TERMINA

Computer Applications in Emergency Management

39 - /



TERMINAL
DISASTERS

Computer Applications in
Emergency Management

Sallie A. Marston, Editor

Program on Environment and Behavior
Monograph #39

Institute of Behavioral Science
University of Colorado
1986



Copyright (c) 1986
by the

University of Colorade
Institute of Behavioral Science

Library of Congress
Catalog Card No, 86-080792



TABIE OF (CNTENTS

Page
Introduction
Sallie A. Marston and Diana M. Liverman . . . « « + « « « « « & 3

SECTTCN ONE: DECISION SUPFCRT SYSTEMS

Emergency Plamning Decision Support Systems
Peter R. EVEISON. . + & 4 + + v « 4 = s s s 5 s » 2 s 2 » = » = 11

Prototyping with Microcomputers: A Design Strategy
for Disaster Management Decision Support Systems

Salvatore Belardo and Kirk R. KATWaIl., + « « « + 2 = « o « =« « » 29

Decision Support for Evacuation Cperations
Using Microcomputers
Frank de Balogh « + « « « o o o = & « o o + s s s + s o s s+« 45

The Evolution of Decision Support Systems
for Earthquake Hazard Mitigation

Steven P. French. . « « o & « ¢ v & ¢ 2 » & 2 o s 2 s 2 0 s 0 1 37

Emergency Management Is Information Management

SECTION TWO: SIMULATION AND MODELING

Hurricane Emergency Management Applications of the
SIOSH Numerical Storm Surge Prediction Model

David A, Griffith « « « v + ¢ v « ¢ o ¢« v & s 4 & « o s « = « « 83

Application of Computer Technology
for Damage/Risk Projections
Terence HANEY « « + + + o s = ¢+ o« » ¢ s o o = a o 5 ¢ « » s o« 95



v Contents

Usae of Damage Similation in Eartheuake Plarnirg
and Emergency Response Management
Charles Scawthorn « » & « « « + 4+ e r s e st e e e .

Estimating the Icocation of the Population
of a City in Time and Space

Jerry Schneider, N. Janarthanan, Shieng-I Tung, ard Che-I Yeh .

MASSVAC: A Coamputer Simulation Model
for Evaluating Evacuation Plans

Antoine G. Hobeika., . . . . . e s e e b 4 e e s e e w e s e e

SECTICN THREE: FROBILEMS OF THE PRESENT, VISIONS OF THE FUTURE

Automated Emergency Management: A Framework
Madlmu Berdwal . & v &« & & & 4 « & e h e e e e e e e

Effective Computer Systems for Emergency Managemert
Janet K. Bradford and Michael H. Brady. - - . « + « . . .

Inproving Organizational Decision-making Capacity
in Emergency Management: A Design for an Interactive
Fmergency Information System

Icuise K. Comfort « + 4 « & o ¢ ¢ = « o = s « = et e s e s .

Expert Systems as Decision Aids for Disaster Management
Stephen Mick and Williem A, Wallace . « . . - « « - . . o

Illusions and Realities: Using Information
Techrnology in Emergency Management

Robert Ise Chartrand. . « . ¢ « & & o s s « « = s « a . s e s

. 109

121

« o 189

» 195

. 205



INTRODUCTION



INTRODUCTICON

Sallie A. Marston
Natural Hazards Research and Applicaticons
Information Center

Diana M. Liverman

Department of Geography
University of Wisconsin, Madison

The papers presented in this volume offer a sample of the many ways in
which computers can be used in emergency management. While each of the papers
addresses a samewhat different camputer application or framework, a factor
comen to them all is an emphasis upon the importance of information in emer-
gencies. Central to the effectiveness of any emergency management operation is
the capability of cbtaining, coammunicating, and utilizing information. Of
additional importance is the capacity to manipulate information to determine
hypothetical outcomes under varicus emergency scenarics. The purpose of this
volume is to suggest ways in which camputers can help to satisfy these kinds of
information needs,

Most of the papers included here emanate from the Natural Hazards Research
ard Applications Information Center's Anmial Hazards Workshop held in Boulder,
Colorado in July, 1985. In the previous two or three workshops it had becoume
increasingly clear that more and more work was being done using microcamputers
to solve the problems of hazard management, and that there was a concurrent
increase in demand by all those involved in emergency management for a campre-
hensive volume summarizing that work. This bock is a first attempt to provide
that information.

Advantages and Limitations of Computers
Computers offer many advantages to researchers, decision makers, and
others who must efficiently process and act on information. Many people first
become familiar with computers through word processing in which the editing,
organization, and revision of verbal and quantitative information is made
faster and easier by the camputer. The advantages of camputers—speed, logic,
and accuracy-—are nost evident when we attempt to organize large amourts of
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information such as data on the populaticn of a large city or an inventory of
equipment held by govermment agencies. In these cases, the familiar spread-
sheet (accounting framework} program can be used to update, stmmarize, and
print large amounts of camplex information. Many of these spreadsheet programs
can analyze data statistically and extrapolate fram an existing situation to a
predicted or hypothetical future state.

In scape cases encugh is known about the causes and characteristics of an
event that cne can program a computer to simulate that event or set of pro-
cesses. Simulations often require difficult mathematical calculations and the
analysis of complex information and interrelationships; here again, the compu-
ter provides speed and legic. In many cases, the users of the camputer do not
need to write the simulation programs themselves. They can purchase, use, ard
perhaps readily modify generic programs developed by cothers. Such programs are
usually M"user friendly," that is, cne only needs to know the basics of switch-
iy on the computer and reading and running programs in order to use them; conce
started, a "menu-driven" program prompts the user to enter information in order
to provide her/him with the requested results.

another advantage of using computers is that in writing a progrem, one
must make explicit any assumptions about the set of information to ke manipu-
lated or event to be modeled. A decision process simulated by a computer has
to be unambiguous ard urderstandable by anyone familiar with the program
larguage. A further advantage is that in simdating an event, cme can explore
possibilities and conduct experiments that would be unacceptable or impractical
in the real world.

Many of these general advantages translate directly into specific benefits
in emergency management., In an emergency, speed ard accuracy are essential.
Camiters offer the potential to generate quickly information about pecple,
equipment, and places--saving time, money, and lives. They can also aild in
forecasting a developing hazard such as a hurricane, in prescribing patterns of
evacuation, and in making critical decisions. Beyond that, computer sima-
tions permit one to anticipate, plan, and train for actual emergencies during
periods of relative calm. Hypothetical situations can be examined, alternative
decisions compared, and possible mitigation schemes developed without risking
mich time arnd money, or "experimenting" with new personnel or new decisions in
actual disasters.
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2 number of papers in this volume discuss problems and disadvantages of
camputer use for emergency plamning. 7There are several additional cautions
that can be added. Purchasing, operating, and training pecple to use computers
can be time consuming and expensive. In addition, it can be difficult to know
what system to buy, since costs, technology (hardware), and programs (software)
change rapidly. Same agencies find themselves with cutdated systems or ones
that cannct easily share programs and information with other agencies who have
different systems. Persomnel may be wary of using a camputer or unable to find
the time to learn to use it. On the other hand, users soametimes become pre-
occupied with the technolegy of computers and forget about its application to
real world problems. Beyond that, irdividuals and agencies should remember
that camputer programs are no better than the science and programming that
constitute them. Before using a simulation medel to predict an event such as
a flood or an earthouake, or to make decisions, the user needs to know that the
model has been developed using geoed data and theory, that it behaves in a
realistic way, and that it can reproduce cbserved events in a specific environ-
ment. Finally, it should ke emphasized that some techmiques, such as expert
systems and artificial intelligence, are in the early stages of development and:
may not be generally availakle to the emergency management field at this time.

Mest of the above problems can be avoided if camputer use in emergency
management is informed, coordinated, and clearly linked to user needs. The
papers in this volume provide several frameworks, ideas, ard quidelines for
implementing effective conputer use in a wide range of emergency management
activities.

Cverview of the Book

The papers in Section One center on the use of camuters for helping
emergency maragers to evaluate complex and difficult decisions. The first
paper, by Everson, provides an introduction to the role of computers as tools
that support emergercy decision making. The author provides not only an over-
view of the subject and a summary of related literature, but also a more
detailed look at one system, EPDSS (Emergency Plarming Decision Support
System). The paper by Belardo and Karwan presents a design procedure for the
efficient development of a cost-effective computer-assisted decision support
system for emergercy medical agerxties. The authors advecate prototyping—the
buildirg of sample models and systems that can be tested and progressively
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modified in cooperation with the user. Whereas Belardo and Karwan discuss the
development of a decision support system, de Balogh presents an actual system
designed to aid emergency evacuation, and in particular analyzes two camponents
of that system. French provides an overview of the current use of decision
support systems in earthquake hazard mitigation and examines the possible
future evolution of such systems. The final contribution to this section, by
Morentz, discusses a working system (EIS—-Emergency Informaticn System) and
details how small agencies, local goverrments, and state emsrgency management
organizations are usirg that system to assist their emergency management opera-
tions. He also concludes by predicting future develomments in the use of
computers to manage emergencies.

The papers in Section Two focus on the use of computers to simulate and
model various hazards and emergency situations for both gecphysical and social
systems. Griffith shows how a simulaticn model of hurricane storm surge can be
used to enhance evacuation plarning and management: whereas Haney, after
describing the basic features, applications, and products of a generic damage/
risk medeling system, discusses the development and use of such a system to
model the effects of earthquakes in scuthem California. In the third paper,
Scawthorn discusses computer-based damage simlation and presents a model,
using San Francisco as a test case, for estimating earthquake-induced
structural damage in urkan areas; the paper also discusses changes in risk
brought about by changes in land use. In their paper, Schneider, Janarthan,
Turyg, and Yeh describe the design, testimny, and implementation of a population
location simulation model that caleulates the mumber of people at a particular
place and time within a city. They demonstrate the utility of such a model in
predicting the effects of a given disaster and theresfore in develcoping mitiga-
tion and evacuation plans. The fifth paper, by Hobeika, describes an actual
evacuation model (MASSVAC) and its application to the city of Virginia Beach.

Section Three examines the problems, needs, and future applications
imvolved in using computers to manage hazards. Beriwal's paper cutlines the
advantages of computer-autcmated emergency management~—if that avtomation is
properly designed and implemented. The paper by Bradford and Brady describes a
study conducted by the California Specialized Training Institute to determine
the uses, strengths and weaknesses, and possible priorities for future develop—
ment of camputer-assisted emergency menagement. Comfort proposes a design for
an information processing system which permits the user to add and request
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information as an event progresses, and along similar lines, in the following
paper Mick and Wallace discuss the benefits and limitations of expert systems
and artificial intelligence (AI) in aiding public decision makers irwvolved in
cmergency management, As a counterpoint to all these papers, Chartrand's essay
focuses an the policy issues imvolved in promoting computer use in emergency
management; he stresses the need for key policy makers to support the use of
information technology at all levels of emergency managewent.



SECTION CNE
DECTSICN SUFPPCRT SYSTEMS



EMERGENCY FLANNING DECISICN SUPPCRT SYSTEMS

Peter R. Everson
Emergency Plamning Canada

Introduction

Emergency organizations are recognizing the role of carputers as tools for
information management, a function that is crucial to the centrol of emergency
resources, This is evidernced by two recent conferences (Carzell, 1983; 1983)
and the development of at least one commercial "turn—key" microcamputer Manage-
ment Information System (MIS) for U.S. emergency plamners. 2as Lucy (1984)
states, "emergency response is 10% telecommunications, 20% operations, and 70%
information. Information, like people and money, is a resource and the only
rescurce that makes possible the coordination of wital services during an
emergency.

Belardo et al. (1984) argue that "computer based Decision Suppeort Systems
(08S) and information systems, such as (MIS), can be used te improve public
disaster management decisions." Adelman (1984) defines DSS as "any computer
software designed to support the decision making process by assisting decision
makers in thinking about the various aspects of the decision problem(s) facing
them." Callahan (1979) states that DSS denotes "an interactive, computer based
system which is designed to aid... professionals in solving ad hoc unstructured
prablems.”

Decision Support Systems are intended to automate clericel functions
thereby increasing the time available for decision making; provide a structured
framework for camputational models, and facilitate a better understanding of
decision alternatives (Kosy and Char, 1983). A DSS differs from an MIS because
it supports decision making rather than transaction processing, record keeping
and normal business reporting (Keen and Morton, 1978; Kosy and Char, 1983).

The applicability of DSS to emergency planning and respense depends on two
related assumptions. The first assumption is that the cognitive limitations of
decision makers are reflected in the decision making behavior of emergency
organizations. The limitations of individuals are well documented in the
decizion theotry literature (Sage et al., 1983). However, emergency organi-
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zations must exhibit decision making kehavior consistent with these limita-
ticns, or nen—-LSS solutions may ke more appropriate (e.g., organization
restructuring) .

A secord assumption is that the elements of DSS must be capable of compen-—
sating for cognitive limitations within the domain of emergency planning and
response. A damain is loosely defined as an area of interest or endeavor. DSS
mist be able to capture and express salient damain features, or they will be
unable to assist decision makers. This paper examines support for the pre~
ceding assumpticns and the applicability of DSS concepts to emergency planning
and response.

igion Making by Individuals and Organizations

Individuals

Individuals encounter difficulty making choices in complewx (multiple
choice) or stressful enviromments (high information levels or uncertainty)
because of limited cognitive abilities. Sage et al. (1983) state that "the
inability of humans to deal with a large mumber of informaticn items... is a
potentially significant limitation to judgement and choice in complex
situations."

Unaided decision makers, faced with information overlcad, often construct
a simple representation of the actual prablem and atteampt to deal rationally
with the representation ({Belardo et al., 1984)}. For example, a city wide
evacuation requires the decision maker to consider many different variables
similtanecusly (e.q., logistics estimates, tyaffic flow rates, collector and
arterial capacity, alternative network configurations). Attempts to simplify
this preblem by considering a single neighborhood are too simplistic since
neighborhood traffic coalesces on major arterials.

Extensive ampirical evidence suggests that decision makers use flawed
judgment heuristics and suffer from cognitive biases (Sage et al., 1983). The
most commen hewristic is to resolve the problem into camponents and solve each
camponent separately. This heuristic deoes not gquarantee a glabal soluticn
since companent solutions may interact (Sage et al., 1983). Common cognitive
biases are "availability"—-excessive reliance on easily recalled or recent
information—ard, "anchoring and adjustment"--the inability to adjust estimates
of a situation to new information (Tversky and Kahneman, 1974; Holloway,
1979).
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Proponents argue that DSS may campensate for these cognitive limitations.
Information overload may be decreased through data reduction or filtering
tachniques (Jarvis, 1976). Complex problems, such as evacuation, may be expli-
citly modeled eliminating the temdency to use faulty representations. More-
over, new information may be incorporated, automatically reducing the decision
maker's vulnerability to heuristics and cognitive biases.

Organizations

Dyvnes and Quarantelli {1976) present an extensive review of dbserved
charges in crganizational decision making in response to crises. They iden—
tify several hundred propositions about organizational response. Organizations
do not simply expand their pre-crisis activities and structure in response to
crisis. Instead, they extend their structure in order to engage in unfamiliar
tasks, interact with emergent groups, medify the roles of existing members, and
add new members to the organization. These adaptations are responses to
changes in the decision making envirorment from a stable and predictable non-
crisis planning phase to an unstable and unpredictable crisis response phase.

Decision making during crisis is distincuished by "the increase in rate of
decision making" and by "mumber of decisions made" particularly at lower
levels of the organization (Dynes and Quarantelli, 1976). The increased spesd
of decision making implies that items of low priority may be ignored and that
decision makers are forced to consider less information before allocating amd
reallocating resources.

The "extension" of the organization to include new tasks and members is
similar to the develcpment of an ad hoc organization. 2An ad hoc organization
is defined as a temporary decision making group set up to manage a specific
situation (Shapiro and Cumings, 1976). These groups tend to exhibit decision
making pathologies when compared with a permanent organization. Such pathol-
ogies imclude lower decision making productivity, poorer use of available
resources, and higher stress and conflict levels among group members (Shapiro
and Qummings, 1976).

COrganization structure and behavior are cbsarved to undergo profound
chargfe in response to a crisis. These changes are manifest in new coordination
mechanisms, lower decision efficacy, and frictional group dynamics. These
empirical cheervations suggest that all organizations, have enormous difficulty
dealing with crises.
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Downward diffusion of authority, an increased rate of decision making, and
poor utilization of rescurces are symptomatic of information overload and
support the assumption that individual cognitive limitations significantly
influence emergency organization decisicn making, "Extended" organizations
are likely to include inexperienced members. These 1rdividuals seem highly
susceptible to faulty decisicn representation and heuristics. The concspt of
providing explicit decision support with DSS is an attractive goal. This goal
achieves special significance in a crisis or disaster where the cost of an
inappropriate decisicon may be hidh.

Emergency Planning Decision Support Systems (EPDES)
Existing LSS and Related Systems

The study of Belardo et al. (1984) represents the first systematic appli-
cation of [SS concepts to emergency planning and response. They developed a
four component model consisting of "a databank, data analysis capability,
normmative models, and technolegy for display and interactive use of the data
and models." The databank (or database) organizes relevant data from the
domain that may ke manipulated or analyzed using data analysis techniques, or
normative mecdels. Data analysis uses statistical techniques to establish
trends (time series analysis), differences (analysis of variance) and relation-
ships (regression) among the data,

The technolegy for display and interactive use of the data and models is
termed "user inmterface," User imterfaces mediate user question formilation and
gystem response presentation. They may allow multimodal interaction through
various devices such as a light pen, voice recognition and synthesis, keyboard,
touch screen, text, ard graphics displays (Jarvis 197§).

"Normative models" (Belardo et al., 1984) refer to two distinct classes of
models: prescriptive models or normative models (in a strict sense) that
search for the "best"--or optimal~-solution from a set of altermatives (e.q.,
linear programming); and descriptive models that examine implications of alter-
native courses of action (e.g., simlation) (Friedman, 1975; Jarvis, 1976; Kosy
and Dhar, 1983). Both classes of models use operations research and management
science (OR/MS) techniques (Hillier and Lieberman, 1974). Young (1978) sug-
gests that a DSS recquires a collection of OR/AMS routines such as minimax alle-
cation algoritims, generalized decision trees, inventory models and FERT/CEM
that users may combine in various ways.
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Many systems develcoped for emergency plamming or response can be expressed
in terms of the Belardo et al. (1984) model. Table 1 sumarizes nine different
systems, all of which include a database and user interface. ERS, CIEAR,
MASSVAC, and REMD use CR/MS prescriptive transportation models to calculate
evacuation times and vehicle allocation. BEHAVE and OOAST GUARD use descrip-

tive models. EED CROSS, ERS, AND CLEXR provide summary statistics.
USER MODELS DATA DATABASE SOURCE
INTERFACE ANALYSIS
RED CROSS TEXT, NO SUNHARY DAMAGE BELARDO
BRAPHICS STATISTICS ASSESSHENTS et al. (1984)
COAST TEXT HYORG- X0 WEATHER, IBID.
GUARD LOGICAL OCEAN CURRENTS
REHD TEXT, TRANSPORT, N LOCATION AND i8iD.
GRAPHICS HULTIDBJECTIVE TYPE OF EMERGENCY
HEALTH VEHICLES
CHECKLISTS, LOBS
ERE TEXT, ALLOCATION, SUNHARY USES DUTPUT OF BELARDD,
GRAPHICS STATIATICS HAINFRAME RADIOLOGICAL et. al ({1983)
MODELS {PLUME. DOSE)
CLEAR TEXT, EYACUATION, SUNHARY FLOW CAPACITY HOLEAN et al.
GRAPHICS NETRORK, STATISTICS POPULATION DENSITY {1983}
TRAFFIC
BEHAVE TEXT FIRE DYNARICE WO FUEL LOADING, ANDREWS (1983)
HETECRLOGICAL
MASSVAC TEXT, SEE CLEAR SEE CLEAR SEE CLEAR HOBEIKA AND
GRAPHICS JAKET (1985)
EI% TEXT, NO NO RESOURCES, RESEARCH
GRAPHICS LOGS, CHECKLISTS ALTERNATIVES
FMOC-E13 TEXT NG NO SEE £I% AHEY (1985)
Table 1

Existing Support Systems: A Summary of Features



16 TERMINAT, DISASTERS

The support systems may be divided into two groups. The first group
organizes resqurce information, simplifying its storage and retrieval (RED
CROSS, EIS, RMOC-EIS). These systems are a significant improvement cver paper-
hased directories that are difficult to revise and keep up to date. However,
although they may reduce informetion overlead by organizing relevant data,
they do not campensate for faulty heuristics or biases. The second group
(COAST GUARD, REMD, CIFAR, BEHAVE, MASSVAC) uses scphisticated OR/MS models
within the domain subset, kut do not campensate for faulty heuristics applied
to the remaining domain, Moreover, these systems do not reduce information
pverload ocutside this subset.

The Belardo et al. (1984} [SS medel terds to rely on CR/MS techniques to
correct for cognitive bias and faulty heuristics., Unless the user's demain can
be completely described using OR/MS techniques, it is likely that some biases
and heuristics will go uncorrected. I do not imply that a DSS based sclely on
CR/MS is unacceptable, but that OR/MS techniques have limitations in their
ability to express damain features. Moreover, a DSS predicated on ORAMS allows
the posaibility of significant error in problem understanding and specification
since the user must select the appropriate technigue. The result is the often
heard response, "Great solution! Wrong problem!”

Fole of Knowledge

The limitations of OR/MS techniques encouraged many researchers to examine
the potential role for knowledge in DSS (e.g., Kosy and Char, 1983). The
design of systems that manipulate knowledge is an active area of study among
artificial intelligence researchers in the field of expert systems or knowledge
engineering. A [SS that explicitly uses knowledge is termed knewledge-based or
expert-DSS (Ben-Basset and Freedy, 1983; Kosy ard Dhar, 1983).

Human experts are characterized by expert damain knowledge and problem
solvirg ability. They have mastered publicly available information about a
damain and use their individually developed problem solving techniques, problem
approaches ard rules of thumb (heuristics) to solve problems efficiently.
(Hayes-Roth et al., 1983). Human experts are able to make inferences and reach
plausible conclusions with incomplete or uncertain data (Michaelsen et al.,
1985) unlike traditional computer-based methods.

Expert systems are person~machine systems that derive their knowledge,
problem solving expertise, and heuristics from human experts (Hayes-Roth et
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al., 1983). Knowledge is cbtained from interviews and chservation of experts
solving typical problems. The knowledge acquisition process creates a bedy of
knowledge or knowledge base, Expert systems are able to make decisions on par
with human experts in such diverse areas as geological exploration
(PRCSPECTOR), infectious blood diseases (MYCIN}, and computer system cenfigqura-
tion (R1) (Hayes—Roth et al., 1983; Michaelsen et al., 1985).

Several types of expert systems may have a role in EPDSS. Interpretative
systems, for example, generate a plausible explanation(s) for a given set of
cbservations. Military situation assessment systems are representative of
interpretative systems. They attempt "fusion" of intelligence sensor cutputs
into a comprehensive view of enemy intentions (Ben-Basset and Freedy, 1983).
Diagnostic systems infer system malfunctions fram system behavior (Hayes-Roth
et al., 1983}). Medical systems such a MYCIN (blood diseases), PUFF (pulmonary
disease), and INTERWIST (internal disease) are examples of diagnostic systems.
They use patient symptoms to identify the disease or causative organism and
possible treatment. Prediction systems infer the likely consequences of a
given situation. A military prediction system such as the Rand Strategy
Assessment Centre Project attempts to integrate CR/MS techniques, war game
methodoltdy, and expert systems to predict the consequences of U.S. policy and
actions on geocpolitical events (Davis and Williams, 1982). Finally, planning
systems desigm actions subject to existing constraints and desired goals
(Hayes-Roth et al., 1983).

Expert systems are being developed for emergency plamnirg and response. A
prototype system for oil and hazardous chemical spill management is discussed
by Hayes-Roth et al. (1983)}. This system assists users in determining the
source of a spill and identifying the spilled material. It then suggests
appropriate contairment and remedial activities.

Andrews and Latham (1984) describe BEHAVE, an expert system for predicting
forest ard range fire behavior. They state that "BEHAVE is operaticnally used
for a variety of purposes, from real-time prediction of fire perimeter for
suppression. . . To planning controlled use of fire, . . ." EEHAVE integrates
mathematical prediction models (OR/MS) with expert derived heuristics. These
heuristics are used to help the user interpret fire behavior predictions.
BEHAVE is intended as an "expert assistant" with the human user making the
final decision.
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A Ynowledge-based DSS is interded to provide expert assistance to human
decision makers (Ben-Basset and Freedy, 1983). The spill management system is
an example of an expert diagnostic assistant. Other diagnostic assistants may
help users select or interpret OR/MS or data analysis techniques. EEHAVE is an
exanple of a predictive assistant. Other predictive assistants may analyze
evacuation problems integrating CR/MS techniques with heuristics. "Expert
assistants" may correct many cegnitive biases and faulty heuristics by applying
expert knowledge and problem solving skills to social ard physical phenamena
associated with emergency plamning and response. Many of these phenamena are
only wdersteed heuristically and do not yield to traditional methods of
description and analysis.

The Emergency Planning Decision Support System Component Model

The EPLSS component model is based on Belardo et al., {1984). The model
is depicted in Figqure 1. The conponents include: a database, analysis
capability, descriptive and prescriptive medels, user interface, and an expert
assistant. The model esplicitly recognizes the need for expert knowledge
embedied in the expert assistant. The EPDSS model is sufficiently general to
include the Belardo et al. {1984) model as a proper subset.

Ideally, each conponent should be represented in an EFDSS; howsver, its
scphistication should be tailored to the decision maker's needs. The design of
data analysis capability, prescriptive, and descriptive models is discussed
extensively elsewhere (Hillier and Lieberman, 1974). The remainder of this
paper focuses on user interface and database design issues.

User Interface

an interface camprises both the 1rput and cutput lnteractions between the
huran and computer (Collins and Moon, 1984). The interface may consist of many
physical comporents; however, relatively few modes of interaction are possible.
Input modes include keyboard, memu selection, gestures (pointing and drawing),
and voice (Taylor et al., 1984; Collins and Moon, 1985). Output moedes include
alphammeric display, graphics display, and voice.

A1l systems are bimodal and wany are multimedal (Taylor et al., 1984).
Bimodal systems have cne input mode (keyboard) and one output mode
(alpharmmeric display). Most emergency support systems (Table 1) are multi-
modal and have two input modes (keyboard and meru selection) and two cutput
modes (alpharnmeric and graphic display).
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Figqure 1
Components of an Emergency Planning Decision Support System (EPDSS)
ard Relevant Subject Areas

(2Adapted from Belardo et al., 1984)



20 TEEMINATL, DISASTERS

Apple Computer Itd.'s MacIntosh is a perfect example of a multimodal
interface. The MacIntosh allows keyboard, merm, pointing, and drawing as
inputs and provides alpharmmeric and graphical outputs. Moreover, MacIntosh
allows mived-mcde interactlions during a single query: for example, a user can
asynchronously utilize pointing, keybeard, and meru.

Disasters and key commmity resources have an important spatial component
(Everscon, 1985). User dqueries are likely to include a spatial dimension such
as, "Where are the resources?" or "wWhat route should be used?" The EPDSS
interface mist be predicated on pictorial displays. Pictorial displays are not
the zame as graphic displays that do net add to information already embodied in
a table. However, individual decision makers with strong spatial skills may
benefit more from graphs than from tables in problem solving situations (De
Sanctis, 1984).

People prefer maps which are pictorial displays of spatial information
rather than a description of a place (Taylor et al., 1984). For example,
Figure 2 demanstrates how a pictorial display allows a person to recognize
immediately which fire station is closest to the disaster site. The table
presents the same information ¢learly. A pictorial display remains more intui-
tive, more natural. The preference for pictorial displays seems related to the
brain's spatial ard linguistic modes of thought. Cbjects are significant to a
decisicn maker because of their spatial relationships to one ancther. For
example, chess masters play endgames by recognizing specific spatial configura-
tions on the chess board. They do not examine all possible moves the way a
camputer does when playing chess (Everson, 1985). The brain's intrinsic abil-
ity to ascribe meaning to particular spatial configurations suggests that EPDSS
should support pictorial displays.

Database

A database is the nexus for all other campenents of the EPDSS (Figure 1),
ard a camponent of existing support systems (Table 1). Clearly, its design is
critical to overall system performanca. A properly designed database inproves
data redundancy, update consistency, data integrity, data standardization, and
data independence.

Databases are expressed at three levels of abstraction (Ullman, 1983},

The physical database (or internal schema) describes data storage structures
and data access strategies. The conceptual database (or conceptual schema)
describes an abstraction of the real world of imterest to the emergency
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B ST. A ST. FIRE STATION 1
1 ST AVENUE
DISASTER
2 ND AVENUE

e
ERE

FIARE STATION 2

OBJECT SYMBOL X_COORD  Y_ COORD
FIRE STATION 1 55 60
FIRE STATION 2 55 30
DISASTER @ 45 50

Figure 2
Comparison of Pictorial and Tabular Displays of Relationships
Between a Disaster Site and Two Fire Stations

organization (Ullman, 1983). The user database (or external schema) is a
subset of the conceptual database. The conceptual database is described using
a "data model." This section focuses on the relational data model and use of
Entity Relationship (ER) modeling in creating a conceptual database.

Entities are defined as anything that has reality and distinctness of
being in fact or thought (Vetter and Maddison, 1981; Ullman, 1983). Entities
of interest to an emergency organization are location ard description of haz-
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ardous materials, heavy earth moving equipment, etc. Any mmker of entities
may be explicitly identified deperding on their usefulnes to emergency planning
and response.

Entities have properties called attrikutes, which associate a value from a
domain (Ullman 1983). Entities sharing the same attrilutes form an entity set.
Attributes are selected to describe entities of the real world. For example,
the entity set, FIREIRUCK, may be described by the attributes: COLOR, WEIGHT,
SERTAL NO., TRUCK TYPE, etc.

A relational data model uses a set-theorstic concept of a relation. A
relation is a subset of the Cartesian product of one or more damains (Date,
1981). A& domain is a set of values from which attributes are drawn hence an
entity set is a relation (Ullman, 1983). The relation FIREIRUCK is written as
FIREIRUCK (COLCR, WEIGHT, SERTAL NO., TRUCK TYPE). Relations may be visualized
as tables where the colums represent attributes and the rows represent
inmdividual entities (Figure 3}.

FIRE TRUCK

SERIAL_NO | TRUCK _TYPE COLCR WEIGHT

LA 123 625 PUMPER RED 10 TON

Figure 3
A Tabular Representation of the FIRETRUCK Relation

The relaticnal model is a powerful construct; however, 1t is difficult for
the user to apply. Entity-relationship modeling (ER) (Chen, 1976) allows the
user (or analyst) tec describe information needs in familiar terms at an appro-
priate level of resolution (Tuori and Moon, 1984). ER uses the concept of a
relationship among entity sets. For example, the relations, FIRETRUCK and
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FIRFSTATION, are related by the relationship set, STATIONED AT. The elements
of STATIONED AT are described using attributes of FIRETRUCK and FIRESTATICN.
STATIONED AT is written as STATION AT (SERIAL NO., STATTION NUMEER).

IR incorporates relevant semantic informatien, i.e., relationships among
entities. Entities and their relationships may be depicted in an ER diagram
(Ullman, 1983; Tuori and Moon, 1984). In the diagram, rectangles represent
entities, undirected lines represent relationships, and ovals represent attri-
kutes (Figure 4). The ER diagram provides a convenilent notation for users to
describe their world.

COLOR

FIRE TRUCK @

SERIAL__NUMBER
SEHIAL_NUMBED

1Y NOILWLS

STATION_ NUMBER

FIRE STATION e
[ T— STATION_NUMBER >
\_w/

Figure 4
Entity Relationship Diagram for FIRE TRUCK, FIRE STATION
ard Their Relationship STATIONED AT
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Conclusion

Individual cognitive limitations became manifest in emergency organization
decision making. ILimitations are realized as faulty decision heuristics in
response to information overload. Existing support systems tend to campensate
for information overload or faulty heuristics. Only a small mumber of systems
deal with both limitations in other than a few narrow damains (Table 1).

The EPTSS model acknowledges that emergency planning and respense includes
many phencamena that are imperfectly understood. Attampts by researchers to
quantify these phencmena are laudable, However, an EPDSS must integrate know—
ledge with traditional quantitative support tools (Figure 1).

The EPDSS model represents an ideal--an erndpoint in an svoluticnary pro-
cess. Initial support systems should focus on information storage, retrieval,
ard manipulation. These systems must be predicated on a database and user
interface that reflects the user’s world. Systems that express spatial dimen-
sions using a relational data model and entity-relationship modeling seem to be
an area of promising research {(Everson, 1985).
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Introduction

Despite its success in other management areas, the camputer has only
recently been regarded as a useful teool for disaster managers. Decreased
costs and increased manager scphistication have contributed to the expanded use
of computers in emergency management, while that same sophistication and in-
creased public awareness of disasters have created a need for improved support
tools for better disaster-related decision making. Ancther, more subtle reason
for greater camputer use in this area is the creation of new desiom procedures
that have allowed for the efficlent, cost-effective development of disaster
management support systems. Those procedures are the focus of this paper.

The next two sections briefly describe the variety of systems design
techniques that are available as well as cur reasans for selecting prototyping
as the preferred approach. The two sectiens that follow discuss the applica-
ticn of this technique to a particular disaster management enviroriment.

Prototyping

The increasing complexity of computer-based information systems has
created a need for improvements in systems development technology. Unfortu-
nately, the evolution of systems technology has lagged behind the evolution of
camputer technology by five to ten years {Cougar, 1973; Berrisford and
Wetherbe, 1979). During the first two eras of computer systems develcpment
{(Rockart and Treacy, 1980), problems that could be addressed using computers

1 A slightly different version of this paper entitled, "The Development of a
Disaster Management Support System Through Prototyping, " will appear in
Information Management, 1986 (forthcoming).
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were sufficiently well-structured so that a legical top~down developmental
approach could be applied. A number of such approaches [e.g., SOP, TAG, RDS,
(Cougar, 1973); PSI/FSA (Teichroew, 1970; Thall, 1971); ISDOS (Teichroew and
Sayani, 1971}; ISAP (Smith and Kmith, 1976); Cata Flow Graphs (DeMarco, 1979);
and Structure charts (Page-Jcnes, 1980)] were developed to aid systems
developers.

Most of the traditional methods referenced above are based on the premise
that a computerized informatien system can and should be fully specified before
being designed (Davis, 1982). However, an increasing mmber of today's comma~
ter users have fouryd that "information needs" are not fully understood at the
time of initial system design. In many instances, the creator of a system is
regquired to begin designing the system before he or she fully understands it
(Fischer and Schneider, 1984). In such situations, where a stable amd camplete
set of specifications is not available, an “incremental" design process may be
appropriate.

A mober of tools such as heuristic development (Berrisford and Wetherbe,
1979), adaptive design (Keen, 1980), and prototyping (Naumarn and Jenkins,
1982; Carey and Mascn, 1985) have recemtly been devised to enhance the prcha-
bility of users being satisfied with the system that is finally delivered
and/or implemented. Prototyping, the most widely discussed method, involves
the building of partial models of the system that can be evaluated by users.
Once evaluated, these models or prototypes can be changed until a preferred
version of the system has been cbtained. One of the key features of this
procedure is that each test of a prototype provides a forum for user imvolve-
ment in the design process. Perhaps equally important, particularly when
developing applicaticns in new areas, is that information requirements can be
reexamined each time a prototype is evaluated. Consequently, a system designed
using prototyping typically exhibits very few final "surprises" to the user.

