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RECENT DEVELOPMENTS IN SEISMIC RISK ANALYSIS
CHALLENGES FOR THE COMING INTERNATIONAL
DECADE FOR NATURAL HAZARD REDUCTION

by
HARESH C. SHAH*

1. INTRODUCTION

On October 17, 1989, an earthquake of magnitude 7.1 shook the
San Francisco Bay area. With an epicenter in the Santa Cruz mountains,
the earthquake killed 67 people, injured 2435, and caused damage of
about 36 hillion. Earthquakes of this size and greater occur In California
at a rate of approximately twelve per century. While catastrophic
earthguakes, such as the 1906 San Francisco earthquake, historically
have a return period of 250 to 300 years, geologists currently estimate
that there is a 50%, chance of a great earthquake striking Southern
California in the next 30 years. With an estimated Rlchter magnitude of
8.2, this great Los Angeles earthquake will release almost 1000 times
more energy than the 1987 Whittier earthquake or more than 30 times the
energy of the Loma Prleta earthquake. The Caliornia Department of
Insurance estimates that the economic loss will exceed $50 billion due
to such an event. Similar Josses are expected from a major earthquake
in the San Francisco Bay Area. '

Eartquakes can cause damage in a number of ways. Damage to
buildings occur through primary, secondary, and tertiary hazards.
Primary hazards are those which can be directly related to the earthqu-
ake. They include such phenomenon as ground vibration and fault
rupture. Secondary hazards are those potentially dangerous situation
triggered by the primary hazards. These include foundation settlement,
landslides, soil liquefaction, or tsunamis. Tertiary hazards result from
structural damage caused by the primary and secondary hazards and
are often the most serious. These include such events as flooding due
to dam faifure or fire following an earthquake. In fact, most of the
property damage in the 1906 SF earthquake was due to the great fire,
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not the ground shaking itself, Losses resulting \from these selsmic
hazards are numerous. They can be categorized as foliows.

Life and -ipjury

Property damage
Business interruption
Lost opportunities
Building contents damage
Tax base

Other loses

O0O0Op0pO0O0O

Evan though #he fundamentsl goal of good earthquake enginesring
is o0 minimize {ife Yoss and injury, in this paper we will concentrate on
issues related to economic risk. it is tacitly understood that by minimiz-
Ing property damage (buildings, iifeiines, infrastructure, etc.), we also

minimize casualities and socio/economic Impact.

in light of such earthquake induced hazards and the enormity of
the potential losses, there is an Increasing concern on how to manage
earthquake risk. According to Richard Roth Jr., the Assistant Adminis-
trator of the Callfornia Department of Insurance, while only about 20%

of the homes and businesses in the State of California are insured for:

earthquake damage, ‘‘Having insured that 20 percent, the insurance
ndustry probably has exceeded its capacity to assume risk." Walter
Hays of the United States Geological Survey reinforces such concerns.

An yrgent need exists for earthquake risk management
on all scales...it Is clear that the economic value of
the dwellings, buildings, public and private facilities,
and lifeline systems that are at risk from earthquakes s
not only very large (trillions of dollars on the global
scale), but also that it is growing with time. This
situation calls for action now |

Many oranizations have failed to recognize the full extent of thelr
Potential earthquake exposure. This has occurred due to several
factors:

O The seeming remoteness of a major selsmic event,

2
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O The lack of appreciation of the damage potential
O  The lack of tools to cost-effectively quantify the risk.

It all seems so overwhelming; Earthquaks appear to occur at rand-
om intervals in random locations in random sizes and cause seemingly
random amounts of damage.

Fortunately, earthquake risk can be managed just like other
economic uncertainties by knowing as much as possible about the risk,
narrowing down the uncertainty, and planning a strategy or trade-off
accordingly. While engineers and geologists cannot predict with
reliability the occurrence of earthquakes, recent developments In
earthquake and geotechnical engineering permit experts to rationally
estimate earthquake hazard, vulnerability, and risk, A great deal of
research has besn performed over the past 50 years throughout the
world in order to systematically address these concerns, At Stanford
University's John A. Blume Earthquake Engineering Center alone, the
list of earthquake research projects is long. It includes hazard studlies
for Central America and North Africa, the cataloging of earthquakes,
the development of computer codes such as STASHA, joint projects
with China, Japan and Turkey, studies for the insurance industry and
Nationa! Science Foundation sponsored studies on unreinforced
masonry, tilt-up structures, and expert systems for site hazard,
buliding vulnerability, city planning and risk assessment. As a result,
by considering the factors that contribute to the extent of earthquake
damage, such as the magnitude of the quake, the location of the
epicenter, local soil conditions, and architectural and construction
characteristics, the approximate seismic risk for a given structure at a
given site can bre estimated.

