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Koenig and Schultz’s Disaster Medicine:

Comprehensive Principles and Practices

As societies become more complex and interconnected, the global risk of catastrophic disasters is increas-
ing. Demand for expertise in mitigating the human suffering and damage these events cause is also high.
A new field of disaster medicine is emerging, offering innovative approaches to optimize disaster manage-
ment. Much of the information needed to create the foundation for this growing specialty is not objectively
described or is scattered among multiple sources. Now, for the first time, a coherent and comprehensive
collection of scientific observations and evidence-based recommendations from expert contributors from
around the globe is available in Koenig and Schultz’s Disaster Medicine: Comprehensive Principles and Prac-
tices. This definitive work on disaster medicine identifies essential subject matter, clarifies nomenclature,
and outlines necessary areas of proficiency for healthcare professionals managing mass casualty crises. It
also describes in-depth strategies for the rapid diagnosis and treatment of victims suffering from blast
injuries or exposure to chemical, biological, and radiological agents.

Dr. Kristi L. Koenig, Professor of Emergency Medicine and Director of Public Health Preparedness at the
University of California, Irvine, is an internationally recognized expert in the fields of homeland security,
disaster and emergency medicine, emergency management, and emergency medical services. During the
U.S. terrorist attacks of 9/11, she served as National Director of the Emergency Management Office for the
Federal Department of Veterans Affairs. With a strong health policy and academic background, including
more than 80 peer-reviewed publications and more than 300 invited lectures in more than a dozen
countries, she is widely sought for presentations at regional, national, and international forums.

Dr. Carl H. Schultz, Professor of Emergency Medicine and Director of Disaster Medical Services at the
University of California, Irvine, is an internationally recognized expert and researcher in the fields of
disaster and emergency medicine. He has more than 80 peer-reviewed publications, and his investigations
have resulted in two first-author publications in the New England Journal of Medicine. He chairs the
Disaster Preparedness and Response Committee of the American College of Emergency Physicians and
has served as a consultant for the U.S. Department of Defense, the Joint Commission, and the State of Israel.
Dr. Schultz holds faculty appointments at universities in Belgium and Italy.



I dedicate this book to
The people of the world who have suffered from disasters
The frontline disaster workers
The visionaries who are crafting a new science of disaster medicine
My students, residents, fellows, and colleagues
My mother

Kristi L. Koenig, MD, FACEP

In appreciation and gratitude, I would like to acknowledge
The pioneers of our specialty who envisioned and helped create disaster medicine
Robert Bade, MD, and Robert Kingston, MD, who provided courage, guidance, and

mentorship
My colleagues in disaster medicine who continue to pursue the dream
My children, Arielle and Eric, who motivate and inspire
My wife, Janet, whose love and incalculable support enabled me to complete this work

Carl H. Schultz, MD, FACEP



Koenig and Schultz’s

Disaster Medicine:

Comprehensive Principles

and Practices

edited by

Kristi L. Koenig
University of California

Carl H. Schultz
University of California



CAMBRIDGE UNIVERSITY PRESS

Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore,

São Paulo, Delhi, Dubai, Tokyo

Cambridge University Press

The Edinburgh Building, Cambridge CB2 8RU, UK

First published in print format

ISBN-13    978-0-521-87367-3

ISBN-13    978-0-511-79560-2

© Kristi L. Koenig and Carl H. Schultz 2010

Every effort has been made in preparing this publication to provide accurate and 

up-to-date information that is in accord with accepted standards and practice at the

time of publication. Although case histories are drawn from actual cases, every 

effort has been made to disguise the identities of the individuals involved. 

Nevertheless, the authors, editors, and publisher can make no warranties that the 

information contained herein is totally free from error, not least because clinical 

standards are constantly changing through research and regulation. The authors, 

editors, and publisher therefore disclaim all liability for direct or consequential 

damages resulting from the use of material contained in this publication. Readers 

are strongly advised to pay careful attention to information provided by the 

manufacturer of any drugs or equipment that they plan to use.

2009

Information on this title: www.cambridge.org/9780521873673

This publication is in copyright. Subject to statutory exception and to the 

provision of relevant collective licensing agreements, no reproduction of any part

may take place without the written permission of Cambridge University Press.

Cambridge University Press has no responsibility for the persistence or accuracy 

of urls for external or third-party internet websites referred to in this publication, 

and does not guarantee that any content on such websites is, or will remain, 

accurate or appropriate.

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org

eBook (Adobe Reader)

Hardback

http://www.cambridge.org
http://www.cambridge.org/9780521873673


Contents

List of Contributors page vii

Contributor Biographies xiii

Foreword xxi
Richard H. Carmona

Preface xxiii
Kristi L. Koenig

Acknowledgments xxvii

PART I. CONCEPTUAL FRAMEWORK AND STRATEGIC

OVERVIEW

1. Disaster Research and Epidemiology 3
Megumi Kano, Michele M. Wood, Judith M. Siegel,
and Linda B. Bourque

2. Disaster Education and Training: Linking
Individual and Organizational Learning
and Performance 21
Peter W. Brewster

3. Surge Capacity 33
Donna Barbisch, Josef Haik, Ariel Tessone,
and Dan Hanfling

4. International Perspectives on Disaster Management 51
Jean Luc Poncelet and Herman Delooz

5. Ethical Issues in Disaster Medicine 62
Gregory Luke Larkin

6. Emerging Infectious Diseases: Concepts in Preparing
for and Responding to the Next Microbial Threat 75
Shantini D. Gamage, Stephen M. Kralovic,
and Gary A. Roselle

7. Disaster Mental and Behavioral Health 103
Dori B. Reissman, Merritt D. Schreiber,
James M. Shultz, and Robert J. Ursano

8. Special Needs Populations 113
Brenda D. Phillips

PART II. OPERATIONAL ISSUES

9. Public Health and Emergency Management Systems 133
Connie J. Boatright and Peter W. Brewster

10. Legislative Authorities and Regulatory Issues 151
Ernest B. Abbott and Douglas P. Brosnan

11. Syndromic Surveillance 165
Gary A. Roselle

12. Triage 174
Christopher A. Kahn, E. Brooke Lerner,
and David C. Cone

13. Personal Protective Equipment 184
Paul D. Kim, Frank J. Denny, and Sarah J. Salk-Pope

14. Decontamination 195
Howard W. Levitin and Christopher A. Kahn

15. Quarantine 203
Donna Barbisch and Lawrence O. Gostin

16. Mass Dispensing of Antibiotics and Vaccines 213
Susan E. Gorman and Nicki T. Pesik

17. Management of Mass Gatherings 228
Michael S. Molloy, Zane Sherif, Stan Natin,
and John McDonnell

18. Transportation Disasters 253
Ulf Björnstig and Rebecca Forsberg

19. Emergency Medical Services Scene Management 275
Kenneth T. Miller

20. Healthcare Facility Disaster Management 285
John D. Hoyle Sr.

21. Mass Fatality Management 312
Paul S. Sledzik and Sharon W. Bryson

22. Crisis and Emergency Risk Communication 326
Barbara J. Reynolds and Gilead Shenhar

v



v i ■ CO N T E N TS

23. Telemedicine and Telehealth Role in Public
Health Emergencies 345
Adam W. Darkins

24. Complex Public Health Emergencies 361
Frederick M. Burkle Jr.

25. Patient Identification and Tracking 377
Darlene A. Gidley and Michael Ciraolo

PART III. CLINICAL MANAGEMENT

SECTION A. CBRNE AND HAZMAT

26. Explosive Events 393
John M. Wightman and Chetan U. Kharod

27. Burn Patient Management 423
John McManus and Ruben Gomez

28. Clinical Aspects of Large-Scale Chemical
Events 430
John S. Urbanetti and Jonathan Newmark

29. Biological Events 454
Robert G. Darling, Jon B. Woods,
and Theodore J. Cieslak

30. Nuclear and Radiological Events 477
Richard J. Hatchett, Joseph M. Kaminski,
and Ronald E. Goans

31. Hazardous Material, Toxic, and Industrial Events 511
Hoon Chin Lim and Tareg A. Bey

SECTION B. ENVIRONMENTAL EVENTS

32. Floods 529
Mark E. Keim

33. Cyclones/Hurricanes/Typhoons 543
Kelly R. Klein and Frank Fuh-Yuan Shih

34. Tornadoes 553
Arthur G. Wallace Jr.

35. Earthquakes 562
Carl H. Schultz and Solisis Deynes

36. Tsunamis 578
Samuel J. Stratton

37. Winter Storms 586
John M. Wightman, James A. Fenno,
and William H. Dice

38. Extreme Heat Events 609
Carl Adrianopoli, Paul H. Brietzke, Irving Jacoby,
and Jerome H. Libby

39. Volcanoes 632
Peter J. Baxter

Index 643



Contributors

Ernest B. Abbott, JD, MPP
Principal
FEMA Law Associates, PLLC
Washington, DC

Carl Adrianopoli, PhD, MS
Field Supervisor
Office of Preparedness and Response and Emergency

Operations
U.S. Department of Health and Human Services,

Region V
Chicago, Illinois

Donna Barbisch, MPH, DrHA
President, Global Deterrence Alternatives
Fellow, University of Pittsburgh, Center for National

Preparedness
Washington, DC

Peter J. Baxter, MD
Consultant Physician, Occupational and

Environmental Medicine
Department of Public Health and Primary

Care
University of Cambridge
Institute of Public Health
Cambridge, United Kingdom

Tareg A. Bey, MD, FACEP
Clinical Professor of Emergency Medicine
Department of Emergency Medicine
University of California
Irvine Medical Center
Orange, California

Ulf Björnstig, MD, PhD
Professor of Surgery
Department of Surgery and Perioperative
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Assistance Team OH-5 and has extensive prehospital experience,
having worked as an emergency medical technician prior to and
during medical school.
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is Disaster Section Editor for the Journal of Emergency Medicine,
author of numerous publications, and codeveloper of a health
care facilities evacuation course.

Christopher A. Kahn, MD, MPH is Assistant Professor of Emer-
gency Medicine and Director of Emergency Medical Services
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mander for the Disaster Site Medical Command in the Singapore
Ministry of Health and Deputy Chief Medical Officer for the
2010 Youth Olympics Games. Dr. Lim is a Clinical Teacher for
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casualty incidents.

Judith M. Siegel, PhD, MSHyg is Professor of Public Health in the
Department of Community Health Sciences, University of Cali-
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blast injuries and has been a highly sought consultant, author,
and speaker on integration of mechanistic and clinical knowl-
edge into disaster, emergency, military, and tactical planning,
and response for explosive incidents.
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The concept of disaster medicine has been in evolution for
decades. Its requisite components were buried within disparate,
often apparently unrelated disciplines and specialties. Today, we
know these diverse disciplines must work seamlessly together
and are essential for disaster preparedness, response, mitigation,
and recovery. Events such as the tsunami in Indonesia, Hurricane
Katrina in the United States, the cyclone in Myanmar, and the
Novel H1N1 (2009) pandemic have served to reinforce our inter-
dependence on one another and the globalness of our intercon-
nected responsibilities. As we view the challenge of “all-hazard”
preparedness, we are forced to recognize that our geopolitical
borders are meaningless and sometimes a barrier to the public’s
health. In this new millennium, our nation and the globe must
now reflect on contemporary threats that are truly international
in scope, such as emerging infections, terrorism, weapons of mass
destruction, and other disaster events.

From the late 1960s through today, I have had a unique
vantage point to observe and contribute to our ever-expanding
knowledge base in the fields of disaster and emergency man-
agement, as well as in public health and disaster medicine. As a
medic, police first responder, registered nurse, physician, profes-
sor, trauma surgeon, and Surgeon General of the United States,
I have been a witness and participant in this history.

As our knowledge base has exploded in depth and breadth,
we have struggled with our own nomenclature and definition
of terms. Such rapid growth has made achieving consensus on
many complex issues extraordinarily difficult. Acknowledging
the lack of international consensus on disaster nomenclature
and other key issues, Koenig and Schultz have adopted a unique

philosophical approach. They are moving the science of disaster
medicine forward by describing its essential concepts and laying
the academic foundation for this emerging specialty. Gathering
experts from around the globe, the book reaches beyond state-
of-the-art discussions to identify important areas that require
immediate attention, hence laying the research agenda for the
future. There is a focus on science and outcomes rather than
opinions and anecdotes.

The “holy grail” of disaster management and care is the abil-
ity to surge as needed into a seamless, efficient, multiagency,
and multidisciplinary force, united within an incident com-
mand system, addressing any and all hazards that may affect our
communities, the nation, or the world. Although initial disaster
response is local, disasters do not respect borders, and man-
agement approaches vary with available resources and existing
infrastructures. The successful recruitment of disaster experts
from around the globe to share knowledge from multiple per-
spectives is a key feature of this book.

Drs. Koenig and Schultz, as editors, have assembled a global
force of experts to address the complex, interrelated topics and
disciplines needed to create the end product that our nation and
the world desperately need. The editors are well respected in the
field of disaster medicine and have been promoting an academic
approach to research and teaching since the very beginning of the
specialty, long before it became popular after the tragic events of
September 11.

With this publication, we are another increment closer to
understanding the elements necessary to define our global inter-
connectedness during disasters.
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Preface

Kristi L. Koenig

SETTING THE STAGE: A PERSONAL PERSPECTIVE

The specialty of disaster medicine has grown substantially since
the terrorist attacks of 9/11 in the United States. In support of this
growth, a number of disaster-related textbooks have been pub-
lished. In some cases, however, these treatises have been authored
by the 9/12’ers – people who suddenly gained interest and “exper-
tise” in disasters once the topic became popular and U.S. federal
funding flowed freely. As a result, much of the subject matter in
these works was covered ineffectively. The challenge remained to
create the definitive book written by nationally and internation-
ally respected authors. We have considered editing such a book
for the last dozen years; however, the timing never seemed right,
and there was that ever-present thought that it would not be
possible to “do it right” because we did not know exactly what
“it” was.

Complicating the situation is the absence of a standard defi-
nition of disaster, much less a uniform concept for an academic
discipline of disaster medicine. The need to codify this emerging
discipline and create such standards is becoming increasingly
clear. For example, the president of the United States issued a
Homeland Security Presidential Directive (HSPD) on October
18, 2007 entitled “Public Health and Medical Preparedness.”
HSPD-21 “establishes a National Strategy for Public Health and
Medical Preparedness, which builds upon principles set forth in
Biodefense for the 21st Century (April 2004).” It further empha-
sizes that “the Nation must collectively support and facilitate
the establishment of a discipline of disaster health. The specialty
of emergency medicine evolved as a result of the recognition
of the special considerations in emergency patient care, and
similarly the recognition of the unique principles in disaster-
related public health and medicine merit the establishment of
their own formal discipline. Such a discipline will provide a
foundation for doctrine, education, training, and research and
will integrate preparedness into the public health and medical
communities.”

A definitive text is one of the requisites for crafting a scholas-
tic foundation for disaster medicine and for proving its existence
as a unique academic discipline. Yet it will be challenging to write
a text when standardized nomenclature is lacking. We acknowl-

edge this challenge but believe we can meet it by providing a
conceptual framework and including a lexicon of the various
terminologies without insisting that one depiction is “right” or
“wrong.” In addition, we suggest a future research agenda by
gathering the top experts from across the globe as authors and
asking them to include a section in each chapter discussing direc-
tions for future academic inquiry.

The use of established national and international experts
results in individuals representing multiple disciplines. Depend-
ing on your specialty, you may not recognize some of the authors.
Therefore, we have included a brief biography on each contrib-
utor to provide insight into the vast amount of expertise and
activities that exist around the globe in the emerging field of
disaster medicine.

DISASTER NOMENCLATURE

What then is a disaster? There are multiple definitions. The
World Health Organization definition is a “sudden ecological
phenomenon of sufficient magnitude to require external assis-
tance.” Conceptually, at the most basic level, we are describing
a scenario in which the need exceeds the available resources at
a given moment. It is not the event itself that defines a disaster;
rather it is the functional effects of that event on the system of
reference at the time. For example, if an airplane crashes, is this a
disaster? From the perspective of the regional trauma hospital, if
everyone is uninjured or if everyone dies, there may be absolutely
no effect on hospital operations, and thus this might not be con-
sidered a disaster. From the perspective of the first responders
or the mortuary teams, if the crash does generate mass fatalities,
baseline operations would likely need to be augmented, and this
event would require the implementation of disaster protocols.

In an attempt to assist with the concept of disaster, one
approach is to discard the term “disaster” – which is ill-defined –
and replace it with the acronym PICE: potential injury/illness-
creating event. PICE is a concise and precise phrase that immedi-
ately characterizes the incident and communicates the need for
outside assistance. Although this method has not been validated
or widely embraced, it has been described in major emergency
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medicine textbooks and referenced in the world literature and
in the U.S. Joint Commission standards. Descriptive modifiers
surround this root word “PICE” and account for all possible
scenarios. The description is time sensitive and may be modified
over the course (or life cycle) of the event. The model is useful
for disaster planning, management, and research.

Sometimes the term “emergency management” is used in
lieu of “disaster,” for example by the U.S. Joint Commission and
in the social science literature. Comprehensive emergency man-
agement has four phases – mitigation, preparedness, response,
and recovery – that describe the life cycle of a disaster. Although
clearly described, studied, and well known to some audiences,
others – even “experts” in disaster medicine – may be unfamiliar
with the term.

Several words or phrases have crept into the disaster lexicons
that simply do not make sense. The term, “lessons learned” is
an example. After an incident, it is common to prepare an “after
action report” and provide a list of “lessons learned.” This list
is typically similar from event to event despite the variety or
time course (e.g., “volunteers will converge at the scene” and
“communications are a problem”). “Lessons learned” may be a
term more suitable to describe an individual who “learns” from
a personal experience. Everyone may need to touch a hot stove
once to incorporate the experience into memory and “learn”
not to do so. What we need is actually “sustainable knowledge,”
not merely individual experience. Although it is true that in
some systems there is a robust continuous quality improvement
process that incorporates lessons from prior events to improve
preparation and responses to future events (e.g., in the country
of Israel), the term “lessons learned” is often a misnomer and
should be used with caution if at all. Rather scientific “findings”
should be used to form the basis for continuously expanding the
body of academic knowledge.

Another example is the word “preplanning.” Why should we
plan before we plan? Are we not in fact simply planning? Likewise,
do we “pre-position” supplies, or are we actually positioning
them? Let us keep the terminology simple and descriptive and
discard these words from the lexicon. More logical terminology
could include “pre-event planning” and “pre-event positioning”
of supplies.

Additional disaster descriptors, commonly applied to health-
care facilities, are “internal” and “external.” Although it is true
that an event can sometimes occur completely within or outside
a facility, the real question is the functional impact on the orga-
nization’s operations and not its location. Furthermore, many
incidents are internal and external simultaneously, for example,
an earthquake that causes both citywide and hospital internal
disruptions.

Sometimes the etiology of a disaster is the focus of the termi-
nology. This is the case with the terms “natural” and “manmade.”
The literature is replete with the phrase “natural and manmade
disasters.” Yet there are in fact few if any differences in the man-
agement of an event based on etiology. There are also many
instances in which it is initially unknown whether the event is
“natural” or “manmade.” For instance, the deliberate spraying of
salad bars with salmonella in the state of Oregon in an attempt to
sicken voters and sway an election was probably the first known
bioterrorism attack in modern times in the United States, but it
was thought to be a “natural” occurrence until many years later.
Another example would be a wildfire disaster that is determined
to be the result of arson. Although some might term the wildfire
a “natural” disaster, the arsonist created it and, depending on

the intent, it could even be classified as a type of “manmade”
terrorism.

It is also insufficient to classify an event merely via its eti-
ological agent. For example, an anthrax letter attack, although
“biological,” is managed more like a traditional “chemical” event.
That is, there is a discrete “scene” and time of the occurrence. This
scenario has been described as a “sudden impact, defined scene”
event to distinguish it from a more classic bioterrorism attack
(e.g., aerosolized release of weaponized inhalational anthrax)
that would be managed as an evolving public health emergency.

The use of acronyms is also problematic. One can sit in a
room with a group of “experts” and fail to communicate. Take
“MCI” as an example. Does this mean “mass casualty incident”
or “multiple casualty incident” or “multi-casualty incident?” In
addition, are there a certain number of victims needed to qualify
the event as an “MCI?” Is the point not really whether the volume
and/or type of casualties exceed our current ability to manage
them rather than an absolute number? The very same number
of casualties could lead to a “business as usual” response or a full
activation of a disaster plan. Furthermore, what is a “casualty?”
There is no consistency as to whether the word “casualty” means
“death” or “injury or illness” caused by the event. There is a huge
difference in managing patients with potentially treatable injuries
and illnesses versus those who are deceased. For the purposes of
this book, we will define casualty as anyone incurring an injury
or illness or dying as a direct result of the event. In addition,
there may be secondary or delayed casualties (e.g., patients with
exacerbations of chronic medical conditions due to lack of access
to routine healthcare or medications). Types of casualties (e.g.,
deceased) can be further subdivided for analysis.

Even the same word can mean different things to different
experts. For example, “surveillance” has a very different conno-
tation for the intelligence or law enforcement communities than
it does for a public health audience. Whatever terminology we
use to describe “disaster,” there is currently a tendency to “send
all you have” to a disaster scene (if a discreet “scene” even exists)
rather than analyze the needs and tailor the response. More work
is needed on methods to determine the exact nature of the event
and match the response to these needs via techniques such as
resource typing.

CONCEPT OF DISASTER PREPARATION

During my tenure as National Director of the Emergency Man-
agement Office in the U.S. Federal Department of Veterans
Affairs, the most common question from the Deputy Secretary
to me after September 11 was, “Are we prepared?” Interestingly,
while preparing for congressional hearings, I noted that within
a 24-hour period the Secretary of the Department of Homeland
Security was quoted in the lay press as saying “yes,” whereas a New
York Times article quoted university researchers as saying “no.”
How do we reconcile these apparently contradictory statements?
We do so by recognizing that they are incomplete responses to the
fundamental question – prepared for what? Although some work
has moved us toward an answer, there remains a lack of standard-
ized and well-accepted benchmarks or performance measures to
assess true preparedness. The field of disaster medicine is in its
infancy, yet world events are forcing us to operationalize pre-
paredness measures concurrent with their development.

