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Advancing the Resilience of Coastal Localities: Developing, Implementing
and Sustaining the Use of Coastal Resilience Indicators: A Final Report
Walter Gillis Peacock, Editor
General outline of project: The goals of this collaborative project were for a team of
researchers at Texas A&M University (TAMU), Texas A&M University at Galveston
(TAMUG), and the Houston Advanced Research Center (HARC) to develop a suite of
Community Resilience Indicators (CRIs) [Activity 1] and a strategy for gaining
community support and input into CRI development to enhance coastal community
resilience along the Gulf Coast [Activity 2]. Activity 1 was divided into two tasks. The
first task -- termed level one analysis -- was to focus on the development of suite of
Community resilience indicators that would be applicable at the regional and county
level. The second task – termed level two analysis -- was to focus on the gathering spatial
data and the development of web based mapping tools for the benefit of local decision
makers, helping them understand their hazard risks and promote community resilience
planning activities. Level one analysis was supposed to focus on counties and parishes in
Texas and Louisiana, but was expanded to include all NOAA defined coastal counties
along the Gulf coast. Level two analysis was to focus on Galveston and possibly four
communities in Louisiana contingent on linkages with another resiliency project funded
by the CSC. However, in the final analysis Galveston and counties along the northeastern
coast of Texas became primary focus areas. Activity 2 focused on Galveston and
workshop activities that brought bring together citizens, decision makers, and planners
from Galveston and members of the Texas Coastal planning and management
community.
Outline for Final Report: This report will highlight the major activities and
accomplishment of this project in carrying out its two major activities. The report is
divided into five chapters. Chapter one will describe the development of a Community
Disaster Resilience Index (CDRI) and a suite of sub-indices associated with Activity one,
level one analysis. Chapter two will describe the web-based data and tools in the Coastal
Planning Atlas associated with Activity One, level two analysis, that this projected helped
develop. Chapter three will describe the Galveston workshop activities and results
associated with Activity two. Chapter four will provide a brief report on additional
supplemental analysis undertaken to develop a set of ecological resiliency measures.
And, finally, Chapter five will provide a brief summary of overall project
accomplishments outlining the impacts and outcomes of the project.
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Chapter One.
The Development of a Community Disaster Resilience Framework and
Index
Joseph Mayunga and Walter Gillis Peacock
1.0 Introduction
This section introduces the development of the community disaster resilience framework,
the community disaster resilience index and a suite of sub-indices. Our goal here is to
develop a theoretical framework to structure the systematic development of a
comprehensive measure of community disaster resilience. We begin with a conceptual
analysis of resilience, drawing on the ecological literature, but focusing on resilience of
human social systems in the context of disasters. A variety of conceptual models are also
examined, providing the building blocks for the development of the community disaster
resilience framework. After developing this framework an empirical measure of disaster
resilience is systematically developed and subsequently its reliability and validity are
assessed. We begin by examining the concept resilience.
2.0 Defining Disaster Resilience
The concept resilience appears in many disciplines including hazards, ecology,
psychology, sociology, geography, psychiatry, and public health (Klein, Nicholls, &
Thomalla, 2003; Manyena, 2006; Norris, Stevens, Pfefferbaum, Wyche, & Pfefferbaum,
2008). It has been defined in a variety of ways depending on the discipline. Resilience as
a concept is more widely used in the field of ecology than in any other field and yet is
finding significant play in other disciplines and areas of research, including the broader
hazards and disaster field to address the abilities of social systems, and the bio-physical
systems upon which they depend, to resist the impacts of natural disasters and bounce
back. Furthermore in the context of social systems, there is an aspect of learning or
adaptation implied by the concept where-by as the system recovers it “bounces back”
stronger and better able to address future disasters. The following will briefly review
some of the more prominent definitions in the field of ecology and then review its usages
in the broader hazards field, before offering a working definition for this research.
2.1 The concept of resilience in the field of ecology
Holling (1973) is frequently cited as one of the first to introduce the concept of
resilience in a paper entitled “Resilience and Stability of the Ecological Systems”. For
Holling (1973), resilience is the persistence of relationships within a system and is a
measure of the ability of the system to absorb change in the face of extreme perturbation
and yet continue to persist. Since the publication of this work, resilience has become a
central concept in the field. Table 1 offers a concise presentation of a number of
definitions for the concept resiliency as it has been employed in ecology.

3

There are a number of common themes that emerge from these definitions of
resilience. First, the unit of analysis is generally an ecosystem, although with more recent
work the unit of analysis often refers to coupled social-ecological systems (SESs).
Second, there is some notion of resilience being defined as either the ability of systems to
absorb changes and yet maintain themselves or the ability to rapidly bounce back from
some form of impact. These two notions are displayed graphically by Adder (2000:350)
in figure 1 below, where resilience is captured by a) the amount of shock a system is able
to absorb (the left panel of figure 1) or the rapidity of the rebound following the shock
(the right panel of figure 1). So from these perspectives, a more resilient system is one
that
can
absorb
larger
shocks
and
rapidly
bounce
back.
Table 1. Selected definitions of the concept of resilience from the field of ecology
Source
Holling (1973)
Pimm (1984)
Holling et al.
(1995)

Lebel (2001)

Walkers et al.
(2002)

Definition
Resilience of an ecosystem is the measure of the ability of an ecosystem to
absorb changes and still persist.
Resilience is the speed with which a system returns to its original state
following a perturbation.
Resilience is a buffer capacity or ability of a system to absorb perturbation, or
the magnitude of the disturbance that can be absorbed before a system
changes its structure by changing the variables and processes that control
behavior.
Resilience is the potential of a particular configuration of a system to maintain
its structure/function in the face of disturbance, and the ability of the system
to re-organize following disturbance-driven change and measured by size of
stability domain
Resilience is a potential of a system to remain in a particular configuration
and to maintain its feedbacks and functions, and involves the ability of the
system to reorganize following the disturbance driven change.

Resilience for social-ecological systems is related to three different
characteristics: (a) the magnitude of shock that the system can absorb and
Folke et al.
remain in within a given state; (b) the degree to which the system is capable
(2002)
of self-organization, and (c) the degree to which the system can build capacity
for learning and adaptation.
Resilience is the capacity of a system to absorb disturbances, to undergo
Walker & Salt
changes, and still retain essentially the same function, structure, and
(2006)
feedbacks.
Ecosystem resilience is the capacity of an ecosystem to tolerate disturbance
without collapsing into a qualitatively different state that is controlled by
Resilience
different set of processes. Thus, a resilient ecosystem can withstand shocks
Alliance (2007) and rebuild itself when necessary. Resilience in coupled social-ecological
systems, the social systems have the added capacity of humans to learn from
experience and anticipate and plan for the future.

A third theme emerging from these definitions is a subtle shift focusing on the capacities
of a system to 1) resist or absorb impacts and 2) its ability to maintain or return, more or
less, to the same form, function, structure or qualitative state. So a resilient system not
only has the ability to resist impact, but when impacted, it can return to its previous state
and the focus is on the capacities of systems that provide the abilities to absorb, resist,
and bounce back.
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More recently the ecologica
ecologicall literature has sought to expand its notion of system
to include coupled social-ecological
ecological systems. The addition of social systems into the mix
adds and important new dimension into the mix in that now a resilient system is a system
that has the ability too learn from experiences and adapt. Thus the idea is that systems can
modify themselves in response to impacts and thereby become more resistant to future
impacts.
There is undoubtedly much to be gained from the applications of these definitions
to the study
udy of social systems and the hazards context. However, one must also be wary
about the simple application of these definitions or approaches to social systems. One
need only be reminding of the many problems associated structural
structural-functional
functional analysis of
social
cial system promoted by Talcott Parsons (reference toward a general systems…) and
others in the field of sociology. For example, the notion of bouncing back to more or less
the same form or state as before a disaster event may not be necessarily advantageous
advantageo or
desired. The analysis of disasters often finds that disasters themselves represent failures
of social systems to properly adapt to the biophysical environment, inappropriate
development and land use patterns, and that systemic weaknesses in the form of social
vulnerabilities are often generated by the systems themselves (Bates and Peacock 1986).
Hence, returning or bouncing back to the pre
pre-disaster
disaster state is not necessarily resilient or
adaptive, but rather lays the seeds for future disasters. Neverthe
Nevertheless,
less, these definitions do
provide a starting point for our exploration of the concept.

Figure 1. Adger’s (2000:350) Representation of Holling’s (1973), Pimm’s (1984) and
Folke et al.’s (2000) Perspectives on Resilience.
2.2 The concept of resilience in the field of hazards and disasters
Recent years have seen a proliferation of work utilizing the word resilience in
conjunction with natural hazards and disasters. In the second assessment of disaster research in
the United States, Mileti (1999) suggests building a disaster resilient community as a new
approach to dealing with natural disasters. Timmerman (1981) was probably the first to introduce
the concept of resilience using climate change as an example in his paper entitled “Vulnerability,
“
Resilience,, and the Collapse of Societies
Societies” (Clark et al., 1998; Klein et al., 2003). Borrowing the
concept of resilience from the field of ecology, Timmerman (1981) linked resilience to hazard
vulnerability and defined resilience as the measure of a system’s or sub-system’s
system’s capacity to
absorb and recover from hazardous event. Following the work of Timmerman (1981), many
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definitions of the concept of disaster resilience have emerged in the hazards/disasters field in the
last three decades. As in the field of ecology, there is no single agreed-upon definition of disaster
resilience, but rather a host of definitions. Table 2 provides yet another concise listing of the
many definitions proffered.
Table 2. Selected definitions of the concept of disaster resilience from the field of disasters
and hazards.
Source
Timmerman
(1981)
Wildavsky (1991)
Buckle (1998)
EMA (1998)
Mileti (1999)
Comfort et al.
(1999)
Adger (2000)
Buckle et al.
(2000)
Klein, Nicholls,
and Thomalla
(2003)

Bruneau et al
(2003)

Walter (2004)

UN/ISDR (2005)

Definition
Resilience is the measure of a system’s or part of the system’s capacity to absorb
and recover from occurrence of a hazardous event.
Resilience is the capacity to cope with unanticipated dangers after they have
become manifest, learning to bounce back.
Resilience is the capacity that people or groups may possess to withstand or
recover from the emergencies and which can stand as a counterbalance to
vulnerability.
Resilience is a measure of how quickly a system recovers from failures.
Local resiliency means that a locale is able to withstand an extreme natural event
without suffering devastating losses, damage, diminished productivity, or quality
of life without a large amount of assistance from outside the community.
The capacity to adapt existing resources and skills to new systems and operating
conditions.
Social resilience is the ability of groups or communities to cope with external
stresses and disturbances as a result of social, political, and environmental change.
… the quality of people, communities, agencies, and infrastructure that reduce
vulnerability. Not just the absence of vulnerability rather the capacity to prevent or
mitigate loss and then secondly, if damage does occur to maintain normal
condition as far as possible, and thirdly to manage recovery from the impact.
…the amount of disturbance a system can absorb and still remain within the same
state…the degree to which the system is capable of self-organization (p. 35)…the
degree to which the system can build and increase the capacity for learning and
adaptation (p. 40).
…the ability of social units (organizations, communities) to mitigate hazards,
contain the effects of disasters when they occur, and carry out recovery activities
in ways that minimize social disruption and mitigate the effects of future
earthquakes….
characteristics of a resilient system: 1) Reduced failure probabilities; 2) Reduced
consequences from failures, in terms of lives lost, damage and negative economic
and social consequences; and 3) Reduced time to recovery (restoration of a
specific system or set of systems to their “normal” level of performance).
Resilience is the capacity to survive, adapt and recover from a natural disaster.
Resilience relies on understanding the nature of possible natural disasters and
taking steps to reduce risk before an event as well as providing for quick recovery
when a natural disaster occurs. These activities necessitate institutionalized
planning and response networks to minimize diminished productivity, devastating
losses and decreased quality of life in the event of a disaster.
Resilience is the capacity of a system, community or society potentially exposed to
hazards to adapt, by resisting or changing in order to reach and maintain an
acceptable level of functioning and structure. This is determined by the degree to
which the social system is capable of organizing itself to increase this capacity for
learning from past disasters for better future protection and to improve risk
reduction measures.
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Paton & Johnston
(2006)

Berke and
Campanella (2006)

Maguire & Hagan
(2007)

Wilbanks (2008)

Peacock et. al.
(2008) RAVON

Resilience is a measure of how well people and societies can adapt to a changed
reality and capitalize on the new possibilities offered.
the ability to survive future natural disasters with minimum loss of life and
property,
erty, as well as the ability to create a greater sense of place among residents; a
stronger, more diverse economy; and a more economically integrated and diverse
population …applies to the process of recovery planning in which all affected
stakeholders —rather than just a powerful few — have a voice in how their
community is to be rebuilt.
Social resilience is the capacity of social entity e.g. group or community to bounce
back or respond positively to adversity. Social resilience ha
hass three major
properties, resistance, recovery, and creativity.
a community “that anticipates problems, opportunities, and potentials for
surprising; reduces vulnerabilities related to development paths, socioeconomic
conditions, and sensi
sensitivities
tivities to possible threats; responds effectively, fairly, and
legitimately in the event of an emergency; and recovers rapidly, better, safer, and
fairer.”
resilience is defined as the ability of social systems, be they the cconstituent
onstituent
element of a community or society, along with the bio
bio-physical
physical systems upon
which they depend, to resist or absorb the impacts (deaths, damage, losses, etc.) of
natural hazards, to rapidly recover from those impacts and to reduce future
vulnerabilities
ilities through adaptive strategies…

As reflected by the definitions listed in Table 2, there are many common elements shared
between ecological and hazard/disaster perspectives. Primary among them are notions of the
ability of a system to absolve, defle
deflect
ct or resist potential disaster impacts and the ability to bounce
back after being impacted. For some, the system is explicitly human or social as in Mileti’s
(1999) work which focus on human communities. And yet for others, while social systems might
be the
he primary focus, they also implicitly include the built environments (buildings, infrainfra
structure, etc.) created by social systems (see for example Bruneau et al., 2003 or Tiernery and
Bruneau 2007) as well as the ecological systems upon which they depend or operate within
(Berke and Campanella 2006 and Peacock et al. 2008).

Figure 2. A modified version of Tierney and Bruneau’s (2007) resilience triangle.
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More recently there has been increasing emphasis on more formally identifying various
dimensions of resilience. For example, when addressing the ability of a system to absorb, deflect
or resist potential disaster impacts it has been suggested that this implies a reduction or
diminishing of impacts, a reduction or attenuation of failure probabilities, or reducing the
consequences of failures. Bruneau et al. (2003) suggest the terms resistance or robustness for this
dimension of resilience. The rapid bounce back after being impacts is of course associated with
rapid restoration and recovery or some noti
notion
on of reducing the time to restore or return to
“normal” functioning. These ideas with respect to recovery are captured by Bruneau et al. (2003)
under the notions of rapidity and the idea of a steeper recovery trajectory.. Figure 2 offers a
graphical representation
entation modified from Tierney and Bruneau (2007) displaying these ideas of
robustness, rapidity, and trajectory.
The idea of improvement in the resiliency of systems in response to impact is captured, in
part, by the notion the recovery trajectory, impl
implying
ying that the outcome of recovery results in some
form of improved levels of resilience. Maquire and Hagan (2007), for example, include these
three dimensions, which they term resistance, recovery, and creativity in their notion resiliency
which are displayed
yed in Figure 3, taken from their work. Here they suggest that resistance implies
systems ability to resist loss of functioning when impacted which is similar to Bruneau et al.’s
notion of robustness. Recovery they suggest has to do with the time between iimpact
mpact and the
system returning to pre-impact
impact functioning level, which is similar to Bruneau’s notion of rapidity
as well as the concept of “restoration” as perhaps a minimum level of recovery (see for example
Bates and Peacock, 1986). Creativity, on the ot
other
her hand, implies improvement in resiliency status
by a system creatively changing in response to impact to reduce future losses and disruptions.

Figure 3: Maquire and Hagen’s (2007) Dimensions of Resilience
This dimension of creativity addresses the notions of system learning or modifying in
response to impact to enhance resiliency first addressed by the ecologists, particularly when
examining coupled social-ecological
ecological systems (SESs) through their notions of learning and
adaption. Similarly, this is often
ften a critical element in notions of resilience within the disaster
literature. Comfort (1999) for example discusses resilience as the capacity to adapt, although the
focus is primarily in the response phase of disasters. Buckle et al (2000), on the other hand,
suggest resiliency is the ability to reduce vulnerabilities through mitigation, and Klein et al (2003)
suggest that the ability to increase capacity through learning and adaptation are critical. Similarly,
Bruneau et al. (2003) the UN/ISDR (2005), B
Berke
erke and Campanella (2006), Smith and Wenger
(2006), Wilbanks (2008), and Peacock et al (2008) all stress learning and adapting in response to
disasters such that systems increase capacities, become more sustainable, and have higher states
of resiliency aree critical. Thus, common themes are 1) improvements in a systems mitigation
status via enhancing robustness and reducing future loss potential or failure probabilities, 2)
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reducing pre-existing
existing vulnerabilities by reducing hazard exposure and risk and addressing
addre
social
vulnerabilities, and 3) sustainable disaster recovery by enhancing economic, ecological, and
social sustainability.
Figure 4 captures these resiliency themes drawn from the literature and out working
definition of resilience. System resilien
resiliency
cy implies robustness, rapidity, and enhancement in
response to natural hazards/disasters. A resilient system is, relatively speaking, robust with
respect to its ability to absorb and resist the impacts of a hazard agent – implying a reduction in
potential disaster impacts. Furthermore, having experience a disaster, a resilient system is able to
bounce back quickly reaching restoration levels in, relatively speaking rapid fashion. Finally, as
part of the recovery process, a resilient system enhances its cap
capacities
acities by improving its mitigation
status, reducing pre-existing
existing vulnerabilities, and improving its sustainability.

Figure 4. Critical Dimensions of Resiliency
3.0 Toward a Conceptualization of Community Disaster Resilience
With the above definition in hand, focus now turns to providing a broad
conceptualization of community disaster resiliency. In undertaking this analysis the focus
becomes identifying approaches for conceptualizing and measuring a community’s capacity for
resilience. More specifically,
lly, if resiliency implies the ability of a system to resist disaster impacts,
rapidly recovery from those impacts, and enhance its abilities to both withstand and recover in the
future, then the goal here is to identify approaches for conceptualizing and ultimately measuring a
communities capacity for carrying out these three important dimensions of resilience. In this
section then, we will briefly review a number of approaches for conceptualizing community
resilience and the resulting guidelines for measu
measure
re disaster resilience that emerge from these
approaches. The result will be the development of our community disaster
ter resilience framework
(CDRF). We begin, however, with a brief discussion of our unit of analysis, a community.
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3.1. Community as an ecological network
Community, for the purposes of this work, is defined as an ecological network of social
systems, which combined with the structure and characteristics of the natural and built
environment making up the more or less identifiable space in which the network operates form an
ecological field (Bates and Pelanda, 1994; Bates, 1997; Peacock and Ragsdale 1997). This
perspective implies that communities are defined not as a single bounded system, but rather as a
network of interacting social systems defined by the particular spatial boundaries in which they
are principally interacting. As an ecological network, these systems are linked together or
structured by a potentially complex network of exchanges forming a division of labor in which
dependency and interdependency have fundamental implications understanding shifting dynamics
of power and influence as well as survival within the ecological network.
A socio-political ecological perspective is critical for understanding community network
processes (Bates 1997; Peacock with Ragsdale 1997). The details of this approach are not
important for our current undertaking; however, what is critical is that when addressing the
resiliency capacities of a community as a network of interacting social systems, issues of
heterogeneity and complexity, control and coordination, competition and conflict, as well as
inequality are addressed. For example, when considering post-disaster housing recovery there
will be a host of activities and functions that must be addressed to restore the housing to the many
different households impacted. At the community level these activities will include: damage
assessments, financing, supplying and procuring of materials, provision of labor and expertise,
coordinating the activities of multiple organization and groups, addressing conflict and
competition that can arise over obtaining and enforcing contracts, permitting, reestablishing lifeline services (water, electricity, and sewage), etc. The point is that when considering community
capacities for resiliency related issues, such as rebuilding and recovery efforts after disasters, we
will have to consider the variety and number of organizations, professions, and groups that can
facilitate these processes.
The primary unit of analysis for this project will be the county. In other words, our unit of
analysis is the network of social systems more or less contained within the geo-political
boundaries of counties. There are a number of strengths and weaknesses associated with
employing the county as a unit of analysis. Counties are geo-political designations recognized by
both the Federal and State governments that fall between the state and local municipalities.
Counties are often the target of both state and federal programs associated with disaster
preparation, response, and mitigation programs to address hazard risk as well as recovery. For
example, presidential disaster declarations are generally issued by designating counties that
qualify for federal disaster assistance. In additional and importantly for this project, data on a host
of county attributes related to their socio-demographic, economic, health and organizational
features are readily available and relatively easy to access. Many times these data are not
available at the municipality level.
However, selecting counties/parishes as the unit of analysis has limitations. First, the
political power of counties in the U.S. can vary considerably. While some counties have home
rule designation allowing them to govern and regulate a host of activities within their boundaries
related to issues such as land use, other counties remain quite limited in their abilities govern and
regulate. Second, counties vary considerably in geographic size, eco-system diversity, as well as
hazard exposure. The latter is partially addressed in this study by focusing only on coastal
counties located in the gulf-coast region of the United States.
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Figure 5. The U.S. Gulf coast region and NOAA designated coastal counties
Table 3. List of coastal counties and parishes of the U.S. Gulf coast region
I
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Florida
Bay
Calhoun
Charlotte
Citrus
Collier
DeSoto
Dixie
Escambia
Franklin
Gadsden
Gilchrist
Glades
Gulf
Hardee
Hendry
Hernando
Hillsborough
Holmes
Jackson
Jefferson
Lafayette
Lake
Lee
Leon
Levy
Liberty
Madison
Manatee
Marion
Monroe

31
32
33
34
35
36
37
38
39
40
41
42
II
43
44
45
III
46
47
48
49
50
51
52
53
IV
54
55
56
57
58

Okaloosa
Pasco
Pinellas
Polk
Santa Rosa
Sarasota
Sumter
Suwannee
Taylor
Wakulla
Walton
Washington
Georgia
Decatur
Grady
Thomas
Alabama
Baldwin
Clarke
Covington
Escambia
Geneva
Mobile
Monroe
Washington
Mississippi
Amite
George
Hancock
Harrison
Jackson

59
60
61
62
63
64
65
V
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

Lamar
Marion
Pearl River
Pike
Stone
Walthall
Wilkinson
Louisiana
Acadia
Ascension
Assumption
Avoyelles
Beauregard
Calcasieu
Cameron
East Baton Rouge
East Feliciana
Evangeline
Iberia
Iberville
Jefferson
Jefferson Davis
Lafayette
Lafourche
Livingston
Orleans
Plaquemines
Pointe Coupee
Rapides
Sabine
St. Bernard

89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
VI
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

St. Charles
St. Helena
St. James
St. John the Baptist
St. Landry
St. Martin
St. Mary
St. Tammany
Tangipahoa
Terrebonne
Vermilion
Vernon
Washington
West Baton Rouge
West Feliciana
Texas
Aransas
Austin
Bee
Brazoria
Brooks
Calhoun
Cameron
Chambers
Colorado
DeWitt
Duval
Fayette
Fort Bend
Galveston
Goliad

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

Harris
Hidalgo
Jackson
Jasper
Jefferson
Jim Hogg
Jim Wells
Kenedy
Kleberg
Lavaca
Liberty
Live Oak
Matagorda
Newton
Nueces
Orange
Refugio
San Patricio
Starr
Tyler
Victoria
Waller
Washington
Webb
Wharton
Willacy

The counties of the gulf coast region, as pictured in Figure 5, comprise the arc of counties
located along the coast of the Gulf of Mexico and extend from the Florida Keys to the Southern
tip of Texas. According to the National Oceanic and Atmospheric Administration’s (NOAA)
special projects office, the U.S. Gulf coast region has a total of 144 coastal counties and parishes
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from six states: Florida, Georgia, Alabama, Mississippi, Louisiana, and Texas (Crossett et al.,
2004). NOAA defines a county as coastal if one of the following two criteria is met: (1) at a
minimum, 15% of the county’s total land area is located within a coastal watershed or, (2) a
portion of, or an entire county accounts for at least 15% of a coastal cataloging unit. Florida has
the largest number of gulf-coast counties (42) followed by Texas (41), Louisiana (38),
Mississippi (12), Alabama (8) and lastly Georgia (3). Table 3 summarizes the total number of
coastal counties and parishes for each state in the U.S. gulf coast region. These counties will be
the target communities for the development of our community disaster resilience measure.

3.2 Disaster resilience conceptual frameworks
For the purpose of this project, three frameworks are reviewed and discussed in order to
focus our efforts in developing an approach for measuring community disaster resilience. These
frameworks are: (1) the sustainable and resilient community framework developed by Tobin
1999), (2) the disaster resilience of place (or DROP) model developed by Cutter and colleagues
(Cutter et al., 2008 & 2010) and (3) the sustainable livelihood framework (Chambers & Conway,
1992; Glavovic, Scheyvens, & Overton, 2002).
(1) Sustainable and resilient community framework.
Tobin (1999) proposed a framework in which sustainable and resilient communities can
be assessed. The overall framework, illustrated in Figure 6, is actually comprised of three
theoretical models: (i) the mitigation model, (ii) the recovery model, and (iii) the structural
cognitive model. Essentially Tobin (1999) argued that sustainable and resilient communities
require a comprehensive approach that includes initiating and developing mitigation programs to
reduce risk and exposure to hazards and post-disaster planning and programming that can
promote the rapid succession of short and long term recovery processes. In addition, he
introduces what he is terming structural and cognitive factors that can and do have a powerful
influence programs related to a communities ability to engage in, embrace, and commit to sustain
initiatives related to mitigation and recovery planning (Burby 1998).

12

MITIGATION
MODEL

RECOVERY
MODEL

Theories and Goals

Re-accumulation of

Capable Agencies

Capital

Leadership & Politics
Constituency Support

STRUCTURAL
COGNITIVE MODEL

Government Policies and

Structural Changes
Societal Changes

Resource Distribution

Relief Aid

Situational Factors
Physical Location
Age, Income, Health
Education, Gender
Social Networks
Reduced exposure
Reduced risk

Cognitive Factors
Psychological
Attitudinal

Short-Term
Recovery Rate
Long-Term
Rehabilitation

SUSTAINABLE AND RESILIENT COMMUNITIES
Low Risk
Low Vulnerability
Ongoing Planning Initiatives
High Level of Official/Political Support
Government /Private Partnerships
Interdependent and Independence of Social Networks
Appropriate Scale of Planning

Figure 6. Sustainable and resilient community framework (Source: Tobin, 1999)
It is not necessary to discuss the finer details of Tobin’s approach here. What is important
about this framework is that it explicitly addresses and calls for two critical elements to be
address when seeking to build community resiliency capacity: mitigation and recovery. Hazard
mitigation generally refers to actions undertaken prior to an event that reduce or eliminate longterm risk to people and property from natural hazards and their effects (FEMA, 2009). Lindell,
Prater, and Perry (2007) further refine this definition by noting that these pre-impact actions
provide passive protection at the time of disaster impact (see also, Lindell & Perry, 1992). The
recovery model in his framework addresses the need to marshal capital resources for addressing
recovery needs and actions undertaken to repair, rebuild, and reconstruct damaged properties and
to restore disrupted community social routines and economic activities (Peacock et al., 1997;
Tierney et al., 2001). Furthermore, this model addresses pre-impact recovery planning which can
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be so critical for promoting coordinated and effective recovery actions (Schwab, 1998; Lindell,
Prater, and Perry 2006 and 2007).
While addressing mitigation and recovery, Tobin’s framework neglects the potential roles
that other disaster management phases – disaster preparedness and response – might also play in
lessening impacts and enhancing recovery
recovery. Disaster preparedness generally encompasses actions
including planning undertaken before disaster imp
impact
act that enhance communities to respond
actively when disasters strike (Lindell & Perry, 1992; Tierney et al., 2001). These include prepre
impact actions that provide the human and material resources needed to support active responses
at the time of hazard impact
pact (Lindell and Perry 2000). Disaster response consists of actions taken
a short period prior to, during, and after disaster impact to reduce causalities, damage, and
disruption and to respond to immediate needs of disaster victims (Lindell & Perry, 1992;
1992 Tierney
et al., 2001). Included here would be emergency assessment actions like forecast and warning,
setting up hazard operations, population protection actions (warning and evacuation), and
incident management practices and actions. Together preparedne
preparedness
ss and response can be critical
clusters of planning activities and actions that can have major consequences for reducing disaster
impacts and limiting their consequences.

