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Traumatic events and their impact on the collective
Neil Simon, BS, MA

The previous column (Fall 2004) explored the
impact of crisis on individual behavior. The focus of
the current article is on the collective—organizations
or groups whose performance is altered by the experience of a disastrous event.
As emergency managers, we need to appreciate
what, to the group, constitutes a crisis (Table 1). The definition probably involves a significant turning point in an
organization from which they need to recover at the risk
of suffering a serious decline in capabilities and performance, perhaps to the point of extinction.
Keep in mind that emergency management (EM)
organizations also fall into this category. The focus
here is on organizations in general; however, EM
specifically will be addressed in a future column.
Group crisis considerations for eM personnel

Organizations have a life of their own, separate from
each individual. The lifeblood of the group is its ability to
achieve a mission and create profit (not necessarily
financial profit, although that helps!). The group entity
can lurch from crisis to crisis or gradually grow from one
event to another. Several factors affect this:
n

self-determination (the ability or inability
to sustain a chosen direction);

n

social responsibility (achieving social
change versus rigidly keeping to an order
that is out of step with the times);
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n

timeliness (loss of time affecting production or service delivery);

n

stewardship (ability/inability to use and
allocate resources, e.g., stock control);

n

collective self-determination (agreed-upon
strategic direction); and

n

maintaining positive relationships with
employees, customers, and suppliers.

EM agencies can establish relationships with collectives to help them prepare rapidly employable,
adaptable, and responsive plans to cope with whatever
crisis they might encounter. Establishing these relationships benefits response teams and, more important, the wider community, in many ways. Not only
does it help protect people, it also helps organizations
think preventatively. In today’s environment, it can
also have a financial impact by reducing risk and, in
some cases, insurance rates. In addition, such relationships foster the effective sharing of often scarce
resources and promote EM departments as agents of
community problem-solving.
Organizations often don’t have the motivation or
desire, unless forced by the “bean counters” (insurance
companies, accountants, etc.), to address crisis management unless it directly involves their ability to make
more money or reduce expenses. These collectives often

9

table 1. traumatic events that affect the collective
types of crisis

definitions and examples

external
Natural causes (fire, tornado, flood, hurricane, earthquake)
Mass disasters

Accidental causes (transportation crash, explosion, hazardous materials spill,
water damage, contamination, loss of utilities)
Incited causes (vandalism, arson, sabotage, civil unrest)

Competitive surprise

Competitive product developed and released without your knowledge
(new technology, repackaging of established product, new market development)

Regulatory imposition

Impositions on the organization that challenge its functioning
(increase in taxes, product regulations, environmental laws)

internal
Breakdown of organizational structure and support
(management change, difficulties with management/leadership)
Breakdown of the infrastructure (problems with buildings,
roads, utilities, etc.; equipment difficulties; work process difficulties)

Organizational disruption

Major change affecting the way the organization does business
(merger and acquisition, key leadership change, restructuring of the company)
People breakdown

Breakdown of the social system (union/management conflicts, strikes,
management incapacity, uncooperative production or service groups)

Product breakdown

Product failure (poor quality, unsuspected risks [e.g., choking hazard], product recall)

have no contingency or crisis plan in place and have
little or no practice in responding to a crisis. Their
actions mainly focus on production or delivery of service.
After a disastrous event, organizations often
know the crisis couldn’t be avoided, but the fallout
could have been minimized. They understand that
the potential for crisis is part of the risk of conducting
business, but that they can take steps to prevent
avoidable risks. Preventive measures require discipline on the part of individuals and collectives.
Barriers that stop organizations from preparing for
crises include the following:

10

n

not knowing of or recognizing a potential
threat;

n

denial (“it won’t happen to us”);

n

feelings of invincibility;

n

leadership that refuses to entertain the
thought of failure; and

n

not having the money or resources to dedicate to crisis management.

The goal for emergency managers is to work with
organizations to help them see the value of reducing
disaster risk, preventing obvious calamities, and minimizing damage. This involves selling organizations
on the importance of identifying vulnerabilities,
assessing capabilities and available resources, preventing breakdown during a crisis, defining a
response hierarchy and protocol, implementing an
ongoing risk-reduction protocol, and minimizing loss.
During an EM consultation with a major automotive producer, the opportunity arose to bring together
the city’s EM coordinator with the company’s human
resources department. The goal of the meeting was to
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assist the plant in establishing a relationship for
internal and external crisis management. Objectives
of additional meeting included establishing mutual
understandings of the business and city entities;
determining actual emergency-response protocols;
creating a collaborative relationship between the two
entities; and creating a model that could be implemented by other businesses in the community.
Organizations are sometimes hesitant about calling in public personnel because they believe government entities do not understand business needs and
goals. In this case, the new collaborative relationship
created an environment for the company and city to
work together to keep the facility performing and preserve the community’s interests. The two organizations created a plan that benefited both; i.e., it maximized the company’s ability to continue working after
a crisis while protecting its employees and enabling
the city to protect the community at large. The company would receive training for its personnel by qualified city personnel, thereby creating a working relationship between the company and city and ensuring
an integrated response between the city’s emergency
services and the company’s EM teams. The ramifications of this relationship will be discussed in a future
column.
conclusion

The collective interpretation of crisis differs from
the individual, encompassing traditional EM concerns as well as crisis mitigation and prevention.
Focusing on the collective opens new avenues for
emergency managers to reduce risk and sustain productivity in their own and other organizations.
Skillful collaboration with businesses and other
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groups strengthens community ties, streamlines
response, and mitigates damage and liability both for
the collective and the response team. Understanding
the psychological and business issues manifest in
organizational resistance to EM concepts, planning,
and response will be addressed in the next column.
Page
1
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Legal desk
Immunity law: Protection for emergency responders
William C. Nicholson, JD

IntroductIon

Units of government enjoy immunity, or protection from legal liability, for many of their activities.
This immunity is not, however, unlimited. During an
emergency, the needs of a small group of people (their
personal lives, businesses, and property) frequently
must be considered and balanced against society’s
greater interest. Disaster response statutes and common law provide customary defenses and immunities
for protection of emergency responders who are working in the capacity of a government employee.1
ImmunIty under state law

To protect from litigation, state legislatures may
incorporate into tort law liability immunities for negligent official acts.2 Such acts must be within the employee’s scope of employment for immunity to apply.3 State
disaster or emergency statutes4 often contain more specific immunity provisions to protect government officials engaged in critical decision-making procedures in
emergencies. Some states have gone further, putting
into place broad immunities shielding a variety of players (i.e., the state, political subdivisions, or local governmental entities) who act during an emergency response
rather than just the individuals involved in decision
making.5 Such provisions are typically contained in a
state’s emergency management laws.
Some states make particular immunity provisions for emergency workers, whether volunteers or
employees. Also, immunities exist for people owning
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or controlling real estate or motorized vehicles who
voluntarily authorize the use of their property during an emergency. So-called “Good Samaritan”
statutes may also provide immunity to certain classes of emergency medical responders, although they
may not apply if the responder is working in an official capacity.
ImmunItIes under federal law

General tort immunity may also bar a civil lawsuit springing from an emergency or disaster
response. For the federal government, two tort immunity doctrines may apply: “governmental function”
and “discretionary action.”
The governmental function guards long-established or inherent measures assigned by constitution
or statute, and other actions such as collecting taxes,
law enforcement, and legislation. Such actions are
usually performed solely by a governmental entity
and done for the benefit of the public, with no private
sector equivalent.6 Thus, emergency planning and
response has immunity as a traditional or inherent
governmental function.
The Federal Tort Claims Act (FTCA) contains the
discretionary action exclusion. Discretionary immunity centers on a particular governmental act or decision instead of the type of activity undertaken. Its
purpose is to protect government policy makers from
worrying about lawsuits during disaster planning
and response. If, however, the action objected to does
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not involve a permitted use of policy judgment, the
government is not protected.
In Berkovitz v. United States,7 the US Supreme
Court created a two-part test of the FTCA’s discretionary
immunity exemption. The first step requires analyzing
the nature of the conduct in question. If the conduct is
not optional but is instead mandated by a federal statute
or policy, then the discretionary immunity exemption
will not apply. The employee had no choice but to follow
the directives. The Court reasoned that, in the absence of
choice, there is no discretion to protect. Immunity applies
only if there is no statutory, regulatory, or procedural
policy mandating a specific course of action. The conduct
must involve some personal judgment, which then must
be evaluated to determine whether it is the sort of judgment the discretionary immunity exemption was
designed to guard. The exemption shields only governmental actions and decisions based on public policy (i.e.,
social, economic, or political policy). If the activity was
not founded on public policy, then the suit may continue.
Most states recognize some form of this test within
their own statutes. Where state courts have mentioned
repeatedly that the discretionary immunity exemption
provided by their code is essentially the same as the
FTCA’s, the discretionary immunity test applies.8
In the recent Commerce and Industry Insurance
Company v. Grinnell Corporation9 decision, the 5th Circuit Court of Appeals reversed summary judgment by a
lower court, finding that the discretionary immunity test
was inappropriately employed. The Circuit Court held
that specific fire-department regulations decreed accepted procedures for firefighters at a warehouse fire, and
that the firefighters had violated them.10 The Court stated that the city could not be allowed the immunity exemption and remanded the case for further proceedings.
The Commerce and Industry Insurance Company
decision may indicate the potential future evolution
of cases brought against emergency management
organizations for improper actions during disasters
or emergencies. In an emergency response such as
that in the Commerce and Industry Insurance
Company case, the Courts may hold the organization
and its employees responsible for actions that fall
outside established regulatory standards (such as the
requirement to have a current plan) and standard
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operating procedures. Emergency management may be
hard pressed to rely on discretionary immunity to protect themselves and their employees from liability.
In conclusion, it’s important to point out that
courts interpret waivers of government immunity
extremely narrowly. They look closely into the facts
underlying the proposed waiver.11 Also, tort immunities may not always apply. They are virtually never to
be had if death, injury, or damages result from conduct other than willful conduct, gross negligence,
wanton disregard, or bad faith on the part of government employees or entities.12
acknowledgment
This article was produced under a grant from the FEMA
Emergency Management Higher Education Project.
William C. Nicholson, JD, Adjunct Professor, Widener University of
Law; Adjunct Professor, University of Delaware (wcnicholson
@widener.edu). Note: This article is for information only and does
not constitute legal advice. For legal advice, consult your own
attorney.
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Extending the emergency management toolbox
with problem-based cases
Hilda Blanco, PhD
Shishir Mathur, PhD

AbstrAct

Emergency management (EM) agencies throughout the United States use several types of exercises to
train communities and their leaders for disasters.
Frequently used exercises are based on the learning-bydoing tradition in educational theory. Many of these
exercises, because they engage top leadership over a
day or several days, can only be staged infrequently
and may not be sufficient to prepare communities or
major agencies for disasters. This paper examines
other active learning methods, such as case-based or
problem-based instruction, as additional education
and training tools for EM. In particular, a combination
of the case-based and problem-based methods capitalizes on the strengths of both teaching tools. Problembased case instruction provides a useful new method for
extending the disaster management toolbox.
IntroductIon

The field of emergency management (EM) deals
with man-made as well as natural disasters and
emergencies. These disasters and emergencies may
include earthquakes, forest fires, volcanoes, arson,
civil unrest, and terrorist attacks. The EM agencies
in the United States are primarily concerned with the
following: the mitigation and prevention of an incident (e.g., planning and implementing procedures for
preventing a forest fire), preparing for the incident
(e.g., preparing and training to control a forest fire),
and leading response and recovery (e.g., controlling
the fire and saving as much life and property as possible). The EM agencies constantly train to prepare
for these tasks. Training, to a large extent, is imparted through exercises.
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The Federal Emergency Management Agency
(FEMA) has identified five different kinds of exercises: 1) orientation seminar, 2) drill, 3) tabletop, 4)
functional, and 5) full-scale exercise. The more elaborate and realistic of these exercises, including the frequently used tabletop exercises, are based on the
learning-by-doing tradition in educational theory.
Learning by doing is an appropriate theory for
education in disaster management because it develops habits of rapid response, which are necessary for
people confronted with stressful events with little
time for analysis. Tabletop and full-scale exercises,
because they engage top leadership over a day or
several days, can only be staged infrequently and,
therefore, may not be sufficient to prepare communities or major agencies for disasters. Since learning
by doing requires ongoing frequent practice with
prompt feedback, other active learning methods,
such as case-based or problem-based instruction,
could also be utilized.
Problem-based and case-based instructions are
classroom-based methods of instruction and offer
advantages and disadvantages when applied to disaster management education. A combination of
these two methods of instruction, or problem-based
case instruction, capitalizes on the strengths of
both teaching tools. This combination provides a
useful new method for extending the disaster management toolbox that can be used within a broad
range of agencies. Problem-based case instruction
can be used more frequently than the learning-bydoing method and is less costly. It also engages
technical and middle management as well as top
leadership.
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Methods

