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1. Project Summary:
1.1 Introduction and structure
This dissertation aims to provide evidence and insight into the patterns related to environmental
migration and environmental displacement, referring to population movement attributed to
environmental factors (defined in full in Section 2.2 below). This research is situated in a world imperiled
by climate change, which is expected to increase temporary and permanent population movement due
to resource scarcity, extreme weather events, and shifting temperatures.
Emerging research indicates that parts of the world will become unable to safely sustain communities in
the near future (IPCC 2018, 2020). Climate-induced changes affecting human developments include
areas that disappear into the sea and storms (NOAA 2017; Titus and Richman 2001; Neumann et al.
2015), those that are repeatedly overwhelmed by fire and smoke (Moritz et al. 2014; Zinck, Pascual, and
Grimm 2011; Radeloff et al. 2018), and places that become agriculturally unproductive due to shifting
temperatures and oscillating floods and droughts (McLeman 2017; IPCC 2020; Bhattachan et al. 2018),
among other conditions (Allen et al. 2018). These changes are predicted to drive large-scale migrations
that will transform current cities, regions, and towns (Warner et al. 2010; Hunter, Luna, and Norton
2015; Black et al. 2013). However, current efforts to support migration away from at risk areas have
been fraught with problems (Davenport and Robertson 2016; Hino, Field, and Mach 2017); more
research is needed to support sustainable approaches to relocation and effective communication
strategies with communities at risk.
The broader goal of my research is to better understand the tensions experienced by residents
regarding the decision to leave or stay in a home and/or community under deteriorating environmental
conditions, as well as the risks associated with leaving. This dissertation will serve as the start to my
development of a larger body of work that will inform risk communication and managed retreat
strategies. The intent of this work is to improve climate communication and help individuals migrate
from vulnerable or at-risk areas in the context of worsening conditions due to climate change, and to
inform policy change.
In this proposal, I outline my dissertation as it is articulated in three separate, but linked, papers, which
are substantively centered on environmental migration and environmental displacement, specifically as
driven by flood risk and hazards. The goal is to contribute to our knowledge about communicating risks
associated with climate change in support of community- and individual-led pro-active adaptive
strategies.
The first paper, tentatively entitled, “Increased movement and decreased discretion: migration in
relation to major disaster events and risk exposure,” analyzes how repeated disasters can synergistically
impact migration. The broad goal of this paper is to understand how the intersection of disaster
exposure and risk affect migration destinations. Specifically, I will examine disaster-induced migration at
the individual level from January 2016 to July 2020 using a novel, address-scale dataset to examine the
impact of Hurricanes Matthew (2016), Florence (2018) and Dorian (2019) in affected and control areas
across the Coastal Plains of North Carolina. Using a quasi-experimental design, I will compare differences
in migration patterns across areas with higher/lower pre-storm flood risk (i.e., floodplains vs. nonfloodplains) and areas that ended up being impacted/not-impacted by these storms.
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The second paper, tentatively titled “Do Floodplain Buyouts Mitigate Individual Risk?: Comparisons
between Buyouts and Post-Disaster Migration” builds on Paper 1 and seeks to explain the relationship
between federally-financed floodplain buyouts and retreat as a risk reduction strategy. Specifically, I will
examine residential migration and buyouts that occurred in Harris County, TX in the aftermath of
Hurricane Harvey, observing how buyouts differentially affected a household’s migratory decisions and
outcomes.
Unfortunately, while the data used in Papers 1 and 2 will allow novel analysis of Hurricane-driven
migration as influenced by vulnerability at a household-scale, it will not facilitate examination of the risk
perspectives or personal conditions that residents use when deciding to leave their pre-storm homes.
Therefore, building on the patterns studied in Paper 1 and 2, Paper 3, tentatively titled “Changing
Perspectives After the Storm: A pre-post evaluation of risk perception and adaptive decision making,”
delves deeper into the explanations used by the residents’ themselves for engaging in adaptation
decisions (i.e., migrating or protecting in situ) after disaster exposure. To better understand how
residents’ perspectives and opinions of flood risk are affected by concrete experiences of disaster, I will
analyze data from two waves of resident surveys in the Albemarle-Pamlico Peninsula, NC from both
before (2017) and after (2020-2021) Hurricanes Florence and Dorian, as well as from semi-structured
interviews (2021) with a subset of respondents.
These papers will be bookended by introductory and concluding chapters; the introduction will establish
where this dissertation fits into the broader, scholarly conversation at the nexus of the hazards and
planning, and within the growing literature on environmental migration and displacement. The
conclusion will address the shortcomings of the studies, policy implications, and new directions for both
theory and research. Additionally, the concluding chapter will include a number of anticipated paper
topics designed to continue my work into the future and establish my research program.

1.2 Research questions and hypotheses:
Across my three dissertation papers, I will address the following research questions:
1) Tentative title: “Increased Movement and Decreased Discretion: Migration in Relation to Major
Disaster Events and Risk Exposure”
RQ 1.1: How does hurricane exposure and flood vulnerability differentially and synergistically affect
individual patterns of out-migration between areas of varying flood risk and recent storm impacts?
Hypothesis 1.1A: Storms induce a short-term increase in out-migration from affected areas.
Hypothesis 1.1B: If post-storm migration is a function of increased risk awareness, then
individuals will migrate to less vulnerable locations.
Hypothesis 1.1C: Experiencing multiple storms disproportionately increases out-migration
RQ 1.2: How do the patterns noted in RQ 1.1 change over time, differentiating between displacement
(0-3 months post-storm), short-term migration (3 months – 1 year), and long-term migration (>1 year)?
Hypothesis 1.2A: Migration outcomes will improve as time passes and relocation strategies shift
from displacement, which is particularly reactive, to longer-term migration
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RQ 1.3: How does hurricane exposure and flood vulnerability differentially and synergistically affect
housing stability (defined as rate of moves since displacing storm event)?
Hypothesis 1.3A: Households migrating from high-risk, impacted areas will face housing
instability, experiencing a greater number of moves compared to those who migrated from lowrisk / non-impacted areas.
2) Tentative Title: “Do Floodplain Buyouts Mitigate Individual Risk?: Comparisons between Buyouts
and Post-Disaster Migration”
RQ 2.1: Among similar households affected by storm events, do households that participate in buyout
programs move to less geographically vulnerable areas (i.e., non-floodplains) compared to households
that did not participate in buyout programs?
Hypothesis 2.1A: Those participating in buyout programs will end up in more physically resilient
areas (e.g., not in a floodplain). This will indicate that the programs increase household-level
resiliency.
RQ 2.2: Do households that participate in buyout programs move to high opportunity neighborhoods at
a higher rate compared to households that did not participate in buyout programs?
Hypothesis 2.2A: Those participating in the buyout program will end up in better
neighborhoods. This will indicate that the additional support provided by the buyout program
increased household-level recovery.
RQ 2.3: Do households that participate in buyout programs have a smaller number of post-storm event
moves compared to storm-impacted households who moved, but did not participate in buyout
programs?
Hypothesis 2.3A: Those participating in the buyout program will move less over a five-year poststorm period. This will indicate that the additional support provided by the buyout program
improved housing stability.
3) Tentative title: “Changing Perspectives After The Storm: A Pre-Post Evaluation of Residential Risk
Perception and Adaptive Decision Making”
RQ3.1. How do residents’ perceptions of storm magnitude, frequency, and risk change in the wake of
storm exposure?
Hypothesis 3.1A: Residents risk awareness increases as they are exposed to additional storms.

