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ABSTRACT
Objective: Policy-makers and practitioners have a need to assess community resilience in disasters. Prior
efforts conflated resilience with community functioning, combined resistance and recovery (the components
of resilience), and relied on a static model for what is inherently a dynamic process. We sought to develop
linked conceptual and computational models of community functioning and resilience after a disaster.

Methods: We developed a system dynamics computational model that predicts community functioning after
a disaster. The computational model outputted the time course of community functioning before, during,
and after a disaster, which was used to calculate resistance, recovery, and resilience for all US counties.

Results: The conceptual model explicitly separated resilience from community functioning and identified
all key components for each, which were translated into a system dynamics computational model with
connections and feedbacks. The components were represented by publicly available measures at the
county level. Baseline community functioning, resistance, recovery, and resilience evidenced a range of
values and geographic clustering, consistent with hypotheses based on the disaster literature.

Conclusions: The work is transparent, motivates ongoing refinements, and identifies areas for improved
measurements. After validation, such a model can be used to identify effective investments to enhance
community resilience. (Disaster Med Public Health Preparedness. 2018;12:127-137)
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The concept of resilience has been used in
many disciplines, including the engineering,
physical, ecological, and social sciences, and

dates back to at least the 1970s.1 While its original
uses were in physics, economics, and psychology, in
recent years resilience has been applied to infra-
structure systems and communities, particularly in the
context of disasters. The concept has been used to
explain the responses of individual, organizational,
community, social, ecological, and physical systems to
some disturbance. Community resilience is a central
feature of Presidential Policy Directive PPD-8 regarding
disaster preparedness2 and of the Department of
Homeland Security’s National Infrastructure Protection
Plan.3

There is an existing literature on efforts to opera-
tionalize the concept of resilience for communities in
the context of disasters, which significantly informed
our efforts.4-12 However, additional work was needed
for several reasons. First, we believe that prior efforts
to characterize community resilience during disasters

were at times incorrectly framed as measurement, for
resilience is a latent construct that cannot be directly
measured ahead of a disaster; accordingly, we devel-
oped a model to predict it. Second, prior efforts at
times conflated resilience with baseline community
functioning; we have explicitly separated them con-
ceptually and in measurement and prediction. Third,
prior computational efforts with real-world data treated
resilience and its assessment statically rather than as a
dynamic process; we have created a system dynamics
model in this work. Finally, our approach explicitly
separates resilience into its 2 major components, resis-
tance and recovery, rather than combining the terms
into a less actionable single construct.

There have been increasing calls for the application of
systems thinking and systems modeling approaches to
public health.13-16 This set of methods, commonly
used in systems science,17,18 has application in many
areas of public health,19 including community-based
participatory research,20 implementation science,21

and mental health services.22 Community functioning
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and resilience represent a complex and dynamic system
amenable to system dynamics modeling, which allows the
explicit separation of baseline community functioning from
factors that influence resilience, and the evaluation and under-
standing of the complex dynamic behavior that affects both.

Our focus was on the functioning and well-being of com-
munities over time after a disaster. We termed our approach
the Composite of Post-Event Well-being (COPEWELL).
It incorporated the knowledge of community resilience gen-
erated by previous efforts, along with advances in system
dynamics modeling and our understanding of the complex
system we sought to represent. This approach allowed the
generation of the predicted time course of community
functioning during and after a disaster for all US counties, in
an explicit and transparent way that enables refinement
over time.

METHODS
Overview
In late 2011, the US Centers for Disease Control and
Prevention (CDC) asked the authors to develop a “commu-
nity resilience index” for the entire United States in the
context of disaster preparedness for all hazards. We utilized a
process to minimize disciplinary barriers to what are inher-
ently multi- and interdisciplinary sets of problems, and
assembled a team of experts in behavioral health, civil
engineering, criminal justice, community health, computa-
tional modeling, education, disaster and emergency manage-
ment, emergency medicine, environmental epidemiology,
environmental health sciences, geography, health behavior,
health communication, law, mental health, program evalua-
tion, public health practice, public policy, public safety,
risk management, social epidemiology, sociology, systems
modeling, urban affairs, and urban health.

