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Abstract 

Bridging Scientific Model Outputs with Emergency Response Needs in Catastrophic 
Earthquake Responses 

 
In emergency management, scientific models are widely used for running hazard 

simulations and estimating losses often in support of planning and mitigation efforts.  

This work expands utility of the scientific model into the response phase of emergency 

management. The focus is on the common operating picture as it gives context to 

emergency response information needs.  Taking a focused approach on the emergency 

support function of mass care, emergency assistance, housing, and human services, the 

key element in the common operating picture is identified as the damage or  disaster 

assessment.  The research originates with conference and workshop results coming from 

Geneva, Switzerland, involving the International Federation of the Red Cross/Red 

Crescent societies.  In general, the conference identified decisions, actions and critical 

success factors that were based on various disaster scenarios.  It also highlighted the 

sensitivity of the response system to issues of context, timing, and function.  These 

conference findings establish the baseline of this research. Continuing the response focus, 

this research applies expert opinion to develop a methodology for using rational 

consensus to develop an information relevance model in emergency response. 

One commonly used scientific model in United States emergency management is 

a loss estimation program known as HAZUS-MH. Developed under Federal Emergency 

Management Agency direction, HAZUS-MH offers information capabilities useful to 

emergency management professionals in consideration for estimating damage, loss, and 

economic impact due to floods, earthquakes, and hurricanes.  In any type of disaster, 

emergency managers need a comprehensive perspective—a common operating picture—
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to develop a situational awareness critical to decision making.  Often in major disasters, 

communication systems are damaged and early response efforts are frustrated by broken 

and degraded networks.  The HAZUS-MH scientific model meets important application 

criteria of operational familiarity and wide-spread usage to address common operating 

picture approaches prior to communication recovery. The significance of HAZUS-MH 

meeting these criteria rests in the opportunity to have uniformity in decision-supporting 

information at geographically separated locations. 

The methodology required scenario development and simulation to establish 

context for the expert elicitation process.  Because HAZUS-MH offers fifty-four 

categories of information factors, the information hierarchy process required an initial 

screening as a first stage.  Using the catastrophic earthquake response context, experts 

screened the HAZUS-MH information factors to determine the most relevant mass care 

response information needs.  This resulted in eleven information factors; the factors were 

then presented to a new group of experts in a scenario-based stakeholder preference study 

that established preference based on the single criteria of relevance.  The specific expert 

elicitation method used psychological scaling to establish scores for each HAZUS-MH 

information factor.  Using the Thurstone C model to establish upper and lower 

confidence intervals for each score, the study offers information hierarchy findings and 

conclusions for the mass care function‘s initial response. 
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Chapter 1 – Introduction 

 

Emergency managers consider a wide spectrum of threats relative to their functional 

expertise.  In doing so, they frequently use information and risk tools of various forms to 

make sense of these threats and the context. In one form that is characterized as a 

deterministic tool, the scientific model assists decision making in emergency planning, 

preparation, response, recovery and mitigation.  These scientific models may simulate 

damage or estimate impacts to identify capability requirements; others determine 

economic and social impacts; and yet others focus on risk management and mitigation 

strategies. In emergency management scientific models help make sense of known, 

measurable, and quantifiable data, particularly in extreme events, where experience or 

knowledge alone are not enough to gain a full comprehension. Scientific models help 

process large quantities of data for emergency managers in ways that aggregate, organize 

and display information essential to rational decisions. 

A caution comes from research by French and Niculae in placing too great a 

confidence in models, because they may be poorly calibrated; may lead to 

overconfidence in highly precise results; may be applied improperly by inexperienced 

users; and may misdirect the user due to ambiguous results (2005, 10).  This research 

offers an approach to bridge an apparent gap between specific information needs in initial 

emergency response and the available information currently produced by existing 

scientific models. Specifically focusing on the management and leadership construct of a 

common operating picture, the research delves into the damage or disaster assessment 
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facet to determine what is relevant to some of the most pressing decisions made early into 

an emergency response.  The research goal is a methodology capable of generating an 

information model for the purpose of supporting initial decisions in emergency response 

as well as other useful applications in emergency management. 

1.1 Statement of the Problem 

Information needs in emergency response situations are mainly dependent on the 

emergency function, the type and size of emergency, and the time-stage of the emergency.  

Scientific models with extraordinary amounts of data, months or years of process 

development and testing, and ubiquitous availability, offer almost limitless variations of 

products for the informed user.  With such information flexibility, how may emergency 

managers harness this capability to increase and share understanding across disciplines 

and organizational levels during the earliest period of emergency response?  How may 

emergency managers determine among several dozen information factors, those that are 

most relevant?  This research centers on using a scientific model, known as HAZUS-MH, 

to create a common operational picture for mass care actions during the first 48 hours 

after a catastrophic earthquake.  The research question is thus stated, ―how might 

emergency response information needs be met by the scientific model, HAZUS, in 

support of mass care decisions during the first 48 hours after a catastrophic earthquake?‖ 

1.2 Organization 

Chapter 1 introduces the emergency management decision problem with regard to 

mass care during the response phases of an earthquake disaster.  Next Chapter 2 reviews 

literature that describes relevant research and studies in emergency response and policy, 
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scientific models, mass care, and earthquake emergency management.  The description 

and definition of research goals and hypotheses is presented next in Chapter 3.  In 

Chapter 4 the research method, expert elicitation, is described and applied to the research 

problem.  Chapter 5 discusses the analysis and findings, and finally Chapter 6 presents 

conclusions and offers suggestions for further research. 

1.3 Background 

Emergency management is a discipline that has various roles that include planning, 

mitigation, response, and recovery.  Many emergencies result from disasters that are 

either naturally occurring or are the result of human activity.  Catastrophes, an extreme 

form of disasters, most often result from naturally occurring events like, earthquakes, 

severe meteorological conditions, or man-made such as with weapons of mass destruction.  

The scenario basis of this research will focus on earthquakes and in particular, the New 

Madrid Seismic Zone.   

The New Madrid Seismic Zone (NMSZ) is the source of earthquakes effecting 

Alabama, Arkansas, Illinois, Indiana, Kentucky, Mississippi, Missouri, and Tennessee.  

Three major earthquakes occurred on the NMSZ fault during the winter of 1811-12, each 

with a magnitude of greater than 7 (Snay, et al., 1994, 1).  Additionally, more than 2000 

small earthquakes (less than 5 on Richter scale) have been observed since the installation 

of a seismic network in 1974 (Snay, et al., 1994, 1).  Earthquake research by the USGS 

assessed earthquake strengths for the U.S. at a two percent probability within the next 50 

years. The USGS assessment for NMSZ indicates at that probability the very strongest of 

earthquakes (Petersen 2008).  The impact to society, economy, political and built 

infrastructure in the U.S. would be catastrophic.  The most critical vulnerability is the 12 



 4 

million people at risk closest to the fault lines, in particular Memphis, Tennessee, and the 

44 million people that live in the 8-state surrounding area. 

The risk management role of government, non-government organizations, and 

private sector in disasters are shaped by capability, responsibility, and commitment.  

Regardless of the disaster phase, whether it‘s planning, response, recovery, or mitigation, 

risk management is guided by three principles of threat, vulnerability, and impact.  For 

this research, the threat concern is earthquakes affecting the central United States; the 

vulnerability is the potential for a catastrophic earthquake to strike without warning.  The 

impact can be characterized as overwhelming in nature at least temporarily to immediate 

response, political, social, or economic systems.  People, places, and critical 

infrastructure collectively are victimized from the effects of a catastrophic earthquake. 

With a focus on initiation and mobilization of earthquake emergency responders, 

managing information and finding relevance is a challenging task.  Communication 

technology has changed response actions for public and private organizations involved in 

disasters.  When the magnitude of disasters approach catastrophic levels, communication 

networks are affected just as other national infrastructure systems. With a severely 

impacted communications system, achieving the initial common operating picture 

essential to a cohesive and coordinated response is the main problem addressed in this 

research. 

1.4 Purpose 

The purpose of this research is to develop a methodology that transforms scientific 

models outputs into actionable emergency response information during a catastrophic 

earthquake.  The research specifically focuses on HAZUS-MH output data and how it 
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may be effectively meet information needs for mass care emergency responders.  Of the 

fifteen functional areas defined in the National Response Framework, this work will 

study the mass care function and concentrate on emergency shelter management 

decisions in the first 48 hours of response. 

1.5 Significance 

Mass care decisions by public and private organizations potentially could be 

significantly improved with a better initial operational picture of a disaster caused by 

earthquakes.  A common and shared understanding of relevant information early in a 

response and at various organizations and jurisdictional levels would support a unity of 

effort and more quickly integrate these efforts for a coordinated level of operation.  The 

developed methodology produces an information model that provides a framework and 

priority for choosing relevant HAZUS-MH outputs.  The resulting information model 

would help the emergency manager make sense of the catastrophic disaster and define the 

scope of impact to make better-informed initiation and mobilization decisions. 

1.6 Scope and Limitations  

The research is scenario-based and characterized by a complex decision environment; 

it uses expert opinion as a data source.  Earthquake response includes many functions; the 

focus here is specifically on mass care.  Emergency response has several phases as well, 

and this research will concentrate on initiation and mobilization as it pertains to the 

immediate needs of earthquake survivors. The general outputs of HAZUS-MH 

collectively are the subject of this research; HAZUS-MH is accepted as is without intent 

to modify internal content, process, or quality with the lone exception of recommending 
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some change to specific reporting features.  This is also not a critique of HAZUS-MH, its 

processes or algorithms. This research will not include software algorithm development 

or information technology assessment.  It also does not propose new policy changes nor 

investigate organizational behavior.  The process of expert opinion elicitation as part of 

the research methodology is subject to limitations and biases inherent in expert opinion 

research such as the experts‘ availability of recall, fixating on initial values, and 

perceptions of similarity or control of an event. 
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Chapter 2 – Literature Review 

  

This research explores methods for bridging scientific models with emergency 

response information needs.  This chapter identifies existing areas of knowledge to 

provide context, scope and application for the effort.  Beginning with a review and 

analysis of policy and procedure, the review follows with presentations of current 

scientific model uses and response information requirements.  The literature specifics 

form the foundation of the research problem and the establishment of several goals and 

objectives.  The chapter concludes with a review of analytical methods to address the 

research problem. 

2.1 Overview of Policy and Guidance   

Emergency management is a specialized field of management that may follow 

many different academic disciplines (finance, business, engineering, etc.) depending on 

the application.  Regardless of the management specialty, similarity and consistency are 

evident by how emergency management is considered in phases. Whether disasters are 

man-made or naturally occurring, emergency management is commonly defined by four 

main phases: 

• Mitigation—actions that will reduce impacts of future disasters, 

• Preparedness—public education in anticipation of disaster events, 

• Response—public notification, evacuation and reports in an ongoing disaster, 

• Recovery—individual and community disaster relief (Haddow, 2006, 195). 
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These four phases capture the biggest concentrations of time and energy by various 

organizations.  In looking at each of these phases, timing is a fundamental consideration.  

Success in emergency management is sensitive to actions taken during the earliest stages 

of an emergency response.  Early and appropriate action in risk management causal chain 

analysis provides the best opportunities to improve overall response effectiveness and 

efficiencies (Harrald 2007).  The NRF establishes a focus for early response activities by 

highlighting attention for the immediate needs of the victims (NRF 2008, 24). 

Within the response phase, the timing is perhaps the most critical. Time is very 

clearly pre-eminent in analysis of the emergency response stages: 

• Preparation—time available for preparation, training, capacity building, and 

contingency planning, 

• Initiation and Mobilization—time in which forces on scene are required to 

respond with available resources while additional resource requirements are 

identified and resources are mobilized, 

• Integration—time required for forces arriving from outside the area to form an 

effective organization and to establish coordination and communication systems, 

• Production—time when operations are ―routine‖, planned, and repeatable; 

actions are monitored and evaluated, and  

• Transition—time required for the removal of outside forces and the transition of 

responsibility for service delivery and recovery to local organizations (Harrald, 

1995, Walker et al, 1995, 101). 

The International Federation of Red Cross and Red Crescent Societies defined 

specific response-based questions of emergency management that account for stage of 
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response. Their summary report on workshops conducted in Geneva Switzerland in June 

1996 detailed the response phase specifics in context of various scenario-based exercises 

that include a humanitarian disaster, a disease epidemic, and an earthquake (Harrald and 

Stoddard 1996, 2).  The Federation concluded that information requirements varied 

widely between each phase of a disaster operation in both type of information and in 

method of processing and analysis (Harrald and Stoddard 1996, 9).  Therefore, phase of 

response is a primary consideration in this research literature review. 

In the United States, authority vested in the national government is primarily 

established through the Stafford Act with definitions and procedures that direct federal 

involvement in disaster relief (Robert T. Stafford Disaster Relief and Emergency 

Assistance Act of 1988).  In emergencies, the Stafford Act authorizes the President of the 

United States to declare disaster areas and appoint a Federal Coordination Officer to 

direct federal relief efforts.  Subsequently, the Homeland Security Act expanded federal 

authority to respond to emergencies resulting from many different types of natural and 

man-made disasters.  Additionally, the established Department of Homeland Security 

(DHS) oversees a national incident management system and integrates federal response.   

To implement and execute requirements of the Homeland Security Act, the U.S. 

President issued the Homeland Security Presidential Directive (HSPD-5) in February 

2003.  This directive included policies, priorities and procedures for implementing 

homeland security objectives.  Two important elements of homeland security are the 

National Response Framework (NRF) and the National Incident Management System 

(NIMS).  The NRF establishes fifteen different emergency support functions (ESF) that 

provide the framework for national emergency response coordination.  While the NRF 
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guides the Nation in conducting all-hazard responses, the NIMS offers a management 

template with structure, process, and vernacular applicable to all jurisdictional levels of 

government, non-governmental organizations (NGO), and the private sector (NIMS 2008, 

11-12).  The primary concept in NIMS is the Incident Command System (ICS), which 

organizes response into command, planning, logistics, operations, and 

finance/administration elements (NIMS 2008, 94).  NIMS enables responders at all levels 

to work together more effectively and to efficiently manage domestic incidents no matter 

what the cause, size, or complexity.  The objective of NIMS is the facilitation of 

interoperability and compatibility that allows public and private organizations to conduct 

well-integrated and effective incident management operations (Anderson 2004, 7).  

The U.S. President issued, as a companion directive to HSPD-5 and also in 

compliance with the Homeland Security Act, the HSPD-8 National Preparedness in 

December 2003.  The purpose of HSPD-8 is to strengthen national preparedness in order 

to prevent and respond to threatened or actual domestic terrorist attacks, major disasters, 

and other emergencies.  Whereas HSPD-5 identifies the steps for improved coordination 

in response, HSPD-8 describes the way Federal departments and agencies will prepare 

for responses. Under HSPD-5, the NRF response focus operates on a principle of 

managing assistance at the lowest organizational level (NRF 2008, 24).  For coordinating 

federal response with state and local efforts, the important NRF coordinating centers 

include the Joint Field Office (JFO), the Regional Response Coordination Center (RRCC), 

and the National Response Coordination Center (NRCC).   

The Federal Emergency Management Agency (FEMA), created in 1978, is the 

primary Federal agency in emergency management and response.  Per the Homeland 
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Security Act of 2002, FEMA has primary responsibility for coordinating federal response 

and recovery actions in disasters and became part of DHS in 2003.  Even though the 

agency is relatively small (about 2000 people) with few operational emergency response 

resources, the coordination role includes managing the operational response, recovery, 

and relief efforts of the entire Federal government.  To facilitate relations with State 

governments, FEMA permanently staffs ten regional and two area offices that work daily 

planning, mitigation, and response activities.  These FEMA regional offices provide the 

venue for RRCC where the agency accomplishes most of the Federal assistance 

coordination with States during emergency responses. 

2.2 Response Scale 

The Stafford Act distinguishes between emergencies and major disasters regarding 

authorities and considerations (Robert T. Stafford Disaster Relief and Emergency 

Assistance Act of 1988, sec. 5122).  In an emergency, either the State or the President 

may initiate an emergency declaration, but in a major disaster, the State must initiate the 

request.  Federal assistance under emergency authority is limited to $5 million in total 

federal aid, but under the major disaster authority, there is no specified limit.  In 

situations where the State and local resources are immediately or almost immediately 

overwhelmed, incapacitated, or destroyed, the Federal government considers these 

special cases to be catastrophic incidents.  Per the NRF, a catastrophic incident is defined: 

―…any natural or manmade incident, including terrorism, that results in 
extraordinary levels of mass casualties, damage, or disruption severely affecting 
the population, infrastructure, environment, economy, national morale, and/or 
government functions.‖ (NRF 2008, 42) 
 

To supplement guidance on response to a catastrophic incident, DHS issued in 

November 2008 the NRF‘s Catastrophic Incident Annex (NRF-CIA).  In addition to an 
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immediately obvious need for Federal assistance, the NRF-CIA applies to catastrophic 

situations with little or no warning; in fact, these are documented as key assumptions.  

Other major assumptions include: much higher casualties; larger numbers of displaced 

people; and no common operating picture for the first 24 to 48 hours (or longer) after the 

incident (NRF-CIA 2008, CAT-4 and CAT-5).  Federal department and agency specific 

responsibilities are found in a separate document, the NRF-Catastrophic Incident 

Supplement.  

The International Federation of Red Cross and Red Crescent Societies‘ June 1996 

summary report considered disaster responses with varying degrees of scope and scale 

that include a humanitarian disaster, a disease epidemic, and an earthquake (Harrald and 

Stoddard 1996, 2). The workshop‘s first, main conclusion is that information 

requirements vary significantly between small and large scale responses and more 

importantly, the change between small and large scale does not seem to be linear (Harrald 

and Stoddard 1996, 9).  This affirms the logic that catastrophic disasters are not the same 

as just larger-sized regular disasters, and it highlights a caution to consider scale in 

reviewing related literature.     

2.3 Federal Response Challenges 

The NRF is supported by the National Preparedness Guidelines to include the 

National Planning Scenarios.  These were released in September 2007 in compliance with 

HSPD-8 directions on national preparedness (NRF 2007, 73 and FEMA 2009b).  The 

National Preparedness Guidelines support the NRF by using the National Planning 

Scenarios, the Target Capabilities List and the Universal Task List.  The National 

Planning Scenarios represent the events that most seriously threaten the United States and 
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have been identified for highest priority in Federal emergency planning (NRF 2007, 73).  

These scenarios, shown in Figure 2-1, are comprised of fifteen events that cross the all-

hazards spectrum and were chosen based on the greatest risk of mass casualties, property 

losses, and social disruption.  

National Planning Scenarios 

Improvised Nuclear Device Major Earthquake 

Aerosol Anthrax Major Hurricane 

Pandemic Influenza Radiological Dispersal Device 

Plague Improvised Explosive Device 

Blister Agent Food Contamination 

Toxic Industrial Chemicals Foreign Animal Disease 

Nerve Agent Cyber Attack 

Chlorine Tank Explosion  

Figure 2-1. National Planning Scenarios (National Preparedness Guidelines 2007, 31) 
 

Of the fifteen national planning scenarios, twelve are considered intentionally 

hostile scenarios.  The most likely of these to occur would have limited impact nationally 

or regionally.  Larger scale attacks, such as with weapons of mass-destruction—

chemical/biological/radiological/nuclear (CBRN)—occur extremely rarely; the last attack 

(anthrax) occurred in the United States in 2001 at the time of this writing (Johns Hopkins 

Medicine 2009).  The September 11 attacks, though severe in terms of loss of life and 

damage, were not catastrophic or disruptive to the United States emergency response 

system.  Granted there is a strong argument about the significant disruption of about 4 

weeks to the national financial system and aviation system.  Of the National Planning 
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Scenarios, the events that occurred in 2009 are the pandemic influenza (H1N1), major 

earthquake (American Samoa tsunami), and major hurricane (Hurricane Bill).  These 

particular events approached the catastrophic level but not actually become catastrophes.  

They do indicate the higher frequency of these scenarios.  Catastrophic pandemic 

influenza, where mortality and morbidity precipitate a true national catastrophe or 

disruption are very rare; they have occurred in 1918, 1957 and 1968.  The most likely 

catastrophe to occur by far is the major hurricane; the last one occurred in August 2005 

with Hurricane Katrina.  However, with the availability of advanced meteorological 

models, advanced weather radar, and multiple sources of imagery and telemetry, an 

extensive warning time would allow evacuation operations to tremendously mitigate the 

risks to the population and the national response system.  The remaining scenario, major 

earthquakes, arguably presents the worst-case scenario for the United States, because of 

higher occurrence frequency, large impact area, and no warning. 

The major earthquakes of the last 20 years do not offer much baseline research 

information for studying catastrophic events.  The last major earthquake was the 

Northridge earthquake in January 1994, but it produced relatively little impact outside the 

state of California and relatively minor disruption to regional and national systems of 

government, economics, or society.  The most recent U.S. catastrophic event to consider, 

Hurricane Katrina in August 2005, offers emergency response observations more 

contemporary to the existing national emergency response system and provides an 

example with regional and national impacts.  Regarding catastrophic events, the U.S. 