If we consider the idea that a “disaster” requires resources
beyond current capacity, an issue related to preparedness is the
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concept of “surge capacity.” Although “capability” refers to a
fixed competence (e.g., the hospital has an angiography suite
and is therefore “capable” of performing cardiac catheteriza-
tions), “capacity” implies a time-sensitive, current ability (e.g.,
at this very moment, there exists equipment, staff, and infrastruc-
ture such as electricity to operate the angiography suite). When
something is preventing current capacity (i.e., lack of staff, sup-
plies and equipment, a building, or organizational management
structure), surge capacity is needed. This is a relatively new term
that needs further definition and discussion. In addition, there
is an urgent need to develop a “crisis standard of care” appro-
priate to the situation in which resources are insufficient at a
certain point in time. Triggers to shift from standard operations
to this crisis mode should be developed and key personnel must
be educated in their use. We must also build resiliency into our
emergency management systems.

FORMAT OF THE BOOK

This book is unique in many ways. We are taking a multidis-
ciplinary approach and collaborating with well-respected aca-
demicians and researchers from around the world. In some cases,
there is lack of agreement on how to describe or approach the
challenges of disaster medicine. Rather than present only one
view, we provide a balanced approach with the best science to
support each perspective. Within this construct, to the extent
possible, we present global (rather than U.S.-centric) perspec-
tives and use a comprehensive emergency management, all-
hazard approach philosophy to include a hazard vulnerability
analysis. We do not include chapters about every conceivable
type of event (e.g., stampedes, wildfires, civil unrest, and so
forth); rather, there should be something unique about the topic
for it to warrant a separate section. In addition, we emphasize
the multidisciplinary nature of the emerging field of disaster
medicine and draw heavily from the sociology literature (e.g.,
the concept of “disasters by design”) in addition to other relevant
fields.

Chapters are divided into three sections: Overview, Current
State of the Art, and Recommendations for Further Research.

Hence, we not only provide current information but also look
to the future and lay the research agenda for this emerging field,
much of which could be considered “translational research” – an
area receiving strong emphasis from the U.S. National Institutes
of Health, or “transformational research” as promoted by the
U.S. National Science Foundation.

THE TIME IS RIGHT

In 2006, the Disaster Medicine Certification Board was formed.
Although visionary, it is perhaps premature to offer a certifica-
tion in a field in which we have not yet proven a unique body
of knowledge. To quote an esteemed colleague, “Our teaching
must be based on knowledge, not on what we believe.” Too many
times, in the early days of disaster medicine, presentations and
publications dealt with personal observations and perceptions,
and well-meaning presenters showed photographs of the most
recent disaster response and told the audience what happened
and what they did. Although a beginning, this is not true science.
I am convinced that there is a unique body of knowledge that
underlies the discipline of disaster medicine, but we do not yet
have the data to support this belief.

Too often, a major disaster must occur before a responsible
entity begins to provide sufficient resources toward improving
medical and health outcomes. Disaster grant money frequently
represents a government’s reaction to a devastating event and
the need to “do something.” The interest of healthcare providers
in preparing wanes as time passes after a catastrophic event.
With global warming and the effects of climate change, we can
only expect an increase in worldwide disasters. Developing a
formalized academic specialty is an important step in providing
resiliency with sustainable interest, funding, and readiness.

The time is now right, and Cambridge University Press is the
right publisher to give the appropriate academic credibility to
the project. In addition, I can think of no one more qualified and
committed to join me as coeditor than Dr. Carl Schultz. Please
enjoy this book and use it as a springboard to further academic
discussion and debate as we move forward together to create and
codify the rapidly emerging field of disaster medicine.
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Disaster Research and Epidemiology

Megumi Kano, Michele M. Wood, Judith M. Siegel,

and Linda B. Bourque

OVER V IEW

Defining Disaster

There is no single, agreed-upon definition of disaster either
within or across disciplines. Definitions used in practice and
research vary widely, reflecting differing objectives and interests
in regard to the causes, consequences, and processes involved
in disasters. In the Preface, Koenig presents a terminology for
describing disasters that focuses on the functional impact of dis-
asters to the healthcare system. This chapter discusses research
methods and findings in the context of the broader spectrum
of processes involved in disasters including, but not limited
to, the impact on the healthcare system, the short- and long-
term effects on people’s health and livelihoods, and the behav-
iors of individuals, groups, and organizations in relation to
disasters.

Accordingly, a disaster is “any community emergency that
seriously affects people’s lives and property and exceeds the
capacity of the community to respond effectively to the emer-
gency.”1 For instance, Hurricane Katrina was a category 5 hurri-
cane at its peak, which made landfall as a category 3 hurricane in
the Gulf Coast region of the United States on August 29, 2005. Its
accompanying storm surge overwhelmed the local flood protec-
tion system, flooded entire communities, led to mass evacuation,
caused multiple human casualties, and significantly disrupted
people’s livelihoods. It overwhelmed the response capacity of
the community at the individual, household, and organizational
levels. Thus, studies of this disaster legitimately go beyond its
impact on the healthcare system.

The term disaster is often used interchangeably with the
terms “emergency” and “hazard,” although there are formal dis-
tinctions. An emergency is a threatening situation that requires
immediate action but may not necessarily result in loss or
destruction. If an emergency is managed successfully a disas-
ter may be averted. A hazard is a possible source of danger that,
upon interacting with human settlements, may create an emer-
gency situation and may lead to a disaster. For the purposes of
this chapter, all three terms will be used, and the distinctions in
meaning will be maintained.

Historical Overview of Disaster Research

Historically, disaster research has been dominated by exploratory
research designs, whereas epidemiological research emphasizes
the importance of explanatory designs.2–8 Exploratory studies
usually focus on examining new areas of research or the feasibility
of conducting more structured research, with an emphasis on
developing hypotheses, often with qualitative methods of data
collection. Descriptive and explanatory studies, in contrast, start
with hypotheses and emphasize minimizing bias and maximizing
external validity, with explanatory studies also attempting to infer
causality. (State of the Art section II of this chapter provides
greater detail on study design.)

The perceived need to enter the field immediately after a
disaster encouraged disaster researchers to utilize exploratory
study designs rather than more structured descriptive designs.
Researchers thought they were dealing with perishable data that
had a limited time frame for collection. Information was thought
to be unavoidably fleeting, vanishing quickly after a disaster
because of memory decay, removal of debris, and other activ-
ities. Furthermore, it was assumed that disaster-associated in-
and out-migrations were rapidly changing the target population
and their communities in ways that could not be captured by
the research. Consequently, early research on disasters relied on
data obtained through semistructured interviews with selected
informants after quick entry into a community, immediately
postimpact. Over time, this perceived need to enter the disaster
area immediately has been referred to as the “window of oppor-
tunity” and has been adopted by practitioners and policymakers,
as well as other research disciplines, including engineering, seis-
mology, medicine, and public health.

Disaster researchers trained in the social sciences have been
concerned with the applicability of social theory to the study of
disasters and, in reverse, the contributions that disaster research
can make to the development of theory, primarily sociologi-
cal theory. References to theory in the early disaster literature
are oblique, however, and often are a statement about why the-
ory cannot be applied or that it will emerge inductively from
the research. In contrast, and with the exception of concerns
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about biological plausibility, epidemiological research is largely
theoretical. One popular introductory epidemiology textbook
contains no reference to theory in its index.3

Early Disaster Research
Samuel Prince’s Columbia University dissertation,9 which

examined the impact of the collision and explosion of two ships
in the inner harbor of Halifax, Nova Scotia, in 1917, is recog-
nized as the first scholarly study of a disaster.10 With a few excep-
tions, other systematic studies of disaster were not undertaken
until World War II. Table 1.1 organizes the milestones in disaster
research linearly by date, initiating agency and funding sources,
primary disciplines conducting the research, research strategies,
contributions to the field, and key sources for accessing disas-
ter research. In the United States, through 1959, all of the early
research was initiated and funded by the federal government,
often the military.

The United States Strategic Bombing Surveys (1944–1947)
examined the effect of U.S. strategic bombing and the resul-
tant physical destruction on industry, utilities, transportation,
medical care, social life, morale, and the bombed population’s
will to fight in Germany and Japan. Fritz11 noted, “people living
in heavily bombed cities had significantly higher morale than
people in the lightly bombed cities [and] that ‘neither organic
neurologic diseases nor psychiatric disorders can be attributed
to nor are they conditioned by the air attacks.’” In other words,
the problems that were anticipated did not emerge, including
social disorganization, panicky evacuations, criminal behavior,
or mental disorders. In fact, morale remained high and suicide
rates declined. These findings were not widely disseminated and
were at variance with prewar expectations and prevailing views
on the behavior of people under extreme stress.12,13

With the advent of the Cold War, federal government agen-
cies, ignorant or unaware of these findings, expressed concern
about how people might react to new war-related threats. A sec-
ond set of studies, funded by the U.S. Army Chemical Corps
Medical Laboratories and conducted at the National Opinion
Research Center (NORC) at the University of Chicago (1949–
1954), hypothesized that disasters cause extreme stress, which in
turn results in social disorganization, the breakdown of social
institutions, and the manifestation of antisocial and psychotic
behavior by individuals and groups. Field studies were con-
ducted following disasters, with a major objective being to use
these situations as surrogates for what might occur during an
invasive war of the United States and the Americas. “Compar-
ing the state of knowledge prior to the NORC studies with the
new field research, it became clear that previous studies . . . were
sorely deficient [and], except for a few notable exceptions, the
literature was loaded with gross stereotypes and distortions.”11

Researchers compiled the NORC disaster studies into a three-
volume report.14

In 1952, the U.S. National Academy of Sciences–National
Research Council established the Committee on Disaster Studies
(later the Disaster Research Group) at the request of the Surgeons
General of the Army, Navy, and Air Force to “conduct a survey
and study in the fields of scientific research and development
applicable to problems which might result from disasters caused
by enemy action.”11 This third set of studies refined theories
about human behavior in disasters and improved the method-
ologies. Exploratory field studies conducted in the immediate
aftermath of a disaster focused on how individuals behaved in
crisis.

The general theoretical structure brought to this research,
although not always explicitly stated, was developed from the
theories espoused by Mead15 and Cooley16 of symbolic interac-
tion and theories of collective behavior, particularly those specific
to crowd behavior and the development of emergent groups. It
was hypothesized that the norms that determined social interac-
tion might be challenged as a result of a disaster. Different social
norms might evolve either temporarily, while the environment
stabilized, or permanently, leading to different forms of social
organization. Disasters were seen as triggers that disrupted the
social order. Of interest was the behavior of individuals, groups,
and organizations during either a brief or prolonged period of
normlessness.17,18

Societies are composed of individuals interacting in
accordance with an immense multitude of norms, i.e.,
ideas about how individuals ought to behave. . . . Our
position is that activities of individuals . . . are guided by a
normative structure in disaster just as in any other situa-
tion. . . . In disaster, these actions . . . are largely governed
by emergent rather than established norms, but norms
nevertheless. (Drabek as cited by Perry19)

Consistent with the interests in emergent norms and in
behavior during and immediately after a disaster, the research
conducted between 1949 and 1960 gradually identified an under-
lying time line in the natural history of a disaster, starting
with preparedness and proceeding through warning, evacuation,
impact, and response and recovery periods. The early studies
focused on the middle four stages, with little attention paid to
preparedness or recovery. The stages enumerated have changed
over time, but an underlying time line is assumed, whether stated
or not, in most contemporary disaster research.

The establishment of the Disaster Research Center (DRC) in
1963, first at Ohio State University and later at the University of
Delaware, by Russell Dynes and Enrico Quarantelli, was a natural
extension of this early research. DRC continued to conduct field
studies immediately after disasters, focusing on the behavior of
formal, informal, and emergent groups rather than the behavior
of individuals. Early disasters studied included the Indianapo-
lis Coliseum explosion (1963), the Baldwin Hills (Los Angeles)
dam collapse (1963), a nuclear weapons accident in San Antonio,
Texas (1963), and the Alaskan earthquake (1964). Although pri-
marily studying disasters within the United States, field studies
were also conducted in a number of foreign countries.

Most studies were exploratory in design and continue to
be today,20–23 but some investigations were conducted using
descriptive designs, including those following the Wilkes-Barre
floods (1972) and the Xenia tornado (1974).24 The Defense Civil
Preparedness Agency (precursor to the Federal Emergency Man-
agement Agency [FEMA]) funded most of the research, with the
focus on major community organizations involved in disasters,
such as police, fire departments, hospitals, and public utilities.
Some funding was received from the National Institute of Mental
Health and the Health Resources Administration to examine the
delivery of physical and mental health services.25

Gilbert White established the Natural Hazards Research and
Applications Center (NHRAC) at the University of Colorado in
1976. With primary funding by the National Science Foundation
as part of the National Earthquake Hazards Reduction Program
agencies, the center served as a catalyst for bringing social sci-
entists, physical scientists, academic researchers, practitioners,
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and policymakers together in multidisciplinary research projects,
yearly workshops, and training programs. It encouraged the
merger of disaster and hazard research. Interestingly, it was not
until the last decade that the workshops drew participants from
medicine, emergency medicine, epidemiology, and public health.

Epidemiology, Public Health, and Emergency Medicine
The first disaster research by investigators who identified

themselves as epidemiologists was a study of the East Bengal
cyclone of November 1970, by Sommer and Mosley.26 They
showed that death rates were highest for children and the elderly
and that females fared poorly relative to males. A decade later,
in the first article published on disaster research in Epidemi-
ologic Reviews, it was noted, “research on the epidemiology
of disasters has emerged as an area of special interest.”27 The
authors observed that a few university groups in the United States
were conducting extensive research on disasters (e.g., DRC and
NHRAC) and that there was the Center for Research on the
Epidemiology of Disasters at the School of Public Health of Lou-
vain University in Brussels, Belgium. They described the work
being done as focusing on the immediate postimpact period, with
emphasis on surveillance for outbreaks of infectious and commu-
nicable diseases and on increased mortality directly attributable
to the disaster. Importantly, they also recognized three “con-
trolled long-term health studies,” the 1968 floods in Bristol,
England; the 1974 Brisbane, Australia, floods; and the 3- and
5-year follow-up of the 1972 Hurricane Agnes floods in Pennsyl-
vania.

In 1990, a discussion of the epidemiology of disasters app-
eared as a brief update in Epidemiologic Reviews.28 Many of the
disasters discussed occurred outside the United States. Notably,
the public belief about the high prevalence of communicable
diseases postdisaster was countered. Unlike the earlier review,
however, there was no cross-referencing to studies conducted by
social scientists or others traditionally associated with disaster
research. In 2005, Epidemiologic Reviews devoted a full issue to
“Epidemiologic Approaches to Disasters.” Included were orig-
inal reviews of research conducted following cyclones, floods,
earthquakes, and the Chernobyl disaster and of the development
of posttraumatic stress following disasters.

Disaster epidemiology concentrates on estimating the short-
and long-term, direct and indirect incidence, and prevalence of
morbidity or other adverse health outcomes, with the objective
of developing surveillance systems and prevention strategies and
estimating the public health burden caused by the disaster.29

Ideally, studies would be population based and longitudinal in
design. Case-series, and cross-sectional, case-control, and cohort
designs are all represented in the epidemiological studies of disas-
ters, but where field studies are common in other disciplines, the
case-series predominates in the epidemiological disaster litera-
ture. The U.S. Centers for Disease Control and Prevention (CDC)
and others have encouraged and sometimes funded the conduct
of postdisaster, rapid-assessment surveys, using modified cluster
sampling,30 but a substantial number of epidemiological studies
are restricted to coroners’ reports and the description of per-
sons who present at emergency departments and other points
of service. Many of these studies make no effort to describe the
“denominator population” from which the dead, the injured,
and the sick were drawn. A further complication is the lack of
agreement on what constitutes a disaster-related death, injury, or
disease.31 With the exception of one article, none of the contri-
butions to the special issue of Epidemiologic Reviews makes any

reference to theory, and most of the articles end by describing a
need for more rigorous methodology in epidemiological studies
of disasters.

The authors of this chapter conducted systematic, although
not exhaustive, searches for disaster-related research articles in
the epidemiological literature published between 1987 and 2007
in the Morbidity and Mortality Weekly Report (MMWR), Epi-
demiology, Epidemiologic Reviews, and American Journal of Epi-
demiology. Not surprisingly, the majority (more than a hundred
since 1987) of epidemiological disaster studies were published
by the CDC in the MMWR. These articles examine the full range
of disasters and disaster-associated morbidity, mortality, service
delivery, and needs assessments. Like the early field research
conducted by social scientists and psychologists, the majority of
studies are case series or field studies, which lack denominator
data or information about the population they represent.

In contrast, Epidemiology, the journal of the International
Society for Environmental Epidemiology, published fewer than
40 disaster-related articles between 1987 and 2007, with most
published since 2000, and the majority of which were conference
abstracts rather than full articles. In addition to the literature
noted previously, Epidemiologic Reviews published review arti-
cles on psychiatric distress from disasters, pandemic influenza,
toxic oil syndrome, and heat-related mortality. Fewer than 20
articles on disasters have been published in the American Journal
of Epidemiology during the same time period, where the empha-
sis has been on mortality, morbidity, injuries, and psychological
distress.

The establishment of the World Association for Disaster and
Emergency Medicine by Peter Safar and other leading interna-
tional experts in resuscitation/anesthesia in 1976 and the estab-
lishment of the American Board of Emergency Medicine as a con-
joint specialty board in 1979 mark emergency medicine’s entry
into disaster research.32 Originally an “invitation only” group
called the Club of Mainz, membership was eventually broad-
ened in 1997. In 1985, Safar founded the journal Prehospital
and Disaster Medicine. Much of the disaster research conducted
in emergency medicine is published in Prehospital and Disas-
ter Medicine, but very few articles contain references to disaster
research conducted outside of medicine or before 1985.

Using a broad definition of “disaster research” and “non-
medical citations,” 23 recent issues of Prehospital and Disaster
Medicine were reviewed for articles on disaster research. Seventy-
one articles were identified, which included a total of 92 citations
to nonmedical sources; extra-medicine references are found in
only a limited number of articles. Most references are to other
emergency medicine or medical journals, including the Annals
of Emergency Medicine.

These findings suggest that the many disciplines engaged in
hazard and disaster research remain self-contained, with limited
knowledge of research conducted in other areas and minimal
contact across disciplines.

CURRENT STATE OF THE AR T

This discussion of the state of the art focuses on three aspects of
disaster research: methodology, vulnerability, and estimates of
morbidity and mortality. The first portion provides an overview
of key methodological issues pertinent to disaster research, rang-
ing from disaster research settings to ethical considerations. The
second portion explores the concept of vulnerability, focusing
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on different approaches to determining who might be most vul-
nerable to the impact of a disaster. The last section is relevant to
the impact and aftermath of a disaster. It reviews the factors that
influence estimates of disaster-related morbidity and mortality.

Disaster Research Methods
There are multiple scientific perspectives involved in disaster

research, and the methods used to study disasters are just as var-
ied. The appropriateness of one methodological approach over
another is determined by the specific question that the researcher
is trying to answer, and the discipline in which the researcher was
trained. A number of books provide expert guidance on disaster
research methods.4,33–35

Disaster Research Objectives
The objective of a disaster research study can be exploratory,

descriptive, or explanatory. Exploratory studies are the least
structured type of research endeavor, often examining new areas
of research or the feasibility of conducting more structured
research. The emphasis is on developing hypotheses, frequently
involving in-depth data collection from a relatively small group of
purposively selected research subjects. It should not be assumed
that exploratory studies are easier to conduct or less time con-
suming simply because they tend to be performed on a smaller
scale or without the use of large sets of quantitative data.

Descriptive studies, in contrast, start with formal hypotheses
or research questions and seek to obtain accurate estimates of
the distribution of variables (e.g., disease occurrence by person,
place, and time) or associations between variables and theoretical
constructs in a population. Like descriptive studies, explanatory
studies start with formal hypotheses or research questions. The
goal of explanatory studies is to explain the “true” causal relation-
ship between variables. Explanatory research is also referred to as
analytic, as opposed to descriptive, research in epidemiology.36

In both descriptive and explanatory studies, emphasis is placed
on selecting samples that are representative of the population
being studied and minimizing bias in data collection.

Disaster Research Settings
The study of disasters can occur in many different physi-

cal and temporal contexts. Among disaster health researchers
and epidemiologists, data collection activities have been focused
largely in “hot spots” where disaster victims are likely to con-
gregate, such as emergency departments. Research conducted
in these settings captures the “numerator,” that is, the number
of people with different health afflictions who present them-
selves in these settings. This approach provides no information
on the larger community from which these individuals emerged
(denominator) or the extent to which they represent the range
and severity of disaster-related morbidity. For example, Peek-Asa
and colleagues37 examined coroner and hospital records follow-
ing the 1994 Northridge earthquake and found that when com-
pared with their systematic, individual medical record review,
initial reports overestimated disaster-related deaths and hospital
admissions by overattributing deaths and injuries that presented
for care during the disaster window. Population-based studies,
in contrast, enable researchers to estimate the number of indi-
viduals in a community who were afflicted in some manner
because they focus on the “denominator,” or the entire commu-
nity at risk. For example, following the 1994 Northridge earth-
quake, three waves of population-based data collection provided
information about the proportion of the population affected by

disaster, levels of community preparedness, physical and emo-
tional disaster-related injuries within the community, utilization
of healthcare and other disaster relief services, and the cost of
damages to physical structures, among other things.38

Disaster research may also occur in different temporal con-
texts. An organizational structure for disaster planning, response,
and research conceptualizes disaster events as occurring in a cycle.
There are slight variations in the way different researchers divide
and label the critical periods, but three phases are common to
all schemas.39 These are the “preimpact,” “transimpact,” and
“postimpact” periods, also described as the “disaster prepared-
ness,” “emergency response,” and “disaster recovery” periods.
The U.S. National Research Council recommends that cycles
typical of hazards on one hand, and disasters on the other,
be integrated in recognition of the importance of collaborative
cross-disciplinary research.40

The preimpact period is the time frame leading up to a disas-
ter event. Vulnerability reduction, hazard mitigation, and emer-
gency preparedness planning and research may be conducted
during this phase. Baseline disaster data and information about
disaster readiness may be collected as well. The transimpact
period focuses on warning, evacuation, immediate response, and
disaster relief activities. The postimpact period revolves around
disaster recovery. It is important to note that these divisions serve
as an organizational scheme and are neither fixed nor absolute.
In fact, they may blend together depending on the outcome of
interest.