This group worked on (1) foundational planning efforts to
overcome disciplinary hurdles regarding vocabulary, methods,
and priorities among the disciplines; (2) the development of a
conceptual model with all domains and connections identi-
fied; (3) the development of a corresponding computational
model; and (4) the use of expert opinion and published
scientific literature to decide how to measure each conceptual
domain in the model. Herein we present the methods and
results for these 4 tasks and also consider key future tasks
such as the evaluation and validation of the model and its
candidate uses by policy-makers and practitioners.

Decisions and Realizations From Application of
Systems Thinking
During this multi-year process, we arrived at 3 key realizations
that had not been fully implemented in prior disaster
resilience work: (1) an important conceptual and operational
distinction exists between baseline community functioning
and resilience; (2) resilience has 2 key components, resistance

to a potential perturbation and recovery of function over time
after perturbation, that should be separately characterized,
because they are influenced by different factors; and (3) the
computational modeling should appropriately capture the
dynamics of the community as a complex system.

An important decision was made early on regarding the
appropriate spatial scale for the model. We selected the
county level for 2 primary reasons: (1) many governmental
public health and emergency management activities are
organized and delivered at this level and (2) this level
represents a spatial scale that is smaller than the state level
and thus more reflective of “community” in a systems sense
but large enough to provide measures that are consistently
obtained throughout the country.

Development of the Conceptual Model
The conceptual model was built around community func-
tioning as the primary parameter of interest, through an
iterative process involving discussions and review of the
literature.4-12 We used the existing disaster resilience litera-
ture to identify all major constructs that influenced resilience
and community functioning before, during, and after a
disaster, explicitly without regard to the ultimate availability
of actual data or measures to represent these constructs. A key
assumption was the expectation that communities try to
maintain their ability to provide a range of services to inha-
bitants. We sought to include elements that the literature
suggested might impact a community’s response to a disaster
and specified the interconnections between these elements.
Post-event functioning is the main outcome of interest and is
dependent on a number of factors, including pre-event
functioning and characteristics of the event. Pre-event pre-
vention and mitigation activities are explicit and directly
measurable; they act as modifiers of the relation between the
event and post-event functioning. The conceptual model
used pre-event surrogates for those domains affecting
functioning during and after an event in anticipation of the
needs of the computational model. Populating these exclu-
sively with pre-event measures allows the model to be used
before a disaster to predict community functioning and resi-
lience during and after a disaster.

Development of the Computational Model
We next translated the conceptual model to a system dynamics
computational model. We first developed the model archi-
tecture by explicitly including all pre-event concepts, domains,
and surrogates in the conceptual model and then identifying
the dynamic interconnections between these elements. Our
system dynamics model is a standard stock-and-flow model
used in public health and engineering.19,22 The stocks repre-
sent accumulations that indicate the time-varying state of the
system (eg, community functioning). The pipes connected to
the stocks represent flows (or activities). The valves represent
rate constants that control the flows in the system. Each stock’s
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time-varying level is represented by a differential equation that
incorporates the rate constants (Figure S1 in the online data
supplement). Two differential equations include empirical
scaling constants, selected to produce a sensible time course.

The systems model includes as an input a time-varying event
(ie, the disaster) whose magnitude and time course are
modeled herein as a mono-exponential decline because we
present results for a natural hazard but which could take other
forms (eg, a Gaussian function if our focus had been a pan-
demic). The event term in the model is a magnitude time
course, not a probability (because the model is conditioned
on the event occurring). The model’s development was dri-
ven by all-hazards thinking, but it became apparent during
development that more hazard-specific forms would be
helpful, in which certain domains are only included for spe-
cific hazards. For demonstration purposes, a hurricane was the
event and was applied to all counties with the same magni-
tude and time course. Distance-to-coast was used to measure
the hurricane mitigation services provided by natural systems.
We chose a hurricane to illustrate the use of a relevant nat-
ural systems measure. For other events, including disease-
based events such as a pandemic, the natural systems domain
might not be relevant, and the countermeasures domain and
corresponding relevant measures would be used instead.

