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Abstract of Dissertation
Post-Disaster Interim Housing: Forecasting Requirements and Determining Key
Planning Factors

Common tenets in the field of emergency management hold that all disasters are different
and all disasters hold a great deal of uncertainty. For these and many other reasons, many
challenges are present when providing post-disaster assistance to victims. The Federal
Emergency Management Agency (FEMA) has identified post-disaster interim housing as
one of its greatest challenges. These challenges have been highlighted in recent years in
the media as spectacular failures as evidenced during the recovery efforts for Hurricane
Katrina. Partly in response, FEMA developed the National Disaster Housing Strategy
that establishes the framework and strategic goals of providing housing to disaster
victims. This strategy calls for emergency management professionals to both anticipate
needs and balance a host of factors to provide quick, economical, and community-based
housing solutions that meet the individual, family, and community needs while enabling
recovery. The first problem is that emergency management officials need to make
decisions early on without actual event data in order to provide timely interim housing
options to victims. The second problem is that there is little guidance and no quantitative
measures on prioritizing the many factors that these same officials need for providing
interim housing. This research addressed both of these problems. To anticipate needs, a
series of models were developed utilizing historical data provided by FEMA and
regression analysis to produce a series of forecast models. The models developed were
for the cost of a housing mission, the number of individuals applying to FEMA for

assistance, the number of people eligible for housing assistance and the number of trailers



FEMA will provide as interim housing. The variables analyzed and used to make the
prediction were; population, wind-speed, homeownership rate, number of households,
income, and poverty level. Of the four models developed, the first three demonstrated
statistical significance, while the last one did not. The models were limited only to wind
related hazards. These models and associated forecasts can assist federal, state, and local
government officials with scoping and planning for a housing mission. In addition, the
models also provide insight into how the six variables used to make the prediction can
influence it. The second part of this research used a structured feedback process (Delphi)
and expert opinion to develop a ranked list of the most important factors that emergency
management officials should consider when conducting operational planning for a post-
disaster housing mission. This portion of the research took guidance from the “National
Disaster Housing Strategy” and attempted to quantify it based on the consensus opinion
of a group of experts. The top three factors that were determined by the Delphi were 1)
House disaster survivors as soon as possible 2) The availability of existing housing and 3)

Status of infrastructure.

vi
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Chapter 1 — Introduction
Providing interim housing to disaster survivors is “one of the most challenging things for
the government to do right” (Interviewee 1 2009). In this statement the senior Federal
Coordinating Officer (FCO) for the Federal Emergency Management Agency (FEMA)
during Hurricanes Katrina and Rita in Louisiana presents a seemingly straightforward
problem with large implications. Challenges include forecasting requirements; integrating
state, local, and federal efforts; prioritizing needs; and meeting all of the needs of disaster
victims. FEMA's National Disaster Housing Strategy (NDHS) states that its goals
include “finding a better balance between providing housing assistance rapidly in the
wake of a disaster and meeting the diverse needs of individuals and households and their
communities and the Nation” (US Department of Homeland Security [DHS] 2009, 2).
Interim housing is defined by FEMA as “the period after the immediate disaster, where
temporary shelters are utilized to the period where disaster survivors are in permanent
housing” (DHS 2009, 36). The past and current FEMA administrators have pointed to
providing housing, and specifically in catastrophic events, as a priority issue for the
nation. This research uses a well-documented problem of planning for and providing
interim housing to disaster victims, explores current practices, and provides information
and strategies that will help the emergency management community to better prepare for

and respond to housing needs of disaster survivors.

1.1 Purpose
The purpose of this research is to investigate a problem and current tools that emergency
management officials commonly use when faced with the challenge of housing disaster

victims. Based upon input from experts, additional tools need to be developed to provide



more comprehensive and time effective strategies to address interim housing needs. The
tools that this research addresses are quantitative in nature, based on systems engineering
concepts, and can provide additional information to disaster responders and planners that
will allow them to make better decisions. This research attempts to address several
problems that have been highlighted in interviews and literature based on past disasters.

The research can be broken up into two distinct parts. The first part focuses on
the “Planner’s Dilemma,” which is discussed below. This problem was addressed by
interviewing a group of subject matter experts (SMESs) using a structured feedback
process to develop a prioritized list of key factors for consideration when conducting
operational planning for a post-disaster interim housing mission.

The second part deals specifically with the issue of forecasting post-disaster
interim housing requirements and explores an overall cost of the mission by developing a
mathematical model and forecast tool. This model and tool are based on a unique method

that differs from existing approaches.

1.2 Statement of the Problem

As this dissertation is broken up into two parts, there are two separate yet related
problems. The first part of the research explores the heart of the Planner's Dilemma as
outlined by FEMA in the NDHS (FEMA, 2008). It can be summarized as a need for
disaster officials to proactively anticipate needs while simultaneously providing housing
solutions that meet community, family, and individual needs in a timely and cost-
effective manner (FEMA 2008). More specifically, it acknowledges the key problem in

operational planning for a post-disaster interim housing mission and states that “meeting



urgent housing needs while enabling individuals, households, and communities to rebuild
and restore their way of life is a complex equation” (NDHS 2009, 32). The Planner’s
Dilemma document continues to say that planners must balance “a broad range of
competing and interdependent factors (NDHS 2009, 32).” Furthermore, a four-step
approach is used to address this problem. The steps are (1) assessing the nature and
magnitude of a disaster, (2) prioritizing individual and household needs, (3)
understanding the broader community characteristics, and (4) being familiar with
available housing options that are appropriate within the local area (NDHS 2009).

While the NDHS and other related literature suggest accounting for and
prioritizing multiple factors, there are no suggestions or statements offered with regard to
what those priorities should be. There is also no mention of a framework for creating
priorities in the aftermath of a disaster. In addition, emergency management principles
dictate that any preplanning that can be done prior to a disaster will provide significant
advantages to the success for any response and recovery program implemented after a
disaster. Thus the first problem can be summarized as a question: what are the most
important factors to consider when government officials are planning to provide
temporary housing for a large group of people following a disaster?

The second part of the problem revolves around forecasting requirements or
scoping the mission. Current forecasting methods for interim housing used by FEMA
officials include rules of thumb, historical information and knowledge, and several
simple forecast models.

In interviews, several rules of thumb were mentioned. For example, one

interviewee stated that “1% of all registrants require interim housing” (Interviewee 2



2009). A registrant is an individual or family who applies directly to FEMA for a wide
range of assistance under the Individual Assistance Program. Other similar rules of
thumb exist that are only used for planning purposes. Historical information and
knowledge of past disasters were also cited by interviewees as other methods for
determining total requirements.

There are several computer-based models also used to provide forecasts. These
vary in detail and methodology. The first is a model within the HAZUS-MH software
suite. HAZUS-MH is a government-developed publicly available software suite that

Is a nationally applicable standardized methodology that contains models for

estimating potential losses from earthquakes, floods, and hurricanes? Hazus uses

Geographic Information Systems (GIS) technology to estimate physical,

economic, and social impacts of disasters. It graphically illustrates the limits of

identified high-risk locations due to earthquake, hurricane, and floods. (FEMA

2011, 3)

HAZUS-MH provides forecasts based on hazard type and geographical location. This
forecast is in the form of a total need and does not break down requirements by type of
housing, which is essential. In addition, HAZUS-MH is not used by FEMA in response to
actual events. It is instead used for the development of disaster response and recovery
plans.

The U.S. Army Corps of Engineers (USACE) has developed a model that also
forecasts housing requirements. This model uses rules of thumb to determine the number
of houses destroyed and those households that will probably seek assistance from the
government.

In summary, the existing methods provide overall totals without going into any

detail on what type of housing will be required. They are also used for conceptual

planning purposes only, and not the operational planning that is done for an actual



disaster. Lastly, through interviews, several SMEs have indicated that these models are
insufficient to answer the problem at hand (Interviewee 1 2009; Interviewee 2 2009;
Interviewee 4 2010). Thus, the second main problem can be initially stated as a need to
rapidly develop an accurate scope of a housing mission for planning purposes in the
immediate stages after a disaster has occurred.

Natural disasters are not predictable. It is impossible to fully plan for a disaster
response, which puts responders in situations in which they are mostly reactive to the
current scenario. Thus, disaster planners need to make critical planning and operational
decisions based on data and information that is not yet available. This is the general
problem that this research addresses. Waiting for the data to become finalized and
accurate adds months to the delivery of housing solutions. More specifically, total
requirements are generally the most important piece of information that planners lack
early in a disaster. The total requirements figure provides a scope for the entire effort and
directly affects the amount of resources applied to it. These resources can include
personnel, money, contracts, and the attention of senior leaders.

The nature of the problem lies in the fact that complex rules and multiple agencies
provide interim housing. A typical disaster survivor, for example, whose house has been
completely destroyed, can initiate the request for assistance by registering with FEMA.
This registration process collects basic information of the survivor and their needs. Then,
through a series of follow-up calls, investigations, etc., FEMA will make a series of
determinations as to whether or not this person or family is eligible for assistance. In
addition, a further series of inquiries and investigations is required to determine which

type of housing assistance this person is eligible for. This process can take months to



complete. Providing interim housing solutions, especially those that involve renovation
and construction, can also take months of lead time to commence. Development of a
community site for housing disaster victims typically takes three months to even begin
construction in the best of scenarios, and can take up to two months of actual construction
(Interviewee 4 2010).

In summary, the problem is not having the required information at the needed
time, and not having the luxury to wait for this information to become available. At first
glance this problem appears to be a paradox in that planners do not have the information

that they need, and they usually only obtain this information once they no longer need it.

1.3 Research Questions
The questions posed for this research are:

1. What is a research-developed and validated model for forecasting post-disaster
interim housing needs prior to or immediately after a disaster before actual
housing needs are determined through the current process?

2. What is a research-developed and validated model for forecasting the overall cost
to the federal government of a housing mission?

3. What are the factors that housing experts should consider when conducting
operational planning for a post-disaster housing mission? What are the most
important ones?

4. What strategies based on the findings of Question 1 and 2 can be implemented to

shorten the timeline in the provision of interim housing to disaster victims?



1.4 Scope and Boundaries

The scope of this research is limited first to interim housing as defined by FEMA. That
definition is “the period after the immediate disaster, where temporary shelters are
utilized to the period where disaster survivors are in permanent housing” (DHS 2009,
36). Thus, one can summarize this as housing provided or funded by the federal
government after a major presidential disaster declaration that does not include
immediate shelters. The research does not include programs in which FEMA is
authorized to provide permanent housing to disaster victims. Furthermore, the scope is
limited to disasters occurring in the United States and its territories that are large enough
to result in a major presidential disaster declaration and the activation of FEMA to
support housing functions. Lastly, for part of the research, only wind based events such

as tornados, hurricanes and typhoons are used to perform analysis.

1.5 Contribution of the Research

The proposed research contributes uniquely to the following areas. It provides a
framework for an additional tool to determine interim housing requirements using a
different methodology than existing methods and to a higher level of precision. This
research also addresses the planner's dilemma by capturing the feedback of a group of
housing experts using a structured feedback process to develop a series of quantitative
ranking of factors. The aggregation of these experts’ opinions provides a quantitative
framework to address the planner’s problem of prioritizing and balancing competing
factors in their planning efforts (FEMA 2008).

In general, this research offers to provide insight and analysis tools to planners



using systems engineering concepts not previously used for planning and responding to
disasters. It has both practical and theoretical implications by applying quantitative
analysis to a mostly qualitative endeavor. The results of this research also provide a basis
for further exploration and research in the same area or different areas while using a
similar methodology. In addition, it convenes and captures the consensus of a highly
experienced group of experts on fundamental and basic question in their field of practice.
Lastly, the end result can assist in improving the provision of interim housing to disaster
victims by providing a framework in allowing planners and practitioners to use
information garnered by the forecast models to make tactical and strategic decisions, as
well as prioritize factors in developing an interim housing strategy.

The following literature review will provide the basis of establishing the problems
mentioned above, and describe existing related research. It will also delve into the
foundations of the methodologies used to answer the research questions that have been

posed.



Chapter 2 — Literature Review
2.1 Introduction
The literature reviewed can be divided into five categories: government strategy and audit
documents, modeling of interim housing needs, case studies of past disasters, strategic
planning for providing interim housing, and the Delphi process. For this research,
approximately 50 articles from peer-reviewed sources or official government sources
were assessed. The literature review has three purposes: first, to uncover real-world
problems that the entire research project is based on, second, to establish the state of
existing research in the area, and third, to determine and evaluate methodologies that can
be applied to answering the research questions. A fourth goal, to determine whether this
dissertation would be considered a unique contribution, is also present. A brief discussion

of these goals is presented at the conclusion of this chapter.

2.2 Government Strategy and Audit Documents
The following section is composed of documents produced by either federal or
local governments. They include excerpts on WebPages, strategy documents and
completed audits.
2.2.1 The National Disaster Housing Strategy
The NDHS provides the basis for understanding the current disaster housing
system as well as its problems. The strategy was written as a requirement of legislation
passed by Congress. It details the current options available for providing housing, the
federal, state, and nongovernmental partners and stakeholders, and the overall strategy for
intergovernmental housing missions.

The document begins with the evolution of disaster housing, focusing mostly on



Hurricane Katrina. The document states that the “consequences of not being prepared
with a full range of housing options was devastating for victims and had significant
implications” (FEMA 2008, 2). This apparent failure is why Congress specifically
required a written national strategy. The strategy provides a comprehensive list of all
federal, state, local, nongovernmental, and private organizations that have a stake in a
housing mission, and summarizes their available programs and responsibilities.

As an introduction to the housing strategy, the document details the planner's
dilemma (FEMA 2008, 36). This dilemma can be summarized as the need for planners to
be proactive and speedy in the planning and execution of interim housing solutions while
meeting the needs of the individuals, households, and communities involved (FEMA
2008). These needs include those of the elderly, disabled, and various other groups. More
specifically, the authors state that family units must be maintained and housing must be
furnished in a way that mitigates environmental hazards, flooding, and earthquakes.
Furthermore, distance from original location, duration of housing options and cost must
be accounted for. Solving the dilemma requires a balance of accommodating these
various factors while quickly and adequately providing housing to victims.

The strategy then provides the options that FEMA and its governmental partners
will maintain in their inventory, which include rental assistance, mobile homes, hotel
rooms, group sites, permanent housing, housing repair, and homeowner loans. It also
details the various task forces and groups that have been established to plan and
coordinate execution. Lastly, in the “Future Directions” section, the authors establish

metrics by which future successes can be measured.
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2.2.2 City of Los Angeles Housing Report

Funded by FEMA's Grant Programs Directorate, the City of Los Angeles
conducted the Los Angeles/Long Beach/Riverside Housing Assessment and Gap Analysis
Report in 2012. The report was based on completed surveys for 84 government agencies
and 24 nonprofit organizations in the Los Angeles metropolitan area. The surveys
covered six topics: background of the organizations’ planning efforts, level of
preparedness, special needs services, existing interim housing options, long-term housing
options, and preparedness efforts. The goal of the survey was to gain insight into the
interdependencies that local, private, and nonprofit stakeholders have with regard to
disaster housing planning, assessing the current state of planning, resources and critical
needs, and determining the potential vulnerabilities and consequences that can occur due
to poor coordination (LA REPORT). The authors’ conclusions and identified gaps are

summarized in Table 1-1.

Table 1-1: Gaps identified in Los Angeles

Conclusions Gaps

1. Both nonprofits and government 1. Recognition of the importance of a
organizations are not fully prepared to meet coordinated pre-disaster housing plan
short-term post-disaster housing needs.

2. The need to address post-disaster housing 2. Each stakeholder’s role
needs is largely unknown to many
stakeholders.

3. There exists a significant difference in 3. Guidance for planning for special
perception of assumed roles and needs

responsibilities between government agencies
and nonprofit organizations.

4. High-level agreements and education are 4. Planning guidance for locals on
relatively easy but important measures that can temporary housing location
be taken as a first step among stakeholders.

5. Codes, regulations, and zoning
restrictions that may be waived or
suspended after the disaster
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6. Knowledge of potential legal barriers |
to providing replacement housing.

2.2.3 FEMA Joplin Tornado: After Action Report

The direct housing lessons learned and recommendations after action review from the
2010 Joplin Tornado provides a comprehensive account of the problems that occurred
during a significant FEMA interim housing effort. The report provides an overview of the
housing mission for that event and points the researcher to many policies and procedures
that are in effect for providing interim housing. While there are many recommendations,
the main value of the paper is that it provides a case study of a single event from the
perspective of the lead housing planner for FEMA. The report also was used in the Joplin

case study detailed in Chapter 5.

2.2.4 Government Audits and Investigations

There are two reports in particular that reinforce the problem statement of this
research and provide meaningful background and analysis. Both reports by the
Government Accountability Office (GAQO) analyze aspects of FEMA's current housing
programs and provide feedback. The first report, ““Disaster Housing: FEMA Needs More
Detailed Guidance and Performance Measures to Help Ensure Effective Assistance after
Major Disasters,” suggests that increasing the rental repair program is a way to increase
the available housing stock [Government Accountability Office (GAQO) 2009, 42]. In
addition, it criticizes FEMA for not maintaining performance measures that it can use to
transition people out of interim housing. In the context of this research, these

performance measures would be important because they could be used as inputs into
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forecasting and optimization models.

The second GAO report’s scope deals strictly with the administration of FEMA’s
alternative housing pilot program. This report analyzes FEMA'’s effort to develop
innovative temporary housing units by awarding grants to public and private groups with
innovative proposals. It offers several minor recommendations in the metrics that FEMA

uses to evaluate temporary housing units (GAO 2007, 19).

2.2.5 HAZUS-MH Technical Documentation

HAZUS-MH is “designed to produce loss estimates” (FEMA 2011, 7). The
software can visually show “the limits of identified high-risk locations” for earthquakes,
hurricanes, and floods (FEMA 2011, 1). The software will also display spatial
relationships between populations, geographic features, or other key disaster impacts
(FEMA 2011, 1). In general it recognizes that there is a great deal of uncertainty in many
of the factors that contribute to loss. For damage to structures, HAZUS-MH uses fragility
and capacity curves to represent this uncertainty in a two-dimensional model. For
example, fragility curves determine the probability of being in or exceeding a building’s
damage state. Capacity curves represent a structure’s load resistance. Structures are
grouped into categories such as wooden, single family, residential, reinforced concrete,
multistory, and commercial. HAZUS-MH will provide a forecast of structures that lose
habitability and people requiring short-term sheltering, which can relate to both structural
damage and loss of utilities that deem a structure or community unlivable (FEMA,

HAZUS-MH Technical Documentation, 39).
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2.3 Modeling and Housing

A group of researchers at the University of Chicago have written a series of papers that
apply systems optimization techniques to the area of post-disaster housing. The first
paper presents an optimization model that can analyze and identify the most sustainable
options available to FEMA under their Alternative Housing Pilot Program. In this
context, sustainability refers to an index of four factors: environmental performance,
social welfare, public safety, and economic factors. The paper further describes an
application of the model that uses a hurricane and 5,000 displaced families to develop a
configuration for housing those victims, which maximizes the sustainability index and
minimizes cost (EI-Anwar et al. 2010, 798-802).

A second paper by the group describes a similar model in which multiple
objectives are utilized: minimizing socioeconomic impacts, maximizing safety,
minimizing environmental impacts, and minimizing cost (EI-Anwar et al. 2010, 81-91).
The model was applied to the 1994 Northridge Earthquake. Again, the researchers
presented set solutions that are considered optimal based on different mobile home
options FEMA has considered in the past.

Two other papers by the same group describe in detail some of the sub objectives
used in the previous two models. The first paper delves into the objective of minimization
of socioeconomic disruption. This is measured by the following metrics: employment and
education opportunities, displacement distance, housing quality, delivery time, location
capacity to support medical and safety needs, and accessibility to essential utilities and
services (ElI-Anwar et al. 2010, 865-883). The second paper seeks to determine the

factors that contribute to housing safety. These factors include a distance function for
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location to known post-disaster hazards, performance of the structure, and performance

of the structure to post-disaster hazards (EI-Anwar et al. 2010, 794-802).

2.4 Case Studies

There are numerous case studies of disaster responses and recoveries, but there
are very few that focus on housing. Four case studies have been selected for this literature
review that offer information that is relevant to this research.

A case study of the Montserrat VVolcano Disaster of 1995 details several choke-
points that slowed down the entire process of housing victims ranging from unclear
policies to the lack of available building materials (Fox 2001). Fox also argues that
diversity of housing options is a good strategy to meet demand.

A case study comparing the housing response of the 1995 Northridge Earthquake
and the 1999 Taiwan Earthquake supports the authors’ hypothesis that planning increases
the speed of housing disaster victims (Wu and Lindell 2004). They found that the
recovery from the Northridge Earthquake was much faster than that of the Taiwan
Earthquake. In addition, they found that mitigation strategies for future earthquakes were
better incorporated in the Northridge recovery effort.

The aftermath of Hurricane Katrina from Louisiana to the Gulf Coast of the
United States has been well documented, and a group at Columbia University has
completed an in-depth research on housing challenges in the lower Ninth Ward
neighborhoods. Green et al. posit that an individuals or family’s socioeconomic status,
influence the rate of recovery and the needs to be implemented in post-disaster planning

(Green et al. 2007).

15



Another Hurricane Katrina study provides details on environmental and
demographic factors leading to FEMA and local government decisions on the location
and sighting of interim housing. The paper suggests that environmental factors did not
play a large role in determining the location of temporary housing within the first four
months after the disaster. The authors cite the numerous regulations and policies that
FEMA follows for a typical housing mission, but argue that many of these were not
significant in the sighting of suitable sites partly because of the catastrophic nature of the
disaster and the enormous and overwhelming demand for temporary housing (Chandler,

2007).

2.5 Strategic Planning

The four stages related to disaster housing (emergency shelter, temporary shelter,
temporary housing, and permanent housing) make up the generally accepted framework
of phases for post-disaster housing (Quarantelli 1982). This framework can also be seen
in FEMA's strategic documentation. Wu and Lindell use quantitative methods to show
that preplanning can increase the speed of housing displaced victims (Wu and Lindell
2004). Johnson further highlights the point with a series of case studies of recent disasters
in Turkey, Colombia, Japan, Greece, Mexico, and Italy (Johnson 2007). Based on these
cases, the author proposes a model for strategic planning that incorporates existing
organizational structures and available resources before the disaster and allows changes
for post-disaster implementation. In a case study of the Montserrat VVolcano, Fox also
highlights the need for preplanning for any successful housing mission (Fox 2001).