RQ3.2. Are residents more open to out-migration or in situ adaptation after experiencing repetitive
storm events?
Hypothesis 3.2A: As a whole, surveyed residents indicate a higher openness to implementing
protective strategies.
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Hypothesis 3.2B: Those who reported they were more open to moving due to increased
strength and frequency of storm events in Wave 1, will have been more likely to move by Wave
2.
Hypothesis 3.2C: Wave 2 respondents will be more open to moving compared to their baseline
responses in Wave 1.

2. Literature Overview
2.1 Introduction
Migration is a complex social phenomenon that, over many timescales – from weeks to decades –
transforms the characteristics and characters of entire communities. The study of migration reaches
across the full range of social science inquiry as the movements and flows of individuals are affected by
decisions that span the individual, household, community, and nation, and are determined by a widerange of factors, including region and socio-political systems (Brettell and Hollifield 2015).
There are a number of ways to frame migration research. Migration literature can be subdivided into the
sometimes-overlapping perspectives of different fields; for example, historically, anthropologists have
had a bias towards studying social networks, economists towards studying wage differentials,
geographers towards spatial dimensions, etc. (Brettell and Hollifield 2015). It is also studied using
distinctions of scale, for example: macro-level approaches, which commonly focus on differences – like
wage differentials – between origin and receiving communities; meso-level effects, such as networks of
social connections or remittances; and micro-level approaches, which typically focus on psychological
features of decision making at the individual or household level (Cadwallader 1992; De Haas 2010).
Additionally, migration can be understood through the differences between the ‘receiving context’, or
conditions related to the communities migrants end up in, and the ‘sending context’, or conditions
related to the communities migrants come from, with inference by intermediate structures, such as
existing networks, governmental restrictions, or industries developed to facilitate migration between
different countries (De Haas 2010).
This dissertation specifically focuses on how migration systems change in response to natural hazard
events in the context of environmental change. The hazards field has explored the relationship between
disasters and social change in the populations and segments of society impacted by hazard events since
Lowell Juilliard Carr (1932) defined disasters in terms of the “collapse of cultural protections” in 1932.
This perspective gained further momentum in 1952 when the Disaster Research Group was formed at
the National Research Council to “[conduct] a review of the state of disaster research,” undertaking a
series of studies that “formed the first systemic…information about human behavior in disasters” (Perry
et al. 2007, 5). The significance in these early definitions is that even disasters precipitated by natural
events (hurricanes, tornadoes, wildfires, etc.) are inherently related to anthropological factors as they
intersect with the built and social environment (Perry et al. 2005; Quarantelli et al. 1998).
However, the hazards literature largely overlooks long-term trends of population movement in favor of
focusing on the concentrated time span in the direct aftermath of a disaster (Hunter, Luna, and Norton
2015; Fussell and Curtis 2014). Meanwhile, migration literature primarily focuses on long-term trends
that assumes a longer time frame with increasing or steady movement as part of self-replicating social
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systems across the globe (De Haas 2010). Generally, large-scale research on migration relies on data sets
with relatively long timeframes. Migration patterns can be defined in years, decades, or eras. And
research focused in the United States typically relies on data from the American Community Survey
(ACS) or the U.S. Decennial Census (Fussell, Hunter, and Gray 2014; Bell et al. 2015). Often, this is
insufficient to study short-term patterns in the compressed time period comprising the aftermath of
disasters (Olshansky, Hopkins, and Johnson 2012). A major aspect of this dissertation will include the use
of high resolution data on population movement and individual perspectives from timeframes both
before and after disasters.
2.2 Definitions and terminology
“Displacement” and “migration” are terms that have been used in the literature to describe overlapping
phenomenon. Similarly, the way in which “environmental migration” and “environmental displacement”
should be defined and differentiated is a matter of some debate and may vary across sub-areas of
literature. The complication with defining these two terms is tied to the inherent difficulty in detangling
environmental drivers of migration from other drivers, such as social, economic, or political factors. This
has led to a ‘conceptual fuzziness’ in both terms, where the specific definitions are variable across
scholarship (Castles 2002; Bardsley and Hugo 2010). To clarify these terms for the purpose my
dissertation, I will rely on definitions created the International Organization for Migration (IOM), an
intergovernmental organization related to the United Nations (2019), as well as definitions established
by relevant work in this field (e.g., Black et al. 2013).
The IOM (2019, 55) defines “displacement” and “migration,” respectively, as:
Displacement: “The movement of persons who have been forced or obliged to flee or to leave
their homes or places of habitual residence, in particular as a result of or in order to avoid the
effects of armed conflict, situations of generalized violence, violations of human rights or natural
or human‐made disasters (pg. 55).”
Migration: “The movement of persons away from their place of usual residence, either across an
international border or within a State (pg. 137).”
I further clarify specific temporal constraints based on work by Black et. al. (2013, S36) who uses
definitions from the United Nations (1998) to summarize three distinct timelines that distinguish
“displacement” from two types of “migration”: “temporary displacement (less than three months),
short-term migration (3 months to 1 year) and long- term migration (more than 1 year).” Together,
these terms differentiate between a short-term phenomenon of population movement – displacement;
and define migration as a longer-term phenomenon. I will adopt these specific time constraints
throughout my dissertation.
The IOM (2019) further defines a number of migration and displacement conditions specifically related
to climate change, environmental conditions, and disasters (emphasis my own):
Climate Migration: “The movement of a person or groups of persons who, predominantly for
reasons of sudden or progressive change in the environment due to climate change, are obliged
to leave their habitual place of residence, or choose to do so, either temporarily or permanently,
within a State or across an international border (pg. 31).”
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Environmental Migration: “The movement of persons or groups of persons who, predominantly
for reasons of sudden or progressive changes in the environment that adversely affect their lives
or living conditions, are forced to leave their places of habitual residence, or choose to do so,
