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EDITOR’S INTRODUCTION TO THE PROCEEDINGS OF THE 9™
INTERNATIONAL CONFERENCE

It is natural that the horrendous events of September 11, 2001, and the responses and implications
for emergency management would receive significant attention in the conference. The screening of
the 2-hour documentary filmed by two French journalists set a context for the equivalent of 4
sessions of panel discussion and papers directly related to the events. A particular advantage was
hearing presenters who actually were on-site in the response and recovery. The conference
benefited from the insights of Dr. James Young, M.D. Ontario’s Chief Coroner and Assistant
Deputy Minister for Safety and Security in Ontario. He led the Ontario response team at the World
Trade Centre, and has devoted much of his time since that event to enhancing Ontario’s response to
terrorism.

Papers in the regular conference streams continue the broad-based approach to emergency
management that have characterized previous conferences and make them so valuable in evolving
an integrative framework for emergency management. The sessions on the systems approach and
organizational/institutional aspects of emergency management continued to move the agenda
forward. The papers on the practical and theoretical aspects of disaster response set the scene for a
very interesting consideration of the gender issue in disaster recovery. This has established a
valuable new perspective that should generate further discussion at future conferences.

Once again a number of good papers on transportation emergencies contribute to the conference.
An important aspect is further discussion of the importance of independent transportation accident
investigation. The conference appreciated the strong support given to this topic by Mr. Pieter van
Vollenhoven, Chairman, ITSA, The International Transportation Safety Association. This
discussion will be carried forward by the TIEMS board and may result in closer cooperation
between ITSA and TIEMS.

The good balance between practical and theoretical aspects is evident in the set of papers on
earthquakes and extreme natural events, behavioral issues, urban infrastructure, and responses to
terrorism and bioterrorism.. It is good to see a series of papers related to risk and vulnerability
assessments at the community level. This work is essential if local disaster mitigation is to become
effective.

A major highlight of this conference was the very strong set of papers and presentations on
business continuity and business crisis management and response. TIEMS was pleased to welcome
the special presentation section from the Disaster Recovery Information Exchange to the
conference.

The participation in this conference shows that TIEMS has a mature and expanding base in many
important aspects of emergency management. It was therefore appropriate that there were sessions
for discussion of the future development of TIEMS. This underscores that this is a time of great
opportunity for TIEMS to move forward in bringing professionalism to emergency management
and mitigation.

The discussion shows that TIEMS can be important in helping the profession move forward from
roots in a primarily paramilitary response and reconstruction orientation to a strong beginning in
community and national level mitigation. This is made possible by advances in warning systems,
predictions and decision support systems — many based on work originally discussed in earlier
TIEMS conference papers. The private sector TIEMS members are providing important tools and
the academic members are advancing the science and the theory. We look forward to future TIEMS
conferences where we will see a broader set of participants — practitioners, academics, private
sector providers, decision-makers, politicians and insurers. TIEMS will continue to provide an
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effective forum for cross-disciplinary discussions which ensure that the values of: equity, safety &
security, and sustainability of people, environment, business, and economy are key to professional
emergency management.

Ross T. Newkirk,
Conference Proceedings Editor. Vol. 9.
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CONFERENCE PROGRAM

Tuesday, May 14, 2002 — Arts Lecture Building, University of Waterloo

0830 Continental Breakfast, Registration and Exhibits Open

PN Keynote Special: 9/11 A Documentary - DON’T MISS THIS!

116 The Attack on the World Trade Center Sept 11" 2001.

A gripping 2-hour documentary film.
(Thanks to Jules and Gideon Naudet, photographers, for releasing to TIEMS the
special viewing rights for this conference.)
Session Chair: Kathleen Kowalski

1200 Noon: Official Conference Opening Luncheon - Festival Room, South Campus Hall.
Karen Redman, Member of Parliament (Kitchener Centre)

Session Chair: Ross Newkirk

1400 hrs Blue Ribbon Panel Plenary — (Session P 1.1) - Arts Lecture Building — Room 116
The Response to The Terrorism on September 11
SESSION CHAIR: ROBERT HEATH

THE ORGANIZATIONAL RESPONSE TO THE PENTAGON ATTACK
John Harrald — TIEMS' President, Director, Institute for Crisis, Disaster, and Risk Management, The George
Washington University

CREATIVITY DURING THE RESPONSE TO THE WORLD TRADE CENTER ATTACK

James Kendra - Disaster Research Center, University of Delaware

THE ROLE OF NATIONAL MEDICAL RESPONSE TEAMS IN TERRORISM RESPONSE
Lissa Westerman - _Arlington County Medical Response Team
THE NATIONAL TRANSPORTATION SAFETY BOARD RESPONSE TO THE FOUR

SIMULTANEOUS AIRPLANE CRASHES
Sharon Bryson - (US) National Transportation Safety Board

THE IMPLICATIONS OF SEPTEMBER 11TH FOR CRITICAL INFRASTRUCTURE
PROTECTION.
Richard Little - National Acadeny of Sciences, Washington

1600 hrs Plenary Address and Panel — (Session P 1.2) — Room 105

The International Emergency Management Society — Its Development
Session Chair: Ross Newkirk

TIEMS: ITS EVOLUTION AND CHALLENGES (20 minute address): Harald Drager — TIEMS 1ice
President & A) S QUASAR Consultants, Oslo, Norway

PANEL OF TIEMS PRESIDENTS AND CONFERENCE ORGANIZERS:
Jean-Luc Wybo, France, Verner Andersen, Denmark, Jack Harrald, United States
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The Transylvania Club is the location for Tapping a Keg of Good Local Beer and enjoying
the food and music of the area’s German founders. (Extra tickets may be purchased for
guests.) Bus transportation provided to/ from site (Waterloo Inn & University Accommodations).

Wednesday Morning, May 15 — Arts Lecture Building, University of Waterloo

0730 Continental Breakfast, Exhibits and Registration

0830 Implications of The September 11th Terrorist Attacks
(Sessions A 2.1 & A 2.2) Room 208 Session Chair: Jean-Luc Wybo
RESILIENCE AND REALITY - THE WORLD TRADE CENTRE NEW YORK 11.09.2001
Robert Heath - [nternational Graduate School of Management, University of South Australia
OBSERVING AND DOCUMENTING THE INTER-ORGANIZATIONAL RESPONSE TO
THE SEPTEMBER 11 ATTACK ON THE PENTAGON
John Harrald — Director, The George Washington University Institute for Crisis, Disaster, and Risk Management,

Irmak Renda-Tanali - Research Associate, The George Washington University, Jeanne B. Perkins - Earthguatke
Program Manager of the Association of Bay Area Governments, Oakland, CA

FEDERAL EMERGENCY MANAGEMENT: IMPLICATIONS OF THE TERRORIST
ATTACKS OF SEPT. 11, 2001
Claire Rubin - President, Claire B. Rubin & Associates and Senior Research Scientist, Institute for Crisis, Disaster
and Risk Management & Irmak Renda-Tanali -Research Associate, The George Washington University

A NATION CHANGED: A PSYCHOLOGICAL PERSPECTIVE ON 9/11

Kathleen Kowalski - Psychotherapist, Private Practice

CREATIVITY IN EMERGENCY RESPONSE AFTER THE WORLD TRADE CENTRE
ATTACK
James Kendra &Tricia Wachtendorf - Disaster Research Center, University of Delaware. Newark, New Jersey.

PANEL DISCUSSION BY SPEAKERS CLOSES SESSION

0830 Systems Approaches to Emergency Response and Mitigation

(Session B 2.1) Room 211. Session Chair: Harald Drager

A SYSTEMS APPROACH TO ENVIRONMENTAL HAZARD ASSESSMENTS

Kim Galindo & Seong Nam Hwang,, Hazard Reduction and Recovery Center, Texas A»M University
THE SYSTEM APPROACH IMPLEMENTATION IN EMERGENCY MANAGEMENT FOR
FLOODS, TRANSPORT AND TERRORISM PROBLEMS

Vladimir B. Britkov - Institute for Systems Analysis, Russian Academy of Sciences, Moscow, Russia,
UNDERSTANDING AND CONTROLLING CASCADING FAILURE: A SYSTEMS
APPROACH TO MULTI-HAZARD MITIGATION

Richard G. Little - Director of the Board on Infrastructure and the Constructed Environment of the National

Research Council
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1000.. Refreshment Break - Foyer

1030 Organizational And Institutional Aspects Of Crisis Management And
Mitigation (Session B 2.2) Room 211 Session Chair: Claudio Balducelli

IS THE EMERGENCE OF ORGANIZATIONAL PATTERNS A SUCCESS FACTOR IN
CRISIS MANAGEMENT?
Cédric DENIS-REMIS, Cheila COLARDELLE, Valérie GUINET and Jean-Luc WYBO - Ecole des
Mines de Paris
CAN THERE BE A THEORY OF DISASTER PLANNING?
Ernest Sternberg - Planning Department, State University of New York, Buffalo
BRINGING RISK ASSESSMENT INTO URBAN PLANNING
Ross Newkirk — Director, School of Planning, University of Waterloo, Canada
IMPROVING THE STATE OF EMERGENCY READINESS IN CHINESE CITIES
Zhong Maohua, National Research Centre, Beijing, China

1200 Wednesday Conference Luncheon— (Festival Room, South Campus Hall)

John Clizbe,
Vice President of Disaster Services,
American Red Cross.

Session Chair: Jack Harrald, President of TIEMS

Wednesday Afternoon, May 15 — Arts Lecture Building, University of Waterloo

1330 Disaster Response And Management
(Session A 2.3) Room 208 Session Chair: Charles Kelly

DATA COLLECTION IN RESCUE OPERATIONS
Mirko Thorstensson Swedish Defence Research Agency

MANAGING THE EMOTIONS OF DISASTER RESPONSE WORKERS: A COMPUTER-
BASED DEPLOYABLE RESOURCE FOR SITE WORKERS, COUNSELORS AND
VOLUNTEERS
H. Richard Priesmeyer, Deborah K. Knickerbocker, Suzy D. Mudge, Cullen T. Grinnan, St. Mary’s
University, San Antonio, Texas

ORGANIZATIONS, LEARNING AND RISK MANAGEMENT
Jean-Luc WYBO - Ecole des Mines de Paris

1500.. Refreshment Break - Foyer

1530 International Disaster Recovery - Is Gender An Issue?
(Session A 2.4) Room 208... Session Chair: Kathleen Kowalski

TWO SIDES TO EVERY DISASTER - THE ROLE OF GENDER IN MANAGING DISASTERS
Charles Kelly — International Disaster Consultant USA

AN EARLY APPROACH TO COMMUNITY-BASED DISASTER MANAGEMENT:
PREVENTION MITIGATION AND PREPAREDNESS
Antony G. Marcil - Planner in Residence, School of Planning, University of Waterloo, Richard M. Williams -
World Environment Center (retired)
WHAT'S THE BIG DEAL ABOUT TEMPORARY HOUSING
Cassidy Johnson - Faculty of Environmental Design, University of Montreal

10
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WOMEN’S ROLES IN THE 1998 CENTRAL FLORIDA TORNADO DISASTER RESPONSE
AND RECOVERY

Jennifer Wilson, Florida Division of Emergency Management, Arthur Oyola-Y emaiel, consultant, Tallahassee,
Florida

1330 Transportation Emergencies

(Session B 2.3) Room 211 Session Chair: John Stoop

EMERGENCY RESPONSE POSSIBILITIES AT TUNNEL ACCIDENTS
Nils Rosmuller and Roel van den Brand -Netherlands Institute for Fire Service and Disaster Management

AN ADVANCED DECISION SUPPORT SYSTEM FOR MANAGING TUNNEL
EMERGENCIES

Verner Andersen, Frank Markert and Steen Weber, Risg National Laboratory, Roskilde, Denmark

ADVANCES IN TRAVEL DEMAND FORECASTING AND WHAT THEY MEAN FOR
EMERGENCY PREPAREDNESS
Joseph Kammerman - Texas Transportation Institute
ONE STEP CLOSER TO THE EFFICIENT MANAGEMENT OF SPEED-RELATED RAIL
INCIDENTS
Cheila Duarte Colardelle- Research Engineer Ecole des Mines de Paris (France) Jacques Valancogne —
Director, and Stéphanie Fond, Maitrise des Risques Systémes (MRS) Department of the RATP

1500.. Refreshment Break - Foyer

1530 Earthquake & Landslide Disaster Management And Mitigation

(Session B 2.4) Room 211 Session Chair: Clare Rubin

A CLOSER LOOK AND GIS-EARTHQUAKE LOSS ESTIMATION METHODOLOGY TO
IMPROVE CRISIS MANAGEMENT CAPABILITY

Naill M. Al-Momani and John R. Harrald - Institute for Crisis, Disaster, and Risk Management,
The George Washington University, Washington

THE ROLE OF NONSTRUCTURAL COMPONENTS OF HOSPITALS: 1999 IZMIT
EARTHQUAKE

N.Oztas, R.C.Myrtle, R.].Chen, S. Masri, R. Nigbor, J. Caffrey University of Southern California,
School of Policy, Planning, and Development & School of Engineering
MULTIPLICITY OF CHOICE AND USERS' PARTICIPATION IN POST-DISASTER
RECONSTRUCTION: THE CASE OF THE 1999 COLOMBIAN EARTHQUAKE
Gonzalo Gonzalo - Reconstruction Research, University of Montreal, Canada
COMMUNITY BASED PARTICIPATORY MODEL FOR NATURAL DISASTER
PREPAREDNESS - LANDSLIDES
A A VIRAJH DIAS & P R WIIEWARDANA - LABORATORY& SITE
INVESTIGATION UNIT, CENTRAL ENGINEERING CONSULTANCY
BUREAU (CECB), COLOMBO, SRI LANKA.

1700 TIEMS Annual General Meeting (Session B 2.5) Room 105

Session Chair: Jack Harrald, President of TIEMS

1330 Approaches To Business Continuity

(Session C 2.3) Room 105... Session Chair: Robert Heath

RE-ENGINEERING BUSINESS CONTINGENCY PLANS TO BUILD A RESILIENT
COMPANY

Chien-Chih Lin - Institute for Crisis, Disaster and Risk Management, The George Washington University

HOW TO DESIGN, DEVELOP AND IMPLEMENT A SUCCESSFUL BUSINESS
CONTINUITY PROGRAM

11
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Geary W. Sikich & Thomas Baines, Principals, Logical Management Systems, Corp.
THE IMPACTS OF SENIOR MANAGEMENT DECISIONS ON BUSINESS CONTINUITY
PREPAREDNESS

John Laye — Managing Partner, Contingency Management Consultants & Ma. Isabel Martinez Torre-Enciso
PREVENTION - THE FIFTH AND MOST IMPORTANT PHASE OF EMERGENCY
MANAGEMENT

Michael E. Martinet - Office of Disaster Management - Area G, Los Angeles, California

1530 Business Continuity — Workshop (Session C 2.4) Session Chair: Geary
Sikich

TEN THINGS YOUR ORGANIZATION CAN DO NOW
Geary W. Sikich & Thomas Baines, Principals, 1ogical Management Systens, Corp.

Thursday Morning, May 16 — Arts Lecture Building, University of Waterloo

0730 Continental Breakfast, Exhibits and Registration

0900 Disaster Recovery Information Exchange: Business Continuity

Symposium (Sponsored By The Southwestern Ontario Chapter Drie)
Sessions A 3.1 & A 3.2 - Room 208 Session Chair: Don Brooks
WELCOME AND INTRODUCTIONS
EXECUTIVE COMMITMENT TO BUSINESS CONTINUITY: HOW TO GET IT, HOW TO
MAINTAIN IT
Jean Armitage — Business Continuity Management, Royal Bank of Canada

BUSINESS IMPACT ANALYSIS: STRATEGIES FOR SOLUTION
Chris Werynski — Business Continuity Planning, Clarica Insurance, Canada

BUSINESS CONTINUITY AND TRANSPORTATION
Steve Cooper - FedEx Custom Critical

0830 Earthquakes & Extreme Natural Events

(Session B 3.1) Room 211 Session Chair: Duke Jeong
COLLECTION, SYNTHESIS AND QUALITY ASSESSMENT OF RESPONSE DATA
REGARDING 1999 TURKEY EARTHQUAKES
Irmak Renda-Tanali, & John R. Harrald The George Washington University, Jeanne B. Perkins - Association
of Bay Area Governments
HOSPITAL CRITICAL NONSTRUCTURAL SYSTEMS, DEPARTMENTS AND EQUIPMENT
DURING AND FOLLOWING MAJOR SEISMIC EVENTS
R. Myrtle, S. Masri, J. Caffrey K. Lee N. Oztas and R. Chen, University of Southern California
A CONTRAST IN EARTHQUAKE PREPAREDNESS: GUJARAT, INDIA & SEATTLE
WASHINGTON
Michael Trevits - Continuity Planner

SUPPRESSION OF POWERFUL CLOUDS AND PREVENTION OF DESTRUCTIVE TROPICAL

AND EXTRATROPICAL CYCLONES, SEVERE THUNDERSTORMS, TORNADOES, AND
CATASTROPHIC FLOODS

12



The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

E. Krasilnikov, V. Gridin - R/ D Center of Computer Aided Design, Russian Academy of Sciences

1000.. refreshment break - foyer

1030 Urban Infrastructure & Water
(Session B 3.2) Room 211 Session Chair: Louise Comfort

A CONCEPTUAL FRAMEWORK FOR ASSESSING ECONOMIC IMPACTS OF MITIGATION
STRATEGIES IN WATER SYSTEMS
Irmak Tanali — Research Associate, Institute for Crisis, Disaster, and Risk Management, The George Washington
University, Washington

KNOWLEDGE MANAGEMENT, FLOODING, AND THE WATERSHED APPROACH AND
THE CITY OF WATERLOO, ONTARIO, CANADA
Jason Richard Niles and Sarah Michaels, Schoo/ of Planning, University of Waterloo, Canada.

RISK ANALYSIS IN PLANNING: COMMUNITIES AND WATER EMERGENCIES
Ross Newkirk — Director, School of Planning, University of Waterloo, Canada.
METHODOLOGY OF ORGANIZATIONAL LEARNING IN RISK MANAGEMENT:

DEVELOPMENT OF A COLLECTIVE MEMORY FOR SANITARY ALERTS
Wim VAN WASSENHOVE & Jean-Luc WYBO, Ecole des Mines de Paris

0830 Responses To Terrorism And Bioterrorism
(Session C 3.1) Room 105 Session Chair: Arne Worm

"UCF 2001": A JOINT MILITARY-CIVILIAN WEAPONS OF MASS DISTRUCTION
EXERCISE
J. Peter Kincaid & Renea Moset, Institute for Sinmlation and Training, University of Central Florida, Major
Patti Pettis - 4” WMD Civil Support Team Dobbins AF Reserve Base, Georgia, Chief Joseph Donovan &
Lieutenant Michael Bass- Orange County Fire Rescue Department, Orlando, Florida
CITIZEN CORPS VOLUNTEERS TO PREPARE FOR AND RESPOND TO TERRORISM
AND NATURAL DISASTERS
Russell C. Coile, Consultant, California
TERRORISM AND SOCIAL SOLIDARITY: A REVISITED PERSPECTIVE OF CURRENT
DEVELOPMENT PARADIGMS
Jennifer Wilson - Florida Division of Emergency Management. Tallahassee, Florida
BIOTERRORISM PLANNING: SAN ANTONIO LESSONS FOR SUCCESS
Rasa Silenas, Col. United States Air Force, MC, FACS, Chatles Bauer, MD, FACS

1000.. Refreshment Break - Foyer

1030 Behavioral Aspects Of Disaster Response
(Session C 3.2) Room 105 Session Chair: Susan Smith

ISSUES FOR TRAINING AN EVOLVING EMERGENCY MANAGEMENT WORKFORCE: A
VIEW FROM THE U.S. MINING COMMUNITY
Kathleen M. Kowalski, Charles Vaught, Launa Mallett, Michael J. Benich, Jr., National Institute for
Occnpational Safety and Health, Pittsburgh Research Laboratory
EMERGENCY MANAGEMENT PERFORMANCE, THE IMPORTANCE OF ON-SCENE
DECISION MAKING
Eivind L. Rake - Stavanger University College and Sandnes Fire and Rescue Service
HOW TO COMMUNICATE WITH THE PUBLIC DURING THREATS OF BIOTERRORISM:
STRATEGIES FOR CRISIS MANAGERS
Chienchih Lin - Institute for Crisis, Disaster and Risk Management, The George Washington University

13
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1200 Noon: Thursday Conference Luncheon— (Festival Room, South Campus Hall)

James G. Young, M.D.,
Assistant Deputy Minister, Public Safety Division,

Chief Coroner for Ontario,
Ministry of Public Safety and Security
Ontario’s Response to Terrorism and Sept. 11, 2001
P P

Session Chair: Ross Newkirk

Thursday Afternoon, May 16 — Arts Lecture Building, University of Waterloo

1330 Disaster Recovery Information Exchange: Business Continuity
Symposium (Sponsored By The Southwestern Ontario Chapter Drie)
Sessions A 3.3 & A 3.4 — Room 208 Session Chair: Don Brooks

CRISIS MANAGEMENT - INCIDENT COMMAND
Richard Turnbull - Crisis Management Officer- Ontario Provincial Police

TESTING BUSINESS CONTINUATION PLANS IN TODAY’S ENVIRONMENT
John E. Laye — Managing Partner, Contingency Management Consultants

THE BUSINESS CONTINUITY AUDITOR'S PERSPECTIVE

Graeme Jannaway - Jannaway Associates, Toronto

1330 Transportation Accident Investigation
(Session B 3.3) Room 211 Session Chair: Verner Andersen

HARMONY IN DIVERSITY: METHODOLOGIAL ISSUES IN INDEPENDENT ACCIDENT
INVESTIGATION

John A. Stoop - Faculty of Technology, Policy and Management, Delft University of Technology
DISASTERS IN TRANSPORT - USE OF ACCIDENT INVESTIGATION COMMISSIONS AS
PROACTIVE APPROACH

Sverre Roed Larsen - Norwegian Work Institute, OSLO, Norway
ISSUES AND JUDGEMENTS IN ACCIDENT INVESTIGATION

Ove Nja - Stavanger University College & Senior Researcher at Rogaland Research, Norway
GLOBALIZATION AND HARMONIZATION: THE ESSENCE OF THE PROCESSES,
THEIR INTERCONNECTIONS AND GLOBAL SIGNIFICANCE

Vladimir B. Britkov, Gleb S. Sergeev - Iustitute for Systems Analysis, Russian Academy of Sciences, Moscow,

Russia

1500.. Refreshment Break - Foyer

1530 Infrastructure Safety & Warnings
(Session B 3.4) - Room 211 Session Chair: Claudio Balducelli

AGENT BASED ARCHITECTURE TO IMPROVE SURVIVABILITY OF LARGE COMPLEX
CRITICAL INFRASTRUCURES
Claudio Balducelli & Sandro Bologna — ENEA, Itay

TELECOMMUNICATION SUPPORT SYSTEMS IN COMPLEX HUMANITARIAN
EMERGENCY SITUATIONS
Juraj Buzolic -Croatian Telecom & Telecommunication , Nenad Mladineo & Snjezana Knezic - Civi/
Engineering, University of Split, Croatia

14
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USING WIRELESS NETWORKS TO PROVIDE EARLY WARNING OF EMERGENCY
INCIDENTS
Johan Jenvald- [isuell Systemteknik i Linkiping, Johan Stjernberger - Swedish Defence Research Agency,
Anders Nygren -Linkiping Fire Department , Henrik Eriksson - Department of Computer and Information
Science, Linkdpings Unniversitet, Swede
EVALUATION OF THE FERNY CREEK FIRE ALERT TRIAL: THE EVOLUTION OF THE
INTEGRATED COMMUNITY WARNING SYSTEM - VICTORIA, AUSTRALIA
Norm Free - Shire of Yarra Ranges, Victoria Australia

1330 Incident Management
(Session C 3.3) — Room 105 Session Chair: Norm Free

RAMSAFE AT THE OLYMPICS: A STAND ALONE RESPONDER ASSETS MANAGEMENT
SYSTEM SOFTWARE TOOL DESIGNED TO DRAMATICALLY IMPROVE CRISIS
RESPONSE IS PUT THROUGH ITS PACES AT THE 2002 WINTER OLYMPICS
William T. Rogerson, Jr. and Susan M. Smith - Department of Health and Safety Sciences, The University of
Tennessee.

A UNIFIED RESEARCH APPROACH TO COMPLEX SYSTEM ANALYSIS FOR HIGH-RISK
MISSION COMMAND SUPPORT

Arne Worm - Swedish Defense Research Agency
GEOGRAPHICAL INFORMATION SYSTEM DEVELOPMENT FOR REAL TIME

NATIONAL DISASTER INFORMATION SYSTEM: KOREA
Duke Jeong - Korea

1530 Incident Management Workshop
(Session C 3.4) — Room 105 Session Chair: Peter Dworsky

INCIDENT MANAGEMENT SYSTEM: A DISASTER MANAGEMENT TOOL
Peter Dworsky - Assistant Director, Office of Domestic Preparedness, St. Barnabas Health Care System, West
Orange, New Jersey

Thursday Evening
TIEMS BANQUET - A Unique Cultural Experience

The Clay and Glass Museum is the location for an evening of good food, networking,
classical entertainment and a chance to view (and perhaps purchase) unique original art
work. (Extra tickets may be purchased for guests.)

Friday Morning, May 17 — Arts Lecture Building, University of Waterloo

0730 Continental Breakfast, and Exhibits

0830 Business Crisis Response — Workshop
(Session A 4.1) — Room 208 Session Chair: Robert Heath

SELECTING AN EFFECTIVE COURSE OF ACTION - ANALYZING CONSEQUENCES AND
OUTCOMES IN ASSESSING DECISION OPTIONS
Dr Robert Heath - International Graduate School of Management, University of South Australia

1000.. Refreshment Break - Foyer

1030 Crisis Management
(Session A 4.2) — Room 208 Session Chair: Robert Heath

A TEN-POINT CHECKLIST FOR EMERGENCY PLANNING
Susan M. Smith & William T. Rogerson, Jr. - Department of Health and Safety Sciences, The University of Tennessee

COMPLEX SYSTEMS IN CRISIS: MANAGING RESPONSE TO EXTREME EVENTS

15




The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

Louise K. Comfort -Graduate School of Public and International Affairs, University of Pittsburgh
INFORMATION SYSTEM INFRASTRUCTURE FOR A NATIONAL CRISIS MANAGEMENT

CENTRE
Ahmet Tumay, Kivanc Dincer, Ozan O. Avci, Murat Demirsoy — TUBITAK, Ankara TURKEY

0830 Maritime Safety
(Session B 4.1) — Room 211 Session Chair: Sverre Roed Larsen

EVACUABILITY OF PASSENGER SHIPS AT SEA - ADVANCED TOOLS FOR THE MARINE
INDUSTRY — AUTHOR WITHDREW FROM THE CONFERENCE ON 02-05-09

Guro Christiansen - Ship Stability Research Centre, UK
DOES THE INTERNATIONAL MARITIME ORGANIZATION FORMAL SAFETY ASSESSMENT
LEAD TO IMPROVEMENT IN SHIPPING EMERGENCY MANAGEMENT?

Guillaume Chantelauve - BUREAU VERITAS, France
NEW TRAINING CONCEPTS IN MARITIME EDUCATION

Steen Weber & Hans K. Andersen - Riso National Laboratory, Roskilde, Denmarfk

1000.. Refreshment Break - Foyer

1030 Community Vulnerability Risk Analysis
(Session B 4.2) - Room 211 Session Chair: Sarah Michaels

ASSESSMENT OF THE CAPABILITY OF LOCAL GOVERNMENT FOR THE VISUALISATION OF
COMMUNITY VULNERABILITY

Norm Free - Shire of Yarra Ranges, 1Victoria Australia
REDUCING THE GAPS BETWEEN PRESCRIPTION AND PRACTICE BY ANALYSIS AND
SHARING OF EXPERIENCE

Valérie GUINET, Stéphanie BENOIT, Jean-Marc VAUGIER, Jean-Luc WYBO - Ec/e des Mines de Paris
AN ASSESSMENT OF DISASTER VULNERABILITY: FIFTEEN TENETS ABOUT A CRUCIAL AND

COMPLICATED CONCEPT
David A. McEntire - Emergency Administration and Planning, Department of Public Administration at the University of

North Texas

1130 TIEMS, Professionalizing Emergency Management & Conference Closing
(Session C 4.2) — Room 105 Session Chair: Ross Newkirk

Note: For Accompanying People, there are opportunities for interesting day trips:
Niagara Falls, Stratford, St. Jacobs Mennonite Market and Crafts, Downtown Toronto.
The University Conference Centre 519-884-5400 provides information and arrangement

assistance.
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RESILIENCE AND REALITY- THE WORLD TRADE CENTRE NEW
YORK 11.09.2001

Dr. Robert Heath

International Graduate School of Management, University of South Australia’

Keywords: World Trade Center, resilience, terrorism, response management

Abstract:

The terrorist attack on the World Trade Center on September 11, 2001, resulted in the total loss of
the two towers and surrounding buildings, with an uncertain number of dead (conservatively over
2,000). Media commentators claim this event changed the world as we knew it.

Ability to cope with change is a factor in level of resilience (Paton, Johnston, Smith, & Millar ,
2001). Humans seem to elicit resilience from social bonds, skills, social norms, and perceived self-
efficacy (resources (Buckle, Mars & Smale, 2000; Lindell & Whitney, 2000). This suggests that
broad clusters of activities may lead to improved understanding of how these factors promote
resilience, and absence or low levels of such factors lead to vulnerability and, perhaps, worse
impact damage and long recovery periods.

This paper points out that the change may be through perceptions rather than a manifest change —
public perceptions of security and invulnerability were shaken if not fractured. Impacts included
major disruption to American and world aircraft movements, evacuation of buildings, closure of
the New York Stock Exchange, American and global nervousness in share trading, and financial
pressures on many airlines. More fundamental and long-term effects included the fall of the
Taliban government in Afghanistan, a declared war on terrorism by America and allies, and a
suggested annual cost to the US of $151 billion.

Discussion covers entry of first responders and strategic command, risk manage, site management
of adjacent areas, return to work messages, security, the focus on Osama bin Laden and Al Qaeda,
and vulnerability. These raise questions over conditions for site entry, escalation to “worst case”
responses, oversight of other causes and issues, and public beliefs and readiness. The paper
concludes with an outline of how resilience can be sustained and improved by attending to
psychological as well as physical resilience, and by further attending to public beliefs as well as
response agency readiness and to our ability to manage and provide resources for response and
recovery activities as well as improving structural strength and integrity.

! Way Lee Building, Campus West, North Terrace, Adelaide 5000, Australia.
Telephone: +61 (0)8 8302 0905 Email: rjheath@compuserve.com
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1. Introduction

Commentators claim that the world as we knew it changed when two passenger-carrying aircraft
were hijacked and deliberately crashed into the World Trade Center (WTC) at 8.45 AM and 9.06
AM respectively with the consequent complete destruction of both towers and several adjacent
buildings. This is not quite true. What may have changed was the perceived nature of risk and
threat held by the public at large and maybe by many media commentators — the threats and risks
were (and are) the same before this event and after this event.

This is true for the WTC as an attempt to topple one tower on to the other failed only in its
execution in 1993.

2. Resilience

A key factor in dealing with sudden disasters (including terrorist attacks) is that of resilience.
Resilience can be defined as the degree to which an impacted resource or organization may resist
impact damage and the speed with which that organization recovers or that resource can be
recovered. Elements that support resilience include shared values, established social infrastructure,
sustainability of social and economic life, presence of partnerships, presence of networks, and the
degree of developed skills and available resources (Buckle, Mars & Smale 2000). The rule-of-
thumb here is that resilience positively correlates with the number of bonds and the size of skill
pools and resources in hand that are appropriate to countering a sudden impact.

Paton, Johnston, Smith, & Millar (2001) provide a more flexible definition in terms of systems.
They see resilience as “the capacity of systems to maintain their integrity and the relationships and
balance between elements in the presence of significant disturbances by drawing upon internal
resources and competencies to manage the demands, challenges and changes encountered” (p, 47).
This reflects the combinative factors of resistance to impact (“maintain their integrity”) and
rebound or recovery speed (“drawing upon internal resources ... to manage the demands,
challenges and changes encountered”).

Levels of individual resilience, on the other hand, may reflect varying degrees of self efficacy
(Lindell & Whitney, 2000). One means of increased resilience emerges from focussing on coping
with problems (Bachrach & Zautra, 1985). Theories, including Planned Behaviour (Ajzen, 1991),
and models, including the Person-Relative-to-Event (Duval & Mulilis, 1999) attempt to link
individual and social or community or organizational perceptions into predictive efforts in the
adoption of risk reduction behaviours. This is felt to increase resilience. The focus falls on
motivation to act coming from perceived threats, and considers self-efficacy, social norms, past
experience, and outcome expectation expectancies.

Factors affecting and indicating resilience can be considered within the context of the World Trade
Center event of 11" of September, 2001.

3. The World Trade Center Bombing — 09.11.2001

Sometime after take-off from Boston at 7.58 a.m., Los Angeles bound United Airlines Boeing 767
(Flight 175) was hijacked. Similar hijackings happened to American airlines Boeing 767 Flight 11
(Boston to Los Angeles) at 7.59 a.m., United Airlines Boeing 757 Flight 93 (Newark to San
Francisco) at 8.01 a.m., and at 8.10 a.m. for American Airlines Boeing 757 Flight 77 (Washington
to Los Angeles). In less than three hours all four had crashed. At 8.45 a.m., Flight 11 with 92
passengers and crew was crashed into the North Tower WTC. At 9.03 a.m., Flight 175, carrying 65
passengers and crew was crashed into the South Tower WTC. At 9.38 a.m., Flight 77, holding 64
passengers and crew, was crashed onto the northwest side of the Pentagon in Washington. Finally
at 10.37 a.m., Flight 93, containing 45 passengers and crew, crashed relatively harmlessly outside
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Pittsburgh (possibly due to passenger action). The South Tower WTC collapsed at 10.00 a.m.,
followed by a collapse at 10.29 a.m. of the North Tower WTC. The outcome was “the bloodiest
day on American soil since our Civil War” (Time, Special Issue, 12.09.2001).

The terrorists selected the quietest day of the air traffic week, which meant they accessed fully
fuelled-up passenger jets with low passenger numbers.

Some facts about the WTC

North Tower: 110 floors, 97 passenger and 6 freight elevators, 200 feet (around 60 meters) square,
1,368 feet (around 410 meters) height, completed in 1970.

South Tower: 110 floors, 97 passenger and 6 freight elevators, 200 feet (around 60 meters) square,
1,362 feet (around 408 meters) height, completed in 1972.

Total occupancy was around 50,000 capacity plus visitors and tourists. Each has a mass of around
500,000 tons.

The heat of fires from the fuel of the jets contributed to the collapse by altering the chemical
structure of steel (softening) resulting in the above-crash weight of the building leveling the below-
crash floors in a chain reaction. Added to this can be probable loss of structural integrity from the
aircraft frame bending or severing central core supports, central lift wells and steps spaces acting as
flame concentrating torches (see Kings Cross London Underground fire and a number of high rise
fire findings), and possible floor truss and floor support-fixing failures. Several other buildings
collapsed (the World Trade Center) or became collateral damage from debris and the collapse
(including the Marriott Hotel). The South Tower, although struck after the North Tower, eighteen
minutes later, collapsed almost half an hour before the North Tower, probably because the aircraft
impact was around twice as low down the building (75" as opposed to 95™) and thus the far greater
weight made structural failure occur at a faster rate.

Witness and preliminary investigation reports tend to suggest the situation was non-survivable
from those above the midpoint impact areas as fire escapes would have been either obstructed or
coated with burning fuels.

4. Impacts — immediate and short term
1. Cessation of aircraft traffic in the United States.

2. Gridlock and shutdown of central New York (central and lower Manhattan) and of Washington
as both an outcome from the Pentagon strike and the WTC effort.

3. Cessation of trading in the New York Stock Exchange. This cessation stretched over a few
days, as did specific market trading areas. Note that one major player in this form of market
lost nearly all of the US half of their workforce.

4. Evacuation and/or closure of many public buildings including — the White House, Capitol,
Pentagon, United Nations building, Sears Tower (Chicago), L&C Tower (Nashville), John
Hancock Tower (Boston), Disney Parks (Florida, California), major league base-ball games
and sites, Hoover Dam, the Space Needle (Seattle), Mall of America (Minnesota), Kennedy
Space Center, bridges and tunnels into Manhattan (by 9.35 a.m.), museums and monuments in
Washington, and most significant structures owned or leased by federal and state governments.

5. A drain on motor vehicle fuel reserves across the US as motorists took emergency precautions.

6. US and global nervousness and climate became such that subsequent evacuations of significant
buildings arose around the world and terror by germ warfare via postal services arose in US.
This latter fear was reflected in false scare campaigns in countries like Australia. In one sense
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the terror campaign succeeded in creating a nervous and apprehensive reaction, particularly in
some areas of the US.

5. Impacts -- Middle and Long Term

Longer lasting impacts, outcomes and consequences included:

1.

There occurred a local (North American) and world recession in tourist travel. Again, when
issues of shattered expectancies and minimal past experiences are considered (as per Ajzen,
1991; Duval & Mulilis, 1999) at least partial explanations emerge for the tardiness of recovery
of passenger numbers on aircraft. People still express concerns about flying some six months
after the event, particularly within the United States.

Uncertainty in stock market values and trading (around the world) combined with an ongoing
“fear” of recessional economic environment and a situation-consequent uncertainty over US
(and world responses) and terrorist next actions to produce an unsettled and “flat” share and
bond market activity.

Airlines faced insolvency and increased business costs due to longer throughput hours and
security checks — this can indicate a move toward local rather than global business supply
chains. September 11 effects may combine with ongoing internal problems to terminate United
Airlines (similarly as the Locherbie (PanAm 103) bombing may well have assisted Pan Am
into termination). Here, adjustment to risk establishes a slower more detailed set of activities in
terms of security checks and monitoring. This may ease as the sharpness of the experience
fades and any ongoing and visible consequent events fail to arise.

There appeared to be a hiatus to Just-In-Time systems approaches, with a need to stockpile for
(1) slower deliver/access times and (2) meet just-in-case needs. Modifications in this strategy
may lead to a more permanent adaptation that seeks an optimal balance of just-in-time
methodologies with a just-n-case storage process.

The Taliban Government in Afghanistan fell to Afghanistan and US-led military forces.
American political and civil groups have developed a more confrontive style of interaction.

Economic costs for continued trading may be large and thus add to recession concerns. Fortune
Magazine (February 18 2002, 145 (4), pp. 6267) estimates an annual potential cost of US$151
billion in transportation, and employee.

There can be some argument over these figures in terms of (1) size and scale, (2) frame
adjustment and (3) factoring in one-off and recoverable costs. Size and scale may be initially
high but reduce over time as one-off costs and cost recovery reduce the impact and as inertia
prevails with no onset of any successive equivalently sized impacts. One can argue that the
prevailing expenditure prior to September 11 was wrong or even negligent and the current state
of cost and effort is the real cost of doing business. After all, the actual threat of terrorist
behaviour and size of effort involved was present before and after this date (as is directly
evidenced by the relatively aborted 1993 WTC bombing). Finally there are blurred estimates
that include potentially irregular or even one-off costs (IT hardware for back-up) and process
costs (such as delays, logistics, and transportation). While the process costs are increased, these
are likely to be the same across competing organizations and can or will be passed on through
to end users and customers.

6. Observation and Comments
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Entry of first responders. This is somewhat of an emotional and an article of public canon —
emergency responders were and are heroes. There are aspects of this situation entry, however,
which need consideration. At a primary level what was the clear or hard information held by
first responders? Bluntly speaking (without subsequent investigative hindsight) a modern large
commercial aircraft, laden with fuel, crashing at speed into a building will destroy the impact
area by fire alone — and will, by the very nature of the structure of a high-rise tower complex,
destroy the tower. Should there be clear awareness of this information at the time and on the
site, then there exists a question as to whether site entry was appropriate for more than those
assisting the evacuation of the below-impact portion of the tower. Were the responders placed
at risk in this situation? Movement towards impact sites may appear to be a questionable
practice, given:

e the area size of each floor (40,000 square feet or over 3900 square meters),

e the vertical impact damage of between six and nine floors,

e the high probability of burning fuel draining down the liftwells in the center section and
acting as a flue “torch” (or piped fire) element that would spread the fire (increase
temperature and precipitate soft steel deformation and structural collapse), and,

e two hose teams may effectively cope with around an eighth of a floor area.

Balanced against this can be unclear information about cause and thus likely scale of situation,
the action ethos of emergency service personnel (particularly the aggressive get-to-the-seat-of-
the-fire response by most US firefighters), the impulse to help those in danger, and a need to be
seen to be doing something.

Entry of strategic command. The above comments apply equally well to strategic
management attendance, again with the need to balance the standard operating procedures
against specific situations. Bottom and tactical level of management goes where the coalface
response teams. One could be more critical of higher level management placing themselves and
their staff at risk (and, indeed, the overly close proximity of the New York crisis management
response, from the Mayor down). Reasons for close proximity may include the perceived need
to sense and see the site, lack of alternate and readily accessible locations, and the mental
impact of the size and nature of the incident. There probably was an underestimate or lack of
recognition of the possible (and actual) consequences and thus an underestimate of threat and
risk of danger. Given contemporary audiovisual and computer systems we may need to further
rethink and refine line-of-command location and activity. Here again we may consider that the
size of the structures and a lack of actual experience with this size of situation can lead to
possible defects in current zones of operation and positioning.

Site management of adjacent area. Probably the comments addressed n the above two points
are equally applicable here. Some thought may need to be given to create greater sterile zones
earlier in the situation management process to move those in debris line-of-fire to greater safety
and restrain encroachment by spectators. In the WTC situation (and others in the future) this
would form part of the “Worst Case”.

Risk / threat is greater than conventional perception. Conventional business continuity, crisis
and contingency management practices have perhaps poorly developed worst case scenarios for
a preferred more likely case or set of cases based on likely frequency of occurrence. Take heed
of the staff and resource loss that faced Morgan Stanley Dean Witter, with 21 floors of South
Tower, or Port Authority (6 floors) and Cantor Fitzgerald Securities (six floors) in North
Tower. We need either to avoid such concentrations in number of staff onsite or to ensure that
our risk management covers these exposures.

South Tower message to return to work. Note the confusion and implications of the reported
“return to work™ announcements made within the South Tower complex. To an extent this met
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the perceived situation prior to the South Tower attack, but may not have fully apprehended
risks in terms of damage from the North Tower or vulnerability to attack — and thus leaving
open potential “duty of career” litigation.

Security. For parts of the world less troubled with terrorism, the WTC may well have been

somewhat of a wake-up moment. Two things need to be noted:

e The outcome was in the hands of the terrorists once airport security was breached.
Moreover, standing air patrols of fighters serve really as visible images of doing something
and possible re-assurance, and as a small deterrent — what serving pilot or government can
afford to shoot down a passenger aircraft loaded with their own nationals over densely
populated ground.

e Heightened security will relax over time and vigilance decrease unless further major
incidents arise. This will particularly apply when current states of vigilance impede easy
flow of business (what is being called “friction”, as per Fortune Magazine).

On the other hand, tightened security can reduce pilfering, insider crime, lost resources, and
lead to efficiencies in system management and inflows and outflows of goods. While these do
not show up as cash benefits in the security budget, it is worth undertaking a realistic
guesstimate.

Security — Airport and aircraft. Most airports and airlines try to balance people movement
with security measures. The current balance is currently tipped heavily in favour of security,
with longer time lags to get from airport entrance to aircraft — the current average lag in
February 2002 is one hour extra at large US airports.

EIALI has the highest physical security, but is relatively speaking a low-volume airline. Larger
world airlines, already struggling financially due to competition and the WTC incident, are
likely to press eventually for ways in which to speed up passenger throughput. Perhaps the two
key areas for increased security surround access to the cockpit crew (locked doors, penetration-
proofing of doors) and cabin security. Sky marshals were increased in the US and introduced in
Australia. On a tangent, the WTC has increased interest in bomb-resistant containers for
aircraft. Increased security has led to further curbs on potentially lethal sharp objects (scissors,
pocket knives, metal knives and forks) which may be a little draconian given the limited
multiple damage done at one time by one of these, the utility of these for passengers (and in
emergencies), and the doubts that were subsequently placed on reports that similar items
(including carpet cutters) were used in the WTC aircraft highjackings.

Focus on Osama bin Laden. The US government had to walk a fine line between public
disclosure and confidentiality for investigation and response purposes. One possible problem in
this effort emerges from the real media and public pressures for culprit identification. The key
planner was alleged to be Osama bin Laden supported by the Al Qaeda terrorism unit. From
time to time governments have released supporting information. However, coupled with an
historic cynicism over governments not releasing full information or even doctoring
information to suit their needs, is a growing public awareness that many of the early arrests
have ended with those arrested being released due to insufficient information or no
substantiating evidence at all.

The central figure and the existing terrorist structure have been disbanded and destroyed by
US-led operations around the world, particularly in Afghanistan where the Taliban government
was toppled.

Accent on patriotism — unity and anger. In many crisis situations two emotions generally
emerge — a sense of unity (“us” versus “them”) and one of anger (and even a search for a
scapegoat). Both forms emerged around the world — remembering that many countries lost
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citizens in the incident. The sense of unity led to an increase in felt and visible unity in the US
where a publicly-held belief of being distanced from terrorism seems to have been severely
shaken. This pre-WTC public belief may seem surprising given the visible effort the FBI has
placed on managing chemical weapons of mass destruction, the previous WTC incident in
1993, the Oklahoma City bombing, and other significant disturbances from Waco through to
the riots surrounding the court findings over the Rodney King beating in Los Angeles).

As arose in Oklahoma City after the Murragh Building bombing, the sense of unity was very
visible among response agencies and among New York residents. Volunteers came from within
the city and from across the US.

Anger also leads to scapegoating and undoubtedly contributed to hate-crimes against those
with Islamic faith in most countries. Even allowing a ten-fold increase on reported incidents in
the US of hate-crime directed at those of apparent Arabic cultures and physical structures
associated with Islamic belief, the figure was surprisingly low.

10. National psyche — a more vulnerable US. Perhaps the clearest impact may have arisen within
the public belief (or psyche) of Americans. Lack of apprehended threat, perceived economic
and military size, and cultural characteristics of individualism and ease of access may have
contributed to a sense of invulnerability that has been shaken. Many reports suggest a more
inward looking tendency and measures of travel volume and work absence tend to support this
increased sense of vulnerability. Some businesses report a need to encourage commercial travel
through buddy systems and increased payments.

Loss of belief certainties and thus an increase in feelings of vulnerability take time and absence
of incident to heal. In many ways this loss can be equated to the feelings held by those
experiencing their first earthquake, wildfire, “flash” flood, or tornado. Confidence, like
reputation, is slowly learned but quickly lost if the loss experience creates doubt over the
validity of the belief. These indicate qualitative agreement with research findings (Duvall &
Mulilis, 1999; Bachrach & Zautra, 1985) where concepts of expectations and past experiences
fail the situation — the US public did not generally expect such a large terrorist event to arise
within their community and had minimal past experience upon which to draw.

7. Vulnerability

The WTC event reinforces the need for appropriate risk assessment of risks and of perceived
vulnerabilities, with corrective actions being taken when one is not in synchronization with the
other. Vulnerabilities that are not addressed by the appropriate business or government
management authority will act as a public cancer over time. Risks that exceed publicly-held
perceptions of vulnerability need to be managed so decrease the risks and increase public
awareness, as any subsequent manifestation of the risk event is likely to shock or even traumatize
the unsuspecting population.

8. Resilience

Moving from the factors and thinking outlined by many researchers and theorists (Azjen, 1991;
Duval & Mulilis, 1999; Lindell, & Whitney, 2000; Paton, Johnston, Smith, & Millar, 2001)
resilience may be viewed as a composite of a number of factors. This composite may be defined in
broad groupings that focus on psychological and physical or tangible clusters of factors.

Community and organizational resilience thus can be considered in terms of psychological and
physical components. Each of these divides into at least two parts. Psychological resilience, for
example, can be seen as a composite of preparedness and group or community beliefs. Physical
resilience can be seen as a composite of ability to withstand impacts from the situation and ability

28



The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

to repair and regenerate.

Preparedness stems mostly from core team (responder) training and skill levels and from
management planning and support. Across communities and organizations, preparedness tends to
be more passive, being based on videos, warnings, and instructions on basic things to do and who
to contact. Real preparedness is tested only by encountering a situation. Overall, preparedness
diminishes with accent on other priorities that have more immediate outcomes and consequences
and lack of precipitating situations.

Community and across organizational beliefs shape the perceptions held by the members of that
community or organization. While the size and strength of the belief may vary according to sub-
groups within that community or organization, the overall prevailing attitudes and perceptions
condition the overall response to impacts. Fractures in these public beliefs can lead to suspension
of belief and action, depending on the response capability of those in the preparedness activity. In
the WTC case, this was high across the New York City management and response agencies — even
after sustaining many casualties from the first responders and their immediate support teams.

Where preparedness within the core team is high the beliefs of the population are fractured the
population can impede through disbelief and unwillingness to act. This did not arise in the WTC
situation as the situation was relatively localized and nonsurvivable by those trapped in the above
impact levels of both towers. On the other hand greater levels of area evacuation and street control
may have been possible during the one and a half hours before each tower collapsed had this
possibility (belief) been in place.

Where preparedness is low and beliefs are fractured, response can appear random and sluggish and
frustration, anger, followed by hopelessness and even learned helplessness develop among the
population over time.

Given low preparedness but significant appropriate beliefs then effective response may emerge
from volunteer or population efforts. This form of outcome is also visible in situations where the
size of the situation exceeds the response efforts (so that overall response appears dispersed or
patchy) and people help themselves. Data gathered from the Northridge Earthquake, for example,
suggest that between 80 and 90 percent of rescues of trapped people being undertaken by non-
response agency personnel.

High preparedness and highly appropriate beliefs obviously indicate an optimal perhaps target or
ideal level of resilience.

From the physical half of resilience, “hardened” situation-designed structures directly reduce
impact damage and threat to people. Successful strategies here generally follow one or more of the
ABC Model — Build Away, Build Better (stronger, more resilient), Build Compatible. By creating
immediate physical resilience we reduce costs and can concentrate the core response personnel and
resources at specific situation-caused hotpoints. In the WTC situation, the area and the two towers
were not generally hardened against terrorist activity or specifically hardened against modern
aircraft impact damage. Underscoring this is the question of how well structures and people can be
“hardened” — although pointers can be learned from those regions in the world that endure
relatively frequent levels of terrorist or other crisis situations

The other half of physical resilience is our ability to physically manage the impacts and recover the
situation to some acceptable level of functioning. Here, undoubtedly, strong economic and
industrial resources add to resilience — as can be evidenced by the speed with which San Francisco
and Kobe recovered from infrastructurally damaging earthquakes and the relative efficient and
quick clean-up at the WTC site.

High structural resilience built into the environment and sufficient to excess response and recovery

29



The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

resources provides target and ideal levels of sustainability and resilience. The opposite (low
structural resilience and low availability of response and recovery resources) suggest a slow
response with increasing consequential impact damage and a slow and enervating recovery. High
structural resilience combined with low resource availability suggests reduced or localized damage
that may not be quickly recovered (which may within those localities enervate resilience). Low
structural resilience combined with high resource availability suggests a broad immediate damage
followed by relatively quick clean-up and fast recovery probably focused on core components of an
organization or community. Aspects of Kobe’s recovery suggest that this can be seen as an
example of this last combination.

The picture painted here may suggest that resilience need only be built upon the response and post-
response efforts. Look again. Psychological resilience is built on being prepared and holding
appropriate beliefs. The strength of these depends on the effort we put into them before a response
and that effort needs to cover reducing exposure to risk and thus vulnerability. This can be seen
even more clearly when we look at physical resilience. Here, we need to create structures that resist
adverse situations — and thus are resilient. Crisis management comes into play when we cannot
reduce or eliminate risks. By having sufficient and appropriate resources in hand we can reduce the
time taken to clean-up and time spent in recovery mode. This quick recovery promotes resilience.

9. Conclusion

The total loss of the World Trade center and surrounding buildings had a very visible and salient
impact. Alongside the loss of life, the management of removing a million tons of rubble, and the
need for hundreds of businesses to use extreme business recovery approaches, this event has had
economic and operational repercussions within the US and in other parts of the world. Increased
security, for example, has meant slower business interactions, longer travel delays, and a range of
commercial and access frictions. The impact on the world has included the fall of the government
in Afghanistan, changes in international political posturing, and a decline in air travel and tourism.

As suggested in the brief overview of factors contributing and defining resilience, individual
preparedness and community bonds help overcome impact damage. Certainly this is evident in the
community responses within the Manhattan and New York region in helping each other and
demonstrating respect and care for those impacted by the event and for those who handled the
response and who are continuing the recovery activities. Certainly the speediness with which the
destroyed overburden has been removed demonstrates a visible factor of resilience.

The reported heightened security and sense of vulnerability may decay over time — provided there
arise no equally visible and salient events. Investigators and researchers explore why the towers
collapsed so quickly, the fractures in the social and cultural beliefs (particularly in the US), and the
management of large emergency events in urban environments. From these efforts can emerge
greater awareness of the need to focus on building and maintaining communities and regions in
which people are not only protected but also able to cope with emergency situations. By doing this
we move further into developing sustainable and resilient urban communities.
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Abstract

The National Science Foundation provided funding for the George Washington University Institute
for Crisis, Disaster, and Risk Management to acquire and structure baseline data that will support
the analysis of the inter-organizational response to the terrorist attacks of September 11, 2001. The
documentation of organizational structures and the information flows between and among
emergency management and emergency medical decision makers will support future research that
will address the problems of communication, inter-organizational coordination, and decision
making in complex, multi organizational response environments. This paper focuses on the
response to the attack on the Pentagon and describes a very successful, very complex, response
operation. The organizational response was based on existing organizational systems: the Federal
Response Plan, the Incident Command System, and Unified Command but a significant level of
organizational creativity and adaptation was necessary to achieve success.

Introduction

On September 11, the United States has suffered its first civilian mass casualty event since the
Texas City Explosions/Fires of 1947 (581 deaths, 3,500 injuries). The toll of the attacks
approaches the casualty toll of the Galveston Hurricane of 1900, the most catastrophic disaster in
U.S. history. First response, emergency management, emergency medicine, and military
organizations responded heroically and effectively. These events have, however, destroyed the
myth that somehow the U.S. will remain immune to mass casualty disasters and that the U.S.
emergency medical, emergency response, and emergency management systems would not have to
deal with tragedies on the scale experienced in less developed countries.

The coordination of the complex organizational systems that are rapidly created to respond to an
event such as the WTC collapse and the Pentagon attack is incredibly difficult. After the
September 11 attacks, the United States experienced its first large scale integration of emergency
management, emergency medical, law enforcement, and military resources prescribed by the
Terrorism Annex to the Federal Response Plan. The attacks also resulted in the first activation of
the National Disaster Medical System. We do not understand how to ensure that these meta
organizations will function effectively, how to best use technology to support their decision
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processes, how to manage information in such a turbulent environment, and how to retain the
organizational knowledge of their successes and failures. Information management and
coordination issues that arose in this response must be identified and studied as our response
system evolves in the response to this tragedy.

The Attacks

At 8:45am on September 11, 2001, American Airlines flight 11 crashed into the north tower of the
World Trade Center complex in New York City. Initially, this unbelievable event appeared to be
isolated. Eighteen minutes later, as the media was televising video around the world of the
smoking skyscraper, a second commercial airliner came into view and disappeared with an
enormous explosion into the South tower. This plane, Flight 175 (also from Boston,) confirmed
any initial fears that the United States was under attack by an unidentified terrorist group.

Within five minutes of the second event, the Federal Aviation Administration ordered all New
York City airspace 'sterilized', (freed from air traffic). Seven minutes later, all New York City
airports were closed, and at nine minutes after that (9:26am), all civil flights were prevented from
taking off. Over 4000 planes had been over US land, and several hundred were en route from
overseas - all were grounded or re-routed to Canada. This could do nothing, however, to stop
American Airlines flight 77 from reaching its crash- course destination of the Pentagon at 9:43.
Fearing yet another attack, the White House was evacuated at 9:45. Just after 10am, the South
Tower of the World Trade Center complex collapsed, raising the estimated dead and injured
exponentially. Secret service agents were positioned in Lafayette Park (10:08), the United Nations
complex was evacuated in New York (10:13), and several federal departments and agencies are
evacuated in Washington, DC (10:22). By 10:30, the U.S. Office of Personnel management had
begun the evacuation of all DC federal buildings.

Also around 10:30am, the North Tower of the World Trade Center complex collapsed, adding to
fears concerning the scale of casualties. At this point, Governor Pataki closed all government
offices in New York, and New York City mayor Giuliani ordered the evacuation of all Manhattan
areas south of Canal Street. It was reported that several airports around the country were
evacuating, and rumors of car bombs and additional hijacked planes were making there way into
the news. Reports of a fourth plane, which crashed in Somerset County, Pennsylvania, were
confirmed.

At noon, it was still not known if the attack was over. Washington, DC closed its city government
buildings, and the GSA closed its buildings and courthouses throughout 5 states in the capitol
region. DC mayor Anthony Williams declared a state of emergency for the city of Washington at
1:22pm. Soon after, the FAA announced that there would be no commercial air traffic until at least
noon of September 12.

By mid afternoon, rescue crews from around the country began arriving at the three sites to assist
to local police and fire departments that immediately responded. Mayor Giuliani announced at
2:49, in a press conference, that subway and bus services were restored in New York City.
Estimates into the number of injured or killed range from several hundred to tens of thousands,
though no official is willing to give specific numbers.