House of Representatives found that the response system was overwhelmed and failures 

occurred at all levels of government (US House of Representatives 2006, 1). 
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One way to address the challenges of a catastrophe is to take a risk management 

approach.  One of the biggest Federal risk reduction efforts is the National Earthquake 

Hazard Reduction Program (NEHRP) (Haddow 2006, 66-67).  The NEHRP budget for 

fiscal year 2008 was over $120 million (NEHRP 2008, 7-9).  The budget continues to 

grow as enacted in 2009 at $129.7 million and as requested for 2010 at $131.7 million 

(NEHRP 2009, 10-11).  The program is operated and administered by four national 

agencies: the Federal Emergency Management Agency, the National Institute of 

Standards and Technology (NIST), the National Science Foundation (NSF) and the 

United States Geological Survey (USGS) (NEHRP 2009, 2).  The NEHRP 

Reauthorization Act of 2004 replaced the lead government agency, FEMA, with NIST as 

the new lead organization (NEHRP 2007).  FEMA has a supporting role responsible for 

developing risk-reduction tools and strategies and promoting them.   

As the lead agency, NIST develops, evaluates, and tests design and construction 

practices for building codes and engineering practices.  In the past, gaps between research 

and practice precluded all but marginal efforts in the earthquake preparedness field of 

scientists, architects, engineers, urban planners, emergency managers, health care 

specialists, and policymakers (Hayes 1998, 179-180). Under the NEHRP Reauthorization 

Act of 2004, NIST has the responsibility to bridge this gap and accelerate the use of new 

earthquake risk management techniques based on engineering and earth sciences 

(Haddow 2006, 66-67).   

Of the remaining two agencies of NEHRP, the NSF supports research and research 

facilities in understanding causes and impacts, creating practical mitigation techniques.  

The last agency, USGS, performs monitoring, analysis, notification, hazard assessment, 
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and major research in causes and effects (NEHRP 2009, 2).  Numerous other agencies, 

academic institutions, businesses, State, and local governments support and work with 

these four main agencies. 

2.4 Response Evaluation and Focus 

In the book titled, Disaster Response and Homeland Security: What Works and 

What Doesn‘t, James Miskel, a former member of the U.S. National Security Council and 

professor at the U.S. Naval War College, makes several insightful and informative 

assessments of FEMA operations during emergency responses.  Of the more relevant 

observations and conclusions, he notes that root causes of failure in previous disaster 

responses have more to do with focus issues rather than organizational structure issues—

stated another way, reorganization would not realize response improvements (2006, 140). 

Miskel also points out a solid record of competence at FEMA in smaller, routine disasters, 

and at the same time a dismal record on major disasters, thus there is a need to shift 

efforts to concentrate on improving responses to major catastrophes (2006, 140).  This 

conclusion is also supported by the US House of Representatives report on Hurricane 

Katrina that found a responsive emergency management system that was adequate for 

most disasters was completely overwhelmed by a catastrophic disaster (2006, 1). 

Miskel‘s observations are also consistent with a White House report issued in 2006 

from the office of the Homeland Security Advisor.  The report focuses on Hurricane 

Katrina lessons learned and notes that this disaster resulted in the greatest level of 

destruction the U.S. has ever seen in terms of damage (Townsend, 5).  Noting the human 

toll, the Hurricane Katrina catastrophe resulted in about 1,330 people killed and 770,000 

displaced (Townsend 2006, 8).  Furthermore, Hurricane Katrina caused, in just property 
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damage, almost $100 billion and made over 300,000 homes uninhabitable (Townsend 

2006, 7).  The experience of Hurricane Katrina provides a frame of reference with regard 

to catastrophic disaster effects that are important to defining the research problem.  One 

of the critical Hurricane Katrina challenges is in mass care and noted as follows: 

―…the thousands of people in New Orleans who were either unable to move due 
to health reasons or lack of transportation, or who simply did not choose to 
comply with mandatory evacuation order, had significant difficulty finding 
suitable shelter after the hurricane devastated the city.‖ (Townsend 2006, 60) 
 

Determining overall success in an emergency response is another challenge to 

consider, because of implied priority and values.  Miskel offers some insights on 

determining critical success factors that are relevant to emergency managers.  Measuring 

or evaluating success in emergency management is difficult due to various opinions on 

qualifying success.  Also Federal and State statutes do not contribute much on qualifying 

success either, but according to Miskel, inferences are possible through past political 

debate, response critiques, and other sources.  He identifies these as: 

1. Claims are handled rapidly and assistance is not delayed, 

2. Few victims are left stranded in danger for more than a few hours, 

3. Few victims are left without shelter, food, water for more than 24 hours, 

4. People can evacuate, 

5. Electricity, water, communications restored in 24-36 hours (Miskel, 2006, 35). 

Knowing what constitutes success in emergency response contributes to determining 

relevant steps of process improvement. 

The U.S. Government Accountability Office (GAO) has made recommendations for 

improvement in the FEMA and DHS program in general.  The GAO pointed out several 
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weaknesses in DHS and FEMA preparation and response to catastrophic disasters.  

Released in the aftermath of Hurricane Katrina, the GAO identified six major areas of 

concern; two questions notably address adequacy in: first situational assessment and 

awareness; and second mass care and sheltering (Jenkins 2007, 16).  Accompanying these 

questions were general issues worth noting.  These are limited knowledge of state and 

local capabilities; and minimal regional and multi-state planning (Jenkins 2007, 2).  

These issues contribute to a sense of inadequacy in situational assessment and awareness 

at the national level.   

To address the questions of adequacy, FEMA is developing deployable assessment 

and situational awareness teams (known as emergency response teams and incident 

management action teams) with a goal of being in place within 12 hours of a catastrophic 

incident (Gonzales 2009).  Regarding adequacy in mass care and sheltering, FEMA has 

already made significant progress following Hurricane Katrina.  The GAO applauded 

FEMA and the American Red Cross for development of a web-based data system to 

support shelter management, reporting, and facility identification activities known as the 

National Shelter System Database (Jenkins 2007, 18-19, Chabrow 2006, 62-63, and 

NRF-ESF 6 2008, 6).  The database does not include all shelter facilities, but it is 

extensive and provides facility characteristics and internal system descriptions, pet 

support, and flood plain/storm surge assessments. 

A year later, the GAO issued another report on actions FEMA should take to assess 

and update the Red Cross‘ significant mass care role in catastrophic events.   The GAO 

makes three conclusions that are relevant.  First, FEMA must update the NIMS annex on 

the Red Cross role in catastrophic incident support as indicated by the NRF (Fagnoni 
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2008, 59).  This was actually completed with the public release of the revised NIMS in 

December 2008 (NIMS 2008).  Second, FEMA should expand their GAP analysis 

program, which focuses on hurricanes, to include capability assessments of national 

volunteer organizations active in disaster (NVOAD) (Fagnoni 2008, 59).  The last 

conclusion involved consideration for NVOAD eligibility for sub-grants through funding 

guidance to lower governmental jurisdictions (Fagnoni 2008, 59-60).  The mission of the 

NVOAD is providing a forum where organizations share knowledge and resources 

through all disaster phases to help survivors and their communities.  The NVOAD has 

typically been heavily involved in mass care operations and providing meals during 

disaster responses.  More FEMA emphasis and priority in mass care is implied in these 

reports. 

Regarding emphasis and priority, the national response priorities found in the NRF 

includes employing resources to save lives, protecting property and the environment, and 

preserving the social, economic, and political structure of the jurisdiction (NRF 2008, 32).  

The response priorities reflected in the NRF ESF #6 highlights coordinated Federal mass 

care, emergency assistance, housing, and human services.  The ESF #6 concept of 

operations places the response focus clearly on initial and immediate needs of victims 

(NRF: Overview 2008, 24).  The GAO also includes in their report that the most pressing 

priority for FEMA, as stated by the Deputy Administrator for Operations in April 2007 

Congressional testimony, is on emergency evacuation, shelter and housing for planned 

recovery from a catastrophic disaster (Jenkins 2007, 17-18).   

The lead Federal agency, FEMA, has the role of coordinating the Federal response 

closely with local, tribal, State, and private sector organizations.  Specific to mass care, 
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response actions include sheltering, feeding, first aid, emergency commodities, family 

information and reunification.  At the national level the response for ESF #6 is identified 

in general terms of coordination and information reporting (NRF-ESF6 2008, 3).  

Specific actions on mass care are identified under the field level response and involve 

processing mass care services with local, State, tribal, and voluntary organizations such 

as increasing shelter capacity (NRF-ESF6 2008, 5). 

In considering the catastrophic disaster problem, such as with Hurricane Katrina, 

emergency management has several challenges.  The catastrophic response problem, 

again borrowing from issues raised by Hurricane Katrina, must address weaknesses found 

in the national emergency management system.  Hurricane Katrina‘s size overwhelmed 

response, especially in the inability to provide emergency shelter and temporary housing 

to some of the more than one million displaced Gulf-coast residents (U.S. House of 

Representatives 2006, 311-312).  Most of these critical aspects are now included as 

planning assumption in the NRF-CIA.  The first of these assumptions is large casualty 

figures and/or displaced persons (NRF-CIA 2008, CAT-4).  This assumption is 

accompanied by another assumption of immediate overwhelming of State, tribal, and 

local response capabilities; and a lack of detailed, credible common operating picture for 

the first 24-28 hours (or longer) (NRF-CIA 2008, CAT-5). The guiding principle includes 

a primary mission to save lives, protect property and critical infrastructure, contain the 

event, and protect the national security (NRF-CIA 2008, CAT-6).   

The evidence to support these planning assumptions is presented in work by Larson 

and others.  Larson, Metzger and Cahn collected lessons learned from large-scale events 

including the Oklahoma City Bombing, the crash of United Airlines Flight 232, the sarin 
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attack in the Tokyo subway, Hurricane Floyd, and Hurricane Charlie (Larson et al 2006, 

486-498).  The findings related to information sharing and communications flows are 

particularly relevant to expectations early in a response.  In several of the events, they 

noted instances of disruption to information systems and information flow early in the 

response (Larson et al 2006, 488, 489, 494, and 500).  In one of the recommendations, the 

authors suggest an OR application to telephone and radio congestion using queuing 

theory (Larson et al 2006, 500). 

In developing this research problem, the preceding literature partially scopes the 

research problem on immediate needs of people in a catastrophic disaster.  Further 

scoping considerations address the common operating picture as mentioned in the NRF-

CIA. The NIMS establishes the phrase, ―common operating picture‖ and helps ensure 

consistency for response personnel by providing an incident overview that enables 

effective, consistent, and timely decisions (NIMS 2008, 23-24).  NIMS also points out 

that GIS is key to providing a common operating picture and avoiding problems with its 

standardized platform that establishes consistent standards (NIMS 2008, 28).  

2.5 Situational Awareness 

The first action the NRF describes for the response process is to gain and maintain 

situational awareness (NRF 2008, 32).  This action enables follow-on actions of 

activating and deploying key resources and capabilities, coordinating response actions, 

and then demobilizing (NRF 2008, 32).  One of the baseline priorities for achieving 

situational awareness hinges on the public and private sector sharing information to 

develop a common operating picture (NRF 2008, 32-33).  Standardized reports and 
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documents offer a consistency in shared, critical information and necessary element to 

enhance situational awareness. 

The GAO report on DHS and FEMA efforts to prepare for and respond to major and 

catastrophic disasters listed as its first question the adequacy and capability of situational 

assessment and awareness (Jenkins 2007, 16).  The national need is for a capability to 

provide initial situational awareness for decision makers.  The current approach at FEMA 

is development of rapidly deployable teams to be in place within 12 hours. Before 

making any subjective or objective considerations about situational awareness, logic 

would dictate establishing a common frame of reference. 

Situational awareness has been defined in many different ways.  Initially a U.S. Air 

Force concept for fighter pilots, courtesy of Colonel John Boyd‘s ―observe-orient-decide-

act loop‖ or OODA loop, it is making sense of what‘s happening and based on that 

analysis make predictions about what will happen (as referenced in von Lubitz 2008, 

562). The military has refined this definition with a longer version found in the Army 

Field Manual 1-02 (September 2004): 

―Knowledge and understanding of the current situation which promotes timely, 
relevant and accurate assessment of friendly, competitive and other operations 
within the battlespace in order to facilitate decision making. An informational 
perspective and skill that fosters an ability to determine quickly the context and 
relevance of events that are unfolding.‖ (Army Business Transformation 
Knowledge Center, 2009). 
 

In a more pedagogical definition without the war-fighter aspect, situational awareness 

by Human Factors practitioners and researchers in the Enhanced Safety through 

Situational Awareness Integration in training (ESSAI) consortium is found to be: 
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 ―…the perception of the elements in the environment within a volume of time 
and space, the comprehension of their meaning, and the projection of their status 
in the near future.‖ (Endsley 1988, 98) 
 

Situational awareness is a concept that has general understanding and agreement, but 

specific definition is a challenge due to its abstract nature.  The challenge is best 

articulated by the following statement: 

―[Situational awareness] is an abstraction that exists within our minds, describing 
phenomena that we observe in humans performing work in a rich and usually 
dynamic environment.‖ (Billings 1995, 24) 

  

A lessons-learned report by the White House on the national response to Hurricane 

Katrina made special mention of situational awareness in the findings.  The White House 

committee found that inadequate situational awareness during the response resulted in 

decision makers using incorrect and incomplete information (Townsend 2006, 97-98).  

The major contributing factor of the inadequate situational awareness was the impacted 

communications infrastructure.  Communications failures resulting from Hurricane 

Katrina include: 

 Communication facilities and backup power supply system‘s destruction 

 Over 3 million phone lines down in Louisiana, Mississippi, and Alabama 

 Thirty-eight 911 call centers down 

 Over 2,000 wireless network cell sites offline 

 37 of 41 radio stations off-the-air in New Orleans (Townsend 2006, 5-10) 

Impaired response, command, control, and situational awareness were all cited as the 

results of the massive communication damage and the failure to adequately plan for 

alternatives (Townsend 2006, 3).  An intuitive conclusion would indicate a strong need 
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for alternative methods of creating situational awareness and would drive an assumption 

of major losses in communication infrastructure.   

The U.S. House of Representatives report on Hurricane Katrina mirrors the White 

House lessons learned report in what is identified as information gaps.  The House report 

has several findings identifying issues with reliable information not reaching decision-

makers or leaders and failures to act decisively because of information related problems 

(U.S. House of Representatives 2006, 1).   Massive communications damage hindered 

response efforts, command and control, and situational awareness (U.S. House of 

Representatives 2006, 163).   Lack of communications and situational awareness 

paralyzed command and control, which delayed many relief efforts (U.S. House of 

Representatives 2006, 183).  Medical care and evacuations were impacted by inadequate 

communications and coordination (U.S. House of Representatives 2006, 267). 

The U.S. military, though, offers a theoretical understanding of situational 

awareness by parsing it into fundamental elements; the first of these is the common 

operational picture.  As evidence of this, the U.S. Joint Forces Command offers a 1-week, 

certificate course on situational awareness fundamentals called the Common Operational 

Picture (USJFCOM 2009).  The educational course is offered as a hands-on, scenario 

based class on analysis and planning aids, map products and symbols, and other 

applications contributing to a standardized information management approach for civilian 

and military students.  These students are in positions needing skills and knowledge on 

situational awareness tools for developing and maintaining a common operational picture 

(USJFCOM 2009). 
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The National Research Council of the National Academies analyzed the expanding 

role of IT within disaster management and offered several recommendations for 

consideration in short, mid- and long-term efforts.  One of the primary recommendations 

by this group is to pursue research in IT-enabled capabilities and in particular better 

situational awareness and common operating picture (Rao et al 2007, 6).  The National 

Research Council explained situational awareness as ability for responders to access 

information, have an understanding of the information in context, and make projections 

of trends or pending outcomes (Rao et al 2007, 6).  Having a shared understanding of the 

situation by a group of people acting together with a common goal segues to the common 

operating picture.    

2.6 Common Operating Picture 
 

The common operating picture is a key concept and principle described in the NIMS, 

which calls it an overview of an incident made through collecting and organizing various 

types of information from various responsible sources to support decision making (NIMS 

2008, 23).  This facilitates consistent information regarding the incident for on-scene 

responders and off-scene command and support personnel to include asset availability 

and location and status of requests.  The development of a common operating picture and 

common situational awareness for first responders is considered a key issue by the 

National Academy of Science in addressing the issue of providing the most effective 

assistance to those affected by disasters (National Academy of Science 2007, 49-50).  

The common operating picture is listed first under NIMS concepts and principles.  

Intentionally or not, this apparent pre-eminence of common operating picture is 

corroborated in the NRF:  
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―The continued development and rapid integration at the Federal, State, tribal, and 
local levels of electronic reporting and information-sharing tools supporting the 
[National Operations Center] common operating picture is a very high priority of 
the [NRF].‖ (NRF 2008, 55-56) 
 

A common operating picture will be shared across many different functional 

perspectives.  The NRF identifies, defines, and elaborates on fifteen emergency support 

functions, each with a separate annex that includes purpose, capability, members and 

operational concepts.  A list of each emergency support functions is: 

ESF#1 Transportation 

ESF#2 Communications 

ESF#3 Public works and engineering 

ESF#4 Firefighting 

ESF#5 Emergency Management 

ESF#6 Mass care, emergency assistance, housing, and human services 

ESF#7 Logistics management and resource support 

ESF#8 Public health and medical services 

ESF#9 Search and rescue 

ESF#10 Oil and hazardous materials response 

ESF#11 Agriculture and natural resources 

ESF#12 Energy 

ESF#13 Public safety and security 

ESF#14 Long-term community recovery 

ESF#15 External affairs 
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This list shows functions that are primarily aligned with either public or private 

organizations and sometimes both.  Internal to each function is a fundamental 

consideration of more general actions that need to occur.  Looking at historical 

emergency operations reports, evaluations and assessments, Miskel has identified eight 

general actions that are mostly common to ESFs: 

1. Assessment of damage, 

2. Reports needed by State and Federal authorities, 

3. Public information, 

4. Mobilizing first responders, 

5. Prioritizing rescue vehicles usage, 

6. Distributing commodities – food, water, blankets, 

7. Traffic management, 

8. Coordinating mutual aid (Miskel 2008, 131). 

These actions, intrinsic to the ESFs, may be considered important elements of a common 

operating picture.   

The common operating picture must also be able to address information needs that 

directly result from the disaster response.  Incident management under NIMS offers some 

general response-based questions such as: what resource and how much is needed; where 

and when is this resource needed; and who gets it (NIMS 2008, 35).  At closer inspection 

of the common operating picture, many different facets begin to appear.  Information 

needs at the detailed level show some variability due to specific mission tasks, type of 

event, location, phase of response, demographics, time period and so forth. Though the 
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common operating picture serves the response system‘s overall unity of effort, variation 

in detail focus is apparent across various information users.   

With an emphasis on people and mass care, the International Federation of Red Cross 

and Red Crescent Societies‘ June 1996 summary report detailed the specifics of various 

scenario-based exercises that include a humanitarian disaster, a disease epidemic, and an 

earthquake (Harrald and Stoddard 1996, 2).  The workshops identified critical decisions, 

actions and products needed to understand response generated information needs with 

results focusing on mass care actions.  The Red Cross/Red Crescent Federation decisions 

associated with the earliest stage of response include: 

 Yes or no decision on Federation involvement, 

 Provide interim emergency assistance, 

 Organize initial assessment, 

 Establish communications, 

 Set up internal Secretariat organization, 

 Begin personnel recruitment, 

 Set logistics procurement in motion, 

 Launch appeal, 

 Coordinate donors (Harrald and Stoddard 1996, 3-4). 

The workshop also identified corresponding success factors for the earliest phase of 

response: 

 Correct initial needs assessment from multiple sources, 

 Analytic models to perform initial needs assessment, 

 Establish rapid, reliable communications to support operations, 
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 Information on experienced staff and resources to support response, 

 Information exchange with participating national society and donors, 

 Establish focal point for information gathering and dissemination, 

 Delegation access to location (Harrald and Stoddard 1996, 4-5).  

There are many different ideas about what constitutes a common operating picture based 

on very specific situational contexts. However, a widely held belief in concepts regarding 

the common operating picture is that disaster assessment is a key element.  A disaster 

assessment is a major portion of the answer to one of the two primary questions of 

situational awareness—what it happening?  If a disaster assessment could attain a 

conventional structure, then the common operational picture may emerge with more 

clarity and less clutter.  The disaster assessment conventions provide the next research 

area of interest to review in the literature. 

2.7  Disaster Assessment 

The concept of disaster assessment is described by various organizations depending 

on the organizational culture and basic objectives.  The Red Cross provides a definition 

in publication released in 2008 by the International Federation of Red Cross and Red 

Crescent Societies titled, Guidelines for assessments in emergencies. The IFRC 

establishes three types of assessments based on vulnerabilities and capacities using 

processes of observation, interview and information collection (IFRC 2008, 13).  The 

first type, rapid assessment, takes about one week to complete; the second type, detailed 

assessment, takes about one month to complete; the third type, continual assessment, is 

on ongoing trend analysis that occurs after completion and in continuation of a detailed 

assessment (IFRC 2008, 12-14).  This definition of assessment reflects the role and 
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mission the Red Cross has established, and the assessment purpose in reflecting this role 

seeks not to identify a particular intervention strategy, but rather to identify if 

intervention is needed or not (IFRC 2008, 12). 

The disaster assessment definition by the Red Cross emphasizes the relevance of time; 

NIMS adds to this with a definition that expands the process description: 

―The process of acquiring, collecting, processing, examining, analyzing, 
evaluating, monitoring, and interpreting the data, information, evidence, objects, 
measurements, images, sound, etc., whether tangible or intangible, to provide a 
basis for decisionmaking‖ (NIMS 2008, 135). 
 