Strategic planning for housing disaster victims cannot use a one-size-fits-all

approach. The above-cited literature points to a multi-objective approach in preplanning.
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While all the objectives are not the same, it can be said that a common theme is that local
considerations of the individual, household, and community should be taken into account,
and that ad hoc planning usually lowers the speed and quality of providing housing to

disaster victims.

2.6 Expert Opinion Elicitation

Expert opinion has been increasingly recognized as an important data source and
modeling contributor (Dalton et al 2010). In the context of government sector operations,
two papers published by the U.S. Environmental Protection Agency (EPA) and the
USACE have been used as a guide in evaluating and selecting the proper expert
elicitation techniques. The EPA Expert Elicitation Task Force White Paper provides the
following definition of expert opinion as “a formal process to obtain expert judgment”
(EPA 2009). In a similar paper for USACE, Ayyub defines expert opinion as “a formal,
heuristic process of obtaining information or answers to specific questions about certain
quantities, called issues” (Ayyub 2001). The EPA’s white paper provides a framework
where approaches are grouped into Individual, Group, and Combining Individual Expert
Judgment elicitation. Table 2-1, derived from The EPA Expert Elicitation Task Force
White paper (EPA 2009, 26), provides a listing of advantages and disadvantages for each

grouping.

Table 2-1: Advantages and disadvantages of various approaches

Approach Advantage Disadvantage
Individual e Broadest range of factors e Does not provide
contributing to uncertainty can most robust picture
be individually identified of uncertainty
e Can asses which parameters e May obfuscate
have the greatest impact on rather than
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uncertainty illuminate decisions
e Eliminates the potential biases
that can occur in a group

approach
Group e Shared data and group e Limited by group
interactions create a consensus dynamics
or “best” estimate e May not
characterize full
range and extent of
uncertainties
Combining e Can create a single metric e Creates complexity
Individual e Wide range of unbiased opinion as one cannot
simply aggregate
data

Data from EPA 2009.

Both the EPA and USACE reports provide guidance on when expert elicitation is
warranted and how it may be administered and analyzed. Both reports also evaluate
distinct methodologies that may be used. Three of these methodologies have been

selected for evaluation: Delphi; scenario analysis; and analytical hierarchy process.

2.6.1 Delphi Method
The Delphi Method is a structured feedback and communication process that is designed
for a group of experts to deal with a complex problem (Lindstone 2002). Lindstone
argues that it is more art than science, but has wide applications. The following are some
of the examples that are highlighted: gathering current and historical data not accurately
known or available, evaluating possible budget allocations, putting together the structure
of a model, delineating the pros and cons associated with potential policy options,
developing causal relationships in complex economic or social phenomena, and exposing
priorities of personal values and social goals (Lindstone 2002). The methodology for the

Delphi process was first developed by the RAND Corporation in the 1950s via a contract
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from the Department of Defense. The original purpose was to assist senior planners in
making decisions about national defense issues. After RAND published the work
publicly, the Delphi method has slowly grown in application and use and is now
considered a universal method (Cuhls 2003). Wechsler defines the essentials of a Delphi
as an expert survey in two or more rounds. Starting from the second round, feedback is
given about the results of previous rounds. The same experts assess the same matters
once more with influence by the opinions of the other experts (Wechsler 1978). Hader
adds that Delphis are “always issues about which unsure respectively incomplete
knowledge exists” and that “persons involved in Delphi Studies only give estimations”
(Hader 1995). There is a wide range of suggested organization of a Delphi process, but
some commonalities include clearly defining the objectives, clearly defining who
qualifies as an expert on the subject, and maintaining and adhering to simple and
straightforward rules set out before the process begins (Cuhls 2003; Lindstone 2002;
Hader 1995; Wechsler 1978). In addition, there is a wide variance in the analysis of a
Delphi. These methods can range from a simple qualitative analysis of the response to a
detailed statistical analysis. Cuhls describes conducting analysis of variance and
correlation to test a specific hypothesis in a 1994 Delphi from Japan (Cuhls 1998).
Lindstone and Turrof detail an analysis technique called cross impact, which aims to
determine the underlying relationship among reposes. There are different methodologies
in conducting a cross impact analysis, including calculus and probability, Bayesian
statistics, quantum mechanics, and control theory principles (Lindstone 2002).

In summary, there is a very wide interpretation and application of Delphi, but it is

primarily based on the original work done by RAND. However, it all can be connected
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by the following commonalities: a structured process, clear definition of objectives and
subjects, multiple rounds of responses, and analysis of the feedback (Cuhls 2003;
Lindstone 2002; Hader 1995; Wechsler 1978). Recent innovations include real-time
Delphi processes using specialized software and the Internet to conduct the process
virtually without time delays in the responses and the different rounds.
2.6.2 Delphi Practical Guide

Keeney et al. (2011) published The Delphi Technique in Nursing and Health Research.
Because this is a high-quality publication detailing practical information geared toward
students and researchers, and was heavily used in this research, extra attention is paid to
this guide in the literature review. The review will specifically cover three major sections
of the book: designing, administering, and analyzing Delphi studies.

2.6.2.1 Designing Delphi Studies
The section begins with the statement “The Delphi technique seems straightforward but is
not (Keeney et al, 2010, p. 43),” meaning that the process is dynamic, and a successful
outcome requires careful planning and active administration of the process. The first step
is to determine if the Delphi is an appropriate methodology to be used based on the
research problem and goals. Lidstone and Turoff (1975) described situations for which a
Delphi is appropriate. These include exploring judgments, generating or correlating
judgments, exposing different views, or when there are logistical or geographic
constraints.

2.6.2.2 Analysis of Delphi Studies
This section details the various analyses that can, and some that should be performed

during Delphi studies. As there are different types of analyses, they can occur at different
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stages of the process as well. For each stage of the study, the following analyses can be
performed. Round 1 is typically a session wherein the researcher asks open-ended
questions to the subject and the answers are recorded. The primary means of analysis for
this phase is content analysis (Keeney et al, 2010). The authors cite Bounard (1991) as an
example of a content analysis framework that is fairly known. Table 2-2 is an outline of

that framework

Table 2-2: Outline of framework: Content analysis

Burnard's (1991) 14-Stage Content Analysis Framework

1. Make notes, memos, post interviews.

2. Read transcripts and note general items

3. Note as many headings as required

4. Categories are grouped together

5. Remove repetitive headings

6. Two researchers independently generate categories from data

7. Transcripts reread alongside list of categories

8. Each transcript worked through and coded

9. Coded sections cut and collapsed together

10. All collapsed sections organized under headings

11. Some participants asked to check

12. All sections filed for write-up

13. Access to original transcript write-ups

14. Use of literature (separate or integrate)

2.6.2.3 Reliability, Rigor, and Validity
Keeney et al state “similar to all types of inquiry, establishing methodological rigor is

vital to the integrity of the research” (Keeney et al. 2010). They go on to say that Delphi
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studies are not always straightforward, and special criteria should therefore be applied to
them. Keeney et al. (2010) define reliability as “an examination of stability and
equivalence of research conditions and procedures” (Keeney et al. 2010) They argue that
Delphi studies naturally promote reliability by using a process that is individual (i.e., not
a group gathering), which avoids group think and bias (Keeney et al. 2010).

The level of rigor of the study can be assessed by the sample size, which can
range generally from greater than ten to thousands depending on the desired breadth of
the research and its goals. A second measure of rigor can be an analysis of the design of
the Delphi study. The authors cite Sackmann (1974) who recommended that a replica of
the study can be completed years later, with a sample of independent panelists to compare
results. They also admit that this method is not wholly practical or widely used in the
field.

The concept of validity here refers to the ability of the study to measure or
represent its stated goals. The authors argue that a key assumption to validity is to ensure
that the participants are truly experts in the subject area and represent the field as a
whole, which is not easy to do. They also detail a list of “threats to validity” as

summarized in Table 2-3.

Table 2-3: Threats to validity

Threat to Validity Author(s) Cited
Selection: The selected research participants have features | Clayton, 1997 p.382
that influence results, similar to a sampling bias. Sackmann 1975 p. 382
History: External events occurring during the study can Kenny et al. (2010)

influence responses.

Situation: All details involved in a Delphi to include size, | McKenna and Kenny,
timing, number of rounds, unclear definition of consensus,  2008b
etc. Also, there is not a strict definition on Delphi design, so
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there is a great variability between studies.

Reactivity: No accountability for opinions, as well as group Simoens, 2006
think and the bandwagon effect.

Natural Loss: Research participants are naturally lost as the Simoens, 2006
study progresses.

Researcher Bias: Bias can be felt throughout the study;, Rowe et al. (1991)
from administration, to condensing results to analysis. Kenney et al. (2010)

2.6.3 Scenario Analysis
Credit for the development of scenario analysis is held by Kahn and Wiener in a 1967
paper The Year 2000: A Framework for Speculation on the Next Thirty-Three Years. This
paper attempted to develop required strategic technological innovations for the next
generation. Ayyub defines a scenario as “a hypothetical sequence of events that are
constructed to focus attention on causal process and decision points or nodes” (Ayyub
2001). Goeminne and Mutombo discuss three types of scenario studies: predictive,
explorative, and normative. Predictive scenarios respond to the questions “what will
happen if...?” Explorative scenarios respond to the question “What can happen?”
Normative scenarios respond to the question “How can we achieve...?” Most scenario
analysis is a hybrid of the three types (Goeminne and Mutombo 2007). There are many
approaches to the analysis of this methodology. The actual development of the scenarios
themselves may be the goal, and may reveal a wealth of information. Alternatively, the
goal may be to analyze how individuals or a group respond to scenarios that are presented
to them. A common methodology called Cross Impact Analysis (CIA) can evaluate
changes in the probability or frequency of occurrence of scenarios that can cause
deviations (Bradfield 2005). In addition, the literature also points to value being realized

from both individual and group scenario analysis techniques.
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2.6.4 Analytical Hierarchy Process
The analytical hierarchy process (AHP), and its more general form, the analytical
network process, were developed by Thomas Saaty and are generally used in structuring
and making complex decisions (Saaty 2008). Generally the process is as follows:

1. Model the problem as a hierarchy containing the decision goal, the
alternatives for reaching it, and the criteria for evaluating the alternatives.

2. Establish priorities among the elements of the hierarchy by making a
series of judgments based on pair wise comparisons of the elements. For
example, when comparing potential real estate purchases, the investors
may say they prefer location over price and price over timing.

3. Synthesize these judgments to yield a set of overall priorities for the
hierarchy. This would combine the investors' judgments about location,
price, and timing for properties A, B, C, and D into overall priorities for
each property.

4. Check the consistency of the judgments.

5. Come to a final decision based on the results of this process.

AHP is a widely used methodology that has applications in almost any field and can also
be used in general strategic situations or more complex situations. It has unique
applications in specific decision-making situations where uncertainty can be more

precisely quantified.
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2.7 Conclusions

The literature review met all four of the original goals established at the onset of the
research. First, it uncovered real-world problems that the entire research is based upon.
The main problem is highlighted in the NDHS.

Second, based on the review, one can easily state that there is not an
overwhelming amount of research that addresses the problem or post-disaster housing in
general. In terms of forecast modeling, there was no research uncovered that used the
exact or even a similar methodology to the one proposed in this paper.

Third, the literature review explored several methodologies for expert opinion
elicitation as well as data modeling, and provided the information necessary to allow the
researcher to choose both a regression and Delphi methodological framework.

Lastly, the literature review points to the conclusion that this research is indeed
unique, as no other documentation was found to suggest that the problem has been
addressed with the proposed methods.

This chapter has described in theory how the methodologies used in the research
work and can be applied in general. The following chapter describes how the

methodologies will be applied in a practical manner to answer the research questions.
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The idea that predictive science can simplify the decision-making process by creating
a clearer picture of the future is deeply appealing in principle, but deeply problematic
in practice.

( Sarewitz, Pielke, Byerly 2001. Pg 4)

Chapter 3 — Proposed Research Methodology
This chapter describes the methodologies that were used to address the research
questions presented in Section 1.3. Those research questions can be summarized into
four questions as follows: (1) What is a research-developed model for forecasting
post-disaster interim housing needs in the immediate aftermath of a disaster? (2)
What is a research-developed model for forecasting the overall cost to the federal
government of a housing mission? (3) What are the most important factors that
should be considered when conducting operational planning for a post-disaster
housing mission? (4) What strategies based on the findings of the first three research
questions can be implemented to shorten the timeline for the provision of interim
housing?

The overall aim was twofold: to establish a credible answer to the
prioritization of factors for providing post-disaster interim housing and to explore the
possibility of developing a mathematical model that provides estimates of key data.
As this research is broken up into two parts and is both qualitative and quantitative in
nature, this section is also discussed in two parts. The first part details the process of
developing a ranked list of factors that should be considered during the operational

planning of a post-disaster interim housing mission using the Delphi methodology. In
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addition, this process used a separate group of SMEs to provide feedback and validate
the process validity and applicability.

The second part details the methodology used to develop the mathematical
model and requirements forecast. Specifically, based on the research questions, the
area that is addressed is the ability to make forecasts in order to shorten the period in
which actionable data is required. Regression analysis is the general methodology
used in this research to address the quantitative research questions. The choice of
using a regression is due in large part to the availability of a good quality data set
described below and a requirement for a forecast to be produced without real-time
data.

Using the FEMA provided data set, a series of regression analyses for
different variables and forecasts were planned and regression based models developed
that addressed the research questions. Based on the regression models that were
developed and associated research, an exploration to the applicability of tool to assist
practitioners can take place. The end result is a synthesis of the quantitative and
qualitative aspects of the research, used to propose specific and general

recommendations for the Emergency Management community..

3.1 Institutional Review Board
Due to the interaction with housing experts, the researcher submitted an
application to The George Washington University’s Institutional Review Board (IRB)

and was granted an exemption, category 2 (IRB #071215).
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3.2 Determining Factors for Operational Planning in a Post-Disaster Interim
Housing Mission

This section details the methodology for the first part of the research. The general
concept follows the Delphi process to produce a comprehensive list of factors that
housing experts considered to be important factors to consider when conducting
operational planning for a post-disaster housing mission. These are referred to as
“factors” for the remainder of the dissertation. Furthermore, relative rankings for
these factors were also developed. This final list generated at the termination of the
process is considered the group consensus. For more information on the Delphi expert
elicitation process, please see the literature review in Chapter 2.

As part of the literature review, a general survey was conducted to determine
the universe of available expert elicitation techniques. Furthermore, three specific
methods were then selected and evaluated for use in addressing the research
questions: Delphi, scenario analysis, and analytical hierarchy process. The Delphi
method was selected for the following reasons. First, the researcher felt that a group
consensus is the best way to address the third research question. The Delphi method
is the most conducive methodology for a limited and qualitative question such as this.
Second, both individual and group feedback add value to the research. The Delphi
method is the method most suited to incorporate both of these facets. Third, both
qualitative (factors) and quantitative (rankings) are required to address the research
question. Delphi can achieve both of these demands. Lastly, the researcher is most
experienced in using Delphi from previous unrelated studies.

The Delphi method is based upon the opinions of individuals with expertise
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in their field. The following section will provide the definition of expertise.

3.2.1 Housing Expert
This section details what constitutes a housing expert, which was a requirement for
participation in the Delphi process. It has been broken up into two categories:
experience in real disasters and research experience. These two categories recognize
that there are two ways to become an expert. The first is experience as a public sector
employee (or working on behalf of the public sector) in response to a real disaster.
The second is through higher-level academic research. The sections below detail

more specific criteria.

3.2.1.1 Experience in Real Disasters
Past experience in being personally involved in the provision of interim housing for
disaster victims may qualify an individual as a housing expert. This type of
experience should be at least at the community level (greater than 30 households) and
not at the individual or single-family level. This experience should also be from either
the public sector or the private sector and must include experience in developing
requirements, formulating an overall strategy, and executing that strategy. This
experience can be from a staff level position, such as working as part of the FEMA
Disaster Housing Operations Group, the Individual Assistance Program, or
Emergency Support Function (ESF) #6 or state and local counterparts. In addition,
positions of leadership that oversee these elements and either influence or make

critical decisions related to housing are included. Examples of such experience may
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include employment as a state coordinating officer, FCO, FEMA operations chief, or

ESF team leader.

3.2.1.2 Research in Disaster Housing
Having conducted university-level or equivalent research on post-disaster housing
may qualify an individual as a housing expert. This individual should demonstrate a
thorough review of academic literature and knowledge of current governmental and
nongovernmental procedures and entities. An expert should have published papers on
the topic in peer-reviewed journals that include thorough exploration into a specific
area related to post-disaster housing, and/or developed a new tool or concept on

disaster housing.

3.2.2 Sample Size
A minimum of six subjects participating in the Delphi was established in the
proposal. This had been determined based upon discussion with the research director
and is supported by evidence in past literature on Delphi studies based on previous
work experience by the researcher, and was influenced by a lack of publicly available
information on this exact issue. It is estimated that there are around 80 disaster
housing experts in the United States. Therefore interviewing a group of 6 to 12 was
both practical and feasible.

13 expert’s fully participated in the Delphi. While this is greater than the

original upper limit set at the proposal, it was determined that a large sample size

would capture a larger diversity of opinion. Therefore, the study continued with 13
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participants.

3.2.3 Letter of Invitation

In conjunction with the research director, the letter of invitation has been included in
Appendix A. The letter was sent to a group of housing experts that the researcher has
worked with in the past, as well as several researchers discovered through the
literature review who meet the research criteria. Additionally, after consultation with
the FEMA Disaster Housing Operations Office, several more potential participants
were identified.

The researcher individually reviewed the qualifications of each participant to
determine whether or not each subject who responded affirmatively to the invitation

letter met the established qualifications.

3.2.4 Structured Feedback Process Overview
The following steps provide an overview on how, using the Delphi process, the
researcher conducted the facilitated sessions.
STEP 1: An introductory conference call was held to discuss the process and establish

the rules with all participants. All participants remained anonymous.

STEP 2: Individual interviews were held with each participant to gain their individual

list of factors and responses to other questions (see Section 3.1.5).

STEP 3: An initial worksheet was provided via email. Subjects were given one week
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to provide responses. They were requested to add to the provided list of decision
factors and provide a relative weight for each factor they chose to include. Their

entire list of factors was required to equal 100%.

STEP 4: Upon receipt of the worksheet, subjects’ responses were deidentified and a
group result, which is the aggregation and average of the individual results, was

developed.

STEP 5: A second conference call was held to discuss the group results and provide

the procedures for the next round. This information was also transmitted via email to

benefit those who did not participate in the call. All participants were provided an

evaluation sheet that contained the group results sent to the group via email.

STEP 6: Again, a new group result worksheet was developed similar to the one used

in STEP 3. This worksheet was provided via email to the group.

STEP 7: It was determined that consensus was reached and the Delphi should be

terminated.

STEP 8: The group and individual responses were analyzed according to the research

proposal (see Section 3.1.6).

The entire process was facilitated by the principal researcher, Adam Jachimowicz.
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Between each step, an update was provided to the research director.

3.2.5 Individual Interviews
Once participants agreed to participate, one-on-one interviews with the researcher
took place. These interviews served to identify the housing factors that were compiled
and ranked in the group Delphi and established any factors that are specific to either a

type of disaster or a geographic region of the country where the disaster occurred.

The factors provided by the interviews were compiled into a single list with
duplicates removed and used to populate the worksheet used for subsequent rounds of
the Delphi process.

Additionally, the researcher asked the following:

What are the differences in factors that would be considered depending on the
disaster type (i.e., hurricane vs. earthquake)?

What are the differences in factors that would be considered for the following
regions of the United States? Northeast Coast, West Coast, Gulf Coast, Midwest, the
Pacific Islands, Alaska, and the Caribbean Islands.

These “sub factors” related to the last two questions were not the main focus
of this research but were able to provide more depth into the research questionnaire

and are discussed in the results chapter.

3.2.6 Data Analysis

Qualitative analysis took place after both the interview and the second round
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of the Delphi. Additional discussion of the results is included in Chapter 4. The
researcher followed Bounard’s general framework (Bounard, 1991) for coding the
response, which has been detailed in the literature review. For quantitative analysis, a
simple ranking system was developed. Each factor listed was provided a total score
that was a product of the ranking on each individual list and the factors cumulative
weight. This was applied to all 13 worksheets. All factors were then aggregated to
produce a single ranked list. From this list, the frequency of the factors could be
established in addition to their relative rank.

For instances when more than one factor received the same score, those
factors were ranked the same. No ranks were skipped. Therefore the list contain ranks
such as 1, 2*, 2*, 3. As shown by the example, there are instances where two factors

received the same score and were placed at the same ranking.

3.2.7 Review Panel

In an attempt to obtain feedback and validate the Delphi portion of the
research, a panel of three participants was used. These three participants met the
qualifications to participate in the Delphi, but did not actually participate. While
possessing subject matter expertise, but not going through the group process, they
were able to provide unbiased and independent feedback on the results of the process.

When the Delphi was complete they were provided a de-identified summary
of the results. In addition, in a conference call, the entire process was reviewed in
detail and any questions were answered. Lastly, they were asked to provide a short

written assessment. This assessment was to include the following:
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e Rating on a scale of 1 to 10 on the confidence they had in the results of the
Delphi.

e Rating on a scale of 1 to 10 on the confidence they had in the process used to
arrive at the results.

e Rating on a scale of 1 to 10 on how they felt the group of participants
identified a comprehensive representation of housing experts in the United
States.

For each 1- 10 scale 1 represented “least confidence” and 10 represented “most

confidence”. In addition, further unstructured feedback was solicited and

documented.

3.3 Requirements Forecasting

This section details the methodology for the second part of the research.

3.3.1 Data Set
The data set used was provided by FEMA. The data set was provided by the Disaster
Housing Operations Office in the form of an Excel spreadsheet. The file provided was
an output of FEMA's Disaster Analysis Reports Technology Solutions (DARTS)
database that records disaster-related data (Fiorini 2009). The fields of the data set
are:

e YEAR: starts at 2004

e DECLARATION DATE: refers to the presidential disaster declaration

e STATE: refers to the state for which the declaration is issued
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e DISASTER: FEMA—generated disaster declaration identification number

e DISASTER TYPE: earthquake, typhoon, severe storm, flood, hurricane

e TOTAL REGISTRANTS: number of individuals who successfully
completed the FEMA registration process

e APPROVED FOR HA: number of registrants who were approved for and
received housing assistance

e APPROVED AMOUNT FOR HOUSING ASSISTANCE: total dollars

spent on housing assistance; does not include FEMA management costs

e CUMULATIVE OCCUPIED HOUSING UNITS: housing units built,

leased, or purchased for disaster survivors

Table 3-1 provides some summary information gathered from the data set.