New Technology, Microcamputers, and Disaster Management
Prototyping has became a useful technigue for systems develcopment primari-
1y due to a number of recent changes in camputer technology. Software tools
that permit the rapid development of prototypes are proliferating (Carey and
Mason, 1985), and, perhaps more importantly for disaster managers, the porta-
bility and low cost of microprocessor technology have made it possible for
organizations to experiment with computer systems and assess their value in
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supporting disaster management decisions.

The remainder of this paper describes the development of cne particular
system that was develcped over a two year period for a regional emergency
medical organization in upstate New York. This particular case demonstrates
well the advantages of the prototyping design appreach and the benefits of
using the microcomputer as a disaster management tool.

Miltiple Casualty Response: A Case Study

In most medical emergency situations (e.g., heart attack, auto accident)
individual ambulance agencies and/or fire departments can respond quickly amnd
effectively. However, in the event of a large fire, an explosion, a plane
crash, or a train derailment, the capabilities of any one agency are typically
inadecuate, In such situations, the activities of various provider agencies
need to be coordinated.

In responding to this need in the Albany, New York area, the Regional
Emergency Medical Organization (FEMO) is developing procedures to address
problems brought about by miltiple casuvalty situations. The region serviced by
REMO consists of six counties (Albany, Columbia, Greene, Rensselaer, Saratoga,
and Schenectady) covering 3,500 square miles and containing over 860,000
people. Service is provided by 135 emergency medical service (EMS) agencies.
The equipmertt located at each agency site ranges in mmber and type as well as
in commmications capabilities. Some sites have only one Basic Life Support
amulance avallable while other sites may have a cambination of Basic Life and
Advanced Life Support ambulances with voice and telemetry transmission capa-
bilities. The majority of the more than 78,000 calls for emergency medical
assistance that the EMS providers receive each year can be adequately handled
by individual agencies or by several agencies working together. It is during a
miltiple casualty emergency situatian, however, that a system for deployirg
resources and providing badkap amtulances to those agencies stripped of their
resources is needed.

To aid REMD in such emergencies, a Multiple Casualty Computer Aided
Dispatch System (MOCADS) was developed over a two year period using a micro-
coamputer-based prototyping strategy for information assessment. The genearal
iterative approach that was used is shown in Figqure 1 below and subsecuently
described in detail.
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MCCADS Protobyping Strategy

(Adapted from Naumann and Jenkins, 1382)
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The First Prototype: Definition Phase

In our initial attempts to develop a system, we held discussions with REMO
officials and representatives of the local (Albany) disaster management commu-
nity to ascertain the procedures used to make decisions concernirg the deploy-
ment of rescurces. We then designed a prototype system to determine if we
urdersteod the problem and whether the system components contained in the
prototype adequately fulfilled the managers needs. This 'Wersion O prototype
was then evaluated in a field setting by ten individuals of the REMO control
center and training facility in Colonie, New York.

The results of the field experiment (discussed in greater detail in
Belardo, Karwan, and Wallace, 1982) provided several specific insiaghts inte the
decision precess emplayed by REMD dispatchers. Tests administered to assess
opinions about the various components and features of a DSS for multiple
casualty response (both kefore and after the experiment) showed that data
retrieval was considered to be the single most important feature. This was an
expected result. However, despite the fact that emergency dispatchers typical-
1y employ standard road maps as tools, the participants indicated that erhanced
graphics were not particularly important in their decision processes. In the
experiment, we observed that their decisions did not involve interacting with
supplemental computer generated graphics displays, but rather almost exclusive-
ly with street maps that were also supplied. The primary reason for this
preference seemed to be the relative lack of sophisticated graphics capabili-
ties available to the participants; therefore, we suspected that interactive
graphics capabilities developed subsequent to the field test would probably be
better received.

One initial component of the Version O prototype was a dual abjective
algoritim that evaluated both total transportation time as well as the maximm
time from dispatch to arrival on-site. The fleld examination of the prototype
showed that those with this model-based component did significantly better in
assigning rescurces than those using traditional marmal procedures. Not only
were their assigrments feasible (i.e., all ambulances assigned, no ambulances
used twice), but later, when all the participants were asked to carefully
deliberate and select what they considered to be the most appropriate assign-—
ment of rescurces for each of three scenarios presented, they overwhelmingly
chose solutions presented by the computer-kased dual cbiective algoritim.

Despite this "svocess" with an algoritimic approach, the tests also re-
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vealed that the straightforward use of such a model did not allow for adequate
soluticns to the problem of deploying resources in response to miltiple casual-
ty events (a problem that will be discussed in more detail in the following
subsection.) On the other hand, the use of the normative technique did help
the users to focus their attention more directly on the design of the system.
Once the dispatchers had seen that they could more adequately respord to emer-
gency situations with the benefit of a camputer-kased system, their interest
increased, ard they began to participate in the definition stage to a greater
extent than they had before. It was cnly after the field test that they began
to describe the decision rules that they emploved and the heuristics that they
incorporated in their decision processes. As an exanple, each dispatcher knew
that each agercy and/or ambulance was capable of different response rates.
These rates had never actually been estimated or recorded; however, in buildirg
a system to help them cheose ambulances to respord to a miltiple casualty
incident, it beceme readily apparent that these "handicaps" would have to be
made more explicit.

The Second Tteration: A Working Prototype

The Regicnal Emergency Alerting Center (REMAC) is located at REMD head-
quarters in Colonie. This center is staffed by professional dispatchers pro-
vided by the town of Colonie Police Department and serves as the central
advanced Life Support frequency menitoring and coordinating center for the
entire REMD area. The center was the dovicus location to choose for further
tests of a centralized, computer-based dispatch system.

With the aid of REMAC perscnnel, a secorxd prototype (Version 1) was de-
veloped over a several month period. This system, entitled MCCADS, (Multiple
Casualty Computer Aided Dispatch System) is simple to use, and memu driven. It
allows dispatchers to make complicated decisions about areas of the region for
which they do not routinely dispatch vehicles.

In developing this prototype, several assumptions and decisions were made.
The Universal Transverse Mercator (UIM) grid system was chosen as a reference
because of the availability of maps for the entire state of New York (which are
all on the same scale, 1:2400) and because each map is large enocugh so that
agency base coordinates can be plotted reasonably accurately.

Further, it wes decided that during a medical emergency, the agencies
contacted initially should dispatch their units directly to the incident site
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and that the decision concerning the total mmber of required ambulances woilld
be made by the cormarder on the scene (based, for example, on the mmber of
patients and their condition}. It was decided that rather than using a pre-
determined plan to accommodate say 10, 20, 30 or more patients, MCCADS would
automatically locate 1 1/2 times the number of ambulances requested by the
dispatcher. These ambulances would be those of the agencies closest to the
incident (either by town or village designation or UM coordinates).

In actual operation, a list of the agencies, the mmber of ambulances
available, and other pertinent information is provided by the microcoamputer to
the dispatcher who camunicates with the varicus agencies. Once an ambulance
is dispatched, the system removes it from the available list until it returns
to its base. Those areas which are left without coverage will then be covered
by back-up units (suggested by MCCADS) which move progressively closer to the
incident in case additional units are needed on the scene. This relocation is
done by actually serxding the back-up agency's ambulance(s) directly to the base
of the agency it is now covering.

The concept of a "handicap™ was also built into the computer's calculation
of distance of ambulances from an incident. The computer ranks agency bases
from nearest to farthest for a partioular incident/coordinate location in-
corporating the handicap which represents the average time from receipt of a
call until time en route (i.e., ramp time) plus average transport time. It was
developed by using a formula for the mumber of meters travelled in each minute
with the average speed a conservative 45 kilameters per hour.

Data Collection

In addition to the data cbtained through the field experimerts, data
necessary for the develorment of MCCADS was cbtained from various providers. A
survey form was designed and sent to all 135 emergency medical service agencies
throughout REMC's region. The following information was cbtained:

1) Agency name
2) Agency Code Number (four digit rmber assigned by REMD)

3} Street location on a map of each base station. This information
was corverted to the UM coordinates on the REMD large maps.

4) Average time off the ramp (used to develop handicap)
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5) MNumber of bases, number of vehicles, and type (transpert/
nontransport) of vehicle at each base

6) Agency emergency phone murker, 2Although there are a few central
county-wide dispatch centers, there still exists a few "mom and
pop" dispatchers and answering services in the regicn.

7) Agencies' "own choice™ of five backup ambulances to cover their base
if their own vehicles are unavailable, This, of course, takes into
consideration both previcus mitual aid agreements and parochialism
which has developed over time.

The next group of data cbtained was the centroid locations of the mmici-
palities in the regicn as a beginning of the location file. The Local 2ccident
Surveillance Project Growp of the New York State Department of Transportation
provided this information and thus helped save many hours of coordinate plot-
ting on the over 80 maps of the region.

The software for MOCADS was developed on an Arple ITe microcomputer with
two 5 1/4 inch floppy disks. One disk contains the permanent agency file
(the mmber of agencies is currently 250), the temporary agency file which is
copied from the permanent file and manipulated during the execution of the
emergency program, and the location file (the current mmber is 2,000).

Current Procedure for Using MCCADS

A schematic of the MCCADS system is shown in Figure 2. The dispatcher
simply inserts the two disks, turns on the conputer, and is given a menu which
includes editing fimctions, file building functions, copying functions, and a
"rmun" emergency program. When the emergency program is selected, the camputer
autamatically copies the permanent agency file into the temporary agency file,
and the dispatcher is asked the incident location. Any one of the locations in
the file may be typed in by name, or the word "coordinates" can be typed and
the dispatcher will be prompted for the actual UIM coordinates, which he can
cbtain from available maps. VWhen the mmber of ambulances requested is then
typed in, an ordered list of agencies with their mmber of ambulances, first
responding vehicles, and phone rumker is provided on both the screen and
printer. In the next phase, the screen goes directly down the list giving the
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dispatcher the opportunity to assign each agency as his phone or radic message
to them determines availability to respord. After the required mumber of
aminlances have been sent to the scene, or after a control comand is depressed
to exit this phase, the next phase is begun. At this time, the computer gees
dewn the list of ambulances assigned, giving the dispatcher the prearranged
plan that determines who is to be used to cover the vacant districts. Every
new list takes into consideration units which have already been assigned or put
off service, so that those vehicles will not be listed as available until the
dispatcher puts them back in service or the incident is over. The emergency
program can be run again using the same or any other locaticn should additiconal
ambulances be necessary. When the incident is over, the dispatcher "clears all
assigrments" by simply erasing the temporary file.

Review and Test of the Secord Prototype

The secord prototype was tested at REMAC using a number of fairly simple
scenarios. The most camplex test involved a (fictitious) situation in which a
university fieldhouse in the area partially collapsad. In this scenario, the
local fire department that was initially contacted set up a command post near
the fieldhouse and requested 20 ambulances from REMAC. During the test, the
REMAC dispatchers employed MCCALDS to generate a list of ambulances and actually
telephoned each of ten agencies suggested by the microccamputer system. (Each
agency contacted was informed at the cutset of the conversation that "THIS IS
ONLY A TEST. NO UNITS SHOUID EE DISFATCHED AT THIS TIME."} In this particular
situation, a total list of 25 amitulances was required in order to dispatch 20
of them since three of the 25 were already on call. There was no answer at one
of the agencies that had only cne ambulance, and one ambulance in the data set
was being dispatched by two different agencies (!)

The four REMD employees who routinely worked as dispatchers were irvolved
in this particular test, and their evaluation and camments were helpful in
assessing the need for further improvements in MCCADS., In particular, on a
scale of one to ten, the four dispatchers rated the prototype system on four
attritutes as follows:

Attribute Average Rating
Speed
Accuracy
Usefulness
Ease of Use

03 =1 ~]
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These rumeric assessments are clearly not overwhelming erdorsements of the
system. However, many of the dispatchers' detailed comments were enlightening
in explaining the prcblems remaining with the second prototype. Specifically
it was felt that:

1} The system should have the ability to review input data at any time
{coordinates and location of incident, whether or not an ambulance

has already been dispatched, ete.)

2) Greater flexdbility is required in assigning backup ambulances to
uncovered areas. In this regard, the system needs to be dynamic and
should consider all current assigrments before recommending baclkups.
Furthermore, no area should be totally stripped of ambulances when

backups are arranged.

3} The data on handicaps are not totally believable. Scme agencies
appear to have reported extremely optimistic ramp times, and these
figures should ke reviewed by REMO experts.

4)  The required phone calling would almost be prchibitive during busy
hours of the day. {Actually mich of this camumication would be done
by radio, but interference due to the time of the day and other radio
traffic generated by an emergency would still cause problems.) 2an
automatic dialing system would be helpful for calls made by phone.

5) Since the second prototype is primarily a stand-alorne microcomputer
system, it is difficult for two or more dispatchers to work together.
A small network of terminals would allow all imvolved digpatchers to
coordinate calls to the agencies.

6} The system should prompt dispatchers to call other appropriate emer-
gency agencies, e.g., it should direct dispatchers to notify hos-
pitals and arrange for local aviation support.

As will be discussed in the next section, most of these difficulties can be
solved in a straightforward marmer in the development of the third prototype.
Ttems 4 ard 5, however, deal with issues of emerging technology and will most
likely require further technical evaluation.

The Next Step
The secord prototype is currently available for use by dispatchers at

REMAC. A third prototype that incorporates most of the straichtforward sug-
gestions described above is being designed to replace it. This system will
include a less confusing display of the status of the current situation, an
improved ability to provide backup ambulances for "uncoverad" agencies (using
more expert-like decision rules), and will provide phone mmbers {and possible
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recommerdations) for contactirg other related emergency personnel and facili-
ties.

It iz also hoped that REMO officials will examine in detail the hardicap
times collected from the provider agencies. Dispatchers have indicated that
they would be much more trustful of MCCADS if "accurate" munbers were in~-
corporated in estimates of response time. A procedure for arriving at these
figures nesds to ke agreed tpon.

Discussion

Many cbservers advecate that all systems development projects should
borrow as much as possible from prototyping and heuristic development. (See,
for example, the discussion in Naumarm and Jenkins, 1982, or McNurlin, 1981.)
Our reasons for using a prototyping design strategy in the enviroment de-
scribed here were campelling. Since camputers have been used so little in
disaster management, it was important that we demonstrate garly in our inter-
actions with REMO how these tools could be employed to improve the decision
process.  Prototyping also proved imvaluable since the multiple casualty prob-
lem with which we were dealing is poorly understood, ard appropriate (dis-
patching) decision rules are still being formulated.

Although scme analysts suggest that "rapid prototyping” should be the
universally preferred development strateqy since user feedback is maximized,
our project has not permitted such a strategy. Our development of MCCADS was
plammned and deliberate because:

1) Such a system is not a high priority item due to the limitad ammunt
of time that it is used in actual operations,

2) There is no roam for error, since the system will be used as an aid
in life and death situations, and

3)  Cost justification is extremely difficult, and cost quickly becomes a
prchibitive factor. Furthermore, in this and many other envirorments
(Keen, 1985), the required data is not readily available, and the
data collection process must go hand in hand with the development of
the appropriate DSS.

In measuring the success of prototyping it is important that the procedure
be an effective or "superior" one. According to Young (1984), effective proto-
typing is characterized by design inmprovements at each stage and by quick
recognition of deficiencies in definition. In the case of MCCADS, design
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improvements have been dramatic at each iteration of the process, and straight-
forward uncbtrusive tests (as we have described) have allowed us to efficiently
chserve design problems that have remained at each stage.

In summarizing our work, it now appears that there will be at least four

stages in the prototyping of MCCADS:

Stage 1
The original problem was brought to cur attention by New York State

officials in the Office of Emergency Preparedness. As described in the pre-
vious section, the Version O prototype was designed primarily to test the
feasibility of employing a microcamputer-based system to aid dispatchers. The
prototype was model-based and a crude representation of what was really needed.
As chserved in mmercus other settings however, the original, fairly simple
system generated great interest among all potential REMO users and managers.

Stage 2
As discussed above, this working version of MCCADS (the Version 1 proto-

type) incorporated most of the real requirements of the users. Because of the
dispatchers' cooperation following stage 1, and because we employed a relative-
ly straightforward microcomputer-based system, design at this stage was manage-
able. Tests of this prototype involving similation scenarics revealed that the
second version was an excellent model for a "final" system., Ourrently it is
being used by REMD.

Stage 3
This prototype has been designed and will be testad in the near future.

It is an enhanced version that provides more effective information and greater
detail than the stage 2 prototype. It is intended to be an "expert system"
{Hayes-Roth et al., 1983; also see the article by Mick and Wallace in this
volume) that will incorporate the decision rules emplayed by dispatchers.

Stage 4
For a rumber of reasons, this prototype has proven easy to envision but

difficult to deliver. It is really one of the "ideal" system {(Iucas, 1976)
that designers often specify in the early stages of typical systems develop—
ment. Thus, this ideal dispatching system would always have current informa-
tion on the location of all ambulances and perscamnel, as well as an {almost)
instantanecus ability to notify appropriate agencies. Wwith today's technology,
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such a system is certainly a technologically feasible one. Microcomputer
telecammnications networks have beccme a reality (Brennan and Malloy, 1983)
and are ideally suited for this type of application. Unfortunately, economic
infeasibility will likely prevent an agency such as REMD from implementing such
a system in the near future. At this time, it is more likely that a techno-
logically improved system will consist of two or three microcamputers in a
network that has automatic telephone dialing capabilities. Such a system would
allow several dispatchers to work similtanecusly in locating, contacting, and
allocating a large mmber of rescurces.

The major practical problems that remain are typical of disaster manage-
ment envirorments (Belardo, Karwan and Wallace, 1982, 1984). Since actual
events seldam occur, it is difficult to justify investmert decisions in cost-
benefit terms that lock primarily at actual system use. Since most of the time
spent by managers and dispatchers at an organization such as FEMO is devoted to
training (and not to actual emergency response), it is important that decision
support tools such as MCCADS can alse serve as training devices. In this
regard, MCCADS has recelved favorable reviews; it is being used to train new
dispatchers as well as to prompt experienced personnel to think about improve-
ments in decision rules that were develeped exclusively using past experience,

Ancther practical problem that confronts all emergency management systems
is the difficulty of keeping information accurate and relevant. REMO is no
exception. It is extremely difficult to justify the constant wupdatirg of data,
especially to the point where the precise location of rescurces is always
known. This would require both considerable resources and considerable co-
cperation from all involved agencies. It currently appears to be a low priori-
ty item at REMO and other, similar agencies that have only recently orcanized
and are still formulating procedures.

Concluding Remarks

This paper has described the development of a microcamuter-based response
system for managing disaster situations. The prototyping strategy described in
mich recent MIS/TSS systems design literature was fourd to be an appropriate
one, yielding what appear to be impressive liprovements at each succeeding
stage. It is our belief that the prototypimg approach lends itself nicely to
the development of emergency medical response systems, and, in fact, that its
use will speed up the development of decisicn support systems in envirorments
that deal with other rare, potentially catastrophic, events,
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DECISION SUPFCRT FOR EVACUATICON
CPERATIONS USING MICROOCMPUTERS

Frank de Balogh
Decision Support Systems Laboratory
Institute of Safety and Systems Management
University of Southern Califernia

Introduction

Background
The large scale destruction left in the wake of Hurricane Elena in the

southeastern part of the United States in August, 1985 was a reminder of the
awescme power of nature. Because the hurricane forced the evacuation of over
one million people, it urnderscored the necessity for having sound evacuatieon
plans and systems in place for emergency managers. Part of the solution for
establishing such systems is the application of computer technologies (such as
information management and simalation modeling) to improve both preparedness
and actual evacuation management.

This article describes cne such technology employing powerful micro-
camputers ard software within the framework of a new class of information
system—Decision Support Systems (DSS). It is based on the work of the
Decision Support Systems Laboratory (DSSL) of the University of Southern
California which has developed automated decision aids for persons responsible
for managing the evacuation of smaller localities (Linaweaver et al., 1985).

The article is divided into three major sections. The first part defines
the concept of decision support systems. The second describes the general
functional requirements and proposed general system design for an evacuation
decision support system called Evacuation Management System (EMS) beding
developed by [SSL. The third part is a detailed discussion of two EMS
demonstration modules urder current development at DSSL, one dealing with the
management of an evacuation data base and the other with actual evacuation

operations.

What is a Decision Support System
Since the DSS framework underlies this entire article and it is a concept

that has received widespread recognition in the last five years, it is
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helpful to define it in some abbreviated detail. A Decision Support System
(DSS) is a collection of camputational, analytical, and decision-theoretical
mxiels tegether with a data base which reside in an interactive computer
ervirorment, Its purpose is to improve the effectiveness of what have been
termed "knowledge workers" (Sprague and Carlson, 1982). A DSS consists of
three major components: the data base, the medel base, and the software syst=m
which contains the data base management system, the model base managemert
system, and the dialog management system.

The data base contains information en the particular problem envirormernst.
The assoclated data base management system accepts user queries and retrieves
the requested data. The model base contains the reservoir of mathematical and
decision oriented models (same with simulation functions) which operate cn
selected subsets of the data base. Commmication between the data base manage-
ment system and the model base is performed by the model base management
system. Thus, the DSS is "“integrated" in the sense that the models can
directly use the data stored in the data base. The user simply has to select a
model ard specify the desired data to be used. The model base management
system generates the proper data gqueries and submits them to the data base
management system. The dialog management system controls the interface between
users and the system functions. It contains input programs which control merm:
selections (by such means as light pen, mouse, voice, finger pointing, etes.)
and output programs that control graphic display, pletting, ete. (Wallace,
Belardo, and Karwan, 1983).

S Functional and System Description

Introduction
There are three major levels of detail that can be employed in describing
BS:

1) General Furnctional amd Technical Description provides a broad
overview of the functions of the proposed system and the technical
framework or architecture which is being proposed for develcpment.

2) Detailed Functional and Technical Description provides greater detail
an the characteristics of the system's functions and specific
tachnical components.

3} Operationalized Functional and Technical Description includes precise
definitions (specifications) of functicnal or decisicn processes. It
defines data, mathematical modeling (including algorithms to be used,
irmput and output formats), as well as technical hardware and software
specifications, and testing and evaluaticn (performance) criteria.
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This article provides the first two levels of detail but not the third
(which would require documenting such things as record layout, file design,
model parameters ard equations) since EMS development is presently funded
internally by the University of Southern California. Ievel 3 illustration of
EMS is provided enly during demenstrations or presentations by DSSL staff.

outside furding sponsorship for full-scale EMS develcpment is being
actively sought by DSSL. Once that is obtained, EMS may become public damain
software.

General EMS Functional Goals

The broad, long-term EMS design which is planned for the future is based
on a general framework of information required by emergency managers to meet
one or more functicns listed below:

® Process evacuation-related data thus providing a data base of key
files including population, evacuation centers, evacuation routes,
emergency agencies, commmication systems, and transportatlon
resources—including imput, update, ad hoc inquiry, indexing,
sorting, ard reporting of data;

e Tdentify evacuation requirements and prepare a response plan for
relocation of affected populations;

® Record evacuation data and conduct evacuation analysis;

s 2Analyze potential altermative evacuation scenarios and their time and
rescurces recuirements;

s Estimate actual evacuation respense requirements and manage response
resources;

® Support the operation of mcbile units in the field during evacuation;

e Display and print data on resources required for evacuation on a map
of a geographic area such as a city or county;

& Commmnicate with the computers of key organizations such as the local
fire or police departments, medical systems, regional and/or national
emergency operations centers:

e Interface with other automated components of an Integrated Emergency
Management System (IEMS) which include earthqua]ce flood, toxic
spill, muclear, and other disaster ccmponents since an evacuation
may be a secondary effect of these major disasters;

e Support all phases of evacuation including preparedness, mitigation,
response and recovery.
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s Be flexible ard affordable enough to be customized to meet the
requirements of the following organizations:

=~ gmall-to-medium size cities amd counties and their emergency
response agencies,

- specialized institutions (e.g., hospitals, scheols, priscens):

- industrial ocomplexes,

- military bases,

- emergency medical centers,

- state and federal agencies with direct responsibilities in the
evacuaticn area.

A proposed EMS system architechure based on a modular approach to meet
these functions is shown in Figqure 1. It relies on a powerful microcomputer
such as the IEM PC-XT or PC-AT with commercially available software such as

IOTUS 1-2-3 or SYMPHONY. A variety of software and hardware enhancements could
be added.

Functional EMS Modules

The general functicnal requirements of this system have been partiticned
into eight BMS functional modules, five of which have been developed. Wwhile
only modules 1 and 2 will be discussed in detail, it is exwpected that all of
the following modules would have same simulation capability and would be model-
hased.

® Module 2—Evacuation Response Organization and Resources—aids
evacuaticn response managers by suggesting a plan for a specific
evacuation given the type, locatlon, and scope of the J.mperdlrg or
actual disaster. This preocess is discussed in detail later in this
article,

® HModule 3~~Incident Cost Estimation And Forecasting—in combination
with mcdule 2 uses the per hour cost of all response resources for a
specific evacvation, as well as cther cost categories, to estimate
the total cost of an evacuation. This estimate can be used later to
recover costs from federal orr state agencies. An aggregate cost
model permits "what if" analysis by varying cost parameters.

[ Module 7—Natural Ianguage Retrieval—incorporates specialized
software making it easier to retrieve data from EMS files. Current
examples of such software commercially available for microcamputers
are CLOUT and SAVVY.
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Module 8—MS Fnowledge Base-~imwvolves a new class of information
system, the expert system. This system contains procedures, nules,
ard knowledge which algorithmically represent expert human decision
makirg. Expert system software and the knowledge base permit simu-
lation through the variation of rules. The development of thi= kind
of system is a long-texrm process which will require the accurmilation
ard refinement of large amounts of expert knowledge [Hayes-Roth,
1984).

EMS Data Management Module

2An initial basic requirement for EMS is that users be able to carry out
basic data management functions. This requirement is satisfied in module 1
which would have the following menu~driven capabilities (see alsc Figure 2):

A Belp Featire to assist the user while cperating EMS,

A Tutorial to train the user to operate EMS urder a variety of
scenarics,

An aydit Function to evaluate the entered data against certain error
checking criteria and idemtify exceptions,

A Data Manipulation function including:

Input

View

Update

Print

Graph '

Dif (Data interchange function) revises data and model output
files into different camputer formats such as ASCIT or BASIC for
processing by other software,

A File Manipulation capability that can:

Change
Merge with cther files (spreadshests)
Delets,

The ability to Exit to commmnication software (upload & download),
command larypage of software (e.g., LOTUS 1-2-3), or the PC-DOS
operating system.

Modules for Organizing Evacuation Response

The following section describes EMS, the demonstration DSS. It focuses on
preparedness (through training support) and actual response to an evacuation
of a limited size.

The purpose of EMS is to ald managers in configuring a "best" response to
evacuation problems. It consists of 1) a data base of population distribution,
evacuation and relocation centers, commications agencies, major evacuation
routes, transportation resources, and emergency agencies; 2) a model base which
includes major evacuation routes and route capacities and an algorithm for
calculating evacuation times given demand and capacity level for evacuation;
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ard 3) a metu-driven system for dealing with an actual evacuation.

Such a DSS is valuable for preparedness training and for actual response

to an evacuation. BB is based on a demonstration medel that used the city of
Rialto (in Scuthern California) for test bed data.

Evacuation Response Functions

The current prototypical EMS system incorporates a muber of interesting

features as well as same of the functions that are planned for other modules.
These functions:

Determine the plan of evacuation and include the use of in-house as
well as contract resources,

Assist in providirg immediate information about what can be done to
meet evacuation reqm.rement-s

Notify appropriate agencies about the evacuation, its magnitude,
immediacy, and cother consecuences and recquirements,

Identify possible relocation sites given the specific characteristics
of the evacuation,

aid in detarmm.ng evacuation responsibilities, and

Estimate immediate evacuation response costs for later budgetary
plamning and cost recovery.

Specific DSS Desion Features

The three 0SS comporents--data base, models, and user dialeg--for this FEMS

model are discussed below. However, since it is a demonstration model, the
evacuation model referred to is rudimentary and not fully developed,

Data Base. The following data bases are part of the module:

Population—includes the location, type mumber, and designated
evacuation routes for several population areas of Rialto;

Evacuation Centers——contains the location, capacity, evacuation
route, and ultimate evacuee destination for the centers available
during a disaster;

Commmication Systems—-lists the various systems that are activated
during an emergyency, their responsibilities, and contacts:

Transportation—lists rescurces and facilities, includirg their
description, capacity, and any special features. This informaticn is
made available through EMS to the City Emergency Cperations Center.
The data base used in the IMS demonstration model includes data from
the City of Rialto Emergency Plan, the Rialto telephcne book, and
other sources.
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There is also an incident file (module 3) that is a special data base
which stores data on past and current incidents imvolving evacuations and
provides an historical record that can be used later for analysis. This infor-
mation is ugeful in improving future response.

Models. At present EMS incorporates one model which is designed to deter-
mine the maximm time required to evacuate a certain geographic area. This
permits both similation and use in an actual response situation. "What if"
analysis is possible by varying the mumber of pecple to he evacuated and the
speed and capacity of evacuation routes. This component is based on an
internal vrogram (a "macro™) to EMS and constitutes the medeling portion of
this DSs.

User Control (Dialog). EMS is geared to be used by nonspecialist person-
nel with a minimm of training. This is especially important during the re-
sponse phase of an evacuaticn. Therefore, it has been designed to ke merm
driven. It promts the user to select one of the following functions:

*DATA BASE ACCESS
*EVACUATION SIMULATTCN
*INCIDENT FILE ACCESS
*UTORTAL

Prototype Computer Hardware and Software

EMS has been developed on the Digital Equipment Corporation (DEC) Rairbow
100+ personal camputer, a dual processor (8 and 16 bit) with 256k byte main
memery, 2 floppy disk drives with about 400k byte storage capacity, color
monitor, SA100 dot matrix printer, and Hewlett Packard plotter. It employs the
MS-DOS coperating system and the LOTUS 1-2-3 software which combines
spreadsheet, data management, and husiness graphics capabilities,

In sumary, EMS allows for easy access to extensive data about evacuation
requirements and rescurces permitting better and faster choices by those having
direct respensibilities for managing the evacuation problem.

Technological Advances and the Futire Development of EMS
The contimuing trend of more powerful computer hardware becoming available
at lower cost will clearly makKe more and more possible the acquisition of com-—
puters by emergency management organizations. The proliferation of computers
and powerful miltifunction software (that eases data base develcopinent, model-
irg, spreadsheet use, graphic display, and telecammmication) is making DSS
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technology more accessible. The introduction of small computers {e.g., the IEM
PC3270 or the IEM PC~XT370) that can effectively and easily link with larger
camputers to extract and exchange data will open up even more cpportunities.
(Wallace and de Balogh,1985)

In the next ten years the advent of "thinkirg" computers (fifth generation
machines under development in Japan and the U.S.) will further enhance the
the contrilution of decision support systems to evacuation management. These
new machines will employ software based on Artificial Intelligence (AT), giving
them the capability to reason, make judgements, and even learn (Hayes-

Roth, 1984). They will have at their disposal a vast knowledge base on major
types of evacuation as well as explicit rules to guide situation assessment,
modeling, ocommand and control, and evaluation of alternatives at various stages
of a disaster (de Balogh, 1985). This knowledge will be gqained from experts
whose insights into structure and heuristics (rules of thumb such as "If-Then-
Else" inferences) will be ircorporated into the machine's knowledge base via
"knowledge engineering" techniques. The goal of this approach is to encode
facts and reasoning used by experts and make that information easily available
to planners, elected officials, arnd emergency managers.

In canclusion, one of America's leading futurists on computers, James
Martin, has stated that it is certain that the dramatic growth of information
technology will lead to a much larger role for Decision Support Systems in
organizations (Martin, 1982). In the field of disaster management, planners
ard decision makers with the responsibility for evacuation will have no choice
it to learn to wrderstand DSS and to kuild and to use [SS for the benefit of
their comunities.
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THE EVOLITION OF DECISTON SUPPORT SYSTEMS
FCR EARTHQUAKE HAZARD MITICATION

Steven P. French
City and Regional Plamning Department
California Polytechnic State University

Introduction

This paper will focus on the kinds of decision support systems that are
currently available for use in earthguake hazard mitigation and attempt to
predict the evolution of such systems over the next five to ten tears. In
sodoirg, it discusses the state of the art in earthaquake hazard simplation and
in computer usage by various urban development professicnals. In the next ten
years these trends are likely to result in the building of ewxpert systems that
can aid those professionals in the design and analysis of wrban development
projects. These trends and the likely evolution from today's similation models
to tomorrow's expert systems are highlighted.

The Context for Earthouake Hazard Mitigation

Earthauake hazard mitigation requires the transfer of information fram the
scientific commmnity to political decision makers. This transfer is not,
however, made directly. It is accomplished by a mumber of intermediate
transfer agents. Figure 1 shows a mmber of important professional groups that
are irvolved in the transfer of earthquake hazard mitigation and expertise.
These professicnal groups involved in urban development (plamners, architects,
civil and structural engineers, consulting geclogists) are the most likely
users of camputerized decision support systems. Even today, a large amount of
technical information is used in the design and review aspects of the urban
development process.

One key to utilizing the increased urderstanding of earthquakes and their
mitigation, produced by recent research, lies in improving the hazard informa-
tion and analytic models routinely used by these groups in areas with signifi-
cant seismic risk. Expert systems can help urban developers to incorporate the
latest earthguake hazard mitigation techniques and information into their
practice. Earthquake hazard mitigation then becames as much a question of
professional practice as of public policy.
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Figure 1
Earthquake Hazard Information Network

Where Are We Today?

In Modeling the Earthguake Hazard

The state of the art decision support system for earthguake hazard mitiga-
tion is embodied in similation models., These models have evolved over the past
five to ten years and generally run on minicamputers and use empirically
estimated equations to describe the hazard and its potential damage.
Similation models are not standardized. Many are proprietary, and many were
developed for specific case studies. They are generally nct used interactively
in the design and decision making process. There are mmercus technical
differences between models, Same consider only one or more scenario
earthquakes, whereas others use a probabilistic approach which averages damages
over a whole rarge of possible earthquakes. In addition, the models they use to
clas=ify structural building types vary. Despite these differences, the
general form of the earthquake simulaticn model is well developed, even though
incremental technical adjustments are still being made.

Similation generally begins with an evaluation of the probability of
earthquakes of varicus sizes affecting an area of interest. If likely sources
can be identified, the attermation of energy from the source to the area of




French 59

interest must be estimated. The probability of various ground motion
intensities {or acceleration or other parameters affecting the structral
integrity of wrban develcpment) is then estimated for various locations. This
process provides a judgement of the physical parameters of the hazawd, Various
Factors such as the relatively short duration and small mumber of actual
chsarvations of these rare events and technical questions about attenuation
relationships combine to make such estimates considerably uncertain.

These physical parameters must be translated into estimates of likely
damage, injury, ard loss of life. Again, empirically derived relationships
cambined with information about the inwentory of structures in the area ares
used to estimate the damage likely from earthouakes of various sizes and
locations,

These estimates may take the form of damage ratios which indicate the
percentage of replacement value of variocus types of structures likely to be
lost. More scphisticated models include the additional damage attributable to
secandary hazard factors such as landslides, liguefaction, or intensification
by certain types of surficial deposits. It is also possible to simulate the
effects of other earthcuake induced hazards such as fire, tsunami, or dam
failure. 2Again, there is considerable uncertainty throughout the process.

The companion paper in this volume by Haney provides an excellent descrip-
tion of the uge of simulation models to estimate the damage resulting from an
earthquake in a major urban area. A similar discussion is provided in the
Journal of the American Plamming Association by this author (Franch and
Isaacson, 1984). Similation models have also been widely used in various
research projects (e.g., H.J. Degenkolb Associates, 1984; Rice Center, 1984).
Similaticns have alse bean used to provide the base data for earthcuake pre-
paredness projects in several urban areas with particularly severe seismic risk
{e.g., Southern California Earthquake Preparedness Project). Ancther interest-
ing application of simulation techniques for estimating damage to wban infra-
structure is comtained in the plamning scenaric dooments prepared by the
California Division of Mines and Geology (Davis et al., 1982 and 1982a). While
specific estimation technicques may differ, these policy oriented simulation
mxiels generally follow the steps outlined in Figure 2.