To complete the comprehension of disaster assessment, it is helpful to consider the 

definition established by the U.S. Agency for International Development (USAID).  As 

with the Red Cross and NIMS, USAID definition parallels the others with consideration 

for the ongoing, continual nature of disaster assessments for reference and baseline 

establishment (2005, II-2).  The USAID distinguishes two types of assessments: the 

disaster assessment that answers what happened, and the needs assessment that answers 

what is needed to save lives, alleviate suffering, and mitigate negative economic impacts 

(USAID 2005, II-8).  The USAID direction demonstrates a consistency with two major 

considerations mentioned before regarding situational awareness: what‘s happening and 

what will happen. 

The quality of a disaster assessment should also be considered, and USAID describes 

eight different keys to success that highlight quality considerations. These are listed as: 

1. Identify assessment users, 

2. Identify information needed to plan specific program, 

3. Consider format, 

4. Consider timing of assessment, 
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5. Determine the best place to obtain accurate information, 

6. Distinguish between emergency and chronic needs, 

7. Assess needs and vulnerabilities in relation to capacities, 

8. Use recognized terminology, standards, and procedures. (USAID 2005, II4-8). 

Given this frame of reference on disaster assessment, this research will addresses 

appropriate emergency response tools that work for building the common operating 

picture. 

What happens during the disaster assessment process, specifically considering a 

catastrophic earthquake, Benini and others provided observations from the Pakistan 

earthquake of October 2005.  In this case, obstacles emerged due to proliferation of 

assessment formats, resistance to sharing information, and absence of necessary 

information management skill-sets (Benini et al, 2006, 21-24).  The assessments varied 

depending on the donor or relief providers‘ objectives, and the Humanitarian Information 

Center was incapable of compiling the assessments (Benini et al 2006, 22-23).  As a 

result the United Nations Joint Logistics Center did not obtain damage nor needs 

assessments for 87 Union Council areas it was coordinating relief and reconstruction 

material deliveries (Benini et al 2006, 23).  Using the Pakistan earthquake case, the 

lesson learned here is that disaster assessments should support the common operating 

picture with continual information flow, standardized format, and relevant content that 

matches the response generated needs. 

2.8  GIS and Emergency Response 

In an earlier NIMS reference, GIS with its standardized platform provides a key 

capability to create a common operating picture.  From sophisticated imagery and 
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analysis come the products in highest demand to the response effort—the maps.  The 

most useful maps show the impact area with damage information, the population 

locations within the impact area, the locations of assets and resources (especially potable 

water and ice), expedient repair materials for shoring and patching, medical supplies, 

generators, power outages (effected power infrastructure)  and road and bridge closures 

(National Academies of Science 2007, 52-54). 

The U.S. National Research Council‘s (NRC) committee on planning for catastrophe 

was tasked by the council to evaluate the current use of geospatial data and tools in 

emergency management and to make recommendations to improve that use (National 

Academies of Science 2007, 2).  The committee found numerous geospatial information 

tools being effectively used in emergency planning, but not in response (National 

Academies of Science 2007, 118-123).  The gap in response was attributed to poor 

quality or unavailable data, and a lack of integration during planning, training, and 

exercise activities (National Academies of Science 2007, 123). Considering catastrophic 

disaster impacts to communication networks, getting geospatial data may take many 

hours and possibly days to arrive at emergency operations centers.  Using pre-existing 

data especially from planning studies and scenario simulations would offer a good 

substitute for post-event data to support preliminary decisions and action. Obviously 

some decisions cannot wait and have to be based on the best available estimates.  

Emergency managers have to be ready to do this, and the geospatial data and tools also 

have to be ready.  The NRC‘s committee supports these ideas with recommendations 

made to essentially task the National Science Foundation and Federal agencies to fund 
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and support research that expands the utility of geospatial data and tools into other phases 

of emergency management (National Academies of Science 2007, 2, 123). 

Within the FEMA organization, the Mapping and Analysis Center provides GIS 

support within the organization.  This continually evolving technology role includes 

dissemination of geographic information to FEMA during disaster operations and the 

offering of a full range of GIS services (FEMA MAC 2009).  The Mapping and Analysis 

Center‘s support for the rest of FEMA depends on the situation and the needs of the 

requesting office.  In mitigation and planning situations, the center has a widely used, 

versatile tool know as Hazards U.S. Multi-Hazard (HAZUS-MH), a GIS-based loss 

estimation model. 

A good example of GIS application in disaster response, such as mapping disaster 

areas and supplying GIS information for humanitarian relief operations, is found with the 

UK-based international charity called MapAction.  This organization has been active 

since 1999, first deployed to Sri Lanka to assist the local government after the December 

26, 2004 tsunami disaster, and most recently deployed in response to the September 2009 

earthquake in Sumatra (MapAction 2009).  An important aspect of successful deployment 

for MapAction and their rapid, real-time creation of disaster maps is a focus on pre-

disaster information resources and having trained, self-sufficient teams (Lorimer 2005, 

2519-2521).  

In other research work by von Lubitz, the key response consideration is training for a 

catastrophe.  Von Lubitz says training should not be pre-scripted or patterned, but 

focused on developing situational assessment and awareness abilities and on decision-

making and command capability (von Lubitz 2008, 412).  The relevant points here are the 
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association of situational awareness, as it depends on the common operating picture, and 

the decision-making capability.  

Curtis and others documented their experiences, observations and conclusions in the 

immediate aftermath of Hurricane Katrina.  As part of Louisiana State University‘s group 

of geographers responding to requests from Louisiana‘s EOC with equipment and 

personnel support to the EOC operations, this group arrived at the State‘s EOC a couple 

of days into the response phase (Curtis et al 2006, 2).  The types of GIS service requested 

include imagery of New Orleans, coordinates of buildings where people gathered for 

rescue, and tower locations for flight safety concerns (Curtis et al 2006, 2).  Other 

requests for GIS support included identifying landing zones for helicopters, locating 

socially vulnerable populations like nursing homes and hospitals, and road maps with 

flood overlays (Curtis et al 2006, 2).  The authors also noted that several GIS products 

required periodic or daily updates such as current shelter locations, locations of flooded 

or passable roads, and the location of hostile activity in the city (Curtis et al 2006, 3).  

The authors also noted in their conclusions that the lessons learned in the response were 

similar to GIS responders‘ experiences in the September 11, 2001 attacks (Curtis et al 

2006, 6).  Their two main response-related conclusions were the need to change response 

plan specifics on immediate use of GIS-trained volunteers in response support, and the 

need to stage digital and paper copies for commonly requested items in order to save time 

for first responders (Curtis et al 2006, 6). 

The National Research Council of the National Academies offered useful guidance on 

use of IT-enabled technologies in disaster management.  One of their key 

recommendations involved the capability development of IT users benefitting from 
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adapting daily use IT systems to emergency situations.  The effectiveness of response is 

much better when responders are familiar with the IT systems and can improvise based 

on the situation (Rao et al 2007, 7 and Verjee 2007, 157). 

2.9  HAZUS-MH 

The FEMA sponsored with co-authorship and support of the National Institute of 

Building Sciences (NIBS) the GIS application known as HAZUS-MH.  Operating from 

an ArcGIS™ platform, this program estimates potential losses (using risk-assessment 

methodologies) from earthquakes, floods, and hurricanes.  The HAZUS-MH is a 

nationally applied, standardized software program.  As stated by FEMA: 

―In HAZUS-MH, current scientific and engineering knowledge is coupled with 
the latest geographic information systems (GIS) technology to produce estimates 
of hazard related damage before, or after a disaster occurs.‖ (FEMA 2007) 
  

Damage estimates are vital to decision-making at all levels of government and provide an 

essential basis for mitigation plans and policies, preparedness, and emergency response 

and recovery. 

Initially released and used in 1992, HAZUS-MH is updated and re-released about 

every 2 years.  The latest release in 2009 and features new data on schools, highway 

systems, and railway systems.  Individual earthquake, flood and hurricane module 

improvements now include better interface and integration with ShakeMaps and AEBM 

(FEMA Mitigation Division 2009a, xiii) considered previously as deficiencies (Kircher 

2006, 55, and Ranf 2007, 138). The FEMA division deleted other features that were no 

longer needed such as Building Inventory Tool and Inventory Collection Assessment and 

Survey Tool, which both are superseded by the recent version release of Comprehensive 

Data Management System 2.5 (FEMA Mitigation Division 2009a, xiii).  Users vary 
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widely from all government jurisdictional levels, academic institutions, transportation 

and utility agencies, banks and insurance companies.  There is international interest as 

well in adaptations created for foreign countries (Fiedrich 2007). 

The HAZUS-MH program facilitated some progress in earthquake mitigation and 

planning, and in response there are some limited efforts and successes with the NIST 

development of ShakeMap and ShakeCast (NEHRP 2007).  These tools show earthquake 

extent and distribution by combining recorded shaking levels with technical shaking 

estimates (Wald and Bausch 2009, 8).   The ShakeMap‘s near real-time, ground motion 

mapping supports quick assessment of potential damage areas and highlights candidate 

areas for mobilization and staging (NEHRP 2007). Recent releases of HAZUS-MH are 

now calibrated specifically for ShakeMap inputs (Wald and Bausch 2009, 10).   

When impact, probability of occurrence, and warning time are considered, the 

earthquake scenario is arguably worst case catastrophe for the United States.  As a main 

module in HAZUS-MH, the earthquake program estimates losses in four major areas as 

illustrated in Figure 2-2 shown in yellow boxes.  These are labeled: potential earth 

science hazards, direct physical damage, induced physical damage, and direct economic 

and social losses. The Figure 2-2 illustration is a process flow model that identifies the 

major components of each module, to include the component interfaces and interactions.  

At the bottom is a fifth minor area of loss estimation, indirect economic loss, with a 

single component module.  Each module component, the white boxes, provides multiple 

output options based on user directions.  The HAZUS-MH earthquake module calculates 

loss estimations based on a single, primary input from ShakeMap‘s simulation of the 

ground motion.  ShakeMap is operated, maintained, and in an earthquake event, posted 
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with continual updates by USGS.  In a post-event response period the USGS would 

forward this information to the FEMA Mapping and Analysis Center and other agencies 

to establish a consistent, preliminary assessment (NEHRP 2007).   

 

Figure 2-2. HAZUS Earthquake Flow Model (FEMA Mitigation Div. 2009b, 10-2) 

 
As seen in Figure 2-2, the five major modules have sixteen module components; the 

module components produce fifty-four outputs listed in Figure 2-3 each with variation or 

range of products depending on user specified criteria (FEMA Mitigation Division 2009a, 

10-2 – 10-32).  For example, considering the direct physical damage module‘s essential 



 38 

facilities component for fire stations, the information options include slight, moderate, 

extensive or complete damage probability loss estimates. 
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Potential earth science hazards 

Ground motion/site effects outputs Census tract ground shaking 
PGA contour maps 
Spectral contour maps 

Ground deformation output Liquefaction 
Landsliding 
Surface fault rupture 

Direct physical damage 
Direct physical damage outputs – general building stock Model building type 

General building type 
Specific occupancy class 
General occupancy class 

Direct physical damage outputs – essential facilities Health care facilities 
Police stations 
Fire stations 
EOC 
Schools 

Direct physical damage outputs – high potential loss facilities Dams 
Nuclear facilities 
Military facilities 

Lifelines 
Direct physical damage outputs – transportation systems Highway systems 

Railway systems 
Light Rail 
Bus 
Ferry 
Port 
Airport 

Direct physical damage outputs – utility systems Potable water 
Waste water 
Natural gas 
Oil pipeline: Crude and refined 
Communication 
Electric Power 

Induced physical damage 
Induced physical damage outputs – inundation Tsunami 

Seiche 
Dam failure 
Levee failure 

Induced physical damage – hazardous material release Hazardous materials facilities 
Induced physical damage module outputs – fire following 
earthquake 

Ignition 
Burned area 

Induced physical damage module outputs – debris Brick, wood & others 
Reinforced concrete & steel 

Economic and social losses 
Direct economic and social losses module outputs – shelter Displaced households 

Temporary shelter 
Direct economic and social losses module outputs – casualties Casualties 
Direct economic and social losses module outputs – direct 
economic loss – buildings 

Repair and replacement costs 
Contents damage 
Business inventory damage 
Relocation costs 
Capital-related income loss 
Wage loss 
Rental loss 

Direct economic and social losses module outputs – direct 
economic loss – lifelines 

Repair and replacement costs 

Indirect economic impacts module outputs Economic output 
Employment 
Income 

Figure 2-3. HAZUS-MH Module Outputs (FEMA Mitigation Div. 2009a) 
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Several states are reporting successful applications of HAZUS-MH to earthquake 

response.  As indicated earlier, the success is typically found in the planning and 

mitigation phases of emergency response.  The reports are made public in FEMA‘s 

HAZUS User Groups (HUG) Success Stories.  To aid state-wide planning efforts, the 

Hawaii HUG developed a catalog of twenty hypothetical earthquakes, called Hawaii 

HAZUS Atlas, and recently supported earthquake and tsunami exercises (FEMA 2009c).   

The Nevada HUG conducted earthquake loss estimations for each county using moderate 

to severe scenarios in a planning, mitigation and risk management project (FEMA 2009c).  

The Oregon HUG noted the State‘s first phase of support for county natural hazards 

mitigation plans with six counties completing mitigation plans for earthquakes and 

landslides (FEMA 2009C).  The Oregon Department of Geology and Mineral Industries 

managed the project with support from the Office of Emergency Management and 

facilitated by the Community Service Center‘s Oregon Natural Hazards Workgroup at the 

University of Oregon. 

2.10 The New Madrid Seismic Zone 

The seismic zone for potential earthquake activity in the New Madrid Seismic Zone 

(NMSZ) includes the eight states: Alabama, Arkansas, Illinois, Indiana, Kentucky, 

Mississippi, Missouri, and Tennessee.  The NMSZ constitutes a moderate to severe 

earthquake risk throughout these states.  Three major earthquakes occurred on this fault 

during the winter of 1811-12, each with a magnitude greater than 7 (Snay, 1994, 1).  

Additionally, more than 2000 small earthquakes (less than 5 on Richter scale) have been 

observed since the installation of a seismic network in 1974 (Snay, 1994, 1).  The USGS 

places a NMSZ earthquake in the highest strength category with an occurrence 
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probability of 0.02 in the next 50 years based on evidence collected showing repeated 

strong earthquakes (Peterson 2008).  This probability increases to 0.9 for slightly smaller 

earthquakes of magnitude 6~7 (USGS Fact Sheet 1996). Because of differing geology, a 

magnitude 7 earthquake in NMSZ would be far worse than the 1989 Loma Prieta 

earthquake, which killed 63 people and caused $6 billion in property damage (USGS Fact 

Sheet 1996).  The geology that makes this area more susceptible to catastrophic 

earthquakes is characterized by ubiquitous soil liquefaction conditions and the 

conductivity of the earth‘s crust in transmitting earthquake shock waves farther and more 

efficiently (FEMA Fact Sheet 2009). 

Currently, HAZUS-MH post-earthquake analysis are used by Federal and State 

emergency managers for decision making purposes—including presidential disaster 

declarations (Wald and Bausch 2009, 11).  In the NMSZ Catastrophic Earthquake 

Disaster Response Planning Initiative, FEMA has analyzed and developed plans for mass 

evacuation, sheltering, and response in the eight-state region with hundreds of 

government agencies, businesses, industries, voluntary organizations, scientific, and 

academic institutions (FEMA 2008, FEMA Fact Sheet 2009).  The research and analysis 

effort in particular is led by the Mid-America Earthquake Center in partnership with the 

Institute of Crisis, Disaster and Risk Management at The George Washington University 

and with resources from the USGS and the Central United States Earthquake Consortium 

(FEMA News Release 2008).  

Scenario development was based on historical parameters associated with the 1811-

1812 earthquakes, and was extensively enhanced through working groups and broader 

initiative member involvement. Adding to the initiative‘s scenario development, special 
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areas of scenario analysis were offered by groups like the National Infrastructure 

Simulation and Analysis Center (NISAC) located at Sandia National Laboratories as 

directed by DHS.  The Scenario Analysis of NMSZ Earthquake Impacts to Infrastructures 

and the Economy Report enhanced and augmented the initiative‘s loss estimations 

obtained from HAZUS-MH (NISAC 2009). The initiative‘s Phase I report was released 

in November 2008; the follow-on Phase II report is scheduled for release in late 2009, 

both available to the public through the Mid-America Earthquake Center‘s website (Mid-

America Earthquake Center 2009). 

The Federal Government, through FEMA, is writing the New Madrid Federal Interim 

Contingency Plan to turn scientific model outputs, seismic readings, into actionable 

information for response and recovery (Wells 2008, 1).  Working for FEMA on this task, 

Scott Wells, a former Federal Coordinating Officer prepared a whitepaper proposing 

internal process interfaces and a timeline to release actionable information for the initial 

disaster assessment.  Key points on the timeline place HAZUS-MH and other modeling 

data at the National Response Coordination Center (NRCC) within 2 hours of the 

earthquake, and allow the NRCC to write operations orders and guidance within the next 

two hours (Wells 2008, 3).  A key consideration for the immediate response to an 

earthquake is the establishment of a technical clearinghouse.  The technical clearinghouse 

would provide to local, State, and Federal field reconnaissance elements safety and 

coordination information, based initially on model results and updated over time with 

actual field reports and various forms of ground-truth (Wells 2008, 1).  The whitepaper 

also identifies eleven critical earthquake summary maps identified as: 

 Search and Rescue Data, 
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 Medical, 

 Debris, 

 Electrical Infrastructure, 

 Highway Infrastructure, 

 Communications Facility Functionality, 

 Households without Potable Water, 

 Displaced Households and Short-Term Shelter Needs, 

 Building Inspection Needs, 

 Population Density and Seismic Intensity, 

 Building Economic Loss (Wells 2008, 2-3). 

These selected maps indicate general emergency response operations interests.  Specific 

interests vary by function and expand or decrease depending on the changing times 

phases of the response. 

Though HAZUS-MH has default data sets, the initiative augmented the default values 

with numerous sources of inventory known to be more reliable, accurate and verifiable 

(Mid-America Earthquake Center 2008).  Database inventory was enhanced by using the 

Homeland Security Infrastructure Program (HSIP) 2007 and 2008 Gold Datasets—a wide 

collection of various critical infrastructures (Mid-America Earthquake Center 2008).  

Other dataset improvements included transportation and utility inventories, high potential 

loss facility inventories, and essential facility data to include the following: 

 HAZUS MR2 and MR3 Default Inventory, 

 HSIP Gold Dataset 2007, 

 HSIP Gold Dataset 2008, 
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 Mid-America Earthquake Center Essential Facilities Inventory, 

 National Bridge Inventory 2008, 

 Mid-America Earthquake Center independent search (major river 

crossings), 

 US Army Corps of Engineers – Levees inventory (Elnashai et al 2008).  

With the enhanced data and detailed scenario inputs, HAZUS-MH loss estimations of the 

simulated earthquake results offered more realistic outputs to benefit the initiative (Wald 

and Bausch 2009, 10).     

The NMSZ Catastrophic Earthquake Disaster Response Planning Initiative priorities 

parallel Miskel‘s response functions mentioned earlier.  The phase one report identified 

eight regional priorities: 

1. Direction and control, 

2. Logistics, 

3. Damage assessment, 

4. Search and rescue, 

5. Communications, 

6. Transportation, 

7. Short and long-term housing, 

8. Emergency medical (Mid-America Earthquake Center 2008). 

With regard to priorities, whether governmental, NGO or academic, disaster 

assessment is a common information need.  Additionally the disaster assessment 

information need remains constant in the various types of catastrophic events. Essentially, 

the NMSZ earthquake scenario is a viable threat to the safety and security of the US.  
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Through US policy goals and standards, increased emphasis on emergency response is 

justified.  Policy also emphasizes the need to focus on the immediate needs of people at 

the earliest opportunity.  Confusion and frustration is acknowledged as a major challenge 

and source of delay during the earliest stages of the response.  Response focus, policy on 

taking care of people, emergency priorities, and success determinants all seem to direct 

the research attention towards emergency response to catastrophic earthquakes and the 

identification and selection of information necessary to support decisions. 

2.11 Related Research on Scientific Models and Emergency Management 

Literature on the use and role of HAZUS-MH indicates an extensive interest in 

decision support applications for earthquake planning and preparedness.  In some cases, 

HAZUS-MH has been the subject of research interested in evaluating its performance.  In 

one such case, Al-Momani and Harrald conducted a sensitivity analysis of the model 

parameters and found that ground failure effect data had the largest impact on model 

outputs followed by the attenuation function, site effect parameters, and lastly building 

construction parameters (Al-Momani and Harrald, 2003, 16).   

Some authors have identified limitations with HAZUS-MH in a number of ways.  

Beckmann and Simpson caution users regarding the use of default data sets in HAZUS-

MH and encourage jurisdictions to acquire local data for better HAZUS results 

(Beckmann and Simpson 2006, 417-418).  The HAZUS database is complex; the 

database is an aggregation of several data sources each with varying degrees of detail, 

applicability and quality.  One study created a prioritization methodology for economic 

loss estimates based on subjective assessments of relevance, quality of default data, and 

level of effort to collect or improve data (California 2004, 29-34).  Beckmann and 
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Simpson, rather than use loss estimating software like HAZUS, advocate remote sensing 

such as aerial photography and satellite imagery for decision support during risk 

assessment and disaster response (2006, 420).  The Open GeoSpatial Consortium is 

actively working on specifications for remotely-accessed real-time imagery from first-

responders on the ground to sensor-type spacecraft that would rapidly be available to 

operational users in the field (Cappelaere et al 2007, 1616). 