As the evening approaches, it was reported that Building 7 of the World Trade Center complex,
which had been burning for much of the day, has collapsed. In addition, other buildings in the area
of the towers are reported to be on fire. Mayor Giuliani appeared at an evening press conference
and urges New Yorkers to remain at home on September 12" if they can, though Defense Secretary
Rumsfeld holds a news conference in which he states that Pentagon employees should expect to
report to work.
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Timeline of the first 48 hours
September 11, 2001

8:45am American Airlines Flight 11 from Boston flown into World Trade Center North Tower
(cnn.com)

8:50

EPA Headquarters EOC activated

8:50~ USCG NRC alerts FBI of WMD terrorist event. (Capt. Mike Eagan, USCG)

9:00~ Airports Authority begins evacuation of Reagan, BWI and Dulles airports

9:01 EPA headquarters and EPA Region 2 begin coordination conference call (EPA Timeline)

9:03  United Airlines Flight 175 from Boston flown into World Trade Center South Tower

(cnn.com)

9:08 FAA sends written notice to all NYC airports to 'Sterilize' the airspace

9:10 EPA Headquarters uses GETS conference call system with regions 1-4 (EPA Timeline)

9:17 FAA shuts down NYC Airports (cnn.com)

9:21  Port Authorities of NY and NIJ close all bridges and tunnels in NY area (cnn.com)

9:26  FAA issues national "ground stop", preventing all civil flights from taking off

9:30  President Bush gives first press appearance in Florida (cnn.com)

9:32  HHS National Disaster Medical System (NDMS) and Commissioned Corps Readiness
Force (CCRF) notified and placed on advisory (HHS Sitreps)

BBl DC recalls off-duty police officers, begins closing roads and securing government
buildings (Washington Post, 9/17, A1)

9:43  American Airlines Flight 77 hits Pentagon - immediate evacuation begins. (cnn.com)

9:45  FAA grounds all planes in the US

9:45  White House evacuation begins (cnn.com)

- Arlington County activates emergency response plan - County Mgr. Ron Carlee becomes
director of the emergency response (Alexandria/Arlington Extra, 9/20, p12)

9:57  President Bush departs Florida for Barksdale, LA (cnn.com)

10:00 EPA begins coordination with NY and VA governments (26 initial staff to NYC and
Pentagon) (EPA Timeline)

10:05 World Trade Center South Tower Collapses (cnn.com)

10:08 Secret Service begin patrol of Lafayette Park, across from the White House (cnn.com)

10:10 Partial collapse of the Pentagon (cnn.com)

United Airlines Flight 93 from Newark crashes in Somerset County, PA (cnn.com)

10:13 United Nations evacuates NY headquarters (11,400 employees) (cnn.com)

10:16 DC Mayor COS sends email to 100's of workers 'Evacuate Building NOW' - retracts 4
min's later (Washington Post, 9/17, A1)

10:22 World Bank, State Department and Justice Department evacuate (cnn.com)

10:24 FAA reports all inbound transatlantic flights are being diverted to Canada (cnn.com)

10:25 Alarm sounds at OPM, PA system instructs employees of that building to evacuate

10:28 World Trade Center North Tower collapses (cnn.com)

10:30 OPM and White house begin evacuation of all Washington, DC federal buildings

10:39 FAA closes all operations at all US airports by NOTAM (Notice to Airmen)

10:46 Colin Powell begins his trip back to the United States (cnn.com)

IBSOR DC hospitals move into emergency response mode

10:54 Israel begins evacuation of all diplomatic missions (cnn.com)

10:57 NY Governor Pataki closes all NY government offices (cnn.com)

11:02 NYC Mayor Giuliani orders evacuation of area south of Canal Street (cnn.com)

11:16 CNN reports the Center for Disease Control and Prevention response teams preparing to
respond (cnn.com)

12:00pm US closes border to Mexico
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12:04 Los Angeles International airport evacuated (cnn.com)

12:15 San Francisco airport evacuated (cnn.com)

B8 GsA orders federal courthouses and offices in VA, DE, MD, PA, WV closed until further

notice

Trains in/out of DC Union Station stopped
DC closes all government buildings and all 19 buildings under Capital Police jurisdiction

1:04 President Bush gives second press appearance from Barksdale, LA (cnn.com)

- Mayor Anthony Williams holds news conference, declares state of emergency for DC

(cnn.com)

1:44  Pentagon announces 5 warships and 2 aircraft carriers have been deployed for NY and East
Coast (cnn.com)

1:48  President Bush begins flight from Barksdale, LA to Offutt Air Force Base, NE (cnn.com)

2:00 FBI announces they "are working under the assumption that the 4 planes are part of a
terrorist attack" (cnn.com)

BBl 53 people reported injured at the Pentagon

2:30  FAA announces there will be no commercial air traffic until at least 12pm on September 12
(cnn.com)

2149 Mayor Giuliani announces subway and bus service has been partially restored - no casualty
info (cnn.com)

3:55 Mayor Giuliani announces that 200 people are critically injured, of 2100 total injuries
reported (cnn.com)

4:06 CA Governor Gray Davis dispatches USAR teams to NYC (cnn.com)

4:25  Stock exchanges (ASE, NYSE, Nasdaq) announce that they will remain closed September
12 (cnn.com)

4:30 President Bush leaves Offutt Air Force Base, NE for Washington, DC (cnn.com)

5:20 World Trade Center building 7 collapses (cnn.com)

B8 1ncident Command Meeting at the Pentagon, led by Chief Schwartz

6:00 AMTRAK resumes rail service

6:10 Mayor Giuliani urges NYC residents to remain home September 12 if at all possible

(cnn.com)

B8 Donald Rumsfeld holds news conference in Pentagon to announce the building is
operational except for corridors 2-6 (cnn.com)

6:54  President Bush arrives in Washington, DC (cnn.com)

7:02  CNN reports that some NYC bridges are open to outbound traffic

7:17  Attorney General Ashcroft announces FBI website for attack tips, and that friends/family
can call 800.331.0075 to leave contact information (cnn.com)

7:30  President Bush issues major disaster declaration for NYC (FEMA-1391 DR)

7:45 NYPD announces that 78 officers are missing, and at least 200 firefighters are feared dead
(cnn.com)

8:30  President Bush gives 3™ press appearance (cnn.com)

9:22  Pentagon fire still burning, but under control (cnn.com)

Unsp. DOD opens media operation center at Marine Corps Post Henderson Hall, Arlington, VA
(703.697.9928) (defenselink.mil)

Unsp HHS activates National Medical Emergency System, which put and puts 7000 volunteer
doctors in 80 disaster teams on readiness alert. The PHS Commissioned Corps was
also put on readiness alert (5700 personnel); waits for orders from FEMA (HHS
Sitreps)

Unsp Federal Reserve assures that funds will be available if needed

DC Emergency Management Agency holds meeting at Franklin D. Reeves Conference
Center
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FEMA dispatches 4 USAR teams to Pentagon - claims to have coordinated Emergency

Response

Arlington Fire Chief Plaugher announces 100 - 800 feared dead at Pentagon

HHS sends 3 DMATS to the Pentagon (46 medical personnel from the U.S. Commissioned
Corps DMAT in Rockville, MD; 35 from Winston-Salem, NC; and 36 from Atlanta,
GA.) (HHS Sitreps)

HHS sends 3 DMORTS to the Pentagon, with 102 personnel (HHS Sitreps)

HHS sends 5 DMATSs to NYC (25 personnel from Lyons, NJ; 44 from White Plains, NY;
41 from Boston; 52 from Worcester, MA; and 49 from Providence, RI). (HHS Sitreps)

HHS sends 4 DMORTSs with a total of 169 personnel to NYC from throughout the East
Coast. (HHS Sitreps)

Navy prepares USS Comfort to ship to NYC if necessary

US Customs goes on Code Red Security Alert

USCG sends 4 helicopters, 270" Cutter, 3 110' coastal patrol boats and 7 small boats to

NYC

FEMA names Ted Monet as coordinating officer of the disaster

HHS CDC deploys 4 epidemiologists and 2 laboratory experts to NY to assist assessing
medical needs and capacity planning for treating victims in the area's hospitals.
(HHS.gov)

HHS Centers for Medicare & Medicaid Services sends 5 staff to assist at the response
center established by FEMA in Edison, NJ (HHS.gov)

HHS authorized the 1% emergency use of the National Pharmaceutical Stockpile - the
shipment arrived in NY at 9pm - 1 of 8 "12-Hour Push Packages" (HHS.gov)

HHS CDC worked with tetanus vaccine manufacturers and the public health dept's of NY
and DC to ensure adequate supplies of the vaccine were shipped to both locations
(HHS.gov)

HHS CDC activates Health Alert Network (provides rapid information to all health
departments)(HHS.gov)

EPA and OSHA both monitoring exposure to potentially contaminated dust and debris;
Region 2 emergency response staff stationed at FBI Joint Operations Center in NYC,
Trenton NJ EOC, and FEMA's office in Albany, NY; Region 2's Edison, NJ office is
providing space for 100 FEMA staff; EPA HQ EOC operating on 24-hour basis; R3
has emergency responders deployed DC, Ft. Meade and at Willow Grove Naval Air
Station, PA. (EPA Timeline)

EPA - REGION II: Deployed 4 On-Scene coordinators to NYC, began 24-hour

operations in
Edison, NJ, Collected 4 dust samples in vicinity of WTC, initiated daily ambient
air monitoring program downwind of WTC, coordinated with NYC and OSHA
(EPA Timeline)

EPA- REGION III: Deployed 4 OSCs (VA, EOC, DC EOC, FEMA ROC, Ft. Meade),
Deployed 4 START with OSC to Ft. Meade (EPA Timeline)

EPA- HEADQUARTERS: Began 24-hour operation at EOC, prepared for Continuity of
Operations Plan (COOP) activation, removed EPA's website to protect against
hackers & secure data (OEI), staffed FEMA EST, staffed FBI Strategic
Information Operations Center (SIOC), Took precautions to ensure payroll for all
EPA employees, Discussion of permitting issues for air and waste with Regions II
and III. (EPA Timeline)

September 12, 2001

8:00am FEMA director Allbaugh announces phone number (800.462.9029) for emergency

assistance
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Mayor Giuliani announces the rescue of 6 firemen and 3 police officers from WTC
(stratfor.com)

UN announces that all staff are ordered out of Afghanistan (stratfor.com)
Announcement made that Dulles Airport will open at 3pm for luggage/car retrieval
(stratfor.com)

Pentagon announces that 80 bodies have been recovered (stratfor.com)

Congress reconvenes (stratfor.com)

- DOD opens family assistance center at Sheraton Hotel in Crystal City (info, counseling,

11:20

support)(defenselink.mil)
FAA bans all air-travel in US indefinitely (stratfor.com)
Pentagon evacuates because of smoke; staff return shortly thereafter (stratfor.com)
Pentagon alerts HHS that it will handle all med and mort needs on -site (

1:07pm FBI conducts search of Boston hotel room (stratfor.com)

1:10
1:48
2:20
2:40

Unsp
Unsp

Unsp
Unsp

Unsp
Unsp

Unsp
Unsp

Unsp

Unsp

American Airlines distributes passenger lists (stratfor.com)

United Airlines distributes passenger lists (stratfor.com)

Flights rerouted on September 11 given authority to resume - all others still grounded
(stratfor.com)

Amtrak train from Boston to Providence boarded - 3 taken into custody (stratfor.com)

Bush issues Emergency Declaration for Arlington County

NY Union officials release that ~265 Firemen were killed

FAA says that flights can resume, but airline executives decide not to do so for safety

reasons

Allbaugh and Bush meet to discuss the role FEMA will play in the disaster

FEMA Acting Deputy Director Mike Brown holds press conference, gives NYC statistics -
40 bodies recovered, 1600 treated

Bush requests $20 billion in emergency funding from congress; congress allocates $20

billion

Army Corps of Engineers sends Structural Assessment Teams to assess debris removal and

power

FEMA Director Allbaugh flies to New York City

IAFF President Harold Schaitberger says toll to NYC firefighters higher than originally

estimated

Metro opens Pentagon subway stop

DOE's Energy Information Agency (EIA) releases oil market assessment showing overall

U.S. and global oil supplies appeared to be minimally impacted, to quell rising fears of a

shortage; DOE coordinates with ACOE to restore power to NYC, provide power

generators and fuel; DOE personnel help evaluate the movement of critical oil resources
into NY Harbor and review tug and barge availability for oil movement to upstate NY;

DOE offers key equipment to assist in the NYMEX re-opening and is coordinates with

USCG and local harbors to evaluate oil supplies up and down the East Coast; in

conjunction with FEMA, DOE assists in search and rescue using Ground Penetrating Radar

(GPR) equipment, adapted with motion detection applications and uses remotely-operated

equipment, including infrared cameras, robotic equipment and fiber optic cameras, to aid

the search for victims and evidence.

EPA- REGION II: Received initial mission assignments from FEMA for $200,000, later
increased to $500,000, established operations from Edison, NJ with help of 12 OSCs,
took initial dust and air samples near WTC, provided 200 Tyvek suits to Monmouth
County, NJ Health Department (EPA Timeline)

EPA- REGION III: Received initial mission assignment from FEMA for $25,000,
deployed 4 OSCs and 2 air inspectors to Pentagon and surrounding Arlington/DC area,
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deployed OSCs to FEMA A-ROC, ERT-A in Arlington, DC EMA; closed DC EMA,
moved 4 START personnel from Ft. Meade to Pentagon (EPA Timeline)

EPA - HEADQUARTERS: Began twice daily emergency response technical conference
calls with regions 1-6, prepared morning and evening special reports, held conference
call with the National Response Team agencies, established communications support
for Region II, including website and web access to email (EPA Timeline)

Donald Rumsfeld announces Pentagon death toll lower than estimated 800
(defenselink.mil)
HHS NMRT-E Weapons of Mass Destruction travels to NYC (HHS Sitreps)

September 13, 2001
Pentagon evacuated after a bomb threat is called in
Sec. Thompson authorizes first collaboration of DMORT team with FBI to PA crash site

12:00pm Vice President Cheney is taken to Camp David
6:00pm Congress evacuated after a bomb threat is called in

6:00 NYC Mayor's Office (Sam Benson) discusses establishment of treatment center with HHS,
to begin at 7am on September 14"

Unsp President Bush declares September 14 a day of remembrance

Unsp President and Congress agree on $40 billion in emergency appropriations

Unsp Airline operations resume

i Army search and rescue move ~60 bodies to Dover Air Force Base, DE from Pentagon

Unsp President Bush announces the creation of Homeland Security cabinet position, names Tom

Ridge

B8 President Bush issues Emergency Declaration for VA

Unsp Tommy Thompson meets with Governor Pataki and Mayor Giuliani to discuss NYC needs
(HHS.gov)

Unsp HHS Substance Abuse and mental Health Administration team dispatched to NY to
conduct longer-range planning for services to rescue workers, survivors and others.
(HHS.gov)

Unsp HHS sends National Medical Response Team (NMRT) to NY to help detect any possible

industrial chemical-related problems that may result from the collapse of buildings

(HHS.gov)

Unsp HHS sends DMORT team with 35 personnel and a portable morgue with 8 personnel to
Pennsylvania crash site at request of FBI. (HHS Sitreps)

Unsp HHS Veterinary Medical Assistance Team (VMAT) activated and sent to NYC - 9 vets.
(HHS Sitreps)

Unsp HHS FDA continues to monitor pharmaceutical and blood availability and helped arrange
deliveries of skin products for burn victims in New York and Washington, D.C.
(HHS.gov)

Unsp EPA- REGION II: Staffed Edison, NJ with 30 personnel, received 15 OSCs who were

Unsp

deployed to Edison, NJ, provided assistance to financial district companies to recover
business assets in computers, coordinated with ACOE on WTC debris removal (EPA
Timeline)

EPA- REGION III: Deployed 6 OSCs to Arlington, VA, Initiated air monitoring at
Pentagon, transitioned A-ROC activities back to ROC in Philadelphia (EPA Timeline)

EPA- HEADQUARTERS: Continued EOC operations, technical conference calls, and
special reports, initiated procurement of laptops and wireless communications for
Region II. (EPA Timeline)

38



The International Emergency Management Society
9% Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

Color Key
= Event

= Action - General
= Action - NYC
= Action - Pentagon and PA

= Organizational Response

The Interview and Analysis Process

The project team interviewed key personnel from the Arlington Fire Department, the Arlington
National Medical Response Team, The Department of Defense, the FEMA Incident Support Team,
Fairfax County Urban Search and Rescue Team, FEMA, The US Army Corps of Engineers, U.S.
Health and Human Services Office of Emergency Preparedness, the State of Virginia Office of
Emergency Management. The National Response Center, the HHS National Medical Response
Team, and the American Red Cross. We obtained and analyzed sitreps and reports from FEMA,
EPA, the US Army Corps of Engineers, The Office of Emergency Preparedness, and the National
Response Center. We also obtained daily action plans prepared by the FEMA Emergency
Response Team (ERT), Disaster Field Office (DFO), and Incident Support Team (IST). Press
reports (primarily the Washington Post, New York Times, and CNN) were used. We focused on
the Federal mobilization of resources for all events and on the incident response to the Pentagon
attack because of the proximity to first responders, the limited time and resources for the study, and
the complexity and continuing status of the response to the WTC collapse. The on scene response
to the attack on the Pentagon was coordinated by the Arlington County Fire Department. However,
over 100 organizations played a role in this complex response. Figure 1 is a photograph of the
early, fire suppression, stage of the response.

Figurel: The Pentagon
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The Response

The initial response to the fire and emergency units from the Arlington County Fire Department,
the Fort Myer Fire Department (a U.S. Army Base located adjacent to the Pentagon), and the
Metropolitan Airport Authority Fire Unit at Ronald Reagan National Airport. Municipalities in the
Washington D.C. Metropolitan Area have a well established mutual aid system, and Fire and
Rescue units from Fairfax County, Montgomery County, Alexandria, and the District of Columbia
responded without any state or federal intervention or control. The Federal and state mobilization
of resources for the response was governed by the structure and process defined in the Federal
Response Plan (FRP). The purpose of the FRP is to provide a mechanism for the mobilization and
coordination of federal resources to assist states in the response to Presidentially declared disasters.
The FRP was amended to provide a Terrorism Annex, providing a collaborative role for the FBI
and FEMA during the response to a terrorist attack. The flow of decisions and organizational
capability envisioned for the response to a major natural disaster is illustrated in Figure 2 below,
taken from the FRP.

Figure 2: Organizational Evolution Specified by the FRP
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Figure 3: Organizational evolution at the Pentagon
(Preliminary Documentation)
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The actual organizational evolution was considerably more complex. Figure 3 provides a summary
of how and when organizations became part of the Pentagon response. This diagram is intended to
provide an indication of the organizational complexity that faced responders. The Arlington
County Fire Department established the incident command structure based upon the principals of
the Incident Command System (ICS) and Unified Command. DOD organizations and assets were
coordinated through the unified command

Structure

Preliminary Findings

The analysis of interview data for the final report to the National Science Foundation has not been
completed. However, the following preliminary findings capture the most significant conclusions
that can be made based on the data collected, interviews conducted, and observations made.

1. The response system designed for natural disasters was effective for managing the
consequences of a terrorist attack. This system includes local Incident Management built on
the principles of the Incident Command System, Unified Command, and Mutual Aid and
mobilization and integration of Federal and State resources in accordance with the Federal
Response Plan (FRP). The ability of the Arlington County Fire Department (ACFD) to
rapidly establish an ICS based organizational structure was the key to success. The ACFD and
other local fire departments use the ICS for all operations. “Everyone knew that Arlington
County was the Incident Commander” and “everyone in the ICS structure knew this is not
about turf, it’s about getting the job done” were among the comments recorded in our
interviews. The Unified Command of ACFD, FBI, Arlington County Police, DOD Military
District of Washington and the FEMA USAR Incident Support Team were established during
the first day.  Arlington, Fairfax, and Alexandria Counties drew upon 25 years of mutual aid
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experience. The Arlington County Incident Commander, for example, used a Fairfax County
mobile command vehicle as the site for the Unified Command Center.

Federal assets and teams, were obtained through the Federal Response Plan structure, and
were effectively used. Federal resources mobilized included search and rescue teams, disaster
mortuary teams, disaster medical teams, medical response teams, EPA Hazmat teams, US
Army Corps of Engineers debris removal teams, and American Red Cross mass care resources.
The mobilization of federal resources occurred despite that fact that senior Federal and State
emergency managers were isolated in Big Sky, Montana at an emergency management
conference. The federal response organization was created and the federal mobilization was
successfully executed by skilled mid level managers. The Catastrophic Disaster Response
Group, the interagency group of senior managers tasked with resolving problems during a
disaster response, never convened.

The Pentagon response was effective. An effective on scene response organization was rapidly
created. Goals were defined and met. The response required the local first response
organization (Arlington County fire department) to coordinate of a complex meta-organization
consisting of organizations from different communities: emergency response (fire, rescue,
EMT), emergency management, law enforcement, and the military. The Unified Command
created and executed response plans and coordinated these plans with FEMA, the FBI, and
DOD.  The Arlington County EOC was established within 30 minutes of the event, and
supported the first responders. The FBI and FEMA established a Joint Operations Center at
Fort Myers.

The complex organization that evolved was based upon the ICS system, but creativity and
coordination resulted in a flexible, effective organization. No one participating in the response
to the Pentagon had ever responded to a terrorist attack. The fact that this attack took place in
metropolitan Washington, and was on the headquarters building of the U.S. military meant that
many organizations would be involved and many organizational issues that were totally
unanticipated by response planners would occur. Issues such as the relationship between
military and local responders (the ACFD was in charge) and the responsibility for
identification of remains (DOD was in charge) were handled professionally and quickly. The
incident management structure was a point of departure for creative, -effective
management...not a strait jacket.

Effectively coordinating organizations with the diverse organizational cultures of first
responders, military, medical, and law enforcement in a complex disaster response is a difficult
issue for incident managers. As stated by one senior participant: ‘“How do you, beyond ICS,
blend the cultures of local assets and military assets”. More than one participant pointed out
that pre-established relationships between federal law enforcement and local responders greatly
eased potential organizational problems. Unified command is a concept used in the U.S. for
pollution incidents and technological accidents, but has not been formally incorporated into the
Federal Response Plan. Organizational familiarity was a key factor in the successful
coordination of response organizations. Personal relationships were helpful, but not as critical
as familiarity with organizational roles, responsibilities, and capabilities.

Information Management and Media Relations are critical to actual and perceived success.
The response was hindered in the early hours by conflicting and uncertain external information.
For example, rescue operations were suspended and the site evacuated based on rumors of an
additional incoming plane. On site communications were established using radios (common
frequencies pre-established through mutual aid agreements) and cell phones (assisted by “cells
on wheels”). “Media management was a ‘huge’ issue in this incident” according to a senior
manager. Very early in the process, a media site was established at a gasoline station within
view of the site and periodic briefings were provided. This minimized, but did not eliminate,
erroneous and conflicting information in media reportage.
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During the Pentagon response, a complex management situation involving very disparate entities
under severe stress responded surprisingly well. Unfortunately, this is unlikely to be the last time
that first responders and emergency managers face the challenge of managing the consequences of
a deliberate terrorist event. The fact that systems worked is important. Documenting why they
worked and communicating that knowledge is essential.
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Abstract

The Sept. 11™ terrorist attacks were the first catastrophic terrorist event to occur in the U.S. and the
first that required both civilian recovery and military responses. This report sought to determine the
scope of the impacts and to begin the process of examining the implications for the federal
emergency management systems, programs, and policies.

This report discusses the defining characteristics of the attacks, the role of the media, and the initial
role and functions of two of the responding agencies — the U.S. Environmental Protection Agency
(EPA) and the U.S. Coast Guard (USCG) in New York City (NYC). It also briefly describes the
various impacts: economic and financial, damage to infrastructure, equipment losses, business
interruption, human productivity, airline losses, insurance payouts, decreases in tourism, revenue
losses, impacts on the stock exchanges, and donations and charities.

The authors also evaluate the effects on public attitudes toward government, the new national
public awareness of terrorism, public awareness of emergency management, and changes in public
sector focus and workload. The authors describe anticipated changes in federal policy to better deal
with such events in the future.

In the course of working on this report, the authors were stimulated to develop a related product:
the Terrorism Time Line: Major Milestone Events and Their U.S. Outcomes (1988-2001),
which was published in March 2002 [1].

Introduction

The terrorist attacks on the World Trade Center (WTC) and Pentagon are horrific events, of a scale
and type never before seen in the U.S. or in the world. To our knowledge, no past terrorist disaster
in the U.S. has resulted in both recovery and military actions to seek redress for the incident.
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Given the timing, nature, and magnitude of the attacks, plus the immediate extensive media
coverage, the topics of terrorism and emergency management have received an unprecedented
amount of attention not only in the U.S. but worldwide. Aspects of terrorism usually reserved to a
small group of behind-the-scenes operational personnel suddenly have become of interest and
concern to citizens throughout the nation.

In researching and documenting the outcomes of the events in NYC and the Pentagon, the authors
chose to focus primarily on emergency management at the federal level. Even with this limited
focus, the effects of the Sept. 11™ events on the federal government involve a vast array of impacts
and outcomes. This report will briefly describe the events and their effects, giving more time and
space to some of the early impacts and ramifications. The report deals generally with emergency
management issues and actions during the first 30 days after Sept. 11™. It does not cover the many
problems and issues connected with the public management of health and environmental issues that
began to emerge about four weeks after the attacks took place. Finally, our research relied mainly
on secondary sources, because it was not possible to gain access to key actors for personal
interviews in the first few weeks after the massive events.

The Unprecedented Role of the Public Sector As noted by Waugh, “Emergency management is the
quintessential governmental role. It is the role for which communities were formed and
governments were constituted in the first place — to provide support and assistance when the
resources of individuals and families are overwhelmed [2].” For the emergency management
community these vastly destructive terrorist attacks have a large number of aspects, impacts, and
implications that are unprecedented. Clearly, these events will go down in history as a major
milestone in emergency management and probably will result in major changes in the emergency
management systems at each level of government in the future.

Given the vast scope of impacts and ramifications for government actions and policies, at every
level of government, this paper can only outline or briefly discuss some of the impacts and
outcomes of the Sept. 11™ event. This report should be viewed as an early step in what is likely to
be a long-term sequence of analyses and reports about a milestone set of disaster events.

Approach

Our approach was to use the conceptual framework for the Disaster Time Line: Selected Milestone
Events and Outcomes (1965-2000 as a starting point [3!. The authors set out to research and
document some of the political and policy impacts of the Sept. 11™ attacks and their ramifications
at the federal level. While working on the DTL, the authors discerned a predictable sequence of
actions and outcomes from major defining disaster events since 1965. The key categories are,
major after-action reports and documents; legislation, regulations, and executive orders; response
plans; and organizational changes. The authors planned to document the expected sequence of
actions and determine, to the extent possible, the causal relationships between the events and major
outcomes.

Two issues arose while trying to apply the approach noted above. (1) Initially, it appeared as that
the Sept. 11™ events did not fit into the sequence observed previously. The authors later decided
that although these events have some aberrations, they did fit into the basic pattern. The details of
this finding will be discussed later. (2) The authors prepared a new, separate graphic, the
Terrorism Time Line, in order to focus on the level of detail and space needed to adequately and
appropriately display all of the details and underpinnings of the federal involvement in counter-
terrorism.

45



The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

Events of September 11"

Many researchers and journalists have produced detailed descriptions of the events and the
response efforts. Highlights of some of the most pertinent facts and some observations about their
implications follow.

At 8:45 am (EDT) on Tuesday, September 11, an American Airlines aircraft was hijacked by a
group of terrorists after taking off from Boston and crashed into the north tower of the World Trade
Center Complex in New York City. At that time, the severity of the incident, the numbers of
people involved, and the reason for the crash were all unknown. At 9:03 am a second plane, this
time a United Airlines plane, hit the south tower of the World Trade Center.

During the period between the first and second crashes in NYC, the Washington Area Airport
Authority had begun evacuating Reagan, BWI and Dulles airports as a precaution. Immediately
after the second crash, FAA issued a national “ground stop,” which prevented all civil flights
taking off, thereby acknowledging that these actions were deliberate and that more attacks might be
underway.

The roads were being closed in Washington, D.C. and the mayor had just given the order to
evacuate the city of Washington, D.C. when another American Airlines plane hit the Pentagon
office building in Arlington, VA at approximately 9:40 a.m.. The Federal Aviation Administration
(FAA) issued an immediate order to ground all the planes flying in the U.S. airspace. The news
spread quickly through blanket media coverage that a fourth plane was heading towards
Washington, DC with the expectation that it was aiming for the Congress or quite possibly the
White House. The decision to evacuate the White House occurred around 9:45 a.m.

Around 10:00 a.m. a fourth commercial plane went down in Somerset County, PA, about 80 miles
southeast of Pittsburgh. About the same time a partial collapse occurred at the Pentagon building in
the area of impact. Shortly after 10:00 a.m. the south tower of the World Center collapsed. Within
the next half-hour, the northern tower of the World Trade Center collapsed. At approximately 5:30
p-m. a third tower in the World Trade Center complex, Building #7 also collapsed.

The Defining Characteristics. These attacks obviously were extraordinarily well planned and
coordinated. They clearly had the goal of damaging the symbols of power in the U.S., causing as
many casualties as possible and spreading fear. Also, by hitting at the World Trade Center
Complex in NYC, which is the heart of the international financial community, there is no doubt
that the terrorists hoped for long-term negative economic consequences.

Not just the people living in New York City or in Washington DC, but many millions of people all
across the country felt they were potential targets, especially those living in other large cities. The
local, state, and federal responses were immediate and massive amounts of resources were
deployed to the attack sites. Initially, it was estimated that the casualties in the WTC could be
around 10,000 and 800 people were estimated to be dead in the Pentagon incident. Sadly, the initial
fire fighting teams, including the NYC Fire Chief, deployed to the scene were among the dead and
missing. The loss of about 300 skilled fire fighters and their chief was a major blow to the
response force.

In addition to responding to the known disasters, prevention of further damage was a major
concern. As these catastrophic series of events occurred, it was not - - and it still is not — clear
whether there were other attack plans and when the threat of further attacks would end. Both
elected and appointed officials had to take immediate actions and make the kind of decisions that
they had never done before to fulfill their duties to the citizens. No doubt the terrorists intended to
shake the public trust towards the government. One immediate worry was how could four
commercial jetliners have been successfully hijacked from different airports and their whereabouts
while in the air remained unknown.
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President Bush’s mission changed profoundly in a matter of hours. He was forced to assume a
defensive role for both himself and the country as a whole. And when the source of the attacks was
determined, he had to mount a war offensive against the perpetrators and other allied terrorists
located in many countries. Within hours, measures were taken to ensure the continuity of the
government, to avoid mass panic, and to protect the nation and its citizens from further attacks.

As thousands of members of urban search and rescue, emergency medical, emergency response
teams, and tons of equipment were deployed, it became obvious that the debris removal would take
months, if not years, and hopes of finding any survivors quickly faded. The FBI, other federal
teams and the New York Police Department (NYPD) began the enormous task of sorting and
sifting through debris for bodies and evidence, a task that also could take several months.

The Role of CNN and other Media

Given the time of day, and the fact that many governmental and financial workers have access to
Internet and TV news, word and pictures of the events spread fast. Thanks to CNN and other
media, many public officials could see the actual scenes of the events in NYC and at the Pentagon
only within minutes of their occurrence and were able to take action, such as opening emergency
operations centers (EOCs) before being requested to do so officially.

What follows are two brief examples of initial response actions on the part of federal and military
organizations, U.S. EPA and the U.S. Coast Guard.

(1) U.S. Environmental Protection Agency HQ (EPA)

On Tuesday morning, Sept. 11", at the time of the first attack on the WTC, at EPA headquarters, in
Washington, D.C., the Emergency Coordinator for the Agency, Jim Makris, and his deputy were
engaged in a previously scheduled briefing for the EPA Administrator about the Agency’s
emergency management system and capabilities. They received a call and were told to turn on the
TV to see the attack details. The officials then ended their meeting and opened the Emergency
Operations Center immediately thereafter to begin disaster operations, according to Ed Terry, the
Manager of EPA’s EOC. Shortly thereafter, EPA headquarters established links with all of its East
Coast regional offices to begin coordination and support of the NYC response efforts.

EPA has the authorities and responsibilities needed to perform emergency response functions under
the National Contingency Plan. Plus, when the Federal Response Plan is activated, EPA has the
lead responsibility for Emergency Support Function #10: Hazardous Materials. In this case, no one
waited for formal initiation of any of the emergency response plans, but went right to work with
their existing authorities [4].

(2) U.S. Coast Guard- Initial Response in NYC

Captain Dennis M. Egan, U.S. Coast Guard (USCG), who is the Director of the National Response
Team (NRT), first learned about the NYC disaster on CNN TV. He immediately ordered that the
alarm to the FBI’s Weapons of Mass Destruction (WMD) hotline be activated. Rescue helicopters
were sent to NYC from USCG bases in Atlantic City and Cape Cod. When helicopters arrived one
hour later, NYPD helicopters already were on scene. The USCG’s Long Island helicopter facility
was stocked for support of the NYPD for several days, but not used in the search and rescue. The
NY City government immediately moved its resources from Staten Island to Manhattan.

Various ferry ships, under USCG direction, were used to evacuate civilians out of Manhattan. The
ships involved were the Staten Island Ferry and three other ferries; there were no major USCG
ships in the area. Capt. Egan commented on the fact that the USCG ships were heading in, while
the Navy ships were heading out of harbor. Many people fleeing the fires and destruction from the
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WTC area ran toward the water, at the foot of Manhattan. The local police and Coast Guard
officials on board the ferries were armed and available for assistance. Egan commented that USCG
was a counter-terrorism “node” in these actions. The USCG went quickly from the response to
security phase when it began screening passenger vessels and putting armed guards on cargo ships.

When the second plane hit the WTC, CG area commanders were contacted. The Boston USCG
Admiral invoked “'regional incident command,” and was established as the senior USCG official in
NYC. He was instructed not to be in charge of the entire incident. He joined in the governor’s and
the mayor’s response activities, but returned shortly thereafter to his post in Boston.

The Coast Guard Strike Teams set up in NYC to get the stock exchanges open again. They also did
air sampling in the area. The Coast Guard used the “Vessel Traffic System” for navigation around
the city. Because the antenna on the WTC tower was a major part of the system, range was
reduced significantly. A new antenna was rigged on Staten Island as a backup.

The Coast Guard observed that FEMA set up their Regional Operations Centers after a five or six-
day delay, due to the communications failures at the Federal Center in New York City, discussed
elsewhere in this report. Egan commented that there were no major initial turf wars to report. The
mayor was “significantly in charge.”

Communication was perhaps the greatest problem. All cell phone lines were dead. Only two
major phone trunk lines into New York City remained, and both were completely saturated (this
problem persisted for several days). The National Response Center sent three portable
communication units by van to New York City the night of Sept. 11. Those units were established
at Battery Park, Staten Island, and on the USS Comfort. Nevertheless, the CG had trouble setting
up communications with those in charge in NYC.

Battery Park was taken over by the City of New York and by the FBI as a command center. The
FBI Atlantic Strike Team had some initial trouble getting communications set up because their
system was dependant on access by a self-contained van unit, which could not navigate the rubble-
covered streets.

Within two hours of the start of the attacks, there was a National Response Team conference call.
At about 1:00 p.m., there was another NRT conference call. The Coast Guard established a liaison
at the FBI Strategic Intelligence Operation Center; this post was filled for two weeks.

Captain Egan noted that the most valuable preparations for the actual response of the USCG on
Sept. 11"™ was due to TOPOFF, which was a major federal disaster exercise, mandated by
Congress, held in 2000. This exercise apparently created many contacts that were vital in the
September 11™ response [5].

Emergency Management Considerations

In NYC, initial efforts on the part of local federal regional offices to deal with emergency response
were hampered by damage to the city’s emergency operations centers. New York City had
recently completed a multi-million dollar state of the art EOC; but it was housed in one of the
WTC buildings that was totally destroyed. The State of NY seemed to fare better. The Federal
center in NYC was not physically damaged, but telecommunications were knocked out, which
meant that FEMA Region II, EPA II and other federal agencies had to find other operational
locations [6].

In Arlington, VA, the response relationships appeared to be efficient and effective, since the
Arlington County Fire Dept. and Pentagon officials had worked with each other and conducted
response exercises prior to Sept. 11",
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At the national level, things moved very quickly with Presidential declarations of emergency for
the Pentagon and disaster for NYC. The conventional procedures for obtaining a Presidential
declaration were not necessary; “self-initiating” requests, as allowed by the Stafford Act, occurred
and the federal government as well as the military services began their response actions very
rapidly.

Among the response actions that are highly unusual or unique to the events of Sept. 11th:

e Emergency and Disaster Declarations: “self-initiating” declarations; use of emergency and
then disaster declaration at Pentagon;

e Problems with Emergency Operations Centers at the local and federal levels due to
destruction and incapacitation, respectively.

e White House Involvement: rapid creation and selection of a director for the Homeland
Security Office. While fully operational, the White House and some federal agencies were
making, or planning, major changes in processes, procedures, funding, and organizational
arrangements for emergency management.

The Impacts

As of March 17, the latest information from federal and local officials give the following totals for

the number of people dead or missing from the September 11 attacks:

e In NY City, approximately 2830 deaths have been confirmed. That number includes the 157
people on the two hijacked planes at the WTC. Only 773 of the 2830 people who died have
been recovered and identified, though the remains of many are still being analyzed [7]. At the
time of writing, additional remains are recovered almost daily.

e At the Pentagon site, a total estimate of 189 persons died; 64 persons, including the crew, died
on board the hijacked plane; another 125 were dead or missing in the Pentagon building.

o At the Pennsylvania plane crash, 44 were confirmed dead on the hijacked plane initially. The
number of injuries was a relatively small number, because all of the above events were so
devastatingly deadly.

The Economic and Financial Impacts. It is a challenging task to calculate the overall costs of
September 11" attacks. The destruction of the WTC obliterated about 12 million square feet of
Class A office space, which is the equivalent of all office space in Atlanta or Miami [9]. An
additional 18 million square feet of office space in downtown Manhattan was damaged.

Infrastructure. In NYC, a significant amount of infrastructure was ruined in the neighborhood of
the World Trade Center Complex, including a crushed subway station, plus the loss of five phone-
switching stations, two electrical substations, 300,000 telephone lines and 33 miles of cable. It has
been estimated that replacing the destroyed subway lines would cost around $3 billion and that
utility repairs, including 300,000 telephone lines, one phone switching station and six miles of
electrical cable are estimated to cost $2 billion. Additionally, rebuilding the PATH NY/NJ station
below WTC would be about $2.4 billion. The estimated total cost for replacing the basic
infrastructure is $7.4 billion [9].

The Pentagon office building, which is owned by the Department of Defense, is estimated to have
sustained $1 billion in damages. It was fortunate that the hijacked plane hit the Pentagon in the
newly remodeled section, since relatively few people were in the not-yet-completed offices and the
structure, windows and other construction details were more attack-resistant than the rest of the
building.

Equipment Losses. Going beyond the infrastructure costs in NYC, there were equipment and
related losses - such as fire trucks, thousands of computers furniture, and other equipment items -
that disappeared with the towers. Early estimates suggested that anywhere between $2 to $5 billion
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worth of telecom and computer equipment was destroyed. The total property loss was estimated at
$34 million, according to the New York City Comptroller Alan Hevesi. That is nearly twice the
$16.8 billion record set by 1992’s Hurricane Andrew [9]. Similarly, but on a smaller scale, at the
Pentagon, there were computers, office equipments, and other unknown equipment and supplies
were consumed in the fire after the plane hit.

Another unusually large cost in NYC was related to dealing with the immense amount of debris
over the multi-acre area disaster site. The debris had to be sorted first for human remains, evidence,
and later deposited in a landfill. The NYC Controller predicted that it would cost a $14 billion just
to clean up and police the site.

Business Interruption. The NYC site probably set an all-time record for business interruption costs,
which were initially estimated at $21 billion; the most serious losses occurred in the downtown
neighborhoods that were inaccessible for weeks after the attacks [10]. Six months later, an official
from the City of New York, Office of Emergency Management, gave an estimate of $83 billion for
the overall economic impact on the city from the attacks, based on her discussion with the business
community [11].

Built in 1970, the World Trade Center housed more than 430 companies from 28 countries. They
were engaged in a wide variety of commercial activities, including banking and finance, insurance,
transportation, import and export firms, customs brokerage, trade associations and representatives
of foreign governments. An estimated 50,000 people worked in the World Trade Center, and
another 140,000 visited the complex daily. Estimates of how many people were in the WTC when
the attacks began vary from 15,000 to 40,000, according to an article in the Washington Post [12].
Thus, the ratio of people who safely got out of the many impacted buildings was many times higher
than the number who died there on Sept. 11th.

Companies like Morgan Stanley, which by far was the WTC's largest tenant -- with 3,700
employees (all but 15 unaccounted for) -- was fully operational less than 48 hours after the tragedy.
Remarkably, Cantor Fitzgerald lost 680 of its 1000 employees but was operational for bond trading
two days after the attacks.

Many Wall Street firms would have been inoperative for many more weeks after the attacks if it
were it not for the careful contingency planning they began after the 1987 stock market crash and
accelerated after the 1993 WTC bombing. These financial firms rely on two critical services to
guarantee a quick rebound from natural and man-made disasters: (1) information backup services
that collect computer tapes and store them in highly secure suburban facilities, and (2) alternative
facilities that are fully equipped with mainframes and computer servers that replace lost computing
power. For a subscription fee, plus a disaster assessment that may run into the millions of dollars,
stricken firms were able to move their personnel to such a service provider’s centers for up to six
weeks [9]. (After that the companies had to find their own space). Many companies have decided
that it is prudent to spread operations over multiple locations on different electrical grids and
telephone networks [13].

Human Productivity. Another sad but important indicator of loss is the loss of human lives and
their future productivity as indicated in purely financial terms. Given the average age of the
workers who lost their lives (40), the NYC Comptroller estimated the “lost human productive
value” to be about $11 billion. Measured by payroll, NYC, with less than 3% of the country’s
workforce, accounts for 37% of the U.S. securities industry, 20% of advertising, and 18% of book
publishing. The best and brightest from around the world are drawn to New York because it is
where they can do their finest work and reap the highest rewards. In the short run, the September
11 attack would add a $500 billion blow to a city economy already stumbling from the bear market
on Wall Street and the nationwide slump. More than 100,000 New Yorkers thus would eventually
be thrown out of work by the attack, according to New York State Labor Dept. estimates [13].
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Airline Losses. The airline industry received a major blow due to the temporary shutdown of the air
travel system and later widespread fear of flying by potential customers. Airlines and airfreight
were down for weeks. People who chose to fly faced long lines due to increased security measures.
Anything suspicious became a reason to ground planes. After the attacks, the airlines received a
$15 billion government bailout, announced 100,000 layoffs and slashed 20 percent of their flights
[13].

In the Washington, DC area, Reagan National Airport and its businesses were the hardest hit in this
ordeal. The airport was ordered to shut down immediately after the attacks and was not allowed to
open until 23 days later due to its proximity to so many potential targets. The cost for closing was
$330 million per day to the airport and Northern Virginia businesses and $27 million to state and
local tax revenue [13].

Insurance Payout. The $126 billion commercial insurance industry is facing a $30 billion payout.
This industry will never quite be the same, since insurers and reinsurers had never considered
terrorism when pricing their premiums. The uncertainty about how to predict the future attacks is a
huge challenge for the insurance industry.

Tourism Income Losses. The tourism industry hit has been hardest in Washington, DC area and
New York, but with secondary and tertiary effects in Boston, Los Angeles, Las Vegas and other
major tourist destinations. About one-third of the nation’s 265,000 unionized hotel and restaurant
workers have been laid off. Hotel expansion plans have been on hold almost everywhere [13].

Revenue Losses. The U.S. economy, threatened by recession before September 11, has suffered a
number of blows in the weeks since. The leading economic indicators dropped in September. Yet
the nation's financial markets have thus far weathered the uncertainty, making up losses
experienced in the days after reopening.

Former Mayor Rudolph Giuliani estimated the city would lose $1 billion in revenues this fiscal
year — including a 20% decline in personal income taxes and more than 30% declines in hotel and
real estate transfer taxes. Additional costs for additional police overtime, downtown cleanup, and
other services would soar into the billions. Even with the help from Washington, New York was
expecting a budget deficit of $4 billion in the next fiscal year. The city agencies would have to cut
$1 billion from their spending plans. The federal government would reimburse the city for $11.4
billion in expenditures directly related to the attack, such as $5 billion for emergency construction
at the WTC site, and $3.8 billion for police, fire, and health services. Congress approved $20
billion in aid for New York, Virginia, and Pennsylvania [13].

The NY and American Stock Exchanges were closed for a week until September 18", The stock
market declined by double digit percentages immediately after the terrorism attacks. The NYSE
dropped 1, 369 points, the biggest point loss and the fifth worst week ever for the Dow Jones
industrial average.

Charities and Donations. As a result of the attacks on the WTC, and all of the media attention given
to it, an unusually large number of charities formed, in addition to the major ones already in
existence — such as the Red Cross and the Salvation Army - - and an unprecedented amount of
donations were received. The resulting problems ultimately had to be straightened out by the
Attorney General of the City of NY. As a sidebar to this topic, the current President of the
American National Red Cross lost her job as a result of some disputes with the Board of Directors
of that organization. It should be noted that donations related to the Pentagon disaster do not appear
to have the same complications.

Health and Human Services Operations. According to a news release from the U.S., Dept. of
Health and Human Services (HHS), the “9/11" response in New York City, constituted the largest
National Disaster Medical System (NDMS) response ever. Of the more than 9,500 rescue workers,
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1364 were volunteer health and mortuary professions who provided their services as part of the
national NDMS, and more than 600 others were health professions from HHS Commission Corps
Readiness Forces and the Centers for Disease Control and Prevention. Disaster Mortuary
Operations Response Teams (DMORTSs) supported the NYC Medical Examiner’s Office,
processing 15, 528 human specimens, 270 bodies, and identified 750 victims. On Sept. 11, 2001,
the Dept. of HHS declared a national health emergency; the Office of Emergency Preparedness
immediately deployed NDMS and Commissioned Corps teams to the disaster site. The HHS
funding totaled $301 million for response and recovery activities resulting from the Sept. 11 attacks
[14].

Outcomes

It is not possible to overstate the dramatic changes in political culture, attitudes, and philosophy
of the federal government regarding emergency management and counter-terrorism that have
resulted from the Sept. 11th attacks. Plus, many of these changes were immediate. Some
elements of the emergency response went extremely well, such as the personal leadership of Mayor
Giuliani, Governor Pataki, and the high level of competence of the Arlington County, VA Police
and Fire Services. But, many concerns about the weaknesses in the nation’s ability to deal with a
major terrorism event quickly surfaced, such as: (a) need for better detection and warning systems
for a terrorist attack, (b) central coordination at the federal level, (c) weaknesses in the public
health and disaster medical systems, and (d) core capabilities of some states and localities to
manage a massive disaster.

Other related systems were severely criticized for failures of weaknesses, such as the intelligence
gathering and analysis capabilities of the international and domestic federal agencies; lack of
coordination among various federal agencies with information about suspected terrorists; and
problems in tracking foreign visitors and supposed students. The ramifications and implications are
so substantial that it will take years of research and documentation to capture them.

A Major Sea Change. Within days after Sept. 11", the Bush Administration and the Congress
rapidly made a major philosophical shift in their attitudes and willingness to combat terrorism,
including major changes in national priorities, budget, and spending plans — all in a matter of a few
weeks after the events.

Public Attitudes Toward Government. On Sept. 30", a N.Y. Times article titled Now Government
is the Solution, Not the Problem, stated:

“After 20 years of exulting in the power of the private sector, in deregulation, tax cuts and reining
in the Washington bureaucrats, Republics and Democrats alike are talking about a muscular role
for the government in the aftermath of the Sept. 11th terrorist attacks. They are bailing out the
airlines, establishing a new Olffice of Homeland Security, passing a big new aid package to rebuild
the areas devastated by the attacks and pondering an even bigger effort to stimulate an ailing
economy. When the chips are down, where do we turn? ... To the government’s firefighters, police
officers, rescue teams. To the nonprofit sector’s blood banks and shelters. And to big
government’s Army, Navy and Air Force [15]”.

Another perspective is that of the professional public administration community, which noted that
the aftermath of the Sept. 11th events, provided a unique glimpse at public employees at work. In
the newsletter of the American Society for Public Administration (ASPA), it was noted:

“In a way unmatched in history, Americans had a chance to watch public administrators at work
and, sometimes, under attack. They saw countless cases of unmatched bravery. The broadcast
heroism, in fact, only hinted at the ways that government works rose to the challenges of their
jobs.”
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ASPA further noted “The real work — how to refashion the field to master the enormous new
challenges facing it — begins now. Public administration will not only become more important, but
its job has been dramatically transformed [16].”

National Public Awareness of Terrorism. Given the timing, nature, and magnitude of the attacks,
plus the immediate extensive media coverage, the topics of terrorism and emergency management
received an unprecedented amount of attention not only in the U.S. but worldwide. Topics usually
reserved to a small cadre of behind the scenes operational personnel suddenly were of interest and
concern to citizens throughout the nation. This was captured in a Washington Post Article entitled
Think-Tank Presses are Suddenly Best-Selling Publishers. The article noted, “Across
Washington, think tanks are find their once obscure books, studies, and policy reports are hot with
the general public [17].” Discussions of Terrorism, Bio-Terrorism, and Weapons of Mass
Destruction are now commonplace among the general citizenry in the U.S. The Sept. 11™ events
provided a crash course on the topics. What was a somewhat esoteric technical area of interest,
pursued by a relatively small group of responsible persons is now discussed everywhere.

Public Awareness of Emergency Management. Citizens have become more aware of their public
officials and how they conduct emergency management at each level of government. In New York
City, Former Mayor Giuliani and Governor Pataki were directly involved in the response efforts
and were highly visible doing their jobs on a daily basis. It should have been clear to most citizens
that their local and state government officials were working ardently and effectively to help them.

One interesting indicator of the level of commitment and depth of the local emergency
management effort is that at the third and final location of the city’s emergency operations center
(EOC) ultimately contained 350 workstations, according to newspaper accounts. That huge
number is a crude indicator of the amount of coordination involved in the response and early
recovery activities.

Similarly, public awareness of the key roles and functions of local public officials in Arlington, VA
was heightened by the attack on the Pentagon. Prior to the event, Pentagon staff had worked
closely with Arlington County Fire Dept. in the event of a major fire in that building. The County
Fire and Policy Departments also were highly effective and committed to their jobs, according to
two reports in the Washington Post. They too received great support and encouragement from the
local citizens.

Changes in the Public Sector Focus and Workload. As was noted above, the role of public
practitioners in emergency management has changed and probably will continue to change as the
U.S. goes into the recovery period. A related outcome is the effect on public officials, both elected
and appointed and the long-term burden on their workloads. For example, Senator Hillary Clinton
(Dem., N.Y.) described the economic damage as “incalculable” and said “... [She has] been
consumed with the details of organizing federal assistance for the city and expects that responding
to the emergency on both the national and local levels will dominate her Senate career for the
foreseeable future [18]

Some Specific Outcomes. The five specific categories of observed outcomes of major disaster
events that the authors developed and used in the Disaster Time Line; Selected Major Milestone
Events and Their U.S. Outcomes (1965-2001) were applied to the Sept 11th events in order to
capture some of the most frequently observed aspects of outcomes from a political and policy
perspective.

(1) Major Reports and Documents. After examining dozens of major disaster events during the
years 1965-2001, the authors noted that immediately after a major event, either the Congress or the
White House initiated hearings, after-action reports, and/or studies to determine what the problems
and deficiencies were in responding adequately to disaster events. This step occurred without
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exception in the 36 years examined [19]. Yet, in less than a week after the Sept. 11th events, major
national legislation was enacted and organizational changes occurred. There were two highly
unusual aspects in the immediate aftermath of the terrorist attacks: (1) no hearings or studies were
ordered to determine what went wrong and what remedies were needed, and (2) the speed and
bipartisan nature of the legislative process were unprecedented.

The authors noted the sequence with great interest because it was an aberration from the pattern
observed since 1965. After making a rough time line chart of the sequence, the authors surmised
that several major reports about terrorism had already been completed by September 11" were used
rather than ordering new studies and reports. Some relevant ones that were quickly updated and
issued are several GAO reports on counter-terrorism ([20], [21], [22]) and on protecting critical
infrastructure; the Gilmore report III update; and the Stimson Center reports.

It would appear that the information and knowledge about what to do already existed before
Sept. 11th. What was lacking was the political backing for change and the political will to act. A
rapid sequence of actions regarding improved emergency management and protection of critical
infrastructure then followed.

(2) Legislation In a matter of about 16 weeks after the terrorist events, the degree of national
attention and commitment to dealing with the outcome of the incidents led to the rapid enactment
of four major pieces of legislation: the Supplemental Act for Response and Recovery; the U.S.A
Patriot Act of 2001; the Defense Authorization Act; and the Aviation and Transportation Security
Act.

Other unusual characteristics of the aftermath of this disaster are (1) the speed with which the
federal government and the NY state delegation met and agreed to create and pass congressional
legislation and appropriation of $40 billion to finance the costs of response and recovery efforts,
and (2) that major federal organizational and coordination changes occurred relatively rapidly, even
before Congressional hearing or special task forces were formed.

Since Sept. 11", many new bills relating to terrorism are pending before Congress. The list of
pending legislation is sizeable, and has been changing at a rapid rate.

(3) Executive Orders. Again, within about 16 weeks, three Executive Orders (E.O.) and two
Homeland Security Presidential Directives (HSPD) were issued. They include: E.O. 13228,
Homeland Security; E.O. 13231 Critical Infrastructure Protection, and E.O. 13234 Citizen
Preparedness. HSPD1 deals with the Homeland Security Council and HSPD 2 covers Immigration
Policies.

(4) Key Federal Response Plans. It is expected that both the Federal Response Plan and the
National Contingency Plans will be reviewed and revised, based on the Sept. 11™ attacks. It is too
early to know the natural of these changes. The structural and organizational issues as well as the
basic authorities for Homeland Security Office probably will have to be clarified before the
implementing mechanisms and response plans are changed.

(5) Major organizational changes. There were at least three new federal offices created, the
Homeland Security Office and the Homeland Security Council (in the Executive Office of the
President) and the Transportation Security Administration (in the Dept. of Transportation.).
Paramount among the changes here is the rapid creation of the Homeland Security Office. Other
major changes pending include a wide array of security concerns, such as changes in airport and
airline safety responsibilities, regulations, procedures; changes in immigration and naturalization
laws and regulations; and changes in the transportation systems in the country.

It is too early to know just what the Homeland Security Office (HSO) will do with regard to
contributing to changes in response plans, systems, and even recovery. Given the breadth of the
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Executive Order mandating the formation of that office, it would be likely major changes are in the
offing. Some of the other changes that are likely to occur in the coming months: improved warning
and alert systems, improved detection and treatment for chemical and biological agents; improved
intelligence gathering and analysis from both domestic and international sources; changes in
emergency management systems and personnel training; changes in FEMA’s National
Preparedness Office, changes in the Federal Response Plan and the National Contingency Plan, and
more national Counter Terrorism (C-T) exercises.

Given the vast complexity of the attacks and their aftermath, the authors created the Terrorism
Time Line: Major Milestone Events and their U.S. Outcomes (1988-2001). Also under
development are a narrative explanation of the chronology and a policy analysis of the major
events and their outcomes.

In closing, in an article entitled Suddenly, Americans Trust Uncle Sam, noted author Francis
Fukuyama is quoted as saying: “Trauma and war bring out communal solidarity and remind
people of why we have government.” Regarding the creation of trust in government, he said “... a
national crisis alone does not create trust in government. It’s a combination of external threats and
government effectiveness [24]”.
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Abstract

Drawing on a psychological perspective, this paper discusses the cataclysmic events surrounding
the terrorist acts of September 11, 2002, committed on the World Trade Center in New York, the
Pentagon in Washington, D.C., Flight 93, which crashed in a field in western Pennsylvania, and the
subsequent anthrax scare. Background information on human response to disaster with respect to
psychological stages and common reactions is presented, along with relevant selected research
from terrorist events of 1995: the sarin gas release in a Tokyo subway and the Oklahoma bombing
of the Murrah Building. Attention is focused on public response and the first responder
community, including firefighters.

Introduction

Our world has changed.

For the people of the United States of America the world changed drastically since September 11,
2001. An almost naive sense of safety has been replaced with a sense of vulnerability. Some of
our valued freedoms have been restricted in the name of security. Homeland Security is a new
phrase in our vocabulary and a new government program. New fears have emerged and old fears
have resurfaced. We have lost something we still cannot quite define. On 9/11 our hearts were
broken.

Throughout the United States immediately after 9/11, the phrase “our hearts are broken, but not
our spirit” appeared on storefronts, poster boards on trees, in windows, on signs in neighborhood
yards, and scribbled on school notebooks. The United States flag was displayed everywhere -
homes, cars, trucks, private buildings, on lapels and clothing, in the city, the suburbs, the small
towns, along country roads all over rural America. On 9/11 our spirit united and strengthened.

From a psychological perspective, researchers have studied the human traumatic stress response
systematically over the past fifty years. We know that ordinary people reacting to an abnormal
circumstance may exhibit specific symptoms. But 9/11 was different, more complicated. We are
still framing the questions to define that difference and as yet, after more than six months, have few
answers. 9/11 was an unexpected event, but it was different in magnitude and design from
previous unexpected disasters. The size was monstrous, inconceivable. It was a violent and
deliberate crime on our nation, evoking both extreme anger and deep pride. More than 2,800
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people died as a result of the terrorist acts on 9/11. Unlike with a natural disaster, we still cannot
determine the outcomes (see figures 1 & 2).

Figure 1: World Trade Center 9/11

Psychological Phases and Common Reactions after a Disaster

According to the American Red Cross Manual on Disaster Health Services I (1992), victims are
likely to experience five psychological phases after a disaster. These phases may also relate to
groups, including organizations, communities, and nations.

1. Initial impact phase. This phase is characterized by increased anxiety and fears, sometimes
shock.

2. Heroic phase. During this phase, the survivors help each other to deal with the catastrophe.

3. Honeymoon phase. The honeymoon phase is characterized by experiences of joy and happiness
at having survived and the feeling of being important and special as the receiver of attention and
aid from private and government organizations, including the media.

4. Disillusionment phase. During this phase, there is increased resentment and frustration at
officials and agencies for failing to provide assistance in a more timely fashion.

5. Reconstruction phase. This phase is characterized by thoughts and plans for reconstruction and
acceptance of the need to assume responsibility for personal problems. Among other attitudes,
setting goals and the recognition that life moves on support the reconstruction phase.

These phases are not linear, and they often overlap. The amount of time spent in each phase varies
for each individual or group.

Paralleling these psychological phases, there are known, common reactions to trauma that include
the following four responses or stages. First, victims experience shock and disbelief. Survivors
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are emotionally numb or in denial because the psychic pain is severe - in fact, unbearable. Second,
there is a strong emotional response. Survivors are cognizant of their situation and feel
overwhelmed and unable to cope with it. Their response is emotional and encompasses behaviors
ranging from withdrawal to acting out. Third, there is acceptance. The survivor begins to accept
the magnitude of the situation and makes an effort to deal with it. At this stage, the survivor feels
more hopeful and is able to look toward the future and set goals. Survivors are able to take more
specific actions to help themselves, their friends, and families. Finally, the survivors feel as if they
have returned to their pre-disaster level of functioning. A sense of well-being and adjustment is
restored and realistic memories of the experience are developed. This is the fourth and final stage,
that of recovery. These stages are similar to the well-known stages terminally ill individuals pass
through as they approach death, and similar to the stages of grief one undergoes after losing a loved
one (James, 1980).

These universal stages are particularly important to understand when working with victims of a
disaster. An effective program provides for the expression of emotion and helps guide the survivor
to stage three, acceptance, and stage four, recovery (Kalayjian, 1995). Many people have difficulty
moving out of stage two and continue exhibiting symptoms, including: withdrawal, sleep
disturbances, anger, loss (or gain) in appetite, loss of concentration, increase in alcohol and drug
use, and sometimes an increase in domestic violence. A continuation of symptoms beyond one to
three months may lead to a diagnosis of Post Traumatic Stress Disorder (PTSD).

Figure 2: The Pentagon 9/11

Post Traumatic Stress Disorder PTSD

PTSD is considered to be the most severe and disabling variation of stress. The general public
became aware of PTSD after the Vietham War, when soldiers were reporting symptoms of a
duration and intensity that called for medical intervention. Medically, this disorder was recognized
in 1980 by the American Psychiatric Association and described in the Diagnostic and Statistical
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Manual for Mental Disorders (1995), the medical diagnostic manual for psychiatric disorders. The
diagnosis considers both symptoms and duration. Researchers have identified both immediate and
long-range symptomatic reactions to trauma. Initially, symptoms include numbness, denial,
avoidance of places or things that remind the individual of the trauma, withdrawal from social
interactions, depression, difficulty with concentration, and problems with relationships. Long-
range, but more acute symptoms include fearfulness, irritability, sleep disturbance, and flashbacks.
In addition, exaggerated startle responses, feelings of guilt, and high levels of anxiety are often
noted (Kowalski, 1995). A diagnosis of PTSD is likely if these symptoms are still present three to
six months after the traumatic incident (Rundell et al., 1989).

The risk of becoming a victim of PSTD is mostly an outcome of having been exposed to a high-
risk, potentially traumatic situation or experience. By definition, a traumatic event is one that is
outside the normal range of everyday life events and is perceived by the individual as
overwhelming (Doepel, 1991). A traumatic incident may produce an emotional reaction with the
potential of inhibiting a worker’s ability to function either at the scene or later (Mitchell, 1983), or
it may affect the functioning of any individual exposed to the trauma. Clearly, 9/11 qualified as a
traumatic incident.

Some psychologists suggest that the greatest emotional vulnerability after a traumatic incident is
from the six-month anniversary to the one-year mark after the incident. One New York
psychologist is credited with saying that she fears an upsurge in rages, self-destructive behavior,
and even suicides. “The despair, the helplessness gets so intense... it bursts out.”’(Lagnado, 2002,
P. B1). An associate professor of clinical psychiatry at Colombia University’s medical school says
it is classic to see unraveling occur several months after a disaster. After the “honeymoon phase”
where everyone pulls together, it all falls apart (Randall in Lagnado, 2002).

An additional component with a terrorist event is that a situation that used to be perceived as
benign can now be dangerous. Normal activities, such as sitting at a desk working, walking down a
street, attending large public gatherings including sporting events or concerts, or opening daily
mail, may become fraught with concern for unknown dangers. Suicide bombers in the Middle East
have had a drastic effect on the population there, where the people are fearful of public places,
restaurants - any gathering place.

Previous Studies

What do we know about the psychological response to terrorism? What differences exist in the
psychological response to a natural disaster in comparison to an act of terrorism? Data in this area
are limited. Most of our information is the result of studies of human behavior during and after
events such as hurricanes, floods, fires, earthquakes, tornadoes, war, and mass violence. However,
we can look to the events in 1995 of the Oklahoma bombing and the Japanese sarin release subway
incident for guidance in answering these questions.

Japan Incident

On March 20, 1995, members of the fanatic cult AUM Shinrikyo released sarin, a chemical nerve
agent, at five points in the Tokyo subway system. The attack resulted in the death of 12 people and
more than 5,000 people sought medical treatment at local hospitals. However, only 500 to 1,000
people actually suffered from exposure to the sarin nerve agent - the majority presenting
themselves for treatment were what some experts call “the worried well.” Hospitals were
overwhelmed (Lord, 2001).

For five years, investigators followed the 582 sarin patients who were given emergency care at St.
Luke’s International Hospital on the day of the attack, investigating psychological and
physiological symptoms. The study demonstrated that victims continue to suffer symptoms five
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years after the terrorist attack (Kawana et al, 2001). The most common physical symptoms reported
were eye symptoms such as tiredness of eyes, fatigue, muscle stiffness, and headache.
Psychological symptoms did not decrease significantly over the five years except for a depressed
mood, which significantly improved. In addition, interventions including counseling, medical
treatments, and support group activities were associated with fewer symptoms among the victims.

The investigators suggest that the response to traumatic events may differ in different cultures. The
example given was that it is not uncommon in Japan to find somatized depression patients who are
call “masked depression” patients. Nakano (2001) has suggested the term “masked PTSD” for
traumatized patients with unexplained physical symptoms.

Oklahoma Incident

The following quote captures the immediate emotional response of our nation to the 1995
Oklahoma City Bombing: “April 19, 1995, around 9:03 a.m., just after parents dropped their
children off at day care at the Murrah Federal Building in downtown Oklahoma City, the
unthinkable happened. A massive bomb inside a rental truck exploded, blowing half of the nine-
story building into oblivion. A stunned nation watched as the bodies of men, women, and children
were pulled from the rubble for nearly two weeks. When smoke cleared and the exhausted rescue
workers packed up and left, 168 people were dead in the worst terrorist attack on U.S. soil.”
http://www.cnn.com/US/OKC/bombing.html

A retired Oklahoma firefighter who led the department’s stress-debriefing team notes that six years
later, the bombing rescue workers are still haunted by their memories. He noted that alcohol
consumption was up and retirements have increased since the incident. This firefighter further
said:

“I’m active in the Retired Firefighters Association of Oklahoma City, and there’s
some retired firefighters there that stood up and said, ‘This is really screwing my
head up, and I’'m going to go get help.” They’re still having problems to this day.
Maybe they wake up seeing the bomb scene. Maybe they wake up with the smell.
It’s just all sorts of things seem to trigger these people off. I’ve been looking to put
together a bunch of fire fighters that were involved in the bombing—Ilike a peer-
support group, maybe. But that hasn’t happened yet. Fire fighters are real—like I
said—the macho-man stuff, and you don’t let people see you sweat. So it’s just
really hard for people that were raised that way.” (David Bowman Newsweek
Web exclusive http://www.msnbc.com/news/585091.asp#BODY)

The divorce rate in the Oklahoma City Fire Department went up 300% after the Murrah Federal
building bombing. Dog handlers at the Oklahoma tragedy reported that the stress of the rescue even
affected the search dogs. Again and again these rescue workers and the animals entered the debris-
filled bomb crater pit, searching for life and finding only death. (CNN Correspondent Don Knapp)

Public Response to 9/11

In the weeks after 9/11 a news commentator noted, “the tears are never far away.” Across the
country, there was a tremendous need for people to comfort one another. There was an immediate
response across the nation to do something - give blood, money, services, prayers. It is normal to
experience a feeling of being out of control after exposure to a traumatic incident and the need to
normalize, contribute, intervene, to do something is a strong motivator. When competent
individuals feel helpless, they want to get back in control as soon as possible. Fire departments
across the nation collected money in firemen’s boots at stop lights; money poured into the Red
Cross and relief agencies, medical personnel, mental health professionals, construction workers,
and law enforcement personnel from across the country volunteered to go to Washington and New
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York. At one point, there were public announcements not to go to the local blood banks as they
were overwhelmed with donors. Then, the anthrax scare began when several federal government
officials received the powder in their daily mail. Fears escalated.

Figure 3: Split picture: Flag raising WW II and WTC

A note on mass panic behavior

Panic may be defined as nonsocial, blind, irrational behavior (Hodgkinson, 1990). There are two
schools of thought on mass panic. One promotes “every man for himself” behaviors, while the
other supports attachment or affiliation behavior. Generally, the latter thinking is accepted and
supported by studies related to escape from fires - i.e., panic is not automatic in a disaster. This
thinking suggests that groups and individuals do adjust to a crisis and only in extremely threatening
situations may some individuals try to save themselves at the expense of others (NIOSH, 2000).

Data on disasters suggest that 12 - 25% of people remain cool and collected when faced with a
disaster, 50 - 75% are stunned, and 10 - 25% evidence disorganized behavior. Overall, on 9/11 the
behavior of individuals, victims, responders, and the general public supported the affiliation model.
In fact, there were many examples of altruism - the most stunning on Flight 93 where passengers,
aware of the terrorist’s events in New York and Washington, sacrificed themselves to prevent a
possible fourth airplane target.

First Study of 9/11's Psychological Impact

In what is being called the first comprehensive survey of the disaster’s psychological impact, a
telephone survey of more than 150,000 New Yorkers was conducted between October 16 and
November 15, 2001, five to eight weeks after the attack (Galea et al., 2002). This survey offers a
glimpse of psychological symptoms in the weeks after 9/11. The research, funded by the National
Institute on Drug Abuse and the September 11 Fund and published in the New England Journal of
Medicine (March 28, 2002), found that the New Yorkers suffered from the listlessness of
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depression or the recurring nightmares and vivid flashbacks associated with PTSD.

For the survey, researchers randomly called approximately 1,000 adults who lived within seven
miles of Ground Zero. Half of the subjects were women and nearly three-fourths of the population
identified themselves as White. Slightly more than 5% lived within a mile or two of the attack site.
Thirty-eight % reported witnessing the attacks, 16% feared they would die, and 11% lost a loved
one in the event. Overall, about 1 in 13 reported symptoms consistent with PTSD - nightmares,
avoiding thinking about the tragedy, and difficulty falling asleep or concentrating. Nearly 1 in 10
reported suffering symptoms of depression within the past 30 days - change in eating habits, an
inability to get out of bed, loss of joy. That is about twice as many as one would expect in the
general population.

We can understand these statistics by recognizing that the magnitude and nature of 9/11 changed
our responses. We struggle to understand an event of such horrific proportions and devastation.
There is anger, and because of the anger, it is more difficult to manage the grief. Nearly 14% of
the individuals surveyed reported symptoms of either PTSD or depression. That translates to more
than 150,000 New Yorkers living south of 110" Street, according to the researchers. In addition,
New Yorkers who had two or more stressful life events in the past year were 5.5 times more likely
to develop PTSD than those who had none. Those who had a panic attack during the tragedy were
7.6 times more likely to develop PTSD. Those who lost possessions were 5.6 times more likely to
develop PTSD.