More recently, studies have been conducted during all phases
of the disaster cycle, extending the window of postimpact data
collection and using longitudinal designs (comparing data before
and after a disaster) when appropriate baseline data are available.
The notion that disaster-related memory is stable over time is
supported by research conducted in three successive time periods
following the 1994 Northridge earthquake in California.41

The stages of the “disaster cycle” can be related to the dif-
ferent levels of morbidity and mortality prevention. Within the
field of epidemiology, the term “prevention” is broadly used to
understand the spectrum of efforts to eliminate or reduce the
negative consequences of disease and disability.42 Traditionally,
the term has been defined in levels of primary, secondary, and
tertiary prevention to help delineate different healthcare foci. Pri-
mary prevention involves individual and group efforts to protect
health through activities such as improving nutrition and reduc-
ing environmental risks. These efforts are made before disease
or disability occurs, and they are the focus of public health. In
terms of the health threats posed by disasters, primary prevention
efforts represent individual and group disaster mitigation and
preparedness activities. Secondary prevention consists of mea-
sures that facilitate early detection and treatment, such as health
screening, to control disease or disability and reduce the poten-
tial for harm. In terms of disasters and their health consequences,
secondary prevention can be likened to early warning systems,
evacuation efforts, and immediate disaster response and relief
because these efforts are designed to reduce later harm in the
face of a newly introduced health threat, that is, disaster. Tertiary
prevention strives to reduce the long-term impact of disease and
disability by eliminating or reducing impairment and improving
quality of life. These efforts are generally the focus of rehabilita-
tion. Tertiary prevention of disaster-related health effects might
be understood as disaster recovery efforts, in which the goal is
to eliminate impairment caused by a disaster and rebuild com-
munities and infrastructures. Figure 1.1 integrates the temporal
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Disaster Cycle

2° Prevention

RESPONSE
Transimpact

Warning and Evacuation
Emergency Response

Disaster Relief

3° Prevention

RECOVERY
Postimpact

Disaster Recovery and Reconstruction

1° Prevention

PREPAREDNESS
Preimpact

Vulnerability Reduction
Hazard Mitigation

Emergency Preparedness
Emergency Planning

Figure 1.1. The disaster cycle.39,40,42

stages of disaster, levels of prevention, and disaster-related
activities.

Disaster Research Variables
Regardless of the phase of the disaster cycle that is being

studied, the choice of research variables requires careful consid-
eration. This selection is guided by the researcher’s disciplinary
or theoretical background as well as by the unit of analysis (i.e.,
individuals, groups, organizations, or communities). Variables
that are expected to have an effect on the outcome of interest
are the independent variables. For example, demographic char-
acteristics are often considered independent variables that affect
people’s experiences in disasters. Another key independent vari-
able that is studied in disaster research is the level or dose of
exposure to a disaster. Disaster exposure can be measured in
various ways, such as the intensity of shaking experienced in an
earthquake, the extent of personal loss due to a disaster, or the
amount of information about a disaster that a person received
through the media.

The range of possible outcomes or dependent variables in dis-
aster research is extremely wide due to the multidimensionality
of the disaster phenomenon and the corresponding multidisci-
plinary nature of disaster research. The major disciplines involved
in disaster research today include geography, geology, engineer-
ing, economics, sociology, psychology, public policy, urban plan-
ning, anthropology, public health, and medicine.

Geographers and geologists study the relationship between
human settlements and hazards (e.g., earthquake faults, hillsides,
and floodplains), or the “hazardscape,” and engineers examine
the extent of structural damage that can be caused by a disaster.
Economists assess the economic and financial impact of disasters,
sociologists and psychologists study the behavioral responses to

disasters and disaster risk, and health professionals are primar-
ily interested in the effect of disasters on people’s health and
the healthcare infrastructure. Depending on when (i.e., during
which part of the disaster cycle) the dependent variables are mea-
sured and how the study is designed, researchers can forecast the
amount of loss and damage that might be done or prevented,
measure the actual impact of a disaster, assess the effectiveness
of interventions in mitigating disaster impact, and predict the
course of long-term recovery, each in terms of the dependent
variables of interest to the researcher.

As the number of disasters increases worldwide, the field
of disaster research grows, with new disciplines being added or
previously minor disciplines becoming more prominent. These
changes affect the dependent variables that are studied in disas-
ter research. For example, since September 11, 2001, the study of
terrorism has grown dramatically within this field. Studies have
assessed different outcomes of terrorism, including the public’s
response to terrorism and the health impact of terrorism events.
Similarly, bioterrorism, pandemics, and public health prepared-
ness (or lack thereof) are emerging as critical areas of study.

Disaster Research Study Designs
The appropriate study design depends on the research

objectives, whether it is exploratory, descriptive, or explana-
tory/analytic (as described earlier), and the feasibility of the
study given available resources. The study designs described here
are frequently used in the social sciences and in epidemiology
to study a wide range of both disaster-related and nondisaster-
related phenomena.

Experimental studies involve comparing outcomes between
those who receive a certain “treatment” and those who do not,
holding all other known factors constant. A treatment can be
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any independent variable that is expected to have an effect on
the dependent variable. In experiments, the researcher controls
the levels of the independent variable or exposure in an attempt
to isolate its effect. Experiments involve random assignment of
subjects to treatment groups (i.e., randomization) to increase the
likelihood that the groups will be comparable in regard to charac-
teristics other than the main independent variable that may affect
the outcomes. Truly experimental designs can offer evidence with
the highest internal validity (i.e., evidence of causality) and, thus,
are suitable for explanatory research. As an example, researchers
tested the effectiveness of a behavioral treatment for earthquake-
related posttraumatic stress disorder by randomizing a group of
survivors of the 1999 Turkey earthquake with a clinical diagnosis
of posttraumatic stress disorder into treatment and nontreat-
ment groups.43 This study identified significant effects of the
behavioral intervention at weeks 6, 12, and 24, and 1–2 years
posttreatment. Experiments might also be conducted in which
human subjects are not involved, for example, to test whether cer-
tain structural designs mitigate damage in an earthquake. They
are not used, however, to investigate how people are affected by
or respond to disasters because it is unethical and, in most cases,
impossible to manipulate exposure to a disaster.

Quasiexperiments are frequently used in the social sciences
for explanatory research. There are many natural social settings
in which the researcher can approximate an experimental design
without fully controlling the stimuli (determining when and to
whom exposure should be applied and randomizing the expo-
sure) as in a true experiment. Collectively, such situations can be
regarded as quasiexperimental.44–46 In the absence of an actual
disaster, the independent variable can be exposure to disaster
“risk” instead of exposure to the disaster itself. For example,
researchers conducted a study of the causal sequence of risk
communication and preparedness behavior in response to an
earthquake prediction in three central California communities
with varying degrees of earthquake risk:47 a community 25 miles
from the predicted epicenter that had experienced a devastat-
ing earthquake in 1983, a community also 25 miles from the
predicted epicenter but with no recent earthquake experience,
and a community 75 miles from the predicted epicenter with no
recent earthquake experience. Results showed that the relation-
ship between information seeking and earthquake mitigation
and preparedness behavior was essentially the same in all three
communities, regardless of their levels of “risk exposure.”

In epidemiology, study designs that are not experimental are
called observational studies.36 That is, subjects are studied under
natural conditions without any intervention by the researcher.
Only naturally occurring exposures and outcomes are examined
in these types of studies. A cohort study is one of the typical
designs used in epidemiology in which the researcher identifies a
group of exposed individuals and a group of nonexposed individ-
uals, or individuals with varying degrees of exposure, and follows
the groups to compare the occurrence of outcomes of interest. In
disaster research, for example, long-term health outcomes could
be compared between groups of residents of the same disaster-
affected community based on their level of exposure to the index
disaster or between residents of a disaster-affected community
and residents of a similar community not affected by a disaster.

Another common study design in epidemiology that could
be applied to disaster research is the case-control study. As with
cohort studies, this design is appropriate for explanatory research
aimed at understanding the association between exposure and
outcomes. In contrast with cohort studies, however, instead of

determining exposure status first and then observing outcomes,
a case-control study begins by identifying groups of people who
naturally have or do not have the outcome of interest (i.e., cases
and controls) and then retrospectively determining their expo-
sure status. For example, researchers would first identify the cases
(e.g., people who exhibit certain symptoms of psychological dis-
tress), match them with controls (e.g., people without symptoms
but who are comparable to the cases in other respects), and com-
pare the extent to which cases and controls were exposed to the
index disaster.

Epidemiologists are often interested in identifying dose–
response relationships, that is, the relationship of observed out-
comes to varying levels of exposure. A dose–response relation-
ship strengthens the internal validity of the research findings.
Quasiexperiments, cohort, and case-control studies can all offer
relatively high internal validity. They can also maximize external
validity, or generalizability to a larger population, if population-
based sampling is used. One of the major challenges to using
these designs is defining disaster exposure. For example, one
might posit that everyone in the United States was exposed to
the September 11, 2001, attacks on the World Trade Center and
Pentagon, even though most people were not proximal to the
disaster sites. Rather, they may have experienced it vicariously
through the media, their friends, or family.

Observational study designs are also appropriate for descrip-
tive studies, in which the objective is to describe accurately the
distribution of variables or associations between variables in a
population. Nonexperimental designs have low internal validity
but can have a high degree of external validity if they are con-
ducted with a probability sample of the population. The great-
est challenge in conducting population-based studies in disaster
research is identifying the population to which the study results
can be generalized, or, in other words, establishing the denomi-
nator for population estimates. This is not a major problem when
a disaster does not result in large demographic shifts. In fact, very
few disasters in the United States have resulted in mass casualties
or population displacements. Catastrophic disasters, however,
complicate population-based sampling because the population
from which data can be collected after a disaster is likely to be
unstable or different from what it had been before the disas-
ter due to disaster-associated in- and out-migrations, deaths,
and alterations in procedures used to compile various types of
administrative records.48,49

A nonexperimental, observational study design that is suit-
able for in-depth, exploratory research is the case study (or a
case series). In this type of study, cases are purposively selected
for the study and are not statistically representative of a popu-
lation, thus compromising external validity. Internal validity is
also low because systematic comparisons between cases and non-
cases are not performed. The main benefit of case studies is that
they lead to a better understanding of rare or new phenomena
and the development of hypotheses. Much of the early disaster
research in the social sciences used case studies (see earlier sec-
tion on Historical Overview of Disaster Research). Case studies
are also used in disaster medicine and epidemiology to describe
the unique characteristics of deaths, injuries, illnesses, and other
health outcomes associated with disasters.50

In addition to the distinction between experiments, quasi-
experiments, and observational designs, there is a difference in
study designs in terms of the frequency of data collection over a
study period. When data are collected at only one point in time,
it is called a cross-sectional or prevalence study. It is best used
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to describe the state of a population at a given time. For that
reason, the analogy of taking a snapshot is often used to describe
the nature of cross-sectional studies. Cross-sectional designs can
also be used to identify causal associations between variables,
where the evidence for causation is based on the application of
theory and inferential logic rather than time sequence.51 That is,
because all variables are measured at the same time, theoretical
models determine whether the hypothesized independent vari-
able logically precedes the dependent variable. Thus, although
cross-sectional designs are most naturally used for descriptive
research, they are also used in explanatory designs.

Cross-sectional studies conducted before a disaster occurs
can provide valuable baseline data on health status, knowledge
of risks, attitudes toward preparedness, and actual preparedness
behavior at the individual, organizational, or community level.
In reality, most disaster studies using a cross-sectional design are
conducted after a disaster has occurred to assess the impact of a
disaster. Examples of these kinds of studies include the postdis-
aster, rapid health surveys routinely conducted by the U.S. CDC
as well as by local public health officials. Results of postdisaster,
cross-sectional studies must be interpreted with care, especially
when baseline data are not available. Although it is tempting to
associate postdisaster observations (such as elevated blood pres-
sure) with the index disaster, it must be recognized that findings
from a postdisaster, cross-sectional study reflect conditions that
existed before the disaster as well as conditions that arose during
or after the disaster. Not all cases or conditions identified in a
postdisaster, cross-sectional study are new (i.e., incident cases).
Rather, some may have existed before the disaster. The cases iden-
tified in a cross-sectional study, including both old and new, are
referred to as prevalent cases.

Even new cases that occur after a disaster may have little or no
causal association with the disaster itself. Among the prevalent
cases identified after a disaster, errors are frequently made in dis-
tinguishing between incident cases (or conditions) caused by the
disaster, incident cases unrelated to the disaster, preexisting cases
that were exacerbated by the disaster, and preexisting cases that
were unaffected by the disaster. Chronic conditions are especially
prone to such classification errors, although a carefully designed
study can allow researchers to make causal attributions to the
index disaster. For example, a nested case-control study, which is
a case-control study conducted within a cohort study, was used
to assess the long-term mortality and morbidity associated with
exposure to the 1988 earthquake in Armenia.52 New cases of
heart disease and other chronic conditions were matched with
controls within a cohort of earthquake survivors that had been
followed for 4 years since the earthquake. The analyses revealed a
dose–response relationship between exposure to the earthquake
(i.e., loss of material possessions and family members in the
earthquake) and the risk of developing heart disease within 4
years after the earthquake.

When data are collected more than once over a longer period
of time, the studies are called longitudinal. This design is used
less frequently than cross-sectional designs because it typically
requires more resources and a longer-term commitment to the
study. It has the advantage, however, of allowing researchers
to examine trends and changes over time. It can also provide
stronger evidence for causality because temporal ambiguity is
reduced or eliminated. In disaster research, longitudinal designs
are often used for documenting a community’s course of recov-
ery from a disaster or for observing changes between periods
interrupted by a disaster (i.e., pre- and postdisaster).

Examples of longitudinal designs include repeated cross-
sectional studies, in which new samples of the population are
studied each time, and cohort studies, which are also referred
to as panel studies or repeated-measures studies, in which data
are collected at multiple times from the same group of subjects.
Repeated cross-sectional designs are especially useful when pre-
disaster data are available for a population that was later affected
by a disaster. To illustrate, a study was conducted to estimate
the impact of Hurricane Katrina on mental illness by compar-
ing results of a posthurricane survey with those of an earlier
survey.53 The populations from which the probability samples
were drawn were comparable (although the posthurricane pop-
ulation frame was limited to survivors) and the measures used to
assess outcomes were identical. Results showed that the estimated
prevalence of mental illness doubled after the hurricane.

Although repeated cross-sectional studies have the advantage
of being able to study samples that are representative of the pop-
ulation at each time of data collection, panel studies allow for the
examination of change over time within a group. For instance,
respondents to a survey conducted after the 1994 Northridge,
California earthquake were reinterviewed 4 years later to deter-
mine if their prior experience affected their response to another
anticipated disaster, a slow-onset El Niño weather pattern.54 This
study found that emotional injury experienced as a result of the
earthquake both facilitated preparedness, in terms of number of
hazard mitigation activities performed, and predisposed people
to a subsequent emotional injury. Cohort studies, however, often
suffer from loss to follow-up (i.e., respondents who intention-
ally or unintentionally drop out of the study). In the El Niño
study, of the 1,849 households originally interviewed after the
earthquake, 1,353 (73%) agreed to a follow-up interview, but
less than half of them, 632, could be contacted at the time of
the follow-up study. Ultimately, 414 agreed to participate in the
follow-up study, yielding a 22.4% response rate of those inter-
viewed at baseline. Loss to follow-up is expected to be high in
areas where the population is very mobile, such as in large urban
areas.

A further aspect of study designs is the timing of data col-
lection in relation to the outcome of interest associated with the
index disaster. In a concurrent design, both exposure and out-
come data might be collected at the time the event occurs, or
shortly afterward. In a prospective design, which is only possi-
ble in a longitudinal design, exposure data are collected from
the target population before the event (in this case, the disaster)
has occurred, and outcome data are collected afterward. In these
instances, the study may be initiated for other purposes but can
be adapted to the disaster researchers’ needs. Last, in a retro-
spective design, data are collected on events or conditions that
have occurred in the past by using archival data or recalled infor-
mation. An example here is reviewing hospital records after an
index disaster. Case-control studies are retrospective by design
because prior exposure data are collected after cases are iden-
tified. Although most observational studies can use any one of
these designs, or a combination of them, experiments by defini-
tion can only be concurrent or prospective because it is impos-
sible to go back in time to manipulate study variables.

Some study designs have been underutilized in disaster
research. Case studies using laboratory simulations were used
in early disaster research,55,56 but have not been used in recent
times, perhaps because of the difficulty of simulating the com-
plexities of a disaster. Moreover, the external validity, or general-
izability, of results from laboratory simulation studies might be
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compromised because of the highly artificial and decontextual-
ized nature of a laboratory setting. It has been noted, however,
that disaster simulation exercises in the field, which are rou-
tinely conducted to train emergency management personnel, are
underutilized opportunities for disaster research.7

Retrospective designs have generally been disregarded espe-
cially because of the emphasis on the “window of opportunity”
immediately following a disaster. These include retrospective case
studies, which involve the historical analysis and reconstruction
of events that occurred in the past,10 historical cohort studies,
which involve the analysis of data on cohorts that were followed
up in the past, and case-control studies. Case-control studies
are appropriate for studying rare outcomes and, thus, would be
suitable for studying disaster-associated phenomena.

Disaster Research Data Collection
Disaster research, as with most other types of research, uti-

lizes both qualitative and quantitative data. Qualitative data
are often collected through field observations, in-depth inter-
views, focus group discussions, and archival research. They
offer very detailed information about a specific individual or
group, place, time, and/or phenomenon that is of interest to the
researcher. Qualitative data collection methods are frequently
used in exploratory or descriptive studies in which the objec-
tive is to investigate an issue or describe a phenomenon about
which there is little existing information. A historical example
of qualitative disaster research is Form and Nosow’s 1958 study
of community response to a tornado in Michigan.57 A more
recent study examined the experiences of hospital evacuation
after the 1994 Northridge, California, earthquake by using struc-
tured interviews with physicians, nurses, administrators, and
other staff who were on duty during the evacuation.58 These and
other examples of well-performed qualitative disaster research
demonstrate that despite a common misperception that qual-
itative studies are less scientifically rigorous than quantitative
studies, they are indeed important and have been published in
prominent journals.

Quantitative data complement qualitative data by expanding
the breadth of knowledge about a particular issue. The most
popular and efficient method for collecting quantitative data is
the use of surveys based on representative sampling. Surveys can
be of individuals, households, institutions, or communities, and
data in surveys can be collected with questionnaires and record
reviews. Surveys of individuals are typically conducted using
questionnaires that are self-administered by the respondent or
administered by interviewers over the telephone or in person.
For surveys of households, organizations, or communities, a
representative of the group can be designated to participate in
the survey instead of all members of the group.

Survey topics that are common in social science research
include predisaster knowledge, attitudes and behaviors, imme-
diate emotional, and behavioral responses to a disaster, and the
course of postdisaster recovery. Commonly perceived limitations
of the use of surveys in disaster research include disaster victims’
reluctance to discuss their experiences with researchers and the
lack of reliability of self-reports, although these concerns have
been refuted by several researchers.41,59,60 Another obstacle to
using surveys for disaster research is the general decline in par-
ticipation rates in household surveys in recent years.61

Surveys of individuals, healthcare providers, and healthcare
organizations are heavily utilized in disaster epidemiology to

obtain quantitative data about the health status of a population
and possible associations between disaster exposure and health
outcomes. These data are critical for assessing the immediate and
ongoing healthcare needs in a population during and following a
disaster. In addition to direct surveying of members of the popu-
lation, epidemiological disaster surveys often collect aggregated
data from healthcare providers, emergency response agencies,
coroners, and other relevant sources, either prospectively or ret-
rospectively. Public health officials might survey emergency shel-
ters on a weekly basis by reviewing medical records to enumerate
shelter residents diagnosed with acute respiratory and gastroin-
testinal illnesses to detect possible outbreaks of infectious disease
among sheltered evacuees.

Standardization of the data collection method is especially
important with quantitative data because researchers want to
compare data across different events, populations, settings, and
times. In this respect, postdisaster rapid health surveys frequently
suffer from inconsistencies in sampling methods, data reporting
periods, the use of different criteria for establishing disaster-
relatedness of health outcomes, and incomplete information
in records for determining if an injury or medical condition
is disaster related. Lack of standardized definitions and survey
instruments is one of the major challenges to quantitative data
collection in disaster research.

Mixed Method Disaster Research
With increased awareness that qualitative and quantitative

methods and data complement each other, a mixed methods
approach might become more popular in disaster research.
Mixed methods is broadly defined as research in which the
investigator collects and analyzes data, integrates the findings,
and draws inferences by using both qualitative and quantita-
tive approaches or methods in a single study or a program of
inquiry.62

The Multihazard Mitigation Council of the National Insti-
tute of Building Sciences recently concluded a mixed method
disaster research study63 to determine the future savings gained
from FEMA’s investments in hazard mitigation activities. Future
savings based on losses avoided because of earthquake-, wind-,
and flood-related hazard mitigation activities funded by FEMA
through three large hazard mitigation grant programs were mea-
sured in two interrelated studies by using different methods to
address the common question: What is the ratio of hazard miti-
gation benefit versus cost? The first study component used ben-
efit/cost ratio analyses and a statistically representative sample of
FEMA mitigation grants so that findings in the sample could be
applied to the entire population of FEMA mitigation grants. In
the second study component, eight communities were selected
using purposive sampling to examine if, why, and how mit-
igation activities percolate through communities. Field studies
were conducted in each community by using semistructured tele-
phone interviews with informants, field visits, and the collection
and review of documents. Findings suggest that natural hazard
mitigation activities funded by the three FEMA grant programs
between 1993 and 2003 were cost effective and reduced future
losses from earthquakes, wind, and floods; yielded significant
net benefits to society as a whole; and represented significant
potential savings to the federal treasury. Specifically, the quan-
titative benefit/cost analysis found that on average, every dollar
spent on natural hazard mitigation saves society approximately 4
dollars. The community studies suggest that the 1:4 cost/benefit
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ratio may be an underestimate because federally funded haz-
ard mitigation often leads to an increase in nonfederally funded
mitigation programs.

Geographical Information Systems and Disaster Research
The application of Geographic Information Systems (GIS)

technology is growing in the field of disaster research. Dash64

and Thomas and colleagues65 have written chapters on the use of
GIS technology in disaster management and research. There have
also been discussions on the utility of GIS-based spatial analysis
in health research and epidemiology.66,67 The main strength of
GIS technology is its ability to integrate geographical data with
other information, such as demographic data, extent of physical
damage caused by a hazard, morbidity and mortality rates, and
access to resources. It also has the capability to analyze data
as well as to generate maps and other visual summaries of the
data.