To ke useful in a policy context, similation models must produce several

types of outpt:
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1) Quantitative estimates of ground motion at various locations,

2) Maps of ground motion and areas subject to secordary hazards,

3) MNubers of structures and the extent of damage likely for various
types of development (including urban infrastructure as well as
buildings), and

4) Maps of likely damage pattemns.

To date, the models have generally been used to produce background data to aid
decizion makers. They have not been used interactively in the day to day
design and analysis of most urban development projects. They have shown that
damage varies spatially but is often concentrated in areas where an older
uilding stock or secondary hazards intensify the losses.

In the Plapning and Design Fields

At the same time that these eartheuake hazard simulation models have been
developed, some interesting changes have been occurring in the wban develop—
ment profassions—architecture, angineering, and planning. There has been a
widespread adoption of microcomputers in the daily practice of firms and
agencies in these professions. The IBM-PC and its clones are ubigquitcus.
There are three types of software that are in widespread usage in routine
project design and analysis:

1) Spreadscheets, particularly special purpose spreadsheet templates,

2) Database management programs, and

3) Programs designed for a specific task (e.d., finite element analysis
or air pollution modeling).

These systems are in widespread use by the professions today ard will be stan-
dard support tools in each of the urban development professions in the near
future.

For example, city and regicnal planners now use spreadsheet templates for
population projection, fiscal impact assessment, econcmic base analysis and
real estate development feasibility. For a more detailed discussion of the use
of spreadsheets in plamning see Ottensman (1985) and Iandis (1985). Spread-
sheets are being rapidly adopted by the plamning professicn, because they allow
the user to test the consequences of alternative actions. Planners also use
database management systems to store and analyze information on individual land
parcels and the physical and economic factors associated with them.
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Ernginears and architects routinely use spreadsheets for cost estimation
and similar purpeses, but also use a considerable muker of vertical market
packages for gpecific tasks such as finite element analysis, air and water
pollution analysis and project scheduling. Thus, we see that the urban
development professions are now widely using microcorputers and various types
of software in practice.

Where Are We Heading?
In The Next Five Years )

In the next five years we are likely to see a coming together of the two
trends discussed in the last section. This would result in the incorperation
of some of the expertise and information ermbodied in the similation models into
the types of computers and software currently being used by the urban develcp-
ment professions. Figure 3 shows typical tabular cutput from an earthguake
damage assessment simulation. It is not hard to imagine a plamner using such a
matrix in a risk analysis spreadsheet template. Such a tool might be very
useful to investigate how damages are likely to vary given charnges in the types
and nuker of structhuires in various locations. Beyond this, planners and
decision makers might be interested in knowing how different structural mitiga-
tion measures might affect the damage ratics shown by the simulation. The
costs and benefits of these variocus mitigation measures could then be weighed.
Such cost-benefit analysis of mitigation altermatives has in fact been identi-
fied as an important part of the decision making process by Wolfe et al.,

(1984) and by others.

It is also not hard to imagine databases which contain the likely physical
parameters of an earthquake for varicus parts of a wide gecgraphic area (e.qg.,
the San Francisco Bay 2rea or the State of California). Such systems (on-line
or otherwise available to structural engineers ard architects) could supply the
data used in the design of structures and thereby become quite useful to firms
that practice in seismically active areas.

It seems that we will see some earthcuake hazard mitigation analysis
systems inteqrated with the types of software and small comarters widely avail-
able in the urban develomment professions. This integration should take place
over the hext five years and is a necessary condition for the maturing of
earthruake risk analysis from research and case study analyses to routine use
in everyday practics.
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Total Value

Damage Value

{in thousands Damage {in thousands

Location of dollars) Ratio of dollars})
Paso Rables {1) 131,255 L] 12,287
Wood Frame 50,935 .06 “h,40586
Masanry 35,100 .16 5,616
Steel Frame 2,660 .12 319
Mobite Homes 2,560 .35 896

East Pasa Robles (2) 54,920 .08 4,535
Wood Frame 47,970 06 2,878
Masonry 1,170 .17 478
Steel Frame 900 W12 108
Mobile Homes 3,080 .35 1,071
Tempteton (3) 30,725 13 3,995
Woad Frame 22,815 ik 1,597
Masonry 1,170 W17 199
Steel Frame 440 .13 57
Mobiie Homes 6,300 .34 2,142
Airport/dardine Road (4} 7,035 .09 6l1
Wood Frame 5,100 .0b 306
Masonry 1,495 .16 239
Steel Frame 380 A2 46
Mobile Homes 60 .34 20
Linee [9) 6,315 .08 482
Wood Frame 6,000 .07 420
Masonry 195 .16 31
Steel Frame 40 .13 5
Mobile Homes 80 .33 26
Rural 75,000 .06 4,500
Wood Frame 75,000 .0b 4,500
Totals for Study Area 305,250 .09 26,410

Figure 3

Typical Damage Estimate Matrix
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In the Next Ten Years

Within the next ten years we are likely to see the development of expert
systems for earthquake hazard mitigation. These ccmplex programs, which are an
outgrowth of the artificial intelligence field, similate the way human experts
solve camplicated problems with specialized knowledge. They can lead a user
through the various steps in the earthquake risk analysis process by asking
questions, explaining the reasoning behind variocus steps in the anmalysis, ard
by providing useable data or data sources for the user. Such systems can ke
used both for training purpeses and interactively in the design and analysis of
specific develcpment projects. These systems are currently being applied in a
naber of specialized applications such as medical diagnesis and oil and gas
exploration. For a discussion of the expert systems technolegy, see Webster
and Miner (1982) or Dudek (1985).

An expert system for earthouake hazard mitigation should provide the user
with the appropriate analytic tools to use at variocus points in the risk analy-
sis process. It should help the user select analytic tocls that are compatible
with the type and amount of data at hand. It should also provide data needed
at various points in the analysis or help the user select between alternative
scaurces of secondary data or guide the user through procedures for collecting
primary data (e.g., a uilding irwentory) when necessary. Such a system would
support a wide range of decisions made every day which affect the level of
mitigaticon in new development.

Expert systems can also be seen as a means for increasing the flow of
information from the research commmity to practitioners. By making the
information and technigques developed in the multitude of earthrquake research
projects available to various urban develomment professionals, creators of
expert systems can greatly advance the practice of earthquake hazard mitiga-
tion., The level of knowledge regarding earthquake mitigation is sufficiently
developed that it could now be more widely applied; unfortunately, it is
currently being used by only a relatively small group., Expert systems are a
effective mechanism for bringing this expertise into widespread use by
practiticners.

Admittedly, expert systams are not currently practicable, but the impetus
of more powertul hardware and the increasing camplexity of software seems to be
leading in this direction. Several recent research projects have developed
"how-to" maruals which cutline the steps in earthquake risk analyses
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{Heikkala, Greene, Bolton ard May, 1985; Jaffe, Butler ard Thurow, 1981).
These manuals can be thought of as providing the basic ocutlines of an expert
system for earthquake hazard mitigation.

One of the definitive features of a true expert system is its ability teo
learn. Therefore, the initial systems can be expectad to improve as they are
applied to more ard more situations and as more cbservations of actual earth-
quakes provide better data cn which to calibrate various models. Whether or
not expert systems will play a key role in mitigating the earthquake hazard
remains to ke seen, but the urban development professions seem ripe for the
adoption ard use of such systems in the next decade.
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EMERGENCY MANAGEMENT
Is
INFOEMATION MANAGEMENT

James W. Morentz
Research Alternatives, Inc.

This author has a clear bias that all readers should recognize. It is, in
fact, an advecacy position, and was first expressed in 1981 in hearings before
the U.S. House of Representatives, Committee on Science and Technology, Suk—
camittes on Irvestigations and Oversight:

I believe that unless a consistent policy and program for using informa-

tion technolegy in emergency management is developed, three years from now

emergency programs in the local commmities in this country will not be as
well managed as the local barber shop or butcher shop. Inexpensive com-
puters will have made such an impact on small business that even the
smallest will have more krnowledge and analytical power at their fingertips
than the office charged with protecting the entire jurisdiction from
catastrophe and leading the commumnity's survival from a ruclear attack.

Tt has been over four years since that statement, ard the words have
proven to be accurate. Butcher shops and barber shops-—as well as secord grade
classrooms—-have moved into the computer age. Today, however, the community of
emergency management professicnals is just begimning to peek over the horizon
to see the future—and the present—-of camputer applications in emergency
management.

Energency management is an exceptionally fertile field for the application
of computer technolegy. However, this application will not take place over-
night. To reap the fullest rewards of technolegy, implementation of camputer
systems in state and local emergency management offices will have to be
thoughtful and sequential, yet still aggressive. This paper describes how
small jurisdiction goverrments and state emergency offices are presently using
computers. These case studies are drawn from personal experience in the
design, development, and installation of a proprietary computer software
package—--the Emergency Information System (EIS)-—developed by Research
Altermatives, Inc.
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Based on this experiences, the paper also offers an analysis arnd forecast
of five stages through which camputer applications in emergency management are
now passing and will pass in the next five to seven years.

Small Jurisdiction Computer Applications

The scene could he Hattiesburg, Mississippi, or Barrow, Alaska, or Hohbbs,
New Mexico, or Starke County, North Dakota, or any other small jurisdiction
with an emergency organization. While the hazards confronting an area may
differ, emergency management needs are all similar. We have learned a lot from
locations like these that utilize single computers; same of that information
can be sumarized by examining a single site——Waseca County, Minnescta.

Waseca County is located in the south—central part of Minnescta. It is a
rural commnity in which agriculture is the principal occcupation. The popula-
ticnt of Waseca, the county seat, is about 9,000. The population of the entire
county is approximately 20,000. Among the hazards for which the county govern-
ment mist prepare are tornadces, snowstorms, floods, transportation accidents,
thunderstorms, and hazardous materials problems.

The unit of goverrment charged with emergency preparedness is the Waseca
County Civil Defense Organization. The office cperates cut of the county
security building, where the Emergency Operations Center (BOC) is housed. The
emergency program in Waseca is a good one, and the Emergency Cperations Center
is better than most others arcund the country. The EOC is linkesd to the rest
of the county by mumercus radio systems; it has a closed circuit television
system that can display news broadcasts to all the staff in the EOC and can
also be used to keep everycne up-to-date on the most recent events in an emer-
gency by focusing cne of the closed circuit cameras on the disaster status
board.

This last capability—updating information—is the function that involves
the Emergency Information System. One of the Information System's important
capabilities iz to keep a current Event Log and Resocurce Deployment Status
Repcrt.

The Resource Deployment Status Report is an interactive program cperating,
as do all the programg, on an IEM-PC microcamputer. Resource deployment is a
vital task of the Emergency Operations Center. At the EOC, representatives of
all the local govermment's emergency services (police, fire, public works,
civil defense, emergency medical), as well as the emergency program manager,
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coordinate the emergency (see also Belardo and Karwan, in this volume). The
Resource Deployment Status Report is an important tool that facilitates this
coordination.

The Status Report should rict be confused with computer—aided dispatching
that is used by fire departments across the country. TIts purpose is one
management level above dispatch, for contained in the computer is the deploy-
ment of resources for all goverrment emergency services plus resources avail-
able fram private business, industry, and voluntary crganizations. The cutput
fram the computer, therefore, is designed to answer the following management
questions:

® What resources (from all scurces) are cuxrrently irvolved in the

e VWhere are these resources?

® Are there geps in rescurce allocation, i.e., wmet needs? Or are
there overlaps in resource allocation?

® What and where are the currently available resources to fill present
or anticipated gaps?

In addition to answering these four questions, the Rescurce Deployment
Status Report provides data to answer two additional questions that are of
crucial importance to the policy-making level of govermment to which the emer-
gency program manager is responsible

s Are cutside resources required?
e Are extracrdinary powers required to acouire such resources?

The Rescurce Deployment Status Report allows the staff in Waseca to per-
form several data manipulations.

1) When a disaster begins, the emergency services (police, fire, etc.)
designate staging areas or incident sites from which they will manage the
emergency conditions. The first step in using the Rescurce Deployment Status
Report 15 to designate such a site by name and map reference point. The site
is autcmatically assigned a rumber.

2) Several hundred categories of rescurces might be available in a commi-
nity. The Emergency Information System begins by presenting a camprehensive
listing of these categories. As the emergency staff in Waseca develcp their
resource inventory, unnecessary categories are deleted and new categories are
added as needed.

3) When a rescurce is needed, calling up one of these categories results



70 TERMINAT, DTSASTERS

in the display of data sumarizing all of the resources in that category. For
exarple, if there were a need for sandbags to construct dikes to control a
flood, the user could query the system for all sandbags. Appearing on the
screen might be the information that sandbags are owned by the emexgency
management office, by a neighboring county, by a supplier in Minneapolis, and
by the public works department. Contained in the citation of all these socurces
would be:

e guartity available & source of resoxrce

e location ® primery contact home phone

s organization and address

s complete description of resource e altemrmate contact and phone
e rhone mmber for contact e cost of using resource

s notes or further details e authority to cbtain resource

4) In addition to the akove data, the system displays current deploy-
ments, if any, for each rescurce. Information regarding deployment includes
the quantity deployed, the site deployed to, the crganization deploying, and
any notes entered by the user at the time of deployment.

5) Not only can a oarposite list of all rescurces in a single category ke
displayed; individual resources can also be displayed and directly deploved.

8) Moreover, a key coordination function is performed by the Resanrce
Deployment Status Report: it can display all "working” sites and then all
rescurces deployed to any of those sites. The emergency program manager can
then quickly spot the inappropriate deployment of, for example, public works
department debris clearance c¢rews to the same location at the same time as an
emergency medical service triage team.

7) Finally, as emergency equipment is recalled from individual staging
areas or emergency sites, the Status Report recalls them also. In the later
stages of the disaster, as portions of the emergency cperaticns are concluded,
individual staging areas may be closed down. By simply deactivating a sits,
all rescurces then deployed to that site are returned to their hame location.
Any resources that have been consumed (sandbags, for example) are noted, and
the computer autamatically prints cut a reorder form.

When one stops to consider that a small commmity is likely to have a
resource inventory that consists of 700 to 1500 separately identifiable re-
sources, the value of a computerized Deployment Status Report in even small
emergencies is great.
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The managing of resocurce deployment is complemented on the Emergency
Informaticon System by an automated Event Iog that kesps track of all the events
occurring in an emergency ard the status of each. The Event Log is linked to
the Resource Deployment Status Report by the use of the same site identifica-
tion file. Thus, the user can ask for a display of all resources deployed to a
particular incident or staging area arxxd, subsequently, regquest an update from
the Event Iog on activities that have taken place related to that incident.
These Evert Log updates take the form of narrative descripticns of the status
of the incident. For example, each time a report on the progressive contaln-
wment of a fire reaches the cperations cemnter, that incident's status would be
entered. The emergency manager, then, can quickly obtain a camparison of
resources comitted to the scene and the status of operations to provide
policy-level decision makers with a forecast of future rescurce needs.

In addition to these uses of the Emergency Information System, a wide
variety of programs complete the system and enable the local emergency office
to fully utilize the computer's capabilities in shelter management, routine
training, planning, budgeting, and administrative work in emergency prepared-
ness. Thus, the computer benefits the emergency office throughout the year, not
just during the crisis of an actual emerygency.

State-level Use of Computers

The Emergency Informatien System is now operating in several states.
Delaware has installed the system at its state Emergency Operating Center, at
the EOC!s of its three counties and Wilmington. It has also purchased the EIS
for the Red Cross. New Mexico, Minnesota, Maine, and New York all use the EIS
in their state offices. MNew Jersey operates the system specifically for manag-
ing response to incidents at a nuclear power plant. Use by the Commorwealth of
Permsylvania is ex=mined in detail below, That state is developing large-scale
networks of computers for use in emergency management. These systems utilize
an Emergency Information System that includes the graphic maps of all 67 coum-
ties and specialized maps of high vulnerability flood plains, hazardous materi-
als sites, and nmuclear power plants.

The Permsylvania Emergency Management Agency is using the Emergency Infor-
mation System Mapping Version to perform more than two dozen functions that aid
the state and local emergency services organizations in analyzing hazards,
planning for emergencies, and respording to those emergencies. Aamong the
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program's specialized emergency response subroutines are an Event Iog, Resource
Deployment Monitoring, Mass Care and Shelter Status, and Special Population
Needs,

The Pemnsylvania Emergency Management Agency is the Cammormwealth of Penn-
sylvania's cecordinating unit for all emergency preparedness and response. The
agency ard its emergency operating center are located in Harrishburg, Pennsylva-
nia, the state capital, with cperaticnal units in three regions across the
state. These regiocnal offices serve as direct liaisons to the 67 counties in
Pernsylvania that actually conduct emergency response operations.

The Emergency Information System in Permsylvania consists of a network of
eight IEM PC-ATs linked to a large capacity System 36 and more than a dozen
other IEM PC-XTs. All these computers operate together as a multi-user Emer-—
gercy Information System. The network of ATs is located in the Emergency
Operating Center. The System 36 is linked to the Emergency Operating Center
network while serving several administrative offices for routine word and data
processing. The System 36 has virtual disks accessible by all of the ATs.
Thus, it actually serves as a back-up to the PC-centered network in the ECC.

The remaining PC-XTs are located in "response cells" in adjacent rooms,
wvhere they are utilized by other state agencies. For example, the Department
of Health can send a representative to the Emergency Management Agency's
facility, where he/she can use the machines to establish cortacts between the
Departmert of Health databases resident elsewhere in Harrisbury or across the
state. The Department of Health's representative at the Emergency Management
Agency can access the agency's databases, analyze that information, and then
produce results in a format that is usable by the Emergency Management Agency.
These new data displays can then be sent to the Emergency Operating Center
hetwork through the System 36.

In the Emergency Operatirng Center, where the network of ATs resides, there
are two large screen displays that permit the governor to view, at the press of
a button, the most important information being analyzed by any of the eight ATs
on the network. The governor's emergency briefing room adjoins the Emergency
Operating Center with a fifteen—-foot glass wall. Thus, the governor can cb-
serve and immediately commmicate with the operations center, but is physically
removed in a quiet location designed specifically for the making of executive
level policy decisions.
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An additional comminications system consists of a closed circuit tele-
vision network. The closed circuit system permits the display of information
cn any of the operating center's network computers throughout the Emergency
Management Agency as well as in the governor's office lecated in the state
capital. One of the system's cameras can also ke used to show the activities
of the Emergency Cperating Center or to give to the governor or other state
agency officials a direct briefing about an emergency without the executives
having to leave their offices,

At the center of this extensive hardware system is the Emergency Informa-
tion System Mapping Versicon software.

Emergency management is, perhaps, the most spatially oriented of all
management sciences. A critically important camputer teol for emergency
ranagement agencies, therefore, is the graphic display of maps of the jurisdic-
ticn ard the ability to relate several different databases to those maps.

Being able to gecgraphically display the real-time relationship between
hazards, the disastrous events that are created by those hazards, the popula-
tion that is at risk from those disastrous events, and the resources that are
available to conbat the event is an extremely valuable decision support capa-
pility.

The Emergency Information System does this quickly and efficiently. The
system comes with a base map of the jurisdiction and additional, separately
digitized, and therefore far more detailed, "zcom" maps. All these maps are
used in the display of information from the databases. With the press of a few
keys all of the ongoing emergency events can be shown on the screen. By moving
the cursor to ary of those events and pressing a single key, a camplete chrono-
logical description of the incidents and responses that make up that emergency
event is displayed on the screen.

If crie of those events is a fire, for example, the press of a few more
keys will display whether that fire is occwrring at the same location or close
to the location of another hazardous site. For example, the camputer will
quickly show if the fire is in a building that is next door to a hardware store
containing paint, turpentine, propane gas, or other hazardous materials. The
computer will alert the user and, perhaps, avoid a mishap irvolving unprepared
response persommnel.

wWith the press of other keys, one can ascertain on the same screen whether
there are individuals or institutions near that emergency scene that have some
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type of special emergency requirement. For example, during a utility failure
the emergency manager must ¥now whether emergency generators need to be
supplied to hospitals, doctors' offices, or to an individual on a kidney di-
alysis machine. Immediately, the Emergency Informaticn System shows the loca-
tion of any special populations needirny emergency assistance in the vicinity of
the disaster. The special populations may include scheols, rursing homes,
prisons, or elderly residents of apartment houses who might need special help
or early warning of an evacuation in the face of an oncaming floed. Industries
that need a lengthy period of time to close down their cperations in the event
of a severe storm or hurricane might also be included as special populations.
The Emergency Information System takes into account all of these special needs
and quickly identifies for the emergency manager the specific needs of a given
geographical location. He/she can then examine dispiays that detail the
special emergency needs of those located near the emergency. Thus, in the
course of an emergency, the camputer will have displayed specific emergency
events, their chronology, any other secondary disasters that might take place,
and any special emergency needs created by organizations or irdividuals.

The emergency manager usually has the additional task of monitoring the
response needs of fire, police, emergency medical, public works, or specialized
rrivate sector persormel. This can be done with a graphic mapping deployment
monitoriry program. For example, when the word Ycrane” is typed below the map,
all cranes located within the jurisdiction appear on the map as a new symbol.
The press of a simxle Key replaces the displayed map with brief details about
each crane. These details enable the emergency menager to select the appropri-
ate crane for the task at hand. The manager can then also cbtain full details
about the selected crane, including the contact perscn, his/her telephicne and
address, costs, ard the authority under which the goverrment can cbtain that
crane. This information can then be passed to the resource manager who dis-
patches the crane. That person reports back to the emergency manager who then
logs in the dispatch of that equipment to the emergency site. This information
is then placed on the permanent record of that rescurce so that the next time
the resource is called up, all displays will indicate that the crane has al-
ready been dispatched to a specific location. In addition, that same informa-
tion is entered on the event log so that the chronological listing of incidemts
that ocour during a specific disaster is automatically updated to include the
dispatch, or eventually the recall, of a specialized emergency resource.
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A final part of the currently existing databases that can be used with the
maps is an inventory of mass care and shelter facilities. In the event that
pecple have to be removed from an emergency scene arxd temporarily cared for,
the Emergency Information System provides details about the nearest available
care and sheltering facilities, including the type of supplies and equipment at
the facility, and the current cccupancy of the facility as compared to its
maximm capacity. As with the other databases, the shelters are shown on the
maps in gecgraphical relationship to resources, events, or hazards. Moving the
curscr to any of the symbols that appear on the map will result in the display
of a sumary text about all available mass care centers or specific details
about ary single mass care center.

The large, milti-user system being installed at the state of Pernsyl-
vania's Emergency Management Agency will include maps of all 67 counties plus
specialized maps of the five miclear power plants and high hazard flood-prone
areas of the major river valleys in Pemmsylvania. Each county and the special
hazard areas will be represented by a base map and several more detailed "zoom"
maps. The more than 700 maps will be stored on the System 36 from which they
can be dbtained by the local area network for display on the ATs. Fram the ATs
the maps can be redisplayed on the large screen projection television or broad-
cast over the closed circuit television system throughout the agency and into
the governecr's office.

The Pernsylvania Emergency Management Agency has made a far-sighted com
mitment to the automation of emergency planning and response. During the
sunmmer of 1985 the hardware, arnd the database version of the Emergency Informa-
tion System were installed. Throughout the fall of 1985, the maps of the
counties and special hazard areas were capleted, and by the spring of 1985 the
system will be fully on-line and tested in a series of simmlations and exer-
cises. By that time, the Emergency Informaticn System will be deployed to the
three regicnal offices of the Fmergency Management Agency that will be linked,
as part of a remote commmnication network for the instant transfer of informa~
tion, to the central coordinating center.

Already, counties in Pemmsylvania are waking independent purchases of the
Emergency Information System so that they can be linked to the regional offices
and through the regional offices to the headgquarters in Harrisburg. As a
result, Pernsylvania stands on the brink of having the fastest, most imnovative
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and comprehensive network for the collection, analysis, and communication of
emergency information anywhere.
Five Stages of the Present and Future

Based on research and work in develeping the Fmergency Information System
and experience in installing the software in both large and small jurisdic-
tions, I suggest that in the next several years computer applications in the
emergency management field will pass through five distinct stages of develop~
ment. Here, "emergency managemert"” means management at the level of state and
local emergency offices, and "ocomputer applications" means the relatively
widespread use of compuber hardware and software for the purposes described
below. There is no question that these conmputing capabilities are available
for different applications today. The provision of affordable ard appropriate
emergency applications to the thousands of jurisdictions across the country is
a different matter, however.

Database Applications

Emergency managers have always had databases. Plans, resource mamials,
shelter lists are all databases. However, in the past these have been kept in
notebocks or filing cabinets. They were generally inaccessible or forgotten
during the stress of an emergency when quick response was necessary. To auto—
mate such databases is a relatively straightforward process, ard a database
version of the Emergency Information System, working on inexpensive computers,
has been available for more than four years. The study above of the local
camputer system illustrates the feasibility and success of this fivst stage of
caputer usage.

Databases, however, are independent of cne ancther. One can relate them
in some ways, but the ability to manipulate facts across databases is not well
developed. (When one want facts on special populations, ane camnot be using an
event log.) Generally, the computer does neot do any cross—database processing—
a failing that takes us to the secord stage of camputer applications. In this
stage the single most important way that databases should be related in order
to help emergency management decision making is implementad. They are related
spatially.

Geo-Mapping Applications
This second stage in camputer applications in ewergency management:, like
databases, is a currently existing stage. It imvolwves the use of a computer
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graphic map to display the spatial relationship of the databases of resources,
events, hazards, etc. The study of the state emergency office in Penngylvania
illustrates well the use of such technology. 'The development of such a system
is an important breakthrough in computer applications in emergency management
because it closely mirrors the current practices and procedures of emergency
managers. The geographic relationship ameng resources, damage, &vacuess,
response forces, and other locaticnally variable components of emergency plan-
ning and respanse is crucial. Now, the mapping capabilities of the computer
can make such relationships quickly retrievakle and readily apparent. The
second stage of conputer applications--mapping——is now available ard affordable
to a growing mmber of jurisdictions.

Prescriptive Applications

In the third stzge of coamputer applications in emergency management, the
canputer will actually help prescribe what should happen in an emergency re-
sponse. (It is also possible to utilize such a system to describe what could
happen in emergency plamning or in hazard mitigation; that will be discussed
below.)

Prescriptive plans exist right now-—on paper. Emergency managers have
plans that tell them: when ¥ happens, call these 16 people, go out and set up
a comand post, and rell this hazardous materials wnit. However, because these
plans are not readily accessible or adaptable, in an emergency they usually
just sit or are potentially counter-productive because they lack the
flexibility to handle situations even slightly different from the plan.

The computer's capacity for prescriptive applications is due to its
ability to indicate, hased on a) time, b) geography, ¢) resources, and d) the
natire of the hazard itself, how the manager should respand.

For example, by simply tracking time, the comuter can identify how many
persornel are on the scene two hours after an gvent is logged in. A prescrip~
tive system coculd then autematically dial the Department of Sanitation and say,
"Digpatch sufficient portable toilets for 16 firvemen who are fighting this
fire." Automatically, this prescriptive plan tells the Sanitation Department
where to go, how to go, what time to go, what quantity to take. No one needs
to think about those logistics.

A prescriptive computer application will take a general plan and make it
geographically and tenporally specific. Thus, the camuter can do everything
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from sorting facts to acting on rules established in the plan. The result will
be fewer mistakes and greater anticipation of future needs in emergency
response.

Predictive Applications

The fourth stage of camputer applications will be predictive. One will be
able to assess what kind of emergency response 1s needed based an time,
hazards, rescurces, needs, and plans; and, moreover, the conputer will con-
tinually prompt the user to examine the effect, up to the current moment, of
the emergency on the organization's capacity to respond, as well as the replan-
ning necessary to deal with the situation.

Eventually, such a system will be able to do emergency response needs
predictions in real time. Every time a manager reaches level A of an emergen—
cy, before him/her will be arrayed all of the Bs. When the manager gets to B,
he/she will already have bequn locking for action D, or for a series of
possible Ds. Action D might be an evacuation that requires 12 hours. If one
can only find out about D when he or she has gotten to €, one may heot have 12
hours left to evacuate. But at B, a manager has the time to sit and say,
"Iet!s start to think about that 12-hour evacuation.”

As a further example, the predictive system will allow a persen to ask,
"an earthquake reported to ke of 7.2 magnitude just occurred at this location.
What are the medical requirements created by this event?"

The predictive system would respond by reporting that the earthquake has
taken ocut 40% of the medical facilities within a 100-mile area. Those medical
facilities would have been able to satisfy the needs of 3000 pecple in hos-
pitals and another 1750 cutpatients. The computer would then describe how far
one mist go outszide the damaged area to find emergency medical facilities to
make up for the destroyed facilities. It would report where the manager would
have to go, whom he or she would have to contact, and when contact would have
to be made. The camputer would be projecting a need five hours in the future
while the manager is in the first 15 seconds of hearing about the earthquaks.

Such a system is still in the future, because it requires models of natur-—
al events, effects on structures, damage estimates, and response plans that do
not yet exist. However, a database in a specific geographic area sufficient to
permit such a predictive system will soon be feasible, Two years from now one
should be able to sit doem in front of a computer—generated map, mark the
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epicenter of a 7.2 earthquake, move the curscor to any hospital on the map, and
get a prediction of the damage to that facility. Ultimately, when asked how to
replace that loss, the computer will respond by showing all the hospitals that
are undamaged, and indicating the likely available capacity of a given heospi-
tal. That information will then be used to develop a transportaticon plan for
taking victims to the nearest facilities. When predictive medels such as these
are in place, the fourth stage of computer applications in emergency management
will have arrived.

Expert Systems

tThe last stage of computer applicaticns will be expert systems (see the
paper by Mick ard Wallace in this volume, for example). The principles of
artificial intelligence will be used not only to fill in a database of facts
about an actual event, but also to simulate the thoughts, beliefs, and emotions
of an individual so that that information can be synthesized into a database to
help make decisicons.

Scme expert systems already exist in the medical field. The user simply
sgtates his or her symptoms and describes any drugs or other medications he or
she is taking, and the computer then uses a database of medical knowledge to
arrive at a diagnosis for a physician's review.

An expert system in emergency management would allow an emergency manager
to sit down and say to his camputer, "We just had a railroad tank car accident.
There's a fire going on, ard there are other tank cars at the scene. I'm
afraid they are going explode, ard I think we ought to evacuate." The computer
would assess the facts (the railroad accident), the fears (of the manager), ard
the possible need (an evacuation), and then compare that information with a
large database of the reactions of emergency personnel in similar situaticns.
Those perscnnel would have recorded their cbservations, the evidence, their
feelings at the time, their needs, and concerns. The computer would then
assess the users' imput with analyses such as: '"The user actually used the
word 'afraid' rather than ‘concern.' Thus there is fear on the part of a
professional emergency responder. When he indicates fear, things are of a
higher level of intensity than they are when sameone else is simply considering
evacuation." oOut of its database the camputer would select similar ev —
tempered by the added component of emctional comtent. Thus, the expert system
can actually take into account the ruances of the English language and select
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frem a vast body of data, things that can help the user towards a decision.

As more facts become available {the natwre of the substarxe in the tank
cars, for example), they will be given to the camputer. The "expert cpinion"
contained in the database will be contimually reexamined, and the computer will
refine and update its "decision advisory" about the most effective forms of
emexgency response,

With such a system, the individual manager will still make the final
decisions, but the expert experience of many emergency managers will be brought
to bear on each emergency management decisien.

An expert system in emergency management will not exist socn; for limited
applications, one may be available in about seven years. However, right now
expert systems designers can barely create an authoritative expert system about
engineering using the laws of physics that Newton discovered three hundred
years ago. Therefore, expert systems must remain a long-term vision of cam-
puter applications in emergency management.

Conclusion

Five years ago irexpensive camputer technology was in its infancy, and
applications to emergency management had barely keen considered. Today, appli~
cations are available and techrology is alundant. We are perhaps halfway
through the development stages of computer applications in emergency manage-
ment, ard already the impact is considerable. The final measure of success,
however, willnotbethemmﬂoerofcmpmexsinemergemyoperatimscemers,
but their application as tools to improve emergency management. Thus the
principal task contirues to be the thoughtful, ut aggressive, incorporation of
information technolegy into emergency plarning and cperations.
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KURRICANE EMFRGENCY MANAGFMENT APPLICATTONS OF THE
SIOSH NUMERICAT, STORM SURGE PREDICTION MODEL

David A. Griffith
Research Altermatives, Inc.

Introduction

The “Sea, Lake and Overland Surges from Hurricanes" (SILSH) mmerical
storm surge predicticn model, develcped by the National Oceanic and Atmospheric
Administration (NCAA), is an example of coamputer technolegy initially intended
as a metecrological forecasting tool that has keen fourd to have even greater
value as a long-range hurricane emergency plamning tool. Its speed and flexi-
bility have enzbled quick and comprehensive surge predictions-—-its speed being
of most value when it is used as an cperational forecasting tool; its flexi-
bility, when it is used for long-range emergency planmning.

This paper focuses on the application of the SIOSH model as a hazard ard
vulnerability analysis tool in comprehensive hurricane evacuation studies, and
emphasizes the model's emergency planning and management applications rather
than its intermal technical camponents and algorithms.

The following section traces the evolution and early application of the
model, presents a general description of the model itself, and reviews the
development of comprehensive hurricane evacuation planning utilizing SIOSH.
The next section examines current comprehensive hurricane evacuation studies
and the basic evacuation planning methods that are utilized in such studies.
It then describes the technical ¢uantitative methods used in the SIOSH model.
Taking into account other advances in computer technology for emergency manage-
ment, the final section explores potential future applications of SLOSH.

The Evolution of SIOSH Emergency Management Applications
The SIOSH model was preceded by a camuterized storm surge model called
SPIASH, an acronym for "Special Program to List the Amplitudes of Surges from
Hurricanes" (Jelesnianski, 1572). The SPIASH model predicts hurricane surge
heights only on the cpen coast, assumes an artificially smocth coastline, ard
therefore can be applied to any stretch of coastline without a detailed survey
of localized coastal conditiens. Although SPIASH was samewhat valuable for
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emergency management applications, its inability to predict surge heights
inland of the immediate coastline meant that ary projecticns of inland propaga-~
tion ard imundation had to rely on simple "rules of thumb" based on the general
pattern of topographic rise fram the coast. However, the SPLASH model did
succeed in convincing preparedness experts that the vulnerability of any parti-
cular coastal segment to local storm surge is an oceanographic rather than a
metecrological problem. The model showed that a hwrricane of a given intensity
arriving from the Atlantic and generating a 10-foot storm surge might well
generate a 20-foct storm surge if it arrived fram the GUIf of Mexico. In
addition, it emphasized the importance of localized bathymetric conditions in
predicting storm surge heights on specific segments of the coast.

From the SPIASH model evoived SICSH~—the tool that first enabled compre-
hensive, site-specific, quantitative hurricane vulnerability analyses for
evacuation planning. SILOSH enables the evacuation plamner to delineate
specific land areas with potential for inland storm surge lrundation by genera-
ting geographic envelopes of maximm surge height. It also indicatss the
potential timing of surge irmmdation at specific coastal locations (e.q., aloang
evacuation routes) by generating surge height time histories.

In 1977-79, the first cperational SIOSH models were developed for lake
Ckeechcbes, Florida and Iake Ponchartrain, Ioulsiana, These medels computed
storm surges utllizing a relatively coarse grid mesh spaced aboaut four statute
miles apart; today's SIOSH basin models provide a geographic resolution of
approximately .5 to 1.5 miles over land. In addition, a computer run of the
early lake Ponchartrain model used an averaged of three mirmutes of processing
time on NOAA's IBM 360/195 system coppared to eight to ten mirutes for today's
typical SICSH models.