Learning by doing
The traditional method of learning, for the most
part, involves lectures by an instructor. In this approach,
sometimes called instructionism, there is one-way communication from the instructor to the student, where the
student is a passive recipient of knowledge. Tabletop and
other EM exercises, on the other hand, involve a group of
participants in realistic settings with simulated disasters. These exercises emphasize active learning methods,
such as the learning-by-doing approach of John Dewey,1
and active participant engagement with the construction
of responses. Rooted in John Dewey’s theory, the dominant theory of learning in education today is constructivism. Constructivism is based on the premise that we
all construct our own perspective of the world, based on
individual experiences and schema; it focuses on preparing the learner to problem solve in ambiguous situations.2 In general, constructivism emphasizes problem
solving in real or realistic situations.3
A major objective of education in disaster management is to develop habits of anticipation and response
because disasters require rapid response leaving little
room for analysis. Disasters are also inherently stressful
events, and stress distorts and makes analysis more difficult to carry out. In addition, in times of disaster, analytic tools that rely on computers or electric power
may not be available. Learning-by-doing approaches,
such as apprenticeships in medical education, are
most useful for this kind of education. The tabletop
approach in emergency management is part of the
learning-by-doing or constructionist tradition.
Tabletop exercises and their limitations
Tabletop exercises are one of the most popular of
the five exercises identified by FEMA for training EM
personnel.4 A typical tabletop exercise tests an
agency’s response plan during a hypothetical emergency situation. In this type of exercise, emphasis is
placed on active participation by the key decision
makers to discuss and address the various issues that
may crop up during the hypothetical emergency.
Since the basic aim of the exercise is to identify and
solve problems inherent in an agency or a community’s response plan, there is no time pressure on the
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participants. Several sample tabletop exercises may
be obtained through FEMA’s Higher Education
Project.
Since participation in EM exercises is restricted to
those physically present and actively participating in the
exercise, the learning is time and place specific and cannot be easily conveyed to nonparticipants. In addition,
the knowledge gained from the tabletop exercises, and
other exercises, is not generalizable. Tabletop exercises,
which are the most problem-solving oriented of the exercises, are typically conducted to test or train according to
the existing emergency operations plan. This further
limits the use of tabletop exercises for broader learning
purposes. Tabletop exercises typically involve key decision makers and neglect technical experts. This neglect
may compromise the quality of problem solving in the
exercises. Also, the quality of learning from tabletop
exercises may be inconsistent, since participant learning
is dependent upon the design, the conduct of the exercise,
and its evaluation afterwards. In many instances,
greater emphasis is placed on preparing and conducting
the tabletop exercise, while little attention is paid to the
lessons learned from the exercise. In such instances, the
tabletop exercises lead to little or no learning, since
prompt feedback is essential to expert learning.
The prospect of other active learning methods:
Case-based and problem-based approaches
Given the limitations of the FEMA exercises as
learning tools, there is a pressing need for cheaper, more
frequent means of educating a broader set of players in
disaster management beyond top leadership, especially
technical experts. Ideally, the teaching method should
address the issues of consistency and evaluation feedback. Other active learning methods, such as simulation,
modeling, and case-based and problem-based instruction
could address these issues more effectively. (Case-based
and problem-based methods incorporate aspects of simulation and modeling.)
In contrast to the traditional classroom lecture
approach, case-based and problem-based instruction
methods are active learning methods that derive their
theoretical underpinning from a constructivist theory of
learning. Case-based instruction enables learners “to
experience through the eyes of actual participants the
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kind of problem they may well confront in their own
professional lives.”5 Case-based instruction is useful to
teach and learn from realistic decision-making situations. A realistic story simulates problems that readers
might face in the real world. Often, the cases are based
on actual events. The cases can either lead the reader to
the conclusion, in which case the reader can learn from
the decisions made in the case, or provide enough detail
to assure a thoughtful discussion on the issues raised in
the case. By using complex, real-world problems as the
focus, these cases challenge participants to learn skills
that are appropriate to the practical problems they will
face as public officials, private managers, or responsible
citizens.6 Case-based instruction was first used in law
and business schools and since then has spread to the
private and public sectors. The Harvard Business School
and the Kennedy School of Government are repositories
of a large number of cases addressing various issues in
the private and public sectors. Harvard Business School
Cases may be obtained from the Harvard Business
School University Web site at www.hbsp.harvard.edu/
b02/en/cases/cases_home.jhtml. The Kennedy School of
Government Cases in Public Policy and Management
may be obtained from www.ksgcase.harvard.edu/.
An integral part of case-based instruction is the
preparation of the teaching note. The teaching note typically includes the case abstract, the teaching objectives,
background of the case, discussion questions, the class
plan, which includes strategies to facilitate discussion of
the case, and suggestions for concluding the case discussion.7,8 The preparation of the case, with specific instructional objectives, and the teaching notes provide a structure for discussions to enhance learning in specific areas
and ensures consistency across discussion groups. Cases
and their teaching notes make it possible to use cases
with many different audiences on a frequent basis. The
existing repositories in the areas of business and government enable the use of many cases in education and provide the opportunity for frequent exercise of judgment
and decision making. Group discussion provides immediate feedback for participants, and the instructional notes
provide another source of feedback.
Problem-based instruction, like case-based
instruction, is also an active learning method. The
learner becomes actively engaged in the process of
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learning by either engaging in an exercise or by
actively thinking about the learning. Like the casebased instruction, it derives its theoretical underpinnings from the learning theory of constructivism.
While the emphasis of the case-based instruction is
on learning by simulating real situations, the problem-based instruction emphasizes solving realistic
but ill-defined problems as a learning tool.
Problem-based instruction requires the reader to
grapple with deliberately ill- defined and open-ended
problems. The problems are based on complex, realistic
situations. Information needed to solve the problem is
not initially given and the readers identify, find, and use
appropriate resources to solve the problem. Readers
work individually as well as in groups. Problem-based
instruction requires the reader to: 1) identify what is
known and unknown, 2) locate sources of information,
and 3) organize bodies of information. Problem-based
instruction was initially used by medical and pubic
health schools as a teaching tool.9,10 Subsequently, the
sciences and humanities have applied this method.
Several examples of problems may be obtained from the
University of Delaware Web site at www.udel.edu/pbl/.
Both case-based and problem-based approaches
can be used in group settings and, therefore, can be
used to develop collaborative responses. In addition,
both methods can be used in distance-learning formats,
although there is a lack of experience, and there may be
limitations in applying the methods in this format.
Limitations of case-based and
problem-based approaches
Case-based instruction, though a very useful tool
for teaching decision-making skills, especially management skills in the fields of public policy and management, falls short in situations that require the use
of large amounts of technical data to make decisions.
Data-intensive situations are frequently encountered
in the field of EM.
Consider a typical case developed to illustrate the
complexities of decision making in the event of a dirty
bomb scare in the downtown of the city of Smallville. The
case is likely to provide some information about the city
of Smallville and its downtown, describe a few alternative scenarios in case the bomb scare is a reality, and
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table 1. comparison of the four active learning methods

Attributes

Active
ease
resource
Generalizability
learning
of use efficiency

Problem
solving

use of scientific
knowledge/
analytic skills

technical and
managerial/
administrative
skills

Traditional case

Y

Y

Y

Y

N

N

N

Problem-based learning

Y

N

Y

Y

Y

Y

N

Tabletop exercises

Y

N

N

N

Y

N

Y

Problem-based case

Y

Y

Y

Y

Y

Y

Y

then identify the positions of the various stakeholders
(e.g., city council, mayor, EM department, and legal community) with respect to the bomb scare. The case may
then, in the form of a question or a series of questions,
force the reader to assume the role of the mayor of
Smallville and decide what course of action should be
taken. The case may provide a small amount of technical information to justify the position of various stakeholders but, in general, will refrain from providing adequate information for the reader to technically analyze
the situation. Such technical data may include the
location of various infrastructure and services, the
probable escape routes available to the public, the land
use mix of the area, and the wind patterns. In general,
the technical data are kept to a minimum for the sake
of clarity and brevity.
Both case- and problem-based instruction methods are not useful in situations that require direct
transfer of knowledge. Thus, they may not be appropriate for teaching statistics. They are also not useful
where the participants are not accustomed to thinking independently or learning from methods other
than traditional lectures.
results: ProbleM-bAsed cAses

Case-based instruction is a very useful tool for managers and public officials to hone their decision-making
skills in the fields of public policy and management. But
decision making in disaster management and in other
areas is not limited to the realm of management and
public policy. Case-based instruction falls short in situations that require the use of large amounts of technical
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data for decision making. This limitation of the casebased instruction is addressed by problem-based instruction, which requires obtaining and analyzing additional
information to solve a problem. In addition, problembased instruction, in contrast to traditional education in
technical fields, is open-ended, responding to situations
that are complex and messy and, thus, more relevant to
disaster management. Out of these two methods, a new
approach can be developed that retains the structural
elements of the traditional case-based instruction and
incorporates problem solving through the use of technical data. The main difference between the new
approach and the traditional approach to writing a
case may be illustrated by revisiting the dirty bomb
scare example.
Problem-based case instruction, like the traditional case method, would provide information related to the city of Smallville, its downtown, and the
position of the various stakeholders. However, a problem-based case would go one step further to provide
extensive technical data so that participants can conduct the analysis, explore multiple options, and
arrive at a decision. For example, a Geographic Information System (GIS) dataset for the city, as well
as an air dispersion model, may be included in the
case, with an analytic task embedded in the case to
estimate the area of the city to be evacuated, given different potential toxic releases in the air. A major difference between the traditional and the new problembased approach is that, while the traditional casebased approach primarily explores the organizational, political, and managerial skills required to come to
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a decision, the new problem-based approach also
incorporates analysis of extensive information to
facilitate informed decision making.
dIscussIon

Case-based and problem-based instructions extend the disaster management toolbox. They are
active learning methods that could supplement the
range of exercises that FEMA promotes, with the
advantage of being adaptable to the classroom and
even the distance-learning format. They provide tools
that could potentially extend the frequency of practice in judgment and decision making. Case-based
instruction, through the tradition of the teaching notes,
provides a more structured learning experience,
which is more generalizable than the open-ended
FEMA exercises. Problem-based instruction adds analytic and technical components to the decision-making
challenges found in FEMA exercises (Table 1).
Problem-based cases combine these two methods
to provide a new tool uniquely sensitive to the disaster management context. Natural hazards, which are
the traditional focus of FEMA, have technical components that require expert analysis for good decision
making. They require knowledge of several natural
sciences as well as analytic methods, including risk
management and spatial analysis. Terrorist threats,
which can involve hazardous or toxic materials, also
require decisions based on scientific knowledge of
chemical, radioactive, and biological agents. Problembased cases would incorporate analytic tasks in
threat and hazards scenarios, ensuring that scientific
knowledge and analysis is embedded in the training
and education for disaster management.
The development of a repository of problem-based
cases would add a powerful, more classroom-oriented
way to educate and train individuals and groups for
judgment and decision making in disaster management. These cases could be used on a frequent basis
(e.g., once a week or once a month) by agencies and
communities to provide more opportunities for practice. The more structured approach could ensure
timely feedback and evaluation of responses and,
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thus, more likely aid in the formation of expert judgment among participants.
The exercises that FEMA promotes as the predominant method of training and educating for EM
rightly emphasize a collaborative learning-by-doing
approach. Other active learning methods, such as
case-based and problem-based instruction, could also
be useful in disaster management education. In particular, a synthesis of these two approaches—the
problem-based case approach—uniquely responds to
the challenges of developing expertise in disaster
management.
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AbstrAct

The May 2000 Cerro Grande wildfire swept
through Los Alamos, New Mexico, forcing evacuation
of Los Alamos National Laboratory and the communities of Los Alamos and White Rock. Use of geographic
information system (GIS) technology for emergency
response and post-fire mitigation provided valuable
lessons about institutional operations, working relationships, and emergency preparedness. These lessons
include the importance of: 1) GIS as an integrating
framework for hazard assessment; 2) having a strong
GIS capability in place; 3) coordinated emergency
plans among GIS facilities; 4) reliable methods for
locating and informing evacuated employees; 5) GIS
data that are complete, backed up, and available during an emergency; 6) adaptation of GIS to emergency
circumstances; 7) coordination within the GIS community; 8) integration of GIS into institutional operations; and 9) centralized data and metadata.
IntroductIon

In recent years, geographic information system
(GIS) technology has played an increasing role in
emergency response.1 GIS provides the means to
organize key map-based data in a sophisticated relational database framework with advanced capabilities
for analysis, visualization, and enterprise-level access.
The primary function of any information system,
including GIS, is the collection, storage, and analysis of
data to improve the decision-making process. GIS uses
data that are related to a geographic location in three
dimensions, which defines a specific geospatial position. Geospatial data, such as buildings of various
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heights, highways, terrain features, and vegetation,
can be depicted in a map-based context as data layers
superimposed to reveal their spatial relationships.
GIS provides an efficient way to analyze large
datasets for desired attributes or patterns and to portray the results on a map or other visualization
method. This allows decision makers to see specific
types of information in a complex collection of data.
Many organizations, including Los Alamos National
Laboratory (LANL), are learning to use GIS for institutional-level applications, such as emergency planning and response, rather than just for short-term,
project-scale tasks. This broader type of use, called
enterprise GIS, involves corporate and technical
issues described in an article by Witkowski et al.2
The challenge for emergency response teams is to
have the appropriate data available to the right people at the right time. This study provides a basis for
the effective use of GIS in organizational emergency
response by documenting key events and GIS activities during and after the May 2000 Cerro Grande
wildfire, which was the largest wildfire in New
Mexico as of 2000. These events and GIS activities
are analyzed to determine how they can be applied to
emergency management situations in which GIS
plays a role.
HAzArd fActors: Prelude to A mAjor emergency

Los Alamos, home of the US Department of Energy
(DOE) LANL, is located in the Jemez Mountains of
north-central New Mexico, approximately 40 km (25
miles) northwest of Santa Fe (Figure 1). The combined
population of Los Alamos and its suburb, White Rock,
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Figure 1. Location of Los Alamos National Laboratory.

is about 18,000 people. The Laboratory stretches
between Los Alamos and White Rock and consists of
28,654 acres (44.8 sq mi) of forested canyons and
mesas, among which are scattered, isolated clusters
of experimental facilities, explosive testing areas, and
research laboratories. Over 10,000 employees, many
who commute long distances, work for the Laboratory
or its primary contractors.
Both of the communities and the Laboratory are
situated on the Pajarito Plateau amid a fire-prone
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conifer forest, which also covers the adjacent mountains. A series of deep, vertical-walled canyons dissect the plateau’s relatively flat surface so that Los
Alamos and most of the Laboratory’s facilities reside
on long, finger-like mesas (Figure 2). Such irregular
terrain restricts highway access. Also, the heavily
forested, intervening canyons, which are in line with
the direction of the prevailing wind, facilitate the rapid
spread of fire. These are important factors with regard
to evacuation and emergency response to forest fires
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fuels. One such fire, unfortunately, began the catastrophic Cerro Grande wildfire in 2000, which was
widely reported by the national and international
news media because of its affect on the Laboratory.
tHe emergency: tHe cerro grAnde wIldfIre

Figure 2. View west toward Los Alamos and the
Jemez Mountains.

that occasionally threaten the area, including the
Cerro Grande wildfire.
Various factors played a role in the real and perceived risks during the wildfire. The Laboratory’s
research, which dates to the development of the first
atomic bomb in the Manhattan Project of World War II,
has long involved radioactive and hazardous materials.
Because of this association with hazardous materials,
certain locations are suspected of having potential contamination from past research activities. Called
Potential Release Sites (PRSs), these locations are
being studied to determine their need for environmental remediation. Fire or subsequent soil erosion could
potentially disperse contaminants from these areas.
About half of the Laboratory’s land is devoted to testing
that utilizes high explosives, which are stored in protected, fireproof bunkers. Also, certain facilities that
handle nuclear materials must be protected from fire.
In the last several decades, forest fires in the
region have grown in intensity due, in part, to the
unnaturally dense vegetation and forest litter that
have accumulated as a result of historical land management policies, which had emphasized vigorous fire
suppression. Particularly, since the nearby Dome forest fire in 1996, the Laboratory has made an effort to
control fire risk on its property by creating fuel
breaks—zones where potential fuels, such as fallen
trees, forest litter, and overly dense vegetation have
been reduced.
Ironically, the most efficient method to reduce forest fuel seems to be the use of prescribed, controlled
fires.3 Since the 1980s, local forest managers of the
US Forest Service (USFS) and US National Park
Service (NPS) have set a series of small, controlled
fires to try to manage the constant buildup of forest
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On Thursday, May 4, 2000, NPS personnel at
nearby Bandelier National Monument ignited a prescribed fire on Cerro Grande, a mountain 6 km (4
miles) southwest of Los Alamos. Prefire conditions
were assessed by NPS personnel using standard protocols and were deemed to be appropriate for a controlled burn.4 However, the fire had escaped its containment by the next day and began slowly advancing
eastward, pushed by strong winds. When the LANL
workforce departed for the weekend, the fire was not
yet regarded as a serious problem. Consequently, the
staff did not undertake many contingency measures.
By Sunday, May 7, the blaze was declared a wildfire, and it began spreading rapidly northeastward
along the mountain slopes near LANL. Aircraft
dropped fire-retardant slurry to stop numerous spot
fires on LANL property caused by windblown embers,
and the growing threat to Los Alamos led to precautionary evacuation of neighborhoods nearest the fire.
The Emergency Operations Centers (EOCs) for the
Laboratory and for Los Alamos County, which were
separate facilities at that time, were activated and
the Laboratory area closest to the fire was evacuated
in the afternoon.5
Due to the rapidly increasing danger, LANL managers decided Sunday night, May 7, to close the
Laboratory and to not allow the workforce to return
Monday morning. This was a critical decision; subsequently, only emergency workers and security personnel were allowed at the Laboratory, which eliminated the possibility of employees returning to safeguard their facilities, equipment, and data.
Winds increased dramatically on Wednesday,
May 10, and the fire crowned (reached treetops), allowing it to cross the last containment line and surge
toward Los Alamos. This prompted a total evacuation
of the city at 1:00 PM. In only four hours, 11,000 residents were safely evacuated, many to White Rock,
where a Red Cross emergency shelter was set up in a
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Figure 3. Fire entering Los Alamos on May 10, 2000.

