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PREFACE

MEETING THE NEEDS OF THE INSURANCE INDUSTRY
FOR REALISTIC EARTHQUAKE HAZARDS
Ce AND RISK INFORMATION

Earthquakes are a unique natural hazard for the insurance industry because of
their capability to strike an urban center with little or no warning and to
cause great economic loss reaching billions of dollars within only a few
secands to a few minutes. Hundreds of thousands can be killed and injured and
left homeless after a large damaging earthquake.

The United States Geological Survey, as the Nation's geologist, seismologist,
geological engineer, and map maker, manages and sponsors several hundred
research projects each year that ¢ ‘e designed to increase the fundamental base
of knowledge and to develop methodologies for assessment of earthquake hazards
(the physical phenomena) and earthquake risk (chance of loss) in every part of
the Nation. These projects are organized in five ongoing program elements,
all having-benefit for the insurance industry. They are:

1) Current Tectonics and Networks - Perform geologic and seismological
analyses of current earthquake activity, including the seismic cycle of
active faults and estimates of the earthquake potential in earthquake-
prone regions of the United States.

The July 1988 press conference held in California on "Probabilities of Large
Earthquakes Occurring in California on the San Andreas Fault" (see summary in
this document) is an example of work under this element.

2)  Earthqguake Prediction Research - Conduct field, laboratory, and
theoretical studies of earthquake phenomena with the goal of reliable
prediction of time, place, and magnitude of damaging earthquakes.

The prediction for a magnitude 6.2 earthquake between 1988-1991 at Parkfield,
California, is an example of the work under this element.

3) Regional Earthquake Hazards Assessments - Create, compile, and synthesize
new and existing data needed for making hazard maps and assessing tne
risk in broad geographic regions containing important urban areas.
Assessments are made for the hazards of ground shaking, ground failure,
tectonic deformation, and surface faulting, and to some degree tsunamis,
and seiches. 1The goal is to foster the development and enactment of
loss-reduction measures including seismic microzonation within the
framework of State and local government responsibilities.

The national ground shaking hazard maps and the studies underway in Utah and
in the Puget Sound, Washington-Portland, Oregon area are examples of the work
under this element.

4) Engineering Seismology - Deploy strong motion accelerographs to acquire
records of ground shaking, both in free field locations and within
buildings, for a range of magnitudes, distances, and foundation materials.
These instruments are also deployed in areas expected to experience
liquefaction and in comprehensive post earthquake investigations.




Accelerograms recorded in the October 1, 1987, Whittier-Narrows earthquake are an
example of the work under this element.

5) Data and Information Services - Provide data on the occurrence of
earthquakes throughout the world, communicating with the media, other
Federal agencies, State and ‘ocal governments, emergency response
organizations, and the scientific and engineering communities.

Data provided after the September 19, 1985, Mexico earthquake and the

October 1, 1987, Whittier-Narrows earthquake are examples of the work under this
element,

The following references are available now for use by the insurance industry.
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EXECUTIVE SUMMARY
EARTHQUAKE RISK: INFORMATION NEEDS OF THE INSURANCE INDUSTRY

This workshop was sponsored by the U.S. Geological Survey and the California
Department of Insurance. It was designed to bring together individuals who
are knowledgeable in both the technical operations of earthquake insurance and
the broad aspects of earthquake hazards mapping and risk assessment. The
meeting, the first of its kind, had three primary goals:

1) To identify the types of scientific and engineering information which the
insurance industry should have in order to improve its capability to
underwrite and price insurance coverages relating to the earthquake hazard
and to determine which needs are within the capability of the
U.S. Geological Survey (USGS) to provide on urban, regional, national, and
international scales.

2) To produce a document, that will be published a few months after the
meeting, containing explicit statements of the needs, capabilities, and
short- and long-termm goals of the insurance industry which can be used to
guide future work and to set policy, as appropriate.

3) To begin to establish a useful continuing dialogue between the insurance
industry and leading scientists and engineers,

Earthquakes are only one of the natural hazards insurers must consider in
their corporate planning. However, earthquakes are a unique natural hazard
because of their capability to strike an urban center with little or no
warning and to cause great economic and life loss over a broad region within
only a few seconds to a few minutes. Nothing can be considered to be immune
from destruction--dwellings, commercial and industrial facilities, public
facilities, etc. Many people can be killed, injured, or left homeless and
jobless unless mitigation measures are in place.

Given that major earthquakes are inevitable in many parts of the United States
and throughout the world, the basic question is how to cover the financial
cost of recovery and rebuilding in the affected urban centers. In order for
insurance to be an effective mitigation option, the best available information
on the spatial and temporal effects of the primary earthquake hazards of
ground shaking and permanent ground displacement is needed. This informaticn
must be formatted in a way useful to the insurance industry, pemmitting:

o Uniform comparison of the critical parameter(s) independent of scale.

o Quantification of the frequency of occurrence.

0 Quantification of the expected severity of the primary hazards: ground
shaking and permanent ground displacement.

o Quantification of the expected severity of secondary hazards such as
fire, dam failure, tsunamis, seiches, and aftershocks.

o Accurate assessment of the expected losses and their distribution.

Useful information will enable the insurance industry to deal more effectively
with the earthquake threat.



EARTHQUAKE RISK:
INFORMATION NEEDS OF THE INSURANCE INDUSTRY—-
FROM A REGULATORY PERSPECTIVE

By
Richard J. Roth, Jr.
California Department of Insurance
Los Angeles, California

The California Insurance Department has a strong interest in
studying the potential damage from earthquakes for & variety of
reasons. First, we want to know how much earthquake damage
exposure is being insured and whether the insurers will be able
to pay the claims. Second, we want to learn more about the
damage causal relationship between types of faults, types of soil
conditions, and types of building construction. This will enable
insirers to price and evaluate risks more accurately, such as is
now done in fire insurance. Third, we want to make earthquake
insurance available and at a low premium for the large number of
homes and businesses in which the risk of earthquake damage is
low. For the homes and businesses in which the risk of
earthquake damage is high, we want to be able to prescribe
mitigation procedures that should be taken in order to make the
risk insurable (again, like in fire insurance where fireproofing
and sprinklers are required.). And fourth, we want to work with
international insurance companies and governments to develop
efficient procedures for compensating victims and for
replenishing capital for businesses after a major earthguake.

Only 15-20% of the homes and businesses in California are
insured for earthquake damage. Yet, even at this level the world
insurance market probably cannot insure any more prudently. The
insurance industry is making a formal proposal to the Federal
Government to form a financial partnership in the event of a
major earthquake. Such a financial partnership would enable more
earthquake coverage to be available and at lower ra‘*es.