Il. THE EARTHQUAKE RISK MANAGEMENT PROCESS

Let's take a look at how an expert in the field of earthquake engin-
eering would, in generally go about evaluating a building.

Damage assessment and loss reduction planing are complex iss-
ues that require the analysis of large amounts of data and the consi-
deration of many alternative situations. Given a particular building at
a particular location, the first step is to define the seismic hazard. Ssis-
mic haza-d is defined as the combination of physical phenomenon (i. e,
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ground shaking, ground failure.) associated with an earthquake which
may produce adverse effects on human activities, The selsmic hazard
at a particular site or region depends on the geographic distribution of
potential earthquzke sources, the geologic conditions which “finger-
print'’ each fault, the recurrence rate of earthquakes from each source,
the propagation and attenuation of ground motion from the source to
the site; and a forecasting model of future earthquakes.

The next step is to define the exposure fo the sits(s) to the regional
seismic hazard. The engineer must identify the number of bulldings
of interest and classify them according to location, building class, num=
ber of floors per building, footprint area of each bullding, the year of
applicable uniform buliding code, the local geology of each site, and
the replacement value.

In order to determine the vulnerability of the building or portfolio
of buildings the engineer would combine the exposure data with the
hazard data. Drawing upon his knowledge the engineer will be able to
estimate damage ratios for the general classes of buildings present,
The expert would then use his best judgement to madify these results
to account for any building or site specific factors or peculiarities. From
such a vulnerability analysis, the seismic risk can be determined. Given
various relavant earthquake sources, each with a probability of gener=
ating a wide range of earthquakes, the probable loss over a given time
window and the maximum potential loss can be approximated.

Howaver while earthquake risk can be managed, the necessary.

expertise is not readily available to the end user; those in the commer-
cial sector. Earthquake risk assessment expertise s [argely con-
fined to a fow research institutions and engineering consuiting firms
and is not readily available to decision makers in the real estate,
banking, financial and insurance Industry. For example, the insursnce
industry is still using as their standard the Probable Maximum Loss
(PML) methodology which was first proposed by Carl Steinbrugge nearly
50 years ago. It is difficult for non-engineers to define and obtain the
relevant data for earthquake risk evaluation and use the analytical tools
necessary to apply this data for decision making. Further confusing the
situation is the fragmented nature of the earthquake research and cons-
ulting community; The requisite expertise Is scattered over several
disciplines such as seismology, geology, geotechnelogy and structural

LT
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and earthquake engineering; all play a role in the research process.
Advances made in one field are often overlooked by the other discip-
lines, Furthermore, research on earthquakes is largely based on emp-
irical data and hence conclusions are modified with every new earth-
quake. As a result, it is very difficult to keep up with the dynamics of
the profassion.

Edwin Simner of Lloyds of London sums up the insurance indu-
stry's frustration with the PML methodology and the current state of
earthquake knowledge dissemination in general.

...{we) are asked to write earthquake insurance with
only the most trivial of information. For example, I
have all too frequently refused to provide reinsurance
becauseé the broker presenting the request could not
give me fundamental information... the scientists have
it, and we should have it, too.

Ni. AN ECONOMIC RISK ASSESSMENT SYSTEM (ERAS)

In light of the demanding nature of the expertise, it is not
surprising that specialist consultation is time consuming and very
costly. An evaluation to determine the potential loss at a given site for
a given earthquake can run into the thousands of dollars. While such
detailed examinations by an expert are prudent for certain facilities or
for certain major buildings of special interest, it is simply iust not cost
effective to attempt such an evaluation for an entire portfolio of risk.

To summarize the major issues raised so far:

O The exposure to earthquake risk of those underwriting in
seismic regions is tremendous

O Despite the uncertainties, this risk can be managed.

C  Unfortunately, the expertise neceséary for effective seismic

risk management is not being properly transferred from
research producers to research users.