church. By early evening, strong winds pushed a 37meter (120-foot) high wall of flames into the west and
north sides of Los Alamos (Figure 3), incinerating
several hundred homes near the forest.6
A firebreak along the west side of the Laboratory
had, until this time, successfully prevented the fire
from gaining a foothold on LANL property, but winddriven embers raining up to 1.6 km (1 mile) ahead of
the fire soon caused spot fires to break out in this
area. The spot fires developed into a second fire front
that rapidly spread eastward across the Laboratory.5
Wednesday evening, flames of the second fire front
nearly overran the Laboratory’s EOC, forcing most
emergency managers to relocate to Laboratory offices
in White Rock, toward which one fire front continued
to advance. Meanwhile, the main fire spread rapidly
northeastward into the mountains, prompting voluntary evacuations in nearby downwind communities.
After midnight, the fire threatened several Laboratory facilities that contained nuclear materials, prompting a precautionary order to evacuate White Rock at
1:07 AM on Thursday, May 11. This caused Laboratory
emergency management staff gathered there to relocate again, establishing a third EOC facility behind the
fire front. Most of White Rock’s 7,000 residents, joined
by hundreds of evacuees from Los Alamos, were asleep
at that hour and were caught off-guard by the emergency
evacuation announcement. They experienced a hurried,
nighttime departure that was much less orderly than
had occurred in Los Alamos. Vehicles slowly departed
on the sole remaining evacuation route in a bumper-tobumper traffic jam that lasted several hours.
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The fire, though in close proximity, did not reach
the Laboratory’s highly protected nuclear facilities,
and no radioactive releases occurred. Thus, the evacuating traffic and the community were never actually
endangered by airborne radioactive contamination.
Nevertheless, the decision to evacuate White Rock
was justified because the fire soon spread to within
945 m (3,100 feet) of White Rock’s departure route.7
Fortunately, the community did not suffer fire damage, unlike Los Alamos.
Firefighters fought in darkness Thursday morning
to save Los Alamos and many Laboratory facilities that
were at risk from the fast-spreading fire. Gusts to 97 kph
(60 mph) rained burning embers onto Los Alamos during
the predawn hours, starting spot fires that completely
destroyed some homes but spared others in the town’s
western neighborhoods. By Thursday afternoon, flames
again approached the Laboratory’s primary EOC, but,
once more, they passed just yards away without damaging the building. The staff members who remained there,
however, chose to relocate to the temporary EOC. The
majority of Los Alamos County residents were allowed to
return to their homes on May 15, but the Cerro Grande
wildfire was not contained until June 6. The fire was
finally declared extinguished on September 25, 2000.6
regrouPIng tHe stAff

Most of the population of Los Alamos County was
dispersed throughout northern New Mexico and surrounding states. The unexpected, total evacuation of the
county (other than for emergency and security personnel) caused chaotic changes in plans for many people. Los
Alamos residents who had chosen to stay with friends in
White Rock were abruptly evacuated again in the middle
of the night, with little time to make alternate arrangements or to inform anyone of their change of location.
Most people had little or no information about the
whereabouts of neighbors and coworkers, though
impromptu electronic bulletin boards, sign-up lists at
local shelters, and online evacuee databases hosted by
area news media were soon established. Some Los
Alamos churches did relatively well at locating their
members with sign-up lists at affiliated churches in
Santa Fe. However, evacuees’ knowledge of and ability to
access the various lists was mixed, due to distance
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(which could be several hundred miles away), lack of
computers and Internet access at their particular
location, and the lack of information. These factors
meant that regrouping of evacuated staff members
from the Laboratory was uncommon and often
serendipitous.
Key staff members gradually regained contact
with each other using various methods. Those who
lived outside the evacuation zone could be reached at
home, but evacuees were usually not contacted
because their locations were unknown. Those who
happened to have personal cell phones could, in theory, be contacted—if the other party knew their phone
numbers. However, such information was ordinarily
kept at work or sometimes at home, neither of which
were available to Los Alamos residents or most
Laboratory employees due to the evacuation.
Several evacuated employees received instructions
via their home telephone answering machines, which
they checked remotely; others responded to official
requests posted in the news media. A small number of
key members of the Laboratory’s Environmental
Restoration (ER) Project were consequently able to
regroup in Santa Fe by Saturday, May 13, to begin
support of emergency operations in Los Alamos.
gIs for emergency suPPort

There was public and official concern about
whether any risk existed of airborne contamination
from the Laboratory, which might be entrained in the
heavy smoke that lay over the region and extended
hundreds of miles downwind. Therefore, data about
the location and constituents of PRSs in burned
Laboratory areas were of immediate importance. The
initial action to help answer this question was to
deploy Laboratory and federal assets to monitor for
contamination. No Laboratory produced contaminants were detected that posed a health threat
(though wood smoke, itself, was a respiratory irritant).8 Also needed was a way to display PRS contaminant data on maps of the fire.
One of the primary GIS facilities at the Laboratory was the Facility for Information Management
and Display (FIMAD), now known as GISLab.
FIMAD was the primary data repository and GIS
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Disaster victims:
Use care when hiring contractors
Victims of flooding, severe storms, wildfires, or
hurricanes that result in a state of emergency should
be aware that some unscrupulous contractors might
try to take advantage of them.
“If you have disaster-related damages, we urge you
to be very careful when contracting for repairs,” said
Ron Sherman, the Federal Emergency Management
Agency (FEMA) federal coordinating officer. “We do not
want you to become a victim a second time.”
Official government inspectors do not charge
victims for their services. If someone posing as a
FEMA representative attempts to collect money for
their help, report the person and their vehicle number to your local police department.
“Be especially alert for door-to-door solicitors
who ask for large cash deposits or entire payments in
advance,” said Phil Roberts, state coordinating officer
for the Indiana State Emergency Management
Agency. Disaster officials cautioned residents not to
sign contracts or make down payments without first
receiving written estimates from contractors and to
avoid offers that seem too good to refuse. People
should ask for references and check with relatives or
friends before deciding on a contractor.
Federal employees carry official photo identification, and applicants may receive a visit from more than
one inspector or verifier. If someone represents themselves as a federal employee but does not produce
identification, residents are urged to ask to see it.
Those who qualify for disaster assistance should
check with local permit officials, builder associations,
and the Better Business Bureau if they have questions
about specific contractors. They can also contact
their states’ consumer protection agency for guidance. (FEMA News Release, January 25, 2005.)

resource for the Laboratory’s ER Project, and its cartography staff produced over a thousand new maps
each year. FIMAD was closed as a result of the
Laboratory’s shutdown, but since electrical power hadn’t failed, its computer servers continued to function
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unattended. These servers were connected to the
Laboratory’s intranet, which also remained operational. These FIMAD servers proved crucial for offsite
GIS efforts.5
Prior to the fire, two employees had been
assigned to work at home on ER Project tasks and
happened to have copies of the basic geospatial data
used by FIMAD, plus a copy of GIS software.
Together, they had sufficient data for creating base
maps of LANL and its PRSs. Their personally owned
hardware, which included desktop computers, monitors, and network hubs and cables, formed the basis
for creating a Local Area Network offsite.
Unlike most other Laboratory GIS personnel,
both of these employees lived outside the evacuation
zone, enabling managers to contact them. Secondly,
their Laboratory data and personal equipment were
available to support the emergency. Evacuees, in contrast, carried only the possessions they had time and
space to load into their vehicles. Due to pressing personal needs, evacuated employees ordinarily could
not be considered as staffing resources until days
later, even if their location was known. Therefore,
GIS efforts during the emergency depended heavily
on personnel who did not live in the affected area.
The data regarding constituents of affected PRSs
resided on computers throughout the Laboratory
that, in most cases, were inaccessible. These servers
and desktop computers often had different operating
systems and were on different networks. Data were
stored in different formats; required different software; were of varying quality, completeness, and age;
and required specific access permissions and passwords. Such difficulties meant that emergency managers could not easily access important institutional
information or determine its reliability.9 The EOC
had to rely on its own, potentially outdated data until
other sources became available, motivating the creation of an offsite GIS facility.
lAnl offsIte gIs fAcIlIty

The Environmental GIS (EGIS) office at Sandia
National Laboratories in Albuquerque volunteered to
support DOE emergency response efforts and provided
the initial GIS capability. They called upon members of

24

the New Mexico Geographic Information Council
(NMGIC) for regional GIS datasets, which Sandia staff
used to create initial maps of the fire. The DOE
Albuquerque EOC used these maps to make essential
decisions about LANL assets that might be at risk. EGIS
served primarily as a data-gathering and distribution
node rather than as a cartography production shop, providing fire-perimeter data to the DOE field teams, who
monitored for radiation and chemical releases in the
LANL area.5
GIS personnel from FIMAD were contacted on May
12, and enabled the linkage of mission concept, basic
equipment, GIS expertise, geospatial data, and networking experience. They established an offsite GIS facility
that day at the Santa Fe office of a graphics subcontractor for the ER Project. The GIS operation in Santa Fe initially involved a single personal computer and one copy
of GIS software, but the subcontractor’s computers,
which used a different operating system, were soon
pressed into service. Once hardware and software compatibility issues were resolved, the team created a local
area network with an Internet node to provide e-mail
capability and to allow the staff to reach the LANL network and FIMAD servers.5
gIs oPerAtIonAl Procedures

Maps were printed at first on a large-format plotter at a local commercial copy center, but the only
way to retain use of the plotter was to keep it in continuous operation. Since emergency maps were being
generated day and night, staff members sometimes
resorted to sending the same maps, even if they had
already been printed, to maintain their place in the
queue. This creative but rather inefficient procedure
was eventually resolved by ordering a large-format
plotter. The emergency situation required unique and
expedited solutions to standard, sometimes lengthy,
business procedures, such as convincing vendors to
deliver Laboratory purchases to a different location
than normal. Inventiveness, patience, and adaptability were keys to success for offsite operations.
Constantly updated maps were critical for
Laboratory managers and firefighters. Location data
about the rapidly changing fire were derived from
infrared imagery taken during nightly flights by the
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which were close to active fires. This material enabled
them to prepare hydrological models that revealed which
areas were at potential risk from flooding or debris flows.
The modeling results prompted the permanent closure of
particularly threatened facilities.5
use of gIs for Post-fIre remedIAtIon

Figure 4. Satellite image of Cerro Grande smoke plume
reaching Kansas (NOAA).

Bureau of Land Management (BLM). BLM staff digitized the imagery, which showed areas of active burning,
to create geospatial polygon or line files. These were
relayed each morning to the Sandia EGIS where they
were converted to spatially referenced overlays of fire
perimeters and hot spots on base maps of the Los Alamos
area that had been provided by the USFS.
Sandia staff then electronically transferred the map
files to a server at Los Alamos or, in some cases, directly
to the GIS facility in Santa Fe. These files were used to
create hundreds of maps that showed burned areas in
relation to PRSs—the potentially contaminated areas.
GIS efforts continued around-the-clock for 10 days to
produce the maps. Staff was divided into shifts, which
developed individual roles and responsibilities and
quickly became very effective. Procedures were established for data management, cartography, printing,
meals and refreshments, transportation, supplies, logistics; and coordination with Sandia and the laboratory’s
EOC ran efficiently and was adjusted as circumstances
changed. Critical for such intense, sustained effort is the
management of stress and fatigue.
Laboratory scientists soon recognized the threat
posed by burned mountain slopes during the approaching summer thunderstorm season. Hills denuded of vegetation would allow rapid runoff of precipitation and,
consequently, would pose a greater threat of flashfloods.
There was an immediate need to model hydrological
changes that might result in area canyons. A large rainstorm could threaten people, infrastructure, and the
environment. Some of these scientists got permission to
retrieve software and data from their Laboratory offices,
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The Laboratory remained closed until Monday,
May 22, a shutdown unprecedented in its 57-year history. No major buildings were lost, but 28 percent of
LANL land was burned and 112 small structures,
road infrastructure, and numerous utility lines and
signs were damaged or destroyed. In Los Alamos, 239
structures were burned and 429 families lost their
homes.6 The fire, fortunately, took no human lives,
unlike the disastrous California wildfires of 2003.
No LANL GIS facilities were damaged or destroyed
in the fire. Consequently, GIS staff members were able
to return to provide immediate support to the multiagency Burned Area Emergency Rehabilitation (BAER)
team that arrived to mitigate fire damage in the forests.
The need for infrastructure information and burn-severity data increased dramatically as Laboratory and city
managers began assessing hazards from potential flash
floods, erosion, sedimentation, and mobilization of contaminants. Devastated mountainsides above Los Alamos
not only had little remaining ground cover to hold rainwater, but the soil in places had become hydrophobic
(water-repellent). In the months after the fire, considerable remediation was accomplished by the USFS, LANL,
Los Alamos County workers, and hundreds of volunteers
from the public. Planning and documentation of this
work relied heavily on GIS.
The DOE initiated the Cerro Grande Rehabilitation
Project (CGRP) to coordinate restoration of damaged
infrastructure and property at the Laboratory and mitigation of hazards resulting from the fire. Hazards included not only erosion and potential canyon flooding but the
anticipated fall of tens of thousands of dead trees and the
threat posed by enormous quantities of dead but still
combustible wood in burned forests. These threats, the
ongoing mitigation measures to counter them, the
Laboratory-wide efforts to repair fire damage, and ongoing research of post-fire environmental changes have
greatly increased the use of GIS at LANL.
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GIS was used in planning forest thinning, delineation of floodplain changes, upgrade of GIS capabilities for a new EOC, updated mapping of Laboratory
infrastructure, and predictive fire modeling. The new
EOC features a data mirror to automatically and regularly capture current datasets needed by emergency
managers. Such activities have improved LANL disaster
response capabilities. GIS analytical studies have helped
decision makers define and significantly reduce the risk
from future fires, floods, and other emergencies.5
lessons from tHe cerro grAnde wIldfIre