The first application of a SLOSH model for camprehensive hurricane evacua-
ticn planning took place in the Tampa Bay, Florida region in 1980, The analy-
sis was done by the Tampa Bay Regional Plamming Councll and the U.5. Army Corps
of Engineers, Jacksanville District. A year later similar evacuation planning
projects were conducted for the Galveston Bay, Texas region and Charlotte
Harbor, Florida.

Irput parameters for the model are initial meteorclogical conditions and
time~deperdent corditions including storm positions (latitude and lengitude) at
six-hour intervals over a 72-hour period (48 hours before closest point of
approach (CPA) and 24 hours after CPA), storm central pressire, storm size



Griffith 85

{radius of maximm winds), and forward speed. Any pre-storm tidal anomaly is
also an entered as the initial height of the local water surface.

The hypothetical hurricane defined by these parameters is then similated
as approaching, parallelirng, reaching land, and/or exiting the multicounty
cocastal "basin”. The system then mcodels the stomm surge striking and interact-
ing with the mumerically modeled bathymetric and topographic characteristics of
the basin. These characteristics include natural and human-made barriers to
the surge, such as levees, elevated roads, vegetation, intercoastal and inland
water bodies,

The output utilized by the emergency manager for evacuation plarming
consists of surge data overlaid on a curvilinear, polar coordinate grid scheme
representing the area being analyzed, This data grid affords high resclution
of predicted surges in such critically vulnerable areas as the backs of bays or
along irreguler coastline——areas for vwhich evacuation plamning is often diffi-
cult. An example of the data grid pattern common to SLOSH models appears in
Figure 1, a graphic overlay of the Delaware Bay Model.

The ocutput includes two types of data very valuable to the emergency
planner. First, the highest surges above mean sea level are given for each
grid cell of land for each hurricare similated by the model. This provides the
basis for geographic delineation of evacuation zones and the formilation of
response scenarios wder the final evacuation plan. Secord, for preselected
critical grid cells, time history data (in 10-mimite intervals from 24 hours
before to 12 hours after simulated CPR) of surge height, wind speed, and wind
direction are generated. These data allow the plamner to estimate when, in
relation to CPA, ¢ritical evacuation route points (e.g., causeways from barrier
islands, bridge approaches, low-lying rcadway segments) can be expected to
become irmmdated from early arriving tidal surge and experience dangerously
high winds.

The method of using SIOSH for evacuation planning was developed for the
U.S. Ammy Corps of Engineers, Jacksorwille District by the Tampa Bay Regional
Plarming Council in 1980 and used to produce the prototype Tampa Bay Region
Hurricane Evacuation Plan. This methodology was emploved in studies of other
urban coastal regions by the Corps of Engineers and has been adopted by FEMA
the current standard for comprehensive (quantitative) hurricane preparedness
studies (FEMA, 1984). The evacuation plamning methodology, as well as the
support and contrilutions of the major federal agencies {Corps, FEMA, NCAA)
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imvolved in SICSH-based emergency evacuation plamning, are documernted in a
House Committee on Goverrment Operations report entitled "Federal Assistance
te States and Commnities for Hurricane Preparedness Plamning" (U.S. House of
Representatives, 1983).

SLOSH-Based Evacuation Plarmming Methed

Utilizaticn of the SIOSH model has allowed the evacuation plammer and, in
turn, the emergency manager to formulate quantitative hurricane evacuation
plans. The enhanced hazard and vulnerability analyses affoxded by SIOSH not
anly provide a thorough base of technical data, but alsc define the evacuation
problem mmerically and graphically, thus permitting the development of a clear
operations plan. The calculation of the geographic extent of hwrricane
vulnerability defined by SLOSH also ensbles the emergency manager to portray
vialnerable land areas to the public by producing clear, coleor-coded public
information maps. Finally, the extensive set of data, operational strategies,
and public information efforts resulting from such gquantitative studies can be
used to develop ccherent plans that can be tested and evaluated in various
types of emergency eXercises.

The coamprehensive hurricane population preparedness program, established
by the prototype Tampa Bay Plan and adopted by FEMA (FRMA, 1984), consists of
four major interrelated elements:

» The Technical Data Report doauments the findings of all methodologi-
cal, data gathering, and technical analysis tasks of the study. The
report defines and quantifies the evacuation problem and the response
necessary for warning, evacuation, and shelter.

® The Evacuation Implementation Flement is a concise summary guide
that includes key maps, charts, tables, and other information from
the Technical Data Report, and serves as the reference docment for
official decision making in the emergency cperations center during a
hurricane's approach., A separate Evacuation Implementation Element
for each local jurisdiction, tailored to that jurisdiction's standard

cperating procedures, is most effective.

e The Public Information Program consists of simple, easy-to-understand
printed tabloids, pamphlets, or brochures describing to each resident
his/her evacuation zone, assigned route, and shelter, and the overall
concept of the plan. The tabloid should include clear, color—coded
maps and instructions tailored for each major jurisdiction and
printed for every household in the region. The printed tabloid
should be supplemented by EBS radio and television programs during an
event that convey the same graphic information.
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The Emergency Operations Similation Exercise is a total system,
regicnal hurricane evacuation exercise, similating the actual
approach and/or landfall of a major hurricane, the evacuation
decision-making process, coammications, and the actual emergency
operations called for in the ocompleted plan.

A camprehensive program incorporating the four elements cutlined above
typically takes from one to two years to complete. All elements should be
updated at least every two to thres years.

The basic evacuation plamning methodeology that is employed in such compre-
hensive studies integrates several quantitative analyses stemming from SLOSH-

based hazard and vulnerability analysis. Briefly they are:

Hazard Analyéis—-a conprehensive analysis of the potential hwrricane
hazards that could confront the region.

Vulnerability Analysis——a detailed identification of the areas and
population of the region vulnerable to specific hurricane hazards,

Population Data Analysis—a systematic emumeration of the dwelling
units, population, and available vehicles within the identified
ilnerable areas.

Behavieoral Analysis—a statistically significant survey and histori-
cal identification of the probable tendencies of potential future
evacuees of the region.

Shelter Rescurwe Analysis—a region-wide inventory of existing public
shelters, their characteristics and capacity.

Shelter Surge Analysis——a quantitative analysis of the storm surge
vilnerability of existing as well as potential future public shelter
structures.

Institutional Facility Surge Analysis--a cquantitative analysis of the
storm surge vulnerability of all hospitals, rursing homes, prisons,
and other residential facilities requiring special evacuation
procedures.

Surge Foadway Tmundation Enalysis--estimations of the time of immnda~
tion of critical points on evacuation routes relative to hurricane
landfall.

Gale Force Winds Arrival Analysis—estimations of the time of the
arrival of gale force winds relative to hurricane landfall.

Shelter Duration Analysis-—an analysis of the expected shelter stay
duration throughout the life of the storm.
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¢ Freshwater Roadway Imrdation Amalysis—a region-wide identification
of roadways historically imundated from rainfall flooding.

» Evacuation Zone Formilation—a region-wide delineation areas defined
by SIOSH as vulnerable into evacuation zones based on common hazard
vulnerability and cammon evacuation routes.

e Evacuation Routes Assigmment--the assigmment of volumes of vehicles
from specific zones to specific routes in order to develop optimm
intra=- ard inter-county evacuaticn strategies.

e Shelter Assigrment--the assigrment of persons within specific evacua-
tion zones to specific shelters based on evacuation routing
strategies. -

® Clearance Time Quantification—-the calculation of times for the
movement of masses of vehicles assoclated with the evacuation of
persons from SLOSH-~defined vulnerable areas to specific evacuation
destinations.

s Evacuation Time Estimation——an estimation of the total time needed
to issue and implement evacuation orders based on the addition of
clearance time to pre~landfall hazards (e.g., surge roadway imunda-
tien or gule force wind) arrival time .

The use of SIOSH technology in the above analyses begins with the selec-
tion of parameters to characterize each of 200 to 300 hypothetical hurricanes
to be simulated in individual model runs., Each similation represents the
effect of a potential hurricane cn the region. The full spectrum of probable
storms--including “worst probeble" combinations of intensity, track, size, and
forward speed——are similated to produce a comprehensive hazard analysis.

Before the actual similations are run by the camputer, those individual
geographic grid cells representing critical evacuation points are selected
(there are usually about 50), ard the program is directed to create time
history data for each of them in each hypothetical hurricane.

Athough SIOSH technolegy allows for the examination of a hurricane with a
specific track, intensity, and other parameters, current hurricane forecasting
cannot determine a specific track and landfall point sufficiently early to aid
an evacuation decision. To help produce an evacuation decision which does not
underestimate the evacuation area, a focused range of a single parameter (e.q.,
track) is combined using a special, more generalized SIOSH run termed a
"maximm envelope of water! (MECOW). The geographic distribution of surge
predicted by a MEOW run represents the highest surge that could be expected in
each grid cell due to any of the ten to 15 individual hurricanes simulated in
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the MEOW. The degree to which maximm surge height generalizations are made
deperds on characteristics of the basin and its historical hwrricane
climatology.

Before conducting a vulnerability analysis, a couple of less significant
water height features must be superimposed cnto the SICSH-generated surge
height by the emergency planner. These are 1) the astroncmical tide range
above mean sea level (MSL) (in order to consider the hirricane approach
coinciding with daily high tide), ard 2) a 20% stillwater addition (in order to
compensate for model inaccuracy based on a current survey of model perfor-
mance) .

The vulnerability analysis itself entails systematically subtracting the
land elevation of each grid cell from the SLOSH~generated surge height, since
the SIOSH elevaticns are referenced to MSL.

The immdation patterns that emerge from individual SLOSH similations and
MECWs provide the basis for varicus evacuation scerarios requiring significant-~
ly different emergency operational respoanse. Each level of evacuation encom-
passes cumilatively more area and thus more evacuation zones that must be
campletely cleared if threatened by that type and/or intensity of hurricane.
The actual mmber of evacuation levels varies from region to region, the ideal
being the creation of enough levels to avoid over- or under—evacuation, yet
sufficiently few to allow the development of a relatively simplified response
plan and public information program. For example, the Tampa Bay Plan has five
different evacuaticn levels, whereas the current Southeast ILouisiana Study has
resulted in twelve distinct evacuation levels.

The primary population data used in the analysis is the nuber of availa-
ble vehicles in vulnerable areas, rather than mmbers of persans or dwelling
units, because vehicle volumes are the ultimate major factor in evacuation time
estimates.

The latest uman response research is alsc taken into account in compre-
hensive hurricane evacuation planning by incorporating into plans several
important hehavioral determinants and tendencies uncovered by behavioral suar~
veys and studies. These include:

e How the threatened population would respond to a potential hwrricane
given the storm's severity, position and track, forecast time period,
and the National Weather Service's "probability of hurricane condi-
tions" issued for the population's location;
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e When the threatened population would leave their residences in re-
sponse to a given evacuation order or recormendation;

s The mumber of vehicles that the threatened households would use for
gvacuaticn;

e The mumber of threatened households that would require public trans-
portation or other special assistance if ordered to evacuate;

e The preplanned destinations of the potentially threatened poplation
and

e The general hurricane history and experience of the threatened popu-
latiaon.

such tendencies are quantified by combining survey findings with vehicle
volumes and evacuation “trip generation" rates to create evacuation time estim-
ates. This transportation modeling process often requires the use of another
computer model to simulate the complex patterms of traffic movement and conges-
tien inherent in urban area evacuation (see the paper by Hobeika in this volume
for an illustration of evacuation based on transportation modeling).

The SIOSH model's geographic grid configuration permits a site-specific
surge vulnerability analysis of existing amd potential public shelters as well
as hospitals, nursing homes, ard other critical facilities with special evacua-
tion needs. This analysis is accorplished by comparing ground floor structure
elevations to the surge height predicted by SIOSH for the corresponding grid
cell.,

The geographic evacuation levels described above are further subdivided
into evacuation zenes, delineated on the basis of common surge vulnerability,
major evacuation route(s), and familiar physical features for ease of graphic
presentation in the public information program. Each evacuation zone is
assigned specific evacuation routes and shelters based on a strategy that
utilizes existing public shelter capacities and minimizes overall "clearamce
time." All evacuation vehicle volumes, trip generation, and trip assigrment
data are then entered into the evacuation transportation model to estimate
clearance times wnder each of the several evacuation levels.

The SIOSH-generated surge time history data is used to develop quantita-
tive estimates of another period of time termed the “pre-lardfall hazards
time." This is accamplished by examining the model's estimates of the times of
immdation of selected critical points (based on the elevation of the points)
on evacuation roadways. These times (referenced to CPA) are incorporated into
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the plan and, upcn the approach of an actual storm, are compared to the estima-
ted time of arrival of sustained gale force winds (computed from real-time
National Weather Service (NWS) marine advisory information). Whichever of
these times is larger represents the "pre-landfall hazards time" and is added
to the "clearance time" to result in an evacuation time estimate: this estimate
is crucial to the timing of evacuation orders or recommendations to the

public.

Future Compater Technology Applications
In Hurricane Evacuation Managemert

This paper has described the emergency manager's use of mainframe and
minicomputer technology that has made pessible a mich more comprehensive pro—
cess of long-range hurricane evacuation planning than was previously available.
This technology, originally developed and used at the federal level, has been
provided to state and local govermments in the form of hard copy or tape
collections of model storm cutput data. However, more recent microprocessing
technology and the emergence of the use of microcomputer hardware in state and
lecal BOC's are making possible a new dimension of enhanced hurricane prepared-
ness: real-time SIOSH data generation and graphic SIOSH telecommunication to
the local level.

The local level is where emergency decisions are made and whers emergency
cperations take place. It has been proven that graphic portrayal of hurricane
location and future potential corditicns greatly enhances tactical decision-
making capability. (The NWS "Probabilities of Hurricane Canditions" Program
is an example of a very valuable program providing data for local huwrricane
decision making that suffers from the lack of graphic portrayal: the potential
forecast error that these probabilities actually represent could be much more
easily understood by using graphics.)

Huricane evacuation decision making irmvolves the deliberation of full-
time emergency management experts as well as elected authorities rarely
faniliar with the specific vulnerabilities of their particular jurisdictions.
Graphically portrayed real-time SIOSH inmudation predictions oculd facilitate
careful evaluation, result in quicker ard wiser decisions, and inmprove the
cammication of probable conditions between federal, state, and local authori-
tles.

A real-tiwe system that could comunicate SIOSH contour images to local
EOC camputer screens would have to be carefully worked out. Those implementing
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such a system would have to guard against potential misinterpretations by
determining specific policies such as the use of MEOW contours rather than
irndividual hwrricane simmlation contours. However, there is no doubt that the
capability to visualize imminent hwrricane immndation can complement a local
Jjurisdiction's camprehensive svacuation plan and improve hnrricane response.

The technology for using real-time SIOSH data at the local level exists,
led by Research Altsrnatives' Emergency Information System. Local EOCs are now
arming themselves with graphic microcomuting systems for event monitorirg,
resource deployment, and decision support; and local systems are already being
linked to state and/or adjacent local jurisdiction systems through emergency
management telecommumnication systems, Similar telecommmication of NWS-mum
SIOSH similations to the stats and, more impertantly, the local level would
represent a true federal-lecal parthership in preparing for the inevitable
landfall of a major hurricane.

References

Federal Emergency Management Agency (FEMA)
1984 A Guide to Hurricane Preparedness Plamming for State and Iocal
Officjials. CPG 2-16. Washirgton: FEMA.

Jelesnianski, ¢.P.
1972 “"Special Program to List the aAmplitudes of Surges fram Hurricanes
(SPIASH) . Part I: Iandfall Storms." NGAA Technical Memorandum, NWS
TID-46. Washington: NQRA.

U.S. House of Representatives, Comittee on Goverrment Operations
1283  20th Report, Federal Assistance to States and Comunities for

Hurricane Preparedness Planning. Washington: U.S. Government
Printing Office.




APPLICATICON OF QMPUTER TECHNOLOGY
FOR DAMAGE/RISK PROJECTTONS

Terence Haney
TEMTAM Industries Inc.

Introduction

A cost effective method is needed to aid state, ccunty, and city govern-
ment plamners in determining the probable effects of various hazards under a
variety of possible scenarics. Information provided through computer modeling
applications may provide emergency service plamners and resporders with quan-—
tified estimates upon which to develop realistic preparsdness planning and
action decisions.

This paper, which is directed toward the lecal planner, discusses the
plarning problem from the user's perspective. It also describes an autcmated
demage/risk modeling system and provides a summary description of its various
products and their applications. ’

Any modeling effort is at best only an estimation of what could happen
urnder a given set of corditions. The results of medeling efforts produce
scenarics which contain damage indicators against which resource capabilities
ard shortfalls may be measured. When the achual event occurs, it may produce
gignificantly different effects, and planners should be forewarmed not to take
modeling results too literally, but rather to treat such results as broad,
heuristic indicators of a possible range of effects.

Consideration of the Planning Problem

Emergency service planners, particularly those at city and county levels,
are responsible for formilating preparedness and response plans which will
adecuately serve the needs of the commmity at the time of an incident. To do
this effectively, the planners need to know the possible range of damage param—
etars. Without this information, plamners can only hypothesize the likely
situation. Added to the camplexity of the planning issue is the increasing
frequency of human-caused disasters, the problem caused by the interaction of
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various disaster effects, ard the need for interjurisdictional involvement in

emergency response.
These conditions and situations create miltiple problems for planners:

1} Without a camon frame of reference, emergency problems and their
resulting effects and conditions are viewed differently by different
plammers. Thus, it is difficult to cbtain a commen perspective or
consensus on a given situation. This condition often results in
different planning perspectives and creates inconsistent plans which
do not relate to cther plans either intra- or inter-
jurisdictionally.

2) VWhen unable to visualize the overall problem or the complex inter-
action of effects, plamnmers tend to develop plans based on how best
to deploy and use an existing rescurces base. The damage ard the
real rescurce requirements of a disaster are often left uncon-
sidered.

3} For major regional events, such as floods, earthquakes, hurricanes,
plamners often do not have the appropriate information to adequately
consider overall regional effects on major lifelines. This may
significantly affect a jurisdiction's ability to respond and recover.

Consideration of the Problem Solution

Through a process of computer-based modeling, it is possible to generate
damage scenarios which can form a basis for plan development. Independent
machine readable data files can be merged in a variety of cambinations. These
data sets can then be processed by models which are automated algorithms,

These models are capable of creating a wide variety of graphic ard tabular data
which can then be produced in variocus combinations to mest specific user
heeds.

The modeling process requires that the various machine-readable data files
already exist; that the database architecture provides the capability for file
matching and merging:; that adequate software be developed for model processing:
and that the system can produce maps and tabular reports,

The remainder of this paper will discuss the components of such a system
and provide examples from an actual damage modeling feasibility study. The map
and table examples described in this paper are drawn from the 1983 Pilot
Project for Earthcuake Hazard Assessment conducted by the Southern California
Farthoquake Preparedness Project (SCEFPP) for the Federal Emergency Management
Agency (FEMA}. The author was a consultant to that project.
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Components of a Damage/Risk Forecasting System
The basic camponents of a system to medel the effects of disaster situa-

tions consist of:
1) Machine readable data files,
2) Applicaticns Software (meodels),
3) A Processing System and Operating Software, ard
4)  Output devices (Plotters and Printers). 7

Together, these camponents form the overall system structure. The rela-
tionships between them are depicted below and further briefly described.

DATA APPLICATIONS
FILES\ SOFTWARE
PROCESSING
SYSTEM

|

QUTPUT DEVICES

PRODUCTS

Figure 1
System Structure

Data Files
This section describes various kinds of data files which could be used in

the development of the system database. The kasic determination of data files
is influenced by 1) the elements of information which are required for planning
purposes, and 2) the availability of informaticon already in machine readable
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form (or readily transformable into a machine readable state within cost amd
time constraints).

Five basic kinds of files are required for our example of earthciaws
damage/risk analysis. It should ke noted, however, that there are varizus ways
of describing these kinds of files. In some cases, based upcn exiscixr data
file availapility, a mmber of carbinaticns and "cross-overs" could extsc.

1)

2)

3)

4)

5)

Models

Gecphiysical files consist of mapped polygons (areas) of ocws
geologic features and conditions. These files provide the rasic
information necessary to determine the extent and severity ¢ coroaod
motion. Separate files could contain data on gromdwater fecths,
etec.

Topographic files generally portray the shape ard elevatior 2 <he
surface terrain. Such physical characteristics will show e Loca-
tion of mountains, valleys, rivers, and can include himar-crs=stad
features, e.g., landfills, reservoirs, land use patterns, Wiz
influence the topography.

Nebtwork files dooument major arterials, rail lines, undersroed
power, fuel, water lines. Just about anything that consists =2
various lmksandnodes can be included within these km cZ Zata
files. Grid reference or geolocator systems can also be imelxisd as
network data.

Structural files can be of marny varieties and are cbtained o= 3e-
veloped deperding upon the planning need. Typically, these Ziles
include data on residential, camercial, and industrial Dol Ziees
grouped by various occupancy classes; bridges, critical Fx-_;:ies,
dams, power generating or storage facilities, sanitation plaws,
etc.

Demcxyraphic files describe the location and characteristics .,: e
popalation at risk. These kinds of files are generally deve xec-.
initially from census data and can be stored and aggregated i-

saveral ways. For earthaquake hazard vulnerability modeling, iz ig
corvenient to use the census block as the basic demcgraphic —it. To
be useful in population damage and risk modeling, the data s5oatd be
v:.ewedovertmeaswellasspace, The night to day, hame o work
shift in population location in major urbanized areas can be signifi-
cant and modeling only the residential night-time populatior: can
produce unrealistic results for plarming daytime or at—work sce-
narios. {The paper by Schneider et al. in this volume descc—hes <he
development and specific application of one such file.) CaTa fit

are depicted in Figure 2 on the following page.

Models may be classified and described in several ways. For movooses cof
this description, "geophysical® ard "sociceccromic" models of earthrsws hazard
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vulnerability will be used.

Gecrhysical. The most comen gecphysical models related to earthquakes
are those which provide an estimate of earth shaking intensity and/or estimates
of peak acceleration of the earth. These models compute shaking intensity or

FILES

<
=i ' DEMOGRABH IC

| Z_—y )| J y

————— i

I

1 - - ’ [ ] '
Tt e . STRUGTURES

- - -

| = s - u i

|

! i |

N ’ NETWORKS

@ ' TOPCGRAPHIC

GEOPHYSICAL

Figqure 2
Basic File Structure

ground acceleration for a given point location, e.g9., the centruid of a census
block. They take into account fault lecation, lecation and length of rupture,
level of energy release (magnitude), seismic wave attermaticn through the
earth, and effects of lccal ground conditions, The ocutputs of these models are
generally mumeric and can be related to a pre-established scale of dbserved or



140 TERMINAT, DISASTERS

measured effects. The most commornly used scales for earth shaking intensity
are the Modified Mercalli or the Rossi Forel Scale.

Ancther geophysical model important in damage vulnerability modeling is
the liquefaction mcdel. Developing a liquefaction medel requires good infor-
mation on subsurface geclogy, soll conditions, and groundwater depth as well as
informatien on shaking intensity and duration. The combination of data within
the model can produce results which will determine the potential for the earth
to liquefy at any given lecation. The cutputs of a liguefaction model can be
descriptors such as "probable," "possible,” or "negligible.™

Sociceconamic. These models attenpt to determine the probable effects of
geophysical models to topography, structures, networks, and population. The
models can be run separately or in combination so that the results of one will
automatically become the imput to ancther,

The results of these models can be reported in ssveral ways. In general,
information useful to plarmners could be produced as reports or maps showing:

Nurber and/or percentage of structures/networks damaged,
Estimates of actual, or percentage of dollar value lost,
Homeless households - shown as temporary or permanent,
Treatable injured - measured from all causes,

Deaths.

L N ]

Deperding upon the model used, the above data can be aggregated at several
levels: census block, census tract, or block groups. Currently there are a
mmber of scciceconamic modeling projects underway, but as yet no acceptable
standard has been developed.

The Applied Techniclegy Council under a FEMA contract has recently devel-
cped Damage Probability Matrices (DPMs) for a wide variety of structural clas-
sifications. These DPMs could form a standard bassline for use in damage
vulnerability modeling. The develogment of models which will show injuries and
deaths from structural and nonstructaral causes is progressing slowly, and more
research should ke done in this area.

The relationship of data files and models is shown in Figure 3 on the

following page.
Processing System

The processing system which integrates data file content with medel appli-
cations software must be capable of handling large volumes of data. The system
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to be used should have room for both data file expansion and additional
medels.

In the system demonstration described earlier, two processing systems were
used. One of these was an IBM 370/168 mainframe and the cther a Prime 750
minicamuter. This equipment was selected to take advantage of existing hard

FLLES

MCBELS

DEMOGRAPHIC

\\ POPULATION
/ INJURY /DEATH

STRUCTURES

TOPOGRAPHIC

\ IKTENSITY/
/ ACCELERATIO

GEQPHYSICAL

Figure 3
Data File and Model Relationships

ware and applications software that would function adequately within the time
frame and cost constraints of the feasibility demonstration.

The demonstration indicated that a minicomputer with the 22 bit-word
central processing capability provided an adequate processing speed. The size
of the unit would be dependent upon, among cther thimgs, the size and level of
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detail to be medeled within the geographical area. The hardware system should
be able to support the use of a variety of mass storage devices to include high
density disk and tape drives. Cther elements of the processing system should
include a high speed printer and high resolution hardcopy printesr. If remote
station cperation is desired, a cammications interface should be provided to
allow for data emntry processing and display capability at remote stations.

In addition, several software components are desirable. The cperating
system software should ke readily available from the hardware system marufac-
turer and should net require modification. An off-the-shelf statistical soft-
ware package should be acquired for analysis applications. Based upon the
demonstration project results, there is little need for special purpose soft-
ware development. Also, graphics software which will allow for interactive
plotting and hardcopy output should be cbtained.

Products

The single most importart item related to the modeling process discussed
above is the usefulness of the cutput. The two types of cutput products most
useful to emergency service planners are maps and formatted reports. To be
most effective, these two products should be interrelated to allow users to
cross reference tabular data related to map presentaticns.

One of the most significant features of computerized map presentations is
the ability to integrate display cambinations of information at essentially any
scale desired. This can be accamplished through the merging of independent
data layers and displaying them according to coded characteristics. An example
of such a map output is depicted on the following page (Fioure 4).

In this example various groundwater depth information has been campourded
into a single presentation. In this form of cartographic data presentation,
related theme data sets are delineated through different character shading or
color. Note that there is no actual modeling associated with this presenta-
tion. It is simply a way to pull known spatial data together into a single
presentation. A major feature of such an cutput capability is the potential to
change the cutput parameters to depict such things as different gradient
lavels.

Another way processed information can be displayed on maps is to show the
results of a modeling activity. In Figure 5, the previocusly displayed
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grourdwater depth data has been translated by using modeling to reflect
liquefaction susceptibility.

Note the similarities of the polygon definitions between the two maps.
More importantly, however, note how much more meaningful from a plarning stand-
point is the map which reflects the projected ervirorment. These two examples
reflect the difference between simply displaying data and displaying useful
plamning information. - *
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Figure 4 Figure 5
Depth to Groundwater Example Liquefaction Susceptibility Map Example

Angther way of showing information on a map is by the use of an overlay.
Overlays can be printed directly on the map, or they can be generated by the
prlotter on clear film or mylar, deperding wupen the user's needs.

on the following page a computer generated map Is shown which depicts
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structures damaged per census block. This information was cbtained and plotted
through the use of a medel which projectad structural damage. Overlaid onto
the map are several polygons which depict areas of probable shaking intensi-
ties. Note how each polygon is labeled as well as the close correlation of the
intensity polygong with the map depicting liguefaction susceptibility.

Coampurter generated polygons can also be produced at variocus scales for
overlay onto other types of maps or aerial photographs. Use of overlays prin-
ted onto existing maps are particularly useful for emergency service

SINGLE FAMILY/MOBILE HOMES
TOTAL STRUCTURES DAMAGED
PER CENSVS BLOCK

NORTHERN SAN JACINTG EVENT

Figqure &
Map of Structures Camaged with Intensities



Haney 105

plamning activities because they enable much better visualization of the
affected area.

Care must be exercised when transpeosing shaking intensities or liquefac-
tion contours from small or medium scale to large scale maps. The problen is
that the capability to accurately define these areas either geclogically or
through the use of modeling techniques is not yet fully developed. At best,
the defined areas and the boundaries between areas should only be thought of as
a zcne. When these zones are defined on a map by lines, (particularly on large
scale maps), they tend to create the false impression of sharp demarcation.

Tabular Information

Computer modeling can produce a wide variety of information which can be
easily structured into tables and various cther report formats. Shown below is
an example of cne type of report which provides a variety of useful informa-
tion (Table 1). Such reports can be used in conjunction with either computer
generated maps or with overlays produced at scale for use with existing maps.

DAMAGE TO MOBILE HOMES
(THIS TABLE 5 FOR DEMONSTRATION PURPQSES ONLY}

SAN ANDREAS N. SAN JACINTO 5. SAN JACINTO

No. % No. % Ne. %

TOTAL DAMAGED 773 75.3 928 90.4 916 89.3

TOTAL LIVABLE 530 51.7 256 24.9 27 26,3
NON-L [VABLE

RESTORABLE 234 22.8 638 62.2 612 89.7

NOK-RESTORABLE 9 .8 k) 3.3 34 3.3

$ LOSS $59,879 3.7 |sl32,137 8.3 [$127.456 8.0

Table 1

Sample Damage Report

While the report shown above deals only with numbers, percentages, and
dollar values, it would be easy to construct reports which could relate damaged



106 TERMIMAL DISASTERS

structures to population density. From this, mumbers could be derived showing
the population requiring temporary and permanent housing assistance. Such a
table is shown on the following page {Table 2).

HOMELESS CASELOAD/PERMANENT HOMELESS CASELGAD
(THIS TABLE IS FOR DEMONSTRATION PURPOSES ONLY)

SAN ANDRERS

HC

PHC

N. SAN JACINTO
HC

PHC

5. SAN JACINTO

HC PHC

SINGLE FAMILY
RESTDENCES
HOUSEAQLDS

131

27

136 19

MCBILE HOMES
HOUSEHOLDS

243

672

34

646

TOTAL HOMELESS

247

853

g6l

782 33

CASELQAD

TOTAL POP.
HOMELESS

(2.8xHC/PHC) 2338

117 2559

% QF TOTAL PQP
HOMELESS

Pop. = 21,797 .03 11.7 1la0.7

Table 2
Sample Hameless Caseload Report

Sumrary
Mrtamated modeling of hazard vulnerability and risk assessment offers

great potential for improving the state and local plan development process. The
quality of data files and the accuracy and sophistication of models has taken a
quantum leap forward in the past ten years. With contimued improvements in
these areas and the increased use and versatility of microprecessors, it is
reasonable to assume that this form of modeling will socn be commonplace.

The process of modeling can best be accamplished by a team approach in-
volving: an emergency service planner who decides the varicus information
requirements, the desired types of outputs, and the adequacy of known data
files to meet the cperaticnal need; a database manager who determines overall
hardware and operating software system requirements; ard a medeler who trans-~
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lates the requirements into applications software which, when applied to the
database, produces the desired results.

User needs should be kept as the first priority, and care should be taken
to kesp the modeling process simple. Relatively gross indicators will often be
adequate to meet plarming needs, extreme levels of detail or accuracy being
Urnecessary.

Most public safety agencies and emergency service planners rely heavily on
maps. Generally, computer produced map overlays scaled for use an existing
maps would be more helpful to them than straight computer generated maps. The
required map scales also vary. Scales at 1:100,000 are camonly used within
digpatch and EOC erviromments. Larger scale orthophoto and topographic maps
ranging from 1:500 to 1:24,000 are more useful in field envirorments.

There are a rumber of potential medeling applications which can be accom-
plished with a good geographical database. In addition to the seismic inten-
gity and damage models depicted above, ancther application might be the model-
ing of dispersion plumes for variocus toxic agents. Dispersion patterns could
be related to population and larnd use files for evacuation and protective cover
plamning. Similarly, the use of the database system to model fire spread could
be extremely useful. Models currently exist for these applications that are as
acaurate as selsmic effects models, and integrating them inte the irwventory of
models would not be difficult.

There are a mumber of nonautocmated data files that exist within jurisdic-
tional departments which, if automated, could contribute significantly to
improving the quality of data and the usefulness of modeling efforts., Juris-
dictions considering the development of modeling capabilities should irwentory
both existing autamated and nonautcamated files for potentially useful data.

If at all possible, systems should be developed within the cortext of an
overall regional design, simce one of its greatest potentials is the ability to
examine rapidly the impact of an emergency on multijurisdictional erwviromments.
This is a particularly important consideration within urban areas having a
dense anxd highly mchile population and in areas which are heavily overlaid with
networks. Network failures can often have significant effects on adjacent
jurisdictions ut are often not considered in jurisdictional planning
activities.



USE OF [CAMAGE SIMULATION IN EARTHCUAKE PLANNING AND
EMERGENCY RESPONSE MANAGEMENT

Charles Scawthorn
Dames & Moore
San Francisco, California

Introduction

Computer-based damage similation is essantial in planning for and managing
the response to earthquakes. Until the size, extent, and nature of a problem
are estimated, planning and management are ill-defined. This is especially
true for earthruakes, because earthauakes affect large areas, have the poten-
tial to be major catastrophes, and ocour without warning. Despite this lack of
warning, in large part, eartlwpake effects can be relatively easily foreseen
and quantitatively estimated. While the collapse of a specific building, for
example, may be difficult to predict, it is feasible to infer statistically
that "x" muber of huildings in a certain district will collapse. In effect,
one can deduce mach information about a potential disaster: size, extent of
damage, casualties, response needs, etc. The only missing parameter,
admittedly vital, being the time of occurrence.

Currently available camputer-based damage similation techniques permit
estimation of earthouake ground motion ard its effects on pecple, buildings,
and uwrban lifelines such as water, power, and transportation networks. Real-
time analysis of damage reports in the immediate post-earthquake period can
permit accurate damage assessment and optimal alleocation of emergency re—
sources. In order to illustrate these points, a method for estimating urban
seismic risk is outlined below. In additicn, several case studies and some
indications of future research directions are also presented.

Urban Seismic Risk Methodology
Figure 1 presents a schematic diagram of an urban seismic risk method-
ology, which begins by defining the seismic hazard—-specifically, expected
earthquake ground motions. This can be defined for specific events for major
urban areas such as:
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® San Francisco Bay Area~-a repeat of the 1506 event on the San Andreas
fault, and/or a repeat of the 1868 Hayward event on the Hayward
fault;

¢ Ios Angeles Basin—a repeat of the 1857 event on the San Andreas
fault, and/or a repeat of the 1933 event on the Newport-Inglewood
fault zone,

Evernden (USGS, 1981}, for example, has provided detailed maps for sach of
these scenarics taking into account local soil conditions. Other regions for
which analogous hazard scenarios have been defined include Puget Sound, Salt
lake City, Boston, Charleston, and San Juan. The earthquake hazard can be
gquantified in a variety of formats depending upcn the user's neseds. These
include Modified Mercalli Intensity and engineering measurss such as peak
ground acceleration, response spectra, etc.

Seismic vulrerability, or the estimated damage to a specific type of
structure attributable to the seismic hazard, is also required for accurate
damage prediction. While considerable research is hecessary to develop accur-
ate vulnerability functions for various classes of buildings and structures
(such as bridges and pipelines) measures presently exist (e.g., Steinbrucge,
1982) or are under development (ATC-13, 1985) which can provide much useful
information. From an engineering viewpolnt, these vulnerability functions
should ideally be based on engineering or "damage" models so that the damage
implications of improved design codes or methods of construction can be
evaluated.