Table 3-1: Summary information of Data Set

Span of Events Jan 13, 2004 to June 19, 2009

Total # of events 174

Earthquakes 2

Severe Storm 128

Typhoon 4

Hurricane 25

Flood 5

Fire 5

Tornado 3
Total # of registrants 7,151,922
Total # of registrants approved for 2,718,491
housing assistance
Total amount approved for housing $8,490,425,568
assistance (in U.S. dollars)
Total occupied mobile housing units 71,413

3.3.2 General Strategy
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Regression analysis was chosen as the main analysis technique for the qualitative
analysis for several reasons. First, there is a comprehensive data set available that
represents all possible data outlined in the scope of the research. These data indicate
correlation among several variables, which are discussed in detail in chapter 5.
Additionally, the requirement of a forecast to make predictions supports a regression
analysis. Lastly, using regression for this type of analysis has not previously been
used to answer this research question and can be considered a unique application.
The data provided, with modifications that are discussed below and in Chapter

5, were used to create regression models. These models were then used to provide a

forecast of several variables employing user-defined inputs.

3.3.3 Model Development
This research applied regression analysis to several variables. The following section
provides a scope and describes dependent variables that were used. These variables in
general were selected for consideration into the model because they have the potential
to provide useful information for decision makers or are suspected to have strong

relationship to the dependent variables.

3.3.4 Model Scope
The scope of the planned model was limited to wind-only events, which
include hurricanes, typhoons, severe storms, and tornados. There are several reasons
for this decision, the first of which is the potential sample size. For earthquakes,
fires, and floods, only 2, 5, and 5 events, respectively, are included in the data set,

whereas 160 wind events are included. Secondly, for the purposes of creating a single
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model, there must be some way to compare the relative strengths of these disasters.
By limiting to wind-only events, this comparison becomes feasible because wind
speed can now be used as a common scale to compare the intensity of different

gvents.

3.3.5 Variables
This section lists the dependent and independent variables from the data set that were

used for the analysis.

Dependent variables included:

Number of registrants approved for HA
Dollar amount approved for HA
Cumulative occupied housing units
Number of registrants

Independent variables included:

Total number of registrants
Disaster type

Disaster strength

Affected population

Disaster type is based on the available data and the research scope and includes:

» Earthquake (not used in analysis)

* Typhoon
e Hurricane
* Flood

e Severe storm

e Fire (notused in analysis)
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While other types of disasters certainly exist, the research is limited to these, as they
are within the scope and are part of the existing data set.
Currently listed for each disaster is a measure of strength as follows:

Typhoon: The Beaufort Scale
Tornado: The Enhanced Fujita
Hurricane: The Safir Simpson Scale
Severe Storm: Wind Speed measure

Dependant Variables were selected for use in the four regression models, because a)
taken together they can represent the scope of a housing mission b) they are the main
variables captured by FEMA and included in their historical database and c) available
to the researcher.

The process for selecting Independent variables for the regression analysis was a
combination of past experience by the researcher and information garnered through
interviews and the literature review. Because the regression analysis is able to
indicate each variable’s contribution to the model, the researcher used a process that
included any possible variable where data was available and it was suspected that the
variable might influence the forecasts. The results chapter provides insight into

which variables were discarded during the regression analysis.

3.3.6 Additional Data Inputs

For the regression analysis, it was necessary to supplement the provided data set with
additional data. Specifically, population data and income data were added for the
purpose of using additional independent variables. The section below describes these

additional data briefly, while Chapter 5 provides more details.
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3.3.7 Population Data

Each row in the data set includes a disaster declaration number. Using the publicly
available FEMA declared disaster database, each county that was included in the
disaster declaration will be recoded. Then each population using the 2010 census data
set will be aggregated to provide a single figure that represents affected population

data for that disaster.

3.3.8 Income Data
Similar to population, an aggregate of each county's median household income was

used as a measure of overall average household income for the affected population.

3.3.9 Regression Analysis Software
Minitab version 16 software was used as the tool to perform the regression analysis

and associated testing and validation.

3.3.10 Comparing Models
The purpose of comparing models is to determine which variables can be excluded
from the model. Briefly, the model was first developed using all the dependent
variables. Then dependent variables were removed to determine the influence of the
adjusted R statistic. Based on these results, a decision on whether to keep the variable
in the model was based on an increase or decrease of the adjusted R statistic. If the
adjusted R statistic increased, the variable remained in the model; if it decreased, it

was discarded.
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3.3.11 Diagnostic Analysis
Based on commonly used analysis techniques, the following series of tests were used
to determine whether or not the regression model is valid. First a test for
autocorrelation using the Durbin Watson statistic was used. Secondly,
multicolinearity was taken into consideration by analyzing the variance inflation
factor. Thirdly, heteroscadacity was analyzed by observing the residual plot. Lastly,
an analysis to detect influential observations was performed. If influential
observations were found, they were removed from the data set. In addition, an F-test

for the regression model was used to determine if there was statistical significance.

3.3.12 Sensitivity Analysis
A sensitivity analysis was performed on the resulting models. The end results are a
series of tornado diagram. Each dependent variable was increased by 100% to

determine its effect on the entire function.

3.3.13 Model Testing and Calibration
Once the models were developed, they were tested. The main method for
accomplishing this was to use a subset of the data as input parameters for the model.
The outputs of this subset were considered a forecast and were compared to the actual
data. This process enables one to determine the applicability of the model through a

confidence interval. Thus, accuracy levels were also assigned to these forecasts.
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3.4 Conclusion

In conclusion, both parts of this research address documented problems and questions
raised by the disaster housing community. The structured feedback process developed
a significant compilation of expert opinion that can be used for further research
and/or a basis for development of tools and policies aimed at improving the
effectiveness of providing interim housing to disaster victims.

The forecasting of housing requirements is also a documented need and
requires critical action for a successful housing mission. Through a series of
interviews and a review of the literature, the researcher has garnered an overview of
the problem and current methods for addressing it. This research details a new way to
provide a post-disaster housing forecast. This new method also has the benefit of
providing much more detail than previous methods by providing a forecast of
different types of housing options, not just overall totals.

Additionally, based on the development of the model, the structured feedback
process, and other knowledge gained through the research, insights were garnered
that can be applied to the entire process. Recommendations and suggestions for
further research are made within the lens of improving the post-disaster interim
housing process.

While this chapter has described the methods and procedures used to
formulate a framework and conduct the research, the following chapter will describe

the results after the research was actually conducted and completed.
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Chapter 4 — Delphi Results

4.0 Introduction

This chapter is dedicated to a presentation of the results of the Delphi portion of the
research. Specifically, the results at various stages of the process are explained and
analyzed. The analytical results detailed in this chapter provide the groundwork for

answering the research questions in the final chapter.

4.1 Research Pool
Fourteen participants agreed to participate in the research study. One participant did
not meet the requirements stated in the invitation letter and was ultimately rejected by
the researcher. The rejected participant did not meet the criteria of having experience
with housing missions greater than 30 households. That individual was a recent hire
to FEMA and previously worked for the American Red Cross assisting individuals
displaced by fires.

As previously mentioned, each of the 13 participants was interviewed as part
of Round 1 of the Delphi. Summaries of the interviews are provided in APPENDIX
B. The following characteristics have been determined from the coding and analysis

of those interviews.

4.1.1 Characteristics of Research Pool

The following section describes the attributes about the research pool, that

demonstrates their collective background and experience.
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4.1.1.1 Background
A research goal was to ensure that the research pool included representation from the
federal, state, and local level of government as well as from academia. The research
pool consisted of six current FEMA employees who were assigned to both
headquarters and several regional offices. Five participants were currently employed
by the USACE, both at headquarters and at various district offices inside the United
States. One participant worked for the housing office of a large metropolitan area.
Finally, one participant was a university professor with experience conducting
research who had published several papers related to post-disaster housing

optimization and modeling.

4.1.1.2 Experience
The research pool includes 141 aggregate years of experience working on disaster
housing issues. In total, the participants collectively reported being involved in 115
disaster responses as part of the housing mission in various capacities. Table 4-1
shows all the events that the research pool has been part of; the duplicates have been
removed.

Table 4-1: Research pool-reported events
Hurricane Isaac
Hurricane lke
Hurricane Dolly
Texas Floods
Hurricane Sandy
Hurricane Isabel

Midwest Floods
Los Alamos Fires
Minnesota Flooding
Hurricane Charley
Hurricane Ivan
Texas Wildfires

Hurricane Katrina

Arkansas Flooding

Maine Spring Floods

Pennsylvania Floods

Alabama Tornados

lowa Floods

Northridge Earthquake

Oregon Floods

American Samoa

Independence Tornado




Earthquake/Tsunami
West Virginia Floods Greenburg Tornado
Indiana Floods Hurricane Rita
Joplin Tornado Vermont Flooding
Caruthersville Tornado Hurricane Jeanne
California wildfires

4.1.3 Research Pool Conclusion
The research pool satisfied the requirements laid out in the proposal of a minimum of
six qualified participants. Each participant was reviewed to ensure that they met the
requirements, which are detailed in the invitation letter. Additionally, the pool was
represented by different levels of government and the representatives of the key
agencies in United States—based post-disaster housing missions. The research pool
represents a range of employers and professional and educational backgrounds, but a
shared minimum level of expertise and a great deal of overlap in terms of the
disasters to which they can attribute their experience. It should also be noted that

throughout all three rounds of the Delphi, there was a 100% return rate.

4.2 Interview Results

The interview portion of the Delphi is referred to as Round 1 for the purposes of this
dissertation. 12 of the 14 interviews were conducted over the phone, while one was
conducted over email at the request of the participant. Each interview lasted
approximately 20 to 30 minutes. Below are the questions that were asked to each

interviewee.

1. Briefly describe your professional background as it relates to the field of

emergency management/interim housing.
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2. Briefly list (by disaster name) any experience you have had in planning for
and providing interim housing to disaster survivors or list any research
projects you have been involved with on the subject.

3. Briefly describe your current job and how it relates to providing interim
housing for disaster survivors.

4. List the top three factors that immediately come to mind and should be
considered in providing interim housing to disaster survivors. Please note that
step 2 of the research will ask you to expand on this very question.

5. How do the factors used in the response to Question 4 change when planning
for housing mission resulting from the following disasters: earthquake,
tornado, flood, hurricanes?

6. How do the factors used in the response to Question 4 change when planning
for missions in the following geographic areas: Northeast, Midwest, Gulf

Coast, South East, Alaska, and Hawaii?

The researcher did not record the interviews, but did take notes and coded their
answers for analysis. Question #4 is the basis for Rounds 2 and 3 of the Delphi and
will be discussed in detail. Questions #5 and #6 were not part of the primary goals or
research questions, so they will be briefly discussed in upcoming sections. It should
be noted that of the 13 participants who accepted the invitation to participate and met

the qualifications, all were interviewed.

4.2.1 Question #4 : Factors to consider

Question #4 directly addresses the main goal of this research and one of the
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research questions. It is an opened-ended question that starts the Delphi process
(Keeney 2010, 69). Based on the coded responses, the researcher prepared Round 2 of
the Delphi. This round included a comprehensive list of responses. That list was
included in the Round 2 Delphi worksheet (APPENDIX C). It is also shown in Table
4-2.

Table 4-2: Round 2 Delphi responses

House disaster survivors as soon as possible (i.e., maximize speed)

Locate survivors close to community services (i.e., schools, shopping, parks )

Availability of existing housing (i.e., rental resources)
Temporary housing placed outside flood zone

Utility infrastructure in place and functioning
Retaining the jurisdictional tax base

Providing basic shelter (i.e., out of the elements)

Meeting historical preservation requirements

Ability of the community to recover

Temporary housing options ensure residents can maintain an affordable lifestyle
House disaster survivors in a location that is safe and secure from crime

Provide housing that is appropriate to the given climate

Provide a basic level of shelter from elements (i.e., roof over their head)

After the interview results were coded, this list was compiled. In certain instances,

items were combined after careful review by the researcher (Keeney et al. 2010, 85).
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4.2.2 Question #5: Hazards
As previously stated, there was no follow up to this question in later rounds of the
Delphi as this was not the focus of this research. The question was: How do the
factors used in the response to Question 4 change when planning for a housing
mission resulting from the following disasters: earthquake, tornado, flood, hurricane?
The intent of the question was to determine how the main question, Question #3, can
vary based on the type of disaster. Based on content analysis conducted by the
researcher, the responses have been summarized and grouped into the following
seven themes. The full responses can be found in Appendix B.
General

e Repetitive loss: Why rebuild when you know it will get destroyed again soon?

e Must rebuild outside of the hazard zone. This zone is different depending on
the geographical area.

e In catastrophic events, people are more likely to completely move out of the
area, possibly for good. This changes the factors for planning for temporary
housing.

Floods

e Rebuilding issues are more complex because of the nature of floods and the
floodplain.

e Houses are damaged differently depending on the type of house and the type
of flood (riverine vs. flash).

e Damage is spread out to a great degree, leaving a very large area that is

considered impacted. Other disasters are more clustered and contained to a
specific area.

e Minor repairs can get people back into homes.
e Often political
e Often damages/destroys town government and services completely
e May require permanent relocation to a different area
Earthquakes

e What is the size and scope of the earthquake?
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e How likely are aftershocks?

e Debris removal can impede housing site location. Hazardous debris can
further complicate the situation.

e Greater level of infrastructure would be damaged.

e Access to disaster area may be severely limited.

e Hard to mitigate future earthquakes. One needs local seismic and general
technical engineering knowledge.

e Major structural issues to both small and large buildings

e Relocation may be to places very far away.

Hurricanes
e Minor repairs can get people back into homes.
e Greater chance that a homeowner has insurance.
e Federal policy is that government cannot duplicate insurance benefits from the
private sector.
e Restoring power is always a big issue. Many things cannot happen until power
IS restored.
e More shelter-in-place (SIP) options available after hurricanes
e Relocation may be to places very far away
Tornados
e Debris cleanup must be initiated before housing
e Greater chance that a homeowner has insurance
e Damage is either very major or very minor; not much in between
Level of Insurance

e What is the general level of insurance? This can vary by community as well as
by disaster.

Fires

e Damaged area is generally clustered

4.2.3 Question #6: Geographical Location
This question was also not followed up in later rounds of the Delphi. The question
asked was, “How do the factors used in the response to Question #4 change when

planning for missions in the following geographic areas: Northeast, Midwest, Gulf
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Coast, South East, Alaska, and Hawaii?” The intent for asking this question was to
determine how the factors determined for Question #4 vary in different parts of the
country. Following is a complete list of summarized and coded answers, with
duplicates removed.

General

Cultural issues will vary greatly between different regions of the United States
Dense urban areas should be grouped together

Non-English-speaking individual and community populations

Types of trailers differ based on climates

Colder climates need special considerations for utilities

West Coast

e Seismic risk
e High cost and low availability of land

Midwest

e Should build safe rooms because of tornado threat
e Consider snow loading

Hawaii
e Very limited space
e Must consider nontraditional options
e Not feasible to transport trailers

Alaska

e Very difficult and expensive to get resources to
e Have used self-build cabin kits before

Northeast

e Union heavy; affects construction
e Consider snow loading

Gulf Coast

e Unique local government situation
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From the results, the researcher concluded that the overall themes are climate and
secondary hazards. These can both be generalized geographically. Climate can
generally be divided into colder regions such as the northern United States and the
warmer southern United States. In terms of providing travel trailers as housing
assistance, there are two types that are regulated by the United States Housing and
Urban Development Agency and sold by commercial manufactures. They are
considered the “northern” and “southern” styles. Northern trailers have requirements
for increased insulation, and a different type of vapor barrier.

Natural hazards is a term that can be broken up into large geographic areas for
certain hazards. Those include earthquakes, which predominantly occur on the West
Coast, Hawaii, and Alaska. Tornados generally occur in the Midwest and Southern
United States. Flooding and wildfires, however, are prevalent throughout the entire
country. Hurricanes directly affect the Gulf Coast and the East Coast of the United

States only.

4.3 Round 2 Delphi

The second round of the Delphi started two weeks after the last interview was
complete. It was conducted mainly over email, with follow-up phone conversations
for the purposes of clarification. The full Excel worksheet is located in APPENDIX
C. After two reminders to participants after the original deadline had passed, all 13
worksheets were returned for a 100% return rate. The second round Delphi focused
entirely on the following question: After a disaster, when conducting operational

planning for providing interim/temporary housing to a group of disaster survivors,
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what are the factors that should be considered?

The worksheet provided a table to list the top five responses to the question

above. The below list was created from the 13 responses. The list was first compiled

and then ranked using the ranking system described in the methodology chapter. Note

that factors that received the same weighted score and share a rank are indicated with

an asterisk (*). In addition, factors that were provided by the respondents and are

considered original to the round are written in bold text in Table 4-3.

Table 4-3: Round 2 Delphi results for group rankings

Round 2 Delphi Results: Group Rankings

House disaster survivors as soon as possible (i.e. Maximize speed)

Availability of Existing Housing ( i.e. Rental resources)

Minimize distance to original home

Utility infrastructure in place and functioning

Temporary Housing placed outside Flood Zone

Gaining buy-in from local community

House Disaster Survivors in a Location that is Safe & Secure from Crime

Locate survivors close to community services ( i.e. schools, shopping, parks)
Ability of Community to recover

Provide housing that is appropriate to the given climate

Provide for safe housing that supports displaced surivors ability to live, work, and recover:
House quickly - get people out of shelters

Providing basic shelter (i.e. out of the elements)

Maximize cost-effectiveness

Local zoning ordinances

Socio-economic status of survivors needing housing

Maximize convenience to individuals and households

Infrastructure in place or repairable

Availability of large parcels of land for building new housing sites

Temporary housing is covered by Emergency Services ( i.e. Fire, Police, Hospitals )
Minimize inconvience to community

Location considerations (zoning incl flood, crime, emergency and community services)
Mitigate future likely hazards ( i.e. aftershocks, floods tornados)

Assess and address access and functional needs of survivors needing housing

Minimize overall cost

Recreate asense of community

4.3.1 Round 2 Analysis: Description

10*
10*
10*
11*
11*
11*
11*
12*
12*
12*
12*
13*
13*
*Indicates that rank

Round 2 generated 13 ranked and prioritized lists. All but two of the lists had five

factors each. Two of the lists only provided four factors, which was acceptable.
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Twenty six factors were used, 8 factors were added by the participants, while the rest

(17) were chosen from the list provided on the worksheet.

4.3.2 Round 2 Analysis: Combining Factors
At this stage, following the guidance of Keeney at al. in The Delphi Technique in
Nursing and Health Research (85), the researcher determined that two sets of the
statements were similar enough to combine them. The first set of statements were (1)
infrastructure in place or repairable and (2) utility infrastructure in place and
functioning. For the following round, the two statements above were combined to
read as “infrastructure (road, utility) in place or repairable.” The second set of
statements were (1) house quickly (get people out of shelters) and (2) provide basic
shelter (i.e., get people out of the elements). This combined statement read “provide
basic shelter (i.e., out of the elements).”

The combination of these factors also influenced the overall rankings. Thus

Table 4-4 is considered to be the final Round 2 Delphi group rankings. It was used in

the worksheet for the third and final round of the Delphi.
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Table 4-4: Group list of factors from Round 2

GROUP LIST of Factors from Round 2 Group Rank
House disaster survivors as soon as possible (i.e. Maximize speed) 1
Availability of Existing Housing ( i.e. Rental resources) 2
Infrastructure ( Road, Utility) in place or repairable 3
Minimize distance to original home 4
Temporary Housing placed outside Flood Zone 5
Gaining buy-in from local community 6
House Disaster Survivors in a Location that is Safe & Secure from Crime 7
Ability of Community to recover 8*
Provide housing that is appropriate to the given climate 8*
Locate survivors close to community services ( i.e. schools, shopping, parks) 8*
Provide for safe housing that supports displaced surivors ability to live, work, and recover: 9%
Providing basic shelter (i.e. out of the elements) 9*
Maximize cost-effectiveness 10*
Socio-economic status of survivors needing housing 10*
Local zoning ordinances 10*
Maximize convenience to individuals and households 11*
Temporary housing is covered by Emergency Services ( i.e. Fire, Police, Hospitals ) 11*
Availability of large parcels of land for building new housing sites 11*
Minimize inconvience to community 12*
Location considerations (zoning incl flood, crime, emergency and community services) 12*
Mitigate future likely hazards (i.e. aftershocks, floods tornados) 12*
Assess and address access and functional needs of survivors needing housing 12*
Minimize overall cost 13*
Re-Create a sense of Community 13*

4.4 Round 3 Delphi

There was approximately a four-month gap from the completion for Round 2 to the
commencement of Round 3. This was due to a serious medical condition of the
researcher. Prior to the distribution of Round 3, a reminder email was sent to all

participants explaining the delay and preparing them for the upcoming round.

4.4.1 Round 3 Administration
Round 3 was administered similarly to Round 2, albeit with a slight change in
instructions. In Round 2 the participant was provided the factor list, which was based
on Round 1 results, and told to either pick from that list or add to it. For Round 3, the

instructions stated that the participant was required to pick from the given factors list
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and could not add any additional factors that were not found on the provided list. The

full Round 3 Delphi Excel Worksheet can be found in Appendix D.

4.4.2 Differences in Factors List from Round 2 to Round 3
The change in instructions from Round 2 to Round 3 was an attempt to provide
additional structure to the Delphi process. The first two rounds allowed the researcher
to provide open-ended answers to the question. Round 3 required the participant to

choose from the list.

4.4.3 Round 3 Results
Again, 13 participants completed Round 3 of the Delphi for a 100% success rate.
Three of the participants responded that they had no change to their original
responses, and the remaining 10 provided a worksheet. Table 4-5 is a ranked and

prioritized group response that is an aggregate of all 13 responses to Round 3.
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Table 4-5: Delphi Round 3 group list of factors

Delphi Round 3 GROUP LIST of Factors Group Rank
House disaster survivors as soon as possible (i.e. Maximize speed) 1
Availability of Existing Housing ( i.e. Rental resources) 2
Infrastructure ( Road, Utility) in place or repairable 3
Provide for safe housing that supports displaced surivors ability to live, work, and recover: 4
Minimize distance to original home 6
Locate survivors close to community services ( i.e. schools, shopping, parks) 7
Temporary Housing placed outside Flood Zone 8
Providing basic shelter ( i.e. out of the elements) 10
House Disaster Survivors in a Location that is Safe & Secure from Crime 11*
Temporary housing is covered by Emergency Services ( i.e. Fire, Police, Hospitals) 11*
Maximize convenience to individuals and households 12*
Availability of large parcels of land for building new housing sites 12*
Minimize inconvience to community 13*
Location considerations (zoning incl flood, crime, emergency and community services) 13*
Local zoning ordinances 13*
Provide housing that is appropriate to the given climate 14*
Mitigate future likely hazards ( i.e. aftershocks, floods tornados) 14*
Re-Create a sense of Community 14*
Gaining buy-in from local community 5*
Assess and address access and functional needs of survivors needing housing 5%
Maximize cost-effectiveness 9*
|Abi|ity of Community to recover 9*
Minimize overall cost NR
|Socio-economic status of survivors needing housing | NR

The last two factors listed are not ranked because they received rankings in Round 2,

but no research participant ranked these items in Round 3.
4.4.4 Comparison of Round 2 and Round 3 Results
Table 4-6 highlights the differences between Round 2 and Round 3 of the Delphi. The

most obvious result is that the top three factors remained unchanged.