On the other hand, more insurance can be sold. if the risk is
reduced. There is a wide gap in understanding between the
scientific community and the insurance industry, but this gap is
slowly narrowing. The knowledge possessed by the scientific
community must be conveyed to the insurance industry in a way
that the insurance industry can use to evaluate accurately the
risks. Also, the knowledge must be used to know how to repair or
reinforce existing buildings and to avoid mistakes in future
construction.



The area of greatest lack of knowledge to the insurance
industry is in the physics of soil conditions, including
liquefaction. The problem also encompasses non-seismic land
movement and flooding. We now know how to design buildings to
mitigate the effects of an earthquake, or at least the effects
are predictable. This is not so with soil conditions.» Some soil
conditions are safe for all buildings, some soil conditions are
safe for short buildings, but not tall buildings, and some soil
conditions are not safe for any buildings.

Insurance can be purchased to cover a wide variety of
earthquake caused losses, from damage to buildings and contents
to loss of profits. 1Insurance zlso covers life, health, workers'
compensation, automobile, losses from power failure, and even
liability coverage. Damage to power supply and computers can be
especially costly. The contents of a building are especially
important if the contents are high valued or are not fastened
down properly. A well designed building and be destroyed by the
shifting of heavy contents. So, the insurance industry is very
much interested in preparedness and mitigation in order to reduce
all types of losses.

The October 1, 1987, Whittier Narrows earthquake caused $73
million of insured losses, broken down as follows:

Earthquake 37%
Homeowners 21%
Commercial 13%
Fire 10%
Other 19%

There were 8,417 claims. This shows that even a small
earthquake can cause losses.

In the event of a major earthguake, the expected insured
losses to structures, based on an annual survey of insurers, are
expected to be:

1986 1987
A. San Francisco $ 3,694m $ 4,031Im
B. Los Angeles 4,932 5,214

'Considering fire and other insurance coverages, the total
exposure is much higher.



EARTHQUAKE HAZARD AND RISK ASSESSMENT--SOME APPLICATIONS TO
PROBLEMS OF EARTHQUAKE INSURAKCE

By
S. T. Algernissen
U.S. Geological Survey
Denver, Colorado

INTRODUCTION

The U.S. Geological Survey (USGS) within the Office of Earthquakes,
Volcanoes and Engineering conducts an extensive program in earthquake
research. This program produces results that have direct application to many
of the problems of earthquake insurance. At the present time the USGS program
is orgrnnized into the following elements:

Element 1: Current tectonics and earthquake potential studies

Seismological and geological analyses of the current seismic activity,
active geologic faults, and earthquake potential of all seismic regions
in the United States.

Element 2: Earthquake prediction research

Laboratory and theoretical studies and field experiments in some areas
identified in (1) above with the goal of establishing the procedures and
knowledge needed in reliable prediction of the time, place, and magnitude
of damaging earthquakes.

Element 3: Regional earthquake hazards assessments

Regional earthquake hazards assessments in urban areas identified in (1)
above including analyses of potential ground shaking and ground failure
on a regional scale and the demonstration of specific hazard assessment
techniques unique to each region.

Element 4: Earthquake data and information services

Provides data on earthquake occurrence to the publie, other Federal
agencies, State and local governments, emergency response
organizations, and the scientific community.

Element 5: Engineering seismology

Provides data and analyses of strong earthquake ground motion to other

Federal agencies and the engineering community for the seismic-resistant
design and construction of buildings, dams, and critical facilities.



External research

In addition to activities performed by USGS staff, expertise in
earthquake research that exists outside the Federal Government is
utilized through a substantial external research program of contracts
with universities, State, regional and local governmental agencies, and
private industry.

All of these elements provide important data and research results that
are critical to the general problem of zssessing the risk (loss) associated
with the occurrence of damaging earthquakes.

In this paper I will attempt to outline some of the important USGS
research in earthquake hazard and risk assessment that has applicaticns to
problems of earthquake insurance.

10



MEASURES OF EARTHQUAKE RISK

Definitions

) Earthquake hazards are taken here to mean the effects of earthquakes that
may (or may not) cause economic loss and/or life loss. Seismic risk, in the
engineering context, is the likelihood of loss. Terminology used in
scientific and engineering studies may not have the same meaning in property
insurance usage. For example, in property insurance, "risk" may refer to a
structure under insurance consideration. Earthquake insurance terminology
makes extensive use of terms such as "Probable Maximum Loss," "Maximu:
Probable Loss," "Maximum Credible Earthquake," "Maximum Possible Loss." These
terms are not widely used in engirneering and scientific studies of seismic
hazard and risk. Clearly, it is important to overcome any problems of
definition and terminology between earthquake research and insurance practice
so that research results can be of practical value to the insurance
industry. It is believed that the scientific and engineering descriptions of
earthquake hazard and risk used here can easily be applied and adapted to
existing insurance needs and terminology.

Insurance Measures of Risk

Two measures of earthquake risk that appear to be useful to the insurance
industry in the evaluation of possible losses to fixed property such as
buildings are:

1. Average annual loss per structure (the pure premium)

2. Catastrophe potential - many losses resulting from the same event (a
measure of variability of the risk)

The relative importance of the average annual loss as compared with the
catastrophe potential varies with the nature of the earthquake hazard. For
example, the average annual loss measured by the earthquakes that have
occurred in the past 10D years in the Southeast Missouri portion of the
Mississippi Valley is small but the catastrophe potential (in the event of a
recurrence of three great earthquakes such as occurred in 1811-1812) is
great. The average annual 10ss in the Imperial Valley of Califcrnia is
significant while the catastrophe potential is perhaps somewhat less “han in
the Mississippi Valley. This is based on the fact that while numerous
damaging earthquakes (up to Mg 7.3) have occurred, no great earthquares (M>8)
have occurred historically in the Imperial Valley.

Catastrophe potential is probably the single most impo. tant aspect of the
earthquake problem to the insurance community. It is impertant because of the
large uncertainties in forecasting rare events, the difficulties in the
accumulation of reserves to pay claims and the lack of quantitative data that
might provide an upper bound to losses {(and claims).

Estimates of annual average loss (pure loss premium) are an important
factor in insurance rate developmeint but it should not be assumed by the
scientific and engineering community to be the only factor. The actual rate
will be larger than the pure premium because of scientific and engineering
costs to develop the pure premium plus administrative costs such as overhead,

11



marketing and profit. Additionally, seismic and non-seismic risks may be
interdependent, resulting in greater losses and a higher rate. An example
might be the occurrence of a large earthquake in Southern California during a
period of heavy rains which would aggravate the landslide problem in the Los
Angeleés aréa. °

The accuracy of earthquake loss estimates is obviously important, but it
may be important in ways not very obvious to the scientific and engineering
community. As an example, consider the insurance deductible. An example
given by Steinbrugge (1982) is interesting:

"When the $PML, is close to the percent deductible as in the case for wood
frame dwellings, the percent loss over the deductible is very sensitive
to any change in the %PML. Consider a 5% deductible with a 7% PML for
wood frame dwellings. For $1 billion in wood frame dwelling liabilities,
the loss over the deductible would be 2% of $1 billion, or $20 miliion.
On the other hand should the maximum credible earthquake actually produce
an 8% PML instead of 7%, then the 1loss over the deductiblie would be 3%,
or $30 million. 1In this case, a 1% increase in the %PML creates a 50%
change 1In the aggregate dollar PML."