As with any disaster, there were a number of factors that appeared to predict whether an individual
would develop psychological problems, including proximity to the event, what they saw, whether
loved ones were killed or injured, whether they were injured, and whether they suffered the
overwhelming feeling they were going to die of a panic attack. The researchers also reported some
surprises, such as the finding that Hispanics were two times more likely to suffer PTSD and three
times more likely to be depressed than White subjects. This finding is consistent with studies of
Vietnam veterans showing higher PTSD rates among Latinos (Galea et al., 2002). This finding
needs further study.

Finally, the findings pointed to the need to offer support and help to those living further away from
the attack. Robert Butterworth, a Los Angeles psychologist uses the analogy that if you throw a
pebble into the water, the closer you are in relation to the bull’s eye, the greater the ripple.
Similarly, people closest to Ground Zero which can be widened to include the Pentagon, the PA
crash site, and the anthrax letter locations are most likely to develop a stress disorder or depression.
They are also more likely to be offered help. Generally people are not as sympathetic to people
further away from the attack site, in this case, those who lived in uptown Manhattan.

Impact on The First Responder Community

The “line of duty” death toll at the World Trade Center is the largest loss of emergency services
personnel in history. An article in The Miami Herald, International Edition, in February 2002
reported that “hundreds of firefighters and emergency medical workers who responded to the WTC
attack have reported nightmares, sudden anger, and other psychological symptoms so severe that
they were taken off active duty. The 14,000-member NYFD said it has put about 350 people with
stress-related problems on light duty or medical leave since September 11. Nearly 2,000 more
firefighters, fire officers and workers in the departments Emergency Medical Services unit have
seen a counselor since September 11 through the FDNY’s (sic) counseling services” (Weissenstein,
2002, P. 7A). This is an unexpectedly large number for an institution that traditionally prefers to
handle problems within the close-knit firechouse fraternity.

In December 2001, a conference was held in New York City that brought together individuals with
experience in responding to acts of terrorism. The purpose of the conference was to hear and
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document the first-hand experiences of emergency responders with their personal protective
equipment. In the subsequent report that was issued (Jackson et al, 2002), it was noted that the
“intensity of responders’ work, the long duration of the response campaigns, the multiplicity of
risks, the horrifying outcomes of the attacks, and the lack of knowledge about hazards all
contributed to stress.” (P.16). At the WTC, many victim bodies recovered were horribly mangled,
and in many cases only parts of bodies were recovered.

The report continues to note that stress can also affect responders’ judgment about their own health
and safety. At the Pentagon, workers wore heavy equipment and it was reported that some workers
actually succumbed to seizure-related heat exhaustion due to the excessive heat in the building,
their Personal Protective Equipment, and the exertion of carrying the long hoses. Yet, “they were
in it until their bottles (air) ran out, and then they’d have this long retreat. In the rescue mode, they
would change (air bottles) and go back in. They worked until they dropped.” (P.17). The high-
stress environment at the World Trade Center, combined with personal and professional bonds, led
to greater risk-taking by the first responders during the response and recovery.

There is a bond, a brotherhood amongst responders. Their job is to respond to emergencies, and on
9/11 the police and especially the firefighters were anxious to get to work - they were anxious to
get the people out. They, too, experienced feelings of vulnerability. Later, the unknowns related to
the anthrax attacks resulted in high levels of uncertainty in response. Information and
recommendations kept changing - noted one responder, “how do you protect them (the victims),
how do you treat them?” (P.16)

In March of 2002, The Wall Street Journal reported that as the six-month anniversary of 9/11
approached, psychological problems appeared to be mushrooming in the Fire Department
(Lagnado, 2002). More than 100 firefighters were out on stress leave in March 2002 as compared
to December 2001, and growing numbers are seeking psychological help from the counseling unit.
Irritability, lethargy, and an inability to focus are widespread. The article suggested that the
firefighters were emerging from the numb phase and suffering terribly, as the funerals were over
and there is now time for them to reflect upon the experience.

In conclusion

The psychological response to 9/11 is enfolding. If we correlate with the known psychological
stages of trauma as discussed earlier in this paper: 1) shock and disbelief 2) a strong emotional
response 3) acceptance and 4) recovery, we may suggest a measure of response. As a nation we
have experienced shock, disbelief, and a strong emotional response. The moving tributes to the
victims, the renewed patriotism in the country, the heartfelt and varied contributions, and the
gratitude expressed to our firefighters and law enforcement personnel attest to this.

We are far from integrating this terror into the fabric of our lives and complete acceptance and
recovery are in the distant future. Physical steps have been taken towards recovery with the clean-
up of the scarred earth where Flight 93 crashed and removal of the twisted steel and remains of the
buildings. New policies and safety procedures are in place, others in the planning stages.
Rebuilding at the Pentagon was underway quickly and the restructuring of businesses, jobs and
lives has begun. Retribution and justice is sought. Individual daily life moves forth. As time
progresses, we continue to find new questions to pose. The situation is dynamic.

We can also evaluate our psychological status according to the five phases of response to a
traumatic event presented in this paper: 1) initial impact phase, 2) heroic phase, 3) honeymoon
phase, 4) disillusionment phase, and 5) reconstruction phase. We can categorize ourselves as
fluctuating between the honeymoon phase and the disillusionment phase. The relief of survival is
intermingled with a frustration with the method and timeliness of support for victims both
financially and emotionally. There are many indirect victims with the closure of businesses and
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lost jobs, especially in the vicinity of the terrorist attack in New York. The effect on the financial
community continues to ripple across the country and around the world. The psychological effect
on the firefighters and rescue workers is immeasurable. It is suggested that the more debilitating
effects of this catastrophe are just beginning for them. This author suggests the importance of
developing not only long term psychological support for first responders, but preventative mental
health training programs to be incorporated into emergency personnel training curriculums. The
mental health effects of 9/11 will last a very long time.

There is pride in the courage of Americans in their response to the trauma of 9/11. This is
especially reflected in the stories related to Flight 93, where it appears that the passengers knew
about the events in New York and Washington and even in the face of death, they took charge,
resulting in the fatal crash and their own deaths in a field in Pennsylvania. Previously, we have
been told that in the final stage of the human response to disaster - that of recovery - survivors
return to “their pre-disaster level of functioning.” However, our response to 9/11 defies this
thinking. As with the Civil War, WWI, the attack on Pearl Harbor, WWII, and Oklahoma City, we
Americans know we will not return to a pre-disaster functioning (see figures 3 & 4). We may go
about our daily business, but life has changed forever.

Our United States Constitution provides for a promise of life, liberty, and the pursuit of happiness.
Our precious value of freedom allowed the perpetrators of these terrorist acts access to our country,
our education system, our many opportunities for training, our people, and ultimately access to our
heart, our very core. How could this have happened? We frame the questions: How could others
loathe us so much? How can we protect ourselves? The magnitude of the event forces us to try to
find answers to these questions. Emotionally, we are now citizens of the world and can relate to
others attacked in their homeland. We became part of the world community in a new way. It
happened to us. The terror was within our borders. We experienced what so many other peoples
and countries have experienced. Much of the world embraced us and shared our sorrow.

The Chinese have a rich language. There are two symbols for change, and one represents crisis
and the other opportunity. Thus, change is both a crisis and an opportunity. Because of the 9/11
crisis, we in the United States have developed a new sense of community, a deepened respect for
firefighters and enforcement personnel, and we have experienced the positive caring and
affirmation of others.

Figure 4: Statue of Liberty 9/11volcano
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For the future, from a psychological perceptive, preparation is the most important activity in which
to engage. This is true for the individual, the family, the organization, and the government. The
United States is deeply engaged in prevention on a national level. Preparedness is a key component
of recovery for survivors as they move on with their lives after a traumatic event. The goal of
helping the victim to learn about the enemy/perpetrator/natural disaster and prepare himself or
herself, provides a common thread in post-intervention. Information lowers anxiety. There is also a
need to move beyond the hate.

Our world has changed. But our world goes on and history supports our survival. Just as an
eruption leaves a mountain black and barren. The mountain later comes back to life, different, but
alive.
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Abstract

This paper discusses the role of creativity in mounting an emergency response, using the World
Trade Center attack as an exploratory case study. The paper observes that the exercise of creativity
by emergency managers is the source of positive adaptive responses to unexpected or rapidly-
changing situations. The paper notes however that creativity, because of its different
manifestations, can introduce a random, unpredictable element into the response milieu, varying
with the magnitude of the event, and can lead to tensions within an organization that vary with the
timeframe over which decisions must be made. Volunteers and others who converge to a disaster
site also exhibit creativity in the pursuit of their objectives, which can present both benefits and
challenges to emergency managers. Nevertheless, creativity will remain an important component in
initiating and sustaining the emergent methods and organizational networks that researchers
recognize as important in emergency response. The paper suggests that plans and exercises should
include a dimension that considers creativity.

Introduction

In this paper, we examine creativity as an important contributor to successful disaster response.
While advance planning and preparedness serves as a backbone to disaster response efforts,
creativity enhances the ability to adapt to the demands imposed upon individuals and organizations
during crises and bolsters capacities to improvise in newly emerging physical and social
environments. Borrowing from the literature on entrepreneurial creativity, we apply a framework
developed by Amabile (1997) to categorize creativity in private sector firms to the activities of
responders working in the disaster context of the September 11", 2001 World Trade Center attack
and describe how individuals and organizations involved in various aspects of New York City’s
management of the disaster generated and implemented novel ideas to deal with challenges posed
to them during the early response.

Creativity

The literature on creativity is vast, spread among the arts, psychology, business and management,
and philosophy. In a summary, Clemen (1996: 188) describes creativity as “...new alternatives
with elements that achieve fundamental objectives in ways previously unseen. Thus, a creative
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alternative has both elements of novelty and effectiveness, where effectiveness is thought of in
terms of satisfying objectives of a decision maker, a group of individuals, or even the diverse
objectives held by different stakeholders in a negotiation.” He also observes that “All definitions
include some aspect of novelty. But there is also an element of effectiveness that must be met”
(188). In looking at entrepreneurial creativity, Amabile (1997: 18) defines creativity “as the
production of novel and appropriate solutions to open-ended problems in any domain of human
activity; we have defined innovation as the implementation of those novel, appropriate ideas.” In
other words, creativity involves both success as well as newness: it is both positive and adaptive.

Amabile (1997: 20) further dimensionalizes entrepreneurial creativity: ““(a) the products or services
themselves, (b) identifying a market for the products or services, (c) ways of producing or
delivering the products or services, or (d) ways of obtaining resources to produce or deliver the
products or services.” These dimensions, though derived with respect to business enterprises,
provide a useful way of conceptualizing the kinds of creativity that are often exhibited by
responders in disaster situations. At the same time, they allow us to make connections with other
well-developed literatures on creativity that will both enrich our understanding of creativity in
disasters and, through further research, allow us to use disaster experiences to advance
understanding of creativity more generally. Relatedly, Woodman et al (1993: 293) have defined
“organizational creativity” as the creation of a valuable, useful new product, service, idea,
procedure, or process by individuals working together in a complex social system,” which they
further characterize as a common conception of creativity “placed within an organizational
context.” Amabile (1993: 20) is also careful to distinguish between what is and what is not
entrepreneurial creativity:

It is not limited to the establishment of new businesses, because it can be found
when new enterprises are established within existing businesses. Moreover, it is
not necessarily present in the creation of any new business; some significant
degree of novelty must be involved, at some stage of the process... Entrepreneurial
creativity is not present in many of the incremental product or service
improvements within established systems or paradigms, unless some significant
novelty is required... Moreover, even when a truly novel product or service idea is
present, or when there is a novel insight about a market opportunity,
entrepreneurial creativity does not exist unless the ideas are implemented in the
creation of a new business or enterprise.

An important difference between the disaster and the business environment, of course, is the time
pressure involved and the overall urgency of the creative decisions to be made; nevertheless, the
types of creativity are analogous. Some or all of them can be seen in different instances of
creativity and creative action that occurred in New York City. Not every instance of creativity in
New York City involved creating a new product or item; some of the creativity involved “the
means for creating or delivering the product—the identification of new market opportunities, or the
organization and the systems that are established for bringing the product to market” (Amabile,
1993: 18, citing Stevenson, 1984; Timmons, 1977; Timmons, Muzyka, Stevenson, and Bygrave,
1987).

According to Comfort (1999: 29), creativity is also strongly related to the capacity for
“sensemaking” that Weick (1993) has described: the ability to comprehend aspects of the
environment and to make decisions. She draws on Luhmann’s (1989) conception of “autopoiesis,”
calling that process “a powerful, driving force for creative self-expression...in individuals that, if
extended to social groups and organizations through articulated communications processes, serves
as a vital source of creativity, renewal, and regeneration in social systems undergoing change.”
Comfort (1999: 59) observes that “Autopoiesis necessarily involves interaction with the
environment.” Woodman et al (1993: 294) draw on Woodman and Schoenfeldt’s (1989, 1990)
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interactionist model of “creativity [as] the complex product of a person’s behavior in a given
situation;” “group creativity is a function of individual creative behavior ‘inputs.”” What emerges
from these different research approaches is a view of collective creative action rooted in gathering
environmental information, considering the implications of that information with respect to
ambient challenges, and the generating, identifying, and selecting of actions that are anticipated to
meet those challenges.

LRI

Creativity as a Contributor to Improvisation

A disaster is an event that is defined, at least in large part, by the improvisational aspects of the
response (Tierney 2002). Since disasters break down the patterns of what can be governed or
absorbed by routine procedures, an event that does not demand the exercise of improvisation does
not, by definition, constitute a disaster. Indeed, Kreps and Bosworth (1993) argue that disaster
research was meant by the pioneers of the field to place a theoretically based focus on
organizational stability and change in the crisis context. This research is well represented by a large
body of literature examining emergent groups (Stallings and Quarantelli, 1985), organizations that
form new or altered organizational structures and perform non-routine tasks in a disaster (Dynes
1970), organizational adaptation in disaster (Stallings, 1970), improvisation in organizational
domains, human and material resources, tasks, and activities (Kreps et. al 1994), role improvisation
(Webb, 1998), and enhancing improvisation through decision-support tools (Mendonca et al,
2001). The catastrophic collapse of the World Trade Center following the September 11", 2001
terrorist attacks and the magnitude of the impact on New York City necessitated a wide range of
improvised activities (see Wachtendorf and Kendra, 2002). Hundreds of thousands of people were
evacuated by boat from lower Manhattan; telephone communication was, in large part, temporarily
disabled in parts of the city due to the destruction to telephone lines and cellular phone towers; the
city’s Emergency Operations Center (EOC) at 7 World Trade Center was evacuated and eventually
collapsed, necessitating the establishment of interim and then semi-permanent EOC facilities; the
damage to the World Trade Center area necessitated complex site management, security, safety,
and clean-up processes (while response and recovery activities overlapped), processes not
previously seen in this way or to this extent by any of the organizations involved. Organizations
and individuals improvised, some more successfully than others, to meet the demands generated by
these and other emerging challenges. We argue here that entrepreneurial creativity, not unlike that
described by Amabile (1997), played an instrumental role in the success of the improvised action.

Planning and creativity work in concert to produce effective improvisation. The new social
arrangements that emerge following a disaster and in response to an evolving crisis situation cannot
be divorced from previously existing arrangements (Kreps & Bosworth, 1993). Prior preparedness
increases the ability to improvise (Kreps, 1991). This planning forms the basis for decision-making
in emergent environments, informs decisions by anticipating possible challenges or pitfalls that
could come as a consequence of improvised activities, and often provides some element of stability
— whether of organizational structure, role, task responsibility, resources, or the physical
environment — when other elements are in flux or demand unplanned-for action. At the same time,
the very need for improvised action points to an inability of plans to adequately take into account
one or more specific demands — sometimes quite understandably so, since it is not practical or
feasible to adequately plan for every possible scenario. Existing social arrangements also are
always subject to change (Kreps & Bosworth, 1993), particularly when coupled with the ambiguity
and confusion that often accompanies large-scaled disasters (Webb, 1999). For these reasons,
creativity emerges as an instrumental contributor to successful improvisation.

This fact is not surprising. Of course, the application of creativity in established planning efforts,
whether in new activities or making changes to existing activities, can improve the effectiveness of
those actions. Creativity in the disaster context, however, must be performed under increased time
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constraints and in environments that have higher degrees of ambiguity. In both disaster and non-
disaster periods, the generation and implementation of novel approaches to a challenge can result in
positive or negative outcomes. A creative activity may, in fact, generate new problems, have not
adequately taken into consideration the social environment, or quickly become ineffective in a
dynamic and changing disaster context. Therefore, improvisation is most successful when existing
structures and planning are in conversation with creativity.

Along with researchers, practitioners appreciate the creative aspects of their work; creativity is a
trait or characteristic that is strongly associated with emergency managers and is often cited as a
prime job-related skill, as the following passages indicate:

“The Texas Emergency Manager (TEM®) certification is an indicator of
experience, hard work, continuing education, dedication to integrity, and
creativity.”

(Emergency Management Association of Texas, nd)

"A disaster is any event that overwhelms your ability to respond," [Judi Van
Swieten] says. "You have to be prepared for the worst and work from there, often
changing the plan as you progress.

Flexibility, adaptability and creativity -- those words guide my career."
(Thomson, 2002)

One publication by The International Emergency Technical Rescue Institute notes that

“the future belongs to those who can recognize the needs of an emergency
situation and respond with speed, accuracy, creativity, innovation and calm
leadership”.

(USARAA News, 1999: 1)

Though most of the emphasis on creativity relates to the response phase of a disaster, creativity
should not be seen as being limited to the emergency response, which distinguishes it from
improvisation, normally used in the literature to refer to actions taken when the disaster occurs.
Creativity is an important quality for disaster managers even outside the environment of a disaster:
it is important during hazard identification, developing plans, and communication and outreach to
the public, processes which often have strong entrepreneurial aspects as well. A disaster plan may
have to be developed and “sold” to elected officials or corporate officers, for example. Yet even
though creativity and flexibility are regarded as important qualities of emergency managers, and
though people involved closely with emergency response recognize that emergencies demand these
qualities, having to exercise creativity during a response is, paradoxically, often regarded as
dysfunctional for emergency personnel: an indication of failure to plan properly ahead of time. This
is because emergency management plans, apart from their function as guides to action, also serve
rhetorical or political purposes (Clarke, 1999). Clarke argues that they are meant to attest to the
competence of emergency planners to foresee events and also that plans fulfill the symbolic
function of converting the uncertainty that surrounds hazards or accidents into the kind of certainty
that can then be managed. Sometimes the planning process can be stretched beyond credulity; at
that point plans become “fantasy documents” (Clarke, 1999) that accept as possible that which is
improbable. In other words, planning is such an important activity that plans must be written for
situations in which the event will almost certainly differ from what is anticipated, and the
anticipated response will be based on preconditions that are likely to be radically altered.

Given the emphasis on plans, even those that are impossible to execute, it is not surprising that
departing from them is often defined as evidence of a failure. Disasters, however, break the rules
that frame the ordinary conduct of business and government, at least for a period of time. Disasters
create a new environment that must be explored, assessed, and comprehended. Disasters change the
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physical and social landscape, and therefore require a period of exploration, learning, and the
development of new approaches.

Method

The data used for this paper are qualitative in nature and were gathered during exploratory
fieldwork commencing within two days of the terrorist attack on the World Trade Center and
continuing for two months thereafter. We base our findings on over 750 collective hours of
systematic field observations. In particular, we closely observed key planning meetings at highly
secured facilities, including the Emergency Operations Center, incident command posts, and the
federal Disaster Field Office; we spent extensive periods observing operations at volunteer, supply,
and food staging areas, the “Ground Zero” area, family assistance centers that were established for
victims’ families, and respite centers that were established for rescue workers; we spent time
observing activities at major security checkpoints in Lower Manhattan and at locations central to
the emergency response. In the course of our fieldwork, we generated a large volume of notes
providing rich description of observations and experiences, took over 500 photographs, and
sketched and collected floor plans of various facilities to track the spatial - organizational changes
over time. Of primary interest to the field research teams were the activities of formal and informal
organizational and the multi-organizational response elements that were underway. That is, we
were concerned with identifying which organizations were involved in particular response and
early recovery functions, the activities in which these organizations were engaged, the level and
success of interorganizational interaction or lack thereof, the degree to which planned emergency
response activity was implemented and the extent to which alternative response strategies emerged,
and the successes and challenges encountered by those responding to the disaster.

In addition to direct observation in New York City, we collected a wide array of documents
produced by local, state, and federal agencies as well as by individuals and organizations with less
formal ties to response efforts. These documents included but were not limited to internal and
public reports, requests for information or resources, information handouts, internal memos,
schedules, meeting minutes and agendas, maps, and internal directives.

DRC also compiled an extensive electronic database of articles and web-based information.
Newspaper articles from major local New York City papers were collected for six months
following the attack. Articles from major periodicals, selected articles from newspapers from
around the world, and information from the many government, charity, community-based,
individual, and private Internet sites that emerged after the disaster event were included in this
database. The subject matter included in this collection is diverse; however, all of the information
was later coded according to relevance to the response and early recovery as well as to the primary
functions related to the response effort. The functions according to which this information was
coded were informed by the literature on disasters and based in large part on the activities observed
during the fieldwork component of the research.

The use of multiple methods and data sources — direct observation, reports and other documents
produced internally by New York City responding agencies, analysis of documents produced by
victims of the disaster and informal supporters of the official response, analysis of newspaper
accounts, and coding of Internet-based data — allowed us to triangulate the data collected. That is,
we were able to compare the information collected from one source with other sources as a means
to check for accuracy and validity of the data (Denzin, 1998).

In this paper we apply the framework provided by Amabile (1997) to the World Trade Center
disaster context. Adopting Amabile’s definition, we will look at (a) new products or services that
responding agencies provided or used; (b) situations in which responders identified a particular
market or need to the services they wished to provide; (c) creativity in producing or delivering

73



The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

response-oriented products or services; and (d) obtaining resources for the disaster response. We
emphasize that, in our use of this entrepreneurial model, we are not suggesting that responders
were acting like business entrepreneurs. Instead, we use the model in a more strict analytical sense
because of its usefulness in conceptualizing the different manifestations of creativity and in
characterizing an operational environment in which new ideas, strategies, and methods came to
fruition under extreme conditions.

Having introduced our methodological approach and theoretical orientation for our discussion, we
turn next to describing instances of creativity with respect to the four dimensions described above.

Creativity in New York City

Responding to a disaster is from the beginning a task of both creativity and improvisation, in which
plans end up providing, not a blueprint for action, but at most an orienting framework. In extreme
cases, such as the September 11 attacks, plans may offer very little guidance on how to address
disaster-related problems The emergency response in New York City following the Trade Center
attack was created on virtually a daily basis as needs were identified, solutions considered, and
actions implemented.

New Products; New Market; New Ways of Producing or Delivering the Products or Services; New
Ways of Obtaining Resources

In earlier work (Kendra and Wachtendorf, 2001a) we describe how the New York City Emergency
Operations Center was reconstituted following the destruction of their very advanced facility at 7
World Trade Center. After moving to a succession of intermediate facilities and making use of a
mobile communications van, the Office of Emergency Management finally moved to Pier 92, a
cruise-ship pier that had been scheduled to be used for a bioterrorism exercise on September 12.
The Office of Emergency Management re-constructed the emergency operations center in this
space, bringing in, or facilitating the delivery of, computers, fax machines, printers, desks, chairs,
even carpet. Emergency managers, in many respects, faced a new operational environment,
comprised of many more agencies than previously dealt with in a cityscape that was fundamentally
altered, both by the destruction itself as well as by road closures, detours, and facilities that were
put to new, unusual uses: a hotel and a university student center became respite areas for rescue
workers, for example. Stated most generally, emergency managers had to explore and reclaim an
altered environment. They had to develop a new “map” of a response that had not been previously
envisioned, and identify the important locations, which themselves were changeable as the
response evolved. The term “mapping” can be used in a literal and not just metaphorical sense.
Ground Zero, itself a new term for a transformed area, was an entirely altered landscape, difficult
even for New York residents to orient themselves with respect to the familiar features of the area.
Command posts, respite centers, warehouses, and washdown stations were among the needed
facilities for which space had to be found, locations mapped, and maps made available to
responders. Apart from the reconstitution of the EOC as a whole, development of the mapping
capability within the EOC shows creativity as well (see, ArcNews, 2002 for an extensive narrative)
which exemplified all of Amabile’s (1997) creative dimensions involving product and process.
This capability involved bringing in hardware and software from a variety of sources, including
both private vendors such as ESRI and also local colleges along with a process of learning, by
cartographers and emergency managers, what spatial information was required for the response and
what was possible to produce given the available information. The use of maps was an instance of
creativity in this case, but so too was the development of a mapping infrastructure. Here were
aspects of creativity that focused not just on creation of new maps, displaying information such as
the extent and orientation of the debris pile and the direction of ash movement, but on the
development of the network of creators and users of the end product. They created new
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relationships to supplement those that already existed, and they used technologies that had been
designed for other purposes (Tierney, 2002).

New Ways of Producing or Delivering the Products or Services

The waterborne evacuation of lower Manhattan after the World Trade Center attack provides an
excellent example of creativity (especially along two dimensions identified by Amabile: “ways of
producing or delivering the products or services,” and “ways of obtaining resources)” and
emergence, in which responders departed from their normal and even their disaster-related roles
and in which many responders took part on an unplanned basis. An evacuation of that magnitude
was not planned; one Coast Guard officer referred to it as an “ad hoc” event, while another
described it as an extension of the agency’s existing catastrophic search and rescue plan (which had
been designed for the thousands of people who might be, for example, involved in a ferry accident)
that the Coast Guard is now working to codify (“memorialize”). Available vessels arrived to assist
and were assigned by Coast Guard officers working aboard the Sandy Hook Pilots’ pilot boat and
then aboard a cutter (Sherwood and Schoenlank, nd). According to Coast Guard officials, between
500,000 and 1 million people left Manhattan by boat, whether by tour boat, military vessel,
passenger ferry, or private craft. In another instance of people using existing skills and capabilities
to perform new tasks, the Pilot Boat New York fueled fire trucks and other vehicles (Sherwood and
Schoenlank, nd). It was a creative exercise, in which people rose to the occasion with all sorts of
vessels, and it is also an example, especially initially, of the kind of self-organization that is
important in complex adaptive systems (Comfort, 1999).

“We moved about 30,000 people on our six boats,” says Peter Cavrell, senior vice
president of sales and marketing for Circle Line. “It wasn’t any kind of coordinated
effort. We just started doing it.” Continues Cavrell, “In its own small way, Circle
Line is a symbol of New York. We just wanted to do our part.”

(Snyder, 2001)

New Products; New Ways of Producing or Delivering the Products or Services

Though creativity is accepted by researchers and practitioners as significant in managing
emergencies, and though feats of creativity were significant in New York City’s response on
September 11, exercises of creativity during the pressure of a response to an emergency may give
rise to future complications. We can anticipate that, the greater the magnitude, scope, and/or
duration of a disaster, the greater or more frequent the complications might be. Plans promise
coherence in a dynamic situation, and the ability to comprehend and respond to a disaster as a total
unit. Response strategies that involve creativity, though, approach disasters as more segmented
entities, comprised of micro-events to be managed which may or may not be anticipated.
Difficulties may therefore arise later.

There was tension within the formal disaster response organizations regarding the nature and scope
of creative efforts, in particular over what timeframe to consider emergent needs. The time horizon
is an important consideration when planning courses of action; some officials have jobs which
compel them to look at different spans of time when contemplating actions. Creativity within the
response milieu developed as an iterative process among various officials and, as in any work
setting, there were clashes over the direction of the creative endeavor. One of the needs identified
early in the response was washing down debris and vehicles, especially trucks and heavy
equipment that would be leaving the Ground Zero area. Much of the debris was dangerously hot
after having been extracted from the rubble pile (hot enough in some instances to ignite the
tarpaulins on the trucks), and in addition, the dust and ash posed a health hazard. Officials from the
Department of Health and the Department of Design and Construction quarreled over whether it
was better to have washdown apparatus in place as quickly as possible, or whether some time
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should be taken to design an engineered structure that would be heated (“winterized”), in
anticipation of the cold weather that would arrive in December. The official from DDC, an
engineer, argued that building winterized facilities required a “substantial planning process,” and
that they were at the position of being able to plan how to develop that plan. The official from the
Department of Health was perplexed by what he saw as unreasonable delay in meeting
immediately pressing needs as opposed to problems that could develop a couple of months later.
The longer a crisis lasts, the more tension there will be among officials whose jobs and whose
professional imperatives involve different timeframes for action.

New Ways of Producing or Delivering the Products or Services

Creativity doesn’t necessarily mean building something; rather, solutions can take the form of
altered procedures, e.g., by doing or not doing something that would be done ordinarily. Working
closely with Department of Health officials, New York State Department of Environmental
Protection officers slackened the issuance of citations to truckers without tarpaulins, recognizing
that it was impossible for them to comply with the regulations requiring trucks with bulk cargoes to
be covered. With respect to the seagoing evacuation of Manhattan, Coast Guard inspectors at the
point of loading were authorized to use their discretion to permit vessels to exceed their certificated
passenger capacity. In these examples of process adjusted with respect to ambient conditions,
authority devolved to personnel closer to the scene for greater flexibility.

Detailed plans developed in advance of an emergency are intended to provide coherence and
predictability to the response; a plan with which everyone is familiar should be a source for re-
establishing an orderly, predictable response in the uncertain and dynamic post-event environment.
The prime difficulty with the exercise of creativity is that, by necessity, it occurs outside of a
framework of control. Sometimes individuals exercise creativity; other times groups or
organizations do so. Creativity is a function of inspiration and artistry (Kendra and Wachtendorf:
2001a). It doesn’t emerge on schedule, and as a consequence creative and innovating steps can
occur out of sequence with other actions being undertaken by responding organizations and groups.
Therefore it introduces a random and unpredictable element into the response milieu. One person’s
or group’s creative insight can become another’s challenge, and it also becomes a new part of the
operational environment about which people must learn and to which they must adjust, just at the
time when people want stability.

Prior to the September 11 attack, the Office of Emergency Management had decided to adopt the
E-Team emergency management software, a web-based application that allows for tracking of
resource requests and deliveries. The decision had only recently been made, but OEM decided to
make use of the software in this emergency, though the agency had little experience with it. OEM
brought in E-Team personnel, as well as other emergency management specialists familiar with its
use, to install the software at Pier 92. Few of the workers in the EOC had any experience with E-
Team, and it was necessary to run training sessions to acquaint people with its use. One logistics
officer said that the middle of an emergency was a bad time to bring in new software. Yet this is
also an example of the importance of the timescale over which creativity operates; bringing E-
Team, a new process for this organization, in early allowed it to be used during nearly the entire
course of the response. When American Airlines Flight 587 crashed in November, EOC staff were
experienced with E-Team and able to use it.

Procedures that developed around security and credentialing constitute an additional instance of
“creative ways of obtaining resources to produce or deliver products or services.” Not only was the
Trade Center attack a high impact disaster that produced numerous casualties, it was a complex
emergency with added ambiguous dimensions such as the ongoing terrorist threat, the criminal
investigation, an ongoing process of remains recovery and identification that persisted more than
six months after the attack, and a very dangerous collapse site situated within close range of an
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extremely dense urban population. Early in the response, it became clear that controlling access to
various affected sites would prove a significant challenge. In addition to standard concerns about
discouraging the movements of sightseers and preventing non-essential personnel from exposing
themselves to dangers at the collapse site, security was a major consideration because of the
persistent terrorist threat and the perception of continuing vulnerability. In addition, the standard
OEM visitor badges had been lost in the destruction of the EOC at 7 World Trade Center and even
if available, these badges would have been entirely inadequate for the hundreds of people who
passed through the reconstituted EOC on a daily basis or who require access to other secured zones
and facilities throughout the area.

One of the ways that this complex emergency was dealt with was through the development of a
credential system. This system, in the form it took after 9/11, was not a previously existing process.
While based on other credentialing procedures, but it evolved over the course of the response.
Beginning on Saturday, September 15 and continuing over the course of a few weeks, OEM
developed a serious of badges and transitioned through several phases from relatively a simplistic
credentialing system where anyone given ‘clearance’ received a blue and yellow badge featuring
the OEM insignia -- this computer-printed badge was essentially a piece of paper placed in a name-
tag holder, could be easily duplicated and had no information identifying information — to
eventually a plastic white badge with a white background and the title “WTC 2001,” a digital color
image of the individual, the person’s title and organizational affiliation, and a variety of codes
indicating particular areas to which the person could have access. At the same time as the more
sophisticated WTC 2001 badges were distributed, temporary badges were developed for
contractors and volunteers who would require short-term access to specific areas.

The process involved in obtaining badges was at times very time-consuming for some individuals.
Although it was important for the city to restrict the number of people with access, there was a real
and legitimate need to move along with critical assessment and recovery tasks, including the
inspection and repair of many surrounding buildings. Some of the contracted workers utilized in
the inspection and repair function of the response employed creativity to obtain resources - in this
case, the resource was access badges — in order to deliver their response services and meet the
responsibilities they were assigned to undertake in an expedited fashion.

Supervisors of construction workers were only allowed a certain number of contractor badges.
Again, it is important to stress that this procedure was for safety and security purposes. At the same
time, demands were placed on the supervisors to rapidly carry out their responsibilities. The
number of badges allocated to them did not always match the number needed to undertake or
promptly complete these tasks. The supervisor would then contend with a certain competing
tensions that needed to be resolved. On the one hand, the contract workers needed to do a task and
on the other hand they did not have the resources — access badges — that would allow them to
complete the task. This tension resulted in some supervisors engaging in creative strategies in order
to achieve their ultimate response goal.

This scenario recounted by one supervisor of contract workers illustrates their employment of
creativity. This supervisor received approximately twenty badges needed for access to complete the
inspection or repair of a building. More workers were needed, however, to complete the task at
hand. As a solution, twenty workers would go in, one worker would take their badges, and then this
worker would give separate groups of nineteen workers the same badges for access to the building.
Temporary badges for contract workers did not have identifying information, but instead expired
after a certain time period. Supervisors retained control over the badges and a contract worker
could not enter or exit that building or area without a badge. Still this solution enabled responders
in charge of inspection and repair to ‘make do’ with the badges they were allocated by
implementing a creative approach to getting access to resources to achieve their ultimate goal.
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Identifying a Market

Just as important as the creativity exhibited by emergency managers in the official response
structure is that exhibited by the convergers. Creativity is not the sole province of official
emergency responders. As noted earlier, the subtext of emergence is creativity: while people may
not always be creating something that has never been seen before, the essence of creativity is that
the actions undertaken are new to them. Emergent groups and convergers, often display
considerable imagination and ingenuity in meeting their objectives. In many instances it was a
matter of adapting their existing talents to the new post-disaster environment (for example, boat
operators). We encountered, for example, bicycle couriers who delivered food along the secured
perimeter when they weren’t permitted to help in other ways. (see Kendra and Wachtendorf,
2001b). We observed chiropractors who, by skillfully allying themselves with Red Cross workers,
gained access to the EOC and worked on a stack of pallets with a pad thrown across. As Amabile
(1997: 18) observed, “[N]ovelty may appear in the means for creating or delivering the product...”
and in reaching new markets, not just in creating something new. Some of the volunteers exhibited
skills that were quite entrepreneurial, not in a business or financial sense, but there was a kind of
volunteer “market” in place; many people were competing for an opportunity to help, not in a
direct sense but certainly implicitly. The imagination and resourcefulness of such well-meaning
volunteers was sometimes an irritant to emergency managers, to say nothing of the creativity
shown by exploiters and the disaster opportunists who also converged. Convergers can often be a
source of additional assistance to emergency managers, bringing skills that may not exist when and
where they are required, but they can also present challenges, since they are another potentially
uncontrollable element in the response milieu whose appearance can create other complications for
security and site safety.

Implications for Planning

New York’s Office of Emergency Management had conducted many drills and exercises that
addressed response to different kinds of emergency events. Included at these drills were
representatives from a broad range of local departments and agencies. When responding to the
World Trade Center attack, these agencies essentially recreated their ongoing and planned
relationships on a daily basis, accounting for changes in the social and physical context but also
using sets of skills and capabilities that were developed in earlier training and practice. At the same
time, other individuals and organizations played important roles in the response that had not been
involved in any of the city's exercises. These individuals and organizations, however, were able to
draw upon their experiences, informational resources, and existing networks and augmented those
established resources with creative ideas in order to achieve their goals or fulfill their
responsibilities. For all these groups, the requirement in this disaster was to deploy these skills and
capabilities in new ways that were adapted to the emerging situation. Although creativity is
generally regarded as emerging from flashes of inspiration or insight, but it is also founded on
broadly-applicable abilities. Bruner (1983: 183, cited in Weick, 1993) argues that creativity is
“figuring out how to use what you already know in order to go beyond what you currently think.”

In earlier work (Kendra and Wachtendorf, 2001) we considered the tension between anticipation
and resilience, especially as articulated by Wildavsky (1992). Wildavsky argued that the likelihood
of experiencing events that could not be planned for was such that a strategy of developing
resilience to stressors would be better than trying to anticipate and plan for every type of event.
Since it is not possible to anticipate everything, such an effort would lead to failures in many cases.
In our view, however, anticipation and resilience are not in opposition. Rather, the sought-after
quality of resilience can be achieved only by developing sets of capabilities that can be applied in a
variety of disaster situations. Indeed, we argue that the World Trade Center attack shows that
creativity is such a significant feature of response to an extreme event that planning and training
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should move explicitly toward enhancing creativity at all levels of responding organizations. Given
that creativity undergirds improvisation, and is an important dimension of resilience (Weick, 1993),
such a widely recognized and vital component of emergency response should not be left for
emergency managers to acquire by chance, nor should it rely on emergency managers fortuitously
bringing these skills to the job or developing them on their own.

As mentioned earlier, Mendonca et al (2001) are building a decision-support system with a training
mode that features improvisation, and they note that there are other techniques that can be used
within organizations to promote creativity, such as brainstorming. Clemen (1996) summarizes
some methods that are used in corporate settings to develop creativity skills; these might be applied
in the emergency management field as well. He first distinguishes between “fluent” and “flexible”
thinking. “Fluency is the ability to come up with many new ideas quickly. Flexibility...stimulates
variety among these new ideas” (Clemen, 1996: 203). Relevant exercises that Clemen mentions
include thinking of new uses for familiar objects, use of “idea checklists,” and using or generating
lists of questions such as Osborn’s “Idea-Spurring Questions” (Clemen, 1996: 204, citing Osborn,
1963).> Emergency managers should investigate other techniques that might be useful in their
particular circumstances.

In our discussion, we compared creativity in New York City to entrepreneurial creativity in
business settings. Another theme in that literature is the analysis of the impact of organizational
factors on facilitating or impeding creativity. Whether the same factors obtain in emergency
management organizations is an important question for future research, but it seems that, at a
minimum, emergency managers should try to identify and mitigate the features inside and outside
their organizations that might suppress or impede creativity, such as deleterious reward structures
and other maladaptive motivational influences (See Amabile, 1997 and Woodman et al 1993 for a
discussion of some of these).
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SECTION 2

SYSTEMS APPROACHES TO EMERGENCY
RESPONSE AND MITIGATION
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Abstract:

The work of two separate projects are united in this paper, which is a project proposing a systems-
based approach to disaster risk analysis. These projects are focused upon the Clearlake region of
south Texas, which includes the southern district of Harris county and northern Galveston county.
The Clearlake region is composed of growing urban, recreational and industrial developments on
the outskirts of the southern Houston metroplex. This area of Texas has historically had the worst
natural and technological disasters in the United States of America.

The purpose of this paper is to examine the interplay between industry (especially hazardous
material facilities), topography, geography, demographics and politics. The primary data used in
this paper is collected from a series of interviews with emergency managers in the area. The
information is then juxtaposed with secondary data gathered through GIS analysis and information
accessible through the Internet, such as hazardous material sites, and demographics. The GIS
analysis shows the extent to which each segment of the study area is likely to be vulnerable to
hurricane, flood and chemical hazards.

A unique feature of this paper is the systematic approach to risk analysis which is employed to
evaluate the physical dimensions of hazard vulnerability as well as the political and social
constraints that exist on preparedness, response, recovery and mitigation. Within this framework,
hazard vulnerability is evaluated in light of the Clearlake region’s susceptibility to hurricane, flood,
and chemical hazards that could severely tax the resources of the area. Ten variables are defined
and then applied to the various sub-regions within the study area providing an overall score to
represent the risk for each variable. A summary score for each city is then obtained. These scores
are averaged together to give an overall risk assessment of the cities in the Clearlake region. The
variables examined include: (1) disaster history, (2) special hazard zones, (3) topography, (4)
hazardous facility sites, (5) demographics, (6) non-structural mitigation efforts (7) special
resources, (8) socio-political dynamics, (9) special administrative districts, and (10) the integration
of the planning process.

Introduction:

This paper introduces a systems-based approach to risk analysis for natural and technological
disasters, using the city as the principal level of analysis. Through out the paper the terms "disaster
planning" and "emergency management" are used interchangeably. We realize there is a difference
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in these two activities, but in our case study the disaster planners were also the emergency
managers in most instances, and therefore the terms became easily interchangeable. The systems
approach to risk analysis is achieved through a multidisciplinary endeavor involving the work of
two independent research projects concentrated in the south central region of Texas. The first
research project uses secondary data to evaluate spatial land-use patterns to assess relative risk.
The Geographic Information System (GIS) is primarily employed to delineate the spatial
distribution of hazardous material facilities and their relationship to population centers and surge
danger zones. Additionally, secondary data is used to assess risk in relation to population densities,
socioeconomic status, hazardous facility sites, and topographical features. The second research
project involved an evaluation of the disaster planning process among emergency managers in the
region which comprises the southern portion of Harris county and northern parts of Galveston
County. In this project many of the sociological and cultural aspects found in this region were
considered and their effect on the planning process was assessed. The combination of these two
research endeavors has led to a systemic approach to risk analysis which takes into account issues
such as planning, geography, industry, urbanization and disaster history.

Previous assessments of risk analysis for natural disasters have tended to focus on a single aspect
of risk, such as risk communication (Rogers, 1992, and Lindell, 1997), psychological and social
components of risk (Bolin, 1986), or structural and non-structural mitigation efforts. Additionally,
most of these research efforts have been focused on securing disaster-related information for the
benefit of emergency managers or other researches. Our approach is to use ten variables that can
be summarized into a single index; this would give an overall measure of risk for a particular city.
In principle these ten variables can then be applied to other cities so a similar risk analysis can be
conducted in other areas, and there will thus be a common basis for a comparative risk index. This
approach allows a comparison between cities, even when the risk is based on different hazards.
For example, one could calculate a relative risk index for Tampa, Florida, and compare it to the
risk index for Palo Alto, California; although the potential hazard for the two areas are different. A
new home-buyer could then, compare the risk indices of various towns in order to determine the
relative risk of living in one town verses another. Obviously, this approach would also have
implications for emergency managers, land-use planners, and insurance companies. One of the
strengths of using a system's-based approach to measure risk is that it incorporates many societal
and cultural factors. Many of the variables identified in the measurement of the risk index can be
addressed by local authorities, who may be interested in reducing the region's perceived risk.
Emergency managers would gain a certain level of control over how risk is evaluated and
perceived for their city, and feel less victimized by the circumstances of their regional geography
or a sense of fatalism.

The basic unit of analysis for this is the city, as defined by the political boundaries of those
communities in our study area. The variables involved in this study are as follows: (1) disaster
history, (2) distribution of special hazard zones, (3) topography, (4) hazardous facility sites, (5)
demographics, (6) non-structural mitigation efforts (7) special resources in the area, (8) socio-
political dynamics, (9) special administrative districts, and (10) the integration of the planning
process. The one element both authors feel is missing in this assessment is a measure of the
public’s own awareness and knowledge of risk and mitigation behaviors. However, that data was
not available at the time of this study. We hope to refine the assessment tool in the future through
the development of an interview schedule or survey, and thereby assess the scope of the public’s
risk awareness, and of their knowledge of appropriate hazardous response behaviors.
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Variables:

Disaster History:

Disaster history accounts for those natural disasters that are particular to a certain area. In our case
study, which is concerned with the south Houston metropolitan region and Galveston County, the
disaster history is rather significant. Galveston Island was the scene of the worst natural disaster in
American history. In September of 1900 a major hurricane hit the island, resulting in the death of
over six thousand people (Larson, 1990). This was followed years 47 later by the worst
technological disaster in American history, which occurred in the port of Texas City. An explosion
of a cargo ship carrying Ammonium Nitrate caused a shockwave, which was registered on a
Richter Scale as far away a Denver, Colorado. The explosion had the impact of a force equal to
that of the Nagasaki bomb (Thomas, 1987). These two events, in particular, have had a large
impact on American disaster history; however, they seem to have had little impact on the
development of a functional disaster culture in the area (Davenport: 17-18). Disaster cultures tend
to develop when there is a cyclical occurrence of a disaster, such as yearly flooding, and when
there is advanced warning of an impending disaster that happens in some predictable fashion, such
as a typhoon in the summer months (Schneider, 1957). The history surrounding our study area
does not have such a predictable disaster history or all the elements that have been identified as
requisite for the development of a disaster culture. There has, therefore, been little development of
a disaster culture; instead a sense of bravado has emerged, especially among long-time residents,
who feel they can withstand anything nature puts forth (Davenport: 20; Larson, 1999).

New migrants to the area, attracted since the 1950's by the expansion of the oil industry and the
technological sector of the economy (Rogge, 1996), have had little exposure to extreme storms and
therefore seem to be more sensitive to threats of severe weather. However, as migrants settle into
the area and experience severe weather, such as tropical storms and mild flooding, they tend to
underestimate the power of truly extreme hurricanes and other disasters. This experience has also
been confirmed by researchers as Cutter (1993: 25) who states: “Lack of experience tends to
amplify the risks until such time as risks are moderated or people have adapted to them.” Through
interviews with emergency managers, and informal conversations with local residents, the
researchers conclude that a combination of these two factors, a sense of bravado and a decreasing
sensitivity to severe weather warnings, has led to an overall sense among residents of
invulnerability to a disasters; this is in spite of numerous attempts by the media and emergency
managers to provide hurricane and tornado information and education each year. The risk factor
that gets the least attention by the media and others is technological risk. This risk factor is an
ever-present and eminent danger in the area due to the many petrochemical plants in the region and
the smaller industries that have built symbiotic relationships with them. This brief overview of the
area presents some of the historical event relating to disasters which have affected the region, and
gives a framework within which one might develop a greater understanding of the culture in the
area.

The area under study has a history of four types of disasters which continue to pose risks to the
populations, even if that sense of danger diminishes with time. The risk factors identified for this
area are as follows: hurricanes, tornadoes, flooding, and toxic releases. Each type of risk is given a
weight of one to provide a score for the first variable in the risk index (see table 1). This table is
developed a little differently than the rest. Instead of developing categories for each risk type, we
have just listed the various risks that have had a historical presence in the area. For the purpose of
this analysis, each risk type is valued equally, though we are aware that some hazards have greater
frequent and intensity than others.
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Table 1
COUNTY CITY INDEX | Tornado | Hurricanes | Flooding [ Hazmat POP Total R POP
GALVESTON |Clear Lake Shore 1 1 1 1 1,205 1,205
GALVESTON  |Dickinson 4 1 1 1 1 17,093 17,093
GALVESTON  |Friendswood 4 1 1 1 1 29,037 21,237
GALVESTON |Galveston 4 1 1 1 1 57,247 55,888
GALVESTON |Kemah 4 1 1 1 1 2,330 2,330
GALVESTON  |La Marque 4 1 1 1 1 13,682 13,682
GALVESTON |League City 4 1 1 1 1 45,444 38,901
GALVESTON |Texas City 4 1 1 1 1 41,521 41,521
HARRIS El Largo 4 1 1 1 1 3,075 3,075
HARRIS Houston 4 1 1 1 1 1,953,631 1,888,476
HARRIS Nassau Bay 4 1 1 1 1 4,170 4,170
HARRIS Seabrook 4 1 1 1 1 9,443 9,443
HARRIS Shoreacres 4 1 1 1 1 1,488 1,488
HARRIS South Houston 4 1 1 1 1 15,833 15,833
HARRIS Taylor Lake Village 4 1 1 1 1 3,694 3,694
HARRIS Webster 4 1 1 1 1 9,083 9,083

Mapping of Special Hazard Zones:

For our second variable, we have employed a GIS mapping system of special hazard zones. The
purpose of this variable is to identify different geographical areas that would be associated with a
specific natural hazard, such as fault lines, hillsides, or surge zones. In our study area, we are
interested primarily in the land areas that are susceptible to surge inundation and ocean winds due
to hurricane action. To locate the risk areas in the two counties, we used data developed at the
Hazard Reduction and Recovery Center at Texas A&M University. Hurricane risk areas are
divided into five categories that correlate to a hurricane's strength. These categories were
developed based on topographic characteristics of the area, wind vulnerability and the surge height
of a storm. The risk areas delineate the population susceptible to hurricane damage according to
the severity of the storm. Areas that are most susceptible would be those that lie along the
shoreline or at low elevations and in close proximity to the waterfront. Thus, populations living in
area one would be susceptible to surge and wind damage in the event of a category one hurricane,
using the Saffir/Simpson scale. As one moves further inland, populations become less vulnerable to
wind and surge action from a hurricane. Those areas identified as zone five are the least
susceptible to a hurricane and would only be affected by surge inundation and wind damage in the
event of a hurricane five (See figure 1).
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Figure 1

B Zone I (Risk 5)
B Zone2 (Risk 4)
| Zone 3 (Risk 3)
Zone 4 (Risk 2)
Zone 5 (Risk 1)
. Non-Risk Area

Since the city is being defined as the basic unit of analysis, we have considered each city and
averaged in the hurricane risk for inundation and wind damage. However, in order for the index to
have meaning, we must first reverse the level of risk associated with each zone. Thus, zone one
would be given a risk rating of five, zone two a risk of four and so forth. Modification was
necessary to ensure that all risk indices are on a scale of "1" as the least risk, to "5" as the highest
risk. The lower the index number, the lower the risk for any particular category. If a city or part of
a city was completely out of the risk zone, it was given a value of "0". We then averaged the risk
indices of various zones within each city to achieve an overall risk index for the city. Thus, if a city
lies partly within three different risk zones, we multiplied the percentage of the city in each zone
and then tallied up the scores to arrive at a special hazard risk value for the city. We did not
establish risk zones for tornadoes due to their erratic behavior and movements, and because there is
no data to demonstrate any predictable patterns of occurrence, other than what is generally
recognized as tornado alley.

Table 2
COUNTY City FR_INDEX FR_TOTAL
GALVESTON Galveston 5 4.11
GALVESTON Clear Lake Shore 4 3.63
GALVESTON Texas City 4 3.22
HARRIS Shoreacres 4 3.07
HARRIS Nassau Bay 3 2.92
GALVESTON La Marque &) 2.25
GALVESTON Kemah 3 2.21
HARRIS Seabrook 3 217
HARRIS Taylor Lake Village 2 2.00
HARRIS El Largo 2 1.98
GALVESTON Dickinson 2 1.89
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GALVESTON League City 2 1.50
GALVESTON Friendswood 1 0.15
HARRIS Houston 1 0.01
HARRIS Webster 0 0.00

Topography:

The third variable examined is that of topography. The topography of a region can have many
different consequences depending on the types of disasters typical to an area. In our case study, we
are particularly concerned with topography in relation to a city’s susceptibility to flooding. Using
GIS modeling, we have taken The Federal Emergency Management Agency (FEMA) flood
insurance Q3 data to identify those areas in our study region which are most susceptible to
flooding; these correspond to the 100 and 500 year flood plains. We then compared these readings
with actual flood data, and found that they closely resembled the available flood records. Due to
the close correlation between topography and available flood data, and since only incomplete flood
data was available in this region, topography was used directly to assess flood susceptibility. Once
the GIS mapping was complete, we were able to take measurements in increments of one meter to
determine where the low-lying areas were within a city. The lowest elevations were given a
ranking of “5” since they were the most susceptible to flooding, while the highest elevations where
ranked as “1” since they least susceptible to flood damage. The areas with elevation heights of 1 to
5 meters are the most vulnerable to flooding, compared to other areas at an elevation of more than
5 meters. The maximum ranking is five meters, or about fifteen feet, which is approximately the
average rise in water level within the 100 year flood plain (FEMA National Flood Insurance
Program, 1998). To arrive at a risk index for the city, we have determined the percentage of the
population which lies within the various flood-risk zones (1-5) and then averaged these together.
For example, if one city had a population center that spanned flood zones “5,” “3,” and “2,” we
would determine what proportion of the city's population lived in each risk zone and then multiply
the risk zone value by the proportion of the population in the particular zone. These products are
then added to give a total flood-risk index for the city (see table 3).

Table 3
COUNTY CITY INDEX POP 1M 2M 3M 4M 5M |TOTAL R POP
GALVESTON |Clear Lake Shore 5.0 1,205| 1,205 0 0 0 0 1,205
GALVESTON (Dickinson 3.0 17,093 0 3] 16,786 304 0 17,093
GALVESTON (Friendswood_G 0.4 21,237 0 0 0 680 6,379 7,059
GALVESTON |Galveston 4.5 57,247(29,977( 27,270 0 0 0 57,247
GALVESTON |Kemah 3.9 2,330 739 551| 1,040 0 0 2,330
GALVESTON [League City 2.8 45,444| 4,839| 2,894|23,895| 4,669| 9,069 45,366
GALVESTON (Texas City 3.0 41,521 151 344(40,917 82 27 41,521
HARRIS El Largo 5.0 3,075| 3,075 0 0 0 0 3,075
HARRIS Friendswood_H 0.8 7,800 0 0 0 251 5,876 6,127
HARRIS Houston 0.0/1,953,631 14 215| 4,236|17,789( 32,255 54,509
HARRIS Nassau Bay 4.9 4,170| 3,768 369 0 0 0 4,137
HARRIS Seabrook 5.0 9,443| 9,443 0 0 0 0 9,443
HARRIS Shoreacres 2.7 1,488 0 711 373 0 0 1,084
HARRIS Taylor Lake 4.5 3,694 3,328 0 0 0 0 3,328
Village
HARRIS Webster 3.2 9083( 2,805 2,022 1,061 1,331| 1,398 8,617
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Hazardous Facility Sites:

The fourth variable is the potential for hazardous material exposure, which correlated with
proximity to hazardous faculties. Here we are interested in identifying various industries that use,
store, and produce hazardous chemicals or materials. To arrive at this end, we have used the Toxic
Release Inventory (TRI) developed and published on the Internet by the U.S. Environmental
Protection Agency (EPA) (http://www.epa.gov/tri/). Using GIS mapping, we established the
geographical distribution of hazardous facilities, which we then juxtaposed with population centers
and special hazard zones. This helped us to identify both the vulnerability of population groups as
they relate to potential toxic release sites, and the vulnerability of hazardous facilities themselves to
hurricane damage, which would potentially result in a release to hazardous materials. Population
density, which is the attribute we used to identify populations centers, is considered the variable
that correlates most closely with toxic releases (Rogge, 1996). In stating this, it should be noted
that toxic releases in this instance relates to fugitive releases which are do not pertain to normal
emissions released through smokestacks, pumps or other mechanisms which are an integral part of
daily operations. (Rogge, 1996). Population densities give a measure of urbanization and general
levels of development for any particular city. Density can additionally provide a better
understanding of risk; the more dispersed a population, the less risk incurred from any single event.
Conversely, the more crowded, a population, the more susceptible that population is to a common
threat. Population densities were mapped to show geographic dispersion patterns and the relation
of concentration centers in respect to other risk factors.

As with the previous variable, we developed a gradation of risk, based on population density and
proximity to hazardous substance facilities. We determined what percentage of a city’s population
could be exposed to a toxic release for each facility based on a half-mile, one-mile, two-mile, three-
mile, and four-mile circumference. These proportions were then treated in the same way as was
the variable for topography and special hazard zones (see Table 4). This formula, thus, provides an
overall risk index for the city based on proximity to hazardous facility sites. However, it should be
noted that the dynamics related to toxic releases would be changed considerably if the toxic release
occurred as a secondary disaster, for instance, as a consequence of a tornado or hurricane. The
proximity of many hazardous facilities to the coastline has raised concerns among researchers
because of the susceptibility of these facilities to surge and wind damage. However, the
petrochemical industry, which owns most of these facilities, has a powerful presence in the area,
and a culture of passive acceptance has prevailed. People are discouraged from speaking-out about
these issues or raising voices of alarm.

Table 4
COUNTY CITY INDEX | 0.5M 1M 2M 3M am POP |[Total R POP
GALVESTON [Clear Lake Shore 309 o0 109 | 1,096 0 0 1,205 1,205
GALVESTON |Dickinson 1237 o0 0 429 | 3,198 | 13,466 | 17,093 17,093
GALVESTON |Friendswood_G 2328 0 754 | 8,004 | 9927 | 2,552 | 21,237 21,237
GALVESTON |Galveston 2692| 637 | 2,532 | 36,484 | 15126 | 1,109 | 57,247 55,888
GALVESTON |Kemah 2226 0 0 588 | 1,681 61 2,330 2,330
GALVESTON |La Marque 3.015| 453 | 2,954 | 6,617 | 3,658 0 13,682 13,682
GALVESTON [League City 1.942| 3,447 | 3673 | 8,816 | 6,893 | 16,072 | 45444 38,901
GALVESTON [Texas City 2917 1,206 | 8,072 | 18,492 | 13,591 | 160 41,521 41,521
HARRIS El Largo 3175 0 538 | 2,537 0 0 3,075 3,075
HARRIS Friendswood_H 1135 0 0 0 1,052 | 6,748 | 7,800 7,800
HARRIS Houston 2.952| 253,686 | 401,978 | 670,468 | 316,812 | 245,532 | 1,953,631 | 1,888,476
HARRIS Nassau Bay 3749 379 | 2,364 | 1,427 0 0 4,170 4,170
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HARRIS Seabrook 3.243| 1,011 515 7,671 246 0 9,443 9,443
HARRIS Shoreacres 3.782| 236 691 561 0 0 1,488 1,488
HARRIS Taylor Lake Village| 3.171 0 632 3,062 0 0 3,694 3,694
HARRIS Webster 2.594 0 0 5,413 3,656 14 9,083 9,083

Demographics:

The next variable incorporates three demographic aspects: household income levels, education, and
ethnicity. Since the socioeconomic indicators were not yet released at the time of this report, we
used data from the 1990 census (http:// www.census.gov/main/www/cen1990.html), though other
demographic data were obtained from the 2000 census (http://
www.census.gov/main/www/cen1990.html).  The socioeconomic and ethnic status of the
population is an important factor since numerous studies have established an inverse relationship
between socioeconomic status and risk (Rogers, 1995). People with a lower-income status stand a
higher risk of loss in the event of a natural disaster and they have less ability to recovery after one
(Rogers, 1995). Ethnicity is also closely linked with socioeconomic status, but may pose additional
complexities not explained solely by education or status differences. The concept of ethnicity
refers to “individuals who consider themselves, or are considered by other, to share common
characteristics which differentiate them from the other collectivities in a society within which they
develop distinct cultural behaviors" (Marshall: 1998, 201). Diversity among ethnic groups can lead
to many communication problems based on language differences as well as a lack of shared
assumptions and experiences between the ethnic minority and the majority group. Often, these
communication differences become critical when dealing with issues of warning and access to
institutional aid in the recovery process (Drabek, 1986).

To arrive a measure of risk on these factors, we grouped education into five categories (1) less than
high school, (2) high school graduate or equivelant, (3) some college - includes associates degree,
(4) a bachelors degree, and (5) a post-graduate degree. In order to do this we combined two of the
standard categories used in the US census. The first category of less than High school education or
equivelant is two separate categories in the US census data, as is our cagtegory "3". The US census
has two different categories for some college (no degree) and associates degree. We combined
these categories primarily to stay within the scheme of five that has been set up and provide a sense
of consistency to our schema.

Table 5
COUNTY City INDEX_TOTAL (EDUCATION | MEDIAN INCOME_HOUSEHOLD |% OF WHITE
GALVESTON [Clear Lake Shore 4 4.53 37,241 0.96
GALVESTON |Dickinson 3 3.85 30,159 0.80
HARRIS El Largo 4 5.08 58,884 0.99
GALVESTON |Friendswood_G 1 4.49 50,492 0.94
GALVESTON [Galveston 4 3.59 20,825 0.61
GALVESTON [Kemah 3 3.25 26,797 0.91
GALVESTON (La Marque 3 3.37 27,914 0.64
GALVESTON |League City 3 4.35 45,043 0.88
HARRIS Nassau Bay 4 4.98 50,574 0.94
HARRIS Seabrook 4 4.41 34,658 0.91
HARRIS Shoreacres 4 4.45 52,418 0.96
HARRIS Taylor Lake Village 4 5.27 74,362 0.96
GALVESTON [Texas City 4 3.29 26,144 0.67
HARRIS Webster 2 4.08 32,377 0.82
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Non-structural Mitigation Efforts:

Nonstructural mitigation efforts refers to political and planning efforts within the area which arise
in response to a knowledge of risk, but which do not include the construction of a physical
structure. In particular, our study considers five different types of nonstructural mitigation efforts:
(1) Community education and outreach, (2) the development and enforcement of building codes,
(3) land-use planning which takes into account disaster prone areas, (4) the establishment and
publication of evacuation routes or other disaster preventative methods, and (5) governmental
compliance with special disaster related ordinances. Community education and outreach can
include such actions as having current fliers available on disaster education, making presentations
in schools, conducting town hall meetings, and delivering news reports about how to behave in the
event of a disaster. Development and enforcement of building codes refers to the implementation
and enforcement of construction standards, which are implemented in response to the disaster
history of the area. This may mean retrofitting buildings for earthquake resistance, raising
buildings above a certain elevation, or conforming to other measures as are appropriate to the
circumstances of the area. In our case study, structures had to meet the Southern Building Code
standards that require a building be constructed such that it will be able to withstand a hurricane
three or less on the Saffir/ Simpson scale (Davenport: p.14). Land-use planning relates to specific
measures taken to forbid the construction of new homes or other buildings in areas that are known
to be vulnerable to destructive forces. Examples of this type of planning could include setting
aside frequently flooded riverine coasts as a wetland preserve or declaring beach fronts as public
land so people cannot build directly on shorelines. = The establishment and publications of
evacuation routes or other disaster-preventative methods would include any measures aimed at
keeping the public out of harms way. Since we are not capable of adequately predicting all types
of disasters with enough lead time to evacuate populations at risk, this aspect of the variable would
include such measures as alleviating extra weight on mountainsides prone to avalanches, or the
controlled burning of brush to prevent forest fires, and establishing evacuation routes. The last
type of mitigation effort addressed is that of governmental compliance with special disaster-related
ordinances such a community involvement in FEMA's flood insurance plan, and the development
of a disaster plan as mandated by the federal government. = The variable of "non-structural
mitigation efforts" is different from the variables previously discussed, in-so-far-as it cannot be
assessed empirically. It is for this reason that we have defined five categorical subsections which
can be using a binary code which indicates whether a certain type of activity exists or not.
However, in keeping with the notion of the "lower the variable index, the lower the risk," we have
calibrated these ordinal categories by using a score of "1" and "-1". A score of "1" means that the
city or community being discussed does NOT have the sub-category discussed, thus, in effect
raising the average risk index. Conversely, if the community does have the mitigation efforts, they
score a "-1", which in turn lowers the risk index.