Table 4-6: Delphi Round 2 and Round 3 comparison

Factor Group Group Change
rank rank from
(Round 2) | (Round 3) | Round 2 to
Round 3
House disaster survivors as soon as possible ( 1 1 No Change
i.e. Maximize speed)
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Availability of Existing Housing ( i.e. 2 2 No Change
Rental resources)

Infrastructure ( Road, Utility) in place or 3 3 No Change
repairable

Provide for safe housing that supports o* 4 +5
displaced survivors ability to live, work,

and recover:

Gaining buy-in from local community 6 5 +1
Assess and address access and functional 12* 5 +7
needs of survivors needing housing

Minimize distance to original home 4 6 -2
Locate survivors close to community 8* 7 +1
services (i.e. schools, shopping , parks)

Temporary Housing placed outside Flood 5 8 -3
Zone

Maximize cost-effectiveness 10* 9 +1
Ability of Community to recover 8* 9 -1
Providing basic shelter ( i.e. out of the 9* 10 -1
elements)

House Disaster Survivors in a Location 7 11 -4
that is Safe & Secure from Crime

Temporary housing is covered by 11* 11 NC
Emergency Services ( i.e. Fire, Police,

Hospitals )

Maximize convenience to individuals and 11* 12 -1
households

Availability of large parcels of land for 11* 12 -1
building new housing sites

Local zoning ordinances 10* 13 -3
Minimize inconvenience to community 12* 13 -1
Location considerations (zoning incl 12* 13 -1
flood, crime, emergency and community

services)

Mitigate future likely hazards ( i.e. 12* 14 -2
aftershocks, floods tornados)

Provide housing that is appropriate to the 8* 14 -6
given climate

Re-Create a sense of Community 13* 14 -1
Socio-economic status of survivors 10* No Rank No Rank
needing housing

Minimize overall cost 13* No Rank No Rank

The first column are the factors, the second are results from Round 2 of the Delphi,
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the third are the results from Round 3 of the Delphi, and the fourth are the difference
in rank between the rounds. Only four factors did not change rank between the second
and third rounds while 18 factors changed rank. A summation of all changes, which

can be considered a net change, is —12.

4.5 Termination of the Delphi

After Round 3 the researcher determined that it would be the final round and no
additional input was needed from the research pool. The reason for doing this was
that consensus has been reached for the top 3 factors between Round 2 and Round 3.
Generally the researcher felt that the responses were similar enough for the study to

terminate.

4.6 Independent Process Feedback

After the termination of the Delphi, feedback was solicited from a three person
review panel. The purpose of the panel was to gain unbiased feedback from
individuals with in-depth knowledge on the subject matter and comment on the
methodology used to answer the research questions, the process to conduct the Delphi
and the results. The specific objective was to validate, or invalidate, the process and
methodology that was used in the research project. The review panel members all met
the qualifications of a housing expert defined in chapter 3 but did not participate in
the Delphi. The following section will provide further information about the panel
and their feedback.

4.6.1 Panel Background
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The review panel consisted of 3 individuals. One is a retired Corps of Engineers

employee, another a retired FEMA employee and the last a current FEMA senior

level employee who oversees housing efforts at Headquarters. Amongst the three of

them they have reported 83 years of experience in the field of Emergency

Management and have responded to approximately 84 disasters. All three reported

working on multiple housing missions, and have both field experience as well as

policy development experience.

4.6.2 Panel Feedback

The table below provides a summary of responses to the main questions. For each

question, the panel member was asked to provide an answer based on a 1-10 scale

with 10 being most confident, and 1 being no confidence.

Table 4-7 : Review Panel feedback summary

Question Member | Member | Member | Average
1 2 3

How confident are you that the methodology 10 8 10 9.3
used in the research study answered the
research questions?
How confident are you that the group selected 9 6 8 7.7
as DELPHI participants are representative of
Interim Housing Experts in the U.S.?
How confident are you that the DELPHI 8 8 10 8.7
Process utilized can produce credible results
How confident are you that the final results of 9 8 9 8.7

the Delphi are credible .

In addition the following question was asked, and a summary of the unstructured

feedback is provided:

Does this research offer any contribution to real-world efforts?
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Table 4-8: Research Contributions

Member 1 e Yes. It is helpful to understand what are the most important
things to focus on after a disaster.
Member 2 e Yes, It can be justification for programmatic policy
Member 3 e Yes, it formalizes something that we have been trying to do for
years.
e Itis abase for further research

4.6.3 Review Panel Conclusions

In conclusion, the review panel did serve to validate the methodology, process and
results of the Delphi. After gaining an understanding of the process, and results, it is
clear that there is high confidence among all three members of the panel in them.

Thus , the feedback from the panel can be considered further support to the research

and its outcomes.
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Chapter 5 — Regression Results

This chapter will present the results of the regression analysis. The objectives of this
chapter are to explain the additional variables utilized in the data analysis, the process
of setting up and running the regression models and the associated results, and a
comparison case study. As stated in previous chapters, the intention of the analysis
was to build a model that could forecast critical information that would assist in the
planning effort of a post disaster interim housing mission. Using a data set provided
by FEMA and supplemented by the researcher the goal was to explore whether the
data set could produce a model to forecast three critical pieces of information 1) The
Cost to FEMA of a Housing Mission 2) The # of applicants in total 3) The # of
applicants approved for housing assistance and 4) The # of travel trailers FEMA
would install. The chapter will discuss the process of formulating the data set and
how it was used. It will also provide the outputs of the several regression models that
were developed. In addition, the researcher applied the regression models to a case
study using of the 2010 Joplin Missouri Tornado Disaster. This case study is

contained at the end of this chapter.

5.1 Data

The methodology section in Chapter 3 discusses in detail the data set supplied by
FEMA. This section will only discuss the data that were gathered by the researcher to
supplement the existing data set. The process for fully compiling the data set was
lengthy. Because multiple sources were used and data were collected manually from

public websites, the time required to complete the data set was in excess of 200 hours.
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5.1.1 Disaster Declarations Database
FEMA maintains a public database of all disaster declarations. This database is

located at http://www.fema.gov/disasters. It contains all disasters that have been

declared by the U.S. Federal Government since 1953 and has 3571 entries. The
database is searchable by several fields such as disaster number, type, year, or state.
The database contains essential information about the disaster for each entry,
including all the counties or parishes that were declared eligible to receive assistance,
the types of assistance that were authorized, figures on costs of programs, and press

releases.

5.1.2 Disaster Date and Declared Counties
For each declared disaster that was included in the data set derived from FEMA, the
researcher added the following fields: disaster date and declared counties. Disaster
date refers to the date on which the disaster occurred. The declaration date refers to
the exact date that the president of the United States or their delegated authority
signed the Presidential Letter of Disaster Declaration, which is required by law and
specifically authorizes the federal government to spend money on housing assistance
such as interim housing. The significance of this field to the research is that when the
disaster date is known, it allowed a search for the maximum wind speed on that date
in the given location. This wind speed was used as an independent variable during the
regression.

A presidential declaration is requested by a state governor, and specifically
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mentions the counties (or parishes for Louisiana) that have been impacted by the
disaster. FEMA and the president can specifically authorize certain types of
assistance based on the county subdivision. The researcher recorded all the counties
listed as being affected by that state disaster declaration that were authorized to
receive housing assistance according to the FEMA database. By knowing which
county has been impacted, the population of that county, number of households, and

other economic data could be added and used as independent variables.

5.1.3 Census Data
The researcher used publicly available United States census data to supplement the
data set. Specifically the following fields were added: (1) county population, (2)
number of housing units, (3) homeownership rate (%), (4) median household income
(%), and (5) percentage of population below the poverty level. The researcher used
2010 census data for all entries. The data set is inclusive of 2004 and 2009, thus the
2010 data is the closest available. The five added variables are expanded on below
using information provided by the Census Bureau regarding the statistic as well as
how it was determined.

The term *“county population” describes the population of the county (or
parish for Louisiana) in 2010. It is used as an independent variable in the regression
models. This variable was included in the research proposal as it was hypothesized
that it would influence the dependent variables. The Census Bureau defines country
population using the following additional information:

e Inthe 2010 Census, people were counted at their "usual residence", a
principle followed in each census since 1790. Usual residence has been
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defined as the place where the person lives and sleeps most of the time.
This place is not necessarily the same as the person's voting residence or
legal residence.

e Noncitizens who are living in the United States are included, regardless of
their immigration status.

e Persons temporarily away from their usual residence, such as on vacation
or on a business trip, on Census Day were counted at their usual
residence. People who live at more than one residence during the week,
month, or year were counted at the place where they live most of the year.
People without a usual residence, however, were counted where they were
staying on Census Day. The place of residence was derived from answers
to questions that were asked of all people in Census 2010 (Quick Facts).

http://quickfacts.census.gov/gfd/meta/long POP010210.htm)

The number of housing units is reported as a number and reflects a total
number of occupied dwellings in the county. It is used as an independent variable in
the regression. This variable was included in the original research proposal, as it was
hypothesized that the variable may influence the dependent variables. The Census
Bureau defines the number of housing units as a:

House, apartment, mobile home, group of rooms, or a single room hat is
occupied (or if vacant, is intended for occupancy) as separate living quarters.
Separate living quarters are those in which the occupants live and eat separately

from any other persons in the building and which have direct access from the outside
of the building or through a common hall.

http://quickfacts.census.gov/gfd/meta/long POP010210.htm)

The homeownership rate is reported as a percentage and is the rate at which
people own the houses they live in. It is used as an independent variable in the
regression models. This variable was not included in the original research proposal,

but added afterwards as the researcher predicted that it may have some influence on
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the dependent variables. The Census Bureau defines homeownership

as a housing unit is owner-occupied if the owner or co-owner lives in the unit,
even if it is mortgaged or not fully paid for. The homeownership rate is computed by
dividing the number of owner-occupied housing units by the number of occupied
housing units or households.

These data are collected in the American Community Survey (ACS). The data
for each geographic area are presented together with margins of error at
factfinder2.census.gov. The data are period estimates, that is, they represent the
characteristics of the housing over a specific 60-month data collection period (Quick
Facts).

http://quickfacts.census.gov/gfd/meta/long POP010210.htm)

The median household income is reported in dollars and is the average income
per household for 2010. It is used as an independent variable in the regression. This
variable was included in the original proposal, as it was hypothesized that the variable
may influence the dependent variables. The Census Bureau provides the following
additional information:

e Income of households, including the income of the householder and all
other individuals 15 years old and over in the household, whether they are
related to the householder or not. Because many households consist of
only one person, average household income is usually less than average
family income. Although the household income statistics cover the past 12
months, the characteristics of individuals and the composition of
households refer to the time of interview. Thus, the income of the
household does not include amounts received by individuals who were
members of the household during all or part of the past 12 months if these
individuals no longer resided in the household at the time of interview.
Similarly, income amounts reported by individuals who did not reside in
the household during the past 12 months but who were members of the
household at the time of interview are included. However, the composition
of most households was the same during the past 12 months as at the time
of interview.

e The median divides the income distribution into two equal parts with half
of the cases falling below the median income and half above the median.
For households and families, the median income is based on the
distribution of the total number of households and families including those
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with no income. The median income for individuals is based on individuals
15 years old and over with income. Median income for households,
families, and individuals is computed on the basis of a standard
distribution.

These data are collected in the ACS. The data for each geographic area
are presented together with margins of error at factfinder2.census.gov.
The data are period estimates, that is, they represent the characteristics of
the population over a specific 60-month data collection period. Since
answers to income questions are frequently based on memory and not on
records, many people tended to forget minor or sporadic sources of
income and, therefore, underreport their income. Underreporting tends to
be more pronounced for income sources that are not derived from
earnings, such as public assistance, interest, dividends, and net rental
income.

(http://quickfacts.census.gov/gfd/meta/long POP010210.htm)

Percentage of population below the poverty level is reported in percentage and

reflects the sector of people below the poverty level. This variable was not included

in the original research proposal, but added afterwards as the researcher determined

that it may have some influence on the dependent variables. It is used as an

independent variable in the regression. The Census Bureau provides the following

additional information:

Definitions:

Poverty statistics in ACS products adhere to the standards specified by the
Office of Management and Budget in Statistical Policy Directive 14. The
Census Bureau uses a set of dollar value thresholds that vary by family size
and composition to determine who is in poverty. Further, poverty thresholds
for people living alone or with nonrelatives (unrelated individuals) vary by
age (under 65 years or 65 years and older). The poverty thresholds for two-
person families also vary by the age of the householder. If a family's total
income is less than the dollar value of the appropriate threshold, then that
family and every individual in it are considered to be in poverty. Similarly, if
an unrelated individual's total income is less than the appropriate threshold,
then that individual is considered to be in poverty.

How the Census Bureau Determines Poverty Status: Poverty status is
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determined by comparing annual income to a set of dollar values called
poverty thresholds that vary by family size, number of children and age of
householder. If a family's before tax money income is less than the dollar
value of their threshold, then that family and every individual in it are
considered to be in poverty. For people not living in families, poverty status is
determined by comparing the individual's income to his or her poverty
threshold.

e The poverty thresholds are updated annually to allow for changes in the cost
of living using the Consumer Price Index (CPI1-U). They do not vary
geographically. The ACS is a continuous survey and people respond
throughout the year. Since income is reported for the previous 12 months, the
appropriate poverty threshold for each family is determined by multiplying the
base-year poverty threshold (1982) by the average of monthly CPI values for
the 12 months preceding the survey month.

Scope and Methodology:

e These data are collected in the American Community Survey (ACS). The data
for each geographic area are presented together with margins of error at
factfinder2.census.gov. The data are period estimates, that is, they represent
the characteristics of the population over a specific 60-month data collection
period.

e Since answers to income questions are frequently based on memory and not
on records, many people tended to forget minor or sporadic sources of income
and, therefore, underreport their income. Underreporting tends to be more
pronounced for income sources that are not derived from earnings, such as
public assistance, interest, dividends, and net rental income.

(http://quickfacts.census.gov/gfd/meta/long PVY020211.htm)

5.1.4 Wind Speed Variable
For each declared disaster, a maximum wind speed was determined. To accomplish
this, the National Oceanic and Atmospheric Administration (NOAA)’s Storm Events
Database was used. The database is publicly available and can be accessed at

http://www.ncdc.noaa.gov/stormevents/. The database is maintained by The National

Weather Service (NWS) and contains historical weather information from January

67


http://quickfacts.census.gov/qfd/meta/long_PVY020211.htm
http://www.ncdc.noaa.gov/stormevents/

1996 to the present day. It contains information that includes wind speed, tornado
sightings, snowfall amounts, and other weather-related fields.
For the purposes of this study, the maximum recorded wind gusts were

selected from the database and associated with the research data set.

For each disaster declaration, the state was entered followed by the disaster
date. In addition, for the event type field, “all county events” was selected. Figure 5-1

is a screen shot of the user interface for the database.
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- ) ) ) i

Home ContactUs AboutNCDC Help

NCDC > Storm Events Database (Select State

Storm Events Database

Data Access Enter Search Parameters for COLORADO
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FTP Access Data available from: 01/1996 to 09/2013

Database Download .

Storm Dats Publication Begin Date: [05[=] / [01[=] / 2004 [=] (mm/ddlyyyy)
Documentation
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Storm Data Preparation
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Figure 5-1: NOAA Storm Database screen shot

The database generated a list of significant events in that state on that day. The
researcher selected the maximum wind listed. In a few cases, the database was
queried to seach 3 days prior to and 3 days after the listed disaster date. This was

done only when the original query did not return any results.
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5.1.5 Tornado Speed Conversion
Tornado events were listed by their magnitude on the Enhanced Fujita Scale This
scale is the commonly used scale that classifies the strength of a tornado (Rodgers et
al 2013). The scale has six categories, EFO through EF5. Each category lists a range
of wind speeds. Thus, to come to a single speed for the purpose of the regression,
each category was given a single speed that was calculated by averaging the

minimum and maximum wind speed. Table 5-1 provides the conversions.

Table 5-1: Wind speed conversions for Enhanced Fujita Scale

Enhanched Fujita Scale MPH

speed speed speed

lower upper awg
EFO 65 85 75
EF1 86 110 98
EF2 111 135 123
EF3 136 165 150.5
EF4 166 200 183
EF5 200 200 200

5.1.6 Deviation from Proposal: Disaster Intensity
In the research proposal, it was declared that all disaster events would be converted to
the Beaufort scale. This would allow events that are measured differently (i.e.,
tornado vs. hurricane) to be placed on the same scale and used as a single independent
variable. After consulting with the research advisor, it was determined that converting

all events simply to miles per hour (mph) would be sufficient. The Beaufort scale has
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twelve categories, but the highest is classified at 74 mph or greater. Thus, using that

scale would artificially compress the distribution of the variable.

5.1.7 Data Summary
The complete data set resulted in an Excel spreadsheet that was composed of 18
columns and over 5000 rows. The data set included, for each disaster by state, a
county listing of each of the variables described above. For the purposes of the
regression, each disaster declaration was summarized to one row of data. Thus, for
the population and number of households, those data were aggregated. For the median
income, percentage of homeowners below the poverty level, and homeownership rate,
those data were averaged. Doing so allowed the researcher to display a maximum
amount of data on a single row of the data sheet, each row representing a disaster
declaration to be input into the Minitab analysis software for the regression

calculations.

5.1.8 Data Quality Control
To ensure that the data were accurate, the researcher established a process of quality
control. Once the full data set was compiled, a random selection of 10 of the 131
disasters was reviewed for accuracy. From the 10 selected disasters, each field was
compared to the data that were pulled from the public websites. Because there were

no deviations found in the data, the process was concluded.

5.2 Regression Models
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The proposal described developing regression models for three dependent variables.
In the research process, four dependent variables were available and the researcher
determined that there might have been value in all of them; therefore all were used to
develop four separate regression models. These variables are cost of a housing
mission to FEMA, the number of approved applicants, the number of applicants who
are eligible for housing assistance, and the number of trailer units that were provided
to disaster victims. The following four sections will provide the results and analysis
of each of the regression models. Table 5-2 provides a summary of the model titles

and descriptions. Note that the short name is used for the remainder of the chapter.

Table 5-2: Summary of models and descriptions

Name of the dependent Short name of model What it means

variable in data table

Approved amount for HA | Cost The total amount in dollars

$) allocated by FEMA for
HA programs

Total registrants Applicants Total number of people or
families who register with
FEMA to apply for
individual assistance

Approved for HA (%) HA Approved Total number of people or

families who are approved
by FEMA and are eligible
to receive HA

Cumulative occupied Trailers Total number of

THUs prefabricated trailer units
(mobile homes) that have
been installed by FEMA
and occupied by a person
or family eligible to
receive HA.

FEMA, Federal Emergency Management Association; HA, housing assistance; THU, trailer home unit.
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521 Initial Data Exploration
As a first step, a series of correlation tables were developed to provide the researcher
with an initial feel for the data and an indication of which variables may be the most
important. Using the Excel Data Analysis tool pack, the dependent variables were

correlated with all the independent variables.

5.2.2 Correlation Table: Cost

Table 5-3 uses amount approved for HA or cost as the dependent variable.

Table 5-3: Cost Correlation Table
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% below Poverty | .056 |.222 |-.143 |-.0137 | -.084 |-.817 1

Rate

This table demonstrates that there seems to be relatively mild correlation between all
the dependent variables. All variables with the exception of median household
income are positively correlated. The relatively low correlation also indicates that the

data may have to be transformed prior to the regression.

5.2.3 Correlation Table: Applicants

Table 5-4 uses the total number of registrants as the dependent variable.

Table 5-4: Applicants Correlation Table
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Median Household | -.039 | -.246 | .217 |.185 -098 |1

Income

% below Poverty .081 |.222 |-143 |-137 |-.084 -.817

Rate

From Table 5-4 we can see that the correlation is still relatively low yet greater than
the previous variable. All variables with the exception of median household income
are positively correlated. The relatively low correlation also indicates that the data

may have to be transformed prior to the regression model.
5.2.4 Correlation Table: HA Approved
Table 5-5 uses the number of applicants who have been approved for HA as the

dependent variable.

Table 5-5: HA approved Correlation table
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Homeownership .025 | -.047 | -.163 |-.158 |1

Rate

Median Household | -.018 | -.246 | .217 | .185 -.098

Income

% below Poverty | 055 |.222 |-.143 |-.137 |-.084

Rate

Again we can see that the correlation observed is lower than those from the previous
variable. All variables with the exception of median household income are positively
correlated. The relatively low correlation also indicates that the data may have to be

transformed prior to the regression model.

5.2.5 Correlation Table: Trailers
Table 5-6 uses cumulative occupied THUSs as the dependent variable.

Table 5-6: Trailers Correlation Table

Population

Housing Units
Homeownership Rate
Median Household
Income

% Below Poverty
Rate

Wind Speed

=1 Trailers

Trailers

Wind Speed 11
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Population .058 |-.025 |1

Housing Units .064 | -.009 | .990

Homeownership .034 | -.047 | -.163

Rate

Median Household | -.050 | -.246 | .217

Income

% below Poverty 076 |.222 | -.143

Rate

Of all four dependent variables, this seems to have the lowest overall correlation with
the independent variables. This indicates that our regression will probably also have
the lowest R statistic. Again, however, all variables are positively correlated except

for median household income ($).

5.3 Regression Model Outputs

The following section will present the results of the regression models that were
generated via Minitab. In total, four dependent variables were used and four separate
models were developed. For each dependent variable, several models were initially
developed. By comparing the R statistics, all but one model was discarded. For each
of the dependent variables the process of running the models, comparing them, and

conducting the validity test is now presented.