Figure 7. Lindell, Prater, and Perry
Perry’s (2007) Model of Disaster Impacts
The importance
mportance of considering all four phases of disasters when considering disaster
impacts and ultimately recovery has been clearly articulated in a series of articles and books by
Lindell, Prater, and Perry (Lindell, Prater, and Perry 2006 & 2007; Lindel and Prater 2003;
Lindell and Perry 2004). In this body of work they have sought to, on the basis of the research
literature, capture the important factors that should be considered when seeking an
comprehensive understanding of first the immediate physical im
impacts
pacts of disasters (casualties and
property damage and destruction), limiting subsequent secondary impacts (disasters caused by
disasters such as fires and hazard material releases) and ultimately understanding the broader
social impacts (psychological, de
demographic,
mographic, economic, political impacts, as well as recovery and
resiliency outcomes) (Lindell, Prater, and Perry 2007, Perry and Lindell 1990 & 1997; Mileti,
1999). Their Damage Impact Model, reproduced in Figure 7, articulates the importance of
consideringg planning, polices, and actions associated with mitigation, preparation, response, and
recovery for addressing not only the physical impacts of hazards, but equally important for
addressing recovery outcomes and, ultimately, enhancing community resilience.
resilience Within their
disaster impact model these issues are addressed within the Pre-impact
impact Hazard Management
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Actions, where mitigation and recovery practices are clearly displayed and preparation and
response practices are subsumed under the rubric emergency preparedness practices. An
implication of this model is that any framework for measuring resiliency that only focuses on
mitigation and recovery actions and practices will not be adequate in achieving the goal of
comprehensively capturing activities that must be addressed for resilient communities.
Interestingly Maguire and Hagan (2007) also call for considering all four phases of
disaster management when assessing a community’s resiliency capacity. As introduced above
(see Figure 3) they identify three key dimensions of resiliency: i) resistance, ii) recovery, and iii)
creativity. Furthermore when considering the ability of a community to resist hazard impacts,
provide for a rapid recovery, and to enhance its resilience status, they explicitly suggest that the
planning and activities associated with all four disaster management phases – mitigation,
preparedness, response, and recovery – must be addressed.
(2)The disaster resilience of place (DROP) model
Recently, Cutter and colleagues (see Cutter et al. 2008) have developed what they have termed
the disaster resilience of place or DROP model displayed in Figure 8. The DROP model has two
main components. The first component consists of the antecedent conditions (the inherent
vulnerability and resilience which are the product of the interactions of the social, natural and
built environment systems. These inherent vulnerability and resilience capacities in conjunction
with the hazard event, and a system’s “coping responses” determine, in part a systems recovery
trajectory. Also of importance for recovery will be a systems adaptive resilience. Potentially
emerging out of the recovery process may well be mitigation and preparedness actions that
feedback to alter a system’s future vulnerability and resilience. Thus this framework explicitly
address mitigation, recovery and preparedness, as well as implicitly addresses response (coping
responses) when considering overall system resilience.
Utilizing their DROP framework as a broad conceptual model, Cutter et al. (2010) have more
recently sought to operationalize a measure of community resiliency for counties in southeastern
United States. They note that while resilience can have many meanings within the literature, there
is some degree of consensus that the concept is multifaceted often including various community
elements related to social, economic, institutional, infrastructural, ecological and community
factors (Cutter et al. 2010:6). Noting that ecological measures were difficult to insure consistency
and relevancy across the diverse study area, they focused their attention on obtaining indicators
for five of their six resilience dimensions: 1) social resilience, 2) economic resilience, 3)
institutional resilience, 4) infrastructure resilience, and 5) community capital. In total 36
indicators were employed, with each sub-component including 7 to 8 indicators, and then
combined these to create an overall measure of community resilience.
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Figure 8. Cutter et al.’s (2008) The Disaster Resilience of Place Model (DROP)
This approach certainly has salience for assessing community resilience, particularly when
considering the DROP model itself and the fact that it does discuss the importance of considering
of all phases of disaster management as being important for disaster resilience. Furthermore, a
number of the sub-components utilized to characterize dimensions of resilience certainly have
apparent validity and some of the indictors utilized to assess each component have relevance for
disaster phases. So for example, when considering indictors for “institutional resilience”
measures such as the percent of a county’s population covered by a hazard mitigation plan, the
percent of the population covered by NFIP policies and the participation in the community flood
rating program (CRS) were considered.
However the linkage between the planning and activities generally associated with each
disaster phase and the particular set of indicators in not completely clear. Furthermore the logic
and categorization for what types of indicators fit with respect to each sub-component -institutional, economic, social, infrastructural and community – is not clearly specified. In other
words, the underlying logic or theory for classification of community characteristics in terms of
the specific components is not clearly specified and selection of indicators in not explicitly
addressed and seemingly ad hoc, but certainly not uninformed. This does not mean that the
measure will fail to work, in the sense of operating as a measure of community resiliency.
However, at this point the only assessment of the measures validity is addressed via a case study
approach, rather than an across the board assessment.
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(3) Sustainable livelihood framework
The final framework considered is the sustainable livelihood framework, which provides
some guidance potentially for the categorization and ultimately selecting of indictors associated
with each disaster phase. This framework was originally developed by R. Chambers (1987) and
further developed by Chambers and Conway (1992) as well as many others since. This approach
has found wide acceptable among development agencies, non-governmental organizations
(NGOs), community based organizations (CBOs), and government bodies have adopted the
livelihood concept when addressing development, rural poverty and attempts to enhance
household and community resilience (Rakodi 1999; Glavovic et al., 2002). The livelihood
concept has become a focus of research into general development approaches and for increasing
sustainability and resiliency at the community level. Indeed, a focus on livelihoods was a central
element on the highly influential work At Risk, but Blaikie, Cannon, Davis and Wisner (1994)
(see also Wisner et al, 200. The goal of this framework has been to promote disaster risk
reduction programs, enhance resiliency, and reduce poverty particularly in the developing world.
Figure 9 depicts graphically the sustainable livelihood framework, its main components,
and how these components fit together. The arrows within the framework denote different
relationship patterns and influences, not necessarily causal relationships (Chambers and Conway,
1992; DFID, 1999). The vulnerability context denotes the broader social, political, and physical
environment in which households and communities operate and through which livelihoods can be
affected by trends and shocks. In the context of sustainable livelihood framework, the concept of
sustainability is linked to the ability of people to cope with and recover from shocks (DFID,
1999); hence, its relationship to resilience. A primary feature of this framework is a focus on
improving capital assets as the key mechanism for reducing vulnerability and enhancing
resiliency. Indeed, the asset pentagon is at the core of the sustainable livelihood framework (see
also Figure 10). This pentagon represents five principle types of capital: 1) human, 2) social, 3)
natural, 4) physical, and 5) economic.
Human capital includes skills, knowledge, good health, and ability to work and achieve
their livelihood objectives (DFID, 1999). In the context of disaster resilience human capital is
important because, without human capital such as education, language skills and health
communities and households cannot gain access to and make full usage of other capital resources.
Social capital comprises the social networks and resources that people and households can draw
upon to support their livelihoods and address other needs (DFID, 1999). These social resources
are developed and enhanced through networking and connectedness, group associations and
membership, and enhanced by relationships of trust. Social capital can be critical for household
ability to mobilize resources and information necessary to respond to natural hazard threats and
recover from natural disasters (Morrow 1997; Fothergill, Maestras, and Darlington 1999) as well
as address normal household livelihood and consumption needs (DFID, 1999; Rupasingha, Goetz,
& Freshwater, 2006).
Physical capital consists of the basic infrastructure or built environmental features that
can help people, households, and businesses support their livelihoods. Physical capital includes
housing or residential structures as well as commercial and industrial buildings, infrastructure and
lifelines (electric power, water, sewer, telecommunications, and transportation) and critical
facilities such as hospitals, schools, nursing homes, and police and fire stations. Studies have
shown that there is a clear relationship between disaster resilience and physical capital. For
example, communities with poor transportation networks are more likely to face difficulties in
evacuating. Housing is critical and fundamentally important for households and their ability to
carry out normal activities and functions (Van Zandt 2007; Bates and Peacock 1993, 2008).
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Damage to housing is a critical dimension for measuring disaster impacts at the household and
community level and is a critical indicator of household and community restoration and recovery
(Bates and Peacock, 1993; Peacock, Dash and Yang 2008).

Figure 9. DFID’s (1999) Sustainable Livelihoods Framework
Financial capital of course includes the financial resources that people and households
use to support their livelihood and maintain their living standards. These recourses include
income, wealth, as well as savings or credit. The relationship between financial capital and
disaster resilience is well documented. Studies have shown that households with higher
socioeconomic status are better able to prepare for hazard events, suffer less relative damage, and
are better able to recover, while low-income households are at greater risk because they lack
access to financial resources (Bolin 2006; Fothergill and Peek 2004). Similar finds hold for
businesses (Tierney 2006). As a result low income households tend to live (but not always) in low
quality housing located in high risk areas (Mileti, 1999).
Natural capital includes natural resource stocks from which resource flows and services
useful for livelihoods are derived. Such resources include land, forests, water, and minerals.
Studies have shown that there is a relationship between natural capital and disaster resilience. For
example, alteration of wetlands is one of the significant contributing factors for increasing flood
hazards in the United States (Highfield & Brody, 2006; Brody, Zahran, Maghelal, Grover,
Highfield, 2007). Therefore, improving natural capital, for example by protecting coastal
resources such as wetlands, will increase disaster resilience of communities.

18

Human capital (H)

Social capital (S)

Physical capital (P)

Natural capital (N)

Financial capital (F)

Figure 10. The asset pentagon of the sustainable livelihood framework
(Source, DFID 1999)
From a sustainable livelihood framework then, an analysis of household and community
assets in terms of these five types of capital is critical for understanding not only vulnerability in
terms of weaknesses stemming from a lack of access, but also for addressing livelihood
sustainability issues and ultimately for addressing and building household and community
resilience. Through such an analysis, communities, NGOs, governmental organizations can target
programs to address and build capital assets and thereby strengthen programs. As mentioned
above, the sustainable livelihoods framework has been utilized to analyze and address a variety of
issues ranging from rural poverty
verty to broader issues of community development and disaster
reduction (Rakodi 1999; Brocklesby and Fisher 2003; Solesbury 2003; and Twigg 2001).
While there are many interesting features of this framework, the important issue for this
project is that itt provides a framework upon which to structure an analysis of community assets
that can address community disaster resiliency capacity. Specifically, the heart of this framework
is a focus on capital assets. From a sustainable livelihoods perspective under
undertaking
taking an analysis of
community capital assets is a critical step for understanding not only the current state of
community vulnerability, but also how to better design and target programs to address
weaknesses in capital formation. We will adopt this capi
capital
tal assets approach, but combine it with
insights gained from the aforementioned frameworks in our approach for assessing community
disaster resilience.

Community
Capital Assets
•Social
Social capital
•Economic
Economic Capital
•Physical
Physical capital
•Human
Human capital
•Natural
Natural capital

Disaster
Management
Phases
•Preparedness
•Response
•Recovery
•Mitigation
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Figure 11: An approach for assessing community disaster resilience
In sum, the frameworks discussed above provide two important insights for developing a
framework for assessing community disaster resilience. The first important insight is that disaster
resiliency framework should address all four disaster management phases -- mitigation,
preparedness, response, and recovery. Indeed, as Lindell, Prater and Perry (2006 & 2007) clearly
articulate, each is critical for understanding impacts and recovery outcomes which are critical for
our understanding and measurement of disaster resilience. The second insight was gained from
the sustainable livelihoods framework (SLF) which provides an important guide for
systematically approaching an analysis of community assets via a capital approach. Specifically
SLF suggest that community capital assets should be analyzed in five areas: social, economic,
human, physical, and natural. The approach taken here will be to combine these two insights
when seeking to measure or assess community disaster resilience. Specifically, as suggested in
Figure 11, our approach will focus on the intersection between the activities and practices
associated with each disaster phases and community capital assets necessary for carrying out
those activities and practices. In other words, we will focus on identifying a community’s capital
assets necessary to effectively carry out the critical activities associated with all four phase of
disaster management. The details of this framework and methods are outlined in the following
sections.
3.3. Toward a Community Disaster Resilience Framework (CDRF)
The Community Disaster Resilience Framework (CDRF) combines a focus on disaster
management phases with an analysis of community capital assets. Specifically the CDRF
approach will first identifying critical actions and practices associated with each of the four
phases of hazard/disaster management and then critical community capital resources necessary
for undertaking these activities are identified. By first identifying community capital resources
necessary for each disaster management phase, we will be able to guide our selection of resiliency
indicators. Furthermore, by applying the resulting framework and analyzing each community, we
will be essentially identifying the components of community’s capital asset portfolio -- its capital
capacity -- that can be potentially utilized in the performance of the necessary actions, practices,
and functions associated with each phase. The resulting measure, or more precisely, the resulting
index will therefore assess a community’s disaster resiliency capacity on a scale ranging from
low to high resiliency capacity. Our expectation is that communities with high resiliency capacity
will be better able to minimize disaster impacts, rapidly recover from those impacts, and
ultimately improve resiliency capacity through the recovery process.
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Figure 12
12. The CDRF Framework
Given that our research is focused on communities as a network of interacting social
systems and for reasons consistent with Cutter et al. (2008 & 2010), our analysis of community
capital assets will also exclude natural capital. As a consequence, when considering each disaster
management phase, our focus will be on identifying critical community capital assets focusing on
four of the five original capital areas discussed briefly above. Specifically, the CDRF will focus
on social, economic, physical,, and human capital. Figure 12 provides a clearer diagram of the
CDRF. This approach will begin by identifying the various types of activities that are associated
with each disaster management phase. Then, w
wee will identify social, economic, physical, and
human capital assets that are important for carrying out the activities associated with each disaster
management phase activity. This will help determine the search for appropriate capital resource
indicators upon which to build the Community Disaster Resilience Index (CDRI). Given the
centrality of the concepts of disaster phases and community capital resources, the follow two
sections will offer more concise discussions of each, beginning with disaster management
manag
phases.
3.4 Disaster management phases and activities
During earlier sections, there were a number of discussions related to the four disaster
phases and community capitals. This section offers a more systematic discussion of each and
describes the activities or practices undertaken during the four disaster management phases:
hazard mitigation, disaster preparedness, disaster response
response, and disaster recovery.
(a) Hazard mitigation: Hazard
azard mitigation is defined as those actions taken prior to an event
eve to
reduce or eliminate the long term risk
risks to human life and property from natural hazards
(Godschalk et al., 1999; Lindell & Perry, 1992)
1992).. Hazard mitigation activities often focus on
preventing disasters or reducing the probability of or severity of im
impacts before hazard agents
strike. Lindell Prater and Perry (2006:163) discuss mitigation actions or practices as passive
protection against casualties and damage at the time of impact – to distinguish them from disaster
preparation and response activities
activities.. In other words, once mitigation is in place, there is no action
necessary prior to an event. There are many ways of conceptualizing mitigation practices, such
s
activities are termed either structural or nonstructural, depending on whether they affect buildings
buil
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or land use (Godschalk et al., 1999; Mileti, 1999). These activities include: (i) strengthening
buildings and infrastructure exposed to hazards by means of building codes, engineering design,
and construction practices to increase the resilience and damage resistance of structures, as well
as building protective structures such as dams, levees, and seawalls (these actions are termed
structural mitigation measures), (ii) avoiding hazard prone areas by directing new development
away from known hazards locations through comprehensive plans and zoning regulations (these
actions are termed nonstructural mitigation measures), and (iii) maintaining protective features of
the natural environment by protecting sand dunes, wetlands, vegetation cover, and other
ecological elements that absorb and/or reduce hazard impacts, helping to protect exposed
buildings and people (these actions are also termed non-structural mitigation measures).

Table 4: Hazard mitigation activities, stakeholders/actors, Government agencies,
and community resources
Hazard Mitigation Activities

Actors/Stakeholders

(1) Building dams, levees, dikes,
floodwalls/seawalls, and stream
channelization

 Department of Transportation
 US Army Corps of Engineers
 Construction companies
 Community
 Planners
 Developers
 Construction companies
 Local population
 Planners
 Developers
 Department of insurance
 Home owners
 Business owners
 Federal, State, and Local
governments
 Planners
 Developers
 Home owners
 Business owners
 Environmental NGOs
 US Army Corps of Engineers
 Forest department
 Parks and Wildlife
department
 Developers
 Local population
 Emergency managers
 Local population
 Home owners
 Business owners
 Developers

(2) Land-use planning to prevent
development in hazardous areas

(3) Protecting structures through
strong building codes and building
standards, e.g. installing window
shutters for buildings located in
Hurricane prone areas
(4) Acquiring and relocating damaged
structures; Purchasing undeveloped
floodplains and making them open
spaces; Acquisition of development
rights; and Zoning regulations
(5) Preserving the natural environment
to serve as a buffer against hazard
impacts

(6) Educating the public about hazards
and ways to reduce risk

Community Resources
 Transportation employees
 Engineers
 Construction employees
 Local population
 Planners
 Construction employees
 Economic incentive e.g. Tax
benefit and insurance discount
 Legal officers
 Building inspection officers
 Planners
 Home owners
 Business owners
 Community financial resources
 Local population

 Environmental experts
 Non-Governmental
Organizations(NGOs)

 Trained personnel
 Emergency Managers
 Planners
 NGOs

Lindell, Prater, and Perry (2006, 2007) characterize mitigation actions in the following manner:
1) hazard source control (addressing potential technological hazards like chemical spills or leaks);
2) community protection works (dams and levees); 3) land-use practices (zoning, hazard setbacks,
etc.); 4) building construction practices (building codes); and building content practices (attaching
bookshelves and water heaters to the wall). Regardless of how defined, these are practices or
actions that are put into place prior to and event.
As a preliminary step in considering the types of capital resources associated with each disaster
phase activities associated with each phase were identified along with actors, stakeholders, and
community based resources that are potentially important for undertaking these activities were
identified. Table 4 presents the principle activities associated with mitigation and some of the
actors, stakeholders, and resources. The last two columns of this table and subsequent tables are
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not meant to be exhaustive listings of the types of actors/stakeholders groups and organizations
nor of community resources that are critical for undertaking the disaster management
actions/practices associated with a particular phase. Rather these begin the process of directing
out attention toward the types of capital indicators that will be important for consideration.

Table 5: Disaster preparedness activities, stakeholders/actors, Government agencies,
and community resources
Disaster preparedness Activities
(1) Development of response
procedures
(2) Design and installation of
warning systems, detection and
monitoring systems
(3) Developing plans for
evacuation
(4) Exercise to test emergency
operations(Exercise & Drills)

(5) Training of emergency
personnel
(6) Stockpiling of resources e.g.
medical supplies

Actors/Stakeholders
 Emergency managers

Community resources
 Emergency managers

 Emergency managers
 National weather service
 National Hurricane Center
 NOAA
 Emergency managers
 Department of Transportation
 Local population
 Emergency managers
 First responders
 Public officials
 Volunteers
 NGOs
 Local population
 Emergency managers
 First responders
 Emergency Medical
Services(EMS) personnel
 Emergency managers
 First responders

 Emergency managers

 Emergency managers
 Transportation
employees
 Emergency managers
 First responders
 Public officials
 Volunteers
 NGOs
 Emergency managers
 First responders
 EMS personnel
 Hospitals
 First responders

(b) Disaster preparedness: Disaster or emergency preparedness practices are “pre-impact actions
that provide the human and material resources needed to support active responses at the time of a
hazard impact” (Lindell, Prater, and Perry, 2007: 164). Preparedness is all about setting into place
practices through the planning of actions undertaken to protect human lives and property in
conjunction with threats that cannot be controlled by means of mitigation, or from which only
partial protection can be achieved (Lindell & Perry, 1992). Much of preparedness is associated
with assessment of the need that will be associated with emergency response functions:
emergency assessment (projecting impact areas, hurricane tracks, wind speeds, etc.), hazard
operations (i.e., sand-bagging, temporary shutters, etc.); population protection actions (warning
and evacuation), and incident management (coordinating responses through communication) that
are critical for response. Preparedness activities then include: developing plans for activation and
coordination of emergency response organizations, devising standard operating procedures to
guide organizations in the performance of their emergency functions, and training personnel in
the use of those procedures. Also vitally important will be conducting drills and exercises,
stockpiling resources such as protective equipment for emergency workers and medical suppliers
for the injured, and, critically important is the assembling of community resources for use as
needed in an emergency. Table 5 presents important disaster preparedness activities,
actors/stakeholders and resources.
(c) Disaster response: Disaster response activities in some sense represent the actual activation of
preparedness plans and are conducted during the time period that begins with detection of the
event and ends with the stabilization of the situation following the impact (Lindell & Perry,
1992). Disaster response activities often focus on protecting the affected population, attempting to
limit the damage from the initial impact, and minimizing damage from the secondary impacts
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(Mileti, 1999). According to Lindell, Prater and Perry (2007) such activities include: (i) securing
the impacted area, (ii) warning the population, (iii) evacuating the threatened area, (iv)
conducting search and rescue for the injured, (v) providing food and emergency medical care, and
(vi) sheltering evacuees and other victims. Table 6 presents important disaster response activities,
actors/stakeholders and resources.

Table 6. Disaster response activities, stakeholders/actors,
and community resources
Emergency Response Activities
(1) Securing the impacted area

Actors/Stakeholders
 Police department
 Fire department

(2) Warning

 Police department
 Media
 Peers

(3) Evacuating the threatened
area

 Local population
 Transportation departments

(4) Conducting search and rescue
for the injured

 Police department
 Fire department
 NGOs
 Community Emergency Response
Team (CERT)
 Volunteers
 EMS
 NGOs, e.g. Red Cross

(5) Providing emergency
medical care

(6) Sheltering evacuees and other
victims

 NGOs, e.g. Red Cross
 Faith Based Organizations(FBOs)
e.g. Salvation Army
 Nonprofit organizations(NPOs)

Community resources
 Police officers
 Fire fighters
 EMS personnel
 Fire Fighters vehicles
 Police officers
 Fire fighters
 Television
 Radio
 Newspapers
 Internet
 Telephone
 Family and friends
 Personal vehicles
 Social networks(Family and Friends)
 Social networks(Family and Friends)
 Police officers
 Fire fighters personnel
 CERT
 Volunteers

 EMS personnel
 Hospitals
 Ambulances
 Firefighters vehicles
 NGOs
 FBOs
 NPOs
 Hotels/Motels
 Churches & Schools
 Family and Friends

(d) Disaster recovery: Disaster recovery comprises actions taken to repair, rebuild, and
reconstruct damaged properties and to restore disrupted community social routines and economic
activities (Tierney et al., 2001). In addition Peacock et al. (1997) have defined community
recovery as a process in which groups and organizations making up the community attempt to reestablish social networks to carry out the routines of daily life. Often disaster recovery activities
begin after the disaster impact has been stabilized and extends until a community has returned its
normal activities (Lindell & Perry, 1992). The disaster literature categorizes disaster recovery into
two phases based on time frame: (1) short term recovery (relief and rehabilitation) and (2) long
term recovery (reconstruction). Relief and rehabilitation activities usually include: (i) restoration
of access to impacted areas, (ii) re-establishment of economic activities (commercial and
industrial), (iii) provision of housing, clothing, and food for the victims, (iv) restoration of critical
infrastructure such as lifelines (water, power, and sewer) and (v) restoration of essential
government or community services. Usually, reconstruction and rebuilding activities include: (i)
rebuilding of major structures, e.g., buildings, roads, bridges, and dams, and (ii) revitalizing the
economic system. Table 7 presents important disaster recovery activities, actors/stakeholders and
resources.
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Table 7: Disaster recovery activities, stakeholders/actors, Government agencies, and
community resources
Disaster Recovery Activities:
(1) Relief and rehabilitation activities
1.1) Restoration of access to impacted area

(1.2) Re-establishment of economic
activities (commercial and industrial)
(1.3) Provision of housing, clothing, and
food for the victims

(1.4) Restoration of critical facilities within
the community
(1.5) Restoration of essential government
or community services

(2) Reconstruction activities
(2.1) Rebuilding of major structure e.g.
public buildings, roads, bridges, and dams
(2.2) Revitalizing the economic system
(2.3) Reconstruction of residential housing

Actors/Stakeholders

Community Resources

 Police department
 Fire department
 Department of public works
 Business organizations

 Police officers
 Fire fighters personnel
 Volunteers
 Businesses organizations

 NGOs, e.g. Red Cross
 FBOs, e.g. Salvation Army
 NPOs
 Family and Friends
 Utility company
 Department of public works
 Federal, State, and Local
governments
 Local population

 NGOs
 FBOs
 NPOs
 Family and Friends
 Utility employees
 Volunteers
 Local governmental employees
 Civic organizations and emergence
groups
 Local population

 Federal, State, and Local
governments
 Department of public works
 Local government
 Economic groups or Business
 Federal, State, and Local
governments
 Insurance companies
 Construction companies
 Family and Friends

 private sector businesses
 Local population
 Businesses organizations
 Household income
 Property insurance
 Family and Friends

3.5 Community capital Assets
In recent years the major forms of capital (social, economic, physical, and human) have
been recognized as important factors in building community capacities to deal with disasters
(Callaghan & Colton, 2007; Dynes, 2002; Haque & Etkin, 2007; Walter, 2004). The hazard
literature suggests that the sustainability and/or resilience of a community depend on its ability to
access and utilize the major forms of capital (Beeton, 2006; Walter, 2004). The following
discussion summarizes the four major forms of capital and how they can contribute to building
community disaster resilience.
a) Social capital Currently many definitions of social capital exist in the literature (See for
example, Bourdieu, 1986; Coleman, 1990; Putnam, 1995; Putnam, 2000). Putnam (1995) has
defined social capital as the features of social organization such as networks, norms, and social
trust that facilitate coordination and cooperation for mutual benefit. Although social capital has
been defined in a variety of ways, there is a common emphasis on the aspect of social structure,
trust, norms, and social networks that facilitate collective actions (Green & Haines, 2002). In the
context of community disaster resilience, social capital reflects social cooperation or community
connectedness, which provides an informal safety net during disasters and often helps people to
access resources (Walter, 2004). For instance, community ties and networks are beneficial in
building disaster resilience because they allow individuals to draw on the social resources in their
communities and increase the likelihood that such communities will be able to adequately address
their disaster concerns (Dynes, 2002; Walter, 2004). Similarly, social networks such as friends,
relatives, and coworkers are important in building disaster resilience because they provide
resources that can assist households during disaster response and recovery (Dynes, 2002; Lindell
& Prater, 2003). Also social bonds have shown to influence adoption and implementation of
hazard adjustment (Mileti, 1999). Furthermore, research has demonstrated that in circumstances
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where characteristics of social capital or connectedness are lacking in a community, members of
that community tend to have less capacity in terms of networks for dealing with disasters
(National Research Council, 2006; Walter, 2004).
(b) Economic capital: Fundamentally, economic capital denotes financial resources that people
use to support their livelihoods (DFID, 1999; Smith, Simard, & Sharpe, 2001). It includes
savings, income, investments or businesses, and credit. The importance of economic capital in
building community disaster resilience is perhaps straightforward in the sense that economic
resources increase the ability and capacity of individuals, groups, and communities to absorb
disaster impacts and speed up the recovery process. People with access to financial resources
recover more quickly from disasters (Mileti, 1999; Walter, 2004). Also access to credit and
hazard insurance are associated with the level of household preparedness and ability to take
protective measures (Lindell & Prater, 2003). The hazards literature suggests that a more stable
and growing economy will generally enhance community disaster resilience, while an unhealthy
or declining economy is an indication of increasing vulnerability (Buckle et al., 2001; Walter,
2004). Furthermore, the planning literature clearly suggests that economic resources can be
critical for effective hazard mitigation planning (Burby, 1998; Godschalk et al., 1999).
(c) Physical capital: Physical capital refers to the built environment, which comprises residential
housing, commercial and industrial buildings, public buildings, and dams and levees. It also
includes lifelines such as electricity, water, sewer, transportation, telecommunication facilities, as
well as critical facilities such as hospitals, schools, fire and police stations, and nursing homes
(DFID, 1999; Walter, 2004). The hazard literature suggests that physical capital is one of the
most important resources in building a disaster-resilient community. A primary element of this
capital is of course housing (Bates and Peacock 2008, Peacock, Dash, and Zhang 2006; Zhang
and Peacock 2010), but other features of a community’s physical infrastructure such as roads,
bridge, dams and levees as well as communication systems are essential elements for proper
functioning of a community (Walter, 2004). Furthermore, critical facilities play an important role
in ensuring that people have resources and support arrangements during disaster response and
recovery. In general, lack of physical infrastructure or critical facilities may have a direct negative
impact on a community’s capacity to prepare, respond, and recover from disasters.
(d) Human capital: Economists have defined human capital as the capabilities embodied in the
working-age population that allow it to work productively with other forms of capital to sustain
the economic production (Smith et al., 2001). Sometimes human capital is simply referred to as
labor force or the ability to work. However, two main components of human capital are
frequently mentioned in the literature; education and health of the working population group
(DFID, 1999; Smith et al., 2001; Walter, 2004). Education which includes knowledge and skills
that are accumulated through forms of educational attainment, training, and experience, is an
essential component of human capital. Health of the working-age population is another important
component of human capital. Health is considered as a critical component of human capital
because an unhealthy population can not be able to harness other forms of capital (Smith et al.,
2001). As a result a community can not fully engage in the process of building community
disaster resilience. For instance, knowledge and skills of local people on types of hazards, hazard
history, and hazard risk in their community can be an important asset in building community
disaster resilience. In general, the literature suggests that human capital in a form of knowledge,
skills, health and physical ability determines an individual’s level of disaster resilience more than
other capitals (Walter, 2004; Burby 1998; Godschalk et al., 1999).
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4.0. Construction of the Community Disaster Resilience Index (CDRI)
Construction of a composite index will require a number of steps (Birkmann, 2006;
Freudenberg, 2003; Nardo et al., 2005). These steps include: (1) Developing an operational
framework for indicator selection; (2) identifying and developing relevant indicators; (3)
standardizing indicators to allow comparisons; (4) determining the weighting of indicators or
groups of indicators, if any; and (5) creating the index. The following sections address each of
these steps.
4.1. Operational framework for indicator selection
The goal of indicator selection is, of course, to ensure that indicators are relevant,
measurable, practical, and most importantly, reflect the concept being measured (Freudenberg,
2003; Nardo et al., 2005). The basic logic of the CDRF was to assess resiliency capacity of a
community by analyzing community capital resources in terms of assets need to undertake or
carry out the activities and practices associated with each of the four disaster management phases:
mitigation, preparation, response, and recovery. Table 8 illustrates the Community Disaster
Resilience Operational Framework employed as a guide to achieve this goal. The CDR
operational framework is a four by four matrix in which the rows were the specific
activities/practices associated with each of the four disaster management phases identified above
and the columns represent each of the four capital assets. The resulting matrix then is composed
of sixteen cells representing the sixteen subsets of capital assets necessary for each disaster
phase.1
Table 8. The CDR Operational Framework Matrix for Indicator Selection
Disaster Phases’ Activities
Social Capital
I. Hazard Mitigation
Example of activities:
• Building dams, levees, dikes,
and floodwalls.
• Land-use planning to prevent
development in hazardous areas
• Strengthening buildings
through building codes and
building standards.
• Protecting natural environment
e.g., wetlands
II: Disaster Preparedness
Example of activities:
• Developing response
procedures
• Design and installation of
warning systems,
• Developing plans for
evacuation
• Exercise to test emergency
operations(Exercise & Drills)
• Training of emergency
personnel
• Stockpiling of resources e.g.,
medical supplies
III Emergency Response

Capital Domain Indicators
Economic Capital
Physical Capital

Human Capital

Indicator 1

Indicator 1

Indicator 1

Indicator 1

to

to

to

to

Indicator k

Indicator k

Indicator k

Indicator k

Indicator 1

Indicator 1

Indicator 1

Indicator 1

to

to

to

to

Indicator k

Indicator k

Indicator k

Indicator k

1

A more complete elaboration of the types of activities, community factors, and assets for each cell are
provided in Appendix A.