either temporarily or permanently, and who move within or outside their country of origin or
habitual residence (pg. 65).”
Disaster Displacement: “The movement of persons who have been forced or obliged to leave
their homes or places of habitual residence as a result of a disaster or in order to avoid the
impact of an immediate and foreseeable natural hazard.” (2019, 51)
In the above definitions, I first emphasize change in the environment due to climate change and changes
in the environment. This distinguishes climate migration as a subset of environmental migration.
Because of the difficulties in teasing out adverse events that occur due to climate change and those that
occur due to variations in the overall environment, I intend to use the larger overall term of
environmental migration, as well environmental displacement, based on the distinctions in duration
noted previously. Based on the above definitions, I will specifically define environmental migration and
environmental displacement as (underlined section is my adaptation from IOM [2019]):
Environmental Migration: The movement of persons or groups of persons who, predominantly
for reasons of sudden or progressive changes in the environment that adversely affect their lives
or living conditions, as a result of a disaster, or in order to avoid the impact of an immediate and
foreseeable natural hazard, are forced to leave their places of habitual residence, or choose to
do so, for a period of greater than three months, and who move within or outside their country
of origin or habitual residence.
Environmental Displacement: [Same as above but for a period of less than three months]
These definitions collapse the distinction between environmental migration, natural hazard induced
migration, and climate change migration into a broad category. This is done because all of these
conditions – environmental degradation, natural hazards, and climate change – can be considered under
the hypernym of environmental conditions. Further, I add additional clarification on the time-scale of
migration and displacement, as informed by other terms defined by the IOM above.
Four other terms that will be important throughout this dissertation are also important to define:
Return migration: “In the context of international migration, the movement of persons returning
to their country of origin after having moved away from their place of habitual residence and
crossed an international border. In the context of internal migration, the movement of persons
returning to their place of habitual residence after having moved away from it.” (IOM 2019, 186)
Stepwise international migration: “A pattern of multistage international labor migration
involving stints of substantive duration working in intermediate countries as an intentional
strategy adopted by low-capital migrants unable to gain immediate entry into their preferred
destination countries.” (Paul 2011, 1843)
Managed Retreat: “The strategic relocation of structures or abandonment of land to manage
natural hazard risk.” (Hino, Field, and Mach 2017, 364)
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Residential Mobility: “The movement of households within urban areas” (Short 1978, 419)
2.2 Relevant Scholarship and Theory
There are a growing number of researchers whose work centers on the intersection of migration or
displacement and environmentally driven pressures. These authors create informal ‘groupings’ through
co-authorship with each other to push specific conceptual frameworks related to environmental
migration. The following subsections highlight some of their contributions and the frameworks that they
are centered in.
Network Migration: The application of traditional migration theories to post-disaster migration has
gained traction only recently. Primarily, these efforts have been led by Elizabeth Fussell (Fussell and
Curtis 2014; Fussell, Sastry, and Vanlandingham 2010; Fussell and Harris 2014; Fussell, Hunter, and Gray
2014); Katherine Curtis (Curtis et al. 2019; Curtis, Fussell, and Dewaard 2015); and Jack DeWaard
(Dewaard, Johnson, and Whitaker 2020; Dewaard, Curtis, and Fussell 2010; Dewaard, Johnson, and
Whitaker 2019). Fussell has developed a compelling body of work placing return migration into the
context of existing migration systems, with a specific attention to Network Migration Theory. Curtis has
largely followed this trend, with an added emphasis on the role of socio-economic considerations.
DeWaard has championed alternative comprehensive data sources for studying post-disaster migration,
including using samples of credit information to track movement at a finer scale than is often allowed
through traditional methods, such as the Decennial Census or ACS.
The Network Migration Theory holds that “migrant networks are sets of interpersonal ties that link
together migrants, former migrants, and non-migrants in origin and destination areas through the bonds
of kinship, friendship, and shared community origin” (Massey 1990, 69). This reduces the costs
associated with moving and increases opportunities in areas that are already settled by previous
migrants. Through this, the migration system typically becomes self-sustaining and self-replicating, as
new migrants increasingly move to areas where they have existing social ties, and therefore create
further opportunities for future migrants (Boyd 1989; Fawcett 1989; De Haas 2010).
Work by Fussell and Curtis (2014) suggests that post-disaster migration prioritizes short-distance and
short-duration moves as influenced by pre-existing migration systems. Further, disasters, logically,
increase population ‘churn’ compared to pre-disaster migration flows, increasing housing instability
(Curtis, Fussell, and Dewaard 2015). Finally, they also show relationships between experienced damage
and systems of recovery (Fussell, Sastry, and Vanlandingham 2010). However, many questions remain as
to the relationships between different environmental events, their risks, the mediating role of different
socio-economic factors, and resulting migratory patterns (Fussell, Hunter, and Gray 2014).
DeWaard focuses on many of the same phenomena as Fussell and Curtis, with some important
overlapping work, but with a major methodological difference in that his work is centered around nontraditional sources of data for studying migration (Dewaard, Johnson, and Whitaker 2019). Most
importantly, DeWaard highlights the need for both larger and finer grained data sources for studying
post-disaster migration that can operate at a finer spatial and temporal scales (Dewaard, Johnson, and
Whitaker 2020). For example, he introduces the use of individual level movement data as acquired from
consumer credit agencies to study post-disaster migratory patterns. This data set provides a sample
from all credit histories maintained by Equifax, which includes the addresses of residents on a quarterly
basis from 1999-2019. This approach remediates several of the problems associated with limited
7

temporal and spatial specificity in traditional migration data sources (e.g., US Decennial Census or ACS).
However, because return migration in the aftermath of a disaster event can occur rapidly (in weeks or
months; (Fussell, Sastry, and Vanlandingham 2010), an even finer grain of data is still needed to provide
actionable insights into post-disaster migration patterns.
As this relates to this dissertation, I will rely on counterfactual conditions of migration as points of
comparisons for disaster-related migration processes. This will inform an understanding of how disasters
affect migration systems.