5.3.1 Normality of the Dependent Variables and Data Transformations

76



This section will examine the normality of each dependent variable for the 4

regression models and discuss the transformations used for the final analysis.
5.3.1.1 Cost Variable

Figure 5-2 is the histogram and the probability plot of the dependent variable. It

shows that the variable is skewed and not normal.
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Figure 5-2: Histogram and Probability plot of Cost

Therefore, for the purposes of the regression calculations, the natural log (LN) of the
variable has been used (van Dorp, 2008). Figure 5-3 is a histogram and probability
plot showing that using the natural log of the variable produces a distribution that is
closer to a normal distribution. Therefore, the natural log has been used for the
dependent variable for the regression model. In addition, the natural log has been

used for all independent variables as well.
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Figure 5-3: Histogram and probability plot showing natural log of Cost
5.3.1.2 Applicants
Figure 5-4 is the histogram and the probability plot of the dependent variable. It

shows that the variable is skewed and not normal.
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Figure 5-4: Histogram and Probability plot of Applicants

Figure 5-5 below provides a graphic of the natural log of Applicants variable where

we can see it is closer to normal, and therefore better for use in the regression model.
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Figure 5-5: Histogram and Probability plot showing the natural Log of Applicants
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5.3.1.3 HA approved

Figure 5-6 is the histogram and the probability plot of the dependent variable, HA

Approved. It shows that the variable is skewed and not normal.
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Figure 5-6: Histogram and Probability plot of HA Approved

Figure 5-7 below provides a graphic of the natural log of the HA approved variable

where we can see it is closer to normal and is used in the regression model
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Figure 5-7: Histogram and Probability plot showing the natural Log of HA approved

5.3.1.4 Trailers

Figure 5-8 is the histogram and the probability plot of the dependent variable,

Trailers. It shows that the variable is heavily skewed and not close to normal.

79




Histogram of Cumulative Occupied THUs
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Figure 5-8: Histogram and Probability plot of Trailers

Figure 5-7 below provides a graphic of the natural log of the Trailers variable where

we can see it is closer to normal, and is used in the regression model. However, it

appears that even after the transformation, the variable is skewed, which indicates

potential problems for the regression.
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Figure 5-9: Histogram and Probability plot of the natural log Trailers

5.3.2 Regression Model 1: Cost

For this model cost, the dependent variable is reflective of the amount of money that

FEMA spends on all housing-related activities for a given disaster in a particular

state.
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5.3.2.1 Regression Models Summary
In total, five separate regression runs were processed through Minitab. Table 5-7

provides a summary of the run and the associated R statistic.

Table 5-7: Run and Associated R statistic summary: Cost

Run # | Description R? statistic R? adjusted statistic
1 All data % 42.6 % 40.1
All independent variables
2 Unusual observations removed % 48.5 % 46.0
All independent variables
3 Unusual observations removed % 41.8 % 39.5
Homeownership rate removed
4 Unusual observations removed % 48.4 % 46.3
Median household income removed
5 Unusual observations removed % 48.1 % 46.0

Below poverty rate removed

5.3.2.2 Unusual Observations
In the first regression run, all data were included. In the Minitab output 10 unusual
observations were noted. For the second through fifth model run, those 10
observations were removed and the modified data set was used. With those events
removed, the R statistics increased, therefore it was determined that for the final
model, those 10 observations should be removed. Minitab provides the below
description on the methodology of calculating unusual observations.
Leverage values provide information about whether an observation has unusual
predictor values compared to the rest of the data. Leverages are a measure of the
distance between the x-values for an observation and the mean of x-values for all
observations. A large leverage value indicates that the x-values of an observation are
far from the center of x-values for all observations. Observations with large leverage

may exert considerable influence on the fitted value, and thus the regression model.

Leverage values fall between 0 and 1. A leverage value greater than 2p/n or 3p/n,
where p is the number of predictors plus the constant and n is the number of
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observations, is considered large and should be examined. Minitab identifies
observations with leverage over 3p/n or .99, whichever is smaller, with an X in the
table of unusual observations.

(Minitab Help File from software Help Menu)

5.3.2.3 Comparing Models
In each of models 3, 4, and 5, an independent variable was removed. The variables
chosen for removal were the ones with the lowest p value as the p value indicates that
variable’s overall contribution to the model. When the homeownership rate variable
was removed, the R statistic decreased and the variable remained in the model. When
the median household income variable was removed, the R statistic increased and that
variable was removed in the final model. When the below poverty rate variable was
removed, the R statistic remained the same, so the variable remained in the final

model.

5.3.2.4 Final Model: Cost
Model Run 4 was selected as the final model for this variable based on the R statistic.
The variables for wind speed, population, housing units, homeownership rate

percentage, and below poverty rate were included in the model.

The full output from Minitab is shown in Figure 5-4.

Regression Analysis:

The regression equation is

Cost (LN) = 9.70 - 0.0397 Wind Speed (LN) + 2.80 Population (LN)
- 2.09 Housing Units (LN) + 10.1 Homeownership rate ( %)LN
+ 1.25 % Below poverty rate(LN)

82




Predictor Coef SE Coef T P VIF

Constant 9.703 1.354 7.17 0.000
Wind Speed (LN) -0.03965 0.06349 -0.62 0.533 1.073
Population (LN) 2.805 1.444 1.94 0.054 425.009
Housing Units (LN) -2.095 1.448 -1.45 0.151 421.333
Homeownership rate ( %)LN 10.114 2.108 4.80 0.000 1.519
% Below poverty rate(LN) 1.2546 0.3510 3.57 0.001 1.296
S =1.04174 R-Sq = 48.4% R-Sq(adj) = 46.3%
Analysis of Variance

Source DF SS MS F P

Regression 5 126.212 25.242 23.26 0.000

Residual Error 124 134.568 1.085

Total 129 260.780

Source DF Seq SS
Wind Speed (LN) 1 0.183

Population (LN) 1 94.526

Housing Units (LN) 1 2.491

Homeownership rate ( %)LN 1 15.145

% Below poverty rate(LN) 1 13.866

Unusual Observations

Wind
Speed

Obs (LN) Cost (LN) Fit SE Fit Residual St Resid

32 4.32 16.5280 16.1009 0.4076 0.4270 0.45 X

38 4.83 18.3215 16.0310 0.1961 2.2905 2.24R

43 4.58 13.7793 16.0214 0.1198 -2.2421 -2_.17R

47  3.54 13.1762 13.5256 0.4062 -0.3494 -0.36 X

48 3.36 13.7474 13.5486 0.3917 0.1988 0.21 X

54 3.54 15.0968 15.2159 0.4008 -0.1191 -0.12 X

103 5.30 18.7458 16.3160 0.1845 2.4297 2_.37R

112 4.70 20.0885 17.4092 0.2525 2.6793 2_.65R

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Durbin-Watson statistic = 1.64087

Figure 5-10: Minitab full output

5.3.2.5 Significance Testing: Cost Model
The main test for significance of the model is the F-test. For this test we established a
null hypothesis.

Ho=b1=b2=0
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The F-Value provided by the Minitab output is 23.26 with a p value of 0. Thus
because we have a high F-value and a p value of 0 we can reject the null hypothesis

{H,} and say that the regression model shows statistical significance.

5.3.2.6 Significance Testing: Independent Variables
To test the individual parameters for significance we again establish a null hypothesis

of:

In the null hypothesis above, b;..s represent the independent variables. We
again examine the p values provided in the Minitab output tables. Here we can reject
the null hypothesis {H} for 4 of the 5 variables: population, housing units,
homeownership rate, and percentage below the poverty rate. Thus we can claim
statistical significance for those 4. In the remaining variable, wind speed, we cannot
reject the null hypothesis and cannot claim statistical significance. This means that

this variable may in actuality have no real contribution to the model.

5.3.2.7 Residual Analysis

The following 4-in-1 plot (Figure 5-11) provides an opportunity to conduct a visual

analysis of the residuals. Figure 5-12 details the probability of residuals.
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Figure 5-11: 4-in-1 plot showing residuals
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Figure 5-12: Probability plot of the residuals

In both the histogram and the probability plot, we see the appearance of
normality and thus can make the assumption that an F-test should be performed. We

also see that the p value is low, supporting normality.

5.3.2.8 Heteroscedasticity
The scatter plot in the top right quadrant of Figure 5-4 appears to be random, thus we

can make the statement that no apparent heteroscedasticity exits.
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5.3.2.9 Autocorrelation
By analyzing the Durbin Watson Statistic for large deviations from approximately
2.0, the autocorrelation effect can be determined (van Dorp 2008). In this case the
Durban Watson Statistic provided by the Minitab output is 1.53 so we can make the

statement that no autocorrelation effect is determined.

5.3.3 Regression Mode 2 : Applicant Model
The Applicant model forecasts the total number of people or families who register
with FEMA to apply for individual assistance.
5.3.3.1Regression Model Summary
In total, four separate regression runs were processed through Minitab. Table 5-8

provides a summary of the run and the associated R statistic

Table 5-8 Run and Associated R statistic summary: Applicants

Run | Description R? statistic R? adjusted statistic
#
1 All data % 54.3 % 52.1
All independent variables
2 Unusual observations removed % 61.7 % 59.7
All independent variables
3 Unusual observations removed % 58.3 % 56.6
Housing Units removed
4 Unusual observations removed % 59.4 % 57.6

Population removed

5.3.3.2 Comparing Models
As was previously done the multiple, unusual observations were removed in models 2

through 4. Since there was an improvement in the Adjusted R? statistic, they
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remained out of the model. For runs 3 and 4 the variables chosen for removal were
the ones with the lowest p value. When Housing units and Population were removed

respectively the R2 statistic lowered, therefore they remained in the final model.

5.3.3.3 Final Model Applicants
Model run two was selected as the final model for this variable based on the R
statistics. This model contains all the variables and removes 10 influential

observations. The full output from Minitab is shown in figure 5-13 below.

Regression Analysis Applicants

The regression equation is
Total Number of Registrants (LN = - 13.3 + 0.388 Wind Speed MPH  (LN)
4_31 Population (LN)

+ 5.17 Housing Units (LN)
+ 4.96 Homeownership rate % (LN)
+ 1.60 Median Household Income $ (LN)
+ 1.73 % Below poverty rate LN
Predictor Coef SE Coef T P
Constant -13.29 13.50 -0.98 0.327
Wind Speed MPH (LN) 0.3882 0.1990 1.95 0.054
Population (LN) -4.308 1.649 -2.61 0.010
Housing Units (LN) 5.172 1.643 3.15 0.002
Homeownership rate % (LN) 4.963 2.179 2.28 0.025
Median Household Income $ (LN) 1.600 1.528 1.05 0.297
% Below poverty rate LN 1.7334 0.9855 1.76 0.081

S = 1.03716 R-Sq = 61.7% R-Sq(adj) = 59.7%

Analysis of Variance

Source DF SS MS F P
Regression 6 195.799 32.633 30.34 0.000
Residual Error 113 121.554 1.076

Total 119 317.353

Source DF Seq SS

Wind Speed MPH  (LN) 1 0.069
Population (LN) 1 164.598
Housing Units (LN) 1 23.854
Homeownership rate % (LN) 1 1.578

Median Household Income $ (LN) 1 2.373

% Below poverty rate LN 1 3.328

87




Unusual Observations

Wind Total Number

Speed of
MPH Registrants
Obs (LN) (LN Fit SE Fit Residual St Resid
35 4.32 10.2885 9.3473 0.4457 0.9412 1.01 X
41  4.83 11.6539 9.2661 0.2053 2.3878 2_.35R
42  4.79 13.2870 10.7995 0.2304 2.4875 2.46R
50 3.54 6.4167 5.8929 0.4462 0.5238 0.56 X
52 3.36 7.1123 7.1306 0.4701 -0.0183 -0.02 X
81 5.21 5.6836 5.1870 0.5801 0.4965 0.58 X
108 4.65 12.9966 10.0202 0.2203 2.9764 2.94R
113 4.81 6.1026 8.3173 0.1382 -2.2147 -2._15R

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Durbin Watson Statistic = 1.41622

5.3.3.4 Significance Testing: Applicants Model
The main test for significance of the model is the F-test. For this test we established a
null hypothesis.
Ho:b; =b, =0
The F-Value provided by the Minitab output is 33.691 with a p value of 0.
Thus because we have a high F-value and a p value of 0 we can reject the null

hypothesis {Ho} and say that the regression model shows statistical significance.

5.3.3.5 Significance Testing: Independent Variables

To test the individual parameters for significance we again establish a null hypothesis

of:

In the null hypothesis above, b;..s represent the independent variables. We
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again examine the p values provided in the Minitab output tables. Here we can reject

the null hypothesis {H,} for 3 of the 5 variables: population, wind speed

homeownership rate and housing units. Thus we can claim statistical significance for

those 3. In the remaining two variables, % below poverty level and median household

income, we cannot reject the null hypothesis and cannot claim statistical significance.

This means that this variable may in actuality have no real contribution to the model.
5.3.3.6 Residual Analysis

The following 4-in-1 plot (Figure 5-15) provides an opportunity to conduct a visual

analysis of the residuals. Figure 5-16 details the probability of residuals.
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Figure 5- 14 : 4 in one plot showing residuals
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Figure 5- 15 : Probability plot showing residuals

In both the histogram and the probability plot, we see the appearance of
normality and thus can make the assumption that an F-test should be performed. We

also see that the p value is low, supporting normality.

5.3.3.7 Heteroscedasticity
The scatter plot in the top right quadrant of Figure 5-4 appears to be random, thus we

can make the statement that no apparent heteroscedasticity exits.

5.3.3.8 Autocorrelation
By analyzing the Durbin Watson Statistic for large deviations from approximately
2.0, the autocorrelation effect can be determined (van Dorp, 2008). In this case the

Durban Watson Statistic provided by the Minitab output is 1.41 so we can make the
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statement that no autocorrelation effect is determined.

5.3.4 Regression Model 3: HA approved
For this model cost, the dependent variable is reflective of the number of people or
families who are approved by FEMA and are eligible to receive Housing Assistance

(HA).

5.3.4.1 Regression Models Summary
In total, three separate regression runs were processed through Minitab. Table 5-9
provides a summary of the run and the associated R statistic.

Table 5-9 Run and Associated R statistic summary: HA approved

Run # | Description R statistic R? adjusted statistic
1 All data % 48.6 % 46.1
All independent variables
2 Unusual observations removed % 457.4 % 55.1
All independent variables
3 Unusual observations removed % 54.3 % 52.3

Homeownership rate removed

5.3.4.2 Comparing Models
As was previously done the multiple, unusual observations were removed in models 2
and 3. Since there was an improvement in the Adjusted R? statistic, they were not
included in the final model. For runs 3 the variable homeownership rate was removed
as it had the lowest p value. When housing units was removed respectively the R2

statistic lowered, therefore it remained in the final model.

5.3.4.3 Final Model HA Approved
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Model run two was selected as the final model for this variable based on the R
statistics. This model contains all the variables and removes 10 influential

observations. The full output from Minitab is shown in figure 5-16 below.

Regression Analysis: HA Approved

The regression equation is

Approved for HA ( LN) = 3.7 + 0.111 Wind Speed (MPH) LN - 1.31 Population
(LN)

2.19 Housing Units (LN)

6.68 Homeownership rate % (LN)

0.38 Median Household Income $ (LN)

0.52 % Below poverty rate (LN)

+ 1+ +

Predictor Coef SE Coef T P
Constant 3.75 14.61 0.26 0.798
Wind Speed (MPH) LN 0.1110 0.2160 0.51 0.609
Population (LN) -1.312 1.782 -0.74 0.463
Housing Units (LN) 2.186 1.778 1.23 0.221
Homeownership rate % (LN) 6.677 2.344 2.85 0.005
Median Household Income $ (LN) -0.377 1.654 -0.23 0.820
% Below poverty rate (LN) 0.519 1.063 0.49 0.626

S =1.12341 R-Sq = 57.4% R-Sq(adj) = 55.1%

Analysis of Variance

Source DF SS MS F P
Regression 6 192.195 32.033 25.38 0.000
Residual Error 113 142.611 1.262

Total 119 334.807

Source DF Seq SS

Wind Speed (MPH) LN 1 2.988
Population (LN) 1 161.642
Housing Units (LN) 1 13.472
Homeownership rate % (LN) 1 9.906

Median Household Income $ (LN) 1 3.887

% Below poverty rate (LN) 1 0.301

Unusual Observations

Approved
Wind Speed for HA (

Obs (MPH) LN LN) Fit SE Fit Residual St Resid
35 4.32 8.928 8.183 0.481 0.745 0.73 X
41 4.83 10.503 7.998 0.222 2.505 2_.27R
49 3.54 5.268 5.288 0.484 -0.020 -0.02 X
51 3.36 6.321 6.125 0.501 0.196 0.19 X
71 5.01 8.136 5.807 0.258 2.329 2.13R
80 5.21 4.060 3.248 0.624 0.813 0.87 X

107 4.65 11.173 8.762 0.234 2.410 2_.19R
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108 4.70 11.706 9.155 0.278 2.551 2.34R
113 4.81 4.654 6.985 0.151 -2.331 -2.09R

R denotes an observation with a large standardized residual.
X denotes an observation whose X value gives it large leverage.

Durbin-Watson statistic = 1.59597

Figure 5-16 Full Minitab Output for HA approved

5.3.4.4 Significance Testing: Applicants Model
The main test for significance of the model is the F-test. For this test we established a
null hypothesis.
Ho:b,=b,=0
The F-Value provided by the Minitab output is 25.38 with a p value of 0. Thus
because we have a high F-value and a p value of 0 we can reject the null hypothesis

{Ho.} and say that the regression model shows statistical significance.

5.3.4.5 Significance Testing: Independent Variables
To test the individual parameters for significance we again establish a null hypothesis

of:

In the null hypothesis above, b;..s represent the independent variables. We
again examine the p values provided in the Minitab output tables. Here we can reject
the null hypothesis {H} for only 1 of the 6 variables: homeownership rate s. Thus we
can claim statistical significance for homeownership rate. In the remaining five
variables, population, housing units, wind speed, % below poverty level and median

household income, we cannot reject the null hypothesis and cannot claim statistical
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significance. This means that these variables may in actuality have no real
contribution to the model.

5.3.4.6 Residual Analysis
The following 4-in-1 plot (Figure 5-17) provides an opportunity to conduct a visual

analysis of the residuals. Figure 5-18 details the probability of residuals.
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Figure 5- 17 : 4 in one plot showing residuals for HA approved
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Figure 5- 18 : Probability plot of residuals
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In both the histogram and the probability plot, we see the appearance of
normality and thus can make the assumption that an F-test should be performed. We

also see that the p value is low, supporting normality.

5.3.4.7 Heteroscedasticity
The scatter plot in the top right quadrant of Figure 5-17 appears to be random, thus

we can make the statement that no apparent heteroscedasticity exits.

5.3.4.8 Autocorrelation
By analyzing the Durbin Watson Statistic for large deviations from approximately
2.0, the autocorrelation effect can be determined (van Dorp, 2008). In this case the
Durban Watson Statistic provided by the Minitab output is 1.59 so we can make the

statement that no autocorrelation effect is determined.

5.3.5 Trailer Model
For this model Trailers, the dependent variable is reflective of the total number of
prefabricated trailer units ( mobile homes) that have been installed by FEMA and
occupied by a person or family eligible to receive Housing Assistance. or families

who are approved by FEMA and are eligible to receive Housing Assistance (HA).

5.3.5.1 Regression Models Summary :Trailers

In total, five separate regression runs were processed through Minitab. Table 5-10
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provides a summary of the run and the associated R statistic.

Table 5-10 Run and Associated R statistic summary: Trailers

Run # | Description R statistic R? adjusted statistic
1 All data % 4.6 % 0.0
All independent variables
2 Unusual observations removed % 21.8 % 17.9
All independent variables
3 All events where no trailers were place were | % 42.9 % 31.5
removed from Data set
4 Unusual observations removed % 48.3 % 38.0

All events where no trailers were place were
removed from Data set

5 Unusual observations removed % 46.8 % 37.3
All events where no trailers were place were
removed from Data set

Wind Speed removed

5.3.5.2 Comparing Models
As was previously done the multiple, unusual observations were removed in models 2
through 5. Since there was an improvement in the Adjusted R? statistic, they
remained out of the final model. In addition for model runs 3 through 5 all events
were no trailers were placed were removed. Based on the data set 105 out of the 144
events , no trailers were placed. This means that while there was a housing mission,
FEMA did not provide any trailers, but instead provided other housing options such

as rental assistance, and hotel rooms.

5.3.5.3 Final Model Trailers
Model run two was selected as the final model for this variable based on the R
statistics. This model contains all the variables and removes 10 influential

observations. The full output from Minitab is shown in figure 5-19 below.
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Regression Analysis: Trailers

The regression equation is
Cumulative Occupied THUs (LN)_1 =

10.4 + 0.570 Wind Speed (LN)
1.59 Population (LN)

2.53 Housing Units (LN)

5.69 Homeownership rate % (LN)
0.24 Median Household Income (LN)
+ 1.41 % Below poverty rate (LN)

I+ 1

+

Predictor Coef SE Coef T P
Constant -10.35 41.34 -0.25 0.804
Wind Speed (LN) 0.5697 0.4965 1.15 0.261
Population (LN) -1.594 4.014 -0.40 0.694
Housing Units (LN) 2.534 4.043 0.63 0.536
Homeownership rate % (LN) -5.690 9.927 -0.57 0.571
Median Household Income (LN) 0.244 4.652 0.05 0.959
% Below poverty rate (LN) 1.406 2.718 0.52 0.609

S = 1.43800 R-Sq = 49.3% R-Sq(adj) = 38.0%

Analysis of Variance

Source DF SS MS F P
Regression 6 54.365 9.061 4.38 0.003
Residual Error 27 55.902 2.070
Total 33 110.267
Source DF Seq SS
Wind Speed (LN) 1 6.448
Population (LN) 1 43.758
Housing Units (LN) 1 0.323
Homeownership rate % (LN) 1 1.934
Median Household Income (LN) 1 1.349
% Below poverty rate (LN) 1 0.554
Unusual Observations
Wind Cumulative
Speed Occupied
Obs (LN) THUs (LN)_1 Fit SE Fit Residual St Resid
1 4.70 3.296 6.012 0.498 -2.717 -2.01R
13 4.74 8.435 6.063 0.901 2.372 2_11R

Durbin-Watson statistic = 2.14867

Figure 5-19: Minitab output : Trailers

5.3.5.4 Significance Testing: Trailers Model
The main test for significance of the model is the F-test. For this test we established a

null hypothesis.
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Ho:by =b, =0

The F-Value provided by the Minitab output is 4.38 with a p value of 0. Thus
because we have a low F-value and a p value of 0 we cannot reject the null hypothesis
{Ho} and say that the regression model shows statistical significance. Because of this,
further analysis was terminated.