27

Example of activities:
• Securing impacted area
• Warning
• Evacuation
• Search & Rescue
• Provision of medical care
• Sheltering evacuees
IV: Disaster Recovery
Example of activities:
(i) Relief & rehabilitation
• Re-establishment of economic
activities
• Provision of housing, clothing,
and food
• Restoration of critical facilities
• Restoration of essential
community services
(ii) Reconstruction
• Rebuilding of major structure
e.g. public buildings, roads,
bridges, and dams
• Revitalizing the economic
system
• Reconstruction of housing
Note: k is the number of indicators

Indicator 1

Indicator 1

Indicator 1

Indicator 1

to

to

to

to

Indicator k

Indicator k

Indicator k

Indicator k

Indicator 1

Indicator 1

Indicator 1

Indicator 1

to

to

to

to

Indicator k

Indicator k

Indicator k

Indicator k

This, the cross-classification method helped structure our task of identifying the unique
set of community capital assets that were important in undertaking activities/practices that should
be associated with each disaster phase. In addition, the cross-classification method helped to
ensure content validity of the selected indicators. Specifically, one might simply combine together
a host of capital indicators that appear to be relevant for measuring disaster resilience. However,
this research takes a more theoretically driven approach by first identifying activities relevant to
each disaster phase and then specifically identifying indicators from each form of capital that
might be important for carrying out those activities. The approach taken here helps ensure a
systematic and internally consistent selection process of the indicators. Furthermore, this
approach in effect builds the community disaster resilience index (CDRI) from the ground up,
inductively, by first developing sub-indices for each disaster phase and capital domain. In other
words, this process is driven by both theoretical and empirical decisions.
4.2. Community capital domain indicators
Section 3 of this report provided a discussion of disaster management phases and
identified activities or practices associated with each phase. These disaster management practices
and actions have been reproduced in the first column of Table 8. What has yet to be completely
discussed are potential indicators for the four capital domains. The following provides a
discussion of the potential capital domain indicators and briefly summarizes indicators that might
be associated with the disaster phase activities. We begin by first discussing potential data
sources that influenced our selection of capital indicators. As indicated above, our unit of analysis
was again the county.
4.2.1 Data sources
One of the critical elements driving any research endeavor is the issue of data
availability. A primary constrain in this research effort was the availability of secondary data
sources because we did not have the necessary resources to undertake primary data collection. So
for example some data related to the existence of an emergency response plans, disaster recovery
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plans, number of certified floodplain managers, number of certified (ACIP) planners, the
existence of community emergency response teams, and volunteers were not available through
secondary sources, and hence would require field surveys. Nevertheless, given that our unit of
analysis was the county, a surprisingly wide array of data was available, if we were willing to
allow for some variation in time. To maximize the data availability and yet constrain the time
period of data collection somewhat, we entertained data on county attributes from 2000-2005.
This constraint was necessary, as we shall see, to insure the possibility of undertaking validly
assessments.
In general, data for this study were obtained from a variety of secondary sources. A
primary source was, of course, the U.S. Census for population characteristics and County
Business Patterns. Other data sources included: the U.S. Fire Administration, the U.S.
Department of Health and Human Services, the U.S. Department of Education, the National Child
Care Information Center, the International Code Council, the Association of Religious Data
Archives, the National Center for Charitable Statistics, the FEMA National Flood Insurance
Program, and the NOAA Coastal Risk Atlas. In addition, data were also obtained from the
Spatial Hazard Events and Losses Database for the United States (SHELDUS), the Center for
Disease Control and Prevention (CDC), and various county and city websites. The data sources
for each indicator used in this study are included in Appendix B.
4.2.2: Capital Indicators:
(1) Indicators for measuring social capital: While there is little consensus on a precise
definition of social capital, there is a good deal of agreement among researchers that social capital
is not inherent in the individual, but rather obtained from an individual’s involvement in social
networks or via involvement in groups and organizations (Putnam, 2000). Therefore, social
capital can best be measured by examining participation and involvement in social groups and
civic engagement. For example, Putman (2000) has suggested measuring social capital by using
composite indicators containing measures of involvement in community and organizational life,
public engagement such as informal socializing (e.g. visiting friends), and reported level of interpersonal trust. Some researchers have focused on and consider trust to be a good measure of
social capital. However, trust itself is difficult to measure (Keeley, 2007), particularly using
secondary data sources. On the whole, researchers have argued that there is no universal measure
of social capital that is comprehensive enough to capture all elements of social capital, hence the
use of multiple indictors in preferred. When considering social capital at the community level, the
focus must be on capturing an overall sense of “involvement” in community and associational
networks and connection to the community. Hence, the following measures are employed:
1) Participation in voluntary organizations (Volunteerism): This component was measured
using registered nonprofit organizations.
2) Involvement in social groups (Association densities): The involvement in social groups
was measured using recreational centers (bowling centers, and fitness centers), golf clubs,
and sport organizations.
3) Civic and political participation: This social capital component was measured using three
indicators: registered voters, civic and political organizations, and U.S. Census response
rates for the decennial (2000) population and housing survey.
4) Religious participation: Religious participation was measured using religious
organizations.
5) Community attachment: The community attachment component was measured using
owner-occupied housing units.
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6) Connection to working places: This element was measured using two indicators:
professional and business associations.
(2) Indicators for measuring economic capital: Economic capital means different things to
different people, and many researchers have defined and measured economic capital differently
(Keeley, 2007; Smith et al., 2001). For the purpose of this study, economic capital is broadly
defined as financial resources that community residents and households use to support their
activities (DFID, 1999). It includes savings, income, investments, and credit. The literature
suggests a variety of ways in which economic capital can be measured (Keeley, 2007). In this
study, economic capital was measured using five components:
1) Income: Income was measured using two indicators: per-capita income and median
household income. Both per capita income and household median income were both
utilized because together they indicated relative income and the degree to which the
diverge suggests inequality as income distribution become more skewed.
2) Employment: The employment component was measured using the percentage of people
who are employed.
3) Property value: This component was measured using the median value of owneroccupied housing units.
4) Business: The business component was measured using business establishments.
5) Health insurance: The health insurance component was measured using the percentage of
people with health insurance.
(3) Indicators for measuring physical capital: Of the five major forms of capital, physical
capital is probably the least studied form of capital in the literature that was reviewed. There is
not much discussion in the literature on how it should be measured. However, in this study
physical capital is loosely defined as the total built environment that helps people to support their
livelihoods (DFID, 1999). It comprises of residential housing, commercial and industrial
buildings, and public buildings, roads, bridges, dams, and levees. Also, it includes lifelines such
as electricity, water, and telephone, and critical facilities such as hospitals, schools, fire and
police stations, nursing homes, and emergency shelters. It is also important to note that most of
the physical capital indicators utilized in this study were measured using establishments.
According to the U.S. Census an establishment is a single physical location at which business is
conducted and/or service are provided. It is not necessarily identical with a company or
enterprise, which may consist of one establishment or more (U.S. Census Bureau, 2000). Also
note that the classifications and grouping of indicators are based on similarities of the indicators
and/or the activities they can successfully perform.
In relation to disaster phases’ activities, physical capital was measured using the
following components:
1) Construction: The construction component was measured using five indicators: building
construction establishments, heavy and civil engineering construction establishments,
highway, street, and bridge construction establishments, utility systems establishments
and architecture and engineering establishments.
2) Environment: The environment component was measured using two indicators:
environmental consulting establishments and environmental and conservation
establishments.
3) Land and building regulations: This component was measured using three indicators:
land subdivision establishments, legal services establishments, and building inspection
establishments.
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4) Land use planning: The land use planning component was measured using landscape
architecture and planning establishments.
5) Property insurance: This component was measured using property and causality
insurance establishments
6) Research: The research component was measured using scientific research and
development establishments.
7) College: The college component was measured using colleges, universities, and
professional schools.
8) Housing: The housing component was measured using two indicators: occupied housing
units and vacant housing units.
9) Critical facilities: This component was measured using eight indicators: hospitals,
hospital beds, ambulances, fires stations, schools, licensed child care facilities, nursing
homes, and hotels and motels.
10) Transportation: The transportation component was measured using three indicators:
occupied housing units with a vehicle available, special need transportation services, and
school and employee buses.
11) Communication: The communication component was measured using five indicators:
occupied housing units with telephone services, newspaper publishers, radio stations,
television stations, and internet providers.
12) Emergency shelter and relief services: This component was measured using three
indicators: temporary shelters, community housing, and community food services’
facilities.
(4) Indicators for measuring human capital: Literature shows that there is little agreement
among researchers on the definition of human capital or how it should be measured (Keeley,
2007). However, two most commonly used measures of human capital suggested in the literature
are: (1) educational attainment of population, which is measured using the number of years of
formal schooling of the working-age population, and (2) health, which is measured through self
reported health status and life expectancy (Keeley, 2007). Human capital in this study was
measured using indicators related to: educational attainment, health, and labor force
characteristics.
1) Education attainment: The education component was measured using percentage of
population with more than high school education.
2) Health: The health component was measured using two indicators: physicians and
health care support workers.
3) Labor force in construction: This sub-component was measured using four indicators:
building construction workers, heavy and civil engineering construction workers,
architecture and engineering workers, and highway, street, and bridge construction
workers
4) Labor force in environmental related employment: The environment sub-component was
measured using two indicators: environmental consulting workers and environmental and
conservation workers.
5) Labor force in land and building regulations: This sub-component was measured using
three indicators: land subdivision workers, population employed in legal services, and
building inspectors.
6) Labor force in land-use planning: The planning sub-component was measured using
landscape architects and planners.
7) Labor force in property insurance: This sub-component was measured using property
and causality insurance workers.
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8) Labor force protected by mitigation policies: The mitigation sub-component was
measured using five indicators: FEMA community rating system (CRS) score,
comprehensive plans, zoning regulations, FEMA approved mitigation plans, and building
codes.
9) Labor force in citizen protection: The citizen protection sub-component was measured
using the population employed as fire fighters, prevention, and law enforcement workers.
10) Labor force in research: The research sub-component was measured using the population
employed in scientific research and development services.
11) Labor force in high education: The professional sub-component was measured using
population employed in colleges, universities, and professional school.
12) Labor force with language competency: The language sub-component was measured
using the population that speaks English language very well.
13) Labor force in Transportation: The transportation sub-component was measured using
the population employed in special need transportation services.
14) Labor force in Community and social services: This sub-component was measured using
community and social workers.
As noted above, counties varied considerably in their relative population sizes. Hence, it can
be expected that larger populations had higher number of businesses, establishments, and
involvement in various labor force sectors. To facilitate comparisons across counties labor
force indicators were converted into percentages, indicating the percentages of the labor force
in specific markets, counts of businesses and establishments were converted into rates
indicting the numbers of specific types of business or establishments per 1000 population.
4.2.3. Screening and Selection of disaster resilience indicators.
Initially, more than 120 capital indicators were identified. The first step in the selection
process began by classifying each of the 120 indicators into the 16 disaster phase-capital recourse
cells found in the Community Disaster Resilience Operational Framework Matrix displayed in
Table 8. Classification of each capital resource was, of course, based on whether or not they
seemed theoretically relevant for carrying out the activities associated with each disaster phases.
It should be noted that while some capital resources were relevant for activities undertaken in all
disaster phases, which was the case for all the economic and social capital indicators, others may
have only appeared in one or two cells.
The screening process began after the initial classification of indicators into each of the
16 phase-capital cells. As was seen above, the activities/practices associated with each phase vary
considerably and resources required for one phase maybe very different than those required in
other phases. Furthermore, it is conceivable that resources associated with one phase, may not be
positively related to resources in other phases. For example, while the percentage of the labor
force involved in construction may be important for the recovery phase, they will not necessarily
be important for preparation planning activities. Indeed, the proportion of the labor force in one
area may be negatively related to the proportion of the labor force in another area. In light of
these differences, it is likely that the most internally consistent set of the capital indicators, for
each capital type, will to be associated with a single phase. As a consequence, it was logical that
the screening of indicators should occur within each of the 16 phase-capital cells found in Table
8.
Indicator screening was based on the goal of selecting the most parsominous set of
indicators that displayed the highest level of internal consistency within each of the 16 phasecapital categories. This was determined by conducting an alpha-analysis for internal consistency
and keeping the smallest set of indicators that maximized the alpha for each of the 16 cells. On
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the basis of this analysis, the initial set of 120 indictors was winnowed down to 75 indicators.
Table 9
Table 9. The final set of capital-phase indicators used to construct the CDRI
Index item

I: Social capital indicators
(1) Nonprofit organizations registered with the IRS
(2) Recreational centers(bowling, fitness, golf clubs) and sport organizations
(3) Registered voters
(4) Civic and political organizations
(5) Census response rates
(6) Religious organizations
(7) Owner-occupied housing units
(8) Professional associations/organizations
(9) Business associations/organizations
II: Economic capital indicators
(10) Per capita income
(11) Median household income
(12) Employed civilian population
(13) Median value of owner-occupied housing units
(14) Business establishments
(15) Population with health insurance
III: Physical capital indicators
(16) Building construction establishments
(17) Heavy and civil engineering construction establishments
(18) Highway, street, and bridge construction establishments
(19) Architecture and engineering establishments
(20) Land subdivision establishments
(21) Legal services establishments
(22) Property and causality insurance establishments
(23) Building inspection establishments
(24) Landscape architecture and planning establishments
(25) Environmental consulting establishments
(26) Environment and conservation establishments
(27) Scientific research and development establishments
(28) Colleges, Universities, and Professional schools
(29) Housing units
(30) Vacant housing units
(31) Hospitals
(32) Hospital beds
(33) Ambulances
(34) Fire stations
(35) Nursing homes
(36) Hotels and motels
(37) Occupied housing units with vehicle available
(38) Special need transportation services
(39) School and employee buses
(40) Owner-occupied housing units with telephone service
(41) Newspaper publishers
(42) Radio stations
(43) Television broadcasting
(44) Internet service providers
(45) Temporary shelters
(46) Community housing
(47) Community food service facilities
(48) Schools
(49) Licensed child care facilities
(50) Utility systems construction establishments

Mitigation

Preparedness

Response

Recovery

1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
1
0
0
0
0
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0

1
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
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Table 9. Continued
Index item

Mitigation

Preparedness

Response

Recovery

IV: Human capital indicators
(51) Population with more than high school education
1
1
1
1
(52) Physicians
1
1
1
1
(53) Health care support workers
1
0
0
0
(54) Building construction workers
1
0
0
1
(55) Heavy and civil engineering construction workers
1
0
0
1
(56) Architecture and engineering workers
1
0
0
1
(57) Environmental consulting workers
1
0
0
0
(58) Environment and conservation workers
1
0
0
0
(59) Land subdivision workers
1
0
0
0
(60) Building inspectors
1
0
0
1
(61) Landscape architects and planners
1
1
1
0
(62) Property and causality insurance workers
1
0
0
0
(63) Highway, street, and bridge construction workers
1
0
0
1
(64) Population employed in legal services
1
0
0
0
(65) Percentage of population covered by comprehensive plan
1
0
0
0
(66) Percentage of population covered by zoning regulations
1
0
0
0
(67) Percentage of population covered by building codes
1
0
0
0
(68) Percentage of population covered by FEMA approved mitigation plan
1
0
0
0
(69) Community rating system(CRS) scores
1
0
0
0
(70) Fire fighters, prevention, and law enforcement workers
0
1
1
0
(71) Population employed in scientific research and development services
0
1
0
0
(72) Colleges, universities, and professional schools employees
0
1
0
0
(73) Population that speaks English language very well
0
1
1
1
(74) Population employed in special need transportation services
0
0
1
0
(75) Community and social workers
0
0
0
1
Note: The indicators that were counts of businesses or workers were converted into rates per 1000 population or percentages. A more
complete presentation of each indicator and its classification into specific disaster phase areas is presented in Appendix A and a
complete description of the data sources for all indicators is presented in Appendix B.

presents the final set of selected indicators summarized by capital domains and disaster phases.
The rows in this table represent the four types of community capital resource indicators and the
columns represent the disaster phase. Again, in total, there are 75 indicators representing four
types of capital resources and of this total 9 were indicators of social capital, 6 were indicators of
economic capital, 35 were indicators of physical capital, and 25 were indicators of human capital.
Whether or not an indicator has been selected for a disaster phase is indicated in the table.
Specifically if an indicator was selected and retained as a disaster resilience capacity indicator for
each disaster phase it is coded with a 1. A zero in the cell reflects that the indicator was either not
originally selected or if selected it was not retained as an indicator. Examination of the results
presented in this table should also make it clear that economic and social capital indicators were
retained across all disaster phases. More specifically these indicators were initially deemed
relevant for all phases and they also were retained after undertaking the selection winnowing
process. However, when examining the indicators for physical and human capital, there is
considerable variation across phases in which indicator appears.
4.2.4. Calculating CDRI and sub-indices
A variety of approaches might be taken when seeking to combine these indicators into a
community disaster resiliency index (CDRI) and sub-indices. One potential approach would be to
create separate indices for each of the 16 phase-capital cells in the CDR operational matrix (Table
8) and then these 16 separate indices could be combined to form a CDRI. If such an approach
were taken however, the social and economic capital indicators would be heavily weighted in the
resulting index, because they would all be included four times in the resulting index and many of
the other indicators would also appear multiple times. This does not seem reasonable, given that
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there is little in the way of theory to guide and argument for differential weighting either among
community capital resources nor for different disaster phases. Similar issues would arise if
indices were created for each of the disaster phases and then these, in turn, combined to form a
CDRI. Again, social and economic capital factors would be counted four times and many of the
other indicators would also be double or triple counted. Finally, if a additive index were created
by simply summing all indicators, then human and physical capital indicators would be more
heavily weighted in the final index, because they far outnumber the indicators for social and
economic capital resources.
Since there is little logic for differentially weighting these indicators systematically or in
a seemingly random fashion as might occur with the approaches above, a more straight forward
approach is taken to create the CDRI. First, all indicators will be transformed into z-scores; this is
necessary because there are combinations of various forms of indicators (rates, percentages,
medians, and means). Second sub-indices will be created for each community capital category by
computing an average value across all indicators within each capital resource category. In other
words, the 9 social economic capital indicators will be averaged to create a community disaster
resilience (CDR) social-capital index, the 6 economic capital indicators will be averaged to create
an CDR economic-capital index, the 35 physical capital indictors will be averaged creating a
CDR physical-capital index, and lastly the 25 human capital indicators will be averaged yielding
a CDR human-capital index. Finally, the CDRI will be created by averaging the four capital
indices. The resulting index represents a community’s capital resilience capacity – or more
simply the community disaster resilience index – which represents the average capital resources
the community possesses for addressing disaster management actions across all four-disaster
management phases.

Figure 13. CDRI Histogram
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Table 10. Descriptive Statistics for CDRI and CDR-Capital Indices.
Descriptive
Statistics
Mean

CDRI
0.000

CDR-Social
Capital
0.000

CDR-Econ
Capital
0.000

CDR-Phy
Capital
0.000

CDR-Hum
Capital
0.000

Median
Std dev.

-.050
.430

-.056
.518

-.121
.836

-.062
.348

-.033
.366

Minimum

-1.317

-1.400

-2.312

-.632

-.921

Maximum

1.436

1.968

2.905

1.723

1.337

Skew

.299

.741

.502

1.632

.493

Figure 13 displays a histogram for the CDRI measure with a normal distribution super imposed in
red and Table 10 presents the descriptive statistics for CDRI and the CDR-capital indices. Since
the CDRI measure is based on z-scores, it perhaps is not surprising that the mean is essentially
zero, with a standard deviation of .45, a minimum value or -1.32, and a maximum of 1.44. As can
be seen in Figure 13 and in the table, there is a slight positive skew (.399) to the CDRI,
suggesting a few more extreme positive cases, but the weight of the distribution is shifted slightly
to the left, toward the lower end of the resilience measure. Figure 14, on the other hand displays
the distribution for the CDR-physical capital index. This measure is quite positively skewed
(1.632) with a number of cases having relatively high physical capital scores while most
communities have scores of zero or less.

Figure 14. CDR-Physical Capital Index
Figure 15 provides a map of CDRI scores for Gulf-Coast Counties. The darker colors on the map
represent counties with higher CDRIs. A more complete spatial analysis of the CDRI will be
presented later in this report, for now it is worth noting that a considerable number of counties in
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Florida have relatively high CDRIs in contrast to many counties in Texas that have relatively low
CDRI scores.
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Figure 15: Map of CDRI scores for Coastal Gulf Coast Counties
Essentially the same procedure was used to create separate indices for each of the disaster
phases. The steps taken are as follows. First sub-indices for each of the 16 cells in the operational
framework displayed in Table 8 and 9, representing the unique capital needed to carry out the
actions or practices associated with each disaster phase, are created by averaging the capital
indicators (more specifically their z-scores) associated with each cell. Then, disaster phase indices
are computed by taking the average for the four capital-phase sub-indices within each disaster
phase – preparedness, response, recovery, and mitigation. So for example, the mitigation index is
the average of the mitigation-social capital index, the mitigation-economic capital index, the
mitigation-physical capital index, and the mitigation-human capital index. Operationally this was
simplified because all social and economic capital indicators were selected and therefore appear
across all disaster phases. So, rather than there being a unique sub-index for the social and
economic capital associated with each phase, the social- and economic-capital indices were
employed in each disaster phase index.
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Table 11. Descriptive Statistics for CDRI and CDR-Phase Indices*
Descriptive
Statistics
Mean

CDRI
0.000

CDRMitigation
0.000

CDRPrepared.
0.000

CDRResponse
0.000

CDRRecovery
0.000

Median
Std dev.

-.050
.430

-.066
.487

-.098
.517

-.056
.438

.027
.517
-1.605

Minimum

-1.317

-1.302

-1.497

-1.555

Maximum

1.436

1.377

2.007

1.576

1.292

Skew

.299

.368

.660

.232

-.0184

* N=144

Table 11 displays the descriptive statistics for CDRI again, but now with the CDR
disaster phase indices. Similar to CDR capital indices, these measures all have zero mean values,
however unlike the capital indices, all of these measures exhibit very little if any skewness.
Figure 16 displays the distribution the CDR recovery index, which is quite normal in form.

Figure 16. CDR Recovery Index
What should be evident from the above discussion is that utilizing the CDR operational
framework multiple indices were created by this research project. In total there were four capital
indices (social-capital, economic-capital, physical-capital, and human-capital), four phase indices
(mitigation, preparedness, response, and recovery) and the overall CDRI. While these various
indices may well be important for different lines of research and will be discusses partially below,
the primary focus of this report is on the overall community disaster resiliency index or CDRI.
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The critical questions to be address below concern the CDRI’s reliability and its validity. The
following sections address these issues.
5.0. Reliability Assessment
Reliability is concerned with the consistency of a measure (Carmines & Zeller, 1979).
One method for assessing reliability of a composite index is to examine the internal consistency
of individual indicators within the index, where the greater the internal consistency (correlation),
the more reliable the measure. A conventional measure of internal consistency, Cronbach’s alpha,
is employed to assessing the reliability of the CDRI and its sub-indices.
Table 12 presents correlations among the four indices assessing social, economic,
physical, and human capital as well as the correlations between these indices and CDRI. All of
the sub-indices are positively correlated with each other, with the lowest correlation occurring
between the social and human capital indices (.462) and the highest correlations between the
physical and human capital (.674). Not surprisingly, given that CDRI is a composite of the capital
indices, all of the capital indices are strongly and significantly correlated with CDRI. The highest
correlation occurs between CDRI and economic capital (.892) and the lowest is with human
capital (.781). This suggests that of the capital indices, the economic-capital index has greater
influence on the final index across all counties. Given the overall strong pattern of interrelationships, it should not be surprising that the alpha for CDRI is quite high.

Table 12. Inter-item correlations among CDRI sub-indices
CDRI

Social capital

Economic capital

Social capital index

.798*

Economic capital-index

.892*

.563a

Physical capital index

.791*

.618a

.533a

.462a

.602a

Human capital index
.781*
*= correlations significant at the .05 level.

Physical capital

.674a

Table 13. Cronbach’s alpha coefficients for CDRI and capital indices
Indices

Items

Alpha

9

.659

Economic capital sub-index

6

.914

Physical capital sub-index

35

.786

Human capital sub-index

25

.731

CDRI

4

.844

Social capital sub-index

Table 13 presents Cronbach’s alphas for CDRI and for the four capital indices, along
with a column indicating the number of items included in each index and hence the number of
items upon which the average inter-item correlation was based for calculating alpha. Focusing
first on the capital indices, the results show that the highest alpha was obtained by the economic
capital index (α = .914), followed by the physical capital index (α = .786), the human capital
index (α = .731), and lastly the social capital index (α = .659). CDRI, which again was formed by
simply averaging the four capital indices (social, economic, physical, and human) has an alpha of
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.844.2 While the alpha for the social-capital index is perhaps low, relative to the oft-stated
convention3 of .7, on the whole the alphas are all quite high, and that is particularly the case for
the CDRI, suggesting relatively good consistency for each of these measures.
Table 14. Reliability coefficients for sub-indices and disaster phase Indices
Sub-index
Social capital
Economic capital
Physical capital-Mitigation
Human capital-Mitigation
Mitigation Index
Physical capital-Preparedness
Human capital-Preparedness
Preparedness Index
Physical capital-Response
Human capital-Response
Response Index
Physical capital-Recovery
Human capital-Recovery
Recovery Index

Items
9
6
11
19
4
3
7
4
21
6
4
4
9
4

Alphas
.659
.914
.771
.693
.833
.571
.530
.782
.624
.466
.734
.651
.630
.801

Table 14 presents the alpha coefficients for the various sub-indices that can be generated for the
16 cells in the operational framework identifying the capital requirements for each disaster phase.
As noted above, since all social and economic capital indicators were identified as being
important across all disaster phases, individual capital-phase indices are not necessary. So for
example, the mitigation index (α = .833) was created by averaging the social capital, economic
capital, physical capital-mitigation, and human capital-mitigation indices. Similarly, the recovery
index (α = .801) was calculated by averaging the social capital, economic capital, physical
capital-recovery and human capital-recovery indices. Of the sub-indices, the physical and human
capital preparedness indices had relatively low alphas (α=.571 and α=.530 respectively), although
the lowest alpha is associated with the human capital-response sub-index (α = .466).
Nevertheless, the four disaster phase indices all had alphas above .7, with those for mitigation
and recovery in the .8 range. Table 15 presents the correlations between the CDRI and the
disaster-phase indices. The very high correlations are to be expected since each of these indices
share social and economic sub-indices.

2

An argument might be made that since, in total, 75 indicators were employed to construct the CDRI, then
the alpha should be based on the inter-correlations among all 75 indicators. However, it must be recalled
that the CDRI was formed by taking the average of the four capital indices, each of which was in turn
formed by taking the average of a different number of specific “capital” indicators themselves. This two
step process was necessary to ensure that the variable number of indicators did not influence the relative
weight attributed to each “capital” area. If the average of all 75 indicators had been used, then physical
capital, with its 35 indicators, would have a more heavy influence on the measure, followed by human (25
indicators), social (9 indicators), and finally, economic (6 indicators). Instead, each sub-set was averaged,
forming the capital indices, and then the 4 capital indicators were averaged to form CDRI. Hence, it is more
appropriate to calculate the alpha for CDRI based on its four items, not 75 items.
3
It should be noted that this is a simple rule of thumb. Rather what is critical is the relative comparison of
indices through time, with the goal of improving upon internal consistency as an area of research develops.
Some of these “relatively” low sub-indices alpha’s suggest that there is perhaps room for improvement as
research on resiliency indicators develops further.
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Table 15. Inter-item correlations among CDRI sub-indices
Indices

CDRI

Mitigation Index

.986*

Preparedness Index

.933*

.922a

Response Index

.977*

.945a

.919a

Recovery Index

.955*

.955a

.861a

Mitigation

Preparedness

Response

.914a

*= correlations significant at the .05 level.

