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Earthquake Risk and Insurance

David R. Brillinger!

ABSTRACT

Our concern is with protection against natural catastrophes through fi-
nancial insurance. Development of appropriate premium rates requires con-
sideration of a wide variety of variables entering into the occurrence of the
disaster, and a broad range of scientific and statistical investigations results.
Topics discussed include: premium computation, distribution of large earth-
quakes in time, ground motion at sites, attenuation of energy with distance,
damage description and actual practice in various countries. Statistical con-
siderations that arise include: description, stochastic modelling, condition-
ing, spatial processes, (marked) point processes, uncertainty estimation and
robust /resistant procedures. Study of the insurance problem is scientifically
enlightening because it requires one to focus on the whole context of the
problem; geology, seismology, earthquake engineering, and damage.

KEY WORDS: Actuarial science; attenuation law; catastrophe; earthquake;
insurance; Loma Prieta event; marked point process; modified Mercalli in-
tensity; reinsurance; seismic risk assessment.

1. INTRODUCTION

Statistics has a long involvement with problems of risk and insurance.
This occurs because of variabilities, because of uncertainties, because of esti-
mation problems and because of choice of loss functions. Many of the tech-
niques of contemporary statistics appear useful in problems of insurance.
In this paper there are considerations of: description, stochastic modelling,
conditioning, (marked) point processes, spatial processes, robust/resistant
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procedures and uncertainty estimation. The basic approach is via concep-
tual modelling and data analysis, in contrast to a “black box” approach.

Preliminary to the problem of determining an earthquake insurance
premium is that of seismic risk assessment. Seismic risk assessment may be
defined as the process of estimating the probability that certain performance
variates at a site of interest exceed relevant critical levels, within a specified
time period, as a result of nearby seismic events. The seminal paper on the
topic is Cornell (1968). Other basic works are: Vere-Jones (1973), Lom-
nitz (1974), McGuire (1974), Walley (1976), and Blume and Kiremidjian
(1979). Addressing the insurance issue forces consideration of more than a
tisk problem; one needs to consider the whole sweep of geology, seismology,
earthquake engineering and damage.

Generally speaking the techniques employed are applicable to other en-
vironmental risks; that is to other small probability events with substantial
negative consequences.

Much of the paper is review of existing material, but some new scientific
results are included. In particular an automatic method of constructing iso-
seismal maps, employing commercially available software, is presented and
new expressions relating modified Mercalli intensity to maximum acceler-
ation are derived. It is clear that a variety of interesting statistical and
actuarial problems arise.

The layout of the paper is: Section 2 “Insurance”, Section 3 “Strat-
egy”, Section 4 “Temporal Aspect”, Section § “Spatial Aspect”, Section 6
“Attenuation”, Section 7 “Damage”, Section 8 “Particular Practice”, Sec-
tion 9 “Other Aspects” and Section 10 “Discussion”. There is an Appendix
wherein some elementary expressions for premiums are developed.

A general reference for the background seismology is Chapter 17 of
Bullen and Bolt (1985).

2. INSURANCE

Financial insurance is one means our society has devised for alleviation
of disasters. There are two distinct formal procedures for setting premi-
ums: firstly via specific formulae based on a conceptual model (Richard
1944; Beard, Pentikainen, and Pesonen 1969; Freifelder 1976; Goovaerts,
De Vylder, and Haezendonck 1984; Sundt 1984; Heilmann 1988; Straub
1988) and secondly via the black box {control theory, time series) approach
(Bohman 1979; Norberg 1990; Aase 1992). A concern in the black box
approach is that the nonstationarity of the basic quantities may make it dif-
ficult to determine parameters of relationships. This paper will concentrate
on the conceptual approach.

A variety of formulas has been proposed for the determination of pre-
miums, assuming that a random loss may have to be compensated for. Basi-
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cally a company wants income to approximately equal outgo. The problem
is sensibly focussed on two crucial components, (Smolka and Berz 1991):

e calculation of a premium commensurate with the risk,

e estimation of the size of the probable maximum loss resulting from a
potential catastrophe.

To be specific, consider a time period of one year and suppose that the
yearly possible loss is a random amount U. [Interest considerations will be
ignored.] The pure risk premium for a year’s insurance is given by

P=E{U}=wv . )

Because of expenses, the pure premium will have to be “loaded”; for example,
the premium may be taken to be

P=(14+o)ur . (2)

The multiplier (1 + a) has the effect, above handling expenses, of provid-
ing some protection against random fluctuations in loss beyond the average
E{U}.