The computational model outputted both single-county and
entire-country results. Single-county results are displayed as
curves; entire-country results are displayed as color-coded
maps. In either case, the primary model output is the
predicted time course of community functioning after the
start of the disaster event. Two programming environments
were used: for the single-county focus we used Vensim
(Ventana Systems, Inc, Harvard, MA) and for the entire
country focus we used MATLAB (The Mathworks, Inc,
Natick, MA).

Selection of Measures to Populate the System
Dynamics Model
We conceptualized community functioning as the ability and
capacity of a community to provide a range of essential ser-
vices to its inhabitants, rather than as the health (broadly
defined) of the community population. This distinction had
critical implications for the domains and measures we chose.
We identified candidate measures available at the county
level belonging to each domain and selected measures
(Table 1) that met the following criteria: (1) judged to have
face validity and predictive construct validity for community
functioning after an event, (2) routinely available for almost
all counties, (3) evidenced reasonable variation across
counties, (4) would be relatively easy for others to implement
(eg, not expensive to obtain, did not require significant
computational or geographic information systems pre-
processing), and (5) generally measured structures and processes
(eg, number of hospital beds normalized by population) rather

than outcomes (eg, mortality rates), except for the well-being
domain, for which traditional health outcomes were used.
The fifth criterion was applied because of a concern that
outcome measures would likely conflate multiple domains
within the model.

Visual inspection of the frequency distribution histograms of
the measures across the 3,142 counties indicated that many
had significant non-normal characteristics, including high
positive and negative skewness. We used the Box-Cox
transformation,23,24 a parameterized power transformation,
to better normalize the distribution of all of the measures. To
reduce the influence of outliers, we truncated each measure at
3.5 SDs on both sides of the mean. We then standardized
direction by multiplying “negative” measures (those for which
a smaller value is better) by -1 (so that a positive increase in a
measure was always “better”) and min-max scaled the
measures so that the minimum and maximum were 0 and 1,
respectively. Measures were then combined as a simple
unweighted average, ignoring missing values within domains,
to obtain a value for each domain.

RESULTS
Conceptual Model
The conceptual model (Figure 1) incorporates the accepted
notion that disasters arise when events, populations,
engineered infrastructures, ecosystems, and pre-event pre-
paredness and mitigation activities interact over time.
It incorporates factors thought to contribute to community
functioning over time after an event, including natural
systems, engineered systems, and countermeasures, which
together reflect prevention and mitigation factors; population
vulnerability, inequality, and deprivation; pre-event
preparedness activities; social cohesion as a surrogate for
emergent collective behaviors during and after the event;
characteristics of the event itself; external resources after the
event; formal emergency management activities, both
planned and improvised, during and after the event; and
community activities, both planned and emergent. Some
components are pre-event components and can be directly
measured; others are peri- or post-event components and are
indirectly measured via proxies.

System Dynamics Computational Model
The system dynamics model that represents the conceptual
model (Figure 2) makes explicit the recognition that the
extent to which a community is functioning after an event is
determined by a set of system structures, multiple feedback
loops in the system,15 and their reactions to and modification of
the event’s effects. The key stock is community functioning,
whose initial condition (baseline pre-event functioning,
CF0) is specified by domains and associated measures, and
which is depleted after an event. Event modifiers vary by
county, based on the corresponding measures. Community
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TABLE 1
Summary of Conceptual Model Concepts, the Domains Involved in their Measurement, and the Indicators for Each in the System Dynamics Modela

Subdomain Definition Indicators Signb

Community functioningd

Communication The capacity of a community to support the organizations, personnel, procedures, and networks employed to transmit and
receive information by electronic means.