On the whole, the reliability analyses suggest that CDRI displays a relatively high degree of
internal consistency. Furthermore, each of the capital indices and each of the disaster phase
indices share high internal consistency as well. With the lone exception of the relatively low
alpha for the social capital index (α = .659), the CDRI, capital, and disaster-phase indices all had
alphas above .7, suggesting relatively high internal consistency for these indices. Having
established support for the reliability of the measure, attention is turned to its validity.
6.0. Validity Assessment
This section will undertake a rather elaborate assessment of the validity of the CDRI as a
measure of disaster resilience. Some of the important approaches for assessing validity are
content, construct, and predictive validity and each will be utilized to assess the validity of the
CDRI measure. Content validity, sometimes referred to as sampling validity, is essentially
concerned with whether or not a measure captures the various dimensions or the domain of a
construct. Construct validity, on the other hand, is the degree to which a measure relates to other
variables as expected within a system of theoretical relationships (Babbie, 2005; Carmines &
Zeller, 1979). Construct validity is inferred based on the extent to which empirical results are
consistent with logically or theoretically anticipated relationships between the measure of interest
and other variables. The basic question is: do we see the relationship pattern (positive or negative
correlations) between CDRI and measures of other concepts anticipated by the literature? If we
do, then the measure has gained construct validation.
Construct validation can be extended by not simply examining the interrelationship
patterns among variables, but also by examining the ability of the CDRI to predict potential
expected outcomes. This assessment is sometimes referred to as predictive validity. In this case,
the CDRI measure will be employed to predict disaster outcomes (deaths, losses, etc.) in order to
determine its ability to account for these outcomes after controlling for other related measures.
Predictive validity is extended still further by addressing the incremental validity of the CDRI
measure. Incremental validity is essentially concerned with whether a newly proposed measure,
CDRI in this case, adds incrementally to our ability to predict or account for a phenomenon of
interest. The next sections address each of these four types of validity assessment.
6.1. Content validity
As mentioned above, content validity is essentially concerned with determining if the
operational procedure employed to develop the measure actually captured the theoretical domain
of the concept (Carmines & Zeller, 1979; Trochim, 2006). This is sometimes referred to as
sampling validity, in that the concern is if the measure captures the conceptual or theoretical
“sampling space” or the domain associated with the concept. In other words, if a concept includes
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three dimensions of conceptual space, a, b, and c, then a measure should also capture a, b, and c,
otherwise it fails with respect to sampling validity. In the psychometric literature utilizing a panel
of expert raters to assess the various components proposed to be utilized to measure a concept to
determine if the set of component does indeed capture the domain associated with the theoretical
concept generally assesses content validity. Oftentimes this entails assessing inter-rater agreement
on the extent to which the components capture the concept. Unfortunately, given limited project
resources a panel could not be employed. Instead we had two raters, who were working within a
formalized operationalization procedure itself – the CDR operational framework matrix –
screening each item in reference to the literature and empirically, as discussed above.
Ideally, as Babbie (2005) notes, content validity can be better assured if there are strong a
guiding principles utilized in the development of a measure, thereby ensuring that all domains of
the concept to be measured are included. This of course was in effect throughout the development
of CDRI. A critical component of the development of the CDRI was establishing the linkage
between the concept resilience as it has been used and developed in the hazard/disaster literature
and disaster phases. In earlier sections it was noted that some measures and frameworks of
disaster resilience tended to focus on recovery and reconstruction, because of the centrality of
“bouncing back” in the concept. Equally important was the notion of resisting impacts, hence
mitigation is clearly an important phase to consider. And, yet, resistance and reducing impacts
can be greatly enhanced by addressing preparation and response issues as identified by Lindell,
Prater, and Perry. Hence, the decision was made to ensure that the measure assesses all four
phases of disaster: mitigation, preparedness, response, and recovery. Furthermore, the decision
was made to focus on a comprehensive approach to analyzing community resources across four
types of capital: social, economic, physical and human. These two critical dimensions –
community capital AND disaster phases – were utilized to construct the Community Disaster
Resiliency Operational Framework, displayed in Table 8 and ultimately populated with
community capital resources displayed in Table 9.
In sum, the CDRI measure seeks to cover the full range of dimensions associated with
disaster resilience. This approach was the primary reason for using the cross-classification
method fully discussed in section three to facilitate and ensure that indicators associated with all
phases of disaster and four community capital resources were selected for inclusion in the
measure. The combination of four disaster phases and the four community capitals provided a
CDRI conceptual and operational framework defining the conceptual space or domain for which
indicators were selected. Utilizing this framework, two raters worked to select subsets of
community capital resource indicators, which were screened theoretically and empirically to
arrive at the most parsimonious set of indicators, associated with each of the 16 disaster phasecapital sub-indices. The dedication to this approach should result in a relatively high level of
content validity.
6.2. Construct validation
As discussed above, CDRI’s construct validity will be assessed by examining if it is
related to other variables in a theoretically consistent manner. The question to be addressed is: do
we see the relationship patterns between CDRI and other measures anticipated by the literature.
This will also be extended to include predictive validity by examine the ability of CDRI to predict
expected outcomes, in this case to predict disaster outcomes (e.g., death and losses) after
controlling for other related measures. And, finally, predictive validity will be extended to include
an assessment of CDRI’s incremental validity by assessing if it improves prediction over one or
more alternative measures already utilized or suggested by the literature (Meyer, 2000).
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Construct validation is assessed in terms of various measures of damage impacts (deaths and
property losses) and hazard exposure. The following reflect to general theoretical expectations of
how CDRI should be related to disaster impacts and hazard exposure:
1. A disaster resilient community would be expected to experience lower death
rates from disasters such as flooding, hurricanes, and storms. In other words,
there should be a negative relationship between CDRI and flood related death
rates. This is expected because disaster resilient communities should be more
likely to have effective hazard mitigation and perhaps disaster preparedness
and response plans, which should result in lower flooding related deaths.
2. Disaster resilient coastal communities should suffer from lower relative levels
of property damage due to disasters such as flooding, hurricanes, tropical
storms and severe storms than less disaster resilient communities. So the
expected relationship between CDRI and relative property losses should be
negative because disaster resilient communities are more likely to take
protective measures to reduce relative amounts of property damage.
3. A disaster resilient community is more likely to have a low level of social
vulnerability. Several studies have characterized the concept of social
vulnerability and disaster resilience as being opposite (Buckle et al., 2001;
Manyena, 2006; Pelling, 2003). Hence it is expected that there will be a
negative relationship between social vulnerability and resilience.
4. Coastal communities, which are located in high-risk areas, should have higher
levels of disaster resilience. In some sense, this might be thought of as a hope,
rather than an expectation. However, this expectation is perhaps valid because
coastal communities with high levels of risk are more likely to have high
perception of risk, which is often considered as a determining factor for a
community to undertake disaster protective measures and hazard
adjustments. In addition, previous studies have shown that experience is an
important predictor of higher level of disaster preparedness and more
effective disaster response; largely because it leads to greater awareness of
consequences of dissenters (Lindell & Perry, 2000; Mileti, 1999). Hence,
counties with higher risk areas are more likely to have experienced coastal
hazards and disasters and as a consequence are more likely to have developed
better disaster mitigation, response, preparedness, and recovery programs.
Finally, in some States, such as Florida, there are statewide mandates to
address coastal hazards in the comprehensive plans, which in turn are driven
by hazard exposure. Hence, the higher level of exposure, the higher levels of
disaster mitigation, preparation, response, recovery actions and practices
should be undertaken. The expectation then is that high levels of hazard risk
should be positively associated with community resilience.
The empirical measures associated with each of the above validity criteria are measured
using the following measures:
(1) Flood related death rates: deaths due to flood related hazards that occurred
between 2000 and 2005 as reported by the Centers for Diseases Control and
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Prevention. In this analysis both total deaths and death rates (per 1000) will be
employed;
(2) Property damage per-housing unit due flooding, hurricanes, coastal, and
severe storms, 2000-5: The data on total property damage from flooding,
coastal hazards, hurricanes, and severe storms were obtained from the
SHELDUS4 database, at Hazard & Vulnerability Research Institute, at the
University of South Carolina. This measure was created by compiling the data
on estimated property damage from flooding, coastal hazards, hurricanes, and
severs storms for the period of 2000-2005. This time period most closely
approximates the CDRI indicator data. In this analysis total property damage
was standardized by the number of housing units in a county; hence the
measure employed will be an estimate of the property damage per housing
unit for each coastal county from 2000-5;
(5) Social vulnerability: Social vulnerability will be measured using the SoV
index based on 2000 census data also developed by the Hazard Vulnerability
Research Institute, at the University of South Carolina.
(6) Physical risk: Physical risk is measured by determining the percentage of a
county located in flood, wind, and surge risk zones and then the combination
of the three. Data on physical risk were obtained from the Coastal Risk Atlas,
part of NOAA Coastal Services Center’s Digital Coast.
As discussed above two approaches were employed in assessing the construct validity of
CDRI. First we will simply exam the correlations between CDRI and the validity measures. Then
we will undertake a predictive validity analysis, by using CDRI in various multivariate analyses
along with control variables to see if it performs as expected. We begin by examining the
correlations between CDRI and these validity measures.
6.3.1. Construct validity: Correlation analysis
Table 16 presents the correlations between the validity criterion measures, CDRI and the
disaster phase indices. The relationship patterns between the criterion measures at CDRI are
generally all statistically significant (p ≤ .05, one tailed) and in the anticipated direction.
Specifically, we can see that CDRI is, as anticipated, negatively related to deaths per 1000,
property damage and social vulnerability, meaning that counties with higher CDRI scores
suffered lower death rates (r = -.42) and had lower social vulnerability measures (r = -.308).
Furthermore, CDRI was positively associated with hazard risk exposure, implying that coastal
counties with higher levels of risk had higher CDRI scores. The exception was the correlation
between per housing-unit property damage and CDRI, which was, as expected, negative but only
statistically significant at the .1 level.5 For interest, the correlations between these validity
measures and the disaster phase indices are also included. Similar patterns emerge when
examining the relationships between the validity criteria and the disaster phase indices. On the
whole these results are consistent with the theoretical expectations, lending support regarding the
validity of CDRI.

4

Hazards & Vulnerability Research Institute (2010). The Spatial Hazard Events and Losses Database for
the United States, Version 8.0 [Online Database]. Columbia, SC: University of South Carolina. Available
from http://www.sheldus.org .

5

Technically the p-value was .056, one-tailed.
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Table 16. Correlations between Validity Criteria, CDRI and Phase Indices
Validity measure
Deaths per 1000 due to floods from all sourcesa

CDRI
-.420**

Mitigation
-.470**

Prep.
-.063**

Response
-.440**

Recovery
-.525**

Per-housing unit property damageb
Social vulnerability (SoV) indexb

-.133*
-.308**

-.118*
-.261**

-.081
-.277**

-.135*
-.356**

-.103
-.345**

Wind riskb

.291**

.313**

.339**

.264**

.280**

Flood riskb

.270**

.293**

.262**

.230**

.259**

b

.141

**

.162

**

.138

.124

.142**

.266

**

.292

**

Surge risk

Total risk (wind, flood, and surge)

b

.272

**

.232

**

.260**

** = p≤ .05 (one tailed); * = p≤ .1 (one tailed); a. n = 22, counties that experienced a flood related death; b. n = 144, full sample

6.3.2. Predictive validity: Multivariate analysis
Predictive validity was undertaken using multivariate analysis that allows for the control
other factors that might be important while assessing the abilities of CDRI to perform as
expected. When considering the validity measures employed above, it was reasonable to expect
CDRI should have a relationship to social vulnerability and risk exposure, however it would not
be expected it to have an influence on or be a determinant of exposure and social vulnerability.
However, CDRI should have consequences for and influence deaths and damage. Hence in this
predictive validity analysis we will employ CDRI to predict both damage and deaths.
The goal here is not to build the definitive models predicting damage or deaths, but rather
to provide a more complete and rigorous assessment of the potential validity of the CDRI
measure, after controlling for other factors that could be of relevance. Hence, multivariate
analysis was employed to determine if the CDRI has a significant impact on per-housing unit
property damage and flood related deaths after controlling for total physical risk and social
vulnerability. The specific expectations are that CDRI should have a negative effect on both; that
is, higher levels of CDRI should results in lower deaths and per-housing unit property damage
levels. The next two sub-sections will address both analyses.
(a) Predicting per-housing unit property damage per-housing unit, 2000-2005
Table 17 displays the descriptive statistics for property damage per housing unit from
2000-2005 for the overall sample of counties and for counties by State. Across the 144 sample
counties the average damage per housing unit was $28,522 dollars, with median of $5,218. When
examining the state averages, the 12 coastal counties in Mississippi has the highest average perhousing unit loss, at $81,113, followed by Louisiana at $63,759, and Alabama at $16,358. The
lowest average losses were for the three counties in Georgia with an average of only $160. There
are considerable variations within states, as is reflected by the rather large standard deviations
particularly in Mississippi and Louisiana. These variations are also reflected in the rather large
differences between the minimums and maximums among counties in some states, such as those
in Louisiana. Finally, these rather large averages, standard deviations, and maximums for
Mississippi and Louisiana also reflect the substantial losses incurred by some counties/parishes in
these states due to Hurricane Katrina.
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Table 17. Property damage per-housing unit, 2000-2005, by State
State
Mississippi
Louisiana
Alabama
Florida
Texas
Georgia
Totals

Mean
81,113.21
63,759.45
16,358.34
8,040.14
5,901.22
159.54
28,522.21

Median
56,835.04
25,100.45
12,598.06
1,965.17
64.89
165.74
5,218.19

Std. Dev.
74,079.81
101,607.20
18,000.36
15,481.62
12,242.87
20.44
63,851.61

Minimum
6678.42
13.12
136.72
3.47
0.00
58.65
0.00

Maximum
222,867.60
577,542.60
57,345.27
84,576.25
47,800.97
176.16
577,542.6

N
12
38
8
42
41
3
144

It might be surprising to find that Mississippi had the highest average damage figure.
However, coastal areas in Mississippi sustained considerable damage because of extraordinarily
high surge that scoured away much of the coastal infrastructure and housing. These high perhousing unit damage figures are also potentially an artifact of the manner in which damage
estimates are distributed among counties by the SHELDUS data. Specifically, total damage
estimates for a particular event are divided equally among counties impacted by the event,
regardless of the actual distribution of damage. As a result, some counties will be attributed
relatively high damage figures, even though they have lower populations and housing units,
which can increase any relative measure of damage based on population or housing unit
estimates. While this can be problematic, this is a necessary solution to the current methods of

Table 18. Models Predicting Level and Log Property Damage Per-Housing Unit
Variable

Unstandardized
Standardized
Standard error
Coefficient
Coefficient
Model 1: Property Damage Per-Housing Unit (N =131; F = 5.89; Sig. = .001; R 2 = .122)

t-value

Significance

CDRI

-39,436.54

-.256

13,813.43

-2.85

.003*

Social vulnerability index

-1,137.20

-.062

1,570.39

-0.72

.470

Total risk

6,977.53

.324

1,870.44

3.73

.000

Constant

-2,404.29

11,040.22

-0.22

.828

2

Model 2: Natural log Property Damage Per-housing Unit (N=131; F-test = 10.75; Sig. = .000; R = .203)
CDRI

-1.227

-.162

.643

-1.91

.030*

Social vulnerability index

-.301

-.338

.073

-4.12

.000

Total risk

.335

.318

.087

3.85

.000

Constant

6.751

.514

13.13

.000

Notes: * denoted one tailed significance;

estimating disaster impacts in the United States based on expert opinion and compilations of data
from a variety of sources for each event. As a result, damage estimates for many events lack the
degree of specificity and spatial resolution necessary to appropriately partition losses to specific
counties, cities, or places. This underlies the fact that, while the SHELDUS data is widely
employed and some of the best data available in the hazards literature, these are simply damage
estimates.
Table 18 presents results of two OLS regression models to help assess the predictive
validity of CDRI. The first model regresses property damage per housing unit on CDRI, social
vulnerability, and the total risk measure for each county. Because the dependent variable is the
dollar damage per-housing unit, the coefficients represent the dollar loss (positive or negative)
given a unit increase in each of the dependent variables. The second model regresses the natural
log of dollar damage per-housing unit on the same set of independent variables. This dependent
variable provides some correction for the positive skew of the dependent variable and also
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provides coefficients that are semi-elasticities, which when multiplied by 100 yields an
approximation for the percent change in damage, given a unit change in the independent variable.
Standardized coefficients (Beta), standard errors, t-values, and significant levels are also
presented for each model.
Both models presented in Table 18 are statistically significant, with the first model
accounting for approximately 12% of the variation in property damage per housing unit and the
second model accounting for just over 20% of the variation in the logged relative damage
measure. In both of these models CDRI has statistically significant and negative effects on
damage as anticipated. In other words, as the magnitude of community disaster resiliency index
(CDRI) increases, relative damage in a county decrease, after controlling for the counties natural
hazard risk exposure and social vulnerability. Interestingly, social vulnerability which might be
expected to have an positive effect on damage, has negative effects in both models, a finding that
is counter intuitive given the intent of its developers. However, as expected, damage increases
with higher percentages of a county located in wind, flood, and surge risk zones. On the whole,
these results suggest that CDRI is operating as expected in that counties with higher levels of
disaster resiliency display lower levels of relative property damage. Attention is now turned to
deaths associated with a particular form of disaster, flooding.
(b) Predicting Flood Related Deaths, 2000-2005.
The data on flood related deaths were obtained from the Center for Disease Control and
Prevention. For the entire region a total of 852 people died due to flooding in U.S. Gulf coast
counties between 2000 and 2005. Figure 17 presents these data, displaying the total number of
deaths by state and the maximum number of deaths due to flooding reported for a coastal county
within each state. Louisiana suffered the highest number of flood related deaths for this period
with 631, followed by Mississippi (171), Texas (25), Florida (17), Georgia (6), and, Alabama (2).
In all 22 counties had reported flood related deaths according to the CDC. Again, the
consequences of Katrina are evident in that Orleans parish, Louisiana, recorded the highest
number of deaths at 475, followed by St. Bernard parish, Louisiana at 121, and Harrison county,
Mississippi with 104. Other counties with relatively high deaths include, Hancock county,
Mississippi with 55, Harris county Texas at 21, Jefferson parish, Louisiana at 19, and Jackson
county, Mississippi with 12. The remaining 15 of the 22 counties reporting deaths all had deaths
below 10, with the majority falling between 1 to 4 individuals during this six year period.
Fortunately, the vast majority of the Gulf’s coastal counties, 122 in all, have no deaths classified
by the CDC as flood related.
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Figure 17. Flood Related Deaths, 2000 - 2005 by State and
Maximum Deaths for a County in Each State
There are a variety of approaches one could take when seeking to predict data that are
essentially count data as in this case where we are addressing death counts, as well as in situations
where there are an overabundance or inflated number of zeros and yet some extreme counts,
resulting in the mean being substantially smaller than the variance (Long and Freese, 2006). One
potential approach would be to focus only on the 22 states that have fatalities, and seek to
determine the effect of CDRI on the resulting counts. Another approach might be to focus on
whether or not a county has any fatalities versus no fatalities and seek to determine if CDRI has
an influence increasing or decreasing the probability of a county reporting fatalities, after
controlling for other factors. In this case we will seek to do both by running a zero inflated
negative binomial regression or ZINB.6 Our general expectation, again, would be that CDRI
should have a negative effect on the number of deaths due to flooding and should reduce the
likelihood of experiencing any deaths in the first place.
The results from running the zero inflated negative binomial regression are presented in
Table 19. The upper panel of this table presents the results predicting the incidents of deaths,
while the lower panel displays the results for the binary equation predicting remaining in the no
deaths category versus having deaths due to flooding. Clarifying the expectations then given this
form of analysis, CDRI should have a negative significant effect in the upper panel, indicating
that higher levels of CDRI, result in lower incidents of deaths and a positive significant effect in
the lower panel, suggesting that higher levels of CDRI increase the odds of staying in the no
deaths category. Similarly but in an opposite direction, total risk and social vulnerability would be
6

Another possibility would be to run a Zero Inflated Poisson regression. This analysis was also undertaken;
however, the substantive conclusions with respect to the CDRI measure would not be altered.
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expected to have positive significant effects in the incidence model (upper panel) and negative
significant effects in the binary model.
Table 19. Zero Inflated negative Binomial Regression predicting Flooding Deaths
Variable

Coefficient

Standard error

z

P>|z|

expb

0.001

0.017

Count Equation predicting Death Counts
CDRI
-4.106

1.197

-3.43

Social vulnerability

0.098

.119

0.82

0.412

1.103

Total risk

0.264

.137

1.92

0.027*

1.303

Constant

1.221

1.270

0.96

0.337

---

0.016

0.001

*

0.768

Binary Equation Predicting Change from Always Being Zero (No Deaths)
CDRI
-6.657
2.776
-2.40
Social vulnerability

-0.264

0.161

-1.64

0.050

Total risk

-0.296

.141

-2.10

0.036

0.744

Constant

3.502

1.172

2.99

0.003

---

Note: N =137, with 22 non-zero observations; LR χ2=16.90, p=.0007; * denoted a one-tailed probability

The findings presented in Table 19 are partially supportive of the expectations with
respect to CDRI. Focusing first on the upper panel, presenting the findings for the count or
incidents model, CDRI does indeed have a negative significant effect, suggesting that higher
levels of CDRI, results in lower flood related deaths. Total risk also has the expected positive
significant effect, meaning the counties with higher risk exposure suffer higher counts of flood
related deaths. Social vulnerability is not significant. The findings for the lower panel, however
are not as anticipated for CDRI. Specifically, CDRI has a significant negative effect, meaning
that counties with higher CDRIs are more likely to be in the non-zero category, meaning
experiencing flood related deaths. Social vulnerability and risk exposure both have the anticipated
negative significant effects, meaning that counties with higher levels of social vulnerability and
risk exposure are more likely to experience flood related deaths.
The findings with respects to the predictive validity analysis are in general supportive of
CDRI’s validity and utility, although not without some equivocation. First, CDRI did display the
negative significant effects on property damage per-housing unit as anticipated, even after
controlling for risk exposure and social vulnerability. As CDRI increases, relative property
damage decreases. Second, CDRI also displayed the anticipated negative significant effect
predicting the incidents of flood related deaths. In other words, as CDRI increases, the deaths due
to flooding decrease. However, CDRI also displayed a unanticipated negative and significant
effect in the binary model, suggesting that counties with higher levels of CDRI, even after
controlling for social vulnerability and risk exposure, are more likely to have flood related deaths
in the first place.
6.4. Summary of Validity Analyses
On the whole, the findings of the previous sections are supportive of the overall validity
of the community disaster resilience index (CDRI). From the beginning a rigorous theoretical
approach was undertaken in the development of the CDRI. This approach systematically linked
disaster phases and community capital providing a foundation for its development and thereby
insuring a high degree of content validity. The resulting index and its sub-indices preformed as
expected in the correlation analysis, displaying negative correlations with disaster impact
measures -- flood related death rates and relative property damage – and a measure of social
vulnerability. CDRI was also positively related to measure of hazard risk exposure as anticipated.
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As seen in the previous section the findings with respects to the predictive validity analysis were
also generally supportive. Multivariate analysis found that CDRI had the anticipated negative
effect on relative property damage per-housing, after controlling for risk exposure and social
vulnerability. Furthermore, CDRI was shown to have a negative effect when predicting the
incidents of flood related deaths. The lone finding that was inconsistent with expectations was the
unanticipated negative effect in the binary model, suggesting that higher CDRI assessments are
associated with an increase probability of experiencing a flood related death at the county level.
While the last finding, does suggest some equivocation in the assessment of CDRI’s
validity; in general; the results of the validity analyses were positive and supportive. CDRI does
appear to capture the overall resilience of a community (county/parish in this case) at lease with
respect to resistance to disaster impacts in the form of deaths and damage. Furthermore, resilient
communities display lower levels of social vulnerability. These results, while supportive, are of
course only preliminary and partial. First, while the results in the multivariate analysis do provide
a more rigorous assessment of the validity and utility of CDRI, they were not meant to be the
most rigorous analysis. Thus, there is more work to be done. Second, and most importantly, a
critical dimension of resilience is the ability of systems to bounce back from disaster impacts.
Therefore, a more complete assessment of the measure will depend upon establishing CDRI’s
ability to predict the rapidity and quality of recovery. Unfortunately, such broad based measures
of recovery have yet to be developed and hence are not readily available at this time. A number of
researchers have suggested potential measures for recovery (e.g., Wu and Lindell, 2004; Zhang
and Peacock 2010), including some researchers associated with other resiliency projects funded
by the Coastal Services Center (e.g., Chang 2009). The development of systematic measures of
disaster recovery suggests a potentially fruitful line of research related to the assessment of
CDRI.
In light of the generally supportive results of the CDRI measure, attention is now turned
to a description of the relative resilience of counties and state in the Gulf-Coast region based upon
this measure.
7.0. Assessing Disaster Resilience of Counties/Parishes in the Gulf Coast Region.
The main objective of this section is to simply employ the CDRI with the aim of
identifying which states and counties are comparatively more disaster resilient in the Gulf coast
region. This will provided information about the relative disaster resilience of states and counties
in the region and additional confidence in the validity and utility of the CDRI measure. To
maximize the ability of descriptive analysis, in terms of providing additional feedback regarding
the utility and validity of the CDR approach, we will outline some general expectations of this
analysis. In other words, what might one anticipate in terms of disaster resilience across states
and counties along the Gulf coast? While it would be ideal to have a set of hypotheses regarding
which state and/or county should score highest on the CDRI index when compared to others, this
is not possible. The literature and previous research on disaster resilience is simply not
sufficiently developed to allow for formal hypothesis testing. Nevertheless, the literature does
suggest some general expectations.
7.1. Disaster resilience expectations along the U.S. Gulf coast
The literature on local land use planning suggests that communities with high quality and
effective comprehensive plans are more likely to have a high level of disaster resilience and a low
level of vulnerability (Burby, 1998; Burby et al., 2000, Schwab, 2008; Kang Peacock and Husein
2010). A great body of literature has demonstrated that local land use planning is an important
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element in dealing with disasters (Berke & Beatley, 1992; Brody, 2003; Brody & Highfield,
2005). These researchers found that local land use planning is a key to improving hazard
mitigation which is an important element in building disaster-resilient communities. Generally
speaking, hazard and disaster planning are measures undertaken prior to disasters to help avoid
and reduce loss of human life and property damage (Burby, 1998). Land use planning for
example, can help to identify high risk areas so that developments can be re-directed away from
these areas (Burby, 1998; Schwab, 2010).
The literature suggest that states or counties which mandate comprehensive plans, adopt
building codes and zoning regulations, or participate in the FEMA’s Community Rating System
are more resilient, particularly with respect to mitigation activities, than other communities.
Indeed the importance of these planning elements necessitated their inclusion as a small part of
the set of indicators included in the CDRI. Specifically of the 75 indicators incorporated in the
CDRI scores, five indicators address: (1) land use planning and zoning regulations, (2) FEMA
approved mitigation plans, (3) comprehensive plans, (4) building codes, and (5) FEMA’s
Community Rating System participation. The following brief discussion draws on the planning
research literature with respect to these five planning elements to address which state or states
appear to make better use of them and therefore suggest which states and subsequently counties
should score better on the CDRI indices.
(i)

Land use planning and zoning regulations: There are significant differences in
planning powers and authority between Florida and the rest of the states in the
U.S. Gulf coast region. Most of the U.S. Gulf coast counties have zoning
regulations to regulate development but Florida is the only state in the region to
mandate local plans. Also, in Florida both counties and cities have what is known
as the “Home Rule” and the authority to plan (Jacob & Showalter, 2007). Home
rule is the power and authority a local government is granted to plan by the state.
It enables the local government to exercise all governmental powers except those
limited by the state. Generally, the ability to develop, implement, and enforce
local plans depends predominantly on home rule power (Jacob & Showalter,
2007). In contrast, municipalities in Texas, for example, have planning and
enforcement power but counties have no planning power (Jacob & Showalter,
2007). This implies that Texas provides little or no intervention in guiding local
planning or specifying elements to include in local plans. These findings suggest
that Florida and its counties should be at the upper end of the CDRI index while
Texas should be at the lower end, with other states falling in between.
(ii) Comprehensive plans and hazard mitigation plans: Florida requires its coastal
counties to have comprehensive plans and local mitigation plans (Brody,
Godschalk, & Burby, 2003). Most importantly, Florida is the only U.S. Gulf coast
state to include hazard mitigation within a state plan. Texas and others in the U.S.
Gulf coast region do not require inclusion of hazard mitigation component in a
state plan (Jacob & Showalter, 2007), although there are may be independent
mitigation plans. Texas and other states in the region take what Jacob and
Showalter (2007) called a “fairly laissez faire” approach towards planning. In
other words, local municipalities and counties (except in Florida) are free to
develop comprehensive plans, with or without mitigation plans, but the state does
not mandate these plans. These finding suggest that Florida should be near the top
of the CDRI scores.
(iii) Building codes: In general, there are two building codes that states often adopt:
the International Building Code (IBC) for commercial and multifamily structures,
and the International Residential Code (IRC) for single and two-family structures

51

(Jacob & Showalter, 2007). The current version of these building codes is 2006,
and they include wind and flood elements. Only Florida and very recently
Louisiana mandate state building codes both IBC and IRC. Alabama and
Mississippi have state codes that apply to state buildings only, although building
codes were developed for coastal areas in Mississippi following Hurricane Katrina
and some coastal counties did adopt these measures. Texas has no officially
mandated state building code for either residential or commercial constructions
but it recommends adoption of the 2000 IBC and IRC codes (Jacob & Showalter,
2007). More specifically, Texas, through its department of insurance, does
develop its own version of IBC and IRC, but local communities, not counties are
free to adopt or not to adopt the codes.
(iv) Community Rating System (CRS): Local communities in the United States can
obtain substantial reductions in flood insurance premiums by participating in the
Community Rating System of the National Flood Insurance Program (NFIP). The
CRS has been designed to provide incentives in terms of flood insurance premium
discounts, (up to a maximum of 45%) for communities to go beyond the minimum
flood management requirements (Brody et al., 2007). The rating scores are
divided into 10 classes, which correspond to flood insurance premium discount
rate from 5% to 45%. Class 1 requires the most credit points and receives the
highest premium discount (45%) whereas Class 9 receives the lowest premium
discount (5%) (Brody et al., 2007). Class 10 does not obtain a minimum number
of credit points and therefore receives no discount. The CRS classes are based on
18 activities, which are grouped into the following four main categories: (1)
public information, (2) mapping and regulation, (3) flood damage reduction, and
(4) flood preparedness (Brody et al., 2007). Communities that implement most of
these measures receive high CRS scores. The results of this research show that
Florida counties exhibited higher CRS scores, suggesting that most of the counties
have implemented the NFIP’s required flood management measures.
Clearly the above discussions suggest that of the entire Gulf coast states, Florida and its
counties should rank near the top in terms of disaster resilience. Furthermore, while information
on other states is more limited, the discussion also suggests that Texas, with its relatively more
laissez-faire approach and inability of counties to be involved in planning process might well be
expected to fall at the lower end of the CDRIs. With this discussion in hand, we now turn to a
descriptive examination of CDRIs in the region. The following begins by examining the states in
terms of their average CDRI scores and rankings and the final section presents a brief discussion
of county rankings.
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Figure 18. Box Plots of CDRIs by State
7.2. CDRI scores by state
Figure 18 displays box-plots7 of CDRI scores for coastal counties by state. These plots
provide one with a visual representation of the distribution of county scores for each state and
some notion of central tendency. Specifically the solid boxes represent the middle 50% of the
distribution (the inter-quartile range or IQR) of CDRI score falling between the first and third
quartiles, represented by the left most and right most borders of the solid boxes respectively. The
solid line inside the box is the median of the distribution of scores and the whiskers, or solid
horizontal lines extending out of the boxes, provide a reference for the distribution of scores
falling outside the IQR, with stars (*) representing scores that might be considered outliers.
The data displayed in Figure 18, suggest a good deal of commonality across states, as is
suggested by the consistencies and overlaps among the boxes, and yet there are some interesting
variations as well. The graphs for Florida and Texas suggest that there is a good deal of
dispersion among their counties, however, as noted above, these two states also included the
greatest number of coastal counties with 42 and 41 respectively. Nevertheless, it is interesting to
note that the Florida dispersion has a slight positive skew suggesting that some of its counties are
scoring quite high, while Texas’s dispersion has a slight negative skew suggesting some of its
counties are scoring very low. Furthermore, the graphs suggest that Florida has the highest
median CDRI score supporting the previously discussed findings that Florida’s counties is
anticipated to be the most disaster resilient in the study region. The results also suggest that
Louisiana has the lowest median CDRI score among the states.

7

For a more complete discussion of box-plots see: Dumbgen & Riedwyl, 2007
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Table 20. Descriptive Statistics on CDRI by state
State

Mean

Rank

Min.

Max.