The Cerro Grande wildfire taught many lessons with
respect to use of GIS in emergencies, some that were
immediately apparent and others that were evident only
later upon reflection. These include large issues of institutional significance, some that relate to working relationships and others regarding details of emergency preparedness. The following lessons-learned have been
gleaned from discussions with many of the participants
of the Cerro Grande wildfire experience, personal observations, and from cited LANL documents.5
1. GIS provides an integrating framework for assessing
natural hazards, security issues, and emergency response.
Only by viewing the institution within its geographical and ecological setting (in our case, a forested canyon
area subject to wildfire) can emergency managers be
fully aware of the interrelated factors that contribute to
institutional risks. GIS, by its nature, provides an effective way to relate these factors geospatially.
2. A strong GIS capability within the institution is
important for emergency response.
The need to relate the Cerro Grande fire to hazardous material locations and critical infrastructure was
immediately evident, and offsite GIS facilities in Albuquerque and Santa Fe were essential in providing such
information. The ever-changing nature of the emergency showed that GIS personnel should be experienced at solving unique and complex problems, have
the flexibility to work in emergency situations, and
have an understanding both of generic GIS systems
and of local data sets.
3. Coordinated emergency plans among GIS providers are needed for effective operations under emergency conditions.
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Lack of contingency plans for offsite GIS operations
during the emergency delayed and complicated the
acquisition, processing, and distribution of necessary
data and maps. Contingency plans should include formally defined roles for GIS personnel. Likewise, emergency managers need to determine in advance which
datasets are likely to be needed during a crisis and
ensure their availability. Procedures are also needed to
allow timely, safe re-entry by select employees during an
extended evacuation in order for them to complete emergency preparations, including the removal of critical
equipment, records, and data to safe locations.
4. Emergency plans should identify key equipment, software, and information that can be taken to
a predetermined, alternate work location.
Such items include portable computers that have
been loaded with GIS software and important data,
necessary peripherals, contact information for key
personnel, institutional credit cards, password-generating devices, and key reference materials. These are
critical to the timely establishment of an operational
GIS capability offsite. Emergency plans should also
consider alternate sources for GIS staff.
5. Employees need several organizational methods
to report their whereabouts and to receive authoritative
information and instructions during an evacuation.
The methods should be adaptable to varied-scale
(building, facility, town, and county) evacuations that
occur during daytime, nighttime, or on weekends.
The method of evacuation should take into account
different types of hazard situations. Publicly released
institutional information should be sufficiently
detailed to allow employees to assess the accuracy of
media reports, which sometimes over-emphasized
damage or used unwarranted hyperbole.
6. Geospatial data should be complete, backed-up,
and available during an emergency.
Access to information is imperative in a crisis, and
effective use of GIS during an emergency may require
information from many sources. Ideally, these data
should be complete, accurate, authoritative, and documented with metadata, which was not always the case
during this emergency. Data management procedures
should therefore be coordinated among data users
and providers to resolve such issues in advance of an
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emergency. To protect
against large-scale disasters, backup copies of
important or irreplaceable information should
be stored at an entirely
different area at the
institution, as well as at
a secure, off-site location.9
7. GIS procedures
must be adaptable to
the unique needs and
Figure 5. USFS worker circumstances of the
preparing map of fire
emergency.
boundary (FEMA).
Conditions
may
change quickly and radically during an emergency,
which require GIS technology that is flexible enough to
generate unique, rapid solutions. Employees may not be
able to use the standard procedures of normal operations
(procurement, for example), and managers may be faced
with unexpected data needs. Personnel must therefore
be flexible and highly innovative in order to adapt to the
chaos and uncertainty that occur during emergencies.
Consequently, it is important to make appropriate procedural adaptations for employees to understand not just
how to perform certain tasks but why they are done in a
certain fashion.
8. GIS communities internal and external to the
organization need to more fully coordinate efforts.
At an organizational level, there are often issues of
territoriality, duplication of effort, competition for
resources, and a general reluctance to share data.10 This
is counter-productive during emergencies. It is important for management to have fostered good working relations prior to an emergency, appropriate division of effort
and specialization, and a culture of willingness to share
data, technical expertise, and capabilities among the
institution’s GIS nodes. Such groundwork can be
invaluable for mutual support and enhanced productivity. The assistance of outside GIS organizations was crucial in the Cerro Grande fire; it was important that prior
relationships had been developed via the NMGIC and
from user-level interactions.
9. Institutional GIS resources should be more
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fully integrated into institutional operations.
GIS assets and resources typically operate independently and in isolation due to their project focus. To
facilitate a coordinated approach to emergency management and other institutional needs, they should be
more fully integrated into all levels of operations,
including facility planning, risk and needs assessment,
emergency planning and response, site security, environmental restoration, communications, facility operations, community outreach, and interagency interactions, as well as into programmatic research.
10. Key infrastructure information and geospatial
data should reside in a centralized, institutionally
controlled repository—a data warehouse that is easily
available to emergency managers.
This helps avoid critical problems of dispersed
and unavailable information, outdated or varying
versions of key data, incompatible formats, nonstandard brands and types of storage media and software,
uncertain or unknown quality and completeness of
datasets, and lack of sufficiently descriptive metadata.
An appropriate investment of resources must be provided to sustain a data warehouse.
gIs In emergency mAnAgement

As is typical in emergencies, the Cerro Grande
wildfire revealed problems and inefficiencies that
emergency and organizational managers and operations personnel had to resolve. Some issues were
administrative, some were technical, and others
related to the Laboratory’s physical layout and infrastructure. Many issues were related to access and
communication of information. A number of these
issues led to the Laboratory’s decision to build the
new, larger, state-of-the-art EOC. In order to improve
interagency communication, the EOC has been
designed as a joint facility for use by LANL and Los
Alamos County (police, fire, ambulance dispatch),
with participation as needed by the neighboring
pueblos, National Guard, state police, Red Cross,
DOE, and New Mexico Emergency Management representatives.
The new facility addresses problems of computer
network access and reliability by having its own server that automatically captures regular snapshots of
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the Laboratory’s changing infrastructure from
servers linked to it. This provides emergency managers an internal, up-to-date compilation of facilityrelated information and eliminates the reliance on
uninterrupted access to numerous project-specific
servers dispersed around the Laboratory.11 The data
mirror permits the creation of detailed maps for use
by emergency personnel and is enhanced by the relay
of digital information, maps, and images to field personnel by means of digital radio links.5
The substantial enhancement of institutional GIS
infrastructure achieved with CGRP funding includes the
development of GISLab and its multi-terabyte servers, a
geospatial data warehouse for institutional data hosted
by Facility and Waste Operations Division, and the
EOC’s automated data mirror. Additional GIS staff was
hired, helping to invigorate the GIS technical community. Communication and professional training within the
Lab’s GIS community has been enhanced so that managers and technical staff have a better understanding
about the capabilities of GIS technology. The Chief
Information Officer and proactive GIS users have promoted excellence in GIS operations, especially in regard
to data standards and federally mandated metadata
(information, such as caveats, about data).
Managers have a new appreciation of the significant benefits of GIS technology for operational and
emergency use, evident not only by closer internal
coordination among GIS units at the Laboratory but
also by establishment of steering committees and GIS
user groups at LANL. Coordination between GIS
staff at Los Alamos and Sandia has enhanced similar
efforts at DOE headquarters and within the DOE
complex of laboratories and facilities.
The growing maturity of GIS, together with lessons learned from the Cerro Grande wildfire, will
lead to greater standardization and a better-integrated, coordinated approach to using this technology,
including a clearer definition of the role of GIS in
emergency management. GIS played a valuable role
in the response to the Cerro Grande wildfire, and
many lessons can be learned from the experience.
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Such lessons can invigorate and enhance the use of
this important technology for emergency management at all organizational levels.
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Four case studies of emergency operations centers:
Design characteristics and implications
David M. Neal, PhD

AbstrAct

Few studies exist on Emergency Operating Center
(EOC) location and design. In response to the lack of
literature on the topic, this study describes some basic
characteristics of four EOCs located in central
Alabama. The results of the study show that convenience and availability determine the EOC site selection. The EOCs in the study have dedicated areas for
offices, operations, and meetings. In a perfect world,
the respondents in the study recommended that EOCs
should have sleeping areas, showers, cooking facilities, and restrooms. The biggest challenge faced by the
respondents in the study was noise level in the operations room, which hinders communications and decision making. Most have attempted various strategies
with some success to tackle this issue. A combination
of allotted space, resources, personal experience, and
advice from others strongly influence EOC design and
configuration.
IntroductIon

Emergency Operating Centers (EOCs) are the
key facilities officials use to manage disaster
response. Within EOCs, managers coordinate tasks
and activities, make policy, communicate information
internally and externally, disperse information, and
host visitors.1 Although EOCs are central to disaster
management, our knowledge of EOCs is limited.
Despite the central role of EOCs during disaster, little systematic information on EOCs exists, scattered
among scientific reports and reviews, consultant recommendations, case studies, and governmental
guidelines.2
The goal of this study is to provide some scientific basis for future EOC design and inspire more
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research by addressing the issues of site location,
EOC backup sites, space and layout, operations room
configuration, space, noise, and resources.
Methods

The study includes four EOCs located in central
Alabama. Three of the EOCs serve counties ranging
in population from almost 24,500 to about 165,000
people. The other EOC is part of a military installation for a live firing range located next to a chemical
weapons storage facility. It is located within a county
of over 100,000 residents.
All the cases included an interview either with
the EOC director, assistant director, or both. The
questions were open-ended and focused upon the
characteristics and history of each EOC. To insure
that relevant information was obtained during the
interviews, I created a checklist that allowed me to
keep track of topics covered by the respondent and
allowed me to ask follow-up questions later in the
interview. The open-ended questions also allowed
respondents to mention issues that I had not initially
considered.
In addition, I photographed (with permission) the
EOCs and recorded my observations. Examples of
observations included the size and shape of the
rooms, use of the rooms, seating arrangements,
equipment, and information on the walls. When
appropriate, I also obtained documents from respondents. These often included current EOC design layout and memos regarding the EOC. Finally, I gathered information on two EOCs from their Web sites.
After each interview, I typed the interview notes
and information from my observations. I also taped
each interview, which allowed me to check my notes

29

for accuracy. Next, based on the data (i.e., interviews,
documents, observations, and photographs), I created
a field report of each EOC visited. I organized these
field reports based upon the history and characteristics (e.g., number of rooms, types of rooms) of the
facility. These data then allowed me to address the
key topics in the analysis.

facilities have large mobile operations centers
(MOCs) with basic communications, computers, television, and other technologies. Officials park the
MOCs in different parts of town to decrease the
chances of both the primary and the backup EOC
being disabled by a disaster. However, a respondent
notes that, unfortunately, one of the MOCs is stored
with other county equipment in a floodplain.

AnAlysIs

Location
Generally, convenience and availability of space
explain the location of all four EOCs. County officials
initially found and provided available space in courthouses for the three county EOCs. Other considerations such as a hazard analysis and ease of access for
government officials are not part of the overall site
location process. The three county EOCs have been in
the same buildings since the early to late 1960s.
However, following one severe tornado in the late
1970s, authorities moved one EOC from the fifth floor
to spare space in the basement. This EOC remains in
the basement. Another county EOC will be moving to
the basement of the new county courthouse in the
near future. However, county officials have yet to
reveal the exact location and amount of space the new
EOC will have. For the civilian-run military EOC,
two key factors lead to site location: the availability of
an abandoned building and distance from the chemical storage area.
In summary, the four case studies support
Quarantelli’s3 contention that opportunity and convenience primarily determine the location of EOCs. Unless
officials provide funds to construct new county buildings, the EOCs remain at the same location for decades.
Finally, all county EOCs are located in basements. The
threat of tornadoes in central Alabama might have
influenced this decision. However, the interviews suggest that available basement space in all three county
cases determined site location.
Backup EOCs
Three of the facilities have some form of a backup
EOC. The civilian-managed military facility has an
agreement with the county EOC, wherein their EOCs
serve as each other’s backup. The two larger county
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Space and layout
Three of the four EOCs have separate rooms for
at least office space, communications, and operations.
The fourth EOC has one room measuring about 25 by
20 feet for all activities. However, this one room has
specific walls and areas designated for office space,
communications, documents, and operations.
Each EOC has an operations room. Often, this
room is thought of as the EOC. In actuality, the operations room is just one room among many in an EOC.
Here, key officials and representatives from a wide
range of organizations coordinate activities. In three
of the four EOCs, the Emergency Support Functions
(ESFs) from the Federal Response Plan (FRP) guide
which organizational representatives occupy the
operations room.
Two of the EOCs have sleeping facilities. However,
accommodations are limited, serving as storage during
day-to-day operations. Stored cots serve as beds. Three
of the facilities have their own set of restrooms. In the
one-room operation, EOC participants have to walk
down the hallway to the public restrooms.
Operations room configuration
All four operation rooms have different configurations. The noncounty facility is organized as a variation of the classroom setting.4 Key organizational representatives peruse at a series of boards and screens
with information. There are six tables with two people at each table and two other small tables with one
person per table. This configuration has four rows.
The individual coordinating the activities sits at the
back of the room to oversee all the players and the
information boards at the front of the room. The coordinator’s personal office and the communications center are at the back of the room.
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The EOC undergoing remodeling combines the
cluster and U shape configurations.5 Three separate
tables create a U shape that faces the front of the
operations room. On average, between four to six
organizational representatives sit around each table.
Representatives from similar ESFs (e.g., repairing of
the infrastructure, volunteer services/social services)
sit at each table. No more than two phone jacks, but
multiple computer jacks are available at each table.
The key decision makers (e.g., highest elected official,
fire, and police) of the operations room sit at the front
of the room, facing the other tables. Two factors influenced the operations room design. First, designers
hoped that by limiting the number of phones in the
room and by placing the communications facility two
rooms away, they could limit the noise problem.
Second, they believed that officials could make decisions more quickly (and quietly) by having groups
with related tasks sitting together.
The second county EOC has a rather small operations room where about 10 to 12 people can sit comfortably (however, an additional three to five can
squeeze into the space). At the front of the room are
two large flat-screen monitors that display various
media or weather updates. Phone lines drop from the
ceiling for the various organizational representatives
to use. Users find this problematic and hope to run
both phone and computer wires under the floor in the
near future. Two additional computers are set in two
other corners of this room. Although they have no labels
around the table, representatives sitting here during
activation reflect the ESF organizational format.
The one-room EOC has a long table in the middle
of the room that serves as a meeting place for officials. At most, only a handful of organizational representatives gather here when the EOC is activated.
Use of EOC space
When not activated, all four EOCs may have
other uses. In all cases, community organizations and
governmental entities use the operations or meeting
rooms for small community meetings or training sessions. In the smallest EOC, the county court uses the
room during severe storm warnings or if somebody
involved with court is disabled (unlike the regular
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courtroom, the EOC is handicap accessible). Two of
the EOCs also provide space for storing extra equipment for emergency response personnel. During tornado warnings, two of the three county courthouses
allow local residents access to the basement for shelter. Although the EOCs are also in the basement,
respondents observe that this arrangement generally
works well. However, they also remark that a large
event with a lot of media can create a crowded, chaotic
situation in the basement. In sum, a wide variety of
groups benefit from using EOC space. As Dynes6
notes, such use of EOC space helps to justify the overall amount of space and expense in an EOC.
Noise
An earlier review2 highlights the problem of noise
during EOC operations. Respondents from all four
EOCs expounded on the problem of noise during EOC
operations. Three of the EOCs—those with the larger
budgets and multiple rooms—have all taken various
steps recently to mitigate noise. For example, in one
operations center, organizational representatives
have their own phones. At least 12 phones could ring
at one time. The EOC director replaced the ringing
with red flashing lights.
The current remodeling of an EOC gave the staff
a chance to address the noise issue. The operations
room, designed to hold at least 12 representatives,
will have a few phones for only the most important
calls. Between the operations room and communications room is another room, which serves as a noise
buffer. The communications room, a long narrow
space with phones and radios, is the center of electronic communications. Staff members use runners to
relay important information between the two rooms. At
the time of the interviews, the communications room
was under construction; therefore, no assessment could
be made on the effectiveness of this design.
Another county EOC provides headphones to telephone operators, and installed sound baffles to lessen
noise. The respondent feels these activities do mitigate the noise. However, the close quarters of the
rooms continue to create noise and communication
problems. The respondent in the one-room EOC also
mentions noise as a problem during operations.