FEMA has developed a software program, HAZUS-MH,
which uses GIS technology to map and display hazard data and
also produce estimates of potential losses (i.e., physical damage,
economic loss, and social impact) from earthquakes, floods, and
hurricane winds. GIS-based risk assessment tools such as these
are extremely useful to disaster management officials and poli-
cymakers who are responsible for developing and implementing
disaster mitigation, preparedness, and response strategies for
geographically defined areas.

The most common application of GIS technology in dis-
aster epidemiological research is to facilitate postdisaster rapid
assessment surveys, which frequently use cluster–random sam-
pling. The cluster–random sampling design, which was originally
developed to estimate immunization coverage in a population,
allows investigators to obtain expedient and accurate population-
based information at relatively low cost.68 GIS is used to aid the
random selection of households, field navigation, data manage-
ment and analysis, and presentation of results. For example, less
than 3 weeks after Hurricane Katrina struck Hancock County,
Mississippi, the CDC was asked to conduct a rapid assessment
of public health needs. Using GIS, they cluster–random sampled
200 households, and, using global positioning system technol-
ogy to navigate to those locations, they physically surveyed 197
households and completed interviews with 77 of them in 2 days.69

The results of the assessment, which indicated a need for water,
trash/debris removal, and access to health services, were provided
to the state health department and emergency management to
guide relief and recovery operations.

There are other applications of GIS in disaster epidemiol-
ogy, which involve more extensive data collection and spatial
referencing. Peek-Asa and others70 used GIS to link data on the
geophysical characteristics of the 1994 Northridge, California
earthquake (i.e., shaking intensity, strong ground motion, and
soil type), individual characteristics of people who were injured
in the earthquake (i.e., physical address and demographics), and
building data (i.e., damage state, year of construction, structure
type), each obtained from a different source. Their analyses indi-
cated that a person’s age and sex, intensity of ground motion, and
multiunit building structures independently predict heightened
risk for injuries in an earthquake.

GIS has the potential to facilitate data collection, analysis, and
presentation for describing or predicting the geographical distri-
bution of various disaster-relevant variables. The usefulness of
GIS to disaster research, and especially disaster health research,

depends on the quality and availability of spatial data. Health
data generally lack spatial attributes unless they were collected
specifically for use in GIS. In addition, there is a legitimate con-
cern about preserving individual confidentiality within spatial
information. Researchers have shown, for instance, that a map
of Hurricane Katrina–related mortality locations in Orleans and
St. Bernard Parishes published in a local newspaper could be
reengineered to reveal the actual addresses associated with the
points, even though the original map included very little sec-
ondary spatial data.71

So far, GIS has primarily been utilized as a decision-making
tool for disaster management or for applied disaster research. Its
application to theory-oriented disaster research has been very
limited, such as in studying the spatial patterns of social vulner-
ability to disaster.72 GIS has yet to be widely used in scientific
disaster research for the advancement of theory.

Ethics in Disaster Research
As in any research, ethical considerations are integral to disas-

ter research. The central concern is whether the research activity
could, directly or indirectly, harm the research participants and
the wider community. For example, field observations and inter-
views of evacuees and emergency responders during or imme-
diately after the disaster might impede the progress of relief
operations. Likewise, interviewing disaster victims about their
experiences has the potential to cause emotional stress and pain,
compounding that already caused by the disaster, which might
not be justified by the expected benefits of the study. Other
ethical considerations include the ability of researchers to main-
tain a neutral stance. This situation might emerge when grave
human suffering seemingly is attributable to social injustice and
an incompetent response by the organizations that are responsi-
ble for protecting people’s welfare. Despite a sense of urgency to
get into the field postimpact, disaster researchers must consider
these and other ethical issues in designing their study and before
having contact with research subjects. Readers are referred to
Chapter 5 of this book, as well as to writings by Stallings,4 Fleis-
chman et al.,73 and Collogan et al.74 for further discussion about
the ethical issues involved in disaster research.

Disaster Vulnerability

There is a general consensus within the disaster community that
vulnerability interacts with the physical hazard agent to produce
disaster risk.75–77 Vulnerability is conceptualized as, “the char-
acteristics of a person or group and their situation that influence
their capacity to anticipate, cope with, resist and recover from
the impact of natural hazards.”77 Thus, greater vulnerability of
an individual or group is associated with more risk for a given
level of disaster exposure. In many instances, estimations of who
might be most vulnerable to a disaster can be formulated before
a disaster, although disasters often function to bring attention to
underserved segments of the population.

Health professionals may be most familiar with conceptual-
izing “vulnerable” populations as those that are physiologically
vulnerable because of their age and/or physical and mental health
conditions, such as children, the elderly, pregnant women, and
people with disabilities. Physiological vulnerability can indeed
affect people’s ability to withstand external shock (such as the
physical force of an earthquake, tornado, or hurricane), survive
trauma injuries, and cope with short- or long-term disruptions in
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regular living conditions, including food, shelter, and access to
healthcare. It is widely recognized, however, that disaster vul-
nerability is multidimensional, in that there are many other
factors that contribute to people’s capacity to anticipate, cope
with, resist, and recover from the impact of hazards. The most
commonly mentioned dimensions of vulnerability in disaster
research are physical, economic, political, social, and psycholog-
ical.78–81

Physical vulnerability refers to the physical proximity to the
hazard and/or inadequate physical and structural resistance to
hazards.81–83 Physical vulnerability is important for high physical
force disasters, such as in earthquakes and tornadoes, in which
the potential for damage to physical structures is increased.

Economic vulnerability can be conceptualized at the macro
level, in terms of international and national economic practices
and conditions, but is more often conceptualized at the micro, or
household level, in terms of livelihood conditions (e.g., income
opportunities, job characteristics).84 The nature of economic
vulnerability is different for disasters with a rapid onset and
short duration, such as earthquakes, than for those of a slow
onset and/or long duration, such as droughts. In rapid-onset
disasters, economic vulnerability is defined by the ability to with-
stand short-term social and economic disruption and the ability
to finance reconstruction and repairs of structural damages. In
contrast, economic vulnerability to slow-onset/chronic disasters
depends on the flexibility of the economy to adjust to prolonged
disaster situations (e.g., importing food stock, creating jobs for
farmers), the availability of assets at the household level, and the
diversity of income-producing opportunities.85 Extended expo-
sure to adverse conditions, including food scarcity, mass popu-
lation movement, and psychological stress, can lower immunity
levels and increase risk for infectious diseases, as well as exac-
erbate any preexisting health conditions. Although the risk for
communicable diseases is actually quite low for any major disas-
ter,86 these concerns are relevant in chronic disaster situations,
like droughts and famines.

Political vulnerability encompasses having little or no politi-
cal power, representation, or autonomy.78,80,87,88 Political values
and priorities determine which hazards will be addressed, the
relative emphasis on and support for hazard mitigation, and the
ability to meet the needs of divergent groups in the aftermath
of a disaster. Political vulnerability, like psychological vulnera-
bility described later, is relevant to any type of disaster. Political
power affects the likelihood that an individual or a commu-
nity will receive social protection from governments or have the
resources and resilience to take measures to protect themselves.
Those who are marginalized in society tend to live in the least
safe areas and have the greatest exposure to hazardous condi-
tions. Political vulnerability is particularly relevant for disasters
in conflict situations, where political or military motivations by
warring parties determine who receives the most aid and pro-
tection.89 The philosophy that increasing political clout is the
key to reducing overall vulnerability, including vulnerability to
disasters, underlies individual and community empowerment
efforts.88

Social vulnerability includes the formal institutional struc-
tures that marginalize certain groups and individuals based on
their socioeconomic81,83 or other characteristics, such as race or
ethnicity. Informal social relations with friends, family and oth-
ers78 are included here as well. A community is socially vulnerable
when people feel victimized, fatalistic, or dependent,79,80 often
resulting in apathy and a low sense of personal responsibility.87

This global sense of alienation can become immersed in a
broader cultural system of beliefs and customs and may man-
ifest itself in disaster-relevant behaviors, such as low levels of
motivation and/or knowledge about implementing preparedness
measures.

There has been some effort to quantify social vulnerability to
disasters, despite the lack of consensus in the research commu-
nity on which dimensions should be incorporated. The Social
Vulnerability Index72 was developed using factor analysis and
provides a score for each county in the United States. The index
measures 11 independent factors reflecting social inequalities
and place inequalities. Social inequalities are factors that influ-
ence the susceptibility of various groups to harm, and govern
their ability to respond. Place inequalities are characteristics that
contribute to the social vulnerability of places, such as the level of
urbanization, growth rates, and economic vitality. Preliminary
data show that the index is not correlated with presidential dis-
aster declarations, thus providing limited evidence for construct
validity. Nonetheless, the concept is a promising one; research
studies on this and other indices that attempt to quantify social
vulnerability are worth pursuing.

Psychological vulnerability is studied at the level of the indi-
vidual in terms of the psychological characteristics that influence
the individual’s ability to cope with disaster stress and their likeli-
hood of experiencing an emotional injury or distress from disas-
ters.90 In the extant literature, previous mental health problems
are the most robust and consistent predictors of postdisaster
distress.91 Contrary to popular belief, psychological effects of
nonterrorist disasters tend to be mild and transitory in the gen-
eral population, rarely resulting in psychopathology.92–94 Severe
levels of psychological impairment are more likely to occur in
disasters involving mass violence compared with other types of
disasters.95 Thus, psychological vulnerability is a more promi-
nent factor in exposure to intentional disasters, and individuals
with previous mental health problems would be anticipated to
fare the worst.

The notion of dimensions of vulnerability is a convenient
schematic but it should be recognized that these dimensions
mutually interact, and the distinctions among them are often
blurred. For example, the 2005 hurricanes Katrina and Rita
affected areas that were physically vulnerable because of the levee
construction (physical vulnerability). Political factors (political
vulnerability) determined the low priority given to levee repairs
and upgrades before the disaster and the inadequate governmen-
tal response as the disaster unfolded. The low socioeconomic and
marginalized status of many of the individuals affected by the
hurricanes influenced their ability to cope with and recover from
the disaster, both in the short term and the long term (economic
and social vulnerability). The hurricane-associated deaths were
predominantly among the elderly (physiological and social vul-
nerability).96 As a function of the long-term disruption in social
networks, the ongoing stressors associated with the disaster, and
what might be perceived as an intentionally unresponsive res-
cue and recovery effort, psychological disorders have emerged
(psychological vulnerability). Focusing on the interplay among
the dimensions of vulnerability is compatible with an ecological
approach that emphasizes the mutuality of nature and human
activity.97–100 According to this approach, disasters occur when
the social and cultural systems of a population fail to provide
adequate adaptation to the environmental conditions that sur-
round it or when these systems themselves produce a threat to
the population.99
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Disaster Morbidity and Mortality

The discussion of disaster morbidity and mortality describes how
these estimates are derived, as well as the many factors that can
influence their accuracy and introduce variability across studies.

Patterns of Morbidity and Mortality by Disaster Type
The health impact of a disaster varies by the physical char-

acteristics of the hazard that triggers an abnormal event, the
physical, social, and political environment in which the hazard
event occurs, and the characteristics of the population that is
affected. For instance, the number of people who die or suf-
fer from physical or mental health problems as a result of an
earthquake depends on (among other factors): the intensity of
the ground shaking, the duration of shaking, and the inten-
sity and frequency of aftershocks and the soil type (i.e., hazard
characteristics); the population density and proximity of human
settlements to the areas where the greatest shaking occurs, com-
mon construction types, the emergency response and health-
care infrastructure in place (i.e., physical environment); cultural
norms regarding earthquake awareness and preparedness, com-
mon human activity at the time of the earthquake occurrence
and political will and capacity to mitigate against and respond
to earthquake disasters (i.e., social and political environment);
and the age, preexisting health conditions, and socioeconomic
status of the population (i.e., population characteristics). This
is why earthquakes of a similar magnitude, as measured on the
Richter scale, result in vastly different outcomes in regard to
human casualties. To illustrate, official reports indicate that the
2001 Seattle/Nisqually, Washington earthquake (M6.8) resulted
in one death and 407 injuries; the 1994 Northridge, California
earthquake (M6.7) 57 deaths and 1,500 injuries (Note: A thor-
ough county-wide screening of hospital admission records and
a review of relevant medical records and coroner’s reports in Los
Angeles County verified 33 fatalities and 138 hospital admissions
due to injuries caused by the Northridge earthquake37); the 1988
Armenian earthquake (M6.8) 25,000 deaths and 130,000 injuries;
and the 2003 southeastern Iran earthquake (M6.6) 26,200 deaths
and 30,000 injuries.101

Differences in reports of morbidity and mortality also reflect
variability in the methods used to estimate the health impact.
These methods are reflective of the infrastructure for system-
atic data collection that exists before the event, and the extent
to which damage and disruption caused by the event interfere
with postdisaster data collection. Thus, it is important to recog-
nize this multifactorial nature of both the actual and reported
morbidity and mortality in disasters. When possible, researchers
should attempt to put the numbers into context by accounting
for the various factors that could have influenced estimates of
morbidity and mortality.

Hazard type is a common classification scheme for disaster-
associated morbidity and mortality.91,102 The CDC, especially
through the MMWR, is the main source for disaster-attributable
morbidity and mortality data in the United States. The amount of
knowledge or research that is available about the health effects of
a particular hazard depends on several factors including how
frequently events involving that hazard occur, whether there
is a clear beginning and end point to the hazard event, thus,
making causal attributions less ambiguous, whether the hazard
tends to cause multiple human casualties, and whether there have
been especially devastating or dramatic events that surround the
disaster.

There is an accumulation of literature and knowledge about
the health impact of hurricanes (and floods associated with
them) and tornadoes in the United States, both of which are sea-
sonal hazards that occur annually. Earthquakes also have been
well studied internationally and in California (even though they
are infrequent events) because there is little ambiguity about
when an earthquake begins and ends, and because large earth-
quakes may cause numerous deaths. In comparison, relatively
little research has been devoted to the health impact of volca-
noes, wildfires, tsunamis, and droughts, due to one or more of
the reasons noted previously, and including infrequent events,
ambiguous event thresholds, and low human impact. Concomi-
tant with recent interest in the effects of global warming,117 there
has been a recent rise in the number of studies of heat-related
health consequences, with a greater willingness to conceptualize
extreme temperatures as a disaster. The occurrence of a cata-
strophic event can reenergize or completely change the research
activity in these areas. The Indian Ocean tsunami in Decem-
ber 2004 has spawned an unprecedented amount of research on
the morbidity, both physical and psychological, and mortality
associated with tsunamis.

Among the hazards that are not “natural,” unintentional
releases of hazardous materials caused by industrial accidents
have been studied the most. In regard to intentional events, the
effects of terrorism, usually involving explosive devices, have
been well documented also, especially the occurrences in 1995 in
Oklahoma City and in 2001 in New York City. In contrast, there
have been very few opportunities for conducting research on the
intentional use of biological, radiological, or chemical agents.
The medical or physical health consequences of direct exposure
to these hazards are perhaps better known than those resulting
from exposure to other hazards, however, partly because expo-
sure can be defined more clearly.

The psychological morbidity resulting from disasters is
known to be less differentiated by the type of hazard and more
affected by whether a disaster was due to unintentional or inten-
tional causes, with the latter causing greater psychological distress
to victims who are aware it is intentional. Posttraumatic stress
disorder is by far the most common disorder studied, followed
by depression, anxiety, and panic disorders.103,104 Most studies
reveal a significant drop in symptoms over time.103,105

Consistency of Estimation Methods
Lack of consensus on what constitutes a disaster, exposure to

disaster, and a disaster-related death, injury, or disease compli-
cates disaster research. One focus of disaster research is classifying
types of disasters by types of health outcomes. Although a num-
ber of schemes for classifying health outcomes do exist, there is
no standard method for classifying exposure to a disaster. Despite
efforts to develop standardized procedures, disaster researchers
continue to develop and use their own definitions and classifi-
cation protocols, often with little regard for prior research. The
sprawling disciplinary landscape of disaster research contributes
to this tendency.

The definition of what constitutes a death or injury that has
been caused by a disaster varies, not only within, but also across,
disaster types. The U.S. CDC has attempted to develop a pro-
tocol for classifying outcomes attributable to disasters based on
the time the death or injury occurs relative to the disaster and
also based on whether the event is directly or indirectly related
to the disaster: “disaster-attributed deaths [are] those caused by
either the direct or indirect exposure to the disaster. Directly
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related deaths are those caused by the physical forces of the dis-
aster. Indirectly related deaths are those caused by unsafe or
unhealthy conditions that occur because of the anticipation, or
actual occurrence, of the disaster.”106 Although strong in the-
ory, the schema is difficult to apply in practice, especially when
estimating indirect effects.

Morbidity estimates are harder to ascertain than mortal-
ity estimates. In many cases, estimates of U.S. disaster-related
morbidity are based on the “best guesses” of a public health
employee who contacted the Red Cross and local hospitals in an
affected area for their estimates of the number of injured and ill
individuals served in emergency departments. It has been estab-
lished that most of the injured and sick do not utilize emergency
departments, and persons staffing emergency departments are
not necessarily aware of or knowledgeable about which injuries
are attributable to a given disaster.37 Thus, morbidity estimates
often include a fairly substantial margin of error, including both
under- and overreporting. Careful review of emergency depart-
ment logs and admission records is essential and will improve
estimates but cannot eliminate ambiguity in every case.31,91

RECOMMENDATIONS FOR FUR THER RESEARCH

Despite the common belief that disaster and hazard research is
an emergent discipline, the formal study of disasters has a long,
multidisciplinary history. As outlined in the historical overview
section, disasters are an established focus of research within the
fields of medicine, public health, sociology, psychology, engi-
neering, economics, geology, and geography, among other disci-
plines. The multidisciplinary approach to the study of disasters
is not accidental. The interacting societal problems caused by
disasters benefit greatly from and, in fact, demand the multiple
methodological and theoretical lenses provided by the disciplines
represented in disaster research.

Given the diversity of research perspectives, it is not sur-
prising that communication between disaster researchers from
different fields remains an ongoing challenge. Consequently,
researchers sometimes conduct parallel and redundant lines of
research, without knowledge of pertinent contributions to the
disaster literature made by researchers outside their own disci-
pline. With the broad history and nature of disaster research in
mind, several recommendations for improving the quality of and
access to disaster research are offered.

One strategy for improving the quality of disaster research is
to design, fund, and conduct mixed method studies that involve
collaboration across disciplines. Such efforts would improve
communication across fields and contribute to the integration
of methods and theoretical frameworks for understanding dis-
asters. Stimulating cross-disciplinary work should maximize the
likelihood that researchers will be knowledgeable about disas-
ter research outside their discipline and minimize the chance of
repeating or reinventing what has already been done. Conduct-
ing mixed method studies could, for example, capitalize on both
the rich tradition of qualitative disaster research in the social
sciences and the quantitative analytical techniques that are pre-
dominantly used in epidemiology.

In addition to active promotion of cross-disciplinary work,
it will be beneficial to encourage collaborations between local
experts and individuals with training and experience in the
broader study of disasters. Local emergency management experts

have community-specific knowledge, whereas “career” disaster
researchers are more broadly trained, experienced, and familiar
with the extant literature and emerging disaster knowledge base.

Ensuring adequate training of incoming professionals is
another important strategy for improving the quality of dis-
aster research. High-profile events, such as the 9/11 World Trade
Center attacks and Hurricane Katrina, tend to cause a conver-
gence of disaster researchers, both old and new. Newcomers who
are attracted to disaster studies may not be well grounded in the
accumulated knowledge in the field, the methods that are appro-
priate for disaster research, or the unique ethical considerations
for conducting this type of research. Training centers and grants
that provide infrastructure to support new researchers through
fellowships, mentoring programs, and other training activities
are appropriate and can help mitigate these challenges.

The quality of disaster research can be improved by sup-
porting research strategies beyond those based in traditional
health settings, such as hospitals and emergency departments.
Population-based studies, for example, can provide information
about the impact of disasters on the population as a whole rather
than only the subset of individuals who sought treatment at a
particular hospital. Although there is often competition among
researchers to be the first to report results, it is both possible
and desirable to expand the disaster time line, before and after
disaster impact. Collecting data in communities at risk can help
establish a predisaster baseline, provide information about indi-
vidual and community preparedness and hazard mitigation, and
potentially, provide the relevant information to study the rela-
tionship between preparedness and later disaster experiences.
Longitudinal research can provide data on the rate and level of
disaster recovery over time and study some of the changes that
are secondary to the disaster event. Regardless of the research
methods used, consistency of estimation methods can greatly
improve the quality of disaster research. Establishing consen-
sus on the definitions of what constitutes a disaster, exposure
to disaster, and a disaster-related death, injury, or disease would
improve the validity of findings. The same is true for the particu-
lar methods used to estimate morbidity and mortality associated
with disasters.

One approach to enhancing data collection is to classify
injuries and illnesses that arise from officially declared disasters
as reportable diseases. Identifying these outcomes as reportable
will facilitate efforts by public health personnel to obtain critical
information on disaster victims. The public health community
has a long history of obtaining such information effectively, while
protecting the confidentiality of those exposed to the disaster.
This approach will facilitate research across disciplines and make
analyses more efficient, in that each group of researchers will
not be repeating the process of independently collecting data. In
addition, the recommended change will improve rapid access to
data that may be lost over time or difficult to obtain, secondary
to various governmental regulations.

A separate challenge within the field of disaster medicine is
that published research frequently lacks the structure necessary
to enhance scientific development of the specialty. In 2003, an
international task force released recommendations to standard-
ize the manner in which disaster medical research is reported.116

The group modeled their approach after the Utstein style for
reporting out-of-hospital cardiac arrest research. This work is
constructed primarily around the medical and public health
aspects of Disaster Medicine and consists of three major sections,
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each provided in a separate volume: 1) conceptual framework; 2)
operational framework; and 3) research templates. The three vol-
umes combine to form a structure that defines the development,
implementation, and evaluation of the processes that produced
the disaster. In addition, they provide standards for evaluation
of the effectiveness, efficiency, costs, and benefits of any inter-
ventions. Using the structures provided, it is possible to compare
similar and dissimilar disasters and any intervention provided.
Use of this structure will facilitate the development of the science
of Disaster Medicine that is essential for the identification and
codification of best practices and standards upon which educa-
tion, training, credentialing, and accreditation must be based.