N

Florida

.2539

1

-.4592

1.4364

42

Alabama

.0067

2

-.3179

.6769

8

Georgia

-.0479

3

-.2522

.2241

3

Mississippi

-.0860

4

-.5255

.2338

12

Louisiana

-.0981

5

-.6724

.6915

38

Texas

-.1418

6

-1.3165

.6761

41

Total

0.000

--

-1.3165

1.4364

144

Table 20 presents the mean county CDRI scores for each Gulf Coast state, along with their
relative ranking, and minimum and maximum county scores. Not surprisingly given the boxplots, Florida has the highest average CDRI with a mean of .2539, while Texas has the lowest
average score at -.1418. Florida also has the county with the highest CDRI score while Texas has
the county with the lowest CDRI. The findings are consistent with the expectation that Florida’s
counties would score higher on average than other states, particularly with respect to Texas.
Indeed, an analysis of variance was preformed to statistically substantiate the variations suggested
by a simple visual comparison of the means in Table 20. The ANOVA suggested that there were
indeed statistically significant8 differences among state means. Post-hoc testing suggested that
Florida’s counties scores significantly higher than counties in Texas and parishes in Louisiana.
Thus, at least at the extremes of these rankings, the differences are statistically significant. None
of the other variations among state means were statistically significant.
It is illustrative to examine in more detail the scores among the coastal counties included
in the sample. Table 21 presents the top and bottom 10 counties ranked on the basis of their CDRI
scores. It is of interest to note that when examining the top 10 seven out of ten counties are
located in Florida. Monroe County (the Florida Keys) was the county that had the highest CDRI
score, which is significant and important since it is probably the most vulnerable to hurricanes
and hurricane impacts among Gulf-Coast counties. On the lower end of the ranking, we find that
eight of the ten counties are located in Texas. Most of these Texas counties are located along the
southern tip of Texas along the Mexico-Texas border. The interesting exception to the top/bottom
split between Florida and Texas is that one county in Texas, Fayette, is in the top ten list.

8

F = 4.91 with 5 and 138 df., p = .000.

54

Table 20. Top and Bottom Ten Counties ranked by CDRI
TOP 10
County

Rank

BOTTOM 10
State

Score

Rank

County

State

Score

1

Monroe

Florida

1.44

135

West Feliciana

Louisiana

-0.61

2

Leon

Florida

1.12

136

Kenedy

Texas

-0.61

3

Collier

Florida

1.03

137

Vernon

Louisiana

-0.67

4

Sarasota

Florida

1.02

138

Webb

Texas

-0.68

5

Franklin

Florida

0.90

139

Cameron

Texas

-0.72

6

Lee

Florida

0.72

140

Bee

Texas

-0.73

7

East Baton Rouge

Louisiana

0.69

141

Hidalgo

Texas

-0.81

8

Baldwin

Alabama

0.68

142

Duval

Texas

-0.92

9

Fayette

Texas

0.68

143

Willacy

Texas

-0.98

10

Okaloosa

Florida

0.67

144

Starr

Texas

-1.32

7.3. Spatial distribution patterns of CDRI scores
Finally it may well be worth revisiting Figure 15 which presented a map of CDRIs in
section 4.2.4. and reprinted below for the convenience of the reader. The map again display the
CDRI scores classified into four categories based on quartiles. These categories have been color
coded with the counties falling into the lowest quartile of scores appearing in yellow and counties
falling in the upper most quartile appearing in dark brown. In other words, the darker the colors,
the higher a county’s CDRI score.
Generally speaking, Figure 15 provides a spatial view of many of the patterns discussed
above. First we can see that the majority of counties having the highest levels of disaster
resilience in the U.S. Gulf coast region -- scores > .67 -- are located in Florida. These counties
include: Monroe, Collier, Sarasota, Franklin, Leon, Lee, Escambia, Okaloosa, and Walton. The
non-Florida counties in the highest quartile are: Fayette county (Texas), Baldwin county
(Alabama), and East Baton Rouge parish (Louisiana).
Most of the counties in the southern most part of Texas, along the U.S.-Mexico border
region exhibited the lowest levels of CDRI scores – values < -.48. These counties include; Starr,
Hidalgo, Cameron, Willacy, Kenedy, Brooks, Jim Hogg, Jim Wells, Duval, and Webb. This result
is consistent with previous research findings, which found that counties along the U.S.-Mexico
border region are comparatively poor with a high level of social vulnerability (Cutter & Finch,
2008). Research has shown that many communities located in counties along the Texas-Mexico
border region are characterized by settlements called Colonias9. Colonias are mostly semirural,
unzoned, and unregulated communities, with low income, high unemployment rate, and poor
housing conditions (Cisneros, 2001; Loustaunau & Sanchez-Bane, 1999). Many Colonias lack
basic infrastructure services such as access to safe drinking water, sewage systems, garbage
disposal services, health services, and electricity (Loustaunau & Sanchez-Bane, 1999). Most
Colonia residents are extremely poor with incomes far below the poverty line (Cisneros, 2001).
Although Colonias can be found in Texas, New Mexico, Arizona, and California, the literature
indicates that Texas has both the largest number of colonias and the largest population living in
Colonias (Cisneros, 2001; Community Affair Department, 1995; Loustaunau & Sanchez-Bane,
1999). It is estimated that more than 400,000 Texans live in Colonias (Cisneros, 2001;
9

Colonia is a Spanish word for neighborhood or community (Cisneros, 2001).
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Community Affair Department, 1995). Generally, the Colonia population is predominately
Hispanic, which constitutes more than 60% of the total Colonia population (Cisneros, 2001;
Community Affair Department, 1995).

MISSISSIPPI

ALABAMA

GEORGIA

TEXAS
LOUISIANA
FLORIDA

Legend
Low resilience

100 50

0

100

200

300

High resilience

400
Miles

Figure 15: Map of CDRI scores for Coastal Gulf Coast Counties
In sharp contrast to the counties near the border, as one moves up the coast, toward the
Texas-Louisiana border, focusing on Texas counties in and around the Greater-Houston region
also known as Houston-Sugar Land-Baytown Metropolitan Statistical Area, we find much higher
levels of disaster resilience. Specifically, counties in this area, including Harris, Galveston,
Chambers, Fort Bend, Brazoria, Waller, and Austin, all have CDRI scores in the moderate to high
range. Moving still further along the coast it can easily be seen why Louisiana had the second
lowest average CDRI for its parishes. Most Louisiana parishes, while not as low as those along
the Texas-Mexico board, have relatively low CDRI scores. Indeed, what is most disconcerting is
that many of these low scoring counties are adjacent to the coast, and therefore in high hazard risk
areas.
7. 4 Summary of Descriptive Analysis
The descriptive analysis above provides a more complete picture of the levels of
community disaster resilience for Gulf-Coast states and counties based on the CDRI. In addition,
the analysis provides further validation of the CDRI in that many of the findings are quite
consistent with the research literatures that have focused on disaster mitigation planning.
Specifically, counties in Florida were found to have the highest CDRI scores on average, when
compared to other states, particularly with respect to Texas and Louisiana. Of the two, Texas
displays the highest concentration of counties displaying the lowest levels of resiliency. Most of
these counties are located along the Texas- Mexico border.
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8.0 Final Summary and Conclusions with respect to the CDRI.
The central goal of this research was to develop a theoretically sound and empirically
valid measure of community disaster resilience. To accomplish this task we undertook a
conceptual analysis of the concept resiliency paying particular attention to resiliency in the
context of disasters. As part of that analysis we also examined a number of conceptual
frameworks and theoretical models proposed for measuring and conceptualizing the basic notion
of community disaster resilience. Based upon that analysis a conceptual framework, termed the
Community Disaster Resilience Framework (CDRF), was developed to guide our development of
a Community Disaster Resilience Index (CDRI). Emerging from the comparison of existing
frameworks was the principle that it was critical to consider all phases of disaster: mitigation,
preparedness, response, and recovery. Consideration of these phases was important because they
encompass critical dimensions and actions a community must engage in to be able to absorb,
deflect or resist disaster impacts and when impacted, bounce back in a relatively rapid fashion as
well as the ability to learn from the experience and modify its behavior and structure to adapt to
future threats. An additional important result of this conceptual analysis was the understanding
that a capital approach to disaster resilience provides a logic and basis for considering and
selecting community resources that are critical for addressing dimensions of resilience based on
disaster phases. Hence the final working definition of community disaster resilience was:
“the capacity of communities and their built environment to mitigate, prepare for,
respond to, and recover quickly from disasters, and adapt to new circumstances while
learning from past disasters”
This definition is built on the notion of disaster phases, capture the important dimensions of
preventing and reducing impacts of natural disasters as well as recovering from and
learning/adapting to disaster impacts. Second, it implicitly emphasizes the “capacities” of a
community to address issues, which were addressed by considering a community’s capital as
resources that make it possible for communities to successfully undertake the various disaster
phases’ activities. Third, this definition puts a community’s network of social systems, as well as
the people that populate the system and the built and modified environment created by those
systems at the center.
The next critical step in developing the community disaster resilience index (CDRI) was
the operationalization of the CDRF for the identification and selection of relevant indicators to
include in the index. Based on the CDRF a framework matrix (see Table 8) was created by crossclassifying the four major forms of capitals (social, economic, physical, and human) by the four
disaster phases (hazard mitigation, disaster preparedness, disaster response, and disaster
recovery). In addition, critical activities associated with each disaster phase were identified along
with critical actors/stakeholders (community organizations and actors) and resources that are
generally involved in addressing the disaster phases’ activities were also identified (see Appendix
A & B). The phase-capital matrix had 16 cells which represent 16 phase/capital sub-indices.
These sub-indices represented the initial starting point for index development in that the
activities, actors/stakeholders, and resources associated with each phase/capital sub-index were
first identified and then capital indicators were selected to capture the community capital
associated with each cell. This method provides both theoretical grounding and a practical tool
useful in structuring the selection of capital resources to specifically assess each phase-capital
cell. It enabled the selection of not only theoretically relevant indicators but also ensured the
content validity in the selected indicators. Based on this procedure over 120 capital based
indicators were winnowed down to 75 indicators that appeared to best fit the activities or
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resources necessary for each phase-capital combination and yet across cells captured the multidimension nature of community resilience.
Having developed the CDRI, we undertook and assessment of the measures reliability
and validity. The findings of the reliability assessment suggest that the sub-indices and the CDRI
exhibited relatively high levels of consistency. While some sub-indices had Cronbach’s alphas
that certainly leave room for improvement, on the whole the CDRI displayed high internal
consistency (α=.84). Similarly the findings from the validity analysis were, on the whole,
supportive of the overall validity of the community disaster resilience index (CDRI). As noted
above, from the beginning the CDRF approach systematically linked disaster phases and
community capital providing a foundation for the CDRI’s development and thereby insuring a
high degree of content validity. The resulting index and its sub-indices preformed as expected in
the correlation analysis, displaying negative correlations with disaster impact measures -- flood
related death rates and relative property damage – and a measure of social vulnerability.
Multivariate analysis employing the CDRI found that it had the anticipated negative effects on
relative property damage and the incidence of flood related deaths, after controlling for risk
exposure and social vulnerability. The one finding that was inconsistent with expectations was the
unanticipated negative effect in the binary model, suggesting that higher CDRI assessments are
associated with an increase probability of experiencing a flood related death at the county level.
While this finding, suggests some equivocation in the assessment of CDRI’s validity; in general;
the results of the validity analyses were positive and supportive.
CDRI does appear to capture the overall resilience of a county or parish, at lease with
respect to resistance to disaster impacts in the form of deaths and damage and with respect to
social vulnerability. Furthermore, the descriptive analysis found results that were also generally
consistent with the research literature on planning and community resilience in the Gulf-Coast
region. These results, while supportive, are of course only preliminary and partial. As noted
above while the results in the multivariate analysis do provide a more complete assessment of the
validity and utility of CDRI, they were not meant to be the most rigorous analysis seeking to
account for the specific dependent variables or validity criteria employed in this case. Whether or
not the CDRI will perform adequately in the future is an open question to be answered by more
rigorous research. Second limiting factor is that while we have assessed the effectiveness of
CDRI with respect to disaster impacts, the critical dimension of disaster recovery and CDRI’s
ability to account for recovery has yet to be assessed. A fuller and more complete assessment of
the measure will depend upon establishing CDRI’s ability to predict the rapidity and quality of
recovery. However as pointed out above, this will demand sound measures of recovery at the
county level, which are not currently available and beyond the scope of this project. This will
remain a potentially fruitful line of research for the future.
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Chapter 2
The Coastal Planning Atlas: A Tool for Promoting Resiliency Planning
by Local Communities
Walter Gillis Peacock, Samuel D. Brody, and Himanshu Grover
One of the most difficult barriers to overcome in promoting resiliency planning at the
local level is empowering community decision makers, citizens, grassroots and
neighborhood organizations and other stakeholders with the data and mapping tools to
engage in resiliency planning activities. But even more fundamentally, these data and
tools are critical to help local communities more fully recognize and visualize the nature
of their exposure to potential hazards and the consequences of future decisions and
planning activities. The “level two analysis” of Activity 1 helped gather data and further
support the development of the Coastal Atlas Website. Initially these activities were
confined to that part of the Atlas that focused exclusively on developing data bases and
tools targeting Galveston, however these activities extended to data gathering for hot-spot
analysis throughout the northeastern coastal counties of Texas as well. This section
provides details on the Atlas website and its applications.
Figure 1. Coastal Planning Atlas web portal

The principle access point for the website is through http://coastalatlas.tamug.edu
hosted by Texas A&M Galveston or http://coastalatlas.tamu.edu hosted by the College
of Architecture at Texas A&M – College Station pictured in Figure 1. The user clicks on
the “Atlas” button on the left hand side of the webpage. Once that button is clicked, the
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Atlas-options webpage (Figure 2, below) opens offering 4 different Atlas web-pages are.
The atlas is open and free to the public.
The Atlas offers a host of data for all coastal counties, the vulnerability hot-spot atlas
offers pre-analyzed and configured data layers to enable users to undertake both physical,
social, and environmental vulnerability and sustainability analysis, and the Galveston
atlas provides very rich and refined data at a high resolution for the Galveston County.
These data provide users interested in Galveston to conduct very detailed mitigation
analysis down to the parcel (house structure) to facilitate resiliency planning activities.
These data represent the “drill-down” data discussed in the project proposal. In addition
there are now storm water run-off and pollution load modeling tools to better understand
the consequences of land-use changes for potential flooding and pollution. The following
will provide a brief tour of these three main atlas pages, highlighted in purple in Figure 2.
Figure 2. Atlas Options Web-page.

Access to the main atlas webpage can be gained by simply clicking on the “Main Atlas”
hotlink in the center of the Atlas Options Webpage. Figure 3 displays a visual
representation of the main atlas page. This webpage displays 17 different categories of
data layers including administrative boundary layers, transportation, topography,
ecological data, and natural hazards data layers to name a few. In total, the Main Atlas
webpage provides nearly 150 different data layers in a fully operative Geographical
Information Systems format. The entire detailed listing of these 87 data layers can be
found in Table 1.
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Figure 3. The Main Atlas Page

There is now a full set of operative GIS tools that are located in the upper left hand
corner, just above the map itself. These tools are available in all three of the Atlas web
pages (Main, Hotspot, and Galveston). The buttons in the grey bar offer tools that, for the
most part, provide information regarding the current map. Activating or selecting one of
these tools results in the information appearing in the left frame of the atlas screen. For
example, clicking the “Layers” button results in the 17 categories (or 87 detailed
categories) of data layer options appearing in this frame, which allows the user to active
specific data layers for presentation. Furthermore, of one clicks on the “Legend” button, a
legend will appear in the left frame providing the user with information regarding the
data currently being displayed in the map frame. One can also select the “Print PDF”
button to obtain a hardcopy of the current map. There are also a set of quick tools
including: zoom in (+), zoom out (-) query tool (i), and a tool to move the map (the hand
symbol).
There are more advanced tools that can be opened in the red, green, and blue tool box
icons. The red tool box contains tools to save current work, email the results, upload or
download data, as well as a tool that allows the user to use additional visualization tools
such as “Virtual earth,” or “Google earth” to obtain a visual picture of a mapped location.
This tool box also contains tools to get measurements and add captions to a map. The
green tool box contains a number of mark-up tools. These tools allow one to draw on or
add additional information to a map. For example one can draw dots, add lines, add georeferenced lines or points, draw polygons, move mark-up symbols, and add labels. These
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are all tools that should be particularly useful when conducting workshops or planning
charrettes. During these events participants can display a variety of attributes and then
use markup tools to discuss “what if” scenarios and ask questions like: What if land-use
patterns are changed in ‘this’ area? What wetland areas might be impacted? How would
the look of your community or neighborhood change?
Table 1. A Partial Listing of Data Layers Available Through the Main Atlas Webpage.
Administrative Boundaries
1. State Boundary
2. Texas Counties
3. Study Area
4. City Limits
5. Three Nautical line
6. Three Marine league
Policy Data
7. Coastal Management Zones
8. Building Code
Transportation
9. Interstate Highway
10. Major Highway
11. Roads
12. Hurricane Evacuation Route
13. Railroad
14. Heliports
15. Airports
Census Data (2000)
16. County Population (2000)
17. Census Tract Population (2000)
18. Block Group Population (2000)
19. Block Population (2000)
Census 1980-1990
20. County Population Growth Rate
21. Census Tract Population Growth Rate
22. Block Group Growth Rate
Climate
23. Rainfall
Topography
24. Elevation
Ecological Data
25. Eco-regions
26. Vegetation
27. Seagrass
28. Wash over Areas
Hydrology
29. Hydrological Units
30. Rivers and Streams
31. Lakes and Reservoirs
Protected Areas
32. Federal Lands
33. National Parks
34. State Parks
35. Wildlife Refuge
36. Marine Sanctuaries
37. Audubon Sanctuaries
38. Coastal Preserves
39. Burn Exclusion Zones
40. Habitat Priority Areas
41. Wetlands Inventory Data
42. Historic Places (National Register)
43. Species

44. Rookery
45. Hard Reefs
46. Open gulf
Recreation
47. County and City Parks
48. Beach Access
49. Marinas
50. Boat Ramps
Development
51. Property Values (2000): Counties
52. Property Values (2000): Tracts
53. Property Values (2000): Block Grps
54. Populated Places
55. Dams
56. Wetland Permits
Natural Hazards
57. Hurricane Surge Zones (Cat. 1-5)
58. Hurricane Risk Zones (Cat. 1-5)
59. Hurricane Tracks
60. Hazard Events (1960-2005)
61. FEMA Flood Zones
62. Fire Risk Zones
63. Earthquake Risk Zones
Coastal Data
64. Coastal Topography
65. Bathymetry Points
66. Bathymetry Lines
67. Sea Floor Features
68. Detailed Shoreline
69. Ship Channel
70. Ship Fairway
71. Coast Guard
Coastal Development
72. Resource Management Codes
73. Offshore Blocks
74. Oil and Gas Leases
75. Oil and Gas Units
76. Oil and Gas Platforms
Offshore Risks
77. Environmental Sensitivity Index
78. Erosion Areas
79. Tidal Influence
80. Coastal Barriers
81. Dredged Sites
Parcel Data
82. Galveston Parcel data 2005
Background Coverages
83. Texas Image
84. Background
85. Water
86. Mexico
87. Dredged Sites

The final tool box, the blue tool box, contains additional query and filter tools enabling a
user to examine the spatial statistical pattern for one or a combination of attributes. For
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example, using Boolean operators a user could query (or filter) Census Blocks in
Galveston County based on a specific size or population. Users can also use these tools
to identify specific units, such as parcels based on a selection criteria or numerical
threshold.
The Atlas system is also a fully function tutorial that provides more information about
how to use the full GIS capabilities built into the system by Geocortex® and ArcIMS ®
The following figures illustrate examples of simple maps that display some of the data
available in the Main Atlas web page. The first map, Figure 4, is a very simple map is of
hurricane surge zones with the Coastal Management Zone boundary file overlaying these
zones for the northeastern part of the Texas coast. The surge zones range from those
associated with a category 1 storm in red, category 2 in dark orange, category 3 in dark
yellow (slightly darker than the county background color), category 4 in pink and, lastly
category 5 storm in light pink.
Figure 4. Main Atlas with Surge Zones and CMZ layers active.

Figure 5 shows a more elaborate map of the Corpus Christi and Port Aransas area. This
map includes bathometry data and road/highway data along with the surge zone data
from category 1 through 5. Of course, one can zoom all the way into a much higher
resolution to capture surge zones relative to specific roads and neighborhoods.
In addition, as shown in Figure 6, by activating the external map visualization tool, the
user can bring up a virtual map of any location, geo-referenced to the map being
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developed within the Atlas. Here, a Google-map is has been activated to actually display
a picture of this location.
Figure 5. More Elaborate map of Corpus Christi & Port Aransas Areas.

Figure 6. Map including a Google Map Viewer Image of the Map’s Location
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In addition to the 150 layers discussed above as part of the main atlas webpage, the
hotspot webpage contains 77 layers of data. The vulnerability hotspot page is accessed
from the Atlas options page (see Figure 2). This page provides more detailed data
associated with counties in the northeastern portion of the Texas coast. Many of these
data have been processed with respect to the county or municipality to allow for county
and city planners, emergency management officials, stakeholders, or just the general
public to undertake analysis that is relevant for their particular area of interest. These
include ecosystem criticality measures that assess how critical ecosystem areas (defined
by county area, census tract area, and census block area) are under stress due to
population growth. Social vulnerability analysis utilizing census data at the block level to
can also be conducted to identify areas containing populations likely to have difficulty
preparing for and responding to environmental hazards and disasters. These data have
also been analytically combined so that one may examine areas with particular types of
needs (child care, elder care, public transportation, housing recovery, and overall social
vulnerability hotspots) at the municipality or county level. Finally there are basic
economic analyses, based on Location Quotient Analysis, included at the county level as
well. The full list of data available for the hotspot webpage is listed in Table 2.
Table 2. Data Available on the Hotspot Website.
Political & Administrative Boundaries
1. 2000 Census Count
2. 2000 Census Tracts
3. 2000 Census Block Groups
4. 2000 Blocks
5. Focus Texas Counties
6. Non-Coastal Counties
7. City Limits
8. Building Codes
Transportation
9. Interstate Highway
10. Major Highway
11. Hazardous Cargo Routes
12. Hurricane Evacuation Routes
Demographic Data (Census 2000)
13. County
14. Census Tracts
15. Census Block Groups
16. Census Blocks
Census 1980-1990
17. County Population Growth
Rate
18. Census Tract Population
Growth Rate
19. Block Group Growth Rate
20. Boat Ramps
Natural Hazards: Hurricane Surge Zones
21. Category 1 Surge Zone
22. Category 2 Surge Zone
23. Category 3 Surge Zone
24. Category 4 Surge Zone

25. Category 5 Surge Zone
Natural Hazards: Hurricane Risk Zones
26. Risk Zone A
27. Risk Zone B
28. Risk Zone C
Natural Hazards: Hurricane Tracks
29. Hurricane Tracks (1851-2005)
Natural Hazards: Flooding
30. FEMA Flood plains
Ecosystem Critically Measures (ECM)
31. ECM County
32. ECM Census Tract
33. ECM Block Group
34. ECM Block
Social Vulnerability Assessment: Base
Characteristics
35. Population < 5 years
36. Single Parent Households with
Children
37. Population Age > 65 years
38. Population Age > 65 years
below Poverty Line
39. Workers using Public
Transportation
40. Households without Vehicle
41. Occupied Housing Units
42. Renters
43. Race (non-White)
44. Persons in Group Quarters
45. Housing Units > 20 years
46. Mobile Homes
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47. Persons in Poverty
48. Occupied Housing Units
without phone
49. Education less than HS for
Age > 25 years
50. Unemployed (Age > 16 years)
51. Population speaking English
not well/not at all
(Age>5years)
Social Vulnerability Assessment: Indexes (Block
Groups regional comparisons)
52. Child Care Needs
53. Elderly Care Needs
54. Transportation Needs
55. Recovery Needs
56. Capacity Building Needs
57. Raw total Social Vulnerability
Index (SVI)
58. Weighted SVI
Social Vulnerability Assessment: Block Group
County Comparison using SVI

59. Orange County
60. Newton County
61. Liberty County
62. Jefferson County
63. Jasper County
64. Harris County
65. Hardin County
66. Galveston County
67. Fort Bend County
68. Chambers County
69. Brazoria County
70. Construction
71. Others
Location Quotient Analysis
72. Natural Resources and Mining
73. Construction
74. Other
Land Cover Data
75. Land Use 1996
76. Land Use 2001
77. Land Use 2005

Figure 7 displays a map of areas (census block groups) in Galveston that are socially
vulnerable when it comes to transportation needs, in that the darker areas have higher
proportions of households without a vehicles and in which workers are more likely to
depend on some form of public transportation to get back and forth from work. These
areas can therefore be expected to have individuals and households that will find it more
difficult to evacuate for hurricanes.
Figure 7. Transportation Dependent Areas in the City of Galveston.
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Figure 8. Evacuation Timing for Hurricane Ike

It is interesting to contrast the image in Figure 7 with that of Figure 8, which displays the
evacuation timing of households from a survey of a random sample of households
conducted after hurricane Ike (these data are not part of the Atlas, but are use here to
show the utility of the Atlas). These data have been aggregated (averaged) to the block
group and the averages have then be categorized ranges of evacuation timing periods.
This procedure results in often very small numbers of observations (the numbers
embedded in each block group polygon) being averaged, however it does provide a
means of looking for patterns of evacuation. It should be clear that areas with higher
proportions of households that were transportation dependent were more likely to
evacuate between 12 to 24 hours before the storm. In other words these households left
very late in the evacuation period.
Figure 9 takes this analysis a step further by looking at recovery issues. This map
displays data on areas likely to have high recovery needs due the characteristics of the
population and housing in these areas. Specifically these are areas with high vacancy
rates, high renters, high non-Anglo populations, older construction, and high numbers of
individuals living in poverty. These characteristics have been identified by the literature
to be associated with very low recovery resources, failing to obtain or even apply for
potential recovery resources, and as a consequence, lower recovery levels and a much
slower recovery trajectory.
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Figure 9. Populations likely to Display High Recovery Needs.

Figure 10, again displays data from the Hurricane Ike Survey results. The data presented
here represent the percentage of respondents in each block that have applied for either a
FEMA disaster program, such as individual and family grant program or the minimum
home repair program, or a SBA disaster recovery loan. Yet again, the recovery needs
map shows a great deal of correspondence to the FEMA/SBA program application map
in that those areas with high recovery needs are failing to apply for these potential
resources. These findings, again, closely correlate with those found in the literature that it
is often those in greatest need that fail to apply (e.g., Dash, Peacock, and Morrow 1997)
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Figure 10. FEMA and SBA Disaster Recovery Applications by Block Group

Table 3. Data Available on the Galveston Atlas Website.
Administrative Districts Boundaries
1. County
2. City
3. Water Control and Improvement
Districts (WCIDs)
4. Municipal Utility Districts (MUDs)
5. Independent School Districts
(ISDs)
6. Drainage Districts
7. Emergency (police, fire, EMS)
Service Networks (ESNs)
8. College Boundaries
9. Navigational Districts
Census 2000 Data
10. Census Tracts
11. Census Block Groups
12. Census Blocks
Development
13. Streets
14. Railroads
15. Landmarks
Physical Risks: Hurricane Surge Zones
16. Category 1 Surge Zone
17. Category 2 Surge Zone
18. Category 3 Surge Zone
19. Category 4 Surge Zone
20. Category 5 Surge Zone

Physical Risks: Wetland Loss (2000-2004)
21. Freshwater Natural Wetland Loss
22. Freshwater human Modified
Wetland
Physical Risks: Others Natural Hazards
23. Hurricane Risk Zones (A, B, & C)
24. Flood Risk Zones (FEMA-Q3)
25. Flood – 1994
26. Tropical Storm Tracks
27. Subsidence Risk Zones
28. Coastal Shoreline Types (ESI)
29. Tornado Events (F3-F5) 1950-2003
30. Hazardous Waste Sites 2004
31. Flood Events 1993-2003
32. Drought Events 1994-2003
33. Coastal Erosion Rates (Ft per year)
Parcel Data
34. Parcels 2008
35. Lot Lines 2008
Background Data
36. Water
37. County detailed Outline
Hurricane Ike
38. Damage Pictures
Parcels in Zone
39. Identification

The final component of the Coastal Atlas is the Galveston website. This component of the
Atlas provides very detailed data on Galveston proper that allows users to undertake
analyses at a much finer resolution. The Galveston Atlas provides users with 39 different
data layers. The foundation of these layers is the parcel data for Galveston County which
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providing data on each individual property parcel for the entire county. In addition to the
parcel data, some of the other data layers include layers for Water Control and
Improvement Districts (WCIDs), Municipal Utility Districts (MUDs), Independent School
districts and Emergency Service Networks. A complete listing of the data layers can be
found in Table 3 (above). The portal for this component of the atlas (see Figure 11) is
reached by clicking on the Galveston Atlas hotlink in the Atlas Options webpage (see
Figure 5).
Figure 11. Galveston Atlas Portal

Figure 12 and 13 offers but two examples of the types of maps and analysis that can be
undertaken with data layers available at Galveston Atlas website. Figure 12 displays the
property parcel level data for a section of the City of Galveston near the port area, just
across from Pelican Island which is just barely indicated by the sliver of green just north of
the port waterway, and extending south toward the Strand area near the sea wall. The
northern area near the sea port was the area that received the most extensive flooding from
the surge that accompanied Hurricane Ike. Overlaid on the parcels are the surge zones for
Category 1 and Category 2 hurricanes. While one must be cautious about interpreting the
precise boundaries of the surge risk areas, since they are only approximate and not
designed for this fine of a resolution, one can clearly get an indication of the areas of
Galveston City proper that are more subject to surge damage than others. The much

70

narrower band of surge areas to the south reflect the protection of the sea-wall and the fact
that the elevation of the island increases markedly as one moves toward the sea-wall due to
the filling of this area following the great Hurricane of 1900.