Casualties
The insurance industry also has need for estimates of casualties likely
to result from earthquakes because of the impact on other insurance lines such

as life and health care coverages.

Other Issues

There are many other complex insurance issues related to secondary losses
from earthquake such as loss of contents, suspension of business activity,
increased cost of repair following an earthquake, ete. It is difficult to
attack these issues in a realistic manner until the nature and extent of
primary property losses from earthquakes are more clearly understood.
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THE U.S. GEOLOGICAL SURVEY EARTHQUAKE PROGRAM
AND PROBLEMS OF INSURANCE

Introduction A o

Traditionally the scientific and engineering results of the USGS
earthquake research program of interest in insurance problems have been
reported deterministically. Examples might be geological maps, particularly
of Quaternary geology and Holocene faulting, spectra of strong ground motion,
landslide potential, liquefaction potential, etc. Obviously, a tremendous
amount of scientific information resulting from years of investigation of
earthquake problems by the USGS in the United States is available. Of special
interest for insurance purposes are major scenario type investigations that
have been published for four regions of the United States with major
earthquake hazards; the San Francisco Bay area and Los Angeles and Orange
Counties in California (Algermissen and others, 1972, 1973); the Provo, Salt
Lake City, Ogden Certral Utah area (Rogers and others, 1976); and the Puget
Sound, Washington region (Hopper and others, 1975). These investigations
included Modified Mercalli (MM) intensity ground shaking maps simulated for a
suite of large earthquakes in each region considered to be "maximum" type
events. The emphasis in these four studies is on losses to facilities (such
as hospitals, blood banks, etc.) ecritical to disaster preparedness. Losses
were estimated based on the postulated level of MM intensity at each
facility. Some of these reports included estimates of the probability of
occurrence of the earthquakes for which MM intensity maps were simulated. A
recent intensive earthquake hazard investigation of the Los Angeles area
(Ziony, 1985) has provided a major new, principally deterministic assessment
of the earthquake hazards in that area. A study of the distribution of MM
intensity in the Mississippi Valley in the event of a repetition of the 1811-
1812 sequence of shocks is also available (Hopper, editor, 1985); Algermissen
and Hopper, 1984). Many other research results of the USGS program provide
important information for insurance purposes. Indeed one of the major
problems in applying research results to insurance problems may be the
organization of the research results in a way meaningful for insurance
application.

4 probabilistic ground acceleration map of the contiguous United States
was prepared by Algermissen and Perkins in 1976. This map forms the basis for
the model seisric design provisions proposed in a national study by the
Applied Technology Council (1978) and also the basis for NEHRP (National
Earthquake Hazards Reduction Program) seismic design provisions recently
published (Building Seismic Safety Council, 1985). Subsequently,
probabilistic ground acceleration maps have been prepared for Alaska (Thenhaus
and others, 1986) and the contiguous United States (Algermissen and others,
1982). (One of the six ground motion maps published in 1982 is shown in
Figure 1.) These maps are important because they establish the relative
levels of hazard from ground shaking throughout the United States for various
time periods of interest and for a particular level of probability. 1In the
modeling and computaticonal process nused in probabilistic hazard analysis, the
hypothesized ground shaking histery for all regions considered is also
developed. Earthquake lc¢sses on a national basis can be computed using this
"future average history" of shaking, appropriate inventory, and vulnerability
relationships.

13
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The U.S. Geological Survey has for a number of years carried out research
on a limited basis on the estimation of monetary losses and casualties
associated with earthquakes in the United States. Traditionally, leading
experts in earthquake engineering and damage analysis from outside the Survey
have participated in these studies and contributed greatly to them.
Investigations have ranged from monetary loss estimates for various regions
and urban areas of the United States to disaster preparedness and mitigetion
studies of the four large metropolitan areas already cited.

The data base for thece and subsequent earthquake loss investigations was
developed from field investigations and scientific and engineering reports of
losses associated with a number of significant foreign as well as United
States earthquakes. A list of relevant USGS risk publications is included in
the "Selected Bibliography".

The conclusion that emerges from this brief summary of tre very broad and
comprehensive program of earthquake hazards investigations conducted Llv USGS
over a period of years is that the results of a tremendous amount of very
valuable research are available for application to the problems of
insurance. The major problem is to design a program that builds on these
research results and applies them in a way meaningful to the needs of the
insurance industry. The following disussion outlines the application of some
research results to the estimation of catastrophic potential and average
annual loss.

Catastrophe Potential

The estimation of catastrophe potential requires the estimation of the
size, probability of occurrence and the losses resulting from large
earthquakes throughout the United States. .

Estimation of catastrophe potential is a process involving estimation of:
1. the probability magnitude distribution of large shocks for each region;

2. the probability that these large shocks wWill occur in a given time
period;

3. the distribution of ground motion and geologic effectz associated
with these large shocks; and

4., the losses (economic and casualty) associated with these earthquakes.

The insurance industry understands very well (for example, Friedman,
1970) that estimates of catastrophe potertial based on the historic record of
earthquakes in an area may be poor since large earthquakes are rare events.
With the emergence of paleoseismic studies (identification and dating of
evidence of major earthquake occurrences in the geologic record) it is now
possible to extend the record of earthquakes into prehistory in many areas and
thus improve the estimation of both the magnitude of the largest shock likely
to occur and the probability that it will occur. In addition, the increased
emphasis on studies of seismotectonies (relationship between carthquake
occurrence and geologic structure) has improved our understanding of
earthquake occurrence.
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The accuracy of both the magnitude and the probability of occurrence of
large earthquakes will obviously vary greatly in different parts of the
country depending upon the nature of the available data. For example,
California, where the USGS has recently published an assessment of the
probability of large shocks (Working Group on California Earthquake
Probability, 1988) is an area where extensive data are available. Little data
are available for the forecasting of large shocks in many other areas (for
example, New England, Kansas). Nevertheless, estimates of the magnitude and
probability of occurrence of large shocks throughout the country are an
essential component of any insurance orientec program.

Estimation of the magnitude distribution and probability of occurrence of
large earthquakes by region are only the first two steps in the assessment of
catastrophe potential. The third critical step is the estimation of the
distribution of ground motion and geologic effects associated with the
earthquake.

