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ABSTRACT

This paper summarizes the development of the Insurance and
Investment Risk Analysls System (IRAS) which provides consultation on
earthquake risk for insurance and investment banking industries. Major
features of IRAS, including interactive input/output facilities, graphic
data retrieval, hierarchical knowledge-based management, integration of
independent program modules, combinations of backward-chaining and
forward-chaining  inference mechanisms, and approximate reasonhing
schemes based on fuzzy set theory to deal with linguistic and/or incom-
plete information are described.

INTRODUCTION

Earthquakes that cause moderate to severs property damage strike the western
United States at a rate of tweive per century. Often they occur outside populated
regions, but not always. Major earthquakes, such as the 1306 San Francisco earth-
quake, histerically have a recurrence rate of 150 years, and less severe earthquakes
have a much higher occurrence rate,

Earthquake can cause change in a number of ways. Damage to buildings
occur through primary hazards such as fault rupture and ground shaking. Secondary
hazards include foundation settlement, landslides and soil liquefaction, and tertiary
hazards such as dam break or fire may follow an earthquake.

Building coliapse and fire may lead to loss of life but will certainly interrupt
business and cause a drop in property values. However, not all regions and buildings
would be equally damaged. Many factors contribute to the extent of damage, chief
among them are the magnitude of the earthquake, distance from source to site,
local soil conditions and architectural and construction characteristics of the building.
Figure | illustrates the different degrees of damage to buildings of different
construction expressed in terms of the Probable Maximum Loss (PML}.

A key element in managing earthquake risks is understanding the risks. From a
real estate investment point of view, risk can be minimized by judicious selection
of a portfolio and the loss controlied further through underwriting. For the insurance
company, the strategy is to diversify its liability in the light of the probable calamity,
through deductible, insurance limits and reinsurance, while providing adequate protec-
tion to pelicy holdets and the company’s capital reserve,

Recent advances in earthquake engineering have permitted experts to rationally
estimate earthquake hazard, vuinerability, and risk. However, this expertise is
not readily available to managers in insurance and banking industries because it
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is difficult for non-engineers to define the relevant data for seismic risk evaluation,
obtain these data, and apply these data for decision making. Thus, a project is
initiated at Stanford to develop a knowledge-based expert system called IRAS
(Insurance and Investment Risk Analysis System), which provides consultation on
seismic vulnerability of existing buildings for use by real-estate investment analysis,
insurance underwriters and reinsurance, decision makers and portfolio managers, and
structural engineers and appraisers in evaluating and revising investment strategies
and insurance policies or premiums (Fig. 2).

1

)

System Overview - How IRAS Serves the Industries

IRAS incorporates the expertise of structural engineers, geclogists and
architects. The key to the process is & complete earthquake site hazard evaluation
data base containing fault, ground shaking, rupture, landslide, and liquefaction infor-
maticn on locations throughout Northern and Southern California. The site information
can be accessed by street address, census tract, or zip code.

IRAS can mode!l earthquekes of varying magnitude to project total damage
estimates and repalr costs for a slnile building or & portfolio of buildings. Simulations
can be based on earthquakes which : &) may have happened; b) are statistically
most likely to occur within a certain time window; c) will cause the worst damage
to the building or portfolic of interest, Any other earthquake can also be almuiated.

With IRAS, the portfolio manager can set future goals such as 1

. In which areas and building types should they invest ?

. What are areas of overexposure 7

. What level of insurance is needed 7

. Which buildings should be strengthened for earthquake resistance ?

IRAS allows one to evaluate the potential loss to buildings owned or buildings
on which one hoids the mertgage.

For the insurance sector, IRAS can help answer these questions 3

. Is the insurance premium adequate ?
. How can present procedures be improved ?
. What is the expected claim volume if an earthquake is to take place 7

. Is the company reserve adequate for the worst possible scenario 7

IRAS is designed for use by commercial and personal insurance underwriters in
handling group and individual accounts. Results from IRAS can be used to satisfy
the California insurance reporting requirements.

There are three specific expert systems n IRAS. The first system evaluates
seismic hazard for a. given site. It integrates an existing data base of past geological
and seismological information, which includes jocation of seismic sources, recurrence
relationships for all .these sources, and any secondary hazard information that is
available in the literature. The second system evaluates thé seismic vuinerability
of a group or a class buildings in a given region whose seismic hazard has been
evaluated by the first expert system. This system can also be used for rapid identifi-
cation of high risk buildings in a region. It relies only on readily available information
about the buildings under investigation; no detailed engineering drawings or other
input is needed. The third system evaluates detailed wulnerability and risk for
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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.