Figure 12. Cat 1 & 2 Surge Zones Over Galveston City Parcel Data
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Figure 13. Cat 2 Surge Zones over Galveston Parcel
Data on the Island’s West End

Figure 13 takes provides yet another example of the functionality of the Galveston Atlas
website. Here parcel data from the west end of the island, near the community of Jamaica
Beach, have a category 2 storm surge layer active. This representation clearly shows that
all properties in this are subject to major surge flooding under a category two event.
Furthermore, this example indicates how a user can obtain specific information regarding a
given parcel and also obtain a visual representation of the location being mapped. Here,
instead of using Google Map, a Virtual Earth tool is employed. These examples, make it
clear how these finer resolution data can more clearly help planners, emergency managers,
and, perhaps most importantly, the public understand how potentially vulnerable they are
coastal hazards.
In sum, activities associated with Project Activity 1, Level 2 Analysis have helped
produced a multifunctional website that offers coastal planners, emergency managers,
stakeholder and the public access three different Atlas websites. The main coastal atlas
website contains over 87 data layers for all coastal counties in Texas, the vulnerability
hotspot website contains 77 data layers on the 11 northeastern coastal counties, and,
finally, the Galveston Atlas contains nearly 40 data layers with the foundational layer
being all property parcel data for the entire county. Each of these websites provides a fully
functional web-based GIS environment that can be used to facilitate planning activities
with respect to a coastal hazards, ecosystem characteristics, and physical and social
vulnerability analysis.
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The website has been presented and employed in a number of venues and locations,
including: The City of Galveston Planning Department; to several representative from
FEMA and at FEMA headquarters in Washington, Friendswood School District, Seagrant
researchers conference, TX APA (where a special session was devoted to the website), at
the SPEED research Center, Rice University, State of the Bay Symposium, Smithsonian
Environmental Research Center, HRRC Anniversary Workshop, GIS Day at TAMU,
University Libraries Map and GIS Collections Services, Texas Coastal Applied Research
Review Team Meeting, Severe Storm Prediction and Global Climate Impact in the Gulf
Coast Conference, at USGS Headquarters – Silver Springs Maryland; the National
Academies of Science meeting on Community Sustainability, The Planning Program’s
Advisory Committee for the Department of Landscape Architecture and Urban Planning TAMU, TAMU-Galveston’s Center for Texas Beaches and Shores; Galveston – Hurricane
Ike Recovery Planning Committee and in various Comprehensive Planning committee
meetings in Galveston.
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Chapter 3:
Exploring Pathways to Community Disaster Resilience:
Results from a Workshop on Galveston Island, Texas
Sam Brody, Walter Gillis Peacock, Himanshu Grover,
Josh Gunn, William Merrell, William Seitz, and Robert Harris.
Introduction
In September of 2008 Galveston, Texas experienced the third most costly hurricane in U.S.
history, Hurricane Ike. While tragic, this event provided the opportunity to conduct
research on resiliency in a context of a community that had just experienced the
devastating impacts of a hurricane was still addressing the difficulties associated with
rebuilding and attempting to recover from these impacts. In other words, the residents of
Galveston had experienced and are continuing to experience the two central dimensions of
resilience: the ability to withstand and bounce back from a natural disaster.
The majority of our research project’s activities were focused on identifying and
examining indicators of resiliency at the county/parish level along the Gulf Coast. One
benefit of using the county as the unit of analysis and focusing on indicators at that spatial
scale is that data are readily available which allows for general comparisons across
multiple jurisdictions on the degree counties are able to cope with the impacts of hazard
events. However, county based indicators can be difficult to translate to a local context so
they can be understood by decision makers and residents who are interested in increasing
their community’s level of resilience. To better understand the perspectives and
preferences of local entities and provide insights regarding how county level indicators
might be made more relevant for understanding and informing resiliency discussions at the
municipality level, we solicited input from representatives of various stakeholder groups
from Galveston Island, Texas.
On May 13, 2009 Texas A&M University hosted a community workshop at its Galveston
campus to obtain input on the importance of local indicators of coastal resiliency. A
convenience sample of 15 stakeholders representing the city/island’s planning department
and various non-governmental civic and business organizations, as well as local citizens
from Galveston Island attended the half-day workshop. Many of the individuals
participating had been involved in various community planning activities either as part of
the local planning department or as members of various committees involved in the
City/Island’s comprehensive, recovery, or mitigation planning activities. It should be noted
that Galveston has completed most of the activities associated with revising its
comprehensive plan and recognized the need to also address disaster recovery planning
when Hurricane Ike hit and a number of the participants in this process also attended our
workshop.
The workshop began by providing the participants with an overview of the work being
conducted by the research project. Specifically they were introduced to the notion of
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resilience and presented with our approach for developing indicators of disaster resilience
for all gulf-coast counties/parishes. They were introduced to the types of measures being
employed in developing resiliency measures and examples of our findings to that point.
Project members from the Houston Advanced Research Center (HARC) also gave a
presentation on environmental resilience focusing on the Galveston Bay and presented
indicators of the Bay’s health. Participants were encouraged to discuss and consider the
general notion of resiliency, to ask questions and provide feedback on their perceptions of
the work presented and whether we were sufficiently addressing major areas or dimensions
of the concept of resilience as it might be applied to coastal communities for capturing
disaster resilience.
As part of the presentation of community disaster resilience indicators, the relative
importance of community policies and activities related to development as well as how
communities engage in planning activities that attempt to shape development patterns in a
manner that is consistent with broader community resiliency goals were discussed. The
last part of the workshop focused on acquiring and discussing participants’ perceptions of
the importance of various community issues and policies for resilience. Specifically
questions related to ranking the relative importance of various community issues and the
utility of various tools and policies for resilience were addressed.
One of the unique features of this workshop was that participants were able to respond to
questions and obtain immediate feedback in terms of the group’s response by using touchpad technologies. Specifically, questions and issues were presented to participants using a
Microsoft PowerPoint presentation and then responses were taken via wireless keypad
voting devices, which displayed and recorded the participants’ responses instantly. The
results were then presented and discussed with the workshop participants. These
discussions provided additional input for project staff, to better understand the thoughts
behind responses and also stimulated additional interest on the part of participants.
There were two primary phases of questions. First, respondents were asked to rank a series
of issues in terms of their relative importance for community resiliency. These issues were
then examined in more detail in order to achieve a more complete understanding of the
relative priorities that the participants assigned to these issues for community resilience. In
the second phase participants were asked their views regarding various policies, tools and
strategies that might be employed by communities to promote resilience. Again,
participants were asked their views in general terms, and then additional discussions and
insights were acquired through a more detailed examination of their perceptions with
respect to examples of each type of policy or strategy that might be employed. The results
for each phase are discussed below, beginning with an examination of the relative
importance of issues for community resilience.
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Perceptions of Community Issues that are Important for Coastal Community
Resilience
Participants were asked to select from a list of issues the three that they considered to be
most important for
or enhancing coastal community resilience. The issues presented to the
workshop included many of the standard items that are often relevant for communities
such as economic development, housing, transportation, infrastructure (water, electricity,
and sewer), and recreation. In addition to these items the listing also included land use
planning, disaster reduction, climate change, and environmental protection. Rather than
being asked to simply select the single most important issues, participants were given the
possibility of selecting up to three issues from the list. In other words, workshop
participants were asked to select the three issues that should be important when
considering or promoting community resilience. The results are displayed in Figure 1.

Recreation
Climate change
Economic development

0.0%
6.7%
13.3%

Other infrastructure (water, sewer, electricity)

26.7%

Transportation

26.7%

Housing

26.7%

Environmental protection

40.0%

Disaster reduction

80.0%

Land use planning

80.0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 1: Top 3 issues
ssues that should be considered for community coastal resilience
As shown in Figure 1, eighty percent (12 of 15) of the participants placed land use
planning and disaster reduction among their top three issues. The third most frequently
frequent
selected issue, with 40% (6 of 15) respondents, was environmental protection. These were
followed by housing, transportation, and infrastructure with nearly 27% of participants
selecting them as top three items. In contrast, just over 13% (2) selected economic
e
development, followed by climate change at 7% (1) and no participant selected recreation.
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It is perhaps not surprising that, in the aftermath of such a major disaster as hurricane Ike,
disaster reduction was among the top issues selected, but it is somewhat surprising that
land use planning and environmental protection were also among the top to garner votes
while economic development was so low. This could possibly be attributed to the unique
make-up
up of workshop participants, many of whom had inter
interests
ests in community planning
activities and environmental issues, but again, the salience of Ike cannot be ignored.
Prioritizing Community Issues for Resiliency
After obtaining the overall picture of the relative importance of this set of issues for
resilience,
ience, the next step was to ask participants to consider each issue again, but now to
prioritize issue in terms of their relevance for enhancing community resilience. Specifically
for each of these issues, participants were asked to rank them in terms of ttheir
heir priority for
enhancing community resilience on a 5 point priority scale that was scored: 1) low priority,
2) below average priority, 3) average priority, 4) very high priority, and 5) extremely high
priority. The following discusses the specific findi
findings
ngs for each issue and then all of the
issues considered together.

Low Priority

10.0%

Below Average Priority

Average Priority

To What Extent should
ECONOMIC DEVELOPMENT be
Considered a High Priority in
your Jurisdiction?

10.0%

Very High

Extremely High

50.0%

30.0%

0% 10% 20% 30% 40% 50% 60%

Figure 2:: The extent economic development should be considered a priority
Figure 2 displays the results for economic development. While only a couple workshop
participants considered economic
conomic development as one of the top three issues for coastal
community resiliency, a considerable number did consider economic development to be an
important priority for building resilient and self
self-sufficient
sufficient communities over the long term.
Furthermore, 80% of respondents’ ranked economic development as either an extremely or
very high priority. However, it is interesting to note that 10 percent thought economic
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development should be given only average priority and an additional 10% considered it as
a low priority issue.

Low Priority

Below Average Priority

Average Priority

To what extent should LAND
USE PLANNING be considered
a high priority in your
jurisdiction?

6.7%

Very High

26.7%

Extremely High

66.7%

0%

20%

40%

60%

80%

Figure 3:: The extent land use planning should be considered a priority
Land-use
use planning for a resilient community received even greater support from workshop
participants in the sense that two
two-thirds of the respondents believed that
at land use planning
should be an extremely high priority for their jurisdiction, while an additional 26.7%
believed it should be a very high priority. No participant ranked this approach as a low
priority. Clearly, respondents saw the value in adopting land use planning as a policy
blueprint for where future development will or should occur.
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Low Priority

Below Average Priority

Average Priority

Very High

Extremely High

To what extent should
HOUSING be considered a high
priority in your jurisdiction?

26.7%

20.0%

53.3%

0% 10% 20% 30% 40% 50% 60%

Figure 3: The extent housing should be considered a priority
The issue of housing received a bit more of a mixed response, but still relatively high
priority ratings. While over half of the respondents considered this issue an extremely high
priority, nearly 27% rated housing as being simply of average priority (see Figure 3).
Nevertheless, over 70% considered housing as an extremely or very high priority issue.
issu
Given that Galveston was still in the middle of addressing major problems with the
rebuilding housing after hurricane Ike and public housing issues – whether to rebuild them
or not – were a hot topic of discussion, it is not surprising that this issue w
was
as ranked as an
extremely high priority for a substantial proportion of participants.
The ratings for transportation (see Figure 4) somewhat resembled those of housing,
although more thought this issue’s priority should be very high, rather than extremely
extreme high
priority. Specifically, just over 33% rated transportation as an extremely high priority and
an additional 46.7% rated it as very high. So, in total 80% of participants rated
transportation as either a very or extremely high priority for resilience
resilience,, with the remaining
20% rating transportation as just an average priority issues for community resilience.
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Low Priority

Below Average Priority

Average Priority

To what extent should
TRANSPORTATION be
considered a high priority in
your jurisdiction?

20.0%

Very High

46.7%

Extremely High

33.3%

0%
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Figure 4: The extent transportation should be considered a priority
Not surprisingly given earlier results, disaster reduction received an almost
almo unanimous
selection as an extremely high priority (see Figure 5) for community resilience. This result
could have been expected considering the workshop was held only nine months after
Hurricane Ike devastated large sections of Galveston Island and Boli
Bolivar
var peninsula. The
only other rating received was that of very high priority. Clearly given what the island’s
inhabitants have been through, the salience of disaster reduction for community resiliency
is of paramount importance and perhaps a clear lesson tto
o other coastal communities.
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Low Priority

Below Average Priority

To what extent should
DISASTER REDUCTION be
considered a high priority in
your jurisdiction?

Average Priority

Very High

6.7%

Extremely High

93.3%

0%
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Figure 5:: The extent disaster reduction should be considered a priority
Infrastructure was another category that received broad support. Clean water, electricity,
and sewer are, of course, necessary for people to live comf
comfortably
ortably and, even more
importantly, the availability of these services is necessary for a quick response and
recovery following a disaster. After Hurricane Ike, many of these necessities were
unavailable on the island for weeks, delaying not only the initi
initiation
ation of rebuilding and
recovery processes but also in delaying the public, and potentially some of our participants,
to return to their homes in a timely fashion. This factor was a major cause of community
dissatisfaction with the city and its mayor. As seen
een in Figure 6, nearly 79% of participants
believed infrastructure should be an extremely high priority and just over 21% believed it
should be a very high priority in their jurisdiction. In short, all participants rated
infrastructure as either a very or extremely high priority for insuring community disaster
resiliency.
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To what extent should
INFRASTRUCTURE (water,
electricity, and sewer) be
considered a high priority in
your jurisdiction?
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Figure 6: The extent infrastructure should be considered a priority
Climate change was a bit more of a polarized issue among workshop participants, although
it was still ranked overall
all as an issue of some priority. Just at 60% of participants believed
climate change should be considered a very high priority (see Figure 7). While 20%
believed climate change is only an average priority issue, this percentage was off-set
off
by
another 20% that considered it as an extremely high priority issue. The fact that over 80%
considered climate change, as either a very or extremely high priority is interesting;
particularly for a state that has many vocal dissenters on this issue. This finding suggests
sugges
that the participants in this workshop are more knowledgeable and potentially less reactive
than many in the general public.
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Figure 7: The extent climate change should be considered a priority
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To what extent should
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Average Priority
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46.7%
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should
ld be considered a priority
Figure 8: The extent environmental protection shou
Environmental protection was ranked as an extremely high or very high priority for
achieving resiliency (see Figure 8) by all respondents. The fact that many of the workshop
participants represented government or non
non-governmentt organizations interested in
protecting critical natural resources on Galveston Island in particular and along the Texas
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coastal in general, may well account for this finding. However, it should also be noted that
there were also participants that were fr
from
om the business community (some in the oil
industry) and regular citizens, although even these individuals were more active in the
civic activities.

Low Priority
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jurisdiction?

33.3%
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20.0%
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Figure 9: The extent recreation should be considered a priority
Finally, the issue of recreation, as indicated above, was not selected by any participant as
one of the top three issues of relevance for resiliency, however when asked to consider it as
a priority for resilience, a somewhat different picture emerges (see Figure 9). While 20%
rated recreationn as an extremely high priority and 47% rated it as a very high priority, over
33 percent of respondents ranked this topic as only an average priority for Galveston
Island.
The responses for this issue clearly reflect the general pattern across all of these
th
issues.
With the exception of the one “low priority” rating for economic development, very few
participants consider these issues not to be of importance for coastal community resilience.
Indeed, rather large percentages of participants consider these issues to be important
priorities. The variations in these priority ratings are for the most part associated with the
split between the selections “very” and “extremely”, as well as the relative size of the
percentages that fall into the average category. In order to gain a clear overall picture of
these results, Figure 10 offers a graph of the average priority ranking for each question.
Remembering that the rankings ranged from 1 meaning a low priority to 5 indicating a
priority rating of extremely high, ccalculating
alculating an average ranking for each question provides
a way to capture the overall sense of the priority importance of these issues for workshop
participants.
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Figure 10:: Average Priority Rating for Community Issues
As can be seen in Figure 10, dis
disaster
aster reduction was given the highest priority rating by
workshop participants resulting in an average priority rating of 4.9, very close to the
maximum value of 5. Disaster reduction was however followed closely by infrastructure
with an average priority rating of 4.8. While receiving slightly less priority, but still with
substantially high average priority ratings, were the issues of land use planning (4.6), and
environmental protection (4.5). The relatively high rating for housing is perhaps the most
surprising,
rprising, since rarely when considering community issues would housing appear so
highly ranked. However, we are again addressing a community still struggling with dealing
with housing issues in the aftermath of hurricane Ike. Transportation and climate change
cha
now clearly fall into the very important priority range, if just barely, followed by economic
development and recreation, which both fall in the high average range among priorities.
While there is a good deal of similarity between these average prior
priority
ity ratings and the
results from the first question which simply asked participants to select their top three
issues for overall community resilience, there are some variations as well. Disaster
reduction is still clearly of paramount importance as a prior
priority
ity across all participants.
However, land use planning slips relative to disaster reduction, and the importance of
addressing infrastructure issues now emerges as an important priority; indeed, it is a very
important priority for participants when conside
considering
ring community resiliency. It now is the
second most important priority. Environmental protection as a priority for resiliency
remains high, but housing as an important issue for resiliency gains prominence over
transportation, when it comes to enhancing ccommunity resilience.
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These ratings again reflect the overwhelming centrality and salience of Hurricane Ike on
Galveston and its citizens. Having survived the storm and still deep into in the process of
rebuilding and trying to recover, our workshop participants provided a unique perspective
on the importance of issues for resilience in terms of a community’s ability to withstand
and bounce back from the impacts of a major natural disaster. For workshop attendees,
addressing disaster reduction, land use planning, the resilience of infrastructure, and even
housing are central issues in making a community disaster resilient. The findings also
suggest a potential window of opportunity that the community as a whole might well have
for making some important changes in its land use policy to address disaster reduction
issues. The question remains however, what kinds of policies, strategies, and tools should
be used to promote coastal community resilience? The following sections address our
workshop participants’ perspectives on this important question.
Policies, Tools, and Strategies
The next phase of the workshop began by presenting to participants general categories of
strategies, tools, and policies that might be employed by jurisdictions to address and
promote resiliency. These categories included: development regulations, building
standards, property acquisition options, incentive tools, information dissemination
strategies, critical and public facilities policies, financial tools, private-sector initiatives,
and social issues.
With the presentation of each of these categories, participants were given a general
description of the types of tools, policies, strategies or issues that might be included under
each category label along with some examples from each category. Participants were then
asked to characterize each of these strategies in terms of their likely impacts or
consequences for the community. As with many community policies, there can be both
positive and negative consequences and outcomes. Hence, it was important that
participants be able to offer more subtle responses that reflected both positive and negative
outcomes that captured their own perspectives. Specifically, following each item the group
was presented with the following 8 responses:
•
•
•
•
•
•
•
•

reduce economic competitiveness,
require technical assistance not available locally,
create public/special interest opposition,
create land ownership/property rights problems,
are expensive to implement,
reduce hazard impacts,
protect environmental quality, or
create desirable patterns of growth.

These responses include both positive and negative characterizations of potential
consequences. While some are more negative (‘reduce economic competitiveness’ or ‘are
expensive to implement’) others are more positive (‘create desirable patterns of community
growth’ or ‘reduce hazard impacts’). Our interest here is in capturing an overall sense of
the desirability of these approaches for addressing resilience from each participant’s
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perspectives, allowing for som
somee recognition of both the potential positive and negative
consequences. To better capture these more nuanced perspectives, , each participant was
allowed to select the three responses that best captured their perspectives with respect to
each category.
ollowing the presentation of the general categories of policies, tools or strategies,
Following
participants were then shown specific examples from each category. As was done with
each general category, as each of the specific tools, policies, or strategies was introduced,
intr
they were defined and examples were discussed. Then the participants were asked to rate
each in terms of how effectively it might contribute to promoting community disaster
resilience. The effectiveness rating categories were: 1) very little, 2) so
somewhat,
mewhat, 3) an
average amount, 4) a great deal, or 5) enormously. In total there were 44 specific examples
rated by the workshop’s participants, with a variable number of examples for each of the
general categories. Rather than discussing the distributions for each of the 46 factors (these
can be found in Appendix one of this document), average ratings were again computed for
each item. Since the scale ranged from 1 (very little) to 5 (enormously), the higher the
average score, the more effective participant
participants considered the item.
The following sections will be structured such that the discussion of workshop participant
perspectives with respect to each general category of policies, tools, or strategies will be
immediately followed by a discussion of the eff
effectiveness
ectiveness ratings for specific examples
taken from each general category. We begin with the largest of the general categories,
development regulations.
1. Development Regulations.
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Figure 11: Beliefs regarding development regulations
Figure 11 presentss the findings for likely consequences or outcomes resulting from
communities employing development regulations. In general, the top responses are all on
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the positive end of the continuum. Indeed, 100% of participants selected protect
environmental quality among their top three choices. In addition, just over 78% also
perceived that development regulations are effective in reducing hazard impacts, and over
64% suggested that development regulations would create desirable patterns of community
growth. No respondents indicated that development regulations were too expensive to
implement or reduce economic competitiveness. It is worth noting that a just over 21% of
participants thought that development regulations create public/special interest opposition
and issues related to property rights.
As alluded to above, development regulations are by far the largest category of strategies
or tools employed by local communities. For this workshop 15 development regulations
were considered and these include: performance zoning, subdivision ordinances,
agricultural or open space zoning, storm water retention requirements, special overlay
districts, restriction on dredging and fill, shoreline armoring (e.g., levees and seawalls),
limiting shoreline development, planned unit development regulations, dune protection,
requirements for habitat restoration/protection, coastal vegetation protection, wetlands
protection, environmental impact assessment requirements, and hazard setbacks. Also, as
noted above, workshop participants were given a brief description of each one of these and
examples were discussed. Following that discussion, participants were asked to rate their
likely effectiveness in promoting community resilience on the five-point effectiveness
scale.
The average effectiveness rating for each of the 15 development regulations considered are
presented in Figure 12. The policy receiving the highest average effective rating across
participants was hazard setbacks. What is particularly interesting about the results is that
policies that seek to keep people out of hazardous areas or to preserve sensitive
environmental areas that might deliver significant hazard mitigation services are all highly
rated. For example, policies associated with wetland, coastal vegetation, and dune
protection, as well as policies associated with habitat protection/restoration and impact
assessments all have ratings of 4.5 or higher. On the other hand, zoning regulations and
ordinances are rated at the lowest effectiveness levels. Interestingly, given the calls by
some in the press to increasing the hardening of the coast through the construction of
additional sea-walls and dikes, shoreline armoring was rated at 4.2, suggesting that while
participants clearly considered this as an effective solution, it is not rated nearly as high as
many more environmentally friendly approaches to resiliency.
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Figure 12: Average Effectiveness Ratings for Specific Development Regulations
2. Building Standards
As shown in Figure 13, the general perceptions with respect to building standards were
quite similar to those of development regulations, suggesting that overall their
consequences are perceived of as being positive. Indeed, almost 93% selected in their top
three that a likely consequence of building sstandards would be to reduce hazard impacts,
impacts
this was followed by protecting environmental quality (78.6%) and creating
creat
desirable
patterns of community growth (71.4%). In contrast, just over 21% suggested that special
technical assistance,, not readily avai
available
lable in Galveston, would be required to implement
building standards and 14% suggested they would be expensive to implement.
implement
Nevertheless, the vast majority of respondents selected quite positive consequences for
using building standards to address commun
community resilience.
Figure 14 displays the average effectiveness ratings for the 3 building code examples
presented to the workshop participants. These standards were: special local utility codes,
special local hazard retrofit standards, and special local ha
hazard
zard resistant building code
standards. Overall, all of these potential codes were rated as very effective on average.
Local standards to address hazards were by far the highest rated at 4.9, followed closely by
special retrofit standards at 4.7 and finall
finally
y special local utility standards at 4.5. The high
rating for retrofit building standards is significant given the high proportions of historical
structures in Galveston’s urban core. Clearly, workshop participants recognized this
particular need in Galveston.
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Figure 13:
3: Beliefs regarding building standards
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Figure 14:: Average Effectiveness Ratings for Building Standards
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3. Property Acquisition Programs.
While the same general voting pattern seen with other items above held for beliefs about
property
ty acquisition programs to protect sensitive or vulnerable areas, there are some
subtle differences (see Figure 15). Nearly 86% of participants listed the protection of
environmental quality in their top three selections, followed closely by creating a desirable
des
pattern of community growth and reducing hazards impacts,, with over 71% of respondents
also listing these last two in their top 3 likely consequences. However, in this instance,
participants also recognized that these types of programs are not with
without
out controversy
resulting in over 29% also listing creating property rights problems and public/special
interest opposition as potential barriers land acquisition programs.
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Figure 15:: Beliefs regarding property acquisition programs
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Figure 16: Average
ge Effectiveness Ratings for Property Acquisition
Figure 16 displays the three property acquisition programs that participants were asked to
rate for potential effectiveness. Among specific land acquisition techniques, fee simple
purchase of undeveloped environmentally
nvironmentally sensitive/hazardous land received the highest
effectiveness rating at 4.4 points. This rating was followed closely by acquisition of
development rights or easements at 4.3 and the relocating of existing structures out of
environmentally sensitive/hazardous
itive/hazardous areas. It is however worth noting that these
effectiveness ratings are rather low when compared to those of other tools or strategies
discussed thus far. In this case none of these receives an average rating of 4.5 or greater.
These lower relative scores may reflect concerns participants had for the potential conflict
or opposition such programs might generate.
4. Incentive Tools
Incentive tools, such as clustering of development and density bonuses were also evaluated
for their effectiveness
eness in facilitating disaster resilience (see Figure 17). As above, the top
three most frequent selections among participants for these tools were that they create
desirable patterns of community growth (85.7%), protect environmental quality (85.7%),
and also reduce hazard impacts (64.3%). It is again worth noting that just over 21.4%
suggested that these techniques were expensive to implement with a few noting the
potential for conflict and opposition
opposition.. Furthermore, for the first time at least one participant
partic
selected in their top 3 that incentive tools would have the consequence of reducing the
economic competitiveness of Galveston when compared to other communities.
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Figure 17: Beliefs regarding incentive tools
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Figure 18:: Average Effectiveness Rat
Figure 18 displays the average effectiveness ratings for the three specific types of incentive
programs that might be considered to protect environmentally sensitive/hazards areas
including transferring development rights, de
density
nsity bonuses and clustering development. Of
these three, clustering development received that highest effectiveness rating at 4.5,
followed by density bonuses at 4.3 and transferring development rights at 4.2. Again, only
one of these received an average rating of 4.5 or higher.
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5. Information Dissemination Strategies.
Information dissemination strategies, such as brochures, workshops, school education
programs, etc. were also considered an important aspect of building resiliency (see Figure
19). While education
ducation programs are often cited as programs of choice for many
communities because they are relatively inexpensive and more likely to be benign with
respect to creating conflict or problems, over 14 percent of respondents listed in their top
three that there
here was not enough technical assistance available locally to implement these
strategies, they would create opposition in the public and among special interest,
interest and
nearly 36% suggested that these programs would be expensive to implement.. Nevertheless,
a relatively
elatively strong majority of nearly 79%, listed that these programs in their top three for
reducing hazard impacts,, followed by just over 71% and 64% respectively for creating a
desirable pattern of community growth and protecting environmental quality..
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Figure 19:: Beliefs regarding information dissemination strategies
The effectiveness ratings for the four specific types of information dissemination strategies
– coastal zone management training for developers and builders, public education, hazards
zonee signs, hazard disclosure statements, and citizen involvement in public hearings – may
help account for the relatively high percentages of respondents suggesting that these
activities might be costly and generate conflict and opposition. The three strategies
strateg rated as
most effective by participants were hazard zone signs and disclosures, as well as citizen
involvement in public hearings, with each receiving a rating of 4.7. The first two strategies
– signs clearly identifying hazards areas and hazard disclo
disclosures
sures as part of any real estate
transaction – are often shunned by development and real estate interests because they can
have deleterious effects on sales and the latter strategy – holding public hearings to
stimulate public participation – is not necessarily inexpensive.
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Figure 20:: Average Effectiveness Ratings for Information
Dissemination Strategies
6. Critical and Public Facilities Policies.
Critical facilities policies involving the placement of schools, utilities, fire stations, and
evacuationn shelters out of environmentally sensitive/hazards areas represent yet another
potentially important aspect for establishing community resilience to disasters. Not only to
these policies have a direct effect in that they keep such facilities out of harm’s way, but
they also set important examples for the community. As can be seen in Figure 21, an
overwhelming majority of nearly 93% selected reducing hazard impacts in their top three
consequences of these types of policies. This in turn is followed by protecting
environmental quality (71.4%) and creating desirable patterns of community growth
(64.3%) as the highest selections for top 3. There was, however, a substantial percentage of
nearly 36% who also selected the potential expense associated with these programs
rograms in their
top three selections, suggesting this as an important potential weakness in these programs.
Three specific programs were considered for critical and public facility policies: the siting
or location of both private and public facilities iin
n less environmentally sensitive/hazards
areas and the use of service areas to limit development in environmentally
sensitive/hazards areas. Figure 22 displays the average effectiveness ratings of these
policies. The policies associated with locating or si
siting
ting both public and private facilities in
less environmentally sensitive/hazards areas received very high effectiveness ratings of 4.7
each. The use of urban service areas was also rated in the very effective level of 4.3. The
lower rating however does su
suggest
ggest that workshop participants perceived this approach as
being less effective than the other two policies.
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Figure 21:: Beliefs regarding critical public facilities policies
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Figure 22:: Average Effectiveness Ratings for Public Facility Policies
7. Financial Tools.
Financial tools include a variety of programs associated with lowering or increasing tax
rates or assessing special fees based on developing in or preserving/restoring
environmentally sensitive/hazards areas. Almost 43 percent of workshop participants
selected expenses (the potential loss in local tax revenues) as a concern and over 14 percent
selected a reduction in economic competitiveness in their top 3 consequences for
employing these types of tools to increase community resilience. H
However,
owever, substantial
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percentages also selected protection of environmental quality (85.7%), reducing hazard
impacts (71.4%) and creating desirable patterns of community growth (64.3%) among
their top 3 consequences.
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Figure 23
23: Beliefs regarding financial tools
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Figure 24:: Average Effectiveness Ratings for Financial Tools
Figure 24 presents the average effectiveness rating for the three specific financial tools that
might be employed to address resiliency issues. These tools included the lowering of tax
rates for property owners preserving environmentally sensitive/hazards areas as
undeveloped, special tax assessments for the development in areas determined to be
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environmentally sensitive or hazardous, and the assessment of impact fees for development
in these areas. Participants consider impact fees as being by far the most effective
mechanism for reducing development in environmentally sensitive or hazardous areas.
Lower tax rates for preserving sensitive/hazards areas were rated at 4.5, with special tax
ta
assessments rated at 4.3.
8. Private-Sector
Sector Initiatives.
Private sector initiatives, such as land trusts and partnerships also received broad support
for their potential to enhance community resilience on the Island (see Figure 25). A nearly
unanimous
ous number of participants, 92.9%, suggested that these types of initiatives were in
their top 3 for both reducing hazard impacts and for protecting environmental quality and
an additional 64% selected creating desirable growth patterns in their top three as well. It
again should be noted, however, that sizable percentage also place these issues in the top 3
for creating potential public/special interest opposition
opposition.
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Figure 25
25:: Beliefs regarding private sector initiatives
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Figure 26:: Average Effectiven
Effectiveness Ratings for Financial Tools
Only two specific types of private sector initiatives were considered by workshop
participants: land trusts and public/private partnership. Of the two, public/private
partnerships were clearly the preferred approach achievi
achieving
ng an average effectiveness rating
of 4.9. However, land trusts were also highly rated at 4.7. On the whole, despite the
potential for generating public or special interest opposition, workshop participants viewed
these tools as potentially quite effective for promoting resilience.
9. Social issues
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Figure 27
27: Beliefs regarding social issues
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Lastly, the importance of social issues, such as public safety and health issues, as well as
issues related to economic inequality or gender were addressed (see Fi
Figure
gure 27). At times
social issues are seen as more abstract in terms of their relevance for resilience, and yet a
moment’s reflection on the concept of resilience, which implies the ability of the whole
community to withstand and bounce back, makes it clear
clearer
er about why relative weaknesses
in the social fabric of a community should be considered. Communities with high
disadvantage populations, whether assessed in terms of income or racial/ethnic and even
gender discrimination or bias, must be addressed if the community as a whole will be
resilient. Furthermore, public health and safety issues are often a critical part of disaster
response and recovery issues. Hence, considering broader social, economic, and
environmental issues can be important for addressing community resilience. In general,
rather large percentages participants selected these types of issues in their top three for
reducing hazard impacts (87.5%), creating desirable patterns of community growth
(87.5%), and protecting environmental quality (75%).
Participants were asked to rate 7 specific social issues in terms of their effectiveness for
addressing resilience. These issues included: public safety and health, gender inequality,
faith based organizations, education as in public school systems, race/ethnicity, and
economic inequalities. The results are presented in Figure 28 below. Public health and
safety issues were rated as the most effective for addressing resiliency issues at 4.7 each,
with public schools 4.5 points. Issues related to race aand
nd ethnic issues and economic
inequality, had average ratings of 4.1, suggesting these were highly effective, but not
nearly as high at safety and health issues. Finally, faith based organizations and gender
equity issues were rated as only of average effe
effectiveness for resiliency.
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Figure 28:: Average Effectiveness Ratings for Social Issues
10. Summary of specific policies, tools and strategies
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While we have examined each of the 44 specific policies, tools, strategies, or issues rated
by workshop participants for the relative effectiveness in addressing community resilience,
it is difficult to make overall conclusions about which policies participants thought would
be the most effective at addressing resiliency issues. To help summarize responses, Figure
29, below, presents the average rating for each of the 44 items. These have been rank
ordered from the lowest average rating, 3.2 for gender issues, to the highest rating, 4.93 for
hazard setback ordinances.
Based on Figure 29, it is clear that four items; hazard setback ordinances, public/private
partnerships for protecting environmentally sensitive and hazardous areas, the assessment
of impact fees for developing in sensitive or hazardous areas and special building codes to
insure hazard resistant buildings were considered as the most effect mechanisms for
promoting community resiliency. Each of these received effectiveness ratings that were
nearly a perfect 5, having achieved an average ratings falling in the 4.9 range.
The items falling between 4.9 and 4.5 were also considered to be highly effective. Overall,
these responses fall into two broad clusters. The first grouping which generally fell in the
4.7 range included items like public safety and health issues, land trusts to remove
sensitive/hazards areas from the threat of development, retrofitting standards and the siting
of public and private facilities out of harm’s way, as well as a number of important
information dissemination strategies related to hazard zone signage and disclosure
statement and citizen involvement. The next cluster of effective approaches falls between
the effectiveness ratings of 4.5 and 4.6. These items are particularly interesting, because
they include items associated with protecting and preserving natural resources that can
provide beneficial services for mitigating the impacts of natural hazards. For example,
issues such as dune, habitat, coastal vegetation and wetland protection fall in this group,
along with demands for environmental impact assessment before developing, lower tax
rates for preserving environmentally sensitive and hazard prone areas from development,
and clustering development to minimize environmental impacts.
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Economic Inequalities
Restrictions on Dredging/Filling
Shoreline Armoring
Transfer of development rights
limiting shoreline development
Acquistion of Development Rights or…
Density bonuses
Using Service Areas to Limit Development
Special Tax Assessment Districts
Planned Unit Development Regulations
Fee Simple Purchses of Undeveloped land
Dune Protection
Clustered development
Public Education
Lower Tax Rates for preservation
Habitat Protection/Restoration
Coastal Vegetation Protection
Special Local Utility Codes
Education
Wetlands Protection
Environmental Impact Assessments
Public Health
Hazard Zone Signs
Hazard Disclosures
Citizen Involvement (public hearings, etc.)
Siting of Private Facilities
Siting of public facilities
Special Local Hazard Retrofit Standards
Land trusts
Public Safety
Special Hazard Resistant Building Stardards
Impact Fees
Public/Private partnerships
Hazard Set Back Ordinances
2.50