∙ % of households with internet service +

Economy The capacity of a community to provide, maintain, and repair a market structure in which products and services are bought and
sold in relation to supply and demand.

∙ Number of banking companies per 10k population
∙ Median household income
∙ Number of employers per 10k population

+
+
+

Education The capacity of a community to provide stable educational services, to open schools, and to maintain academic programs and
extracurricular activities. Educational services include, preschool, elementary through high school, and vocational education.

∙ Pupil-to-teacher ratio at public schools
∙ % of ninth graders who graduate in 4 years

-
+

Food and water The capacity of a community to provide and sustain access to safe and sufficient food and potable water. ∙ Number of grocery stores per 10k population
∙ Number of grocery stores per 100 square miles
∙ % of households on public water
∙ % of housing units without a car and >1 mile from
supermarket

+
+
+
-

Government The capacity of a community to provide and sustain taxpayer-funded municipal services, eg, sanitation, streets, public safety,
criminal justice, vital records, building licenses/inspection, public library.

∙ Per capita federal government spending +

Housing The capacity of a community to provide safe, affordable and uncrowded housing (“a private dwelling unit…[that] a family owns,
rents, or lives in without paying rent”).c

∙ % of households with at least one of no kitchen, no
plumbing, high cost, or overcrowding

∙ Number of dwelling units per 10k population

-

+
Health care and
public health

The capacity of a community to provide equitable, quality, and accessible pre-hospital (EMS), emergency, primary, specialty,
and long-term medical and mental and behavioral health care, to include the inpatient and outpatient treatment of urgent and
chronic medical and mental and behavioral health conditions.

The capacity of a community to protect the health of the population through promotion of healthy lifestyles, disease and injury
prevention, and detection and control of infectious diseases.

∙ Ratio of population to mental health care providers
∙ Number of physicians per 10k population
∙ Number of hospital beds per 10k population
∙ % of women on Medicare with mammogram
∙ % of Medicare enrollees with diabetes receiving
HbA1c test

∙ % of uninsured adults
∙ % of adults who are current smokers
∙ % of adults who are physically inactive

-
+
+
+
+

-
-
-

Nurturing and care The capacity of a community to provide supportive/assistive care to citizens in need, eg, child care, elder care, housebound and
nursing services.

∙ Number of nursing homes per 10k population +

Transportation The capacity of a community to allow for safe and efficient movement of persons or resources around, into or out of area. This
includes transportation infrastructure and mass transit services.

∙ % who walk or cycle to work +

Well-being The capacity of a community to promote and support good physical and mental health of its citizens, eg, parks and recreation,
arts and culture, health promotion programs and resources.

∙ Average life expectancy
∙ All-cause mortality per 100k population
∙ % with self-reported excellent or very good health
∙ % of adults with frequent mental distress

+
-
+
-

Prevention and Mitigation (an event modifier)d

Natural systems The existence and preservation of natural systems that mitigate the effects of a disaster. These include such natural systems as
wetland and barrier dunes, stream corridors, sediment and erosion control.

∙ Distance to ocean coast, continuous from 0–250
miles, then did not contribute

+

Engineered
systems

The existence and preservation of engineered systems that mitigate the effects of a disaster. These include flood levees,
earthquake-proof buildings, firebreaks in fire zones, etc.

∙ % of bridges with structural deficiencies
∙ Average age of housing stock
∙ % of housing units that are not mobile homes
∙ % of population affected by water violations in
public water systems

-
-
+
-

Countermeasures “Health management services that account for programs, products, and systems necessary to be prepared for, protected from,
and be resilient against chemical, biological, radiological, nuclear, and explosives (CBRNE) agents and emerging infectious
disease threats.” This includes both pharmaceutical and nonpharmaceutical interventions.

∙ Not used in the current version of the model

Population vulnerability, inequality, and deprivation (an event modifier)d

Vulnerability “The likelihood that an individual or group will be exposed to and adversely affected by a hazard. It is the interaction of the
hazards of place (risk and mitigation) with the social profile of communities.”