Thresholds: The study of environmental migration from perspectives rooted in the field of geography
has been led by Neil Adger (Adger et al. 2013; Adger, Arnell, and Tompkins 2005; Adger 2009; Adger,
Lorenzoni, and O’Brien 2009); Richard Black (Black et al. 2011b; Black, Adger, and Arnell 2013; Black et
al. 2011a, 2013); and Robert McLeman (McLeman 2011, 2017; McLeman and Smit 2006; McLeman and
Hunter 2011). Together, through co-authorship and intertwining studies, they have advanced the ideas
of “thresholds” and “tipping points” in environmental migration, following ideas that originated in
complex systems theory and ecology (Lenton 2013). Additionally, they have also emphasized a reliance
on traditional migration theories, culminating with Black’s development of a framework that considers
the continuums of political, economic, demographic, social, and environmental influences across spatialtemporal axes on the decisions to migrate or to stay in the wake of environmental pressures.
These authors conceptualize thresholds in environmental migration as a direct response to deteriorating
environmental conditions. In this frame, as environmental conditions worsen, individuals subjected to
these changes make progressive adaptation decisions. First, they may shift existing land use or livelihood
choices (McLeman 2017). For example, during the spring 2019 US Midwestern floods stretching across
six states along the Missouri River and its tributaries, farmers who would traditional plant corn were
unable to do so due to the over-saturated soil. As a result, many shifted to planting soybeans, which
have a shorter growing season and therefore provided more time for the soils to dry out sufficiently
(Gibbens 2019). However, in worsening conditions, shifting land management activities or adaptation
measures may no longer provide sufficient protection for sustaining livelihoods. In these conditions, in
situ adaptation is considered to have failed and out-migration results, as was the case during the historic
Dust Bowl drought of the 1930s (McLeman et al. 2010). These thresholds are outlined in Figure 1.
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Figure 1: McLeman’s (2017) diagram for adaption and thresholds in a hypothesized system
However, this model does not explain the relationship or interaction between quick-onset and longterm disaster conditions (e.g. hurricanes versus sea level rise). Further, it does not explain the personal
perspective between individuals’ progression through these thresholds, and the tension between
investing in place and later migrating away from a sunk-cost consideration (Schwaller and BenDor 2020).
In the context of my dissertation, I will look at the relationship between at-risk areas (i.e. households in
floodplains) and those impacted by distinct events to better understand how the shift towards outmigration may occur at a larger scale.

Protection Motivation Theory: While it is often presumed that there is a clear line between risk and
response, real world conditions show that this relationship is complex. W.J.W. Botzen (Botzen, Aerts,
and Van Den Bergh 2009; Botzen, Aerts, and van den Bergh 2009; Botzen and van den Bergh 2012);
J.C.J.H. Aerts (Aerts et al. 2018, 2008); Philip Bubeck (Bubeck et al. 2018, 2013, 2012; Bubeck, Botzen,
and Aerts 2012); and Jennifer Poussin (Jennifer K. Poussin, Botzen, and Aerts 2014; J. K. Poussin et al.
2012) champion Protection Motivation Theory to better explain household level flood mitigation
behavior in light of risk conditions.
The Protection Motivation Theory (PMT) was initially introduced by Rogers (1975) to better connect the
literatures on “fear appeals” and attitude change. As a socio-psychological model, PMT posits that there
are two possible responses to a threat: a protective (taking an action to prevent damage from a
perceived threat) or non-protective response (such as denial of threat, wishful thinking, or fatalism).
Prior to choosing between a protective or non-protective response, an individual goes through at least
two phases. First, a threat appraisal phase assesses the likelihood and extent of damage from a threat. If
a certain threat threshold is met, a coping appraisal phase begins, where the individual assesses their
ability and required costs to cope with or avert the threat. If the individual seeks a protective response,
they will go through a third phase called protection motivation, where the intent is formed to perform a
protective action. Then, the actual action, or the protective response, is mediated by factors related to
the individual’s ability to perform the behavior such as costs or social norms. For example, this theory
interprets flooding as a potential threat, which, once deemed a threat, may lead to coping mechanisms
such as future topographic adaptation (Rogers 1983; Rogers and Prentice-Dunn 1997).
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Botzen, Aerts, Bubeck, and Poussin have introduced the PMT to flood management and risk
communication literature through a series of studies regarding flood risks and responses in a primarily
European context. The main contribution of their work is the explanation of why an awareness of flood
risk is not well correlated with reaction. The influence of coping appraisals helps to explain nonprotective or fatalistic responses (Bubeck, Botzen, and Aerts 2012). This research primarily focuses on
improving risk communication in a manner that promotes in situ flood protective behavior. At this
moment, there is limited application of PMT to out-migration patterns.
The way that I adapt the PMT to my dissertation is through an interaction with the threshold theory for
migration. As climate change progresses, risks to households and individuals increase. Borrowing from
the threshold theory, the increasing severity of climate change over time (t) should have a positive
relationship with risk perception and a negative relationship with coping appraisal as protective action
becomes more expensive. When coping appraisals fail, it stands to reason that it will be more likely for
individuals and households to migrate out rather than implement strategies to protect in place. This
tension will act as the backbone for my analysis and a lens for trying to interpret the changes to
migration patterns that I hope to observe.