A number of estimates of the distribution ground motion would be
useful. Some suggestions are:

1) Modified Mercalli (MM) intensity maps for the "maximum magnitude”
earthquakes postulated for each region; MM intensity as a mapping
parameter is important because much of the work on vulnerability has
been cast in terms of MM intensity;

2) A maximum MM intensity map of the country based on the historical
record of earthquake occurrences;

3) Maps depicting the geological hazards (landsliding, liquefaction,
surface faulting, etc.) associated with the earthquakes and shaking
postulated in (1 and 2) above.

The maps prepared under (1) and (3) above would provide an assessment of
the distribution of ground motion and geologic hazards associated with
possible large earthquakes throughout the country while the maximum intensity
map of the country (2, above) provides a useful record of the maximum ground
shaking that has been observed historically. USGS has published a number of
risk studies that have included maps such as those described in (1) and (2)
above (see Bibliegraphy). Most of these studies need revision to provide
greater detail in the light of new data.

Figure 2 is a schematic diagram showing the elements required for the
estimation of economic losses and casualties asscociated with any large
regional earthquakes postulated for the estimation of catastrophe potential.
In addition to hazard assessment, evaluation of catastrophe potential depends
on inventory and vulnerability. The following is a discussion of these two
parameters.

The spatial distribution and characteristics of things or people at risk
is here called inventory. In many ways, it is the meost difficult and
expensive parameter to estimate. For example, building classifications used
in risk assessment must identify and reflect those building characteristics
that are associated with damage. In contrast, casualty estimates are
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obviously related not only to the Figure 2 damageability of a building, but
also to occupancy level. The near independence of building characteristics
and occupancy considerably complicates the analysis of casualties. Building
damage is largely dependent on framing characteristics-and materials of
construction whereas occupancy density is largely independent of these
parameters. Many other complexities such as regional variation in engineering
and construction practice, the spatial distribution of buiidings, and other
facilities such as lifelines are associated with the inventory parameter, The
USGS in its loss (risk) studies has used a slightly modified version (Table 1)
of a buildings classification developed by the Insurance Services Office
(IS0). The ISO classification is generally used by the insurance industry.
The building classification system in Table 1 is also used by USGS in its
current investigations of earthquake damage and vulnerability. Thus, USGS is
in an excellent position to apply the inventory methods it has used in the
past and which it is currently developing to loss investigations of value in
insurance studies. Since USGS uses the insurance industry building
classifications, any inventory provided by the insurance industry could be
easily used for loss estimation.

Vulnerability is the susceptibility of a structure or class of structures
to damage. Vulnerability is often expressed as the percent of the total
replacement cost of the building required to repair it when it is subjected to
some specified level of ground shaking. A number of vulnerability
relationships have been published. Some are based on analysis of earthquake
damage in historic earthquakes, some on theoretical considerations, and others
are based on both damage experience and theory. The principal problems in
vulnerability analysis are: (1) very few damage studies of historical
earthquakes are statistically based, and (2) the relative importance of
various parameters of ground motion that can be reasonably measured and
related to earthquake damage is still not well understood. The USGS has
maintained a small but important in-house program aimed at analyses of
vulnerability. In addition, significant research on vulnerability has been
funded by the USGS on a contract basis. An example is a study of the damage
resulting from the 1951, Kern County, California earthquake. USGS has
underway statistical studiss of damage data acquired through detailed field
damage surveys of the 1971 San Fernando, the 1983 Coalinga, California and a
number of smaller, but significant shocks (for example, the July 27, 1980
Sharpburg, Kentucky shock).

Average Annual Loss

The estimation of average annual loss is an important factor in premium
development and for the establishment of deductible. Essentially, the
estimation of catastrophe potential is a subset or part of the determination
of average annual loss and the result of the research on catastrophe potential
already discussed must be incorporated into average annual loss. The relative
importance of average annual 1loss in the overall development of an earthquake
insurance program is heavily dependent upon the deductible levels established
and conversely, estimates of average annual rate are important in
establishment of deductibles. A number of techniques have been used by USGS
to estimate average annual losses. For example average annual losses can be
approximated by:
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Table 1--Bujlding classification used in U.S. Geological Survey loss studies
(based on Insuranocs Serviocas Offioce olassifioation)

Classes .
and Brief description nf subclasses of five broad building classes
Subclasses

1A Wood-frame and frame-stucco dwellings.

18 Wood-frame znd frame-stucco buildings not qualifying under 1A (usually large-area
nonhabitational units); (not considered in this study).

2A One story, all metal; floor area less than 20,000 reetz.

2B All metal buildings not considercd under 2A.

3LA Steel frame, superior damage-onntrol features; less than four storles.

3LB Steel frame; ordinary damage-control features; less then four storles.

3L Steel frame; intermediate damage~contrnl features (between 3LA anc¢ 3LB); less than
four stories.

3LD Flnors and roofs not onncrete; less than four stories.

3HA, 3HB, Descriptions are the same as for 3LA, 3LB, 3LC, and 3LD éxccpb that

3HC, 3HD bujldings have four or more stories.

yLa Reinforoed concrete; superior damage-control features; less than four stories.

4LB Reinforced concrete; ordinary damage-contrnl features; less than four storfes,

uLc Reinforced concrete; intermediate damage-control features (between LA and ULB); less
than four stories.

4LD Precast reinforced concrete, 1ift slab, less than four stories.

4LE Floors and roofs not concrete, less than four storjes,

UHA, UHB, Descriptions are the same as for 4LA, NLB, WLC, ULD, and 4ULE except that buildings

4HC, 4HD, 4HE have four or more stories.

SA Dwellings, not over two stories in helght, constructed of (a) poured-in-place
reinforced concrete, with roofs and second floors of wood frame or (b) adequately
reinfaorced brick nr hollow-concrete-block masonry, with roofs and rloors nf wood (not
considered in this study).

5B One-story buildings having superior earthquake damage-control features, including
exterfor walls of (a) poured-in-place reinforced concrete, and (or) (b) precast
reinforced cancrete, and (or) (c) reinforced drick masonry or reinforced-concrete
brick masonry, and (or) (d) reinforced hollow-concraete-block masonry. Roofs and
supported floors are of wood or metal-diaphragm assemblies. Interior bearing walls
are of wood frame or any one, or a combination, of the aforementioned wall materials.

5C One-story buildings having constructinn materials listed for Class 5B, but with
ordinary earthquake damage-control features.

5D Buildings having reinforced concrete load-bearing walls and floors and roofs of wood,
but not qualifying fo- Class KE; and buildings of any height having Class SB
materfals of construction, including wall reinforcemsnt; also Included are buildings
with roofs and supported floors of reinforced concrete (precast or otherwise) not
qualifying for Class 4.

SE Buildings having unreinforced solid~unit masonry of unreinforced brick, unreinforced
concrete brick, unrelnforced stone, or unreinforced concrete, where the loads are
carried in whonle or in part by the walls and partitions. Interinr partitions may be
woad frame or any of the aforementioned materials. Roofs and floors may be of any
material. Not qualifying are bulldings having nonreinforced lnad walls of holl-w
tile or other hollow-unit-masonry, adobe, or cavity construction.