Underlying efforts to advance the quality of disaster research
is the need to improve access to research strategies and findings.
These efforts should be directed to disaster researchers and to
consumers of disaster-related information. Particular attention
should be paid to countering disaster-related myths. It is well
established that dead bodies pose minimal risk for epidemics and
that mass panic and widespread social disorder typically do not
occur in disasters. Emergency management policies and practices
should be informed by such empirical research findings. One
means of improving access to disaster-related research findings is
to support the integration of search engines on which pertinent
publications are indexed to help make the task of reviewing
the disaster literature less daunting. Improving access to and
dissemination of disaster research findings will likely yield better-
informed disaster researchers, practitioners, and policymakers,
thereby increasing the likelihood that disaster-relevant policies
are evidence based.
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Disaster Education and Training:

Linking Individual and Organizational

Learning and Performance

Peter W. Brewster

OVERVIEW

The purpose of this chapter is to identify the principles and
practices for training those who respond and provide care to vic-
tims of disasters. To understand adequately the scope of disaster
education and training, it is first necessary to have an appre-
ciation of its interdisciplinary nature, the health and medical
operational system, and how education and training fits within
the broader organizational learning context. This discussion is
limited to conveying an overview of the process used to develop
and deliver education and training to support organizational
performance in emergencies and disasters. What follows is a
discussion of important background concepts and the basic
theory used in instructional design, with examples of disaster
education and training for various medical and health target
audiences. At the conclusion of this chapter, the reader will be
able to

■ Explain the overall context for disaster health education
efforts

■ Describe the Instructional System Development (ISD) ap-
proach to developing education and training programs

■ Identify various examples of disaster health education and
training programs for various audiences

STATE OF THE ART

Disaster Health

Disaster education and training is interdisciplinary by nature
and addresses all hazards. In October 2004, a World Association
for Disaster and Emergency Medicine seminar was convened to
discuss disaster education and training. As reported by Murray
and others, the group defined “disaster” as “a major event which
actually or potentially threatens the health status of a commu-
nity.” They recognized these major events could be the result
of any type of hazard. The term “disaster health” was chosen to
replace “disaster and emergency medicine” because it was more
inclusive of the variety of disciplines that would become involved
in a response. Bradt’s visual depiction of this “disaster health”

framework included clinical and psychosocial care, public health,
and emergency and risk management as three interrelated core
domains (see Figure 2.1).

Operational System

Students in disaster health education and training programs need
to have an understanding of the operational system within which
health and medical services are provided in disasters. Integration
of out-of-hospital medicine, public health, acute care medicine,
and mental health into a medical and health functional group
called an Emergency Support Function (ESF) was first described
in the U.S. Federal Response Plan in 1992.2 Table 2.1 illustrates
the variety of ESFs in the 2009 version of the National Response
Framework and shows the specific activities conducted under
ESF 8, Public Health and Medical Services. This framework (or
a similar one) is also found in state and local government emer-
gency operations plans (EOPs) across the United States.

Although EOPs reflect the desired integration between health
and medical entities and between levels of government, real-
ity may be somewhat different. Barbera and Macintyre note

Breadth of
Disaster Health

Context, i.e.,
political, social,
economic, level
of health care,
and the
community

Support 
disciplines, i.e.,
geography,
engineering,
anthropology

Public Health

Emergency
Management
and Risk
Management

Clinical Care
and
Psychosocial

Figure 2.1. A framework for disaster health1
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Table 2.1: Emergency Support Functions of the National
Response Framework and the Specific Activities Under ESF 8,
Public Health and Medical Services

Transportation
Telecommunications and Information Technology
Public Works and Engineering
Firefighting
Emergency Management
Mass Care, Housing, and Human Services
Resource Support
Public Health and Medical Services (ESF 8)

Assessment of Public Health and Medical needs
Health Surveillance
Medical Care Personnel
Health/Medical Equipment and Supplies
Patient Evacuation
Patient Care
Safety and Security of Human Drugs and Biologics
Blood and Blood Products
Worker Health and Safety
Food Safety and Security
Agriculture Safety and Security
Behavioral Healthcare
Public Health and Medical Information
Vector Control
Protection of Animal Health
Technical Assistance

Urban Search and Rescue
Oil and Hazardous Materials Response
Agriculture and Natural Resources
Energy
Public Safety and Security
Community Recovery, Mitigation, and Economic Stabilization
Emergency Public Information and External Communications

healthcare facilities have traditionally engaged in preparedness
activities as independent entities, not as part of a larger sys-
tem. Public health agencies have not been well integrated into
the first response/public safety system on an operational level,
and they have not been effectively linked to acute care medicine
or mental health. Furthermore, they saw preparedness efforts
being aimed at individual problems, such as patient tracking, by
individual disciplines without first defining the overall response
system.

To improve operational level integration, the U.S. govern-
ment has mandated the use of the Incident Command System
(ICS).3 ICS provides a standardized management structure and
process that allows disaster health education and training efforts
to clarify the role an individual plays within an organization’s
EOP. Revised in 2006, the Hospital Incident Command System
provides one approach to integrating the various departments

Table 2.2: Operations Section: Hospital Incident Command
System

■ Medical Care
■ Infrastructure
■ Hazardous Materials
■ Security
■ Business Continuity

Table 2.3: Operations Section: MaHIM System

■ Epidemiological Profiling
■ Prehospital Care
■ Medical Care
■ Mental Health
■ Hazard Containment
■ Mass Fatality Care

and services within a healthcare facility for responding to dis-
asters.4 An example of such integration within the Operations
Section is listed in Table 2.2. What is notably different from
previous versions (Hospital Emergency Incident Command Sys-
tem or HEICS) is the broader focus of hospitals beyond simply
providing medical care in emergencies.

At the local jurisdiction level, another model, the Medical
and Health Incident Management (MaHIM) System, describes
how the various medical, public health, emergency management,
and support disciplines are integrated within an ICS structure
(see Table 2.3).5

Finally, the publication, Medical Surge Capacity and Capa-
bility provides an overall system description that explains
how the various levels or tiers operate and coordinate within
a national system (see Table 2.4). This guidance currently serves
as a foundation for health system preparedness efforts.6

Emergency Management Program Development Cycle

The relationship among an organization’s operational proce-
dures, education, training, implementation, evaluation, and cor-
rective actions is an import context. Education and training pro-
grams need to communicate the organization’s EOP, standard
operating procedures, job action sheets, and checklists to the
variety of staff, as appropriate to their roles. Although this
seems obvious enough, many times exercises, whose purpose
is to “test” the organization’s emergency operations procedures,
are designed around a high-profile scenario and not tied to the
procedures. Organizational performance can only be improved
if the procedures exist and training is provided prior to valida-
tion occurring through a well-designed exercise program. Rather
than starting with full-scale exercises, it is highly recommended
to begin with orientation seminars, tabletop discussions, and
functional exercises leading to the full-scale events. Evaluation
tools should be designed from exercise objectives and produce
impartial data identifying where improvement is needed (e.g.,
procedures, training, and equipment). Table 2.5 illustrates the
role of education and training within the overall development
cycle of an emergency management program.

Table 2.4: Tiers within the Medical Surge Capacity and
Capability Management System

■ Individual Healthcare Asset
■ Healthcare Coalition
■ Local Jurisdiction
■ State Response and Coordination of Intrastate Jurisdictions
■ Interstate Regional Management and Coordination
■ Federal Support to State and Local Jurisdictions
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Table 2.5: Steps in the Emergency Management Program
Development Cycle7

■ Establish an Advisory Committee
■ Develop an “all-hazard” EOP that incorporates the ICS
■ Conduct a hazards vulnerability analysis to identify priority

hazards, threats, and events
■ Write incident-specific operational procedures for priority hazards,

threats, and events
■ Maintain ongoing mitigation and preparedness efforts
■ Coordinate with external entities
■ Provide education and training to staff on their roles and

responsibilities
■ Implement the EOP/ICS and incident-specific guidance during

actual disasters and exercises
■ Review performance and identify recommendations for corrective

action to the Advisory Committee

Developing a Disaster Education and Training Program

Terminology is the foundation for education and training efforts.
Because disaster health is interdisciplinary by nature, the estab-
lishment of an integrated compendium of terms, acronyms, and
definitions is an important first step. A glossary developed by The
George Washington University’s Institute for Crisis, Disaster and
Risk Management to support a major health system’s emergency
management education and training program is available in the
public domain. Selected terms from the Institute for Crisis, Dis-
aster and Risk Management glossary that are important to this
discussion are presented in Table 2.6.

The basic theory that supports the development of edu-
cation and training programs is called ISD. The ISD process,
originally developed by the U.S. military9 involves five phases
(see Figure 2.2)

■ Analysis of training needs and identification of requirements
for each target audience, including regulations, standards
and accepted practices

■ Design of the education and training program and schedule,
individual activities, and delivery methods

■ Development of content and instructional resources
■ Implementation of the education and training program
■ Evaluation and improvement activities

ANALYSIS

Reviewing the organization’s records will provide informa-
tion on the topics, target audiences, frequency, recertification
cycles, and attendance at past training. Evaluation forms or dis-
cussions with staff who helped deliver and who attended the
events are good sources that will help to determine the focus,
direction, and usefulness of past efforts. It is also important to
look at the annual schedule of education and training offerings
to see whether they were sequenced to support development
of organizational procedures and exercises. For U.S. hospitals,
the Joint Commission standards require healthcare organiza-
tions to conduct at least two exercises per year, separated by 4
months.10 The requirements for these exercises include use of
the organization’s operational procedures for priority hazards,
and a corrective action process.

Regulations and standards that need to be incorporated
within any disaster education and training program include

Table 2.6: Key Terminology that Supports Emergency
Management for Healthcare Systems8

Competency: A specific knowledge element, skill, and/or ability that is
objective and measurable (i.e., demonstrable) on the job. It is required
for effective performance within the context of a job’s responsibilities
and leads to achieving the objectives of the organization.

Education: Education is instruction, structured to achieve specific
competency-based objectives, that primarily imparts knowledge. This
may be general knowledge or it may be job specific but extend to
“higher order” knowledge (e.g., understanding the “big picture,” or
working under stress) not specifically included in the job description
but of great value during emergency management activities.
Educational material should be competency based and specify a level
of proficiency that relates to the competencies (“awareness, operations,
or expert”).

Training: Training is instruction that imparts and maintains the skills
(and abilities such as strength and endurance) necessary for
individuals and teams to perform their assigned system
responsibilities. Training objectives should also be competency based
and specify a level of proficiency that relates to the relevant
competencies (“awareness, operations, or expert”). As much as
possible, training should address skills that will function under the
conditions likely when the skill must be conducted.

Exercise: A scripted, scenario-based activity designed to evaluate the
system’s capabilities and capacity to achieve overall and individual
functional objectives and to demonstrate the competencies for relevant
response and recovery positions. The purpose of exercise evaluation is
to determine a valid indication of future system performance under
similar conditions and to identify potential system improvements.

Organizational Learning: A systems-based process for assessing
proposed changes to the system and incorporating accepted proposals
to effect lasting change in system performance. This is accomplished
through alterations to system structure, process, competencies,
facilities, equipment, supplies, and other parameters. This process is
accessible to the whole organization and relevant to the organization’s
core mission and objectives.

(in U.S. terminology) the ICS (as part of the National Inci-
dent Management System), hazardous materials, and worker
health and safety (Occupational Safety and Health Adminis-
tration).11 The National Fire Protection Association Standard
1600, the standard for Disaster/Emergency Management and
Business Continuity Programs, recommends that each entity
assess the training needs and develop a curriculum to support
implementation of the program. The frequency and scope of
the training should be identified and training records main-
tained.12

For U.S. hospitals, additional Joint Commission require-
ments specify that staff, including volunteers and licensed inde-
pendent practitioners and volunteers, will be oriented and

Analysis

Implementation

Evaluation

Design

Development

Figure 2.2. The phases of the ISD model.
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trained on their assigned roles in the EOP.13 National Fire Pro-
tection Association Standard 99, Chapter 12, Health Care Emer-
gency Management, recommends that each organization imple-
ment an educational program that includes an overview of the
emergency management program and ICS. Education concern-
ing the staff member’s specific duties and responsibilities needs
to be provided at the time of joining the organization and annu-
ally thereafter.14 The American Society for Testing and Mate-
rials, in its Hospital Preparedness and Response standard des-
ignation E 2413–04, also requires education and training for
staff response to myocardial infarctions, psychosocial impacts,
managing information, documentation, and principles of coor-
dination.15

Also important for those involved with patient admission
and tracking is the Health Insurance Portability and Account-
ability Act (HIPAA), enacted by the U.S. Congress in 1996 (see
Chapter 10). Title I of the Act protects health insurance cover-
age for workers and their families when they change employers
or lose their jobs. Title II addresses the security and privacy
of health data, through the establishment of national standards
for electronic data transactions. Protected health information
is individually identifiable health information. Protected health
information can be shared for the purposes of preventing or con-
trolling disease, injury, and disability or for other public health
and law enforcement purposes.16

The organization’s role in the community’s emergency
response system should be incorporated into education and
training. The local government’s EOP should be reviewed to
ensure the programs clarify the organization’s role and respon-
sibilities.

Education and training should be competency based; in other
words, instructional activities are guided by learning objectives
designed for the particular target audiences and linked to training
drills and exercises of the EOP.17

Identifying target audiences must occur before any further
design and development occurs. The Veterans Health Admin-
istration, in developing its Emergency Management Academy,
identified its target audiences as staff belonging to one of several
“job groups” (see Table 2.7).

Competencies for disaster education and training relate to
the role played by a particular target audience in emergency
response and recovery, recognizing the importance of the orga-
nization’s emergency procedures and ICS18 (see Table 2.8). After
the target audiences and competencies are identified, learning
objectives can be developed for the overall program and for each
individual lesson. The use of “levels of proficiency” (awareness,
operations, and expert) is common in education and training
courses. Awareness-level proficiency would involve having the
basic knowledge or understanding of the topics, usually to pre-
vent injury. Operations-level proficiency entails the knowledge,

Table 2.7: Job Groups Used to Define Target Audiences in a
Healthcare System

■ All personnel (with responsibilities in the EOP)
■ Facilities and Engineering
■ Police and Security
■ Clinical Support
■ Patient Care Providers
■ Emergency Program Managers
■ Health System Leaders

Table 2.8: Sample Emergency Response and Recovery
Competencies

All Personnel Job Group – Includes all personnel with assigned job
positions within the EOP and supervisory staff who may be required
to perform the duties of an initial Incident Commander. The
competencies within this group are referred to as core competencies
necessary as a base for every position within the organization.
Emergency response and recovery competencies for this job group
include
■ Utilize general ICS/Incident Management System principles during

incident response and recovery (operations level)
■ Recognize situations that suggest indications for full or partial

activation of the healthcare facility’s EOP, and report them
appropriately and promptly (operations level)

■ Participate in healthcare facility mobilization to transition rapidly
from day-to-day operations to incident response organization and
processes (operations level)

■ Apply the organization’s core mission statement to actions taken
during emergency response and recovery (operations level)

■ Apply the organization’s Code of Ethics during emergency
operations (operations level)

■ Execute personal/family preparedness plans to maximize
availability to participate in the facility’s emergency response and
recovery (expert level)

■ Respond with a prepared and maintained personal “go-kit” to
maximize the ability to perform and maintain the assigned role
during response and recovery (expert level)

■ Follow the occupant emergency procedures and assist others (e.g.,
personnel, patients, and visitors) as necessary to accomplish the
directives (operations level)

■ Perform specific roles and responsibilities as assigned in the
facility’s EOP (operations level)

■ Follow the communication plan and reporting requirements as
outlined in the facility’s EOP and the specific Incident Action Plan
for an emergency event (operations level)

■ Follow and enforce safety rules, regulations, and policies during
emergency response and recovery (operations level)

■ Follow and enforce security measures consistent with the nature of
the incident that has prompted the EOP activation (operations
level)

■ Utilize or request (as appropriate) and integrate equipment,
supplies, and personnel for the employee’s specific role or functional
area during emergency response and recovery (operations level)

■ Follow demobilization procedures that facilitate rapid transition to
recovery operations for the healthcare facility (operations level)

■ Follow recovery procedures that ensure facility return to baseline
activity (operations level)

skills, and abilities of a topic to safely perform any tasks involved.
Expert-level proficiency is the operations-level, plus the knowl-
edge, skills, and abilities to apply expert judgment necessary to
solve complex problems.18

Proficiency levels were first identified in the regulations
developed to guide training for those who respond to releases
of hazardous materials (see Table 2.9).19

DESIGN

In this phase, the content and delivery methods are identified
and matched to the target audiences, competencies and desired
levels of proficiency. The development of learning objectives and
an instructional outline begins this process. An instructional
outline with learning objectives for a course on weapons of mass
destruction (WMD) is found in Table 2.10.
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Table 2.9: Proficiency Levels for Hazardous Materials
Training

Level 1: First Responder Awareness
This is the person who witnesses or discovers the release of

hazardous material and notifies the proper authorities. Training
includes recognition and identification of hazardous materials,
notification procedures, and the employee’s role in the emergency
response plan.

Level 2: First Responder Operations
These individuals are persons who respond to release of hazardous

substances without trying to stop the release. They require Level 1
competency and 8 hours of additional training in basic hazard and risk
assessment, personal protective equipment (PPE) selection,
containment and control procedures, decontamination, and the
emergency release plan (ERP).

Level 3: Hazardous Materials Technician
Persons trained to this level respond aggressively to stop a release.

This level requires 24 hours of Level 2 training and competencies in
detailed risk assessment, toxicology, PPE selection, advanced control,
containment, and decontamination procedures, air-monitoring
equipment, and the ICS.

Level 4: Hazardous Materials Specialist
The specialist has advanced knowledge of hazardous materials and

responds with and provides support to hazardous materials
technicians. Requirements are 24 hours of Level 3 training and proven
competencies, along with advanced instruction, on all specific
hazardous material topics.

Level 5: On-site Incident Commander
This individual assumes control of the incident. Level 5 requires

24 hours of training equivalent to Level 2 with competencies in the ICS
and ERP, hazard and risk assessment, and decontamination
procedures.

Unless specified by the standards or regulations, it can be dif-
ficult to determine which staff members require which education
and training topics. The job groups and key aspects described
earlier can be used to begin this “curriculum mapping” pro-
cess. One approach for recommending which ICS courses are
appropriate for various staff positions is found in Table 2.11.

Deciding how to deliver disaster education and training pro-
grams will depend on the desired target audience(s), topic(s), and
level of proficiency. Members of a decontamination team, patient
reception team, hospital emergency response team, or incident
management team will require an operations- or expert-level
proficiency. For these groups, traditional face-to-face methods
are best for practicing hands-on skills, such as triage or the use of
specialized equipment, with a limited number of students who
require the ability to perform some type of procedure. For aware-
ness level proficiency, the number of students increases and the
focus of the activity is primarily imparting knowledge. Many
technologies exist to provide content and the desired level of
interaction. Information in electronic documents, videos, and
DVDs, that support instructional activities or entire courses
are increasingly available from government, university and pri-
vate sector sources. Web-based courses, satellite broadcasts, and
videotapes are practical methods for delivering this information
to all except those who require an operations or expert level of
proficiency.

Adult learning principles should be used, particularly when
designing site-specific training. These characteristics include

Table 2.10: Sample Instructional Outlines for a Hospital
WMD Course20

1.0 Event Recognition
Use surveillance systems
Recognize a possible terrorist attack
Report WMD-related information to the appropriate person(s)

2.0 Unified Incident Command/Management Structure
Use a unified system of command

3.0 Response Support
Provide the necessary logistical support for victim care,

responders, and the response as a whole

4.0 Safety and Protection
Select and work effectively in PPE
Demonstrate behaviors that help ensure personal safety

5.0 Decontamination
Decontaminate victims at an incident site, medical facility, or

other areas as needed

6.0 Isolation and Containment
Appropriately isolate and contain victims of each type of WMD

event

7.0 Evidence Preservation
Use appropriate techniques for preserving possible at an incident

site or medical facility

8.0 Psychological Effects
Prepare for, recognize, and treat the psychological impacts of a

WMD event on victims and healthcare professionals

9.0 Communication and Agency Interaction
Maintain and help facilitate effective communication during a

WMD incident response
Interact effectively with appropriate agencies and organizations

involved in responding to an incident

10.0 Triage
Perform effective triage of victims of specific types of WMD

incidents involving a variety of agents

11.0 Treatment
Perform effective assessment, stabilization, diagnosis, and

treatment of victims of specific types of WMD incidents
involving a variety of agents

12.0 Transportation
Transport victims as required, considering potential

contamination risks, resource shortages, and communication
needs

13.0 Recovery Operations
Complete recovery operations, including reports and debriefings

14.0 Fatality Management
Appropriately handle human remains, addressing safety,

psychosocial, and forensic needs

encouraging self-direction; reinforcing and building on prior
experiences; providing training in small groups; and offering a
supporting and challenging environment.22

DEVELOPMENT AND IMPLEMENTATION

In these phases, the course materials, instructional strategies,
and methods are finalized. Many commercial and governmental
sources of education and training products exist that address
personal and family preparedness, occupant life safety, and the
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Table 2.11: Matrix of Courses Required Under the National
Incident Management System to Staff Positions21

Position/Employee Group IS-100 IS-200 IS-700 IS-800

Headquarters Staff with Disaster
Responsibilities

X X

Regional Director X X

Regional Safety Manager/
Industrial Hygienist

X X X X

Medical Center Director X X

Medical Center Associate Director X X

Medical Center Chief of Staff X X

Key Operations Managers X X

Emergency Preparedness Coordinator X X X

ICS. Others are designed to fulfill specific standards and reg-
ulations, such as those promulgated by the U.S. Occupational
Safety and Health Administration and HIPAA. Programs on
WMD and medical surge capacity and capability topics are widely
available.

EXAMPLES OF DISASTER EDUCATION AND
TRAINING PROGRAMS

Public

In the United States there are several programs that involve
training the public to support formal response efforts in
disasters. These include: the Citizens Corps, the Medical Reserve
Corps (MRC), and the Community Emergency Response Team
(CERT). Table 2.12 contains additional information on each of
these programs.

FIRST RESPONDERS

The National Domestic Preparedness Consortium24

The National Domestic Preparedness Consortium is the prin-
cipal vehicle through which the U.S. Department of Homeland
Security, Office of Grants and Training identifies, develop, tests,
and delivers training to state and local emergency responders.
The following is a brief description of each member and their
expertise:

■ Center for Domestic Preparedness: The center provides hands-
on specialized training to state and local emergency respon-
ders in the management and remediation of WMD inci-
dents. Located at the former home of the U.S. Army
Chemical School, Fort McClellan, the Center for Domes-
tic Preparedness conducts live chemical agent training for
the nation’s civilian emergency response community. The
training emergency responders receive at the center provides
a valid method for ensuring high levels of confidence in
equipment, procedures, and individual capabilities.