Kircher alternately suggests using other models for better building-related estimates 

such as ShakeMaps and Advanced Engineering Building Module (AEBM) (Kircher, 

2006, 56).  This estimating deficiency in HAZUS-MH no longer exists with the latest 

release in 2009 (FEMA Mitigation Division 2009a, xiii). Continuing the application of 

ShakeMaps, Ranf recommends the use of ShakeMaps for post-earthquake prioritization 

of bridge inspections (Ranf, 2007, 139).  When using data from the 2001 Nisqually 

earthquake in Washington, Ranf found that HAZUS under-estimated bridge damage 

compared with ShakeMaps, which used updated bridge inventory and newly developed 

fragility curves.  Again this situation has been corrected with the new ShakeMap and 

HAZUS-MH interface in the latest release (FEMA Mitigation Division 2009a, xiii). 

 Model limitations present a challenge for making decisions regarding disaster plans 

and policies.  In French and Niculae the current use of models is plagued with too much 

confidence in the results, poor calibration, misapplication by untrained users, and an 

inability to reconcile uncertain and conflicting data (2005, 10).  They propose developing 

a knowledge management system based on philosophies other than rational models to 

allow decision-makers to address uncertainty, incomplete understanding, and imperfect 

data.  French and Niculae present an application of Snowden‘s Cynefin model (Snowden 
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2002, 109) to focus on estimating social, political, and economic impacts in the context 

of a knowledge management system (2005, 11).  This philosophy and approach 

accurately describes current model limitations and presents an interesting approach to 

uncertainty by use of expanded societal involvement through knowledge management in 

terms of risk analysis and risk communication.  The application is deliberate, though the 

processing time is relatively long depending on the situation complexity.  It may not be 

feasible to use during a temporally constrained emergency response. 

Scientific models as tools for decision support should be validated and verified.  In 

verification, models need to be complete, consistent, and logical in the programming.  In 

validation, the model‘s realism is examined against its intended purpose.  According to 

Sojda, there are at least five approaches to validating a decision support model (Sojda 

2007, 269-277).  One of the preferred approaches for validating a scientific model is 

through a panel of experts.  

In other model development and implementation, researchers have been successful 

with coupling analytical operations research and advanced information technology to 

improve emergency response operations in a timely manner (Zografos 1998, 125).  This 

integrated framework for manning emergency-response logistics supported both planning 

decisions, such as defining areas of response, as well as response decisions, such 

prioritizing an optimal dispatch of service crews.  With the focus on emergency-repair 

responses, this modular framework may be adaptable to other specialties of emergency 

response. 

Operations research has a long history in emergency preparedness and response; 

recent studies have branched out along homeland security themes (Wright et al 2007, 
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514).  In a survey of models and application to homeland security, Wright and others 

described work done in border and transportation security, critical infrastructure, cyber 

security, emergency preparedness and response, and threat analysis (2006, 516-522).  In a 

specific conclusion regarding emergency preparedness and response, this work suggests a 

need for more research in post-event decision making with emphasis on large-scale 

disasters (Wright et al 2006, 524-525). 

In the work of Altay and Green, the disaster management area of interest is a very 

appropriate subject for research in the operations research (OR) discipline (2006, 475). In 

their survey of OR, they show that the amount of research in this field is limited, and they 

suggest relevant issues and starting points for further research (Altay and Green 2006, 

493).  Their suggestion in the context of low-probability, high-impact events (ie 

earthquakes) indicates a requirement to research information factors in earthquake 

response efforts that can aid decision makers with real-time prioritization of information 

that is most essential to successful response actions. 

In an interesting application of OR to emergency response, Yi and Ozdamar 

developed a dynamic coordination model for logistics support and evacuation (2007, 

1177).  Their model covered commodity dispatch, optimal medical support dispersal, and 

site selection for temporary shelter and emergency medical site selections based on risk-

based urban structural analysis (Yi and Ozdamar 2007, 1177-1193).  The coordination 

model resulted from logistical and transportation optimizations.  

Lesson learned through emergency response exercises have helped highlight needed 

improvements in information flow.  In a separate study, Militello and others recommend 

some information modeling methods to improve information flow for better internal 
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coordination among EOC functions and members (2007, 25-31).  The recommendations 

focus on establishing a common frame of reference for EOC members with dominant 

roles and those with background roles. 

Another work of important relevance to this research is a paper describing expert 

judgment used to estimate the demand for sheltering in earthquakes.  Using expert 

judgment, damage estimates and census data, the researchers built a model that accurately 

estimated shelter seeking populations following a large-scale earthquake (Harrald et al 

1995, 14).  The model was calibrated with available data from the North Ridge and Loma 

Prieta earthquakes, and the researchers were able to link socio-economic variables to 

shelter-seeking behavior.  This research direction was supported by conclusions made in 

a completely different cultural setting of central Asia.  The importance of social and 

cultural factor‘s exhibit strong influence on shelter seeking populations (Ghasory-

Ashtiany and Hosseini 2008, 231-232).  The consideration for socio-economic variables 

was incorporated into HAZUS-MH modules that estimate the shelter-seeking populations 

(FEMA Mitigation Division 2009b, 14-4 – 14-8). 

Expert judgment is prevalent in research literature considering aviation safety, 

nuclear power production safety, reliability studies, and meteorology. In a study to 

integrate expert opinion into the contingency planning process, researchers used a 

scenario-based approach with a panel of experts.  The findings from this study included 

observations that the experts were able to consider aspects of leadership, technology, 

public perception, and key stakeholder interests that are typically difficult to account for 

in contingency planning (Harrald and Mazzuchi 1993, 195).  Experts are also able to 

grasp uncertainties in relation to scarcity of rate data in rare events.  A recent study on 
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wire failures in aircraft was able to build a probability model using sparse available data 

in paired comparisons to elicit expert opinion (Mazzuchi et al 2007, 722).    

Expert judgment has been applied in social science research on predicting victim 

behavior in compliance with emergency recommendations.  The researchers applied 

expert judgment to refine a risk model and scenario for a radiological dispersion device 

used in a metropolitan setting. Using a scenario-based approach, researchers identified 

preparatory policies that could improve public compliance by 20-30 percent (Dombroski 

et al 2006, 1675).   

Other works of interest in decision support and natural disasters include these three 

articles.  First students in Louisiana learned to use GIS to plan shelter locations primarily 

in response to hurricanes in coordination with other emergency management 

considerations (Gauthier 2004, 38-41).  Second in an article regarding shelter decisions in 

response to wildfires, Paveglio and others look at response alternatives other than 

evacuation such as sheltering in place (2008, 65-66).  Finally a researcher in earthquake 

mitigation developed a multi-criteria, land-use planning model to generate alternatives, 

establish criteria, assess criteria weights, and a methodology to rank a list of land-use 

planning applications (Pricovic 2002, 9). These articles provide a representative cross 

section of research approaches: the first being a tool application, the second a policy 

review, and the third a quantitative, analytical method application. 

There is a plethora of instructional work available to guide development of a research 

methodology.  This research problem addresses the challenge of making difficult 

decisions, especially considering the complexities and uncertainties of earthquake 

response.  One particularly relevant work proposed a framework to organize the decision 
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complexity and uncertainty using tools of decision analysis theory (Clemen and Reilly 

2001, 5-12).  One aspect of decision analysis involves decomposing the problem into 

smaller pieces to understand its processes.  The smaller pieces can then be analyzed for 

interactions and effects to recombine the decision situation into synthetic representation. 

Decision analysis involves making decision under uncertainty.  This research draws a 

number of important ideas and methods from Roger Cooke‘s work regarding uncertainty 

and expert opinion.  Most importantly expert opinion can contain useful data for rational 

decision support (Cooke 1991, 268-270).  He also presents techniques of data collection 

and processing and combining expert opinion.  Especially relevant to the methodology of 

this research is the process of paired comparisons to rank several of the more important 

HAZUS-MH outputs. Also the process of measuring group consensus may be evaluated 

for agreement and concordance. 

In a lecture series at the Institute of Crisis, Disaster and Risk Management, 

uncertainty is defined and divided into data uncertainty and knowledge uncertainty 

(Harrald 2006).  The knowledge uncertainty, including uncertainty associated with 

models, is an incomplete or partial knowledge of problems with understanding the 

process, the interactions and dependencies, and outcome probabilities.  Expert opinion 

elicitation is appropriately used to reduce uncertainty.  For reducing uncertainty in 

scientific models, users use sensitivity analysis to provide a tangible assessment. 

Assessing uncertainty in expert judgments is the subject of work by David Cleaves.  

He offers guidelines to assess uncertainty—either through verbal expression 

(qualitatively) or through numerical expressions (quantitatively) (Cleaves 1994, 4-5).  

Cleaves lists four forms of numerical expressions: 
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 Ranges: value intervals at specified confidence level, 

 Judgment probabilities: statistical probabilities, 

 Distributions: histograms, pie charts, or cumulative density function, 

 Index: variation in distribution like variance or standard deviation (1994, 

4-5). 

There are several research products that explore areas of emergency management and 

decision support systems.  An early research effort looked at improvements to decision 

planning to model, analyze, and assess strategies for oil spill incidents (Iakovou 1994, 

457).  Research and work on decision making and emergency management in the context 

of nuclear emergency and remediation management focused on long-term 

countermeasures using multi-criteria decision support software (Bertsch et al 2006, 114).  

In further work on nuclear power generation, Bertsch and Geldermann uniquely apply 

expert and stakeholder preferences in group decision making to include sensitivity 

analysis of decision making process to variations in preferences (Bertsch and 

Geldermann 2008, 7).  Finally, the development of a multiple-attribute decision model 

for port and waterway safety highlights the usefulness of an information hierarchy 

(Merrick and Harrald 2007, 242).  The model linearly combines attributes in a linear-

additive value function to evaluate and rank waterway safety alternatives (Merrick and 

Harrald 2007, 243).  The strength of this research is found in the application of expert and 

stakeholder assessments of safety levels to a multi-attribute decision analysis that in a 

practical way objectively ranks safety alternatives.  

Another research study established a framework to design a dynamic emergency 

response management information system to address the information and communication 
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needs of first responders as well as decision making needs of command and control 

elements (Turoff et al. 2004, 1).  Using an extensive literature review and analyzing a 

historical case study of the Wage Price Freeze of 1971 where a program called 

Emergency Management Information System And Reference Index (EMISARI) is used 

in a national crisis, the authors provide nine design premises to formulate a philosophy on 

disaster information systems and in particular command and control (Turoff et al. 2004, 

6-11).  The most salient of these design premises are: first, emergency systems not used 

on a regular basis before an emergency will not be used during an emergency; and second, 

first responders have no tolerance or time for information  not related to dealing with the 

crisis (Turoff et al. 2004, 6-7).  These premises provide important criteria for the research 

problem scope and consideration for the right methodological approach. 

Similar to Turoff‘s study is another research project that looked at information 

technology use in emergency management.  This project built a framework that helps 

disaster managers gather and communicate information based on harmonization, 

management, and implementation concepts (Ondos 2007, 184-188).  One of the 

interesting results is the conclusion that the use of latest information technology is of 

lesser importance than effective handling of information based on familiarity and training 

(Ondos 2007, 184-186). In the disaster response context, older technology proved 

superior to newer technology because of fundamental issues with reliability, redundancy, 

interoperability, and training (Ondos 184-186).  The information technology did not 

support successful response actions without harmonization of the response member 

coordination and information and resource sharing (Ondos 2007, 107-124).  Concluding 

from this research, information technology is relevant in the management context.  
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Furthermore, the developed framework using concepts of coordination and shared 

information is only semantically different than the common operating picture concept.  

2.12 Expert Elicitation Methodology  

Catastrophes, such as earthquakes considered in this research, are high-impact, low-

probability events that challenge response officials with a highly complex and dynamic 

decision environment. An overwhelming flood of information threatens to hinder the 

construction of a common operating picture and frustrates answers to questions of 

relevancy.  Using expert elicitation to tap the experience of experts involved in 

catastrophic events facilitates an opportunity to address uncertainty and potentially 

uncover areas of tacit knowledge in information relevancy.  With methodical application 

of expert opinion, the overlapping areas of emergency management in planning and 

response, in particular knowing what is relevant, may be focused to offer response 

officials more innovative information tools rather than a procedural checklist. 

Various methodologies are used in research involving emergency management.  In 

considering the case study approach, the lack of truly catastrophic earthquakes events 

precluded pursuit of this method; Loma Prieta and Northridge earthquakes were large, 

but not catastrophic.  Multi-criteria decision making is an effective methodology for 

addressing uncertainty in complex decision environments.  In this research problem, there 

is really only one criteria, relevance, and the criteria and policy choices too variable to 

consider regarding the research objectives (Roy 1996, 11-19).  Discrete choice analysis 

seems promising, but the analysis of choice and development of the choice model are not 

as useful or important as the results produced from the choice (Hensher et al 2005, 62-87). 

The analytical hierarchy process offers ideas closely associated with the determining the 
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most relevant information factors.  However emergency response is so dynamic and 

situational that policies are typically general in nature in order to allow flexibility of 

response.  This precludes practical analysis, and policy analysis is outside the scope of 

the stated research objectives. 

In research on decision making one of the main goals is rational consensus; using 

subjective data such as expert opinion must be consistent with scientific method in 

building rational consensus (Cooke 1991, 80-84). Cooke identifies five principles to 

follow in building rational consensus, and these are reproducibility, accountability, 

empirical control, neutrality and fairness (Cooke 1991, 81-84). Expert opinion, 

considered as a source of data can contain useful material for rational decision support 

(Cooke 1991, 268-270). The psychological scaling models, such as the Thurstone model, 

the negative exponential lifetime model, and the Bradley-Terry model, offer advantages 

for the researcher with a more user friendly methodology and stronger consensus building 

properties (Cooke 1991, 269-270). The psychological scaling models are designed to 

estimate relative strength of psychological stimuli based on pair-wise comparisons 

(Cooke 1991, 184). Expert opinion used as subjective data source may be in the form of 

subjective probabilities.  The models are therefore useful in inferring population 

characteristics from a sample of experts. 

As indicated earlier the use of expert judgment has seen several successful 

applications in emergency management research (Harrald and Mazzuchi 1993, Harrald et 

al 1995, Merrick and Harrald 2007, Bertsch et al 2008, Mazzuchi at el 2008). The 

psychological scaling models based on paired comparisons offer several methods for 

collecting, combining and analyzing results from expert judgment.  For establishing 
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group or stakeholder preferences, the general combination procedures with measures of 

agreement and tests for randomness, psychological scaling appears best suited for this 

research problem.  The analysis models mentioned earlier—Thurstone, negative 

exponential life, and Bradley-Terry—provide scales that yield preferences among the 

comparison items.  The models compute their individual scales based on the type of 

assumptions made on variance and correlation between items; the determinations also 

vary by approach: Thurstone uses a method of least squares and Bradley-Terry uses 

maximum likelihood. 

Sample size determination methodology is found in work by Norman and Streiner 

(2003, 27-31).  To determine sample size, the authors point out four information 

requirements: distance between means, width of the distribution curve also defined as 

standard deviation divided by the square root of the sample size, the alpha level, and the 

beta level (Norman and Streiner 2003, 29).  Their example uses common choices for 

alpha (0.05) and beta (0.2) to develop the following equation: 

2

2

16
d

s
n            (2.1) 

To follow this sample size determination requires assumptions and descriptive statistical 

knowledge of the specific field of expertise.  The psychological scaling models require 

about 10 experts in the sample and appear attractive for cases where experts might be 

unfamiliar with quantitative evaluations (Cooke 1991, 184). 

Stakeholder preferences are a useful approach to eliciting exert opinion.  Cooke 

summarizes literature on why group preferences do not satisfy the stipulations for 

implementing utility theory (2005, 1-3).   The use of consumer preference research 

techniques, including group analysis procedures, offers a better approach to stakeholder 
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preference (Cooke 2005, 3-6). Simple paired comparisons are used to represent group 

preferences.  The procedure also allows the processing of group preferences into scale 

values for standard regression techniques and accounting for dependence in the critieria 

(Cooke 2005, 4-7).  The summary processes in stakeholder preference follows the 

psychological scaling model processes mentioned earlier. 

Kendall reviews merits of various measures of rank correlation of preference.  In this 

work, he reviews applications of tied ranks, tests of significance, multiple rankings, ranks 

and variate values, and paired comparisons (Kendall 1963).  In looking at paired 

comparisons, the ranking process is not hindered by criteria that may not be quantifiable 

(Kendall 1963, 144).  Of particular interest to validating a response is the measurement of 

circular triads.  Circular triads is an indication of invalid preference of response such that 

item a is preferred to item b, which is preferred to item c, which is preferred to item a.   

Given a null hypothesis that an expert rank-ordered items randomly, a p-value for up to 

seven items may be obtained from tables in this work (Kendall 1963, 194-197).  With 

more than seven items, the p-value can be obtained using degrees of freedom and a χ2 

distribution (Kendall 1963, 146-147). 

In paired comparisons with experts being plural, some measure of agreement among 

experts is helpful in describing the results.  Regarding this Kendall presents the 

measurement as the coefficient of agreement (1963, 148-154).  An additional measure 

using different operations was developed and proofed by Siegel as the coefficient of 

concordance (1956).  The coefficient of agreement ranges from the negative inverse of 

number of information factors up 1, where the closer the coefficient is to the value 1 the 

stronger the evidence of agreement is among the panel of experts.  The coefficient of 
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concordance is a real number varying from 0 to 1; this is similar to the coefficient of 

agreement, but based on different parameters. 

Combining paired comparisons of individual stakeholders into a single group 

preference requires statistical testing for randomness and agreement.  Methods on paired 

comparisons are presented by David to create tests for randomness through measurement 

of circular triads and tests for agreement of each expert‘s response (David 1963). 

Software programs are commonly available for various statistical analyses.  For group 

preference statistics, there is no exception to this commonality.  For modeling preferences, 

values, and utilities, the program, Unibalance, was developed at the Delft Technical 

University in The Netherlands (Cooke 2008, 1).  This program takes paired comparison 

input from multiple experts to combine and test; furthermore it determines scale values 

using one of three models: the Bradley Terry/Negative Exponential Life model, the 

Thurstone models, or the Probabilistic Inversion Models (Macutkiewics and Cooke. 2006, 

13-22, Cooke 2008, 3-9). 

A paired comparison experiment, looking at a rare event—aircraft wiring failure, 

provides a good example of using expert opinion in an area of study hindered by sparse 

data.  Using available, but limited actual failure data, the paired comparison exercise 

generated probabilities for wire failure as a function of fifteen different environments 

(Mazzuchi et al. 2008, 729-731).  This experiment offered a paired comparison example 

that demonstrates an effective method of using expert opinion to account for complex, 

dynamic situations. 
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2.13 Literature Conclusion 

In concluding the literature review, there are three main points to highlight before 

developing the goals and research hypotheses.  First, emphasis and interest in mass care 

is evident in the frequent and strong emphasis found in US national guidance, specifically 

in NIMS and the NRF policy documents.  Consideration for early response actions, when 

uncertainty and ambiguity are highest, is strongly emphasized, but existing studies have 

mostly focused on planning and mitigation actions.  The event scale typically qualified as 

catastrophic also stands out as a subject area of importance; the fortunate rarity of 

catastrophes, though offers little experiential knowledge in the form of lessons learned. 

The mass care emergency response mission in general literature offers few observations 

or chronologies for review within the catastrophic event context.  

Second, the relevant literature field is rich with studies on emergency management 

and the use and application of scientific models.  The application of scientific models 

hinges on two vital premises: use of these models in response operations directly relates 

to the responders familiarity with the models under regular day-to-day conditions.  The 

second premise is that responders have very little time or patience for information not 

related to their response mission.  With its deployment in the early 1990‘s and wide-

spread use in the United States, HAZUS-MH meets the premise of familiarity.  By 

working to answer the question of ―what‘s relevant,‖ this research brings the common 

operating picture more into focus and makes progress on the second premise of relevance. 

The third main point in the literature review takes advantage of work in statistical 

rank correlation methods and specifically in paired comparisons. When collecting rare 

event data and with items that are hard to quantify, the psychological scaling capabilities 
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of paired comparisons offers methods for turning expert opinion into actionable data and 

making supportable conclusions.  Paired comparison methods offer ways for research to 

collect, test, combine, and analyze nonparametric data in new and developing fields of 

study.   

The policy documents and much of the emergency management literature describe a 

common operating picture as the key to success for emergency response. The literature is 

varied on defining the common operating picture, but the emergency management field 

and the mass care community subset seem to collectively agree that the disaster 

assessment piece is a key element.  The research goal of bridging scientific model outputs 

to emergency response generated information needs provides the pivot point for this work. 

Using expert elicitation to tap into tacit knowledge of mass care emergency managers, 

this research establishes a direction to improve regional and national catastrophic 

response efforts.
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Chapter 3 – Research Goals and Hypotheses 
 

 The research investigates how emergency managers may use scientific models 

during emergency response.  This research specifically investigates the HAZUS-MH 

information outputs relevant to response information needs of emergency shelter 

managers as indicated in the National Response Framework.  The primary research goal 

is to establish a bridge between scientific model outputs, such as those produced by 

HAZUS-MH with emergency response information needs, such as those potentially 

suitable for national mass care coordinators.    This chapter outlines the research by first 

identifying research goals.  A section describing major and minor hypotheses follows, 

and the chapter concludes with the section that specifies research data requirements. 