5.4 Sensitivity Analysis

A sensitivity analysis was conducted on the models to provide additional analysis of
the uncertainty of the dependent variable based on changes in the independent
variables. The first method of the analysis varied each of the equation coefficients to
+ 100% in 10% increments. Then a series of cost forecast was calculated using the
varied coefficient and keeping all others the same. This was done for each of the
variables. Based on these calculations, diagrams that resemble Tornado Diagrams
were produced. The analysis for this research was only conducted in the positive
direction, so the diagrams are not true Tornado diagrams, as those require 2-way
variance. The scale was then converted to a logarithmic (base 10) scale to allow a
visual display and comparison of all parameters. Below the sensitivity analysis and
associated tornado diagrams for each model are presented.

5.4.1 Sensitivity Analysis: Cost
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Figure 5-20: Sensitivity Analysis 1 : Cost
From the above diagram we can see that by far, the population variable has the
greatest impact on the forecast when varied. At +100% the cost increases by over
$10,000,000. Housing Units has the 2™ greatest impact at $150,000 when it is varied
+100%, the remaining 3 variables have a negligible effect when varied.

The second method to conduct the sensitivity analysis was to vary the model
inputs by +100% in 10% increments. A randomly selected data set (disaster) from
the original data set was selected as the input for this analysis. As expected the
results are nearly identical to the original method by looking at the tornado diagram

below
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Figure 5-21: Sensitivity Analysis 2 : Cost

5.4.2 Sensitivity Analysis: Applicants
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Figure 5-22: Tornado Diagram 1 : Applicants

In this analysis we can see that there are three variables that influence the equation
greatly when varied: Median Household Income, Population and Housing Units.
When those variables are increased +100% the # of applicants increases by orders of
magnitude suggesting there is great sensitivity to those specific variables. The
remaining variables: homeownership rate, wind speed and % below the poverty level
have a negligible effect when varied.

The second method to conduct the sensitivity analysis was to vary the model
inputs by +100% in 10% increments. A randomly selected data set from the original
data set was selected as the input for this analysis. As expected the results are nearly

identical to the original method by looking at the tornado diagram below

0 10 1,000 100,000 10,000,000

® Median Household Income
B Population

® Housing Units

B Homeownership rate

B Wind speed

B % below poverty level

Madel inputs varied from base to +100% in %10 increments

Xscale is Logarithmic ( Base10 )
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Figure 5-23: Sensitivity Analysis 2 : Applicants

5.4.3 Sensitivity Analysis: HA Approved
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B Wind Speed

Sensitivity Analysis: HA Approved Model

Model coeffecients varied from base to +100% in %10 increments

Figure 5-24 Sensitivity Analysis 1: HA approved

This analysis shows that two variables influence the equation greatly when varied:
Homeownership rate and Housing Units. When those variables are increased +100%
the # of applicants increases by orders of magnitude suggesting there is great
sensitivity to those specific variables. The remaining variables: homeownership rate,
wind speed, population and % below the poverty level have a negligible effect when
varied. As opposed to the previous 2 analyses, these diagrams do not use a
logarithmic scale, as their results are similar enough to display on a normal linear

scale.
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The second method to conduct the sensitivity analysis was to vary the model
inputs by +100% in 10% increments. A randomly selected data set from the original
data set was selected as the input for this analysis. As expected the results are nearly

identical to the original method by looking at the tornado diagram below

0 10,000 20,000 30,000 40,000

® Homeownership rate

® Housing Units

B Population

m % Below poverty rate

B Median Household Income

B Wind Speed

Sensitivity Analysis: HA Approved Model

Model inputs varied from base to +100% in %10 increments

Figure 5-25: Sensitivity Analysis 2: HA approved

5.5 Model Conclusions
This section will provide conclusions for each of the regression models. Further

synthesis of the entire research will be provided in chapter 6 conclusions.

5.5.1 Cost Model
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The main conclusion is that a model to forecast the cost of a housing mission has
been developed. We can say this, as we have shown statistical significance of the

model, and produce a forecast.

5.5.2 Applicants Model
A model to forecast the # of applicants was successfully produced that has statistical

significance and a fairly high model fit value ( R?).

5.5.3 HA approved Model
A model to forecast the # of applicants who are approved for Housing assistance was
successfully produced that has statistical significance and a fairly high model fit value

(R?).

5.5.4 Trailers Model

The trailers model is not viable due to the lack of significance in the model. Therefore
we can state that this methodology failed to produce a viable model. The main reason
for this is likely that the dependent variable has a distribution that is not conducive to

a standard linear regression.

5.6 Case Study: Joplin Tornado

The following section will provide a case study based on a recent U.S. disaster and

apply the above regression modes to it.
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5.6.1 Background

On May 22, 2001, an EF5 multiple vortex tornado, known as the Joplin Tornado,
caused widespread damage to Jasper and Newton counties and the city of Joplin in
Missouri (NWS, Joplin Tornado Event Summary). 158 Fatalities occurred and over
1000 injuries were realized. The tornado was between .75 to 1 mile wide and had a
path length of 22.1 miles. Winds were in excess of 200 mph (NWS). The tornado was
on the ground for less than an hour but destroyed a large part of the city of Joplin and
surrounding areas. It was estimated that 2000 buildings were destroyed and many

more damaged.

Local, state, and federal authorities quickly mobilized and provided immediate
lifesaving measures. FEMA deployed regional staff to Joplin and convened a mission
planning team [(also known as a disaster housing assessment team (DHAT)]. This
team was composed of several federal agencies and is charged with assessing needs
and determining what housing options would be required (Fiorini 2012). The DHAT
quickly recognized that there was a large need for FEMA to provide housing
assistance. In addition, they recognized that a large portion of the housing stock was
not usable in an already-limited rental market. Theses main factors led FEMA
decision makers to implement a direct housing mission using prefabricated trailers
brought into the area (Fiorini 2012). At this point, as per protocol, a state-led housing
task force was established. It was composed of local, state, federal, and nonprofit
volunteer agencies who were providers or stakeholders in the interim housing

mission.
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In coordination with Emergency Support Function #3 led by the USACE, the
DHAT commenced a search for viable locations for construction of new mobile home
parks and existing mobile home parks with excess capacity (Fiorini 2012). Thirteen
existing parks were located with 139 pads available to place a trailer. In addition, the
team located three sites that were suitable for construction of new mobile home parks

and one site where a mobile home park could be expanded.

Construction of the new mobile home parks was started in April of 2011 and
eventually enough space was created to accommodate 397 mobile homes at three
locations (Fiorini 2012). Once construction was complete and the prefabricated units
were installed, FEMA placed 586 families in these temporary units. Fifty of these
families were homeowners and the remaining 536 were renters. All of these families
suffered damage to their original dwellings that made them inhabitable. These
families lived in these units for varying time periods. FEMA policy dictates that
families should vacate the unit after 18 months. In the majority of cases this
happened, but is some cases, the family bought or rented the mobile home from the

government or applied for an extension beyond the 18 months.

In total, there were 16,488 registrants for the disaster, and a total of
$17,459,646 was awarded to families to assist with housing issues. Also, a total of
599 mobile homes were transported to the area and installed for occupancy (Fiorini

2012).

5.6.2 Regression Model Comparison
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The four regression models developed by the researcher were used to conduct a

comparison case study with the Joplin Tornado (Table 5-11). The input parameters

are as follows:

Wind speed: 200 mph

State affected: Missouri

Date of disaster: May 22, 2011

Counties affected: Jasper, Newton

Table 5-11: Input parameters for Joplin Tornado case

Jasper 115,258 50,830 65.1% $39,908 18.9%
Newton 59,069 24,306 75.0% $42,644 14.9%
Total 174,327 75,136 70.1% $41,276.00 16.9%

As with the main data set used in the regression, the input parameters were taken

from both the FEMA disaster declarations database and the U.S. Census Bureau

Quick Facts website.

Table 5-12 provides the outputs of the regression models as well as the real

data.

Table 5-12: Outputs of regression models and real data

Model Output Real Data Difference
Cost $3,000,0000 $17,000,000 $14,000,000
Registrants 55,000 8,721 46,279
Approved for HA 12,000 967 11,033
Trailers 2456 599 1,857

HA, housing assistance.
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As we can see from the case study, the model outputs are far off from the
expected results. There are several possible explanations for this. The first is that this
event is an outlier and is not good for such a case study. The second is that the model
is not accurate and may possibly need additional calibration. Chapter 6 addresses the

limitations of the model and also provides further possible explanations.
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Essentially, All models are wrong but some are useful.

-George E.P. Box

Chapter 6 — Conclusions

This final chapter of the dissertation will provide an overall analysis of the results,
discuss the limitations and significance of the research, and explore additional topics

of study. In addition, the research questions will be formally answered.

6.1 Delphi Analysis and Conclusions

This section will discuss the results of the Delphi and formally answer the
associated research questions. The list that was generated by the Delphi process
represents a generalized strategy to prioritize and focus planning efforts that occur
under extreme time and political pressures. The top three factors and other key
observations will be discussed.

The top-ranked factor, house disaster survivors as soon as possible (i.e., maximize
speed), is strong evidence of these pressures. In reality, practitioners as well as
leadership should recognize this as the top priority and adjust accordingly. This may
dictate that the housing provided to disaster survivors is of lower quality or does not
meet individual or community needs to the desired level. In general, prioritizing this
action suggests that planners should focus more on serving the greatest number of
people rather than serving each person to the greatest level possible. Additionally, it
indicates that further preplanning or more costly options are required. Emphasis on

this priority can be established in Agency policy or legal statute. For example, a time
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limit can be imposed to dictate a maximum time FEMA must be able to provide
housing assistance to an eligible applicant.

The second-ranked factor, availability of existing housing, indicates that more
emphasis should be placed on cataloging and surveying housing options that are
already in place and can be used immediately. This could manifest itself by creating
teams charged with identifying and securing existing and functional properties. In
addition, strategies such as making repairs to minimally damaged properties or
converting dormitories or other nontraditional housing should be used to a greater
degree. Another strategy might be to incentivize property owners to make available or
rapidly repair their properties for disaster victims. Also, a accurate database of
available properties containing current information could help locate those available
properties. Again, as the first factor also indicates, the standards that FEMA
establishes for interim housing may have to be revisited and revised to facilitate this
change in policy.

The third-ranked factor, making sure that infrastructure (roads, utilities) is in
place or repairable, indicates that there is a major interdependence between repairing
infrastructure and providing housing. This is significant in that those areas are
generally managed and led by separate entities. Thus, senior leadership would be
responsible for first recognizing this interdependency and then establishing a joint
priority among the entire response force to ensure cohesion. In addition, FEMA could
explore options to speed-up the repair of infrastructure with the local authorities who
own it, or task another agency to assist those entities with the repairs.

A key observation involves the fifth factor, assessing and addressing
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functional needs of survivors’ ability to work, live, and recover. The statement is
directly related to providing accommodations to the special needs population such as
the disabled. This factor moved from position 9 to position 5 between rounds 2 and 3
when a single participant added it to the list of factors. This represented the largest
change of any factor and indicates that it is a critical issue despite being often
neglected in the planning process. Again, Policy and senior leadership must ensure
that the special needs population is accounted for and accommodated.

Minimizing cost was ranked the 13" factor after Round 2, but remained
completely unranked after Round 3. This is interesting, yet not surprising. Though
cost is mentioned as a factor to be considered in the NDHS, the research group seems
to feel that cost should not even be considered in the planning process.

Research Question #3 asked about the list of factors that should be considered
during the post-disaster interim housing planning process, as well as the most
important ones. The list of factors generated by Round 3 of the Delphi process shown
in Chapter 4 answers this question. The top three factors 1) House disaster survivors
as soon as possible 2) Availability of existing housing 3)Infrastructure in place or
repairable, answers the second part of that question.The Delphi portion of research
study has certain potential policy implications. FEMA and other EM authorities
should consider the following a) Establishing a time limit that FEMA would have to
provide housing to disaster survivors b) A policy review of the existing FEMA
housing standards with an emphasis of a cost/benefit ratio that would weigh the
benefit of shortening the timeline for FEMA to be able to provide housing to disaster

survivors.
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Lastly, while the Delphi results indicated that cost is not a factor to consider when
conducting operational planning for a housing mission, it should be noted that cost, as
a variable, still has overall importance. The researcher believes that an explanation for
this is that the Delphi participant pool mainly consisted of staff level planners, who
are focused on planning for the disaster that just occurred. In this situation, overall
cost may not be an immediate concern to that group. However, different entities
outside that group may be concerned about controlling costs for that disaster, or
possibly for multiple disasters. In addition, as the regression study indicates, the

overall cost of a mission is useful for scoping purposes.

6.2 Regression Analysis and Conclusions

This section will discuss the results of the regression analysis and formally answer the
associated research questions. In Chapter 5, four separate equations are presented that
each are capable of providing a forecast that, taken in whole, represents a complete
scope of a post-disaster interim housing mission. As discussed, three of the four
models are judged to be valid, while the fourth, number of trailers, does not seem to
be valid. Therefore, to formally answer the question, it is possible using historical
data and a regression analysis to produce useful forecasts that will assist planners in a
post-disaster housing mission. As shown, it is possible in the immediate aftermath of
a disaster using information about the strength of the storm and the geographic
location (i.e., county) that is affected, to generate the following forecasts: total

number of registrants, number of registrants who are eligible for Housing Assistance,
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and the cost of a housing mission. All of the required inputs are able to be estimated
or easily obtained in a relatively short time period to allow planners to make a
forecast. These figures can provide valuable information to both housing planners
and decision makers on the scope and size of the future mission.

Estimating the scope of a housing mission early on in the disaster is useful in
several ways. First, it indicates the order of magnitude and potential duration of the
mission. It also indicates the number of resources and general priority that decision
makers should allocate to the interim housing mission. Lastly, it can allow decision
makers to make tactical decisions such as prepositioning trailers or other equipment
prior to the establishment of actual needs from the FEMA registration process. This,
of course, carries risk, but the model’s purpose is to provide confidence to the
decision maker that the forecast will provide an accurate reflection of actual needs.
The following quote provides how the dynamic of planners experience and predictive
modeling can work together: Experience and judgment can now be augmented by

explicitly predictive scientific information.( Sarewitz, Pielke, Byerly 2001. Pg 1)

6.3 Significance of the Research

There are several areas where this research holds significance. First, as discussed in
the introduction, the planner’s dilemma is a fundamental problem when providing
post-disaster housing. The problem stems from a need to balance many different
factors in order to achieve a successful outcome. Thus, the question remains: what are

those factors and how should they be balanced? The Delphi has indicated that one can
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prioritize a) maximizing speed of the delivery of housing options b) investigating
existing properties, and c) assessing and repairing infrastructure as the top three
things that should be focused on. By formally establishing these as priorities, it can
serve to focus the efforts not just of housing planners, but also the efforts of the rest
of the response force. Furthermore, the allocation of resources can be determined
based on these priorities. This can have the end effect of providing housing more
satisfactorily and more quickly. It can also have the secondary effect of reducing the
requirements for new construction, which is costly and time consuming.

Second, it has been shown that the methodology of using historical data to
produce a forecasting model using linear regression is viable for determining interim
housing requirements. Based on this, further models can be developed and improved
to a point where they are actively used for pre-disaster planning as well as in the
immediate aftermath of a disaster. Also, the research indicates that decision makers
can, based on model information, make tactical decisions to shorten the normal
timeline of provision of interim housing. This would be a departure from current
operating procedures that typically wait until real data is acquired prior to making
those tactical decisions, such as procuring mobile homes or starting construction on

new mobile home sites.

6.4 Limitations of the Research
This section will provide an assessment by the researcher as to where the main
limitations of the research are. First, the forecasting model is limited by the data set

available and the scope of disasters included. During the proposal phase a decision
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was made to only include wind related events. This was done for two reasons: first
the data set available to the researcher contained only a small portion of non-wind
related events and secondly, for the purposes of regression, a common scale of
magnitude must be used. Creating a scale that could compare an earthquake to a
hurricane can be complex, and would require and another data set that was not
available to the researcher as well as a requirement to introduce new methodologies.

Secondly, there is a key variable that the researcher feels could add value to the
data set and regression. It is the level of private insurance for homeowners and
possibly renters. FEMA policy is not to duplicate insurance benefits. Therefore, if a
homeowner or renter has insurance that would cover temporary housing; this in
theory would reduce the requirement for the government to provide the same service.
While it can be argued that the methodology of the regression captures this effect, it
would be at least valuable to see if this variable would be a significant contributor to
the overall model. Another variable that could be included in the regression is a
reflection of the type of housing construction used, and its resilience to disasters.
While this variable would have to be generalized for a large number of houses, it is
shown in the Delphi responses, that planners are aware of general different types and
strengths of home construction if differing geographical areas. There are many
reasons for this such as building codes, available materials, cultural considerations,
land-use practices and population density among others. How this variable could be
included is also a topic for further research.

The third limitation of the research is that the scope of the Delphi is very limited.

The question was posed in a very straightforward and direct manner. Upon reflection,
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the same question could have been explored in much more breadth. The Delphi could
have deconstructed the question into a series of smaller parts and asked the
respondents a series of sub questions about each part. For example, the process of
post-disaster planning for interim housing could have been broken up into the
following phases: determining overall scope, determining specific housing options,
implementation, etc. For each phase, several questions related to priorities could have
been posed. This strategy would have provided a more comprehensive approach to
answering the same question and could have possibly uncovered that priorities
change depending on the phase of planning. Alternatively, the Delphi could have
attempted to match up which housing option is best suited for a particular situation
such as a cold weather or large-scale catastrophic response. Additionally, the Delphi
could have been administered to require more structured responses. The existing
responses vary in structure, some are statements of desires, and some are statements
of facts on the ground. To mitigate this, a better definition of “factor” should have

been provided.

6.5 Areas for Further Research

Through the process of conducting the research and recording the results, several
areas for further research became apparent. Firstly, the methodology presented in the
forecasting model can be expanded. It can be included for all types of natural
disasters such as fires and earthquakes. This would require the development of a new
methodology to compare the magnitude of different types of disasters. There is no

widely accepted methodology to accomplish this. However, a strategy could be to
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establish a new scale with “impact” being from 1 to 100 based on population affected,
infrastructure damage, recovery time, and economic disruption and have all disasters
correlated to this new scale.

Secondly, within the context of shortening the timeline for providing post-disaster
interim housing, the methodology of optimization shows potential applications. For
example, when total requirements are known, is it possible to develop a model that
could provide an optimized execution strategy that for example minimizes the time
for implementation based on the available options for interim housing?

Thirdly, the importance of the interdependence of infrastructure repair and
housing was highlighted in this research. However, the extent of this interdependence
is not known. Further research into this relationship, with a goal of developing
strategies to both optimize the repair of infrastructure and house disaster survivors
would be a benefit to the entire Emergency Management Community

Fourthly, there is no indication that FEMA or another entity has provided a
widely accepted definition of success in a housing mission. There are no known
established criteria that would allow one to make a definitive judgment about success.
Using the Delphi Methodology, further research could be performed to establish first,
the criteria that could be used to measure the success of a housing mission, and
further attempt to quantify a scale that could provide a measure of performance
against that set of criteria.

Finally, while this research is composed of 2 separate studies they are related.
The regression portion provides a way that can determine overall requirements for

planning purposes. The Delphi provides a framework that can be used in the planning
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effort. The conceptual diagram below indicates how they are linked. Partl represents
the planning process, where the overall scope of the mission is established. Part 2
represents the way that planners can develop a plan to meet the overall requirements.
Using Optimization techniques, one could research and develop a model that can
forecast and evaluate the available housing solutions, and further suggest an optimal
mix of solutions. In any optimization model objectives must be established, for
example, minimize time to completion or minimize distance from the original
location. Since the Delphi study provided a framework for setting objectives, these

could be used in the model.

Conceptual Diagram

Part |

nput Parameters -
Options

Figure 6.1: Linking Regression & Delphi in the context of future research
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APPENDIX A: LETTER OF INVITATION
Below is the draft text of the letter of invitation to potential Delphi participants.
To: Potential Research Subject

From: Adam Jachimowicz, PhD Candidate, The George Washington University
School of Engineering and Applied Science

Subject: Request for Participation in Doctoral Research Study

Greetings! 1 am asking for your participation in a research study that partially fulfills
my dissertation requirement for my doctoral degree. This research is conducted under
the direction of my advisor and codirector of the Institute for Crisis, Emergency, and
Risk management, Dr. Greg Shaw. The topic is on planning for a post-disaster interim
housing mission.

You may be familiar with the "planner’s dilemma™ included in the 2008 National
Disaster Housing Strategy. It states that emergency managers must be able to balance
many different factors when conducting planning for a post-disaster interim housing
mission. This research is intended to delve deeper into the issues raised in the
planner’s dilemma and partially quantify an approach to it using the opinions of a
group of post-disaster housing experts. The specific goal will be to develop a list of
factors that should be considered within the context of operation planning for a real-
world post-disaster housing mission. In addition to that list, a ranking of relative
importance will also be developed. The methodology for this study will be using a
Delphi process. This is a structured feedback process that will incorporate two
conference calls and filling out an evaluation worksheet. | estimate that your time
requirement will be approximately two hours.

Your responses and participation will be confidential, and in no way will your
feedback of rankings become public. Strict guidelines will be followed to ensure that
all data is deidentified and destroyed when practical. In addition, this research is
subject to the GWU Institutional Review Board’s oversight and rules.

You will not be compensated for this study, but there will be many benefits to the
field of emergency management because of the study. This research is fully self-
funded by myself. Please respond to ajachimo@yahoo.com or 202-341-4214 if you
are interested in participating or for any follow-up questions.

Thank you for your consideration,

Adam Jachimowicz
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APPENDIX B: INTERVIEW NOTES

ID: 1
QL:
With FEMA 10 years, started as a local hire for hurricane Isabel, started with interviews for housing placement, inventory

management period, and pre-placement interviews. Site inspections. Recertification. QA inspection. National policy. National
Disaster Housing strategy.

Q2:

Isaac, lke, Dolly, Texas floods, Hurricane Sandy, Hurricane Isabel, Katrina, Katrina/Mississippi, Maine spring floods, Alabama
tornadoes,

Approx # of Events: 15

Q3:

Develop mission planning team concept, rebranding/reengineering direct housing assistance teams, developing SOP for direct
housing assistance teams, part of direct housing program office. Policy. Guidance. Contract support. Operations support.
Implementing Sandy legislation.