■ National Energetic Materials Research and Testing Center at
the New Mexico Institute of Mining and Technology: This cen-
ter offers live explosive training including the use of field

Table 2.12: Public Education and Training Programs

A new cabinet level Department of Homeland Security was formed
after the terrorist attacks in the fall of 2001. In collaboration with the
U.S. Department of Health and Human Services, this department
promulgates programs that are designed to organize the general public
into effective volunteers. These programs include the Citizens Corps,
MRC, and CERTs. They provide instruction on improving
preparedness at home, in the workplace, and in the general
community. As a result, participants can assist the formal emergency
response system during disasters by performing such activities as
house-to-house welfare inspections, providing basic first aid, and
giving assistance to neighbors.

Citizens Corps
“Are You Ready?” is the slogan for the Citizens Corps program.23

This program provides guidance to individuals, families, and
businesses in developing emergency plans. Successful implementation
of these plans will reduce injury, mitigate damage, and increase the
ability of all citizens to assist others during disasters.

Medical Reserve Corps
This organization enables healthcare professionals (including

retirees) to augment effectively local health officials’ capacity to
respond to an emergency. MRC units are community-based and
function in a way to locally organize and use volunteers who want to
donate their time and expertise to prepare for and respond to
emergencies and to promote healthy living throughout the year.
MRC volunteers supplement existing emergency and public health
resources. MRC volunteers include medical and public health
professionals such as physicians, nurses, pharmacists, dentists,
veterinarians, and epidemiologists. Many community members –
interpreters, chaplains, office workers, legal advisors, and others – can
fill key support positions.

MRC training topics are organized under the following three
general competencies.

Health, Safety, and Personal Preparedness
Introduction to disasters
Are you ready?
Family and workplace preparedness
Standard precautions and respiratory hygiene
Psychological first aid

Roles and Responsibilities of Individual Volunteers
Introduction to the ICS
Hospital ICS

Public Health Activities and Incident Management
Public health 101

CERTs
The CERT program supports local government responders by

training volunteers to organize themselves and spontaneous
(convergent) volunteers at the disaster site, to provide immediate
assistance to victims, and to collect disaster intelligence to support
responders’ efforts when they arrive. CERT training consists of

■ Disaster Preparedness
■ Fire Safety
■ Disaster Medical Operations
■ Light Search and Rescue Operations
■ CERT Organization
■ Disaster Psychology
■ Terrorism
■ Disaster Simulation

exercises and classroom instruction. The National Energetic
Materials Research and Testing Center is the lead National
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Domestic Preparedness Consortium partner for explosives
and firearms, live explosives, and incendiary devices training.

■ Academy of Counter-Terrorist Education at Louisiana State
University: The academy provides training to law enforce-
ment agencies and focuses its efforts on the delivery of the
Emergency Response to Terrorism: Basic Concepts for Law
Enforcement Course, and the development and delivery of
the Emergency Response to Domestic Biological Incidents
Course.

■ National Emergency Response and Rescue Training Center at
Texas A&M University: Texas A&M delivers a set of courses
to prepare state and local officials for the threat posed by
WMD. Courses are developed and designed to provide each
specific segment of the emergency response community with
the tools needed to accomplish its role in the event of a
WMD incident. Additionally, Texas A&M has developed an
Interactive Internet WMD Awareness Course for emergency
responders. Texas A&M also provides technical assistance to
state and local jurisdictions in the development of WMD
assessment plans.

■ National Exercise, Test, and Training Center at the U.S. Depart-
ment of Energy’s Nevada Test Site: This test site conducts
large-scale field exercises by using a wide range of live
agent simulants as well as explosives. The National Exercise,
Test, and Training Center develops and delivers a Radiologi-
cal/Nuclear Agents Course.

Collaborative Medical Readiness Initiative
The Center for Disaster and Humanitarian Assistance

Medicine’s Chemical, Biological, Radiological, Nuclear, and
Explosive/WMD Collaborative Medical Readiness Training Ini-
tiative25 is designed to provide healthcare practitioners with cur-
rent health and medical information on WMD. The program
includes a scenario-based, interactive program that follows a
hypothetical healthcare provider responding to a mass casualty
incident. As the scenario evolves, the course presents a series
of lessons, discussions, and information sessions that address
public health, medical, and emergency management issues.

Awareness
■ Define the steps to conduct a threat assessment
■ Describe the physics of radiation energy and pathophysiology

of radiation effects on the human body

Management
■ Recognize types of radiation injuries and describe how to

manage their treatment
■ Identify principles of triage and resource utilization to care

effectively for numbers of patients that exceed the immedi-
ately available resources

■ Define the steps to assess the level of exposure for the casu-
alties and staff and identify necessary laboratory and diag-
nostic procedures that support the clinical management of
contaminated casualties

■ Identify surface decontamination principles for ambulatory
and litter patients exposed to radiation and demonstrate
principals of reverse isolation

■ Describe how to protect staff, other patients, and facili-
ties from secondary contamination and recognize the spe-
cial inpatient considerations for the internally contaminated
patient

Integration
■ Describe the roles and responsibilities of the public health

agencies and how providers must interact with them during
a response; discuss evacuation, food safety, and veterinar-
ian care considerations; and, recognize the need for using
epidemiological tools

■ Describe the presentation of acute stress disorders in respon-
ders and the interventions to mitigate them; discuss how to
safely handle human remains, autopsy considerations, and
the need to comply with legal standards for chain of custody
and evidence collection

■ Describe the roles of the ICS, hospital ICS, and the National
Incident Management System (NIMS) and the response
system at the facility, local, state, and federal levels; and
describe the overall structure of the National Response
Framework

■ Discuss the importance of effective interactions with the
media and the need for a unified public message; identify
the principles and science of crisis and emergency risk com-
munication; and describe the role of risk communication in
response

Urban Search and Rescue26

Urban Search and Rescue (US&R) involves the location, res-
cue (extrication), and initial medical stabilization of victims
trapped in confined spaces. Structural collapse is most often the
cause of victims being trapped, but victims may also be trapped
in transportation accidents, mines, and collapsed trenches.

US&R is considered a “multihazard” discipline because it
may be needed for a variety of emergencies or disasters, includ-
ing earthquakes, hurricanes, typhoons, storms and tornadoes,
floods, dam failures, technological accidents, terrorist activities,
and hazardous materials releases.

Medical Specialist training course units consist of the follow-
ing.

■ Introduction
■ Medical Development
■ Medical Team Responsibilities
■ US&R Medical Problems
■ Confined Space Medicine
■ Task Force Canine
■ Medical Skills Station
■ Patient Care Scenarios
■ Other US&R Operational Considerations
■ Field Exercises

HOSPITALS AND HEALTHCARE SYSTEMS

There are six important dimensions that need to be addressed in
a healthcare system’s disaster education and training program.

PERSONAL AND FAMILY PREPAREDNESS

Preparedness for emergencies begins with the individual
employee and his or her family. Staff whose roles are deemed
essential must feel comfortable that their family members know
what to do in the event of an emergency. This is even more
important for staff who may deploy on response teams for 10–14
days. Family disaster planning information is available from the
American Red Cross27 and the Federal Emergency Management
Agency (see Table 2.13).
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Table 2.13: Family Disaster Plan

■ Discuss the type of hazards that could affect your family. Know
your home’s vulnerability to storm surge, flooding, and wind

■ Locate a safe room or the safest areas in your home for each hazard.
In certain circumstances the safest areas may not be your home but
within your community

■ Determine escape routes from your home and places to meet. These
should be measured in tens of miles rather than hundreds of miles

■ Have an out-of-state friend as a family contact so all your family
members have a single point of contact

■ Make a plan now for what to do with your pets if you need to
evacuate

■ Post emergency telephone numbers by your phones and make sure
your children know how and when to call 911 or the equivalent
emergency services number

■ Check your insurance coverage – flood damage is not usually
covered by homeowners insurance

■ Stock nonperishable emergency supplies and a Disaster Supply Kit
■ Use a weather radio. Remember to replace its battery every 6

months, as you do with your smoke detectors
■ Take First Aid, Cardiopulmonary Resuscitation (CPR), and disaster

preparedness classes

OCCUPANT LIFE SAFETY

Fire and severe weather drills are a tradition within hospitals
and public institutions. In the United States, “duck, cover and
hold on” is taught to school-aged children in areas prone to earth-
quakes. The focus of this type of life safety education and training
is ensuring building occupants understand the facility’s alerting
signals, notification procedures, and the appropriate actions to
take (see Table 2.14). This type of education and training is driven
by local ordinances, building codes and standards, and regional
or national priorities.

INCIDENT COMMAND SYSTEM

The use of the ICS by federal, state, local and tribal gov-
ernments and the private sector, including hospitals, became a
priority with adoption of the NIMS following the terrorist attacks
of September 11, 2001 in the United States (see Table 2.15).

A big part of the NIMS requirements is to incorporate ICS
into the organization’s existing EOP and procedures. Although

Table 2.14: Sample Occupant Emergency Procedures

i. Emergency Evacuation Plan
ii. Reporting

iii. Emergency Response Procedures
A. General
B. Emergency Situations

Fire
Medical Emergency
Bomb Threat
Hazardous Materials
Odor of Smoke/Burning
Other Emergencies

iv. Emergency Teams
v. Building Information

A. General Description
B. Miscellaneous Information
C. Special Circumstances
D. Posting for Conference Rooms

Table 2.15: National Incident Management System28

■ Organizational Adoption
■ Command and Management
■ Preparedness Planning
■ Preparedness Training
■ Preparedness Exercises
■ Resource Management
■ Communications and Information Management

the various NIMS-required courses described above are impor-
tant building blocks necessary to understand the basic concepts
and principles of ICS, major emphasis should be placed on
providing education and training on the EOP, such as apply-
ing ICS to the organization.

ORGANIZATIONAL RESILIENCY

Resiliency relates to the capability of an organization to
recover from the effects of a hazard impact. Developing pro-
cedures and processes for resiliency is a focus of the 2008 Joint
Commission emergency management standards.

Continuity planning has long been a focus of emergency pre-
paredness activities with government agencies and major corpo-
rations. This type of planning was solidified within the healthcare
industry because of the “Year 2000” or Y2K, when manufactur-
ers of computer chips that were used in a variety of medical
devices and equipment could not guarantee their performance
when 1999 changed to 2000. In the United States Department of
Veterans Affairs (the largest integrated healthcare system), Y2K
preparedness focused on “mission critical systems” (see Table
2.16) and developing contingency plans for maintaining conti-
nuity of patient care through the use of manual techniques and
alternate systems.

INTERNAL MEDICAL SURGE CAPACITY AND CAPABILITY

The traditional focus of hospital planning, training, and exer-
cise activities has been on creating “surge capacity” for mass casu-
alties (see Chapter 3). Medical surge consists of two dimensions:
surge capacity, which refers to the ability to evaluate and care for
a markedly increased volume of patients; and surge capability,
which refers to the ability to manage patients requiring unusual
or specialized medical evaluation or care.30 Education and train-
ing programs for medical surge are aimed at developing staff
competencies in the treatment of injuries and illnesses generated

Table 2.16: Mission Critical Systems29

■ Lighting
■ Electrical Power
■ Steam Distribution
■ Heating, Ventilation, and Air Conditioning
■ Room or Hood Exhaust
■ Water Delivery
■ Water Conditioning
■ Waste Stream
■ Critical Supplies
■ Communications
■ Computer and Information Management Systems
■ Alarms
■ Vertical Transport
■ Central Medical Gases
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Table 2.17: Resources and Activities that Support Medical
Surge31

■ Beds
■ Isolation Capacity
■ Healthcare Personnel
■ Pharmaceutical Caches
■ Personal Protective Equipment
■ Decontamination
■ Behavioral Health
■ Trauma and Burn Care

by various hazardous agents and managing key resources and
activities (see Table 2.17).

SUPPOR T TO EXTERNAL SYSTEMS

Implicit in medical surge capacity and capability are the con-
cepts of mutual aid and resource management. Healthcare facil-
ities have long maintained sharing agreements for the purpose
of relocating patients during events such as fires or loss of utili-
ties. Historic events such as Hurricanes Katrina and Rita in the
United States demonstrated that large-scale mutual aid efforts to
support the care and evacuation of patients from damaged hospi-
tals required more attention to pre-event resource identification,
education, and training (see Table 2.18).

The U.S. federal response to south Florida after Hurricane
Andrew in 1992 stimulated an effort to develop more effec-
tive mutual aid between states.32 This effort has turned into
the Emergency Management Assistance Compact, a nationwide
mutual aid network consisting of all 50 States, the District of
Columbia, Puerto Rico, and the U.S. Virgin Islands as signato-
ries.33 The Department of Homeland Security is focusing efforts
on strengthening the ability of counties and cities to provide
mutual aid locally, through the Emergency Management Assis-
tance Compact and under the National Response Framework.34

The National Mutual Aid and Resource Management Initiative
includes resource typing and credentialing of public health and
medical resources. Healthcare staff who may deploy as part of
these resources require additional education and training such
as field living skills, use of communications equipment, interme-
diate ICS, and understanding of the National Response Frame-
work.

In summary, all hospital employees should receive informa-
tion on personal/family preparedness, and occupant safety pro-

Table 2.18: Hospital Resource Categories Requiring
Augmentation35

■ Critical Care
■ Medical/Surgical
■ Behavioral Health
■ Dialysis
■ Laboratory
■ Neonatal
■ Infectious Disease
■ Burn
■ Obstetrics
■ Operating Room
■ Pharmacy (inpatient and outpatient)

Table 2.19: Masters–level Curriculum in Disaster Medicine
and Public Health38

European Master in Disaster Medicine – The Master is intended to
provide participants with a clear picture of current concepts and
developments in the medical preparedness and management of
disasters.

At the end of the course, participants are expected to

■ Evaluate health risks in disaster situations
■ Participate in medical disaster preparedness
■ Direct the medical response team in case of disasters
■ Organize and manage evaluation and debriefing sessions
■ Provide introduction and awareness to disaster management for

medical response personnel
■ Conduct research on the medical aspects of disasters

cedures should be the basis for their training. All operating unit
supervisors and managers should be provided additional infor-
mation on organizational resiliency and the ICS. Operating units
that provide or support patient care should also focus on medical
surge capacity and capability topics. Finally, leadership should
have additional information on support to external systems.

GENERAL MEDICAL AUDIENCES

National Disaster Life Support Courses36

The National Disaster Life Support family of courses are designed
for physicians and other health professionals to respond to mass
casualty events caused by terrorist acts as well as from explo-
sions, fires, disasters, and infectious diseases. The courses were
developed by the American Medical Association in collaboration
with the National Disaster Life Support Education Consortium
partners: Medical College of Georgia, University of Georgia, Uni-
versity of Texas Southwestern Medical Center at Dallas, and the
School of Public Health in Houston. One of these courses is the
Advanced Disaster Life Support Course, which includes lectures
and skills stations on mass triage; PPE and decontamination;
community and hospital disaster planning; media and commu-
nications during disasters; and management of mass fatalities.
This material is widely available and undergoes internal review
by the National Disaster Life Support Education Consortium;
however, it has not undergone independent review. In addition
to the material produced by the American Medical Association,
there are multiple other sources of education that include courses
taught at medical schools and national and international confer-
ences.

UNIVERSITY PROGRAMS

In the United States alone, there are at least 20 colleges and uni-
versities with degree programs in emergency health and medical
services.37 Tables 2.19 and 2.20 provide examples of postgraduate
degrees in public health or disaster medicine.

EVALUATION

Evaluation of education and training is both formative and
summative. Formative evaluation relates to whether the educa-
tional activity itself reached its stated goals and objectives. An
example of this is a course evaluation form that is completed by
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Table 2.20: Master of Science in Disaster Medicine and
Management39

Philadelphia University School of Science and Health – The program is
a 36-credit, 12-course curricula to be completed in 1–3 years
depending on the course load taken by the student.

Master of Science in Disaster Medicine and Management Courses

■ Principles of Disaster Medicine and Management
■ Hazardous Materials and Industrial Safety
■ Natural Disasters
■ Weapons of Mass Destruction
■ Principles of Terrorism
■ Organization Management and Communication in Disasters
■ Psychological Aspects of Disasters
■ Disaster Exercises and Drills
■ Public Health Implications of Disasters
■ Disaster Emergency Planning
■ Applied Research Methods and Statistics
■ Capstone Experience
■ Master’s Writing or Research Project
■ Internship
■ International Experience

attendees. Summative evaluation is an analysis of whether the
outcomes of the activity produced the expected improvement to
the organization’s emergency management capability.

Disaster education and training events are designed to
improve individual and organizational performance during
emergencies. The degree to which this is accomplished involves
the design of the operational system description (the orga-
nization’s EOP and procedures); the education and training
activities; and the evaluation process. It is standard practice to
complete evaluation forms or After Action Reports whose pur-
pose is to document performance in exercises and actual emer-
gency responses. Issues identified in the After Action Reports
will almost certainly have an education or training component.
Before issuing recommendations based on the input from these
forms, it is important to take into account the types, frequency,
participation, and evaluations of previous education and train-
ing events and the degree to which these events reflect revisions
to the organization’s procedures over time.

The use of ISD concepts may involve one or more of the
following levels of evaluation40

■ Reaction: Student and instructor satisfaction with the course
■ Learning: Student mastery of course objectives
■ Behavior: Translation of the instructional experience to

improved job performance
■ Results: Alignment of instructional activity to the organiza-

tional goals and objectives

Recommendations for Further Research

In December of 2001, the U.S. Agency for Healthcare Research
and Quality published a report that reviewed the literature on
the most effective ways to train clinicians for public health events
relevant to bioterrorism.41 Although the purpose of the report
was to address the topic of bioterrorism, the findings can apply
to many disaster-related subjects. Some of the summary infor-
mation is presented in Table 2.21.

Table 2.21: What Is Known About the Most Effective Ways to
Train Clinicians for Public Health Events

The most common educational methods found in the literature
surveyed were lectures, discussion, audiovisual aids, and written
materials. More than half of the studies combined more than one
educational method. The ability to correlate results from these
education and training methods is limited because of differences in
learning objectives, setting, targeted clinicians, and methods.

The Agency for Healthcare Research and Quality report
acknowledged there is a lack of well-designed published studies on the
most effective methods to train clinicians for bioterrorism
preparedness or in management of public health events relevant to
bioterrorism preparedness. Particular attention should be paid to the
design of evaluation methods, such as an increased use of pretesting
and posttesting and in the linkage of outcomes to course objectives.

Aside from improving the quality of research into determining the
most effective methods to deliver disaster education and training,
other studies are needed to address

■ Whether implementation of the ICS by the medical and health
disciplines under the NIMS requirements improves their
integration within the larger emergency management system and
by incorporating ICS into operational procedures are education,
training, and evaluation simplified through the use of this
standardized management system

■ The use of competencies as a basis for course design rather than
topics. Currently, the majority of disaster education and training
courses are developed around comprehension of specific subject
matter, not around target audiences. Job group competency
frameworks describe the knowledge, skills, and abilities necessary
for response and recovery to all hazards across a broad group of
target audiences. Functional group competencies more specifically
focus on performance of a particular function within the response
system

■ How information technology can improve coordination between
individuals and organizations. Part of the coordination problem
during disasters is due to the lack of a universal management
system, although implementation of the NIMS should help to
alleviate this. Another part of this problem is the infrequent nature
of exercises. Use of the Internet and software to create realistic
simulated disasters in which personnel from a variety of
departments, agencies, and/or levels of government could interact
more routinely would improve understanding of the overall
response system and cooperation

■ What is the real value of exercises? Are disaster drills and tabletop
exercises cost-effective educational methods for training clinicians
in how to respond to a bioterrorist attack or other public health
event?

■ Duration and extent of certification and refresher cycles. How often
does clinicians’ knowledge about preparedness for bioterrorism or
other public health events need to be reinforced?

Summary

Disaster education and training programs must be designed to
reflect the interdisciplinary and intergovernmental nature of the
emergency management, public health, public safety, and med-
ical systems. The use of the ISD model can improve the efficacy
of these programs, emphasizing the emergency management
program development cycle. Understanding the critical rela-
tionships among operational procedures, education and train-
ing programs, implementation activities (exercises and actual
events), and the corrective action process is necessary to ensure
individual and organizational learning.
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Surge Capacity

Donna Barbisch, Josef Haik, Ariel Tessone, and Dan Hanfling

“On March 11th, 1918 – an Army private reported to
the camp hospital before breakfast. He had a fever, sore,
throat, headache . . . nothing serious. One minute later,
another soldier showed up. By noon, the hospital had
over a hundred cases; in a week, 500 . . . Over 11,000 peo-
ple would die in Philadelphia alone that October . . . In 31
shocking days, the flu would kill over 195,000 Americans.
It was the deadliest month in this nation’s history”.1 It
was not only happening in the United States, it was hap-
pening all over the world.

Developing the capacity and capability to handle a rapid increase
in demand for patient care and public health services related to
disasters or significant events impacting the healthcare commu-
nity has become known as medical surge. The need for surge
capacity is characterized by a mismatch between patient care
needs and the capability and/or capacity to fill those needs during
a catastrophic medical event. Figure 3.1 demonstrates a national
response. Health and medical needs rise sharply after an event.
Local response rises to meet the demand but becomes exhausted
and begins to degrade after 24 hours. Preincident capacity for
routine services is reduced in the immediate aftermath of a disas-
ter. National and other external resources are activated and arrive
after approximately 72 hours. The gap in requirements or needs
compared with the capability is the surge requirement.

Significant effort has been placed on developing concepts
to build medical surge capacity. The World Health Organiza-
tion (WHO) identifies capacity building within the public health
infrastructure as a global responsibility for all countries. In the
2005 Global Health Report, WHO outlined core capacity require-
ments that all countries must meet to detect, assess, notify, and
report events covered by the International Health Regulations.2

Capacities identified in the Global Health Report include

■ Components such as building or strengthening national pub-
lic health institutes

■ Ensuring that national surveillance and response systems use
internationally recognized quality standards

■ Strengthening human resources capacity through training
programs in intervention epidemiology, outbreak investi-

gation, laboratory diagnostics, case management, infection
control, social mobilization, and risk communication

■ Using WHO indicators to conduct regular assessments of
core capacities to monitor progress and assess future needs

The complexities and interdependencies of the healthcare
environment present considerable challenges in developing a
viable and cost-effective, sustainable medical surge solution.
Limited evidenced-based data exist on the efficacy of proposed
interventions. Standard healthcare practice based on individual
care does not transition easily to population-based best out-
comes decision making; the approach to surge requires a change
in perspective on healthcare management. Understanding the
essential elements in developing surge capacity and developing
a system to balance the rapidly increasing demands given the
limited resources available is critical. A comprehensive approach
will build resiliency into the healthcare system and optimize
outcomes when patient care needs exceed capacity. A focus on
resiliency in healthcare management will not only facilitate best
outcomes during the event, it will develop the ability to maintain
nonevent-related essential services during the surge and promote
rapid recovery in the aftermath of the disaster to restore pre-event
healthcare services. A comprehensive surge system consists of
well-balanced capacity and capability in personnel (staff), sup-
plies and equipment (stuff), and physical structure and manage-
ment infrastructure (structure).3–4 This 3S Surge System will be
described in detail in this chapter.