S5F Buildings having lnad-carrying walls of hollow tile or other hollew-unit-masonry

construction, adobe, and cavity-wall construction, and any building not covered by
any nther class (not considered in this study).

19



Simulation of the ground motion associated with the historical record
of earthquakes in an area. An example is the computation of average
annual loss to dwellings in the San Francisco Bay area using three
different time windows of historical earthquakes (Algermissen and
Steinbrugge, 1978).

Assessme;.. of losses using the data base and methods of the USGS in
the preparation of national probabilistic ground motion maps. Figure
3 is a schematic indicating the general process of probabilistic
ground motion hazard assessment. In Figure 3A, the earthquake
activity believed to influence the ground motion at any site of
interest has been grouped into areal sources called seismic source
zones. These sources are constructed on the basis of seismotectonic
information together with paleo- and historical seismicity. The
earthquakes in each source are assumed to occur with uniform
probability throughout each scurce or with uniform probability along
any fault (line) sources. Line sources are frequently used to model
the larger earthquakes while point sources are an adequate
representation of smaller shocks. For each seismic source the
magnitude distribution of earthquakes is approximated (Fig. 3(B1))
and using the attenuation of ground motion with distance from the
earthquakes (Fig. 3(B2)), the distribution of shaking at every site
of interest is calculated (shown in Figure 3C as the cumulative
distribution function of intensity). Using any suitable
probabilistic model for the occurrence of earthquakes in time (shown
in Fig. 3D as a Poisson model of earthquake occurrence in time), the
probability of any level of ground shaking (the ordinate in Fig. 3D
is probability) in any time T can be computed. The gquantity that is
illustrated in Figure 3 as being mapped is intensity. Using
vulnerability relationships such as shown in Figure 4, the maximum
expected percent loss by class of construction for any time period
and level of probability can be determined directly, provided
suitable inventory is available. In addition, if the attenuation or
change of percent loss (replacement cost) away from an earthquake
source is known or can be developed, the distribution of percent
losses or economic loss (if property values are known) can be
determined as a byproduct of probabilistic ground motion hazard
assessment. In Figure 5(B2), the attenuation of percent loss is
shown instead of the attenuation of intensity as shown in Figure
3(B2). The use of the attenuation of percent loss away from an
earthquake source has been suggested by Steinbrugge, Algermissen and
Lagorio (1984). The development of this type of vulnerability
relationship will, however, require extensive research.
Probabilistic ground motion maps of the United States have been
prepared by Algermissen and Perkins (1976) and updated and revised by
Algermissen and others (1982). Probabilistic intensity maps of the
United States are now in the process of being prepared at USGS. Thus
the calculation of average annual loss, probability of a certain

level of loss or the level of losses for various levels of

probability and exposure time can be developed as an additional

product of the on-going naticnal probabilistic seismic hazard mapping

program in USGS. USGS is in a unique position to develop this kind

of data. The considerable program investment in the assembly,
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Typical seismio source zones and grid of points at which the hazard !s to be
computed. In practice the source zones can have any shape. The "site of
Interest" means a particular site for which the ground motion is being
calculated. The lines drawn to the source zones means that earthquakes are
consldered to occur with equal probability throughout each source (or along
each fault) and that the ground motlon from earthquakes occurring throughout
each source must be attenuated to the "site of interest" using the intensfty
attenuation fn (B2).

Magnitude distridbution (log‘ON = a-bM, where N i{s the number of earthquakes
greater than magnitude M) for the selsmlc source zones shown in (A).
Attenuation of intensity with distance from the simulated earthquakes.
Cumulative condltional probabllity distribution of Intensity. This is the
distribution of ground shaking at the "site of Interest” obtained lrom the
mogel.

The probabllity (ordinate) of occurrence of intensity (absclssa) for various
time periods of interest, Any appropriate probabillity model can be used. The
model illustrated is a Poisscn model.
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organization and interpretation of geological and geophysical data
required for probabilistic seismic ground motion assessment has
already largely been accomplished and represents a critical initial

step in the computation of expected earthquake losses on a national

basis. .

Simulation of the annual losses associated with earthquake induced
landslides and liquefaction. Considerable work has been done on the
probabilistic estimation of liquefaction severity in the United
States (see, for example, Youd and Perkins, 1987). Some progress has
been made on the problem of estimating earthquake induced landslide
potential (see, for example, Wilson and Keefer, 1985).
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SOME ADDITIONAL ASPECTS OF RISK ASSESSMENT

The previous discussion has outlined in a general way the cata and
techniques available for the assessment of earthquake risk associated with
ground shaking using intensity as a measure of ground shaking. I focus now on
some of the problems in risk assessments, data bases that might be developed,
examples of risk assessments and various presentations of results.

The Problem of Intensity

Risk assessments historically have used intensity scales such as the
Modified Mercalli Intensity (MMI) in the United States as a measure of ground
shaking and have used vulnerability relationships that depend on percent loss
as a function of intensity. Unfortunately, the mappirng of ground shaking in
terms of intensity presents a number of problems. All intensity scales are
subjective and many types of modern construction are not represented in the
intensity scales in current use. 1In addition, the types of structures
referred to in the MMI scale do not include many types of new construction and
do not include effects on high-rise bvildings. 1In partfcular for high-rise
buildings it would be desiratle to construct maps of the expected peak values
of earthquake ground spectra at several periods of ground motion, say at
periods of .2 and 1.0 seconds. Maps of this type would at least in theory
lead to a much improved assessment of expected damage to tall structures. A
more direct method of assessing loss would be to construct contour maps of
damage (for example, percent of replacement cost) by class of construction for
earthquakes of interest. This approach has been suggested by Steinbrugge,
Algermissen and Lagorio (1984). There are, however, many problems in the
implementation of this idea. Most of the research on vulnerability (the
relationship between damage and ground shaking) has been done in terms of
intensity. Development of relationships for direct mapping of damage as a
function of distance from an earthquake would require a reinvestigation of
virtually all the damage data available for historical earthquakes.

Site Response

It is now generally agreed that the modification of seismic waves caused
by the surficial material beneath a site to depths of several hundred meters
may result at many sites in the amplification of ground shaking »f several
times that experienced at other sites. These anomalies of several MMI degrees
may occur locally. An extreme example of this phenomenon is the relatively
large ground moticn at wave periods of about 2 seconds that occurred in a
portion of Mexico City in 1985 causing enormous damage. Information avbout the
geotechnical properties of the near surface materials is important in
assessing seismic risk, especially in the case of important and expensive
structures.