Table 6
COUNTY CITY INDEX Out- codes Land- Evac. | Ordinances POP
reach use routes

GALVESTON (Clear Lake Shore -1 1 -1 1 -1 -1 1,205
GALVESTON |Dickinson -1 -1 -1 1 -1 1 17,093
GALVESTON |Friendswood_G -3 -1 -1 1 -1 -1 21,237
GALVESTON [Galveston -1 -1 -1 1 1 1 57,247
GALVESTON |Kemah 1 1 -1 1 -1 1 2,330
GALVESTON [La Marque 1 1 -1 1 -1 1 13,682
GALVESTON (League City -3 -1 -1 1 -1 -1 45,444
GALVESTON [Texas City -3 -1 -1 1 -1 -1 41,521
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HARRIS El Largo 1 1 -1 1 -1 1 3,075
HARRIS Friendswood_H -3 -1 -1 1 -1 -1 7,800
HARRIS Houston -1 -1 -1 1 -1 1 1,953,631
HARRIS Nassau Bay -3 -1 -1 1 -1 -1 4,170
HARRIS Seabrook -3 -1 -1 1 -1 -1 9,443
HARRIS Shoreacres -1 1 -1 1 -1 -1 1,488
HARRIS Taylor Lake Village -1 -1 -1 1 -1 1 3,694
HARRIS Webster 1 1 -1 1 -1 1 9,083

Special Resources:

The seventh variable, special resources, refers to entities that have strong vertical ties, which could
supersede or substantially augment the planning and recovery process within the city. "Vertical
integration helps to expand the resources potentially available to a community" (Berke, et al.,
1993). This variable has been assessed through the examination of five distinct types of special
resources: (1) large governmental agencies or operations, (2) large multinational companies, (3)
large universities or other academic institutions. (4) national or international non-profit institutions,
and (5) distinctive local phenomena. Large governmental offices or operations include special
governmental entities (such as the Los Alamos National Research Labs, military bases, or as in our
case study, the National Aeronautic and Science Administration [NASA]: Johnson Space Center)
that could channel additional resources into the area, which would not normally be present in other
communities.

Large multinational companies, such as Amoco, Exxon, or Citibank can be an unusually helpful
source of support in all phases of disaster response and recovery. Within our study area, there were
a few examples of multinational companies whose presence was strongly felt at the local level. One
example is Texas City, which has a state-of-the-art emergency operations center that was made
possible through the support and financial contributions of Amoco. Multinational companies like
these often have a vested interest in helping their local communities prepare for disasters and
recover from them quickly. Because of their expansive international network, they can often tap
into resources which may not otherwise be available to such a community. These resources can
range from expertise in disaster planning and recovery to financial support for various projects.
Two other types of institutions that can provide strong vertical ties are large research universities
and large national or international non-profit agencies (often referred to as NGO's). In our study
area, we had the presence of Texas A&M University, Galveston Campus, and both the Red Cross
and Salvation Army. These institutions could be potential sources of assistance through the
provision of expertise, supplies, access to networks, and man-power, which reach beyond the
access of the affected region.

The last type of potential resource which could be identified as a source of vertical ties is what we
refer to as a "distinctive local phenomena". This category includes any feature, natural or man-
made, which is unique to the area and is potentially threatened by a disaster or by the recovery
process. An example of this is a city that has a special historical attraction such as Roswell, New
Mexico, or Mount Rushmore, South Dakota. These are places that have a distinctive identity and
history which makes them easily identifiable to the general public, and therefore there is a general
expectation to help preserve these "cultural" places. This expectation makes justifying the
allocation of funds for disaster planning easier, which would both help protect them from a disaster
and recover from one quicker. This variable follows a similar coding system as the previous one,
a bi-modal distribution, except that in this instance “-1” is given for each type of special resource
the city possesses, and a "0" is assigned if the resource does not exist. Since the lack of a special
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resource is not seen as a weakness in the risk assessment, the city is not penalized for its absence.
These types of resources help lower the risk index for the cities in question.

Table 7
COUNTY CITY INDEX | Gov't Multi- Univ. | Non-profit Local POP
Agency | national Phenom.

GALVESTON Clear Lake Shore -1 -1 0 0 0 0 1,205
GALVESTON Dickinson 0 0 0 0 0 17,093
GALVESTON Friendswood 0 0 0 0 0 0 29,037
GALVESTON Galveston -2 0 0 -1 -1 -1 57,247
GALVESTON Kemah -1 0 0 0 0 -1 2,330
GALVESTON La Marque -1 0 -1 0 0 0 13,682
GALVESTON League City -1 0 0 0 0 -1 45,444
GALVESTON Texas City -1 0 -1 0 0 41,521
HARRIS El Largo 0 0 0 0 0 3,075
HARRIS Houston -4 -1 -1 -1 0 -1 1,953,631
HARRIS Nassau Bay -3 -1 -1 0 0 -1 4,170
HARRIS Seabrook -1 0 -1 0 0 0 9,443
HARRIS Shoreacres 0 0 0 0 1,488
HARRIS Taylor Lake Village -1 -1 0 0 0 3,694
HARRIS Webster -1 -1 0 0 0 9,083

Socio-Political Dynamics:

"Socio-Political Dynamics" and the categories of which it comprised, is the most difficult variable
to assess. The political practices and the power struggles endemic to all levels of government are
not easily assessed. Albeit, power is essential to achieving one's aim, be it for disaster planning or
some other issue. In the field interviews with emergency managers, we were able to ascertain
some of the political practices and agendas that both hindered and assisted the advancement of
disaster planning. However, because of time constraints and the delicacy with which the subject is
treated, some assumptions were made based on the evidence that presented itself to the researcher:
such as a lack of time and resources for disaster planning, comments alluding to power struggles,
or conversely, the show of support by providing emergency managers freedom and funding. The
variable of socio-political dynamics was broken down into five categories: (1) grass-root support,
(2) political support, (3) political initiative, (4) funding, and (5) institutionalization of the disaster
planning process. These categories were scored on a bi-modal system, where a "-1" is a positive
indicator of that category and a "1" a negative indicator, showing that a specific activity has not
occurred at the city level (see table 8).

The first category, grass-root support refers to the existence of any group that has taken a political
stance to advance disaster planning and actively pursues that agenda, either through lobbying
efforts, community education, or other activities. In our case study, the Galveston Branch of the
League of Women Voters was seeking an issue it could adopt and promote, and which had
immediate significance for the community. They realized that disaster planning was not a well-
developed practice in Galveston, and that this lack of a planning process could have a detrimental
impact. This was a significant issue for the entire county, not just the island, and it was an
indisputable weakness in the administrative system. The support and work of these women helped
bring disaster planning to the attention of political power holders who where in a position to fund
the activity and elevate its importance in the county administrative agenda. Their work has also
assured that the next people in posts of power will be aware of issues relating to disaster planning
and emergency management.
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The second category, political support, relates closely with grass-root support. Political support
refers to the idea of emergency managers having the support (e.g. time, funding, and administrative
help) to pursue disaster planning from their political superiors, such as mayors, city councils, or
county judges, or others. However, since these offices are positions of public service, the superiors
are accountable to the public, and if there is someone or some group in that constituency that has
identified disaster planning as a need, the allocation of funds for this activity is made easier, in the
face of competing agenda items. In our case study, political will was found to support disaster
planning, because, in addition to improving preparedness, the planning process also helped bring
cohesion to the county, as pointed out by several emergency managers and the League of Women
Voters. Emergency management met a need that the entire county required, therefore cities felt a
push for disaster planning coming from the county administrative offices, as well as from the grass-
root issue promoters. Political support, however, is not a one-dimensional element. There are
occurrences when a political superior may support disaster planning, even though s/he does not
have the political clout to follow through on that support. In a situation such as this, grass-root
support can be essential to the emergency planning process because it provides additional leverage
to initiate a disaster planning process.

The third category relates directly to some early writings by Drabek and his colleagues that found
"[that] in order for policies to be adopted a key individual or small number of persons with
legitimate authority to take action had to be concerned and actively promote the issue" (Mittler,
1989). This notion of issue champions is very similar to the political activity of lobbying, the
difference being that issue champions work from within the system to bring about change.
Essentially, this category attempts to measure if there is any person or group with political power
who is willing to champion the cause of disaster preparedness in light of the many competing
issues on any community's agenda, and how well those issue promoters are integrated into the
planning process. By keeping concerned citizens involved, one insures that the planning process is
maintained.

The fourth category, funding refers to the availability of funds to support the emergency
management process. This may be problematic, especially in small communities, where funds are
very limited. There may be political will to be involved in a disaster planning process, but not the
available funds to fully support such an activity. This appeared to be the case in several of the
communities we visited in the Clearlake area. These communities are primarily bedroom
communities, and they have little or no business-tax base with which to support an extended
disaster planning process. However, because of a well developed disaster planning program on the
county level and among the neighboring communities, disaster planning is generally recognized as
a necessary process and one everyone appears to openly support, even though the money is not
there. Of course, the opposite may also be true. A community may have money allocated to it for
disaster planning, but because of a lack of political support or awareness, the money is left unused
or diverted to other area.

The last category refers to the institutionalization of the disaster planning process. This has been
accomplished to some extent throughout the United States because of a congressional mandate
which states that every locality must have a disaster plan, if they want to be eligible for recovery
aid, in the event of a disaster. However, as happens with many unfunded or poorly funded
mandates, the disaster plan becomes just an item to check-off a list, and the planning process is
circumvented. In this instance we were looking for the establishment of a process; one that is not
dependent on any particular leader or event. Examples of this type of work could be seen in the
development of full-time offices for emergency management at the county levels, in large cities,
and at the NASA space center. The interaction between these entities and their surrounding
communities helped establish an expectation for disaster planning and assisted in the development
of a comprehensive planning process for the entire region.
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Table 8

COUNTY CITY INDEX [ Grassroot | support | initiative | funding | establishment POP
GALVESTON |[Clear Lake Shore 1 1 -1 1 -1 1 1,205
GALVESTON |Dickinson 3 1 1 1 -1 1 17,093
GALVESTON |Friendswood 1 1 -1 -1 -1 1 29,037
GALVESTON |[Galveston -3 1 -1 -1 -1 1 57,247
GALVESTON |Kemah 1 1 1 -1 1 2,330
GALVESTON |La Marque 1 1 1 -1 1 13,682
GALVESTON |League City -1 1 -1 -1 -1 1 45,444
GALVESTON |[Texas City -3 1 -1 1 -1 -1 41,521
HARRIS El Largo 5 1 1 1 1 1 3,075
HARRIS Houston 1 1 1 -1 -1 -1 1,953,631
HARRIS Nassau Bay 1 1 1 -1 1 -1 4,170
HARRIS Seabrook 3 1 1 -1 1 1 9,443
HARRIS Shoreacres 5 1 1 1 1 1 1,488
HARRIS Taylor Lake Village 5 1 1 1 1 1 3,694
HARRIS Webster 5 1 1 1 1 1 9,083

Special Administrative Districts:

The ninth variable refers to potentially conflicting situations because of an overlap of emergency
response jurisdictions in an area. Conflicts can arise in all the various stages of disaster planning
(mitigation, planning, response or recovery) because two or more jurisdictions are competing for
dominance in a disaster response scenario, or conversely, because there is the assumption that
another agency is attending to issues in that jurisdiction. As before, we divided the possible
scenarios into five different categories in which jurisdictions could overlap one with the other: (1)
governmental authorities, (2) local jurisdictions or authorities, (3) national or regional jurisdictions,
(4) volunteer organizations, and (5) private response groups. In our case study we had many
examples of these types of overlaps. An overlap of governmental authorities would be found in a
situation in which a city may straddle more than one county or state. The city of Friendswood
exemplifies this situation in our study area since it lies in three different counties: Harris,
Galveston, and Brazoria. This type of overlap has actually led to problems in the past, where one
county was declared a disaster area, while the other part of the city was not. This led to frustrations
and problems as some residents received federal aid for recovery but others did not, though they
had suffered equal losses. This type of situation can happen in places that are administered by
different political entities, yet share a common location. Unfortunately the fall out often means that
local politicians pay the cost, and the community may lose cohesion, while subsequently delaying
the recovery process for the entire community.

The second category in our variable is that of overlapping local jurisdictions. Examples for these
types of overlays would probably be most notable in the planning stage of disaster preparedness, as
there are many specialized local jurisdictions within a city’s reach. Examples of these include
municipal utility districts, local emergency planning committees, school districts, and others. To
complicate matters further there may be national and regional jurisdictions covering various areas,
such as a port authority, Coast Guard, or Ranger Service. In our case-study many of the cities had
to interact with various different authorities such as the Coast Guard, that patrolled the ocean front;
the Channel Emergency Management Association, which was developed to respond to such
incidents as explosions or toxic releases in the ship channel; the Houston Port Authority, which
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deals with trade and customs issues, and the Marina Patrol that controls the third largest marina
area in the USA.

Volunteer organizations and private response groups can also lead to conflicting situations, not
only due to overlapping jurisdictions, but also due to overlapping loyalties and role designations.
Both volunteer organizations and private corporations often draw on the same sources of man-
power within a specific area. Thus, a particular person might work as an engineer Monday through
Friday, and as a volunteer firefighter on the weekends. However, if an incident should happen in
the plant on a Wednesday, should the person react as an engineer or as a firefighter? These
dilemmas can become serious issues when there is a primary employer within a town, and little or
no coordination between the employment agency and the volunteer organizations in the area. The
problem is also manifested in a calculation of the resources in the area. On our case study, most of
the cities had volunteer fire departments, yet the large petro-chemical companies also maintained a
professional fire-fighting staff which could assist in any disaster scenario. The problem being that
the fire-fighters for the petro-chemical companies where the same men and women who served on
the volunteer fire departments. In essence, the human resource for the area was being counted
twice, once as part of the private sector, and again as a community fire-fighting force.

This variable is scored very simply, a city gets a score of “1” for each category of jurisdictional
overlap that occurs within its immediate area, and a "0" if there are no overlaps (see table 9). In
short, we realize that there will always be overlapping jurisdictions of some types that can
complicate planning and response efforts in the face of disasters, but many of the potential
problems which arise from this situation can be addressed and worked out through our next
variable, Planning Integration.

Table 9
COUNTY CITY INDEX Gov't Local |National/|volunteer| private POP
regional

GALVESTON Clear Lake Shore 2 0 1 0 1 0 1,205
GALVESTON Dickinson 1 0 0 0 1 0 17,093
GALVESTON Friendswood 3 1 1 0 1 0 21,237
GALVESTON  |Galveston 3 0 1 1 1 0 57,247
GALVESTON  |Kemah 2 0 0 1 1 0 2,330
GALVESTON |La Marque 2 0 1 0 1 0 13,682
GALVESTON |League City 2 1 0 0 1 0 45,444
GALVESTON |Texas City 3 0 0 1 1 1 41,521
HARRIS El Largo 1 1 0 0 0 0 3,075
HARRIS Houston 3 0 1 1 0 1 1,953,631
HARRIS Nassau Bay 3 0 1 1 1 0 4,170
HARRIS Seabrook 2 0 0 1 1 0 9,443
HARRIS Shoreacres 2 1 0 1 0 0 1,488
HARRIS Taylor Lake Village 1 1 0 0 0 0 3,694
HARRIS Webster 2 1 0 0 1 0 9,083

Integration of the Planning Process:

Planning integration refers to the development and strengthening of horizontal ties which work
towards the eventual goal of disaster preparedness. Berke, Kartez and Wenger (1993) refer to
Warren's (1963) definition of horizontal integration as "the structural and functional relations
among the community's various social units and subsystems." Berke, et al. (1993) emphasis that "
the extent to which a strong vertical integration is beneficial is strongly related to the strength of
horizontal relationships. When horizontal relationships are weak, communities are basically
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powerless, subordinate, and depend on outside forces. " This statement emphasizes how crucial the
planning process is, since it is through this process that strong horizontal ties are developed and
maintained; within the personal contacts made during the disaster planning process.  Planning
integrity is divided into five categories, the first four address various community players and the
last one refers to the quality of the planning process: (1) non-profit organizations, (2) political or
grass-root support groups, (3) special care facilities, (4) neighboring communities, and (5) the
practice and rehearsal of the emergency response process. We see planning as being one of the
essential phases of disaster preparedness, and a variable that is open to human control.

When examining the planning process, we are focusing on the actual production, maintenance and
continuous testing of a disaster plan, not on the final development of a manuscript. In this vain, we
are looking at the ongoing development of relationships, education and growth of non-emergency
mangers into the disaster-planning process. The first category mentioned is the integration of non-
profit organizations. This would include regular meetings or involvement in the planning process
of disaster-oriented non-profit groups (non-governmental organizations) in the area. Examples of
such groups would be RACES, the Red Cross, Salvation Army, and possibly inter-faith
organizations. These groups often take the center stage in the sheltering and recovery process, and
should be involved with emergency management teams so that recovery can proceed seamlessly,
and the correct type of assistance and information is delivered to the appropriate people.

The second category refers to the integration of grass-root support into the planning process. This
integration and continuous nurturing of issue backers is essential to the planning process as it may
open doors to other resources and also lets citizens invested in the community stay abreast of
emergency management issues. By keeping concerned citizens involved, one insures that the
planning process is maintained. Additionally, it helps build a support base that is not dependent on
just one person or one moment in time. In our study, on-going political pressure to pursue disaster
planning was an essential element in helping to elevate disaster planning to a priority item at the
county administrative level.

The third category, special care facilities, assess the level of integration between the emergency
management plan of facilities and the city disaster management plan. In particular, such facilities
as hospitals, schools, elder-care, prisons; and other places that have an immobile population are the
topic of this variable. Coordination with these facilities needs to be included in all phases of
disaster planning, from the siting of such institutions, to their evacuation (should the need arise), to
their potential use in the response and recovery phase of a disaster. Planning integration with such
facilities needs to go beyond having a copy of their emergency plan at the emergency operations
center; it needs to include their participation in the planning process. In this way key players will
be identified, as will any limitations and available resources. The fourth category, planning
integration, is crucial when there is heavy reliance on mutual-aid agreements and/or communities
in close proximity to one and other. By working with neighboring communities, emergency
managers get to know one and other and what can be expected in times of need. Drabek (1987)
identifies this need when he states that one of the most important axioms for emergency managers
is their formation and maintenance of interagency relationships.

The fifth and last category is probably one of the most important ones, and the one that brings
meaning to the previously mentioned categories. Without practicing and continually updating ones
emergency plan, there is no feed-back loop to bring in new information or circumstances into the
planning process, nor is their an effective way to evaluate the work that has been done to that point.
The practice and rehearsal of disaster planning includes regular meetings with concerned groups
and individuals to arrive at a standard of quality that will ensure proper orientation and continuous
development of disaster planning, not only for one's own agency, but also for all the various
players involved in the mitigation, planning, rescue and recovery phases of a disaster.
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Our last variable is scored similarly to the previous ones, though here there are three possible
scores. A "-1" is a positive sign, showing that the community has integrated their planning efforts
with the various agents in that category. A "0" means that there are no agents in that category, for a
particular city. Many of the communities studied in the Clearlake area were bedroom communities
and did not have the full array of facilities often found in other places. A score of "1" means that a
particular facility exists within that community, but there is not adequate integration of the facility's
emergency plans with the city in which it is situated. By using this scoring method, communities
without some of the amenities mentioned in the variable will not be penalized for not having an
integrated plan, while simultaneously accounting for these amenities in the communities where
they do exist (See Table 10).

Table 10
COUNTY  [cITY INDEX p"r‘gf?t's political S'Z:f;a' Neighbor|  practice POP
GALVESTON |Clear Lake Shore 1 0 1 0 -1 1 1,205
GALVESTON [Dickinson -1 0 1 0 -1 -1 17,093
GALVESTON |Friendswood -3 1 -1 -1 -1 -1 21,237
GALVESTON |[Galveston -5 -1 -1 -1 -1 -1 57,247
GALVESTON [Kemah 1 0 1 0 -1 1 2,330
GALVESTON [La Marque -3 0 -1 0 -1 -1 13,682
GALVESTON |League City -4 0 -1 -1 -1 -1 45,444
GALVESTON [Texas City -4 -1 -1 0 -1 -1 41,521
HARRIS El Largo 1 0 1 0 -1 1 3,075
HARRIS Houston -1 1 -1 1 -1 -1 1,953,631
HARRIS Nassau Bay -4 0 -1 -1 -1 -1 4,170
HARRIS Seabrook -3 0 -1 0 -1 -1 9,443
HARRIS Shoreacres 1 0 1 0 -1 1 1,488
HARRIS Taylor Lake Village | -3 0 -1 0 -1 -1 3,694
HARRIS Webster -3 0 -1 0 -1 -1 9,083
Conclusion:

The approach to risk analysis set forth in this paper is an attempt to provide an inclusive assessment
of risk for a city which incorporates many aspects of disaster planning. In doing so it sets a
framework that incorporates geographical, industrial, social, cultural, and demographic features
into the planning process. However, many nuances and details are glossed over while arriving at
the risk index. The aim of this index is not to provide a detailed assessment of risk for any
individual, but instead to allow those individuals who are concerned about disaster risk to quickly
compare the relative risk in their area, with others. If further information is required, one can then
ask for greater details on how the risk index was obtained. Additionally, an aspect that is appealing
about this method of analysis is that scores on many of the variable can be addressed through a
comprehensive planning process. This risk analysis index can then be used by many different
groups to advance disaster planning and increase awareness of emergency management issues.
Among the different potential uses of this risk assessment are its use by emergency mangers in
their attempts to lobby for greater support of the disaster planning process; city councils can
attempt to promote their cities with it (if they have a good rating), and insurance companies can
give additional credits to cites that rate well on the index.

In conclusion, we are providing a risk comparison of the various cities within the Clearlake region
(see table 11). To arrive at the final risk index, we calculated the sum of the indices for all
variables and then divided by ten, to reach a mean index for each city studied. ~As we stated
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earlier, this is not a comprehensive detailed analysis of risk for each city, but is instead an attempt
to take into account the relationship between human organizations and environmental factors as
they relate to disaster risk.

Table 11
CITY mED‘I\E?( VAR.1 |VAR.2 [ VAR.3 | VAR4 | VAR5 | VAR.6 | VAR.7 | VAR.8 | VAR [ VAR.10| POP
Clear Lake Shore | 221 | 4 4 | 50 300 4 A 1 1 2 1 1,205
Dickinson 152 | 4 2 | 30 | 1237 3 A 0 3 1 1 17,003
Friendswood 43 4 1 06 | 1732 1 3 0 1 3 3 | 21,237
Galveston 122 | 4 5 | 45 | 2692 | a4 A 2 3 3 5 57,247
Kemah 221 | 4 3 | 39 | 2226 ]| 3 1 1 2 1 2330
La Marque 178 | 4 3 | 28 |3015| 3 1 1 2 3 13,682
League City 69 4 2 | 30 |1942| 3 3 A 1 2 4 | 45444
Texas City 99 4 4 | 30 |2017| 4 3 1 3 3 4 | 41521
El Largo 262 | 4 2 | 50 | 3175 | 4 1 0 5 1 1 3,075
Houston 79 4 1 00 |2952| 4 1 4 1 3 1 | 1,053,631
Nassau Bay 137 | 4 3 | 49 | 3749 | a4 3 3 1 3 4 4170
Seabrook 172 | 4 3 | 5.0 |3243| 4 3 1 3 2 3 9,443
Shoreacres 2.55 4 4 2.7 3.782 4 -1 0 5 2 1 1,488
Taylor Lake Village | 187 | 4 2 | 45 |3171| 4 A 1 5 1 3 3,694
Webster 158 | 4 0 | 32 | 250 2 1 1 5 2 3 9,083
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Abstract

Technology of using of the systems approach is considered in relation to emergency management
processes. The systems approach is concluded in complex analysis of emergency situations, with
provision for technical, physical, psychological and social-economic factors. The possibilities of
the systems approach are analyzed for decision support with provision for all factors.

The specific feature of the proposed technologies is an interdisciplinary approach to development
of intellectual decision support systems, providing efficient methods for exhibits in the field of
emergency management problems, which are characterized by greater volume of analyzed
information, bad formalized procedure decision making and difficulty in the use of traditional
methods of the multi-criteria optimization.

The discussed problems cannot be solved without the use of methods of artificial intelligence and
integrations of GIS, mathematical modeling and DSS [1]. The systems approach usage allows
development of methods for integer of the class of the uniform problems in emergency
management.

A suggested methodology is considered in an example of emergency management, in such
situations as floods problems, transport emergency situations, including terrorism accidents and
others.

Introduction

Urgency of the problem, regrettably, does not cause doubts. The emergency situations caused by
natural and anthropogenous reasons, including terrorism, become ordinary in our lives. The typical
particularity of the studies presented in this report is a system approach to consider the problem,
under which is researched a whole cycle information handling, from input flow to finishing
decision making. The last achievements of the informatics, including development of knowledge
based systems (the artificial intelligence systems, expert systems) and decision making computer
methods, have set the problem making the systems. Thus allowing redution in the consequences of

" The research of this paper was carried out under support of the Russian Foundation for Basic
Research (Grant N 00-01-00534)
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miscellaneous sorts of emergency situations, and integration of the experience of decision making,
management and undertaking action in emergency situations.

This paper considers methods of decision making system development, founded on knowledge for
use in emergency situations. Specific proposed methodologies are concluded in a multidisciplinary
approach to the creation of an intellectual decision support system [2], allowing efficient methods
for exhibits in the field of emergency management, characterized by greater volume of analyzed
information, poor formalized procedure of the inference for decision making and difficulty in the
use of traditional multucriterial methods to optimization. The emergency situations which have
recently created the most problems, including terrorism, high water and floods, require the
development of existing methods of decision making and management [3-4].

Considered in the report is a methodology that can be considered as a continuation effort on system
integration of the computer products and verbal methods on new modern level. The methods have
an importance to system integration, which will allow uniting the efforts between the developers of
different systems. On-persisting efficient systems appear then, when there is a possibility for
integration of decision appearing problems of the subsystem created in miscellaneous time,
different specialists on different programme bases. In this case the systems are founded on the
knowledge of the various people and different scientific disciplines. Herewith, as a result of using
the system approach, appears the multidisciplinary knowledge [5-6], and the same as in the
traditional scientific world, appears the problem of the general use of different languages of
descriptions, differing methods of the decision of the problems etc. [7].

The Group, which includes the author, has a significant length of service in the area of informatics,
in accordance with decision making, processing the greater volumes to bad outline information,
methods of making the intellectual information systems, and study of the processes of the natural
ambience. They were designed row of the applied systems in this area. The problem is considered
of integrations of different aspect of buildings decision support systems in row of the application
domains.

The methods have great importance to system integration, which allow uniting the efforts of
different system developers [8-9]. On-persisting efficient systems appear then, when there is a
possibility to integrate decision appearing problems of the subsystem created in miscellaneous
time, different specialists in the field of informatics, decision-making, hydrology, economy, social
sciences, and transport, on different programmed bases. In this case the systems are founded on the
knowledge of the various people and different scientific discipline. Herewith as a result of using
the system approach, appear the mexxaucrmmmaapasie of the knowledge, and in the same way as
in traditional scientific world appears the problem of the general use of the different languages of
the descriptions, different methods of the decision of the problems etc.

Modern information technology and decision making in emergency situations

Management in emergency situations and methods of decision making has recently become a much
more fruitful area of exhibit of the modern methods of informatics [11]. The actual problem is an
integration of the facilities telecommunication, founded on knowledge (the artificial intelligence)
and computer methods of support decision making (Decision Support Systems - DSS). The system
approach to making identical methods of the decision of the problems, choice corresponding to
technical facilities and organizing decisions allow hope for a qualitative jump result in this area
[12].

On this background by exception is a scientific problem "Decision making in exceeding situations".
This area is solely fruitful for using the complex of the modern methods of informatics and,
primarily, methods of artificial intelligence. There are many events when it is necessary to come to
a conclusion in a short time period (from several minutes to several days). This range of time,
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makes it difficult, and sometimes impossible, to invite the consultant, collect the specialist, conduct
the consultation or council-boards and etc. In this case, it happens to rely upon opinion of the
computer, though this is sometimes fraught with unpredictable consequences. It should be
emphasized that in these situations (and in many others too) computer systems decision making is
not wanted by choice, but becomes the necessary variant in decision making in conditions limited
by resources.

In the opinion of authors, the system approach to a given problem means the analysis of all aspects
of the considered problem, mpoxymeiBanue and modeling of the full technological cycle of
information handling, commencing from entering and receptions to information before decision
making. The Main idea is concluded in agglomeration of the knowledge in computer form
knowledgebase, thus allowing their use for decision-making.

We shall consider that there exists a certain application domain, in which knowledge (in the
manner of recommended decisions and the sequences action) is accumulated on the basis of
consideration of emergency situations of a certain frequency. Industrial damages pertain to such
situations, and natural disasters (the high water, tsunami, earthquakes). In this case the frequency
of the event was not so great as was a real possibility to train and drill the personnel and persons
responsible for decision-making, but consequences non-optimal decisions can be significant.

For considered problems telecommunication possibilities systems, founded on knowledge, are a
principle component, since significant time can be needed for accumulation of the knowledge
about action in free-lance situations on each object. However, the class uniform object exists, for
instance enterprises of the certain type, seaports, populated points in places, subject to high water,
and etc. In this case, it is necessary to provide the integration of the knowledge about uniform
emergency situations on space portioned object of one type. One possible method of reaching a
decision for this problem is the creation of a computer network for spreading knowledge on the
uniform object, obtained as a result of a posteriori analysis action (or inaction) in free-lance
situation. This network can work in mode "on--line" or "off-line", be organized as uniform or
hierarchical, can be in the manner of stars with analytical center and etc. This depends on the
concrete sphere of exhibit, but it is important to simplify and accelerate "exchange by experience"
between uniform objects.

Categorization of the functional features object management with standpoint of the formalizations
of the processes of acquisition of the knowledge.

For development of technologies of acquisition and issues of the knowledge about action in free-
lance situations, it is necessary to produce the categorization a knowledgebase.  The
Knowledgebase can be divided into the following categories:

- universal, referring to all considered areas, objects and situations;

- problem-solving, which pertains to given class objects and problem-solving situations;

- specific, which are bound concretely with data by object and particularity of its operation.

Herewith-universal knowledge is circulated on all, object, using considered methodology or is
found in a certain central node. This depends on accepted computer technology. The Problem-
solving knowledge, in the manner of corresponding to a knowledgebase, is circulated on an object
of one class. The Specific knowledge, therefore, is only one object in the computer.

The General can be knowledge about social-economic law, principle of the spreading of
contamination, or another disaster. In ditto time this "knowledge", referred to as a fixed object, is a
quotient. The same situation with knowledge, under discussion knowledgebase, are structurized in
the form of the info logical models. Accordingly, models can be universal, problem solving and
specific. In the structure of each models, there are also included simulation and other computing
models, in the manner of computing procedures.
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In general type, knowledge, including models, can be presented as quadruplets of the type:
M=<S,R,[,K>

Where:

S - a base of the simulation models;

R - a base of the rule-oriented rules, which is renewed as a result of analysis decision making in
emergency situation;

I - an information base;

K - a base of the general knowledge.

After emergency situations have occurred, it is necessary to produce analysis of decisions taken
and not taken, their consequence, production of the rules and writing the optimum decisions in the
base of the rule-oriented rules, accordingly global or local (universal, problem-solving or specific).
For shaping the rules base it is necessary to have participation of a knowledge engineer, though in
most cases it is enough to have a specialized program of the extraction of the knowledge.

Data mining technology usage in emergency management

The key factor in emergency management is an operative taking of efficient decisions. However
natural is the longing to improve the process of decision making, it quite often comes across on
enormous volume and complex structure data, requiring processing in emergency situations.

Practically, the database executes the function to memories, access of the user to vault data
provides only an extraction of a small part from prelimanary stored information in response to
clearly assigned questions. Yet, when we have an enormous flow of information, we will get up the
task greatly reasonable to use this information to extract hidden data knowledge for the reason to
optimize control of the process of emergency management. This task cannot be solved by the
power of only one person on the strength of gigantic volume of given economic inefficacy of such
a decision. Besides, analyst results are not alwarys objective since people follow some
considerations, a priori beliefs about the study subject that are reflected on the objectivity of
results.

The methods of “data mining” allow a reduction of this problem. Using promoted analytical
methods in the field of mining the knowledge from source, "damp" data, many organizations have
increased profits, raised power, lessened expenses and enlarged client base. The methods already
are actively used at analysis market, marketing, forecast of the stock quoting and other business-
applications. But in the first place these methods today must interest the commercial enterprises,
unfolding projects on base information vault given (Data Warehousing).

The correlations of the volume and speeds define the possible use of the artificial intelligence
systems KDD (Knowledge Discovery in Databases) - a system of the extraction of the knowledge
from database.

Using the systems KDD requires the known art of the director of the exploratory tasks since their
decision must ultimately match logic with his intuitive analysis. The Key to successful using of the
methods of KDD involves not only the choice of one or several algorithms KDD, but also the skill
of the analyst. Data Mining does not exclude the need for the knowledge of specifics of the
application domain and understanding of data or analytical methods.

Knowledge discovery in databases is an analytical process of the study of the large volume of
information with attraction of the facilities of the automatic study given for the reason finding
hidden in structure data or dependencies. It is expected to obtain full or partial absence of the a
priori beliefs about nature of the hidden structures and dependencies. KDD includes the
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preliminary comprehension and incomplete wording of the task (in term target variable),
transformation given to available automated analysis format and their preprocessing, finding the
facility of automatic study given (data mining) hidden structures or dependencies, approbation of
the discovered models on new, not used for building of the models data and interpreting the person
of the discovered models.

Data mining ("development given") - a study and finding "machine" (algorithm, facility of the
artificial intelligence) in damp given hidden structures or dependencies, which

- earlier were not known,

- not trivial,

- practically useful,

- available to interpreting the person.

As a whole technology, data mining is defined by Gregory Piateckiy-Shapiro - one of the founders
of this direction: data mining - a process of the finding in damp given earlier unknown,
HeTpHUBHANBbHEIX, practically useful and available interpreting the knowledge required for decision
making in different spheres of human activity Any cognition presents itself for modeling. The
Model - artificially created system, in which is reflected resemblance of the structure and functions
with system-original. Exist two types of the models: npenckaszarensnbie and descriptive. The First
one set given with the known result for building of the models, which obviously predicts the results
for the other set data, but the second describes the dependencies in existing data. The revealed
model will not be able to pretend on absolute knowledge, but will give the analyst certain
advantages to alternative statistical significant model.

The task of the model building can be divided into two important subranges. First, the task to
categorize - referring the new object to some class from their ensemble on base already available,
given about the other object of these classes. The other subrange form the tasks of the forecast of
some unceasing numeric parameter.

Case study 1. An emergency management in flood hazards.

Recently in Russia and all over the world, there have been sharply increased losses from different
disasters, in particular from high water and floods such as on river Lena and in other Russian
regions. This report considers the possibility of the use of the achievements of scientific and other
organization on basis of the system approach, mathematical modeling (including economic and
social aspects), and integrations of other scientific and engineering decisions, could greatly reduce
the losses from, or prevent, these disasterst. Amongst the organizations whose results are used in
the development of the project are: The Institutes to Russian Academy of Sciences - Institute for
system analysis, Institute of the water problems, Computing center, Institute of the problems of
management, VNIIGMI-MCD of Rosgidromet, Faculty on surrounding ambience of the University
Waterloo in Ontario (Canada) and Exploratory Center on floods in Great Britain (Flood Hazard
Research Centre, Middlesex, UK).

The existing system of the measures and decision making appear, on glance of the authors, to
suffer from the absence of systems approach, insufficient scientific investigations, lack of the
different factors accounted, and not taking into account social-economic aspects.

Floods are one of the most serious natural disasters, and annually are occurring in many countries
of the world. In spite of all undertaken preventive measures they are vastly overtaking, in terms of
victims and material damage, such disastrous phenomena as earthquakes. In the year 1999 for
example:

- of the total number of 130 large natural disasters (including earthquakes, storms, droughts and
etc) that occurred this year, nearly half - 60 - were for floods;

- victims (perished) of floods (55360) far overtake earthquakes (24964);
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- in terms of number of disasters, floods (60) are closely approached by only storms (47)

The countries most subject to floods are situated basically in southeast Asia (India, Indonesia,
Philippines, China, Bangladesh, Nepal), and then in Latin America (Venezuela, Columbia, Peru),
from they vastly lag behind the Africa (Sudan, is Extinguished).

From European countries, floods most often in Switzerland, Germany (Bavaria), and Austria. The
number of victims in these countries is small, but material damage is compensated by a developed
system of insurance.

The main reasons of the floods in most cases are driving rains, sea waves, sometimes destructions
or breakout of the dams. The Floods basically strike the developing countries that are explained not
only by their geographical position (the regions rainstorm, location territory at a rate of epidemic
deaths and etc), but also their heavy economic position, preventing separation of the significant
funding on undertaking corresponding preventive work.

Last year, for the first time, question about floods turned out to be in the public eye in the entire
country. This is explained by not only the scale of the disasters, but also by statements of the
president of the country and EMERCOM minister, and the lack of well-timed and necessary
measures on protection of large populated points, in particular in some regions of Siberia from -
follows specifically to emphasize - from annually reiterative large floods (before this let and
smaller scale). As is well known, warning of exceeding situation or disaster dispenses usually are
cheaper than removal of their negative consequence. What can be said about effieciency in cases
such as the building of the defensive sandy dams, when flooding has already exceeded critical
mark and a thousand of the constructions turned out to be under water?

Meantime, corresponding to models of possible disasters, scale and negative consequence for
concrete river pool could greatly relieve the development of scientifically motivated systems of
efficient action and buildings while avoiding dangerous disasters, that in any event greatly reduce
costs, which this year practically carried the whole country.

The system approach is offered to planning and control water resource pool of the rivers: system
hydrodynamic models of the processes - currents of water, spreading the contamination, economic
- an accommodations production, co-ordinations interest branches, developments fish population,
production to electric powers expert estimation restrictions of the depths for navigation. The
simulation system calculation of the controller rules is considered in purpose of the rational
satisfaction request water customers.

Case study 2. A Terrorism Crisis Management in Transport.

One of the very important problems for emergency management is to increase the capacity of their
communities to survive and recover from terrorist attacks by building an enlarged set of risk-
management decision support tools and procedures for standardized evaluation and mitigation of
the consequences of a terrorist attack on critical transportation infrastructure. The project will
emphasize (1) the use of a Geographic Information System to create a notional port city with air,
rail and marine transportation facilities and demonstrate the notional relative proximity of critical
infrastructure, (2) identification of hazard simulation and modeling tools to both superimpose
damage footprints across critical infrastructure and demonstrate potential consequences to the
community, and (3) demonstration and econometric model evaluation of alternative mitigation and
causal chain intervention strategies that are proposed by various economies. To facilitate
collaboration among a maximum number of economies, high bandwidth video teleconferencing
with streaming video will be used to minimize transportation costs of participants and mutually
demonstrate web-accessible mapping, simulation and modeling techniques currently used by
various economies.
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The task is to assemble a web-accessible toolbox of hazard models and decision support
simulations with use of GIS notional port communities with critical infrastructure and cross-linked
hazards.

It is very important to develop econometric models that can be used as decision-support tools in
evaluating the relative merit of alternative strategies of mitigation, response and recovery from
various types of terrorist attacks.

The next feature for this case study is collaboration over a high-bandwidth video-teleconference
system.

As an overall objective, analysis tools and procedures would be exportable and adaptable for
mutual use by any individual economy in assessing their own economy’s vulnerabilities,
conducting their own terrorist attack consequence mitigation program and increasing the abilities
of their own communities to survive and recover from terrorist attacks. A list would also be
compiled of sources for GIS hazard mapping products and video-telecommunication sites among
the various economies, encouraging mutual assistance and continued collaboration.

Conclusion

In the report the part of problems arising at practical mining, tracking, actualization and usage of
the information from computer intelligence systems is affected. Behind frameworks of a material
there were a number of other problems, such as a filtration of input information, principles and
methods of activity with the inexact information, interaction of the initial and aggregated
information. The statement of these problems is connected, first of all, to practical activity with
intelligence systems. Many from these problems arise from concrete experience and hardly can be
put beforehand. The solution of these problems is very important and allows to be advanced to
successful usage of intelligence systems for decision-making in composite situations.

As display researches put within the framework of creation universal EMS a problem, have not the
shelf solutions on the majority of the considered problems. The existing methodologies of
designing and creation of the integrated intelligence systems are calculated on much more
formalized objects, which are not unique and envision duplicating.

Conclusion about necessity of constant methodological tracking of development of the project,
acceptance both implementation of the “soft” solutions and floppy approaches from here follows,
which will allow to acceptance of new technological and system solutions appearing during
existence of the project.

For usage of extended possibilities of data management systems, means of the analysis and
submission of the information, inclusion in program systems of the statistical analysis,
classification and recognition, methods of an artificial intelligence for the analysis and
interpretation of results of processing is necessary. There is basis to expect that the further
development of geo information systems will occur just in this direction.
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Abstract

Civil infrastructures (including buildings) are vital elements of a nation’s economy and quality of
life. They represent a massive capital investment, and, at the same time, are an economic engine of
enormous power. Modern economies rely on the ability to move goods, people, and information
safely and reliably. Consequently, it is of the utmost importance to government, business, and the
public at-large that the flow of services provided by a nation’s infrastructure continues unimpeded
in the face of a broad range of natural and manmade hazards. The built environment must be
designed to resist a formidable array of natural and man-made hazards over its lifetime. In the
natural realm, earthquakes, extreme winds, floods, snow and ice, volcanic activity, landslides,
tsunamis, and wildfires all pose some degree of risk to infrastructure systems. To this list of natural
hazards, we must add terrorist acts, errors in design, construction, or operation, excessively
prolonged service lives of materials and components, and inadequate maintenance. In a continuous
search for increased efficiency, our way of life has become dependent on tightly coupled, highly
sophisticated networks of transportation, electric power, and telecommunications systems from
which essentially all redundancy has been removed. These systems become vulnerable to failure
simply through their inherent complexity—and although failure may be predictable—its mode and
mechanisms are not. The terrorist attacks of September 11 provided ample and horrific evidence of
a previously unimaginable complex system failure. The seemingly unrelated issues of passenger
throughput and airport security were critical in producing the most devastating structural failure in
history. Therefore, from a comprehensive hazard mitigation standpoint, it is always necessary to
look beyond the first-order effects of an event and instead seek to understand the perturbed
behaviors of a complex, “system of systems”. Making these systems inherently safer will require
more than just improved engineering and technology. Complex systems also have a critical human
component that needs to be integrated into design and operational procedures.

Introduction

Civil infrastructures (including buildings) are vital elements of a nation’s economy and quality of
life. They represent a massive capital investment, and, at the same time, are an economic engine of
enormous power. Modern economies rely on the ability to move goods, people, and information
safely and reliably. Consequently, it is of the utmost importance to government, business, and the

! Director, Board on Infrastructure and the Constructed Environment, National Research Council, 2101
Constitution Avenue, NW, Washington, DC.
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public at-large that the flow of services provided by a nation’s infrastructure continues unimpeded
in the face of a broad range of natural and manmade hazards.

This linkage between systems and services is critical to any discussion of infrastructure. Although
it may be the hardware (i.e., the highways, pipes, transmission lines, communication satellites, and
network servers) that initially focuses discussions of infrastructure, it is actually the services that
these systems provide that are of real value to the public (Little, 1999). Therefore, high among the
concerns in protecting these systems from harm is ensuring the continuity (or at least the rapid
restoration) of service.

Causes and Consequences of Infrastructure Failure

The built environment must be designed to resist a formidable array of natural and man-made
hazards over its lifetime. In the natural realm, earthquakes, extreme winds, floods, snow and ice,
volcanic activity, landslides, tsunamis, and wildfires all pose some degree of risk to infrastructure
systems. To this list of natural hazards, we must add terrorist acts, errors in design, construction, or
operation, excessively prolonged service lives of materials and components, and inadequate
maintenance. Although our knowledge of how and why these systems fail has improved, and
engineering approaches to design infrastructure systems to withstand natural hazards have been
developed, crippling failures continue to occur (Mileti, 1999).

The consequences of infrastructure failure can range from the benign to the catastrophic. For
example, whereas a power outage or water main break may be cause for only minor annoyance, a
street closure due to the formation of a sinkhole may cause major disruption. If the same sinkhole
were to cause simultaneous failures in the water and natural gas systems, and resultant fires could
not be fought effectively due to inadequate water supply or pressure, possible loss of life and
property damage could far exceed expectations from the initial cause. For example, the B-25
airplane that struck the Empire State Building in 1945 caused relatively minor structural damage
and little loss of life and was the genesis of the design scenario of a Boeing 707 striking one of the
World Trade Center towers (Robertson, 2002). However, the actual attacks on the World Trade
Center on September 11 precipitated total structural failure and were truly cataclysmic in both the
extent of the physical damage and the number of casualties.

Although hazard mitigation has moved beyond purely life safety issues, the protection of lifeline
infrastructures has generally focused on first order effects—designing systems to resist the loads
imparted by extreme natural events, and more recently, malevolent acts such as sabotage and
terrorism. However, as these systems become increasingly complex and interdependent, hazard
mitigation must also be concerned with secondary and tertiary effects.

Interdependent Infrastructures

Mitigating damage to infrastructure and ensuring continuity of service is complicated by the
interdependent nature of these systems. For example, although the interdependence of many
systems is straightforward (e.g., the role played by electric power in providing other services is
obvious), the interdependencies of other systems are no less real if not as visible.

Interdependent effects occur when an infrastructure disruption spreads beyond itself to cause
appreciable impact on other infrastructures, which in turn cause more effects on still other
infrastructures. When an infrastructure system suffers an outage, it is often possible to estimate the
impact of that outage on service delivery. These are the "directly dependent effects" of the outage.
However, that outage may also diminish the ability of other infrastructures, through no malfunction
of their own, to deliver the level of services that they normally provide. These indirect effects
make up a first-order interdependent effect.
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The impact of the outage may not stop at these first-order effects. They may go on to adversely
affect still other critical infrastructure components, including even the infrastructure that was the
original source of the problem, further aggravating the situation. These effects become second-
order effects, which can propagate still further, causing yet another round of effects. How far these
effects propagate, and how serious they become, depends on how tightly coupled the infrastructure
components are, how potent the effects are, and whether or not countermeasures such as redundant
capacity are in place. Either the outage effects will die out as they move further away from the
base outage, limiting overall damage, or they will gather force in successively stronger waves of
cascading effects until part or all of the infrastructure network breaks down. In the latter case,
losing a key component creates a much broader failure that is out of proportion to the original
failure. Infrastructure failures may be broadly described in three categories:

e (Cascading failure — a disruption in one infrastructure causes a disruption in a second
infrastructure

e Escalating failure — a disruption in one infrastructure exacerbates an independent
disruption of a second infrastructure (e.g., the time for recovery or restoration of an
infrastructure increases because another infrastructure is not available)

e Common cause failure — a disruption of two or more infrastructures at the same time
because of a common cause (e.g., natural disaster, right-of-way corridor)

The interdependency problem is further compounded by the extensive linkage of physical
infrastructure with information technology systems. Communication and information technologies
are already affecting infrastructure system design, construction, maintenance, operations, and
control and more change appears inevitable. Potential applications include coupled sensing,
monitoring, and management systems, distributed and remote wireless control devices, Internet-
based data systems, and multimedia information systems. Although the coupling of physical
infrastructure with information technology promises improved reliability and efficiency at reduced
cost, there is surprisingly little known about the behavior of these coupled systems and thus, their
potential for cataclysmic failure is high.

Although long recognized as a serious concern, the issue of infrastructure interdependency has only
recently begun to receive serious attention. The potential for failures in one infrastructure system
to cause disruptions in others that could ultimately cascade to still other systems with unanticipated
consequences is very real. In truth, beyond a certain rudimentary level, the linkages between
infrastructures, their interdependencies, and possible failure mechanisms are not well understood.

Closely Coupled Complex Systems

In his book, Normal Accidents (Perrow, 1999a), Charles Perrow described numerous failures of
tightly coupled, complex systems.? In our search for speed, volume, efficiency, and the ability to
operate in hostile environments, he maintains that we have neglected the kind of system designs
that provide reliability and security (Perrow, 1999b). A particularly troubling characteristic of these
tightly-coupled, complex systems is that although failure is predictable the mode is not (in other
words, they will predictably fail but in unpredictable ways). Similar chains of events do not always
produce the same phenomena, but system level or “normal” accidents of major consequence
continuously recur.

The catastrophic system failures that Perrow calls normal accidents cannot be dismissed as
statistical anomalies—unique intersections of random events—but rather as the expected behavior

% These occur where the systems involved are sufficiently complex to allow unexpected interactions of
failures to occur such that safety systems are defeated, and sufficiently tightly coupled to allow a cascade of
increasingly serious failures ending in disaster.
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of closely-coupled, complex systems. This supports a discomforting premise that although it may
not be possible to predict the precise nature of the next Chernobyl, Bhopal, or major terrorist
attack, a system failure of a similar cascading nature is destined to occur if we continue to rely on
the types of critical-state systems underlying these disasters.

Understanding Interdependency

Baisuck and Wallace have developed a probabilistic model to analyze marine accidents (Baisuck
and Wallace, 1979) and the multi-ordered implications of infrastructure failure can be generalized
using a similar approach. As depicted in Figure 1, the first stage, or CAUSE, could be a natural
hazard such as an earthquake or a technological hazard such as equipment or material failure. This
is followed by the INCIDENT, in the examples above, the actual failure of the infrastructure with
loss of water pressure and venting of natural gas. Stage 3, the EVENT, would be the resultant fires
leading to Stage 4 PHENOMENON with property damage and loss of life.

Figure 1: A model for depicting the linked relationships between hazards and their ultimate
outcomes (after Baisuck and Wallace, 1979).

h, Stage 1 I-1= Stage 2 th Stage 3 '-3# Stage 4

CAUSE INCIDENT EVENT PHENOMENON

Natural Water main Explosion Property damage
Technological Rupture of gas Fire Loss of life

Each stage in the process link is connected to the preceding and following stages by a probabilistic
function based on the frequency of occurrence for any two linked stages. Thus, gas line ruptures in
certain soil types (INCIDENT) can be linked to earthquakes of a certain magnitude (CAUSE) by
obtaining the frequency with which gas line ruptures occurred as a result of an earthquake. If
sufficient data exist, similar probabilistic analyses can be carried through the entire chain of events.
A potential, but fortunately unrealized, outcome of the events of September 11 was the possible
flooding and subsequent disruption of a large portion of New York’s underground commuter rail
system on which the City depends so heavily. Tamaro has described the damage to the slurry wall
or “bathtub” that surrounded the deep basements of the World Trade Center and the extent of
flooding (Tamaro, 2002). Had the slurry wall been extensively breached, it is possible that water
from the Hudson River could have entered the MTA tunnels, flooded the system as far north as 34"
Street, and subsequently spilled over to flood other parts of the system through their interconnected
tunnels. Figure 2 is a useful logic model for depicting how a breakdown in one infrastructure
system (passenger air travel) could have had unforeseen and devastating (but fortunately,
unrealized) consequences for another (urban transit).

Figure 2: Logic model of an unrealized outcome of the events of September 11

ﬂ, Stage 1 Ly, Stage 2 '-2> Stage 3 '-3> Stage 4

CAUSE INCIDENT EVENT PHENOMENON

Lax airport Multiple airplane WTC attacks Slurry wall breach
security hijackings and collapse ~ PATH and MTA flooding
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The Human Element

Three Mile Island and Chernobyl provide useful case studies for understanding how systems might
be designed to lessen the frequency and impact of cascading failures. In both cases, it was the
intersection of concurrent failures in technology and human performance that was the key factor
because neither failure alone would have produced the ultimate disastrous outcome (Perrow,
1999a; Chiles, 2001). Perrow believes that such failures are the inevitable consequence of closely-
coupled complex systems and argues for what amount to safety valves and circuit breakers in terms
of redundant technology and improved operator training and performance. At both Three Mile
Island and Chernobyl, commonly held views of the situation were uniformly wrong and ultimately
contributed to the system breakdowns. Fortunately, in the case of Three Mile Island, an outside
agent who had not been influenced by observing the emerging events, was able intervene before
total failure of the system (Chiles, 2001). None of the workers at Three Mile Island had been
trained to expect anything resembling the types of problems that they actually had to confront.
They had no successful patterns or strategies to call upon and were unable to adapt to the rapidly
changing conditions.

Other Infrastructure Failures

Disastrous infrastructure failures with similar but subtler links between technology and human
performance abound in the literature. The collapse of the Mianus River, Schoharie Creek, and
Hatchie River Bridges and the Hyatt Regency Skywalk are illustrative in this regard. The Mianus
River Bridge in the State of Connecticut carried Interstate 95. In 1983 a rusted hanger pin and
hanger failed and caused a two-lane section of the roadway to fall into the river below resulting in
the loss of three lives. Excessive rust had developed due to paved-over road drains and went
unobserved because of poor inspection practices (NTSB, 1984). The Schoharie Creek Bridge,
which carried the New York State Thruway, failed in 1987 after a pier was undercut by scour and
fell into the creek. The bridge girders slipped off their supports and caused a section of the roadway
to fall into the creek, killing ten people. Despite a report almost ten years earlier calling for
replacement of missing riprap around the failed pier, the work was deleted from a maintenance
contract (NTSB, 1988). In 1989, an 85-foot section of the bridge carrying U.S. Route 51 over the
Hatchie River in Tennessee fell into the river after 2 columns supporting 3 bridge spans collapsed.
Eight people were killed in an accident whose primary causes were a lack of redundancy in design
and poor inspection and maintenance practices that failed to detect a developing problem (NTSB,
1990).

In 1981 a failure occurred that was described at that time as “the worst structural disaster in the
United States” (Levy and Salvadori, 1992). The Skywalk at the Hyatt Regency Hotel in Kansas
City, Missouri collapsed, killing 114 people and injuring more than 200. Through an unfortunate
and bizarre sequence of events, a design that did not meet the applicable building code was
produced by the structural engineer and was subsequently modified and made weaker by the
contractor. The contractor’s shop drawings were later approved by the structural engineer and the
effects of the change were never noticed (although it was never clear whether they were actually
reviewed). The walkway was opened for use despite several instances during construction of the
hotel when deficiencies were noted but were not acted upon (Petroski, 1992). Although not on the
scale of a Three Mile Island or Chernobyl, what arguably places these four examples in the same
context is the recurring intersection of technical faults and human performance failure. The critical
role played by the human component of technological systems needs to be far better understood in
the context of managing interdependent infrastructures in times of stress or crises.
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Learning from Failure

Some form of structural failure analysis has probably existed since the time of Hammurabi if not
before. Contract disputes over shoddy work or construction failures required that someone conduct
an investigation and determine, as best they were able, the cause of failure and who was at fault.
Forensic engineering is now a healthy, mature discipline and much knowledge has been gained,
and advances made, from the study of engineering failures (Petroski, 1992, 1994). Engineering
approaches to hazard-resistant design for structures and lifeline systems have improved
continuously from the observation of past failures, assessment of their causes, and improvements in
techniques and materials (Mileti, 1999; NRC, 1994). However, despite the value of forensic
engineering to the advancement of engineering practice, the system is far from ideal. Much work
of value exists only in court records, sealed by litigation settlements. Nothing analogous to the Air
Safety Reporting System’ exists for engineering practice although the Near-Miss Project at the
Wharton School of the University of Pennsylvania is an attempt to develop a similar reporting
framework for other industries (Phimister, et al., 2000). There are also conceptual concerns with
commonly used forensic techniques. In its study of errors in the health care industry, To Err Is
Human, the Institute of Medicine noted that:

The complex coincidences that cause systems to fail could rarely have been
foreseen by the people involved. As a result, they are reviewed only in hindsight;
however, knowing the outcome of an event influences how we assess past events.
Hindsight bias means that things that were not seen or understood at the time of
the accident seem obvious in retrospect. Hindsight bias also misleads a reviewer
into simplifying the causes of an accident, highlighting a single element as the
cause and overlooking its multiple contributing factors. Given that the
information about an accident is spread over many participants, none of whom
may have complete information, hindsight bias makes it easy to arrive at a simple
solution or to blame an individual, but difficult to determine what really went
wrong. (IOM, 2000).

In light of this, care needs to be taken so that lessons learned programs (or other forms of adaptive
learning for understanding the failure mechanisms of interdependent infrastructures) are designed
to capture the influence of all contributing factors, not merely the obvious or easy.

Understanding Building Failure

At the conclusion of their 1992 book, Why Buildings Fall Down, Matthys Levy and Mario
Salvadori posed the question of whether progress in the field of structures would reduce the
number of failures (Levy and Salvadori, 1992). In light of the devastating collapse of the World
Trade Center towers, this question is certainly as relevant today as when first posed a decade ago.
However, a series of other structural failures through the 1990°s raises the more compelling
question of whether the overall state of knowledge regarding the interplay of risk factors in design
and construction is adequate to ensure the integrity and safety of buildings and those who inhabit
them. For example, the progressive collapse of the Alfred P. Murrah Federal Building in Oklahoma
City in the aftermath of the 1995 bombing; extensive and costly damage to steel-frame buildings
following the 1994 Northridge earthquake; damage to buildings due to snow loadings in
Washington, Oregon and California caused by winter storms in 1996 are examples of failed designs
employing what might be reasonably judged to be the best available practice or technology of the
time. However, when subjected to extreme loading conditions, the designs proved inadequate.

* The ASRS is a voluntary program administered by NASA wherein air safety-related incidents and near
accidents can be reported without fear of self-incrimination. The program is credited with facilitating
beneficial change throughout the airline industry (Perrow, 1999).
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As isolated events, these examples would traditionally warrant a comprehensive but narrowly
focused forensic investigation of the failure modes, their likely causes, and possible remedial
actions (Feld and Carper, 1997). However, when considered together, these and other structural
failures worldwide suggest the need for a broader, systematic contemplation of structural design
and the degree to which the ultimate safety of a building’s occupants depends on design
assumptions that may or may not be valid under extreme loading conditions. This was
dramatically demonstrated by the World Trade Center and is particularly critical in light of
continuing emphasis on taller and lighter buildings (often in areas of high seismic and extreme
wind risk) and the desire to accelerate the deployment of new materials and technologies into
building construction.

Progressive Collapse

Progressive structural collapse occurs when the loss of load-bearing capacity (for example, through
the destruction of one or more columns, or of load-bearing walls) results in localized structural
failure that leads to further loss of support and, ultimately, collapse of all or part of the structure.
The extent of total damage is disproportionate to the original cause. Redundancy in the design can
provide multiple load paths to the ground so that if one or more load-bearing elements are
compromised, sufficient capacity remains to support the structure. Better continuity in structural
joints between beams, columns, and floor slabs by means of increased reinforcement is one means
of ensuring redundant load paths. Although there are ways to reduce the tendency of a building to
undergo progressive collapse, there is no uniform, straightforward solution to this problem, because
our current knowledge of the mechanisms of progressive collapse is incomplete. Following the
collapse of the Ronan Point apartment building in Great Britain as the result of a gas explosion in
1968, there was considerable interest in progressive collapse. Although some advances were made
in the 1970s, research funding waned in the absence of continuing public concern.

Progressive collapse is a principal, if not the leading, cause of injury and death in building failures,
regardless of the source of the loading (e.g., bomb, earthquake, internal explosion) (NRC, 2000).
For this reason, predicting and designing to prevent the progressive collapse of a building for
various terrorist attack scenarios is a high priority for structural engineering research. Further
increasing our understanding of progressive collapse will require both physical testing of structures
at full and partial scales, coupled with advanced computer modeling. However, because buildings
are complex systems that can have large variances between design specifications and as-built
conditions, a test structure may not accurately mimic the progressive failure of a real building.
Although an experienced engineer can often estimate the likelihood that a specific building will
collapse by superimposing a damage scenario on the design, because of the variances described
above, the actual progress of a collapse is essentially a chaotic process. For example, following
major earthquakes, nonstructural building components, such as mechanical piping, partition walls,
equipment, heavy-duty storage facilities (shelving and file cabinets), and curtain walls that can
transfer some of the dead load to lower levels, have been observed to keep buildings standing that
would otherwise have been expected to fail (NRC, 2000). This phenomenon, (i.e., a complete
progressive failure that is just barely contained) has been observed in Mexico, California, Japan,
Guam, and more recently in Turkey and Taiwan. Unfortunately, although nonstructural elements
obviously have an important role to play in determining individual outcomes, their random
contribution to preventing a collapse cannot be easily included in structural models.

Protecting People and Buildings from Terrorism

Protecting buildings and those they shelter from terrorist acts may be viewed within a basic
systems framework that seeks to prevent, mitigate, and respond to future attacks (Sevin and Little,
1998). This may be achieved through the integration of four fundamental security design
objectives:
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(1) denying the means of attack

(2) maintaining safe separation of attackers and targets through good planning and
architectural practice

(3) providing strong, resilient construction to protect people and key building assets

(4) facilitating rescue and recovery operations in the event an attack occurs.

As demonstrated by the terrorist attacks of September 11, the first line of defense must be to
identify and apprehend potential perpetrators before they can act. They must also be denied access
to the means of attack such as explosives and delivery vehicles. This encompasses a broad range of
primarily security-related activities such as domestic and international intelligence and
surveillance, domestic law enforcement, enhanced airport security, and improved explosive-
detection devices.

The second and third objectives require the active collaboration of engineers, architects, landscape
architects, security specialists, and others to ensure the attractive integration of site and structure in
a manner that minimizes the opportunity for attackers to approach or enter a building. They include
such features as landscaping and earthworks that can function both as blast barriers and vehicle
controls and appropriately designed street furniture such as planter boxes and bollards that prevent
vehicular access. The building itself may have a range of blast-resistant features such as additional
reinforcing details, composite fiber wraps to strengthen columns and slabs, and high-performance
glazing materials. The structure’s electrical and utility systems may be placed in protected
raceways, critical facilities or operations housed in specially hardened areas or underground, and
primary and backup systems located in different parts of the building.

As the tragic events of September 11 made abundantly clear, it is difficult if not impossible to
prevent destructive acts by persons unconcerned with their own safety or survival. Therefore,
facilitating rapid rescue and recovery of victims in the aftermath of an attack is a key component of
a building protection strategy. The speed with which rescue personnel can safely enter and secure a
damaged building can reduce the loss of life, mitigate injuries, prevent further damage to the
structure, and help restore the building to productive use.

Assessing and Managing Infrastructure Risk

Risk gives meaning to things, forces, or circumstances that pose danger to people or what they
value (NRC, 1996). Descriptions of risk are typically stated in terms of the likelihood of harm or
loss from a hazard and usually include an identification of what is “at risk” and may be harmed or
lost; the hazard that may occasion this loss; and a judgment about the likelihood that harm will
occur. In the context of physical infrastructure, risk connotes the likelihood and level of failure of a
critical physical or operational system that would prevent an infrastructure element from fulfilling
its primary mission, i.e., providing services. To assess these risks, systemic quantitative risk
assessment and management is necessary.

In the context of building security and hazard mitigation, risk connotes the likelihood and level of
failure of a critical physical or operational system that would prevent the building from fulfilling its
primary mission, i.e., protecting the people within. To assess these risks, systemic quantitative risk
assessment and management is necessary.

In risk assessment, three questions must be answered (Kaplin and Garrick, 1981):
o  What can go wrong?
o What is the likelihood that it would go wrong?
o What are the consequences of failure?

Risk management builds on the risk-assessment process by seeking answers to a second set of
questions (Haimes, 2002):
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o What can be done and what options are available? (What is the mix of site selection and
configuration, building features, and management practices that will provide the desired
level of protection?)

o What are the associated trade-offs in terms of all costs, benefits, and risks? (For example,
increased cost would be traded off with reduced risk and improved confidence in the
system.)

o What are the impacts of current management decisions on future options? (Policy options
that seem cost-effective at present must be evaluated under plausible future changing
conditions. For example, providing certain physical hardening may preclude building
modifications to increase functionality in the future.).

Any actions taken to develop and implement comprehensive hazard mitigation strategies for
buildings and infrastructure must be based on a balanced assessment of all risks confronting the
systems and the possible consequences of their failure, either singly or in combination with other,
interconnected systems. These strategies must be informed by the best available information and
carried out by people knowledgeable about the systems, their possible failure modes, the
implications of concurrent system failures, and possible interventions that would allow systems to
degrade gracefully and avoid catastrophic, multi-system failure.