IRAS has several special features, First, it adopts the commercial software
/O PRO as the main Input/Output facilitator. The screen development system
facilities creation of text and graphic screens used-as the input and output media
for interactive programs. The slides displayed on screen are used to communicate
with the user for input and output and explanations. Input data formats can be
numerical, linguistic, or graphical, based upon the context. Second; the controi
strategy for the inference mechanism in IRAS is a combination of backward chaining
(goai-driven) and forward chaining (data-driven). The system users backward chaining
to satisty diverse gaals (inquiries). However, if the goal s specified, the system uses
forward chaining to collect the relevant data. Since goal specification significantly
reduces the search space, only minimum search effort is required, Third, unlike the
conventional rule-based systems, IRAS. recognizes the fact that seismic risk evaluation
needs both judgemental expertise and well established mathematical procedures,
Hence, IRAS incorporates both rule-based systems and algorithmic programs which
saves a great deal of compaction, Fourth, to increase the ease of upgrading of
IRAS and to ease the restriction of Internal memory, the submodules of IRAS are
written as independent programs. The programs are complled independently and
are then called into memory when needed by the driver, Fifth, IRAS adopts the
current probabilistic approach for hazard analysis to handle uncertainties in the
prediction of ground shaking for the size. However, in evaluating the vulnerability
of a building, design detail, construction quallty and other facters will affect the
performance of a building during earthquakes and must be identified in order to
get a reasonable evaluation. To reflect the judgemental knowledge of the effect of
ditferent factors on building damage, IRAS uses an uncertainty model based on
fuzzy set theory.

IRAS s designed in such a, way that the knowledge bases can be updated as
new information is made available.‘ Furthermore, the systems are user friendly, and
hence their repeated usage can make them a standard for evaluating seismic hazard
and risk for the banking and insyrance industries,

DOMAIN KNOWLEDGE

Seismic risk is defined as the likelihood of loss due to earthquakes and involves
four basic components : hazard exposure, vulnerability, and location. These factors
are further defined below Miyasato, et al., 1986h

The hazards or dangerous situations may be classified as follows:

- Primary hazards {fault break, ground vibrations):

- Secondary hazards which are potentially dangerous situations triggered
by the primary hazards. For example, a fault break can cause a
tsunami or ground shaking can result -in foundation settlement,
foundation failyre, liquefaction, landslides, etcy

- 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.

The exposure is defined as the value of the structures and contents,
business interruption, lives, etc.

The wvulnerability Is defined as the sensitivity of the exposure to the
hazard(s) and the location relative. to the hazardsls).
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The location is defined as the position of the exposure relative to the
hazard.

Losses resulting from seismic hazard are numerous and can be categorized as
follows:

- Life and injury.

- Property.

- Business interruption.
- - Lost opportunities.

- Contents.

- Tax base.

- Other [osses.

A seismic risk analysis requires the identification of the losses to be studied
as well as the identification of the hazard exposures and their locations and vuiner-
ability.

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 the replacement cost
of the facility. Due to uncertainties in predicting structural behaviour during future
earthquakes, the current practice of the insurance industry in California is to use
PML c%pmba.ble maximum loss), (Steinbrugge, 1982) as the basis for premium calcu-
lation. PML is defined as the damage ratio so that during the "maximum probable"
;arthquake, 9 out of 10 buildings will experience damage less than the value given

vy PML.

PML does not consider the randomness of earthquake occurrence with respect
to time, location, or earthquake size. In. order to reflect the uncertain nature of
earthquake occurrence, a second index, called the damage threshold (DT) is used which
combines the uncertain response of the building with the random occurrence of
future earthquakes {Chiang, et al., 934 ATC, 1986)., Both indices are used in
IRAS.

IRAS is divided into three subsystems which corresponds to the major compo-
nents of seismic risk : SHES, SRESl and SRES2. The seismic hazard evaluation
system (SHES) combines hazard and location components to obtain the seismic hazard
estimation. The main flow chart for SHES is shown in Fig. 3. SRESI, the seismic
risk evaluation system, is used to screen the property loss from exposute and vulnera-
bility of the building. In this level, only building type (classification) is required.
The flow chart for SRES1 is shown in Fig., 4 Figure 5 shows the flow chart of
SRES2, which performs the second level of seismic risk evaluation taking into consi--
deration specific information of the buildings. Data management and the inference
mechanism of these subsystems will be described in the following sections.

INFERENCE MECHANISM (INFERENCE ENGINE)