3.1  Research Goals 

With a focus on scientific models and emergency response, the range of possible 

goals is considerably broad.  Under the rather general goal of defining the most relevant 

information for sheltering actions during a catastrophic earthquake response, four 

subordinate goals emerge for consideration. First is to explore and possibly exploit the 

common operating picture concept to establish a connection between scientific models-

specifically HAZUS-MH, and emergency response information needs.  This goal also 

includes the expectation of expanding HAZUS-MH utility into the area of emergency 

response.  The second goal is to create a methodology for achieving rational consensus 

using expert elicitation with respect to the research problem. The third goal is to explore 
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and measure group consensus with the emergency support function for mass care in a 

scenario based exercise to create a benchmark for further studies and research.  The 

fourth and final goal seeks recommendations for further development of HAZUS-MH, in 

particular point to changes in user interface and report features.  Associated with these 

research goals, a theoretical context model helps highlight specific focus areas.  Figure 3-

1 illustrates the theoretical context of the research and shows areas relevant to this 

research with the main emphasis on initiation and mobilization phase of emergency 

response in relation to a process-type scientific model.   

 

Figure 3-1. Theoretical Context Diagram 
 
 

The scientific model, HAZUS-MH, is an ArcGIS process model used for assessing 

flood, hurricane, and earthquake effects. The GIS application processes information onto 

four layers: States/territories, counties, census tracts, and census blocks.  The process is 

also based on forty-one inventory databases.  This process model as a result produces 

fifty-four module outputs as selectable features for each of the four layers.  In verbal 

format and tables HAZUS-MH produces fifty-three separate earthquake summary reports. 

The research challenge, especially considering all these attributes, is finding relevance 

based on building a common operating picture. 
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The literature supports interest in the earliest actions of emergency response 

regarding the impacted populations.  The first 48 hours, defined in this research as the 

initiation and mobilization phase, is critically import factor in scoping the research 

problem. The literature points out that the response will not have achieved a common 

operating picture during this time.  With NRF initiated emphasis, the common operating 

picture is vital to the emergency response.  Other literature also very clearly supports the 

conclusion that the disaster assessment is integral part of common operating picture.  

Figure 3-2 presents a very useful analogy of working to complete the picture through 

manipulation of the disaster assessment piece.  The challenge to mass care decision 

makers is to arrange and fit the right or relevant disaster assessment piece into the larger 

common operating picture. 

 
Figure 3-2. Completing the Common Operating Picture Diagram 
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3.2 Hypotheses 

Building the common operating picture through manipulation of disaster assessment 

information, further illustrates the research context initially presented in Figure 3-1.  The 

disciplines framing the research are emergency management theory, with specific interest 

in response generated information needs, and scientific modeling.  This research explores 

using the theoretical concept of a common operating picture as a link connecting 

scientific model outputs to emergency response information needs.  The exploration 

slanted research objectives use some hypothesis testing for analysis and to draw 

conclusions.  

The major hypothesis for this dissertation in its null form is that HAZUS-based loss 

estimations are all equally relevant to coordinating mass care response to a catastrophic 

earthquake.  The alternative form of the hypothesis is that HAZUS-based loss estimations 

are hierarchical in relevance regarding the coordination of mass care response to a 

catastrophic earthquake.  These major hypotheses will be noted as H0 and HA.  These 

hypotheses test the assertion that there is variation in relevance in emergency response 

information needs.   

Decomposing the major hypothesis reveals two minor hypotheses.  The first minor 

hypothesis, H1, states that experts involved in ranking HAZUS-MH outputs answered 

randomly. Certainly if all HAZUS-MH outputs are really equal in relevance, the expert 

panel members would provide mostly ambiguous preference choices. The next minor 

hypothesis, H2, states that experts involved in ranking HAZUS-MH outputs agreed only 

by chance.  The intent of this test is to determine the veracity of group consensus—was 

agreement among experts coincidence or a result conventional knowledge.    
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3.3 Data Requirements for Research 

The hypotheses tests require collecting a number of different data items.  These 

items will be used to cross reference the hypothesis and the data collection method.  In 

Figure 3-3, the cross reference will be illustrated in a matrix format.  First the data items 

must be identified and described. 

  The first data item will be the event description and scenario that provides a 

basis for the research; it is the event context of a NMSZ catastrophic earthquake.  This 

will be labeled as DI-1.  The next data item, DI-2, will be a complete collection of all 

HAZUS-MH output module outputs sourced from the program manuals.  The screening 

process to reduce the number of HAZUS-MH modules for consideration in the relevance 

study is a carefully controlled exercise performed with a panel of experts.  The screening 

selections results are identified as DI-3.  Using DI-3, a new collection tool is developed 

for use with a new expert elicitation panel.  This tool will facilitate measuring individual 

preferences for HAZUS-MH generated information factors in a paired-comparison 

exercise.  Loss estimates in context from HAZUS-MH will provide information elements 

for use in the following paired comparison expert elicitation and will be considered DI-4.  

The DI-5 will be the individual results of each paired comparison exercise result.  Using 

quantitative analysis on each input in DI-5, the number of circular triads will be recorded 

as DI-6.  Given the circular triads in DI-6, a statistical analysis will determine which 

expert opinions at a 90% confidence level fail the null hypothesis test.  The expert 

opinions indentified as random will be removed.  The non-random opinions will be 

combined into a single hierarchical ranking and identified as DI-7.  The DI-8 will 

represent the coefficient of agreement and coefficient of concordance for the combined 
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ranks. The final data item, actually collected early in the research, is a defined expertise 

requirement for the selection of panel members and is noted as DI-9. 

Data collection for this research includes the following methods: pilot study, 

simulation, expert elicitation structured exercises, historical research, and statistical 

analysis.  The resulting matrix in Figure 3-3 shows the overall data requirements 

necessary to this research. 

Data Item Hypothesis H0 
HAZUS output 

are equally 
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Data Collection Method 
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DI1      X  

DI2      X  

DI3   X  X  X 

DI4    X    

DI5   X  X  X 

DI6 X      X 

DI7  X     X 

DI8  X     X 

DI9     X X  

Figure 3-3. Data Requirements Trace Matrix 
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Chapter 4 – Research Method 

 

Discerning relevant from non-relevant information during the first few hours of 

response presents a huge challenge to decision makers.  Therefore the problem is 

deciding on how to do this at a time when confusion is highest, the common operational 

picture is vaguest, and communication is limited.  What is needed is a connection that 

links the needs of emergency responders to decision support tools already in use in 

emergency management.  The research answers found here are used to create an 

information relevance methodology that links scientific model outputs to emergency 

response needs. 

This research is designed using a mixed method approach (Creswell 2003, 208-214) 

applied to two phases of research.  Figure 4-1 illustrates a hybrid research design flow 

that is a sequential exploratory design with concurrent nested strategy.  Emphasis is 

placed on the qualitative approach with an increasing quantitative emphasis. 

 

Figure 4-1. Research Design Flow (adapted from Creswell 2003, 213-214) 
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This chapter outlines the research methodology to test the hypotheses and achieve the 

goal of bridging response information needs with scientific models. The first section 

identifies the research plan, the second section presents the data collection procedures, 

the third section reviews the analysis procedures, and the final section describes the 

statistical analysis. 

4.1 Research Plan 

The basic strategy divides the research into two phases.  Historical review of 

literature on emergency response policy and practice, current challenges of emergency 

response, disaster terminology, information management concepts, scientific model 

capabilities, research applications in emergency response, and the use of scientific 

models all constitutes the background and foundational research.  The main products of 

phase one are an established the level of expertise required, a developed screening tool 

for HAZUS information factors, the screened HAZUS information factors based on 

expert opinion, and the creation of the paired-comparison exercise for phase two. The 

second phase acquired the paired-comparison expert opinions, statistically eliminated 

random responses, and established the information hierarchy relevant to emergency 

response function on mass care.  Results of phase one and phase two research methods 

provide the basis for findings and conclusions. 

4.1.1 Background 

Much of the literature on policy and emergency response challenges supports focus 

on early response actions, disasters considered to be catastrophic, and the immediate 

needs of victims.  The refined view within this research scope considers mass care 
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actions in response to a catastrophic earthquake.  In Figure 4-2 the influence diagram 

illustrates the basic decision environment of the research problem and the fundamental 

goal of completing the response initiation and mobilization.  The rectangles are derived 

from questions presented the NRF description of response activities.  The end state 

represented by the diamond indicates the first stage of emergency response. 

 

Figure 4-2. General Influence Diagram of Relevance Problem 

The influence diagram illustrates a decision environment that envelops primary 

response questions that if successfully answered produces a maturation of first response 

phase.  Figure 4-2 presents subjective groupings of information factors that influence 

decisions in emergency response.  As stated earlier, the area of focus will be on the 

outputs from HAZUS-MH.  Alternatively, the focus could address features in the 

HAZUS inventory data sets or the summary reports.  The summary reports though are 

just too general and generic for information needs within a specific emergency support 

function like mass care.  The inventory databases are just data stores for applications in 
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the scientific model that produce loss estimate outputs.  The HAZUS-MH outputs though 

indirectly incorporate inventory database information. 

4.1.2 Phase I 

The research question, what is relevant emergency response information, depends in 

general on several factors.  These factors are: type of event (earthquake), scale 

(catastrophic), time-frame (first 1 to 2 days), and the emergency support function (mass 

care).  This information describes basic scenario parameters used in the NMSZ National 

Disaster Planning Initiative, a federally funded project managed by FEMA and the US 

Army Corps of Engineers (FEMA News Release 2008, FEMA Fact Sheet 2009).  

General loss estimations produced through computer, HAZUS-MH applied simulation in 

text, tabular, and map formats are used in this research from base-maps and improved 

data sets collected for the initiative. 

The functional area expertise needed for this research is in the field of national and 

regional response to a catastrophic earthquake event; the expertise requires a select group 

of individuals with experience in mass care mission analysis as part of a larger national 

response effort.  The catastrophic nature requires response experts having experience in 

multi-jurisdictional and multi-state coordination.  The disaster assessment time factor 

also emphasizes the need for response experiences as opposed to experiences strictly in 

planning and exercises.  Finally, because of the national response emphasis on caring for 

victims and impacted populations, the expertise in larger scale sheltering decisions is 

necessary. 

Within this tightly defined mission area, the immediate consideration is the Mass 

Care Unit of the Mitigation Division at FEMA Headquarters.  With substantial 
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responsibilities in operational mission analysis in a disaster event, the expertise is well 

suited for this research.  Upon closer inspection of the office‘s general job qualifications, 

the position also included abilities to perform, supervise, or manage federal emergency 

management activities in support of mass care.  The work required analytical ability, 

judgment, discretion, and knowledge of a substantial body of FEMA‘s program and 

mission principles, concepts, policies, and objectives.  The level of experience to qualify 

for this position varied, but in general included direct experience in mass care, 

evacuations, logistics, information technology in emergency management, and recovery 

and aid services to the public.  In addition to staff in the Mass Care Unit at FEMA 

headquarters, other FEMA employees were included from subordinate organizations at 

the FEMA Regional Offices throughout the country.  This expanded group included 

members that exceeded minimum qualifications for working in the Mass Care Unit.  

Potential panel members considered but not selected were previous employees of the 

Mass Care Unit.  Due to potentially degraded expertise from unfamiliarity with current 

operations and the infeasible verification process needed to evaluate acceptable 

qualification, they were not included. 

Most of the current Mass Care Unit‘s staff has previous experience working for or in 

the American Red Cross—the next candidate organization for consideration in forming 

the expert panel.  Given the ARC mission primarily focuses on mass care, some 

specialization is realized in headquarters office.  In this case, the operations section 

responsible for disaster assessments is the primary candidate for members. Adding these 

individuals to the FEMA personnel under consideration, the full population was about 

fifty mass care emergency management experts.  Based on findings regarding the initial 
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actions and mission of ARC, the common operating picture considerations were 

sufficiently different to exclude them from the expert population.  Further findings within 

the FEMA mass care pool of expertise, reduced the potential population size to about 

twenty-five members.  Therefore the research panel consisted of seven members for 

phase one and ten members for phase two.  This constitutes DI-9 from Figure 3-3. 

The fifty-four outputs of HAZUS-MH earthquake module present considerable 

complexity for determining group consensus.  In a paired comparison analysis this would 

require one thousand, four hundred thirty-one pairings to individually choose preferences 

(fifty-four taken two at a time).  Reducing the analysis to fifteen variables, only one 

hundred five combinations are needed. Also in deciding to use a subjective screening to 

reduce the number of variables (the HAZUS-MH information factors), the research 

makes an assumption that the strongest agreement occurs at the extremes of the experts‘ 

collective preferences.  Therefore the most relevant and least relevant HAZUS 

information factors should be easily identified; the distinctions for factors in the middle 

are considerably more difficult to obtain.  The research focus on the most relevant 

information factors relies on this assumption and considers that both a highly analytical 

method and a highly subjective method would offer equal results.  This assumption 

would not support a complete rank correlation and hierarchy determination of all fifty-

four HAZUS information factors, but this is outside the scope of the research.  Thus the 

phase one results, unquestionably the most subjective part of this research project, used a 

simple screening exercise with the expert panel. 

Moving from phase one to phase two, the analysis changes from a more subjective 

analysis of all HAZUS variables to a more objective analysis of select, largely reduced 
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number of variables.  The Mid-America Earthquake Center‘s NMSZ Disaster Planning 

Initiative (NDPI) report on NMSZ does not include all fifty-four information factors from 

HAZUS to describe the disaster impact, and in fact the report only uses about fifteen 

along with some other loss estimates not included in HAZUS.  Therefore this screening 

asked each expert to select fifteen factors for further study.  The expectation was for 

selected information factors for phase two would at least be selected by a majority of 

expert panel members. 

4.1.3 Phase II 

 In phase two, the stakeholder preference method is applied to the research 

problem.  Analysis focused on quantitatively analyzing each expert response for presence 

of randomness.  Secondary analysis measured the agreement and concordance of the 

expert panel responses.  The combined group preference was analyzed for significance of 

agreement.  The concluding analysis reviewed the Thurstone model results to draw 

conclusions regarding information hierarchy and its significance.   

The phase one screening results of HAZUS information factors established the 

basis of phase two.  The reduced number of HAZUS-MH information factors was 

presented to the expert panel members individually in a paired comparison exercise.  To 

reduce potential bias from ordering the screened information factors, the information 

factors for phase two were randomly ordered and subsequently numbered. With some 

general instructions on the mechanics of paired comparison studies, the exercise applied 

the established situational context and loss estimations provided by the NDPI reports. 

The reports provided baseline detail and map-based presentations of loss estimates to 
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establish specific context for preference choices. This constitutes data item four (DI-4).  

The experts were asked to answer questions covering all paired combinations.   

The right method of data collection for the expert elicitation depended on the 

research objectives and information considerations.  To do this the research considered 

applying a Delphi method as well as this stakeholder paired comparison method.  In 

selecting the stakeholder paired comparison method, the research specifically wanted to 

prevent introduction of biases, in particular group-think, inherent in a Delphi approach.  

Coincidentally, a Delphi approach very quickly was identified as not feasible considering 

the organizationally dispersed mass care experts within FEMA.  The population of 

twenty-five experts is geographically separated into thirteen locations throughout the U.S.  

To facilitate data collection from thirteen different locations and accommodate the 

highly dynamic schedules, the exercise used an internet-based survey tool to record and 

track responses.  Results were statistically tested for randomness and consistency on an 

individual basis; responses that showed evidence of randomness were removed.  For 

those responses that passed the test for non-randomness, an aggregation into a single 

group result was performed.  The group result was then checked for agreement and 

consistency; this data item is recorded as DI-8.  All responses were manually compiled 

into Unibalance to take advantage of its calculating and simulation power to solve the 

equations and model preferences. Research findings and conclusions are based on phase 

two results. 
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4.2 Data Collection Procedures 

Using data from the literature review process, the research‘s situational context was 

first established for the expert panel.  This constitutes data item one (DI-1) from Figure 3-

3.  Scenario descriptions and estimations of loss are already determined by the FEMA 

initiative efforts. The scenario describes boundary conditions for the expert panel in their 

responses.  The important baseline data objectives were established in the literature 

review: establishing the essential scenario and highlighting expertise required for the 

panel membership. 

The first phase focused on screening the most relevant HAZUS-MH information 

factors from the total collection of output factors; this is data item two (DI-2) and is 

shown in Figure 2-3.  Using the baseline HAZUS-MH scenario, expert panel members 

were asked to select the fifteen most useful and relevant information factors.  Depending 

on these results, a smaller group of HAZUS output modules emerge to become the 

central focus of phase two.  The HAZUS-MH information factors with the highest tally 

counts will be identified for the phase two data collection and analysis; this constitutes 

data item three (DI-3) from Figure 3-3.  Data collection is facilitated by an internet-based 

survey tool made available to the selected expert panel members.  Prior to launching the 

phase one data collection exercise, a pilot group will review and comment on exercise 

format and content.  Also leading to phase one activities and after the pilot study, the 

Institutional Review Board will conduct an ethical and legal review to ensure compliance 

with Federal statutes on conducting human research. 

The second phase required each expert to indicate information preference on the 

selected phase one HAZUS-MH information factors. In this, each expert performed 
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paired comparisons in all possible combinations of paired variables; each of the responses 

collectively comprise data item five (DI-5). The resulting preferences were screened 

individually for randomness; the statistical measurements are noted as data item six (DI-

6). The remaining non-random preferences and then collectively combined into a rank-

order hierarchy; these are identified at data item seven (DI-7).  The resulting group 

hierarchy was analyzed for agreement and concordance using a test of significance at a 5 

percent level; this is data item eight (DI-8).  The combined rank supported with 

measurements of agreement present the foundation for conclusions on information 

hierarchy and relevance within a framework of a common operating picture.   

To prevent potential bias from phase one on phase two, the experts from phase one 

were not included in phase two.  To confirm this separation of participation in both phase 

one and phase two, the research relied on the reporting features that were part of the wed-

based exercise tool.  In this tool, each response for both phase one and phase two is 

automatically tagged with its unique internet protocol (IP) address.  If an IP address 

occurred more than once, this would be an indication of a double response and was 

flagged for removal from study.  

Similar to procedures in phase one, phase two employed a pilot study to refine and 

adjust the data collection exercise for clarity and understanding.  The exercise, primarily 

made up of paired comparison questions, included example information factors in map 

format.  The map examples were designed to support context description for the 

preference elicitation. Upon successful completion of the pilot study, the resulting 

exercise data collection tool was submitted for review and approval in the Institutional 

Review Board process.  Once approved, the phase two data collection exercise was 
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launched again using the internet-based survey tool opened only to the selected expert 

panel members. 

Calibrating the expert preferences was limited to exercise instructions, the scenario 

context, and the scenario-based loss estimations.  This was necessary to ensure the 

decision constraints of timing, of size of disaster, and of initial assessment scope, were 

well understood as these were critical criteria pointed out in referenced literature.  

Theoretically, validation was not feasible without the occurrence of actual catastrophic 

earthquake.  

4.3 Analysis Procedures 

Analysis first supported the selection of the expert panel based on literature review of 

the desired expertise.  With consideration of the research question and objectives, the 

panel was selected based on conventional wisdom as is evidenced in the literature.  

Employment qualifications for the selected group supported and confirmed the literature 

analysis.  Literature review also supported the scenario-based approach and scenario 

selection specific to the research question.   

Phase one analysis involved a qualitative approach in subjective selection of 

information factors from the full range of HAZUS-MH outputs.  Given the full selection 

of all fifty-four HAZUS-MH information factors, panel members selected their most 

relevant fifteen information factors.  The survey tool constrained responses to exactly 

fifteen selections.  A tally for each information factor was the main consideration for 

analysis.  Information factors with the highest tally counts were grouped into those 

selected or not selected for phase two. 
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The second phase involved paired comparisons of information factors to establish 

group preferences.  Using methods from stakeholder preference methodology to analyze 

responses for randomness and agreement provided the basis of this research.  Also the 

application of discrete choice analysis methodology has some influence on the approach 

because of the discrete choices of HAZUS-MH output options.  The departure from these 

methods in the first case of stakeholder preference is that this research will not be 

investigating subjective probabilities typically found in choice analysis.  The exploratory 

nature of this research, the small expert population, and the concentration on information 

relevance obviated the need for establishing a probability model for a HAZUS-MH 

information factor hierarchy.  In discrete choice methods, modeling the choice process 

and making inferences from the choice model are also outside the scope of the research 

objectives.  For these considerations, future studies may benefit in the pursuit of that type 

of information. 

Each response was analyzed for randomness using a nonparametric, χ2 method with 

measurement of circular triads; statistically determined random responses were 

eliminated.  Remaining, non-random responses were combined into an overall hierarchy; 

statistical analysis, focusing on coefficients of agreement and concordance, quantified the 

level of group agreement and randomness.  The combined, group ranking with statistical 

measurements of agreement was analyzed at a ten percent confidence level.  The group 

preferences were then applied to the Thurstone C model to produce a score for each 

information factor and determine the upper and lower confidence bounds based on a 

sixty-five percent confidence level.  The lower confidence level takes into account the 

additional uncertainty due to only ten members on the expert opinion panel.  The 
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application of Thurstone model is described in the following section.  Figure 4-3 

describes the data collection procedures in a data collection trace matrix. 