Figure 2: Diagrammatic framework for the Protection Motivation Theory, based on work by Rogers
(1975; 1983).
Improving Buyouts: While buyouts are generally assumed to provide a net-good for society (Rose et al.
2007), it has been less clear how well they support the individuals and communities directly
participating in them (Salvesen et al. 2018; Lynn 2017). Sherri Brokopp Binder and Alex Greer (Binder,
Greer, and Zavar 2020; Binder and Greer 2016; Greer and Binder 2017) are leading the field in asking
who buyouts serve, and how they can be improved. Buyouts, in the context of flood disasters, are
generally understood as government funded property acquisitions of private residential property so that
the land can be converted and preserved as open space (Weber and Moore 2019). Ostensibly, this
serves three purposes: 1) it reduces future recovery costs by removing structures and people from
harm’s way; 2) it provides an amenity to the community, where the open land can provide recreational
uses or serve to accommodate future flood waters; and 3) it allows the residents to resettle in more
physically resilient areas by providing a buyer for the property at pre-disaster rates when they would
otherwise be unlikely to find one. In the United States, this is typically funded by the U.S. Federal
Emergency Management Agency (FEMA), which has supported one of the longest-running programs
globally (Mach et al. 2019). Through their main buyout program, the Hazard Mitigation Grant Program
10

(HMGP), FEMA has funded the acquisition of over 38,000 properties going back to 1989, with a mean
time from disaster to approval of 1.89 years, and disaster to close of 5.62 years (Weber and Moore
2019).
Binder and Greer work to better understand the evolution of this program, and the practical realities of
who it best serves. Their work notes that we are not learning through iterative experiences to improve
and evolve the program over time, as would be expected in policy learning theory (Greer and Binder
2017). It also shows that the efforts to achieve homeowner and governmental/community benefits from
the program are not treated equally (Binder and Greer 2016). Additionally, it shows that homeowners
and government officials are not aligned on what the benefit of the programs ought to be, resulting in
situations where the communities saw buyouts as mitigation for future disasters, but residents viewed
buyouts as a method for achieving household recovery, and that failing to align these goals led to many
shortcomings in the process (Binder, Greer, and Zavar 2020).
Managed Retreat: As climate change progressively threatens more and more low-lying areas, managed
retreat is receiving increasing attention as a necessary adaptation strategy. Miyuki Hino (Hino, Field, and
Mach 2017); A.R. Siders (Siders 2013b, 2013a; Siders, Hino, and Mach 2019; Siders 2019); and Katharine
Mach (Mach et al. 2019; Mach and Hino 2018) have pushed forward the conversation on how we should
conceptualize the role of managed retreat in a manner that addresses existing and emerging inequities.
Specifically, they have argued for managed retreat’s applicability in reducing individual, community, and
country-level vulnerabilities using a social justice lens.
Together, they have argued that retreat should be implemented in the context of larger societal goals
that should be made explicit as a guiding framework focused on equity and resilience. This is, in part, in
response to the ad hoc nature of previous managed retreat programs that have failed to lead to
increased resilience, such as in instances where individuals move from one floodplain to another (Greer
and Binder 2017). They also highlight specific gaps in the literature, such as the lack of attention to
managed retreat in the migration and displacement literature; a failure to follow-up on those who have
moved through programs such as FEMA’s HMGP buyout program; and what happens to at risk residents
if a strategic managed retreat program is not initiated (Siders, Hino, and Mach 2019).
2.3 Gaps in the Literature
Despite the growing body of work highlighted above, environmental migration and environmental
displacement literature continues to struggle with the challenge of “putting people into place” (Entwisle
2007); disaster events are disruptive at such scale and breadth that it is difficult to study displaced
individuals or even broader displacement patterns. Hori and Schafer (2010, 66) summarize the specific
challenges disasters imposes to include:
“(1) lack of available data; (2) technical difficulties of collecting data under extreme and dynamic
circumstances in the wake of disaster; (3) accurate assessment of the scale of disaster since the
potential destination for the displaced is unlimited so that tracking all movements is nearly
impossible; and (4) the cost of data collection”
Furthermore, additional, unexplored aspects of environmental migration have left the field with a
limited understanding of how residents’ personal perspectives of risk, realized damages, and connection
to their home towns influence decisions to retreat. This is partly the result of an unavailability of data
11

that are temporally and spatially fine-grained across large enough study areas, and a lack of data that
can connect pre-disaster experiences with post-disaster experiences.
This dissertation addresses several of these issues by assembling datasets that prioritize the connection
of pre-disaster conditions to post-disaster conditions through high resolution (temporally and spatially)
data on population movement within a fine-grained time scale, and interviews and surveys that further
elucidate resident’s experiences and perspectives of disaster events. This will allow for a greater
understanding of patterns of movement that occurs in the aftermath of disasters, which can be used to
inform managed retreat plans and risk communication strategies.

12

Paper 1: Increased movement and decreased discretion: Migration in relation to major
disaster events and risk exposure
Introduction
In my first paper, I will analyze the impact of disaster exposure and risk on migration patterns.
Specifically, I will examine disaster-induced migration at the individual level from January 2016 to June
2020 using a novel, address-scale dataset to examine the impact of Hurricanes Matthew (2016),
Florence (2018) and Dorian (2019) on population displacement and migration in affected and control
areas across the coastal plain of North Carolina (see Appendix A: figure i and table i for additional study
area discussion). The co-location of these three hurricanes creates an opportunity to implement a quasiexperimental design to understand the differential and synergistic impacts of exposure and risk
considering repetitive storm events on displacement, short-term migration, and long-term migration, as
modeled in Figure 3 (below). Specifically, this analysis will consider four conditional categories,
developed to explore exposure, risk (categorized by abbreviations of Impacted (I)/ Non-Impacted (N);
Risky (R)/ Safe (S)), and counterfactual conditions:
1. Realized Risk (IR): individuals in mapped floodplains that were flooded during hurricane(s);
2. Non-Realized Risk (NR): individuals in mapped floodplain and were not flooded during
hurricane(s);
3. Un-Expected Exposure (IS): individuals not in mapped floodplains but were flooded during
hurricane(s); and
4. Non-Exposure (NS): individuals that were not in mapped floodplain and were not flooded during
hurricane(s).
In this case, Non-Realized Risk acts as the counterfactual condition for Realized Risk; and Non-Exposure
acts as the counterfactual condition for Un-Expected Exposure.