Earth Science Data Base

One of the main problems in applying the data and research results
available from the USGS program to the prcblems of ea~thquake risk assessment
and insurance is organizing the available data in a useful manner. Figure 6
shows how data and research results relevant to risk assessment and insurance
could be organized nationally. Critical information could be accumulated in
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geographic "cells" having useful dimensions. Examples might be cells 1Okm2,

census tracts, zip code zones, etc. Data accumulated in each cell might be:
(1) the shaking history of the cell (extropolated from historical seismicity
data); (2) the shaking histqry of the cell obtained from the probabilistic
ground motion hazard calculation; (3) surface geology and thickness of surface
material; (4) Quaternary, Holecene and his. oric faulting; (5) geotechnical
properties (such as seismic wave velocities, densities, etc.); (6) population;
(7) available inventory by class of construction and value; and (8) expected
maximum ground shaking for various periods of time of interest.

Obviously, not all of the above information would be available for all
cells. However, if properly plannea, the data base could be periodically
added to and expanded. This type of product lends itself well to the new
Geographic Information System (GIS) data base and mapping system. USGS has
been a leader in the development of GIS products.

Inventory and Damage Data Collection

The USGS is developing an integrated, microcomputer-based system for both
inventory development and for the collection of earthquake damage data
following an earthquake. The entire system is being designed for ease of
operation in field surveys of either damage or inventory. The system is based
on mark-sense sheets that are computer entered by means of an optical scanner
and is designed so that the building characteristics recorded for inventory
are those related to earthquake damage. The system is planned to acquire data
for: 1) the statistical assessment of damage following significant
earthquakes; 2) the development of inventory; and 3) the improvement of
vulnerability relationships.

A sketch illustrating the concepts involved is shown in Figure 7. The
importance of the damage and inventory acquisition methodology being developed
is shown by the relationship between the "INVENTORY" and "VULNERABILITY"
blocks in Figure 7. The concept is that the parameters or characteristics of
buildings that are inventoried should be the same parameters that best
describe damage to a building during an earthquake. Figure 8 shows a typical
mark-sense sheet for use in damage estimation following an earthquake. It is
obvious that by slight changes in the descriptions, the same form can be used
for inventory development.

Figure 9 is a schematic showing the computer system and peripheral
equipment. This system is designed to be transportable for use in the field
for damage surveys. The current program in inventory development and analysis
of damage data have important implications. This program is providing new
statistical analyses of important earthquake damage sets not currently
available for existing loss estimation techniques. A major problem in early
loss studies was that vulnerability relationships had to be developed based
solely on engineering judg:sment since historically, earthquake damage data
have not been collected on a statistical basis. We now have available two
excellent data sets (Zoalinga and San Fernando, California) which are being
analyzed statistically. These data sets, together with the implementation of
the new, statistically based damagz collection system will make possible much
improved estimates of the statistical distribution of damage for buildings of
every class for a particular level of ground shaking.
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Figure 9. Schematic.of computer and peripheral equipment used in the
fleld acquisition of earthquake damage data and for development of
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SUMMARY

A wide variety of data and applied research results of irportance in
earthquake 10ss estimation and insurance can be provided within the framework
of existing technology. The following is a selective, annotated list of
possible products:

1.

Earth science data base

National data base of information critical to loss estimation (see
Figure 6 and previous description).

Estimation of the magnitude distribution and probability of

occurrence of large earthquake by region

Reliability of these estimates would vary widely depending on
paleoseismic and historical seismicity data available (see Working
Group on California LCarthquake Probability, 1988 as an example).

Expected ground shaking (in terms of intensity) for probability

levels and time periods of interest

Probabilistic maps of maximum expected acceleration and velocity are
currently available for a 90 percent probability of not being
exceeded in time periods of 10, 50 and 250 years. Figure 10 is an
example. Figure 10 shows how use of maps of this type can provide
useful comparisons of the expected level of shaking in various areas.

Deterministic and probabilistic estimates of earthquake risk (loss)

Losses might be estimated from analyses of hypothesized deterministic
(scenario) type earthquakes or probabilistically by building on the
USGS program of regional and national probabilistic ground motion
estimation. Vulnerability information is being developed within the
ongoing program of the USGS as already described. Inventory would
depend on the needs of the user, but could be collected or adjusted
to the formats being developed by USGS for inventory collection.

Many different presentations of loss data are possible, including:
(1) aggregate losses by class of construction for scenario type
earthquakes; (2) average losses by class of construction regionally
or nationwide; detailed investigations of losses in special areas of
interest, etc. Figure 11 shows a specialized presentation of percent
loss associated with the occurrence of a maximum intensity VII
(I0o=VII) earthquake anywhere in the San Francisco Bay Area
(Algermissen, Steinbrugge and Lagorio, 1978). In Figure 11, percent
losses for the Bay Area taken as a whole were computed assuming that
an earthquake with Io=VII occurred at each of the grid points

shown. The results were then contoured. It is therefore possible te¢
estimate the total losses to a particular class of construction
resulting from the occurrence of an I0=VII anywhere in the Bay Area
by interpolation of the contours. For example, if the earthquake
occurred at the Point marked A, the losses would be 7.6% of the total
replacement cost value of all buildings of class 5E in the Bay

Area., If the earthquake occurred at point B, the losses would be
approximately 1.8%. (See Table 1 for a description of building class
5E.)
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Figure 10. Comparison of the maximum expected ground acceleration in 10,
These data

50 and 250 years at a number of sites in the United States.
were derived from maps such as the one shown in Figure 1. The ground
accelerations shown have a 10% chance of being exceeded in the time

periods shown.
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earthquake cccurs at Point A, the loss to all 5E structures in
the Bay Area is estimated at 7.6%. For a similar earthquake
at Point B, the losses would be approximately 1.8%.
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The purpose of this paper and the above summary has been to cutline the
potential for the improvement of our understanding of the nature and structure
of future earthquake losses in the United States making use of the rapidly
expanding base of data and research available, particularly within the USGS
earthquake program. Obviously, much additional earth science research is
conducted in other federal, state and local agencies, universities and the
private sector. It is believed that the general ideas discussed here apply
equally to all of the generally available data and research currently underway
in the United States.
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Needs of the Insurance Industry
by

L. B. Falck
New Zealand Earthquake and War Damage Commission
Levin, New Zealand

The earthquake which occurred in the Bay of Plenty on the east coast of the
North Island of New Zealand in March 1°87 was a shattering reminder to all New
Zealanders of the realities of earthquakes which they live with every day.
When total costs had been analysed the facts were even more startling. In an
area of low density population, low cost housing generally with only four
jndustrial complexes, which could be considered large, the all up cost can be
broken down as follows:

Earthquake and War Damage Commission $130 mitlion (N.Z.)
Private Insurers $356 million
N.Z. Government $350 million