Data collection 
method 

Research Structure 

Expert selection and 
scenario specifics 

Phase 1 Phase 2 

Review X   

Simulation X  X 

Pilot Study  X X 

Expert Elicitation  X X 

Qualitative Analysis  X X 

Quantitative 
Analysis 

 X X 

Figure 4-3. Data Collection Trace Matrix 

4.4  Statistical Analysis 

The first statistical analysis of phase one involved sample size determination for the 

subjective screening of HAZUS information factors.  Considering the sample size 

determination guidance from Norman and Streiner in equation 2.1, the research has to 

make distribution assumptions about alpha, beta, standard deviation and mean values.  

Based on much commonality in the literature about disaster assessment within mass care 

emergency management, it would be safe to assume that the standard deviation would be 

small relative to mean distances.  Approximations applied to equation 2.1, supported 

sample size calculations on the order of six to ten experts.  Considering the need to 

separate phase one and phase two experts to reduce bias and dependence conditions and 

the small expert population size, the expert sample size for phase one was set at seven.   
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Further statistical analysis of phase one involved comparing respondent tallies for 

each HAZUS-MH information factor.  Depending on the results, all information factors 

with universal preference (perfect tally count) were selected, and factors with zero tally 

counts were eliminated.  Before the data collection effort began, it was expected that 

information factors chosen for phase two would have a majority tallies; how strong a 

majority depended on finding a natural break point under the threshold of fifteen 

information factors. 

The statistical analysis becomes more complex in the paired comparison analysis in 

phase two.  The first statistical analysis of phase two again involves sample size 

determination.  Based on literature review on psychological scaling the minimum sample 

size recommended by Cooke for this type of analysis to be valid is ten experts.  

Considering the sample size determination guidance from Norman and Streiner in 

equation 2.1, the research has to again make distribution assumptions about alpha, beta, 

standard deviation and mean values.  The literature supports an assumption about a small 

standard deviation relative to separation of means.  Approximations applied to equation 

2.1, would support sample size calculations on the order of ten or less.  Because the 

psychological scaling sample size was more restrictive, the sample size minimum of ten 

experts was used. 

Analysis continued in phase two involving hypothesis tests that each expert answered 

randomly.  The first hypothesis, H1, stated that the expert answers indicated as 

preferences are random.  The test for this hypothesis relies on a single tailed hypothesis 

test that is approximately χ2 distribution with consideration for degrees of freedom.  The 
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basis of analysis involved establishing a number of circular triads in each expert‘s 

preference.  Using the following definitions: 

1. c is the number of circular triads in a comparison of n information factors 

2. r is the number of experts 

3. n is the number of information factors 

4. Ne(i) is the number of times that expert e prefers one information factor to 

another information factor given the collected expert data Ne(1), …, Ne(n) 

5. c(r) is the number of circular triads in expert r‘s preferences 
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Given the number of circular triads, the response was tested for the presence of 

randomness.  With more the seven information factors the randomness test is determined 

by incorporating the following defined terms: 

1. ν is the degrees of freedom 

2. χ2 is the measure of significance used in determining randomness 
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The second hypothesis, H2, stated that the agreement among the panel of experts was 

due to chance.  The test for this hypothesis relies on the coefficient of agreement and the 

coefficient of concordance.  Using the same definitions above with the following: 
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N(i,j) is the number of times information factor ai was preferred to information 

factor aj 

1

22

2
),(

2
1 ,1

nr

jiN

u

n

i

n

ijj

       (4.4) 

Where u is the coefficient of agreement and attains a maximum value of 1 for complete 

agreement. 

The final statistical analysis for agreement of experts is the coefficient of concordance.  

Again using definitions from above with the following additional definition: 

R(i,e) denotes the rank of a specific information factor obtained from expert r‘s 

responses. 
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Where w is the coefficient of concordance and attains a maximum value of 1 for 

complete agreement. 

The model used to support the analysis of group consensus was chosen to be the 

Thurstone C model.  Many of the studies referenced in the literature review actually 

apply several of the psychological scaling model is comparison between model results.  

For the purposes of this research and considering its exploratory approach, the intent is to 

not overly complicate the results of the expert elicitation study.  Also in initiating the 

research, the expectation of group consensus contributing to an overall information 
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hierarchy did not have empirical evidence for support, again exploratory.  Finally in 

considering utility, the relevance values of each HAZUS-MH information factor were 

assumed to be essentially uniform considering the phase one screening process forwarded 

only information factors from the highest level of relevance.     

Applying the results of phase two to the Thurstone model assumes that the 

comparison of HAZUS information factors samples two normal random variables of 

relevance value, Vi and Vj with means µi and µj and standard deviations σi and σj.  Cooke 

shows the variable Vij is the difference of Vi and Vj and is normal with mean mij and 

standard deviation sij and that: 

jiij           (4.7) 

)2( 22
jiijjiij         (4.8) 

where ρij is the correlation between Vi and Vj (Cooke  1991, 214-215).  Cooke continues 

the solution using Ф to denote the cumulative standard normal distribution function and 

Ф-1 to represent the inverse.  The derivation of Thurstone‘s law of comparative 

judgments is thus (Cooke 1991, 215):  

ijjiijijij /)(/~))(%(1       (4.9) 

In the Thurstone C model the main assumption is that the variance of σij does not 

depend on i and j (Cooke 2008, 5).  Thus Thurstone‘s law becomes: 

))(%(1 ijji          (4.10) 

The confidence intervals for the Thurstone model are produced from simulations.  

The model solution procedure is described in four steps: 

1. Thurstone solution using expert data yields values for the model parameter mi, 
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2. Expert responses are simulated by sampling distributions with the model 

parameter values from step 1, 

3. Model is solved again using expert preference data from step 2 and initial 

reference values, 

4. Steps 2 and 3 are repeated 500 times at a specified confidence band 

(Macutkiewicz and Cooke 2006, 11-14, Cooke 2008, 6). 

The computer program, Unibalance, developed by the Delft Technical University 

performed these descriptive and inferential statistical tests and determined the 

coefficients and p-values.  Each information factor, each expert, and each paired 

preference is loaded manually. Per expert, preferences are stored as matrices; each 

comparison is presented either numerically or symbolically and counted.  The 

information factors are numbered for representation in the matrices.  The Unibalance 

program also indicates, per expert, information factors subject to circular triads and 

identifies inconsistency.



 85 

 

Chapter 5 – Analysis and Findings 
 

Based on scenario development in 2008 by the National Disaster Planning Initiative 

managed by FEMA, the Institute of Crisis Disaster and Risk Management received 

HAZUS-MH NMSZ loss estimation files with updates continuing into early 2009.  After 

successful research proposal development, several meetings took place between 

September 16 and October 25, 2009 to solicit FEMA Mass Care Unit and Headquarters 

American Red Cross participation in this study.  The expert elicitation process began with 

the phase one data collection exercise on October 15 and concluded December 21, 2009 

with the final response to phase two exercise.  The analysis and findings of phase one and 

phase two are presented sections 5.1 and 5.2. The research hypothesis testing is presented 

in section 5.3, and additional results are described in section 5.4. 

5.1 Qualitative (Phase I) Results 

Initial data gathering includes literature review and observations.  The literature 

review focused on emergency management, emergency response and scientific models.  

Within the emergency response literature, mass care and emergency shelter management 

areas were focus points for previous studies.  Regarding scientific models, this research 

reviewed HAZUS-MH related literature on usage and application.   

The first part of phase one involves selecting organizations with right perspective and 

influence for coordinating regional to national mass care emergency response.  The 

literature supported the selection of both the Mass Care Unit at FEMA Headquarters, and 

the Disaster Assessment and GIS Operations Office within operations division at the 
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American Red Cross Headquarters.  Contact with the Mass Care Unit garnered support 

and voluntary participation of staff.   The ARC‘s Disaster Assessment and GIS 

Operations office provided input for the research regarding the expertise needed.  In 

meetings on October 14 & 25, 2009 (Saeger 2009 and Tune 2009), the following results 

emerged from those discussions: 

 Given the NMSZ scenario and response actions in the first 48 hours, the 

ARC headquarters focuses on immediate local chapter and logistic system 

activations.  The response begins immediately with locally oriented 

actions based on pre-established activation steps. 

 The disaster assessment used to integrate outside resources with the local 

chapters begins immediately.  Field reports, essential to completing the 

assessment, provide details of disaster generated response requirements. 

 Coordination of regional and national response and integration with other 

emergency support functions is expected from FEMA and specifically 

from the National and Regional Response Coordination Centers.  

Because the ARC‘s mission imperatives, response time phasing, and locally-focused 

integration activities do not parallel the earliest response objectives by FEMA, the 

research direction resulted in a separation and distinction in the relevant expert 

population.  As a result, the expert opinion panel members were amended to include only 

the FEMA Mass Care Unit office staff.   

The research question searching for the most relevant information in emergency 

response required a two-phase approach.  In the first phase, the literature strongly pointed 

to sequence, event, magnitude, and specific emergency response function as important 
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relevance factors.  Other research applications and studies emphasized the utility of 

scenario–based expert elicitation.  Using the National Disaster Planning Initiative for 

NMSZ, loss estimation calculations by HAZUS-MH provided the essentials for 

establishing a scenario context for this research.  The resulting scenario was a 

culmination and consensus of scientific experts, Federal and State geologists, working in 

partnership with policy and operations experts in Federal and State emergency 

management agencies. Full national/regional simulation results were presented to the 

panel in the paired comparison experiment.  Based on pilot study feedback, the national 

and regional scenario was too broad in scale to present in representative map formats, so 

western Tennessee was chosen for the map examples of specific loss information outputs.  

The following is a loss-estimation summary for the paired comparison exercise: 

―An earthquake occurs in the Central United States, and the USGS identifies the 
source as the New Madrid Seismic Zone. Regional Response Coordination Centers for 
FEMA Regions IV, V, VI and VII are in the process of making preliminary assessments 
of the earthquake impact. At the National level, the Mass Care Unit is processing 
information for the initial response operations plan. Rough, early estimates on the 
damage and impact of the earthquake are needed; the FEMA Mapping and Analysis 
Center with information from USGS has completed initial runs with HAZUS to make 
available several estimates.‖ 
 
Loss estimation summary: 

• Magnitude, Mw = 7.7 occurring on February 7 at 2:00am 
• Aftershocks approximately magnitude 6, ~Mw 6, are likely in the days and weeks 

after the main shock 
• People in the hundreds of thousands will seek shelter and will require over 1,000 

truckloads of commodities (water, ice, MREs) 
• Households without potable water service and electric power will be over 1 

million 
• Injuries in the tens of thousands and deaths in the thousands are expected 
• Buildings and bridges are especially impacted. 
 
Expert selection of HAZUS-MH information factors identified in Figure 2-3 utilized 

this scenario information through a web-based exercise. The simple screening process 
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was compiled from responses of seven experts from the FEMA Mass Care Unit and 

regional offices.  Overall there was complete agreement on inclusion and exclusion of 

almost 30 percent of the information factors.  Two of the information factors regarding 

HAZUS estimates of displaced households and households seeking temporary shelter 

were universally accepted as relevant.  Of the total fifty-four information factors provided 

by HAZUS-MH, only eleven of these received a majority of tallies.  This result supports 

the initial assumption that fifteen choices would capture all the relevant information 

choices and determined by expert opinion.  The information factors selected as a result of 

the phase one exercise are shown in Figure 5-1. 

 
Figure 5-1. Phase I HAZUS Screening Results 

Considering the mass care emergency response mission, the selected HAZUS 

information factors along with their corresponding tallies support general mass care 
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concepts.  First and obviously important are shelter estimates critical to coordinating the 

sheltering imperative of the first 48 hours.  Damage estimates on the drinking water and 

electric power systems should also be considered obvious due to direct effects the loss of 

these systems would have on people‘s decisions to seek shelter.  Health care facilities and 

schools being important shelter assets were expected choices. The rest also have mostly 

direct shelter relevancy considering the issues they address. The choice of highway 

systems is certainly relevant to evacuation and commodity movement.  Casualties, 

liquefaction, and earthquake strength averaged by census track all give a general 

impression of disaster scope and boundary.  

As noted in the research methodology, the screened HAZUS-MH information factors 

were randomly ordered and subsequently number as follows: 

1. Estimated Casualties 

2. Wastewater Systems 

3. Electrical Power Facilities 

4. Schools 

5. People needing Temp Shelter 

6. Hospitals 

7. Soil Liquefaction Areas 

8. Drinking Water System 

9. Highway System 

10. Displaced Households 

11. Earthquake Strength. 

 

In Figure 5-2, the screening results are highlighted in bold against the comprehensive 

HAZUS information factor list previously shown in Figure 2-3. From Figure 5-2, it‘s 

worth noting that of the four earthquake loss estimation modules, only the induced 
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physical damage module was not selected by the mass care experts.  Following the 

screening process, the paired comparison method will be used by each expert to rank the 

selected HAZUS-MH output modules. 
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Potential earth science hazards 
Ground motion/site effects outputs Census tract ground shaking 

PGA contour maps 
Spectral contour maps 

Ground deformation output Liquefaction 
Landsliding 
Surface fault rupture 

Direct physical damage 
Direct physical damage outputs – general building stock Model building type 

General building type 
Specific occupancy class 
General occupancy class 

Direct physical damage outputs – essential facilities Health care facilities 
Police stations 
Fire stations 
EOC 
Schools 

Direct physical damage outputs – high potential loss facilities Dams 
Nuclear facilities 
Military facilities 

Lifelines 
Direct physical damage outputs – transportation systems Highway systems 

Railway systems 
Light Rail 
Bus 
Ferry 
Port 
Airport 

Direct physical damage outputs – utility systems Potable water 

Waste water 
Natural gas 
Oil pipeline: Crude and refined 
Communication 
Electric Power 

Induced physical damage 
Induced physical damage outputs – inundation Tsunami 

Seiche 
Dam failure 
Levee failure 

Induced physical damage – hazardous material release Hazardous materials facilities 
Induced physical damage module outputs – fire following 
earthquake 

Ignition 
Burned area 

Induced physical damage module outputs – debris Brick, wood & others 
Reinforced concrete & steel 

Economic and social losses 
Direct economic and social losses module outputs – shelter Displaced households 

Temporary shelter 
Direct economic and social losses module outputs – casualties Casualties 
Direct economic and social losses module outputs – direct 
economic loss – buildings 

Repair and replacement costs 
Contents damage 
Business inventory damage 
Relocation costs 
Capital-related income loss 
Wage loss 
Rental loss 

Direct economic and social losses module outputs – direct 
economic loss – lifelines 

Repair and replacement costs 

Indirect economic impacts module outputs Economic output 
Employment 
Income 

Figure 5-2. Comprehensive HAZUS Factors with Selected in Bold  
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The total response tally for phase one screening is shown in Figure 5-3.  Given a 

discrete number of HAZUS-MH information factors, the trend on the tallies gives the 

impression of an exponential decay function where the tallies quickly drop off in number 

but draw out into a long tail.  Expecting at least a majority was the logical selection 

criteria for the initial research planning stage.  Including the next four HAZUS 

information factors with three out of seven tallies would have met the fifteen or less 

criteria threshold, but would have created a majority inconsistency if included. 

 

Figure 5-3. HAZUS Screening Tallies 

Another result from phase one is a side-by-side comparison of the phase one 

screening results with HAZUS-MH‘s existing earthquake summary reports.  In the results 
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menu, any of the phase one screening choices could be produced in various formats; 

however manipulating the HAZUS-MH application to generate these selections would 

require GIS and specifically HAZUS-MH user skills.  Within the results menu are several 

summary reports that offer various combinations of information factors depending on 

user intent.  Shown in the first column of Table 5-1, there are several choices to select 

from the summary reports submenu.  Across the top of Table 5-1 are each of the phase 

one screening result information factors.  The information format here is only offered in 

tabular or narrative format; map figures are not available within this submenu.   

Table 5-1 Screening Results versus HAZUS Reports‘ Contents 
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Inventory Reports            

Building Reports    X  X      

Utility Lifelines Report  X      X X   

Induced Damage Reports            

Social Losses Reports X    X     X  

Global Summary Report * * * * * * * * * * * 

Quick Summary Reports *    *     * * 

* study region total only 

The Inventory Reports and the Induced Damage Reports do not contain loss estimates 

that were selected in the phase one study.  The Building Reports section offers one report 
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each for schools and hospitals that gives ranges of damages on a per-county basis.  In the 

same way, the Utility Lifelines Reports offers individual reports on wastewater, drinking 

water and highway systems (electrical power systems are currently not included in this 

submenu choice, but may be added in later releases).  The indicated information factors 

noted for the Social Losses Reports are available in two report options that offer 

estimates on a per-county basis.  The Global Summary Report and the Quick Summary 

Reports are both included in the submenu titled, ―Other.‖  The Global Summary Report 

contains all eleven selected information factors imbedded in a comprehensive report of 

about thirty pages.  Some detail at the county and census tract is lost, though due to full 

study region aggregation of information.  The Quick Summary Reports are constrained to 

single pages, but similar to the Global Summary Report, the information is offered only 

as totals for the entire region. 

5.2 Quantitative (Phase II) Results 

The eleven HAZUS-MH information factors selected in phase one and shown in 

Figure 5-1 became the basis of the phase two exercise.  The second exercise using paired-

comparison methods in expert elicitation also relies on establishing a decision context 

similar to phase one screening. There were thirteen responses that resulted from the phase 

two exercise.  The exercise, however, revealed that two of the responses were from 

participants in phase one; these were removed.  Two other responses occurred from the 

same computer IP address within a time interval of about twenty minutes.  The research 

due to privacy and ethical constraints does not identify the respondent for follow-up.  In 

this case, the research makes the assumption that the expert panelist intended to correct 

the first response with the second response.  It also seemed logical that the second 
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response was a correction to the first response; 20 minutes was too short in duration to 

complete the paired comparison exercise.  Given this situation and assumption, the 

research removed the first response and included the second. The following summary 

table in Table 5-2 presents the response results for each of the ten retained experts 

including the circular triads and the choice preferences for each HAZUS information 

factor.  The last row indicates totals for in information factor. 

Table 5-2 Matrix of Expert Preferences with Circular Triads  
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E1 0 0 1 10 8 7 3 5 4 9 6 2 

E2 0 5 4 3 6 10 8 1 7 2 9 0 

E3 0 1 4 7 8 10 8 1 7 2 9 0 

E4 3 0 5 6 3 10 1 7 7 2 9 5 

E5 0 0 7 6 5 10 3 4 8 2 9 1 

E6 0 0 9 8 3 10 4 5 6 1 7 2 

E7 0 10 2 4 6 7 9 0 5 3 8 1 

E8 4 1 4 6 9 8 2 7 6 3 9 0 

E9 8 4 4 5 8 7 2 0 9 8 7 1 

E10 0 3 2 8 8 10 5 1 8 9 4 0 

Total 15 24 39 63 64 89 45 31 67 41 77 12 
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With the paired comparisons from phase two, each expert may have a resulting 

ranking of HAZUS-MH information factors.  A ranking is not possible with the presence 

of any circular triads.  The rankings by each expert shown in Table 5-3 used the numbers 

associated with each information factor identified in Table 5-2. 

Table 5-3 Expert Rankings, Circular Triads, and Inconsistency 

Expert Information Factor Rankings 
Circular 

Triads 
Inconsistency 

E1 3, 9, 4, 5, 10, 7, 8, 6, 11, 2, 1 0 None 

E2 5, 10, 6, 8, 4, 1, 2, 3, 9, 7, 11 0 None 

E3 5, 6, 4, 3, 8, 9, 2, 7, 10, 1, 11 0 None 

E4 (not available) 3 [7,2,11] [7,3,11] [7,8,11] 

E5 5, 10, 8, 2, 3, 4, 7, 6, 9, 11, 1 0 None 

E6 5, 2, 3, 10, 8, 7, 6, 4, 11, 9, 1 0 None 

E7 1, 6, 10, 5, 4, 8, 3, 9, 2, 11, 7 0 None 

E8 (not available) 4 [5,3,7] [3,7,8] [4,5,10] [7,5,10] 

E9 (not available) 8 [1,2,3] [2,3,10] [4,3,10] [5,3,10] 

[8,4,9] [4,9,10] [8,5,9] [5,9,10] 

E10 5, 9, 4, 8, 3, 6, 10, 1, 2, 7, 11 0 None 

 

5.3 Testing of Hypotheses 

The statistical analysis as presented in section 4.3 of Chapter 4 requires the 

calculation of a couple factors.  Given the results of phase one identifying eleven 

information factors the degrees of freedom from equation (4.2) are calculated as: 
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and the circular triad combination count is: 
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Therefore, using eleven factors and 21 degrees of freedom and a 0.05 level of 

significance per Kendall‘s appendix table 8 (1962, 191), if there are less than about thirty 

circular triads, the hypothesis (H1) will be rejected (see section 3.2 and Figure 3-3 for 

hypothesis descriptions). With the results in Table 5-2 we can test each expert‘s response.  

The randomness test for each expert‘s opinion is shown in Table 5-4. 

Table 5-4 Randomness Test Results on Each Expert in Phase II 

Expert Circular Triads χ2 Kendall‘s 
χ2 

Reject? 

E1 0 67.91 32.67 No 

E3 0 67.91 32.67 No 

E4 0 67.91 32.67 No 

E6 3 64.49 32.67 No 

E7 0 67.91 32.67 No 

E8 0 67.91 32.67 No 

E9 0 67.91 32.67 No 

E10 4 63.34 32.67 No 

E11 8 58.77 32.67 No 

E10 0 67.91 32.67 No 

 

On an individual basis, none of the experts scored a χ2 test result below the minimum 

identified by Kendall‘s χ2.  Therefore the evidence does not support the hypothesis saying 
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the experts answered randomly.  It is evident as well that the experts have varying 

degrees of consistency due to some having circular triads.   