31

Budget constraints and space problems make managing the noise difficult.
In summary, respondents in all four EOCs mention the problem of noise in EOCs during operations.
Those EOCs with multiple rooms have tried a wide
variety of techniques to lessen the noise with some
degree of success. The noise issue will continue to
plague EOCs, and more techniques must be tried to
lower the noise level, especially in the operations room.
Finding resources for the EOC
Most of the respondents stress that EOC staff
must be creative in acquiring resources or improving
their facilities. Their comments reflect Drabek’s7
findings that effective emergency managers must
network and search for EOC resources in innovative
ways. For example, the staff from one EOC actually
gutted and rebuilt an old building, obtaining lumber
and other supplies in the tradition of Radar O’Reilly
of M*A*S*H fame. In another EOC, to save costs and
obtain more equipment, staff hung wallboard, painted walls, and strung computer wires. Representatives
from three of the EOCs also seek donations of new or
used items, such as office furniture and supplies,
computers, communication equipment, and two new
high definition flat screen televisions. One respondent stresses that local disaster managers must be
adept in locating inexpensive resources, asking for
donations, and participating in some construction or
remodeling activities.
dIscussIon And conclusIon

This study describes some basic characteristics of
four EOCs located in central Alabama. Although the
size and purpose of the EOCs vary, there were a number of similarities. Convenience and availability
determined the EOC site selection. In addition, these
cases show that once an EOC is established, it may
remain at that site for decades.
Three of the EOCs have rooms for office space, an
operations area, and a meeting area. The one-room county EOC has a wall or dedicated space for these tasks. A
couple of EOCs have their own restrooms and sleeping
facilities. Ideally, the respondents feel that EOCs should
have sleeping areas, shower and cooking facilities, and
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their own bathrooms. The space and resources in the
EOC influence strongly the overall design and configuration of the EOC. All respondents agree that noise in the
operations room hinders communications and decision
making. Most have tried various techniques (e.g., from
replacing ringing phones with blinking lights to changing the EOC design) to tackle this issue. The interviews
also reveal that no consensus exists on how the operations room should be configured. Each operations room
design is based upon talking to others with EOCs and
the experiences of the EOC staff.
This paper provides a small snapshot of four
EOCs in Central Alabama. I make no claim that
these case studies reflect the situation of EOCs in the
rest of Alabama or the nation. The cases in this study
reinforce previous research that little scientific data
are available to help guide EOC design.2 The efforts
by those in this study reveal a need for knowledge on
EOC design and configuration. Hopefully, this study
is one small step in this direction.
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Characteristics of earthquake-related injuries treated in
emergency departments following the 2001 Nisqually
earthquake in Washington
Megumi Kano, MPH

AbstrAct

The Nisqually earthquake (M 6.8) struck western
Washington State at 10:55 aM local time on Wednesday,
February 28, 2001. This study provides a detailed
description of injuries attributable to this earthquake,
which were treated in local emergency departments
(EDs). ED logs and medical records from four facilities in the earthquake-affected region were reviewed.
Ninety-six earthquake-related injuries were treated
during the week following the earthquake, comprising
8.6 percent of all injuries treated during that period.
EDs closer to the epicenter treated more earthquakerelated injuries. The patients were slightly older and
more likely to be female than those with nonearthquake-related injuries. Falls were the most common cause of earthquake-related injuries. Superficial
injuries, sprains/strains, and fractures of minor
severity accounted for the majority of these cases. The
flow of earthquake-related patients peaked within an
hour after the earthquake.
IntroductIon

The Nisqually earthquake struck western Washington State at 10:55 aM local time on Wednesday,
February 28, 2001.1 The epicenter was located
approximately 11 miles northeast of the capital,
Olympia, and 36 miles southwest of Seattle (Figure
1). The main shock originated at a depth of 52 km and
measured 6.8 on the Richter scale. Only two aftershocks of magnitude higher than 2.5 were recorded
during the first 48 hours of the main shock. as of
March 3, 2001, 33 buildings had been red tagged and
45 had been yellow tagged in Seattle and Olympia,
where most of the damage was concentrated.
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approximately 200,000 customers lost electricity
immediately after the earthquake, with most of the
outages in South King, Pierce, and Thurston counties. an estimated cost of the damage reported 24
hours after the earthquake was $2 billion. The unofficial report of casualties resulting from the Nisqually
earthquake was one death from a stress-induced
heart attack and 407 injuries.2
Most of the literature on earthquake morbidity
and mortality have been based on earthquakes that
resulted in thousands or tens of thousands of casualties.3-7 Widespread building collapse in densely populated areas usually accounts for these mass
casualties. These earthquake disasters occur more
often in developing countries and less often in the
United States. For example, the magnitudes of the
Nisqually earthquake (6.8), the 1994 Northridge,
California earthquake (6.7), the 1988 armenian
earthquake (6.8), and the Southeastern Iran earthquake in 2003 (6.6) were comparable. Yet, the
Nisqually earthquake resulted in one death and 407
injuries,2 the Northridge earthquake caused 57
deaths and 1,500 injuries,8 the armenian earthquake
was responsible for 25,000 deaths and 130,000
injuries,3,9 and the Iranian earthquake caused 26,200
deaths and 30,000 injuries.9
Understandably, the magnitude of destruction
and loss of life resulting from earthquakes in other
parts of the world has caused injury researchers to
focus on areas outside of the United States and on
severe injuries to the exclusion of minor injuries.
Consequently, relatively little is known about the
patterns of injury and healthcare utilization following minor- or moderate-impact earthquakes. This
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Figure 1. Map of Seattle/Nisqually region showing the earthquake epicenter, hospitals that were sampled, and
hospitals that contributed data to the study. (Note: Two of the sampled hospitals were in such close proximity
to each other that their symbols completely overlap on the map.)

type of knowledge would have great practical value in
the United States and other regions of the world
where modern building codes are enforced, and the
impacts of earthquakes are most likely to be minor or
moderate.
The lack of research on earthquakes with smaller
impact is partly due to the perception that, if casualties are not visible in the media or in other preliminary casualty reports, the event is not worth
investigating. However, casualty estimates are often
based on rapid hospital surveys, which do not capture
the full range of earthquake-related injuries. Shoaf et
al.,10 in a survey after the Northridge earthquake,
found that only 10 percent (15/149) of persons who
suffered earthquake-related injuries sought care,
and, of those who did seek care, only a third went to
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hospitals. Thus, the actual number of injuries attributable to an earthquake may be much higher than
that observed by the media and in other reports.
Furthermore, information on even a small number of
casualties that present to hospitals can contribute to
our understanding about how physical injuries occur
in earthquakes and can enhance earthquake casualty
estimation models that rely on these data to improve
their predictive ability.11
another reason for systematically studying the
physical injuries that occur in all earthquakes is
because the casualty estimates produced by rapid
assessments are often based on inconsistent methodologies and have insufficient details.10,12 For example,
it is unclear how the unofficial casualty estimate for
the Nisqually earthquake was obtained, and no
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table 1. Ed encounters that were screened to be injuries, cases that were reviewed,
and cases confirmed to be injuries per hospital by pre- and postearthquake period
Hospitals
in order
of proximity to epicenter
(trauma
level)

Pre-earthquake

Postearthquake

total Ed
encounters (n)

cases
screened
to be
injuries
(percent)

cases
sample of
confirmed
reviewed
screened
to be
cases**
injuries*
injuries
(percent)

total Ed
encounters (n)

cases
screened
to be
injuries
(percent)

1
(L III)

650

269 (41.4)

34

30

2
(L IV)

747

268 (35.9)

34

3
(L III)

1,005

339 (33.7)

4
(L IV)

952

381 (40.0)

cases
reviewed confirmed
cases**
to be
(n)
injuries
(percent)

26 (86.7)

702

304 (43.3)

285

229 (80.4)

34

26 (76.5)

775

292 (37.7)

283

230 (81.3)

55

51

45 (88.2)

763

440 (57.7)

412

362 (87.9)

41

38

31 (81.6)

971

353 (36.4)

352

294 (83.5)

**SPSS was used to select a random sample of approximately 10 percent of all cases screened as injuries for each hospital.
**The resulting sample sizes varied from 10.8 percent to 16.2 percent of cases screened to be injuries per hospital.
**The number of reviewed cases does not match the number in the sample of screened injuries (in case of pre-earth**quake injuries) or the number of cases screened to be injuries (in case of postearthquake injuries) because medical
**records were not available for some of these cases.

details about the injuries are available. Some of the
casualty reports for the Northridge earthquake also
exemplify this problem. Durkin presented the results of
a retrospective hospital survey conducted by the
american Red Cross, which identified 1,032 admissions
for earthquake-related injuries and medical problems
in 89 hospitals in Los angeles (La) County.12 However, most of the data relied on self-reports from hospital staff resulting in inconsistencies in source data,
case definitions, and reporting periods.
In terms of formal research, however, the injuries
resulting from the Northridge earthquake are perhaps the best documented both in terms of quality
and quantity insofar as United States earthquakes
are concerned.8,10,14-16 The most comprehensive and
rigorous studies of earthquake-related injuries that
were treated in emergency departments (EDs) were
performed by Peek-asa and colleagues8 and MahueGiangreco and colleagues.16 Peek-asa et al.8 screened
all 78 hospitals in La County to determine if there
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were any earthquake-related injury admissions during two weeks following the Northridge earthquake.
The screening was done by interviewing the ED director and examining ED logs and discharge data. In the
16 hospitals with earthquake-related admissions,
they examined ED logs and discharge data and, as a
result, identified 138 injury admissions related to the
earthquake. Mahue-Giangreco et al.16 examined ED
logs from a sample of La County hospitals to identify
injured patients and reviewed medical records to
determine the relatedness of those injuries to the
Northridge earthquake. This investigation identified
a total of 423 ED-treated injuries directly attributable to the earthquake. In both cases, the earthquakerelatedness of the injuries was determined based on
hospital medical records and pre-established case definitions.
From these studies, it was found that proportionally more women than men presented for treatment
of earthquake-related injuries in the ED. Controlling
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table 2. Estimated proportions of total Ed encounters that were injuries
per hospital by pre- and postearthquake period
Pre-earthquake
Hospital in
order of
Percent of
proximity
total
Percent
reviewed
to epicentotal Ed
estimated
ter (trauma encounters screened to cases con- percent of
be injuries* firmed to
level)
(n)
injuries
(a)
be injuries*
(axb)
(b)

Postearthquake
Percent of
total
Percent
reviewed
total Ed
estimated
screened to cases conencounters
percent of
be injuries* firmed to
(n)
injuries
(a)
be injuries*
(axb)
(b)

1
(L III)

650

41.4

86.7

35.9

702

43.3

80.4

34.8

2
(L IV)

747

35.9

76.5

27.5

775

37.7

81.3

30.7

3
(L III)

1,005

33.7

88.2

29.7

763

57.7

87.9

50.7

4
(L IV)

952

40.0

81.6

32.6

971

36.4

83.5

30.4

*These percentage values are calculated and shown in Table 1.

for seismic and structural characteristics of buildings, women also had a higher risk of fatal or hospitalized injuries.14 Older age was also associated with
the risk of earthquake-related injury.8,14,15 In terms of
seismic factors, distance to the rupture plane was
negatively associated with injury risk while ground
motion was positively related to injury risk.14 Injury
risk was also higher in multiple-unit residences and
commercial buildings.14,16 Being hit or trapped by
building parts was the most common mechanism for
fatal injuries, and falls were the most common cause
for hospitalized injuries.8 Striking, cutting, and piercing mechanisms were also more frequently recorded
among earthquake-related than nonearthquakerelated injuries.16 Head and chest injuries were common causes of fatality, and the lower extremities
were most frequently treated for nonfatal injuries.8,16
although the number of fatal and hospitalized
injuries peaked on the day of the earthquake, 10.9
percent of the hospitalized cases did not seek care
until more than five days after the injury, and earthquake-related injuries occurred up to two weeks after
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the earthquake. The latter cases were indirectly
attributable to the earthquake, such as injuries that
occurred during cleanup.
Given the lack of reliable and comparable data
across different earthquake events in the United
States, replication studies are valuable. The objective
of the present study was to characterize the patients,
their injuries and treatment requirements, and the
flow of patients encountered in hospital EDs after the
Nisqually earthquake.
MEtHods

The methodology in this study approximates that
used by Mahue-Giangreco and colleagues.16 Since the
researchers did not expect a large number of hospital
admissions due to earthquake injuries, they did not
focus solely on the admitted patients, as Peek-asa
and colleagues did.8
Selection of hospitals
Given limited resources, the sampling frame was
restricted to acute care hospitals within geographic
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table 3. Frequency of earthquake-related injuries in Eds per hospital
during one week after the earthquake (n = 1,115)
Hospitals in order
of proximity
to epicenter
(trauma level)

Postearthquake injuries by earthquakerelatedness of injury

total injuries
(percent)

total Ed
encounters

3 (1.3)

229 (100)

702

204 (88.7)

0 (0.0)

230 (100)

775

25 (6.9)

337 (93.1)

0 (0.0)

362 (100)

763

4
(IV)

15 (5.1)

274 (93.2)

5 (1.7)

294 (100)

971

Total

96 (8.6)

1,011 (90.7)

8 (0.7)

1,115 (100)

3,211

Earthquakerelated
n (percent)

nonearthquakerelated
n (percent)

cannot be
determined
n (percent)

1
(III)

30 (13.1)

196 (85.6)

2
(IV)

26 (11.3)

3
(III)

areas that were most affected by the earthquake,
namely the counties of King, Thurston, and Pierce.
Thus, not all hospitals and other healthcare facilities
in the region were included in the sample. all 14
acute care hospitals within these three counties were
invited to participate in the study. Four hospitals, all
in King County, which were either Level III or Level
IV Trauma Centers, agreed to participate (Figure 1).
Common reasons for not participating were time or staff
constraints and lack of interest. Institutional Review
Board (IRB) approval, or a letter of agreement was
obtained from each facility, in addition to IRB approval
from the investigators’ academic institution.
ED log screening
Data were collected during april through July of
2003. First, ED logs for the period of February 14 to
March 14, 2001, were screened by two trained research
assistants to identify patients with physical injuries.
any diagnosis, or, in the absence of a diagnosis in the
log, any patient complaint of musculoskeletal pain, foreign bodies, open wounds, or of trauma-related cause
was considered a possible physical injury. The screening was done liberally in order to maximize the probability of identifying injury cases. Chronic conditions and
complications of surgical/ medical care were excluded.