3.20
3.60
3.73
3.93
4.00
4.07
4.07
4.07
4.07
4.10
4.13
4.20
4.20
4.20
4.27
4.29
4.30
4.30
4.30
4.40
4.40
4.47
4.50
4.50
4.50
4.53
4.53
4.53
4.53
4.60
4.60
4.67
4.70
4.70
4.70
4.70
4.70
4.73
4.73
4.73
4.87
4.90
4.93
4.93
3.00

3.50

4.00

4.50

5.00

Figure 29:: Average Effectiveness Ratings for all 44 items
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The remaining items all have average ratings falling at or below 4.4. Among these ratings
are a host of approaches that include zoning and ordinances issues, acquiring or
transferring development rights, various restrictions, and the armoring or hardening of the
shoreline. These ratings do not mean that these approaches will not be effective for
addressing resilience, nor do they suggest that the participants would not consider them
effective. Rather, these items were simply perceived of as being somewhat less effective
and important as the others.
Overall ratings and their relative rankings suggest that participants were much more in
favor of preserving and protecting natural areas and thereby keeping people out of harm’s
way and gaining these resources’ potential mitigation services as well as clearly educating
and informing the public of dangers and risks associated with developing hazardous and
environmentally sensitive areas to promote community resiliency.
Conclusions
Although workshop participants were comprised of a “convenience sample” that may not
be entirely representative of the Galveston Island community as a whole, we did observe
several trends that may be helpful in generating local policies to enhance the level of
disaster resilience.
First, reducing the impacts of natural hazards, such as wind and surge damage from
hurricanes, floods, and coastal erosion is considered imperative for building a resilient
community. These responses were expected considering the workshop came on the heels
of Hurricane Ike, the most damaging storm to strike the Island in the last 100 years.
Nevertheless, mitigating the adverse impacts from acute hazard events is synonymous with
resiliency for most workshop participants and points to the importance of implementing
hazard mitigation plans and participating in mitigation programs, such as FEMA’s
Community Rating System (CRS) which has been shown to decrease property damage and
human casualties from floods in coastal Texas. More chronic or slow-onset hazards, such
as climate change and sea level rise did not seem to demand the attention of workshop
participants in the same manner.
Second, protecting the remaining critical natural resources on the Island seems to be a
priority for workshop participants, especially within the context of improving disaster
resiliency. Respondents clearly recognized the importance of protecting wetlands, dunes,
and other environmentally-sensitive areas not only for maintaining the integrity of natural
habitats, but also for mitigating the negative impacts of hazard events. There is strong
empirical evidence showing that naturally occurring wetlands attenuate flooding and flood
damage, and that vegetated dunes suppress storm surge and associated inundation of inland
areas. Based on this body of research and the support from workshop participants, local
decision makers should begin considering environmentally-sensitive areas as natural
mitigation devices which directly lead to enhanced disaster resiliency.
These
considerations should be reflected in local plans, development codes, and ordinances.
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Third, workshop participants as a whole seemed supportive of land use planning policies,
tools, and strategies as vehicles to achieving a more resilient island community. Despite
the often negative connotations associated with planning and development management in
coastal Texas, Galveston Island respondents ranked this approach to decision making as
the top issue to be considered for community coastal resilience. Specific planning
techniques, such as setbacks, wetland protection, new building standards with respect to
hazard risk, retrofitting, and utilities and impact fees, were rated very highly by workshop
participants for their effectiveness in facilitating and encouraging disaster resilience. To
the extent that participants are reflective of Galveston’s citizens it would appear that there
is an opportunity to implement more innovative and sophisticated land use plans and
policies under the notion that they can help to create a safer and more desirable place to
live.
The results of the resiliency workshop should be considered only a starting point for
additional research on building disaster-resilient island communities. Specifically, largesample surveys of residents and decision makers could generate a more representative
picture of perceptions and preferences associated with disaster resiliency on Galveston.
Also, a larger study area including mainland communities and possibly other states
bordering the Gulf of Mexico would also help researchers make conclusions about local
pathways to disaster resilient communities. Finally, future empirical study on the
performance of specific tools and techniques would help inform local policy makers on
how best to implement effective resiliency programs in the future.
The results of the workshop also provided insights with respect to our overall approach for
assessing resilience and point to an avenue by which the measurement of resilience at the
county level can be made relevant to decision makers and stakeholders at the municipal
level. The participants were clearly supportive of planning approaches, particularly nonstructural approaches, for promoting resilience. Indeed, while there were clear preferences
for approaches that seek to preserve and maintain natural resources in the face of
developmental pressures, in general, participants considered a very wide range of land use
planning approaches would be effective in addressing and promoting community resiliency
issues. As noted earlier, as we have worked on refining the community disaster resilience
index, and its sub-indices, it has become clear that there is a general pattern that emerged
suggesting that higher levels of disaster resilience are positively associated with concerted
actions on the part of county municipalities to engage in planning activities. More
specifically, there is a positive relationship between higher levels of planning for resilience
(emergency management planning, comprehensive, flood mitigation, hazard mitigation
planning) and higher community disaster resilience scores. Furthermore, higher resiliency
scores are associated with lower death rates, uninsured losses, and total losses. Hence,
showing the latter relationship and then the general patterns of higher levels of hazard and
environmental planning as making up an important dimension of resilience can be
employed to help local municipalities see the relevance and importance of engaging in
effective planning for resilience. By engaging in and implementing the results of these
planning activities, they too can heighten the resiliency status of their own communities.
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Chapter 4.
Measures of Ecological Resiliency: Results for the Gulf of Mexico Coast
Samuel D. Brody, Joshua Gunn, Wes Highfield, and Walter Gillis Peacock
1.0. Introduction
One of the elements conspicuously missing from CDRI is some notion of natural capital,
or more broadly ecological factors, that may also contribute to overall system resilience.
The overall focus of the Community Disaster Resiliency Framework was on human
systems and the resources necessary to carry out functions and activities related to disaster
phases. While it may be difficult to see how natural environmental resources play a direct
role in community response, preparedness, and perhaps even recovery activities, it is not
difficult at all to see the potential roles played by natural capital resources in mitigation.
We posit that by maintaining natural landscape functions through proactive planning and
decision making, communities may be in a better position to buffer the adverse impacts of
disasters. This section presents very preliminary work that was undertaken by the project
to address the potential roles of natural capital in promoting community resiliency.
2.0. Ecological indicators
Ecological indicators of resiliency measure the ability of the natural landscape to maintain
ecological functions, provide ecosystem services, and buffer human settlements against the
adverse impacts of hazards. These indicators are associated with water quality, wildlife
habitat, commercial and recreational fisheries, carbon sequestration, and flood and storm
surge suppression, among others values. We measured the following ecological and
hydro-meteorological indicators for the 144 jurisdiction Gulf of Mexico study area:
floodplain area, soil permeability, protected areas, wetlands, pervious surfaces, and
precipitation. The presence of these resources throughout the study area has the potential
to support resilient and sustainable human communities over the long term.
Table 1: Ecological Indicators Summary Measures
Variable
Mean
Std. Deviation
Minimum
Percent Floodplain
.351
.245
0
Soil Permeability
.053
.043
0
Protected Area
.029
.095
0
Wetlands
.295
.190
.0004
Pervious Surfaces
.943
.081
.400
Precipitation
11873.27
2549.93
4707.26

Maximum
.97
.13
.86
.90
.996
14697.77
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Figure 1: Percentage of Floodplain Area within Gulf of Mexico Coastal Jurisdictions
The proportion of a county in the 100-year floodplain (where there is a 1% chance each
year of inundation) varies widely across the study area from 0-97 percent (Table 1).
Communities developing within and around floodplain boundaries are at a greater risk of
flood impacts unless mitigation measures are in place. For example, Brody et al., (2007a
and 2007b) found that, on average, increasing areas of floodplain were correlated with
larger amounts of property damage from floods. As shown in Figure 1, the highest
proportion of floodplain occurs in the central part of the study area in and adjacent to New
Orleans. Areas along the Florida Panhandle (Gulf and Franklin Counties) and upper Texas
coast (Jefferson and Brazoria Counties) also contain well- above average (35 percent)
proportions of floodplain area. Generally, communities situated away from the coastline
contain a lower percentage of floodplain area, making it easier to develop without the
threat of flooding during severe storms.
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Figure 2: Soil Porosity among Gulf of Mexico Coastal Jurisdictions
Soil permeability is another important indicator of ecological resiliency because it helps
determine the rate of surface water infiltration. Porous soils, such as those with high sand
content drain much more quickly than low porosity soils, making them a more resilient
substrate for development. As shown in Table 1, the average soil permeability for the
study area is 5 percent, with a range from 0-13 percent. Overall, this indicates poorly
drained soils indicative of coastal plain geography associated with the Gulf of Mexico
Coast. Figure 2 illustrates a well-defined spatial trend for soil permeability across the 144county study area. Generally, counties in Florida with high sand content are the most
permeable while the clay dominated counties in the upper Texas coast are the least
permeable. In fact, Galveston and Brazoria counties in Texas have the least permeable
soils in the data while Gulf and Hendry counties in western Florida have the highest levels
of porosity. Thus, from a purely ecological resiliency perspective, counties in Florida
would be preferable for human settlement because surface runoff will drain much more
quickly.
The proportion of a jurisdiction containing officially-designated protected areas was also
considered an ecological indicator of sustainability. These areas seek to maintain the
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landscape in its natural state and can thus buffer the adverse impacts of coastal natural
hazards. The more area protected in its natural state, the greater the ability of the coastal
landscape to provide important ecological services. On average, approximately 3 percent
of the jurisdictions’ land area is designated as protected area (note: at the time of the
analysis, information was not available for 8 counties in Alabama). This figure is skewed
upward by Monroe and Collier Counties in Florida, which encompass much of the
Everglades National Park and Big Cyprus Preserve. Most counties and parishes in the
study area have less than one percent of their land area protected, and 49 jurisdictions have
no protected areas.
Naturally occurring wetlands were measured as another key indicator of ecological
resiliency due to the various ecosystem services they provide, including: water quality,
commercial fisheries, recreational opportunities, wildlife habitat, and flood attenuation.
Brody et al. (2007a; 2007b; 2007c) found that wetlands significantly decrease flooding and
flood damage in both Texas and Florida. The mean calculated proportion of wetlands per
jurisdiction is approximately 3 percent, with a large range from .04 to 90 percent (Table 1).
Monroe and Collier counties again top the list due to their association with the Everglades
Ecosystem in south Florida. Several parishes in Louisiana, including Iberville, St. Martin,
and Terrebonne contain over 60 percent wetlands within their boundaries. As expected,
wetlands are scarce among inland counties in Texas. As shown in Figure 3, the loss of
wetlands from development from 1996 to 201 occurred in rapidly expanding urban and
suburban coastal areas, such as New Orleans, LA, Sarasota, FL, and the HoustonGalveston region in TX.
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Figure 3: Loss of wetland along the Gulf of Mexico coast, 1996-2001.
Percent area not covered by impervious surfaces, such as roads, rooftops, and parking lots
was another indicator of ecological resiliency measured for the study. Conversion of
natural landscapes to urban or suburban areas can compromise the ability of hydrological
systems to absorb, store, and slowly release water (Tourbier and Westmacott, 1981).
Larger areas of impervious surface reduce rainfall infiltration and increase surface runoff
(Paul and Meyer, 2001). Impervious surfaces are also implicated in increased peak
discharge (Brezonik and Stadelmann, 2002).
The average percent of pervious surface across the entire study area is over 94 percent. As
expected areas containing large urban and sprawling suburban development patterns have
the least amount of pervious land. Pinellas County, FL (40%), Harris County, TX (50%),
and Orleans Parish, LA (66%) are the top three jurisdictions in terms of the least
percentage of area left as pervious. On the other end of the spectrum, low-populated
jurisdictions, such as Kennedy County in TX, where the 2000 U.S. Census estimated a
population of only 414 people, has over 99 percent of its land area calculated as pervious.
Figure 4 shows the wide extent of impervious surfaces for different intensities in and
around Harris County, TX in which the city of Houston is located. This 40 by 60 mile
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continuous area of pavement leaves little room for the infiltration and storage of surface
water.

Figure 4: Impervious Surface for Harris County, TX

Finally, precipitation was measured as an ecological indicator of resiliency because human
settlements in areas of high rainfall are more vulnerable to flooding and inundation. In fact,
precipitation is usually considered the most important factor contributing to local flooding
and associated property damage. Mapping the distribution of average rainfall from 2001 to
2005 reveals that jurisdictions in the central portion of the study area (LA, MS, and AL)
experienced the highest amounts of rainfall, which may explain a large portion of the flood
losses incurred during this five-year period (Figure 5). By contrast, the southern portion of
the Texas coast was by far the driest on average.
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Figure 5: Average Annual Precipitation for Jurisdictions along the Gulf of Mexico
Coast
3.0 Ecological indicators, CDRI, and Hazard Impacts
To broadly assess the relationship between these indicators, our initial measure of
community disaster resilience (CDRI) and the degree to which they perform in terms of
reducing adverse impacts of hazards, we conducted a correlation analysis. Specifically, we
examine the correlation between these indicators, CDRI and several measures of disaster
impact. Two measures of disaster impact were employed in the first section to assess the
validity of the CDRI measure. The first is property damage per housing unit between 2000
and 2005, which again was created using the SHELDUS data and the second is deaths per
1000 due to flooding related hazard events, derived from the CDC data.10 In addition to
these measures a new measure focusing just on flood losses from 2001 to 2005 in
introduced. Flood losses were measured as insured property damage claims (logged dollar
amounts) under the National Flood Insurance Program (NFIP) aggregated to the
county/parish level. Table 2 presents the correlation coefficients and level of statistical
10

For a more complete description of these data, see Section one of this report.
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significance between each indicator and CDRI, property damage per housing unit, flood
death rates, and NFIP flood losses.
The first column in Table 2 presents the correlations between these indicators and CDRI.
While there is no correlation between CDRI and the percent of a county in the floodplain,
CDRI has a significantly positive relationship with soil permeability, the percent of a
county in protected areas and wetlands, as well as precipitation. Of these, perhaps the most
interesting is the relationship between protected areas and wetlands with CDRI. The
protection of natural resources and wetland areas is often associated with strong land-use
planning as a component of mitigation. These positive relationships help confirm this
relationship. It perhaps is not completely surprising that CDRI is negatively related to
pervious surfaces, since these surfaces often increase with urban development.
Examining the relationships between the ecological indicators and disaster impact
measures shows a number of significant correlations. For example, increasing proportions
of area within the 100-year floodplain correspond with significantly (p<.01) higher
amounts of insured property damage, relative property damage per housing units, and
flood related deaths. It appears that developing in and around areas with higher
percentages of floodplain, even when mitigation measures are implemented, significantly
increases the chances of loss of life and property due to inundation.
Table 2: Correlation Analysis between Indicators of Ecological Resiliency and Flood
Losses
Property
Insured
Flood Related
Variable
CDRI
damage per
Flood Loss
Deaths per 1000
Housing unit*
Percent Floodplain
0.013
0.364
0.398
0.225
0.876
0.000
0.000
0.007
Soil Permeability
0.344
0.088
-0.030
-0.004
0.000
0.292
0.718
0.966
Percent Protected
0.394
0.203
-0.036
-0.017
Area
0.000
0.018
0.680
0.843
Percent Wetlands
0.280
0.292
0.505
0.140
0.000
0.000
0.000
0.094
Pervious Surfaces
-0.341
-0.383
-0.024
-0.096
0.000
0.000
0.773
0.253
Precipitation
0.324
0.237
0.788
0.128
0.000
0.004
0.000
0.126
*Note substitution of a log property damage per housing unit measure does not alter the substantive conclusions.

Soil permeability, on the other hand, does not have a significant relationship on observed
flood losses, property damage, or loss of life. The protected areas indicator also does not
behave as expected. As shown in Table 2, larger proportions of protected areas are
associated with significantly (p<.05) higher amounts of flood damage. This result can be
explained by two factors. First, except for the federally protected areas associated with the
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Everglades in south Florida, only a small proportion of the study area contains this
indicator. Thus, the amount of existing protected area is not enough to influence the
degree of flood losses, particularly at this broad spatial scale. Second, not all of the
designated protected areas are in their natural state. Buildings, residences, and roads can
also be found in protected areas, making them vulnerable to flooding and resulting flood
damage. It is however interesting to note that while not statistically significant, the
correlations between protected areas and property damage per housing unit and flood
related deaths is negative.
Increasing percentages of wetlands are also associated with a statistically (p<.01)
significant increase in insured property damage from floods and property damage per
housing unit. Despite the known value of wetlands in attenuating flooding, we suspect that
development in and around these natural resources for their “amenity value” increases the
likelihood of property being inundated during severe storms (Bollens et al., 1988). Without
property setbacks or buffers, wetlands could actually exacerbate flood losses. It should also
be noted that the correlation between wetlands and death rates due to flooding was positive
and approaching significance.
A very strong statistical signal stemming from the correlation analysis in Table 2 is the
value of pervious area. Large proportions of land that is not covered in pavement,
rooftops, and other impervious materials significantly (p<.01) reduces the chances of flood
damage. Of course, lack of development can also mean there are no people in these areas
to report damage from floods. Again, while not statistically significant, the correlations
between pervious surfaces and property damage per housing unit and deaths rates were
also negative. Finally, as might be expected, precipitation is strongly correlated (p<.01)
with higher amounts of insured flood losses and property damage per housing unit across
the study area. The correlation between participation and death rates was also positive and
approaching significance. Heavy rainfall in urban and suburban areas has long been
problematic, even with the presence of structural and non-structural mitigation.
4.0. Predicting insured flood losses and property damage per housing unit.
Examining the relationship between ecological indicators of resiliency and flood losses
through pair-wise correlations can be misleading because, as indicated above, many of
these variables are mediated through other factors such as development or socioeconomic
characteristics. To better isolate the effects of each indicator, while controlling for all
other indicators and various contextual factors, we analyzed two multiple regression
models explaining the variation in insured flood losses from 2001 to 2005 (Table 3) and
property damage per housing unit (Table 4).11
In the model predicting insured flood losses presented in Table 3, each ecological indicator
was included in the model, along with the number of housing units in a jurisdiction (also a
proxy for population), the number of NFIP policies, and the CDRI measure. This
11

Specifically, in both models the dependent variables have been logged to correct for positive skewness.
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statistical model explained over 37 percent of the variance in flood losses, which is quite
high based on previous studies of this type.
Table 3: Statistical Model Predicting logged Insured Flood Loss, 2001-2005
Variable
Floodplain
Permeability
Protected Area
Wetlands
Pervious Surface
Precipitation
Housing Units
Social Resiliency
Insured Policies
Constant
R2
N
F(9,126)
Prob. >F

Coefficient
6.966
-12.939
0.065
-3.294
-4.358
.0001
1.62 e06
2.114
.000
14.953
0.3721
136

Std. Error
1.592
7.027
0.030
2.476
5.454
.0001
1.94 e.06
.706
.000
5.609

t-value
4.37
-1.84
2.11
-1.33
-.80
0.73
.84
2.99
2.66
2.67

Significance
0.000
0.068
0.037
0.186
0.426
0.466
0.405
0.003
0.009
0.009

0.000

Note: Eight Counties in Alabama were not analyzed for this model.

Floodplain area remains a statistically significant predictor of losses (p<.01) even when
controlling for other factors known to influence the degree of flooding. Soil permeability
emerges as a significant predictor of reducing the dollar amount of property damage from
floods, indicating this characteristic is something to strongly consider when developing
resilient communities. The amount of protected area remains a positive predictor of flood
losses. Also, the presence of naturally occurring wetlands now has a significant negative
(albeit it at the .01 level, one tailed) impact on property damage from floods. Perhaps a
better future indicator is not simply the amount of existing wetland area, but the loss of this
critical natural resource over time. Interestingly, pervious area and precipitation are the
same direction as in the correlation analysis, but are no longer statistically significant. The
social resiliency index has a strong statistical effect positive effect on insured flood
damages. This is counter to other analysis presented in Section 1, where CDRI had a
negative effect on damage. However, it must be realized that the dependent variable here is
“insured” flood losses. Participation in the NFIP is not wide-spread and is actually a strong
indicator of mitigation. Indeed, community participation in the NFIP and CRS were
included as a component of the CDRI. Hence, a positive effect on insured losses would be
expected. Finally, as expected the number of NFIP policies in place lead to larger amounts
of insured property damage claims.
Table 4 presents the results when for the model in which logged property damage per
housing unit is regressed on the ecological resiliency indicators and CDRI. This model is
also statistically significant accounting for just over 69% of the variance in the dependent
variable. In this model we find that soil permeability does indeed have a statistically
significant and negative effect on property damage. This reinforces the finding above,
suggesting that maintaining permeability as our communities develop can reduce future
property damage. In addition, as expected, precipitation again has a significant positive
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effect on property damage. Finally, consistent with the analysis presented in the first
section of this report, we find that CDRI has a significant and negative effect on the
relative amount of property damage experienced at the county level. In short, the more
resilient the community, the greater is soil permeability, and lower precipitation rates, the
lower the relative levels of property damage.
Table 4: Statistical Model Predicting Property Damage per-Housing Unit, 2000-2005
Variable
Floodplain
Permeability
Protected Area
Wetlands
Pervious Surface
Precipitation
Social Resiliency
Constant
R2
N
F(7,128)
Prob. >F

Coefficient
0.312
-11.660
-0.005
2.237
1.190
0.001
-1.251
-6.174
0.692
136
41.07
0.000

Std. Error
1.106
4.366
0.024
1.838
2.229
0.000
0.509
2.382

t-value
0.28
-2.67
-0.22
1.22
0.53
11.38
-2.46
-2.59

Significance
0.778
0.009
0.828
0.226
0.594
0.000
0.015
0.011

Conclusion
This analysis provides just a starting point for describing and explaining the influence of
ecological indicators of resiliency along the Gulf of Mexico coast. Future research should
perhaps examine the combination of indicators in their ability to reduce the adverse
impacts of hazards. For example, it may be the confluence of poorly drained soils,
floodplain area, and heavy precipitation that are the best predictor of flood losses, and
should therefore be avoided for development. Future study should also consider a finer
spatial scale. Counties and parishes are so large that they may mask effects that are better
examined at a site or neighborhood level. For example, protected areas and wetlands may
be valuable in reducing flood damage at a site level, but because these areas are usually so
small in size, the effect is lost at a broad county scale. And finally, future research will
examine the possibility of creating a ecological resiliency index as well as refine a method
of linking CDRI and ecological resilience measures together.
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Chapter 5.
Some Concluding Remarks on Project Impacts and Outcomes
This project began as a collaborative effort undertaken by a team of researchers at Texas
A&M University (TAMU), Texas A&M University at Galveston (TAMUG), and the
Houston Advanced Research Center (HARC). Its goals were to develop a suite of
Community Disaster Resilience Indicators (CRIs) [Activity 1] that would be germane for
comparing community resiliency at the county level throughout the gulf-coast region and
applicable for local community planning activities, as well as a strategy for gaining
community support and input into CRI development to enhance coastal community
resilience along the Gulf Coast [Activity 2]. Our target areas were coastal counties in Texas
and parishes in Louisiana, with a primary focus on Galveston. During the run of this
project, team members have moved and switched universities and most importantly team
members have endured and survived our county’s third most costly hurricane event when
Ike devastated Galveston and severely impacted Texas A&M University at Galveston. In
this context, issues of coastal community resiliency took on added significance,
importance, and relevance for all team members. Despite and perhaps because of these
adversities our goals were reached if not exceeded with respect to both activities.
With respect to Activity 1 the project successfully developed a full suite of Community
Disaster Resiliency Indices (CDRIs) based on data not simply from Texas and Louisiana,
but from NOAA defined coastal counties for the entire Gulf-Coast Region. This suite
includes an overall measure of Community Disaster Resiliency and indices for each
disaster phase and dimension of community capital (see Chapter 1 for a discussion of this
suite of indices). In addition, project funding supported the development of web-based data
and tools to enhance coastal local community resilience planning activities. These data and
tools are available to the local communities, decision makers and stakeholders via an
interactive websites hosted by Texas A&M Galveston (coastalatlas.tamug.edu) and Texas
A&M College Station (coastalatlas.tamu.edu) (see chapter 2 for a more complete
discussion of the coastal atlas websites). With respect to Activity 2, the project
successfully held a workshop for community leaders, planners, and stakeholders. This
workshop presented findings with respect to community resiliency indicators research, but
most importantly employed touch pad technology to interactively engage participants in a
dialog regarding how best to think about and undertake community based planning
activities to promote resiliency (please seen Chapter 3 for a full discussion of the workshop
and its results). In addition and in response to input from the local community and the
CSC, the project team has supplemented its CDRI development by exploring the
development of various ecological indicators of resilience (see chapter 4).
Finally, to the best of my knowledge the professional staff at Texas A&M University’s
Research Foundation has indeed kept all financial reports up-to-date. Hence I included the
following statement: “Final financial reports have been submitted to NOAA’s Grants
Management Division, via Grants On-line, and a final funding draw down has been made
through the Automated Standard Application for Payments (ASAP).”
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APPENDIX A
SELECTED INDICATORS FOR MEASURING DISASTER PHASE-CAPITAL
RESILIENCE COMONENTS
The first column of each Table in Appendix A describes many of the activities that should be or are
undertaken during a particular disaster phase. The second column displays various dimensions or
characteristics of community, termed components, that were used to measure a capital domain in
relation to the disaster phase’s activities, while the third column lists the specific indicators for
each component. The indicators are further grouped into two major categories; generic indictors
and specific indicators. Generic indicators refer to those indicators, which are relevant to all
disaster phases. For example, education as an indicator is important or relevant to all disaster
phases. Specific indicators are those indicators, which are only relevant to a specific type of
disaster phase. For example, building code as an indicator is more relevant to measuring hazard
mitigation than disaster response. As mentioned previously, unlike physical and human capital
indicators, social and economic capital indicators are relevant to all disaster phases. Thus, all social
and economic capital indicators fall under generic category.