$836 million

Of its share of the losses, the Commission would estimate that only $20
million dollars can be attributed to losses in the domestic housing sector,
(i.e., only one-sixth of its total losses). A loss of nearly $8 billion in
total turned the Government's, Commission's and industry's attention to the
problems that could be anticipated with future earthquakes. We all had been
living in a dreamworld that the New Zealand Government would and could see us
all rehabilitated. It was now obvious that we were in reality facing a
scenario where the Commission and industry could face total financial collapse
and further create a tax burden beyond the ability of the current and
projected tax base of New Zealand to cope. Of even more concern, the picture
in respect of insurance cover against this sort of natural disaster that
emerged concerned all in the industry. Approximately 20% carried no cover and
another 20% were underinsured. Because of the nature and small population
base in New Zealand, it has also become a habit of Governments to rehabilitate
these people. The sum involved and payouts in a historical context showed
quite clearly that the person who had prudently insured and paid premium was
at a distinct comparative disadvantage to those who had not. Resentment was
rite and the philosophy "Don't insure and she'll be right" (a famous fore of
Kiwi avoidance behavior) became a catchery. These socio-political factors
therefore, have forced us all to reconsider our current positions. As a
consequence, the New Zealand Government in an effort to reduce its involvement
and contingent 1liability has announced that Earthquake insurance in New
Zealand and the associated disasters which in New Zealand have traditionally
been part of that package (vulcanism, tsunami, land cover and hydrothermal
eruption) will in the future be compulsory in the domestic housing sector. In
addition, in an attempt to increase the capacity for earthguake insurance
currently available in the New Zealand market the Government further decided
@o remove the monopoly the Commission has had to date over this type of
insurance.

Why did I outline all this at the beginning of an address to members of a
workshop on the insurance and engineering needs of the industry?
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The answer is because these moves have excited the industry and the Commission
into the largest investment in earthquake and related research in our

“iztory. The Commission has already invested in excess $7 million this year
with a similar projection for the next year. In proportion similar subs are
being invested by the industry. We are all faced with finding answers to some
or all the following questions.

i What is the extent of exposure? What is a reasonable expectation of
. after costs? How can these costs be minimized?

i1  How are rates to be arrived at? Are the current zones adequate? The
problems of liquefaction and its attendant hazards, how do we cope
with the increasing evidence that our three largest cities are badly
exposed? Volcanoes - where is Auckland in respect of the recently
postulated "hot spot" and what are the chances of a new eruptions?
etc.

ii1 Tsunamis - How frequent have they beer? How much damage have they
caused? The greenhouse effect coastal housing units and coastal
erosion. "Ice quakes" in Antarctic etc.

iv. Building and design codes - are they meaningful and what do we do
about the housing stock erected prior to regulation?

v The main Alpine-Wellington fault - do we know enough about it? Two
months ago they redrew its position on the map, should we not be able
to expect accurate information on its position and potential
behavior?

vi Disaster management programs. The banking industry, communications
industry, how would they cope after a major earthquake with the
insurers trying to arrange for liquidity and claims payments or would
they collapse?

vii How much reinsurance should one purchase and what is the appropriate
cap of liability?

viii The Maximum Possible Loss, Estimated Maximum Loss - Are our current
models able to give us a clear picture of the problems we can expect
when a large magnitude disaster strikes?

A 1ot of these questions are not relevant and do not need investigation in a
country such as the United States where redundant systems and controls within
the economy could deal with some of the difficuities I mentioned. In New
Zealand because of the smallness and fragility of our economic and
communications infrastructure they are pressing and require resolution.

The research projects I have just outlined are the current needs of the
industry. They do not touch upon the ongoing progresses of a more theoretical
nature (geophysical, seismological, etc.) which are both important and
necessary if we are to gain a true understanding of earthquakes and betiter
able to predict their onset. In New Zealand we are following with great
interest the work currently being carried out in this area in California in
respect of the future behavior of the San Andreas fault.
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New Zealand has historically been very active in the various research
disciplines associated with earthquake research. It has been low budget, high
quality research. The questions studied have not always addressed the
problems that the underwriter faces and wishes to resoive when confronted with
a demand for earthquake insurance. The Government initiative has now given an
impetus in the direction required by the industry. It is the Comnmission's
intention to continue to fund larger term programs of theoretical research but
in future will also require a research effort centered about its commercial
objectives. The industry currently funds 1ittle theoretical research and has
traditionally left this to the lot of the Government and Commission.

I would 1like to now spend some time addressing the issues and research needs I
outlined earlier. When confronted with a new regime the fundamental question
facing the industry immediately was identification of the value at risk. The
Commission has always had a monopoly and did not have a clue as to its total
aggregated risk essentiaily because it is a non policy issuing insurer - a
creature of statute. Rapid research projects were established aimed at
determining the current situation, the various locations of greatest risk and
for reinsurance purposes a process whereby these aggregations could be
coherently broken down. Further the problems of determining algarit has which
could deal with loss of contents cover, replacement cover and the extremely
difficult problems of plant and automobile covers, became vital for the
forward planning of the industry. What was of great interest to me was having
had to take a iot of criticism in the media from the private insurers over the
past years for not knowing where and what the commission's risk was. It
became very apparent early on once the actuaries and mathematicians got into
the act that the Insurance companies were in just as bad a position if not
worse even though they did issue policies. One problem was that their
policies were for replacement and no one had determined how you established
cost in event of a claim. Needless to say a lot of companies are spending
considerable sums of money now in attempts to get relevant and accurate data.

Another major and pressing problem is determining Expected Maximum Loss

(EML). Various rule of thumb methods have been applied and it is interesting
to note that methodologies are now being developed which will allow an insurer
to calculate within reasonable error limits the extent of loss in any
specified event. I have great hopes for this brand of research because it
will also be of assistance to the wider community in their preparations for a
seismic event. Minimization of after casts is vital if we are to cope with
the problems of a significant event. Examination of regulations and building
codes is currently being undertaken to determine whether they are in accord
with current research findings. The insurance industry lobby will now also
have to focus upon the need for adherence and whether we will insure a client
who refuses to bring that structure up to standard. A great deal of interest
is now centered about the need for a set of minimum codes for the domestic
market. Enforcement will be a problem. I note with interest that the
emphasis in California concerning proximity to fault lines and the gradual
adoption of rules creating no-go building areac is not the same in New
Zealand. How else in Wellington could we now have most of our high rises hard
up against or lying across the fault. In Christchurch work is currently being
carried out to determine means of rejacking tall buildings as a means of
avoiding constructive total loss. I am assured by the scientists that once
the technique is proven that insurance costs will be reduced by 90%. As I am
sure you are all aware the work upon timber frame high rises as a safer and
more resistant style of construction is also proceeding rapidly.
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Rating will become increasingly important as competitiveness hops up. The
relationship between seismic danger zones and a rating scale is being
explored. Never before has an attempt been made to determine a scale of
rational rates for New Zealand. We currently have situations where
replacement cover in excess of the Commission's indemnity cover is thrown in
free as a sweetner to attract the remainder of the business. There has been
little attention to the true costs and hence true rates in the past. As our
knowledge of our risk area increases the problems multiply. For example a
relatively low risk city in historical terms - Christchurch has been now
determined as a high risk area for liquefaction, where up to 90% of the urban
area could be subject to subsidence if a force 7+ (Richter) occurred.
Auckland is now considered to have a considerable risk of vulcanism - houses
are literally built upon the sides of what were once considered dormant
volcanoes. As our knowledge grows and the potential for an eruption in the
Auckland area rises so do the problems m:1tiply. A small provincial city (New
Plymouth) 1ies in the shadow of a cone (Mt. Taranaki) which is the splitting
image of Mt. St. Helens - now research tells that this particular cone_is long
overdue for one of its characteristic explosive eruptions. There is Taupo -
largest volcano in the world. Scientists are carefully studying this crater
and trying to get to grips with its behavior. Then there is Wellington - I
cculd continue, as our knowledge increases so do our risk areas. For the
insurer the problems of setting a rate appropriate to the value at risk is
becoming a nightmare. We need to know more about the earthquake potential,
volcanic possibilities, etc., and the expectation we can expect in respect of
them.