The knowledge necessary for effective earthquake risk management
exists. The missing link is a cost-effective mechanism to transfer the\
existing state of the art knowledge in a usable form.
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. :The Economic Risk Assessment System (ERAS), devoiomd -at
Stanﬁoxdxumvamty. serves as this link betwean the technical and the

user community by providing sophisticated, flexible, and user friendly °

decision making support to those concerned about the economic
impact of earthquake events, ERAS represents the culmination of over
twenty years of collaborative research between Stanford University,
the United States Geclogical Survey, the engineering community,
other universities, government agenclies and research Institutions
throughout the world.

Development of the scoftware itself began in 1985 at the John A,
Blume Earthquake Engineering Center. Supported by grants from
private and governmental agencies, the ERAS development team, after
four years of Intensive work has engineered a software which can
transfer the state of the art In earthquake engineering directly to the
non-technical user in a flexible, easy to use format.

While representing the state of the art in earthquake engineering,
ERAS is designed for maximum flexibility and ease of use. Th+ software
Is an expert system (based on artificlal intelilgence technology) and is
devioped to run In a minimum computer environment; all it requires in
an IBM (XT/AT.PS/2) compatible microcomputer with a 20 MB hard disk,
a CGA/EGA graphics card, and a 8087 math coprocessor,

By simply providing the system with a building's structural type,
location and va'ue, the user can determine the probable damage the buil-
ding will suffer in a given earthquake. ERAS can evaluate the selsmicity
of a region, model earthquakes of varying magnitudes, and project
damage estimations for a single building or portfolio of buildings. In
addition to providing its conclusions in an easy to interpret ‘‘summary
screen' form, complete with the reliablility of the estimates, the conclus-
ions can be manipulated through a number of graphical views. Not only
do the fuil color, high resolution graphics highlight ERAS'S conclusions
but they can serve as stunning visual aids for presentations.

Simulations can ba based on historical earthquakes, earthquakes
which are probabilistically most likely to occur within a certain time
frame, or those events which will cause the worst damage to the build-
ing or portfolio of interest. Any other imaginable earthquake scenario
can also be simulated.

>
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With the aid of ERAS, it is possible to routinely perform otherwise
Impractical analyses quickly, easily, and accurately, Question such as
the following can be ratienally addressed:

O What kind of earthquake shaking will a region or a given site
experience over a given future time window?

O  What will the performance of a specific type or class of build-
ing be due to the above earthquake loading?

O How will a specific building at 2 given site behave in given
earthquake., What will the probable damage to this buliding be?

O What are the risks involved in a given pro perty mix for a given
region?

O Given a portfolio of risk, what wiil be the most damaging earth-
quake? What will be the most likely earthquake?

O How cost effective are the engineering optlons, including
retrofitting and strengthening, to minimize risk?

With the ERAS feedback, it Is possible to make informed judgeme-
nts to minimize exposure to earthquake events.

ERAS Is a sophisticated knowledge based expert system that recog
nizes the fact that seismic risk evaluation needs both judgmental exper-
tise and wellestablished mathematical procedures, it integrates four
major objective databases and state of the art hazard and risk estimat-
ion models with a powerful inference engine. The following section
provides an overview of the teachnical base of ERAS.

IV. TECHNICAL BASIS OF ERAS

There are three specific expert systems in the software. The first
system evaluates seismic hazard for a given site. It integrates an
existing data base of past geological and seismological information,
which includes location of seismic sources, recurrence relationships
for all these sources, and any secondary hazard information that is
available in the literature (see figure 1). A computer program called
STASHA (Stanford Seismic Hazard Analysis) provides the base for
this first system, The second systsm evaluates the seismic. vulnerability
of a group or a class of buildings in a given region whose seismic
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hazard has been evaluated by the first expert system. This system
can also be used for rapid identification: of high risk buildings in a
region. It relies oniy - on readily available information about the
buildings under investigation; no detailed engineering drawings or
other input is needed (see figure 2), The third system evaluates
detailed vulnerability and risk for a specific building which either has
been identified as a high risk building by the previous expert system
or is of particular interest to the analyst (see figure 3).