∙ % of children in population (<18 years)
∙ % of elderly in population (>85 years)
∙ % of population in institutions
∙ % of population with sensory, physical, or mental
disability

-
-
-
-

Inequality “Unequal access to opportunities and unequal exposures to risks which are a consequence of the socio-economic system.” ∙ Income inequality -
Deprivation “A state of observable and demonstrable disadvantage relative to the local community or the wider society or nation to which an

individual, family or group belongs. . . . [It includes a distinction] between material and social forms of deprivation- one
involving the material apparatus, goods, services, resources, amenities, and physical environment and location of life, and the
other involving the roles, relationships, functions, customs, rights, and responsibilities of membership of society and its
subgroups.”

∙% of population with less than high school education
∙ % of population not in the labor force
∙ % of population in poverty
∙ % of civilians unemployed
∙ % of population on public assistance

-
-
-
-
-
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functioning can be replenished by 3 stocks (preparedness/
response, social cohesion, and external resources).

Computational Model Output
The model outputs the time course of community functioning
after an event, which is then used to calculate resistance,
recovery, and resilience for each county. The output from the
model showed that community functioning declined from
baseline and returned in a pattern consistent with prior
hypotheses and real-world observations (Figure 3). From that
time course, resistance (the relative decline from baseline to
the minimum of community functioning), recovery (the
inverse of time to recovery from minimum to half of baseline
community functioning), and resilience (the area under the
curve of community functioning over time) could be
calculated.

The model’s county-by-county output was used to produce
color-coded maps for all US counties for baseline community
functioning and the predicted resistance, recovery, and resi-
lience values after the hurricane event was applied equally to
all US counties. Baseline community functioning showed
reasonable variation across counties, with geographical clus-
tering as would be expected (Figure S2 in the online data
supplement). Similarly, resistance and recovery (Figures S3
and S4 in the online data supplement) and overall resilience
(Figure 4), divided into quartiles, showed geographical pat-
terning and clustering as would be expected from a hurricane.
The different patterns apparent in the baseline community
functioning and resilience (resistance and recovery) maps
support our initial conclusion that these 2 should not be
conflated.

DISCUSSION
We believe we have added 3 important results to the disaster
resilience literature: (1) a transparent conceptual model that
distinguishes between baseline community functioning and
factors driving resilience, thereby making key components
explicit, which facilitates discussion and supports improve-
ment; (2) a highly visualizable dynamic computational model
whose architecture further distinguishes between factors
driving resistance versus recovery; and (3) initial results from
the system dynamics model that predicted the time course of
community functioning during and after a hurricane and the
variation in resilience across the country. An important
conclusion is that resilience should be separately character-
ized from baseline community functioning; communities may
appear resilient when they simply have a high level of pre-
event functioning.

This work is an example of what has been increasingly called
for in public health: the application of modeling and simu-
lation.13 Our work quantitatively represents, in silico, the
behavior of a complex dynamic system and its components
over time; it explicitly connects natural, engineered, and
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social systems.13 With further refinement, validation, and eva-
luation, such a model could improve decision-making by
revealing “plausible futures” after disasters and helping to eval-
uate individual and combined effects and trade-offs of programs
or policies to optimize community functioning after disasters.13

Our work built on the many significant prior efforts on
community resilience that date to 2003, when Bruneau et al
presented a framework to quantitatively assess the seismic
resilience of communities, defined as a system’s ability to
reduce the chances of experiencing an earthquake, absorb the
shock once it has occurred, and recover quickly from it.4

Starting in 2007, Norris et al25 and Pfefferbaum et al5,6

presented a conceptual model of resilience, characterized as a
process linking a network of 4 primary sets of networked
adaptive capacities (economic development, social capital,
information and communication, and community compe-
tence). In 2008, Cutter et al7 proposed a “disaster resilience of
place” (DROP) model for understanding community resi-
lience to natural disasters; DROP included the antecedent
conditions, the event, coping responses, and adaptive resi-
lience. In 2010, they used the “inherent resilience” portion of
their model to create a composite indicator of baseline
community resilience for 736 counties in the southeast
United States. All of these efforts emphasized, in concept, the
dynamic and latent nature of resilience—important ideas that

FIGURE 1
Conceptual Model of Key Components of Community Functioning After an Event.