Conclusions

Although recent events have focused on malevolent acts and how to prevent them, infrastructure
faces other equally serious threats. In addition to natural hazards, the literature demonstrates that
excessively prolonged service lives, aging materials, and inadequate maintenance all negatively
affect infrastructure. Although, there is strong capability within the hazard community for
identifying and assessing these vulnerabilities, without a better understanding of the overall context
in which they need to be applied, vulnerability assessment represents only part of a total systems
solution. Infrastructure and building protection is not seen as a purely developmental problem but
one in which basic research is necessary and, to date, insufficient. Research needs run the gamut
from a better understanding of networks and interconnections, to the mechanism and prevention of
progressive collapse, to improved operational guidance for emergency responders.

A Closing Caution

In Betrayal of Trust, (Garrett, 2000), Laurie Garrett paints a grim picture of how in the 20" century
the public health infrastructure in the United States deteriorated from a formidable first-line
defense against infectious disease to a struggling, under-funded, and under-appreciated appendage.
Today’s concerns with bio-terrorism have the public and policy makers alike wondering if the U.S.
is capable of dealing with deliberately induced outbreaks of infectious disease. However, terrorism
may not be the real threat. The global economy and worldwide air transportation network have
created a closely-coupled system that make it possible, and even likely, that someone infected with
a highly contagious disease unwittingly will spread the infection far beyond their borders. In the
absence of a global public health infrastructure, the potential consequences are grim. As she points
out:

High-tech solutions, devices to “sniff out” nasty microbes in the air or detect
them in the water supply are a technological solution to a public health threat.
Were a biological attack to occur, or a naturally arising epidemic, the public
would have only one viable direction in which to place its trust: with its local,
national, and global public health infrastructure. If such an interlaced system did
not exist at a time of grave need it would constitute an egregious betrayal of trust.
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Hopefully, no bio-disasters or further acts of terrorism will come to pass. But those concerned with
physical infrastructure should take careful note of the warning implied. Our basic systems are at
risk from threats we may not yet foresee. We need to anticipate these threats to our physical
infrastructures, design systems that are inherently safer and more robust, and be prepared to restore
them when they fail. As Leslie Robertson has recently written about the failure of structures that
he designed,

Surely, we have all learned the most important lesson—that the sanctity of human life
rises far above all other values (Robertson, 2002).
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SECTION 3:

ORGANIZATIONAL AND INSTITUTIONAL
ASPECTS OF CRISIS MANAGEMENT AND
MITIGATION
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Abstract:

On December 12, 1999 the tanker “Erika” sunk off the Brittany coast of France, pouring more than
12 000 tons of heavy fuel into Atlantic waters. A few days later, pollution reached the shore and
many municipalities were confronted with a crisis that they had never experienced before. In the
four municipalities that we have studied, the management of the pollution is characterized by the
spontaneous emergence of efficient organizational patterns.

This paper presents an analysis of the management of this crisis, at the municipality level, based on
the perceptions and actions of the many stakeholders who contributed to the resilience of
organizations.

1. Introduction

In 2001, the Cindynics centre of the Ecole des Mines de Paris conducted for the French Ministry of
Territorial Planning and the Environment (Ministére de I’Aménagement du Territoire et de
I’Environnement) a mission concerning the analysis of the management of the Erika oil spill at the
municipality level.

This mission aimed at reconstructing the history of this catastrophe for 4 coastal municipalities
(Loire-Atlantique: Pornic and la Turballe; Morbihan: Belle-ile en mer and Ploemeur) greatly
affected by this catastrophe.

The methodology used [Wybo 20017°] is two fold. The first part represents the collecting of
individual experiences, which aims at conserving memories of the catastrophe. The second part is
represented by the sharing of experiences aimed at enabling the actors to obtain a global and
detailed picture of the management of this crisis. This sharing phase is made possible by a meeting
in which all the actors that participated in this management get together in order to approve the
information and knowledge collected and to highlight the positive ideas in line with the will to
promote a positive return on experience.

The management of this accident cannot be represented in a snapshot form, as it comprises a
succession of events and decisions, the consequences of which drive the evolution of the situation.
Consequently, the formalism that is used in this methodology is represented by a “string of key
events” [Colardelle 2001] consisting of a group of decision cycles end events that are at the basis of

"Ecole des Mines de Paris — Pole Cindyniques, BP 207, F-06904 Sophia-Antipolis (France) —
http://www.cindy.ensmp.fr
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the evolution of the situation. This formalism allows the representation of knowledge, in a way that
each actor can identify his/her contribution by retrieving a reflection of his/her own experience as
well as that of the totality of the actors that have participated in the management of the catastrophe.

This methodology aims at taking into account human and organizational factors and at identifying
and meeting the actors who participated in the management of the crisis. In this way, in the quest
for “objective truth,” almost 30 people were involved in the case study of Belle-ile en mer. The
formalization of their experiences represents the memory of the management of this catastrophe as
each actor lived or experienced it first hand.

This paper will present the elements that took part in the emergence of organizational patterns and
that were identified by the analysis of the actions and the perceptions of the many stakeholders who
acted in the management of this catastrophe.

2. The reasons for the emergence of organizational models?

In the Erika oil spill many factors contributed to intensifying the crisis. The Erika catastrophe may
only have been an incident if it had not happened in deteriorated conditions, a phenomenon that is
frequently observed for major accidents.

Imperceptibly or suddenly the system will pass from a normal functioning mode to a
deteriorate functioning mode that could give birth to an incidental or an accidental
sequence. Clearly, the system will become fragile and very sensitive from new
damages and from unsuitable human behavior. The more the functioning mode
becomes deteriorated, the higher the potential risk is. [Translated from Nicolet 1998]

During the first few days of the catastrophe, people engaged in cleaning up had to deal with a
violent storm that affected the whole of France. Furthermore, the French meteorology centre
predicted a drift of the oil slick towards southern areas of the French Atlantic coast. Consequently,
many of the resources, sent to the South, where not available, and the clean-up phase initially had
to deal with the pragmatic management of all available resources.

Two elements are the principal factors of the existence of a crisis situation on-land, those being the
organization, particularly the entities involved in the cleaning up of the pollutant, and the quantity
of pollutant. The second is directly linked to the first. If the pollutant can be gathered, stored and
recycled without problem, the oil spill accident would not have evolved into a crisis situation
(figure 1).

For treating marine pollution there exists in France a written emergency plan call PolMar (Marine
Pollution). This emergency plan is the framework for creating an efficient organization, but this
kind of organization is underestimated because few people are aware of it and these type of
accidents are not frequent.

Furthermore, this emergency plan (which is specific for each administrative region) was very old
and had not been updated for some regions. For example, in Loire Altlantique the last update was
done in 1984. As such, many of the services of the Ministry were not aware of this plan.

The Erika pollution management situation is particularly deteriorated. This situation presents an
organizational model (PolMar) which is partly unknown or unsuitable to the management of this
crisis. Therefore, the majority of stakeholders, who are committed by their duties or by their
convictions to overcome this catastrophe, gather their actions around a same objective: doing
something efficient against the oil spill.
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Figure 1: Importance of the evacuation of the pollutant in crisis management
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3. The manner in which organizational patterns emerge?

The management of the crisis allowed for the implementation of immediate action on land through
a process of initial improvisation. However, the allocation of roles in a participative manner rapidly
took place and, over time, there was a gradual evolution of these roles and of the tasks to be
accomplished. The network of actors in the municipalities that we have studied was made up of
people who, for the most part, had already worked together and were already familiar with their
environment.

The four municipalities are characterized by the spontaneous emergence of quite specific
organizational patterns, which demonstrated a low degree of planning. But in all of these
organizations, some stakeholders are or become leaders and agglomerate actors around them.
Topper and Carley (1999) have studied emergence of organizations in the Exxon Valdez crisis:

If the Integrate crisis management units (ICMU) evolve as an emergent coordinating
group, then early in the crisis response, individual organizations are disconnected.
But as time progresses, organizations begin to establish relationships with their
neighbors until finally, a coordinating group emerges from among participating
organizations to more effectively manage their interdependencies; the ICMU network
becomes connected. [Topper 1999]

So, this emergence of organizational patterns is spontaneous but requires a kernel of actors
integrated in a network of actors. Those authors represent a centralized system with a diagram
organized by a pre-existing centralized group, and the structure advance by increasing
centralization.

The large central node in the diagram represents a pre-determined coordinating
organization or small group of organizations that directs the activities of other
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organizations. Over time, the network grows in complexity but remains highly
centralized. [Topper 1999]

In this network, the capacity domain of each stakeholder must be identified. Thus, communication
around “who does what” in the first few days of the catastrophe may have limited damage to the
environment.

4. Degree of complexity.

The crisis introduced a notion of uncertainty about the evolution of events and consequences. The
crisis also introduced a notion of complexity:

The complexity (aspects linked to prevention, to aid services, legal and financial
factors, to the return to a normal status) has an impact on the number and types of
actors. [Translated from Condemine 2000]

The first problem we met with when we studied the Erika oil spill is the diversity and the number
of different stakeholders. The large number of parties increased the complexity of the
organizations.

As we have seen, those organizations are not fixed in time; they advance in function of the
behavior and the actions of the different stakeholders.

It is possible to distinguish different phases in this management situation, all characterized by
ruptures with varying degrees of visibility, such as the departure of volunteers following the
announcement of the toxicity of the pollutant or the transition to professional status.

Each crisis management has a natural dynamic, with peaceful periods and some more
chaotic periods. Often the peaceful moments are favorable to re-structuring and
learning from past actions whilst chaotic moments are reserved for action only.
[Translated from Colardelle 2001]

The organizations that have emerged are complex systems, and for each municipality present
specific characteristics.

5. Is the emergence of organizational patterns a factor of success in crisis
management ?

The complexity of these organizational patterns is one “key” to the management success. This
success is imputed to a certain number of factors such as the implication of local political systems,
the desire of the crisis unit to communicate with the inhabitants of the municipalities, the actions of
local associations in their transmission of information, the quality and technical assistance given by
the Centre of Documentation and Research and Experimentation on accidental water pollution
(Cedre), or the roles of individuals that emerged during the catastrophe. These examples are
integrated in the complexity and in the reflection of the image of the ecosystem and thus make it
difficult to determine the degree of implication of each individual actor because of the diversity and
sometimes non-visibility of the interrelations.

In all the organizational models we have studied, there is more communication between the
different hierarchical levels than in a normal situation.

Unfortunately, communication difficulties arise when organizations deal with
industrial incidents and accidents. Most of these result from the fact that management
doesn’t communicate enough on the “why” (why procedures are established as they
are, why action is dangerous) while staff does not communicate enough on the “how”
(how they manage the process, how they undertake an activity) [Wybo 2001°].
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In deteriorated situations, the communication is also deteriorated. But, emergence of organizational
models allow emergence of new forms of communication.

Organizations that emerged show the importance of communication during an emergency, but also
in normal situations because communication deteriorates during the development of an accident.
These organizational models constitute frameworks that support crisis management in becoming
more resilient to new perturbations.

6. Conclusion

The return on experience has allowed for the conservation of a memory of this accident before it is
erased from all minds. The return on experience method also permitted an analysis of the
management of the Erika catastrophe as well as an individual and collective learning experience of
the stakeholders that struggled against this pollution.

The analysis of this complexity has revealed the factors that contributed to the resilience of
organizations in dealing with this catastrophe. For the municipalities that we have studied, the
emergence of organizations took an important part in the success of crisis management.

Sharing experiences also participates in learning lessons from crisis management in order to
improve prevention and protection against these type of catastrophes, and reduce coastal pollution
and damage.
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Abstract

The rapidly increasing costs of natural disaster response and the prospects of even larger natural
disasters have gained government interest in the last half decade. The terrorism that destroyed the
World trade Centre on September 11, 2001 exacerbated government concern to move beyond
response and recovery to mitigation. Planners will now need to address mitigation in many aspects
of their work. This requires the planner to study a broad base of possible hazards and quantify the
associated risks. In turn, this requires a new approach to looking at information resources and
systems, and the planning and plan review process.

Introduction:

Urban communities experience a range of disasters that are due to natural or man made causes. The
range and magnitude of such events have been increasing rapidly in the last decade (Newkirk,
2001). For example since 1996, Canada experienced three of its most devastating natural disasters:
the 1996 Saguenay flood, the 1997 Red River flood, and the 1998 Ice Storms. Just these 3 events
alone resulted in an estimated $7.8 billion direct cost to governments, private and voluntary sectors
(OCIPEP, 2002). This sum does not include any estimates for environmental impact or any indirect
costs. The unprecedented act of terrorism on the World Trade Center on September 11, 2001, in
which a number of Canadians died, demonstrated a degree of vulnerability to manmade disasters
that transcended anything previously considered likely. This has added great urgency to the desire
of the Canadian government to move forward with a National Disaster Mitigation Strategy. No
doubt this initiative and the consultations being held with the provinces will lead to a requirement
for urban areas to conduct risk assessment studies and to file plans to show how the urban area
would respond to disasters and mitigate against them. Certainly it is worthwhile to identify the
potential risks from natural disasters. However there are a number of other areas where urban risk
assessment should be considered. Since planners are directly involved in development approvals,
plans that define hazard lands, plans the provide community health, safety, and educational
resources, it is important for them to become involved in risk and vulnerability analysis on a much
broader bases than just those associated with disasters. We consider some of these here with the
intention of beginning an agenda for bringing risk assessment into urban planning.

Context:

It can be argued that risk and vulnerability are naturally occurring components of everyday life.
Risk is defined: “risk: n. chance or possibility of loss or bad consequence.” And “vulnerable: a. that
may be wounded or harmed, exposed to damage” (Oxford, 1994) Thus risk and vulnerability
assessment is simply aimed at understanding possible negative outcomes. Of course it is desirable
to take steps to reduce the possibilities and magnitudes of risk or vulnerability. But it may often be
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impossible to reduce all or even a significant part of every risk. Whether risk reduction is partial or
complete, it is called mitigation. “Mitigation - sustained actions to reduce or eliminate the long-
term impacts and risks associated with natural and human-induced disasters.” (OCIPEP, 2002) This
means that urban areas need to develop a well documented understanding of the range of hazards
that could face the community so that risk assessment can proceed. The definitions do not restrict
the consideration to disasters. There are a number of examples of significant hazards that can be
found in urban areas. For example, contaminated lands, run down or dilapidated areas, industrial
areas, major transportation corridors, flood prone lands, and poor air quality may be just some of
the hazards in a community. The public is aware of some of these hazards. There are increased
views that urban areas are really not working well since there is often continual traffic grid lock, air
quality so poor that small children and the elderly must stay indoors a number of times in the
summer, and people are prohibited from swimming in the lakes due to pollution. This indicates that
the public has an operational sense of hazards. Planners are being called upon to develop ways of
reducing the risks associated with these and other hazards. This requires extensive analysis.

OCIPEP (2002) recognizes that Hazard Identification and Risk Assessment should be broad based.
“To be effective, any measures to reduce the impact of probable disasters should be taken based on
sound risk assessment and hazard identification. Conducting risk assessments can be complex, but
they are an essential undertaking. Comprehensive approaches in this area involve historical
research, data gathering and scientific estimations about hazard frequency, magnitude, damage
potential, and vulnerability of potentially affected peoples and communities.”

It is not sufficient to conduct risk assessments simply as background studies. Communities and
political decision-makers must be made aware of risk levels and the possibilities of mitigating
them. Ontario has achieved good success in some aspects of risk reduction in the area of flood
hazards partially because the discussion of flood hazards and the formal mapping of flood plane
lands has long been in the public domain. OCIPEP (2002) observes “A comparative study of
Ontario and Michigan following a severe rainfall event in 1986 concluded that damage in Ontario,
from the same storm, was less severe than in Michigan due to Ontario's policies that limited
development in floodplains.” Planners need to build community risk and vulnerability analysis into
fundamental planning instruments. An obvious place to begin is with Official Plans.

Risk Considerations in Official Plans:

The Official Plan is an overall strategic document that lays out the context within which urban
development, services, and activities will take place. Site plans and zoning bylaws must conform to
the provisions of the Official Plan. This is also the place where the urban area’s priorities can be
clearly laid out. Thus, it is recommended that sections be added in each theme area of Official
plans (e.g., housing, environment, industrial development, transportation, etc.) that sets out the
known state of risks and vulnerabilities in those areas. The section would conclude with statements
of objectives to mitigate (reduce) selected risks in specified ways. This process will require
background studies and the development of risk assessment databases (Newkirk, 1993). A very
important aspect of associating urban risk and vulnerability assessment reports in official plans is
the fact that such plans are usually reviewed on a rolling 5-year basis. This would mean that the
risk and vulnerability assessment and mitigation strategies would be reassessed on a regular cycle.
Some risks are very theme specific. These should be subject to separate detailed reports. Examples
discussed briefly here include Hazard Lands, Water Supply, and Industrial Development.

Risk Considerations in Identification of Hazard Lands

Hazard lands include those areas where there may be exposure to risk from natural or man-made
activities. Natural hazard lands clearly include flood plane identification. The associated flood risk
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mitigation strategies would also be stated. This provides an opportunity for planners to directly
address the cumulative impacts of land development on the watershed as proposed by Newkirk
(2000, 2001) or could also include plans for physical alterations to floodways, dams and reservoirs,
etc. Similar broad-based studies of the implications of other natural hazards and associated
development would also be included. For some regions this would include areas prone to
earthquake, subsidence, landslides, etc. The evaluation of risks from abandoned industrial land
might be included here until suitably decontaminated.

Risk Considerations in Water Supply

A safe and reliable municipal water supply is critical to community health, safety, and for
economic development. A detailed discussion of a planning related approach to this area can be
found in Newkirk (2002) It is proposed that a broad based risk analysis is required that expands
beyond just an engineering approach to water systems. This includes consideration of source of
supply protection, protection of bulk transmission rights of way, risk reduction in water treatment
and distribution.

Risk Considerations in Industrial Development

Many planning departments are also directly involved with business and industrial development.
Most planning statements regarding business and industrial development focus on strategies for
expanding such developments and addressing the various servicing needs. Analysis of associated
risks and the appropriate mitigation approaches need to be added to these industrial development
strategies.

Summary:

The increasing interest in mitigating risks and vulnerability will require planners to become directly
engaged in risk and vulnerability studies. These should factor into the development of regional
planning databases (Newkirk, 1993). A broader based assessment of risks associated with storm
water impacts of development (Newkirk, 1996, 1997, 1999b, 2000, 2001) should be brought into
urban development planning. This will go some way toward helping planners to be more strategic
in emergency mitigation and preparedness (Newkirk, 1999a), and will be essential if they are going
to be able to assist their community participate in a National Disaster Mitigation Strategy
(OCIPEP, 2002)
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SECTION 4:

DISASTER RESPONSE AND MANAGEMENT
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Abstract

Rescue operations are complex distributed activities. First response, incident command and rear
support have to be coordinated under time pressure and safety critical conditions. Analysing an
operation and learning from the experience is problematic because spatially separated units,
heterogeneous systems and fragmentary information make it difficult for participants, managers
and researchers to grasp the ramifications of a complex scenario. In training, multimedia
representations of rescue operations support after-action reviews, post-mission analyses and
distance learning by providing coherent and persistent representations of exercises. In this paper we
investigate how methods and tools developed in a training context can be adapted to support
reconstruction and exploration of real rescue operations as a basis for experience-based learning
and operational development. Specifically, we study the requirements and limitations on data
collection in real rescue operations in relation to emergency-response training. We elaborate on the
consequences of the differences in data collection abilities for documenting an involved scenario,
analysing the facts of the event and communicating the results and findings.

Introduction

Rescue operations after catastrophic events such as train or aeroplane crashes, chemical accidents
or acts of terrorism are complex and demanding tasks. First responders from different rescue
organisations have to collaborate in the field to save lives and property. Command, control and
communications must be performed in a temporarily composed taskforce comprising units from
multiple agencies. To acquire and sustain the ability to perform joint rescue operations, the rescue
agencies need to devise appropriate plans, develop standard operating procedures, and design
common training programs (Jenvald, 1999). All these tasks require a fundamental understanding of
the processes involved in a rescue operation and their interaction (Flanagan, 1954, Raths, 1987;
Salas, Dickinson, Converse & Tannenbaum, 1992; Fredholm, 1996). To learn and improve from
past experience the responders need to reflect on the rescue performance in relation to the specific
incident (Lederman, 1992). Hoffman, Crandall and Shadbolt (1998) identified two reasons why
participants may have difficulties learning from past experience. First, in a distributed operation,
actions taken at one location may have effects at other locations, which may lead to a lack of
feedback on the performance. Second, when looking back on stressful situations people may
confuse similar situations in different operations.

" Swedish Defence Research Agency FOI
P.O. Box 1165, SE-581 11 Linkoping, Sweden
mirtho@foi.se
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In 2001 we initiated a research project (Jenvald, Johansson, Nygren, Palmgren, 2001b), together
with the Swedish Rescue Services Agency and the Linkdping Fire Department, with the goal to
increase the possibility for the responders in the rescue community to systematically learn from
real operations as well as from exercises. We aim at providing the rescue forces with methods and
tools appropriate for conducting constructive after-action reviews (AAR) (Rankin, Gentner &
Crissey, 1995; Gentner, Cameron, & Crissey, 1997; Morrison & Meliza, 1999) with all personnel
participating in an incident. The goal is to devise instruments that the responders can use to
document rescue operations as a basis for reflection and learning. We adopt a bottom-up approach
by supporting the responders with procedures for automated registration of operational activities.
The recorded data are combined with a conceptual model of the rescue organisation to form a
dynamic computer model of each operation (Morin, Jenvald & Thorstensson, 2000). The rescue
personnel can review these models using the MIND visualisation framework (Morin, 2001) to
examine the various phases of the operation.

In this paper, we present means of recording the activities of real rescue operations with the goal to
provide feedback to the responders after each incident. Ideally, the quality of the feedback should
be the same as during full-scale emergency response training (Morin, Jenvald & Worm, 1998;
Jenvald, 1999; Crissey, Morin & Jenvald, 2001; Thorstensson, Bjorneberg, Tingland, & Tirmén
Carelius, 2001). However, a real operation sets certain demands on data collection methods.
Bearing this in mind, we study the requirements and limitations on data collection in real rescue
operations in relation to emergency-response training. Finally, we elaborate on the consequences of
the differences in data collection abilities for documenting different rescue activities and present
our findings.

From training to real operations

Methods and tools for supporting training of emergency response have been reported by Jenvald
and his colleagues (Jenvald, 1999; Morin et al., 1998; Crissey et al., 2001). Based on these results
we ask whether it is possible to support constructive AAR after real operations in a similar manner.
To this end, we explore the differences between live operations and training exercises. We have
identified the following differences:

e Observers cannot be used. In a training situation we can use observers to collect data. In a
live operation all available personnel will be handling the emergency.

o Absence of trainers. In live operations there are no trainers available to provide feedback
on performance and instruction to correct behaviour.

e No control of the emergency. In a training situation trainers can control the evolving
situation and adapt it to training needs and unit performance. This option is not available in
live operations.

o [ntrusive methods for registration are not viable. All data collection, automated or manual,
that limits unit performance must not be used.

o Stress and danger. In live operations there are always elements of stress and danger that
influence the outcome of the operation.

Nevertheless, a realistic exercise resembles a real operation in many respects. The following factors
are similar in training exercises and real operations:
e  Operational success factors. A realistic exercise is constructed to reflect the factors for
operational success that are valid in the real operation.
e Organisation. A live exercise is performed with the same organisation that would respond
to a real emergency.
o  Command and control structure. The command and control (C2) structure in an exercise is
supposed to be the same as in a live operation.
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o Standard operational procedures. The procedures trained in an exercise are to be used in
live emergencies.

o FEquipment. The same equipment is used in training as in live operations.

e Problems. The purpose of most training scenarios is to emphasize the problems
encountered in real operations to help commanders and response personnel to acquire
knowledge and experience.

In the light of the differences and similarities listed, we argue that the core methods and tools
developed for training can be adapted to support real operations as well. However, in real
operations, data collection methods and tools must be seamlessly integrated in operational
procedures. They must be devised to be automatic and robust.

Reconstruction and exploration

Our method addresses the problem of how to transform operational objectives into goals for the
visualisation of the operation, and how these goals direct the modelling of the operation (Morin et
al., 2000). The end result of this undertaking is a mission history (Morin et al., 1998), which is an
executable, discrete-event model of the rescue operation. A mission history is made up of
hierarchical object models, representing the units participating, and a sequence of events that
represents the state transitions that take place in those objects. Each event is marked with the time
when it occurred during the operation. Mission histories are similar to behavioural protocols
(Woods, 1993) in that they include data from a variety of sources about the behaviour of people in
relation to changes in an underlying process—in this case, a rescue operation.

Construction and visualisation of a mission history rely on the methods and tools to collect data
from a rescue operation, to compile and appropriately organise these data and to present them using
comprehensible displays and views, such as digital maps and diagrams. These tasks are performed
by an instrumentation system. For our field experiments we have used the MIND system (Jenvald
& Morin, 1998; Thorstensson, Morin & Jenvald, 1999; Jenvald, 1999). MIND is an adaptive and
flexible research framework with integrated presentation components, which includes displays for
tactical maps, annotated photographs from the operation, recorded tactical radio communications,
command and control (C2) system logs and compiled statistics about unit performance. Figure 1
gives an overview of the process constructing a mission-history.

The method for constructing a mission history includes the following steps:
e Identify crucial objects and procedures which must be represented
e Model each object with respect to relevant parameters regarding what needs to be known
and what can be measured
e Apply methods and equipment for data collection
e Record data from the operation
e Compile data in an executable mission history
e Visualize the model for the specific need
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Figure 1: The process of modelling a rescue operation to construct a mission history. A conceptual
model of objects and procedures in the operational domain is combined with data collected during
the operation to form an executable model of the operation for subsequent exploration.

Data-
base

Conceptual model Storage

The mission history can be used for different purposes over time (Jenvald, Morin & Kincaid,
2001). Immediately after the operation an AAR supports debriefing of participants. After some
time a post-mission in-depth analysis can facilitate the evaluation of unit performance and the
development of tactics and plans (Jenvald, Rejnus, Morin & Thorstensson, 1998; Rejnus, Jenvald
& Morin, 1998). All documented operations can also be used for training purposes (Murray, 1994)
in classroom teaching and as multimedia sets for individual studies (Jenvald, Morin & Rejnus,
2000). Figure 2 shows a screen shot from the MIND system executing a mission history from a
rescue operation exercise in the Stockholm underground (Thorstensson et al., 2001b).
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Figure 2: A screen shot from the MIND system displaying a mission history from a rescue operation exercise in the Stockholm underground. The
incident included the derailment of a train in a tunnel in the Stockholm subway. Some 80 casualties and 200 responders took part in the live

exercise.
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Data collection

Data collection is the process of gathering the data needed to build the mission history. It takes
place during an operation and is implemented as a collection of manual or automatic procedures.
The most fundamental strategy to use when recording sensor information is to use sensors with a
built-in accurate clock to be able to meet the requirements of the discrete event model.

Ideally, all data can be acquired through automatic procedures, either from existing systems or
from data-collection devices attached to the units in the operation. In the training settings, specially
assigned and trained observers may collect data manually (Thorstensson, 1997). In general, we can
choose between different available data sources. Data sources have different properties both in
technical terms (for example concerning resolution and accuracy) and in economical terms (the
cost in relation to the amount and quality of data provided). In some cases it might even be
justifiable to modify existing methods and techniques to meet particular operational requirements.

The emergency personnel are important sources of information in a rescue operation, but there are
some aspects that must be considered. First responders in a time-critical operation in a hazardous
environment must not be diverted from their primary objectives. Resource demanding data-
collection tasks are impropriate. However, there are methods that can be used in retrospect. The
critical incident technique (CIT) (Flanagan, 1954) and the derivate critical decision method (CDM)
(Hoffman, Crandall & Shadbolt, 1998; Klein, Calderwood & MacGregor, 1989) are interview-
based post operation methods for extracting information from participating personnel. Using these
methods we must be aware that in general people are bad at verbalizing their behavior (Woods,
1993). Furthermore, in environments where multiple distributed tasks are performed it can be
difficult to recall critical events due to lack of feedback from specific actions and to separate
different actions from each other and order them in time (Hoffman et al., 1998). Nevertheless,
important information from an operation can be retrieved from participating personnel, though it is
resource demanding to acquire.

Table 1: Example of analysis topics and corresponding means of data collection.

Means of Data Collection

Topic Method Automatic Manual
Taskforce organisation Documentation - Copy documents
Operation plan Documentation - Copy documents
Weather conditions Observations and measurements Weather station Observers

Geographical
information

Unit movements

Casualty treatment

Command and Control

Command and Control
Systems usage

Communications

Access geographical information system

used by the staff
Position registration

Timing the flow of casualties

Observation of the staff’

Log how personnel use system

Radio and telephone recording

Database queries,
scripts

Logging GPS

Electronic casualty
cards

Video camera

Logging in the
system

Digital/Tape
recorder

Copy map overlays

Observers

Observers,
Casualty cards

Observers

Observers

Observers

Table 1 lists several topics of interest in a rescue operation and gives examples of automatic and
manual means of collecting data pertaining to each topic. The organisation and initial status of the
units forming the taskforce will affect the outcome of the rescue operation and consequently have
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to be recorded. Additional information about the participants, such as their training status, is also of
interest (Morin, Jenvald & Crissey, 2000).

Weather information and the light conditions are other types of information that are relevant and
should be recorded regularly. These factors are essential parts of the background information that
can help people to create an image of the conditions during the operation, even if they did not
participate themselves.

The geographical conditions in the operation area are fundamental in any rescue operation.
Geographical information systems (GIS) are becoming increasingly important in rescue operations
as they help both first responders and staff members to assess terrain and infrastructure. If a
geographical information system is available it can support the visualisation of important aspects of
a rescue operation (Jenvald, Thorstensson, Axelsson & Morin, 1999). The use of GIS should also
be monitored, and a time stamped log included in the mission history could describe how GIS-
information aided command and control during the operation.

When data are recorded from multiple units operating in a large area, it is necessary to use systems
and sensors that can record, position-mark and timestamp events and actions automatically. The
single most important source of this type of information is the Global Positioning System (GPS),
which provides both position data and accurate time stamps. If the GPS receiver is connected to
other registration equipment it can also be used as a high quality clock or to calibrate the clock in
other sensors.

Command-and-control procedures are inherently difficult to register, because deliberations and
decision-making are mental processes that are hard to capture (Rouse, Cannon-Bowers & Salas,
1992). Monitoring the communications in and out of the Command Centre provide information
both about what information was available at a particular point in time and about what orders were
given. Video cameras and observers can add information about the internal working procedures of
the command staff (Thorstensson, Axelsson, Morin & Jenvald, 2001). If a command-and-control
system is used it can be monitored and the log can provide information on how the system was
used with respect to the evolving situation. Post-operative interview methods like the CIT and
CDM described above can be used to add information on C2 processes, keeping in mind the
limitations of the methods and the resources needed to perform them.

Finally, it is essential to include the current plan into the documentation of the operation. After
some time plans are revised and a subsequent analyses of an operation must be correlated to the
plan that was valid at the time for the operation.

Crucial operational Factors

Several factors affect the outcome of an emergency-response operation. Providing relevant post
operational feedback to our responders sets focus on information requirements regarding crucial
operational factors. The following list includes some operational factors that can have a decisive
effect on the outcome of a rescue operation:

e Preconditions for the operation. Organisation of participating units, available resources,
existing C2 structures, accessible standard operating procedures, contingency plans, and
actual weather are examples of preconditions.

e Dispatch information. The first information from the dispatcher contains the initial
information about the reported emergency, which is the basis for how the leaders allocate
initial resources.

e  Object information. Available information about the object for the emergency, for example
a real estate property or a flat, and time point for accessibility is essential, and when it was
used and by whom. Certain objects, for example industrial premises, are controlled
regularly and have preplans for different types of situations. Other objects are initially

142



The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

unknown and responders have to depend on information given by the person who called
the alarm. It is also important to relate available information to the actual facts of the object
and the evolving operation.

o  Deployment of rescue units. Initial organisation of units is decisive for achieving a suitable
structure for the actual state of the emergency, but it also permits escalation of the
unfolding operation.

o  Command and control structure. An evolving operation can have a dynamic C2 structure.
The rescue organisation has an initial C2 structure, but in an escalation this structure can
change. How these changes are managed, communicated and perceived in the organisation
affects the operational performance.

o Communication of orders. Orders reflect decisions, and how they are communicated and
perceived is key to efficiency (Shattuck & Woods, 2000).

e Reports to commanders. Reports from distributed units form the basis for commanders’
situation awareness (SA) (Endsley, 1995) on which all decisions depend.

e Briefings to subordinated units. Briefings indicate how the commander influences SA in
the organisation.

o  Management of unique and limited resources. How commanders use unique and limited
resources is of utmost importance for the outcome of an operation.

e Time aspects. There are three important points of time related to an emergency response
operation: (1) the time when the accident or emergency takes place, (2) the time for the
alarm dispatch, (3) the time at which the operation is started at the incident scene. There
are different measurable time requirements used as tools to shorten the time between 2 and
3, for example, connection requirements for alarm dispatches or time limits for the fire
fighters to leave the station. Nevertheless, we should emphasise all aspects from 1 to 3.

e Inter-agency cooperation. Operations that involve multiple agencies and disciplines
require close collaboration at all levels of command to achieve successful coordinated
taskforce response.

e FEscalation of operation. There are several factors of importance when a dynamically
evolving operation is escalated: for example, the definition of breakpoints along approach
routes, sectors, assembly points for casualties and goods, establishment of a command post
and a medical transportation organisation.

Each of these factors affect the overall taskforce performance and can be matched to possible
means of data-collection topics to document operations.

Initial findings at Linkoping Fire Department

The opening year of our research project together with the Linkdping Fire Department has come to
an end and we have learned some lessons. To make the responders aware of the purpose and the
goal of the project we conducted an education program for all personnel from the fire department,
the police force and the ambulance units working in the Linkdping area. It is very important that
the responders get the opportunity to ask questions about the data collection and the monitoring of
different rescue activities. We have explained how the responders can use the recorded information
to improve their future responses to critical incidents. It is a prerequisite for success that the
research program is anchored with the concerned personnel.

Our goal is to systematically record a set of measurable parameters using the instrumentation
system and to collect additional information and data from various systems that are presently in
use. Today we have research equipment following live operations in the Linkdping Fire
Department. Corner stones in the data collection today are:

1. Recording of the dispatch from the emergency operation centre.
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2. Digital recording of communication (Axelsson, 1997) between the rescue commander,
team leaders and individual fire fighters.

3. Automatic registration of unit movements with the use of GPS receivers.

4. Digital photographs from the operational use of digital cameras.

5. Video recordings from vehicle mounted cameras.

This data set enables thorough analyses of operations but further development is needed. A
substantial amount of communication on the incident scene is performed face to face, not using
radio, and some important C2 communication is performed using cellular telephones. Documenting
these communications would strengthen analyses. Today we use the MIND instrumentation system
design as a flexible research platform, which is quite complex to handle documenting data sources
and building mission histories. Our goal is that the responders can operate the instrumentation
system without support from engineers and that demands improve system usability. Future
developments include:

1. Automatic registration of weather information.

2. Automated compilation of the mission history to support AAR.

3. Pre-definition of a set of standard replays of the mission history.

4. Automated integration of information from support systems handling operations log books,

personnel and incident reports.

A goal for the future is that all rescue operations in Linkdping Fire Department are evaluated in an
AAR with all the responders participating directly after each operation, and that all accumulated
data is used for development of tactics and standard operational procedures.

The lessons learned from Link&ping demonstrate that adapted methods and techniques for data
collection in the field satisfy the requirements for building a mission history from regular rescue
operations, performed by an ordinary fire brigade with its present resources. Detailed recording of
unit activities, communication and performance reveal shortcomings and mistakes by personnel
throughout the organisation. This necessitates thorough information to all personnel about the
purpose of this detailed documentation to achieve acceptance and progress for the research project.

Discussion

Our approach has been to build reconstruction ability from the lowest unit level and design data
collection tools that fulfil basic operational information requirements. Methods and tools for
reconstruction of rescue operations performing well in small-scale routine incidents can be utilised
within the framework of larger operations, only in larger numbers. This bottom-up approach
enables scaling and adaptation to large-scale special operations with multiple agency emergency
response. In everyday routine accidents the basic automated data collection can be the only
documentation necessary to provide a basis for subsequent AAR and analyses. Consequent
documentation of everyday response over a period of time can reveal systematic issues not
noticeable when analysing single events. In special operations resources can be added to collect
more information using other methods, for example CIT and CDM described above.

Important issues when recording data from live rescue operations are third person privacy and
ethics. Emergency operations are to a large extent related to personal integrity. Rescue personnel
are professionals in aiding people in severe traumatic situations, like road accidents or residential
fires. Recorded information from these types of operations must be handled with the same ethics
and respects as the first responders act themselves, which must be regarded as using this material
for research and development.
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Summary and conclusions

Documentation, analysis and communication of activities and lessons-learned are important factors
of organisational development. These factors are also essential to sustain and improve quality. In
this paper we have investigated the requirements of data collection in order to be able to support
documentation, analysis and distribution of the lessons learned from rescue operations.

Live rescue operations, performed by a standard fire brigade with basic resources for data
collection and analysis, can be successfully documented using adapted methods and tools from the
training domain. A basic documentation achieved by automated methods and techniques support
detailed after action reviews, subsequent analysis of tactics and standard operational procedures
and communication of lessons learned.
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Abstract

The immediate and apparent needs of victims during disaster response efforts obscure the more
widespread damage to the emotional health of a large community of disaster response workers.
While victims are openly recognized and typically treated for physical injuries and related
emotional distress, the mental health needs of site workers, counselors and volunteers are often
ignored. The un-addressed secondary trauma of these workers results in excessive employee
turnover, domestic violence, and occasional destructive behaviors. This article describes a system
called Emogram that can readily measure and report the emotional state of an individual exposed to
traumatic events. As a stand-alone program, it can be deployed to the target site and used to
monitor and manage the emotional health of disaster response workers, volunteers, and counselors.

Introduction

Over the past three years we have developed and successfully field-tested a computer-based system
that measures and interprets individual human emotions. This system has been used to provide
immediate insight into the emotional health of individuals subjected to primary and secondary
trauma and to treat post-traumatic stress syndrome (PTSD). It is also used to monitor coping efforts
and responses to treatment over time. Our primary application for this system was in trauma
centers dedicated to the treatment of rape and the prevention of secondary trauma experienced by
counselors in those centers. The system has been adapted for use in the field in disaster response
theatres. Below is a discussion of the essential insights about human emotions that are necessary to
understand how such a system is possible. Specifically, this article provides an introduction to
basic human emotions, discusses how they respond to traumatic events and coping strategies, and
demonstrates how they can be effectively analyzed and reported.

Our approach integrates these concepts into a system that can perform an assessment of an
individual’s emotions in approximately six minutes. It produces two types of reports, a baseline
report that describes each emotion and the current level of that emotion in the individual and
progress reports that describe how the individual’s emotions have changed since the previous
assessment. These progress reports are most useful for monitoring an individual under stress and

" Contact information: H. Richard Priesmeyer, St. Mary’s University, One Camino Santa Maria,
San Antonio, Texas 78288 USA or e-mail chaotics@ev1.net or visit www.EMOGRAM.com.
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they contain warnings of excessive strain on the emotional health of the individual along with
specific recommendations for intervention.

Understanding Human Emotions

We are all mental, physical, and emotional beings. Emotions are neurological and biochemical
processes that can both respond to what we think and feel and affect what we think and feel. There
is no way to separate emotions from the mental and physical processes; they constitute an essential
linkage between mind and body [1]. The new found importance of this linkage has prompted the
National Institute Of Health (NIH) to request research into how emotions effect aging, cancer
treatment, cardiac rehabilitation and mental health issues such as depression, anxiety and substance
abuse [2]. While much will be learned in the coming years by these efforts, we already know
enough about emotions to measure and respond to individual’s emotions in very practical ways.

Emotions are much like the keys on a piano; they are very separate and distinct. However, we don’t
feel them that way, what we feel is always a combination of all the basic emotions. For this reason
most of us are quite unaware of the distinct and separate emotions that we sense all the time. Most
people can’t name the basic emotions much less recognize them when they feel them. If someone
asks us how we feel, we answer with “OK” or “A little down” instead of “Pretty angry with a good
dose of contempt, some anxiety and a whole lot of sadness.” Except in those rare and unpleasant
instances when we feel profound anger or fear, we normally sense only a blend of the basic
emotions making it difficult to get to know them individually.

Darwin provided the first major contribution to the study of emotion. Though he sites earlier work
by Duchenne and Bell, his 1872 book titled The Expression of Emotions in Man and Animal is an
obvious beginning to the field [3]. Darwin asked the right first questions: “What are the basic
emotions?” and “Are the expressions of emotions universal across the human race and across
species?” The answers he received from correspondents around the world allowed him to identify
and describe in detail an initial set of basic emotions. As suggested by the title, his work
highlighted the way in which emotions are expressed. The differences in the expressions led to the
identity of various distinct emotions. Other contributors to the field have since recognized most of
the emotions first identified by Darwin.

Not only did Darwin provide an initial list of separate emotions, he provided a productive
methodology for research in the field. Expressions are the useful units to define, measure and
compare. Expressions define the emotions. Focusing on the facial expressions, Paul Ekman has
advanced this notion to a scientific end [4]. He identified the specific muscle groups of the face that
relate to selected emotions and developed a Facial Action Coding System (FACS) that allows one
to objectively identify an emotion from the combination of facial muscles used to express it.
Conversely, it permits one to produce the expression of a given emotion by deliberately
manipulating specific muscles in the face. This direct linkage between emotions and facial
expressions is important in that it provides the foundation for the method we have used to measure
emotions.

An ongoing debate has centered on the list of emotions. What precisely are the basic emotions? A
useful answer comes from the doctoral work of Ilan Shalif at the University of Rami Gan,
Jerusalem [5]. His dissertation, originally published in Hebrew in 1991 and translated to English in
1992 addressed the question of whether emotions are more faithfully described and communicated
as cognitively interpreted terms (e.g., words) or subjectively interpreted visual images of
expressions (e.g., pictures). In pursuit of this question Shalif developed a defendable list of
emotions supported by the prior research of Charles Darwin, Charles Izard [6] and Paul Ekman [7].
In our work we were able to add Anxiety to this list as a distinctly different emotion supported by
Darwin and others (see Table 1).
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Table 1: A Consolidated List of Basic Emotions

Happiness Shame
Interest Fear
Surprise Anger
Contempt Distress
Disgust Sadness
Anxiety

Although we are all familiar with these terms, they are used here to refer to distinct and separate
emotions defined by unique sets of physiological characteristics and neurological responses. The
origin of each is also thought to differ though they all have distinctive evolutionary implications.
Recent work by Richard Lazarus confirms the merit of this list and adds considerably to our
understanding of how they relate to each other [8]. Though distinct, these emotions are all present
to some degree at all times. Our emotional state at any given moment is defined by the relative
strength of these elements. Lazarus’ thoughtful discussions about the interactions of emotions
contributed directly to our interpretation and analysis of emotional dynamics in the Emogram
system.

Measuring Emotions

Describing emotions as unique facial actions does not measure them. Toward this end, Shalif’s
dissertation again proved helpful. His research provides support for the use of images of
expressions (e.g., pictures) rather than terms to communicate the emotions. He found that visual
expressions of emotions are more reliably recognized than are common terms for emotions.

The important next step was obvious. If expressions of emotions were the most effective way to
communicate emotions, perhaps individuals could indicate the extent to which they relate to any
given emotional expression. If a measure of concordance between a subject and an emotional
expression could be collected, then the relative weights of the basic emotions at any given moment
could be measured and it would finally be possible to have metrics on emotions.

We tested the use of photographs to measure emotions by using many of the reference photographs
from various sources identified by Shalif. Each photograph was incorporated into an original
software program that would present an image to a subject and collect a response using a six-point
Likert-type scale. We tested this approach with more than 100 clients of a rape-crisis intervention
agency and found the assessment process to have real promise. Subjects reported they could easily
judge the extent of concordance held with each of the photographs presented and the measures of
emotions obtained corresponded to counselor assessments and case status.

Support for the phenomenon of concordance comes from the literature on attachment, which
describes how non-cognitive communication between an infant and a caregiver provides a
foundation for learning to identify and regulate emotions. According to Schore, attachment allows
the transmission of a caregiver’s “affective appraisal of objects;” later, the child develops the
capacity to internally self-evaluate objects and situations [9]. Our use of photographs allowed
subjects to bypass, as much as possible, cognitive processes and sense their agreement- their
concordance- with multiple emotional expressions.

The success with this approach to assessment was particularly promising given the poor quality of
the original photographs. Although they were considered representative of the various emotions
and had been extensively used in prior research, the photographs were of poor quality and
obviously dated. What we learned by experience using these images for nearly a year allowed us to
formulate an approach to producing new photographs void of the many problematic features.
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Our current set of images were produced under studio conditions using modern digital color
photography and trained professional talents as presenters. The images represent varying degrees of
expression for each emotion and each complies with the FACS. A sample of the images is provided
in Figure 1 along with a general description of each emotion. In an attempt to maximize the level of
concordance, we produced five sets of images representing both gender and ethnic diversity.

Figure 1: Sample Images Representing the 11 Basic Emotions
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Emotional Responses and Coping

Besides the fact that we sense a blend of basic emotions, another fundamental attribute of emotions
is that they are constantly changing. Referring again to the piano keyboard analogy, the
combination of emotions we feel can change in an instant just as different cords can be played in
any order and at any tempo. From moment to moment we can feel anger then fear, shame then
contempt.
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These changes in emotions are the result of what we are thinking and how we are feeling physically
at any given moment. The recent terrorist events strike at some of the most fundamental beliefs we
hold and they threaten us individually and directly. When we think about the threats that they
represent we sense some degree of fear. When we think about those responsible for these acts we
feel mostly contempt. When we think about eliminating those who threaten us we feel mostly
anger. While all of these reactions are appropriate, we can become emotionally exhausted as our
minds work through the many and varied thoughts and conversations we have about these issues.
To make matters worse, the more unpleasant emotions such as anxiety, fear, and shame naturally
become stronger with physical exhaustion toward the end of the day.

A specific example of how one’s emotions can change immediately and dramatically is provided
by the following description of a real event. Randall, a 33-year old executive, was concluding a
weeklong business trip to Canada when the World Trade Centers and the Pentagon were struck.
Two days later, on Saturday morning, September 15th, he had boarded a flight in Toronto for the
trip home to San Antonio, Texas. At 10:30 AM he was seated on the plane at the gate in Toronto
awaiting departure. In an instant four Royal Canadian Police entered the plane, two thundering
down the aisle from the front and two from the back, with machine guns and pistols drawn. They
violently confronted, handcuffed and arrested a Middle-Eastern man sitting just four rows behind
him. A few days later we targeted this event and measured Randal’s emotional response to it.
Figure 2 provides the results of that assessment.

Figure 2: Emotional Response to a Selected Event
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Randall response is instructive. Happiness, the sense that one is making reasonable progress toward
what one desires, instantly disappeared and was replaced by anxiety because he didn’t know what
was going to happen. Fear emerged in response to the event and the emotion of distress, which is a
call for help, increased. Note also the surprise associated with this encounter and the increases in
both contempt and anger. The increase in shame is likely associated with a feeling of guilt Randall
felt over having placed himself in such a risky situation; he has a wife and two kids. Randall’s
emotional response was the result of being placed in entirely unexpected and undesirable
circumstances over which he had little information or control.

Our ability to cope is what saves us from the continuation of such emotional strain. We have all
developed ways to work through the barrage of assaults we endure during the day. We have learned
coping strategies that allow us to reason through conflicting issues or even temporarily disengage
when things get too tough. Counselors typically classify coping strategies as either emotion-focused
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or problem-focused. Emotion-focused coping is an attempt to change how we think about a
stressful issue. We attempt to change our perspective, which leads to different emotions. Problem-
focused coping is an attempt to deal with matters by directly addressing and changing whatever it
is that is bothersome. You cope by considering your alternatives and then taking action to change
the reality you confront. The donations of blood and financial contributions subsequent to
September 11, 2001 are examples of problem-focused coping behavior. Unfortunately, in the
immediacy of disaster relief settings, these coping strategies are easily overwhelmed as individuals
are made to endure more anger, contempt, anxiety and fear than they are adapted to handle.
Typically, there is too little time to process emotional distress, the coping process is subverted and
the damage to the mental health of an individual emerges only later in the form of chronic Post
Traumatic Stress Disorder.

Analyzing Emotional Dynamics

Our production and use of new photographs provided a reliable means of obtaining measures for
each emotion, however, an appropriate method was needed to analyze the interactions of emotions
and the dynamic changes in emotions which occur over time. Recent advances in applied nonlinear
systems theory provided the appropriate concepts and tools.

Nonlinear science makes use of a concept called state space that describes the current dynamic
state of a system over time. From this view, an individual’s emotions are seen as a collection of
discrete elements changing and interacting with each other. In this application a “state” is defined
as the dynamic combination of two or more emotions. For example, an increase in Contempt
combined with a decrease in Shame constitutes a unique state. Similarly, a decrease in Contempt
combined with an increase in Shame constitutes another entirely unique state. When expanded to
include the dynamics of all eleven emotions one can see that the myriad of states rapidly increases.
Though complex, the states are mutually exclusive and exhaustively finite. State space provides a
means of defining the unique dynamic condition of the system at any moment and the sequence of
dynamic conditions through which the system has passed [10].

Figure 3: A Phase Plane Depicting the Interaction of Emotions

Change in
Contempt

Change in
Shame

The phase plane presented in Figure 3 is the most basic tool in the non-linear toolbox. It is used to
reveal the dynamic behavior of a system over time. This image, relating changes in Contempt to
changes in Shame, plots the attribution one applies to a particular event. Because Contempt is
directed toward others and Shame is directed to the self, the dynamics of these two emotions
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provides an important psychological insight; it reveals the way in which an individual assigns
blame.

Each axis on the phase plane measures changes in one of the two measures. The origin is
coordinate 0,0 representing no change; positions to the right or upward represent increases, those to
the left and downward represent decreases. Any point on the phase plane represents the state of the
system at a moment in time describing precisely how the relationship between the two measures is
changing. The trajectory on the phase plane is produced by plotting points at the intersections of
the changes in each of the two measures over time and then tracing a line from each point to the
next. The dynamic behavior of the two measures in interaction is revealed by the changing
position of the trajectory on the phase plane [11].

This approach provides the necessary qualities to appropriately analyze the changes in emotions. It
captures the incrementally evolving nature of emotions in that each new measure is compared to
the prior measure of that same emotion for the same individual. This self-referencing approach is
essential if one expects to assess a single individual. It is a fundamentally different approach than
norm-based methods that apply statistics to compare an individual to a sample from a given
population. By plotting the changes in two dynamic measures, the phase plane reveals an
underlying interaction that is not otherwise apparent.

Phase planes are not just another way to present data. They provide a precise description of the
system at each moment in time and they can be related to specific intervention strategies. For
example, any point in Quadrant 2 (the upper left quadrant) reflects an increase in Contempt and a
decrease in Shame by some specific amount. This combination of dynamic changes provides
sufficient information to permit interpretations to be attached to the phase plane. An appropriate
interpretation for Quadrant 2 may be “ the individual is assigning more blame to others and less to
the self.”

Because interpretations can be drawn directly from positions on the phase plane, it follows that
recommended prescriptions for action could also be attached to positions on the phase plane.
Doing so does require that the context of the analysis be known. For example, if Contempt
increased and Shame declined for a traumatized individual, that unique state may relate to a
prescription stating “Confirm the appropriate assignment of blame to others and reinforce the
realization that the individual should not blame the self.” This prescribed action and the
interpretation on which it is based flow directly from the changes in the underlying data. The phase
plane, therefore, provides a means for converting the complex dynamics of the emotions into
descriptive interpretations and recommendations for action. The method allows for the
development of an extensive knowledge base that provides precise professional insight in real time.
This approach, which constitutes a dynamic form of clinical pathway construction, has been
successfully applied in other medical rehabilitation settings [12].

Applications

To make practical use of these concepts and methods we developed a unique software program that
performs both the measurement and the analysis of emotions. With the financial assistance of the
San Antonio Area Foundation we developed a demographically diverse set of wvalidated
photographs to be used to measure emotions. Then, guided by the literature and the insight of the
certified counselors on this project, we developed three knowledge bases to address the unique
conditions presented by trauma victims, crisis intervention volunteers, and trauma counselors. Each
of these separate knowledge bases is capable of producing reports tailored to its designated
audience. Each one can be used in a variety of ways from simple intake assessment to monitoring
and psycho-education. The software program, the assessment images and the various knowledge
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bases were ultimately combined onto a single compact disk that will run on any modern Windows—
based computer.

The Assessment Process

It is important to recognize that the Emogram assessment constitutes a psychoanalytic instrument
and is therefore governed by the rules of conduct and ethics imposed on mental health
professionals. In general, those rules dictate that any licensed professional administering a
psychoanalytic instrument must be trained on that instrument or is subject to ethics violations. Our
experience with Emogram has also established that it is essential that it by administered by a
licensed counselor trained on the system or, at the minimum, by a counselor trained on the system
and supervised by a licensed mental health professional. Additionally, a consent agreement is
obtained from the client. These standards have been established because the measurement and
subsequent feedback of measures of emotions can solicit candid and open responses of a personal
nature from the client. The administrator must, therefore, be competent enough to address such
issues productively.

The assessment process begins by entering an identifying name or number into the program. The
administrator or client then selects one of the five presenters incorporated into the system. These
presenters are (1) an Anglo female, (2) a Hispanic female, (3) an African-American female, (4) an
Anglo male and (5) an African-American male. In general demographic matches are made with the
client although there are specific exceptions to this practice.

The client is then instructed that there will be a presentation of thirty-three facial photographs
depicting various emotions. The client is not to analyze the photographs cognitively, but rather, to
simply answer the following question: “To what extent do you feel the way the individual in the
photograph feels?” The client is presented with a data entry screen as shown in Figure 4 and
responds by clicking on any one of the response bars that range from “Very Different” to “Very
Similar.”

Figure 4: The Emogram Data Entry Screen

PHEMOGRAM ASSESSMENT
| KBASE3 [Barbara |Assessment 3
~Image .
Adic
Instructions Very Similar
Audio Stop
Dirmilar
Ttmages
Reveal
More Similar than Different
= Back
Mext =
Mote Different than Similar
Caontrols
Reports Different
Graphics
Ilain tenu Very Different
Cancel
Start |
Jimage 1 [= [Frevious: 4/8/02 10:35 PM [Fimis

Each time a response is entered a new photograph appears on the screen depicting another emotion.
There are three photographs for each emotion that differ only in degree. An important aspect of this
assessment process is that it does not rely on the client knowing the names of the emotions or
having any prior instruction about emotions. The response is essentially guttural rather than
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cognitive. When a response has been entered for each of the thirty-three photographs the system
combines the scores for each emotion mathematically to derive a specific score for each emotion.

The Reports

Assessments can be made at anytime. After the initial assessment a baseline report is produced
which simply identifies the strength of each emotion on Likert-type scales ranging from one
through six. Subsequent assessments produce Progress Reports that include the analysis and insight
from our certified counselors. The reports may also contain special “Cautions” and “Alerts” if the
system detects problematic transitions in the client’s emotional profile. The report also provides an
Overall Emotional Quality Score (E-Quality) that is scaled from +100 to —100. A sample report is
provided in Figure 5.
Figure 5: An Emogram Report

PROGRESS REPORT

Individual: #4345
Knowledge Base: KBASE3
Image Series: F1HIS
Assessed: 4/6/02 6:35 PM
Previous Report: 4/5/02 5:26 PM

Here is an analysis of the assessment data. Consider the specified target material and the purpose of
the assessment when interpreting these results.

OVERVIEW: Overall Emotional Quality decreased. The Overall Emotional Quality Score has
declined to -28.09. Caution: The subject's Emotional Quality score is particularly low; the subject
may not be in a safe emotional state.

ORIENTATION: This component of the emotional state refers to openness and willingness to
attend to information in the environment. It examines the changes in interest and surprise.

Surprise has increased to 3.11; interest has declined from 3.94 to 2.23. The subject's openness to
new insight and information has increased. CONSIDER: Using this as an opportunity to explore
new perspectives on difficult material.

APPRAISAL: This section examines the way in which a subject assigns blame for negative
emotions. It reflects changes in shame (blaming self) and contempt (blaming others).

The subject is assigning more blame to others than in the prior report while self-blame remains the
same (the contempt score has increased from 2 to 4.47, the shame score remains constant at 2).
CONSIDER: (1) Using this condition as a therapeutic opportunity to discuss responsibility and the
appropriateness of blaming others for current emotions and (2) assessing the subject's potential for
acting out anger on others.

COPING STRATEGY: This component refers to the subject's response tendencies. It addresses
the propensity to approach (anger) or retreat (fear) in relation to the target material.

The subject is currently both more angry and more fearful than in the prior report. The anger score
has increased from 2.29 to 5 and the fear score has increased from 1 to 2.52. The subject may be
experiencing mixed feelings in interactions with others and may be experiencing helplessness
regarding target material. CONSIDER: (1) Identifying and processing the threat that is soliciting
the fear response, (2) helping the subject identify the sources of fear and anger and regain control
where appropriate, and (3) assisting the subject in expressing anger in safe and appropriate ways.

ALERT: The subject's Emotional Quality score has declined significantly since the previous
assessment. The subject has reported an Emotional Quality Score below —20; it is currently -28.09.
Assess the client's safety. Consider seeking counsel regarding this subject.
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Each report is unique in that its content is constructed from the myriad of possible state spaces
defined by the eleven interacting emotions. These reports also vary in content depending on the
specific application. For example, reports relating to trauma victims are directed toward the
counselor and contain discussions and suggestions appropriate for a trained counselor to assist in
intervention. Reports relating to counselors contain very specific coping strategies that help the
counselor prevent “counselor burnout.” Those reports used to monitor volunteers and other crisis
workers are phrased in language that is appropriate for both the supervising counselor and the
subject.

Reports are produced instantly after each assessment and retained so that the chronological history
of the individual can be referenced at any time. Each report relates specifically to the period of time
since the previous assessment. Periodic assessments, therefore, provide a series of reports that
reveal the continuously evolving mental health of the individual. Because the reports are based on
subtle changes in the various emotions they are able to readily detect changes that call for
intervention. Put simply, the reports identify changes that, if continued, would result in a
deterioration of the emotional state. Editing and note-taking features are included in the system to
further simplify documentation requirements.

Editions

The need to address volunteers, counselors and victims differently resulted in the development of
three different editions representing the different knowledge bases. In all cases the assessment
process is the same, however, because of differences in the context of the assessment and the
characteristics of the clients, the reports differs greatly. All three of these editions are incorporated
onto a single compact disk and can be used interchangeably on the same computer. In this way a
single counselor can use the system to monitor volunteers, perform intake assessment and
counseling with trauma victims and monitor his or her own response to the demands of the job.

The volunteer edition is specifically designed to support agencies placing volunteers in potentially
stressful situations. Volunteer monitoring is typically required by professional and ethical codes of
conduct. By administering Emogram tests at the beginning of the assignment and periodically
throughout the assignment it is possible to reduce the risks to both the volunteer and the clients
they serve. Our experience using the system with volunteers at a detention facility suggests that it
definitely aids in debriefing the volunteer after assignment thereby reducing stress and improving
the volunteer’s coping ability. It may also reduce the turnover rate and absenteeism of volunteers.
An additional benefit with volunteers is that it provides an enjoyable check-in, checkout system
that is both efficient and time-stamped.

The counselor burnout edition is designed to assess changes in emotion and to provide suggestions
aimed at improving counseling professionals' abilities to meet the demands of emotionally taxing
work, thus preventing possible burnout. Grounded in the work of major burnout theorists, this
edition addresses burnout issues at the individual level by promoting awareness of stress producing
situations, providing guidance for appropriate appraisal, and suggesting possible coping strategies
for dealing with negative affect. Designed for counselors assumed to possess adequate coping
skills, it detects early signs of job stress and provides suggestions to help counselors self-manage
their emotions. Targeted emotions are assessed and emotional changes tracked in the context of the
known effects of vicarious trauma and burnout. Transitions toward burnout manifest themselves as
changes in orientation (surprise and interest), congruence (happiness), incongruence (anger plus
contempt, disgust, shame, fear, and distress), internal blame tendencies (fear, shame, and distress),
and external blame tendencies (disgust and contempt). By promoting behavior that includes
engagement, change, and healthy coping skills, this edition directs counselors to manage stress and
take control of their emotional lives.
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The trauma edition is based on specific assumptions about the clinical population relating to the
cognitive and social-interpersonal effects of trauma. These include: irrational self-blame for the
trauma, a sense of helplessness and incompetence, hyper-vigilance often accompanied by
inaccurate interpretation of emotional expressions and other related disorders of affect modulation,
regulation, and attachment. Because of these assumptions, this edition incorporates interpretations
of emotional dynamics and prescriptive comments that are extremely sensitive to issues of client
safety and is most suitable for clinical users. Traumatic events have extremely powerful influences
in both the cognitive and emotional development and they powerfully and negatively impact
adolescents and adults with otherwise normal developmental patterns. The effects of traumatic
exposure can be drastic, debilitating, and dependent on the complex interrelationships between the
nature of the traumatic event and the resilience of the individual. Our experience using this edition
in a large trauma treatment facility indicates that, when used as an intake assessment tool, it can
greatly reduce the time required to begin effective treatment. Used as a pre-session and post-
session assessment tool, it can measure the effectiveness of counselor interventions.

Training and Deployment

Training is provided in sessions usually organized by counseling and intervention agencies. The
length of training varies from four hours to twelve hours depending upon which versions are
addressed. Volunteer training is typically only four hours, the volunteer and counselor burnout
editions can be taught in a one-day session, an additional four hours of “hands-on” training is
required for those planning to use the trauma edition.

Distributing compact disks that contain the software and the relevant editions provides deployment
to those counselors trained on the system. Certain features in the program make it simple to
transmit reports via e-mail to counseling supervisors not on location or to share entire data sets
with other counselors. Confidentiality is maintained by using either unique identification numbers
or pseudonyms for clients while security over the system is maintained by either password
protection or by off-loading and securing data files.

The Emogram system has been deployed to crisis intervention centers, detention centers and to
more than 60 schools in the southwest. Its applications have varied from intake assessment of
juvenile criminals as young as 14 years of age to use as a treatment tool for PTSD clients and
individuals with multiple-personality disorder. Its primary benefits center around its ease-of-use
and the accurate insight provided in the reports. Other valuable features cited by users are the fact
that it is self-scoring and that the reports accomplish a major part of session documentation
requirements.
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Abstract

The management of risk, alerts and crises in the industry is a complex task, which is achieved by a
large number of stakeholders. This paper presents the advantages associated with the development
of organizational learning to analyze alerts and crises, which provides a better sharing of
knowledge about identification of weaknesses and strengths, and a deeper involvement of people in
risk management.

Introduction

The objectives of risk management are not only to suppress or to reduce hazardous events, but also
to be able to react in the best ways when risk develops into accident or crisis. To reach these
objectives, organizations establish means and strategies for prevention and mitigation.

If the system (technological or not) may be risky and the nature of these risks are well known, then
it is possible to build strategies aiming at protecting this system against perturbations that may be at
the origin of dangerous situations and crisis.

Prevention corresponds to several kinds of actions:

e Analyze potentially hazardous events and situations and study their origins and consequences.

e Analyze the system vulnerabilities: components that may be damaged, persons that may be
wounded and functions of the organization that may be disturbed.

o Install technical devices or procedures to suppress hazardous events or make them harmless.

e Set up an organization that favors the integration of the notion of risk at all levels.