Q4:
1. Auvailability of alternative resources (excess stock)
2. Ability of people to recover (level of damage), how much help they need
3. What level of issues were present prior to disaster

Qs:

Flood: wait till water goes down
Repetitive loss issue
National flood insurance program or insurance level in general
No loss of use benefits
Earthquake; Size +scope important
Timing with infrastructure restoration, aftershocks
Wind: Home owners insurance @ greater level. Duplication of Benefits issue

Q6:

Cultural Issues

ESL-Individual households and Community wide.
Dense Urban Areas should be grouped together
Socio Economic Status.

ID: 2

Q1.
Not an EM planner. Masters in Urban Planning. Since *79 worked in Affordable housing

Q2:

North Ridge EQ

Katrina-> participated in Nat’l Conf Call: Affordable housing advocates, acting as SME in advocating that NO should receive
same level of benefits as NR EQ.

Worked w/ NALHSA on Bond financing (tax exempt bonds)

Approx # of Events: 1

Q3:

Received FEMA Grant for Disaster housing Study (Have report). Lectures at Workshops
Participating in the Alliance for Housing

Commented on National Disaster housing Strategy

Q4:
1) Location->Suitable for access and functional needs
2)  Barriers ( Mostly local zoning and affordability issues)
3)  Local Zoning/ NIMBY [not in my backyard]
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Q5:

EQ: Debris removal, Haz Waste. Can impeded site location

Vacant lots get filled quickly

Catastrophic EQ will be huge in scale. Miles upon miles of impact area. Transportation severely affected. Can create Islands of
large #’s of people who are isolated due to transportation infrastructure damage. Housing probably not initial priority. Meeting
people’s basic survival needs is

Floods: Issue is where to re-build so it does not happen again.

Q6:

West Coast-> Very High cost and low availability of land. Similar in NE corridor

ID: 3

QL:
15 years of Temp housing work. Civil Engineer. MA Biz Admin. MA Environmental Engineering. Grew Up Building Houses.
Worked in Survey Section of USACE for many Years. Teacher at Vocational School for 14 years in Home Construction.

Q2:
Katrina, American Samoa,x3 in West Virginia, Indiana floods, Joplin, Caruthersville Tornado, Texas Flooding. Program support
at FEMA HQ during several events.

Approx # of Events: 10
Q3:

Emergency Manager for the Huntington district of the Corps of Engineers. Maintains a Housing Planning and Response Team.
Temp Housing Subject Matter Expert

Q4:
1)  Suitable site location. Feasible utility options
2)  Safe Community w/proximity to resources ( schools hospitals)
3) Covered by Fire/Police services
Q5:
1)  Support services (medical, fore, police may not be there. Infrastructure too
Q6:
1)  Types of Trailers to be used for specific climates
2)  Water/sewer considerations: How far down do they have to be buried?
3)  Frost line for Foundations and utilities
4)  Wind Zone: Safe rooms for tornado belt
ID: 4
Ql:

Private sector prior to *05. Started with FEMA in Mitigation, then to Long term community recovery. Alternative Housing Pilot
program since ’05. Then to FEMA Individual Assistance.

Q2:
CA Wildfires, MW Floods, Katrina, TX, LA and ALA

Approx # of Events: 8

Q3:
Applying Lessons Learned to Direct Housing Mission
Alternative housing Pilot Program.

- Housing Portal
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- Monitoring Housing Missions

- Software

- HAT Tool

- Homes product Tracks housing unit needs
IT related support tools for Housing

Q4:
1) People need a roof over their heads. Immediacy/Speed
2)  Livability: Ability to Live in a unit plus Function within a community
3)  Sustainability : What is temporary housing doing to help overall recovery and make the survivor become self
sustaining
Q5:
1)  Where is a safe Location to Build? Out of Hazard Zone but close enough to facilitate recovery
2) Do utilities need to be rebuilt
3)  Proximity of Services
4)  Evaluate several options to see what exists and determine what other resources are available weigh options —vs. -
need.
Q6:
Culture
Climate
Pre-existing resources
Transport

When disaster happens people want stuff. As time goes on community refines need. These needs revolve around Permitting
issues

What does community feel comfortable with? Balance of affordable type options.

Urbanity of Area determines which options can be offered. Space considerations

Muitigation issues: units must be placed safely

Environmental and Historical Preservation

ID: 5

Ql:
1 housing Mission was in *99. Several CPF/Housing (Critical Public Facilities) missions as a SME, PRT member and on MPT’s

Q2:

Los Alamos Fires ‘99

MN, WV Flooding

Hurricanes Charley, Ivan Katrina, lke
Tornados

HQ work

Cat Housing options report

Approx # of Events: 10
Q3:

PM for housing Missions to include all lifecycle components, design, construction maintenance, etc...
USACE Housing Subject Matter Expert: credentialed.

Q4.
1) Site Location - availability of utilities
2)  Needs of Victims=> Proximity to services/Community aspects
3)  Timing/Scheduling

Q5:

Haven’t worked EQ’s

Flood: Availability of utilities -> Flood/Sewer
Auvailability of sites

Getting power grid back up after hurricane
Debris Removal

Q6:

Hawaii: no space. Use SIP concept, Tongue and Groove Construction
Alaska: Winter, Freezing people

North: Bury utilities 6 ft underground.
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Wind Loads
Travel Trailers not good for cold weather.

ID: 6

Ql:
W/ FEMA since "05. 26 years in navy prior. Several Humanitarian operations with Military/Marines.

Q2:

Katrina, IKE, Isaac, TX-wildfires, Ark flooding
Approx # of Events: 8

Q3:

FEMA-HQ in Direct Housing Branch. Programmatic Planning to supporting field staff.

Q4:
1)  Availability
2)  Location ( close to original Location)
3) Timeliness of being able to provide
Q5:

Take into consideration condition of infrastructure
Auvailability to get access to those areas

Q6:
1)  Auvailability of resources
2)  Getting those resources into the impact area
3)  Competing w/ Maritime resources : Alaska example
4)  NE is union Heavy
5)  Different political environments
6) LA, SE Texas unique political situation
ID: 7
Ql:

10 years @ FEMA. Previously in Logistics: staging area inventory manager.

Q2:

All Major Disasters in Past 10 years. Approx 10

Approx # of Events: 10

Q3:

Policy development
Developing SOP’s
Support to Field operations

Q4:
1) Auvailability of Rental resources
2)  # of people affected
3) Level of insurance
4)  Out of the Flood Plain
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5)  Urban vs. rural

Q5:

Flood: Affects the type and location of housing: out of floodplain

EQ: Depends on affected infrastructure. Power needs to be restored

If catastrophic, move people out of the area

Hurricane: More SIP options. People can come home earlier using Rapid Temporary Repair programs

Q6:

2 types of Temp housing units: Northern and Southern.
Different types of climatic considerations.

ID: 8

Ql:
Started w/ FEMA in 93 in Individual assistance. Now with the Direct Housing Group

Q2:
Franklin VA floods; Hurley VA floods; "06 PA floods; *08 Cedar Rapids IA, 2 WV floods

Approx # of Events: 7

Q3:

Direct Housing Group supervisor for | | | N cvent.

Q4:
1) Available existing housing
2)  Consider the scale of disaster and how many people need housing
3)  3) proximity to schools, and other civil type services

Q5:

Fires are clustered while Floods and EQ’s are spread out. Tornados: no experience

Q6:

1)  Type of Units that are needed. Islands : not feasible to transport

2)  Transport of mobile homes to areas far from FEMA storage locations
3)  Units matched to climatic conditions.

ID: 9

Ql:

Started w/ FEMA in °05. Hurricane charley 1% event. Then Deployed to Baton Rouge on Housing Mission. Did pre-placement
interviews. Direct housing supervisor for housing in Katrina. Placed 120 k families in the state. Dealt with pre-placement
interviews. Construction, Lawsuits, Security 4 % years as program specialist at FEMA HQ. Worked policy, procurements
National level guidance, donations issues

Q2:

Katrina, Charley, Oregon floods Greensburg tornado, Independence tornado. American Samoa. Several others from HQ.
Approx # of Events: 10

Q3:
Currently the Housing Group Supervisor for the [JJJ ]l Mission. Ensuring that the program is run according to the
established policy. Point of contact for state and local agencies. Sits on Housing Task Force that is led by the city govt.

Q4:
1)  Asafe environment for families. In Joplin the threat was another tornado, so storm shelters were built
2)  Proximity to services (shopping schools etc...)
3) Flood Plain Management issues
4)  Historical Preservation issues
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5)  Buy in From local community/ decision maker to address NIMBY ( Not in my back yard) concerns

Q5:

Sensitive to type of event. Mitigate Flood prone areas. Harder in an EQ zone. EQ-> ensure seismic stability
For Tornados use storm shelters

Q6:

HUD regulates Mfg housing market so there are 2 units Northern and Southern

Pacific islands: not much room and unique local and traditional cultural considerations

Alaska: self sufficient population plus transport issues. Used Cabin Kits for applicants to build themselves.

ID: 10

QL:
Started in "03 through the Corps Huntington district office on a Housing team. Quality assurance for housing construction.
Severed as mission Specialist, Mission manager, project engineer and Subject matter Expert on the Housing Team.

Q2:

Joplin tornado, x2 West Virginia Floods, Alabama tornado. Hurricane Rita. Vermont Flooding Hurricane Sandy
Approx # of Events: 8
Q3:

Housing Subject matter Expert for the Corps. Works with Mission Planning team to develop scope, contract strategy etc...

Q4:
1) Location to available Public Resources
2)  Flood Plain issues
3)  Local political interests and affiliations.
Q5:

EQ-> No experience

Flooding - 100% flood plain issues

Tornado—> Debris Clean up

Hurricane-> Power restoration. Coordinate with utility to determine when it will be restored.

Q6:

Northeast-> Slow loading issues
West-> No experience
SE - Out of Storm Surge Areas+ good foundations

ID: 11

QL:
Served as an ESF#3 Team Leader in many events as well as an assistant teal leader and worked in the Recovery Field office
doing execution missions,

Q2:
Katrina, Charley, Frances, Ivan, Jeanne, lke Sandy, Alabama tornados, several floods.

Approx # of Events: 20
Q3:
Permanent ESF#3 representative within the Corps. Considered an expert in all ESf#3 type missions.

Q4:
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1) Availability of existing housing resources
2)  # of people affected
3)  Severity of the event

Q5:

EQ-> structural stability/habitability issues

Hurricane/flood -> minor repairs can get people back to their homes
Tornado -> hit or miss in terms of damage. Either Major or very minor.
Q6:

Climate = how cold? Determines type of housing and construction methods.

ID: 12

Ql:

Engineering degree in Civil. Expertise in construction, utilities and hazardous materials.

Q2:
West Virginia floods, Missouri, Louisiana, Mississippi, New Jersey, North Carolina, American Samoa, Texas and support to
FEMA headquarters.

Approx # of Events: 10

Q3:
Currently a temporary Housing Subject matter expert in the CORPS. On Call to rapidly deploy post event to provide the Federal
Coordinating officer ( FCO) advice on Technical issues as well as Individual Assistance and DHOPS.

Q4.

1) Proximity to original Community
2) Rental Stock that is available
3) Flood plain issues

Q5:
EQ-> no exp. But should consider seismic issues and level of devastation
Flood: political considerations. Can take out the whole town.

Q6:

Climatic considerations

Insulations, snow load, mud rooms

Wind: some areas have more wind so must design to a higher standard
l.e. Alabama did not want double blocked trailers

West-> Seismic considerations.

Certain areas have very limited lad i.e. Hawaii.

ID: 13
Q1: 1 am not an emergency planner.
Q2:

"I participated in the following relevant projects: 1. Pacific County Safe Haven Project, National Oceanic and Atmospheric
Administration (National Tsunami Hazard Mitigation Program), 01/2010 — 07/2011, PI:

2. Grays Harbor County Safe Haven Project, National Oceanic and Atmospheric Administration (National Tsunami Hazard
Mitigation Program) and State of Washington, 01/2011 — 07/2012, PI:

3. ldentifying Optimal Alternative Housing Plans for Displaced Populations after Natural Disasters, Royalty Research Fund at
University of Washington, 09/2010 — 09/2012, | NN 4. 1 developed an automated decision support
system for temporary housing planning in collaboration with the National Center for Super Computing Applications and the
Mid-America Earthquake Center. This collaboration resulted in two temporary housing modules (one for analysis and one for
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optimization) added to MAEviz software. Due the significance and transformative nature of my research in this area, it was
listed by the ERC Achievements Showcase as one of the main achievements of the Mid-America Earthquake Center. ERC
Achievements Showcase is a website dedicated to showcase the achievements of the National Science Foundation-sponsored
Engineering Research Centers (ERCs). http://showcase.erc-assoc.org/accomplishments/2009/2009-MAEC3-D-
housingmodel_BH.html"

Approx # of Events: 0

Q3:
I am currently an assistant professor of || | | | | |} IIEEEEEE 2t the University of Washington.

Q4:

1- Distance between housing and the displaced family's socioeconomic needs. 2- Characteristics of housing units and its
location. 3- Temporary housing cost

Q5:

Hurricanes and earthquakes can result in large scale destruction. Accordingly, displaced families might need to be relocated in
different cities (if not states). As such, the housing distance from pre-disaster location will not be relevant. Tornados can result in
localized damage allowing for building in the same housing lot owned by the impacted family. Flooding recurrence may require
permanent relocation to safer areas. Other structural safety and design factors might be added according to disaster types. E.g.
earthquake prone areas need special design considerations, whereas flood prone areas have housing elevation requirements.

Q6: Each of these areas has various disaster risks (by disaster types and expected severity). Accordingly, structural safety and
design consideration vary by location. Also, the expected level of damage by large scale disasters (such as Hurricanes) require
planning for group housing (communities of temporary housing) compared to offering interim housing units in pre-owned lots.
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Appendix C: Delphi Round 2 Worksheet

General
By vour Sle s retun o AJachimo@yaboo.com o Adam.m. achi Swnace. army. mil
- SR e ikt by Aged LR

[Foanent 1 Facters

Afrer o disoiter, when conducting operctionsl plonning for providing lnterim /Temporary Houwsing to o group of disester survivors, whot ore the foctors that should be considered?

If you were stuck on an isolated island which fruits would you most want to have in abundance ?

[Factor 1D JFactor [weight |c
1 Apples 608
2 Cranges 200
3 Bananas 105
4 Strawberries 5%
s Grapes 5% this fruit was not given in the list below

10026 Total of all Fruits

|List of Fruit
apples

Bananas
oranges
strawberries

135



e e

Gweman
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Retzining the urfsdicdonal mw base
g basie thatee| Lo, ut o the derneni)

st sl Pragervation redy!

Tornporany Mousirg GpUorn s 4 e dents can mairtain s albordas e

s r Do mvipara b L cation e s Snde & Securs droem Crime

[ vicds howaing ik is appropriate b (e piven o
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Appendix D: Delphi Round 3 Worksheet

| Afrer & disester, when g Jor g ag fTemperary g f discetes survlvers, whet are the foctars that sheuld b conddered?
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Appendix E: FEMA-Provided Data Set

TOTAL 2004-2009 TOTAL
%o of Disasters with Housing Missi 26% 23% 12% 26%
Total 1A Disasters 42 as 17 172
Housing Missions 11 8 8 8 8 2 45
[HOUSING MISSIONS BY REGION 2004 2005 2006 2007 2008 2000 | TOTAL
% of R1 Disasters with Housing Missi 1% % 17% 0% 1% 0% T%
Total R1 Disasters 1 2 [ 4 1 1] 14
Total R1 Housing Missions 0 1] 1 [ ] 1] 1
% of R2 Disasters with Housing Missi 0% %o 0% 0% 1% 0% 0%
Total R2 Disasters 5 1] 1 2 1 1] 9
Total R2 Housing Missions 0 [i] [i] [i] 0 0 0
o of R3 Di with Housing & JH% o 1M % %6 L 100%s 36%0
Total B3 Disasters 8 3 1 0 1 1 14
‘T'otal R3 Housing Missions 3 1] 1 0 0 1 5
%o of R4 Disasters with Housing Missi 55% 67% 0% 25% 13% 0% 33%
T'otal R4 Di 11 [ 1 4 ] [ 35
Total R4 Ho [ 4 0 1 1 1] 12
%o of RS Disas Missi 25% %o 0% 17% 25% 0% 16%
Total RS 8 3 4 [ R 2 31
Total R5 Housing Missions 2 0 [t 1 2 1] 5
% of R6 Di: s with Housing Missi 1% 1001% T1% 29% 57% 33% 52%
Total R6 Disasters 2 3 7 7 7 3 29
Total R6 Housing Missions 0 3 5 2 4 1 15
% of R7 Di: with Housing Mi: 1% %o S0%% 0% 17% 0% 25%
‘Total R7 Disasters 3 1] 2 4 [ 1 16
Total R7 Housing Missions 0 0 1 2 1 1] 4
%o of R¥ Disasters with Housing M 1% TiH%a %o 1% 1% %0 20%0
Total R& 0 1 0 2 1 1 5
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Total R Housing Missions 0 1 0 0 0 ] 1

%o of RY Disasters with Housing Missi %% o 0% 1000 L3 0% 8%
Total B9 Disasters 4 2 3 1 2 1 13
Total R9 Housing Missions 0 0 [i] 1 0 1] 1

% of R10 Disasters with ﬁousing Missi 1% L 0% 0% 1% 0% 20%
Total R10 Disasters 1] 0 1 2 ] 2 5
Total R10 Housing Missions 0 0 0 1 0 1] 1

|HOUSING MISSIONS BY DISASTER TYPE 2004 2005 2006 2007 2008 2009 | TOTAL

% of Hurricanes with Housing Missi 42% 8% 0% 0% 60% 0% 60%
Total Hurricane Disasters 12 b 1 1] 5 1] 25
Total Hurricane Housing Missions 3 7 0 0 3 1] 15

Yo of Severe Storm(s) with Housing Missi 24% o 26% 23% 18% 8% 20%

Total Severe Storm(s) sters 25 9 23 31 28 12 128
Total Severe Storm(s) Housing Missions [ ] 6 7 3 1 25

% of Fires with H ing Missi %% e 100% 10080 0% 0% 60%
Total Fire Disasters 0 0 2 1 1 1 5
“T'otal Fire Housing M 15 0 1] 2 1 0 1] 3

% of Tornadoes with Ilousing Missi 1% 50% 0% 0% 1% 0% 67%
‘Total Tornado Disasters 0 2 1 0 0 1 3
Total Tornado Housing Missions 0 1 0 0 0 1 2

o of Earthquakes with 1 ing Missi 1% o 0% %0 1% 0% 0%
Total Earthquake Disasters 1 0 1 0 0 ] 2
Total Earthquake Housing Missions [1] 0 0 ] 0 0 0

% of Floods with Housing Missi 1% "o 0% 0% %o 0% 0%
Total Flood Disasters 1 0 [i] [ 1 3 5
Total Flood Housing Missions 0 1] 1 0 0 1] 0

% of Typhoons with Housing Missi % %o 0% 0% 0% 0% 0%
Total Tyvphoon Disasters 3 1 1 0 0 1] 4
Total Typhoon Housing Missions 1] 0 ] ] [} 1] 0
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A Aoy, Reports &
Tecrrkagy Sokitions

|1A and Temporary Housing Units Cumulative Occupied
Source: VA NPSC & Regions
Date: 7/21/2009

rd Amount

State T

2004 1/13/2004 CA 1505 Earthquak . 3,369 $7.834,700.93 V]
2004 1/13/2004 | AS 1506 Typhoon ,25 7,320 $11.710373.75 [1]
20004 1/26/2004 | OH 1507 | Severe Stormis) 449 $986,202.99 0
2004 4102004 | FM 1511 Typhoon . 1.683 $6.374.506.02 0
2004 4212004 | MA 1512 Flood (0 1.516 $2.479.114.65 0
2004 4/23/2004 IL 1513 Severe Storm(s) N 244 $493 902,39 0
2004 5/25/2004 | NE 1517 Severe Stormis) L1035 314 $485.999.91 1]
2004 5/25/2004 1A 1518 Severe Stormis) A 2.811 $5.034.199.56 0
2004 6/3/2004 OH 1519 Severe Stormi(s) 37.001 11,008 £13,999.401.04 V]
2004 6/3/2004 IN 1520 Severe Stormis) 5,381 2,190 $3.517.498.80 27
2004 6/8/2004 LA 1521 Severe Stormis) 8862 2,708 $3.293.656.58 0
2004 672004 WY 1522 Severe Storm(s) 9,067 5,941 $14,778.111.19 652
2004 6/10/2004 KY 1523 Severe Storm(s) 10,514 6,357 £14,568,555.25 73
2004 6/11/2004 MO 1524 Severe Storm(s) 1,214 528 $1.044,648.29 0
2004 6/18/2004 W1 1526 Severe Stormis) 8,068 2,978 $5.100,075.05 1]
2004 6/30/2004 nl 1527 Severe Storm(s) 91.644 25,126 £26,918.734.03 0
2004 T/16/2004 NI 1530 Severe Storm(s) 6,042 3,826 $7.850,466.61 [i]
2004 $6:2004 | WV 1536 Severe Stormis) 988 301 $1.360,295.78 19
2004 BI6/2004 PA 1538 Severe Storm(s) 10,712 5,544 $7.947,412.69 [}
2004 8/13/2004 FL 1530 Hurnicane 273,033 46,722 $91,728,356.27 4,519
2004 8/26/2004 | MP 1541 Typhoon 5,587 3,130 $9,147,550.58
2004 9/3/2004 VA 1544 Severe Stormi(s) 5,517 3,074 $6,458,352.78 0
2004 9/4/2004 FL 1545 Hurricane 459421 112,581 $192,021,692.39 2,250
2004 9/10/2004 | NC 1546 Hurmcane 16,684 6,147 512,088,046 88 0
2004 9/15/2004 | LA 1548 Hurricane 9,966 2,166 $2,779,944.79 0
2004 9/15/2004 | AL 1549 Hurncane 166,164 65,530 $113,371,052.40 535
2004 9/15/2004 | MS 1550 Hurncane 11,445 3,695 $6,200,742.72 0
2004 9/16/2004 FL 1551 Hurricane 151,387 42,740 $77,889,008.09 4,700
2004 9/17/2004 PR 1552 Severe Storm(s) 206,555 94,005 $118,993,520.93 0
2004 9/18/2004 NC 1553 Hurricane 9,011 3,751 $10,026,877.07 0
2004 0/18/2004 | GA 1554 Hurricane 3,799 1,197 §2,001,644.47 0
2004 9/19/2004 | PA 1555 Severe Storm(s) 2,599 598 $2,499,993.13 0
2004 9/19/2004 | OH 1556 Severe Storm(s) 4408 5,620 $13,809,310.51 58
2004 9/19/2004 | PA 1557 Hurncane 38,277 22,912 $58,004,959 82 0
2004 9/20/2004 | WV 1558 Severe Storm(s) 7,456 4,405 $11,920,902.36 95
2004 9/26/2004 FL 1561 Hurricane 363,979 105,703 $199.815,683.84 4,057
2004 10/1/2004 NJ 1563 Severe Storm(s) 8§27 411 $1,401,112.39 0
2004 10/1/2004 | NY 1564 Severe Storm(s) 8,247 1,202 $1,738,636.59 0
2004 10/1/2004 | NY 1565 Severe Storm(s) 1,553 499 $1,228,300.30 0
2004 10/7/2004 SC 1566 Hurncane 10,995 3,088 $5,778,026.85 0
2004 10/7/2004 | MN 1569 Severe Storm(s) 1,852 1,255 $3,076,879.40 0
2004 10/18/2004 | VA 1570 Severe Storm(s) 1,134 641 $1,479,351.47 0