ERAS has several special features. First, it adopts the commercial
‘software I/O PRO as main Input-Output facilitator, The screen
development system facilitates creation of text and graphic screens
used as the input and output media for interactive programs. The slides
displayed on screen are used to communijcate with the user for input
and output and explanations. Input formats can be numerical, linguistic,
or graphical, based upen the context, Second, the control strategy for
the infererence mechanism in ERAS is a combination of backward

§o
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chaining (goal-driven) and forward chaining (data-driven), The system
uses backward chaining to satisfy diverse goals (inquiries), However,
if the goal is specified, the system uses forward chaining fo collect the
relevant data. Since goal specification significantly reduces the search
space, only minimum search effort is required. Third, unilke the
conventional rule-based systems, ERAS recognizes the fact that
seismic risk evaluation needs both judgmental . expertise and weli
established mathematical procedures. Hence, ERAS Incorporates both
rule-based systems and algorithmic programs which saves a great dea)
of computation. Fourth, to Increase the sase of upgrading of ERAS and
to ease the restriction of internal memory, the submodules of ERAS
are written as independent program, The programs are compiled
independently and are then called into memory when needed by the
driver, Fifth, ERAS adopts the current probabllistic approach for hazard
analysis to handle uncertainties in the prediction of ground shaking for
the site. However, in evaluating the vulnerabllity of a bullding, design
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detail, coanstruction quaiity and other factors will affect the performance
of a building during earthqua*es and must be identified in order to

get a reasonable evaluation. To reflect the judgmental knowledge of
the effect of different factors on building damage, the system uses an
uncertainty model based on fuzzy set theory.

ERAS Is designed In such a way that the knowledge bases can be
updated as new information is made available, Furthermore, the systems
are user frioendly, and hence their repeated usage can make them a
standard for evaluating seismic hazard and risk for the banking and
Insurance industries. Figure 4 shows how ERAS can assist different
users wity varying ‘‘end use'’ interests.

DOMAIN KNOWLEGE

Seismic risk is defined as the likelihood of loss due to earthquakes
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and Involves four basic components: hazards. exposure vulnerabliity
and location. These factors are further defined below (Miyasato et al,
1988): ‘

O The hazards or dangero'us situations may be classified as
follows:

—Primary hazards (fault break, ground vibrations),

—Secondary hazards which are potentlally dangerous situations
triggered by the primary hazards. For example, a fault break
can cause a tsunami or ground shaking can result in founda-
tion failure, liquefaction, landslides, etc.

~ Tertiary hazards produced by flooding by dam break, fire
following an earthquake and the like.

All these hazards lead to damage and losses. They may be
expressed in terms of severity, frequency, and location.

O The exposure Is defined as the vaiue of the structures and
contents, bualness Interruption, lives, etc.

O The vulnerability Is defined as the sonsltMty of the exposure
to the hazard(s) and the location relative to the hazards(s).

O the location is defined as the position of the exposure relat-
Ive to the hazard.

A selsmic risk analysis requires the identification of the losses to
be studied as well as the identification of the hazard exposures and
their locations and vuinerability,

For the purpose of insurance and the real estate industry, property
losses are the major concern. Property loss is usually measured by the
damage ratio which is defined as the repair cost of the damaged facility
divided by the replacement cost of the facility. Due to uncertainties in
predicting structural behavior during future earthquakes, the current
practice of Insurance industry in California is to usge PML (probable
maximum loss), {Steinbrugge, 1982) as the basis for premium calcuiat-
lon. PML is defined as the damage ratio so that during the “maximum
probable™ earthquake, 9 out of 10 bulidings will experience damage less
than the value given by PML.
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. PML does not consider the randomness of earthquake occgurrence
with réspect to time, location, or earthquake size. In order to reflect the
uncertain nature of earthquake occurrence, a second index, called the
SDT (Stanford Damage Threshold) is used. This Index combines the
uncertain response of the building with the random occurrence of future

earthquakes (Chiang et al, 1984, ATC, 1988), Both indices are used in
ERAS

Fig. 4. Eras is for the Insurance/investmeni{Real Estale Industries

As mentioned above ERAS is divided into three subsystems which
- corresponds to the major components of seismic risk: SHES, SRES 1
and SRES2. The seismic hazard evaluation system (SHES) combines
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hazard and location components to obtain the seismic hazard estimat-
ion. SRES 1, the seismic risk evaluation system, is used to screen the
property loss from exposure and vulnerability of the building. In this
level, only building type (classification) is required, SRES, performs the
second level of seismic risk evaluation taking into consideration specific
information of the buildings., Data management and the inference mech-
anism ofthese subsystems will be described in the following
subsections.