Abbreviation: EM, emergency management. All components to the left of the vertical dotted gray line are measured before the event. Nothing to the right
of this line is directly measured; these are either measured with proxies before the event (eg, social cohesion as a surrogate for community activities)
or predicted by the output of the computational model. The dashed lines represent moderation (ie, factors that modify the relation between the event
and the time course of community functioning).
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we then operationalized in a dynamic computational model that
predicts resilience based exclusively on pre-event measures.

In 2010, RAND published a literature review of community
resilience in the context of national health security8 in which
they proposed that the core components of community

resilience include the physical and psychological health of the
population; its social and economic well-being; the ability of
the community to use risk communication effectively;
the involvement and integration of government and non-
government organizations in planning, response, and recovery;
and the social connectedness of the community. In 2011,

FIGURE 2
System Dynamics Model, Using Standard Symbols From the System Dynamics Literature, Showing the Depletion of the
Community Functioning Stock Due to the Event and the Replenishment of Community Functioning From the Social
Cohesion, Preparedness and Response, and External Resources Stocks.

Abbreviations: CF, community functioning; CF0, baseline community functioning. Natural systems, engineered systems, countermeasures, population
vulnerability, inequality, and deprivation serve to moderate the influence of the event.
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RAND proposed 8 “levers” of community resilience,9 and Los
Angeles County subsequently implemented a program based on
this work.10-12 It is important to note that the 2 RAND
documents explicitly distinguish, in concept, between resistance
(or “withstanding”) and recovery. In 2011, the Community &
Regional Resilience Institute published the Final Report of the
Community Resilience System Initiative, which represented
the culmination of several years of effort (www.resilientus.org).
The product of this effort was the Community Resilience
System, which helps communities understand their specific
vulnerabilities and guides them in prioritizing mitigation efforts
that will strengthen their resilience through 6 stages.

Our work differs from these past conceptualization and
modeling efforts in several important ways. Broadly speaking,
past computational modeling efforts fall into 1 of 2 categories:
static models of real places with real data7 or dynamic models
of virtual places with simulated data with a focus on socio-
economic recovery.26 We have combined the best elements
of both approaches to produce a dynamic model and results
based on real places and data.

One key conclusion from this work was the inadequacy of
existing measures available to populate the computational

model. We had to make several compromises and do not
consider the model output to be the best, final estimates of
resilience at the county level. Measures were particularly
lacking for engineered systems, preparedness, public health
services, and natural systems. An important goal of future
work will be to identify or develop better measures and a
more systematic process for selecting and incorporating them
into COPEWELL. Other important areas of future effort
include the roles of emergence/improvisation, leadership,
governance, and risk perception and how the model should
change for different types of hazards. Finally, while the cur-
rent computational model output can be used to compare
between counties, the absolute values of resistance, recovery,
and resilience require calibration of key model parameters
(Figure S1 in the online data supplement) before attaching
quantitative meaning to them.

Our model strongly suggests that communities can improve
community functioning over time after an event by activities
pre-event that go beyond traditional preparedness activities,
such as reducing population vulnerability, improving access
to social capital, fostering organizational networks and rela-
tionships, improving community social support, and planning
for adaptation after events.25,27 There are a number of specific
interventions in the literature to address these domains,
which could be repurposed in the context of building disaster
resilience.

The model’s domains and their dynamic interconnections
represent what has been referred to as a network in the resilience
literature, and the resulting dynamic system embodies the
adaptive capacities also identified in the literature.25 Of impor-
tance, the model incorporates emergent collective behavior,28,29

which is usually highly coordinated, effective, rational, and
common after disasters. Such behavior manifests as the
appearance of group-level creativity and efficacious improvisa-
tion peri- and post-event.30-32 Any accurate model of commu-
nity functioning in the disaster context needs to reflect such
behavior. We used social cohesion as a predictive surrogate of
this behavior, since it is generally recognized that community
social cohesion facilitates the emergence of collective behavior.