An inference engine incorporates reasoning methods which act upon input
data and knowledge from the knowledge base to solve the desired problem and produce
an explanation when requested (See Fig. 6). Contral strategy for-the inference engine
could be forward-chaining, backward-chaining or a mixture of both,
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In the IRAS application, the system should be able to satisfy diverse goals
(inquires) such as "what is the real estate investment portfolio risk for a given
region due to catastrophic earthquake 7 or "what is the probable maximum loss
of a particular building due to all contributing fault seismicity ™ (See Fig, 7).
‘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 goals is identified, the systems
will use forward chaining (data-driven) to collect the relevant 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 IRAS Systems consists of raw data, production
rules, engineering and analysis programs and approximate reasoning schemes., Unlike
conventional role-based systems which use "If-Then" rules only, IRAS recognizes
the fact that seismic risk evaluation needs both judgemental expertise and well-
established mathematical procedures. Hence, IRAS incorporates both "If-Then"
production rules and algorithimic programs. For instance, model selection depends
heavily on the expert's subjective judgement, and "[f-Then" rules are suitable
to guide the user to select the approximate model. After the modal 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 will refer to the relevant programs to calculate the consequents (results),
This approach saves a great deal of computation, a consideration especially important
for micro-computer implementation. Obviously, it is applicable only for problems
where the inference mechanism is well-defined (as regular computational ptograms).
For loosely structured inference mechanism, the partial matching problem is resolved
through defauit (applying prior information). In this case, the reliability of the
consequent is reduced. The process of uncertainty propagation will be described
presently.

INTEGRATING INDEPENDENT PROGRAMS

A common practice in programming is to have a main driver and many sub-
routines. The driver ard subroutines are compiled into a global executable program.
However, when the problem to be solved is complex, many subroutines and submodules
are needed, The size of the program increases rapidly and socon the capacity of
the internal memory of a microcomputer is exceeded. It is then necessary to.rely
on fancy input/output manipulation and peripheral storage to fit the program into
the computer memary. Furthermore, when any submodule of the program needs to
be changed due to technological o engineering advances, the relevant routines
must be changed and recompiled. The fitting must be reconstructed.

To facilitate upgrading of IRAS and to ease the restriction of internal memaory
oa the IBM AT, the submodules of the systems are written as independent programs.
Most of these programs huve already been developed during the past ten years by
staff and students at the John A. Blume Earthquake Engineering Center of Stanford
Univertsity, and they are simply ported to the microcomputer. The programs are
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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 memory of the AT (currently at GQOKE

UNCERTAINTY TREATMENT

As mentioned in the previous sections, there are undertainties involved at
each stage of the evaluation process. Earthquake occurrence is random in nature;
50 is its size. For this type of uncertainty, the probabilistic approach has been
well established and the data in california is reasonably good to support estitmation
using this approach. Hence, IRAS adopts the current probabilistic approach for
hazard analysis to handle uncertainties in prediction of ground shaking for the site.
The ‘program STASHA, developed at Stanford University for hazard analysis, was
incorporated into IRAS using the approach described in the previous sectlion.

There is yet another type of uncertainty in the evaluation which cannot be
handled using probabilistic methods. In evaluating the vulnerability. of a building,
design detall and construction quality will affect the bullding, The damage degree
will ‘vary in a wide range from bad engineering design to good engineering design.
All these factors will siguificantly influence the building performance during earth-
quakes and must be identified in order to get a reasonable evaluation. en the
user fails to answer the inquiry on these factars from the systems, it is then expected
that the system will given an answer with & wider spread due to the larger. uncer-
tainty. Because data regarding damage from diverse building types is scarce and
is not sufficient to support a probability distribution, IRAS uses an uncertainty
mode! based on fuzzy set theory to reflect the judgemental knowledge of the effect
of different factors on building damage.

Fuzzy sets with different membership fuctions are used to represent the
prior information on these effects. Some examples are given in Fig. 8.

Whenever the response to a query for data is unknown, 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, 1987) is used to combine all these effects
and to calculate the total effect, resulting in a certainty factor which reflects
the degree of uncertainty. When the system gives the evaluation result, it also
indicates the reliability of the result (certainty factor) and how the reliability can
be improved (See Fig. 9).

INPUT/OUTPUT FACLLITIES

IRAS  adopts as the main /O facility the commercial software I/O PRO,
developed by MEF Environmental (MEF, 1985). 1/O PRO is a modular set of software
development tools and utilities which together create & high productivity environment
for FORTRAN, C and Pascal programmers. The screen development system facilities
creation of text and graphic screens used as the input and output media for inter-
active programs, The slides 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 Fig. 10).

Besides the interactive mode, 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 HI. This mode facilitates the data transfer from insurance and investing
banking company data bases (See Fig. 11).



g

A Knowledge-Based Seismic Risk...... Investment Industries (IRAS) 77

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 (See Fig. 12). All IO options are built into the master program
and can be exercised according to the user's goal and decision needs.

CONCLUSION

IRAS is developed by researchers at the John A. Blume Earthquake Engineering
Center of Standord University. The current version of IRAS embodies twenty years
of earthquake engineering research in the universities, practicing engineering commu-
nities, and government research labotratories. The systems have been completed
and demonstrated to the clients and users. The response from. potential users has
been exceilent. The systems now are in operation and will be further improved by
the developers as well as users over the next five years.

IRAS is developed for buildings located in California, due to its sponsors'
main interest. However, in view of the modularity and flexibility of its design,
IRAS can be readily adapted to other regions of the world when the appropriate
data/knowledge bases are incorporated.. '
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