Figure 3: Points of analysis for cycles of displacement relocation caused by repeat hurricane events.
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Background
Disaster exposure can act as a risk signaling event that increases the adoption of flood risk mitigation
measures, such as insurance purchasing (Botzen, and Aerts 2012; Gallagher 2014), and can suppress
housing prices (Pryce et al. 2011). As a result, it would be intuitive to assume that hurricanes have a
positive effect on net out-migration; however, it is not clear that this is the consistent effect of major
flood and storm events (Fussell et al. 2017). Rather, a number of studies on domestic migration after
disasters find different, and at times conflicting, outcomes for both short-term displacement behaviors
(Black et al. 2013) and long-term migration outcomes (Pais and Elliott 2008).
The current literature shows that the impact of hurricanes on an area’s population growth is variable
based on prior population factors at the county level (Fussell et al. 2017). For example, Pais and Elliott
(2008) and Schultz and Elliott (2013) show that counties that experienced “billion dollar” storms
throughout the 1990s experienced higher population growth compared to similar unaffected counties,
which operated as counterfactual observations. Pais, Schultz, and Elliot (2008) contend that this is
potentially due to the influx of private and public resources that are made available during the disaster
recovery processes, which they theorize unintentionally encourages growth in at-risk areas. Additionally,
Logan, Issar and Xu (2014) looked at county-level disasters and population data from 1970-2005 and
determined that, in general, population growth was suppressed for up to 3 years in low-poverty
counties (but not in high-poverty counties) that experienced wind damage and/or storm surges. Fussel
et al. (2017) also analyzed all U.S. counties that experienced hurricanes and/or tropical storms between
1980 and 2012, and found that impacts on population change within a 3-year period varied based on the
pre-storm population density and growth rate of the county. Specifically, they noted that hurricanes and
tropical storms only depressed future population growth in the 2% of all counties that were both
growing prior to the disaster and had high population densities, with some caveats. This led Fussel et. al.
(2017) to conclude that the effects of hurricanes on population are heterogeneous.
In this paper, I hypothesize that the inconsistent connection between disaster events and out-migration
may be explained by two different factors. First, migration may be more responsive to economic and
social conditions than it is to disasters. Along these lines, disaster events may not have consistent
migration effects due to pre-existing economic and social conditions (Black et al. 2011b). Therefore, it
may be the case that the risk signals of disasters are inadequate to prompt individual-level (or
household-level) retreat, because social or economic conditions dominate the effect of disasters. In this
case, individuals will remain in areas with high economic opportunities even under duress of repetitive
disaster events, and leave areas already in decline.
The second explanation, however, concerns the reality that most post-disaster migration studies in the
United States rely on data gleaned from county-to-county migration flows, and may therefore miss
population movement trends occurring at higher resolutions (e.g., households or individuals). Datasets
such as U.S. Census migration data (e.g., the Current Population Survey, Migration/Geographic Mobility
Tables, the ACS or Decennial Census data, see: U.S. Census Bureau 2020), provided at the county level,
may obscure individual- and household- level patterns, which could otherwise better explain how
residents affected by hurricanes manage their post-disaster housing and adaptation decisions (Hunter,
Luna, and Norton 2015). If this is the case, then hurricanes may effectively signal risk and trigger
individual and household migration as a risk reduction strategy, but, at the community level, these
signals could be offset by new in-migration triggered by the depression of housing prices and the influx
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of recovery capital. Therefore, the inconsistent impact of disasters on county population is not because
the risk signaling is insufficient, but instead because those who did not experience the disaster and
therefore do not have a heightened risk awareness are replacing those who left disaster-impacted areas.
In light of this literature, in this paper, I hypothesize that, in the direct aftermath of a storm event,
affected individuals are more likely to migrate from impacted areas (e.g., flooded, damaged), even those
in dense and growing areas. To test this hypothesis, I use individual-level data to separate out-migration
as distinct from new in-migration. This allows me to determine whether storm-induced risk signals are
adequate to incentivize out-migration and are otherwise obscured by county-level population trends, or
whether risk signals are insufficient, and out-migration is not consistently used by residents as a risk
reduction strategy.

Research Questions
RQ 1.1: How does hurricane exposure and flood vulnerability differentially and synergistically affect
individual patterns of out-migration between areas of varying flood risk and recent storm impacts?
Hypothesis 1.1A: Storms induce a short-term increase in out-migration from affected areas.
Hypothesis 1.1B: If post-storm migration is a function of increased risk awareness, then
individuals will migrate to less vulnerable locations.
Hypothesis 1.1C: Experiencing multiple storms disproportionately increases out-migration
RQ 1.2: How do the patterns noted in RQ 1.1 change over time, differentiating between timeframes
associated with displacement (0-3 months post-storm), short-term migration (3 months – 1 year), and
long-term migration (>1 year)?
Hypothesis 1.2A: Migration outcomes will improve as time passes and relocation strategies shift
from displacement, which is particularly reactive, to longer-term migration
RQ 1.3: How does hurricane exposure and flood vulnerability differentially and synergistically affect
housing stability (defined as rate of moves since displacing storm event)?
Hypothesis 1.3A: Households migrating from high-risk, impacted areas will face housing
instability, experiencing a greater number of moves compared to those who migrated from lowrisk / non-impacted areas.

Study Area
Since October 2016, North Carolina has been impacted by three hurricanes – Hurricanes Matthew
(2016), Florence (2018) and Dorian (2019) that have led to presidential disaster declarations throughout
large portions of the state, with many areas of geographic overlap (see Figure 3). The close spatial and
temporal clustering of these storm events creates a novel setting for evaluating hurricane impacts on
migratory patterns in areas of non-, single-, and repetitive-flood exposure. Additionally, I will analyze
these patterns as they are mediated by differences in potential flood risk, as defined by the floodplain
extent across select counties within the state.
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My analysis will focus on NC’s coastal plain (see figure 3; and Appendix A, table i). This geographic area
can be roughly approximated as the 41 low-lying counties on the eastern side of North Carolina between
the Atlantic Ocean on the east and geomorphic discontinuity to the west that distinguishes the
Piedmont’s rocky foothills and the easily eroded sediments of the Coastal Plain. This plain has borne the
brunt of the hurricane activity from the past decade; regarding the three Hurricanes affecting this region
during the last 5 years, 7 counties have received one disaster declaration for public assistance, 12 have
received 2, and 22 have received disaster declarations for public assistance for all 3 storms (see figure 3
and table 1).

Figure 4: Study area showing hurricane disaster declarations for public assistance.
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Table 1: Number of Public Assistance Disaster Declarations by county for the State of North Carolina for
Hurricanes Matthew, Florence, and Dorian. Data underlying figure derived from FEMA disaster
declarations (FEMA 2016, 2018, 2019).

For this analysis, I will curate a dataset of individuals with addresses in single family homes from all
coastal plain counties, which have each experienced at least one of the presidentially declared disasters
for Hurricanes Matthew, Florence, and Dorian from the time period directly before the disaster. These
addresses have been geocoded, and will be flagged for (a) whether or not they were impacted by
Hurricane Matthew, Florence and/or Dorian; (b) whether or not they are in a floodplain; and (c) whether
or not a move occurred within set periods of time after the event to reflect displacement and migration.
For those who have moved, they will be further flagged with information for: (a) whether or not their
new address was impacted by Hurricane Matthew, Florence and/or Dorian; (b) whether or not their new
address is in a floodplain.