The insurance industry is also faced with the risk attendant to Tsunami
whether it originates within New Zealand's territorial waters or not. Until
recently 1ittle work had been done on this area in New Zealand. With the
recent increase in coastal building, the insurance industry needs to determine
what the effects of a decent sized tsunami would be. The greenhouse problem
recently outlined has only increased our concern in this respect.

Ice quakes became an issue in New Zealand some years ago, Our nearness to the
Antarctic Continent means we, 1ike Australia are exposed to major seismic
events occurring under the Ice shield. This phencmenon is the focus of
continuing research and hence the joint venture work currently being carried
out in respect of the seismicity of Antarctic. Research is also currently
being done to determine the problems of immediate concern - the effect of the
resulting tsunamis upon the southern and eastern coasts of the South Island.

The last area of research I would 1ike to outline to you is a newcomer to the
scene in New Zealand. Here I am referring to the increasing ‘interest in
research associated with the after effects of earthquake disaster. The work
of the California Seismic Safety Commission is being carefully studied and
indeed there is pressure for the creation of a similar body in New Zealand.
At a time when our Government is moving to abolish as many of these type of
bodies the problem of gaining support for such an organization has

magnified. Some of th2 areas of concern are problems that are faced only by
New Zealand because of the location of the Capital City. I just want to list
some of the efforts I have had contact with briefly.

Banking Industry recovery - What would be the inherent problems?

Currency Management in a disaster - What are the scenarios?

Electricity Reticulation - What would be the likely effects upon the
national grid?
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Communications - modeling the effects of a large quake upon this
vital area.

Behavior of the citizens - What do like disasters tell us about
the potential behavior of the population etc.

These are just some of the projects being carried out by both private and
public research agencies. A recently completed study of the aftermath of
nuclear holocaust has caused a radical rethink of current practices when it
pointed up the inadequacies and somewhat naive assumptions inherent in our
current plans. This in fact led to the other radical change in the
Commission's future activities - the removal of war cover as an insurable
item. Insurance for this will now be unavailable and the recovery after war
the responsibility of Government through a National Reconstruction process.
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COLLECTED RECOMMENDATIONS AND VIEWPOINTS

By
Karl V. Steinbrugge
Consultant
El Cerrito, California

This presentation is a summary of recommendations and viewpoints gleaned
from the written submittals by the insurance participants to this workshop in
Albuquerque. Also included are recommendations made by insurance speakers at
the Executive Briefing held in Washingcon, D.C. on March 8-9, 1988. Additional
oral statements have also been included. Order does not indicate priority.
Topics will be reorganized in the firal draft.

Wording often is that of the participant, sometimes edited for brevity
or context, or combined with those of others. In every case, the
recommendations and viewpoints are those of the participant(s) and are not
necessarily in agreement with those of others.

The intent is to offer these as discussion "strawmen" at the closing
session of this workshop. Hopefully, audience participation will add to as well
as revise the points made herein. Results of these discussions should assist
the USGS in establishing priorities and help define programs which can be
implemented within their agency’s goals.

PMLs and Damage Ratios

The insurance industry commonly uses the term Probable Maximum Loss
(PML) for earthquake loss purposes while engineers have often use the term
Damage Ratio. These definitions are different. There is no commonly accepted
transfer function (mathematical relationship) between these two definitions.

Personal lines underwriters understand PML as an aggregate.loss figure
(such as the loss for all dwellings in a postal ZIP) while the commercial lines
underwriter considers PML on an individual risk basis. USGS research has used
damage ratios in some loss estimation studies.

PML and damage ratios should be mathematically defined in terms useabdble
by the insurance industry and by engineers and scientists in order to provide a
basis for data commonality.

California has established property damage estimates for various
construction classes., Assuming these estimates are correct, how do other
factors (such as combustible loading, hazardous occupancies, outside exposures,
e.g., flammable liquid tanks, elevated tanks, irregular shaped or closely
adjoining building, etc.) adjacent to a site affect the estimated loss? What is
the potential damage frcm a vapor cloud explosion at a chemical plant. Should a
uniform system be established in other countries around the worlad?
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Aftershock

Most insurance companies accept the definition that an earthquake event
includes seismic activity within 72 hours of the initial shock. What intensity,
location, and monetary loss can be expected for afte. shock in relation to the
major shock? What potential effect will it have on structures already weakened?
Can these effects be related to individual building classes?

Microzonation

There is need to quantify the relative hazards shown on microzonation
maps for the degree of expected damage by class of construction. This should be
done on a consistent basis by all who prepare such maps so that monetary loss
estimates derived from these maps will be numerically consistent. Words on maps
such as "slight", "moderate®", etc. have no consistent numerical meaning.

Incremental increases in PMLs and/or damage ratios of buildings based on
soil conditions and earthquake size shoula be quantifiable from maps or from
other sources. Preferably, all such information should be in computer data
banks.

Time-Element Loss

A method is needed to better identify potential delays in resumption of
commercial operations. There is no question that the life safety and health
aspects must receive first priority, but prompt restoration of business is also
essential.

Earthquake Building Damage vs. Other Earthquake Losses

Even if earthquake coverage is not provided, there will be fires,
sprinkler leakage, collapse, contamination, etc. What political and legal
ramifications should be expected as they relate to payments for damage resulting
from earthquake involving other perils, particularly on locations that did not
have earthquake coverage?

Site-specific Analysis

More information is needed to properly evaluate a particular location
than can be gathered without an actual visit. Can analysis be made for such
things as soil condition, landslide potential, land use (commercial and
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