquake vulnerability,
labelled Robust, Medium or Fragile. The classification was assigned from the physical nature and/or
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the situation of the particular parcel without reference to its damage ratio in the event. Various factors
were taken into account, including whether the parcel was designed for earthquake resistance or not.
For example, stainless steel tanks in the food processing industry were not designed for earthquakes,
and were clearly in the Fragile class. Inherently tough items such as rolls of newsprint, pumps and
some non-brittle items such as clothing, were classed as Robust. Unsecured brittle items such as most
ceramics or glassware were obviously Fragile.

While the criteria for vulnerability of many items were reasonably definitive, subjective judgements
arise. Dowrick 2003 gives a table containing criteria to classify equipment and stock. Also given are
the damage parameters obtained from the Edgecumbe study. Extracts from this for ‘Stock’ in the
MM 9 intensity zone are given in Table 1.

Table 1: Basic statistics of the distribution of damage ratio for sub-classes of the “Stock” property class in
New Zealand in the intensity MM 9 zone.

Vulnerability
class

Undamaged
proportion

Mean µ Sigma σ Drm rD

Robust 0.719 -3.41 1.04 0.015 0.022

Medium 0.340 -2.54 1.19 0.091 0.053

Fragile 0.195 -1.73 1.07 0.22 0.48

All 0.434 -2.70 1.5 - -

In addition, the vulnerability for all of the Stock class without sub-classification is given. Note that the
proportion that is damaged is greater for the Fragile sub-class compared to the Robust sub-class.

The damage ratio distribution derived from Equation 2, using these parameters is given in Figure 1.
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Figure 1: Lognormal distribution of damage ratio.
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3 NUMERICAL MONTE CARLO SIMULATION

To explore the question of the value of more detailed knowledge about the portfolio, a numerical
simulation of possible damage losses for a number of different portfolios was carried out. The property
type used was "stock" for which the vulnerability parameters for the different sub-classes were given
in the previous section. Four portfolios with one, ten, one hundred and one thousand parcels, each with
the same vulnerability, were considered. To allow comparisons to be made, the simulated portfolios
comprised the same total replacement value of $1,000,000 divided into parcels of equal value.

In the numerical simulation, the damage ratio for individual parcels within the portfolio was
determined by using a random number generator to select a value from the distribution of damage
ratios for the property item type and sub-class using the parameters in Table 1 and Equation 2, as
shown in Figure 1. The loss for this parcel was then determined using Equation 1. This process was
repeated for each parcel in the portfolio. The parcels, while subject to the same intensity of shaking,
are assumed to be independent in terms of the damage level sustained. The sum of the losses for each
individual parcel was the total portfolio loss. This procedure was repeated many times (100 000 in this
study) to build up an ensemble of possible portfolio losses. Sorting the losses into ascending order
gives the distribution of total portfolio losses. This procedure was carried out for each portfolio with a
different sub-class of property and different number of parcels.

The resulting total portfolio loss distributions for the four portfolios are presented in Figure 2.
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Portfolio loss with 10 item
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Portfolio loss with 100 item
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Portfolio loss with 1000 item
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Figure 2: Losses for portfolio with 1, 10, 100 and 1000 items.

4 DISCUSSION

The mean value (50 % probability) is similar for all portfolios of the same sub-class considered, but
the distributions vary considerably with the number of parcels in the portfolio. Results for portfolios
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with a single parcel show a wide spread of possible losses. The owner could be “lucky” and suffer
zero loss, or could be “unlucky” with a high (possibly total) loss.

This is not a good way to manage the risk. Rather than the mean, the 90 % probability value of loss
can be used as a measure of risk. It will be seen in Figure 2 that the spread amongst sub-classes of
stock of the 90 % losses for a single parcel portfolio is wide, from low for Robust to high for Fragile.
It would be beneficial for the owner, and possibly the insurer, to know more about the seismic
vulnerability of the stock in this one parcel portfolio.

For a portfolio with many parcels, the loss is far more predictable in that the 10 % and 90 % values are
close to the mean for the sub-class. The range between Robust and Fragile losses is smaller at the
90 % level.

The results presented are reliant on the independence of the damage to each parcel from that of other
parcels. One important implication of this is that a warehouse with 10 items of stock must be treated as
one parcel and not as 10 parcels, whereas the separate stock in each of 10 warehouses can be treated as
independent and are thus 10 parcels.

5 CONCLUSIONS

The conclusions from this numerical simulation are:

• When a small number of parcels are in the portfolio, the distribution of losses has a wide
spread.

• When a large number of parcels are in the portfolio, the spread of losses is narrower.

• There is a benefit of inspecting and better classifying the items in a portfolio with a small
number of parcels. It gives a better understanding of the losses. They may be higher but a
better understanding allows better management of the risk and avoids surprises.

• With a large number of parcels of similar value in the portfolio, there is little benefit from
inspecting and classifying them. The spread, or uncertainty, of the loss is smaller and a large
effort and cost would be needed to reduce it.

While in this study, a property type of "stock" was used for the numerical simulation, the general
conclusions would be applicable to any property type that can be separated into sub-classes.

This study has demonstrated that for portfolios containing a few items, more detailed knowledge of
their seismic vulnerability can be beneficial in assessing the risk. For portfolios with many similar
value items, the cost of assessing each item may not be worthwhile for improving the measure of risk.

These results really reinforce the basic insurance principle that risk should be spread to manage it.
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