Data
In order to analyze migration at the individual and/or household level, I have collected datasets
concerning individual-level address history, floodplains (risk), flood damages (impacts), and conditions of
neighborhoods throughout both my study area and destination areas of post-storm migrants.
First, I have access to individual-level address history data from the credit bureau, TransUnion (2021),
for the State of North Carolina. This dataset is derived from TransUnion’s full dataset covering 4 billion
address records across the united states, representing the movements of over 350 million individuals
(TransUnion 2021).
The North Carolina dataset includes 116,851,482 observations of people-address pairs comprised of
15,530,926 individuals, and 31,099,061 unique addresses (not including unit numbers) Of the total
addresses, 30.5 million have been geocoded, with over 24 million located to a specific point (other
addresses are pinpointed within a set range of accuracy).
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This dataset captures everyone who has ever had an address in North Carolina within the parameters of
the data, and includes addresses from other states they may have lived in. Because the data includes up
to 20 addresses associated with a credit file, going back to the 1980’s, many of the addresses are from
outside North Carolina. For example, I have eight person-address observations, which include my two
North Carolina addresses, as well as my prior addresses from San Francisco, CA, New Orleans, LA, and
Accokeek, MD. As a result, while there are 31 million addresses total, the number of unique addresses in
North Carolina is just over 5.5 million.
Each person-address observation identifies when the person was “first seen” at the address, and “last
seen” at the address. While the first seen variable is reasonably accurate, the last seen variable is known
to commonly persist after a person leaves an address. Returning to myself as an example, I still use my
childhood home, where my parents still live, for certain forms and it retains that associations in the
data. As a result, the “first seen” date will be used when tracking migration, for new associations with
novel addresses.
Second, I have acquired Flood Insurance Rate Maps (FIRMs) depicting official floodplain designations,
made publicly available by the State of North Carolina’s Department of Public Safety (2021). While FEMA
maps the flood zones for much of the United States (NCSU 2021) the State of North Carolina assumed
ownership of the FIRM maps and became responsible for defining and mapping state-wide floodplains
(NC 2017). FIRMs will be used to determine flood risk by flagging the geocoded addresses from
TransUnion based their presence within or outside of floodplains.
Third, I have access to geospatial data on flood damages in two related forms, both of which were
developed by the North Carolina Division of Emergency Management (NCDEM). First, I have the
maximum storm inundation that occurred for Hurricane Matthew, and Hurricane Florence, (NCDEM
2020c). These data can be used to tag addresses as being within flooded areas. Additionally, I have
predicted damages at the building level for Hurricane Matthew, Hurricane Florence, and Hurricane
Dorian, which I will join back to the TransUnion address database. These data have both the estimated
value of damage (in dollars), and the estimated percent of damage, which is the value of damage as a
percentage of the total estimated value of the property (NCDEM 2020b, 2020a). As succinctly
summarized by Wang and Sebastian (2021):
“Intensity measure data from NCDEM were initially derived with implementation of the Sea,
Lake, and Overland Surges from Hurricanes model for storm surge (NOAA 2020) and the Rapid
Inundation FloodTool of the Pacific Northwest National Laboratory for fluvial and pluvial flood
(GeoPlatform 2019). Building damages were computed with the depth-damage functions of the
United States Army Corps of Engineers (USACE 1996).”
The flooding estimates informed the damage estimates using the aforementioned flood data combined
with NCDEM’s RISK Database, which contains statewide building data on first floor elevations, building
values, and foundation types, among other information (NCDEM 2018; NCEM 2019). This information
will make it possible to flag the pre- and post- storm addresses for impact by this set of hurricanes
across a few different values. The final decision on which of these forms of information is more
appropriate will be decided through discussions with Prof. Toni Sebastian (Geological Sciences, UNC)
and/or Brian Frizzelle (Carolina Population Center, UNC).
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Figure 5: Dots representing a house damaged during each hurricane. Source: NCDEM (CITE).
Fourth, I will rely on U.S. Census tract-level socio-economic information from the U.S. Census’ American
Community Survey (U.S. Census Bureau 2015, 2017). These data will be used to understand the
conditions that existed at residents’ points of origin before Hurricanes Matthew, Florence, and Dorian,
and the conditions in the tracts they migrated to, as applicable (destination areas). Primarily, I will be
interested in pre-disaster population growth and density that pre-dated the hurricane events (per:
Fussell et al. 2017; Logan, Xu, and Stults 2014; Schultz and Elliott 2013).
Fifth, because I want to use a two-year time frame after the disaster, and the time between Dorian and
the acquisition of the TransUnion data was 9-10 months, I will bootstrap a 2-year address dataset
through the US Postal Service’s National Change of Address Database (NCOA). I have access to this
information through Accuzip, Inc., a contracted data provider (USPS 2021). This database connects an
individual and a former address (within 48 months) to their current listed address. While this is an
imperfect solution (more below), the chance to find interactions with three storms will produce a novel,
and meaningful, study.

Analysis Methods
Addressing RQ 1.1 requires focusing on (1) changes in patterns of migration in a post-disaster setting; (2)
the difference between origin and destination in a post-disaster setting for those who moved; and (3)
distinguishing how experience with multiple disasters impact these changes. To accomplish this, I will
employ a series of multinomial logistic regression models to analyze migration outcomes. Multinomial
logistic regression models are appropriate because they will allow me to model individuals’ destinations
as a categorical dependent variable (Table 2): migration to (A) IR address, (B) NR address, (C) NS address,
or (D) IS address, controlling for origin address type.