Estimates of earthequake damage can then be developed based on the seismic
hazard, vulnerability functions and maps of building distrilution, and soil
types (which can amplify seismic motion as happensed in the 1585 Mexico City
earthquake). These estimates can be presented in map format or in tabular
sumaries. They can algo form the basis for an effective mitigation program,
optimally cambining structural strengthening and lard use provisions. Esti-
mates can be primarily qualitative (Armold and Eisner, 1984) semi-quantitative
{e.g., USGS, 1975), or quantitative (e.qg., Sugiyvama, 1985); they can all be of
benefit to a variety of users (Arnold, 1985).

Urban Seismic Demage Estimation

Using the above methodology, earthquake damage to buildings for the city
of Osaka, Japan was estimated (Scawthorn et al. 1981) in order to generally
assess the relative magnitude of the earthquake problem for this city of 2.8
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million in a highly seismic area, and to determine the relative contribution of
several possible agents of seismic damage. (Shaking, liquefaction, and fire
were considered; landsliding, tsunemi, and hazardous materials incidents were
not.] Figures 2a through 2d present anmualized selsmic damage due to all
possible seismic sources for the 210 sq. k. region for the several agents.
Figqures 3a and 3b present distrilbution of damage for several specific earth-
quake scenarios. Anmalized damage estimates are of use in financial decision
making, such as in determination of building code provisions, or in insuwrance
rate setting. Specific damage scenarics are useful for emergency response
planners, since they provide a forecast of the nabture and magnitude of situa-
tions likely to result fram a given event.

Iand Use Plaming

While structural strengthening has been recognized as an effective tech-
nique for reducing earthquake damage, the cbserved shaking and damage due to
differences in so0il conditions has long suggested that land use planning,
seismic zonation, or "microzonation" might also be a useful technique for
reducing damage and total capital expenditure. In order to explore this sug-
gestion, the city of San Francisco (population: 700,000; area: 49 sq. miles)
was analyzed, and estimates of seismic damage were incorperated inmto an urban
economic locaticnal frameweork (Scawthorn, 1984).

In this process, damage due to expected earthquakes is estimated and
included in the total cost of providing usable kuilding floor space at a par-
ticular lecation in the city. Other costs that are considered include the cost
of construction (dependent on building height}, the cost of land, and the cost
of transportation of goods and workers to and from the building location.

These costs are determined for each location in the city, and the total cost of
all buildings is minimized for the city, resulting in an "optimal® city. By
camparing building distritution and costs for the city formulated in this
marner, with and without seismic damage included, cne can study the effective-
ness of land use planning as a technigue and compare it with the traditional
structural strengthening.

Figure 4 shows same results in which the change in land use planning for
San Francisco is portrayed at several layers of detail. Bar height indicates
relative change in land/building use (black is an increase in a use category,
white a decrease). The study indicated that anrmal total "operating" costs for
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Sar, Francisco were about $1.7 billion, arnd anrmalized seismic damage about an
additional $312 million. By relatively minor changes in land/building use,
selsmic damage was reduced to $236 million, a decrease of about 25%, and net
total cost to the city reduced by about 4.5%. Note that this reduction dees
not even take into account secondary costs, such as business intermuption in
the event of an earthquake.

Emergency Response

Earthquakes pose a major test for civil emergency response services. The
great fires which destroyed San Francisco in 1906 and Tokyo in 1923 demcnstrate
the disastrous consequences of failing this test. 2an understanding of likely
prevailing conditions, problems to be encountered, and required resources is
clearly required if future post—earthoquake conflagrations are to be avoided.
Yet, quantitative assessments of probable eartheuake damage and potential fires
are lacking for fire departments in seismic areas in the United States.

At present, researvh using the city of San Francisco a= a case study is
being conducted in order to develop a method to deal with this camplex problem
{Scawthorn, 1985). Filgure 5 shows the computer plot of anticipated seismic
intensity (Modified Mercalli Intensity units) due to a magnitude 8.3 event on
the nearby San Andreas fault, and estimated initial outbreaks of fires based on
seismic intensity, building distrilution, and gther factors. Outbreaks are
estimated on the basis of a random Poisson process; they typically average
abcrik 30 for the city. However, San Francisco has 41 active fire engine
campanies and a total of 39 engines, if all reserves are placed in service. It
is estimated that about 100 engines, and perhaps twice as many trained fire
fighters as are normally on duty, would be required to deal with these fires.
The preliminary corclusion is that substantial damage will be caused by several
large fires in San Francisco in the next large earthquake. Acquiring knowledge
of the pattern of fire ocutbreaks, potential water supply impairment, and other
factors affecting fire creation and suppression is the first step in mitigating
this situation.

Fature Directions
The utility of seismic damage estimation in defining and mitigating the
preblem of earthquake hazards in urban regions seems clear. Future work is
required in several areas:
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8 Development of camuter-based building and urban asset inventories.
Surprisingly, we have only a vague picture of the distribution of the
huildings ard other assets at stake. We need to compile and maintain
inventories which will form the basis for accurate guantitative
damage estimation.

s Development of seiswmic vulnerability estimation functions. Substan-
tial work has been done in this area {e.q., Steinbruxyge, 1982), but
mich work remains to be done.

¢ Investigation of interaction problems, such as fire, hazardous
materials, or business internmuption. These problems are excesdingly
complex and are best studied by coamputer simulation techniques.

¢ Develcpment and implementation of real-time emergency decision sup-
port systems. Several excellent examples, such as the Firescope
pregram in Califernia, exist. Eartheuakes, due to the mmber of
problems created, will overwhelm centralized systems designed for
more typical situations. Inexpensive, microcamputer-based, systems
{e.g., Belardo et al., 1984} incorporating artificial intelligence
techniques that efficiently update damage assessments and allocate
rescurces offer decentralized starnd-alone benefits and appear to be

required.
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ESTIMATING THE LOCATICN OF THE POPULATION OF A CTTY
IN TIME AND SPACE

Jerry Schneider
N. Janarthanan
Shieng-I Tung
Che~I Yeh
Department of Civil Enginesrirg
University of Washington

Concepts and Raticnale

This paper describes the design, implementation, and testing of a computer
program called the Population Estimator in Time and Space (PETS}. The program
calculates estimates of the mmber of pecople in designated zones in a large
metropelis at each of many successive cheservation times during an average
weekday. Estimates of the mumbker of pecple in each zone at each point in time
are generated in four categories: total population {TPOP), people in buildings
(BPOP), pecple in movirng vehicles (VPOP), ard pedestrians (PROP). TROP is
equal to the sum of the other three categories. In some cases, calculations
can ke made directly showing the total mmber of a population category in a
particular zone at a particular time. In other cases, estimates are made
indirectly using an alleocation procedure.

There are 27 categories that are used to describe the status of the pop-
ulation in any zone at each time point. The first category describes pecple
who stay in their residence zone and make no trips during the day. The next
six categories describe pecple who make only internal trips within a zone. The
next 16 categories describe the home-hased movements of resident workers leav-
ing and returning, visiting workers arriving and returning, norworking resi-
dents leaving and returning, and normworking visitors arriving and returning.
Then, two types of non-home-based trip makers are described, Finally, esti-
mates of the pecple passing through each zone are made {see Table 1). The
estimates of TROP in each of these 27 categories are then processed to dbtain a
breakdown of the mmber of people in each of the three subcategories (people in
bulldirgs, pecple in vehicles, ard pedestrians)., This produces a total of four
estimates for each zone at each cbservation time during the day.
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Table 1
Definition of Population Status Categories for the Home Zone
at Observation Time n

Population Status Variables

Population Total Population fopulation Pedestrian
Population in Buildings in Vehicles Population

Category (TPOP} {BPOP) {VPOP) (PPOP)
1. STAY Pl Bl vl Pl
2. RWIA p2 B2 ¥2 P2
3. RWIT P3 B3 V3 P3
4. ROIA P4 B4 V4 Pa
5. ROIT P5 BS V5 PS5
6. NHIA Pe B6 V6 Pe
7. NHIT p7 B7 V7 P7
8. PRWLA Pg BB V8 Pg
9. RWLT Pg B9 Ve P9
16. ROLA P10 B10 V10 P10
11. ROLT P11 B11 Vil P11
12. VWRA P12 B12 V12 P12
13. VWRT P13 B13 V13 P13
14. VORA P14 Bl4 Vi4 P14
15. VORT P15 B15 V15 P15
16. RWRA P16 B16 V16 P16
17. RWRT P17 B17 V17 P17
18. RORA P18 B18 vig P13
19. RORT P19 B19 V19 P19
20. VWAA P20 B20 Y20 P20
21, VWAT P21 B21 v21 P21

22. VOAA P22 B22 yz22 pa2
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Table 1: Continued

23. VOAT P23 B23 v23 P23
24. NHEA p24 B24 V24 P24
25. NHET P25 B25 V25 P25
26. THRUA P26 B26 V26 P26
27. THRUT p27 B27 : va7 pev
TOTALS - TPOP BPOP VPOP PPOP
Table 1 Key
Population Category
and Yariable Name . Description
1 STAY Stayers (people who do not Teave
the home zone during the day)
2 - 7 RHWIA Resident workers and resident non-
RWIT workers who make home-based work
ROIA (HBW) and home-based other (HBO)
ROIT trips within the home zone (I =
NHIA internal trips) by Auto (A) and
NHIT ‘ transit (T). Also includes non-home
based {NH) internal trips.
§ - 23 RWLA Column 1
RWLT = residents
ROLA V = visitors
ROLT
YWRA Column 2
VWRT W = home-based work trips
VORA 0 = home-based other trips
VORT
RWRA Column 3
RWRT L = leaving residents
RORA R = returning residents
RORT A = arriving visitors
VWAA R = returning visitors
VWAT
VOAA Column 4
VOAT A = auto
T = transit
24 - 25  NHEA Non-home based trips, E = external
NHET (to and from) home zone, A = auto,
T = transit.
26 - 27 THRUA PeOp]e pass1ng through the home zone

THRUT in vehicles, A = auto, T = transit.
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If estimates are desired every ten minutes of a 24-hour day, 4 X 6 X 24 or 576
estimates are needed for each zone in the metropolis. If there are 500 zaones,
then the ocutput of the simulator would consist of 500 x 576 = 288,000 mmbers.
These mmbers represent a sumary of a muich larger set of mmbers calculated
intermally by PETS but neot printed out.

The approach described in this report requires that these calculations be
done for each zome, one at a time. The zone being calculated is called the
thome zone" and all trips made within it, te it, from it, ard through it are
calanlated over the entire day. All other zones in the metrocpelis are aggre-
gated into cone superzone called the M"elsswhere zone." The PEIS program deals
with each zone in the metropolis, one at a time, and calculates its daily
interaction pattern with all other zones in the metropolis.

The rationale, assumptions, and camputational strateqy used to implement
this approach are presented in the following section. The variables used in
making the calculations are defined in Tables 1 and 2 ard the camputaticnal
procedures used are described in Figure 1 and Table 3. Throughout this report,

Tabla 2
Definition of Macro-Variables Used to Define
Simplified Computation Process

Population
Category* Total BPOP VPOP PPOP

2 -7 X

8- 23

24 - 25

26 - 27 u U

Totals TPOP BPQOP YPOP PPOP
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Table 3
Definition of the Five FEISIM Mbdgles Used to
Calculate Values of Macro-Variables Listed In Table 2

PopuTation

Category TOTAL BPOP VPOP PPOP
1 M.1
2 -7 M.2
8 - 23 M.1
24 - 25 M.1
26 - 27 M.3 M.3
Total M.5 M.5 M.3 M.4

A brief description of the functions of each of these modules is as

follows:

M.l This module computes estimates of the total population of
the home zone at each observation time by adding or subtrac-
ting the people arriving or departing during time period mn
to or from the population estimate at time point m,

M.2 This module computes estimates of the number of internal
tripmakers that are in motion in auto or transit vehicles,
in the home zone at each observation time.

M.3 This module computes estimates of the number of persons
who are in motion, in auto or transit vehicles, who are in
the process of arriving, departing or passing through the
home zone at each observation time.

M.4 This module computes estimates of the number of people
who are pedestrians {not in buildings) in the home zone at
each observation time,

M.5 This module s a high level routine that integrates the
results from modules M.1 - M.5 and produces the overall
TPOP, BPOP, VPOP and PPOP tables and graphs for each zone.
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reference will be made to Tables 1 ard 2 which list and define the 27 popula-
tion categories used and generally indicate how the estimates are calculated.
The four variables at the bottom of Table 2 (TPOP, BFCP, VPCP and PFOP) are the
desired output of PETS, estimated by zone and time point.

Time is a major structural variable in PETS. Throughout this paper, a
time interval is referred to as ™m." This means that time interval mm begins
at time point m and ends at time point n. PETS is designed to accept time
intervals of ten minutes or multiples of ten minutes (i.e. twenty or thirxty).
If the interval is ten mimutes and the starting time is 3:00 a.m., the first
time interval will begin at 3:00 a.m. and end at 3:10 a.m. Population esti-
mates are calculated for both the 3:00 a.m. ard 3:10 a.m. cbservation times.
It is important to understand that mest of the calculation in PETS is directed
toward estimating movements of people within the home zone, between it and the
elsewhers zone, and through the home zone during time period mm. But the
population estimates are for time points amd represent the net result of the
movements during the time interval. In cther words, the movements during time
pericd mn determine the population levels at time point n. These population
estimates are like a series of snapshots taken from a helicopter hevering over
the home zone for an entire weekday.

These population estimates are intended to ke of assistarce to emergency
response plamners. They could be used with injury and death estimates to help
plarners to assess the spatial pattern of the medical aid recuirements due to
disasters of various types assumed to occur at particular times and at parti-
cular intensities. The injury and death estimates would be tailored to fit a
specific type of disaster and its likely effects on pecple in buildings, in
wvehicles, and moving about as pedestrians.

Description of FETS Computational Strategy

It was necessary to avoid having to calculate estimates for each of the
4 X 28 = 112 variables defined in Table 1. If we were to do so, we would have
to calculate 112 x 6 x 24 ¥ 500 = 8,064,000 estimates for a 500 zone city with
ten-mirmte observation times. While this is not an impossible task, it is a
formidable amoint of calculation ard would excead the computer capabilities of
many units of local goverrment. Therefore, a simplified approach has been
devised and is shown in Table 2. The new set of macro-variables defined in
Table 2 are used to describe the simplified camputaticnal process.
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Essentially, programs have been written to calculate estimates of X, U, VFOP
and PEOP directly. Once U is known, TPOP can ke found. Once TPOP is known,
BPCP can be estimated and the computation is complete.

Algebraically, the overall computation process is as follows:

1) X, U, VPOP and PPOP are calculatsd directly
2) X+ U= TEROP
3) TROP - VPOP - FPPOP = BFOP

Figure 1 shows the overall flow diagram for the modules that make up the

PETS program.
Scme Details of the PETISIM and FETSCORT Prodrams

There are two major components of PETS. PETSIM (see Figure 1 and Table 3)
is the component that similates the movements of the population and produces
the population status estimates for each zone throughout the day. ‘the other
major camponent is called PETSCORT. Figure 2 is an overall flow diagram of
PETSORT. It sorts the cutput from PEISIM and allows the user to create histo-
grams and a time-zone matrix to aid the identification of "worst cases" as well
as to generally assist the user in comprehending the results from PETSIM.
Ancther camputer graphics program called ASPEX has been used to create three-
dimensicnal plots from PETSIM results to assist further user camprehension.

Scme Results From An Initial Application of PEIS

PETS has been tested using hypothetical but realistic data for a 25-zeme
clty called Mistville. The general geographic layout and transportation net-
work for Mistville is shown in Figure 3. Figure 4 shows the results from PETS
for Zone 2 of Mistville, plotted at thirty-mimite intervals. Plots at ten
mimite intervals can be produced by PETS, but cannct be fit easily on one page.
Figure 4 shows how the TPOP, BEFOP, VPOP, and FrOP estimates vary for Zone 2
during an average weekday. For a city with 500 zones, PETS could produce 500
plots of this type (if desired). Figure 5 shows the same type of plot for the
city as a whole. This plot shows that most of the population is in buildings
most of the day. Fiqure 5 shows that BFOP is a winimm between noon and 2:00
p-m. when VPOP and FPOP values together include about 32% of the total pepula-
tion of Mistville (225,000).

An example of the type of summarized cutput available fram PETSORT is
shown in Figure 6. Here only a small portion of a 144 x 25 cell table, that




Schneider et al. 129

START

Sorted files from
SORTS

INITIALIZATION

/

READ
RANKED
POPULATION
DATA

999

CREATE
TIME/ZONE
RANK
TABLE 5.1

Y

READ
UPPER QUARTILE
- OF RANKED
POPULATION

DATA

3

CREAT
HISTOGRAMS SORTOUT
FROM UPPER QUARTILE

OF POPULATION
DATA 5.2

l Printer/
Plotver

Figure 2
Overall Flow Diagram of PETSCRT
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Geographic Layout of Zones and Transportation Network for Mistwille
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shows hew each of the twenty-five zones in Mistwille ranks according to the
absolute values of BFOP, VEOP, and PFOP by time of day, is shown., It covers
zones seven through 17 from 6:20 a.m, to 9:00 a.m. There are three rows in each
cell of this matrix. The rmumbkers are the rank (1-900) of the BPOP, VEOP ard
PEOP estimates for the asscciated cbservation time. Only the top 25% of these
values are included in this table (i.e., the largest 900 of the 3600 values in
sach category that arise from 25 zones and 144 dbservation times). For exam-
ple, fiqure 6 shows that the highest PPOP value was in zone 17 at 8:40 p.m.,
while the BPOP ard VEOP values at this time ranked below 900 {i.e., were rot
large encugh to be in the top 25% as indicated by a row of asterisks). Ancther
example is zone 14, time 7:40 p.m. Here the respective rank values for BECE,
VEOP and PEOP are 187, 84, and 858, indicating that VFOP is relatively high in
this zone at this time of day. This table can be used to quickly identify
zones where the highest values occur. This information can be used to identify
"worst case" zones and times for more detailed analyses and pre~disaster
plaming studies.

A second type of graphic cutput from PETSORT is the histogram of the upper
quartile values of BFOP, VPOP, and PFOP. By locking at these histograms one
can quickly see how many large values cccour for each category of population.
Figure 7 presents these three histograms as derived from the Mistville test.
The BPOP histogram shows that there iz a slight decline in the mmber of zane-
time cases that have large values as the size of the population estimate in-
creases (e.g., there are 14 zone-time cases where the BPOP estimate is about
20,000 in the test city). The histograms for VEOP and PROP show a much sharper
reduction in cases as the values rise with only a few zone—-time cases having
the highest values in the upper quartile of the overall distribution. These
histograms enable the analyst to get an overview of the "worst case" and can
aid the identification of further, more detailed zone~time analyses.

PETISIM results can also be displayed in three-dimensions using the ASPEX
program or cone of several other 3~D graphics programs. Same examples using
Mistville results are shown in Figures 8 and 9. Fram the line graph of figure
5, we can see that BPFOP is highest at 3:00 a.m. ami the lowest at 12:30 p.m.
Figure 8 shows the values of BFOP at these two times of the day. Figure ¢
shows the distribution of VPOP and PrOP at those times when their highest
values occur.
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BUILDING POPULATION DENSITY AT 03:30 HRS

BUILDING POPULATION DENSITY AT 12:30 HRS

Figure 8
Three Dimensional ASPEX Displays of BEOP Data at Two Cbservation Times
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VEHICLE POPULATION DENSITY AT 16:40 HRE

PEDESTRIAN POPULATION DENSITY AT 12:30 HRS

Ficqure 9
Three Dimensional ASPEX Displays of VFOP arxd PFOP Data

at Two Different Times
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In additien to the line and 3-D graphics, PETS produces a lengthy printed
output that contains tables of mumbers for each zone for each of tha four
population categories. For a 500 zone city, and ten mimite time interval, this
tabular output would contain 500 x ¢4 x 144 = 288,000 rmbets.

Conclusions and Recommendations

It is anticipated that when PETS is actually used, disaster preparedness
planners would examine the graphic displays initially to help them comprehend
the population dynamics that cccur in their city on an average weekday. During
this examination, they would note that certain zones have large populations in
the higher risk categories (e.g., pedestrians in zones with many buildings that
are likely to produce falling cbjects during an earthquake). Conversely, they
could note those zones that contain few people during much of the day ard
present minimal death/injury potemtial. They weuld then be able to select
certain zones for a more detailed analysis and bring in additional data on
building structural characteristics and other hazards that can assist the
rreparedness plamming process. Injury/death ratics could be applied to the
PEIS estimates to determine the "worst case™ spatial patterm of deaths and
injuries that would result from an earthquake of a given inmtensity at a given
location and time of day. These injury/death estimates would provide a better
base for preparedness and response plamning than is now generally available.

PETS is currently operational on a CDC Cyber 185 camputer at the Academic
Computer Center at the University of Washington in Seattle. Graphics displays
are produced on Tektronix 4014 and 4114 terminals and laser and Zeta plotters
are used to prepare hard copies of the graphic displays. It would prohably be
very heneficial if PETS were made operational on one or more mainframes around
the country and operated as a service to cities who want to use it. These
cities could serd their data to these central sites and receive tabular and
graphic cutput in return. Ideally, such a computation should ke pexformed
annually or every other year so that updated estimates are available in the
cities concerned.
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MASSVAC: A CCMPUTER SIMULATICN MODEL
FOR EVAIDATING EVACUATICN PLANS

Antoine &. Hoheika
: Department of Civil Engineering
Virginia Pelytechnic Institute and State University

Introduction

One of the major activities in emergency management is evacuation plarming
and operation. Indeed, evacuation is a corridrstone to both the preparedness
and response phases of emergency management. It is the strategy most often
used to protect people threatened by disasters, and most importantly, it is a
controllable one. Despite mitigation activities such as the better siting and
improved design of structures, in many cases evacuation still becames
necessary.

The need for a good transportation evacuation plan is emphasized by White
and Haas (1975) in their assessment of research on natural hazards:

Monhey spent on warning system development is wasted if people are allowed
to live in vulnerable places without adequate means to escape where danger
threatens (p. 3).

In a more recent study by Quarantelli et al. (1980), “Evacuation Behavior
ard Problems: Findings and Tmplications From the Research Literature," in
which more than 150 literature sources are examined, the authors conclude that

the research base about evacuation phencmena is not strony. Evacuation
has not been a major focus of systematic study, and knowledge of the
thencmena is often surface and very uneven (p. ii).

Evacuation is not a new phenamencn; it is probably as old as human
settlement. However, the inclusion of evacuation plamning in emergency
preparedness ard scientific studies of evacuation are both fairly recent
phenomena. This paper is based on one such research project conducted by the
author for the National Science Fourdation and entitled "Transportation Actions
to Reduce Evacuation Times Under Natural Disasters."
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The MASSVAC Mcodel

Highway network clearance time is a main componernt of evacuation times--
the times needed to clear pecple and property to safe shelter areas (Figure 1).
The focus of such clearance is on preventive, preimpact highway evacuaticn
aimed at removing people before disasters such as fleods, hurricanes, tornadees
strike.

A computer similation medel called "MASSVAC! was developed to analyze and
evaluate evacuation plans for urban areas in order to calculate highway network
¢learance times. Input to the model consists of area and disaster
characteristics, demographic conditions, highway network topolegy, and traffic
control operation procedures. Using a traffic assigrment algoritim, the
program determines the optimm route for pecple to follow fram a potential
disaster area to shelters, the expected traffic bottlenecks, and the total
evacuaticn time needed for all evacuees to clear the threatened area.

The model has two levels of analysis--macroscopic and microscopic. The
macroscopic level similates the svacuation process on the highway network by -
looking at the major road arteries as a camplete and integrated system. This
macroscopic analysis yields an estimate of the maximm network evacuation time
under different disaster intensities and different combinations of severe
traffic corditions. Furthermore, traffic hottlenecks are identified, and
possible solutions can be introduced into the similation model to study their
effectiveness. The microscopic level simulates in detail evacuation traffic on
any small highway network that shows potential for congestion; the potential
cause(s) of the congestion could be the failure of highway intersection
cantrols, lane blockage due to accidents, or any cther impediment. This
similation level is used to test different traffic control and operaticnal
management strategies that might improve evacuation.

The MASSVAC model is written in FORTRAN IV lamguage, and runs on an IBV-
370 mainframe computer. A microcomputer version of the MASSVAC model has been
successfully adapted to run on an IBM-PC with 256K random access memory (RAM).

Literature Review
Several models have been developed to similate traffic flow in wrban areas
under normal (non-disaster) conditions. Among these are NETSTM—HNetwork
Similation Model (Gibson and Ross, 1977), TRAFIO—Traffic Flow Simulation Model
{Lieberman and Andrews, 1980), TRANSYT-7--Traffic Network Study Teol (Wallace
et al., 1981), UTPS—Urban Transportation Planning System (UTPS, 1985), and
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EMME/2——2n Interactive-Graphic System for Modeling Multimodal Transportation
Networks (Florian and Nguyen, 1985). However, these models are not designed
primarily to produce the data needed by the emergency plarmer, such as
cumilative evacuation time for a particular zene, the number of pecple reaching
a safe shelter area, the expected use of different shelters, and cother
information. They mist be extensively restruchured before they can ke used in
evacuation plamning; morecver, they employ an extensive data base beyond that
used in evacuation and therefore consume an inordinate amount of compurter time.
Same of them, such as NETSIM and TRANSYT-7, are basically used for developing
traffic signal timing plans and for cptimizing different traffic control
management strategies.

There are a limited muber of traffic flow similators designed for
evacuation planning under disaster corditions. 2Among those are the FRC
Vocrhees Evacuation Planmning Package (EVAC FLAN PACK) (PRC Voorhees, 1982); the
Similation of Traffic In Emergency Evacuations model developed by Wilbur Smith
and Associates (Cosby and Powers, 1982); The Dynamic Network Evacuation (DYNEV)
camputer model developed by KID Associates, Inc. (KLD Associates, 1982); the
Network Emergency Evacuaticn (NEIVAC) simalation model developed by MIT
(Sheffi, Mahmassani, and Powel, 1980); ard the Calculating Logical Evacuation
And Respanse (CLEAR) model developed hy Pacific Northwest Lavoratories for the
U.S. Muclear Requlatory Commission (Houston, 1975).

all the above models are designed to estimate vehicular traffic evacuation
time in order to develop evacuation plans for the areas around ruclear pawer
plants. Thus they are applicable to point-source disasters, and they treat
traffic flow at the macroscopic level. Shelters are defined as anything beyond
the hazard area boundary, and there is no constraint on capacity. Evacuation
routes are based selely on traffic flow conditions, and no risk factor
deperdent on available evacuation time, direction of disaster propagation, or
route topography is attached to them.

Description of the MASSVAC Model
The MASSVAC model uses a capacity-constrained traffic assigrment algorithm
to simlate the vehicular flow during an evacuation peried. The evacuation
similation program breaks the total evacuation period into small time
increments. Within each time increment, wvehicles begin trips starting from
zZane centroids according to the departure time distribution provided as input,
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ardd then move through the network. as a vehicle progresses along its
evacuation route, it is contrained first by the cperating speeds coded for each
roadway section. 2As demand exceeds capecity on specific links, queues form on
approach links. As queues kuild in the system, they effect upstream links by
delaying traffic on those links until the queue is reduced and space exists for
a vehicle to procead along its evacuation route.

Risk factors are determined for each route and consequently influence
traffic assigmment on the routes, The medel produces several kinds of
evacuation information, such as the total evacuation time, the best evacuation
routes, the percentage of trips reaching safety by a given time after the start
of the evacuation, and the location of congestion points. Incidentally,
shelters ¢an ke within the threatened commuunity as well as cutside of it.
Figure 2 illustrates the general framework of the MASSVAC model.

Model Framework
The MASSVAC model is composed of three interrelated modules:

1} The Area arnd Disaster Characteristics Module which defines the
natural disaster characteristics, the commity boundaries, the
vulnerable areas, and the shelter sites,

2} The Pogpulation Characteristics Module in which the spatial
distriltution of permanent/transient population and their demcgraphic
characteristics are identified and then intermally used to develop
the trip generation schedule, and

3) The Highway Network Evacuation Module which employs highway network
topolegy, public disaster response behavier, ard the traffic
assigrment algorithm to similate traffic flow. It then yields output
statistics such as evacuation times, evacuation routes, and the
location of traffic bottlenecks.

Model Irput
There are two major types of input required for the MASSVAC medel:

1} Compmnity type ard disaster characteristics which include cammunity
type, such as urban or rural; population density classified by age
ard household; car ownership; and type of disaster, such as flood,
hurricane, or hazardous materials spill. In addition, the hazard
area baundaries are also required as basic input.

2)  Highway network topology amd traffic simdation strategy which
include network geometry, characteristics, nodes, distances, speeds,
existing volume, ard capacity of each link. The traffic similation
parameters fed by the user are wehicle assigmment parameters, the
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incremental time interval to be used, risk factors, traffic controcl
management strategies, and the type of simulation—macroscopic or
microscopic.

Model Output
The output of the MASSVAC model varies deperding on the options specified
by the user. In general, the following data could be cbtained:

1)

3)

4)

Origin/destination trip table. A trip from any corigin to designated
shelters is produced at the end of each loading interval (loading
percentage of evacuees) and at the end of the similation rum.

Evacuation routes. The best evacuation routes from any origin to the
assigned shelters are idertified,

Coagested links ard network characteristics. Volume/capacity ratics,
link densities, and link travel times are provided as network
performance indices.

Network evacuation time. The time needed to evacuate people from the
threatened area to shelters is calculated for each loading interval
ard for tcotal network clearance,

Program Structure

The MASSVAC traffic similation program consists of one main program and
seven subroutines. The structure of the whole model and the relationship of
subroutines to main program and to each cother is shown in Figure 3. 'The
function of each subroutine is briefly described below:

1)

2)

3)

Main program. The main program initializes some of the variables and
also calls the subroutines INPUT and STOCH. At the end of each
similation run, it makes sure that all the trips from any orlgln to
any destination are assigned to the network; otherwise, it agmin
calls the above two subroutines in order to assign the remaining
trips.

Subroutine INFUT. The INPFUT subroutine a) calls the RIINK subroutine
to read the required data, b) reads the parameters necessary to
determine the loading rate on the network, and ¢) depending upon the
user's choice, either reads the trip table or reads the origin and
destination capacities in order to generate the trip table
internally.

Subraurtines RLINK and SORTL. The RIINK subroutine reads the input
data describing the network gecmetry (origin and destination of each
link), type, name, zone, distance, speed, existing volume, and
capacity of each 1link as well as the risk factors. It then calls the



148

TERMINAL DISASTERS

SQRTL
RLINK TREE
INPUT DIAL SORTD

MAIN [—»igTOCH [—»] TIMEE
WLINK pISCH
Figure 3

Program Structure of the MASSVAC Model

4)

5)

6)

7)

8)

SORTL subroutine which sorts the links based on their origin and
destination nodes. Links with lower origin and destination nodes
are located at the top. Finally, the subroutine RIINK checks for
duplicate links and missing information for each link.

Subragtine STOCH. The STOCH subroutine performs the actual model
similation. It determines efficient paths, loads trips on the
selected routes, keeps track of congested links, ard finally
calculates network clearance time.

Subroutine TIMEE. This subroutine is called from STOCH. It updates
the travel time based on link type and traffic simlation opticn
{(macro or micro lavel).

Subroutine DIAL. The DIAL subroutine assigns traffic onte the
network with the restriction that no additional volume is assigned to
oversaturated links unless those links could release some of that
volume in subseguent time intervals.

Subroutines TREE and SCRID. Both TREE and SORID are called from the
DIAL subroutine. The main task of TREE is to build the shortest path
tree from any origin to all the nodes. SORID sorts the destination
nodes of links according to their minimm travel times; the
destination node requiring the least travel time will ke located at
top of the sorted list.

Subroutine DITSCH. Called from STOCH, the main function of the
DITSCH subroutine is to dissipate the vehicular queues at
intersections with signals and on freeway= and expressways.
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9) Subrouatine WLINE. A user cpticn, the WLINK subroutine can produce as
printed output the characteristics of the links with positive volumes
of traffic. Such characteristics rarge from initial input
information about the link, to updated travel time, speed, and
overall volume assigned to the link.

Methedology

The MASSVAC model is a time-dependent simulation utilizing an incremental
traffic assigmment technique. The model therefore employs 1) a shortest route
finding algoritlm, 2} a traffic assigment algoritlm, 3) a vehicle discharge
method, and 4) disaster respense factors.

1)

2)

Shortest ragte finding algoritlm. A review of the literature shows
that there are two main types of algorithms for computing the
ghortest path between any two nodes: a tree uilding algorithm or a
matrix algoritim. For large networks it has been proven that, with
respect to camputer storage, a tree huilding algorithm is much more
efficient (Steenbrink, 1974).

The most comonly used tree building algorithm in transportation
studies i=s the Dijkstra's algoritim. It is easy to program and
comparatively efficient in execution, and was therefore used in the
MASSVAC model.

The basic operaticn in Dijkstra's algoritim is described by the
equation:

D{k,J) = Min [D(k,1i) + D(i,3}]

where: D(k,j) = length of the shortest path from node k to node j
D(k,1) = length of the shortest path from node k to nede i
D(i,j) = length of the link from node i to node J

Traffic assigrment algoritim. Two major options are available for a
capacity-constrained traffic assigmment algoritim: the minimm-path
routing method and the miltiple-path routing method. A highway
system, particularly when operating at or near capacity as might be
the case during an evacuation, presents many altermative paths for
going from a given origin to a given destination, and these vary only
slightly with respect to their travel times. A realistic model would
apportion trips to all of these paths in a prababilistic manner
reflecting their relative likelihoed of use. In the MASSVAC model, a
probabilistic miltipath traffic assigmment model--Dial's model--is
used to make traffic assigmments. Dial's model uses a two pass
Markov process in which probabilities of trips using certain highway
links are calculated at cne pass and then trips are assigned to the
network in a second pass (Dial, 1970).

To assign Y trips between origin node ¢ ard destination node D,
the following items must be known for each node i

a) p(i) = the shortest path impedance from O to i

b) qfi) = the shortest path impedance from i to D

c) I(i) = the set of all links whose initial node is node i
d) F(i) = the set of all links whose final node is i
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4)

Letting link e=(k,3j) have length t{i,]j), each link's likelihood "e"
is calcwlated:

afe) = exp {p(J) - p(1) - (i, P
if p(i)<p(j), and g{j)<g(r}, otherwise, a(e} = O

Using link likelihood a(e) as link weight, trips are then assigned to
the network by a forward or backward pass method.

Vehicle discharge method. To dissipate the vehicular queues at
intersections with signals and on freeways and expressways, two
different methods are used depending on the highway category. At the
macroscopic gimilation level, a modified Iaporte regressicn linear
model for mived vehicles is used to determine the rate of dissipation
of the traffic on freeways and expressways. The model first finds
the density of the corgested link then uses an equation to determine

the vehicle discharge:

Flow (Q) = Density (K) x Speed (U)
Flow (Q) = 74.3 x Density - .75 x (Density)?

For intersections with signals, a simplified formila is employed to
determine the wehicle discharge volume:

DA = (V1/(V1+V2)} x 1800

where: [A = Discharge volume per lane at direction A on road 1,
V1 = Critical lane volume at major rocad 1,
V2 = Critical lane volume at mincr road 2, ard
The saturation flow rate is assumed to be 1800 veh/lane.

For the microscopic level, the same procedure is applicable except
for 2~way and 4—way stop intersections. The muber of vehicles to be
discharged is determined using the gap delay technique for a 2-way
stop intersection. For 4-way stop intersections, up to 900 vehicles
per hour are allowed to be discharged. Delay and travel time at
intersections are determined using Webster’s model (Webster and
Cobbe, 1976).