OVER V IEW OF THE PROBLEM

When the numbers or types of patients overwhelm the medical
system’s capability, existing competence, or capacity, the time-
sensitive ability to manage healthcare resources must surge to
meet demand to optimize patient outcomes. In certain situations,
some patient care capacity or capability may be underutilized
whereas others are exhausted and overwhelmed. Balancing needs
and resources to affect best outcomes is challenging.

Incidents requiring surge capacity fall into a spectrum of
scenarios that may have low-complexity/high-numbers such as
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some blast events, high-complexity/low-numbers such as motor
vehicle collisions, or high-complexity/high-numbers as is pro-
jected in a pandemic influenza (Figure 3.2). “Complexity” in
this context refers to the degree of difficulty in treating patient
injuries. Many low-complexity/high-numbers events are charac-
terized by a significant number of minor injuries that stress emer-
gency triage capability. The event is localized and the majority of
patients can be treated as outpatients. In high-complexity/low-
numbers events there are fewer patients, but each patient requires
intensive medical attention stressing critical care resources. In
the preparation for mass burn events for example, although the
numbers traditionally are relatively low (e.g., in Israel only ∼9%
of all terror and warfare injuries are burn related) the complex-
ity of the injuries and the durations of stay are usually higher.
Following detonation of an improvised explosive device, burn
surge may move into the high-complexity/high-numbers cate-
gory. In highly specialized treatment areas, required personnel,
supplies, and accompanying expenses (e.g., imaging and labo-
ratory studies) are increased compared with other mass trauma
incidents or infectious outbreaks.5 Hick et al., addressed the
issue of specialized evaluation or interventions, a category under
which most major burn patients will fall.6

In high-complexity/high-numbers events, such as pan-
demic influenza and other infectious diseases, the projected

requirements stress multiple geographical areas simultaneously
across a wide region of the healthcare community. Mutual aid
agreements and the promise of support from governments and
other entities capable of directing resources may be unavail-
able. Communities may be “on their own” to manage the surge
in healthcare requirements. These complex events may be par-
ticularly challenging due to the shift in some systems toward
managing fragile patient populations as outpatients with home
health services that may include oxygen therapy, dialysis, and
even in-home ventilatory support.

In prolonged or escalating events, an integrated approach is
essential to coordinate and share resources. Even under “normal”
conditions, some nations face extreme shortages of emergency
resources. This includes developed countries like the United
States where diverting patients to other hospital emergency
departments due to crowding is common.7 As disasters esca-
late it is imperative to recognize that medical and health needs
will exceed healthcare resources.

In the management of surge, a transition is necessary from
individual-based care to a population-based best outcomes
approach. Healthcare professionals will be faced with ethical
dilemmas in determining how to allocate scarce resources (see
Chapter 5). Population-based triage protocols require shifting
resources to achieve the “greatest good for the greatest number.”

Increasing
Numbers
(capacity)

Motor Vehicle Collision  

Increasing Complexity or Acuity (capability)

Pandemic
Influenza

Normal

Burns

Humanitarian
Disasters

Figure 3.2. Spectrum of incidents requiring surge capacity.
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This means that individual patients with little to no chance for
survival may receive “comfort care” only and not be allocated
resources for resuscitation.8 Developing guidelines to support a
shift in focus from optimizing individual to population outcomes
is essential.9

Existing guidelines for building surge capacity (particularly
over a prolonged time period) are limited. The State of California
developed comprehensive surge capacity standards and guide-
lines in 2007–2008 with the input of a broad group of stakehold-
ers from both government and the private sector. These experts
addressed issues of worker liability, reimbursement, development
and operation of alternate care sites, and surge plan templates
for healthcare facilities and communities.10

The U.S. national planning effort has identified medical surge
as one element of a Target Capabilities List.11 The list, a compan-
ion to the U.S. National Preparedness Guidelines,12 is contained
within guidance from the Department of Health and Human
Services, Office of the Assistant Secretary for Preparedness and
Response (known as “ASPR”). ASPR provides resources to eligi-
ble jurisdictions for medical surge capacity and capability to sup-
port, but not supplant local jurisdictions. Department of Health
and Human Services also houses the Centers for Disease Control
and Prevention (CDC), Public Health Emergency Preparedness
Cooperative Agreement Program.

The Target Capabilities List is intended to cross-reference
capabilities in the health and medical arena. The list of health
and medical capabilities is not all inclusive; this can lead to criti-
cal points of failure when it is used as a sole planning document.
The CDC and ASPR programs provide funding linked to surge
capacity planning. The original U.S. Hospital Preparedness Pro-
gram (HPP) focused on increasing hospital surge capacity by 500
beds per million population. The 2007 HPP identifies priorities
associated with bed tracking, medical evacuation and facility
management, rapid distribution and administration of medical
countermeasures, effective utilization of mobile medical assets,
interoperable communications systems, advanced registration of
volunteer healthcare professionals, fatality management, alter-
nate care sites, and decontamination and personal protective
equipment.

The programs provide funding linked to objectives; however,
the measurement of the objectives is highly subjective. The 2007
HPP provided funding of $415,032,000 to eligible jurisdictions13

and the CDC awarded more than $896,000,000 for public health
preparedness to improve national preparedness and strengthen
medical surge and mass prophylaxis capabilities.14 The public
health emergency preparedness focus was on chemical events,
laboratory readiness, improved coordination of public health
and medical services, increasing proficiency of volunteers, and
increasing the numbers of skilled and experienced physicians.

In 2004, the U.S. Government Accountability Office reported
that public health response capacity was improving but much
remained to be done.15 To date, limited evidence-based data exist
to determine whether the large amount of money expended in
an effort to improve U.S. capabilities related to public health
emergencies represent an investment that will improve out-
comes.

Barbisch and Koenig describe a comprehensive approach
to providing appropriate capacity or capability that takes into
consideration the required supplies and equipment (stuff), the
personnel (staff), and the physical space and management sys-
tem (structure) to form a Surge System.16 The system must be
developed with evidence-based practice guidelines to achieve a

seamless and scalable capability that will optimize outcomes in
any given scenario whether of short or prolonged duration.

Defining Surge Capacity

The complexities surrounding surge capacity start with the myr-
iad of definitions related to medical surge. In its broadest context,
Webster’s dictionary defines surge as “a sudden rise to excessive
or abnormal value.” Capacity is defined as the “facility or power
to produce, perform, or deploy capability.” In its generic form,
it can be said that surge capacity is the ability to rise suddenly to
an excessive or abnormal value to produce, perform, or deploy a
capability. Surge definitions have evolved from a number of dif-
ferent perspectives. Surge can be defined relative to a practice set-
ting, such as hospital, laboratory, emergency department, home
health, and so forth; event type, such as blast, chemical, pandemic
influenza, and so on; or magnitude of the requirements, such as
daily surge or disaster surge. Daily surge is encountered regularly
in chronically crowded emergency departments and some would
argue that it is a predictable and manageable event and there-
fore the term could be considered a misnomer.17 Disaster surge
involves complex issues not encountered in daily situations. Dis-
aster surge requires a shift from focus on best outcomes for the
individual patient to a population-based best outcomes model.18

Medical surge, in general, refers to an increase in patient flow
above the norm and is characterized by an imbalance between
resources and needs.

Kelen and McCarthy define surge as “a sizable increase in
demand for resources compared with a baseline demand.”19

Related to healthcare, surge implies this increase in demand is
for medical or public health resources. In addition to influx
(volume rate), surge is further composed of the following com-
ponents: event (type, scale, and duration) and resource demand
(consumption and degradation). They define surge capacity as
“the maximum potential delivery of required resources, either
through augmentation or modification of resource management
and allocation.” Barbara et al., describe a tiered system of surge
capacity focused on geographical integration. Barbara’s model
differentiates between capacity and capability, identifying capac-
ity as the ability to evaluate and care for a markedly increased
volume of patients that exceeds normal operating capacity, and
capability as the ability to manage patients requiring unusual or
specialized medical evaluation or care.20

The U.S. Targets Capability List defines medical surge as
“rapid expansion of the capacity of the existing healthcare system
in response to an event that results in increased need of person-
nel (clinical and non-clinical), support functions (laboratories
and radiological), physical space (beds, alternate care facilities)
and logistical support (clinical and non-clinical equipment and
supplies).”21

The California Department of Public Health describes
healthcare surge by stating that following a significant emer-
gency or circumstances, “the healthcare delivery system has been
impacted, resulting in an excess in demand over capacity in
hospitals, long-term care facilities, community care clinics,
public health departments, other primary and secondary care
providers, resources, and/or emergency medical services.”22

The multitude of efforts to define medical surge is indica-
tive of the challenges in describing a comprehensive approach
to managing the overwhelming medical needs in an escalat-
ing event. The common element in existing definitions refers to
patient care needs exceeding medical and health resources at a
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given point in time. What is left to be determined is a consensus
on how to meet those needs.

CURRENT STATE OF THE AR T

Prepared for What?

In developing a resilient strategy to manage healthcare surge,
the first objective is to gain an understanding of “prepared for
what?” Because of the variety of events that could require a rapid
increase in healthcare resources, it is critical to develop a com-
prehensive approach to “what” needs the preparations address.
If the definition of “what” is limited to individual care associ-
ated with a specific event, or a specific capability, there is a risk
of increasing capacity in one area and unintentionally disabling
capacity in another as the event evolves. Consider a hospital
plan that redirects home health staff into the hospital to increase
the hospital’s capacity to manage individual care. Although the
shift in personnel may increase the in-hospital care capacity, if the
needs continue to rise and the hospital must discharge patients to
home healthcare, the overall system’s patient care capacity will be
reduced due to insufficient numbers of personnel working in the
home health environment. Planning for one area without con-
sideration of the impact in another area creates critical points of
failure that reduce overall healthcare system surge capacity. The
planning must be comprehensive, community based, and coordi-
nated at the regional, national, or international level depending
on the type and size of the event.23 Hence the “what” can be
defined as optimizing a population-based best outcome, scalable
system.

Outcomes-based Planning

A lack of consensus exists on what is or what should be measured
and what “population” is being served. Evidence-based data on
the efficacy of proposed solutions to prepare for peak events at all
levels (local, regional, national, or international) are incomplete.
How can it be determined that plans will achieve the goals? Is
the purchase of ventilators or a list of volunteers an adequate
measurement of medical surge? It is not how much equipment is

available, but rather how well the population is served that must
be measured. Is it best outcome for the patient, the provider,
the institution, or the population as a whole? The objective in
medical surge must be best outcomes for the entire population.

Outcomes-based planning is a multidimensional process that
starts with an accurate assessment of overall surge requirements,
a realistic measurement of overall capability and capacity, and
the potential impact to the overall system as a result of the inter-
ventions. Identifying the type of patient care required is not
enough. A determination of how much care will be needed and
how quickly it must be provided to be effective must be con-
trasted with what can reasonably be accomplished considering
the available resources. Once the needs are identified, the time-
line of delivery is critical and must match the rapidly escalating
requirements.

Because surge capacity can be applied to numerous diverse
scenarios with overwhelming requirements in both impact and
complexity, solutions must transition from individual-based best
outcomes to population-based best outcomes as limitations in
resources escalate. Triggers to shift from an individual patient
to a population-based focus are ill defined. Furthermore, in a
prolonged event such as a pandemic, there may be multiple shifts
back and forth between baseline operations and periods of time
when allocation of scarce resources demand a population-based
approach.

Koenig and Backer coined the term “crisis standard of care” to
describe the clinical practice in the setting of a catastrophic disas-
ter.24 The shift to improving population-based outcomes occurs
when healthcare needs exceed currently available resources. The
mismatch occurs when any of the 3Ss of a surge system (staff,
stuff, and structure) are insufficient (Figure 3.3). The lack of, or
limited numbers of, qualified personnel (staff) in public health
and specialty service (e.g., trauma, burn, or surgical services)
or generalists in large-scale events can impact surge capacity.
Limitations in surge capacity may be due to supply or equip-
ment (stuff) shortages such as specific antidotes, respiratory
equipment, or monitors. The mismatch can also be due to limi-
tations in the physical space available for patient care and related
services (structure) such as the number of functional hospitals
or alternate care sites in an area, the capacity of the laboratory
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infrastructure to process specimens, or the mismatch of facil-
ities designed for specific needs such as critical care or burn
care, or nonacute and long-term care facilities. The most critical
element is the system itself, which is used to manage all of the
resources. Ventilators without personnel to operate them or a
mass care arena without pharmaceutical support lack the ability
to improve outcomes. Effective surge capacity requires a systems
approach and a process to transition between differing surge
numbers and complexity levels.

Given the interdependency of the various elements of the
healthcare environment, a significant challenge exists. A rapid
increase in demand superimposed on existing healthcare short-
ages, just-in-time inventory, projected breakdowns in the supply
chain, personnel shortages and capability mismatch, and the dire
consequences of limitations in healthcare make the concept of
healthcare surge capacity extraordinarily complex. If not consid-
ered, these interdependencies can lead to critical points of failure
resulting in a total systems breakdown. Proposed solutions in one
area often create cascading untoward effects in other practice set-
tings or parts of the surge system. Surge concepts are generally
defined relative to the needs of a specific practice setting such as
a hospital or the public health community, or specific elements
within those communities: emergency departments, intensive
care settings, home health, hospice, and so forth. Other surge
concepts have been developed relative to the type or cause of
injury or illness, for example trauma, burn, and infectious dis-
eases. If uncoordinated, multiple entities can be competing for
the same resources rather than complementing each other.

Consider the assumptions used to decide where to manage a
critical care patient when both the emergency department and
the critical care unit of a hospital are filled to capacity. There
is an understanding in both environments that the patient will
not get optimal care if the appropriate stuff, staff, and structure
are unavailable and if the system is not coordinated to provide
all of the patient’s necessary services. In some cases, patients are
placed in hallways without essential requirements while awaiting
appropriate care environments. The practice begs the questions:
Which environment will create the best outcomes for the patient,
for the other patients, for the staff, and overall for the hospital?
Depending on the goal, the answer may change. In a true scarce
resource environment, the goal will be to optimize outcomes for
the entire population of patients rather than for each individual
patient.

Challenges associated with complex issues that have incom-
plete, contradictory, and changing requirements can be char-
acterized as “wicked problems.”25 Defining best outcomes in
wicked problems requires understanding the environment and
assumptions of all stakeholders, acceptance of differing perspec-
tives, and a comparison of the impact of actions that may not
be optimal for each individual stakeholder, but deliver best out-
comes for the community at large. Using the wicked problems
approach, enduring processes can be developed to link the seem-
ingly disparate influences in the health and medical environment
with the desired outcome.

Assumptions in Surge Capacity Planning

Contributing to the challenges in developing evidence-based
planning are commonly held assumptions in healthcare such
as that the number of hospital beds is a reflection of capability or
that stockpiling ventilators is a measure of readiness. Beds and
ventilators are important elements of the “stuff” component of

the 3S Surge System; however, equipment does not take care of
patients by itself.

Some experts suggest that field and mobile hospitals are too
little, too late and cost ineffective because they arrive from 2 to
5 days after impact, well after the last casualties are evacuated in
sudden impact disasters.26 Additional reports indicate that field
hospitals may undermine efforts to restore services to baseline
because they divert staff, supplies, and patients away from regular
services in the aftermath of the disaster.27 Any plan to use field
hospitals should clearly identify the types of services provided as
well as the time required before the capability is operational. In
addition, these resources should be as self-sufficient as possible
so as not to drain resources from existing local supplies. Oper-
ational plans must also specify at what point the field hospital
mission will be completed because it is often uncertain when to
withdraw these outside resources, particularly if their presence
has provided a higher level of care than the affected population
was receiving at baseline.

Measuring capacity and capability requires a review of the
continuum of healthcare and the throughput of patients from the
time they enter the healthcare system until they are no longer in
need of care. It is incorrect to assume that if there are sufficient
hospitals or hospital beds, the healthcare system is prepared.
Projections for pandemic influenza suggest 30% of the U.S. pop-
ulation will be ill; 50% of those will need outpatient services;
more than 10% will require hospitalization; 1.6% will require
intensive care; 0.8% will require mechanical ventilation; and 2%
will die.28 Historical data from 1918 suggest the majority of ill-
nesses will occur in a 1-month period. Figure 3.4 provides the
numbers for a 1918 and a 1957-like pandemic. Several questions
arise. What is “hospitalization” if hospitals are not available? How
many victims will actually receive hospital care? If not managed
in a hospital, where will care take place? Who will provide the
care? Will appropriate triage occur to dedicate scarce resources
to those who are expected to live? If not, will more suffer and
die?

Using assumptions that not only project level of care but cor-
relate the level of care with what will realistically be available is
critical. Data on the influenza pandemic of 1918 within the U.S.
show that the death rate escalated from 14/1,000 to 44/1,000 in
October. It then immediately declined to 24.9/1,000 in the fol-
lowing month, returning to nearly baseline in less than 2 months
(Figure 3.5). With a surge in requirements of the magnitude seen
in the 1918 pandemic, traditional healthcare will be unavail-
able. Planning therefore should address how to optimize patient
outcomes by using nontraditional care.

Finally, developing realistic planning focusing on the number
of lives that can be saved or the impact on positive outcomes is
critical. The assumption that everyone can be saved is false. Peo-
ple will die in catastrophic events. The focus should be on maxi-
mizing lives saved and minimizing morbidity given the available
resources. Resources should be directed to the portion of the
population who, with appropriate intervention, has the most
likely chance for recovery. Plans must be not only theoretical,
but based in reality.

DYNAMIC CAPABILITIES IN SURGE CAPACITY

Defining Surge Requirements

Defining evolving requirements is critical when managing an
event. Several predictive models can assist planners in describing
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Figure 3.4. Medical Planning Assumptions.

the magnitude of the event. The Humanitarian Assistance in
Disaster Situations: A Guide for Effective Aid recommends all
countries should give high priority to the preparation of their
own health and medical personnel to respond to the emergency
needs of the affected population and that regional coordina-
tion planning should be a priority.29 The first step in plan-
ning is to define projected needs or requirements. The fol-
lowing models provide communities with the ability to project
needs.

THE HOSPITAL SURGE MODEL

The Hospital Surge Model estimates the hospital resources
needed to treat casualties arising from biological (anthrax, small-
pox, pandemic influenza), chemical (chlorine, sulfur mustard, or

sarin), nuclear (1 KT or 10 KT explosion), or radiological (dis-
persion device or point source) attacks.30

PANDEMIC INFLUENZA ESTIMATE MODEL

FluSurge is a spreadsheet-based model which provides hos-
pital administrators and public health officials estimates of the
surge in demand for hospital-based services during an influenza
pandemic. The FluSurge model estimates the number of hos-
pitalizations and deaths from an influenza pandemic (whose
length and virulence are determined by the user) and com-
pares the number of persons hospitalized, the number of per-
sons requiring intensive care, and the number of persons requir-
ing ventilator support during a pandemic with existing hospital
capacity.31
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MASS EVACUATION TRANSPOR TATION MODEL

The Mass Evacuation Transportation Model is designed for
use before a mass casualty event or disaster to estimate the time
required to evacuate patients and other evacuees from healthcare
facilities and other locations and transport them to receiving
facilities.32

At the international level, most programs focus on the coor-
dination of resources at the local area of the disaster or those flow-
ing into the impacted region. The United Nations’ International
Search and Rescue Advisory Group provides guidance relative to
assets such as country specific Urban Search and Rescue teams.33

Several evaluation tools exist. These include the Global Disaster
Alert and Coordination System, a joint initiative of the United
Nations and the European Commission. This system provides
near real-time alerts about disasters around the world and tools
to facilitate response coordination, including media monitoring,
map catalogues and a Virtual On-Site Operations Coordination
Center.34 The Pan-American Health Organization supported the
development of a Supply Management System database to facil-
itate the receipt, inventory, classification, and rapid distribution
of key humanitarian supplies and equipment such as medicines,
food, clothing, and blankets.35

While these templates exist, most have not been validated
with respect to time sensitive delivery of resources. In many cases,
the time to mobilize outside assistance exceeds that necessary
to have a positive survival benefit and resources intended for
response do not arrive until the recovery phase. Further research
is required to develop evidence based approaches to identify
which actions will deliver capability and capacity in an effective
and timely manner.

According to the London Regional Resiliency Flu Pandemic
Response Plan, the UK Department of Health will initiate a
national ‘FluLine’ with access to algorithms that can assist in
identifying protective actions for the general public. The UK
plan advises symptomatic people to remain at home and “self
care.” The logistical support for managing self care in the home
is not identified. Primary Care Trusts (PCTs) mobilize general
practitioner and primary care resources supporting and moni-
toring the development of integrated health response arrange-
ments, specifically antiviral collection points, the management of
excess deaths, and social issues. The PCTs are also responsible for
developing arrangements to maintain and support patients in a
community setting and for ensuring that health plans account for
the needs of vulnerable populations, closed communities such as
care homes, military bases and prisons and other establishments
that may require special planning.36

Within the US, many templates exist that primarily focus
on the provision of necessary staffing, supplies, equipment and
pharmaceuticals coupled with the structure and processes to inte-
grate requirements to support a large scale disaster response. Due
to their closer proximity, local and state resources will arrive to
the disaster region before national assets. However local resources
are limited and may be depleted by the event itself. This high-
lights the critical need for contingency planning. Local planners
must recognize the need to meet surge requirements without
the benefit of outside resources for a minimum of 72 hours.
Examples of the type of planning and the resources available
can be broken down into local, regional, national, and interna-
tional efforts. The following are sample initiatives from the US
system. Portions of these models may be applied to global pre-
paredness efforts depending on country-specific resources and
conditions.