The second hypothesis, H2, states that the agreement among the panel of experts is 

due to chance.  The test for this hypothesis relies on the coefficient of agreement and the 

coefficient of concordance previously defined in equations (4.4) and (4.6) respectively.  

Using Unibalance to perform these operations, the results are shown in Table 5-5.  

Table 5-5 Measures of Expert Group Agreement 

Coeff. of Agreement Coeff. of Concordance p-value (random data) 

0.2897 0.4531 0.0000 

 

The coefficient of agreement has possible values ranging from -0.0909 to 1.  The test 

result of 0.2897 does indicate some agreement among the experts though it would seem 

relatively week.  The coefficient of concordance has possible values ranging from 0 to 1.  

Again the test result of 0.4531 indicates agreement is significant.  The p-value also 

indicates a significant non-random response collectively by the expert panelists.  Based 

on the results presented in Table 5-5, the research rejects the hypothesis that the group 

preference occurred randomly. 

5.4 Thurstone C Model Results 

Referring back to the research goals, the objectives are to evaluate and prioritize 

HAZUS-MH outputs and to bridge HAZUS-MH outputs with emergency response 

information needs.  With the phase one results leading to the phase two results, the 

ranking of HAZUS-MH information factors now makes possible the analysis of an 

information hierarchy.  In Table 5-6 the results show preference choice totals for each 
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paired comparison, the number of times selected in phase one‘s screening of the full fifty-

four information factors and finally a ranking based on the paired comparison study.   

Table 5-6 Indications of Information Hierarchy 

Disaster Assessment  

HAZUS Information Factor 

Times chosen in 
paired 

comparison 
(max 110) 

Times chosen in 
full screening 

(max 7) 

Rank 

(5) People needing Temporary Shelter 89 7 1 

(10) Displaced Households 77 7 2 

(8) Potable (Drinking) Water System  67 6 3 

(4) Schools 64 4 4 

(3) Electrical Power Facilities 63 5 5 

(6) Hospitals 45 5 6 

(9) Highway Systems 41 5 7 

(2) Wastewater Systems 39 5 8 

(7) Soil Liquefaction 31 4 9 

(1) Estimated Casualties 24 6 10 

(11) Earthquake Strength by census 
tract 

12 4 11 

 

There seem to be breaks noted between first and second, fifth and sixth, and tenth and 

eleventh.  Using the Unibalance computer program to solve the Thurstone C model 

further adds to the analysis.  The results produced scores for each information factor 

along with upper and lower confidence intervals at a sixty-five percent confidence level.  

The Unibalance program results are provided in Table 5-7.  
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Table 5-7 Information Factor Scores with 65% Confidence Interval 

Disaster Assessment  

HAZUS Information Factor Lower conf. Utility score Upper conf. 

(5) People Needing Temporary Shelter 0.7533 1.130881 1.3489 

(10) Displaced Households 0.1488 0.552878 0.817 

(8) Potable (Drinking) Water System  0.0893 0.40069 0.8420 

(4) Schools -0.0058 0.384472 0.7337 

(3) Electrical Power Facilities -0.0332 0.319503 0.6402 

(6) Hospitals -0.4721 -0.089522 0.2199 

(9) Highway Systems -0.4780 -0.164185 0.1999 

(2) Wastewater Systems -0.7260 -0.230331 0.1324 

(7) Soil Liquefaction -0.8233 -0.473738 -0.1107 

(1) Estimated Casualties -1.1321 -0.718666 -0.3633 

(11) Earthquake Strength by Census 
Tract 

-1.3462 -1.111981 -0.7586 

 

A graphical representation of Table 5-7 is shown in Figure 5-4 with the information 

factor scores and sixty-five percent confidence points.  Bands are added connecting the 

points to support visual inspection and comparison. 
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Figure 5-4. Phase II Results at a 65% confidence interval 

Unibalance estimates confidence intervals through simulations drawn from the expert 

preferences and the corresponding distribution characteristics.  These results are 

produced by programming Unibalance to run five hundred simulations.  Because these 

are estimated confidence intervals based on simulation, subsequent simulations produce 

slightly different confidence intervals even keeping the model parameters constant. 
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Chapter 6 – Conclusions and Recommendations 
 

To bridge emergency response needs with available scientific model outputs, this 

research created a straightforward methodology based on a mental construct of the 

common operating picture.  Beginning with a policy imperative of focusing on the 

immediate needs of people, the research reviewed findings from the IFRC workshop on 

information needs in emergency response. Situational context emerged as a critical 

consideration and this led to a concentration on catastrophic earthquake response.  

Literature further refined the problem by highlighting boundaries between the known and 

the knowable areas in earthquake response. Here it defined the research problem by 

identifying a knowledge gap at the catastrophic level of disasters.  Though much is 

available for relatively small disaster responses, there is sparse research on truly 

catastrophic disasters—with just one notable exception, Hurricane Katrina.  Literature 

cautions against inferences between small to large disasters; the related increase in 

response effort is perceived to be non-linear.  The final research limit emphasized the 

need to consider the initial time stage.  The initial time stage is highly dynamic and 

fraught with much uncertainty; catastrophic events are characterized by hindered or 

disrupted information flow.     

Scientific models as a research subject offer relatively well-established quantitative 

analysis techniques useful in learning more about deterministic tools.  However, bridging 

this to emergency response information needs in a catastrophic earthquake is fraught with 

uncertainly and complexity due to highly dynamic decision situations.  Exploratory 

research in this field benefits from expert opinion elicitation as a useful and appropriate 
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source of data.  The research approach as a result searched out common knowledge 

aspects and discovered within the targeted population of mass care experts a general 

sense of a common operating picture. This chapter addresses how successful the research 

effort was in reaching its goals.  In the first section the information hierarchy produced by 

the methodology development is discussed.  In the second an evaluation of the 

methodology for broader applications is considered.  Ideas for future study and research 

directions in presented in the third section.  The last section holds the researcher‘s general 

conclusions about the overall contribution. 

6.1 Information Hierarchy Finding 

The research presented the question of what is relevant information to mass care 

experts using a national-level, catastrophic earthquake scenario.  The 1996 IFRC 

international workshop of mass care experts found size of disaster, response time phases, 

and having best available disaster assessments were all critically important to identifying 

information needs.  Taking the 1996 IFRC findings, the research tailored a situational 

context for a stakeholder preference exercise.  With ten U.S. experts in mass care, the 

methodology of paired comparisons produced a hierarchy of disaster assessment 

information factors from the scientific model, HAZUS-MH, based on rational consensus 

and non-random responses.  The subsequent question that arises from the information 

hierarchy outcome is whether the hierarchy is significant.   

The confidence intervals produced from running Thurstone C model simulations 

show overlapping intervals between all eleven information factors and do not support a 

conclusion that the information hierarchy is significant.  Even with relaxing the 

confidence interval level from ninety-five percent to sixty-five percent, there is still 
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overlap, though separation is imminent in several locations with the narrowing intervals.  

The combined rank determinations, even with significant group agreement and 

concordance, were weaker than expected.  As indicated in Table 5-2, the range of 

preferences was almost a maximum for nearly all the information factors, not including 

the top and bottom places in the hierarchy.  Therefore the hierarchy looses definition in 

the internal rank structure as appears with the nearly three-way ties at third and sixth 

places. The hierarchy, such as it is in Table 5-6, only weakly supports the conclusion the 

information factor of people needing temporary shelter is the highest priority information 

factor.  Though the evidence does not support any further distinctions in hierarchy, there 

are some directions for further work to be discussed later in this chapter. 

In addition to the limitations previously mentioned, the information hierarchy as it is 

only applicable to the defined context.  In this case, it is the mass care response in the 

first 48 hours following a catastrophic earthquake in the central U.S.  Any change to the 

scenario would automatically disqualify the application or consideration of this specific 

hierarchy.  Each scenario parameter was considered critical; each scenario would be 

expected to produce unique and in some cases substantially different hierarchies of 

information. 

6.2 Methodology for Achieving Rational Consensus Finding 

The narrowly defined situational context set the research boundaries in the search for 

an information hierarchy using the single criteria of relevance.  Using the relevance 

criteria, seven experts first screened eleven information factors from fifty-four found in 

output module of HAZUS-MH.  The HAZUS-MH program was selected as the best 

scientific model, based on the expert‘s familiarity, to produce disaster assessment 



 105 

information a part of the common operating picture.  The common operating picture is 

the main element in the theory that a methodology could be developed in linking 

scientific model outputs with emergency response information needs.  With this as a 

research foundation, an additional ten experts participated in a subsequent comparison 

study of these eleven information factors.  Using nonparametric methods to analyze the 

ten expert‘s responses, research analysis rejected the hypothesis that the experts answered 

randomly.  The individual expert rankings were then combined into a single ranking.  

This single group ranking was also tested for randomly occurring agreement.  The 

analysis also rejected the hypothesis that as a group, the collective agreement was a result 

of chance.  The determinations of the coefficients of agreement and concordance further 

provided evidence that the expert panel members statistically and significantly achieved 

rational consensus.  Having established achieving goals of rational consensus and 

information hierarchy, the research now looks into the finding of whether the information 

hierarchy was significant. 

The goal of achieving rational consensus within the scope of this research relies on a 

common operating picture concept as a frame of reference.  The emergency response 

literature is full of references to a common operating picture, but is notably vague 

regarding the complete definitions of such.  Looking at available literature in the 

emergency management population of mass care, a common theme indicating at least 

some shared agreement saying that disaster assessment is a fundamental element of the 

common operating picture. Therefore using this as an anchor point, the research pursued 

identification of a scientific model appropriate for disaster assessment. In this case, the 

search quickly identified the HAZUS-MH software, being a well-know, widely-available, 
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and fairly ubiquitous program in the emergency management community. This scientific 

model, using ArcGIS™ as a platform, offered a large assortment of information factors 

associated with loss estimation in disasters. 

The two-phased methodology is a sequential exploratory process of determining what 

factors are most relevant to mass care responders in a catastrophic earthquake.  The first 

phase, a subjective screening of fifty-four information factors, successfully reduced the 

number of considerations to a manageable eleven factors.  The second phase used 

stakeholder preferences in paired comparison analysis to establish a hierarchy.  The 

methodology was most successful in identifying first and last places of the group.  The 

method looses strength in terms of significant distinctions within the hierarchy structure, 

but it does produce a hierarchy for discussion or debate.  Considering the extremely 

complex decision and situational context, this is no small feat. 

The mass care population of experts, and in a larger context the emergency 

management field, believes in a shared concept of the common operating picture.  Also 

shared in these groups is the understanding that damage or disaster assessment is a key 

component of the common operating picture.  The methodology developed by this 

research for bridging scientific models with emergency response information needs is 

applicable due to these two key points.  With respect to the common operating picture, 

another key assumption indicated in policy and emergency management literature is that 

the catastrophic incident will overwhelm the communication system during the initial 

period of response, thus precluding the common operating picture development.  Not 

having access to local-sourced, aerial, satellite or other remote sensing information, the 

emergence and utility of the scientific model is manifest in decision situations that cannot 
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wait.  Thus a scientific model such as HAZUS-MH becomes the preferred alternative 

source of information, because of its ubiquity, familiarity to the community, and the 

versatility of the loss estimates. 

To summarize the application of this developed methodology, it is viable because it‘s 

anchored to a well-known concept of the common operating picture.  Next, a key element 

of the common operating picture happens to have a well-matched scientific model that 

meets criteria of familiarity and prevalence.  Thirdly, the time relevance justifies a 

methodology using scientific models because of impacted information flow regionally 

and nationally.  Finally the methodology wraps around the scientific model rather than 

becoming embedded, thus the methodology still holds even when the scientific models 

evolve and improve.  Changing any of these conditions would negate the methodology 

application.  Examples of this would be an emergency response function with no agreed 

element of the common operating picture, or a situation where remote sensing and 

communications remain unaffected, or even further having a scientific model that is 

neither well-known nor understood.  

The limitations of this methodology are found in two specific choices made by the 

researcher.  The first of these choices is the selection of the common operating picture 

component.  The background research in this study revealed a common agreement within 

the emergency management community and specifically the mass care specialty 

regarding one key element of the common operating picture—the disaster assessment.  

Had this study selected another component of the common operating picture, the results 

may not have achieved rational consensus among the panel of experts. 
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The second choice is the selection of the scientific model and making sure of a 

correct match to the common operating picture element.  A scientific model is a 

simplified representation of reality and introduces some uncertainty and error in the 

representation.  This research selected HAZUS-MH as a scientific model to produce 

disaster assessment information.  Disaster assessment definitions were generally 

consistent with HAZUS-MH‘s output options.  Had the study not matched the choices of 

common operating picture component with an appropriate scientific model, the 

methodology would quickly unravel.  

6.3 HAZUS Earthquake Summary Reports Finding 

In this research involving mass care experts from FEMA and the scientific model 

HAZUS-MH, a rather specific, but important, finding was uncovered in the HAZUS-MH 

output module.  As shown in Table 5-1, there was not much similarity between the results 

of the phase one screening and the existing HAZUS-MH earthquake summary reports.  

The HAZUS global summary report did cover all of the screened information factors 

among many other information factors, but the loss estimates were only presented as 

totals for the entire study region.  The earthquake quick summary report, efficiently 

formatted to two pages, included estimates on casualties, people needing temporary 

shelter, displaced households, and earthquake strength; it too provided this information as 

totals across the entire study region.  With the global summary report and the quick 

summary report providing information as regional totals, the detail for initial mission 

analysis needed by mass care responders to define impact area is missing. 
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The research finding here is that HAZUS-MH earthquake summary reports do not 

meet mass care information needs during the initial response to a catastrophic earthquake.  

Again this is limited very specifically to this decision context and scenario.  The finding 

and its limitations does provide direction for action to be discussed later in this chapter.   

6.4 Information Model for Mass Care Response Finding 

Even though the research did not identify a significant information hierarchy, it did 

produce useful information for improving process and information flow during planning 

and response.  An aggregation of the thematic elements, context, loss estimations, and 

resultant information hierarchy could be used to produce an information model of some 

benefit to the mass care emergency support function.  The perceived main benefits are its 

use as an internal guide, its use as a paradigm for incoming and outgoing messages, and 

as a framework to collect and integrate real response information. 

As an internal guide, an information model based on this research‘s information 

hierarchy could be an important tool for management in planning, training, and exercises.  

The individual and group results certainly could act as a barometer for measuring 

consistency in the specific mission.  Seeing how much consistency or inconsistency is 

present in the response group would perhaps tailor some of the training and exercises 

depending on how much consistency or diversity is desired.  The information model 

could also serve as a visual aid for comprehensive discussion on response by the group.   

The information model could benefit groups with a paradigm for incoming and 

outgoing information.  The literature points to substantial information chaos in the early 

moments following a catastrophic event.  Having an information model to act as a filter 

to separate the relevant and non-relevant information flow during a response may lead to 
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better decisions faster.  Planning for a catastrophic event could also benefit by using an 

information model to coordinate message traffic coming in from sources and message 

traffic going out to information consumers.  This type of message traffic coordination 

could really improve information flow efficiencies.  As a minimum, there would be 

benefits for the public affairs office to understand and anticipate the type of information 

going out to the public.  Considering the office involved in this research study, the Mass 

Care Unit located in FEMA‘s Individual Assistance Division, should consider sharing 

this finding and the HAZUS earthquake summary report finding with the Mapping and 

Analysis Center to perhaps tailor a new ‗quick summary report‘ specifically for the Mass 

Care Unit. 

The final benefit of using an information model based on an information hierarchy is 

to guide and prioritize the collection of incoming reports from the impact area.  Knowing 

that the initial disaster assessment is based on scientific model outputs and that as the 

communication system recovers the actual field reports start arriving, it makes sense to 

have a framework for replacing simulated data with real data.  The framework could also 

act as a gauge for evaluating early decisions based on estimated data that would guide 

subsequent decisions based on real data.  Knowing what and why decisions were made 

early in a response event could certainly improve later decisions.  

6.5 Recommendations for Other Work and Future Study 

Identifying first place in the hierarchy was not particularly revealing for mass care; 

estimating the population needing temporary shelter is an obvious priority information 

factor.  The benefit is in the coordination action that takes place with supporting agencies 

in mass care response and with other emergency support functions with similar interests.  
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Having a collective, manageable set of information factors—people needing temporary 

shelter, displaced households, potable water systems, schools, and electrical power 

facilities—could establish a common frame of reference to base initial mission analysis 

and incorporating the mass care operations into the larger national response operation.  

Interface and relational aspects emerge with other emergency support functions such as 

coordination with the energy emergency support function (ESF #12) on electrical power 

facility damage estimates, or with public works and engineering emergency support 

function (ESF #3) about potable water system damage estimates, or even internally to 

mass care with ARC on estimates of schools damage to determine public sheltering 

options.  Sharing information in a consistent and tangible way may reduce the necessary 

coordination time with other response functions. 

Outside the response context, the hierarchy may offer some guidance for information 

investment.  The same internal and external coordination of information during the 

response phase may actually be mirrored during planning phase of emergency 

management.  Potential collaboration on database improvements, comparing separately 

derived estimates, and further identification of information needs are possible benefits of 

working from an information hierarchy. 

The practical application of this specific hierarchy would be at the U.S. national and 

regional response coordination centers in the immediate aftermath of a catastrophic 

earthquake.  The hierarchy is tailored to the mass care function, and because of the 

prevalent distribution and use of HAZUS-MH within the Federal, State and local 

jurisdiction, mass care emergency responders would have a very uniform disaster 

assessment common operating picture to use.  Though this common operating picture is 
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based completely on computer simulation and estimates, it offers a substantial alternative 

to waiting for local reports and other jurisdictional coordination reports. Considering the 

initial mission is to estimate impact and scope, the scientific model estimates are initially 

appropriate. Then as the communication system recovers, remote sensing data arrives, 

and ground-truth emerges, the initial common operating picture that was based on 

scientific model determinations is updated with real information. 

Recommendation for further research begins with interest in applying the developed 

methodology to other emergency support functions to the same situational context.  In 

looking at transportation (ESF #1), public health and medical services (ESF #8), or 

energy (ESF #12), the key element of the common operating picture may actually be 

different than disaster or damage assessment.  Given this situation, the scientific model of 

choice would not likely be HAZUS-MH.  Even staying with disaster assessment as a key 

element, other loss estimation software may offer better estimation algorithms to employ.  

For example, the simulation and analysis center, NISAC, may use better loss estimation 

tools for electrical power infrastructure that certainly use a number of information factors 

not found in HAZUS-MH.  It would be very interesting to see the methodology applied in 

these other ESFs and explore information hierarchies and levels of agreement with other 

missions. 

Other opportunities for research are available within the mass care emergency support 

function with adjustment of the scenario.  Instead of looking at earthquakes, catastrophic 

hurricane response to an event similar or even larger than Hurricane Katrina would offer 

an interesting research avenue.  Having completed an investigation with catastrophic 

earthquakes, the results of a catastrophic hurricane response may offer some interesting 
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comparisons relative to information needs when early warning is possible.  The HAZUS-

MH hurricane module would even allow for keeping the scientific model constant. 

One of the most significant limitations of this research was the limited calibration of 

expert opinion.  On opportunity to improve the calibration aspect is approaching with the 

national level exercise (NLE) scheduled for May 2011.  At this time, DHS and its 

subordinate organization FEMA will be managing a NLE 2011 with the same 

catastrophic earthquake scenario used in this study.  The NLE as a calibration tool would 

offer the best opportunity to calibrate the expert opinion outside of a real event.  The 

methodology may even see expanded utility as a lessons learned and knowledge 

management tool in the wake of NLE 2011.  The expert panel members would be 

exposed to a situationally consistent experience. 

The NLE 2011 may also bring some measure of validation, as much as would be 

possible, of the current research results.  The validation process would require research 

development not included in this research.  In the opinion of this research, the NLE 2011 

would make a better calibration opportunity than a validation tool. 

The existing research results developed a common operating picture methodology 

which produced a mass care information hierarchy within a narrowly defined situational 

context.  An interesting furtherance of the research may be to investigate the common 

operating picture format.  Having a hierarchy in the form of a multi-tiered structure, a 

subsequent question to pursue would involve looking at the visual presentation.  Should 

the information factors be presented as distinct features or should it be aggregated.  

Furthermore, this research begs the question of tailoring the HAZUS-MH Earthquake 

Summary Reports to other emergency support functions.  Perhaps as an experiment with 
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NLE 2011, a parallel application of quick summary reports using these results in various 

information formats could be compared based on completion times for initial mission 

analysis.     

6.6 General Conclusions 

A methodology is presented for developing an information hierarchy within a specific 

situational context for a specific emergency function.  It addresses application of 

scientific models in an early, surrogate role for meeting emergency response information 

needs.  The methodology incorporates thinking about key and commonly agreed-upon 

elements of a common operating picture.  Given these results to a highly qualitative and 

exploratory research project, the results set the stage for a broad starting point of various 

research directions. 

The general view of this research is that the relevance methodology works well on an 

individual emergency support function basis where experts have common mission 

objectives with high levels of training and experience.  It is not likely going to work as 

well with multiple emergency management disciplines; the methodology would fall apart 

due to information overload and the heterogeneous nature of emergency support function 

missions.  But considering that coordination is probably the biggest challenge during the 

initial phases of response, it makes sense to focus on tools that might improve 

coordination.  This methodology takes the first steps in defining emergency response 

information needs and meeting those needs with scientific models.  Hierarchies thus will 

emerge to varying degrees with the application of this methodology.  As more emergency 

support functions apply this methodology, unique information hierarchies will emerge.  