Disaster response factors. A panic factor, suitability factor, amd
loading factor are used to model the evacuees' respanse behavior
within the progam. The panic factor is used to eliminate certain
links as time gets short. After 75% of the trips are loaded, the
travel time of links with a panic factor equal to one is set to
infinity to prevent further assigrments to that link. This avoids
unreasonapble abnormal queue and delay on scome specific links ard also
helps shift trips to altermative paths. The suitability factor
represents both the closeness of the link to the origin of the
disaster and its possible physical failure due to the hazard.
Endangered links are assigned a suitability factor of one, and their
travel times are set to infinity at the beginning of a simulation.
The loading factor represents the accessibility of links to their
nearest shelter. The loading factor of a link is set to one if more
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alternative paths are needed to load traffic towards a specific
shelter.

Ancther methed employed to simulate disaster response behavior
is to incorporate into the program the evacuees' rate of loading onto
the network. Research has shown that the cumilative percent of
evacuees plotted over time takes on an "S-shape" logit curve. To
incorporate different ranges of behavior, the MASSVAC model adopted
three curves with different slopes {steep, medium, and flat).

A steep logit curve is chosen for quick response with short
evacuation lead time; for slow respense with long lead time, a flat
curve is used. For intermediate gituations, the user can specify the
mediim curve. The percentage of total population to be loaded on the
network at each time interval is calculated using the equatien:

Loading Rate = 1/(1 + exp(-A x (DT - B)))}

where: A = the slope of the logit curve
B = the assumed time at which half of the total trip
ought to be loaded on the network
DT = the current clock time in the similatien run
Model Application

The MASSVAC medel was applied to the city of Virginia Beach, Virginia, in
order to determine evacuation times under various flood/hurricane conditions
(Hobeika et al., 1985). The city was divided into four regions based on
topography, land development, and highway network. Different hurricane
intensity levels (1 to 4) and various demographic scenarics were considered for
each regicn. In each case the network evacuation times were obtained, and the
bottlenecks and major problem spots on the network were identified. Table 1
shows the evacuation times under the critical scenario €. This scenario, which
is a three-day summer weekend scenario, assumes that only 60% of the overnight
and 10% of the daytime transient population need to be evacuated. Tt also
assumes that 0% of the evacuees would leave the threatened region for places
and shelters cutside the region, and that the remaining 40% would seek shelters
inside the region's boundaries. The results indicate that the evacuation times
are critical in regions 1 and 2 which are the oceanfront areas, especially for
hrricane levels 3 and 4. The evacuation times above 15 hours were not accept-
able to public officials and decision makers. As a result, several traffic
cperation strategies--such as the use of shoulders on freeways and expressways,
cne-way flow at intersections with low volume con side streets——were tested to
determine their effects on reducing evacuation times. Table 2 shows the
evacuation times after the adoption of the designated strategies. The results
show that these minor changes could significantly reduce the evacuation times,
meking them reascnable and acceptable to the responsible officials.




152 TERMINAL DISASTERS

Loading Evacuation

Evacuation Hurricane Period Time
.._Region______ tevel . ______lhour)* ___ _(haur) ___
1 1 8 15.32
1 16 17.15
R S K O L. U 22.15_____
2 1 4 7.97
2 2 16 13.2%
_____ A A |- S 2< -V S
3 1 4 6.17
_____ Y S S 1t S
4 P a 7.38

* Loading period 4 represents the steep curve while
loading period & represents the flat curve and
loading period 16 represents the lazy curve.

Table 1
Evacuation Times At Virginia Beach Under Scenario C

Loading Evacuation

Evacuation Hurricane Operational Period Time
_Region_____.... Level ___. Strategies ___.________. {hour)*____(hour} __
1 1 One-way Great Neck 8 13.00
1 2 One-way Great Neck 8 15.00
SR 3. One-way_Great Neck ____ . __ 16 ______.13:00____
2 2 T-way Sandbridge & Ocean 8 7.38

& N. Landstown
2 4 1-way Sandbridge & Ocean 16 12.95
___________________________ & M. landstown_________ .
R S 2 mmemen Nonme . : S 7.65____
None 8 7.38

* {pading period 8 represents the flat curve while loading period 16
represents the lazy curve,

Table 2
Evacuation Times with Operational Strategies



Hobeika 153

Conclusions
In general, the model proved to be sensitive to population size, disaster
conditions, highway characteristics such as road capabilities, shelter
availability, and specific traffic operation strategies. It provided
reasonable and relisble estimates of evacuation times.
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AUTCMATED EMERGENCY MANAGFMENT: A FRAMEWCRK

Madhu Beriwal
Immovative Emergency Management, Inc.

Emergency Management and Uncertainty

Emergency management is the art and science of uncertainty control.
Uncertainty is the complement of knowledge. It is the gap between what is
¥nown and what needs to be known to make correct decisions. Dealing with
uncertainty is not a byway on the road to responsible business ard govern-—
mental decisions. It is central to it. The subject is complex, elusive,
amnipresent (Mack, 1971, cover page).

How does uncertainty affect decision making? There are same grave costs
arising from uncertainty. In uncertain situations, decisions terd to be
focused narrowly on a few alternatives, innovation is undermined, or decisions
may not be made at all. Once decisions are made, if uncertainty is high,
actions may not follow or may be poorly implemented and ultimately ineffective
as the lack of conviction is correctly sensed by other individuals., 2As Mack
{1971, p. 5) states, "[tlhere appears to be a tendency for uncertainty to
produce a bias toward overconservatism, toward routine ways to solve problens,
toward deing nothing.™

Uncertainty, properly contained and used, imparts to life and situations
the keen edge that is needed for creative thoughts, actions, and the essential
sense of being alive. The greatest role of an autcmated system such as the one
erwvisioned in this paper would be in the contaimment of uncertainty, in
reducing the vast area of doubt. Such a system may free emergency management
to pursue thoughtful and purposeful action.

Iearning and Automation

In daily life, we leam through experience. This form of learning is
problematic in emergency management, especially at local levels where manage-
ment mist be most effective and robust (Raker et al., 1956). Although local
officials learn from past disasters, several factors militate against a smooth
accretion in management capabilities. Disasters are infrequent, and officials
trained by one disaster may not be working in an official capacity when a
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similar disaster recurs. Even if the decision makers remain the same,
"preparaticns at a later point in time become organized in terms of the earlier
problems and circumstances" (Parr, 1969, p. 26). These circumstances may not
ke repeated in quite the same form in a later disaster, e.g., compared to an
earlier storm, a hurricane's speed and intensity may vary, or it might strike
a different area. Indeed, research casts sericus doubt on whether or not
learning takes place at all as a result of past disaster experiences (Kates,
1962} ; it appears that learning only takes place when there is "high certainty"
about events and impacts. However, disasters arnd their effects are increasing-
1y uncertain as the links of scciety create “ripples" far away, both geographi-
cally and functicnally, from the impact region.

This is where autamation can be mest helpful. The ability to simulate
disasters, while maintaining scame of the complexity of a real event, is cxu-
cial to learning how to manage emergencies. Similation allows the best form of
learning—1learning by doing; as a Chinese proverb says:

I hear, and I forget.
I see and I remenmber.
I do arnd I urderstard.

It follows that similations can best assist in learning by being as real-
istic as possible and by requiring active user interaction. The latter re-
quirement means quite simply that simulation systems must be interactive. The
former requirement needs greater elaboration. Of necessity, the ideal emer-
gency management (EM) system must be locationespecific, function-specific, and
time-specific. The locational peculiarities of each region must be meshed with
functional software, and the events similated should be calculable in 'real
time,"

Location-Specific Databases

Taking the most easlly visualized factor first, location specificity
demands a gecgraphic information system (GIS), and among the digital files
incorporated within that emergency GIS should be databases depicting political
boundaries, hydrography, topography/bathymetry, lard uses, population, and
transportation. Secondary features may include detailed attrilwtes of each of
these files, e.g., population in time and place (Schneider et al., 1%84),
locations of elderly/handicapped persons, critical facilities, bottlenecks in
evacuation routes (for examples see chapters by Hobeika, Morentz and Schneider
in this volume).
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Why are these particular files important to an emergency management GIS?
Political boundaries are often the units by which emergency action is taken.
Although hazards spill over political lines, decisions and actions to counter-
act hazards are gererally taken by the leaders of irdividual political units.
Hydrographical data is Important because it shows the location and character—
istics of water. Water is both a purveyor of risk frem region to region and a
principal hazard in its own right. Topographical data is vital because many
hazard effects flow over land--either korme by water in which case they are
directly affected by land contours, or barne by wind in which case their trans-
mission is medified by site topography. The expression of structural risk is
clearest in a functional determination of land uses, medified by incorporating
local (historical and current) bullding practices and requlations for different
classes of structures. Demages and injuries result from the vulnerability of
structures, and thus of persons, to hazards (although some technological
hazards may do no harm to structures while creating fatal risks to humans).
Population data is indispensable for the calculation of persons-at-risk.
Transportation data is necessary for calculation of time needed for emergency
options, i.e., evacuaticn, emergency rescue, rescurce assembly times.

Scale of Planning

These GIS databases should be detailed enough to allow discrete planning.
The scale of the information is critical. "while those maps at a scale of
smaller than 1:63,360 may prove useful as descriptive tools, gaming aids or
political attention-getting devices, they are of little use in actual planning.
. . . The safety plan director and comnittee should pay considerable attention
to the question of mapping scale for hazard microzonations. . . the scale
selectad should be large enough to make full use of the available data and to
permit individual sites and structures to be identified if possible (Foster,
1980, pp. 62=63)." ‘The U.S. Army Corps of Engineers has been using 1:12,000 or
1:6,000 scale for flood plain mapping. The TVA promotes the use of 1:4,800 as
a minimm standard for wrban areas (U.S. Office of Emergency Preparedness,
1972). The use of such detailed mapping scales in cambination with the vast
amount of data to be processed makes marual interpretation urwieldy. Autama-
tion of this data on a suitable system can allew the plamner/decision-maker to
"zoom-in" or “pan-cut" on particular areas ard similtanecusly view the
"forest" and the individual "trees."
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Function-Specific Software
Function—-specificity demards that EM systems be designed to assist in
particular emergency functions. Although specific actions may differ from
hazard to hazard and from region to region, same actions remain constant.
These are the actions that are implicit and explicit in the prototype Emergency
Cperations Plans (EQP) (see Table 1).

ATERTING COCRDINATTION
FUBLIC INFCEMATTON PERSONNEL, MANAGEMENT -
WARNING (CRGANIZATICH AND ASSTGMMENT
EVACUATION OF RESPONSIBITITTIES, TRAINING,
TRENSPORTATICN AND ETUCATICN)
MONITORING COMMUNTICATICNS
IAW ENFORCEMENT EOC [EVELOPMENT
SHELTERING DIRECTION AND CONTROL
MEDICAL SERVICES OVERALL CONCEFT OF OFERATIONS
SEARCH AND RESCUE RESCURCE MAMNAGEMENT
ENGINEERING SERVICES PUBLIC WELFARE
DAMACE ASSESSMENT

AND REPATR

Table 1

Emergency Management Functions

Functional capabilities must primarily include the ability to perform
hazard assessments. This requires hazard-specific similation software capable
of local implementation, e.g., the SLOSH model for hurricanes (described by
Griffith in this volume), plume models for nuclear power plants, flood simila-
tion models. The hazard model cutputs must often be processed in different
ways depending on whether preparedness, response, recovery or mitigation is
being examined. For example, preparedness scenarios mist incorporate un-
certainties inherent in hazard forecasting and thus must envelop a large sphere
of hazard prchabilities. Response planning scenarios must be more narrowly
focused to a range indicated by actual, developing corditions. Recovery plan—
ning, with the luxury of himdsight, must be based on very specific hazard
events. Mitigation planning must account for prohabilities of recwrrence,
local perceptions of acoeptable risk, and the feasibilities of various hazard
reduction technicques.
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Thus a mesh of both hierarchical and sequential files is indicated. The
archiving of hazard mcdel outputs should allow the primary selection (through
simple mermis) of the level ard type of data required. The interaction of
hazard-specific composite scenarios with local characteristics would result in
hierarchical file structures that permit easy manipulation and rapid simila-~
tion. The sequential files are necesisary because of the mardated secuence of
emergency actions, e.g., persons are warned first, evacuated next, and then
shelteared.

There are many functional models that need to be considered for develop—
ment; the basic theoretical knowledge necessary exists in a wide variety of
disciplines. A few possibilities from all four phases of emergency plamning
can serve as examples:

Ootimal traffic assigmment and evacuaticn time estimate models could
assist preparedness plamming (see, for example, Hobeika's paper in this
volume). Other models could facilitate the determination of optimal evacuation
zones based on shelter capacities in consonance with "service areas" theories.
These theories arvse in the late 1950s from the transportation medel and its
derivatives (Henderson, 1955a, 1955b, 1958). Simply stated, the models pro-—
vided a mechanism for the analysis and normative planning of "flows" in capaci-
tated or constrained networks. For example, Gould and Leinkach (1966) used a
derivative to draw cptimal service areas for hospitals. Shelter assigrments
could be based on behavioral models of response, mental perceptions of dis-
tances ard traffic obstructions, and shelter capacities, meshed with a devel-
oped hierarchy of shelter usage. Dispersion and network models of varying
sorts could enhance resource management, and dispersion models based on site
characteristics coauld aid in the identification of areas ocutside the reach of
outdoor communication systems such as sirens. There is also a widely-accepted
need for decision-support systems——tailored to generic and hazard-specific
events-~that will assist direction and control functions.

In response planning, a shelter monitoring model could greatly alleviate
personal hardships and facilitate the reunion of familles after disasters.

Recovery planning, involving the provision of relief, could kenefit from a
system that assigns marpower to disaster assistance centers based on calculated
populaticns-affected and queneing theory. In addition, remote sensing through
satellites or aircraft could assist in rapid damage estimation, basic data
gathering for relief cperations, and verification of simulated information.
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The mitigaticn process could benefit from programs using algorithms that
reveal the effect of various mitigative measures in reducing total hazard
potential, populations-at-risk, or econcmic and social damage.

Time-Specific Software

"Timing is often a pivotal factor in disasters and is important to every-
one: yet it is rarely an integral part of disaster planning" (Disaster Research
Center, 1968, p. 11). An automated EM system should allow the calculation of
temporal losses. The requirement of time-specificity in uncertainty management
necessitates a system capable of dynamic modification based on similated event
sequences or actual circumstances. Most functional software can have the
ability to calcilate such losses; however, the weak links in the chain are
behavioral assumptions. Considerably more needs to be known about possible
charges in responses of irdividuals, families, organizations, and commmities
in varying disaster situaticns {Mileti et al., 1975). Time estimation will ke
shaky until the behavioral assumpticns that it rests upon are firmly
established.

Some Questions in Emergency Management

The neatly segmented and sequential process of a "paper" Emergency
Cperaticns Plan breaks down into tiny particles that regroup into differing
forms within an autcmated EM system. In this new form, a new synthesis of
data-—requiring innovation and flexibility—-is needed. The following is an
example of such a reformulation drawn from hurricane planning.

Hurricanes are devastating events. Most persons commonly assume that the
primary hazard imvolved in such storms is their high winds, However, nine of
ten deaths related to a storm ccourrence are directly or indirectly caused by
storm surge——-the large dome of water that is propelled ashore by storms. Thus
the imumndation of structures by rising waters is the principal hwrricane
hazard, and one of the first steps of hurricane emervency management is the
development of storm surge immdation profiles. The National Weather Service
storm surge model (SIOSH: Sea, Lake and Overland Surge from Hurricanes) pro-
vides the surge data by using a non—interactive model (see the paper by in this
volume by Griffith for details about SIOSH). The surge profiles provided by
this model show depths of irmndation by location for a variety of storm con-
ditions. However the assumptions involved in using this data are many. For
exanple there is the potential for a critical forecast error in predicting
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storm landfall locations. Since the area of stomm surge and damage is a func-
tion of, among other things, storm landfall location ard specific basin charac-
teristics, the incorporation in the program of possible forecast errcor is
necessary. By creating a "burdle" of storms that compress the characteristics
of individual storms, the range of possible storm forecasting error is covered,
and a storm surge evacuation scenario can be created.

Such a scenario is depicted in Figqure 1 for Southeast Louisiana. The
surge immdation profile shows the depth of flooding to ke expected by the
combination of storms contained in the scenario. However, the plarming process
camnot rest solely with this "hazard assessment.” It must be related to the
emergency management functions already discussed.
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Surge Inundation Contours in Scutheast Leuisiana
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In an ideal world, all that would be needed would be the commmication of
the hwricane's danger to the population at risk, and they would take prowpt
arnd effective preventive action--action usually interpreted in traditional
emergericy management as evacuation., Individuals would move to safe shelters
sufficiently fast encugh to prevent death and injury.

Cbviously, this scenaric is not realistic. The stimmlus-response model is
not applicable to the actions of individuals and families. Some perscons do not
receive wammings; same receive them but interpret them differently. For a
variety of reasons, others may decide to stay. Enough people may decide to
leave that they create wmanageable traffic congestion. sShelters may become
crowded with pecple who forget to leave behind their pets and forget to bring
their medicines. All the wonderful vagaries of life are displayed in
disasters.

The implication for emergency management is tremendous. To achieve the
goals of the varicus EM functions, the neat mapping of surge depths must be
considered along with the "untidy" affairs of human beings. However, emergency
management capabilities are limited.

Consider a manager weighing the possible effects of an approaching storm.
It is cbvious that persons faced with a peossible 12-foot surge may not face the
same risk as those faced with three feet of surqe . However, the situation
becanes more complicated if the latter persans receive the surge earlier or
live in highly vulnerable mobile hemes. Sheltering alternatives may be availa-
ble for those at higher surge risk but not those at lesser risk. On the other
hand, the lower risk individuals may ke largely composed of groups that often
do not receive warnings or misinterpret them, or groups that are more vulnera-
ble to imumdation (e.y., persons on life-support systems). ¥Where should the
emphasis be in such a case? An additional dimensiont of complexity can be
intreduced into this scenario by including the probability of specific disaster
events. If there is a low probability of a catastrophic event that would
require a massive effort versus a higher possibility of a relatively "minor®
disaster, what scenaric should be followed? Remember, uncertainty creates "a
blas toward over—conservatism, toward routine ways to sclve problems, toward
doing nothing" (Mack, 1971, p. 5).

This uncertainty regarding the actions to be taken for varying hazard
levels may be diminished if the cumilative knowledge of how persons, struc-
tures, and institutions respond is meshed with hazard levels. A strategy for
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this kimd of surge planning has been proposed (Beriwal, 1985); it consists of
an Emergency Management Scale for storm surge preparedness which attempts to
relate every foot rise in surge depth to the expected corresponding problems in
each of the EM functions. For exanple, an expected surge level of ten feet or
greater may result in problems of disbelief among the warned populace, es-
pecially if the region has not experienced such a storm in recent memory.
Additionally, a surge of ten feet has damage implications for "typical dwell-
ings" and cuite different implicaticns for search arxd rescue cperations. Thus,
the type and intensity of emergency management efforts in areas sheuld be
dependent upon expected surge levels and the vulnerability of area structures
ard residents to the hazard.

Stepping back, other problems are apparent. For example, in the myriad
of scenarieos that might be necessary to cover the variety of conditions for a
given hazard, how can a decision maker recognize the dimensions of the problem,
the changing, shifting form of the develcoping emergency? With the proper
technology at his/her fimgertips, the right answers can be fourd if the right
questions are formilated. In turn, the formulation of the right questions
requires the recognition of emerging patterns and the ability to relate them to
known or expected patterns. Such pattern recognition is a significant need:
the use of similation models ard other emergency management strategies requires
the comparison of actual reality and simulated reality. Thus, koth hazard-
specific and hazard-generic pattern recegnition technicues need to be devel-
oped, and they must be incorporated into systems used at the locat lewel.
Without pattern recognition, the systems developed will not be implementable
arnd will eventually be abandoned. This is one of the most intractable issues
in emergency management and plaming.

Information Triangle

The ideal IM system rests on the "information triangle." The three angles
of the information triangle require that knowledge be collected, analyzed, and
transmitted. The types of data to be collected and the methods of analysis
have been briefly touched upon. Transmission of information to the correct
agencies ard persons requires an elaborate, interrelated EM system. A fully
geographically and functionally integrated system may require upwards of 30,000
data links. Technology to create such a high-speed, high reliability data
transmission network exists; however, willingness and resources to do so may
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not. The level of integrated planning and rescurce commitment that such a
system would require will probably hinder its development.
The Role of Business Software

A relatively mirnor misunderstanding should ke pointed cut. In some
quarters of the emergency management cammunity there has been confusion over
"emergency management software." The autcmation of emergency management has
been equated with the use of generic, microcomputar-based software. These
latter tools can offer same help and guidance in the performance of persomel
record keeping, budgeting, program management, and cother managerial tasks.
However, they are designed to manage the routine, generic functions of particu-
lar husinesses, The balancing of a budget, the keeping of neat records about
perscrnel, and the creation of detailed breakdowns of the locations of re-
sources would still not yield answers to most emergency management questions.
Although business software can urdoubtedly enhance the flow of paperwerk in
emergency management, it cammcot substantially reduce uncertainty or promote
learnirg.

Conclusions

Would an emergency management system as envisicned above be cost-prohibi-
tive? The benefits have to be considered with a view to the losses. Natural
hazards anmually cost 1,000 lives. Costs asgecciated with property losses,
mitigation, preparedness, and response accaunt for about 1% of the gross
national product (Harriss, Hohenemser and Kates, 1978). Technological hazards
have been estimated to account for 20 to 30% of all male deaths ard 10 to 20%
of all female deaths. The medical and other costs of these lives translate to
2.5 to 3.7% of GIP. Losses may total as mach as $200 to $300 billion or 10 to
15% of the GNP (Tuller, 1978).

The advantages of autamation are manifold. However, the most important
benefit is the ability to view the problem in its many facets by cambining
elements in several different formats and presenting the results graphically,
allowing decision makers to understand and absorb complex data. This is a
critical need as the complexity of emergency conditions more and mere requires
managers to camprehend possible events and to design immovative solutions.

The systems now used inherently waste rescurces. Directing resources
toward an integrated emergency management strategy would greatly ircrease
system efficiency. Efforts to develop more "hard" information an emergency
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management and concurrent “software" would aid the transition phase. However,
one note of cautien should be sourded.

Immovation in Frergency Management

What are the questions to which the emergency manager needs answers?
Questions as well as answers have not been explored to a great depth. Only
recently have questions came into vogue about such things as evacuation time,
differential response to warnings by variocus subgroups, probable distribution
of death and imjury by scciceconomic group and structural type. Even these
inquiries yield clear-cut answers orly if other complex and detailed questions
are asked. The cuestions must consider a mumber of policy and semi-technical
assumptions to derive single answers.

At the gtart of any irvestigation it is necessary to choose whether ore
intends to be the prey of answers or of cuestions. If one elects to
suomit to answers, the questions must ke such as to permit tidy (however
complicated) answers. If en the other hand, the material is given free
rein to find its way to the central gquestions, the answers will inevitably
be less neat (Mack, 1971, p. vii}.

Emergency management cquestions must come from the "right" brain., This
constitutes the normative portion of emergency management, the art of emergency
management. The possible answers to these questions, provided neatly and
concisely, can come from the automated system using the "left brain." This
creative synthesis is critical if the field is to progress to a science. The
least important of all the lirnks in an automated emergercy management system is
the hardware. Thoughtful, deliberate action is needed, not another massive
effort to create and acquire technology.
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EFFECTIVE COMPUTER SYSTEMS FOR EMERGEWNCY MANAGEMENT

Janet X. Bradford
Michael H. Brady
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Office of Emergency Services

Introduction

Camputers are becoming essantial compenents of both routine and emergency
management systems. We can now greatly enhance our ability to assemble, evalu-
ate, ard cammmicate large amounts of informaticn among individuals, agencies,
ard jurisdictions. This additional information enables us to make informed,
cbjective decisicns based on facts and assumptions which can be tested and
verified. In emergercy management, this technology has the potential of giving
public officials the power to analyze a wide variety of hazards and manage a
full range of rescurces while coping with an ever more populous and complex
society.

Emergency Managers Require Effective Tools

Within our increasimgly dynamic physical and social enviroment, emergency
managers muist prepare for extremes of nature as well as the acutely harmful by-
products and events of humankind. The information they need regarding hazarvds,
disaster impacts, response resources, preparedness measures, training activi-
ties, and recovery processes increases daily. Thersfore, modern information
processing technology must be used in emergency management to ensure effective
emergency preparedness and response.

The priorities and tactics for maximizing persamel and other resources
to respord adequately to a wide variety of possible disasters are extremely
difficult to determine, and we lack experience in dealing with problems of such
magnitude. Failure to do "“what a reasonable person or organization would do
to prepare for expected natural or technological disasters could endanger
citizens and expose goverrment organizations and/or individual eofficials to
liability and litigation.

Where improved goverrment services are required (such as in emergency
management) advanced techneology, rather than increased staff, may be sufficient
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to define and address the problems. Many agencies of state and local govern-—
ment are now contemplating designing, acguiring, or otherwise implementing
computer-based emergency management systems. Emergency management profession-
als should take advantage of this transitien period to standardize maps, termi-
nology, ard other key elements of a potential unified federal/state/local
system (see Figure 1). They should set technological standards but allow
flexibility and not specify specific hardware or software. Each govertment
entity could then use its own data bases, models, and similatiens; kut these
could be freely commmicated, evaluated, and applied or modified to fit other
jurisdiction's hazards arnd pricrities.
Computers Can Help Meet The Demards

Applying advanced technology to emergency management could result in meny

benefits:

. Improving Efficiency In Day-To-Day Activities. Many of the daily
functicns of all emergency offices rely upon ready access to informa-
tion from various data bases, including resource inventories, legis-
lation status reports, incident summaries, descriptions of available
training, and status reports of state and local plans. In addition,
word processing and spread sheet analysis is frequently required.

® Meeting Mandated ILegal Requirements. Fulfilling an increasing ruber
of legally mandated duties is being significantly hampered by the
lack of adequate computer support within emergency services offices.
Currently, systems for status tracking and records management are
severely out of date in many programs. Development of centralized
hazardous material incident and cother reportihg systeme could greatly
improve local response. Processing of federal disaster funds could
also be improved.

. Improving Effectiveness Of Emergency Plarming. Plarming for any type
of event, whether earthquake, tornmado, or technological disaster,
requires the consideration of secondary hazards such as fires or
flooding, arnd interpretation of consequences on marny different
levels. Computer models could help both policy makers and operations
planners address these difficult problems.

Also, with efficient word processing and access to a variety of
data bases, emergency plans could be maintained more easily. Indeed,
modifications to all components of the emergency preparedness system
could be made more rapidly.

. Improving Delivery Of Emergency Services. With improved data base
management, emergency managers could better formilate and maintain
resource inventories, emergency persconnel rosters, damage assess-—
ments, and emergency event and message logs. In fact, they could
better monitor the emergency situation as a whole and the correspond-

ing dispatch of aid.
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Proposed Camputerized Information Coordination System
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. Improving Training Capabilities. The ability to model and similate
in comjunction with access to large amounts of data could signifi-
cantly i1mprove training capabilities.

e Making Emergency Operations Centers More Effective. With the ability
to track developing emergencies more =sasily and with access to data
on damage and resources, the persornel staffing emergency operations
centers will be able to manage responses more effectively. In addi~-
tion, with more camplete and objective information, decision makers
will be able to better formilate policy.

e Improving Coardination And Commumication Among Jurisdictions. By
sharirg data, goverrments will enhance ccordination and promote
camrehensive resource allocation at all lavels.

CSTI Survey

The California Specialized Training Institute (CSTI) has conducted exten-
sive research into the uses of camuters in emergency management, current
strengths and weaknesses of computer systems, and possible pricrities for
future systems development. A survey of 278 individuals and agencies conducted
by CSTT in 1984 pruves that interest in using computsers for emergency manage-
ment is extremely high, and that, although they do not know all of the specific
pessibilities, irdividuals imvolved with emergency services recognize that
computers can help them.

The survey shows that mest departments support the use of camuters in
emergency management. Yebt, close to half of the agencies examined do not use
camputers in day-to—day operations. Additicnally, only a few agencies use
camputers extensively (Figure 2).

Most microcamputers are designed for business and office operations. If
emargency agenclies simply use their machines to perform these day-to-day tasks,
the microcomputer could ease much of the agencies' workload.

As Figure 3 demonstrates, most agencies are not using comuters in either
minor emergencies, major emergencies, or training exercises. There are several
possible reasons for this:

1) Iack of training arﬂ,/orkrwledgeintheusecfcmp:bershas
hampered progress in autcmation.

2) Fear of computers is inhibiting their incorporation into everyday
office practice.

3) There is insufficient money to support full-time system design,
implementation, maintenance, and upgradirng.

4 Bureaucratic indecision is hampermg the acquisiticn of necessary
equipment (e.q., managers cannot decide what system(s) to imwvest
iny.
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Agencies' Attitudes Toward and Use of Computers
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Figure 3
Utilization of Camputers in Emergency Services
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Current low carmputer usage could also possibly indicate that the camputers
now in service are toc old (i.e., too small ard too slow) to accamplish what is
needed today, that the computer configurations being used are not flexible
ehough to accamedate changes or medifications in the agencies, that initially
the systems were not correctly designed to support the finctions of the agen~
cies, or that the system is rot properly maintained by a full-time analyst.
(Over 68% of computer overall costs result from maintenance—both of hardware
ard software--with software requiring the greatest amount of upkeep.)

In particular, computers are not being used in training. This omission
leads one to guestion the utility of existing systems and emergency plans, for,
cutside of actual emergency cperations, it is only in training exercises that
these systems are truly tested and shortfalls identified and corrected.

Figure 4 indicates the mmber of respondents using computers to perform
six different mm:tlons In ne case do more than cne~third of the agencies
surveyed use a camputer to perform an indicated function. Generally, resource

ALTY
1.D. TRACKING DEPLOY/ LISTS LOCATIONS LOCATION
LOG KEEP. STATUS

Figure 4

Usage of Camputers
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identification is one of the areas in which comurters are most useful. The
availability of gocd database software shaild encourage agencies to use that
function. This did not prove to ke true.

iS5
|3
q l
EVACUATION TRAFFIC DEVELOPMENT  HAZARD
PATTERNING OF THE MODELING
SITUATION
Figure 5

The Use of Computers for Modeling in Emergency Management

Few emergency management offices use camuters for modeling (Figqure 5.
In part, this may be because modeling projects are often large and require
mainframe or minicomuters. Microcompuaters carmot handle the ¢reat rmber of
instructions and large amount of data needed to generate sophisticated medels.
In addition, the high costs ard specialized manpower needed to nn such systems
may also deter their use.

Common microcomputer software like word processors, spread sheets, data-
base managers, and electronic mail could perform all of the functions indicated
in Figure 6. 'The cost of hardware, software, and training to develop a compu-
ter system capable of performing these functions would not be great; thus, it
is surprising that more agencies do not take advantage of already existirxg
programs.

The suwrvey also examined user attitude about their systems'! effectiveness.
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CHECKLIST ACCOUNTING ASSESSMENT  HANDLING

Figure 6
Application Software Usage in Emergency Management

The results show that the computers now being used in emergency management are
rated by their users as only "average" in overall effectiveness. (This too
maybe partly due to insufficient use of the camputer in training exercises).
Persons surveyed were also asked to rate the effectiveness of camaters in
emergency wanagement in fifteen other specific areas. The results are shown in
Figure 7. .

Twenty-six percent of the agencies rate their compater's performance as
only average. The hicghest rated camputer systems are those that were designed
by a sales representative and/or private consultant. However, the majority of
the camputer systems were designed by persommel internal to the agency. This
may be one cause of the low opinion of existing computer systems., Those agen-
cies that used sales representatives or independent dealers to set up their
systems rate the system's performance higher than do those agencies who de-
signed the systems themselves.
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Additionally, those agencies that have perscnnel working on their systems

full-time gain efficiency. Cawversely, the less time a glven persan works on
the camputer the lower his/her efficiency. Unfortunately, only 22% of the
agencies studied have a person working full-time with state-level agencies
respansible for most of that 22%.

There is at least one bright spot, however. Seventy—one percent of the agen—
cies plan on expanding thelr camputer applications in the next five years. The
prospect for the future of camputers in emergency management is very good.

The Desirable Characteristics of An Emergency Managemernt Achrerter System

Based on the California Specialized Trainirg Institute's research that

included not only the survey but also interviews with emergéincy service person-
nel and experts int'heccmputerfield, and based on the experience gained from
corducting training and simdlation exercises for over 30,000 emergency person—
nel, the institute's staffrfecls that a cost-effective camputer system will

be:

Capable of Handling Multiple Uses and Users. The commitment of
funds, rescurces, personnel, and time to develop a computer system
dictates that the system be usable in all phases of emergency manage-
ment—preparedness, mitigation, responss, and recovery. Such con-
timual usage would also promote data base updating and the mainte-
nance of accuracy. Additionally, an ideal system would permit usage
both from within the jurisdiction ard from other levels of govern~
ment.

Capable of Bandling Integrated Programs. The systam would be able to
run miltiple functions without "relcading" programs. It would also
be able to provide varying levels of detail dependirng on user needs.

Capable of Madmizing the Use of Existing Resources. Hardware and
software already owned by the agency or jurisdiction, available data
bases, operating systems, and information resources would all be used
as much as pogsible. Therefore there would be a strong need to
camunicate insichts, procedures, and applications as they are de-
veloped in the emergency operations field. Limited resources would
need to be as widely applicable as possible, and programs could not
be overly specific or parcchial.

Flexible. The old method of carefully defining a specific problem
ard developing a system to exactly f£ill that need is today impracti-
cable and costly. Agencies cammot discard whole campriter systems and
purchase new ones as new problems or solutions arise; the ideal
technology therefore would be capable of adapting to new require-
rents,
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) Expardable. A clesely related characteristic of the computer system

would be expandability. The system would be able to grow as require-
ments ircrease, and to commect with other sites on a regional, state,
or natienal basis.

- Modular, An emergency cperations office would be able to charge or
upgrade campanents to mest new requirements without havimg to pur—
chase new software or an entire new "system."

® User Friendly. The relation of machine to human would permit the
system to be used by any available person with a minimm of orienta-
tion. The output of the system would be in formats, such as graphic
displays, that could be easily understood by decision makers in high-
stress crisis sitvations.

How to Get It Done

There are two major cbstacles to implementing modern information manage-
ment systems. The first is persons who fear technological innovation and
cammnot erwision real benefits from using computers. Yet, rather than turning
citizens into automatons, computers will allow us to build emergency management
services which will be more in tune with the real needs of the people.

The secord chstacle is those persons who are so involved in organizing and
manipulating data that they fail to apply their craft to reality. The best use
of camputers is to uderstand and appreciate human behavior and group dynamics
in order to make emergencies less traumatic,

These impediments indicate that the first step in implementing a success-
ful computerized system involves reaching a consensus, and thus an informed
coamitment, on the part of those imvolved in using the system. The commitment
mist acknowledge that computers will change the methods of emergency operations
from now on, ard that, in adopting conputers, an emergency operations office is
not engaging in a short-term, quick fix project, ut cne which will require
specific efforts by individuals now and in the future. An organization taking
this step must be williryg to wager that this investment will allow a reduction
in or more effective use of other resources.

These are serious decisions and should not be made without due considera-
tion. In most organizations, no single individual can make the "best" deci-
sion; a small working group usually provides the best perspective. In addi-
tion, an implemertation plan is a must. Communicating the plan and recognizing
milestones will help promote acceptance.
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Ten Years Down The Road

Ten years ago, “coamuter" meant "mainframe'--a large, centralized reposi-
tory of data. Input was accamplished in the "batch" mode, primarily by using
pached cards. Uses were either low-end (such as sorting ard basic word
precessing) or high-end (such as such as solving complex desian problems).
Computers were primarily a technical, not a management, tool.