People achieve the management of incidents, accidents and crises through two complementary
ways: application of procedures and improvisation.

If the incidental situation has been anticipated and analyzed, for instance during the system design
or following a similar incident, its management will follow an incident management procedure and
will be facilitated by appropriate protection devices and organization models, which are called
barriers or defenses.

If the situation escapes from this framework, either because the incident was not considered and
never occurred before, or because defenses have not functioned, then we turn to a type of
management based on experience and improvisation of people. These people will do their best to
bring the system back into a known and stable state, while limiting damage and disaster extent.

""Ecole des Mines de Paris — Péle cindyniques, BP 207, F-06904 Sophia-Antipolis (France) —
http://www.cindy.ensmp.fr
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There is an unlimited number of organization types and combinations of actions that put an end to a
crisis situation, and during these situations, one may often observe the emergence of leaders and
interesting organization models. The different kinds of knowledge that are used or built during the
management of these situations constitute an important wealth for organizations and companies,
but they are often tacit and poorly shared among people.

The actors involved in safety system failures are frequently the primary, sometimes the
sole, source of information about what happened and why. The capacity to learn from
accidents and develop preventive measures therefore depends on the ability to elicit
information. [Mc Donald 1997]

Developing this knowledge, sharing it and improving the image of people who own it are, along
with prevention, the most important ways of increasing the resistance of organizations to hazardous
situations.

Complexity of the problem

In the last decades, a substantial improvement in technology reliability and risk prevention has
been observed, but in parallel, a steady increase of system complexity tends to create new kinds of
risks.

The role of the human being in complex systems is essential: he must achieve
programmed and complex operations, but also supervise the system as a whole. In
many cases, his job goes beyond simple compliance to procedures because their only
application is not enough to get the production. Moreover, if it were the case, people
would be replaced by automatic devices. Quite often, he must check the relevance of
the procedure in the real context of the task and, in the eventuality of a gap, he must
change procedure, complete prescriptions, or even invent new organization schemes
to reach the goal, despite perturbations, while respecting safety requirements.
[Translated from Leplat 1990]

This complexity is often linked to the extension of technology and automatic devices that control
the system, but it results also from the increase in the number of stakeholders and relations binding
them. In the same way, the development of outsourcing, which contributes to the increase of
productivity, may also bring a loss of tacit knowledge belonging to key people that contribute to
the organization resilience, especially if these staff categories have a high turnover ratio.

Even if a part of this complexity can be identified and allow the setting up of reliable organization
models and transparent flows of information, it also promotes the emergence of drifts, differences
between people and dilution of responsibilities, which are key risk factors.

Debriefing incidents and accidents is becoming de facto one of the few ways to identify what we
call “traces of complexity”, that is to say to enlighten, through detailed analysis of events and
decisions, the behavior of technical, human and organizational subsystems when facing unexpected
situations.

The human being, the organization and the resilience

When events or conditions occur that may turn into alerts or crises, there are simultaneously strong
constraints, uncertainties on the development of the situation, and a need for a structure of
organization. This structure is a landmark in the unknown, an obstacle to chaos. Which are the key
factors that promote the setting up of an order, an organizational structure for the response to the
alert or the crisis?
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As early as the activation of an alert, by analogy with crystals growing, one or several “germs” will
play the role of support or guide for the development of the structure, but they will rapidly become
invisible and give room to an aggregation process that will generally only keep main directions
from the initial germ. We call this “germ” the kernel of the organizational structure.

But this kernel is insufficient, as a source of energy is also required: the set of constraints that exert
on people belonging to the different groups involved in the situation, which push them to
participate in the organizational structure of emergency management and which allows its
development and adaptation to the context.

In the case of an organization confronted by the management of an alert or a crisis, factors that
participate in the setting up of an organizational structure will be the pressure of events, the
extension of the alert, the motivation of people or their willingness to limit consequences. But who
plays the role of kernel?

Two kinds of germs can be observed: people and action plans. In the first case, there are one or
several leaders, whose role in the organization, charisma or reputation will attract people and form
the initial germ.

In the second case, there is an action plan that is known well enough (sometimes more by its name
than by its exact content) to be used by a first group of people as a reference, to initiate a structure
following its indications.

In both cases (leader or plan), it can be observed that the complexity of crisis situations moves
rapidly away from the hypothesis of the plan or the first leader’s indications. “Procedure is weak
when confronted by urgency” [translated from De Coninck 1995]. The situation then moves to a
process of evolution and developing of the organizational structure, which will develop not only
from the kernel, but also and mainly from the influences and constraints of the context
(dangerousness, dissemination of products, media impact, etc.).

We use the term resilience to qualify the ability of organizations to resist dangerous situations with

the minimum of damage. In the domain of risk management, the resilience of a system is built up

in two phases:

e At the design stage, by promoting the design of a safe system, able to resist expected hazards
and be provided with efficient barriers.

e During the life span of the system, by the analysis of incidents, of their management by staff
and of the behavior of barriers, in order to assess weaknesses as well as resources that have
provided solutions, and to learn lessons from these analyses.

When a system (company, municipality, etc.) is confronted by a crisis, a small group of people will
take the responsibility of its management, either because it corresponds to their duties, or because
they feel entrusted with this mission. To identify this network of people, which constitutes what we
call the “resilience kernel” of the system, it is necessary to analyze examples of alert or crisis
management and to identify the parties who have played key roles.

In most cases, organizations demonstrate efficiency and resistance to stress, events and time. It is
not by chance, but rather because they follow a general scheme, based on the availability of a
kernel (leader or plan) and on the existence of constraints and stress around this kernel. If these
constraints go beyond a given threshold, which corresponds for us to the individual or collective
acceptability of risk, then a structure (or a sub-structure) will grow around this kernel. This
structure of organization is a sort of buffer zone that distributes constraints by relying on these
germs. The goal is to shoulder constraints while protecting the system against damage. This buffer
zone may concern actions, information management or grading the problems to solve.
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By this way, each incident enlightens in the general architecture of the organization, a subset of
people who have been involved and their relations among themselves and with the outside world,
whenever they belong to the organization or they are opinion relays. The analysis of the different
networks that have “emerged” during incidents, alerts and crisis management reveals what we call
“pockets of resilience”, which constitute the strengths of the system, but also its weaknesses, when
these organization schemes have not been able to efficiently manage the situations.

The level of reliability of an organized system depends on the capacity of its parties to
develop cleverness clues needed to achieve informal settings in order to continuously
correct and amend a set of structurally incomplete rules and devices [translated from
Bourrier 2001%]

Among the benefits of debriefing and analysis of alerts and crisis management unfolding, this
identification of the strengths of the system that must be promoted and its weaknesses that need to
be corrected, is probably one of the most promising. It provides knowledge about the behavior of
the system beyond its limits and it allows the identification of key people, information flows and
resources on which the system may rely to anticipate, prepare and manage hazardous situations.

The contributions of organizational learning to knowledge

Knowledge imbedded in experience of individuals is difficult to grasp because it is spread
throughout the organization and it is often tacit among groups. Moreover, it can only be revealed at
the time of “problems” that are often badly identified by the hierarchy and the other groups, as a
consequence of an organizational culture based on the sanction of errors.

This set of knowledge, often informal, tacit and acquired through years of practice, failures and
successes, constitutes individual experiences of people. But this wealth of the institution is fragile.
It assists in confronting difficulties and adversity but it may vanish if the organization is not aware
of it, if the owners of this knowledge, what we call the “resilience providers,” are not rewarded for
it, and if it is not transmitted and shared among people, hierarchies and generations.

Setting up and developing an organizational learning scheme to make this knowledge visible and
formalized is crucial. But it also creates a progress dynamics based on three principles: respect of
individuals; trust in their ability to manage unexpected situations; and dissemination of
information. It is also a way to reinforce the feeling of belonging to the structure of the system,
which is a key factor for motivating and encouraging commitment in the development of a safety
culture within the institution.

The definition of safety culture tries to bind the sphere of individual behavior
(attitudes) and human errors, objects of predilection until the eighties, to the sphere of
organization, structures and social behavior, objects that were not so much tackled
until now [translated from Bourrier 2001°]

Recurrent incidents are signs pointing to dysfunction and should be studied carefully. It is usual to
limit their analysis to the search for technical factors that will be fixed or human failures that will
be sanctioned. This kind of strategy turns out to have a limited efficiency and the frequency of
incidents stays at a level which cannot be lowered any further.

The introduction of more refined debriefing methods may reveal structural factors that are the roots
of these incidents and by that contribute to provide more efficient solutions.

Organizational learning requires that event analysis traces the causal factors and
determinants of an event both further back into the past, and further up the chain of
management control. [Hale 1997]
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Inside a group of people, organizational learning also results in the creation of communication and
sharing of knowledge among individuals, whatever their missions or level in the hierarchy are.

The reliability of learning of an organization is if it develops common understandings
of its experience and makes its interpretation public, stable and shared. [March 1991]

This kind of communication gives opportunities to anyone to raise the standing of his own

expertise and to learn from others: “management told us the reasons why”; “operators told us the
way how”.

Conclusion

The main objective of the debriefing process is to understand what happened and to find ways to
avoid the repetition of accidents and to limit their consequences, using the lessons learned from the
analysis of incidents and crises. Enlarging this perspective to set up a real organizational learning
scheme sets the path to new goals that participate in the development of a risk culture among
organizations.

The experience gained by the people is, with its successes and failures, an invaluable source of
improvement [Wybo 2001°]. Incidents, quasi-accidents and crises may become, beyond simple
debriefing sessions, opportunities to reinforce the trust bindings among people, contribute to
promote their skills and provide a better knowledge of the system.

The management of incidents and crises is always a matter of exceptional events in deteriorated
situations. Setting up a risk culture based on a global approach needs to take into account the
complexity and, notably, to master its three main aspects: technical, human and organizational.

Based on the notions that have been presented in this paper, a methodology for debriefing and
organizational learning is currently under development within an interest group composed of
academics, companies and public bodies [REXAO]. This methodology is applied to different kinds
of hazards: natural, technological and food-related.
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SECTION 5:

INTERNATIONAL DISASTER RECOVERY — IS
GENDER AN ISSUE?
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Abstract

Overview of the design and implementation of a Local Accident Mitigation and Prevention
(LAMP) program from its inception in 1991 to its completion in 1998. Significant elements are
that it provided implementation resources for actions prescribed by an existing United Nations
awareness program; it made significant strides towards determining how to build sustainability into
foreign assistance programs; it took a bottom-up approach that secured local ownership and design;
it made real inroads into creating and maintaining local capability to prevent, prepare for and
mitigate the consequences of technological accidents and natural disasters; and it was a working
example of real partnerships between government, industry and community groups.

Introduction and Summary

In 1991, while the current U.S. Agency for International Development Administrator, Andrew
Natsios was Director of the U.S. Office for Foreign Disaster Assistance, he launched a novel
program in partnership with the World Environment Center (WEC), an independent, non-profit
organization. His goal was to anticipate and reduce the negative social and economic impacts of
natural disasters in developing countries. That by itself was innovative enough but he also wanted
to include local community groups, i.e. women.

OFDA had allocated funding to a new initiative called PMP - prevention, mitigation and
preparedness — and asked the WEC to work with OFDA to design an effective approach. Those
discussions, consultations in the field and a pilot project led to a five-year Cooperative Agreement,
signed in 1992. The Agreement was for the design completion and implementation of the Local
Accident Mitigation and Prevention (LAMP) program that was to incorporate a number of novel
steps and work in India, Indonesia, Mexico and Thailand. (A six-minute video of the first
simulation exercise in Mexico is available.)

The first innovation was that LAMP capitalized on the existing APELL program run by the United
Nations Environment Programme out of the Industry and Environment Office in Paris. APELL,
Awareness and Preparedness for Emergencies at the Local Level, with the support of the Canadian,
U.S. and European chemical industry manufacturers associations, had a mandate to conduct high-
level awareness seminars around the world but had no follow-through implementation mandate or
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funding. However, what APELL did do was to create a market for LAMP. This worked so well
that a side activity of LAMP became the funding and sometimes the organization of APELL
programs.

The second innovation was that the program looked carefully at sustainability. The fact that the
USAID funding would only last five years meant that continuity of funding, i.e. sustainability, had
to be built in and it was quickly recognized that that meant engaging and serving the needs of the
private sector. In addition to providing a recognizably valuable service to the industrial
community, a second element of sustainability was the achievement of critical mass. Making sure
that the initial programs in each country were attended by officials from other jurisdictions and
that, wherever possible, the materials used were all in the local language, raised the likelihood of
replication. This tactic worked very well in India where one initial LAMP location in Madras
quickly became six cities throughout the country.

Although the long-term goal was to deal with the impacts of natural disasters, the third strategic
decision was to focus on PMP with respect to industrial accidents. This was done because it would
get private sector attention and the infrastructure created could easily be used in times of natural
disasters but would receive full attention, and funding, on a daily and ongoing basis

Thus, the prima facie goal of the LAMP Program was to reduce the incidence and impact of major
chemical, hazardous materials transport or other technological accidents and disasters in selected
high-risk locations in each selected country but it also included the mitigation of technological
side-effects of natural disasters such as earthquakes and floods. Towards this end, WEC organized
and implemented results-oriented accident prevention, emergency preparedness and response
planning and disaster mitigation training; chemical safety education; and public awareness outreach
and accident simulation (mock emergency drills) in each country.

The LAMP program brought about positive and meaningful improvements in emergency response,
emergency preparedness, and emergency planning and testing through a sustained, interactive, and
client-driven approach. Thus, by definition, methods of intervention varied from country to
country, and within countries from site to site, according to the specific social, political, economic,
and developmental conditions of each site. For that reason, LAMP had to be flexible and able to
respond to the planning and training needs of the groups that engaged the LAMP process of
improving industrial accident prevention and mitigation systems. Flexibility and responsiveness to
the local clients were the defining characteristics of the LAMP program.

These two traits played an important role in the progression of activities that took place. Since the
program was designed to respond to the unique characteristics of each site, LAMP managers relied
heavily on the local representatives at each site to help define the plan of action and goals for the
project. Those groups and individuals that embraced the Awareness and Preparedness for
Emergencies at the Local Level (APELL) process of the Industry and Environment Office of the
United Nations Environment Programme (UNEP), and the LAMP program were often key to
successful implementation of the program. Thus, one of the most important responsibilities of
program management was to identify organizations and individuals who believed in and would
champion the APELL and/or LAMP approach. It was crucial to engage those parties, and
continually work with them to ensure that objectives were well defined, in line with the conditions
at each site, and likely to achieve the expected outcomes.

Under the bottom-up approach of the LAMP Program, prototype examples of improved
community-based emergency preparedness were established at selected sites, which then were
replicated at other sites while influencing and informing country-wide policies and institutions
related to disaster prevention, response and mitigation.
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Overall, the foreign exchange cost for implementing the LAMP Program was 200-250 thousand
U.S. dollars per country, per year 84% of which was contributed by OFDA and the balance came
from in-kind contributions from the private sector, the Canadian government and others. This
figure excludes the local currency costs of seminar and training facilities, fees for local experts,
expenses for participants, salaries of local APELL/LAMP coordinators and equipment, materials
and supplies for emergency exercises. All these costs were borne by local governments, industries
and participants. In the spirit of the LAMP Program, these expenses were seen as investments by
the communities at each LAMP site to demonstrate their commitment to organizing themselves for
improved safety against technological accidents and natural disasters.

Steps for Implementing LAMP Program

Since successful program implementation required flexibility and responsiveness to local
conditions, there was no single approach to implementing the LAMP programs in each country.
There were, however, several aspects of all LAMP programs that remained constant from one
country to the next. The following section outlines aspects of the LAMP program that can be seen
as the characteristics that were common to all LAMP programs. These components were the
building blocks for LAMP and can be seen as the "steps" to conducting effective LAMP programs.

A particular emphasis has been to create ongoing programs in Awareness and Preparedness for
Emergencies at the Local Level (APELL) at selected local sites to:
Create and/or increase community awareness of possible hazards within the community,
and
Based on that awareness, develop an operative plan to respond to any emergencies that
these hazards might present.

APELL itself uses as a model the U.S. Local Emergency Planning Committees (LEPC’s), as
defined and legally constituted under SARA Title 3, and the Community Awareness and
Emergency Response (CAER) groups encouraged and supported by the International Association
of Chemical Associations, particularly the U.S. and Canadian chemical manufacturers associations
and CEFIC in Europe, which are implementing Responsible Care™. Throughout the LAMP
Program, WEC and UNEP/IEO cooperated actively to jointly promote improved community-based
emergency preparedness in the target countries and selected communities. In fact, in India the
Program was known as “APELL/LAMP” both at the local level and the national level.

In each country, local “bonding” agents were found to help ensure that objectives were met on the
local level, as well as national “nodal” organizations to help replicate LEPC’s to other sites. The
local “bonding” agents were typically local industry associations, Responsible Care™ groups,
community service organizations, or local worker or public safety committees that had already
demonstrated a shared concern about chemical safety. These “bonding” agents became major
participants in a tri-partite local emergency preparedness committee comprising representatives of
the local government, industry and at-risk community. The national “nodal” organization(s) were
selected for a similar demonstrated concern on the national level.

In India, a National Advisory Committee (NAC) was created comprised of representatives of
federal ministries (labor, health, environment, interior, etc.), national industry associations
(chemical manufacturers, insurance and loss prevention, etc.) and national service and professional
organizations (Rotary Clubs, industrial medicine, safety professionals, etc.). The NAC accepted an
ongoing role in replicating the LAMP program at other sites in India, as well as in advising
national and state governments on issues related to emergency preparedness and response and
accident prevention.
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Step One - Site Selection

LAMP program site selection was a critical step towards ensuring that meaningful results ensued
after two to three years of locally designed interventions. LAMP relied on replication from one site
to another to maximize the effectiveness of donor funding and to ensure that program initiatives
continued to improve after donor funding ended. The need to replicate LAMP successes, so as to
achieve a critical mass of mutually supportive of sites in each country, made the site selection
process one of the most important steps in designing each LAMP program. LAMP funding was
targeted on industrial areas where the chances for meaningful and lasting impact were most likely
to occur and on those communities that would most likely be in a position to share their experience
with other industrial sites in need of improved accident prevention, response and mitigation.

The LAMP approach worked best in those countries and/or geographic regions having a multitude
of high-risk industrial sites that could benefit from the replication. The criteria for selection of
potential LAMP sites were:

1. Flammable, explosive, or acutely toxic substances are produced or utilized on site and
transported through the local areas;

2. A significant number of persons reside on or near the industrial site and are at risk;

3. Disaster relief institutions exist near the industrial site or can easily be created;

4. There is an expressed local concern about industrial risk and an interest in organizing more
effective prevention, mitigation and preparedness (PMP) programs to counter the current risk;
and

5. An established prime mover agrees to take on a leadership role.

Step Two - Recruit and Train Country Manager

Once sites were selected per the above criteria, a Country Manager was put in place to interact with
the local representatives of each LAMP site and coordinate on a daily basis with industry,
government and community representatives. The Country Managers played pivotal roles and had
to embrace a number of diverse responsibilities. The Country Manager needed the aptitude and the
skills to both engage local leaders on technical skills of emergency responders as well as display
political sensitivity regarding a community's participation and "right to know". For this reason, the
Country Managers had to have experience and credibility with local industries and government
groups, as well as the dynamism and openness to reach out to other groups, particularly both
formal and informal community interest groups, with whom no prior relationship or experience
existed. In this way, the Country Managers could effectively direct program activities relevant to
many groups and serve as a catalyst for the changes that needed to occur as program goals were
first shaped and then realized.

The effectiveness of the Country Managers was ultimately dependent their personal understanding
of the nature of the process of change, their vision of what could be accomplished at each site and
the patience and skill to allow local leaders to own the process and move towards those changes.
Understanding what needs to be done at each site allows the Country Manager to guide others --
plant safety managers, community group leaders, elected officials, hospital managers, and planning
committee members -- towards more responsible and more effective means of preventing
accidents, preparing for emergencies and mitigating disasters.

To help LAMP Country Managers develop this “vision” of what is possible, the four Managers
toured prototype local emergency planning and response groups in the U.S. and Canada, witnessed
emergency response exercises and visited first-responder training facilities. This exposure helped
them understand community-based chemical emergency preparedness and accident prevention
activities, including risk assessment, mapping of chemicals, emergency plan preparation and
update and management of emergency exercises. They also visited the Chemical Manufacturing
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Association’s CHEMTREC that coordinates responses to hazardous materials transport accidents
throughout the U.S. In addition, they visited the Federal Emergency Management Agency and the
U.S. Environmental Protection Agency, Chemical Emergency Preparedness and Prevention Office
(EPA/CEPPO) operations centers in Washington, DC.

Step Three - Determine Baseline Indicators

In planning a LAMP program each country and site within that country, certain baseline indicators
related to accident mitigation and prevention must be assessed. Baseline indicators function as a
planning tool during program implementation to determine which types of LAMP activities are
appropriate. The development of a list of baseline indicators is a useful way of reviewing and
documenting the conditions in LAMP countries and at selected sites. Because baseline indicators
vary from site to site, planned activities and expected outcomes at each site will also vary.

Baselines are also used as a benchmark against which program outcomes can be evaluated
following the completion of program activities. The indicators selected in each location will never
be exhaustive but should be easily understood and accepted by all participants as being meaningful
reflections of certain elements of safety and readiness. Baseline indicators may also include
historical events that have a particular bearing on a site or country where the LAMP program
operates. For example, the 1984 Bhopal, India accident resulted in a groundswell of concern for
public safety and accident prevention at the grassroots level. Thus, this disaster and the subsequent
emergence of grass-roots safety groups throughout India both serve as baseline indicators for India.

There was no single set of baseline conditions to which the LAMP programs had to refer, however,
assessment of potential LAMP sites required that baselines be determined in order to help guide
LAMP activities and bring focus to long-term strategies of the project as a whole.

Step Four - Develop an Action Plan

Following site selection, choosing a Country Manager, and documenting the baseline conditions,
an action plan for each site and the country as a whole was determined. The action plans were an
important part of the LAMP process as they helped to set agendas and quantify constraints based
on the local conditions.

Each action plan was used to define the site goals and identify the means by which these goals
were to be achieved. Since the replication of LAMP activities was one of the primary objectives of
the program, highly replicable activities were always central to each action plan. Action plans
were also flexible and allowed for changes in conditions at a site. Action plans also defined, as
priorities, activities that were most likely to succeed and result in improvements at the local level.
The action plan was a guide that helped project management define and achieve realistic goals.

Step Five - Select and train local LAMP Site Coordinators

Consistent with the model promoted by initial APELL seminar/workshops, a local coordinating
committee for improved chemical safety was formed and began by assessing chemical risks and
formulating emergency response plans to mitigate that risk. Often, a natural leader emerged as a
local person motivated and committed to helping the community achieve greater safety for its
citizens, through improved cooperation of the tri-partite partners (industry, government and
community organizations).

Step Six - Plan and Implement Activities

Site selection, choosing a Country Manager, determining baseline indicators, developing an action
plan and selecting and training local LAMP Coordinators were the principle steps to beginning a
LAMP program. Once these steps accomplished, program activities were designed and
implemented in relation to specific goals and objectives at each site.
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The LAMP programs worked with local and visiting experts from the public and private sectors to
accomplish priority goals. Local participants, a local advisory board and WEC/LAMP staff
determined the goals. Building on the core of a well-established APELL Seminar/Workshop used
to initiate the APELL/LAMP process, other programs of particular concern at each location were
added as required. These include training of local experts and citizens on hazard and risk
assessment, formulating an emergency plan to respond to that risk, plan evaluation and the
organizing of mock emergency drills to test the efficacy of emergency preparedness plans.

Simultaneously, local emergency first responders were trained in industrial fire safety, containment
and clean-up of hazardous materials incidents and medical response to chemical accidents and
disasters, including treatment of the types of medical wounds and injuries that might result in the
event of particular accidental releases or spills in that community. Finally, WEC worked with local
industry to organize effective accident prevention programs and to reduce the threat to public
health and safety from chronic and catastrophic chemical risks.

In addition to working closely with UNEP/IEO to organize and implement APELL
Seminar/Workshops as a normal first-step to acquaint a particular community with the concepts
and practice of chemical disaster preparedness, other partners provided critical assistance. The
USEPA Chemical Emergency Preparedness and Prevention Office (CEPPO) and the Atlanta-based
Center for Disease Control’s Center for Environmental Health, Division of Environmental Hazards
and Health Effects (DEHHE) provided pro bono support and personnel. Both of these
organizations, as well as private sector companies loaned key personnel to implement various
APELL-related seminars and training programs, chemical risk assessments and training in medical
response to toxic exposure. In addition, CEPPO, DEHHE and Transport Canada graciously
provided various technical references and chemical safety training programs at no cost.

The LAMP approach to environmental disaster mitigation and prevention had several unique

aspects, namely:

e A broad-based approach that mobilized private sector resources and equipment to complement
the normal public sector responsibilities for fire safety, hazmat handling and medical response;

e Involvement of the medical community in emergency response planning and training for
medical personnel in industrial accident response and materials safety data sheet use;

e A proven success in communication of risk and mobilizing community participation in
emergency preparedness and response exercises;

e The establishment of prototype programs at the local level that serve as operating examples to
guide policy and programs at the national level in each country, and

e Involvement of the insurance industry in risk assessment and the linkage between improved
accident mitigation and prevention and reduced catastrophic risk exposure on-site and off-site.

Step Seven - Choose More Sites and Replicate Programs

LAMP relied on replication from one site to another to ensure that donor funding is maximized and
that program initiatives continue to improve safety conditions once a program has been completed.
This replication typically utilized key persons from the initial LAMP sites to instill new site leaders
with enthusiasm and confidence that they could effectively take charge of their own safety, even in
a complex technical arena involving toxic or explosive chemicals.

Step Eight - Review, Revise, and Redirect activities

Over the course of a multi-year LAMP program, changes inevitably affected the course of program
events. Elected officials changed. Industry leaders came and went also, requiring amendments to
the action plans for each LAMP site. All of this was a natural part of the process of implementing
LAMP and underlined the need for flexibility from the start. In spite of external changes that may
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occurred, LAMP remained effective by continuing to work with motivated groups, focusing on the
ultimate goals of the program, and adapting these goals to conditions at the local level.

Observations in the Four Countries

Each LAMP program worked towards its objectives and outcomes through a number of different
activities designed to increase industrial and community awareness of chemical risks, to develop
prototype industrial emergency response plans, and to improve response capabilities to
technological emergencies and natural disasters. By working with the community as a whole,
LAMP programs fostered greater involvement of local government, industry, and community
leaders in accident mitigation and prevention activities. In this way, the LAMP program achieved
a catalytic effect by bringing groups together in support of the goals and objectives of the program,
strengthening existing ties between these groups, and developing new ties to improve emergency
response and planning capabilities.

LAMP program activities included the following range of initiatives:

e Awareness & Preparedness for Emergencies and Local Level (APELL) workshop/seminar to
bring industry/local government/community groups together;

e Chemical emergency preparedness and accident prevention training;

e Risk assessment in process industries training;

e  Workshops in communicating risk to the public and preparing the community for chemical
emergencies;

e Periodic emergency response exercises involving local government, industry and community;

e Specific skill training for first responders in industrial and chemical fire safety and control of
hazardous materials incidents and spills (fire, police and medical response);

e Training on safe transportation of hazardous materials;

e Computer-aided management of emergency operations (CAMEO™) - a computer software
program for emergency planning and response developed by U.S. Environmental Protection
Agency (EPA) and the National Oceanic and Atmospheric Administration (NOAA); and

e Assistance in the establishing Local Emergency Planning Committees or crisis groups.

e Assistance in establishing national emergency preparedness and response networking
organizations to coordinate policy and replicate APELL/LAMP sites around the country.

Altogether, LAMP utilized 54 experts in such diverse fields such as risk assessment, emergency
planning, hazmat emergency response (including medical response), CAMEO™, and community
outreach and education, to participate in 159 different events and activities. In addition, there were
dozens of local experts utilized in the different programs in LAMP Programs in India, Indonesia,
Mexico and Thailand.

In general, the lessons learned validated the bottom-up LAMP approach in establishing prototype
examples of improved community-based emergency preparedness at selected sites that could be
replicated at other sites while influencing and informing country-wide policies and institutions.

Impact

Good progress toward long term, effective collaboration between industry, government and local
community to implement appropriate disaster prevention and mitigation measures was indicated at
several high-risk sites in the four target countries. In most cases, there was good support from a
national nodal agency for replication of LAMP programs at multiple sites throughout each target
country.

The sites where that made the most progress were:

Mexico:  Vera Cruz State (Coatzacoalcos, Vera Cruz, Orizaba & Poza Rica)
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India: Madras, Mumbeai, Cochin, Haldia, Kanpur and Vadodara
Thailand: Map Ta Phut and Bangpoo Industrial Estates
Indonesia: West Java State (Cilegon & Tangerang) and Gresik/Surabaya

Although the major focus on the LAMP program was in India, Indonesia, Mexico and Thailand,
some LAMP and/or APELL activities were carried out in Egypt, Chile, Colombia, Costa Rica,
Jamaica, Poland, Turkey and Venezuela. Between 1992 and 1998, the LAMP program was
implemented in whole or in part in over 20 communities.

LAMP Program Benefits

The LAMP program focused on emergency prevention and preparedness at the local level in order
to improve capabilities at selected high-risk sites in each target country. Thus, the major benefits
and impacts of LAMP programs were defined by changes and improvements to emergency systems
at the local level. While the major measurable impacts were at the local level, the long-term
replication of activities and experience to other high-risk sites in target countries was also an
important national aspect of each program.

Local Level Accomplishments

e Increased industry sensitivity to risk reduction and accident prevention and increased adoption
of emergency preparedness and response plans;

e Increased coordinated disaster preparedness and prevention in high-risk communities;

e Increased number of trained technological accident responders using more advanced
emergency response equipment as purchased by local industries and some local governments;

e Increased community involvement in disaster prevention and response for defined accident
scenarios;

e Periodic and regular testing of local emergency preparedness and response plans; and

e Strengthened local, regional, and national technological disaster response networks.

National Level Impacts

e New legislation supporting the formation of local emergency coordination committees with
representatives of the community and industry, as well as government;

e National level disaster planning and coordination committees with representation from industry
associations, insurance groups, government ministries and national service organizations; and

e Resources made available for purchase of emergency response equipment and replication of
program to more sites.

International Level Impacts

e Other countries have adopted a community-based emergency preparedness approach to
empower local communities to take charge of their own safety from the risk of toxic and
hazardous chemicals; and

e Recognition of accomplishments from international agencies.

Funding

Foreign Exchange Costs

OFDA contributed U.S. $3.5 million over five years, an average of $219,000 per country per year
and an average implementation period of three years in each of the four countries. In-kind
Contributions amounted to some U.S.$650,000.

175



The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

Local Costs

Unfortunately, there was no mechanism set up for tracking local contributions for seminar and
training facilities, fees for local experts, expenses for participants, salaries of local APELL/LAMP
coordinators and equipment, materials and supplies for emergency exercises. All of these expenses
were borne by local governments, industries and participants.
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Abstract

In this paper the author describes nine types of temporary accommodation that are commonly used
after disasters. This description includes: the physical characteristics of each type, its effect on
family recovery, and its function in the reconstruction continuum. Information is drawn from the
author’s field research in Turkey after the 1999 earthquakes in the Marmara and Bolu regions, as
well as from other published case studies. Temporary accommodation refers to lodging provided
for, or built by, the affected population as a place to stay in the interim between the immediate
relief phase and the later reconstruction phase. It serves as a safe, private place where the family
can begin to recover and go about their daily activities sooner, rather than later, after the disaster.
This paper emphasizes how different types of temporary accommodation can be the best-fit option,
depending on the particularities of the specific disaster and the timeline for permanent
reconstruction. It is Part 1 of a 2-part series on temporary accommodation after disaster. The
second paper, Part 2, is titled “Planning considerations for temporary accommodation,” and
examines the issues that providers, such as governments, non-governmental organisations (NGOs)
and aid organisations, need to look at before deciding on a strategy for post-disaster temporary
accommodation.

1. Introduction: Filling the Gap

In 2001, 256 million people were affected by disasters, well above the previous decade’s average
of 211 million people per year. While the number of deaths attributed to disasters has decreased in
the last twenty years, the number of people affected by disasters has increased quite substantially.
Relief and reconstruction for these populations after disaster is an on-going concern of many
governments, non-governmental organisations (NGOs) and international agencies. However, the
Red Cross World Disaster Report 2001 points out the need for research into managing the ‘gap’ in
time that exists between the relief period and the reconstruction: “There is gap: the relief
stops...often a year or more goes by between the disaster and [the start of] reconstruction. People
can’t wait that long...they begin rebuilding their lives hours after disaster strikes. They aren’t
interested in relief—they are interested in recovering. That is when people need technical

" This paper is Part 1 of a 2-part series on temporary accommodation after disasters. Part 2, titled “Planning
Considerations for Temporary Housing” is available on the I-Rec website at www.grif.umontreal.ca

* Ph.D Candidate, Faculté de I’ Aménagement, Université de Montréal, C.P. 6128, succursale Centre-ville,
Montréal, Québec, H3C 3J7, Canada. Email : cassidyjohnson@hotmail.com
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assistance to reduce future risk” (IFRC 2001). Technical assistance is a complex process that
includes, among others, financial aid or incentives, mobilization of resources, social programs and
physical construction.

One of the key aspects to filling this gap is finding a suitable lodging solution that allows the
affected population to begin rebuilding their lives and to do so quickly. There are many types of
temporary accommodation that can be implemented after a disaster to fill the housing gap between
the immediate relief phase and the results of the permanent reconstruction. Types of temporary
accommodation include, but are not limited to, tents, prefabricated temporary housing, shelters in
public facilities, homes of family or friends, self-built shelters, or rented apartments. Usually
several types of temporary accommodation are used concurrently to fill the housing need of the
entire affected population. In some cases, temporary accommodation can be used as an effective
housing solution not just to fill the gap, but can continue to be used through more than one phase of
the post-disaster rehabilitation process.

Each type of temporary accommodation has its own set of short-term and long-term implications,
and some types are more suitable than others, depending on the particular disaster situation.
Therefore, the decision to implement a particular temporary accommodation strategy or strategies
must be based on knowledge of the short-term and long-term implications of each and an
understanding of the particular characteristics of the disaster situation.

After a disaster, families are in need of a place to live, a place to restart, a place to take
responsibility for what they have, a place to regain control over their lives for their economic,
physical and emotional well-being. If temporary accommodation does not promote this process of
reestablishment at the household level, it can hinder the overall recovery of the population and of
the region as a whole. It is for this reason that temporary accommodation, and the chosen type of
accommodation, is of particular concern after a disaster. In fact, temporary accommodation is
inevitably an integral part of a family’s recovery process after a disaster, and the type and
availability of temporary accommodation can contribute to or hinder the recovery process.

The temporary accommodation used after the devastating 1999 earthquakes in Turkey illustrate the
possible types that can be used after a disaster (Johnson 2000). This paper, which is part 1 of a 2-
part series, describes the types of temporary accommodation used in Turkey. The paper considers
both the short-term and long-term implications of each type. The second paper, part 2, “Planning
considerations for temporary accommodation,” specifies what planning issues need to be
considered before governments, NGOs and aid organisations reach a decision as to the type of
temporary accommodation that is necessary or the most appropriate’.

Incidentally, I would like to point out that one should not look at the question of temporary
accommodation without considering that the provision of aid after disasters is a political process.
International organisations, NGOs and governments are subject to their political agenda and
strategies, which unfortunately can have the tendency to override humanitarian concerns.
Although it may often be the case that temporary accommodation decisions are politically biased,
in this paper I take a politically unbiased view of its provision; specifically, that the decision as to
the type of temporary accommodation to provide after a disaster is or should be based on the best-
fit solution and not on political agendas.

* This second paper, part 2, “Planning considerations for temporary accommodation” is available on the I-
Rec website at www.grif.umontreal.ca
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2. Material and methods

This paper (Part 1) describes the types of temporary accommodation commonly used after a
disaster, taking the Turkish example as a case in point.

To define where temporary accommodation lies on the reconstruction continuum, in this paper I
begin with an explanation of the stages of post-disaster housing as they are defined by Quarantelli
(1995). This is followed by a short description of the 1999 earthquake disaster in Turkey. The
next section describes the types of temporary accommodation used, firstly in Turkey and secondly,
in other disasters. The last section draws conclusions and highlights the most important points.

There are nine types of temporary accommodation used after disasters, as found in Turkey and
elsewhere. While doing field research in Turkey, there were five main types of temporary
accommodation I observed and recorded. These were: prefabricated temporary houses, wooden
temporary houses, paper temporary houses, winterised tents, and self-built shelters. There are four
types of other temporary accommodation referred to in other case studies, which are mobile homes,
public facilities retrofitted as lodging, homes of family or friends, and rented apartments.

This paper describes the physical characteristics of each type, its effect on family recovery, and its
function in the reconstruction continuum. The information presented here is derived partly from
my field research in the earthquake-affected region of Turkey in June and July 2000, approximately
ten months after two devastating earthquakes in the Marmara and Bolu regions of Turkey in 1999
(Johnson 2000). Additional information is also taken from other published case studies on
temporary accommodation from various disasters in the United States; the 1995 earthquake in
Kobe, Japan; the 1999 floods in Venezuela; and elsewhere.

3. Definition of Terms: Stages of Post Disaster Housing

In disaster research the terms “housing” and “sheltering” are often used interchangeably, with little
distinction between the terms. The vagueness apparent in these terms must be clarified to precisely
define the phenomena of housing after a disaster. Quarantelli (1995) situates the concept of ideal:
“In social science, the ideal does not refer to [what is] desirable, but how the phenomena would
look like if it existed in a pure form. Thus, the [ideals] we advance are not intended to be exact
descriptions of social reality but as ways of thinking about such realities.” Quarantelli then defines
the four stages of housing after a disaster as:

1. Emergency sheltering

2. Temporary sheltering

3. Temporary housing

4. Permanent housing

Actual or potential populations seeking quarters outside of their own permanent homes for short
periods utilize emergency sheltering. Emergency shelters are typically used for a few hours or
possibly for a one-night stay. This stage does not require the arrangement of food for the affected
people since the stay is so short. Temporary sheltering refers to the populations’ temporary
displacement into other quarters with an expected short stay. This could take the form of a tent, a
second home, a family member’s/friend’s house, a motel, or a public facility where people will stay
for more time than just the height of an emergency. There is no attempt to re-establish household
routines; however, there must be an arrangement for the provision of food. The distinction
between housing and sheltering is made on the basis that Ahousing involves the resumption of
household responsibilities and activities in the new living quarters, whereas during sheltering,
normal daily activities are put on hold.
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In addition to the four terms, as defined above by Quarantelli, in this paper I also use the term
temporary accommodation. The term temporary accommodation is used to refer to the all the
different types of temporary lodging commonly utilised after a disaster. It is important to
distinguish between temporary accommodation and temporary housing, as temporary housing
usually refers only to very specific types of temporary accommodation i.e. dwellings clustered in
settlements and built by organisations using industrialised components and standardised designs.
But temporary accommodation can also take the form of tents, self-built shelters, mobile homes,
homes of family or friends’ homes, or apartments, where the family will resume their household
responsibilities and activities in a location that is intended to be temporary.

Permanent housing refers to the affected population returning to their repaired or rebuilt houses, or
moving into new quarters in the community. In most disaster situations in developed countries
there is a sharp distinction between temporary and permanent housing. However, in less developed
countries this distinction can be blurred: what is initially intended as temporary housing can
become permanent housing over the long-term, particularly of none or insufficient formal
permanent housing is constructed.

4. Turkey: The 1999 Earthquakes in the Marmara and Bolu Regions

In the latter half of 1999, two devastating earthquakes shook the Marmara and Bolu regions of
Turkey, the industrial heartland of the country to the east of Istanbul. The first and larger
carthquake on August 17" (M7.4) caused widespread damage to the towns of Gélciik, Yalova and
Adapazari as well as the industrial town of Izmit (population 1 million) and eastern parts of
Istanbul. The second earthquake on November 12" (M7.2) largely affected the mountainous
towns of Diizce and Bolu, about 100 kilometres to the east of Izmit (fig. 1). It is estimated that, in
total, 380,000 buildings were damaged or had collapsed. A total of 120,000 dwellings were
damaged beyond repair leaving more than 250,000 people in need of housing. The combined death
toll from both earthquakes is recognized as being around 18,000.

Fig. 1: Towns in Turkey affected by the 1999 earthquakes (IFRC 2000)
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The Turkish government instigated a three step accommodation strategy for those affected by the
earthquake, beginning with the provision of temporary shelter, then temporary housing and later
permanent housing. Tents were provided as temporary shelter for earthquake survivors throughout
the affected areas immediately following both earthquakes. Since the winter after the earthquake
was quite severe, relief organizations distributed as many winterised tents as possible. During the
first winter, as many as 135,000 people stayed in 109 tent camps established both inside and on the
outskirts of the cities and towns in the affected region. Many people were also living in small self-
provided tent camps set up near their destroyed homes or they constructed self-made structures to
serve as temporary lodging.

In October 1999 the Turkish Ministry of Housing announced plans to provide approximately
47,000 prefabricated temporary houses to accommodate up to 151,000 people affected by the
August earthquake. This plan was extended after the November earthquake to include survivors in
need of housing in the newly affected areas. In August 2000, the first anniversary of the
earthquake, governments and NGOs had provided 42,000 prefabricated houses, housing a total of
150,000 people. By then, the majority of the population were set up in temporary housing, but
approximately 30,000 people were still living in tents and 70,000 people had secured their own
temporary accommodation.

5. Types of Temporary Accommodation

The following descriptions of the types of temporary accommodation often used after disasters is
based on what I observed in Turkey, as well as types of accommodation documented by other
researchers in their case studies of other recent disasters. Based on my field research, several types
of temporary accommodation were provided, i.e. built, by governments, NGOs and aid
organisations for the affected population, though the families may work with the agencies in the
design process or the construction of the temporary accommodation. Other types of temporary
accommodation necessitate that the users take a more active role in securing their own lodging.
However, governments, NGOs and aid organisations have an organisational, managerial and
provisional role to play in all types of temporary accommodation.

Before beginning an examination of the nine types of temporary accommodation, I would like to
remind the reader that in this paper, I make a distinction between temporary accommodation and
temporary housing. 1 use temporary accommodation to refer to all types of temporary lodging
after disasters. Temporary housing specifically refers to housing provided by governments, NGOs
and aid organisations that are usually constructed with industrialised components and standardised
designs and commonly grouped together in settlements that include services and infrastructure.

Turkey case study: prefabricated temporary houses, wooden temporary houses and paper
temporary houses

Temporary housing refers to accommodation provided by governments or NGOs to house the
affected population for the interim period between the disaster and the reconstruction of permanent
housing. This housing is provided as soon as possible after the disaster—yet because of
procurement, planning, and construction delays temporary housing can take up to a year to be built.
The housing is built using industrialised components and standardised designs. Infrastructure—
running water, sewage, electricity, and roads—are included in the settlement and dwelling design.
The houses are grouped together in settlements that are serviced by public transportation routes,
local businesses, garbage collection services and community centres. Large settlements are
managed locally, although overseen by higher management. Governments or NGOs own the land
or it is leased by these organisations from private landowners. The housing is then rented or leased
to the inhabitant either free of charge or for a fee. Families qualify for temporary housing
depending on the amount of damage to their former home and their possibilities of obtaining other
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types of housing. Temporary housing is intended to serve as a place for the families to resume
their household responsibilities and activities for a duration of two or more years after the disaster.
The longevity of the housing largely depends on the quality of the materials used and the quality of
the infrastructure. Typical prefabricated metal or fibreglass houses, or quality wood or vinyl
houses can endure several years while cardboard or low-quality wood houses may only last two or
three years.

All villages, towns and cities in Turkey that were affected by the 1999 earthquakes participated, in
collaboration with the federal government and NGOs, in constructing temporary housing
settlements. The settlements are located both inside the urban areas and on the peripheries. They
include basic infrastructure for water, electricity and sewage. While smaller settlements within the
urban areas have as little as ten houses, larger settlements on the periphery contain up to 1400
units. Larger settlements include amenities such as central squares, play areas, shops, cafés,
restaurants, community centres, daycares, medical units, and bus service. Most of the temporary
houses have an adequate plot space around them so that the families can make additions to the
house as needed, plant a garden, or generally personalize their home.

I found three major types of temporary housing constructed in the earthquake area: prefabricated,
wood, and paper. All the units provided by the Turkish federal government are prefabricated (fig.
2). The prefabricated units vary slightly depending on the manufacturer, however they are all built
on concrete slab foundations with plumbing and electricity. The units vary in size from 25 m? to
35 m?. Units are comprised of one large multipurpose room, a kitchen and bathroom plus one or
two bedrooms. Most of the units were manufactured in Turkey, though some were imported from
other countries. Each unit was manufactured at a factory and brought to the site for assembly.
Although the systems are similar, they vary slightly in size, layout and type of fixtures. In each
building, there are two, three or four units back-to-back or side-by side. Kitchens are supplied with
a sink, fridge and stove. Bathrooms include a toilet, sink, shower, and in many cases a washing
machine.

Fig. 2: Prefabricated temporary houses in Turkey’

Some of the other units, such as those provided by various NGOs, are constructed on-site with
wood (fig. 3). Each dwelling unit is either a freestanding structure, or a two or four-unit building.

? All photos included in this paper are from my field research in Turkey, referenced as Johnson (2000).
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The wood frame units vary in size from 20 m? to 30 m2. Each unit is outfitted with a kitchen area
and a bathroom.

Another settlement, of particular interest, is constructed using paper tubes (fig. 4). These paper
tube houses were also used after the 1995 earthquake in Kobe, Japan. Designed by Japanese
architect Shigeru Ban, these structures are one-room freestanding units without plumbing. The
buildings stand on a foundation of beer crates covered with plywood. The walls are constructed
solely of paper tubes lined up vertically and supported laterally with steel rebar. The paper tubes
act as outer walls and insulation; the inside walls are covered in cardboard sheets. The roof
structure is constructed using a wood frame and paper tubes, then covered with canvas sheeting.
Some inhabitants have fastened tarpaulins to the outside on the paper tube walls to protect the tubes
from rain and snow. Makeshift kitchens have been added or constructed inside the buildings by the
inhabitants. Two semi-public prefabricated bathroom units service the twenty-unit settlement.

Fig. 3: Wooden temporary houses in Turkey

Fig 4: Paper temporary houses in Turkey

It is apparent that these examples of temporary housing in Turkey positively influences the interim
recovery of the population. Each family in temporary housing has a private place where family
members can resume their household responsibilities. The plot allows for additions to the house
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and personalization of space. The temporary housing is located, for the most part, in a convenient
location—close to work, schools, transportation and services—so the families are more easily able
to resume their daily activities.

The life expectancy of the units depends on the type of materials used in the construction and this
is reflected in the initial cost. The prefabricated units are expected to endure several years with
proper maintenance. The wood units will endure less time and the quality of the building will
decrease more rapidly. Although the paper tube houses are expected to be inhabitable for up to
five years, I suspect that their quality will deteriorate within two to three years. The life
expectancy of the building should be relative to the amount of time they are expected to be
inhabited. Therefore, governments, NGOs and aid organisations may choose the type—and hence
cost expenditure—of temporary housing based on the amount of time they expect the houses to be
inhabited for.

It is ideal if the life expectancy of the housing matches the length of tenure available for the land
the housing is built on. For the most part, the longer-lasting prefabricated units are located on
government-owned land on the periphery of the city. The shorter-life wood units and paper units
are located within the city limits and are built on land leased from private landowners. As one
might expect, I found that the families living in the paper units made less permanent-looking
additions and spent less time and money on the beautification and personalization of their property.
The reason for this was that they were likely to be forced to move to a new location in the near
future. Therefore, if the tenure at a certain location is intended to be for less time, for example,
because of land ownership reasons, the expenditure on temporary housing at that location should be
less than the expenditure at a location that is available for a longer-term—such as government-
owned land. This is true both for governments, NGOs and aid organisations planning temporary
housing and for families inhabiting the housing.

The use of temporary housing results in at least a three-stage housing process after the disaster—
temporary shelter, temporary housing and permanent housing. It takes several months (and even
up to a year) for the process of procurement, planning, and construction of temporary housing, so
the population will need to reside in temporary shelter in the meantime. Once living in the
temporary housing, the population will need a permanent housing solution before they can vacate
the temporary housing. From the perspective of recovery, this three-stage strategy is beneficial
because families have the best housing solution possible throughout the various stages of the
recovery process. However, it is expensive. As the United Nations (1982) points out, temporary
housing amounts to rebuilding twice over: the construction of the temporary housing plus the later
construction of permanent housing. Depending on the disaster-stricken country, the quality of the
temporary house may exceed or be equal to the quality of the pre-disaster housing. In these cases,
often the temporary housing becomes permanent housing because there is insufficient money or
resources to build enough permanent housing for everyone. If this ‘permanency’ of temporary
housing is foreseen and planned for, it is not necessarily negative. However, the quality of the
house and the infrastructure, as well as the location and placement of services must be planned
from the outset with the inevitable possibility of permanency in mind.

Also, temporary housing can delay the permanent reconstruction because the process of temporary
housing consumes the money, resources and time of the organisations assigned to the local
disaster-affected region. Yet, if too much time passes before the reconstruction process is
completed and people are forced to live in dilapidated temporary housing, this can negatively affect
their recovery process (United Nations 1982).

Turkey case study: winterised tents

Winterised tents, although typically thought of as temporary sheltering, can be used over the longer
term as femporary accommodation. Governments, NGOs and aid organisations provide them for
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disaster situations where the climate dictates the need for more protection from the elements than
just regular relief tents. In Turkey, relief tents were provided immediately after the earthquake.
These were replaced a few months later by winterized tents, which offered a warm shelter from the
elements the first winter after the earthquakes. In the spring, as temporary housing became
available, the majority of the winterised tent residents were moved into temporary housing.
However, during my field visit ten months after the earthquake, many settlements of winterised
tents still existed and were being inhabited by those who had not yet secured temporary housing

(fig. 5).

Winterised tents are made with waterproof fabric and metal structure with a floor and insulation.
They usually have a few soft plastic windows and regular framed door. The winterised tents in
Turkey were provided by the Turkish military, and therefore resembled military tents. This type of
accommodation does not include a kitchen or a bathroom, but they may be connected to electricity.
They are erected in settlements or distributed to families who may erect them near their damaged
home. In Turkey, most of the winterised tents were constructed in settlement clusters, however
some were distributed to families who erected them on or near their property. Many of the families
in the settlements built a simple kitchen addition for home cooking (fig. 6). Semi-public
prefabricated bathroom units were provided, and one bathroom unit would serve several families.

Fig. 5: Winterised tent settlement in Turkey Fig. 6: Winterised tent additions

T el

From the perspective of recovery, the winterised tents in Turkey allowed the families a moderately
comfortable private space where they could resume their daily activities. With the addition of a
kitchen, the families could prepare their own food and no longer had to rely on aid organisations
for meals. I visited many families who were still living in the winterised tents during the summer
when [ was there. Ventilation in the tents was not the best, so families spent much of their time
outside under makeshift covered verandas near the tent. The families, who erected tents on or near
their property, would use their damaged home for living and cooking and would sleep in the tent,
where they felt it was secure from the potential danger of another earthquake.

In the reconstruction continuum, winterised tents can serve as what Quarantelli (1995) refers to as
both sheltering and housing. In Turkey, winterised tents were erected to serve only as temporary
shelter before the temporary housing was built. If they have been stockpiled, they are relatively
quick to arrive and easy to set up. Families can take part in erecting their tent. If there is enough
space around the tent to build a simple kitchen and a veranda, the winterised tent can serve as
temporary housing. Of course, the winterised tent will not work as well if it is to be a temporary
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housing solution over the medium to long-term, like two to ten years. However, I observed that
these tents could suffice as temporary housing in a situation where the permanent reconstruction
takes place soon after the disaster—within one to two years. If permanent housing will be
available quickly, the population can stay in winterised tents, since it is less costly and resource-
consuming than temporary housing, yet they allow the families to shelter from the elements and to
have a private place to resume their daily activities.

Turkey case study: user-built shelters

There are many examples of user-built shelters that serve as temporary accommodation. Families
erect user-built shelters using recycled materials or materials distributed by NGOs and aid
organisations, such as wood, plastic sheeting and corrugated metal sheets (fig. 7). Usually there is
no infrastructure—electricity or running water—unless the family is able to connect them
somehow.

In Turkey, many families built shelters on their property on near their former home (fig. 8). The
shelter serves mainly as a place for sleeping while other household activities take place inside the
damaged home. Families did not want to sleep in their damaged home because they feared another
earthquake would come at night and harm them when they were sleeping. The first earthquake on
August 17" occurred at night and many thousands of people died because they were sleeping and
therefore did not feel the first smaller tremors that occurred before the large one. Had the
earthquake come during the day, many people would have felt the pre-shocks and they would have
left their home to a safer location. Because of this, families felt it was safe to be in their home
during waking hours, but preferred to sleep in the self-built shelter, where they believed they were
out of harm’s way.

User-built shelters are inexpensive from the perspective of provision because governments, NGOs
and aid organisations may only need to provide materials. There is no cost or time associated with
procurement, planning and construction. Families must have land available near their former
homes to build the shelters. Because families are located helter-skelter and are not organized in
settlements, it may be harder, however, to deliver other types of aid, such as food and hygiene Kkits,
medical and psychological support and social programs.

Fig. 7: User-built shelters in Turkey
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Fig. 8: User-built shelters near damaged apartment buildings in Turkey

Like winterised tents, user-built shelters serve as temporary shelter and can serve as temporary
accommodation if the reconstruction process occurs soon after the disaster. Leaving temporary
shelter and accommodation up to the people allows governments, NGOs and aid organisations to
dedicate more time and resources to permanent reconstruction. But, if the reconstruction process
lags for whatever reason, there is a risk that the shelters may remain too long and develop into
slums, which may hinder recovery in the long-term.

Other case studies: mobile homes

The examples of mobile homes as temporary accommodation come from case studies of American
disasters (Bolin 1982 and Bolin and Stanford 1991, 1990). The United States Federal Emergency
Management Association (FEMA) provides mobile homes or trailers as temporary housing if the
disaster is declared as a national emergency. Typically the families are loaned the units for six
months while they rebuild their permanent home, however this may be extended if the situation
warrants. After the loan period, the units are reclaimed by FEMA, stored, and re-used for the next
disaster.

The mobile home units include a kitchen, bathroom, common area and one to three bedrooms.
They are heated and have running water as long as they are connected to an infrastructure system.
In the case of the likelihood of high winds, the units must be secured to the ground. If the recipients
are landowners, the mobile homes are placed on the family’s property. If the family does not have
land, the units are placed on leased or government-owned land in settlement clusters or in existing
trailer parks. FEMA provides the unit, and it is the responsibility of the local government or family
to secure infrastructure for electricity and water.

From the perspective of recovery, the mobile homes allow a private place for the family to resume
their household responsibilities. If the unit is located on the family’s property, the family does not
suffer from any relocation inconveniences, and they can oversee the reconstruction of their home.

On the reconstruction continuum, mobile homes serve the purpose of temporary accommodation
only. The mobile homes are quick to arrive and install in the needed location. Depending on the
locale of the disaster in relation to the storage location, the units can be made available within a
couple of weeks after the disaster. The provision of mobile homes does not hinder the
reconstruction process because they arrive as self-contained units; they do not drain construction,
management or planning resources in the disaster-affected area. In the American example, there is
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little risk of mobile homes becoming permanent, since FEMA has a strict policy of reclaiming the
units as soon as possible. FEMA’s strict reclamation policy pressures the families to find a
permanent housing solution quickly. In past cases, it was found that families who had less money
to build their permanent home inhabited the mobile units longer. If the family had to rebuild their
home themselves or rely on kin or friends to help them, it generally took longer to rebuild than if
the family was able to hire contractors to rebuild their home. Therefore, they would end up living
in the temporary mobile home units longer.

Other case studies: public facilities retrofitted as lodging

In many disaster situations, public facilities, such as schools, community centres and hospitals are
used as emergency and temporary shelter immediately after the disaster. Families are given floor
space in a public facility to sleep and to keep their belongings. Governments, NGOs and aid
organisations look after the management of the facilities as well as the provision of food and other
aid. In some cases, families with no other place to go will stay in the public facility well into the
temporary accommodation phase. That is, they will begin working, going to school and generally
resuming their daily activities while still residing in the public facility. Harada (2000) documents
the use of public facilities as lodging after the 1995 earthquake in Kobe, Japan.

Public facilities retrofitted as lodging work well as emergency or temporary shelter; however, they
have serious drawbacks as temporary accommodation. Public facilities do not offer a great deal of
privacy for the families, even though as time passes, families will make adjustments to their space,
such as hanging curtains, to create more privacy (Harada 2000). Management often imposes
curfews for the residents to maintain calm at night. Since families do not have a place to prepare
meals, the management organisation must provide meals for the residents. Meals are usually
served at specific times and people must be available to eat at those times. While this is considered
normal behaviour for a short while during the temporary sheltering stage, it can become a problem
during the temporary accommodation stage, since it does not allow the families to regain
responsibility for their daily life. It has been found that the longer people must rely on outside aid,
the more difficult it is for them to be rehabilitated (Ellis and Barakat 1996). Over time, people lose
their drive and tend to become despondent if they do not have control over basic things such as
meals and the time to return home. In extreme cases, such as after the 1999 floods in Venezuela,
this can lead to violence and even to drug abuse (IFRC 2001).

The benefit of using public facilities as temporary accommodation is that it pressures governments,
NGOs, aid organisations and families to find a more permanent housing solution quickly. The
families will either pressure the agencies to help them or they will take care of the situation as best
they can themselves. It is, however, dangerous when people are left in public facilities without
prospects of finding other housing, or with no voice to influence those agencies that can help them.

Other case studies: homes of family and friends

Little formal documentation exists as to the use of family or friends’ homes as temporary
accommodation. While we know that many families often stay with other family members or
friends after a disaster, it is difficult to estimate how many people do this and for how long.
However, Bolin (1982), in a study on long-term family recovery from disaster, finds that while
people will often stay with friends or family for emergency and temporary sheltering, they prefer to
have their own dwelling during the temporary accommodation stage. He interviewed people living
in FEMA-provided mobile homes in the United States and found that they were relieved to have
the mobile home because it meant that they didn’t have to impose on someone or depend on others
for their accommodation. While this may be true in the post-disaster situation in America, this may
not be true in other countries i.e. people may feel more comfortable staying with family or friends
than living in another type of temporary accommodation. However, this is point is uncertain.
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From the perspective of provision, staying with family or friends is certainly inexpensive. It also
allows governments, NGOs and aid organisations to concentrate funds and resources toward
reconstruction activities.

Other case studies: rented apartments

If, after a disaster, there remains an undamaged stock of apartment housing that is available,
governments, NGOs and aid organisations may lease the apartments and offer them to the families
whose homes were damaged. Usually families will be given an allowance by these organisations
to offset the cost of the rental while their damaged home is being rebuilt. This is an ideal situation;
families have a private place to reside while they recover and it does not necessitate the
construction of temporary accommodation. Therefore, families and agencies can focus on
reconstruction activities.

6. Conclusions

To conclude, I would like to reiterate the important points covered in this paper. These are: the
‘gap’ of time between relief and reconstruction; the role of temporary housing in the post-disaster
recovery process; the different amounts of durability of different types of temporary
accommodation; the role of governments, NGOs and aid organisations in the process of temporary
accommodation; and the temporary accommodation types in Turkey.

After many disasters, there exists a ‘gap’ between the immediate relief phase and the later
reconstruction phase. In the immediate aftermath of a disaster, relief aid is poured into the affected
region to help people cope with the crisis. Later, post-disaster reconstruction programs help to
rebuild the communities and ultimately increase the level of development in the region. However,
in many cases, families affected by disaster do not receive proper support in the interim between
these two phases; they effectively fall into the ‘gap’ between relief and reconstruction. I illustrate
this point by using a quote from the Red Cross World Disaster Report 2001: “There is a financial
gap in international aid. Relief funds need to be spent within three months, pressuring agencies to
pursue short-term projects. Emergency aid has media impact and quick, tangible results—therefore
attracting funds rapidly. Later on, long-term recovery projects bring measurable development and
lucrative contracts. But transitional aid had less appeal, more complications and therefore attracts
less funding” (IFRC 2001).

Temporary accommodation is an integral part of the recovery process. It gives families a safe and
private place from which to resume their daily activities and to so quickly after the disaster. It is a
place for families to restart their lives and ultimately benefit the recovery of their economic,
physical and emotional well-being. If families do not have access to adequate temporary
accommodation—accommodation that allows them to resume their daily activities—it may affect
their recovery in the long-term and therefore the recovery of the region as a whole.

There are at least nine different types of temporary accommodation that are commonly used after
disasters. Each type differs in physical form, in cost, in ability to aid recovery, and in procurement,
planning, and construction time. Types of temporary accommodation will vary in their
appropriateness depending on the particular disaster’s characteristics.”

Different types of temporary accommodation have different levels of durability, i.e. some types
will endure longer than others. It is ideal if the durability of the temporary accommodation
matches the amount of time that it is needed for. For example, if the temporary accommodation
will only be needed for two years because permanent housing will be available within that two

* Please see part 2 “Planning considerations for temporary housing,” for a more detailed explanation. This
paper is available on the I-Rec website at www.grif.umontreal.ca
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years, there is no need to build temporary housing that will endure five to ten years. On other
hand, if adequate numbers of permanent housing will not be completed until five to ten years after
the disaster, the temporary accommodation must offer decent shelter until that time. Matching the
durability of temporary accommodation to the amount of time it will be needed helps to maximize
the time and monetary resources of governments, NGOs, aid organisations, and the affected
families.

Governments, NGOs and aid organisations have an organisational, managerial and provisional role
to play in all types of temporary accommodation. Some types of temporary accommodation, like
temporary housing, winterised tents, mobile homes, and public facilities retrofitted as lodging, are
almost completely provided by governments, NGOs or aid organisations i.e. they are funded,
planned and constructed by these organisations for the affected population. However, the families
may work with the agencies in the design process or the construction of the temporary
accommodation. Other types of temporary accommodation, such as user-built shelters or homes of
family and friends are found or built by the families themselves. Here, the families take a more
active role in securing their own temporary accommodation. However, agencies can take a role in
helping families to build or find a place to stay. For user-built shelters, they can provide families
with construction materials and help them to learn safe methods for construction.

The agencies in Turkey opted for a three-part housing strategy to house the more than a quarter of a
million people made homeless from the 1999 earthquake disaster. This strategy included
temporary shelter in the form of tents, temporary accommodation in the form of temporary houses
and winterised tents, and permanent reconstruction. During my field research in Turkey, I found
several types of temporary accommodation. Some, such as prefabricated temporary houses, wood
temporary houses, paper temporary houses and winterised tents, were provided in settlements by
the government, NGOs and aid organisations for the affected population. Other types of
accommodation, such as self-built shelters, were constructed by the families next to or near their
damaged home.