Journal of Emergency Management
Vol. 3, No. 1, January/February 2005

Medical records abstraction
The study period was limited to one week preand postearthquake, respectively. This was in
response to the EDs’ requests to reduce the amount of
data abstraction. One week pre- and postearthquake
were operationalized as the 168 hours preceding and
following the earthquake. Thus, the pre-earthquake
period was from 10:54 aM on February 21st to 10:54 aM
on February 28th, and the postearthquake period
was from 10:55 aM on February 28th to 10:55 aM on
March 7th. Medical records were abstracted for a
random sample (approximately 10 percent) of the
suspected injuries that occurred during the one week
prior to the earthquake at each hospital. The random
samples were obtained using the random case-selection function in Statistical Package for the Social
Sciences (SPSS) Version 11.0.1 (Chicago, IL, SPSS
Inc., 2001).
Two researchers abstracted medical records on
site using a standardized paper-and-pencil form and
codebook. Data were collected on patient demographics, information pertaining to the ED visit, circumstances of injury, and type and location of injury. Due
to limited resources, only one abstractor reviewed
each medical record. Thus, a measure of inter-rater
reliability is not available.
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table 4. characteristics of Ed patients seeking care of pre-earthquake,
postearthquake/nonearthquake-related, and earthquake-related injuries (n = 1,235)
Pre-earthquake
sample of
injuries
n (percent)

nonearthquakerelated injuries†
n (percent)

Earthquakerelated injuries
n (percent)

significance tests

30.8 ± 19.65

31.5 ± 20.43

39.3 ± 17.54

F(2, 1210) = 6.6, p < .01

Female

58 (45.3)

431 (42.6)

52 (54.2)

Male

70 (54.7)

580 (57.4)

44 (45.8)

c2(1, 1107) = 4.74,
p < .05

Caucasian

30 (88.2)

176 (83.0)

27 (79.4)

Hispanic

2 (5.9)

15 (7.1)

4 (11.8)

African-American

1 (2.9)

6 (2.8)

0 (0.0)

Asian/Pacific Islander

1 (2.9)

4 (1.9)

1 (2.9)

Other

0 (0.0)

11 (5.2)

2 (5.9)

Missing

94

799

62

Private insurance

27 (23.3)

227 (24.7)

16 (18.0)

Self-pay/cash

21 (18.1)

96 (10.4)

12 (13.5)

Medicare

11 (9.5)

62 (6.7)

5 (5.6)

HMO

40 (34.5)

383 (41.6)

29 (32.6)

Worker’s comp

13 (11.2)

103 (11.2)

19 (21.3)

Hospital employee

0 (0.0)

2 (0.2)

0 (0.0)

Other

4 (3.4)

47 (5.1)

8 (9.0)

Missing

12

91

7

Self

38 (32.2)

313 (31.4)

47 (49.5)

Private car (other driver)

61 (51.7)

531 (53.3)

42 (44.2)

Ambulance

14 (11.9)

114 (11.4)

2 (2.1)

Police

0 (0.0)

5 (0.5)

0 (0.0)

Transferred

1 (0.8)

0 (0.0)

0 (0.0)

Other

4 (3.4)

34 (3.4)

4 (4.2)

Missing

10

14

1

Discharged home

108 (95.6)

839 (93.2)

83 (96.5)

Admitted

3 (2.7)

37 (4.1)

1 (1.2)

Died

0 (0.0)

1 (0.1)

0 (0.0)

Left without being seen

0 (0.0)

5 (0.6)

2 (2.3)

Transferred

2 (1.8)

12 (1.3)

0 (0.0)

Left against medical advice

0 (0.0)

1 (0.1)

0 (0.0)

Other

0 (0.0)

5 (0.6)

0 (0.0)

Missing

15

111

10

128 (100.0)

1,011 (100.0)

96 (100.0)

Age (Mean ± SD)‡
Gender

Race/
ethnicity

Payment
method

Arrival
mode

Disposition
from the
ER

Postearthquake

Total N

c2 (1, 246) = 0.3, n.s.
Note: Due to small
cell sizes, all valid categories other than
“Caucasian” were combined for this test.

c2 (4, 952) = 11.2,
p < .05
Note: Due to small cell
sizes, “Hospital employee” and “Other” were
excluded for
this test.

c2 (2, 1092) = 14.8, p <
.01
Note: Due to small
cell sizes, all valid categories other than “self”
and “private car” were
combined for this test.

c2 (1, 986) = 1.4, n.s.
Note: Due to small
cell sizes, all valid categories other than
“Discharged home”
were combined
for this test.

† Excludes n = 8 for whom earthquake-relatedness of injury could not be determined. ‡ Missing data for n = 22.
† Note: Percentages may not add up to 100 percent due to rounding.
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table 5. characteristics of pre-earthquake, postearthquake/nonearthquake-related,
and earthquake-related injuries (n = 1,235)
Pre-earthquake

Cause of
injury

Type of
injury

Location
of injury

Postearthquake
Earthquake-related injuries

sample of
injuries
n (percent)

nonearthquakerelated injuries*
n (percent)

Motor-vehicle-related accident

13 (10.2)

116 (11.5)

0 (0.0)

0 (0.0)

Fall

49 (38.3)

295 (29.2)

31 (50.0)

12 (35.3)
0 (0.0)

day 1
n (percent)

days 2 to 7
n (percent)

Caught under/between objects

2 (1.6)

17 (1.7)

3 (4.8)

Cut/pierced with an object

14 (10.9)

128 (12.7)

2 (3.2)

2 (5.9)

Struck against an object

13 (10.2)

88 (8.7)

9 (14.5)

6 (17.6)

Struck by falling object

0 (0.0)

19 (1.9)

8 (12.9)

3 (8.8)

Overexertion

7 (5.5)

141 (13.9)

8 (12.9)

9 (26.5)

Flame, hot object/gas/liquid

1 (0.8)

14 (1.4)

0 (0.0)

0 (0.0)

Machinery

3 (2.3)

8 (0.8)

1 (1.6)

0 (0.0)

Electric current

1 (0.8)

3 (0.3)

0 (0.0)

0 (0.0)

Explosive material

1 (0.8)

1 (0.1)

0 (0.0)

0 (0.0)

Chemical exposure

1 (0.8)

10 (1.0)

0 (0.0)

0 (0.0)

Poisoning

1 (0.8)

3 (0.3)

0 (0.0)

0 (0.0)

Animal/insect bite

1 (0.8)

27 (2.7)

0 (0.0)

0 (0.0)

Foreign body

4 (3.1)

31 (3.1)

2 (3.2)

2 (5.9)

Struck by person, unintentional

6 (4.7)

21 (2.1)

0 (0.0)

0 (0.0)

Assault

8 (6.3)

32 (3.2)

0 (0.0)

0 (0.0)

Self-inflicted

1 (0.8)

8 (0.8)

0 (0.0)

0 (0.0)

Other

0 (0.0)

5 (0.5)

0 (0.0)

1 (1.0)

Missing

9

75

1

1

Lacerations, puncture wounds

34 (26.6)

274 (27.1)

10 (16.1)

6 (17.6)

Bruises, contusions

43 (33.6)

241 (23.8)

30 (48.4)

10 (29.4)

Sprain, strain

42 (32.8)

314 (31.1)

18 (29.0)

21 (61.8)

Abrasions

8 (6.3)

57 (5.6)

7 (11.3)

1 (3.0)

Fracture, dislocation

16 (12.5)

184 (18.2)

14 (22.6)

1 (3.0)

Burns

1 (0.8)

25 (2.5)

0 (0.0)

0 (0.0)

Poisoning

0 (0.0)

3 (0.3)

0 (0.0)

0 (0.0)

Foreign body

4 (3.1)

20 (2.0)

1 (1.6)

0 (0.0)

Injury to blood vessel or nerve

3 (2.3)

25 (2.5)

0 (0.0)

0 (0.0)

Crush injury

1 (0.8)

7 (0.7)

1 (1.6)

0 (0.0)

Other

4 (3.1)

20 (2.0)

1 (1.6)

1 (3.0)

Missing

1

8

0

0

Head, neck

27 (21.1)

173 (17.1)

9 (14.5)

2 (5.9)

Face, eye, ear, nose, mouth

30 (23.4)

152 (15.0)

4 (6.5)

2 (5.9)

Upper extremity

46 (35.9)

370 (36.6)

29 (46.8)

15 (44.1)

Body trunk

24 (18.8)

178 (17.6)

5 (8.1)

8 (23.5)

Lower extremity

27 (21.1)

265 (26.2)

34 (54.8)

11 (32.4)

Internal

1 (0.8)

15 (1.5)

0 (0.0)

1 (2.9)

Other

0 (0.0)

4 (0.4)

0 (0.0)

0 (0.0)

Missing

2

13

0

0

128

1,011

62

34

Total N

* Excludes n = 8 for whom earthquake-relatedness of injury could not be determined. Percentages may not add up to
* 100 percent due to multiple injury cases, types, and/or locations recorded for a single patient.
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Data and analysis
The abstracted data were entered into a computer
database. The data obtained through ED log screening served as the denominator data containing limited information on all ED encounters during the study
period. a data subset containing only the injury cases,
for whom more detailed information was available,
was also created to perform analyses comparing the
earthquake-related injuries with the nonearthquakerelated injuries and the sample of pre-earthquake
injuries. The severity of earthquake-related injuries
was coded using the abbreviated Injury Scale (aIS).17
an aIS score was assigned to each earthquake-related
injury by body region on a 6-point ordinal severity
scale ranging from 1 (minor) to 6 (currently untreatable). The Injury Severity Score (ISS), which is the
sum of the squares of the highest aIS score in three
different body regions, ranges from 1 to 75 and is used
to assess overall severity.
rEsults

Frequency of earthquake-related injuries
Comparing across hospitals, the proportion of
total ED encounters identified to be injuries in the
screening process ranged from 33.7 percent to 57.7
percent (Table 1). The proportion of cases screened to
be injuries which were then confirmed to be injuries
by medical records review ranged from 76.5 percent
to 88.2 percent. Based on these numbers, researchers
estimated that 27.5 percent to 35.9 percent of preearthquake ED encounters were injuries, and that
29.7 percent to 47.7 percent of all post-earthquake
ED encounters were injuries (Table 2). With the
exception of one hospital, the proportions of ED
encounters that were injuries were comparable
between pre- and postearthquake periods by each
hospital, suggesting the small number of earthquakerelated injuries per hospital did not contribute to a
substantial increase in the total number of injuries
treated in EDs after the earthquake.
Injuries were considered earthquake-related if the
cause of the injury was specifically stated in the medical records to be related to the earthquake. The
number of earthquake-related injuries in the EDs
during the one-week observation period ranged from 15

40

to 30 per hospital (the proportions ranged from 5.1 percent to 13.1 percent), with the number and proportion
of these injuries greater at hospitals closer to the epicenter (Table 3). a binary logistic regression with earthquake-related injury as the outcome and the hospitals
as predictors indicated that the two hospitals closer to
the epicenter had significantly greater odds of a patient
having an earthquake-related injury compared with
the hospital farthest from the epicenter (odds ratio (OR)
= 2.3, 95 percent confidence interval (CI) = 1.2, 4.5 and
OR = 2.8, 95 percent CI = 1.5, 5.3, respectively, for the
second closest and the closest hospital to the epicenter).
Overall, 8.6 percent (96/1115) of all injuries treated in
the EDs during the week after the earthquake were
identified to be related to the earthquake.
Characteristics of earthquake-related injuries
The sample of pre-earthquake injury patients and
the postearthquake/nonearthquake-related injury patients were similar in terms of age, gender, ethnicity,
payment method, arrival mode, and disposition from
the ED (Table 4). The patients who were seen for
earthquake-related injuries were also similar to the
other injury patients in terms of ethnicity and disposition from the ED but differed in terms of age, gender, source of payment, and arrival mode: persons
with earthquake-related injuries were slightly older,
more likely to be female, more likely to pay using
worker’s compensation, and more likely to arrive at
the ED on their own.
Falling was the most frequent cause of earthquake-related injury, as well as of nonearthquakerelated injury (Table 5). Other common mechanisms
of earthquake-related injuries included overexertion,
striking an object, and being struck by a falling
object, which were not as common for nonearthquakerelated injuries. Falls were more common among
injuries presenting on the day of the earthquake;
whereas, proportionally more injuries resulting from
overexertion presented on subsequent days.
Bruises and contusions were the most common types
of earthquake-related injury, particularly among
patients presenting to EDs on the day of the earthquake.
Proportionately more patients with fractures, dislocations, and abrasions also sought treatment on the day of
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table 6. Procedures administered to earthquake-related injury patients
in the Ed by injury severity score (n = 92)*
Injury severity score (possible range 1 to 75)
Procedures
administered

row total
n (percent)

1
n (percent)

2 to 3**
n (percent)

4
n (percent)

Imaging

21 (29.6)

1 (20.0)

8 (50.0)

30 (32.6)

Immobilitzation

33 (46.5)

0 (0.0)

14 (87.5)

47 (51.1)

Wound care

11 (15.5)

0 (0.0)

0 (0.0)

11 (12.0)

7 (9.9)

1 (20.0)

0 (0.0)

8 (8.7)

29 (40.8)

1 (20.0)

6 (37.5)

36 (39.1)

2 (2.8)

2 (40.0)

1 (6.3)

5 (5.4)

57 (80.3)

5 (100.0)

15 (93.8)

77 (83.7)

NSAID

21 (36.8)

4 (80.0)

6 (40.0)

31 (40.3)

Non-NSAID analgesia

8 (14.0)

2 (40.0)

2 (13.3)

12 (15.6)

Narcotic

32 (56.1)

2 (40.0)

11 (73.3)

45 (58.4)

Muscle relaxant

12 (21.1)

1 (20.0)

0 (0.0)

13 (16.9)

Local anesthetic

3 (5.3)

0 (0.0)

0 (0.0)

3 (3.9)

Oral/IV antibiotic

2 (3.5)

0 (0.0)

0 (0.0)

2 (2.6)

57

5

15

77

Care instructions

11 (15.5)

1 (20.0)

1 (6.3)

13 (14.1)

Referral/follow-up

6 (8.5)

0 (0.0)

3 (18.8)

9 (9.8)

Admit

0 (0.0)

0 (0.0)

1 (6.3)

1 (1.1)

71

5

16

92

Suture/staples
Ice/heat
Tetanus shot
Medication treatment***

Subtotal

Column total

***ISS scores could not be calculated for n=4 earthquake-related injury cases due to the lack of details in medical records.
***Those four cases are excluded from this analysis.
***ISS categories 2 and 3 were combined due to less than five cases in each category.
***Includes inpatient and/or outpatient care.
Note: Percentages do not add up to 100 percent across rows or columns due to multiple treatments recorded for
a single patient; NSAID - Nonsteroidal anti-inflammatory drugs.

the earthquake. Sprains and strains were the second
most common type of earthquake-related injury overall,
and comprised the majority of earthquake-related
injuries treated during the subsequent days.
The lower and upper extremities were the body
regions most commonly affected by earthquake-related
injuries. Injuries to the head, neck, or face were less
common compared with nonearthquake-related
injuries. Proportionately more patients presenting on
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the first day of the earthquake had sustained injuries to
their head, neck, or lower extremity; whereas, on subsequent days, proportionately more patients presented
with injuries to their body trunk or internal parts.
Table 6 shows the procedures administered to
earthquake-related injury patients in the ED by
injury severity. Earthquake-related injuries were
either minor (aIS = 1) or moderate (aIS = 2), with 78
percent (75/96) of the earthquake-related injury
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patients sustaining only a minor injury, at the most.
The ISS, which indicates overall injury severity,
ranged from 1 to 4 out of a possible range of 1 to 75
for patients with earthquake-related injuries.
Seventy-four percent (71/96) scored only 1, followed
by 17 percent (16/96) scoring 4. Diagnostic information was not detailed enough for severity coding for
four of the earthquake-related injuries.
Medication treatment, immobilization, and ice/
heat pack were the most common procedures applied
to the earthquake-related injuries. Medication was
administered to over 80 percent (77/92) of all earthquake-related injury patients for whom an ISS was
calculated. among the different types of medications,
narcotics were most frequently dispensed, particularly for the patients with an ISS of 4. Imaging techniques (X-rays and CT scans) were also applied to
half of all ISS-4 cases and about a third of all earthquake-related injuries.
Patient flow
Most of the patients with earthquake-related
injuries arrived in the EDs on the day of the earthquake (62/96 = 65 percent) (Figure 2). The number of
patients with earthquake-related injuries dropped
significantly on the day after the earthquake and
gradually tapered off throughout the week. However,
patients with earthquake-related injuries were seen
in the EDs up to (and possibly beyond) one week after
the earthquake. Delay in seeking treatment was
more apparent in the hospitals that were farther from
the epicenter.
On the day of the earthquake, the number of
patients with earthquake-related injuries peaked
during the two hours beginning approximately 30
minutes after the earthquake (Figure 3).
Earthquake-related injury patients immediately
began arriving at the ED that was closer to the epicenter, whereas patients began arriving slightly later
at the EDs that were farther from the epicenter. The
number of patients with earthquake-related injuries
began to decrease approximately 2.5 hours after the
earthquake occurred, but earthquake-related
patients continued to arrive in the ED throughout the
day of the earthquake.
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dIscussIon