Ten years from now, camputers will be essential arnd effective tools used
by emeryency managers. We will routinely assemble, study, and cammicate
large amounts of information; we will ke able to make informed, objective
decisions; we will be able to analyze a variety of hazards and manage a full
range of resources; and, most importantly, we will be better able to prevent
property loss and human suffering. '




IMPROVING ORGANIZATIOMAL DECTISION-MAKING CAPACTTY
IN EMERGENCY MANAGEMENT: A DESIGN FOR AN INTERACTIVE
EMERGENCY INFORMATION SYSTEML

Iouise K. Comfort
Graduate School of Public and International Affairs

University of Pittsburgh

The Prcblem: Information Processing in Emergency Management

Decision makers in emergency management cperate wxler recurring problems
caused by informaticn overload. As the size and scale of an emergency esca-
late, the incoming information and demands for response repeatedly overwhelm
the information processing capacity of the emergency response system and the
emergency service personnel who are respensible for directing public action
(Comfort, 18985Sh). This is a critical problem in emergency management, hecause
the effectiveness of decisions made and actions taken depends directly upon the
currency, accuracy, and completeness of the information available to decision
makers. Wwhile uncertainty is inherent in the umpredictable nature of emergen-
cies, a primary means of improving the effectiveness of organizational decizion
making in emergency management is to design an emergency information system
that fits the conditions of the problem and the needs of the decision wmakers.

" The characteristics of decision making under emergency cornditions make the
design of an appropriate information system a severe challenge. The problems
to be managed are ill-structured; erwirormental conditions are rapidly changing
ard dynamic; complex interactions are triggered within and betwesn organiza-
tions; solutions may be unavailable or uncertain; arnd the similtaneous occur-
rerce of miltiple incidents requiring emergency response generates a cumilative
buildup of demands upen the decision making system that inevitably contributes
to delay and error in response (Comfort, 1985h). These conditions are usually

1 This essay is adapted from a paper, "Information Search Processes in
Emergency Management: Computer Simulation as a Means of Improving
Organizational Decision-Making Capacity," presented at the Conference on
Comater Similation in Emergency Planning sponsored by the Society for Camputer
Similation and held in San Diego, California, Jaruary 27-29, 1985, It was
published in the Conference Proceedings (Simulation Series 15(1), Jarmary,
1985) edited by John M. Carroll. Copyright (c) 1985 by the Society for
Camputer Similation, La Jolla, California.
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magnified by a scarcity of resources at local jurisdictional levels and the
wrgency posed by life-threatening events. For example, when a metropolitan
area experiencing rapid population growth and a related increase in high-risk
technolegies that produce toxic waste is suddenly exposed to a severe natural
disaster such as an earthcuake, unanticipated chain reactions can escalate into
Isystem failure' and become truly catastrophic (Perrow, 1984). It is the
interaction between populations, technolegy, and envirormental hazards that has
produced a schering potential for large disasters in our increasingly inter—
dependent society (Perrow, 1984).

Not only is there a marked increase in the mumker and corplexity of
demands made upon decision makers under emergency conditicons: additionally, the
ability of humans to process the information needed to manage complexity tends
to decrease under stress (Mitchell, 1983}. The 'bounded rationality' of human
decision makers, given limited, short-term memories, is rapidly exceeded by the
information demands of complex emergency events (Simon, 1981). Given the
respensibilities of public service personnel, these problems campel a contirnu-
ing search for means to maximize effectiveness and reduce error in emergency
menagement. Current information processing technolegy offers a promising means
for extending the 'memory' or knowledge base of decision makers imvolved in
emergency operations and for managing systematically the information essential
to timely ard approptiats dacision making under the dynamic conditions of
emergency events. This paper proposes a design for an interactive information
processing system to support public decision makers in emergency management.
This system focuses on earthquake preparedness in California and utilizes
canputers to facilitate both information processing and user interaction. A
preliminary design for a knowledge base ard set of information search processes
for problem solving is proposed for a city. However this could be the initial
step in building a larger emergency information system that may be extended to
other jurisdictions within the state and eventually to other states within the
region and the nation.

The Goal of the Emergency Information System
The goal of the system is to provide a base of knowledge and interactive
information support for working decision makers in emergency management. The
system wil) serve as a vehicle for organizing the relevant knowledge needed for
emergency decision making for a given jurisdiction. It will present that infor-
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mation in a standard formet that is easily accessible by multiple decision
makers at miltiple locations. Accomplishing this task will facilitate a secon-
dary function essential to effective emergency management--the coordination of
action within and between muiltiple organizations having complementary responsi-
bilities for a given jurisdiction in the event of a major disaster.

This information system will be more restricted than the recognized
‘ewpert! systems. It is not intended to 'replace’ uman problem solvers with
machines, but rather to use machines to extend the capacity of humans cperating
udder conditions of complexity and stress. Nor is the goal of this system to
medel the problem solving processes of 'expert'! decision makers, as undertaken
in other policy areas (see for example, McDermott, 1980, 1981; Van Melle,
Shortliffe, and Buchanan, 1981; Pople, 1981). In emergency management, prob-
lems are tco massive, participants are too many, and the conditions are too
variable to allow the determination of undisputed experts in the field. Yet
the wrderlying assurption of this system is the same as for the 'expert' sys-
tems—~that is, "knowledge is power" (Hayes-Roth, Waterman, and Ienat, 1983}).
By making the relevant information available to public service personnel in a
timely, interactive way, the system will likely increase the power of decision
makers to make appropriate choices. In turn, as interaction with the system
increases the capacity of individual decision mekers to take informed acticn,
the effect, synergistically, will likely be to increase the power of the entire
emergency system in that jurisdiction to effectively respond.

The Design of the Emergency Information System

In considering the design of an information system using artificial intel-
ligence concepts and technology, Edward Feigenbaum (1980) identifies three
issues as central to successful application in the field. These issues are:
1} knowledge acquisition, 2) knowledge representation, and 3) lmwwledge utili-
zation (Feigerbaum, 1980, p. 2). The issues are interrelated, but will be
discussed individually in reference to the design of the proposed emergency
information system. Nonetheless, a primary objective driwves the design of this
emergency information system and serves to integrate the three issues: the
system is designed for use by those actually administering emergency services.

Knowledae Aoquisition
Building an information system for use by practicing service personnel
optimally involves those personnel in the collection and organization of infor-
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mation to be stored in the system's knowledge base (Hayes-Roth, Waterman, and
Lenat, 1983, p. 245). This axiom is particularly applicable in the field of
emergency services, where mich of the relevarnt knowledge for a given jurisdic-
tion resides in the collective memories of experienced perscrnel in specific
agencies, but may not be Jmown across agency lines. This knowledge needs to be
explicated and summarized in a form that can ke used easlily and systematically
by other persormel in the jurisdiction. Since multiple users having cample-
mentary emergerncy responsibilities at multiple locaticns are involved, it is
essential that the Jnowledge be coampiled clearly and uniformly, using termi-
nology and formats understandable to all users. The design of an emergency
information system provides a valusble opportunity to collect and organize the
relevant information extant in a given comunity and to analyze the processes
of emergency problem solving.

In the desigm of the emergency information system, it is proposed that a
series of similated emergency operaticons exercises be used to gather the
initial body of knowledge. The simulation exercises may be conducted in con-
junction with the legally mandated training required of public agencies with
emergercy responsibilities (Federal Emergency Management Agency, 1981). Such
exercises are a familiar means for training emergency service personmnel and are
supported by the Federal Emergency Managememt Agercy. By using an already
recognized professional development activity for the acquisition of knowledge,
potential users can ke involved in the design of the system, and the best
knowledge available for a given jurisdiction can be dbtained. The participants
in the exercise will include all persomnel fram the jurisdiction who have major
anergency responsibilities, as well as relevant persomnel from courtty, state,
or federal agencies who may participate on an adviscry basis.

Pricr to the scheduled simulaticn, each participant will be given a model
of the emergency information system and will be asked to provide the relevant
information for his/her agency. In a preparatory session, participants will be
given the cpportunity to review the model, its design, its representation of
nowledge, and its inference or prublem solving processes. Participants may
suggest charges or clarifications which, with the consensus of the group, will
be incorporated into the system. Information gained through this process will
then be programmed into a preliminary informaticn system to be used in the
similation exercise.

The similation will use the scenarioc of a catastrophic earthquake in
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California. A similar event could be used in different geographic, social, and
ecanamic settings to investigate different kinds of problems which, nonethe-
less, would still irvolve the primary goals of emergency response: protection
of life and property and the prompt restoration of civil order and public
services. Durirg the similation, the mumber, order, and camplexity of problems
introduced into the collective emergency decisicn making process will be moni-
tored closely in order to track the strategies developed by the participants
ard to assess the favorableness of decisions actually taken.

After the similation exercise, in a post-cperations review, all partici-
pants will be given the results of their performance. Each participant will be
asked to review systematically the kinds of information that decision makers
needed, what sources they wanted to consult, what formats they wanted and when
they wanted them. These findings will then be used to modify and correct the
initial ¥nowledge base for use in a second simulation.

Knowledge Representation

Fnowledge representation in the design of this emergency information
system is critical from two perspectives. For the users, it is important that
the knowledge be organized in a form that can be easily understood by them and
quickly accessed to meet their needs in emergency operations. For the campu-
ter, to ensure ease, efficiency, and speed in computation, it is important that
the data structures fit the problem solving tasks involved as appropriately as
possible (Feigernbaum, 1980, p. 2). An initial schema for organizing the know-
ledge required for an emergency information system for a city jurisdiction is
presented in Figure 1. The technical computer specifications of the data
structures are beyond the scope of this essay. Figure 1 presents, rather, the
kinds of knowledge needed and the search processes defined by standard emergen-
cy operations procedures. It serves as a preliminary plan for crdering the
data and identifying the processing tasks, from which a set of technical
procecdures for representing the data within the camputer can be specified. It
assumes a 'blackboard'! architecture (Nii, 1980; Hayes-Roth, B., 1983; Hayes-
Roth, Waterman and Lenat, 1983), that permits separate knowledge scurces to
interact with the global database as the the emergency progresses tenporally.

The knowledge to be stored in the camputer is organized in separate units
corresponding to the organizaticns which have responsibilities under the juris-
diction's emergency plan. These organizations all have information regarding




wweyps wegsAs uoTyeiogur Koushioug
T sanbTg

mmmmmmmmmmmmmmmmmmmmmmm

+ ON39aI

>>>>®®ﬁ

VRGO -
/w/ \@\ S
QYVOENOVIE  DINOHIDTTE 1o
«  otdom ormane
HAINID
T.. EONILYHIJO
ADNIDHINT
A
.1... §3UIAHIS
TYNOIN
0L VHUN A0S n.a:
HOUWMLIENGDY aolar rou l.. I-.i.,. N DL
Tl zunawz Al




Comfort 187

their specific responsibilities, personnel, equipment, and other resources
which can ke stored in the computer, Three orders of priority for prcblem
search and identification are specified to be followed in the event of an
actual emergency. These priorities are shown in Figure 1, with the first omder
listing of organizations at the left of the diagram, the second order listing
at the right of the diagram, and the third order listing acrecss the bottam of
the diagram. All organizations will have members participating actively during
the simulation exercise and interacting with the 'hlackbeoard' or global data
base to reguest informaticn, emter new informatiem, or initiate search
strategies for problem solutions.

Across the top of the diagram are types of information about the popula-
ticn and infrastructire of the jurisdiction which zerve as limiting parameters
for the kinds of solutions to emergency problems that can be designed for that
specific jurisdiction. Included in this informaticon will be hazard assessment
data which estimate the vulnerability of the Jurisdiction's infrastructure to
varying severities of earthgquake.

The 'blackboard' is shown in detail in Figurg_z. It will correspond, in
emergency management terms, to the Emergency Operatmg Centar (EOC). That is,
all critical information regarding the progress of the emergency will be re-
ported to the BOC and entered into the emergency information system to be
recorded on the 'blackboard'. The blackbeard will serve as the global data
base for the system. It will record, search for, and identify possible strate-
gies for action in response to problems posed, given the ewisting parameters of
the jurisdiction. It will also monitor the status of actions taken and record
the problems that have been solved or stabilized. The 'blackboard' will be
organized into five distinct units. First, the 'plan', will represent the
emergency plan for the given jurisdiction, its goals, objectives, operating
procedures, ard assigned responsibilities. Second, the ‘agerda for action'
will list the specific incidents, arranged according to the emergency plan
priorities, requiring response. Thimd, 'decisions taken' for allocation of
rescurces, persomel, and equipment in response to emergency reguests will be
recorded, with provision for updating the status of these actions as new infor-
mation is reported from the field, Fourth, all problems which have been re-
ported *solved or stabillized' will be recorded and removed from the agenda or
record of actions in process. Fifth, and very important to the functioning of
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ELECTRONIC BLACKBOARD

1. JURISDICTIONAL EMERGENGY 5. EMERGENCY LOG:
PLAN :
- GOALS -
- OBECTIVES a. EVENT LIST
- STRATEGES
2, AGENDA FOR ACTION : . b. EXPEGTATIONS LIST

= FIRST PRIORITY
~ SECOND PRIORITY
-~ THIRD PRIOATY
c. RESOURCE LIST

3. DECISION TAKEN :

= ALLOCATION OF
RESCURCES : d. PROBLEMS LIST

= PERBONNEL

- EOUIPMENT
= LOCATION AND STATUS

OF ACTION # CLOCK - EVENT LIST

4. PROBLEM SOLVED OR . HISTORY LIST
STABILIZED

Figure 2
Emergency Information System Electronic Blackkoard

the blackloard, is the contimucus 'log' of emergerncy events and developments.
This log will contain six separate lists2, all vital in monitoring the
progress of the emergency. They include:

e Event List: This list will record all events reported to the

Emergency Cperating Center during the emergency. The agenda for
action will be set from this contimially changing list.

2 This log is adapted from a similar set of lists that H. Permy Nii (1980,
pp. 16-17) included in her discussion of the blackboard model. Ms. Nil's
model focused on information about the system needed for camputer processing.
This set of lists specifies information needed for monitoring the progress of
the emergency as well as the cperation of the system.
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¢ Expectations List: This list will combine information entered during
the emergency with data regarding the jurisdiction's parameters in
order to generate expectations about possible hazards to be detected
and confirmed.

® Resonvce List: During the emergency, multiple decision makers allo-
cate resources from their respective agencies to multiple locations.
This list will monitor which resources are allocated to which loca—
tions and report the remaining available resourcves for the entire
jurisdiction.

e Problems Iist: This list will contain a description of the various
problems encountered by the stored information units or "knowledge
sources" in responding to search requests and will list information
neaded from the user in order to camplete the search.

e Clock-Events List: Because emergency events may change rapidly with
time, this list will post check lists, for specific knowledge scurces
or crganizational units, to be reviewed pericdically against incoming
informatiom., The postings will serve as a timely reminder for opera-
ting emergency persannel to check the status of their immediate
responsibilities.

e History List: This list will record all processing actiens performed
by the computer during the course of the emergency. It will serve
both as a record of emergency events and of the strategies undertaken
to meet the demands made upon the emergency system. It will be very

Cuseful in evaluating both the performance of the emergency informa-—
tion system and the action strategies developed by the emergency
service persommel.

Amain, the data structures for storing knowledge in the camputer will have
to be specified technically and in detail. Figures 1 and 2 represent only the
kinds of knowledge that are needed in a comprehensive emergency information
system.

Knowledge Utilization

In artificial intelligence, ‘'knowledge utilization' defines the set of
inference processes used within the information system. In 'expert' systems,
the intert is to model the information search and synthesis processes of the
computer after the reascning processes of experienced professiocnals in the
field (Hayes-Roth, Waterman and Lenat, 1983}. The primary task for decision
makers operating in emergencies is the management of complexity under rapidly
changing conditions. However, that complexity and the stress of the operating
envirament terds to overwhelm the decision making processes of public service
persannel trained to perform under more normal corditions. In these circum-
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stances, an emergency information system makes interorganizational decision
making feasible—a process heretofore elusive due to the previocusly mentioned
beaunded raticnality of human decision makers (Simen, 1969, 1981). The capacity
of the computer to process simultanecusly and systematically large amounts of
information makes it pessible for humans to base their decisions on more com-
plete and comprehensive evidence than previocusly cansidered.

The research findings of Michael Cohen (1981, 1984) irdicate that at least
two strategies contribute significantly to increased effectiveness in decision
making under carditions of complexity. First, information search processes
corducted in parallel resulted in mors timely, accurate, and effective deci-
siocns (Cohen, 1981); identification of error occurred earlier, and modifica-
tions in actions taken, based on the correction of discovered errcr, tended to
produce more substantive results. Cchen (1984) also fourd that decisions made
by miltiple centers with shared authority resulted in more appropriate deci-
sions than those made by a single center with global authority. While these
findings were produced by a computer similation and have not yet been replica-
ted in human decision making ervirorments, they suggest that the use of these
two strategies—parallel information searching and sending and receiving infor-
mation from multiple cernters similtanecusly while adjusting the glchal base of
information accordingly--may greatly enhance the capacity of human decisieon
makers to function in camplex erwviromments. Both of these strategies are
incorporated in the blackboard architecture for the computer cutlined above.

The appropriate set of inference processes for an emergency information
system will likely include a mixed strategy of heuristics amd decision rules
(Buchanan and Duda, 1982). This strategy will need to fit the operaticonal
dynamics of emergency conditions as closely as possible. The specifications
for these inference processes will have to be carefully formalated; the capaci-
ty of the computer will have to be matched to the demands of the emergency
cperating erwircrment, and the system will have to incorporate the Jnown
reasoning strategies developed by experienced professionals in the field.

Towards a Working Emergency Information System
Other issues, such as system implementation, monitoring, and maintenance,
need to be carefully considered in the development of a fully functioning,
effective emergency information system. The steps proposed in this paper
represent only the initial stages in the design, development, implementation,
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and evaluation of such a system. The next stage involves identifying a juris-
diction and a group of practicing public service perscrmel with emergency
responsibilities who are willing to engage in the simulated emergency opera-
tions exercise and the data collecticon activities needed to create the know-
ledge base for their jurisdiction. The technology is currently available to
exterd the organizational memory of a given city or jurisdiction in ways that
can significantly improve the performance of emergency operations. Deciding to
develop such a system, however, is a significant personal and professional
commitment,
Sumary

In practical terms, the design and implementation of an interactive emer-
gancy information system offers great promise for the practicing coammunity of
amargency service persormnel. With relatively little expenditunre of time and
meney, the development of a working systam is likely to result in a substantial
improvement in emergency cperations. As multiple jurisdictions adept and
develop compatible emergency information systems,. a constructive and beneficial
integrated emergency management network can be formed. The cumlative effect
of such an interactive network will be to increase the relevant information and
professional knowledge available to participating public service personnel, and
thus to reduce uncertainty in emergency cperaticns. While emergency informa-
tion systems are clearly subject to some human error, they offer a significant
cpportunity for increasing the capacity of organizations and govermments to
make decisions during emergencies.
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IMPROVING ORGANIZATIOMAL DECISION-MAKING CAPACTTY
IN EMERGENCY MANAGEMENT: A DESIGN FOR AN INTERACTIVE
EMERGENCY INFORMATION SYSTEML

Icuise K. Comfort
Graduate School of Public and International Affairs

University of Pittsburgh

The Prcblem: Information Processing in Emergency Management

Decision makers in emergency management cperate wxler recurring problems
caused by information overlocad. As the size and scale of an emergency esca-
late, the incoming information and demands for response repeatedly overwhelm
the information processing capacity of the emergency response system and the
emergency service personnel who are respensible for directing public action
(Comfort, 1885Sh). This is a critical problem in emergency management, hecause
the effectiveness of decisions made and actions taken depends directly upon the
currency, accuracy, and completeness of the information available to decision
makers. Wwhile uncertainty is inherent in the umpredictable nature of emergen-
cies, a primary means of improving the effectiveness of organizational decizion
making in emergency management is to design an emergency information system
that fits the conditions of the problem and the needs of the decision wmakers.

" The characteristics of decision making under emergency conditions make the
design of an appropriate information system a severe challenge. The problems
to be managed are ill-structured; envirommental conditions are rapidly changing
ard dynamic; complex interactions are triggered within and betwesn organiza-
tions; solutions may be unavailable or uncertain; and the simultaneous occur-
rerce of miltiple incidents requiring emergency response generates a cumilative
uildup of demands upen the decision making system that inevitably contributes
to delay and error in response (Comfort, 1985h). These conditions are usually

1 This essay is adapted from a paper, "Information Search Processes in
Emergency Management: Computer Simulation as a Means of Improving
Organizational Decision-Making Capacity," presented at the Conference on
Compater Similation in Emergency Plamning sponsored by the Society for Camputer
Similation and held in San Diego, California, Jaruary 27-29, 1985, It was
published in the Conference Proceedings (Simulation Series 15(1), Jarmary,
1985) edited by John M. Carroll. Copyright (c) 1985 by the Society for
Camputer Similation, La Jolla, California.
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magnified by a scarcity of resources at local jurisdictional levels and the
wrgency posed by life-threatening events. For example, when a metropolitan
area experiencing rapid population growth and a related increase in high-risk
technologies that produce toxic waste is suddenly exposed to a severe natural
disaster such as an earthcuake, unanticipated chain reactions c¢an escalate into
Isystem failure' and become truly catastrophic (Perrow, 1984). It is the
interaction between populations, technolegy, and envirormental hazards that has
produced a scherirg potential for large disasters in cur increasingly inter-
dependent society (Perrow, 1984).

Not only ls there a marked increase in the rumber ard complexity of
demands made upon decision makers under emergency conditicns: additionally, the
ability of humans to process the information needed to manage complexity tends
to decrease under stress (Mitchell, 1983). The 'bounded rationality' of human
decision makers, given limited, short-term memories, is rapidly exceeded by the
information demands of complex emergency events (Simon, 1981). Given the
regponsibilities of public service personnel, these problems campel a contime-
ing search for means to maximize effectiveness and reduce error in emergency
management. Current information processing technology offers a promising means
for extending the 'memory' or knowledge base of decision makers involved in
emergency cperations and for managing systematically the information essential
to timely and approptiate decision making under the dynamic conditions of
emergency events. This paper proposes a design for an interactive information
processing system to support public decision makers in emergency management.
This system focuses on earthquake preparedness in California and utilizes
carmputers to facilitate both information processing and user interaction. A
preliminary design for a knowledge bage and set of information search processes
for problem solvirygy is proposed for a city. However this could be the initial
step in building a larger emergency information system that may be extended to
other jurisdictions within the state and eventually to cother states within the
region and the nation.

The Goal of the Emergency Information System
The goal of the system is to provide a base of knowledge and interactive
information support for working decision makers in emergency management., The
system will serve as a vehicle for organizing the relevant knowledge needed for
emergency decision making for a given jurisdiction. It will present that infor-
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mation in a standard formet that is easily accessible by multiple decision
makers at miltiple locations. Accomplishing this task will facilitate a secon-
dary function essential to effective emergency management--the coordination of
action within and between muiltiple organizations having complementary responsi-
bilities for a given jurisdiction in the event of a major disaster.

This information system will be more restricted than the recognized
‘ewpert! systems. It is not intended to 'replace’ uman problem solvers with
machines, but rather to use machines to extend the capacity of humans cperating
udder conditions of complexity and stress. Nor is the goal of this system to
medel the problem solving processes of 'expert'! decision makers, as undertaken
in other policy areas (see for example, McDermott, 1980, 1981; Van Melle,
Shortliffe, and Buchanan, 1981; Pople, 1981). In emergency management, prob-
lems are tco massive, participants are too many, and the conditions are too
variable to allow the determination of undisputed experts in the field. Yet
the wrderlying assurption of this system is the same as for the 'expert' sys-
tems—~that is, "knowledge is power" (Hayes-Roth, Waterman, and Ienat, 1983}).
By making the relevant information available to public service personnel in a
timely, interactive way, the system will likely increase the power of decision
makers to make appropriate choices. In turn, as interaction with the system
increases the capacity of individual decision mekers to take informed acticn,
the effect, synergistically, will likely be to increase the power of the entire
emergency system in that jurisdiction to effectively respond.

The Design of the Emergency Information System

In considering the design of an information system using artificial intel-
ligence concepts and technology, Edward Feigenbaum (1980) identifies three
issues as central to successful application in the field. These issues are:
1} knowledge acquisition, 2) knowledge representation, and 3) lmwwledge utili-
zation (Feigerbaum, 1980, p. 2). The issues are interrelated, but will be
discussed individually in reference to the design of the proposed emergency
information system. Nonetheless, a primary objective driwves the design of this
emergency information system and serves to integrate the three issues: the
system is designed for use by those actually administering emergency services.

Knowledae Aoquisition
Building an information system for use by practicing service personnel
optimally involves those personnel in the collection and organization of infor-
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mation to be stored in the system's knowledge base (Hayes-Roth, Waterman, and
Lenat, 1983, p. 245). This axiom is particularly applicable in the field of
emergency services, where mich of the relevarnt knowledge for a given jurisdic-
tion resides in the collective memories of experienced perscrnel in specific
agencies, but may not be Jmown across agency lines. This knowledge needs to be
explicated and summarized in a form that can ke used easlily and systematically
by other persormel in the jurisdiction. Since multiple users having cample-
mentary emergerncy responsibilities at multiple locaticns are involved, it is
essential that the Jnowledge be coampiled clearly and uniformly, using termi-
nology and formats understandable to all users. The design of an emergency
information system provides a valusble opportunity to collect and organize the
relevant information extant in a given comunity and to analyze the processes
of emergency problem solving.

In the desigm of the emergency information system, it is proposed that a
series of similated emergency operaticons exercises be used to gather the
initial body of knowledge. The simulation exercises may be conducted in con-
junction with the legally mandated training required of public agencies with
emergercy responsibilities (Federal Emergency Management Agency, 1981). Such
exercises are a familiar means for training emergency service personmnel and are
supported by the Federal Emergency Managememt Agercy. By using an already
recognized professional development activity for the acquisition of knowledge,
potential users can ke involved in the design of the system, and the best
knowledge available for a given jurisdiction can be dbtained. The participants
in the exercise will include all persomnel fram the jurisdiction who have major
anergency responsibilities, as well as relevant persomnel from courtty, state,
or federal agencies who may participate on an adviscry basis.

Pricr to the scheduled simulaticn, each participant will be given a model
of the emergency information system and will be asked to provide the relevant
information for his/her agency. In a preparatory session, participants will be
given the cpportunity to review the model, its design, its representation of
nowledge, and its inference or prublem solving processes. Participants may
suggest charges or clarifications which, with the consensus of the group, will
be incorporated into the system. Information gained through this process will
then be programmed into a preliminary informaticn system to be used in the
similation exercise.

The similation will use the scenarioc of a catastrophic earthquake in
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California. A similar event could be used in different geographic, social, and
ecanamic settings to investigate different kinds of problems which, nonethe-
less, would still irvolve the primary goals of emergency response: protection
of life and property and the prompt restoration of civil order and public
services. Durirg the similation, the mumber, order, and camplexity of problems
introduced into the collective emergency decisicn making process will be moni-
tored closely in order to track the strategies developed by the participants
ard to assess the favorableness of decisions actually taken.

After the similation exercise, in a post-cperations review, all partici-
pants will be given the results of their performance. Each participant will be
asked to review systematically the kinds of information that decision makers
needed, what sources they wanted to consult, what formats they wanted and when
they wanted them. These findings will then be used to modify and correct the
initial ¥nowledge base for use in a second simulation.

Knowledge Representation

Fnowledge representation in the design of this emergency information
system is critical from two perspectives. For the users, it is important that
the knowledge be organized in a form that can be easily understood by them and
quickly accessed to meet their needs in emergency operations. For the campu-
ter, to ensure ease, efficiency, and speed in computation, it is important that
the data structures fit the problem solving tasks involved as appropriately as
possible (Feigernbaum, 1980, p. 2). An initial schema for organizing the know-
ledge required for an emergency information system for a city jurisdiction is
presented in Figure 1. The technical computer specifications of the data
structures are beyond the scope of this essay. Figure 1 presents, rather, the
kinds of knowledge needed and the search processes defined by standard emergen-
cy operations procedures. It serves as a preliminary plan for crdering the
data and identifying the processing tasks, from which a set of technical
procecdures for representing the data within the camputer can be specified. It
assumes a 'blackboard'! architecture (Nii, 1980; Hayes-Roth, B., 1983; Hayes-
Roth, Waterman and Lenat, 1983), that permits separate knowledge scurces to
interact with the global database as the the emergency progresses tenporally.

The knowledge to be stored in the camputer is organized in separate units
corresponding to the organizaticns which have responsibilities under the juris-
diction's emergency plan. These organizations all have information regarding
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their specific responsibilities, personnel, equipment, and other resources
which can ke stored in the computer, Three orders of priority for prcblem
search and identification are specified to be followed in the event of an
actual emergency. These priorities are shown in Figure 1, with the first omder
listing of organizations at the left of the diagram, the second order listing
at the right of the diagram, and the third order listing acrecss the bottam of
the diagram. All organizations will have members participating actively during
the simulation exercise and interacting with the 'hlackbeoard' or global data
base to reguest informaticn, emter new informatiem, or initiate search
strategies for problem solutions.

Across the top of the diagram are types of information about the popula-
ticn and infrastructire of the jurisdiction which zerve as limiting parameters
for the kinds of solutions to emergency problems that can be designed for that
specific jurisdiction. Included in this informaticon will be hazard assessment
data which estimate the vulnerability of the Jurisdiction's infrastructure to
varying severities of earthgquake.

The 'blackboard' is shown in detail in Figurg_z. It will correspond, in
emergency management terms, to the Emergency Operatmg Centar (EOC). That is,
all critical information regarding the progress of the emergency will be re-
ported to the BOC and entered into the emergency information system to be
recorded on the 'blackboard'. The blackbeard will serve as the global data
base for the system. It will record, search for, and identify possible strate-
gies for action in response to problems posed, given the ewisting parameters of
the jurisdiction. It will also monitor the status of actions taken and record
the problems that have been solved or stabilized. The 'blackboard' will be
organized into five distinct units. First, the 'plan', will represent the
emergency plan for the given jurisdiction, its goals, objectives, operating
procedures, ard assigned responsibilities. Second, the ‘agerda for action'
will list the specific incidents, arranged according to the emergency plan
priorities, requiring response. Thimd, 'decisions taken' for allocation of
rescurces, persomel, and equipment in response to emergency reguests will be
recorded, with provision for updating the status of these actions as new infor-
mation is reported from the field, Fourth, all problems which have been re-
ported *solved or stabillized' will be recorded and removed from the agenda or
record of actions in process. Fifth, and very important to the functioning of
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ELECTRONIC BLACKBOARD

1. JURISDICTIONAL EMERGENGY 5. EMERGENCY LOG:
PLAN :
- GOALS
- OBECTIVES a. EVENT LIST
- STRATEGES
2. AGENDA FOR ACTION b. EXPEGTATIONS LIST

= FIRST PRIORITY
~ SECOND PRIORITY
-~ THIRD- PRIOATY

. RESOURGCE LIST
3. DECISION TAKEN :

= ALLOCATION OF
RESCURCES : d. PROBLEMS LIST
= PERSQNNEL
- EOUIPMENT

= LOCATION AND STATUS
OF ACTION # CLOCK - EVENT LIST

4. PROBLEM SOLVED OR 1. HISTORY LIST
STABILIZED

Figure 2
Emergency Information System Electronic Blackboard

the blackboard, is the contimuous 'log' of emergency events and developments.
This log will contain six separate lists2, all vital in monitoring the
progress of the emergency. They include:

e Event List: This list will record all events reported to the

Emergency Cperating Center during the emergency. The agenda for
action will be set from this contimially changing list.

2 This log is adapted from a similar set of lists that H. Permy Nii (1980,
pp. 16-17) included in her discussion of the blackboard model. Ms. Nii's
model focused on information about the system needed for camputer processing.
This set of lists specifies information needed for monitoring the progress of
the emergency as well as the cperation of the system.
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¢ Expectations List: This list will combine information entered during
the emergency with data regarding the jurisdiction's parameters in
order to generate expectations about possible hazards to be detected
and confirmed.

® PFesource List: During the emergency, multiple decision makers allo~
cate rescurces from their respective agencies to multiple locations.
This list will monitor which rescurces are allocated to which loca-
tions and report the remaining available resources for the entire
jurisdiction.

® DProblems Iist: This list will contain a description of the various
problems encountered by the stored information units or "knowledge
sources” in respording to search requests and will list information
neaded from the user in order to camplete the search.

e Clock-Events List: Because emergency events may change rapidly with
time, this list will post check lists, for specific knowledge sources
or organizational units, to be reviewed pericdically against incoming
infotmaticn., The postings will serve as a timely reminder for cpera-
ting emergency persamnel to check the status of their immediate
responsibilities.

s History List: This list will record all processing actions performed
by the computer during the course of the emergency. It will serve
both as a record of emergency events arxd of the strategies undertaken
to meet the demands made upon the emergency system. It will be very
useful in evaluating both the performance of the emergency informa-
ticn system and the action strategies develcped by the emergency
service persomnel.

Again, the data structures for storing knowledge in the camputer will have
to be specified technically and in detail. Figures 1 and 2 represent only the
xirds of knowledge that are needed in a comprehensive emergency information
systemn.

Knowledge Thilization

In artificial intelligence, 'knowledge utilization’ defines the set of
inference processes used within the information system. In 'expert' systems,
the internt is to model the information search and synthesis processes of the
computer after the reascning processes of experienced professicnals in the
field (Hayes-Roth, Waterman and Lenat, 1983}. The primary task for decision
makers operating in emergencies is the management of camplexity under rapidly
changing conditions. However, that complexity and the stress of the operating
ervirarment tends to overwhelm the decision making processes of public service
persommel trained to perform under more normal conditions. In these clrcum-




180 TERMINAL DISASTERS

stances, an emergency information system makes interorganizational decision
making feasible—a process heretofore elusive due to the previocusly mentioned
beaunded raticnality of human decision makers (Simen, 1969, 1981). The capacity
of the computer to process simultanecusly and systematically large amounts of
information makes it pessible for humans to base their decisions on more com-
plete and comprehensive evidence than previocusly cansidered.

The research findings of Michael Cohen (1981, 1984) irdicate that at least
two strategies contribute significantly to increased effectiveness in decision
making under carditions of complexity. First, information search processes
corductad in parallel resulted in mors timely, accurate, and effective deci-
sions (Cohen, 1981); identification of error occurred earlier, and modifica-
tions in actions taken, based on the correction of discovered errcr, tended to
produce more substantive results. Cchen (1984) also fourd that decisions made
by miltiple centers with shared authority resulted in more appropriate deci-
sions than those made by a single cernter with global authority. While these
findings were produced by a corputer similation ardd have not yet been replica-
ted in human decision making erviromments, they suggest that the use of these
two strategies—parallel information searching and sending and receiving infor-
mation from multiple certers similtanecusly while adjusting the glchal base of
information accordingly--may greatly enhance the capacity of human decisieon
makers to function in camplex erwviromments. Both of these strategies are
incorporated in the blackboard architecture for the computer cutlined above.

The appropriate set of inference processes for an emergency information
system will likely include a mixed strategy of heuristics amd decision rules
(Buchanan and Duda, 1982). This strategy will need to fit the operaticonal
dynamics of emergency conditions as closely as possible. The specifications
for these inference processes will have to be carefully formalated; the capaci-
ty of the computer will have to be matched to the demands of the emergency
cperating erwircrment, and the system will have to incorporate the known
reasoning strategles developed by experienced professionals in the field.