INFERENCE MECHANCISM (INFERENCE ENGINE)

An inference engine incorporates reasoning methods which act upon
input data and knowledge from the knowledge base to solve the deslred
problem and produce an explanation when requested (See Figure 5)
Control strategy for the inference engine could be forward chaining,
backward-chaining or a mixture of both,

In the ERAS application, the system should be able to satisfy
diverse goais (inquiries) such as “what is the real estate invest-
ment protfolio risk for & given region due to a catastrophic earthquake'?
“or" “what is the probable miximum loss of a particular building due to
all contributing fauit seismicity?"' (See Figure 6). The goal specifies
the reasoning path that should be pursued. Hence, it is natural that
backward chaining (goal-driven) should be used. However, when the
goal is specified and the reasoning path to achieve this goal is Identified,
the systems will use forward chaining (data-driven) to coliect the relev-
ant data either by querying the user or searching and retrieving it from
the knowledge base. Thus, the control mechanism is a combination of
backward chaining, and forward-chaining. Since goal specification
significantly reduces the search space, only a minimum search
effort is required.

KNOWLEDGE (DATA) BASE

The knowledge (data) base for the ERAS systems consists of raw
‘data, production rules, engineering and analysis programs and approx-~
imate reasoning schemes. Unlike conventional rule
based systems which use “of - Then” rules only, ERAS recognizes
the fact that seismic risk evaluation needs both judgmental
expertise and well-established mathematical procedures. Hence, ERAS
incorporates both ““If-Then" production rules ane algorithmic programs.
For instance, medel selection depends heavily on the expert's subjective
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ERAS USES KNOWLEDGE-BASED EXPERT SYSTEM TECHNOLOGY
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judgement, and “H-Then'' rules are suitable to guide the user to
select the appropriate model. After the modael is selected, the relevant
procedures are executed using algorithmic programs.

Combining inference rules with algorithmic programs is also
necessary for the following reason. In most cases during inference,
when the facts match the antecedents of a particular rule, the rule is
triggered and the consequent can be retrieved directly from the
knowledge base without further computing. When the conditions do not
match the antecedents of any rule in the knowledge base, the systems
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will refer to the relevant programs to calculate the consequents (results)
This approach saves a great deal of computation, a consideration
especially important for microcomputer implementation, Obviously,
It is applicable only for problems where the inference mechanism is
well-defined (as regular computational programs), For loosely
structuread inference mechanism, the partial matching problem is
resolved through defauit (applying prior information), In this case, the
reliability of the censequent is reduced. The process of uncertainty
propagation will be described presently,
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INTEGRATIHG INDEPENDENT PROGRAMS

Acommon practlce in progrmming is to have a main driver and
many subroutines. The driver and subroutines are compiled into a
global executable program. However, when the problem to be soived
Is complex, many subroutines and submodules are needed. The size
of the program increases rapidly and soon the capacity of the internal
memory of a microcomputer is exceeded, It is then necessary 1o rely
on fancy input/foutput manipulation and peripheral storage to fit the
program into the computer memory. Furthermore, when any submodule
of the program needs to be changed due to technological or enginee-
ring advances, the relevant routines must be changed and recompiled.
The fitting must be reconstructed. To facilitate upgrading of ERAS and
to ease the restriction of internal memory on the IBM AT, the submod-
ules of the systems are written as independent programs. Most of
these programs have already been developed during the past ten years
by staff and students at the John A. Blume Earthquake Engineering
Center of Stanford University, and they are simply ported to the
microcomputer. The programs are compiled independently and
Individually, and are then called into memory when needed by the driver,
much like a subroutine is used. The retrieval, execution and then
return of the external programs is easily achieved on the IBM AT
using the interrupt feature of DOS. Each external program can be as
large as the total internal memeory of the AT (currently at 640K).

UNCERTAINTY TREATMENT

As mentioned in the previous sections, there are uncertainties
involved at each stage of the evaluation process. Earthquake occurren-
ce is random in nature; so is its size. For this type of uncertainty,
the probabilistic approach has been well established and the daia in
California is reasonably good to support estimation using this approach.
Hence, ERAS adopts the current probabilistic appreoach for hazard
analysis to handle uncertainties in prediction of ground shaking for the
site. The program STASHA, deveioped at Stanford University for
hazard analysis, was incorporated into IRAS using the approach
described in the previous section.