Other premium formulas that have been suggested, and that take note
of random fluctuations, are

P=py+foy and P=py+70y 3)

with 8,9 > 0. The latter has the property of being additive for independent
risks; see Straub (1988).

A further procedure for determining premiums is to select some accept-

able probability of ruin ¢ and, supposing that a reserve of R is available, to
determine the premiums such that

Pr{Sy>R+Sp}<e, (4)

where Sy and Sp denote the sums of claims paid out and premiums paid in
respectively during the year. References to the computation of ruin prob-
abilities are: Beard et al. (1969), Friefelder (1976), Heilmann (1988), and
Grandell (1991). In the Appendix, the form of (1)-(4) for the case of rare
events is considered.

Insurance, for the particular case of earthquakes, is discussed in Straub
(1973), Vere-Jones (1973), Lockett (1980), Grases (1986), Porro (1989), and
Munich Re (1991).
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3. STRATEGY

The usual approach to seismic risk assessment, defined in Section 1, is
to break the problem down into basic components that may be investigated
individually. This multistage analysis requires critical investigation of four
pieces: a) sources of events, b) intermediate transmission of energy from
the sources, c) the local site and d) the particular facility of concern. The
earthquakes may be thought of as originating at points, on lines or within
zones (the geometry). They will have different sizes and occurrence times.
The intermediate transmission of the seismic signal involves attenuation of
energy with distance and depends on the media traversed. Aspects of the
local site include geology and ground type. In some studies the dynamic
response and resistivity of the structure of interest are modelled. The fields
of geology, geophysics, seismology and engineering are all involved.

In a najve assessment one might postulate: i) that there is a single source
with the point process of events Poisson of rate y and with earthquake mag-
nitudes distributed exponentially, [Pr{magnitude > M} = exp{-8M1}], ii)
that intensity of motion falls off with magnitude and distance in accordance
with the following relation:

I =65+ /M + B;logd + noise , (5)

d being the source-to-site distance and “noise” being a normal variate with
mean 0 and variance o?, and iii) that the behavior of the structure is effec-
tively described by I. The risk may be evaluated explicitly in this case as
follows:

Pr{intensity i exceeded within time period of u} = 1 — exp{—upG(3)}
where .
6(i) = exp {~(i = b0~ Balog ) + So8°/51 )

It needs to be mentioned that each of these assumptions is debatable and
that variants have been investigated.

In the insurance case one needs to continue and to model the loss that
could be experienced. This may be done through the percent of damage
likely to be experienced for a given building type; see discussion in Section
7.

There is a need for models, for parameter estimates and for the recog-
nition of statistical regularities in the work.

4, TEMPORAL ASPECT

As indicated in the previous section, some means of describing the tem-
poral rates of occurrence of damaging earthquakes is required. The basic
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series of times involved is often modelled by a stochastic point process. A
variety of specific point process models have been suggested; see Vere-Jones
(1970). When for example total damages are associated with the earthquake
times, one has a marked point process.

The following is an explicit example of the development and fitting
of a point process model. Pallett Creek is an area in Southern California
lying by the San Andreas Fault. In Brillinger (1982) and Sieh, Stuiver, and
Brillinger (1989) the times between large seismic events there are modelled as
independent Weibull variates. A Weibull variate may be defined as follows:
if z denotes the time elapsed since the preceding event, then the hazard
function

h(z) = Pr{event in (z,z + A)|last at time 0}/A

for small A > 0, has the form

-1
2 o
For example, if 8 = 1 it is constant and if 8 > 1 it increases steadily with
z. The reasonableness of this assumption may be assessed by a cumulative
hazard plot; see Nelson (1972). Figure 1 provides such a plot based on the
Pallett Creek data. One graphs the times between events and checks to see
if they fall near a straight line. The Weibull assumption does not appear
invalidated in this case.

A difficulty that arose for the Pallett Creek data was that in one case,
it could be inferred that an earthquake had taken place between two others.
The dates of the bounding two could be estimated directly, but the date
of the event in between could not. This led to one observation that was
the sum of two Weibulls. Also in forming the likelihood, the censorship
involved in the open interval starting at 1857 and measurement error had
to be taken account of. Details are provided in Sieh, et al. (1983). The
maximum likelihood estimates determined were

-~

a@=1661+445 [=150%.80 .
The following risk estimate was then determined
Pr{event in next year|last in 1857} =.008

with a corresponding approximate 95% confidence interval of (.004, .026).

5. SPATIAL ASPECT

After a sizeable earthquake many measurements of consequences are
made in the surrounding regions. For example, strong motion seismometers




















