Prior earthquake injury studies tend to report
aggregates of earthquake casualties and fail to identify the earthquake-related patient load per facility.
This study found that the number of earthquakerelated injuries was not significantly large relative to
the total number of cases treated per ED during the
study period. This is most likely due to the fact that
the earthquake did not result in major structural
damage, such as building collapse. However, it was
also identified that the number of earthquake-related
cases was related to the facility’s proximity to the
earthquake epicenter, so it is possible that the EDs
closest to the epicenter, which were not included in
this study, treated significant numbers of earthquake-related injuries.
Even though only 96 earthquake-related injuries
were identified, this study implies that the total number of injuries resulting from the Nisqually earthquake might have been greater than the unofficial
report of 407. Data were obtained from four of the
acute care hospitals in the earthquake-affected
region. There were 10 more acute care hospitals in
the area strongly affected by the earthquake, including seven that were closer to the epicenter and three
that were higher-level trauma centers than the study
hospitals. Furthermore, patients with earthquakerelated injuries may have sought care from other types
of healthcare providers—providers in areas not affected
by the earthquake—or never sought healthcare.10
Nevertheless, this study suggests that ED capacity
was not an issue in an area strongly affected by the
Nisqually earthquake (i.e., King County), and that it
would probably not be a concern in most earthquakes
resulting in minimal structural damage in urban
areas of the United States.
Despite the difference in the extent of overall damage caused by the Northridge earthquake and Nisqually earthquake, the demographic characteristics of
patients with earthquake-related injuries in this study
were similar to those identified by Mahue-Giangreco
et al.16 and Peek-asa et al.8 Patients with earthquakerelated injuries were more likely to be female and
slightly older than those with nonearthquake-related
injuries. a finding that is unique to this study is that
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Figure 2. Number of earthquake-related injuries treated per day in EDs during the week after the earthquake
(N = 96). Hospitals are numbered in order of proximity to the earthquake epicenter, where 1 is the closest and
4 is the farthest.

patients with earthquake-related injuries were more
likely to use workers’ compensation as their source of
payment. This is probably because people were likely to
be at work when the earthquake occurred on a weekday
during typical business hours. This finding underscores
the importance of workplace preparedness and mitigation programs. It also suggests that a major earthquake
occurring during work hours may result in substantial
demands on local workers’ compensation programs.
as in past California earthquakes,10 the most common types of injuries resulting from the Nisqually
earthquake were superficial injuries and sprains/
strains. Compared with the Northridge earthquakerelated injuries, there were fewer head and neck
injuries and injuries caused by being struck by or
caught between objects.8,10,16 This correlates to the relative lack of structural damage in the Nisqually earthquake. Consistent with these findings, pain relief
medication, medical supplies/equipment required for
immobilization, and ice/ heat packs are some of the
supplies that were in highest demand in treating
earthquake-related injuries. Thus, without major
structural damage, most injuries during earthquakes
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are expected to be relatively minor and could be managed, at least initially, by basic first aid procedures.
Equipping the public with basic first aid techniques
and supplies could potentially ease the demand on formal healthcare providers after an earthquake.18
In general, there is a lack of data on patient flow
at hospitals and other points of care following natural
disasters. This study showed that the number of
earthquake-related injury patients presenting to EDs
peaked on the day of the earthquake, with relatively
more serious injuries (e.g., fractures versus sprains)
treated on that day compared to subsequent days.
Kazzi et al.19 had also observed that, after the
Northridge earthquake, injuries peaked on the day of
the earthquake. The current study further identified
that the patient flow peaked within a few hours on
the day of the earthquake, with EDs closer to the epicenter receiving patients sooner after the event than
facilities farther from the epicenter. This finding may
be intuitive and be known to ED staff by practice but,
to the author’s knowledge, has not been reported elsewhere. There was also a delay in seeking treatment,
such that patients with earthquake-related injuries
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Figure 3. Number of earthquake-related injuries treated in EDs on the day of the earthquake by 30-minute
intervals (N = 62). Hospitals are numbed in order of proximity to the earthquake epicenter, where 1 is the closest
and 4 is the farthest. Note: The Nisqually earthquake occurred at 10:55 aM.

were still presenting to EDs a week after the earthquake. This latter finding was also consistent with
reports by Kazzi et al.19 Despite these resemblances, it is
likely that patterns of patient flow will differ, for example, if an earthquake affects areas far from healthcare
facilities, if it damages transportation infrastructure, or
if it occurs at night. These results imply that researchers
studying earthquake-related injuries and medical conditions treated in healthcare facilities should observe
cases for at least one week after the event in order not
to miss the delayed care-seekers. also, healthcare facilities should be prepared to manage an increase in
patient flow due to an earthquake in the first few hours
after an earthquake occurs. The increase may be small
in most cases of United States earthquakes similar in
magnitude to the Nisqually earthquake but could be
quite significant if the magnitude were greater, or if
other facilities in the area are damaged. Lastly, it may
be helpful to inform the community about the temporal
flow of patients presenting to EDs following earthquakes, so patients can time their ED visit or present to
other healthcare providers depending on the type and
urgency of their need for care.
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lIMItAtIons

There is a strong possibility that the study undercounted earthquake-related casualties or misrepresented the injuries that resulted from the Nisqually
earthquake. This could be due to a number of factors: the
small convenience sample of EDs, which was not representative of the EDs in the impacted area in terms of geographical location or trauma level; the possibility that
injured patients sought care at other places, such as
urgent care clinics or physicians’ offices, or did not seek
care at all; the short observation period; and the likelihood that earthquake-relatedness of an injury was not
always mentioned by the patient nor recorded in medical
records. another limitation of the study is that, for baseline comparison, only a small proportion of the injuryrelated ED encounters were sampled during the one
week prior to the earthquake, which may not have provided a stable or representative baseline measurement.
Lastly, researchers only examined physical injuries and
did not include illnesses, mental health problems, or
behavioral problems that may have resulted from the
earthquake. Thus, this study does not capture the overall health effect of the Nisqually earthquake.
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One way in which the author could have increased
participation of the hospitals and collected more data
per hospital was to meet with ED directors rather than
relying on communication through letters and phone.
Peek-asa and colleagues8 succeeded in meeting with ED
directors of all 78 hospitals in Los angeles County and
screening all of their EDs for earthquake-related injuries.
On the other hand, the strengths of the present
study were that it was based on medical records
abstraction in addition to ED log reviews. It also used
consistent standards for data abstraction, included
detailed information on the earthquake-related
injuries, and incorporated distance from the earthquake epicenter and time since the earthquake.
conclusIon

The Nisqually earthquake did not cause a significant
increase in the load of injury patients at local EDs that
were studied. Most of the earthquake-related injuries
were minor and were treated in EDs on the day of the
earthquake, resembling findings from studies of major
California earthquakes, albeit at a smaller scale. Studies
of injuries and other health impacts of earthquakes of all
levels of destructiveness should be encouraged in order
to broaden the literature and to assess the generalizability of findings from this and other studies.
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Emergency preparedness in the workplace
Daniel E. Della-Giustina, PhD

IntroductIon

It is imperative to provide direction and procedures for the development and implementation of a
comprehensive emergency preparedness program in
the workplace. It is essential to design strategic plans
of action to be utilized in the event of an emergency to
ensure the safety and well-being of all individuals
and property within your enterprise. An emergency
or disaster is defined as a sudden, calamitous event
bringing widespread damage or suffering, loss or
destruction, and great misfortune.
An emergency plan will provide established procedures and guidelines for the management and staff
to follow in the event of an emergency or disaster. The
following emergency plan will assist in the protection
of life and property by arming workers in the facility
with a definitive plan of action that reduces the
unknown. Workers will be able to anticipate potential
problems, determine possible solutions to emergency
related problems, and make recommendations to
improve the readiness of others in their facility in the
event of an emergency.
Is my company ready for an emergency?

How well-prepared are you and your company to
deal with an emergency situation? An action plan
based on a written procedure must be ready to implement at the first indication of an emergency. All
efforts should be made to ensure that the formulated
emergency plan covers as many unexpected situations as possible. A plan from another enterprise can
provide a foundation for your own facility; however, it
is necessary to adapt their plan to address the specific needs of your own facility and workers.
Any enterprise or facility is vulnerable to some
extent. Analyzing your company’s vulnerability to a
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particular hazard can provide the basis for developing a practical, workable emergency operations plan
or checklist as well as the appropriate standard operating procedures (SOP). It is also necessary to conduct a thorough vulnerability analysis which will
identify all potential hazards within your plant. Since
the September 11, 2001, terrorist attacks, there has
been considerable effort made at the federal and state
levels to identify both natural hazards and man-made
emergencies; however, less progress has been made
at the individual level. Completing the thorough vulnerability analysis for your company will address the
individual level and make it possible to formulate
appropriate emergency response policies and procedures. It is essential to determine whether an emergency situation exists prior to pulling the emergency
plan off the shelf and putting it in action.
Your business, regardless of what it involves,
must be prepared to survive the worst possible emergency by referring to an effective, current response
plan. The action plan cannot simply be a manual
informing your workers on what to do or not do;
instead, it must create a greater awareness of the
need for readiness in the event of an emergency or
catastrophe. A key element of the action plan is a
total response management framework of various
activities that can be executed in response to an
emergency. Thus, your plan should be developed with
a detailed, step-by-step training approach with
response actions and staff and worker assignments.
The training must be made appropriate for current
and future changes within your enterprise by developing a list of alternatives for employees on sick leave
or vacation. Drills should be held regularly at both
opportune and inopportune times to cover any situation. During drills, everyone in the building, including
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visitors and subcontractors, must obey the posted
instructions when the alarm is sounded. When enacted,
the site emergency response (SERP) plan will minimize devastating property losses while protecting
jobs and business profits.
sIte emergency response plan

There are many possible incidents that may effect
the enterprise, both from within the boundaries of the
organization and from outside. Some of these circumstances may be natural, such as severe thunderstorms, tornadoes, floods, and extreme winter weather. Many others may be man-made, including flammables, toxins, reactive gases, fire, power failures,
explosions, bomb threats, hazardous materials, and
terrorist acts. In order to be prepared to handle all
conceivable incidents and prevent them from escalating to a disaster, a SERP with the following nine elements is recommended:
1. list of emergency numbers for company
team members, fire departments, medical
and rescue services, and police;
2. both primary and secondary site evaluation routes and procedures;
3. location, type, and availability of both site
and community emergency equipment;
4. a plot plan of designated hazardous
materials locations and operations;
5. material safety data sheets on all hazardous materials at or near the location;
6. a crisis communication plan for handling the media;
7. plan coordination, recommendation,
and contacts of site and community officials and emergency responders;
8. training information, including responsibilities of site personnel; and
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9. testing dates (drills) and procedures, including site exercise results and recommendations.
The SERP includes drills and tests of various program elements and response capabilities to evaluate
response procedures and corrective actions. Testing approaches may include alarm tests, simulated drills, and
mock exercises with community groups. Evaluation
results and the proposed/actual corrective actions must
be documented and incorporated into the emergency
response plan. Involving community agencies in the testing process enhances community relations while improving the plan itself. Community involvement can also lead
to improved training opportunities such as mutual aid.
Each type of potential emergency has a different
impact. Before deciding whether or not your enterprise is adequately prepared for various types of
emergencies, it is imperative to perform a vulnerability analysis of your facility. This will determine the
probability and the potential impact of the different
types of emergencies. When completing the vulnerability analysis, it is important to remember history
and evaluate past emergencies.
VulnerabIlIty analysIs

The vulnerability analysis will help determine
the extent of what may be to come. With respect to a
particular hazard, the vulnerability analysis can provide the basis for developing a practical, feasible
emergency operations plan or checklist along with
the appropriate SOP. A local vulnerability analysis or
hazard identification should be a matter of record at
the municipal or county level emergency management organization. Environmental, indigenous, and
economic factors must be considered when assessing
and analyzing the vulnerability of individual facilities. An historical approach that evaluates community emergencies from the past few decades will provide
invaluable information regarding potential emergencies that may occur in your area or facility.
For planning purposes, you must assume that the
majority of emergencies will arrive with very little
warning, rapid onset, and the potential for substantial
destruction. Although the likelihood that a natural or
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selectIng records to be protected

The vital information protection program is an administrative tool for safeguarding essential records.
Management begins by systematically determining what
information is vital and which records contain this
information. The vital records protection program must
be tested and evaluated at least once a year to identify
any potential problems. The test should verify that the
vital records needed after an emergency are current,
protected against hazards, and retrievable as needed.

Plans should include a step-by-step training approach
appropriate for your enterprise.

man-made emergency strikes your enterprise may be
very small, you must have the capability to react to,
cope with, and recover from any emergency situation
that could conceivably occur at your location.
preserVatIon of records

Preservation and protection of vital records in an
emergency situation is essential for a quick return to
normal operations. Destruction, disruption, or loss of
records can significantly delay recovery operations.
To ensure that records deemed essential for the continuity of business are properly safeguarded, the following steps are recommended:
n

n

n
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Identify priority categories for essential
records.
Label records with identifiable markings.
Evacuation priority should be noted on
record containers.

emergency response traInIng

Training is an essential part of most activities within any enterprise. This is especially true when it comes
to an emergency response and your action plan.
Workers must be trained to handle emergency situations within their workplace. Proper emergency
response training will prove to be a valuable asset to
the company as well as to the employees, should the
need ever arise. Such training may include company
team members as well as emergency responders from
the community. Employee emergency response training
should include the following:
n

power disconnects;

n

use of fire extinguishers;

n

search and rescue techniques;

n

emergency response policies and procedures; and

n

emergency first aid and medical treatment.

Evaluate alternate storage locations for
records, depending on hazard analysis.

n

Make arrangements for transportation to
relocate records to alternate locations, if
necessary.

n

Identify and retain copies of records that will
be needed during emergency operations by
management or emergency response teams.

eVacuatIon procedures

On-site emergency response evacuation planning ensures that all facility personnel understand the emergency action plan and general evacuation procedures for
their location. Once the emergency alarm sounds, every
employee must know the following evacuation procedures:
n

All personnel must know the proper predetermined evacuation route to take.
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All personnel must know assemblage and
check-in point locations for meeting once
outside.

n

municipal, county, and state police;

n

emergency medical services (EMS);

All facility personnel must assist visitors,
members of the public, and subcontractors
from the premises. Visitors will remain
with the staff.

n

insurance carriers;

n

hazardous incident response teams if
available; and

n

Don’t put your work away.

n

contractors.

n

Don’t use elevators.

n

Don’t stop to gather your belongings.

n

Don’t stop to inquire if it is a false alarm.

n

Departmental emergency coordinator or
designee will take a roll call.

n

The emergency coordinator will report any
employees who may still be inside the
building.

n

n

n

n

Department searchers will check the
building for workers who failed to hear the
alarm. Searchers will operate in teams of
two members.
Each department will stay assembled
until further instructions.