Collectively, the various information hierarchies become a shared understanding of not 
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only a specific function‘s information needs, but an understanding of other functional 

information needs.  Having this information may reduce much ambiguity between 

emergency support functions and preclude a need to memorize what other emergency 

support functions are planning.  Coordination would simply improve as ambiguity is 

reduced or eliminated. 
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Appendix A – Phase I Information Sheet 
Version 

Information about the Research Study 

Bridging Scientific Model Outputs and Emergency Response Needs in Emergency 

Management 

IRB#100915 

You are invited to participate in a research study under the direction of Dr. Theresa Jefferson of the 
Department of Engineering Management and Systems Engineering, George Washington University (GWU). 
Taking part in this research is entirely voluntary. 
 
The purpose of this study is to improve emergency response to catastrophic natural or man-made disasters. 
The research seeks to operationalize the use of scientific models to meet information needs during 
emergency responses. It is divided into two phases; phase one is a short screening exercise with the 
objective of reducing information factors associated with the scientific model in the study. Phase two is a 
follow-up study designed to create an information hierarchy needed to support response objectives. This 
consent information sheet applies only to phase one of the research. 
 
If you choose to take part in phase one of this study, the following will happen: the research study will ask 
for your opinion on various information factors relevant for mass care mission analysis following the first 
48 hours after a catastrophic earthquake in the Central United States. This information will select the main 
information factors for consideration in phase two of the study. The total amount of time you will spend in 
connection with phase one of this study is expected to be less than 30 minutes. You may refuse to answer 
any of the questions and you may stop your participation in this study at any time. Also, your consent for 
involvement in phase one does not imply consent for phase two; a separate request for your review and 
consideration will be made before beginning phase two. 
 
Participating in this study poses no risks that are not ordinarily encountered in daily life. If results of this 
research study are reported in journals or at scientific meetings, the people who participated in this study 
will not be named or identified. 
You will not benefit directly from your participation in the study. The benefits to science and humankind 
that might result from this study are: improved response actions to a catastrophic natural or man-made 
disaster. Information models developed by the study may improve disaster planning and response through 
information prioritization. 
 
The Office of Human Research of George Washington University, at telephone number (202) 994-2715, 
can provide further information about your rights as a research participant. Further information regarding 
this study may be obtained by contacting Dr Greg Shaw, chair of the Institute of Crisis, Disaster and Risk 
Management, at telephone number (202) 994-6736. 
 
To ensure anonymity, your signature is not required on this document unless you prefer to sign it. Your 
willingness to participate in phase one of this study is implied if you proceed with completing the 
survey/interview. 
 
*Please keep a copy of this document in case you want to read it again. 
 
 

A P P R O V E D 

The George Washington University 
Institutional Review Board 

·FWA00005945· 
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Appendix B – Emergency Response Information Screening 

Selecting the most relevant information factors in emergency response for damage 

assessment and estimation. 

Event summary: 
An earthquake occurs at 2:00 AM on February 7th in the central region of the United 
States. The event represents rupture of the New Madrid Fault with magnitude, Mw = 7.7, 
similar to 1811-1812 series of events that occurred over several months. 
 
Severe shaking occurs throughout the region with localized amplification of ground 
shaking due to variations in soil conditions. Significant ground deformations are likely in 
soft soils, particularly near riverbeds. 
Aftershocks around magnitude 6, ~Mw 6, are likely in the days and weeks after the main 
shock. People in the hundreds of thousands will seek shelter and will require over 1,000 
truckloads of commodities (water, ice, MREs). Households without potable water service 
and electric power will be over 1 million. Injuries in the tens of thousands and deaths in 
the thousands are expected. Buildings and bridges are especially impacted. 
 
It is now two hours after the event, and you are in place at the Regional Response 
Coordination Center for FEMA Region 4. Using your information resources and tools, 
you are currently performing an initial mission analysis for ESF #6 Mass Care for the 
western region of Tennessee. You have requested information from the National 
Response Coordination Center concerning the damage assessment in order to complete 
the mission analysis. The FEMA Mapping and Analysis center has completed their post-
event forecast of the earthquake damage. 
 
The FEMA Mapping and Analysis Center uses HAZUS-MH to estimate the damage 

caused by the earthquake, but many of the damage estimates are not very relevant. 

The choices below represent the main options for damage assessment. Please select 

in no particular order the 15 information factors you consider most relevant to 

performing initial mission analysis for emergency mass care response. Choose no 

more than 15 by checking the box in front of information factors listed below. Please 

consider all 54 options before making your final selection of 15 most relevant factors. 

[]  Earthquake strength - Census tract average 
[]  Earthquake strength - Contour maps 
[]  Earthquake strength - Spectral contour maps (frequency amplification in tall/short 
buildings) 
[]  Ground deformation - Soil liquefaction (causes building foundation failure) 
[]  Ground deformation – Landslides 
[]  Ground deformation - Surface ruptures (fault lines) 
[]  Facility damage (general building - 36 model types – eg light wood frame, mobile 
home, steel braced frame) 
[]  Facility damage (general building - 7 general building types – eg wood, concrete, steel) 
[]  Facility damage (general building - 28 specific occupancy classes - eg single family 
dwelling, retail trade, churches) 
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[]  Facility damage (general building - 6 general occupancy classes - eg residential, 
commercial, agriculture) 
[]  Facility damage (special buildings - health care facilities) 
[]  Facility damage (special buildings - police stations) 
[]  Facility damage (special buildings - fire stations) 
[]  Facility damage (special buildings - EOCs) 
[]  Facility damage (special buildings - schools) 
[]  Facility damage (facilities with greater impact - dams and levees) 
[]  Facility damage (facilities with greater impact - nuclear facilities) 
[]  Facility damage (facilities with greater impact - military facilities) 
[]  Infrastructure (transportation) - Highway systems 
[]  Infrastructure (transportation) - Railway systems 
[]  Infrastructure (transportation) - Light rail 
[]  Infrastructure (transportation) – Bus 
[]  Infrastructure (transportation) – Ferry 
[]  Infrastructure (transportation) – Port 
[]  Infrastructure (transportation) – Airport 
[]  Infrastructure (utility systems) - Potable water 
[]  Infrastructure (utility systems) - Waste water 
[]  Infrastructure (utility systems) - Natural gas 
[]  Infrastructure (utility systems) - Oil pipeline: crude and refined 
[]  Infrastructure (utility systems) – Communication 
[]  Infrastructure (utility systems) - Electric power 
[]  Secondary effects (flooding) – Tsunami 
[]  Secondary effects (flooding) - Seiche (lake/river type 'tsunami') 
[]  Secondary effects (flooding) - Dam failure 
[]  Secondary effects (flooding) - Levee failure 
[]  Secondary effects - Hazardous materials facilities 
[]  Secondary effects (resulting fires following earthquake) - Starting points of ignition 
[]  Secondary effects (resulting fires following earthquake) - Burned area 
[]  Secondary effect (generated debris) - Brick, wood, & others 
[]  Secondary effect (generated debris) - Reinforced concrete & steel 
[]  Social impact(sheltering) - Displaced households 
[]  Social impact(sheltering) - Households seeking temporary shelter 
[]  Social impact – Casualties 
[]  Social impact (economic loss-buildings) - Repair & replacement costs 
[]  Social impact (economic loss-buildings) - Contents damage 
[]  Social impact (economic loss-buildings) - Business inventory damage 
[]  Social impact (economic loss-buildings) - Relocation costs 
[]  Social impact (economic loss-buildings) - Capital-related income loss 
[]  Social impact (economic loss-buildings) - Wage loss 
[]  Social impact (economic loss-buildings) - Rental loss 
[]  Social impact (economic loss-infrastructures) - Repair & replacement costs 
[]  Economic impacts - Economic output 
[]  Economic impacts – Employment 
[]  Economic impacts – Income 
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Appendix C – Phase II Information Sheet 
Version 

Information about the Research Study 

Bridging Scientific Model Outputs and Emergency Response Needs 

in Emergency Management (Phase 2) 

IRB#110914 

You are invited to participate in a research study under the direction of Dr. Gregory Shaw of the 
Department of Engineering Management and Systems Engineering, George Washington University (GWU). 
Taking part in this research is entirely voluntary. 
 
The purpose of this study is to improve emergency response to catastrophic natural or man-made disasters. 
The research seeks to operationalize the use of scientific models to meet information needs during 
emergency responses. It is divided into two phases; phase one is already complete and not part of this 
request. Phase two applies the phase one screening results in a hierarchical study of information needs in 
context of a disaster response scenario. This consent information sheet applies only to phase two of the 
research.  
 
Funding for this research is provided by the Institute of Crisis, Disaster, and Risk Management, a non-profit, 
academic organization chartered within The George Washington University. The minimal funding 
requirement is met through administrative, information and resource support offered to member students in 
the Institute as part of their enrollment.  
 
If you choose to take part in phase two of this study, the following will happen: the research study will ask 
for your relative preference on paired comparisons of nine information factors relevant to mass care 
mission analysis following the first 48 hours after a catastrophic earthquake in the Central United States. 
Participation in phase one is not prerequisite for participation in phase two. The total amount of time you 
will spend in connection with phase two of this study is expected to be about 30 minutes. You may refuse 
to answer any of the questions and you may stop your participation in this study at any time. 
 
Participating in this study poses no risks that are not ordinarily encountered in daily life. If results of this 
research study are reported in journals or at scientific meetings, the people who participated in this study 
will not be named or identified. 
 
You will not benefit directly from your participation in the study. The benefits to science and humankind 
that might result from this study are: improved response actions to a catastrophic natural or man-made 
disaster. Information models developed by the study may improve disaster planning and response through 
information prioritization. 
 
The Office of Human Research of George Washington University, at telephone number (202) 994-2715, 
can provide further information about your rights as a research participant. Further information regarding 
this study may be obtained by contacting Dr Greg Shaw, chair of the Institute of Crisis, Disaster and Risk 
Management, at telephone number (202) 994-6736. 
 
*Please keep a copy of this document in case you want to read it again. 
 

 

A P P R O V E D 

The George Washington University 
Institutional Review Board 

·FWA00005945· 
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Appendix D – Phase II Paired Comparison Exercise 
 
Thank you for your participation in important research on response generated information 
needs. Based on your position and expertise you are being asked to participate in this 
exercise to explore information hierarchy. This exercise includes a context description, 
11 information factors represented as maps, and 55 questions that pair the 11 information 
factors in all possible combinations. 
 
This exercise solicits your preference on each pairing; it is not a table-top scenario 
exercise. Your answers are not reductive, cumulative or sequential. Please consider each 
pairing separately.  
The context description and the example maps are designed to give you a general 
impression about the information in which to formulate your opinion on preference for 
each pairing. You may find it helpful (though not necessary) to print the context 
descriptions and/or maps as you consider each pairing and select a preference.  
 
The exercise requires one selection per question. If a pairing seems too closely matched 
to make a preference choice, do your best to indicate a preference. As a last resort, skip 
the question and go to the next one (this would indicate a tie). Please use the NEXT and 
PREV buttons at the bottom of each page to navigate through the exercise (avoid using 
your browser arrows). 
 
Thank you again for your time and consideration. 
 
Context description: 
An earthquake occurs in the Central United States, and the USGS identifies the source as the New Madrid 
Seismic Zone. Regional Response Coordination Centers for FEMA Regions IV, V, VI and VII are in the 
process of making preliminary assessments of the earthquake impact. At the National level, the Mass Care 
Unit is processing information for the initial response operations plan. Rough, early estimates on the 
damage and impact of the earthquake are needed; the FEMA Mapping and Analysis Center with 
information from USGS has completed initial runs with HAZUS to make available several estimates. 
 
For illustrative purposes the map section shows various information aspects of the western region of 
Tennessee. The information factors (maps) are ordered randomly. The comparison questions in the 
following section reflect this random ordering. Within this context, consider the maps as general examples 
and not fixed (simple hardcopies) in scale, location, or format. To accompany each map, please consider 
the following background: 
 
- Earthquake occurs around 2:00 AM in early February near the northwestern corner of the State 
- Magnitude, Mw = 7.7 
- Significant ground deformations, particularly near riverbeds 
- Aftershocks, approximate magnitude 6, ~Mw 6, are likely in the days and weeks after the main shock 
- People in the hundreds of thousands will seek shelter and will require over 1,000 truckloads of 
commodities (water, ice, MREs) 
- Households without potable water service and electric power will be over 1 million 
- Injuries in the tens of thousands and deaths in the thousands are expected 
- Buildings and bridges are especially impacted. 
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Example Information in Map Format 

The following 6 pages are information factors in map format; questions begin at the end 
of this map section. The maps have varying degrees of background information (ie roads, 
rivers, county lines, cities, etc.) to highlight the range of features that may accompany 
each information factor. The map section is included as an aid but is not required to 
answer the questions. If at any point in answering the questions you would like to review 
the maps, please use the navigation buttons at the bottom of each page (marked Next and 
Prev). 
 
The maps will show examples of the following information factors: 
Estimated casualties...........................Wastewater Systems 
Electrical Power facilities...................Schools 
Households seeking public shelter….Hospitals 
Soil liquefaction areas........................Potable (drinking) Water Systems 
Highway Systems...............................Displaced households 
Earthquake strength (by census tract) 
 
These eleven items will be presented to you in pairs to choose the more relevant 
information need during the first 48 hours. The basic intent of the exercise is to rank-
order these eleven information factors. 
 
Begin Map Section 

 

 
Est. Casualties 
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Map Section (cont.) 

 
Wastewater system (facility and pipeline moderate damage) 
 

 
Electrical power facilities (moderate damage) 
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Map Section (cont.) 

 
Health care facilities (moderate damage) 

 
Highway systems (moderate bridge damage) 
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Map Section (cont.) 

 
Liquefaction of soil effecting building foundations 
 

 
Potable (drinking) water system (facility and pipeline moderate damage) 
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Map Section (cont.) 

 
 
Facility Damage – Schools (probability of moderate or more damage) 

 
Social Impact – Displaced households (numbers per census track) 
Map Section (cont.) 
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Social Impact – Households seeking shelter (numbers per census tract) 
 
Begin Question Section 

The maps on the previous six pages are just examples of the information factors. Keep in 
mind as you choose one type over the other that scale would be adjustable from large to 
small (in a real situation). If necessary, feel free to refer back to the maps as you answer 
your comparison preferences. And finally, please remember that these preferences are 
only relevant to roughly the first 48 hours and not later into the response. 
 
Instructions:  In one-on-one comparisons, indicate a preference among each pairing, 
based on your information needs at the three hour point after the earthquake event and the 
most pressing decisions in preliminary mission analysis.  Information sources other than 
HAZUS-MH are available with consideration for what would be realistically available 
according to the scenario. 
 
1. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] Wastewater Systems, damage 
 
2. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] Elect. power facilities, damage 
 
3. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] Schools, damage 
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4. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] People needing public shelter 
 
5. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] Hospitals, damage 
 
6. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] Soil liquefaction (potential foundation failures) 
 
7. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] Potable (drinking) water systems, damage 
 
8. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] Highway systems, damage 
 
9. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] Households forced from homes 
 
10. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Est. Casualties [ ] Earthquake strength 
 
11. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Wastewater systems, damage [ ] Elect. power facilities, damage 
 
12. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Wastewater systems, damage [ ] Schools, damage 
 
13. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Wastewater systems, damage [ ] People needing public shelter 
 
14. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Wastewater systems, damage [ ] Hospitals, damage 
 
15. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
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 [ ] Wastewater systems, damage [ ] Soil liquefaction (potential foundation 
failures) 
 
16. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Wastewater systems, damage [ ] Potable (drinking) water systems, damage 
 
17. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Wastewater systems, damage [ ] Highway systems, damage 
 
18. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Wastewater systems, damage [ ] Households forced from homes 
 
19. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Wastewater systems, damage [ ] Earthquake strength 
 
20. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Elect. power facilities, damage [ ] Schools, damage 
 
21. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Elect. power facilities, damage [ ] People needing public shelter 
 
22. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Elect. power facilities, damage [ ] Hospitals, damage 
 
23. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Elect. power facilities, damage [ ] Soil liquefaction (potential foundation 
failures) 
 
24. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Elect. power facilities, damage [ ] Potable (drinking) water systems, damage 
 
25. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Elect. power facilities, damage [ ] Highway systems, damage 
 
26. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
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 [ ] Elect. power facilities, damage [ ] Households forced from homes 
 
27. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Elect. power facilities, damage [ ] Earthquake strength 
 
28. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Schools, damage  [ ] People needing public shelter 
 
29. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Schools, damage  [ ] Hospitals, damage 
 
30. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Schools, damage  [ ] Soil liquefaction (potential foundation failures) 
 
31. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Schools, damage  [ ] Potable (drinking) water systems, damage 
 
32. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Schools, damage  [ ] Highway systems, damage 
 
33. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Schools, damage  [ ] Households forced from homes 
 
34. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Schools, damage  [ ] Earthquake strength 
 
35. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] People needing public shelter [ ] Hospitals, damage 
 
 
36. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] People needing public shelter [ ] Soil liquefaction (potential foundation 
failures) 
 
37. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
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 [ ] People needing public shelter  [ ] Potable (drinking) water systems, 
damage 
 
38. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] People needing public shelter  [ ] Highway systems, damage 
 
39. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] People needing public shelter  [ ] Households forced from homes 
 
40. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] People needing public shelter  [ ] Earthquake strength 
 
41. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Hospitals, damage  [ ] Soil liquefaction (potential foundation failures) 
 
42. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Hospitals, damage  [ ] Potable (drinking) water systems, damage 
 
43. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Hospitals, damage  [ ] Highway systems, damage 
 
44. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Hospitals, damage  [ ] Households forced from homes 
 
45. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Hospitals, damage  [ ] Earthquake strength 
 
46. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Soil liquefaction (potential foundation failures) [ ] Potable (drinking) water 
systems, damage 
 
47. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Soil liquefaction (potential foundation failures) [ ] Highway systems, damage 
 
48. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
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 [ ] Soil liquefaction (potential foundation failures) [ ] Households forced from 
homes 
 
49. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Soil liquefaction (potential foundation failures) [ ] Earthquake strength 
 
50. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Potable (drinking) water systems, damage  [ ] Highway systems, damage 
 
51. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Potable (drinking) water systems, damage  [ ] Households forced from 
homes 
 
52. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Potable (drinking) water systems, damage  [ ] Earthquake strength 
 
53. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Highway systems, damage  [ ] Households forced from homes   
 
54. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Highway systems, damage  [ ] Earthquake strength 
 
55. Select the more relevant information need for coordinating the sheltering mission 
during the first 48 hours: 
 [ ] Households forced from homes [ ] Earthquake strength 
 
This concludes the information preference exercise. If you are done, please select the 
button indicated as such. If you want to review your answers, please use the navigational 
buttons before selecting the button "Done." Results of this exercise will be available after 
18 Dec 09 by contacting investigator, Tay Johannes at twjohan@gwmail.gwu.edu. 
 

mailto:twjohan@gwmail.gwu.edu
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Appendix E – About Unibalance 

 
Unibalance is a computer program that operates independently from other software 
applications.  The program models preferences and values of groups of experts or 
stakeholders.  Using paired comparison inputs, Unibalance calculates scale values for 
multiple items from three different models: Bradley-Terry/NEL (negative exponential 
life), Thurstone models B and C, and probabilistic inversion models. 
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Appendix F – Comparing Confidence Intervals 

 
Unibalance estimates confidence intervals using expert data and reference values as the 
basis for an estimated mean and variance.  The estimates are made through simulation; 
this research programmed Unibalance to perform 500 simulations to estimate confidence 
bounds.  Here the 95% confidence bounds are compared to the 65% confidence bounds. 
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The following tables correspond to the previous graphs. 
 
  
Items Lower Conf Score Upper Conf 

Earthquake strength -1.2954 -1.111981 -0.7313 

Casualties -1.0371 -0.718666 -0.3164 

Soil liquefaction -0.9267 -0.473738 -0.2195 

Wastewater Systems -0.6257 -0.230331 0.0858 

Highway Systems -0.5706 -0.164185 0.2177 

Hospitals -0.448 -0.089522 0.2873 

Electrical Power Systems 0.0119 0.319503 0.6763 

Schools 0.0688 0.384472 0.7787 

Potable Water Systems 0.0149 0.40069 0.6717 

Displaced Households 0.2484 0.552878 0.8817 

People seeking temp shelter 0.7874 1.130881 1.3489 

The Unibalance estimated 95% confidence bounds 
 
 
Items Lower Conf Score Upper Conf 

Earthquake strength -1.3462 -1.111981 -0.7586 

Casualties -1.1321 -0.718666 -0.3633 

Soil liquefaction -0.8233 -0.473738 -0.1107 

Wastewater Systems -0.726 -0.230331 0.1324 

Highway Systems -0.478 -0.164185 0.1999 

Hospitals -0.4721 -0.089522 0.2199 

Electrical Power Systems -0.0332 0.319503 0.6402 

Schools -0.0058 0.384472 0.7337 

Potable Water Systems 0.0893 0.40069 0.842 

Displaced Households 0.1488 0.552878 0.817 

People seeking temp shelter 0.7533 1.130881 1.3489 

The Unibalance estimated 65% confidence bounds 
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Appendix G – Theoretical Information Model 

 
Using the information hierarchy from the results, the following information model offers 
one example of a visual representation.  
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