Our approach overcomes several limitations of prior work.
One flaw in dominant disaster planning models is the
assumption that disasters are purely physical events, rather
than understanding that disasters are also social events that
impact different communities in different ways.33,34 Risk of
exposure and vulnerability to hazards varies depending on
social system factors in addition to physical system factors.34

Our conceptual model (like those of some others)25 incor-
porates these social features of community, such as population
vulnerability, inequality, and deprivation and social cohesion.

In our approach, community functioning is conceptualized as
the organized, population-level services provided by the juris-
diction, which naturally leads to a characterization of higher

FIGURE 3
Output From the System Dynamics Model for an Actual
County: Community Functioning Over Time After a
Hurricane Event.

Abbreviations: CF, community functioning; CF0, baseline community
functioning. The plot identifies the 3 primary metrics that can be
derived from the community functioning time course:

CFmiddle =
CF0 +CFmin

2

Resistance=
CFmin

CF0

Recovery=
1
thalf

Resilience= area under the curve
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baseline (pre-event) functioning for those counties that
provide more services. This results in what some may see as a
bias toward more urban compared with more rural counties;
this bias taints discussions of urban versus rural resilience,
especially when the functioning and resilience of individuals
in rural communities is high. In our case, however, this
seeming bias is not necessarily inaccurate or misleading,
because of our focus on community-provided services, func-
tioning, and resilience.

Limitations
This work had several limitations. First, as previously men-
tioned, is the paucity of adequate county-level measures
collected nationwide and frequently enough to optimally
represent the domains in our model. As an alternative, an
expert-opinion-driven standardized scoring rubric for the
domains could be considered, allowing a community to self-
assess and enter values into the model. We also did not do
any spatial smoothing, which could account for cross-
jurisdictional aid and minimize the influence of arbitrary

boundaries imposed by a county-level spatial scale. Such factors
could be either positive (eg, regional hospitals, mutual aid
compacts) or negative (eg, co-occurring events in multiple
neighboring jurisdictions). The model also bundled targeted
interventions into much broader terms (eg, flood insurance as
an external resource). The model is not ready for all hazards, as
we anticipate that specific components will be different for
different events (eg, natural disasters vs pandemics).

There is a need for comprehensive model validation
(ultimately, in the context of predictive accuracy) and
evaluation of practical utility. Of note, the conceptual and
computational models have been presented to the public health
practice community in several settings and participating
members agreed they had face validity for the stated goals. With
respect to accuracy, our plan is to include both qualitative (case
study-based) and quantitative assessments; the quantitative
assessments will use historical disasters for which we can obtain
data both before and after the event. With respect to utility, we
have developed a candidate set of “use cases” that can be tested
with policy-makers and practitioners.

FIGURE 4
Output from the System Dynamics Model: Resilience Across the United States by County Immediately After a Hurricane of
Standardized Magnitude Applied to all Counties.

The mean, SD, range, and interquartile range for resilience across all US counties were 0.901, 0.011, 0.862-0.937, and 0.895-0.909, respectively. On the
plot, values were divided into quartiles, with Q1 to Q4 represented by purple, light blue, light green, and red, respectively. Natural systems (distance-to-coast)
were included as a continuous variable from 0 to 250 miles from the coast; at larger distances it did not contribute to the Prevention/Mitigation domain.
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CONCLUSIONS
We have described the development and initial results of a sys-
tem dynamics model of community resilience. When complete,
the goal is that the products of this work will address the needs
of practitioners and policy-makers by providing: (1) a framework
to facilitate consideration of resilience, (2) an assessment of
the current state of community resilience across the nation, and
(3) a decision-support tool to help identify effective and efficient
interventions that build resistance and recovery.
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