Total 2004 1,980,396 617,774 $1,080,227,891.49 16,985
2005 1/21/2005 IN 1573 Severe Storm(s) 14,555 3.520 §5,247474.19 0
2005 2/4/2005 CA 1577 Severe Storm(s) 29,393 7,541 $15,060,521.04 0
2005 2/15/2005 | OH 1580 Severe Storm(s) 14,481 2,966 $4,306,096.86 0
2005 2/18/2005 | AS 1582 Typhoon 436 346 $1,151,270.77 0
2005 4/14/2005 | PA 1587 Severe Storm(s) 2,707 1,434 $3,227,036.68 0
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2005 4/19/2005 NJ 1588 Severe Storm(s) 1,870 818 $1,782,783.76 0
2005 4/19/2005 | NY 1589 Severe Storm(s) 3,434 1,930 §5,099,512.15 0
2005 7/10/2005 | AL 1593 Hurricane 14,085 1,851 $2,100,996.87 0
2005 7/10/2005 FL 1595 Hurricane 40,465 4,940 $6,644,116.97 282
2005 8/22/2005 | WY 1590 Tomado 280 74 $284,815.63 60
2005 8/20/2005 | LA 1603 Hurricane 1,080,731 696,130 $3,748,469,422.65 90,168*
2005 8/20/2005 | MS 1604 Hurncane 518,100 216,559 $877.419.478.99 37.485
2005 8/20/2005 | AL 1605 Hurncane 115,142 36,427 §90,561,930.91 3,400
2005 9/24/2005 | TX 1606 Hurricane 480,115 224,528 $523,517,222.58 4,605
2005 9/24/2005 LA 16407 Hurricane 366,196 161,434 $417,706,353.52 -
2005 10/24/2005 | FL 1609 Hurricane 589,486 227,320 $342,257,231.55 1,878
2005 10/26/2005 | NH 1610 Severe Storm(s) 739 346 $800.448.72 0
2005 11/8/2005 N 1612 Tomado 1,122 112 $305,110.65 0
2005 11/10/2005 | MA 1614 Severe Storm(s) 2.204 1.492 $3,064.838.57 0
2005 12/1/2005 | KY 1617 Severe Storm(s) 399 87 $229.744.12 0
* Rapresents the combined total of DR [603 and 1607 Total 2005 3,276,030 1,589,864 | 86,049,346,407.18 137,878
2006 1/10/2006 | OK 1623 Fire 573 187 $1,248,362.22 41
2006 1/11/2006 | TX 1624 Fire 530 148 $803,363.38 50
2006 2/3/2006 CA 1628 Severe Stormis) 5457 1,005 $5,331,007.59 ]
2006 316/2006 | MO 1631 Severe Storm(s) 2,312 351 $964.476.46 0
2006 3/28/2006 IL 1633 Severe Storm(s) 1,870 264 $632,084.92 0
2006 4/5/2006 TN 1634 Severe Stormis) 2.016 246 $518.504.04 0
2006 4/5/2006 MO 1635 Severe Storm(s) 1,752 60 $1,480,688.19 265
2006 4/12/2006 | AR 1636 Severe Storm(s) 1,152 277 $755,400.93 46
2006 4/13/2006 | OK 1637 Severe Storm(s) 158 45 $170,580.92 13
2006 5/2/2006 HI 1640 Severe Storm(s) 612 194 $527,647.90 0
2006 5/25/2006 | MA 1642 Severe Stormis) 11,039 7,792 $16,757,185.20 0
2006 5/25/2006 NH 1643 Severe Storm(s) 5,858 4,205 $8,194,081.13 0
2006 5/25/2006 | ME 1644 Severe Storm(s) 1,227 356 $934,193.09 0
2006 6/30/2006 | PA 1649 Severe Storm(s) 12,469 7,568 $17,761,717.66 108
2006 7/2/2006 NY 1650 Severe Storm(s) 15,536 8,836 $24,766,553.19 274
2006 7/2/2006 OH 1651 Severe Stormi(s) 13,133 4,725 $7,477.48220 0
2006 7172000 NJ 1653 Severe Storm(s) 705 283 $431,234 .49 0
2006 8/1/2006 OH 1656 Severe Storm(s) 6,623 3,640 $8,152,005,28 0
2006 8/15/2006 | TX 1658 Severe Storm(s) 5,976 1,845 $3,601,405.13 0
2006 8/30/2006 | NM 1659 Severe Stormis) 1,526 350 $1,077,205.11 75
2006 10/6/2006 ™ 1662 Severe Storm(s) 6,199 3,878 $11,102,170.39 0
2006 10/17/2006 | HI 1664 Earthquake 4,393 2,584 $9.442,754.21 0
2006 10/24/2006 | NY 1665 Severe Storm(s) 21,018 4,963 36,373 884,58 0
2006 11/2/2006 LA 1668 Severe Storm(s) 4,195 1,429 $5,396,714.93 0
2006 12/12/2006 | NY 1670 Severe Storm(s) 1,382 01 2,744,484.82 0
2006 1271272000 | WA 1671 Severe Storm(s) 2,528 940 $4,388471.79 0
Total 2006 130,550 58,912 $141,336,559.93 962
2007 2/3/2007 FL 1679 Severe Storm(s) 2461 531 $3,024 68843 39
2007 2/8/2007 FL 1680 Severe Storm(s) 360 132 $0943,028 88 0
2007 2/23/2007 | LA 1685 Severe Storm(s) 1428 208 $862,378.00 0
2007 3/3/2007 GA 1686 Severe Storm(s) 1,849 313 $1,354,036,12 0
2007 3/3/2007 AL 1687 Severe Storm(s) 2,006 352 $1,664,966.27 ]
2007 41212007 NM 1690 Severe Storm(s) 649 201 $916,208.97 0
2007 4/24/2007 | NY 1692 Severe Storm(s) 9,006 5,215 §12,307,474.22 0
2007 4/25/2007 | ME 1693 Severe Storm(s) 2,747 1,186 $1,996,983.07 0
2007 4/26/2007 NJ 1694 Severe Storm(s) 16,185 9,850 £18,821,508.61 0
2007 4/27/2007 | NH 1695 Severe Storm(s) 2,006 1,202 $3,500,042,32 0
2007 5172007 TX 1697 Severe Storm(s) 1,785 043 $4.865,458.46 53
2007 5/6/2007 KS 1699 Severe Storm(s) 3,364 2,777 $9,846,774.22 261
2007 5/11/2007 | CT 1700 Severe Stormis) 2,571 1,443 $2,613,838.46 0
2007 5/22/2007 sD 1702 Severe Storm(s) 5,120 3,415 36,932 866,40 0
2007 5/25/2007 1A 1705 Severe Storm(s) 1,803 979 $2,518,434.46 0
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2007 /112008 | MO | 1708 | Severe Storm(s) 964 572 $2.428,002.26 0
2007 6/20/2007 | TX 1709 | Severe Storm(s) 16,572 6,104 $25,706,394.36 0
2007 7722001 | KS 1711 | Severe Storm(s) 1,147 2,272 $18,025,702.89 93
2007 71712007 | OK 1712 | Severe Storm(s) 5,074 2,130 $10,969,558.71 64
2007 8232007 | MN | 1717 | Severe Storm(s) 5,204 3,853 $10,508,858.80 T4
2007 8/24/2007 | OK 1718 | Severe Storm(s) 3,101 1,200 $5,648,799.17 0
2007 §/26/2000 | WI 1719 | Severe Storm(s) 5,048 3,027 $8.012,383.98 0
2007 8/27/2007 | OH 1720 | Severe Storm(s) 9,097 5,495 $18,462,462.78 0
2007 8/30/2007 | IL 1722 | Severe Storm(s) 1,580 557 $1.658,875.80 0
2007 8/31/2007 NY 1724 Severe Storm(s) 3912 2,000 $5,101,498.73 0
2007 9/7/2007 | ND 1726 | Severe Storm(s) 294 58 $132.005.40 0
2007 97202007 | IL 1720 | Severe Storm(s) 2,204 1,499 $4.468.10741 0
2007 T0/2/2008 | TX 1730 | Severe Stormi(s) 1,645 767 $4.461,751.16 0
2007 | 107242007 | CA 1731 Wildfires 10,280 2,019 $14.963,730.08 25
2007 | 117302007 | N 1732 | Severe Stormi(s) 1873 2,099 $4.922,508.64 0
2007 12/8/2007 | OR 1733 | Severe Storm(s) 3,573 1.050 $6,400,401.73 26
2007 12872007 | WA 1734 Severe Storm(s) 10,735 4,020 §21,160,441.15 0
Total 2007 152,832 68,138 $245,714,199.04 675
2008 1/8/2008 | NV 1738 | Severe Storm(s) 340 199 $1,028.655.02 0
2008 132008 | IN 1740 | Severe Stormis) 3,291 1,995 $7.671,579.07 0
2008 2772008 | AR 1744 | Severe Storm(s) 1877 541 $4,336,561.02 21
2008 2772008 | TN 1745 | Severe Storm(s) 1,668 731 $4.071,164.78 38
2008 2212008 | KY 1746 | Severe Storm(s) 1032 210 $1,166,60544 0
2008 372008 | IL 1747 | Severe Storm(s) 1,490 917 $4,799,927.57 0
2008 3102008 | MO | 1749 | Severe Storm(s) 5,302 3,480 $13.896,532.68 0
2008 3202008 | GA | 1750 | Severe Storm(s) 1,887 370 $1,335,081,70 0
2008 326/2008 | AR 1751 | Severe Storm(s) 12,002 3,201 $11,673,019.18 0
2008 S5/8/2008 MS 1753 Severe Storm(s) G663 250 $1,589,696,52 0
2008 5/9/2008 | ME 1755 Flood 181 263 $1,246,032.96 0
2008 5/14/2008 | OK 1756 | Severe Storm(s) 198 202 $1.469.127.78 0
2008 51202008 | AR 1758 | Severe Storm(s) 1451 381 $2,458.917.11 0
2008 5/23/2008 | MO | 1760 | Severe Storm(s) 665 166 $1,641,370.66 0
2008 5/23/2008 | GA | 1761 | Severe Storm(s) 5,480 1,002 $2,440,861.00 0
2008 5726/2008 | CO 1762 | Severe Storm(s) 1579 134 $116,831.26 0
2008 527/2008 | 1A 1763 | Severe Storm(s) 40,246 24,853 5138,417,281.36 599
2008 57282008 | MS 1764 | Severe Storm(s) 087 163 $539.700.46 0
2008 6/8/2008 N 1766 | Severe Storm(s) 17,855 10,278 $56,288,154.65 79
2008 G/14/2008 | WI 1768 | Severe Storm(s) 40,814 23,036 §36,335,615.60 0
2008 6/19/2008 LAY 1769 Severe Storm(s) 1,024 589 $2,615,833.95 0
2008 &20/2008 | NE 1770 | Severe Storm(s) 2,337 737 $1,559,424.56 0
2008 5242008 | IL 1771 | Severe Storm(s) 3,398 1.752 9.078,378.17 23
2008 5252008 | MO | 1773 | Severe Storm(s) 2418 1089 $5,341,525.69 [0
2008 772472008 | TX 1780 Hurmicane 38,730 13,386 $34.659.941.00 0
2008 82472008 | FL 1785 | Severe Stormi(s) 19,274 5,378 518.829.079.20 0
2008 9/2/2008 | LA 1786 Hurmicane 140915 71,147 $216,737.714.61 243
2008 9/13/2008 | TX 1791 Hurmicane 734,385 121,282 | $530,053,048.87 3,679
2008 9/13/2008 | LA 1792 Hurricane 53,011 12,271 $63,693,973.70 369
2008 9/22/2008 | MS | 1794 Hurticane 8.010 1,966 $6,985,137.28 0
2008 97232008 | IN 1795 | Severe Storm(s) 26,049 11,108 §35,054 38591 0
2008 10/1/2008 | PR 1798 | Severe Storm(s) 38,876 20,052 $29.813,577.35 0
2008 10/3/2008 | 1L 1800 | Severe Storm(s) 49,390 27.033 $62,384 358,87 0
2008 | 11/13/2008 | MO | 1809 | Severe Storm(s) 3,639 2,104 $6,701,661.26 0
2008 | 11/18/2008 | CA 1810 Fite 2,559 481 $3,307,430.06 0
Total 2008 1,570,423 364,507 | 51,342,838,208.20 5,051
2009 152000 | HI 1514 Flood 1319 697 $3,311,457.19 0
2009 130/2000 | WA | 1817 Flood 1,022 2,031 $9,140,822.44 0
2009 2/15/2009 Ok 1820 Severe Storm(s) 447 105 $1,229.259,17 (1]
2000 3/24/2000 | ND 1820 | Severe Storm(s) 6,962 2,808 $7,229.180.15 0
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2009 4/9/2009 MN 1830 Severe Storm(s) 1,360 675 $2,206,943.06 0
2009 4/21/2009 FL 1831 Severe Stormis) 1,612 093 $3,004,668.36 0
2009 4/22/2009 IN 1832 Severe Stormis) 1,575 973 $2,717,709.66 0
2009 4/23/2009 | GA 1833 Severe Stormis) 2,005 793 $4,260,046.09 0
2009 4/27/12009 | AR 1834 Tomado 1,061 277 $1,681,213.78 30
2009 4/28/2009 | AL 1835 Severe Storm(s) 1,345 450 $2,000,589.95 0
2009 5/15/2000 | WV 1838 Severe Storm(s) 4,695 2,767 $12,477 365.17 83*
2009 5/27/2009 FL 1840 Severe Storm(s) 4,603 1,812 $6,249.771.34 0
2009 5i20/2008) KY 1541 Severe Stormis) 5,277 3.004 $13,462,270.05 0
2009 6/3/2009 AL 1842 Severe Storm(s) 2,336 1,035 $5,003,528.11 0
2009 6/11/2009 | AK 1543 Flood 540 173 $2,097,863.77 0
2009 6/19/2000 | OK 1846 Fire 247 95 1,608, 155.83 0
2009 6/19/2009 | MO 1847 Severe Stormis) 2,285 778 $3,100,442.20 0
* 33 units are FEMA/State Total 2000 41,691 19,206 $80,962,301.32 113
20(1':;%”9 7,151,922 2,718,491 58,940,425,568.06 161,664
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Direct Housing Mi

TOTAL 2004-2009 TOTAL
%o of Disasters with Housing Mi 26% 23% 12% 26%
Total 1A Disasters 42 g as 17 172
Housing Missions 11 8 8 8 8 2 45
[HOUSING MISSIONS BY REGION 2004 2005 2006 2007 2008 2000 | TOTAL
% of R1 Disasters with Housing Missi 1% % 17% 0% 1% 0% T%
Total R1 Disasters 1 2 [ 4 1 1] 14
Total R1 Housing Missions 0 1] 1 [ ] 1] 1
% of R2 Disasters with Housing Missi 0% %o 0% 0% 1% 0% 0%
Total R2 Disasters 5 1] 1 2 1 1] 9
Total R2 Housing Missions 0 [i] [i] [i] 0 0 0
o of R3 Di with Housing & JH% o 1M % %6 L 100%s 36%0
Total B3 Disasters 8 3 1 0 1 1 14
‘T'otal R3 Housing Missions 3 1] 1 0 0 1 5
%o of R4 Disasters with Housing Missi 55% 67% 0% 25% 13% 0% 33%
T'otal R4 Di 11 [ 1 4 ] [ 36
Total R4 Ho [ 4 0 1 1 1] 12
%o of RS Disas Missi 25% %o 0% 17% 25% 0% 16%
Total RS 8 3 4 [ R 2 31
Total R5 Housing Missions 2 0 [t 1 2 1] 5
% of R6 Di: s with Housing Missi 1% 1001% T1% 29% 57% 33% 52%
Total R6 Disasters 2 3 7 7 7 3 29
Total R6 Housing Missions 0 3 5 2 4 1 15
% of R7 Di: with Housing Mi: 1% %o S0%% 0% 17% 0% 25%
‘Total R7 Disasters 3 1] 2 4 [ 1 16
Total R7 Housing Missions 0 0 1 2 1 1] 4
%o of R¥ Disasters with Housing M 1% TiH%a %o 1% 1% %0 20%0
Total R& 0 1 0 2 1 1 5

Workbook 2: Disaster Information

144




	B.A. in Geography, May 2000, McGill University
	M.S. in Engineering Management, July 2004, The George Washington University
	A dissertation submitted to
	The Faculty of
	Dissertation directed by
	Table of Contents
	List of Figures
	List of Tables
	List of Acronyms
	DHS-  DEPARTMENT OF HOMELAND SECURITY
	ESF-  EMERGENCY SUPPORT FUNCTION
	FCO -   FEDERAL COORDINATING OFFICER
	FEMA-  FEDERAL EMERGEBCY MANAGEMENT AGENCY
	IA-  INDIVIDUAL ASSISTANCE
	IMAT- INCIDENT MANAGEMENT ASSESSMENT TEAM
	NDHS- NATIONAL DISASTER HOUSING STRATEGY
	NRF-   NATIONAL RESPONSE FRAMEWORK
	SME-  SUBJECT MATTER EXPERT
	USACE- UNITED STATES ARMY CORPS OF ENGINEERS
	Chapter 1 — Introduction
	Chapter 2 — Literature Review
	2.1  Introduction
	2.2  Government Strategy and Audit Documents
	The following section is composed of documents produced by either federal or local governments. They include excerpts on WebPages, strategy documents and completed audits.
	2.2.1 The National Disaster Housing Strategy
	2.2.4  Government Audits and Investigations
	2.2.5  HAZUS-MH Technical Documentation
	2.3  Modeling and Housing
	2.4  Case Studies
	2.5  Strategic Planning
	2.6 Expert Opinion Elicitation
	Expert opinion has been increasingly recognized as an important data source and modeling contributor (Dalton et al 2010). In the context of government sector operations, two papers published by the U.S. Environmental Protection Agency (EPA) and the U...
	Table 2-1: Advantages and disadvantages of various approaches
	Data from EPA 2009.
	Both the EPA and USACE reports provide guidance on when expert elicitation is warranted and how it may be administered and analyzed. Both reports also evaluate distinct methodologies that may be used. Three of these methodologies have been selected fo...
	2.6.1  Delphi Method
	2.6.3  Scenario Analysis
	Credit for the development of scenario analysis is held by Kahn and Wiener in a 1967 paper The Year 2000: A Framework for Speculation on the Next Thirty-Three Years. This paper attempted to develop required strategic technological innovations for the ...
	2.6.4  Analytical Hierarchy Process
	The analytical hierarchy process (AHP), and its more general form, the analytical network process, were developed by Thomas Saaty and are generally used in structuring and making complex decisions (Saaty 2008). Generally the process is as follows:
	1. Model the problem as a hierarchy containing the decision goal, the alternatives for reaching it, and the criteria for evaluating the alternatives.
	2. Establish priorities among the elements of the hierarchy by making a series of judgments based on pair wise comparisons of the elements. For example, when comparing potential real estate purchases, the investors may say they prefer location over pr...
	3. Synthesize these judgments to yield a set of overall priorities for the hierarchy. This would combine the investors' judgments about location, price, and timing for properties A, B, C, and D into overall priorities for each property.
	4. Check the consistency of the judgments.
	5. Come to a final decision based on the results of this process.
	AHP is a widely used methodology that has applications in almost any field and can also be used in general strategic situations or more complex situations. It has unique applications in specific decision-making situations where uncertainty can be more...
	2.7 Conclusions
	The literature review met all four of the original goals established at the onset of the research. First, it uncovered real-world problems that the entire research is based upon. The main problem is highlighted in the NDHS.
	Second, based on the review, one can easily state that there is not an overwhelming amount of research that addresses the problem or post-disaster housing in general. In terms of forecast modeling, there was no research uncovered that used the exact ...
	Third, the literature review explored several methodologies for expert opinion elicitation as well as data modeling, and provided the information necessary to allow the researcher to choose both a regression and Delphi methodological framework.
	Lastly, the literature review points to the conclusion that this research is indeed unique, as no other documentation was found to suggest that the problem has been addressed with the proposed methods.
	This chapter has described in theory how the methodologies used in the research work and can be applied in general. The following chapter describes how the methodologies will be applied in a practical manner to answer the research questions.
	Chapter 3 — Proposed Research Methodology
	3.2  Determining Factors for Operational Planning in a Post-Disaster Interim Housing Mission
	3.2.1  Housing Expert
	3.2.1.1  Experience in Real Disasters
	3.2.1.2  Research in Disaster Housing
	3.2.2  Sample Size
	3.2.3  Letter of Invitation
	3.2.4  Structured Feedback Process Overview
	3.2.6  Data Analysis
	3.3  Requirements Forecasting
	3.3.1  Data Set
	3.3.2  General Strategy
	3.3.3  Model Development
	3.3.4  Model Scope
	3.3.5  Variables
	Dependent variables included:
	Independent variables included:
	While other types of disasters certainly exist, the research is limited to these, as they
	3.3.6  Additional Data Inputs
	3.3.9  Regression Analysis Software
	3.3.10  Comparing Models
	3.3.11  Diagnostic Analysis
	3.3.12  Sensitivity Analysis
	3.3.13  Model Testing and Calibration
	In addition the following question was asked, and a summary of the unstructured feedback is provided:
	Does this research offer any contribution to real-world efforts?
	Table 4-8: Research Contributions
	4.6.3 Review Panel Conclusions
	In conclusion, the review panel did serve to validate the methodology, process and results of the Delphi. After gaining an understanding of the process, and results, it is clear that there is high confidence among all three members of the panel in the...
	From: Adam Jachimowicz, PhD Candidate, The George Washington University School of Engineering and Applied Science