In the event that immediate assistance from the
community resources is not available, you may need
to develop additional resources, acquire additional
equipment, conduct more training, and establish
mutual aid agreements with other nearby enterprises. Other organizations and agencies that might be
willing to assist include:
n

the office of emergency management;

n

utility companies;

n

medical centers and local hospitals;
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Developing a generic plan is a start; however, a basic
emergency response plan is required to cover special provisions for the most threatening types of emergencies. A
written emergency action plan containing specific elements is required by the Occupational Safety and Health
Administration (OSHA) for all employers. A well-formulated and developed emergency response plan teaches
employees the following:
n

how to report an emergency;

n

how to activate and recognize the alarm or
warning system;

n

check-in and rescue procedures; and

n

assigned tasks and responsibilities.
sImulated drIlls, testIng, and eValuatIng

The key to any successful emergency response plan
is to hold drills regularly to evaluate the responses of
your employees. Practice before an emergency arises
helps to prevent panic and confusion when confronted with a true emergency; thus, drills are the ultimate test for determining emergency preparedness.
All drills should be designed with the intended goal of
uncovering any weaknesses in the plan and to ensure
that everyone effectively follows the emergency plan.
Drills should cover most conceivable situations and
clearly establish detailed procedures for accomplishing complete or partial evacuations from the building.
Evaluating drills not only provide a strong
emergency response but also lay the foundation for
a successful safety program. Evaluation results and
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the proposed or actual corrective actions must be documented and incorporated into the plan. Involving community agencies in the actual testing process enhances
community relations while strengthening the plan.
Working closely with other agencies can also lead to
improved training opportunities.

man-made emergencies;

n

consideration for emergency operations; and

n

emergency/disaster recovery.

Daniel E. Della-Giustina, PhD, College of Engineering & Mineral
Resources, West Virginia University, Morgantown, West Virginia.

conclusIon

The key to controlling an emergency response situation is a well-conceived and developed program.
Action plans should be designed to ensure the safety
and well-being of individuals and property in the
event of an emergency. In summary, the major elements that must be included in any emergency
response preparedness plan are the following:
n

communications;

n

evacuation procedures;

n

company assessment;

n

natural emergencies and disasters;
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Equipping the safety professional with emergency management
knowledge and skills: The emergency management
certificate program
Dean R. Larson, PhD, CPT, CSP, CEM, CPEA
Michael O’Toole, PhD, MPH

IntroductIon

As one of the regional campuses of the Purdue
University system, Purdue University Calumet
develops its undergraduate programs with a great
degree of academic autonomy within the Purdue system. Thus, Purdue Calumet is able to offer programs
specifically designed to meet the special needs of the
citizens it serves in northwest Indiana and the southern suburbs of Chicago. In 1999, it was determined
that one course in emergency management would be
developed as an elective in the Organizational
Leadership and Supervision (OLS) safety curriculum.
The OLS curriculum included an associate’s
degree in safety and a certificate program in safety
management. The emergency management course
was planned as an elective for those undergraduate
students who were pursuing the Certificate in Safety
Management as part of their undergraduate degree
in OLS or as part of the associate’s degree. The OLS
curriculum offered three certificate programs: one in
safety management, one in human resources, and a
third in professional supervision. The certificate programs were introduced for students who wanted to
achieve a milestone before completing the requirements for an associate’s or baccalaureate degree. For
other students, the certificate was the final goal,
often as a means of professional development
required by their employers.
Background

Northwest Indiana is characterized by a heavy but
changing industrial presence. In the 1990s, drastic
changes in the North American steel industry were
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taking place. Twenty-four steel companies filed for
bankruptcy protection and many ceased operations.
Northwest Indiana was strongly affected by these
changes and witnessed the closing of Acme, LTV, and
Bethlehem Steel Corporations. Later, these three
companies would be acquired by ISG Corporation and
resume operations under its aegis. National Steel
was acquired by US Steel, which continued to operate
the Midwest plant under the USS banner as part of
the Gary Works complex.
Cost-cutting was critical to the survival of companies in the area, and the entire northwest Indiana
industrial complex underwent significant and, in
some cases, severe cuts in manpower. In the not-toodistant past, industrial plants had the luxury of large
safety departments, in-plant fire and rescue squads,
and in-house security forces. Today, it is not unusual
to find a safety professional with responsibilities for
fire, security, and safety.
To be competitive in the job market, graduates
must acquire the knowledge and skills necessary to
meet the current challenges as well as those in the
foreseeable future. Emergency management skills
are required by any organization for its survival in
the event of a catastrophe.
As the face of industry in the area changed, the
pace of transportation continued to grow. Much of the
transportation moving from the northeastern quadrant of the United States westward passes through the
state of Indiana. The major transportation corridors
are either through the central portion of the state and
the city of Indianapolis or the northwestern part of
the state around the southern tip of Lake Michigan.
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The geography and business trends in the area
necessitate a trained, informed citizenry and industrial managers who comprehend the need for emergency management programming in mitigation, preparedness, response, and recovery. The Certificate in
Emergency Management was developed to address
these needs.
The course designer, strongly influenced by his
experience as a safety and industrial hygiene manager in a local integrated steel plant, advocated for university courses in emergency management to meet
the demands specific to northwest Indiana.
Though courses in fire science existed at a local
technical college, university courses were required in
the same curriculum to train managers in safety
responsibilities. Students would not necessarily seek
out training in emergency management-related subject matter in a technical college in place of pursuing an
undergraduate degree from a university with an excellent reputation. Thus, a course in emergency management belonged in the curriculum of Purdue Calumet.
When the course designer/developer assumed his
position as Safety & IH Manager, he observed that the
safety engineers and industrial hygiene managers (IH)
responded promptly to the scene of emergencies, but
upon arriving on the scene, these professionals had no
defined role in the emergency response efforts of the
Fire and Security Department. To resolve this deficiency, the manager of the Fire and Security Department
agreed that the best role for the safety and IH staff
would be to serve as Incident Safety Officers, part of the
HAZMAT team. Furthermore, safety and IH provided
valuable input in the integrated planning for emergency
management. Together with the manager of Security
and Fire Protection and the manager of Environmental
Compliance, the course developer served as the planning team for the plant. The Integrated Contingency
Plan was the result of the synergy of the three disciplines involved in the planning initiative. In either the
operational role or planning roles, university courses
can fill a need to prepare managers.
InItIal course offerIng

The course was designed as an introduction to the
five aspects of integrated emergency management:
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prevention, mitigation, preparedness, response, and
recovery. The course designer was a guest lecturer
and the Manager of Safety and Industrial Hygiene
from a local integrated steel plant. The county Local
Emergency Planning Committee endorsed the concept of emergency management training on the university level and validated the need for such course
offerings in the northwest Indiana area.
To ensure that the designer included the various
aspects of emergency management as it relates to customers of Purdue Calumet, the designer recruited knowledgeable, experienced professionals in the field of emergency management to be part of the first course presentation in the spring of 2000. A retired municipal fire
chief, an industrial fire chief, a county emergency management director, and an industrial safety engineer were
among the students in the course. These students were
able to offer relevant feedback about the course content
and delivery methods for future course improvements.
The other students were adult learners employed in various occupations in diverse industries and businesses
throughout northwest Indiana.
The first course offering used three text books for
the course. One of the books used in the course was a
commercial emergency management text, a second
book came from the FEMA Independent Study program, and the third was the National Fire Protection
Association (NFPA) 1600 text. By special arrangement with the staff of the Emergency Management
Institute (EMI), the final exam from the independent
study program was administered as the midterm
exam. Thus, the students received three credit hours
from Purdue Calumet and a course completion certificate from EMI. The EMI course could then be converted to one undergraduate credit hour from the junior college working with EMI at that time.
The NFPA 1600—Standard on Disaster, Emergency
Management and Business Continuity Programs1 was
used each of the three times the Fundamentals of
Emergency Management course was offered. Student
and instructor feedback on the textbook has been relayed
to the NFPA Technical Committee on Disaster Management and Business continuity by the course designer,
a member of the committee. The NFPA 1600 is an excellent text for an introductory emergency management
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course because it provides the collective input of many
professionals in the field of emergency and disaster management as well as business continuity programming.
The link between emergency management and
business continuity programming is critical for the
manager. These are not two distinct subjects,
although many experts in the field will argue the
point. John Laye’s excellent book, Avoiding Disaster:
How to Keep Your Business Going When Disaster
Strikes,2 is used as the companion text to NFPA 1600
because it provides the link between emergency management and business continuity programming.
The students in the first course were divided into
two-person teams with the students making their
own selections. The student teams were required to
jointly prepare a formal presentation not less than 15
minutes in length. Students made their presentations
on the last two scheduled class sessions. The list of
potential presentation topics was provided by the
instructor, one team per topic. The topics included the
NFPA, Incident Command System, earthquake preparedness in Indiana, and other topics directly related to emergency management.
In addition, the students agreed to an open-book,
team approach to taking the midterm. The team members would prepare one test and both would receive the
same grade. This decision was reached after discussion
that included the instructor pointing out the pitfalls of
open-book exams. The average time required to take the
exam was two hours and 20 minutes.
The following week the exams were returned, the
correct answers reviewed, and student reactions to
their experiences were discussed. The consensus was
that it was the toughest test the students had ever
taken because they individually had to convince the
other teammate that the answer selected was correct.
Furthermore, the students unanimously agreed that
it was a very useful learning experience because each
exam question was discussed with the teammate.
Much to the surprise of the instructor, the same text
format was requested for the final exam.
development of the certIfIcate program

Due to the success of the first emergency management course, three decisions were made: 1) the new
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course, entitled Introduction to Emergency Management, would be repeated the following spring in
2001 in an online (Internet) format; 2) a second course,
entitled Emergency Planning and Practice, would be
added as a follow-up; and 3) a five-course certificate
in emergency management, using two of the existing
safety classes along with the three newly developed
emergency management classes, would be developed
and application would be made for approval of this
new certificate program.
The second course in the sequence, Emergency
Planning and Practice, focuses on writing a plan for
an organization, real or fictional, using the text from
Richard T. Vulpitta’s On-Site Emergency Response
Planning Guide: For Office, Manufacturing and
Industrial Operations. This text provided a template
format to guide the student in gathering the appropriate information to create a working emergency
response plan. The emphasis was on realistic planning for an existing organization. (During subsequent
presentations of this course, only actual organizations could be used for the plan development.)
The second major project in the second course
was the creation of an exercise plan using the format
described in D.R. Larson’s Doing It Right When the
Time Comes: Planning & Conducting Emergency
Preparedness Exercises.4 This text was written by one
of the authors when a search for a companion text to
the Vulpitta text could not be found. This second
course, as well as the initial course, Introduction to
Emergency Management, is being offered exclusively
in a distance learning format at the present time.
The decision to expand the emergency management related courses into a five-course certificate program nicely supplemented the decision to build an
undergraduate degree program in safety, health, and
environmental management. The various certificate
programs were designed to build an entire undergraduate degree while preserving the interim goal of
attaining a certificate, either as notable milestone
along the degree path or a terminal goal for some students.
Borrowing from existing courses in the safety
management course offerings, the initial course in
the certificate program is OLS 331 Fundamentals of
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Occupational Safety and Health. This first course
provides the foundation needed to ensure that students comprehend that emergency management as a
loss-control and loss-prevention program in managing the safety and health environments of the
employee.
Ideally, the next course would be OLS 337
Introduction to Emergency Management, which
would provide the foundations for the follow-up
course. OLS 387 Emergency Planning and
Practice, OLS 389 Emergency Programs, and OLS
334 Fire Protection Systems can be taken in any
order. (In the future, a HAZMAT course will be
offered as an alternative to the Fire Protection
Systems course.)

chair developed and teaches OLS 389 Emergency
Programs, and the secretary developed and teaches
OLS 337 and OLS 387.

contInued support from the emergency

Dean R. Larson, PhD, CPT, CSP, CEM, CPEA, Purdue University Calumet,
Hammond, Indiana.

management communIty

FACTS

The Purdue Calumet Certificate Program in
Emergency Management, the first complete emergency management program in the state of Indiana,
continues to receive the support and endorsement of
the Lake County, Indiana, Local Emergency
Planning Committee (LEPC). The LEPC has earned a
national reputation for excellence in programming
and innovation. The best example of the support
received from the LEPC is the contribution of the
chair and the secretary to the program: the LEPC

in

summary

As the commercial business and industry changes
to meet the demands of global competition, universities need to train their students to prepare for the
foreseeable events that range from off-normal to
catastrophe. Furthermore, these same educated graduates must comprehend that the resources for
preparing for the unforeseen are limited, and improvisation is expected. Leaner organizations, regardless
of their size, need managers who can effectively and
efficiently respond to emergencies.

Michael O’Toole, PhD, MPH, Purdue University Calumet, Hammond,
Indiana.
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BRIEF
communIty emergency response team (cert)

The Community Emergency Response Team (CERT) program trains people to respond more
effectively to emergency situations in their workplaces and communities. CERT participants
have a better understanding of potential threats and can take the right steps to lessen the effects
of these hazards on themselves, their homes, or on the job. If a disaster happens that overwhelms
local response capability, CERT members can apply their training to give critical support to their
family, coworkers, neighbors or associates until help arrives. When help does arrive, team members can provide useful information to responders and support their efforts at the disaster site.
CERT conducts Train-the-Trainer sessions throughout the United States and its territories.
For more information, visit the CERT Web site at http://training.fema.gov/emiweb/CERT/.
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New products
TeamTracer® allows swipe card personnel Tracking

Team Tracer Emergency Personnel Management
& Tracking System (New England Security and
Communications, Manchaug, MA) allows swipe-card,
multilocation tracking for any size and type of emergency department. Managers can easily discern who’s
in or out of an event in real time, even from remote locations. People can be designated to any location or task
with an unlimited capacity for user-created assignments.
Bar code technology allows for higher security along with
photo identification on-site. Administrators can create,
store, and access centralized ID databases, and all data
is automatically archived. For more information, visit
www.teamtracer.com.
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how much time (at the current dose rate) he/she can
remain in place before a high dose alarm is reached.
Product information is available online at www.canberra.com/pdf/Products.
ligHTweigHT, porTable sHelTer sTores easily for
remoTe disasTer operaTions

Casualty Management Shelters (TVI Corporation,
Glenn Dale, MD) provide relatively low-weight,
portable, multi-use shelters for remote locations.
Uses include fast, portable mass casualty care, command/control, equipment storage, triage, and rehab.
The shelters set up in under two minutes, provide an
ample footprint, and fold down quickly into an easily
portable cube. Side windows provide superior ventilation, and each structure has multiple entry/exit points.
The canopy includes an exposed frame to provide plenty
of hanging storage. The corrosion-resistant anodized aluminum frame with chemical resistant fabric provides for long life and reliability. Visit TVI’s Web site
for more information at
www.tvicorp.com
THin-profile lifT bag Handles up To 70 Tons

Hand-Held deTecTor provides cosT-effecTive radiaTion moniToring for firsT responders

The Mini Radiac® (Canberra Industries, Meridia,
CT) is a personal radiation monitor designed for the
rugged environment of first responders and HAZMAT
teams. The hand-held, lightweight device displays
dose and dose rate information on a large, easy-toread, backlit LCD display. It provides audio, visual
and vibration alarm settings
and includes two separate
alarm levels for both dose rate
and total dose. The Mini Radiac
also has a unique “stay time”
feature that shows the wearer
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With the thinnest profile available (5/8” to 1”), the
Maxiforce Lift Bag (Paratech, Inc., Frankfort, IL) can
be used in tighter spaces than any of its competitors.
Made of neoprene reinforced with three layers of aramid
fiber, Paratech’s lift bags set the industry standard back
in 1980. Small, molded dimples provide an interlocking
surface for stacking two lift bags. The controller is compact, color-coded, and easy to use. Inline relief valves provide maximum safety from overinflation, and closed couplings prevent air escape at disconnect. The Maxiforce
bag meets or exceeds international safety standards
for design and production.
More information is available at www.paratech-inc.
com/maxiforce.asp.
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