Social capital indicators for measuring hazard mitigation resilience sub-index
Mitigation Activity
 Building dams, levees, dikes, and
floodwalls
 Landuse planning to prevent
development in hazardous areas
 Building codes and building
standards,
 Acquiring and relocating damaged
structures
 Purchasing undeveloped floodplains
and making them open spaces
 Acquisition of development rights
 Zoning regulations
 Preserving the natural environment
to serve as a buffer against hazard
impacts
 Educating the public about hazards
and ways to reduce risk

Generic Indicators
Component
(1) Volunteerism
(2) Sociability
(3) Civic and political
participation
(4) Religious participation
(5) Community attachment
(6) Connections in work place

Indicator
Registered nonprofit organizations
Recreational centers (bowling, fitness, golf clubs)
and sport organizations
Registered voters
Civic and political organizations
Census response rate
Religious organizations
Owner-occupied housing units
Professional organizations
Business organizations

Economic capital indicators for measuring hazard mitigation resilience sub-index
Mitigation Activity
 Building dams, levees, dikes, and
floodwalls
 Landuse planning to prevent
development in hazardous areas
 Building codes and building standards
 Acquiring and relocating damaged
structures
 Purchasing undeveloped floodplains
and making them open spaces
 Acquisition of development rights
 Zoning regulations
 Preserving the natural environment to
serve as a buffer against hazard impacts
 Educating the public about hazards
and ways to reduce risk

Generic Indicators
Component
(1) Income
(2) Employment
(3) Home value
(4) Business
(5) Health insurance

Indicator
Per capita income
Median household income
Population in labour force, employed
Median value of owner-occupied housing units
Business establishments
Population with health insurance
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Physical capital indicators for measuring hazard mitigation resilience sub-index
Mitigation Activity
 Building dams, levees, dikes, and
floodwalls
 Landuse planning to prevent
development in hazardous areas
 Building codes and building standards
 Acquiring and relocating damaged
structures
 Purchasing undeveloped floodplains
and making them open spaces
 Acquisition of development rights
 Zoning regulations
 Preserving the natural environment to
serve as a buffer against hazard impacts
 Educating the public about hazards
and ways to reduce risk

Specific Indicators
Component
(1) Construction services

Indicator
Building construction establishments
Heavy and civil engineering constructions
Highway, street, and bridge construction
establishments
Architecture and engineering establishments

(2) Environment

Environmental consulting establishments
Environment and conservation organizations
Land subdivision establishments
Legal services establishments
Building inspection establishments
Landscape architecture and planning
establishments
Property and causality insurance companies

(3) Land and building
regulations
(4) Planning
(5) Property insurance

Human capital indicators for measuring hazard mitigation resilience sub-index
Mitigation Activity
 Building dams, levees, dikes, and
floodwalls
 Landuse planning to prevent
development in hazardous areas
 Building codes and building
standards,
 Acquiring and relocating damaged
structures
 Purchasing undeveloped floodplains
and making them open spaces
 Acquisition of development rights
 Zoning regulations
 Preserving the natural environment
to serve as a buffer against hazard
impacts
 Educating the public about hazards
and ways to reduce risk

Generic Indicators
Component
(1) Education
(2) Health

Component
(3) Construction services

(4) Environment

(5) Land and building
regulations

(6) Planning
(7) Property insurance
(8) Mitigation plan

Indicator
Population with more than high school education
Physicians
Population employed in health care support
occupations
Specific Indicators
Indicator
Population employed in building construction
establishments
Population employed in heavy and civil
engineering constructions
Population employed in Highway, Street, and
Bridge construction establishments
Population employed in architecture and
engineering establishments
Population employed in environmental consulting
services
Population employed in environment and
conservation organizations
Population employed in land subdivision services
Population employed in legal services
Population employed in building inspection
services
Population employed in landscape architecture
and planning services
Population employed in property and causality
insurance services
Population covered by comprehensive plans
Population covered by zoning regulations
Population covered by building codes
Population covered by FEMA approved mitigation
plans
FEMA community rating system(CRS) scores
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Social capital indicators for measuring Disaster preparedness resilience sub-index
Preparedness Activity
 Development of response
procedures
 Design and installation of warning
systems, detection and monitoring
systems e.g. radar detection and
tracking severe storms
 Developing plans for evacuation
 Exercise to test emergency
operations
(Exercise & Drills)
 Training of emergency personnel
 Stockpiling of resources e.g.
medical supplies

Generic Indicators
Component
(1) Volunteerism
(2) Sociability
(3) Civic and political
participation
(4) Religious participation
(5) Community attachment
(6) Connections in work place

Indicator
Registered nonprofit organizations
Recreational centers (bowling, fitness, golf clubs)
and sport organizations
Registered voters
Civic and political organizations
Census response rate
Religious organizations
Owner-occupied housing units
Professional organizations
Business organizations

Economic capital indicators for measuring disaster preparedness resilience sub-index
Preparedness Activity
Component
(1) Income
 Development of response procedures
 Design and installation of warning
systems, detection and monitoring
systems e.g. radar detection and
tracking severe storms
 Developing plans for evacuation
 Exercise to test emergency operations
(Exercise & Drills)
 Training of emergency personnel
 Stockpiling of resources e.g. medical
supplies

(2) Employment
(3) Home value
(4) Business
(5) Health insurance

Generic Indicators
Indicator
Per capita income
Median household income
Population in labour force, employed
Median value of owner-occupied housing units
Business establishments
Population with health insurance

Physical capital indicators for measuring disaster preparedness resilience sub-index
Preparedness Activity

 Development of response procedures
 Design and installation of warning
systems, detection and monitoring
systems e.g. radar detection and
tracking severe storms
 Developing plans for evacuation
 Exercise to test emergency operations
(Exercise & Drills)
 Training of emergency personnel
 Stockpiling of resources e.g. medical
supplies

Specific indicators
Component
(1) Research
(2) Colleges
(3) Planning

Indicator
Scientific research and development services
Colleges, universities, and professional schools
Landscape architecture and planning services
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Human capital indicators for measuring disaster preparedness resilience sub-index
Preparedness Activity
 Development of response procedures
 Design and installation of warning
systems, detection and monitoring
systems e.g. radar detection and
tracking severe storms
 Developing plans for evacuation
 Exercise to test emergency operations
(Exercise & Drills)
 Training of emergency personnel
 Stockpiling of resources e.g. medical
supplies

Generic Indicators
Component
(1) Education
(2) Health
Component
(3) Protective services
(4) Planning
(5) Research
(6) Colleges
(7) communication

Indicator
Population with more than high school education
Physicians
Specific Indicators
Indicator
Population employed as fire fighting, prevention,
or law enforcement workers
Population employed in landscape architecture
and planning services
Population employed in scientific research and
development services
Population employed in colleges, universities, and
professional schools
Population who speak english language very well

Social capital indicators for measuring disaster response resilience sub-index
Response Activity
 Securing the impacted area
 Warning
 Evacuation
 Search & Rescue
 Provision of medical care
 Sheltering the evacuees

Generic Indicators
Component
(1) Volunteerism
(2) Sociability
(3) Civic and Political
participation
(4 Religious participation
(5) Community attachment
(6) Connections in work place

Indicator
Registered nonprofit organizations
Recreational centers (bowling, fitness, golf clubs)
and sport organizations
Registered voters
Civic and political organizations
Census response rate
Religious organizations
Owner-occupied housing units
Professional organizations
Business organizations

Economic capital indicators for measuring disaster response resilience sub-index
Response Activity
 Securing the impacted area
 Warning
 Evacuation
 Search & Rescue
 Provision of medical care
 Sheltering the evacuees

Generic Indicators
Component
(1) Income
(2) Employment
(3) Home value
(4) Business
(5) Health insurance

Indicator
Per capita income
Median household income
Population in labour force, employed
Median value of owner-occupied housing units
Business establishments
Population with health insurance
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Physical capital indicators for measuring disaster response resilience sub-index
Response Activity

Generic Indicators

 Securing the impacted area

Component
(1) Housing services

 Warning

(2) Critical facilities

 Evacuation
 Search & Rescue
 Provision of medical care
 Sheltering the evacuees

(3) Transportation services

(4) Communication services

(5) Emergency shelters &
relief services

Indicator
Housing units
Vacant housing units
Hospitals
Hospital beds
Ambulances
Fire stations
Schools
Licensed child care facilities
Nursing homes
Hotels and motels
Occupied housing units with vehicle available
Special need transportation services
School and employee buses
Housing units with telephone service available
Newspaper publishers
Radio stations
Television broadcasting
Internet service providers
Temporary shelters
Community housing
Community food service facilities

Human capital indicators for measuring disaster response resilience sub-index
Response Activity
 Securing the impacted area
 Warning
 Evacuation
 Search & Rescue
 Provision of medical care
 Sheltering the evacuees

Generic Indicators
Component
(1) Education
(2) Health
Component
(3) Protective services
(4) Communication
(5)Transportation
(6) Planning

Indicator
Population with more than high school education
Physicians
Specific Indictors
Indicator
Population employed as fire fighting, prevention,
or law enforcement workers
Population who speak English language very well
Population employed in special need
transportation services
Population employed in landscape architecture and
planning services

Social capital indicators for measuring disaster recovery resilience sub-index
Recovery Activity
(i) Relief & rehabilitation

Restoration of access to
impacted area

Re-establishment of
economic activities

Provision of housing,
clothing, and food

Restoration of critical
facilities

Restoration of essential
community services
(ii) Reconstruction

Rebuilding of major
structure e.g. public
buildings, roads, bridges,
and dams

Revitalizing the economic
system

Reconstruction of housing

Generic Indicators
Component
(1) Volunteerism

Indicator
Registered nonprofit organizations

(2) Sociability

Recreational centers (bowling, fitness, golf clubs)
and sport organizations
Registered voters

(3) Civic and Political
participation

Civic and political organizations
Census response rate
(4) Religious participation

Religious organizations

(5) Community attachment

Owner-occupied housing units

(6) Connections in work place

Professional organizations
Business organizations
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Economic capital indicators for measuring disaster recovery resilience sub-index
Recovery activity
(i) Relief & rehabilitation

Restoration of access to impacted area

Re-establishment of economic activities

Provision of housing, clothing, and food

Restoration of critical facilities

Restoration of essential community
services
(ii) Reconstruction

Rebuilding of major structure e.g. public
buildings, roads, bridges, and dams

Revitalizing the economic system

Reconstruction of housing

Component
(1) Income
(2) Employment
(3) Home value
(4) Business
(5) Health insurance

Generic Indicators
Indicator
Per capita income
Median household income
Population in labour force, employed
Median value of owner-occupied housing
units
Business establishments
Population with health insurance

Physical capital indicators for measuring disaster recovery resilience sub-index
Recovery Activity
(i) Relief & rehabilitation

Restoration of access to impacted area

Re-establishment of economic activities

Provision of housing, clothing, and food

Restoration of critical facilities

Restoration of essential community
services
(ii) Reconstruction

Rebuilding of major structure e.g. public
buildings, roads, bridges, and dams

Revitalizing the economic system

Reconstruction of housing

Component
Construction services

Specific Indicators
Indicator
Building construction establishments
Utility systems construction establishments
Architecture and engineering establishments
Heavy highway construction establishments

Human capital indicators for measuring disaster recovery sub-index
Recovery Activity
(i) Relief & rehabilitation

Restoration of access to impacted area

Re-establishment of economic activities

Provision of housing, clothing, and food

Restoration of critical facilities

Restoration of essential community
services
(ii) Reconstruction

Rebuilding of major structure e.g. public
buildings, roads, bridges, and dams

Revitalizing the economic system

Reconstruction of housing

Component
(1) Education
(2) Health
Component
(3) Communication
language
(4) Construction
services

(5) Community and
social services

Generic Indicators
Indicator
Population with more than high school
education
Physicians
Specific Indicators
Indicator
Population who speak english language very
well
Population employed in building construction
industry
Population employed in heavy highway
construction establishments
Population employed in highway, street, and
bridge construction establishments
Population employed in building inspection
services
Population employed in architecture and
engineering establishments
Population employed in community and social
services
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APPENDIX B
DATA TYPE AND DATA SOURCES

Social capital indicators and data sources
Indicator
(1) Registered nonprofit organizations
(2) Recreational centers (bowling,
fitness, golf clubs) and sport
organizations
(3) Registered voters

(4) Civic and political organizations
(5) Census response rate
(6) Religious organizations
(7) Owner-occupied housing units
(8) Professional organizations
(9) Business organizations

Description
Number of non-profit organization registered
with IRS per 1000 persons.
Number of recreational centers (bowling,
fitness, golf clubs) and sport organizations per
1000 persons
Number of registered voters who voted for
2004 presidential election per 1000 persons

Source of data
County Business Patterns, 2005

Number of civic and political organizations per
1000 persons
Census response rate
Number of religious organizations per 1000
persons
Number of owner-occupied housing units per
1000 persons
Number of professional organizations per 1000
persons
Number of business organizations per 1000
persons

County Business Patterns, 2005

County Business Patterns, 2005

U.S. Census Bureau, 2000, U.S.
Counties

U.S. Census Bureau, 2000
County Business Patterns, 2005
U.S. Census Bureau, 2000
County Business Patterns, 2005
County Business Patterns, 2005

Economic capital indicators and data sources
Indicator
(1) Per capita income

Description
Per capita income

(2) Median household income

Median household income

(3) Population in labour force, employed

Civilian population, 16 years and over in labour
force, employed per 1000 person
Median value of owner-occupied housing units

(4) Median value of owner-occupied
housing units
(5) Business establishments
(6)Population with health insurance

Number of business establishments per 1000
persons
Percentage of population with health insurance

Source of data
U.S. Census Bureau, 2000, U.S.
Counties
U.S. Census Bureau, 2000, U.S.
Counties
U.S. Census Bureau, 2000, U.S.
Counties
U.S. Census Bureau, 2000, U.S.
Counties
U.S. Census Bureau, 2000
U.S. Census Bureau, 2000, U.S.
Counties

Physical capital indicators and data sources
Indicator
(1) Building construction
establishments
(2) Heavy and civil engineering
construction establishments

Description
Number of building construction
establishments per 1000 persons
Number of heavy and civil engineering
construction establishments per 1000 persons

Source of data
County Business Patterns,
2005
County Business Patterns,
2005

(3) Highway, street, and bridge
construction establishments

Number of highway, street, and bridge
construction establishments per 1000 persons

County Business Patterns,
2005

(4) Architecture and engineering
establishments
(5) Land subdivision establishments

Number of architecture and engineering
establishments per 1000 persons
Number of land subdivision establishments per
1000 persons
Number of legal services establishments per
1000 persons
Number of property and causality insurance
companies per 1000 persons
Number of building inspection establishments
per 1000 persons
Number of landscape architecture and
planning establishments per 1000 persons

County Business Patterns,
2005
County Business Patterns,
2005
County Business Patterns,
2005
County Business Patterns,
2005
County Business Patterns,
2005
County Business Patterns,
2005

(6) Legal services establishments
(7) Property and causality insurance
companies
(8) Building inspection establishments
(9) Landscape Architecture and
planning establishments
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(10) Environmental consulting
establishments
(11) Environment and conservation
organizations
(12) Scientific research and
development services
(13) Colleges, universities, and
professional schools
(14) Housing units
(15) Vacant housing units
(16) Hospitals

Number of environmental consulting
establishments per 1000 persons
Number of environment and conservation
organizations per 1000 persons
Number of scientific research and
development services per 1000 persons
Number of colleges, universities, and
professional schools per 1000 persons
Number of housing units per 1000 persons
(15) Number of vacant housing units per 1000
persons
Number of hospitals per 1000 persons

(17) Hospital beds

Number of hospital beds per 1000 persons

(18) Ambulances

Number of ambulances per 1000 persons

(19) Fire stations

Number of fire stations per 1000 people

(20) Nursing homes

Number of nursing homes per 1000 persons

(21) Hotels and motels

Number of hotels and motels per 1000 persons

(22) Occupied housing units with
vehicle available
(23) Special need transportation
services
(24) School and employee buses

Number of occupied housing units with
vehicle available per 1000 persons
Number of special need transportation services
per 1000 persons
Number of school and employee buses per
1000 persons
Number of owner-occupied housing units with
telephone service per 1000 persons
Number of newspaper publishers per 1000
people
Number of radio stations per 1000 persons

(25) Owner-occupied housing units
with telephone service
(26) Newspaper publishers
(27) Radio stations
(28) Television broadcasting
(29) Internet service providers
(30) Temporary shelters
(31) Community housing
(32) Community food service facilities
(33) Schools
(34) Licensed child care facilities
(35) Utility systems construction
establishments

Number of television broadcasting per 1000
persons
Number of internet service providers per 1000
persons
Number of temporary shelters per 1000
persons
Number of community housing per 1000
persons
Number of community food service facilities
per 1000 persons
Number of schools per 1000 persons
Number of licensed child care facilities per
1000 persons
Number of utility systems construction
establishments per 1000 persons

County Business Patterns,
2005
County Business Patterns,
2005
County Business Patterns,
2005
County Business Patterns,
2005
U.S. Census Bureau, 2000
U.S. Census Bureau, 2000
County Business Patterns,
2005
County Business Patterns,
2005
County Business Patterns,
2005
FEMA, U.S. Fire
Administration
U.S. Department of Health
and Human Services
County Business Patterns,
2005
U.S. Census Bureau, 2000
County Business Patterns,
2005
County Business Patterns,
2005
U.S. Census Bureau, 2000
County Business Patterns,
2005
County Business Patterns,
2005
County Business Patterns ,
2005
County Business Patterns ,
2005
County Business Patterns ,
2005
County Business Patterns ,
2005
County Business Patterns ,
2005
U.S. Department of Education
National Child Care
Information Center (NCCIC)
County Business Patterns,
2005
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Human capital indicators and data sources
Indicator
(1) Population with more than high
school education
(2) Physicians

Description
Population with more than high school education
(per 1000 persons)
Number of physicians per 1000 persons

(3) Population employed in health
care support
(4) Population employed in
building construction
establishments
(5) Population employed in heavy
and civil engineering constructions
(6) Population employed in
Architecture and engineering
establishments
(7) Population employed in
environmental consulting services
(8) Population employed in
environment and conservation
organizations
(9) Population employed in land
subdivision services
(10) Population employed in
building inspection services
(11) Population employed in
landscape Architecture and
planning establishments
(12) Population employed in
property and causality insurance
companies
(13) Population employed in
highway, street, and bridge
construction
(14) Population employed in legal
services
(15) Population covered by
comprehensive plan
(16) Population covered by zoning
regulations
(17) Population covered by
building codes
(18) Population covered by FEMA
approved mitigation plan
(19) Community rating
system(CRS) score
(20) Population employed as fire
fighting , prevention, or law
enforcement workers
(21) Population employed in
scientific research and
development services
(22) Population employed in
Colleges, Universities, and
Professional schools
(23) Population who speak english
language very well
(24) Population employed in
special need transportation services
(25) Population employed in
community and social services

Population employed in health care support (per
1000 persons)
Population employed in building construction
establishments (per 1000 persons)

Source of data
U.S. Census Bureau, 2000
U.S. Census Bureau, 2000, U.S.
Counties
U.S. Census Bureau, 2000
U.S. Census Bureau, 2000

Population employed in heavy and civil engineering
constructions (per 1000 persons)
Population employed in architecture and
engineering establishments (per 1000 persons)

County Business Patterns , 2005

Population employed in environmental consulting
services (per 1000 persons)
Population employed in environment and
conservation organizations( per 1000 persons)

County Business Patterns , 2005

Population employed in land subdivision services
(per 1000 persons)
Population employed in building inspection services
(per 1000 persons)
Population employed in landscape architecture and
planning services (per 1000 persons)

County Business Patterns , 2005

Population employed in property and causality
insurance companies (per 1000 persons)

County Business Patterns , 2005

Population employed in highway, street, and bridge
construction (per 1000 persons)

County Business Patterns , 2005

Population employed in legal services (per 1000
persons)
Percent of population covered by comprehensive
plan
Percent of population covered by zoning
regulations per 1000 persons
Percent of population covered by building codes

County Business Patterns , 2005

Percent of population covered by FEMA approved
mitigation plan
Community rating system(CRS) score

County Business Patterns , 2005

County Business Patterns , 2005

County Business Patterns , 2005
County Business Patterns , 2005

County/city website
County/city website
International Code Council
(ICC)
FEMA
FEMA

Population employed as fire fighting , prevention,
or law enforcement workers (per 1000 persons)

U.S. Census Bureau, 2000

Population employed in scientific research and
development services (per 1000 persons)

County Business Patterns ,2005

Population employed in Colleges, Universities, and
Professional schools (per 1000 persons)

County Business Patterns ,2005

Population who speak english language very well
(per 1000 persons)
Population employed in special need transportation
services (per 1000 persons)
Population employed in community and social
services ( per 1000 persons)

U.S. Census Bureau, 2000
County Business Patterns , 2005
County Business Patterns , 2005
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Validity criteria and data sources
Indicator
(1) Deaths
(2) Total property damage
(3) Insured flood property damage
(4) Uninsured flood property damage
(5) Wind risk
(6) Flood risk
(7) Surge risk
(8)Total risk
(9) Social vulnerability Index

Description
Number of deaths due to flooding and cataclysmic
storm (2000-2005)
Total property damage due to weather related
disasters adjusted to 2005 U.S. dollar value
Total payments made to flood property damage
claim (2000-2005)
Total property damage minus total payment made to
flood property damage (2000-2005)
Total wind risk scores based on wind categories
Total flood risk scores based on the likelihood of the
area to flood
Total surge risk scores based on the hurricane
categories
Total Wind risk scores plus total flood risk scores
plus total surge risk scores
Social Vulnerability Index score

Source of data
CDC
SHELDUS version 8
FEMA
FEMA
The Coastal Risk Atlas (CRA)
The Coastal Risk Atlas (CRA)
The Coastal Risk Atlas (CRA)
The Coastal Risk Atlas (CRA)
Hazard and Vulnerability
Research Institute (HVRI)
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Appendix C
The following provides the detailed relative frequency distributions for each of the 44
specific land use planning tech
techniques
niques that workshop participants were asked to rate.
1. To what extent do the following development regulations contribute to community
disaster resilience?
Figure 1: Subdivision ordinances
Very little
Somewhat
An average amount

13.3%

A great deal

66.7%

Enormously

Subdivision
Ordinances

20.0%
0% 20%40%
40%60%80%

Figure 2: Planned unit development regulations
Very little
Somewhat
An average…

6.7%

A great deal

46.7%

Enormously

46.7%
0%

20%

40%

Planned Unit
Development
Regulations

60%

Figuree 3: Special overlay districts
Very little
Somewhat
An average…

7.1%

A great deal

78.6%

Enormously

Special Overlay
Districts

14.3%
0%

50%

100%
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Figure 4: Agricultural or open space zoning regulations
Very little
Somewhat
An average…

26.7%

A great deal

46.7%

Enormously

26.7%
0%

20%

40%

Agricultural or
open space
zoning
regulation

60%

Figure 5: Performance zoning regulations
Very little
Somewhat

6.7%

An average
amount

26.7%

A great deal

53.3%

Enormously

Performance
zoning
regulations

13.3%
0%

20%

40%

60%

Figure 6: Hazard setback ordinances
Very little
Somewhat
An average…
A great deal

Hazard setback
ordinances

6.7%

Enormously

93.3%
0%

50%

100%
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Figure 7: Storm water retention requirements
Very little
Somewhat
An average…

20.0%

A great deal

53.3%

Enormously

Storm water
retention
requirements

26.7%
0%

20%

40%

60%

Figure 8: Environmental impact
pact assessment requirements
Very little
Somewhat
An average
amount
A great deal

40.0%

Enormously

Enviromental
impact
assessment
requirements

60.0%
0% 20% 40% 60% 80%

Figure 9: Regulations that limit shoreline development to water
water-dependent
dependent uses
Very little
Somewhat

6.7%

An average…

6.7%

A great deal

40.0%

Enormously

46.7%
0%

20%

40%

Regulations that
limit shoreline
development to
water-dependent
uses

60%
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Figure 10: Shoreline armoring (e.g., levees, seawalls)
Very little

6.7%

Somewhat

6.7%

An average amount

6.7%

A great deal

Shoreline
armoring

20.0%

Enormously

60.0%
0% 20% 40% 60% 80%

Figure 11: Restrictions on dredging/filling
Very little
Somewhat
An average…
A great deal

80.0%

Enormously

Restrictions on
dredging/filling

20.0%
0%

50%

100%

Figure 12: Dune protection regulatio
regulations
Very little

6.7%

Somewhat
An average…
A great deal

6.7%

Dune protection
regulations

13.3%

Enormously

73.3%
0%

50%

100%

138

Figure 13: Wetlands protections regulations
Very little
Somewhat
An average amount

Wetlands
protections
regulations

6.7%

A great deal

26.7%

Enormously

66.7%
0% 20% 40% 60% 80%

Figure 14: Coastal vegetation protection regulations
Very little
Somewhat
An average amount
A great deal

46.7%

Enormously

53.3%

Coastal
vegetation
protection
regulations

40% 45% 50% 55%

Figure 15: Requirements for habitat protection/restoration
Very little
Somewhat
An average…
A great deal

6.7%
33.3%

Enormously

60.0%
0%

50%

Requirements
for habitat
protection/restor
ation

100%

2. To what extent do you think the following building standards contribute to
community
munity disaster resilience?
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Figure 16: Special local standards for hazard resistance in new buildings
Little
Some
Average
Very much

13.3%

Extremely

86.7%
0%

50%

Special local
standards for
hazard
resistance in
new buildings

100%

Figure 17: Special local hazard retrofit standards for existing buildings
Little
Some
Average

6.7%

Very much

13.3%

Extremely

80.0%
0%

50%

Special local
hazard retrofit
standards for
existing
buildings

100%

Figure 18: Special local utility codes
Little
Some
Average

6.7%

Very much

Special local
utility codes

33.3%

Extremely

60.0%
0%

20% 40% 60% 80%
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3. To what extent do you think the following property acquisition options contribute to
community disaster resilience?
Figure 19: The use of fee simple purchase of undeveloped lands in environmentally
sensitive/hazardous areas
Little
Some
Average

13.3%

Very much

33.3%

Extremely

53.3%
0%

20%

40%

The use of fee
simple purchase
of undeveloped
lands in
environmentally
sensitive/hazard
ous areas

60%

Figure 20: Acquisition of development rights or eeasements
asements in environmentally
sensitive/hazardous areas
Little
Some
Average

7.1%

Very much
Extremely
0%

20%

Acquisition of
development
rights or
easements in
57.1% environmentally
sensitive/hazard
35.7%
ous areas
40%

60%

Figure 21: Relocating existing buildings from environmentally sensitive/hazardous areas
Little
Some
Average

33.3%

Very much

26.7%

Extremely

40.0%
0%

20%

40%

Relocating
existing
buildings from
environmentally
sensitive/hazard
ous areas

60%
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4. To what extent do you think the following incentive tools contribute to community
disaster resilience?
Figure 22: Transfer of development rights from environmentally sensitive/hazardous areas
Little
Some

6.7%

Average

6.7%

Very much

46.7%

Extremely

40.0%
0%

20%

40%

Transfer of
development
rights from
environmentally
sensitive/hazard
ous areas

60%

Figure 23: Density bonuses in environmentally sensitive/hazardous areas
Little
Some
Average

6.7%

Very much

60.0%

Extremely

33.3%
0%

50%

Density bonuses
in
environmentally
sensitive/hazard
ous areas

100%

Figure 24: Clustered development in environmentally sensitive/hazardous areas
Little
Some
Average

6.7%

Very much

60.0%

Extremely

33.3%
0%

50%

Clustered
development in
environmentally
sensitive/hazard
ous areas

100%
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5. To what extent do you think the following information dissemination strategies
contribute to community disaster resilience?
Figure 25: Public education (brochures, posters, public service announcement strategies)
Little

Public education
(brochures,
posters, public
service
announcement
strategies)

Some
Average

13.3%

Very much

26.7%

Extremely

60.0%
0%

50%

100%

Figure 26: Citizen involvement (e.g., public hearings, meetings with community groups)
Little

Citizen
involvement
(e.g., public
Average
hearings,
Very much
26.7%
meetings with
Extremely
73.3% community
groups)
0% 20% 40% 60% 80%
Some

Figure 27: Seminars on CZM practices for developers and builders
Little
Some
Average
Very much
Extremely

6.7%
6.7%
53.3%
33.3%
0%

20%

40%

Seminars on
CZM practices
for developers
and builders

60%

Figure 28: Hazard disclosure requirements in real estate transactions
Little
Some
Average

6.7%

Very much

13.3%

Extremely

80.0%
0%

50%

Hazard
disclosure
requirements in
real estate
transactions

100%
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Figure 29: Hazard zone signs
Little
Some

6.7%

Average

20.0%

Very much

Hazard zone
signs

60.0%

Extremely

13.3%
0%

20%

40%

60%

80%

6. To what extent do you thi
think the following critical and public facilities policies
contribute to community disaster resilience?
Figure 30: Requirements for locating public facilities and infrastructure in less
environmentally sensitive/hazardous areas (e.g., capital improvement pplans)
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Figure 31: Requirements for locating critical private facilities and infrastructure in less
environmentally sensitive/hazardous areas
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Figure 32: Using urban service areas to limit development in environmentally
sensitive/hazardous areas
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7. To what extent do you think the following financial tools contribute to community
disaster resilience?
Figure 33: Lower tax rates for preserving environmentally sensitive/hazardous areas as
open space or limited development intensity
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Figure 34: Special
pecial tax assessment districts for environmentally sensitive/hazardous areas
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Figure 35: Impact fees or special assessments for development of environmentally
sensitive/hazardous areas
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8. To what extent do you think the following private-sector initiatives are important in
building community disaster resilience?
Figure 36: Land trusts for environmentally sensitive/hazardous areas
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Figure 37: Public-private
private partnerships for environmentally sensitive/hazardous areas
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hink the following social issues are important to consider
9. To what extent do you think
in building community disaster resilience?
Figure 38: Public safety
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Figure 39: Economic Inequalities
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Figure 40: Racial & ethnic issues
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Figure 41: Gender inequalities
Little

6.7%

Some

6.7%

Average

46.7%

Very much

40.0%

Gender
inequalities

Extremely
0%

20%

40%

60%

Figure 42: Faith-based
based organizations
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Figure 43: Education
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Figure 44: Public health
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