Thers is yet another type of uncertainty in the evaluation which
cannot he handled using probabilistic methods, In evaluating the
vulnerability of a building, design detall and construction quality will
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affect the performance of the building. The damage degree will vary
in a wide range from bad engineering design to good engineering
design. All these factors will significantly influence the building
performance during earthquakes and must be identified in order to get
a reasonable evaluation. When the user fails to answer the inquiry on
these factors from the systems, it is then expected that the system will
give an answer with a wider spread due to the larger uncertainty.
Because data regarding damage from diverse building types is scarce
and is not sufficient to support a probability distribution, ERAS uses an
uncertainty model based on fuzzy set theory to reflect the judgmental
knowledge of the effect of different factors on building damage.

Fuzzy sets with different membership functions are used to represent
and prior Information on these effects. Some examples are given in
Figure 7. Whenever the response to a query for data is unknow, the
system will use the fuzzy set instead of a crisp number to count its
effect. The Vertex method (Dong and Wong, 1987, Dong and Shah,
1887) is used to combine all these effects and to calculate the total
effect, resulting in a certainty factor which reflects the degree of uncert-
ainty. When the system gives the evaluation result, it also indicates the
reliabilty of the result (certainty factor) and how the reliabiiity can be
improved (See Figure 8). ) :

INPUT/OUTPUT FACILITIES

IRAS adopts as the main 1/O facility the commercial software 1/O
PRO, developed by MEF Environmental (MEE, 1985). 1/O PRO is a modu-
lar set of software development tools and utilities which together create
a high productivity environment for FORTRAN, C and Pascal programm=
ers. The screen development system facilitates creation of text and
graphic screens used as the input and output media for interactive
programs. The siides displayed on screen are used to communicate
with the user for input and output and explanations if requested. Input
data formats can be numerical, linguistic or graphical, based upon the
context (see Figure 9).

Besides the interactive mcde, the user can also choose the batch
mode in which all data are read in together using a format such as the
Lotus 1-2-3 spreadsheet or Dbase [il. This mode facilitates the data
transfer from insurance and investment banking company data bases
{See Figure 10).
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In order to display the regional risk, IRAS also incorporates another
commercial software, ATLAS (Strategic Locations Planning, 1985), to
show the thematic map of regional risk All I/O options are built into the
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master program and can be exercised according to the user's goal and
decision needs.

V. CONCLUSION AND CHALLENGES FOR THE COMING IDNHR

The greatest challenge in seismic risk analysis procedures Is to
make them less ‘mysterious’’ and more usable. Whether we are trying
to identify high risk structures or developing strengthening strategles
for such high risk structures to minimize risk, we must find vehicles by
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which knowledge generators and knowledge users are communicating.
Ta-day, billions of dollars worth of insurance Is written world wide by
insurance and rei-surance companies. However, the knowledge base
on which they make their decisions is not consistent with the state of
knowledge currently existing in research (and to a lesser degree .in
practicing engineering) community, This lack of Integration must
change.

--.Another problem that exists is the problem of tachnology transfar.

between the daveloped and the daveloping regions of the world.
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Fig. 10. Eras Intetfaces With Spreadsheets

Massive reliable data bases about earthquake occurrences., source Mod-
eling, source mechanism, instrumental recordings, and attenuation, exists
in few central locations around the world. A global and regional network
of such centers could heip many developing countries who can not afford
to maintain their own data bases. The challenge is not only to develop
n:w models for source mechanism or new attenuation or new occurre-
nce model; the most presssing challenge is to assist the world in
utilizing the current know how. The challenge is to develop ERAS type
systems that any informed user can utilize for improving the quality of
seismic know how. Such an effort world provide opportunities to assess
earthquake risks in regions of the world where historically many have
died in past earthquakes. Such and awareness and technoiogy would
help in identifying factors that increase or decrease seismic vuinerability
of communitiss or regions.

The International Decade for Natural Hazard Reduction (IDNHR).
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could be an excellent vehicle to achleve the above stated objectives.
Amongst the ten most important programs that the EERI Committes on
IDNHR has identified as candidate projects for the decads, at least four
projects address the issues of International co-operation, technology
transfer and reduction of seismic risk through intelligent development
of mitigation strategles. With the rapid development of global Geogra-
phic Information Systems (GIS), it Is not too futuristic to assume that
with only a knowledge of any address on this earth, future ERAS type
systems will be able to assess site specific seismic risk and possible
mitigation strategies to minimize such a risk. Let us hope that the
IDNHR will be a superb catalyst to make that futuristic dream a
reality.
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