Local Surge Planning and Coordination

Metropolitan Medical Response System
The Metropolitan Medical Response System (MMRS) is a

locally managed emergency preparedness and response system
that is integrated into state and federal programs. It is active in
over 120 of the largest metropolitan regions in the United States.
Originally formed in 1996 in the wake of the 1995 Oklahoma
City bombing and the Tokyo Sarin gas attacks to focus explic-
itly on the traditional first responder approach to biological and
chemical terrorist events, the program has evolved to be inclu-
sive of all response disciplines, and has become a useful adjunct
for support of surge capacity planning in local jurisdictions. The
federal government provides funding linked to comprehensive
plan development which is evaluated through a series of com-
munity wide exercises. These focus on medical surge response,
mass prophylaxis distribution, chemical/biological/radiological/
nuclear (CBRN) and other hazardous material responses and
decontamination, medical supplies management and distribu-
tion, emergency public information and warning, interoperable
communications, isolation and quarantine, fatality management
and information sharing and collaboration. The MMRS inte-
grates emergency response partners within communities and
their surrounding regions to develop the collaboration that is
critical in events of significant magnitude. Many MMRS com-
munities have stores of personal protective equipment and caches
of pharmaceuticals oriented towards CBRN response that com-
plement other stocks of supplies and equipment. In summary,
“the Metropolitan Medical Response System (MMRS) program
assists designated localities to develop and maintain plans, con-
duct training and exercises, and acquire pharmaceuticals and
personal protective equipment to achieve the enhanced capabil-
ity necessary to respond to a mass casualty event during the first
crucial hours of such an event, until significant external resources
arrive and become operational.”37

An expansion model related to the MMRS was initiated in
Washington DC in 2007 designed to provide the tools to manage
multiple capabilities within the region and identify timely inte-
gration of capabilities. The Seamless Emergency Medical Logis-
tics Expansion System (SEMLES) established a program within
the DC Department of Health to translate concepts into an inte-
grated operational reality. The model provided a cost effective
and integrated approach to synchronize parallel systems to cre-
ate critical surge capacity for rapid and sustained response. The
process requires extensive inter-organizational collaboration in
assessing existing medical emergency capability, projecting needs
in a variety of disasters and catastrophic events, and analyz-
ing capability gaps. The program established a hub within the
Department of Health to link resources into a modular expansion
capability as needs grow. Regardless of the resource: prehospital,
hospital; non-hospital healthcare; health related; or infrastruc-
ture support; SEMLES enables connectivity to optimize capabil-
ity. It builds on MMRS to integrate all existing local, regional,
and federal programs. Despite inevitable organizational, finan-
cial and political obstacles, SEMLES coordinates and synchro-
nizes programs to provide a template to optimize surge capacity38

(Figure 3.6).

Alternate Care System Development: The Stratification of
Care Model

Increasing attention has been given to the need to broaden
surge capacity planning to include the full spectrum of patient
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care delivery capabilities in a disaster impacted community.
Much of this work started with a focus on alternate care facility
planning for extension of hospital-like services in an unregu-
lated, non-healthcare setting. Examples include the establish-
ment of Federal Medical Shelters (FMS) in the US during the
responses to the multiple Florida hurricanes in the summer of
2004, Hurricanes Katrina and Rita (2005) and Hurricanes Gustav
and Ike (2008). The initial concepts for such planning came from
work conducted by the US Army Soldier Biological Chemical
Command (SBCCOM), Biological Warfare Improved Response
Program (BW-IRP) in the late 1990’s. These efforts focused on
a combination of out-of-hospital capabilities divided between
Neighborhood Emergency Help Centers (NEHC) and Acute Care
Centers (ACC).39,40 The NEHC is intended to function as a com-
munity care station that provides functions including victim
triage and distribution points for medical countermeasures. The
ACC, similar to the FMS concept, serves as an out-of-hospital
medical treatment facility for lower acuity patients not requiring
a hospital critical care setting, but not well enough to be man-
aged at home. Additional work in this arena continues to evolve,
focusing on the spectrum of care delivery options and broad-
ening the focus to a stratification of care model as elucidated in
the Mass Medical Care with Scarce Resources: A Community Plan-
ning Guide publication in 2007.41 Pandemic influenza planning
has galvanized many communities to adopt such an approach
to surge capacity planning, largely based on this theoretical
framework.42

The US CDC adopted the framework for surge capacity
planning, emphasizing the importance of coordinating public

health and healthcare related planning for pandemic influenza
under the umbrella of a Community Alternate Care Site (ACS),
comprised of community partners who are essential to deliv-
ering care in the setting of a surge response to disaster (Table
3.1). The components of an ACS are built around the strati-
fication of care model, with an important emphasis on devel-
oping consensus based community wide agreement on the use
of triage algorithms, particularly those that relate to the ethical
and legal implications of allocating scarce resources in a disaster
event.

Healthcare Facility Surge Capacity
The implementation of surge capacity strategies in healthcare

facilities requires a graded approach using a variety of strategies.
There are a number of steps that healthcare facilities can take
to expand capacity over discrete time frames. There are several
steps that can be taken to augment the delivery of care for an
increased volume of high acuity patients. Space to deliver care,
clinical staffing availability, and the critical use of supplies must
all be considered. A continuum of surge capacity implementa-
tion may be subdivided into conventional, contingency and crisis
surge implementation.43 In turn, these respective levels of surge
will be accompanied by an equivalent conventional, contingency
or crisis care process to maintain the standard of care. Such
an approach is based upon the recognition that not all disaster
events will require the same degree of response, thus requiring
a scaled approach to surge capacity implementation in the hos-
pital. Examples of methods to support conventional care that
are outside the normal operations of daily patient care delivery
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Table 3.1: Community Alternate Care Site Partners

Ambulatory Surgical Centers

Call Centers

Emergency Departments

Emergency Management

Emergency Medical Services

Faith Based Organizations

Home Health Agencies

Hospice Agencies

Hospital Administration

Law Enforcement

Legal Counsel

Local Government

Long Term Care Facilities

Medical Examiners Office

Non Profit Organizations

Pharmacies

Private Community Physicians

Public Health Department

Schools and Universities

Special Needs Agencies

Urgent Care Centers

Veterans Affairs Health Centers and Community Based Outpatient
Clinics

include doubling of beds in single patient rooms and canceling
elective surgical procedures. The other end of this spectrum, the
delivery of crisis care, might involve the placement of patients
in non-conventional treatment settings. In order to maximize
the level of care delivered in a crisis care environment, there
are a number of steps that can be taken to prepare to man-
age an influx in patients requiring critical care services.44,45,46

Within the context of a surge response to a disaster event, the
delivery of “emergency mass critical care” takes place in a crisis
care environment. The pool of available critical care resources
is limited by the disaster event, or because the total number of
patients requiring such care exceeds that capacity that is nor-
mally available. A deliberate framework for planning to care for
patients under these circumstances must be developed prior to
the onset of an event. The framework must contain clearly delin-
eated plans for the stepwise expansion of critical care services
outside of the normal intensive care setting. These services must
provide the highest level of care that can be sustained over an
extended period of time. Essential components of emergency
mass critical care include the use of mechanical ventilation; the
administration of intravenous fluids, vasopressors, medications
to treat specific disease conditions, and adequate sedation and
analgesia; and other select practices that are known to reduce
the adverse consequences of critical illness. Some experts recom-
mend that hospitals with intensive care units should prepare to

deliver such care for a daily critical care census that is three times
their usual capacity, for up to 10 days of care delivery. Further
research is necessary to validate this recommendation.

Examples of Local Level Resources and Tools

Hospital and Healthcare Facility Surge Options
Hospitals and other healthcare facilities must have plans to

expand their capacity to manage a surge in the number of patients
needing care during a disaster. The California Department of
Public Health developed a comprehensive program of standards
and guidelines, operational tools, and training materials to facil-
itate planning for healthcare surge.47 Figure 3.7 reflects basic
requirements for staffing when establishing an Alternate Care
Site.

The US-based Joint Commission identified the following
examples as options for consideration.48 Detailed planning is
required to integrate the comprehensive stuff, staff and structure
to meet standard of care requirements in crisis care.

SHUTTERED HOSPITALS

Hospitals that have been closed may offer an option for surge
capacity. The process of opening a facility that has been closed
requires considerable attention to environmental safety. Plan-
ning is critical as the cost of improving the facility may be more
than the cost of replacement. Recently closed facilities offer the
most viable expansion solutions.

FACILITIES OF OPPOR TUNITY

“Facilities of opportunity” are nonmedical buildings that can
offer healthcare facility surge opportunities. Examples include
veterinary hospitals, convention centers, exhibition halls, empty
warehouses, airport hangars, schools, sports arenas, or hotels.
Considerations such as staffing, ease of patient care, sanitary
facilities, and food service should be considered. Facilities such
as day surgery centers and other existing healthcare facilities
may provide options for expansion with minimal cost and
effort.

MOBILE MEDICAL AND POR TABLE FACILITIES

Mobile and portable facilities build on the military model of
independent hospital facilities. Many models exist commercially
that may offer expansion capability. As with other options, a cost
benefit analysis along with assessment of the ability to deliver
care in a timely manner is critical in developing the capability.

In 2007, the state of California engaged in a program to
develop three mobile field hospitals designed to provide surge
capacity of 200 beds each within 72 hours after activation.49 The
program provides facilities and an equipment package designed
to maintain operations for 72 hours. Personnel are organized
from existing resources within California. Each Mobile Field
Hospital includes emergency/triage facilities, an operating room
with two suites, two Intensive Care Units with a total of 20 crit-
ical care beds, 180 ward beds, mobile radiology, laboratory and
pharmacy supply units. Locations for the care of special patient
populations include pediatric care units, obstetrics/gynecology
units, orthopedic and neurology units and a negative pressure
isolation ward for highly contagious patients. The units require
contractor support to maintain operations such as food services,
potable water service, waste water removal, trash removal, med-
ical waste removal, showers, toilets, laundry facilities, oxygen
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cylinder refill service and fuel delivery service for power gener-
ation systems. The program was designed to support services as
needed to restore or replace available hospital capability during
a disaster or public health emergency.

Local Staff Support Options
Staffing for surge capacity presents many challenges. Unin-

vited but well-meaning volunteers may converge on the disaster
region. Often there is no plan to integrate these spontaneous
volunteers into the local command and control structure and
their management consumes resources that were programmed
for the response. In addition to anticipating this group of vol-
unteers, a better approach is to establish systems to coordinate
volunteer resources prior to rather than during an event. Even
with pre-event initiatives, there are difficulties related to confirm-
ing current qualifications, identifying sufficient providers who
are not already committed to other responsibilities, and compli-
ance with existing country-specific regulations. For example, in
the US, multiple entities may have requirements for credentialing
personnel including states and local healthcare facilities. These
initiatives are focused on identifying health personnel who may
be mobilized to help support the surge in demand for patient
care service delivery. State based registry systems are being estab-
lished under the Emergency System for Advance Registration
of Volunteer Health Professionals (ESAR-VHP) program. Addi-
tional federal resources are being developed within the Medical
Reserve Corps (MRC) program to identify local volunteers in
the medical and public health arenas who can contribute their
skills during times of disaster response. Nevertheless, signifi-

cant controversy surrounds credentialing and management of
volunteers. For example, Schultz and Stratton argue that all of
the currently available credentialing options have serious limita-
tions that would make it difficult for hospitals to use the health
care workers provided by such entities. Most of these systems
require significant time to activate and implement. In addition,
they don’t all provide volunteers with skill levels that hospitals
can utilize. Hospitals require highly trained professionals within
hours of a disaster. These two authors suggest a hospital-based
credentialing system that is shared among local facilities within
one jurisdiction. All credentialed healthcare providers at each
hospital are listed in a database and this information is dis-
tributed to all facilities. Immediately after a disaster, hospitals
can consult the database to verify the credentials of volunteers
in the area. This system would permit rapid credentialing of
qualified volunteers in the first hours and help to maintain hos-
pital function.50

Expanding scope of practice under disaster conditions is
another option under development. The State of California is
developing guidance with the support of professional member
organizations to identify professional skills sets that could be used
during crisis care to expand capability in resource constrained
environments. For example, State of California paramedics are
trained to give injections, but not normally permitted to adminis-
ter vaccinations. If regulatory relief and training were provided,
prehospital personnel could assist with mass vaccination pro-
grams during exposures and outbreaks.

State Medical Assistance Teams are also being developed
across the US to provide support within states rather than
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deploying to other states as has been the traditional focus. Mutual
aid agreements may allow these resources to deploy to other states
with approval of State leadership.

STATE MEDICAL ASSISTANCE TEAM (SMAT)

The North Carolina State Medical Response System devel-
oped a deployable State Medical Assistance Team (SMAT). Their
level one team is designed to provide medical care in disasters
or during special events, deploy a 150-bed alternate care facility,
support a Strategic National Stockpile receiving site, establish
drug distribution and immunization sites and establish a field
medical station capable of treating 250 patients within a twenty-
four hour period. The team deploys with 12 to 54 members
depending on the requirements of the emergency.51

CalMAT TEAMS

California Medical Assistance Teams (CAL-MAT) are a state
of California volunteer resource designed to respond across Cal-
ifornia during a state of emergency. California has three teams
designed to deploy within 12 hours of notification and operate
without resupply for 72 hours.52

Regional Support

Emergency Management Assistance Compacts
Another important source of surge response within the US

is that provided by formal State to State requests and offers of
support. After the delays in delivery of assistance experienced
during Florida’s Hurricane Andrew in 1992, the Southern Gov-
ernors Association created a mechanism by which states could
assist one another in times of disaster. This was the origin of
the Emergency Management Assistance Compact (EMAC), a
congressionally ratified organization that provides form and
structure to interstate mutual aid. Through EMAC, a disaster
impacted state can request and, when approved by the provid-
ing state, receive assistance quickly and efficiently. These process
resolves two key issues: liability and reimbursement.53 EMAC is
a model that illustrates how to manage the response at the low-
est level possible. It provides a process to request personnel and
equipment more quickly that may be available through Federal
programs.

Medical Reserve Corps
The MRC is a community-based program developed by the

US federal government. It is designed to organize and engage
volunteers to prepare for and respond to emergencies. The MRC
supplements existing emergency and public health resources.
The MRC identifies specific, trained, credentialed personnel and
prepares them to respond to local disasters.54

U.S. National Planning for Surge Capacity

National Disaster Medical System
The National Disaster Medical System (NDMS) is a nation-

ally driven, top down program designed to provide resources to
local jurisdictions upon their request, in the event of a disaster.
It was established in 1984 as a partnership between the Depart-
ments of Defense, Veterans Affairs, Health and Human Services,
Federal Emergency Management Agency, and private hospitals.
The program evolved from the Contingency Hospital System

designed to provide medical care for military personnel return-
ing from overseas conflicts. Originally focused on transport of
patients and bed capacity at definitive care sites, the program
expanded in 1997 to include deployable teams designed specif-
ically for domestic emergency medical response. Lead respon-
sibility resides in Department of Health and Human Services.
The Homeland Security Act of 2003 transferred oversight for the
NDMS to the Department of Homeland Security, however this
authority was transferred back to the Department of Health and
Human Services by the Pandemic and All Hazards Preparedness
Act of 2006.55

NDMS constitutes the primary federal response mechanism
for management of mass casualty events in the United States, with
focus placed on three discrete areas of response (Chapter 9). The
first is the provision of deployable teams designed to provide
basic emergency healthcare support in the disaster affected area.
The teams mobilize under federal authority to provide support
as requested.56

The second component of NDMS is that related to patient
transport and the provision of medical evacuation out of a dis-
aster affected area. Transport management and coordination is a
responsibility of the Department of Defense with the assistance
of the Department of Veterans Affairs. This includes commu-
nicating onsite organization, coordination and transportation
of evacuated patients from a mobilization center near the inci-
dent site (e.g., a designated airport facility) to a reception site
(e.g., an airport in a non-affected region of the country). DoD
(USTRANSCOM) estimates that dedicated assets will be able to
transport 81 critically ill or injured patients over a 54-hour time-
frame. A Civil Reserve Air Fleet (approximately 1400 aircraft
including 45 Boeing 767s) provides additional transportation
support. The conversion of civilian aircraft to a configuration
capable of supporting the transport of disaster casualties takes a
minimum of 60 hours. Additional private sector assets are under
contract to assist in patient evacuation including those provided
by the HHS private ambulance contract and the availability of
approximately 800 civilian rotor wing assets.57

The third major component of NDMS is the provision of
definitive care. About 1800 hospitals have signed agreements
guaranteeing a minimal number of staffed and available beds for
patient placement in the event of a catastrophic event requiring
evacuation of patients out of a disaster stricken region. Theo-
retically, this provides a nationwide capacity for placement of
approximately58 100,000 patients in unaffected regions of the
US. For a widespread disaster that extends beyond a region or
State or one that involves contagious or contaminated patients
who cannot readily be transported to remote areas, this system
would be problematic.

National Disaster Medical System Teams59

Table 3.2 contains a list of NDMS teams. A snapshot of
capability of the most common teams includes:

DISASTER MEDICAL ASSISTANCE TEAM (DMAT)

DMATs are the basic team of the NDMS. As of 2009, there
are 55 DMATs located across the United States, although only
24 are deemed to be operational, with demonstrated ability
to deploy between 6 and 12 hours after activation. They are
expected to arrive on site within 48 hours and maintain opera-
tions for 72 hours without resupply. Teams consist of 35 people
who are capable of providing primary and acute care, triage,
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Table 3.2: National Disaster Medical System Response Teams

55 Disaster Medical Assistance Teams (DMATs)

4 National Medical Response Teams (NMRTs)

5 Burn Teams

2 Pediatric Teams

1 Crush Medicine Team

3 International Medical/Surgical Teams (IMSuRTs)

3 Mental Health Teams

3 Veterinary Medical Assistance Teams (VMATs)

11 Disaster Mortuary Operational Response Teams (DMORTs)

1 Joint Management Team (JMT)

3 Nurse/Pharmacist National Response Team

initial resuscitation and stabilization, advanced life support and
preparation of sick or injured for evacuation. DMAT members
are capable of providing ambulatory care for up to 250 patients
per 24-hour mission cycle, with limited laboratory point of care
testing and bedside radiology services. They have the means to
stabilize and hold 6 patients for extended treatment for up to
12 hours, and can support an additional 2 critical care patients
for up to 24 hours. They can provide sustained ward care for 30
non-critical inpatients at NDMS designated facilities, and can
augment staffing at alternate care facilities and assist with mass
medical countermeasure distribution.60

DISASTER MOR TUAR Y OPERATIONAL RESPONSE TEAM

(DMORT)

DMORTs provide technical assistance and support for recov-
ery, identification, and processing of deceased victims. Teams
include medical examiners, coroners, funeral directors, patholo-
gists, forensic anthropologists, medical records technicians and
transcribers, fingerprint specialists, forensic odontologists, den-
tal assistants, x-ray technicians, and other personnel. Stand-alone
capability is available through Disaster Portable Morgue Units
(DPMU).

VETERINAR Y MEDICAL ASSISTANCE TEAM ( VMAT)

VMATs are designed to support veterinary services during
disasters or emergencies. Their capabilities include support in
assessing the medical needs of animals; medical treatment and
stabilization of animals; animal disease surveillance; zoonotic
disease surveillance and public health assessments; technical
assistance to assure food and water quality; and animal decon-
tamination. The teams are organized to support the specific event
and include various members of the veterinary health manage-
ment community.

NATIONAL MEDICAL RESPONSE TEAM (NMRT)

An NMRT is a 50-member specialized team designed to pro-
vide medical care following a nuclear, biological, or chemical
incident. The team is capable of providing mass casualty decon-
tamination, medical triage, and primary and secondary medical
care to stabilize victims for transportation to tertiary care facili-
ties in a hazardous material environment.

INTERNATIONAL MEDICAL SURGICAL RESPONSE TEAM

(IMSURT)

IMSuRTs are designed to support the US State Department.
They were implemented in response to attacks directed against
the US embassies in Nairobi, Kenya and Dar es Salaam, Tanzania
in August 1998. IMSuRTs provide worldwide deployable medical
and surgical treatment capability.61 They are supposed to deploy
within 3 hours of notification. IMSuRTs are the only NDMS
team with surgical operating room capability designed to provide
emergency surgery, treatment, and stabilization. They deploy
with all necessary equipment but are not designed to function in
austere environments.

Strategic National Stockpile
The Strategic National Stockpile (SNS) is a program cre-

ated in 1999 by the U.S. federal government designed to supple-
ment and re-supply state and local governments with medical
materiel supplies (Chapter 16). It contains antibiotics, medi-
cal supplies, antidotes, antitoxins, antiviral medications, vac-
cines and other pharmaceuticals. The SNS program coordinates
governmental and non-governmental capabilities including the
National Veterinary Stockpile, commercial business vendor man-
aged inventory (VMI) process, and commercial carriers. The
purpose is to integrate critical medical supplies for distribu-
tion in emergencies. The program also coordinates with the
research and development community to acquire medical coun-
termeasures for CBRN threats and to expedite access to drugs
that are not commercially available for non-research purposes.
The SNS maintains 12-hour push packs that are strategically
located across the US near major transportation hubs as well
as forward placed caches of chempacks that are integrated into
local hazardous materiel response programs. A Technical Advi-
sory Response Unit (TARU) is also available to support local
authorities in receipt and coordination of distribution of the
SNS. The SNS also maintains Federal Medical Stations designed
to provide for 250 non-acute and special needs patients over
three days. The medical stations increase in 50-bed increments
and contain supplies for first aid, pharmaceuticals and house-
keeping.62,63

VENDOR AND STOCKPILE MANAGED INVENTOR Y

In addition to the 12-hour push packages (Chapter 16), ven-
tilators and vaccines, are stored and managed under a man-
aged inventory program. This consists of either Vendor Man-
aged Inventory (VMI) or Strategic Stockpile Managed Inventory
(SMI). When specific supplies are known to be needed in order
to support the medium to long term objectives of a disaster
surge response, VMI or SMI will be used to supplement the
initial shipments. VMI is maintained by the primary corporate
vendor under contract with the federal government. VMI and
SMI supplies are designed to arrive 24 to 36 hours following the
initial receipt of the push packages. The process to request SNS
assets requires a request from the affected state’s public health
authority through the governor’s office to HHS. The request is
evaluated and upon authorization will be released for shipment.
HHS maintains authority for the SNS materiel until it arrives at
the designated receiving and storage site where upon it is trans-
ferred to state and local authorities. State and local authorities
will then begin the breakdown of the 12-hour Push Package for
distribution. A Technical Assistance Response Unit (TARU), a
team of medical logisticians, will deploy to assist state authori-
ties in the breakdown and distribution of the stockpile.