As this paper constitutes Part 1 of a 2-part series, the above conclusions are linked to a detailed
analysis of planning considerations and to an overall conclusion.
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WOMEN’S ROLES IN THE 1998 CENTRAL FLORIDA TORNADO
DISASTER RESPONSE AND RECOVERY"
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Abstract

This paper explores women’s roles in Osceola County, Florida’s response to and recovery from the
community’s worst documented tornado outbreak of February 1998. Six women were prominent in
the community tornado response and recovery out of approximately 30 key players. Five of the six
women performed traditional female work roles such as human services (coordinating personnel,
feeding, and sheltering) and clerical duties. We found no evidence of formation of emergent
organizations following the tornado disaster due in part to women’s presence in the disaster
response and recovery processes and the many innovative techniques that the community employed
during response and recovery including free bus transit to the Disaster Relief Center and insurance
coverage for volunteer workers. We foresee that the incorporation of more women and minorities
into disaster management is likely to sensitize disaster practitioners’ awareness of the disaster
needs of varying groups and to satisfy the needs and concerns of all members of an affected
community. Therefore, no needs of disaster victims will go unmet and thus no emergent groups
will be necessary. We recommend more detailed research of women’s contributions to innovative
approaches to disaster management as well as further analysis of the relationship between a diverse
disaster management structure and unmet disaster needs in a community resulting in emergent
organizations.
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Conceptual Framework

Disasters do not affect everyone equally—such phenomena are discriminatory (Blaikie et al. 1994,
Neal and Phillips 1990, White and Haas 1975, Oyola-Yemaiel and Wilson 2000). An individual’s
place within the social structure determines the likelihood of he or she becoming a disaster victim.
Vulnerability to such events differs between social groups with disaster victims more likely to be
groups of individuals who have the least amount of power and resources in the social system to
recover or escape from natural or technological hazards. Additionally, disaster victims who belong
to one or more of these less-powerful groups will have more difficulty in the recovery process.
Researchers have also found that traditionally less-powerful groups are less likely to be part of
existing disaster planning, response, and recovery efforts (Enarson and Morrow 1998a, Peacock, et
al. 1997, Neal and Phillips 1995, Phillips 1990, Bolin and Bolton 1986).

For example, the elderly are more apt to lack the physical and economic resources necessary for
effective response, are more likely to suffer health-related consequences, and will be slower to
recover from the impacts of the disaster (Morrow 1998, Tobin and Ollenburger 1992). Poorer
households more often live in sub-standard and inadequately maintained housing, increasing their
vulnerability to hazards (Peacock, Morrow and Gladwin 1997, Phillips 1993, Bolin 1982, Bates
1982). And, while the economic losses of the poor will be less in absolute terms, even minor losses
can be devastating, relative to a household’s stock of resources and assets. Ethnic differences have
been found to affect ways in which people process warnings and respond to disasters (Perry and
Mushkatel 1986). Language barriers often limit the access of minority groups to disaster warnings
and disaster information such as that related to the government aid process (Aguirre 1988, Bolin
and Bolton 1986). Worldwide, the population most at risk to disaster events is women (Enarson
and Morrow 1998a, Blaikie, et al. 1994). Women typically have fewer resources, less autonomy,
and greater caregiving responsibilities which serve to accentuate their hazard vulnerability and
victimize them disproportionately at all stages of disaster (Morrow 1998, Enarson and
Morrow1998a, Blaikie, et al. 1994).

Within the limited literature addressing women'’s roles in disaster preparedness, response, recovery,
and mitigation, women have been found in several roles within “the gendered terrain of
disasters”(Enarson and Morrow 1998a). The most commonly discussed role of women in disaster
thus far is that of victim (Wilson 1999). Indeed, women are vulnerable to disaster impacts due to
cultural norms and traditional gender responsibilities that give them little social influence or
visibility in organizational and community decision- and policymaking. Because women are
outside of the formal disaster planning, response, and recovery network, they may not have their
voices heard or needs met.

In addition, women victims may often be considered dependents in need of saving by others rather
than capable of participating in the disaster response and recovery. But many times these women
who are victims do indeed help themselves to respond to and recover from disaster (e.g., Akhter
1992). There is significant evidence that groups of affected people who do not have their needs met
through pre-existing social (organizational) means will organize among themselves in some fashion
to satisfy them. Emergent or ad hoc organizations then arise (see Dynes’ [1970] typology of
organizational behavior in disaster) which form outside the structure of the official disaster relief
network and are aimed to link with the “insiders” in order to acquire a fair share of the means for
recovery. While commonly called emergent organizations, these groups often draw upon existing
networks for labor and resources.

Gillespie (1992) discusses how network structures in already existing organizations can shift their
functions and modify their goals during disaster in adaptation to the new environment. This
arrangement is more efficient and cost-effective than the formation of entirely new organizations.
Bates and Harvey (1978) have labeled groups that form between existing organizations and play
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coordinative roles to pool resources from many different sources coordinative interstitial groups.
These groups serve to link the various social units that participate in a goal-oriented exchange
relationship. An exchange interstitial group may or may not continue to exist contingent upon
attainment of goals, expectations, and needs of the participants involved (Peacock 1991) as well as
the scope of work, jurisdiction, and/or financial limitations of the parent organizations (Oyola-
Yemaiel 2000). Following this concept, pre-existing women’s groups or networks may be a source
for leadership in such interstitial groups.

Women do indeed become actively involved in their communities and neighborhoods during
disaster situations and have been key participants or leaders in emergent citizen groups in disaster-
affected communities (Cox 1998, Vinas 1998, Neal and Phillips 1990, Massolo and Schteingart
1987). The emergent citizen groups fit into this traditional and local pattern of women’s activism
where women view their cause as an extension of their traditional gender role, as family caregiver
(Poniatowska 1995). Enarson and Morrow (1998b), for example, found that women’s formal and
informal networks were central to both household and community recovery after Hurricane
Andrew in 1992 where women’s experience as community workers, informal neighborhood
leaders, and social activists propelled them to take the initiative in organizing a disaster response
coalition. Other women are highly involved as community workers and organizers in disaster-prone
areas (Eade and Williams 1995), including neighborhood-based household preparedness programs
(e.g., Faupel and Styles 1993).

Increasingly, women are becoming incorporated into the official disaster relief network as disaster
volunteers, temporary relief workers, and permanent employees (e.g., Barnecut 1998, Robertson
1998). Due in part to professionalization, women are now more often found in official emergency
management positions at the federal, state and local level (Wilson 1999, Enarson and Morrow
1998a, Enarson 1997, Drabek 1986). Women also continue to enter other emergency response
organizations such as the police and fire departments in greater numbers (Chetkovich 1997, Martin
1980). These trends together with the fact that women traditionally participate in human service
agencies such as the American Red Cross make their presence more prevalent in the emergency
operations center (EOC) as representatives of important functional areas. Women’s greater
participation in the interstitial group of the EOC may provide less reason for outside ad hoc groups
to form. Thus, women’s needs may increasingly be met through existing organizations.

This phenomenon is not exclusive to emergency management. Increasingly, women participate in
other arenas where interstitial groups are a key element of stakeholder participation. For example,
the Florida Ecosystem (Everglades) Restoration Initiative utilized what Oyola-Yemaiel (2000) has
described as network management coordinative interstitial groups (NetMIG). In these settings
women contribute to the advancement of the greater goals, providing gender-specific expertise and
reducing external pressures (Oyola-Yemaiel 2000).

In order to explore further the complex issues of women’s roles in disaster recovery as well as in
disaster-related emergent organizations, we examined a disaster-affected community to assess
where women were located within the disaster response including emergent, ad hoc groups. Hence,
the research question was: What roles do women play in community disaster response activities?
Several sub-questions included: What roles did women have in the existing organizations?; Did
emergent organizations form?; Were women involved in the emergent organizations?

Setting

Located adjacent to south Orange County (city of Orlando), Osceola County has a population of
approximately 130,000 (Pierce 1995). Geographically the county contains two large lakes, West
Lake Tohopekaliga and East Lake Tohopekaliga that rim the county’s two largest cities,
Kissimmee and St. Cloud. The two large lakes and many smaller lakes to the south comprise the
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Upper Kissimmee Waterway Basin. Because of the many lakes, conservation areas and farmland in
the southern part of the county, the population is small outside of the cities of Kissimmee and St.
Cloud. Osceola County also contains half of Walt Disney World theme park, (the other half being
in Orange County) located directly west of the city of Kissimmee.

Storms that swept across Central Florida in the early morning hours of Monday, February 23, 1998,
spawned the deadliest round of tornadoes on record in Florida. Historically, ninety percent of
Florida’s tornadoes have winds under 72 miles per hour (Table 1). According to the National
Weather Service, the several tornadoes that struck Florida on February 23, contained wind speeds
ranging from 210 mph to 260 mph, due largely to the effects of El Nifio atmospheric disturbances.
According to Jim Lushine, a Miami-based National Weather Service warning meteorologist, in
only two other instances has Florida been hit by tornadoes with wind speeds of more than 206
miles per hour: one in 1958 and the other in 1966. Both were El Nifio years, and both times the
storms hit Central Florida (Sun-Sentinel Feb. 24, 1998).

Table 1: Osceola County, Florida Tornadoes 1950-1995*
All times are Central Standard Time:; add one hour for Eastern Standard Time

Date Event Time Dead Injured F** County

# Scale Number(s)
JUN 08,1960 017 1730 0 1 F1 097
APR 12,1961 008 1515 O 1 F1 097
APR 04,1966 001 0900 O O F3 097
APR 04,1966 002 0715 0 O F2 097
JUN 28,1971 031 1430 0 O FO 097
AUG 24,1971 045 1630 0 O F1 097
JAN 28,1973 006 1115 O 7 F2 097
APR 15,1975 036 0515 0O O FO 097
APR 15,1975 037 0850 O O FO 097
MAY 14,1975 042 1850 O O F1 097
MAY 13,1976 022 1800 O 0 FO 097
JAN 10,1977 002 0550 O O F1 097
FEB 24,1977 004 0804 O O FO 097
MAY 04,1978 039 1350 O 1 FO 097
MAR 19,1981 008 0100 O 11 F2 097
MAR 24,1983 030 0510 O O F2 097
MAR 24,1983 031 0550 O O F1 097

SEP 01,1987 040 1440 0 3 F1 097
AUG 02,1995 041 0304 O O F1 097

* Source: Tornado Project Web Link
http://www.tornadoproject.com/fujitascale/fscale.htm#top
** Scaling of event based on Fujita Tornado Scale

Florida is far from “Tornado Alley” where the nation’s most severe tornadoes usually occur, yet is
among the most tornado prone states. Unfortunately, Florida does not have tornado sirens such as
those found in Texas, Oklahoma and Kansas, which sound to warn sleeping citizens of approaching
tornadoes. Despite tornado watches and warnings all day and throughout the evening of February
23, many Central Floridians went to sleep on Sunday night with apparently little concern for such
extreme weather.
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Early the next day, tornadoes touched down in Brevard, Dixie, Manatee, Nassau, Orange, Osceola,
Seminole, Sumter, and Volusia Counties. Forty-two people were killed and more than 250 were
injured throughout the Central Florida area (St. Petersburg Times Feb. 24, 1998). Osceola County
experienced the most severe impact of the tornadoes where 25 people were killed and 148 injured.
Osceola County Office of Emergency Management estimated that the county sustained more than
$37 million in severe damage to 150 homes, 200 mobile homes, 15 recreational vehicles, a strip
mall, and about 30 businesses. Some damage was inflicted upon an additional 225 homes, 60
apartments, and 25 mobile homes (The Osceola Sentinel, March 6, 1998).

The path of the storm traveled from southwest to northeast crossing the mid-section of Osceola
County. The tornado first passed over a restricted elders-only subdivision near the Poinciana Office
and Industrial Park causing minor damage to some homes. It then proceeded to damage a few
homes in the Campbell area southwest of Kissimmee proper. The tornado continued northeast
heavily damaging The Shops at Kissimmee strip shopping mall with one entire wing completely
collapsing. At that point the tornado passed over the northern tip of West Lake Tohopekaliga
causing the heaviest damage to a neighborhood of lakeside homes as it reached the opposite shore.

After crossing an open field, then Highway 441, and leaving the Osceola County Stadium and
Sports Complex unscathed, the tornado touched down around 2:00 a.m. at the Ponderosa Pines
mobile home park near Boggy Creek Road where it caused the highest number of fatalities. Amidst
virtually complete devastation, rescue workers recovered 10 bodies in the park. Nearly all of the
community’s 200 mobile homes and recreational vehicles were destroyed. The tornado then moved
northeast crossing the Florida turnpike and touched down in the Lakeside Estates subdivision of
single-family homes in the Buena Ventura Lakes area damaging about 400 homes and the Cypress
Creek Elementary School. Rescuers and residents awoke to find flattened cars, wrecked homes,
and aluminum siding embedded in trees.

Methodology

We visited Osceola County, Florida, on four different occasions for two days each on March 13-14,
21-22, 27-28, and April 3-4, 1998 in order to study this community’s response to and short-term
recovery from the tornado disaster. The research for this project was qualitative in design including
interviewing, document analysis, and participant observation. Qualitative methods allow social
scientists to learn by observing as they participate in a natural setting because many features of the
social world are difficult to investigate with experiments or surveys. Rather some of the greatest
insights into social processes can result from what appear to be very ordinary activities: observing,
participating, listening, and talking (Schutt 1999).

Data were primarily collected through semi-structured, open-ended, face-to-face interviews. We
sought to hear the answers to our questions in the respondents’ own words. Thus, we did not ask
standard questions in a fixed order but allowed the specific content and order of questions to vary
from one interviewee to another. We employed snowball and purposive sampling techniques to
gather interview data. We began by interviewing some customary leaders in the community
(purposive sampling) such as the county emergency manager, the heads of the local Salvation
Army and American Red Cross, other local volunteer organization leaders, and the police chief.
During each interview, we asked the respondent if he/she thought there was someone else in the
community that would be important for us to talk to (snowball sampling) regarding coordination of
the community’s tornado response. Our interviews included emergency management organization
personnel, government and non-profit disaster relief organization personnel, as well as
citizen/victims. In total, we conducted ten interviews. During our interviews we observed social
interactions at the Disaster Relief Center (DRC) and at the Emergency Operations Center (EOC).
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In order to avoid biasing our respondents, we did not reveal that we were primarily interested in
women’s roles in Osceola County’s disaster response. Rather, we only asked our respondents
whom they thought were the key individuals involved in the community’s response. As expected,
our respondents suggested more women participants in human services and more men participants
in response activities, confirming the traditional division of labor patterns in disaster that has been
documented elsewhere (Wilson 1999, Enarson and Morrow 1998a, Enarson 1997, Phillips 1990).

To supplement and further establish credibility and trustworthiness of ethnographic data
(Erlandson, et al. 1993, Lincoln and Guba 1985), we gathered documents such as emergency
management organizational reports, media accounts, census data, weather reports, some
informational documents printed by volunteer organizations for citizen/victims, and other useful
materials (Plummer 1983, Webb, et al. 1981). These documents illustrate the use of triangulation in
support of the primary data source (e.g., interviews). Triangulation is the use of a number of
different types of data gathering approaches in the study of the same phenomenon to corroborate,
elaborate or illuminate the research (Erlandson, et. al 1993, Marshall and Rossman 1989, Kirk and
Miller 1986, Lincoln and Guba 1985). In cases where we used news accounts, notoriously
unreliable in disasters (Fischer 1994), we compared them to our interview data to assess their
accuracy.

Findings

We found no evidence of formation of emergent organizations in Osceola County, Florida
following the February tornado disaster. The response was handled using pre-established
organizational channels. Conditions for the formation of emergent organizations were not present,
thus, the opportunity for women to participate in these groups was nonexistent.

Why were there no emergent groups?

The Osceola County emergency operations center (EOC) Operations Manager stated: “Initially it
was overwhelming. The sheer volume of...needs was tremendous...This county has never
experienced anything like this...Were we prepared? No, we weren’t.” However, all indications
from other respondents were that the official response was immediate and thorough. Victims with
whom we informally interacted during our observations at the Disaster Relief Center were highly
satisfied. Furthermore, the Salvation Army and the American Red Cross respondents believed that
the response went extremely well, despite the lack of preparation.

Although historically this county has rarely experienced a disaster of this proportion, there were
some very innovative techniques utilized during the response. For example, the Osceola County
Office of Emergency Management (OEM) established a storeroom for citizens whose homes were
destroyed to stow their possessions until they could find replacement housing. In addition, the
OEM established two warehouses--one for incoming donations and one for outgoing donations.
Osceola OEM was aware that the county would receive large amounts of unusable donations that
could then be forwarded to other agencies that would be glad to have them. The OEM Operations
Manager who was in charge of the activated EOC said that, “at one point we had nearly twenty
semi’s coming in and twenty semi’s going out each day” with donations received and then
subsequently forwarded.

Another unique or unusual response by Osceola County OEM was the coordination of volunteers.
The OEM arranged to have photo identification badges made for each volunteer. This was
accomplished through the development of a database, which kept track of volunteers’ names, what
skills and/or equipment they were able to provide, and their assignments. The database also tracked
the volunteer needs within the community. In addition, the OEM covered volunteers with accident
insurance and workman’s compensation insurance during their volunteer work. According to the
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Operations Manager of Osceola County OEM, there were close to 3000 volunteers who did 19,000
hours of work in the county in response to the tornado disaster.

In all, respondents had very few negative remarks concerning the response to the tornadoes. Rather,
the respondents to whom we spoke praised the coordinated efforts among the community’s
organizations. Indeed, according to our respondents there was a high amount of coordination
among existing agencies or organizations. For example, “town meetings” jointly organized by the
city and county were instituted immediately after the event (the next day) in order to facilitate
communication among all the agencies and organizations involved. Respondents reported that there
were only minor communication problems that were resolved quickly. This may be due to the fact
that the EOC was expressly utilized for coordination purposes among the victims, volunteers, and
response organizations.

Coordination was further facilitated because most of the Osceola County departments and offices
were involved in the response in some way. These departments included human resources, parks
and recreation, road and bridge, collections, solid waste, billing office, and others. These offices
provided labor, equipment, and communication to the response effort.

Another reason for the quick and thorough response is the fact that several of the key response
agencies had members of their regional and state offices come into the county in order to facilitate
the response. The Florida State Department of Emergency Management had a representative come
in “almost immediately” after the tornadoes to work with Osceola County OEM in instituting the
state-designed response plan. This same procedure occurred at the American Red Cross and the
Salvation Army that both had members of their regional disaster response teams arrive within
twelve to thirty-six hours of the tornado disaster. These teams’ expertise in disaster response and
their assistance in Osceola County were evident in the coordinated and swift response of these
organizations for sheltering and donations (American Red Cross) and feeding (Salvation Army).

There was substantial evidence that the responders were concerned with making recovery from the
disaster as easy as possible for individual victims in the community. One way in which this was
accomplished was through the local bus system, LYNX, which established separate routes to
transport tornado victims to the Disaster Relief Center (DRC). In addition, the DRC contained
representatives from the Red Cross, the Salvation Army, Federal Emergency Management Agency
(FEMA), Small Business Administration (SBA), some state agencies such as the Insurance
Department, and United Methodist Disaster Relief (UMCorp) all in the same building. Such
integrated and localized coordination of relief is significant in improving community recovery
because it allows ‘one-stop shopping’. In other words, cooperation and communication between
agency members in the same location resolves victims’ problems and requirements in a timely and
convenient fashion. In this particular case, it was possible to coordinate in such a way because of
the localized nature of the damage whereas in other disaster events the magnitude of damage may
require relief efforts over an extended impacted area. In other cases, lack of space and/or
unwillingness to work so closely together hinders this type of integrated relief coordination
(Wilson, Neal and Phillips 1998).

Furthermore, ‘coordination’ took on a new meaning when most of the local social service agencies
decided to set up a disaster relief fund for the donations they received. Every agency was then able
to draw from this fund to practice their individual disaster relief work (e.g., mental health, food
bank). This procedure was taken in order to balance the amount of disaster relief donations
received by individual agencies since some received large amounts of funds and some received
little or no donations. This is a significant component of the coordinative effort as non-profit
agencies often have difficulty obtaining adequate operating funds.

As evidenced in the foregoing, the need for emergent groups did not exist in the aftermath of the
tornado disaster in Osceola County due to the high degree of coordinated recovery efforts including
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town meetings among the participating agencies, quick regional and state assistance, and
innovative techniques for meeting victim’s recovery needs. Further, women played a part in the
tornado disaster response and recovery possibly contributing to the non-necessity for emergent
groups, which is described in the next section.

The role of women

Following Gillespie’s (1992) thesis, a few women in the 1998 Central Florida tornado disaster
became key participants within their existing organizational positions. For example, the director of
the county personnel office was key in organizing the county’s volunteer program. Kissimmee’s
assistant city manager was essential in facilitating the working relationship between city workers
and the Osceola County Office of Emergency Management’s response plans. In addition, the
director of the local American Red Cross played an integral part in shelter provision. One of the co-
directors of the local Salvation Army was crucial in providing food to both victims and rescuers.
And, finally, the sheriff department’s EOC representative served to link her department’s response
efforts with the OEM.

In total, six women were prominent in the community tornado response in Osceola County, Florida
out of approximately 30 key players. Although the total number of important female responders is
small compared to the total number of key responders, half of those six women (three) occupied
non-traditional female working roles in their official positions. Three were in the more traditional
female line of work of social services (director of personnel, director of the local American Red
Cross, co-director of the local Salvation Army) but the remaining three occupied less-traditional
female working roles: a police officer, a horticulture agent, and an assistant city manager (public
official). Due to societal gender differentiation and the sexual division of labor, some kinds of work
often become defined in people’s minds as belonging to one sex and inappropriate for the other
(Reskin and Padavic 1994, Lorber 1994). Thus certain occupations and jobs are typically
performed by men and others by women. Traditionally female lines of work that employ millions
of women include secretary, retail sales, food preparation, school teaching, nursing, and cashiering
and bookkeeping (Reskin and Padavic 1994). Traditionally male lines of work include carpenter,
automobile mechanic, truck driver, construction laborer, and firefighter (Reskin and Padavic 1994).

Even though three of the key female participants regularly occupied “less-traditional” working
roles, two of them fulfilled more traditional female roles during the disaster response. One woman
was responsible for coordinating volunteer workers and the second handled phone communication
at the EOC. However, the third woman performed a much more substantial “non-traditional” role
during the disaster response as the mediator between city workers and the county OEM response
process. Thus, five of the six women performed typically traditional female roles during the
disaster response. From what we know about women’s participation in the formal disaster
preparedness, response, recovery, and mitigation network this proportion of traditional female role
performance could probably be expected. Not because women do not have the capacity to perform
roles usually performed by men in disaster contexts, but rather due to lack of access to participate
(Wilson 1999) because of the gender division of labor.

Women played a major part in the disaster recovery performing traditional female work roles such
as human services (coordinating personnel, feeding, and sheltering) and clerical duties as an
extension of their organizational positions. Conversely, none of the Osceola County emergency
managers were women. Only one public official was a woman. Few public works or public safety
workers were women. Thus, women did not play a major part in the disaster response and recovery
performing non-traditional female work roles such as search and rescue, debris clearance,
transportation problems, infrastructure repair, and public information, among others.
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Discussion

Why did the majority of the women involved in the response and recovery operation in Osceola
County, Florida perform traditional female work roles? For a long time a male workforce and work
culture has traditionally dominated disaster management agencies (Barnecut 1998, Robertson 1998,
Wraith 1997,Gibbs 1990, Phillips 1990). Thus, women have only recently begun to be involved in
structurally significant disaster management roles (Wilson 1999).

Although a general pattern of underutilizing women’s capacities in disaster preparedness,
mitigation, response, and recovery exists, women'’s traditional roles in paid and unpaid labor often
prepare them to be primary contributors to disaster management. Even today, women continue to
do most of the household and family caregiving work so that an unequal division of domestic
responsibility persists even when women participate in the formal labor force in post-industrial
societies. The “second shift” occurs when working women return home after a full day in the paid
labor force to begin their “second” full day of cleaning house, cooking meals, and caring for
children (Hochschild 1983). Running a household with children in today’s fast paced world has
become a challenging activity. Motherhood is as an excellent school for management, demanding
many of the same skills: organization, pacing, teaching, guiding, leading, monitoring, handling
disturbances, and imparting information (Helgesen 1990). Experience in balancing work and
family develops skills to deal with conflicting demands.

Similarly, women’s experiences as community workers, informal neighborhood leaders, and social
activists equip them to respond to community crisis (Poniatowska 1995). Enarson and Morrow
(1998b) found that women’s formal and informal networks were central to both household and
community recovery after Hurricane Andrew in 1992.

In addition, women have been part of the paid labor force for a long time especially when their
family’s economic need makes it necessary for women to seek outside income (Dunn 1997). Now,
women not only work in traditionally held positions such as nursing and teaching, but are
increasingly gaining entry into higher paid, more prestigious public and private occupations and
professions including management level positions. According to Colwil (1997), women form one
third of the management work force in the United States. However, such progress does not seem to
have filtered into disaster management in which we find a much lower percentage of women in
high-ranking positions. For instance, the state of South Dakota only has one full-time county
emergency management director in the state of 66 counties.

When women have participated in emergency management organizations, the work culture has
reflected an implicit gender division of labor (Enarson and Morrow 1998a, Barnecut 1998,
Robertson 1998). Most women are placed into jobs addressing special needs and mass care or
human services rather than being represented throughout the entire spectrum of disaster
management functions. Women may be deterred from moving into positions and developing their
careers in the high priority areas that are considered “more masculine” such as radiological or other
hazardous materials, terrorism, communication, transportation, and mass evacuation.

Thus, although women play crucial private and public roles managing households and as part of the
paid labor force, their voices have been largely absent in organizational and community policy-
making, including decisions about disaster response and recovery (Enarson and Morrow 1998a).
This is in spite of the fact that the technological and managerial skills women use in their daily
lives can be used in disaster management and their contribution can greatly help a community’s
response effort. Efficient and effective disaster management systems depend on the knowledge and
skills of all those who can make a positive contribution (Robertson 1998). Utilization of women’s
skills and capacities throughout the disaster management network has the potential to significantly
increase the efficacy of disaster preparedness, mitigation, response, and recovery.

200



The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

Professionalization of emergency management, which includes improved communication and
coordination practices, will likely incorporate more sensitivity to needs of all sectors of a
community among disaster response practitioners. One aspect of the professionalization process of
emergency management, according to Drabek (1994), is the greater linkages between researchers
and practitioners due to the growing number of professional associations, publications, seminars
and workshops, and advisory committees in which both practitioners and researchers are able to
share ideas, practical problems, and research results. Social science research of the vulnerabilities
of some groups in society, which cause them to experience greater disaster impacts (e.g., works
cited in first paragraph of Conceptual Framework section), should increase disaster response
practitioners’ awareness of these issues.

In addition, professionalization is fostering major changes in disaster management education and
training (Drabek 1994, Neal 2000, Wilson 2001,Wilson and Oyola-Yemaiel 2001). In the past,
emergency managers have had little formal disaster management training. This new era of
professionalism is indicated by the availability of intensive courses at the Federal Emergency
Management Agency’s Emergency Management Institute, by the institutionalization of emergency
management certification programs, and by a growing number of degree-based university
programs, both traditional (i.e., Institute of Emergency Administration and Planning at the
University of North Texas) and online (i.e., the Institute of Emergency Preparedness at
Jacksonville State University). Increased access to disaster management careers through formal
education should increase the number of women, minorities, and other marginalized group
members involved in the disaster response network. This occurrence should in turn increase the
likelihood that the unique disaster needs of varying groups will not be overlooked or ignored.
Therefore, no needs of disaster victims will go unmet and thus no emergent groups will be
necessary.

Conclusion

In the relatively small community of Osceola County, the coordinative effort of local agencies was
supported and assisted by the convergence of outside experts. The tornado, although severe and
devastating for some, was localized and did not have a large magnitude catastrophic effect in which
the entire social structure/institutional fabric ceased to operate (Bates 1982). In contrast, a disaster
of the scope of Hurricane Andrew in 1992 caused devastation so widespread that the social-
organizational structure of everyday life was virtually dismantled (Peacock, Morrow and Gladwin
1997). The 1998 Osceola County tornado left clusters of localized heavy damage, but the majority
of the community was left intact and able to concentrate relief efforts on the damaged areas. This
resilient community was able to respond effectively, solving problems at hand that otherwise could
have created unmet needs for sectors of the population. In doing so, unmet needs and the resulting
emergent organizations never appeared.

Among the reasons that emergent organizations did not form in Osceola County, is existing
organizations adapted to meet the basic needs of the affected community. In short, the exchange
relationship was conducted both within existing organizations and between these organizations so
that outside or ad hoc groups were not needed. This type of relationship may have been
accomplished in part because of a high degree of flexibility, ingenuity, cooperation, and
communication by community organizations evident in such innovative practices as free bus transit
to the Disaster Relief Center and insurance coverage for volunteer workers. Moreover, women
adapted their organizational roles to become integral parts of the coordinative interstitial group
(EOC) that handled the disaster response and recovery.

In particular, the female horticultural agent of the Department of Agriculture made a substantial
contribution to the innovative techniques that the Osceola County community employed in the
disaster response and recovery. She designed and maintained the computer database program that
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kept track of the volunteer workers’ skills and assignments. This was an essential component to the
management of volunteer work in the community after the tornado disaster especially in light of the
implementation of workman’s compensation and accident insurance coverage for the volunteers.

Yet, women’s roles in disaster management activities are still largely understudied. Women’s
vulnerabilities that make them more likely to become disaster victims have now been well
documented (e.g., Enarson and Morrow 1998a, Blaikie, et al. 1994). However, we have very little
understanding of the impacts of gendered expectations, roles, and interactions on disaster
management. There is still not much evidence that women’s knowledge, ideas, and abilities are
being integrated into disaster response and recovery. As women become incorporated into the
official disaster management network due to the professionalization process, how does women’s
participation make a difference in disaster management practice and policy? How do gender
differences affect interagency coordination? Do women perform disaster response and recovery
roles differently than men? Specifically, how do women’s contributions (ideas and actions) have an
effect on disaster mitigation, preparedness, response, and recovery activities? We recommend more
detailed research of women’s contributions to innovative approaches in disaster management.

In addition, we wonder what effect professionalization of disaster management will have on the
future appearance of emergent organizations after disaster. As a result of the professionalization
process, we foresee that the incorporation of more diverse and adaptive disaster managers are more
likely to be sensitive to and take action to satisfy the needs and concerns of all members of an
affected community. The knowledge, ideas, and skills of women and minorities will renovate and
improve the disaster management structure so that the disaster needs of all community groups are
met. Future research should further analyze the relationship between a diverse disaster management
structure and unmet disaster needs in the community resulting in emergent organizations.
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SECTION 6:

TRANSPORTATION EMERGENCIES
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Abstract

Recent tunnel disasters in several Western European countries such as Austria (Goddharttunnel,
2001 and Tauerntunnel, 1999), France/Italy (Mont Blanc tunnel, 1999) and Great Britain/France
(Channel Tunnel, 1996) have made tunnel safety an area for special attention. In-depth
investigations into these accidents focused on aspects of tunnel design and emergency response
activities. As regards the latter, a major issue was the effectiveness of emergency response
activities to reduce the number of victims. For rail tunnels for freight, a three-way research plan
was developed to reveal the emergency response opportunities for tunnel accidents. Case studies,
expert interviews and physical modeling of fires and firefighting revealed that emergency response
possibilities for rescue operations in tunnels are extremely limited. This result is important for both
tunnel designers and emergency responders: tunnel designers should reconsider their tunnel design
principles and emergency responders should reconsider their tunnel accident strategies.

1. Introduction

As a result of recent and future economic growth, the need for high-capacity transportation
facilities in the Netherlands has been increasing. In order to meet this need, additional
infrastructure projects are being planned and built, which on land include roads, railways, pipelines
and canals. To an increasing extent tunnels are part of these infrastructure projects. The reason for
developing and building tunnels is twofold. Firstly, tunnels are built for crossing topographical
barriers like rivers and mountains. Secondly, tunnels are built to preserve the built-up areas and
natural environment aboveground.

A potential disadvantage of tunnels is the issue of safety. Tunnel developers and emergency
response organizations negotiate on technical systems that will support emergency response, such
as smoke and heat detection systems, ventilation systems and the required distances between
emergency exits. It is not certain, however, whether emergency response organizations will
respond to any tunnel accident. The emergency response possibilities and the extent to which
technical systems enhance these possibilities are not clear. So far, little research has been done into
the possibilities available to emergency response organizations for rescue operations in threatened
tunnel tubes. Any research on this topic should include the main characteristics of transport mode
and tunnel layout. Different transport modes and tunnel layouts result in different accident and
emergency response scenarios.

In the Netherlands, a new railway called Betuweline is being built. The Betuweline connects the
seaport of Rotterdam eastwards to a multimodal transfer facility at Valburg and the German
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industrial Ruhr area. This high-speed railway includes six tunnels of various lengths and is
intended for freight transportation only.

In 2000, the organizational unit of the Dutch Ministry of Transportation and Public Works,
responsible for the planning and building of the Betuweline, needed insight into the possible
emergency response activities in the Betuweline tunnels. This subject for study was formulated as
follows: what are the emergency response possibilities for rail tunnels intended for cargo
transportation?

This paper contains the established and stated possibilities as well as the modeling of emergency
response possibilities for accidents in rail tunnels for freight. First, several tunnel incidents' and
emergency response activities are described (paragraph 2). Paragraph 3 discusses the results of the
interviews with fire officers: possibilities with regard to stated emergency response activities in rail
tunnels for freight. Paragraph 4 explains the physical phenomena like smoke and temperature
development as time progresses as well as the emergency response activities in time. Gearing
emergency response activities with the physical situation in the threatened tunnel tube will
determine the possibilities for offensive tactics and entering the tunnel tube at issue. Paragraph 5
mentions the emergency response possibilities as found in this study.

2. Tunnel incidents

The Dutch Ministry of the Interior and Kingdom Relations, responsible for national fire service
policies, together with Dutch Rail (NS) and regional fire chiefs, has defined plausible scenarios for
tunnel incidents. These scenarios are (BZK, 1997):

1. Derailment. It is generally not expected that a train will derail on a straight section of the
railway. Derailment may be a consequence of technical failure, such as broken axles. It may
also occur when a train hits an object on the railway, a possible act of sabotage. Fires and leaks
may be subsequent scenarios following a derailment. Derailment may lead to a collision in a
two-way rail tunnel.

2. Collision. In theory, a train may collide with another train, an object, an animal or a person.
The chance of collision with another train is considered negligible because modern
technologies prevent trains from riding on the same track. Collisions with people include
trespassers, unauthorized or maintenance personnel.

3. Fire. Fire may be a consequence of electrical failure, blocked axles and breaks, or attacks.
When hazardous materials are involved, a high-energy fire may occur, like a (leaking) fuel fire.
Fires involving trains or cargo are considered to be more serious than fires in tunnel cables or
maintenance rooms or during maintenance operations.

4. Leaks of hazardous materials. Minor leaks will probably not be detected during the journey.
When a train comes to a stop in a tunnel, the potential effects of a leak of hazardous materials
is more serious. Different scenarios exist that involve flammable and/or explosive substances
or toxic or radioactive chemicals. Leaks may occur as a result of derailment or collision.

5. Explosion. If an explosion occurs in a tunnel built in wet soil, infrastructure may be lost.
Explosions may be caused by deliberate attacks or fire (Boiling Liquid Expanding Vapor
Explosion).

6. Miscellaneous. In the Netherlands, floods constitute a specific risk that may affect tunnels.
Tunnel system failure and regular transport interruptions are not considered relevant for
emergency response organizations.

These scenarios are theoretic scenarios used. In order to assess emergency response possibilities,
information about actual incidents and emergency response activities is additionally required. For
this purpose, a selection of tunnel accidents was made. A Dutch inventory study (COB, 1997) of

! In this paper, the terms ‘accident’ and ‘incident’ are used as synonyms.
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tunnel incidents showed that in Western Europe incidents in rail tunnels for freight have been

limited to only two incidents and do not cover a wide range of scenarios (Channel Tunnel, 1996;

Summit Tunnel, 1984). Therefore, the scope was broadened to incidents in road tunnels and rail

tunnels for passenger trains. It was assumed that an insight into the physical mechanisms that

influence emergency response possibilities could be gained from these types of tunnel incidents.

Criteria used in the selection of the cases included (Nibra, 2001):

1. The incident required evident involvement of public emergency response organizations in
terms of the duration of operations (over 15 hours) and the number of personnel deployed (over
100 firefighters). Major operations may reveal the possibilities as well as the limitations of
emergency response.

2. The incident occurred between 1995 and 2000 (the year in which the study was carried out).
The topicality of the incident is important because the state-of-the-art technical and
organizational possibilities of emergency response organizations should be taken into account.

3. The incident and the emergency response activities are sufficiently documented.

These criteria led to the selection of the following cases:

1. Channel Tunnel, Great Britain-France, 18 November 1996: Fire on a Heavy Goods Vehicle
shuttle (HVG).

2. Leinebusch Tunnel, Germany, 2 March 1999: Derailment of, and fire on a freight train.

3. Mont Blanc Tunnel, France-Italy, 24 March 1999: Fire in a road tunnel involving a
considerable number of vehicles.

4. Tauern Tunnel, Austria, 29 May 1999: Collision and fire in a road tunnel involving a
considerable number of vehicles.

The accidents and emergency response activities are described in short. The lessons learned from
the incidents are summed up.

2.1 Channel Tunnel

The Channel Tunnel (rail tunnel, 50 kilometers) consists of two one-way running tunnels and a
service tunnel in between. The running tunnels are connected to the service tunnel by closed cross
sections at 375 meters intervals.

The start of the incident was a Heavy Goods Vehicle, consisting of 29 carriages, entering running
tunnel south with a burning truck on it. Maintenance personnel detected the fire outside the tunnel
but the shuttle was not stopped. Ten minutes later the driver halted the train in the tunnel because
of a derailment signal on his control panel caused by burnt cables. The (natural) ventilation in the
tunnel spread thick smoke over the train, including the passenger carriages. People were unable to
leave the train due to the smoke.

Twenty-three minutes after the stop an emergency exit was opened by the Rail Control Center
creating a ‘bubble effect’. Smoke was driven out from the tunnel section making it possible to
evacuate the passengers. Subsequently the fire-fighting operation began. Firefighters had trouble
estimating the exact location and extent of the fire. Smoke, rubble and explosions were serious
obstacles while approaching the fire. In addition, the fire damaged the tunnel water supply system.

Lessons learned from the Channel Tunnel incident, as formulated in this study:

¢ Smoke prevented passengers from active evacuation.

e Adequate information from the train did not reach emergency response organizations because
of extremely limited visibility.

e Tunnel entrance security measures delayed the emergency response units.

e Smoke and heat limited both the approach of the fire site and the working time of firefighters.
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2.2 Leinebusch Tunnel

The Leinebusch Tunnel (rail tunnel, 1740 meters) is a single-tube tunnel with separate rail tracks
for both directions.

The start of the incident was the derailment of the 14™ of 24 carriages of a freight train. The
derailment took place 6 kilometers outside the tunnel. Because of the speed reduction the driver
halted the train in the tunnel, decoupled the front carriages and drove them out of the tunnel. The
cargo (paper) on the derailed carriage had started to burn.

One hour and forty-four minutes after the first alert, a special rescue train arrived at the tunnel
entrance. Lacking water supply facilities hindered firefighting. The train could not be taken in tow
due to the damaged rail track. For the same reason, an additional rescue train could not reach the
site. Eventually, the carriage had to be cut open to extinguish the fire, resulting in heavy smoke
development.

Lessons learned from the Leinebusch Tunnel incident, as formulated in this study:

e Inadequate procedures delayed the arrival of the rescue train.

e Heavy smoke filled the tunnel tube despite a relatively large tunnel diameter and an enclosed
fire.

e Working conditions were harsh despite relatively large working space and a limited
temperature.

2.3 Mont Blanc Tunnel

The Mont Blanc Tunnel (road tunnel, 11,6 kilometers) is a single-tube tunnel allowing two-way
traffic. There are parking exits every 300 meters. Every second parking exit has an evacuation
room.

The start of the incident was a truck entering the tunnel with a leaking diesel fuel tank. The tank
caught fire, making oncoming traffic to alert the truck driver. The driver stopped and left the
vehicle. Vehicles kept entering the tunnel on both sides while alerted drivers in the tunnel
attempted to turn their vehicles.

The tunnel entrances were closed 10 minutes after the truck had entered the tunnel. At this point,
when the first emergency response units entered the tunnel, it was filled with smoke over a 1500-
meter distance. Four minutes later, they managed to approach the burning vehicle up to 6 meters
distance and lead the way to people at the site. After this, multiple emergency response units saw
themselves forced to flee into the evacuation rooms, both downwind and upwind. They were
evacuated from the tunnel hours later. The entire emergency response operation took 55 hours and
consisted of defensive fire-fighting tactics. Thirty-nine people died in the incident.

Lessons learned from the Mont Blanc Tunnel incident, as formulated in this study:

e Un-coordinated ventilation tactics possibly enhanced the fire.

e Limited visibility made rescue workers fail to recognize evacuation rooms.

e Due to extreme temperatures, firefighting was not possible until after most of the fire load was
burnt.

2.4 Tauern Tunnel

The Tauern Tunnel (road tunnel, 6,04 kilometers) is a single-tube tunnel allowing two-way traffic.
There are no evacuation rooms inside the tunnel.

The start of the incident was a truck crashing into a queue of vehicles waiting at a red traffic light
inside the tunnel. Immediately after the crash, in which eight people were killed, the truck -
carrying paint products and spray cans - caught fire. During the first 10 minutes after the crash,
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people at the site tried to extinguish the fire, without effect. People managed to evacuate, walking
several hundreds of meters towards the tunnel exit. Others fled into a telephone booth.

Twenty-seven minutes after the crash the first emergency response vehicle entered the tunnel but
was forced to withdraw because of heavy smoke up to two kilometers downwind. Forty-five
minutes later three people were rescued from the telephone booth. After this, emergency response
activities aimed at extinguishing the fire. The operation was seriously hampered by parts of the
ceiling collapsing.

Lessons learned from the Tauern Tunnel Incident, as formulated in this study:

e Heat and explosions forced emergency response units to withdraw, despite effective efforts to
drive out smoke by active ventilation tactics.

e Failing construction integrity resulted in immediate danger for emergency response units.

2.5 Threats for emergency response

Despite the differences between the cases regarding tunnel layout and incident scenario, the same
mechanisms seem to be accountable for possible life-threatening situations for emergency response
units. These mechanisms may constitute both direct and indirect threats. Direct threats result in
immediate danger independent of subsequent events. Indirect threats may result in danger
dependent on subsequent events (like tactical decisions). Indirect threats may be posed by
inadequate situation information; inadequate communications between control centers, emergency
rooms and response units; inadequate procedures; persons failing to comply with adequate
procedures; and failing maintenance of technical systems. Direct physical threats are more
compelling and are posed by:

1. Smoke. Smoke spreads faster and fills larger parts of the tunnel than is expected by both people
inside the tunnel and emergency response organizations outside the tunnel. Several kilometers
of the tube can be filled with smoke within 10 to 15 minutes. Even small fires can cause large
amounts of smoke and harsh conditions. Self-rescue and external rescue are seriously hindered
by limited visibility.

2. Heat. Temperatures at tunnel fires may rise to over a 1000 degrees Celsius within 10 to 15
minutes. Heat can result in extreme damage to technical systems (communications, water
supply) and in lesser construction integrity.

3. Collapsing structure. Falling debris may pile up to 50 centimeters at the center of the accident
site. This seriously hampers emergency response activities, even more so in conditions of
limited visibility. Moreover, a constant threat of falling debris constitutes a great danger for
emergency response units.

The cases reveal that offensive emergency response tactics are not to be expected in case of a
tunnel fire when emergency response organizations arrive at the tunnel exit within 10 to 15
minutes. The main impediments for self-rescue and offensive tactics are smoke and heat, in that
particular order. This means that rescue opportunities are extremely limited.

3. Interviews with fire officers

The aim of the second part of the study was to disclose emergency response possibilities in
specified tunnel accidents, as perceived by Dutch fire officers. For this purpose, a method was
devised for presenting accident scenarios to fire officers in a series of expert interviews. This
method included a standard tunnel design, a set of accident scenarios and a selection method for the
fire officers to be interviewed.
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3.1 Interview structure

In order to gain reliable results it was considered necessary to use a standard tunnel layout in the
interviews. Fire officers were shown the same main tunnel layout (TUDelft, 1999) that applies to
the six Betuweline tunnels.

The general layout of these tunnels (figure 1) is a double-tube tunnel. Each tube contains one rail
track that allows one-way traffic only. The two running tunnels are connected by cross sections at
regular, and for the purpose of the interview, variable intervals up to 600 meters maximum. Shafts
leading to ground level are included except where the tunnel passes under a canal.

Figure 1: General tunnel layout as used in interviews
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Other features of the system are:

e Exit doors are operated by control room personnel and are fire resistant for 60 minutes.

e A permanently available water supply system (deluge system) is installed. The system is
designed for extinguishing 300 MegaWatt fires. Its supply capacity is 3000 liters of water per
minute for four hours. A distant operator controls it.

e An active ventilation system designed for driving out smoke in either direction is installed. The
system is designed for 300 MegaWatt fires. Control room personnel operate the ventilation
system.

e Emergency response organizations can use monitoring equipment (camera’s, radar) and
communication systems.

The second part of the interview method consisted of the set accident scenarios. Fire, leakage of
hazardous materials and explosion scenarios were considered relevant because they have potential
severe consequences.

Taking the identified direct threats into account (paragraph 2.5), six scenarios for the expert
interviews were defined, in order of seriousness. It was assumed that the direct mechanisms
strongly cohere with the seriousness of accident scenarios in tunnels. Indirect threats were not
considered specific for tunnel accidents. No more scenario information was presented to the fire
officers than would have been presented by the emergency room in case of a real alert.

The scenarios of which fire officers were to assess the emergency response possibilities are:

1. Small fire. In case of a small fire on a freight train in a tunnel, the temperature rises
moderately, the spread of smoke is limited and the risk of collapse is negligible.

2. Major fire. In case of a major fire on a freight train in a tunnel, heat and smoke are intense. The
risk of collapsing construction parts is plausible.

3. Minor leak of toxic chemicals (less than 10 liters). Temperature and smoke development are
negligible as is the risk of collapse. Depending on the properties of the chemical, a minor leak
may constitute a risk for persons in the tunnel.

4. Major leak of toxic chemicals (more than 10 liters). In this case, large amounts of (liquid)
chemicals leak from a carriage in the rail tunnel for freight. Again, temperature and smoke
development are negligible as is the risk of collapse. Due to evaporation, high concentrations
of vapor are to be expected.
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5. Explosion. A detonation has taken place inside the tunnel. The risk of (partial) collapse is
plausible.

6. The threat of a Boiling Liquid Expanding Vapor Explosion (BLEVE). A carriage containing
condensed gas is warmed up by heat radiation coming from a burning carriage nearby. Heat
and smoke are intense. The risk of collapse will be realistic after an actual BLEVE.

Fire officers were asked to state what actions (purpose and means) they would take in the given
scenarios had they been responsible for the operational tactics of the emergency response. It was
emphasized that the perceived emergency response possibilities apply to situations at the tunnel
entrance, at the time of arrival of the first emergency response units, and are geared to the specific
tunnel properties as described above. The experts were also asked whether their perceived
emergency response possibilities would be different if toxic chemicals were involved in the minor
and major fire scenarios.

A standardized interview guide was constructed to prepare interviewers for requests for additional
information on the exact position of the train, the number of carriages burning, the nature of the
chemicals involved, the duration of the fire and the train’s composition.

The experts had to be knowledgeable about tunnel emergency response possibilities. Therefore,
experts were selected from various cities’ fire services in The Netherlands where one or more
tunnels already existed or were planned for the near future. In this way, fifteen experts were
selected, including two experts from Dutch Rail.

3.2 Results from the interviews

The interviews resulted in consistent views on emergency response possibilities per scenario. It is
important to consider some general notions that resulted from the interviews.

First, fire officers have a great need for precise situation information before considering entering
the threatened tunnel tube. For information about the train composition, goods involved, exact
location, tunnel climate, technical support systems and so on, fire officers heavily depend on Dutch
Rail.

Second, fire officers assume that the train driver and a restricted number of co-drivers are able to
reach a safe location outside the tunnel without external help. In fact, rail tunnels for freight are
designed to meet this principle.

Third, the fire officers’ main concern is the safety of firefighters. If their lives may be endangered
in any way, firefighters will not be ordered to enter the tunnel. Because of this principle and the
expectation that a restricted number of people in the tunnel will be able to get out by themselves,
defensive tactics are generally preferred.

Fourth, fire officers consider explorative activities equal to exposing personnel to danger. This
strengthens their preference for caution.

As regards the scenarios, fire officers perceive possibilities for offensive emergency response
tactics only for operations involving small fires or minor leaks of hazardous materials. These
scenarios are not considered life threatening. However, when dealing with a small fire, measures
(like ventilation) are to be taken before entering the tunnel to stabilize the spread of smoke and rise
of temperature. As for dealing with a minor leak, some fire officers mention the responsibility of
the transporter or Dutch Rail for taking appropriate action.

In the other scenarios, experts state that immediately entering the threatened tunnel tube is not
considered. Extensive exploration from a great distance is preferred in operations involving major
leaks, and with built-in time delay after an explosion.
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Fire officers are not consistent in stating the tactics required for handling a major leak of hazardous
materials. Perceived emergency response possibilities for this scenario seem to depend on
confidence and pre-determined risk perception. In case of a major fire on a freight train, entering
the tunnel tube is not considered a realistic option: waiting is the fire officers” motto. In a situation
when a BLEVE is expected, all efforts of emergency response will focus on the evacuation of
people in the direct vicinity of the tunnel.

4. Modeling of emergency response to tunnel fires

The cases and the expert interviews led to the identification of threats and stated emergency
response actions in several scenarios. In order to clarify the critical mechanisms for emergency
response at certain moments in time, a third research method was used. Data on the development of
tunnel fires were incorporated into an empirical timeline of the primary process of emergency
response.

In paragraph 4.1, the physical mechanisms that appear in tunnel fires are described, using data from
fire experiments. Paragraph 4.2 sets out the emergency response timeline. In paragraph 4.3, the
mechanisms and the response timeline are set side by side in order to assess the situation in the
threatened tunnel tube at the time of arrival of emergency responders.

4.1 Physical mechanisms in tunnel fires

The development of the physical mechanisms of smoke, heat and collapse are themselves

dependent on other variables. The variables that determine the development of a tunnel fire are:

e The nature of the burning materials (wood, plastics, steel) and the extent to which all material
is burnt determine the spread of smoke.

e The amount of the fire load (in MegaWatts) determines the temperature.

e The properties of the hazardous materials (acute danger, manner of intoxication) determine to
what extent the tunnel climate is accessible for emergency responders.

e The extent of the fire load, tunnel wall thickness and the nature of the concrete and coatings of
the tunnel wall determine the risk of collapse.

Of course, construction characteristics (length, diameter) and the set of technical support systems
installed in the tunnel (ventilation, water supply, detection systems) also influence the development
of physical mechanisms.

In a project initiated by the European Union, called EUREKA EU 499 FIRETUN (EU, 1999), eight
European countries participated in exploring possibilities for the protection of people in tunnels, for
maintaining the infrastructure in case of a tunnel fire and for the fire service with regard to rescue
and fire extinguishing operations. For this purpose, experiments were carried out in the Norwegian
Reppafjord Tunnel. The Reppafjord Tunnel is located 200 kilometers north of the polar circle at an
altitude of 200 meters. It is a mineshaft of 2.3 kilometers length horizontally. The tunnel is 5.5 to
7.0 meters wide and 4.8 to 5.5 meters high.

Temperature, light intensity, carbon monoxide concentration, and rubble height were measured
during several fires involving various vehicles in this tunnel. The measurements were held at a
wind speed of 0.5 meters per second and at a height of 1.5 to 2 meters. Three vehicles were set on
fire at a distance of 295 meters from the tunnel entrance. The burning vehicles were:

e A bus: 48000 Mega Joules

e A subway carriage (aluminum): 41000 Mega Joules

e A passenger carriage (steel): 77000 Mega Joules

The results of the measurements, as presented in Blume (1994) and Blume (1996), are shown
below.
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Figure 2 shows the temperature development in time, as measured at a height of 2 meters, 20
meters downwind from the burning vehicles. It is clear that the maximum temperatures of the bus

and subway carriage fires are reached after approximately 15 minutes: 800 and 1150 degrees
Celsius. The train fire reaches a maximum temperature of 700 degrees Celsius after 100 minutes.

Figure 2: Temperature in time
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Figure 3 shows the maximum temperatures at a height of 2 meters measured at varying distances
from the vehicles. Seen from the vehicles, the wind direction is toward the 2-kilometer part of the
tunnel. The figure shows that the maximum temperature in the bus fire is reached at a 0-meter
distance (800 degrees Celsius), whereas maximum temperatures in the other vehicle fires are
reached at 15 meters (1100 and 750 degrees Celsius), probably due to the wind in the tunnel.
Temperatures drop rapidly with increasing distances: at a 20-meter distance temperatures are down

to approximately 100 degrees Celsius.

Figure 3: Temperature at varying distances
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In the experiments, visibility was not measured but calculated on the basis of light intensity (I)
measurements, according to Jin (1976). Light intensity was measured at a height of 2 meters at a
100-meter distance from the burning vehicles. Figure 4 shows the visibility development in time.
For the first 75 minutes, the bus and subway carriage curves coincide. After 10 minutes, visibility
in these fires is reduced to less than 10 meters. At the train fire, visibility becomes less than 10
meters within 15 minutes. It is also evident that visibility — at the current wind speed - hardly
improves, even after several hours.

Figure 4: Visibility in time
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In the EUREKA 499 FIRETUN project, no specific tests were carried out to measure toxic
concentrations. Toxic concentrations heavily depend on the nature of the burning material. In fact,
no products were burnt other than the empty vehicles (without their interiors). Of all the chemicals
in the emitted smoke, only carbon monoxide (CO) concentrations were measured. Figure 5 shows
that in the bus and subway carriage fires the maximum CO-concentrations reach peak levels (0.29
and 0.14 volume percentage’, respectively) within 20 minutes. The train fire results in a 0.07 CO
concentration after 2 hours. Concentrations drop slowly in the bus and subway carriage fires and
more rapidly in the train fire.

Figure 5: CO-concentration in time

CO-concentration

CO-concentration
(vol percentage)

0.4 - i
—=-—'bus ----- metro trein
0.3 - ~
TN
2 /o~
0 / N
. '—"‘ \s_‘
0.1 P
¥’ .
0 <7 ‘ . . . Ty e e e e ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70 8 90 100 110 120 130 140 150 160 170

Time (min)

The Reppafjord Tunnel experiments did not include measurements of rubble heights near the fires.
Therefore, a hypothetical curve is presented on the basis of a calculation. According to the Dutch

* One volume percentage corresponds with 10.000 parts CO per million parts air.
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Ministry of Public Works, a realistic threat of collapse is introduced when the tunnel wall thickness
is reduced to half its original value. The tunnel wall degrades by 1 centimeter per minute on
average — depending on the density of the concrete - when the temperature exceeds 600 degrees
Celcius. The remaining tunnel wall thickness (T) can be calculated using the following formula, in
which t is the time elapsed (minutes) and D is the tunnel diameter (centimeters): T= 1/25D — (1*t).
For example, the tunnel wall thickness in a 10-meter wide tunnel after a 15-minute fire and at a
temperature exceeding 600 degrees Celsius will be 25 centimeters. Because half of the tunnel wall
thickness is 20 centimeters, there is no real risk of collapse.

Figure 6 shows tunnel wall degradation as calculated for the Reppafjord Tunnel fires, where the
periods of high temperature (exceeding 600 degrees) determine the reduced wall thickness. Seven
to eight centimeters of concrete would be lost in all three fires.

Figure 6: Tunnel wall degradation
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The figures explained above show the development of the physical situation in tunnel fires. In
order to assess the situation that emergency responders face when they reach the tunnel entrance, a
timeline for emergency response was constructed.

4.2 Emergency response timeline

The physical situation on arrival at the tunnel entrance determines the decision for explorative or

offensive activities inside the tunnel by the fire service. Before arrival, emergency response units

go through several stages (McAleer and Naqvi, 1994; Repede and Bernardo, 1994; Rosmuller,

2001):

1. Report time: the time necessary for an emergency report to reach the public emergency room.
Action by people in the tunnel and Rail Traffic Control Centre.

2. Alert time: the time necessary for an emergency alert to reach fire service units. Action by the

public emergency room.

Turn-out time: the time necessary for the fire service to turn out.

Driving time: the time necessary for the first fire service vehicle to reach the tunnel entrance.

5. Exploration time: the time between arrival and the decision for an intervention inside the
threatened tunnel tube.

6. Walking time: the time it takes to walk from the tunnel entrance to the right cross section
where response tactics are to be carried out.

7. Checking time: the time it takes to check whether the overhead wire is dead.

B w

These are successive stages. Parallel actions have to be carried out by other organizations apart
from emergency response organizations, like stopping the traffic (by traffic control), self-
evacuation (by people inside the train and the tunnel), shutting down power on the overhead wire
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and opening cross section exit doors (rail control). It is important to recognize that these parallel
actions may cause delays in the stages mentioned above.

However, potential delays were ignored in the construction of the timeline. It was assumed that
emergency response units will be given full support in obtaining information about train
composition and cargo, opening cross section doors and shutting down overhead wire power.
Moreover, it was assumed that the physical mechanisms and emergency response timeline share
the same starting point (t=0), i.e. the moment when the train comes to a stop in the tunnel. In
addition, the actual emergency response activities in the threatened tunnel tube were not
considered.

The minimum amount of time needed for fire service units to arrive at the tunnel entrance is the

cumulative time necessary for the stages mentioned above. The time per stage is set out below. In

the accumulation, the minimum time per stage is used. This means, that the most optimistic
scenario for emergency response is considered.

1. Report time. Based on expert judgment in the Dutch High Speed Rail (Amsterdam-Paris)
Safety Committee, this time is set at 5 to 15 minutes.

2. Alert time. The emergency rooms of three fire service regions in The Netherlands were
consulted. Both acute and non-acute reports can be processed into an adequate alert within 1
minute.

3. Turn-out time. According to national fire statistics, fire service units can turn out within 3 to 4
minutes. This is an average for urban and rural areas.

4. Driving time. Variables, such as road type, weather type, alert type, vehicle type and time of
the day determine driving speeds under different conditions. Driving time can be calculated
using these driving speeds and a pre-determined distance from a barracks to the tunnel
entrance. By day and under normal weather conditions it will take approximately 10 minutes to
reach a tunnel that is 10 kilometers away (a plausible situation in the Netherlands), driving
through built-up areas and country roads.

5. Exploration time. Once emergency response units have arrived at the tunnel entrance, operation
command at the site will have to make a decision about subsequent activities on the basis of
emergency room information and own observations. Common practice shows that it takes
approximately 5 minutes to reach such a decision.

6. Walking time. Rosmuller (2001) measured various walking times of firemen, taking into
account variables such as walking ground, distance, weather conditions, lift load and personal
physical characteristics. He deduced some rules of thumb for walking speeds: walking on a rail
track (1.5 meters per second); walking up a rail slope (1 meter per second); walking up a ladder
(0.5 meters per second) et cetera. These speeds will not (and cannot) exhaust emergency
responders. The walking time in an accident situation involving a train standing 600 meters
from the tunnel entrance right in front of a cross section door (a plausible situation for a
Betuweline tunnel), at a downbhill speed of 2 meters per second, would be 5 minutes.

7. Checking time. Empirical data for this aspect are not available. Consulted fire officers estimate
checking time (to ensure the overhead wire is dead) at 4 to 5 minutes.

The cumulative timeline for emergency response is summed up in table 7:

Table 7: Cumulative timeline for emergency response

Stage Time necessary (minutes) Total time
(minutes)

Report time 5-15 5

Alert time 1 6

Turn-out time 3-4 9

Driving time Depending on distance (10 at 10 kilometers) | 19

Exploration time | 5 24
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Walking time Depending on distance (5 at 600 meters) 29
Checking time 4-5 33

It can be concluded, that there are roughly 33 minutes between the stopping of the train and the
arrival of the first emergency responders at the right cross section inside the tunnel, ready for action
in the threatened tunnel tube.

4.3 Confronting the physical mechanisms and the emergency response timeline

Based on the described mechanisms and the timeline above, it is possible to estimate emergency
response possibilities. Table 8§ shows temperature, visibility, CO-concentration after 33 minutes.
The values are deduced from the figures presented in paragraph 4.1. This table reflects the
situation, as modeled, in a tunnel tube where a vehicle has been burning for 33 minutes. Now, fire
service units would be ready to enter the threatened tunnel tube near the burning vehicle, 600
meters from the tunnel entrance. It is important to recognize that no artificial ventilation techniques
are used in this situation.

Table 8: Physical situation after 33 minutes

Vehicle Temperature (33 mins.) | Visibility (33 mins.) CO (33 mins.) Wall degradation
Bus App. 200 degrees Celsius | Less than 5 meters 0.20 volume No danger of collapse
(decreasing) (constant) percentage
(decreasing)
Subway App. 180 degrees Celsius | Less than 5 meters 0.08 volume No danger of collapse
carriage (decreasing) (constant) percentage
(decreasing)
Train carriage | App. 50 degrees Celsius | Less than 5 meters 0.04 volume No danger of collapse
(increasing) (constant) percentage (constant)

Emergency response possibilities depend on both the physical mechanisms and capacities of
trained emergency responders, as experienced in common practice or as taught by instructors.

Dutch fire service teaching material sets the maximum temperature for intervention in enclosed
spaces at 70 degrees Celsius. Comparing this standard with the temperatures mentioned in table 9
shows that the standard temperature for emergency response activities is exceeded, except in the
case of the train fire.

There are no accepted standards for minimal visibility in fire service activities. However, Blume
(1994) states that with a visibility of less than 10 meters, victims in a tunnel fire will lose their
bearings, which makes it virtually impossible for them to find their way out. Note, that visibility is
extremely limited over a great distance (figure 5 depicts visibility at a distance of 100 meters). The
same risk of losing direction applies to emergency responders when visibility is less than 5 meters.
This means that intervening in the smoke-filled tunnel tube constitutes a serious threat to their
safety.

With regard to CO-concentrations, Blume (1994) states that persons not wearing breathing
apparatus will be seriously affected by a gas concentration exceeding 0.1 volume percentage. Using
breathing apparatus can remove the threat posed by carbon monoxide. This means that active
intervention is possible.

Reduction of tunnel wall thickness after 33 minutes does not cause a real danger of collapse. It
should be recognized, however, that rubble falling from the tunnel wall that is piled up on the floor
is a serious (psychological) impediment for emergency responders. It should also be considered
that the use of breathing apparatus is a physical effort in itself. In addition, the physical capacities
(and working time) of emergency responders are restricted because of heat absorption and harsh
working conditions.
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It can be concluded that reduced visibility is the first critical mechanism that limits emergency
response possibilities. Heat is the second mechanism that impedes rescue or fire-fighting
opportunities. Carbon monoxide does not pose a real threat to emergency response units, whereas
the effect of falling rubble is a psychological barrier.

5. Emergency response possibilities

The results of the three research activities - case studies, interviews and modeling - are consistent
in pointing out the extreme limitations for emergency response organizations to apply offensive
operational tactics in a threatened tunnel tube.

Case studies revealed that offensive action may result in endangering the lives of emergency
responders, while the effects in terms of rescue and extinguishing the fire are highly uncertain.
Smoke, heat and construction damage are overwhelming.

Interviews revealed that fire officers exercise restraint in ordering personnel to work in the
threatened tunnel tube. Especially with a limited number of people present in the tunnel, as is the
case in rail tunnels for freight, risk calculations generally work out in favor of emergency response
personnel.

Modeling of threatening physical mechanisms and the emergency response timeline revealed that a
safe intervention is unlikely due to extremely limited visibility and high temperatures.

On the basis of the results, a guideline was proposed for Emergency response possibilities in the
accident scenarios in rail tunnels for freight as used in the interviews, which can be summarized as
follows:

e Small fire, not involving hazardous materials: no attempt at rapid rescue, extinguishing the fire
after extensive exploration.

e Minor fire, involving hazardous materials: no immediate action, response organizations wait
until the fire has gone out naturally.

e Major fire, not involving hazardous materials: no immediate action.

e Major fire, involving hazardous materials: no immediate action.

e Minor leaks of hazardous materials: no attempt at rapid rescue, possible co-operation of fire
service with Dutch Rail emergency response to take out the source of the leak. Active
ventilation tactics should be considered as an alternative.

e Major leak of hazardous materials: no immediate actions inside the tunnel. Active ventilation
tactics and measures to lessen the environmental effects are priorities.

e Explosion: after an explosion immediate action is not recommended.

e Threat of a BLEVE: no immediate action, evacuation of the tunnel environment.