Towards a Working Emergency Information System
Other issues, such as system implementation, monitoring, and maintenance,
need to be carefully considered in the development of a fully functioning,
effective emergency information system. The steps proposed in this paper
represent only the initial stages in the design, development, implementation,
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and evaluation of such a system. The next stage involves identifying a juris-
diction and a group of practicing public service perscrmel with emergency
responsibilities who are willing to engage in the simulated emergency opera-
tions exercise and the data collecticon activities needed to create the know-
ledge base for their jurisdiction. The technology is currently available to
exterd the organizational memory of a given city or jurisdiction in ways that
can significantly improve the performance of emergency operations. Deciding to
develop such a system, however, is a significant personal and professional
commitment,
Sumary

In practical terms, the design and implementation of an interactive emer-
gancy information system offers great promise for the practicing coammunity of
amargency service persormnel. With relatively little expenditunre of time and
meney, the development of a working systam is likely to result in a substantial
improvement in emergency cperations. As multiple jurisdictions adept and
develop compatible emergency information systems,. a constructive and beneficial
integrated emergency management network can be formed. The cumlative effect
of such an interactive network will be to increase the relevant information and
professional knowledge available to participating public service personnel, and
thus to reduce uncertainty in emergency cperaticns. While emergency informa-
tion systems are clearly subject to some human error, they offer a significant
cpportunity for increasing the capacity of organizations and govermments to
make decisions during emergencies.
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Introduction

The capabilities of camputer technolegies to provide aid in disaster
response are now well recoqnized. Effective response requires managing infor-
mation flow prior to, during, and after potentially catastrophic events.
Information technolegy can play a vital role in this process (McNally and
Morentz, 1984).

The purpose of this report is to discuss a relatively new facet of infor-
mation technology--artificial intelligetice (AT). Because of the newness of the
technology, we will illustrate AI's possible usefulness by describing a systenm
that we have implemented for demonstraticn and research purposes.

Artificial Intelligence

Though the commercial successes of artificial intelligence programs have
been relatively recent, the thecretical origins of AT date back several de-
cades. AT has its roots in the mathematical legic systems of Frege, Whitehead,
Fussell, and Tarski, ard in the theories of computation developed by Church and
Turing, among others. The logic theorists demystified thinking by showing that
some aspects of reasoning could be formalized in a relatively simple framework.
New ideas about the nature of computation provided the link between these
formal systems of logic and early computers. The crucial advance was the
recognition that camutation was abstract symbol processing, breaking away from
the notion that camputers were inherently mumerical.

1 fThis paper is presented with the kind permission of the editors of
Disasters: The International Journal of Disaster Studies and Practice in which
it appeared in a slightly different form.
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The introducticn of symbol processing cpened the door for attempts to
mimic the human mind. By studying the way lumans solve preblems, AT research-
ers have developed techniques to represent human decision making. Knowledge
representation, efficient searching of possibilities, and learning processes
are all essential to AT programming.

The area of expert systems has recently emerged as the leading practical
application of AT research. An expert system's user interacts with the com-
puter in a "consultation dialogue," much like he or she would approach a human
expert on the same problem. The user explains the problem, perhaps performing
same tests, and then asks questions about the computer's proposed solution.
Excellent results have been achieved in many consultation enviromments (Barr
and Feigenbenm, 1979).

The Principles of FExpert Systems

The Problem Area

Expert systems are designed to manipulate and sclve symbolically expressed
problems that are difficult for human researchers to solve, Many prablems are
characterized by an exponential growth in complexity when the prcblem size is
linearly increased. The explosion in the solution search space is often more
than human researchers are capable of handling (Barr and Feigenbaum, 1979).

Such problems are typically dealt with by “experts" of the human variety-——
persons equipped with a vast amount of task-specific knowledge acquired from
previous training and experience in the field. These professionals often
possess more than a sheer volume of facts. Many preblems are solved by humans
who simply "see" things about the problem that are unclear to the layman. A
grand master in chess is a classic example of sameone possessing this kind of
"reascning. "
Representing Expertise

Representing the various types of knowledge that characterize expertise
constitutes one of the main directions of expert systems research. Expert
systems are often designed with knowledge concerning:

l} Facts about the damain,

2} Hard rules or procedures,

3) Prcblem situations and potential sclutions,
4) General strategies, and

5) Conceptual models of the damain.
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Much of this information must be stored in the expert system program by
utilizirg special techniques for knowledge representation., Many systems use
production rules of the form "If A then B" to store information types (2), (3),
ard (4). Domain information is often stored in tables or matrices, while the
designers' conceptual model of the problem is usually built into the progran
legie.

The clearest distinction between expert systems and conventicnal computer
programs (often medels or simulations), is the flexibility of the artificial
intelligence design. Much of the knowledge that is used by human experts does
not constitute definite decision sequences, rather it is "hunch-like." Usirng
inexact reasoning, expert systems are able to focus on what would ctherwise ke
an impessible problem and provide analysis and selutions with human-level
ability.

Transfer Expertise

The primary bottleneck to the development of expert systems is the acqui-
sition and implementation of expert knowledge. Typically, cne or several
"experts" will consult with the system designers for long periods of time
during the development stages. This process is often arducus and inexact,
leading to long delays in producing a working expert system.

System Processing

Expert systems attack problems by feeding all the available information
concerning the problem into the knowledge base that makes up the heart of the
system. Often this information will consist of preduction rules that will
generate possible hypotheses or solutions to the problem. Once initial possi-
bilities have been determined, the process of confirming or narrowing the
solution begins. In systems imvolved in diagnestic problems, the program will
usually use its conceptual model to suggest tests to be performed or questions
to be answered. These will narrow the solution range until the system is
confident that it has reached a valid conclusion.

Dynamic data analyzers, such as the Pentagon battlefield systems, will
await more incoming data to confirm or deny existing hypotheses or even gener—
ate new potential solutions. Again, when the system is confident of a scluticn
or hypothesis, it will suggest it to the user. OFften the measure of confidence
is expressed as a muneric weight which begins as a measure of the incoming data
reliability and is propagated through the systam to measure the strength of the




198 TERMINAL, DISASTERS

rules being applied. Unfortimately, the stremgth of the rules is usually an
arbitrary assigrment given by the Ihman "experts" during the system design ard
is therefore subject to error.

Explanation of Knowledge

A key feature of many expert systems is their ability to explain their
reascning in understandable terms. This capability is one of the distinguish-
ing features of human expert consulting and is implemented on camputer systems
to improve the user's confidence in the system's judgement. When the exact
reasoning process that the system followed is available, it is easier to con-
vince users that the sclutions are valid and can ke reliad upon. However,
there are differing philosophies on whether the system should actually use the
same reasoning processes as the expert. Several systems use techniques far
more elaborate than ary used by mans but then attempt to explain their solu-
tion in conventicnal ways.

Fnowledge Acquisition

System's designers are interested in knowledge acquisition for two
reasons. The first is the practical consideration that it is often impossible
to guarantee that the human "“experts" have taken everything into account during
the system design. The second is a more theoretical interest in having the
system progress through self-learning. The former consideration is merely a
safequard against project deadlines; the latter may open the door for expert
systems that can outperform even the best of human minds.

Expert Systems as a Component of Decision Alds
Various frameworks have been proposed which identify the specific compo-
rents of a decision aid. We have developed a paradigm specifically for
disaster response decision aids (Belardo et al., 1984); Figure 1 displays the
camponents of a decision support system and identifies the role of expert
systems. The five components include:

A data bank,
A data analysis capability,
Normative models,

Expert systems, and ) .
Technology for display ard interactive use of data and models.

This "system" ideally interacts heavily with two external elements; 1) the
disaster manager and 2) the disaster response envirorment.
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Figqure 1
Components of a Disaster Response Decisicon Aid

The data bank stores information from the envirorment. Scme of this
{e.g., data concerming response rescurces) is cbtained prior to an actual
disaster, while other data is gathered concerning current conditions (e.g.,
theweather). This data may be presented to the decision maker in raw or trans-
formed format.

In many cases, the data may be processed or analyzed using statistics or
formilas to provide specific types of information that are useful in decisicon
makirg. For example, data regarding the nature of the disaster and the pre-—
valling weather can be conbined to forecast the potential effects of the
incident.

Normative models can help to provide response solutiocns that are not
readily apparent, to evaluate the tradeoffs between altermative solutions, and
(scmetimes) to provide recomsendations on actions to be taken. These models
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interact with both the data bank and the analysis functions.

The expert system component uses a rule~based view that captures the
expertise of disaster managers. The system, as discussed in the previous
section, takes data from the data bank and assesses its plausibility or worth.
Using the data, production rules result in recomendations to the disaster
Tanager.

The final system component, the technology for display and interactive
use, is the part of the system that links the disaster manager and other com—
ponents of the computerized decision support system. It can be argued that
this compenent is the key element in determining the success of the system. If
the manager camnot receive the information in an appropriate format {takwlar,
graghical, or whatever), the system may well go urused. Although research is
samewhat inconclusive on ocur ability to design decision aids that are congruent
with a person's particular cognitive style (Zmud, 1979), providing decision
makers with a variety of display and data retrieval capabilities deces enhance
use of the decizion ald in disaster response (Belardo et al., 1984).

A Demonstraticn System

A small demcnstration system designed to handle fire comtrol in the event
of a petroleum pipeline break caused by an earthguake well illustrates the
potential of expert systems. Such a system would be employed by Emergency
Operating Center {BOC) persarmel to quickly allocate emergency vehicles in a
situation where a few mimtes delay could result in millions of dollars in
property loss. The system's key data inputs would be helicopter or ground
reports of fire damage. Correlating these timed reports, the system would
recamend in a matter of secords the best procedure for combating the fire.
As new data comes in from field reports, the system is capable of altering its
recamendations and planning the best fire control alternative.

Scenario

The system is customized for an imaginary city in southern California,
through which runs a six inch petroleun pipeline. The precipitating disaster
iz an earthquake with a magnitude of 8.3 on the Richter scale. Such a guake
would have devastating effects on the entire sauthern part of California,
leavirg millions homeless and causing almost incalculable amounts of damage.
It is presumed that in the imaginary city many structires topple and major
roads become unusable. A1l of these special circumstances are assumed in the
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program design. A properly developed system could be made more flexible so
that it could adapt to situations in other locations.

After the actual shock waves have ceased, the primary danger for this city
is fire. It is presumed that somewhere along the length of the pipeline that
is close to ground, there will be a break. There is no question that such a
break would cause instant ignition of an intense, uncontrollable fire. The
fire would burn in two different directions, making emergency operations ex-
ceptionally difficult. Structures close to the break would ignite, and winds
would drive the flame front to the west. Mearmhile the liguid petroleum, still
aflame, would pour down the streets of the city seeking the lowest ground. as
it moves con, there could conceivably be additional structure fires touched off
by the flowing flames.

The task of the expert system is to assess the fire threat and recommerxd
precise emergency actions to limit losses to a minimum. The program accepts
timed damage reports to assess the progress and seriousness of the fire. When
sufficient reports have keen received, the system recommends fire control
strategies and the optimm locations to implement them. The capability to
asgess available emergency vehicles has keen added to the program in an effort
to aporoximate real-world conditions, and an additicnal feature has been in-
cluded that posts warning messages to irdicate that the fire is ermdangering
critical locations such as schools and hospitals and that evacuations should ke
ordered if they have not already been carried out.

The Program

Written in the Pascal computer language, the demonstration system contains
many of the features available in full-scale expert systems. We will attempt
to explain some of the information that is contained in the system and the
method in which the system processes that data.

Much of the specific domain knowledge is represented in data tables or
files. For instance, a grid map of the city for determinirg street locaticns
is contained in the matrix called CITY. Blocks are represented by O value
entries, while streets are given mumbers that are in turn entered in the street
listing table, STREETS:

Street # Street Hame
First Averue
Second Averue
Main Street

e s WM
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¥While the internal processing uses street mmbers (because they are con-
sistent with the matrix map representation), the user is presented with the
full street name., Similar tables exist for emergency vehicle locations and
critical citizen locations. Reference tables allow the system to calculate the
changes in damage caused by increased wind velocity and different oil flow
rates.

Incoming data is of several types: variables that are primarily extermal,
like wind speed, weather forecast, and oil flow rate; and program variables—-
mainly damage reports and vehicle availability. The extermal variables can be
entered into the program immediately and require no specific system knowledge;
the program variables require a brief interval for field reports to be accuma-
lated and processed. In many cases, the FOC manager responsible for managing
the situation will not arrive at the EOC center for up to thirty minutes after
the precipitating disaster., In this time, field reports can be campiled for
quick access ard data entry. Imput data is controlled by an irput mermi from
which the user selects the irput he or she is ready to enter. The user then
types the informatien in using the specified format. The procedure is simple
and fast.

The program's knewledge base is stored in a large file of production rules
that follow a rough "If A then B" format. A sample of the production rule file
locks like this:

Antecedent Consecuert:
BIOCK 1 = BURNED CCTATN EAST (BLOCK 3 + WIND FACTOR)
FIOW 1.2 ALIQCATE, 3 VEHICLES SOUTH BIOCK 67
STREET 17 = BRLOCKED ADD STREET 17 BAD LIST

STREET 35 = BURNED WARN #2

The rules file is relatively large, a necessity in any camplicated expert
system. The system processes the rules file into understandable conditions
(the file is written to be discernable to a user), and then applies the condi-
tions to the available data. Whatever actions indicated in the rules list are
performed and cammmicated to the user. The rules list must be processed
several times before the program (or the user} can be sure that all of the
potential recommendations have been found: because one rule may produce a
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result that ancther rule is waiting to see. Thus, the system must proccess the
rules a second time so that the latter rule has all of its necessary input.

The ocutput of the system consists of recomended fire fighting strategy
and recamerded allocation of available emergency equipment. The user is free
to accept the recommendations or alter them as he or she likes. Several inter-
active features allow cne to quiz the system about 1ts recomendations. A memu
choice will display all of the rules used by the system in generating its
latest results. This amunts to a listing of those rules in the rule file that
were found to be true on the last pass of the rule processcr. Ancther menu
item allows the user to alter a system variable to any value chosen and remm
the rule processor. This flexibility is especially valuable when the EOC
marager has doubts about the validity of the data. To assist the manager in
evaluating the outputs, a recommendation weight is attached to each major
strategic decisicn. The weight iz an evaluation of the sensitivity of the
system, given its current inmputs. For example, when winds are high and there
is a large probability of rain, the chance of the system making a less than
optimm decision is greater.

Conclusion

The primary use of a demonstration program like the one described here is
to enable understanding of expert systems. While it is of same practical
value, the system is of such a small scale that it does not distinguish itself
greatly in performance over mathematical models or trained human experts. It
should be stressed that this is merely a function of the small size of the
problem that we have used in this example. As we noted earlier, the strength
of expert systems lies in their ability to camprehend extremely large problem
areas, particularly those which imvolve the integration of different solution
technicques., 2an expert system designad to handle emergency decisions in all
areas of disaster management would be capable of cutperforming human persomnel.
Purthermore, it would be difficult, if not impoasible, to apply a mathematical
model to such a situation, because of the difficulty in cbtaining accurate
statistics describing similar events.

Clearly the implementation of scame automated decision aid system is par-
ticularly appropriate for managing the conditions following any disaster
fBelardo et al., 1983). The goal of this paper has been to demonstrate that
expert Systems are capable of filling that role and doing so admirably.
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Introduction

All of our equipment, software, tends to be organized around natianal
decisions. Crises, by their very nature, are irraticnal processes.
People who are good at managing crises tend to be people who have
gotten very, very good at making decisions in almost the total
absence of information, making gut decisions based on who they could
trust ard couldn't trust.

Dr. Jacques F. Vallee (1981}

The immense disparities that exist today between the often illusory
sophistication engendered by technological achievement (limited to relatively
few clusters within the civilized world) and the reality of humankind existing
marginally throughout most of the globe mirror cur varying capacity for dealing
with the range of crises that beset humankind. Although an array of ingenious
technolegy has been developed to help prevent, ameliorate, or at the very least
respond to various kinds of disasters, the adaptation of such advanced tools
and techniques has been very uneven within the emergency management (EM) commm-
nity.

This is not to gainsay the impressive move toward better trained EM per-
sonnel at every level of govermment and within the private sector. Both
through the Naticnal Emergency Management Institute and an array of training
ard corientation programs undertaken at the state and local level, the men and
women who comprise this 12,000-person cadre are daily increasing the technical
skills needed for this demarding profession. Yet, in performing their jobs,
these profes=zionals must ask themselves certain cuesticns: how mach prepara-
tion for coping with variocus types of emergencies is possible? how much is
useful? how much can be learned from prior experience, either first- or

1 The views expressed are those of the author and are not necessarily those
of the Corgressiconal Research Service or the Library of Congress.
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second-hand, with a given disaster? what investment in data relevart to a
possible crisis can be justified? how is it possible to maintain a high level
of motivation when achual emergencies occur infreguently?

To deal with these unscheduled events, those charged with EM tasks must be
able to improvise as well as use their training and knowledge of the resources
at hand; they must be able to comunicate concisely and well in order to pro-
vide the mencimm possible warning and response; arnd they must be able to learn
from and commmicate their experiences.

Another dimensicn to the problem of developing the best possible EM system
is that plans mist consider miltiple disasters and interactive corditions, such
as may be fourd in an urban area. For example, a tornado could damage a chemi-
cal plant in a midwestern city, causing a toxic release, and also damage the
warning system, impeding evacuation directives and procedures.

Benefits and Problems in Using Information Technology

Our nation prides itself on being able to systematically analyze situa-
ticns and marshall the requisite resources—human, technical, financial—to
plan for or cope with emergencies. Yet, there is a growing sense within koth
the public and private sectors that cur nation 1s inadequately prepared to cope
with the natural and technological crises of these camplex times. Our society
and goverrment are increasingly hard-pressed to anticipate, much less respond
effectively to, many of the hazards that threatenh lives and property. The
devastation wrought by the Mount 5t. Helens' esruption or the tornadeces that
ravaged the Carolinas in early 1984 indicate that same of the pricrities and
processes rnvolved in managing emergencies need to be rethought.

"Information technology" may be one tool for coping with these kinds of
problems. Most experts now recognize that their own senses and analytical
abilities may be insufficient to handle a given problem and that only a compu-
ter can effectively manage all the relevant information. Therefore, one criti-
cal facet of strengthening the emergency management capability in the United
States-—whether the focus is on mitigation, prevention, response, or recovery-—-—
is the development of advanced information systems for collecting, storing,
processing, retrieving, and sharing essential data and information that may be
used by emergency managers. In particular, at a time when officials are over-
hirdened with information, it is imperative that systems ke selective and
capable of filtering out unimportant information.
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The introduction of advanced technclegy into any information handling
erviromment, such as the emergency management community, poses problems.
Decision makers at all levels of the emergency menagement system have to urder-
stand the benefits and limitations of using informaticn technology. Their
questions include: Wwhat can technology de to better manage vital information?
Can technolegy enhance the determination of information validity, and thus help
to deal with misinformation or "disinformation"? Should small-scale experi-
ments and practical case studies ke undertaken to better understand the man/
machine interfaces involved in advanced systems? In addition, it is not clear
how the technology can be best used to improve vertical or horizontal communi-
cation among emergency managers. Nonetheless, some irmnovations have already
proved beneficial. The growing use of sensors (aloft and aground), processors,
and disseminators allow those responsible for develcping appropriate strategies
to make decisions within a more well-informed context.

Included among the organizations in the United States with recognized
roles arndd respensibilities in emergency management who share concerns about the
use of this emerging technolegy are (Chartrand, 1984):

Federal agencies, such as FEMA, USGS, NWS, NCAA, DOD, and many more
State ard local goverrments (including task forces)

Regicnal camissions

Private sector consultants and information services

Information "clearinghouses"

Organizaticnal "watch centers"

National coordinating groups

Private sector contractors—corporate, university, norprofit.

Emercgency management was once primarily a velunteer activity, but now
there are hundreds of full- and part-time professicnals involved in every
aspect. These people have learned that James Michener (1982, p. 622) was
correct when he pointed out that:

[our] balance in life consists of handling in real time those
problems which cannot be delayed, then recalling more significant
data during pericds of reflection, when long-term decisicns can ke
developed.

Congressional Insight and Initlatives
Congressicnal interest in the potential impacts of information technology
is increasing, and not surprisingly encompasses all four phases of emergency
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management. Among the many questions coming under legislative scrutiny are:

e Is there a cmrent, valid, long-range plan addressing the role of
camrumjcations networks in emergency situations?

® Has the optimm use of advanced information technologies in various
disaster scenarics been studied, and plans for thelr cperational
utilization developed?

® Have priorities been determined for the creation, maintenance, and
use of those essential Information files that may be available to
decision mekers during emergencies?

e Will secure communications be available in contingency situations?

e Are the advantages and disadvantages of varicus technologles employed
in anticipating or respordding to natural or himan-caused disasters
understood by managers or operators?

) Isthereaneedtorevmwpmsentemergencyranagementccnceptsand

plans, particulariy those concerning the roles of *watch centers, "
networks, and key human resources? (U.S. Library of Congress, 1983}

During the 97th and 98th Congresses, the Subcommittee on Investigations
and Oversight, under the leadership of Representative Albert Gore, Jr., of the
House Camittee on Science and Technology, undertook a multifaceted exploration
of the role of information technology in emergency management. Early on, Gore
noted:

The subject of disasters is not one that many of us care to dwell on.
Earthquakes, fires, assassinations, terrorist attacks and muclear
melt-downs are the stuff of Hollywood and we like to keep it that
way. As a result of this "out of sight, out of mind" ethic, ocur
society is often ill-equipped to deal with emergencies when they do
arise. (U.S. Corgress, 1984, p.123).

Present and potential uses of computers and telecomunications received
primary atternticn in the 97th Congress, as the Subcomittee considered their
value in preventirg or coping with technological or natural disasters. Follow-
ing a roundtable discussion led by Chairman Gore and Dr. Richard Beal of the
White House, two days of hearings were held on September 29 and 30, 1981, with
expert testimeny by acknowledged governmental and private sector leaders in the
field. Subsecquently, a technical forum was spensored by the Subcammittee on
November 23, 1981, featuring participation by 17 senior individuals who
engaged in structured discussions and witnessed demonstrations of technology-
supported information systems.
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The second phase of the Subcammittee's activity in this area ocowrred in
the first sessicn of the 98th Congress, with the convening of a cambined two—
day hearing and workshcop, on November 16 and 17, 1983. The highlights of these
varicus Subcommittee initiatives along with interpretive camentary and sumary
recommendations are contained in a camittee print entitled Information Techno-
logy in Emergency Management, prepared by the U.5. Library of Congress, Con-
gressional Research Service (1984). In summary, the thematic goals estab-
lished and pursued by the Gore Subcommittee throughout its investigation were
tos

1) Establish the full range of natural and technolegical disasters;

2) Identify what technology can and cannot do;

3) Recognize the overt ard subtle interaction between human beings and
their innovations; and

4)  Ascertain the value of incremental improvements, when sweeping policy
and pregram revampling is not pessible. (Chartrand, 1984)

{In addition to the major report that highlighted the initiatives taken by
the Core Subcommittee, a few other important studies have been conducted in
recent years that analyze this camplex topic (Strauch, 1980; Janicik, 1979:
National Research Council, 1982; Tencpir and Williams, 1982; Carroll, 1983:
U.S. Office of Technolegy Assessment,1984).

Retaiming the Critical Dominance of the Human Role

Most will agree that order and change need to be better synthesized within
the emergency management envirorment ; however, there is less agreement on how
that can be achiesved. Dr. Rebert F. Kahn of the Defense Advanced Research
Project Agency (DARPA), reminds us that "technology for emergency management
should be usable. . . a natural part of the working enviroment. . .
dependable. . . ubiquitous. . . [ard] intercperable with other systems (U.S.
Congress, 1981, p. 180)." This is a large order and may be seen by many at the
local level, where there are limited rescurces, as unattainable. Yet, much can
be done with a little ingeruity. (See, for example, the description of the
activities in Vermillion County, Illinois cited in U.S. Congress, 1984, Ip.
345-346, 383-384.)

There is a great deal that may be learned by civil sector authorities from
their defense establishment and intelligence commmity courterparts. Time ard
again during the recent congressicnal hearings and workshops, participants
referred to tools and techniques develcoped by these emergency-oriented groups.
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In many instances, it has been inperative to involve both military and civilian
forces in resparding to certain types of emergencies, and hazard managers have
learned that not only is the sharing of rescurces during a disaster often
required, but prior joint planning of such resource allecation can be very
beneficial.

Another resauce for civilian authorities dealing with crises is the
National Voluntary Organizatiens Active in Disaster (NVOAD) comprised of kay
private sectcr groups.

Collakorative effort among these groups is often impeded by abstacles
pesed by bureaucracies or individuals, but the overriding need to develop
interjurisdictional emergency response mechanisms has resulted in increasingly
concerted action. Maximm commumnication ketween authorities at various levels
must be achieved to ensure protection of life arnd property. Moreover, as
Alexander M. Hunter has peointed out, not anly is this a matter of saving lives
and property ut a question of civil liability as well (U.S. Congress, 1984,

p. 358).

Thus, with all of the incredible advances gained as a result of the inven-
tiveness of man, the human factor remains paramount. The nation's leaders must
keep this in mind as they try to increase our country's preparedness for emer-
gencies. They must balance the matural human desire for stability with the
changes necessary to ensure sufficient emergency preparedness and "contimuity
in govermment" under wnsought crisis conditions. Theose changes effect finan-
cial, comercial, and social services, as well as emergency preparsdiness sys-—
tems. Reobert F. Littlejchn was emphasizing this broader view of the huwan rcle
in crisis management when he said:

Crisis management. . . is actually the antithesis of mismanagement
and it is semething that has to be really fine tuned: identifying
crisis issues; forecasting what an impact would be on a
politically, socially, and economically; and locking at what is the
probability of the crisis taking place (Littlejchn, 1984).

Issues and Opportunities

Human industry and ingenuity have cambined to provide an ever-breadening
array of techiwlogy that supports emergency management. Same specific examples
include (U.S. Congress, 1984, p. 5):

¢ 800 ninicomputer warning systems in use throughout the country;
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® A variety of airborme platforms such as the MASA U-2 and NOAA Flying
Laboratories, along with sophisticated satellites featuring multi-
sensor collection systems;

e Iarge masses of data stored in camputerized or microfilm files (e.q.,
those at the National Hurricane Center);

e The rapid retrieval of key data utilizirng on-line access systems
available to users lecated in emergency operations centers (ECCs),
mcbile units, or other remote sites; and

8 The varied commnications conduits—land, air, and satellite systems
(e.g., Immarsat)—for transm:.tt:.rx; key data. {an example of an
imnovative cn-line system now in operaticnal use is NOTEPAD, the
camunication network used at the Diablo Canyon muclear power plant

{see Figure 1).

In the case of aerial data collection (infrared, radar, corventicnal
rhotography) , the possibilities for use in advanced crisis condition detection
are many. Arthur C. Iundahl and Dino A. Brugioni, piocneers in this field,
suggest:

The future portends even greater cpportunities because the imagery
can now be digitized, and the combining of imagery interpretation
expertise with computer technolegy. . . provides us with mamercus
imnovative applications. The enormous volume of imagery-deriwved data
now under conputer control provides untold opportunities for utiliza-
tion by analysts in Emergency Operation Centers (limdahl and
Brugioni, 1985).

One valuable rescurce for many emergency managers is gecgraphical data
that can help in the dstermination and analysis of potential Impact areas,
transportation routes, and evacuation sites. Dr. Jerome E. Dobson of the Oak
Ridge National Laboratory Ridge camments that the primary effect of this system
would

not be to supplant human intelligence and decision makirg, but rather
to speed up many calculations and judgments that are already being
made in emergency situations. The greatest advantage woild be a
bettermdezstarﬂquofwherethempactscznbeexpectedtooocur

. . . this understanding would be shared through a common set of
information among plamners and decision makers at all levels of

authority (U.S. Corgress, 1984, p. 320).
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Emergency Diablo Canyon
Cperations 1 Muclear Plant
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INPO | ; Covernment
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® NOTEPAD station: one terminal with two people 2lready trained in the use of computer conferencing.
tdentiiied by location.

Nate 1: In the drill this location was not using NOTEPAD. When a statement was to be made to the
media the infarmation officers had to travel by car (5 miles round trip) to the media center.

Note 2: At the time of the field exercise, appropriate telephane links had not been completed as
required. NOTEPAD was the anly link between the Media Center in San Luis Olnispo

and the Emergency Operations Facility

Figure 1
Flow Diagram——Diablo Canyon Emergency Drill
(Scurce: Jaccque F. Vallee, INFOMEDIA Corporation)
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Ancther netable application of information technology, cbserves Dr.
Marilyn C. Bracken, is thar associated with hazardous waste management. She
empchasizes the "enormous potential" of its use:

Obtaining the best information possible—being able to assess the
uncertainty and limitations surrounding the data, in a cxritical time
frame--is the cbjective of all. . . irvolved in emergency management
(Bracken, 1984).

These comments indicate the breadth of this topic. 2as the investigation
by the Gore Subcomnittes progressed, a rumber of idertifiable issues and action
opportunities emerged (U.S. Congress, 1984, pp. xv-xvi). First, the Federal
Fmergency Management Agency (FEMA) was urged to consider such actions as:

e Creation of a uniform disaster reporting system,

& Establisiment of a National Assistance Program Index,

# Expansion of present corientation and training capabilities and
programs, including miltisensor work,

® Development of a permanent simulatieon capability, including medels
capable of using a wide variety of data, amd

® Preparation of a five-year plan, featuring interagency information
handling capabilities.

Secordly, cother federal agencies, either in collaboration with FEMA or
through unilateral action should:

® Create a "core crisis management mechanism," preferably within the
Executive Office of the President,

® Reexamine the present role of the Federal Commmications Commission
in emergency cammumicaticns,

o Establish a focal point in a designated agency to study the application
of technology to non-DCD problems,

e Direct Federal technology providers to review new information technolo-
gies for possible EM use, and

e Undertake the establishment of a civil sector copmmications network
with qualities of flexibility and durability.

Thirdly, state and local emergency authorities were encouraged to:

o Establish or upgrade mutual aid assistance agreements, with particular
attention to technological interactive support,

e Standardize coommmications frequencies at least within an identifiable
potential disaster area,

e Develop "liability" grourd rules to clarify decision-making protocols

ard priorities,

e Optimize their EM capabilities in the interest of "self-sufficiency'--a
rrerequisite for certain types of disasters, and



214 TEFMINAL DISASTERS

e Begin to prepare that “"secondary layer" of EM statutes ard regulatiocns,
to augment or serve in the absence of federal laws.

Fourthly, the Congress through its committee structure was asked to
contemplate:

o Further revisicon of the Commmications Act of 1934,

e Imtensified oversight regarding a range of emergency management activi-
ty areas, both pre~ and post-disaster,

® Creation of a "national emergency cammmnications network,™

¢ Establishment of a requirement for the "dual use of technology" in

funding new proomrements, and
® Delineation of a new "clearinghouse" activity which would collect,
store, ard make available prioritized EM data.

These overarching concerns, along with many others articulated by witness-
es and workshop participants, reveal the camplex decisions regarding policy
that must be made by these charged with determining the future of emergency
management.

The attitude of the many participants in the Subcamittee hearings was
decidedly favorable toward the greater utilization of information technelegy.
Understandably, they also recognized cbstacles to be overcome as well as
comitments that needed to be made by those in authority. A selection of
caments is presented here regarding six specific areas cited by those involved
in emergency management as being particularly critical (U.S. Congress, 18984,
pp. 22-24). First is an cbservation regarding the role of information tech-
nology in the emergency management envirorment and the way in which humans must
interact with that technology:

If the technology cannot be used by [emergency managers] and dozens
of other pecple with whom I work, it is going to be of little value .
« a e EvezyZor3yearsthenembezshipma:rccmuitteed1a:ges, and
if we are not getting pecple thoroughly familiar with the utilization
of this technology, it is going to be more harmful than helpful. I
would keep my cammications simple. (Charles F. Allen, city EM
manager)

The role of human beings in advanced EM systems drew this comment:

The essential point that humans provide in an cperaticnal center, to
paraphrase Tom Belden, is to act as a corporate memory. They have to
know who the people are, who knows what, at what point in time. . . .
No amount of technology can make up for the inadequacies of training,
quality, motivation, and energized leadership. {Vincent J. Heyman,
Planning Research Corporation, senior associate)
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Other caments also focused on the role of human resocurces and means of
linking individuals using advanced electronic technology:

Everytlmetherelsacrlslsmchlstmlque,ywsc!myamnﬂto

find who is smart about this. . . how do you put them together. . .

wlret‘nemtogether . ..Itlsta}ungadvantageofwhatallofthese
various commications systems are, and taking advantage of pecple

who know pecple. (Dr. Thomas G. Belden, censatltant)

The creation of "knowledge bases" for decision makers in emergency manage-
ment elicited this statement about those actually working in the field:

In any large-scale civil emergency. . . we do not call it intelli-
gence, but there are vast mformatimrequu-enmts v+ o+ If they
need, for example, information on the distribution of population or
the availability of other assets in and near Mount St. Helens, that
is intelligence. That includes damage assessment, which is camonly
an intelligence responsibility in the military. . . the data base
prchlem may be ro worse on the civil side it has been given less
focused attention in the past and is less unified in terms of the
capacity to commmnicate among the data bases. (Francis P. Hoeber,

cansultant)

Concern about the nature and reliability of networks, both under neormal
and contingency corditions was also voiced:

You should have altermate routes to every path that you are going to
taka. . » « You should have two gateways between every network at
alternate sites. . . . Analysts use the files but they usually have
bac}mpmthodsforgettmgdata too. . . . As time goes an and they
get more experience with the system, they will begin to rely upeon it
more and more. . . . The further you get from the Washington area
the more the people rely on the information since it is the enly
source they have. (Geocrge M. Hicken, govermment system manager)

And finally, the discussants often cited their belief that further re-
search and development muist be carried out in order to maximize the utility of
camputerized files, and make them accessible to as many potential users as

possikle.

[in addition to] research and development needs. . . we need mostly
an awareness of what technolegy is available. We moed research on
the data integration, particularly from the software, because the
present database management systems are not adequate. We need dis-
play integration of sensory information fram multi-sources. (Curtis
L. Fritz, consultant)
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Effective Crisis Management: 2an Unflagging Need

It is difficult to foresee when this nation will not have to confront and
manage emergencies, so every attempt must be made to prepare for these crises
ard to respend to them utilizing all pessible rescurces. If a "systems
approach" is a viable means to that end, then the lessons learned within the
acrospace, military, and intelligence establishments must be heeded. The
importance of this strateqy was heralded as early as 1966 during the delibera-
tions of the National Commission on Technolegy, Autcmation, and Econamic
Progress. The commission's report (1966, p. 100) states that:

In short, what a systems approach implies is comprehensive planning
so that we can trace cut the effects, progressive ard regressive, of
any set of choices and decisions upon all other relevant decisions.

Although all these meetings emphasized the ways in which officials
collect, process, and use information, the needs of the public for enlighten-
ment and education—whether through television, radio, written publications, or
lectures and seminars—also must be considered and met.

Summary

Both government and society are learning that the durability and flexi-
bility of emergency management systems are critical parameters determining
functicnal effectiveness. There is an increase in both similations and actual
exercises utilizing crisis-handling systems in order to test their gperation
under stress. To mary, if not most, emergency managers, the criterion in these
tests is the delivery of needed information that is accurate, timely, compre-
hensive (where possible), and relevant to the challenge at hand. The technolo—
gy is incidental; if its performarce is unreliable—whether in linking indi-
viduals, organizations, or networks or in simply retrieving essential pleces of
key data—then the emergency management office may opt to retwrn to a simpler,
more trustworthy system.

Tha acquisition, verification, and transmittal of information has always
been critical in meeting a variety of crises ranging from small-scale localized
disasters to larger emergency situations affecting a wide geographic area.
Thus, information technology more arxd more offers a wide ramge of potentials
for erhancing the effectiveness of crisis organizations—both goverrmental ard
private~~responsible for emergency warning and notificaticn, situation assess-
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ment, decision making during crises, and dissemination of information necessary
for responsible action. Those who shape key policies amd direct the resultant
programs must contimue to seek ait all potential resocurces to meet the increas-
ing needs posed by an evermore camplex and hazardous soclety. Implicit in
these difficult challenges are many cpportunities for the optimm utilization
of those innovative technologies that, when combined with imtelligent human
direction, can ensure qur survival ard well-being as a nation.
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