Some comments can be made on the research design and methods. First, the emergency response
possibilities as perceived and stated by fire officers may be different from the decisions they will
take in actual accident situations. Second, empirical data from the Reppafjord tunnel may not apply
to all tunnel fires. The research did not include fires involving cargo or a considerable number of
vehicles. Both tunnel characteristics and fire loads are crucial for the development of the physical
conditions in the tunnel. Remember that results were not specified for situations in which active
ventilation tactics were employed.

Despite these comments, there is a strong case for the conclusion, which is endorsed by all three

parts of the research. Notwithstanding this conclusion, compelling topics for further research are

suggested:

e More specific examples of accidents involving rail tunnels for freight should be studied.
Comparative case studies in general should involve cases with standardized tunnel
characteristics.
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e Realistic simulation of fire officers’ decision making under stress in a tunnel accident scenario
could reveal the actual behavior of emergency response organizations.

e The influence on physical mechanisms (smoke, heat) of tunnel characteristics and technical
systems, such as automatic extinguishing installations and ventilation systems, should be
studied in controlled experiments, like the EUREKA project. In addition, fires involving
different vehicles, including cargo and a considerable number of vehicles should be studied.
Accident scenarios used in the experiments should be as realistic as possible.

e Similar studies should be carried out to explore possible differences in emergency response
opportunities in rail tunnels for freight and road tunnels, and rail tunnels for freight and rail
tunnels for passenger trains, respectively.
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Abstract

Based on the number of accidents in European tunnels during recent years, the need for an
advanced decision support system for the managing of tunnels has been affirmed. As a result, a
European project, SIRTAKI® (Safety Improvement in Road & rail Tunnels using Advanced ICT
and Knowledge Intensive DSS), has been launched. The goal of SIRTAKI is to develop a decision
support system for the managing of tunnels during normal operations and during emergencies. The
project is currently in its initial phase. This paper gives an overview of the SIRTAKI project,
specifies the use of scenarios for creating training sessions, and outlines the plan for evaluating the
final product.

A method for classifying the user requirements and for planning the system evaluation, the means-
end hierarchy, will be presented.

Introduction

The geographical characteristics of Europe have historically led to the construction of very long
road and railway tunnels for the transport of passengers and freight. Many of these tunnels were
built decades ago and have now become insufficient to properly serve the increasing mobility
needs of European countries.

The increase of the demand, the obsolescence of the installations, and the lack of an integrated
management of emergency situations, are leading to acute security problems in European tunnels,
as was dramatically proven in the recent examples of the Mont Blanc and Tauern tunnels.

A recent international study [1] on 25 of these tunnels, in Austria, Belgium, Germany, Spain,
Switzerland, France, United Kingdom and Italy, concluded that one third of the analysed tunnels do
not meet the minimum security requirements to face an accident.

Together with safety and efficient emergency management, the effective integration of the tunnel
surveillance and control with the rest of the urban or interurban network management is a must.

A discoordinated management of the network with respect to the tunnel provokes congestions and
even potentially dangerous situations; likewise, if the tunnel manager ignores the network situation
— including the management strategies being applied - he can take counterproductive decisions that
have a negative impact both on the tunnel safety and on the overall network performance [2].

! Systems Analysis Department, DK 4000 Roskilde, Denmark,
e-mails: verner.andersen@risoe.dk. frank.markert@risoe.dk, steen.weber@risoe.dk
2 SIRTAKI is an EU project IST-2000-28303, and is partly funded by EU
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To summarise, tunnel safety is a key issue and tunnel managers often face emergencies that
demand rapid and appropriate reactions — involving complex decisions - in order to avoid
catastrophes. These actions have to be effective whilst maintaining coordination between the
management of the emergency and the management of the surrounding network.

In this context, SIRTAKI plans to respond to these needs by the development and assessment of an
advanced tunnel management system that specifically tackles (i) safety issues and emergencies and
(i1) integration within the overall network management.

This strategic goal will be translated into a set of measurable, specific objectives:
1. To develop an integrated prototype of tunnel management and decision support system
(DSS), including — but not limited to - emergency management. This prototype will be
composed of four modules:
a. Knowledge Basis: a learning tool that will support training, decision taking and
automation of actions by applying previous experiences in emergency management and
simulation of emergency situations.
b. DSS: a smart decision support system that will help crisis managers to take decisions in
emergency situations.
c. Tunnel Management Model: a model of the tunnel that enables the integration of
traditional surveillance and control systems with, on the one hand, DSS and KB and, on the
other, the overall transport network.
d. Tunnel surveillance and control system. SIRTAKI approach will not substitute
traditional surveillance and control systems, but will enhance them with new capabilities,
such as the DSS and KB, which will make control systems more efficient.
2. To integrate and validate the SIRTAKI results in a set of test sites with different
characteristics and requirements (urban/interurban, road/railway, etc.) in France, Germany,
Italy and Spain.
3. To establish a methodology and accompanying guidelines to facilitate the cost-effective
adoption of the project results by any tunnel operator in Europe.

System architecture summary
The system to be developed in SIRTAKI is outlined in the following figure:
Figure 1: System to be developed in SIRTAKI
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The benefits expected as a result of the Project are measured in technical, social and economic
terms. Several benefits can be described including, first, the improvement of safety in tunnels,
through a reduction in the risk and severity of accidents. Second, stress in operators and citizens
during an emergency will be reduced. Third, the tunnels and the transport network will be
managed in a coordinated way, which will improve performance of the transport infrastructures.
Finally, the Project will allow for the performance of integrated management not only during
emergencies, but also for other special situations.

The following preliminary indicators have been defined to illustrate how the project achievements
will be quantified and measured: user satisfaction and acceptance (to be evaluated through
questionnaires); reduction of response time to detected incidents (including the comparison with
the situation without SIRTAKI); rate of false alarms; number of non-detected emergency
situations; and user’s assessment of the proposed corrective actions. The full set of indicators will
be produced during the preparation of the Evaluation Plan - and after having elicited the user needs
and requirements.

Road tunnels versus rail tunnels

Rescue operations are difficult in tunnels, as the possibilities to reach the emergency location may
be limited due to large smoke generation and heat from fires and the blockade of "entrances". Here
rail tunnels give more problems than road tunnels. The two systems are not comparable with each
other due to their different concepts. The major reasons for accidents for the road traffic are due to
human factors, which are increased by the nature of road traffic. Safety systems that are possible
for the rail traffic are not applicable for the road traffic, as road traffic is driving "only on sight",
safety measures are missing, and the road traffic includes a high number of ignition sources. The
large number of individual drivers increases the possibility of subjective and unpredictable actions.
Here rescue operations needs to stress self- and assisted rescue (by e.g. fire brigades). The fuel in
the cars increases the fire load remarkably, and there is increased likelihood that the tunnel will be
blocked by the accident. Fire extinguishers are seldom placed in cars and the drivers are untrained
in using such devices. Furthermore, in Europe today it seems that a common citizen is very much
used to and expects to get help and therefore, most persons will wait to be instructed without taking
their own initiative. This is shown by investigations of the latest tunnel accidents, which showed
that people would stay in their cars waiting for the rescue personnel to give advice.

The rail system with the tracks, driving by distances, safety systems including the modern guidance
and safety technique, and the presence of trained personnel makes it possible to stress measures
that decrease the probability of incidents/accidents and to mitigate the consequences of such
situations.

Accident types

An accident is often the result of a number of succeeding or interacting factors, and when it
happens it may be without serious harm in terms of injuries to people, structural integrity of the
tunnel itself, and to the environment. In other situations a number of people may be harmed very
seriously due to the mechanical impact of, e.g., a car crash or train de-railing, or a fire initiated by a
technical defect. In some of these situations the accident does not “stop” at this stage, but
propagates, as the initial accident may start a fire and/or an explosion or a fire from e.g. a technical
defect gets out of control. This may give raise to toxic emissions from the cargo or the fire (toxic
combustion gases). Other loads may be released in the tunnel air or are floating on the road to the
deepest point of the tunnel. This can result in toxic emissions at longer distances from the accident.
In case of flammable substances released, delayed fires and/or vapour cloud explosions may occur.
The pressure of the blasts and the high temperature of larger fires may also damage the structural
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integrity of the tunnel. In terms of rescue and evacuation of the people in danger, the position in the
tunnel where the accident occurs is another important factor, as emergency exits may be blocked or
liquids may - depending on the actual slope of the tunnel - float “back” towards the waiting cars.
Factors that also could have an influence will be the proper regulation of the ventilation systems
and the functioning of the emergency lights. “Crowded” situations were many people have the
same destination e.g. for football matches, large demonstrations, or cultural events can further
influence the situation negatively. Thus a huge number of factors have to be taken into
consideration when useful training scenarios are to be developed and knowledge is required on
daily situations and unexpected events. Such knowledge may be specific to each tunnel and
therefore it is important to have direct input from the accident history of the specific site in
question. Other sources in which to find relevant information to build training scenarios are based
on real accidents that have happened. Therefore, it is very useful to analyse accidents that occurred
in other tunnels and to elucidate the relevant information and history of each accident. Here it is
necessary not just to apply the information, but it needs to be adapted to suit the differences of the
installations (physical parameters of the construction, typical weather conditions, exact location of
the accident in the tunnel (distance from exits, ventilation systems and slope of the road) and
distances to emergency exits, alarming systems etc.).

Use of scenarios

Scenarios are very effective as a means of getting realistic conditions and environments for coping
with various types of situations. These could be daily routine situations or unexpected safety
critical events. For these events, swift, efficient, and well structured efforts are of vital importance
for minimising the consequences of the event, from a short term point of view or a long term
perspective.

The development of training scenarios will often be based on requests for the need to obtain
specific abilities and sufficient skills when dealing with specific situations for the persons being
involved in the training session. This may speed up the skill as compared with the traditional hands
on experience obtained by the daily routine.

The training of managing organisations are often based on repeated events or recent real accidents
or training sessions, which may have revealed a less than optimal performance of the organisational
team in specific situations. However, even though such situations may not necessarily trigger the
training session itself, they may give rise to the objectives of the next training session as related to
the specific goals of coming sessions.

Training scenarios are very efficient for performing emergency response training as the scenarios
may support specific adaptable training objectives. Furthermore, the scenarios may be implemented
in a dynamic ways; i.e. the events included in a given scenario may be currently adjusted in order to
keep the training along the lines originally intended.

As mentioned, training scenarios are often based on recent real accidents with the emphasis on
training of specific tasks on which improved performance is desired. Thus, even though training is
often demanded by the emergency preparedness plans, the goal of training is not to fulfil this
demand, but to achieve an improved future personal performance in real emergency situations.

A scenario constitutes a story of a possible occurrence of events threatening to the society and/or
the environments. A scenario ought to give the trainees the same kind of experiences and need for
taking strategic decisions, as well as a need to exhibit creativity, insight and intuition, as in a real
emergency situation. Therefore, it is of vital importance that the scenarios are plausible, but at the
same time they may very well be surprising in order to create challenges to the trainee when coping
with unexpected time critical situations and decisions. As the scenarios are meant for education and
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training, they should involve issues of which the outcome depends critically on timely and
successful decisions.

The scenario is meant for ordering the visual perception of critical situations on which the
emergency management response will be based. Therefore, despite the fictional presentation, this
should in no way be a fixed sequence of events coming up at predefined times along the story line,
but it should reflect and adjust to all the actions taken by the trainees in order to cope with the
accident. So, the process should be highly interactive during the execution of the scenario, and this
must be reflected in planning the scenario by the training supervisor.

The process for the supervisor of developing a training scenario begins by having in mind — based
on previous experience from real life performance or training sessions - the tasks the trainees need
to train. The next step is to identify the environments, situations, and other driving forces that
create the mental input necessary for the trainees to provoke further gathering of information and
knowledge for making the decisions to remedy the conditions and diminish the consequences of the
hazardous situation.

Besides generating the physical location of the emergency, the time of the day and the direction
and strength of the wind must be settled. The wind in tunnels, which may create a chimney effect,
may influence the situation in case toxic material or smoke will be dispersed from the source of the
accidents. Finally the specific accident must be incorporated in the scenery.

The scenario should be built as a scenario script allowing various paths through the sequence of
possible events. The actual path will be based on the actions of the trainees and hereby result in
various outcomes of the emergency situation. Thus, the scenario script may be seen as an event tree
composed by nodes and arcs connecting different nodes. At each node the choice of path in
progressing the scenario will be decided either by the previous or actual actions taken by the
trainees in order to cope with the hazardous situation, or, alternatively, the supervisor may be able
to decide how to progress the scenario in order to guide the scenario as he finds most appropriate in
relation to the training objectives. Likewise, he may use this possibility if he finds the need to
strengthen or facilitate the scenario depending on the ability of the trainees to cope effectively with
the accidental situation. Furthermore, the event tree may act as a reminder to the supervisor, acting
as a tool for implementing information to the supervisor in the form of notes related to the status
and the progress of the scenario.

Scenario selection

The selection of scenarios for the various demonstrations will be based on the user requirements
and specific wishes from the end-users related to their specific tunnel. They may be selected based
on previous accidents or training events having a less than optimal outcome. Training scenarios
will preferably be selected among scenarios tried out before with a well-known result and the
possibility for the responsible of the training session to compare with the outcome without
SIRTAKI. Therefore, these scenarios will be defined in co-operation with the end-users related to
the specific demonstration sites.

Examples of types of training sessions could be:

Plain tunnels:
e Accident with fire outside the tunnel;
e Accident with fire inside the tunnel;
e Collision between a car and a truck in a road tunnel with or without fire and/or escape of
toxic material;
e Collision between two trains in a rail tunnel with or without fire and/or escape of toxic
material;
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For Metro tunnels the scenarios may be more specific, like:
e Automatic fire alarm in trains at the station;
e Automatic fire alarm at stations or in emergency exits;
e Alarms initiated by cellular GSM phones from passengers;
e Fire in train in the tunnel between two stations;
Fire in train at an underground station;
Fire in tunnel installations
Fire at stations and in emergency exits;
Personal run-over or train accident including 1 — 10 injured persons;
Train accident with more than 10 injured persons;

Evaluation Plans

The validation methodology of SIRTAKI will be based on user/system interaction in
demonstrations using selected scenarios. This methodology will include (a) Guidelines for the
definition of the scenarios at the demonstration and (b) Guidelines for specifying the data selected,
how these data will be analysed, and how the results will be presented.

This point describes the ‘Evaluation Plan’, which the demonstrator sites will use to assess the
objectives identified within SIRTAKI. Four main categories of assessment are defined:

= Testing the physical functioning of the system (or technical evaluation).

= User acceptance (friendless).

= [mpact analysis (socio-economic aspects) and

= Financial evaluation and cost-benefit analysis.

This ‘Evaluation Plan’ specifies the framework to be used across the different demonstration sites
and ensures that common procedures and indicators will be used. This will enable a cross-site
comparison of results to be undertaken and to provide added value by generalising results
throughout Europe.

Specifying objectives, the ‘Evaluation Plan’ describes the indicators necessary for obtaining
valuable indicator values that are to be used by the demonstration sites. In addition to these
common testing methods, each site may undertake additional tests based on specific local needs or
services.

The means-end hierarchy

In order to facilitate the evaluation of the SIRTAKI outcome, the user requirements will be
categorised in terms of means-end relations. The framework for this categorisation is shown in the
figure below, presenting by the middle column the hierarchy in general [3,4] and by the left-hand
column the means-end hierarchy in a condensed form utilising fewer levels in the hierarchy. This
representation has proved successful and sufficient for evaluation purposes [5], and will be utilised
in the SIRTAKI project, indicating the strategic goals on the highest level, procedures supporting
these goals at the next lower level, and — at the lowest level — the operations from which these
procedures are created. In this representation each level will be specified by the next upper level
concerning the reason or background for an action, and by the next lower level concerning how this
action may be supported (see the right-hand column).
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Figure 2: Means-end relations in condensed form to be utilised for user specifying requirements in

SIRTAKI, and in general with indication of the relation among the various levels
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The Means — Ends hierarchy was originally developed to describe the different abstraction levels in
a working situation. The highest level corresponds to the system objectives, and the lowest level
corresponds to the physical form used to implement the next higher level. The connections between
the levels are expressed in the Interaction column where, at a given level, we can ask the question
‘What’ are we doing. At the next higher lever we may be informed about ‘Why’ it should be done,
and at the next lower level get the answer to ‘How’ it may be done.

In the SIRTAKI project we have condensed the Means — Ends hierarchy to 3 levels. If we think of
the SIRTAKI system as a collection of software modules then these modules will be at the lowest
level “Operational”. A combination of modules will belong to the “Procedural” level carrying out
some higher-level tasks. Finally, the interaction of the whole system will fulfil the “Strategic” level
in the hierarchy.

Having the user requirements classified according to the levels outlined above, the following
evaluation steps may then be followed.

System evaluation normally constitutes three levels of test procedures:

= Verification, which is a check of implementation of operations specified in the user
requirements, and therefore directly related to the lower level of the hierarchical
representation of user requirement.

= Evaluation, which is a check of the presence of the functionality specified in the user
requirements, i.e. is the system capable of executing all the sequences of operations needed
for fulfilling the goals specified in the requirements. This part of the test procedure is
directly related to the middle part of the hierarchical presentation of the requirements, the
procedural requirements.

= Last, but not least, the validation takes care of — based on user satisfaction — the test of
whether the system is of any value to the end users, i.e. do they perform better, more
efficient and with lower risk for making mistakes in a critical situation than without having
the system available. The question here is the difference between developing the system
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right, i.e. following carefully all the elicited requirement specifications, or developing the
right system, i.e. a system that really — in real life — is of benefit for the end users.

The logical way of evaluating a system is to take the top-down approach in which the evaluation
and validation is tested by user interaction with the system. In case this test does not end up
satisfactorily the next step would be to take the bottom-up approach, starting with the verification
phase, checking the implementation of operational features and continuing with check of the
functional features.

So, the SIRTAKI system evaluation will be based on the top-down approach resting on system to
user interaction.

In more detail the ‘evaluation and validation’ of the SIRTAKI system will be performed by letting
groups of test persons solve various tasks related to selected scenarios. The evaluation is partly
based on measures, concerning the benefit from using the system related to:
e assessment of the current state and the current prognosis for the influence of the hazardous
situation to people, tunnel integrity, and the environment;
e assessment and possible revision of the current priority of overall goals (which goals
require relatively more attention and resources now?);
e assessment of the need for additional actions and agents: decision whether to alert
additional agents or organisational units;
establishment of communication links with the units and agents;
planning of actions for coping with the accident or minimising the consequences;
distribution of tasks and co-ordination of information to the relevant units and agent;
executing the remedying plan.

Furthermore, the evaluation is qualitatively based on the users’ subjective assessment of using the
system and of the outcome of their efforts. This is done through direct interviews and through
fulfilment of detailed questionnaires enlightening the general impression and understanding of the
SIRTAKI system.

Conclusion

The outcome of the SIRTAKI project will be generalised for use in various tunnels, and for the
future, hopefully specify the standard for emergency management in European tunnels.
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Abstract:

Within the transportation field, many emergency management questions can be answered by travel
demand forecasting (TDF).

TDF is the science of quantifying the amount of travel in large transportation systems. TDF
predicts travel demand and transportation system performance based on facility inventories and
surveys (or projections) of demographic and economic activity. These projections have typically
been limited to aggregate estimates of origin-destinations, transit passenger demand, daily auto
travel, and rough travel time. Recent advancements have now made it possible to make more
detailed forecasts of person movement and better estimates of travel times.

The TDF community has focused on many issues that are significant to emergency management
professionals. These issues include: population location, population by time-of-day, population
mobility, network representation, regional micro-scale simulation, and system visualization. These
improvements are the focus of this paper. They provide planners with a more detailed
understanding of current mobility and the impact of changes to the transportation network. Many of
these advancements are currently being implemented in Portland, Oregon. This paper will
demonstrate what the emergency management community can expect from emerging TDF
technology, and how the technology might benefit them.

Introduction

Effective emergency preparedness requires a host of information inputs. The information needed
includes population mobility, hazard identification, and reestablishing community continuity. Some
of the above information needs are met within the transportation field with the emergence of new
technologies. In order to establish training exercises, respond to events, and manage incidents
emergency professionals need information about transportation accessibility and an understanding
of how and why population and freight moves during the day. Within the transportation field,
transportation modeling is where many emergency management questions can be answered. These
questions include evacuation modeling and population location. This paper will demonstrate what
the emergency management community can expect from emerging travel demand forecasting
(TDF) and related technologies and how these technologies might benefit the community.

A transportation network is a fragile system. Emergency managers planning for a crisis event need
to recognize the problems that currently exist to better plan their response. The 2001 Urban
Mobility Report estimates that an average person loses thirty-six hours a year due to traffic
congestion and that the current transportation network operates eight hours a day under congested
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levels. [1] So when the East coast network was inundated with evacuees during the terrorist event
of September 11, 2001 in New York City and Washington D.C. and the week of September
13,1999 during Hurricane Floyd in South Carolina and Georgia the transportation network was
brought to a stop. The perceived threat from these disasters increased travel times between high-
risk areas and alleged safe areas, reminding decision makers of the vulnerability of the
transportation network. Hurricane Floyd alone caused travel times to reach a 15-hour peak along a
100-mile span [2]. In New York City on September 11™ during the terrorist event at the World
Trade Center, 1.3 million residents and workers were asked to evacuate Lower Manhattan. These
individuals needed to use new modes of transportation, as heavy rail and vehicular traffic were
limited. This paper demonstrates how TDF methodologies currently used for highway congestion
and air quality analysis, can answer many evacuation and other transportation related questions.

Methodology

The research within this paper utilized primary and secondary sources. Secondary sources include
materials from the Department of Transportation (DOT) and Environmental Protection Agency
(EPA) Travel Model Improvement Program (TMIP) clearinghouse and quick response reports and
case studies from various other entities. Primary sources include DOT representatives and other
transportation agencies.

Background

TDF is a tool that supports the urban transportation planning process. It is a series of analytical
techniques, used to asses future demand for transportation facilities and services. It involves
estimating the impacts of various changes on the transportation system and how they affect travel
demand. These changes could include rerouting traffic along a freeway due to a flood or a shift in
travel modes with the implementation of a new rail service. TDF plays a significant role in
informing decision makers of the potential needs, alternatives to meet those needs, and potential
impacts of their choices [1].

TDF models are divided into a four-step process: trip generation, trip distribution, mode choice,
and trip assignment. Trip generation forecasts the number and purpose of trips. Trip distribution
determines the destination of trips. Mode split predicts how trips will be divided among available
modes. Trip assignment predicts the route choice. Typically, a TDF model forecasts 20 to 25 years
into the future to evaluate proposed changes to the network.

The Transportation Analysis Simulation System (TRANSIMS) and the processes associated with it
are taking TDF practice into the next generation of travel models. Key emphasis in TRANSIMS
includes activity-based trips and microsimulation. Activity-based trips connect trips in a chain like
fashion with the same start and end point. For example, the daily activity of an individual person
could be represented using the following sequence: home, work, shop, eat, home. This sequence
departs from the current practice that counts each trip separately. This improvement provides more
detailed information and leads to a more informed analysis. TRANSIMS is considerably more data
intensive and requires a higher level of traffic analysis then current TDF models. Testing of the
TRANSIMS model is currently underway in Portland, OR.

Findings

The following findings demonstrate how the TDF process can directly affect emergency
preparedness. These findings are based on current practices within the field and improvements that
are currently occurring in TDF.
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Population Location — Population location is important to emergency management because it
identifies and determines the possible impacts of a disaster event. Where the population is situated
will affect the response. During the 1994 Northridge Earthquake in Los Angeles, CA emergency
managers knew responders should dispatch to residential areas rather than business because of the
4:30am time of incident. This decision was clear, but if the incident had occurred at 6:30pm the
choice would not have been as clear. Population location also refers to the difference between
populations in motion compared to static. If an incident occurs during high travel times the disaster
effect takes on a different meaning. To better manage transportation facilities prior to and during a
disaster, the location of the population needs to be identified and incorporated into emergency
plans. In the TDF process this population location need is currently addressed with the
development of the population synthesizer and the traffic analysis zone structure.

A population model is built into a TDF model using U.S. Decennial Census demographic data,
travel surveys, and the Census Transportation Planning Package (CTPP), which is part of the
Census ‘long form.” CTPP collects information on worker and commuting characteristics by using
location of residence, place of work, and worker flows among small areas [3]. Travel surveys are
conducted by planning agencies that include: personal household characteristics, activity at special
generator locations and commercial truck information. After the data has been collected and
validated it is place into Traffic Analysis Zone (TAZ) for analysis.

Figure 1: Population Synthesizer Framework [4]
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The reason is that in the TRANSIMS model population is disaggregated into a synthetic individual
within a simulated house, one synthetic individual for every real person. Individuals are given an
itinerary that tracks their movement throughout the day. Instead of 1000 TAZ areas, planners now
need to track 200,000 itineraries. This data is then validated to the most current census findings.
The disaggregate level of data allows for more interaction amongst synthetic individuals within the
model set, which provides better information on travel behavior. At this level of detail emergency
managers can gather a richer data set to test future policies.

Time-of-day — Time-of-day modeling is important because it forecasts the time a trip is made.
During September 11", the time of the incident and the response that followed was based around
where the population was located at that time. If the incident had occurred three hours earlier at
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6:00am rather then 9:00am the response and the devastating impact would have been dramatically
different. During a sudden onset disaster, traffic flow will vary depending on the time of the
incident.

As an example current TDF models demonstrate travel in one movement for a single day, 50 trips
went from TAZ 12 to TAZ 45. Sensitivity to time is not included. However, due to air quality
policies, TDF models are now moving forward to include a time of day split. Large and serious
areas with poor air quality are considered nonatainment areas and are required to do some level of
time of day analysis. This analysis is usually divided into an AM peak, a PM peak and off-peak
periods. Emergency plans that are sensitive to time of day movement would benefit greatly from
this current process. TDF allows the user to test an emergency scenario at three different time
periods within the same location in order to determine the effects on the transportation system.

Network — The TDF network is important to the emergency management field because it provides
a coarse representation of a transportation system. When the Bay Bridge, which connects San
Francisco to Oakland, CA, collapsed during the Loma Prieta earthquake in 1989, decision makers
needed to find a way to reroute 300,000 daily travelers. An accurate network will provide
emergency management a tool to test possible alternatives and measure their effectiveness.

When planning for a disaster, it is imperative to understand the transportation network. Rarely does
a crisis occur that does not involve some aspect of transportation. The location of roadways and
transit lines and how they interact will affect how people evacuate a hazardous location and how
responders get in. TDF models are built with extensive consideration to accurately represent a
study areas transportation network.

Networks are more then random lines crisscrossing each other on a sheet of paper. Each TDF
model generates roadways and the available transit lines with information that includes speedl,
capacity and accessibility. When a CSX train carrying hazardous materials derailed and caught fire
in a tunnel in Baltimore, MD, on July 18, 2001, the accident closed the entire vicinity for at least
two days. Traffic that normally flowed in and out of the area was detoured onto other arterials in
the area. Using the TDF network and their characteristics can help generate information about the
capacity of the other roadways in the area and help to transfer the demand that previously had been
met by the affected facility to other areas.
Figure 2: Example of a transportation network with
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necessary for the network development.

If planners wanted to simulate a large-scale evacuation from a coastal town they would only need
freeways and principal arterials because the majority of the trips generated within the study area
would travel to external (outside the study area) locations. Freeways and major arterials are more
attractive for long distance travel due to their speeds and limited accessibility. However, they are
also known to reach capacity quickly resulting in major delays as seen during Hurricane Floyd. A
TDF model with guidelines to test the ability of an area to function under extreme stress can easily
be established by rerouting trips to the roadways in question. This knowledge can then be
implemented during an actual coastal evacuation to better inform travelers of the delays and reroute
travelers to different routes.

Figure 3: Entire Portland Network area [6]
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Currently Portland, OR has a network with this level of detail within its model. Every road is
broken into lanes and sidewalks. Portland’s network contains 124,904 links or roadway segments
[7]. This includes driveway/parking locations to expressways. This network took over two years to
build, however since Portland was the first site to build a network with this much detail, lessons
were learned that could be applied to reduce the time investment required by other areas.

The more detailed the network, the more scenarios and policy testing can be done for emergency
preparedness. For instance, a policy on the effectiveness of lane reversal during a coastline
evacuation can be tested. Using the network developed for Portland, emergency planners can
simulate three lanes reversed so seven lanes of an eight-lane highway are moving in the same
direction. Once traffic is redirected onto those lanes the results can be compared for analysis.
Although most current TDF networks do not have this level of detail they can still be useful on an
aggregate level.

Mobility — The issue of mobility is important to emergency management because it reflects the
population’s ability to move within an area. The capacity in which a population can move will
dictate how the request is handled. Whether it is a lead time evacuation like a hurricane or a sudden
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evacuation from a chemical release, a population needs to move and an emergency manager needs
to know how this will occur. The timeliness and the speed will be dependent on the route they
chose and their mode of transportation.

Figure 4: Example of Home Base to Work Trip Table [&]
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scenario is created in which a Hurricane threatens the model area. Emergency managers can
manipulate the attractiveness of a TAZ area so that an external TAZ area is overwhelming more
attractive then any TAZ within the study area. When the model is calibrated emergency managers
will be able to identify what level of congestion will exist on that proposed evacuation route.
Alternatives can then be proposed along with traffic control policies that reduce the expected
evacuation congestion

This example also leads to TDF models that reduce evacuation travel times during a hurricane
evacuation. When a trip is assigned to a TAZ part of its attractiveness is related to the travel time to
get to that zone. If emergency managers know the time needed to evacuate an area, the window to
announce an evacuation would increase. This means that travel times would be decreasing,
allowing for more time before an evacuation is officially requested. This is where better modeling
would lead to better planning, which would eventually lead to reduced travel times. Increasing the
time needed to request an evacuation would limit loss to business and diminish the stress in a
community. During Hurricane Floyd this was clear when residents in Northern Florida were asked
to evacuate. When the hurricane completely bypassed the area many residents were upset and
frustrated. A TDF model could have been used to analyze the area giving emergency managers a
large window to order the evacuation.

Modal Split — Modal split is important for emergency managers because it refers to the different
modes that a community can use to travel. This may include walk/bike, single occupancy vehicle,
2-person vehicle, 3+vehicle, light and heavy rail, bus and ferry. In a sudden onset emergency, the
timeliness of a community’s reaction will depend on their mode of travel. Each community mode
choice model varies depending on the availability of each mode within that area. For a traveler the
mode decision is usually based around cost/time to make the trip and person/trip/land use
characteristics.

A mode split model creates additional trip tables for each mode when it enters and leaves a
particular zone. This information is tallied, and assumptions within the zone can then be made.
This information provides emergency managers the vulnerability of a population’s ability to move
within a zone. During the September 11™ attacks in New York City people walked across various
bridges due to the rail lines being destroyed and vehicular traffic operating at a minimum level. A
large amount of the population in Lower Manhattan relies on the rail line, and when that system
failed people were forced to find other means. A TDF model would have recognized this as a
problem by closing several commuter lines in the model.
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The TRANSIMS model would take the above example a step further. After that group of would be
travelers were identified, each itinerary could be augmented for walking trips. Emergency
managers could then estimate approximate times it would take to move a population from a
hazardous location to a safe location when a transportation network completely fails.

Microsimulation — Microsimulation is a new part of the TDF model and is available in the
TRANSIMS model. Microsimulation is important to emergency management because it allows
tracking of the activities of a synthetic individual over the course of an entire twenty-four hour day.

Currently, when a trip is Figure 5: Traffic Microsimulator Framework [9]
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and enforce physical constraints like not allowing an individual be in two places at the same time.

In 1996 the microsimulator was used in a case study in Dallas, TX. [10] The case study analyzed
two proposed roadway improvements that would alleviate congestion in a business area between
5:30am and 9:30am. One improvement proposed a lane in each direction added to the interstate,
and the other was to lower arterial intersections. The metrics for the study included travel time,
speed, average vehicle miles, and network reliability. The case study was able to prove the
effectiveness of the microsimulator, as the freeway option was more effective until 7:30am when
individuals began to empty the freeways and from 8:00am on the street arterials improvements
were more effective.

Besides analyzing routes another emergency management use could be testing the effect of a
biological/chemical release. Suppose a terrorist released an airborne toxin that could be transmitted
from person to person. The toxin plum can be layered on top of the microsimulator highlighting
every synthetic person that is affected by the plume. As the individual continues about the network
each person that comes into contact with them would be highlighted. This would help provide
some information for a risk analysis on possible biological/chemical dangers.

Visualization — The final finding in how TDF can help emergency preparedness is with the
advancements in visualization techniques. This is important to emergency management because it
provides a method of interpreting the results. Visualization can also help TDF users identify results
that normally would have been overlooked.

Current models display their results on a basic computerized map with the travel demand placed on
each link. However, more TDF models are moving to a geographical information system (GIS)
platform. The main advantage of the GIS system is its ability to relate tabular data to digital maps

239



The International Emergency Management Society
9% Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

and relate various sources of spatial data to one another. The GIS system can forecast travel,
validate and calibrate the model, test environmental impacts, and measure social impacts.

Figure 6: Multiple routes overlaid in time to show predicted
congestion points [10]
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Conclusion

As demonstrated within this paper, there is a lot of information that can be taken from the TDF
process and used in emergency management. This information includes work currently done on the
location of population, the time of travel, its mode of travel, transportation network development,
mobility, microsimulation, and visualization. The TDF results would help provide better
transportation information to emergency preparedness plans.
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ONE STEP CLOSER TO THE EFFICIENT MANAGEMENT OF
SPEED-RELATED RAIL INCIDENTS

Cheila Duarte, Colardelle', Jacques Valancogne?, Stéphanie Fond®
Keywords: typology of rail incidents, positive experience reflection, organizational learning

Abstract

This paper aims to shed light on frequent and reoccurring rail-related speed incidents observed in
the largest railway company in Paris, France, the RATP*. Based on internal examples in the RATP
transportation rail system, we will identify, by means of a return-on experience method, the main
causes behind these incidents. The causes may be of diverse nature and if identified can facilitate
the analysis of each speed-related incident. This study therefore aims to demonstrate how to better
address and efficiently manage such incidents with a view to better revealing the dysfunctional
elements within the system, dealing with them efficiently and thus reducing their frequency and
scale.

1. Introduction

Notre Dame de Lorette is the rail speed related incident that has had the most impact on the minds
of rail RATP workers. On the 13 August 2000, on line 12 of the metropolitan RATP rail system, a
metro’ derailed and slid several metres on its side before entering onto a headline collision with the
opposite track platform. Once come to a halt, the human damages were made public, 24 lightly
injured due to overspeeding. The driver was 30km/h over the set speed limit of 30km/h (maximum
speed on this part of line).

This incident has by no means influenced the number of speed related incidents, which are
unfortunately recurrent. They may not be of similar gravity to the one experienced at Notre Dame
de Lorette, but they are indeed very frequent in number and potentially serious. They are, for these
reasons, becoming a matter of concern. In fact, between 1996 — 2001 there were, according to
internal RATP sources, on average, over 5000 speed excess (a great part of them being of minor
importance) related incidents per year.

! Ms. Colardelle, research engineer at Ecole des Mines de Paris (France) and currently enrolled in a PhD on
organizational management, colardelle@cindy.ensmp.fr

2 Mr. Valancogne, current director of Maitrise des Risques Systémes (MRS) department of the RATP

3 Ms. Fond, trainee for a training period of 6 months in the MRS department of the RATP

* RATP : Réseau Autonome des Transports Parisiens, founded in 1948. RATP employs approximately 38
465 individuals. The RATP represents 80% of all human transports in the Parisien urban area and
transported 2,5 billion people in 1999.

> Metro : subway or underground train used for transportation. Each train has four to six coachs. The RATP
metropolitan network comprises 211 km of rail and 380 stations.
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In 2001 the MRS® department of the RATP decided to look deeper into this matter, by means of an
experience reflection study. Several questions were posed, namely:
e s there some kind of system dysfunction that contributes towards the redundancy of speed
incidents?
e To what degree can the risk-taking behaviour of drivers, involved in these speeding
incidents, be assessed and managed appropriately?

This article endeavours to present the results obtained by a 6-month study of speed-related
incidents in the RATP rail system. With a view to clarity the study is structured in three parts.
Firstly, we will proceed with a cross section of rail driving context. This cross section will
endeavour to set the groundwork, shed insight into the area of study and help evaluate its
complexity. Secondly, the interest of the positive experience reflection method employed in the
study will be discussed. Lastly, a succinct review of the study findings will be exposed.

2. A Complex Integrated System

Three main components of the navigational rail speed system (human, regulation and technical)
need to be clearly established before tackling the subject of speed-related incidents. These 3 sub-
systems make it possible to grasp the complexity of the system.

Figure 1: The complexity triangle of a system

Neuronal
(Behaviours, Skills
Etc.)

/ N\

Regulation Technical
(procedures (Devices,
? , Machinery Etc.)
manuals
documentation, etc.)

Organization

Environment

Technical
Speed is measured automatically whilst the train is in motion by a chronotachygraph.

Each speed violation is apparent. Should a driver violate speed limits “too frequently” or “too far
above the allowed level”, his or her driving conduct will constitute an object of inquiry or sanction.
However, what qualifies as “too frequently” or “too far” depends on the attention that the metro
lines local authority desires to give each case.

To better exemplify and analyse the existing behaviour on metro lines a deliberate selection of

® MRS : Maitrise des Risques Systémes, created on 1st July 1998

243



The International Emergency Management Society
9 Annual Conference Proceedings
University of Waterloo, Canada, May 14-17, 2002

metro lines was made for the study. The sifting process consisted of 3 stages.

e The RATP metro network, constituted of 16 lines has lines on which navigation is either
automatic, where the driver’s role is limited, or manual. On these manually driven lines,
the driver is almost solely responsible for the navigation. Therefore, the first selection of
metro lines was made by narrowing down the metro lines that would participate in the
study to manually driven metros.

e A second criterion of choice, which narrowed down our choice even further, was that of
the existence of recent data on excess speed related incidents. The incidents that were
studied were:

- Deficient use of brakes when confronted with a repeater of a shunting signal at
yellow indicating that the repeated signal is closed.
- Various speed violations in 2 interstations.

e Thirdly, the metro lines personnel need to be conscious of the importance of the
investigation. Therefore, those that demonstrated the maximum interest in participating in
the study were selected. In the end, 2 metro lines remained and participated in our study,
lines 1 and 10 of the RATP metro system.

Figure 2: Sifting process selection of metro lines

RATTP rail system

v
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v
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Regulation

In order to better apprehend the behavioural patterns of personnel in the RATP network rail
system, we decided to focus our attention not exclusively on the literal unfolding of the speed
incident itself, but on the driver’s perception of the incident. Was the driver aware of the procedure
to be respected whilst driving an underground train? What elements guided him during his driving
shift? There are various reasons for this choice.

Firstly, standard written navigational procedures exist and must be followed. In fact, written
procedures insist on:
e The inculcation of respect and adherence awareness to the reglementation as a whole.
e Safe and smooth driving.
e Adherence to and respect for prescribed speed limits and traffic regulation
signals/indicators.
e Adherence to and respect for operational practical driving procedures (eg: given set time
taken to cover an interstation)
e The driving procedure to respect during an degraded situation

These written standard procedures exist in order to ensure a safe journey whilst navigating in the
rail system as well as a non-violation of speed limits posted throughout the tracks. The drivers are
well versed in these procedures not only due to the initial training period they are all subjected to,
but also due to experience in navigating. Their professional experience should make them not
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neglect the importance of respecting regulations.

Other than the existing code of written rules, there is a secondary form of regulation that is
dispensed before a driver is considered as such. While a driver is a trainee he/she undergoes
practical driving lessons. The training period of 3 months is dispensed by instructors. These
instructors are themselves drivers with a licence who have solid driving experience on the RATP
lines. Each monitor bases his/her teaching on what the written regulation requires and on personal
experience. Each of them has his/her own personal set of golden rules what they call “les bons
gestes du conducteur/the good conduct of the driver ” (see Figure 4 in Annex).

Apart from the initial training dispensed, there is a continual check-up on the driving capacities of
drivers. This is done through occasional surveys and by keeping a record of speed related incidents
a driver may be implicated in. Continual monitoring is considered a good indicator or thermometer
of the driver’s level of professionalism and competence.

Human component

Speed incidents involve young drivers as well as older and more experienced ones. In the case of
older and more experienced drivers, these should most probably capitalise on their professional
experience and their skill should improve with time. So, there must be other reasons other than lack
of training to account for the influx of speed excess incidents.

3. The Positive Experience Reflection Tool

One of the main difficulties that companies have today is to tap into the invaluable sources of
individual tacit information. Companies often become frustrated with not being able to reveal and
to learn from the rich source of individual day to day learning experiences. Organizational learning
depends on and stems forth from individual inputs [Nonaka & Takeuchi 1995].

The main reason is the absence of tools enabling companies to exploit individual experience, to
disseminate its lessons and to translate them into effective action [Kleiner & Roth 1997]. The
RATP has several tools (eg: employee surveys, database etc.) that endeavour to capture the best
practices, individual experiences and implicit ideas.

As generally observed, these often fall short, failing to give the full picture. Hidden factors and
logic are not taken into account. Also, once the hidden logic has been acquired, managers have
difficulty in exploiting them. Transferring newly acquired knowledge, in order to modify certain
behaviours, is no easy task [Garvin 1993].

The RATP therefore turned its attention to an external qualitative positive experience reflection
method comprising six different steps. This method had been implemented by the RATP in 1999
and, having been well perceived, was implemented once again in 2001. The positive experience
reflection approach complements other existing risk management methods. It allows for an
identification and capitalisation of individual practices and personal experiences in their entirety. It
also legitimises organizational changes in that all persons feel involved and feel that they
contribute to the better functioning of the system.

The 6-step positive return on experience reflection method referred to above (see Figure 3
hereunder) was developed by the Cindyniques research Centre of Ecole des Mines de Paris.
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Figure 3: Positive experience reflection method
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By means of this 6-step process, the positive experience reflection method analysed 3 types of
driving practices: prescribed navigation; normal or operational navigation; and abnormal
navigation (eg: in an incident, during works etc.): crisis or incident management

Rich qualitative data was collected on these three modes of driving. Drivers were questioned on
which actions correctly characterised, according to their own experiences, each type of driving
practice. The data, collected from individual anonymous and open interviews, was represented
graphically, in the string of key events graph’[Colardelle 2000]. Each key action, particle of
experience, has 4 steps [Wybo 2000]:

e Context

e Analysis of the context and options

e Decision(s) taken

e Effects of the decisions

Two types of key moments are identified - real actions and hypothetical actions that can be acted
out. Hypothetical actions can be of two natures, positive ones (that improve the functioning of the
system/ systems function) and negative actions (that contribute to the deterioration of the system)
[Colardelle 2000].

To better exemplify, a key of string events graph (Annex Figure 5) representing a collective
example, construed after a number of interviews, has been included for consultation. This
simplified version of the collective string of key event graph applies to the standard written code of
rules which need to be respected while navigating.

Each string of key events is basically evidence of the democratisation process through science. The
string of key events graph allows for an understanding of the key moments or actions undertaken
during navigation as perceived or as experienced first hand by the drivers. Each driver has stored

7 From the French expression “Fil Conducteur”.
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his/her information into a scientific information collection model, the string of key events graph.
Each individual account is fragmented as no drivers can have the complete picture and possibilities
of action. Not having the complete story is not a problem seeing as how the interviews are a
pretext to congregate drivers and to initiate an introspective process and to initiate dialogue.

A collective string of key events graph is obtained by piecing all individual accounts into one full
collective account, a bit like a puzzle. In the end, three collective key of string events graphs
remained, sometimes with contradictions. The information contained in each of them was
discussed until all drivers came to a collective consensus. The information was in this way
authenticated and validated by all the drivers that participated in the study. The objective of the
validation step is to encourage a discussion of the three types of key of string events driving
possibilities. This convivial exercise has several positive effects on drivers:

e Allows for communication between drivers of the same and different lines, with different

years of experience, backgrounds and practices.

e Elicitation of and capitalisation on tacit knowledge

e Sharing and transfer of knowledge

e Dynamic individual and collective reflection

The outcome of this study also has several positive effects on management, making it possible:

e To identify with greater precision the causes or origin of frequent speed incidents
e To understand the drivers’ perception on risk taking when these show no regard for
regulation
e To identify the drivers’ risk perception concerning a stretch of rail, a metro line and the
metropolitan rail system.
e To be better equipped in formulating appropriate, accepted and legitimate measures that
can be ensued in the three main system components:
- Technical. By means of an up-date on ergonomy, modification of localisation and
speed limits of traffic speed indicators etc.
- Procedural. By means of an up-date on regulation by taking into account practiced
golden rules if positive
- Human. By means of training and sanctions, if necessary.

The validation stage of the method, meetings, offers a platform for wide-spread concerns or beliefs
which are usually non-existent in formal proceedings. It is a moment characterised by free
dialogue within the framework of a scientific model, the string of key events graph. The situation
is normally de-dramatised and the conversation oriented around positive actions that were taken or
positive actions to be encouraged.

4. Findings

The implementation of the positive experience reflection method met with a number of obstacles,
namely:

e Difficulty in obtaining information due to the absence of data on past speed excess incidents.
e Difficulty in getting the agents of the lines to participate in the interviews.

The lack of exhaustive and organized data on speed related incidents encouraged us to suggest the
creation of an up-dated and tailored speed excess incidents data base. The new data base would
enable the RATP to characterise the nature, origin and circumstances surrounding each incident
and therefore constitute a typology of speed related incidents. Once an incident is identified and
classified in a particular group, a more in-depth return on experience process inquiry can be
initiated if deemed necessary by the RATP management.
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A certain number of indicators need however to be taken into consideration when compiling the
data base. Factors permitting a better analysis of the circumstances involving speed excess
incidents have to be identified. The investigated Metro lines were scouted in order to identify the
areas at risk (areas that have been the object of various and frequent speed excess incidents).
Finally, the new data base has to be simple and concise. In other words, appealing enough to
interest the drivers.

The positive experience reflection method, based on the driver input and experiences, allowed for
the beginnings of construction of a new data base on excess speed related incidents (see table 1
hereunder). According to the drivers, three areas are at the core of speed related incidents: the
environment, a conjunction of circumstances and human factors.

Table 1: Typology of speed-related rail incidents

Environmental or Structural | Static Example:
Indicators Straight line

Curbed zone

Gradient / slope

Ergonomics of signal

placement

Others:

Conjunctural Indicators Dynamic Example :

Licensed driver / titularized
driver

Non disponibility of Automatic
Pilot/ degraded driving

Others:

Human Indicators Behaviour Example:

Actions due to human error
Recurrent speed infractions
Others:

The second difficulty encountered in this study pertained to the data collection, obtained during
individual interviews. Most drivers have a very tight schedule and work at varying hours, so they
are difficult to reach and to interview. By accompanying the drivers in their driving routines, we
were able, by observation, to note down various reactions and identify each action that the drivers
took. Then, after the driver had finished his/her shift or during his/her coffee breaks we were able
to ask why they reacted the way they did or decided in favour of a particular course of action.

The positive experience reflection method therefore revealed:

e Existing palpable gaps between the behaviour expected by the company, as exposed in
regulation manuals and during training periods, and the real behaviour of the driver, the
theory in use [Argyris & Schon 1978]. Some of these practical adaptations practiced by
the drivers are spontaneous. A number of these adaptations are positive and should
eventually be taken into account and shared with other drivers of the RATP rail system.
Others, however, may be dangerous and the company would need to counteract divergent
behaviour.

e Three principal explanations for excess speed related incidents :

- Environment: Structural elements that complicate operational driving, namely
complicating braking and leading to speed excess (the network configuration,
differences in speeds in various signals, speed limits that are not apparently always
coherent etc.)
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- Conjunctures: driving in an abnormal, degraded or failing context (eg: works).

- Human errors: not paying sufficient attention, not enough practice when it comes to
manual driving, relying too much on automatic pilot, personal problems, under the
influence of drugs, risk taking, the need for training.

5. Conclusion

By means of the positive experience reflection method, speed excess driving incidents were sorted
out and characterised according to their kind. Also, the analysis of qualitative data made it possible
to better tune into and attend to the various risk perceptions and obstacles faced each day on rail
lines by drivers.

Management is better equipped to understand, to manage and to capitalise on speed related incident
situations. By identifying the real cause of the incident, managers can treat drivers fairly and thus
improve relations between the two bodies, which are often tense. Indeed, a main source of tension
was due to the handling of speed related incidents. The study therefore allowed for a better
understanding of underlying causes and enabled managers to deal with the incidents in an
appropriate manner. In this way, the sanctions that were administered in general to all speed related
incidents without distinction, now have a wider acceptance because drivers are sanctioned on “real
mistakes”on human errors.
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7. Annex

Figure 4 : The good conduct of the driver, « les bons gestes
du conducteur »

Train in movement
e The driving must be smooth

On entering a station
e Must be in a position to brake before entering a station in order not to break the standard speed
limit of 40km/h
e Engage in a smooth, constant and progressive breaking in order to:
- not break the standard speed limit of 30km/hr at the mid level of the train quai
- Never open train doors if the train has not come to a halt.
- Always keep a braking margin whilst pulling up into a station and until the train halts.

When the train has come to a halt
e The train must be in a brake position

Adhering to speed limitations

e Test the breaking capacity after all change of technical material

e Never hesitate to engage automatic pilot when one’s attention is taken/attention level is low.

e Be familiar with the location and speed limitations of all traffic indicators posted along the
train lines

e (Cease accelerating before having reached the allowed speed limit.

e Anticipate braking

Adhering to traffic regulation

e Slow down as soon as a one sees a restrictive traffic signal (ex: signal with an orange or red
light)

e Never anticipate the go-ahead signal of a traffic indicator

e Traffic signals must never be arranged according to hierarchy for what they are but rather for
what they are conveying/according to what they indicate.

e Do not come to halt to close to a closed signal
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Figure 5: The string of key events graph for the navigational standard written regulation

Initial situation

ConD o

A

<
<«

A 4

New

End of C
incident «  Incident
Comi> S —
Cycle 9

Final situation

Real Cycles

Initial situation: Context (Metro leaves a station in direction of another, hour of less traffic, train
manually navigated etc.)

Cycle A: Move train forward

Cycle B: Visual contact with traffic indicators orange light

Cycle C: Crossing of orange light traffic indicator and observance of the written regulation to apply
in these cases

Cycle D: Visual recognition of traffic speed indicator of 45km/hr

Cycle E: Train comes to a halt at the traffic manceuvre signal

Cycle F: Train on the move again

Final situation: Train come sto a stop in the next station

Hypothetical Positive Cycles

Cycle 1: Encourage drivers to navigate manually
Cycle 2: Anticipate the orange light traffic indicator
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Cycle 3: Better clarify all possible options when confronted with a traffic indicator with orange
light.
Cycle 6: Delocalise the traffic speed indicator

Hypothetical Negative Cycles

Cycle 4: Ignore traffic indicator displaying an orange light

Cycle 5: Partial application of written regulation

Cycle 7: The driver keeps on moving and attains a velocity of 45km/hr
Cycle 8: Train violates traffic regulation (it moves instead of halting)
Cycle 9: Train on the move before its time
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SECTION 7:

EARTHQUAKE & LLANDSLIDE DISASTER
MANAGEMENT AND MITIGATION
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Institute for Crisis, Disaster, and Risk Management
The George Washington University, Washington, D.C. 20052

Key words: Earthquake Consequences, Earthquake Loss Estimation (ELE), Sensitivity Analysis,
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Abstract

This paper uses HAZUS! for sensitivity analysis for earthquake scenarios for San Francisco
County. In addition, in the paper, we suggest guidelines that could be used in response to
earthquake catastrophe in the San Francisco Bay Area (SFBA), and for other regions. This analysis
will help emergency mangers and decision-makers to understand the potential risk in their
jurisdictions from an earthquake, which will help them in preparedness and planning for future
catastrophes. Urbanization compounds the problems associated with earthquake disasters in large
cities. Furthermore, forecasting of unknown accuracy of earthquake loss estimation is of limited
use, and can be very misleading to stakeholders. The parameters that are used in the sensitivity
analysis are: 1) site effect, 2) attenuation relationships, 3) ground failure effects, and 4) building
inventory. In this analysis, we used hypothetical earthquake scenarios to test the number of people
who would be killed, the number of people who would need hospitalization, the number of people
who would seek shelter, and the total economic losses that would result from residential building
damage. It is apparent that Potential Earth Science Hazards parameters (items 1-3 above) are more
sensitive to earthquake magnitude than the Direct Physical Damage parameter (item 4 above).
Ground failure effect, from no liquefaction susceptibility to detailed liquefaction susceptibility, is
the most sensitive parameter in earthquake loss estimation, followed by choosing the attenuation
function, subsequently, site effect parameters, from soil type D to detailed soil type map of the
region, and lastly effects of building construction parameters, high code standards to moderate code
standards. The building construction sensitivity on the economic losses is relatively stable. For the
other loss estimations—number of people who would be killed, number of people who would be
hospitalized, and number of people who would be sheltered—the sensitivity of the other analysis
parameters, either enlarged or diminished with the increasing in earthquake magnitude.

Introduction

Earthquakes are both physically and emotionally devastating to the population and detrimental to a
country’s assets. For example, the world experienced two large earthquakes that hit hard two of the
most advanced countries in earthquake science, the United States and Japan. The Northridge

' An earthquake loss estimation methodology developed in 1997 for FEMA by the U.S. National Institute of
Building Science (NIBS)
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Earthquake in the United States and The Kobe Earthquake in Japan resulted in huge impacts in
terms of casualties and monetary losses. Engineers, scientists, and other interested groups visited
the earthquake-damaged areas hoping to learn lessons from such disaster. Beyond site visit, it is
possible to study earthquakes and their associated impacts with models such as HAZUS (Hazards
U.S.). We used hypothesized earthquake scenarios and analyses to measure the sensitivity of
earthquake loss estimation in order to improve crisis management capability in response to
earthquake catastrophe in our study.

Earthquake risk is coupled with local site effects of soil amplification, liquefaction, landslide, and
surface fault rupture, and the built environment. These factors are combined with the seismic
activities in a region to study the expected damage to the built environment from an earthquake
scenario. There have been many hypothesized earthquake scenario studies to understand the
potential earthquake risk for human life and monetary investment in a study region. These studies
were very data-intensive and time-consuming processes. Nevertheless, with the advances in
information technology, especially the Geographic Information System (GIS), it was possible to
run different earthquake scenarios for the same study region without extra investment. More
importantly, GIS enabled us to do earthquake loss estimation sensitivity analysis. King and Anne
(1994) distinguished their research from others by using GIS in regional seismic hazard and risk
analysis as shown in figure (1).

Fig. (1) The Role of Geographic Information Systems in Regional
Seismic Hazard and Risk Analysis
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The Federal Emergency Management Agency (FEMA) also tries to capitalize on GIS capability by
introducing HAZUS (HAZARD U.S.), an earthquake loss estimation methodology that is intended
for local, regional, or state manipulation, for public use in efforts to reduce damage and social and
economic impacts from earthquakes. This GIS-based earthquake loss estimation methodology is an
improvement over existing regional loss estimation methodologies, and it is in public domain

GIS Earthquake Loss Estimation Methodology

HAZUS is an earthquake loss estimation methodology that is intended for local, regional, or state
manipulation. The methodology has been developed for the Federal Emergency Management
Agency (FEMA) by the National Institute of Building Science (NIBS) to provide a tool for
developing earthquake loss estimates. The Earthquake Loss Estimation methodology, as shown in
figure (2), capitalizes on the GIS capabilities to manipulate large multidisciplinary database with
different quality and to provide maps that are used in earthquake loss estimation

Fig. (2) HAZUS Loss Estimation Methodology
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The framework of the methodology consists of Potential Earth Science Hazard (PESH), Inventory
Data (ID), Direct Physical Damage (DPD), Induced Physical Damage (IPD), Direct
Economic/Social Loss (DSEL), and Indirect Economic Loss (IEL) models as shown in figure (2).
These models are interdependent with the output of some models acting as input for other models.

The Potential Earth Science Hazard (PESH) model consists of earthquake-related hazards that are
considered in evaluating casualties, damage, and resultant losses from an earthquake. These
hazards are: fault rupture, liquefaction, and landslide.

The Inventory Data (ID) model contains the collection and classification of different buildings and
utility systems, data and attributes required for performing damage and loss estimation. These data
include: buildings and facilities, transportation systems, utility systems, hazardous material
facilities, census data, county business patterns, and indirect economic data for the study region.

The Direct Physical Damage (DPD) model, as shown in figure (2) above, determines the
probability of slight, moderate, extensive, and complete damage to general building stock. The
extent and severity of damage to structural and non-structural components of buildings is described
by one of five damage states (none, slight, moderate, extensive, and complete) based on functions
for estimating building damage due to ground shaking. These building damage functions include
fragility curves, which describe the probability of reaching or exceeding different states of damage
given the peak building response, and building capacity curves, which are used to determine peak
building response.

Induced Physical Damage (IPD) model, as shown in figure (2), estimates induced physical
damages which include: inundation, fire, debris generation

Direct Economic /Social Losses (DESL) model, as shown in figure (2), estimates direct economic
and social losses from an earthquake. These types of losses are:

Economic Losses. HAZUS estimates the direct economic losses results from earthquake. These
losses consist of building related losses and transportation and utility lifeline losses.

Casualties. HAZUS estimates the number of people who will be injured and killed by the
earthquake. The casualties are broken down into four severity levels that describe the extent of the
injuries. The levels are described as follow:
Severity Level 1. Injuries will require medical attention, but hospitalization is not needed.
Severity Level 2. Injuries will require hospitalization but are not considered life
threatening.
Severity Level 3. Injuries will require hospitalization and can become life threatening if not
promptly treated.
Severity Level 4. Victims are killed by the earthquake

Shelter requirement. HAZUS estimates the number of households that are expected to be displaced
from their homes due to the earthquake and the number of displaced people who will require
accommodations in temporary public shelters.

The Indirect Economic Loss (IEL) model, in comparison, estimates the long-term economic
impacts to the region for 15 years after the earthquake. The model quantifies this information in
terms of income and employment changes within the study region.

Scope of Analysis

In this analysis, we worked on three tiers of models, as shown in figure (3) below. The first two
tiers of models were used to select the parameters that were used in the sensitivity analysis, and the
third tier was used to measure the HAZUS methodology output sensitivity for the selected
parameters.
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Fig.(3) Scope of Sensitivity Analysis Models and Parameters
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earthquake magnitude, attenuation relationships, site effect, and liquefaction potential effects. In
the second tier models, we considered the general building stock from the Direct Physical Damage
(DPD) model. In the third tier models, we considered casualties, shelter, and economic models
from the Direct Economic/Social Losses (DESL) model. We examined 240 earthquake scenarios
for the analysis. In each scenario, we kept one factor stable and changed the others.

Analysis Parameters

Earthquake risk is coupled with local site effect of soil amplification, liquefaction, landslide, and
surface fault rupture, as well as the built environment. These factors are combined with the seismic
activities in a region to study the expected damage to the built environment from an earthquake
scenario. In the following sections, we will discuss the models that were used in the HAZUS ELE
sensitivity analysis.

Potential Earth Science Hazard (PESH) Model

The Potential Earth Science Hazard (PESH) model is the main model in the HAZUS loss
estimation methodology. Moreover, as shown in figure (2), the model output is used in evaluating
casualties, damage, and resultant losses from an earthquake scenario. Most damage and losses
caused by an earthquake are the direct result of the ground shaking. This shaking strength mainly
depends on the earthquake magnitude and how the shaking waves move from the earthquake
hypocenter to the impacted area, and, lastly, the site effects. Therefore, in our study we considered
the earthquake magnitude and the attenuation function—which shows how the earthquake shaking
attenuates with distance—as well as the soil types that could amplify or reduce the shaking
intensity below the building environment based on different soil types at the site of interest.

Earthquake Magnitude

Earthquake magnitude is the key factor that was used to direct our analyses, as shown in figure (3)
above. In order to understand the variety of the HAZUS methodological output in different
earthquake scenarios, we chose the earthquake range from 5.5 to 7.5 for the sensitivity analysis. It
is important to remember that an earthquake with magnitude less than 5.5 will not cause significant
damage. Therefore, we were not able to measure the sensitivity of earthquake damage below this
range. An earthquake with magnitude larger than 7.5, furthermore, is unlikely to happen. In
addition, the attenuation relationships that were used in the analysis are applicable to earthquake
magnitude within this range.

Attenuation Relationship

The HAZUS methodology provides five different attenuation functions that are used for the
Western United States (WUS) region. In our analysis, we used Boor, Joyner & Fumal (hereafter
BJF94); Sadigh, and Chang, Abrahmson, Chiou, and Power (hereafter Sadigh93), as well as the
Project 97 attenuation function, which is a linear combination of the WUS attenuation functions
that are based on the theory developed by the United State Geological Survey (USGS). The Project
97 attenuation function is used as a default attenuation function in the HAZUS methodology. These
different attenuation functions predict different peak ground acceleration (PGA) values, which will
further be used to measure the earthquake losses for the study region.

Site Effect

HAZUS methodology uses soil amplification functions to account for the local site condition of the
earthquake scenario area. Soft soil tends to amplify certain frequencies within the ground shaking,
resulting in greater damage. HAZUS uses six different soil classification types based on The
National Earthquake Hazards Reduction Program (NEHRP) 1997 provision, which classifies the
soil types based on their shear-wave velocity (Vs).
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The default soil class for HAZUS is soil class D. It is described as stiff soils with a shear wave
velocity between 180 m/s and 360 m/s. In our sensitivity analysis, we used the default soil class as
well as an updated soil class map, a detailed map contains soil types B, C, D, and E, for the study
region.

Liquefaction Potential

In addition to the damage that results from ground motion, HAZUS considers three features of
earthquakes that can cause permanent ground failure. These features are fault rupture, liquefaction,
and landslide. HAZUS assumes no liquefaction potential for our study region. In our research, we
used an updated liquefaction map in the HAZUS sensitivity analysis. Seed et al. (1983) described
the Liquefaction phenomenon in which “if a saturated sand is subjected to ground variations, it
tends to compact and decrease in volume that results in an increase in pore water pressure, and if
the pore water pressure builds up to the point at which it is equal to overburden pressure, the
effective stress becomes zero, the sand loses its strength completely, and it develops a liquefaction
state. The phenomenon of liquefaction could cause damage to the built environment if the
earthquake magnitude triggers the liquefaction effect.

Direct Physical Damage (DPD) Model

The Direct Physical Damage model determines the probability of slight, moderate, extensive, and
complete damage to the general building stock based on functions for estimating building damage
due to ground shaking.

General Building Stock

HAZUS provides the number of buildings that will be damaged within different damage classes.
HAZUS provides a description for these states of damage for each model building type (e.g.,
descriptions for extensive damage wood structures are: toppling of most brick chimneys; cracks in
foundations; partial collapse of room-over-garage or other soft-story configurations; small
foundations cracks). Buildings classified as complete or extensive are unsafe to enter and should be
inspected for possible evacuation.

HAZUS provides different default occupancy to building type mapping based upon a default mix
of ages (i.e., pre 1950, 1950-1970, and post 1970) and heights (i.e., low rise [1-3 stories], medium
rise [4-7], and high-rise [more than 8 stories]). This mapping scheme varies by state, and it is
possible that different census tracts within the study region will have different age and height
mixes. In addition, HAZUS provides a mapping scheme to reflect different design levels. In this
mapping scheme, buildings are classified, as structures that are built to code, are superior to the
code or inferior. In addition, HAZUS provides a mapping scheme to reflect the design level. For
example, the design level is high in California, moderat