Table 2: Relationship of risk and disaster between pre-disaster origin location and post-disaster
destination
Origin
Realized Risk (IR)

Non-Realized Risk (NR)
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Un-Expected
Exposure
(IS)

Non-Exposure (NS)

Realized Risk
(IR)

IR → IR

IS → IR

NS → IR

NR → NR

IS → NR

NS → NR

IS → IS

NS → IS

Non-Migrants

Non-Realized
Risk (NR)

IR → NR

Non-Migrants

NR → IS

Un-Expected
Exposure (IS)

IR → IS

Non-Exposure
(NS)

Destination

NR → IR

NonMigrants
IR → NS

NR → NS

IS → NS

NS → NS

Non-Migrants

Building on this, RQ 1.2 requires me to distinguish how these patterns change over time. For this, I am
using time periods associated with displacement (less than 3 months), short-term migration (3 months
to one year), and long-term migration (periods greater than one year), with the beginning of this period
indexed to a given storm event. Therefore, I will primarily look at the destination condition at 3 months’
post-storm, 1-year post storm, and 2-years post storm for Hurricanes Matthew and Florence. However,
there are data limitations for repeating this for Hurricane Dorian, as I only have TransUnion data for 10
months after that event.
To include Hurricane Dorian in this analysis, I will additionally re-analyze migration patterns for
Hurricane Matthew and Florence cut off at 10 months to compare to the impacts of Hurricane Dorian. I
can then observe how Hurricane Matthew and Florence analysis outcomes changed between the 10month cut off and 1-year cut off. Additionally, I will create a 2-year post-disaster dataset for Hurricane
Dorian using the US Postal Service’s NCOA database, which will document addresses in early-September
of this year (i.e., the two year anniversary of Hurricane Dorian), but will not show intermediate moves
between the 10-month and 2-year mark. While this represents an imperfect analysis to understand
long-term move rates, this strategy will allow me to approximate the analyses that I will apply to
Hurricanes Matthew and Florence.
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Multinomial regressions addressing RQs 1.1 and 1.2 will test for the destination at t= 3 months, t= 10
months, t= 1-year, and t= 2-years after the storm, reflecting displacement, short-term migration, and
long-term migration (terms defined below):
Ln[ (P(destination = IR/NR/IS) t /
P(destination = NS)t]

=

β0 + β(ses) + β(Matthew) * β(Florence) * β(Dorian) +
β(Risk)

To address my final question, RQ 1.3, I will use a count modeling (i.e., Poisson or Negative Binomial
regression) to determine how origin conditions are related to the number of moves that an individual
made in the aftermath of the disaster event. The observations will be limited only to people who moved
in the aftermath of the associated storm. This will be explained with the following equation:

Moves tend

=

exp(β0 + β(ses) + β(Matthew) *β(Florence) *
β(Dorian1) + β(Risk) + ε)

Where:
•
•
•
•
•
•

Migration = Migration representing the outcomes IR, NR, and IS (NS as the base condition)
Moves t = The number of moves that occur after a given disaster before the end of the
evaluation period
t = evaluation time period starting at time of storm tstorm for periods associated with
displacement, short-term migration, and long-term migration, as stated above
SES = vector of socio-economic conditions at the origin US Census Tracts
Risk = dummy variable indicating presence of home in floodplain
Matthew / Florence / Dorian = damage estimates from the respective storms (binary above a
certain threshold)

Expected Outcomes and Implications
If individuals are more likely to be displaced to areas with lower risks and remain there, then it might
suggest that policymakers could leverage disasters as focusing events to support managed retreat. If this
is the case, then both individuals (who move to low risk areas) and the origin communities (who would
have less high risk households) can reduce risk.
However, if individuals do not show a preference for displacement or migration to lower risk areas, then
interventions may be necessary to help support retreat in a manner that actually reduces overall risk,
rather than simply shift it from the most recent storm-impacted community.
If disasters lead to housing instability, then additional interventions are necessary to support individuallevel recovery, regardless of the effect that migration has on cumulative risk.

1

Dorian can only be used as an interaction term for move counts for t = 3 months and t = 10 months, and will be
dropped from the longer-span analyses.
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Potential limitations:
•

•

Data for Dorian:
o Dorian causes some complications based on the data that I have available at my
fingertips. However, its utility as an interaction term with other storms makes it
appealing to study. I believe that I can work around some of the data limitations, and
present interesting findings, but they will require caveats that may limit their
explanatory power
Ownership of rental properties:
o If individuals affected by hurricanes purchase houses that they then rent out in the
aftermath of these storm events, then they create noise in the data. If this becomes a
major concern as I continue to delve into the data, then I may want to subset small
areas to try to tease this out further to better understand their impact on results.

Anticipated Schedule
Geocoding
Data Cleaning
Analyses Complete
First Draft
Final Draft

Complete
Summer / Fall 2021
Summer / Fall 2021
Fall 2021
Winter 2021
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Paper 2: Do Buyouts Mitigate Individual Risk?: Comparisons between Buyouts and PostDisaster Migration
Introduction:
Property acquisition and demolitions (frequently called “buyouts”) by government entities are one of
the most common tools used to reduce vulnerability to flooding and storms in the United States (Siders
2013a). With few exceptions (Freudenberg et al. 2016), these programs require voluntary participation
on the part of homeowners. Buyout programs typically work by paying homeowners the pre-flood value
of their home, demolishing the damaged property, and returning the property to open space to be
maintained in perpetuity. Theoretically, this facilitates resident recovery and community resilience
(Binder, Baker, and Barile 2015). Among existing buyout programs, the Hazard Mitigation Grant Program
(HMGP) is FEMA’s largest and longest-running program (with a history going back to 1989; Weber and
Moore 2019), and is primarily aimed at funding buyouts for properties facing severe or repetitive flood
risk (Mach et al. 2019). However, the value of buyout programs is the current subject of academic
debate (Greer and Binder 2017).
Because HMGP is implemented in the aftermath of a disaster declaration, it takes place at an
overlapping phase of mitigation and recovery (Neal 1997). National priorities established by FEMA
prioritize mitigation for future disasters (FEMA 2021); communities see HGMP as both a resiliency
program and a source of funding for their residents (Schwaller et al. 2021); while homeowners
frequently view buyouts as a tool for household recovery (Binder, Greer, and Zavar 2020). However, it is
not clear whether the goals of household recovery, or community and national mitigation, are
successfully achieved through buyouts. The few studies on this topic suggest that buyout households
either do not necessarily move to less physically vulnerable areas (Binder and Greer 2016; McGhee,
Albright, and Binder 2017), and the low-quality of available data makes studying the degree to which
households move away from vulnerable areas problematic (Binder, Greer, and Zavar 2020).
This problem is caused by two mechanisms; First, buyout programs, as they are currently
conceptualized, do not prioritize reducing household-level risk. Rather, they provide individuals with
funds indexed to the pre-disaster value of their homes and assume that individual choice and market
forces will lead to more resilient resettlement. This is far from certain; one of the only studies analyzing
post-buyout vulnerability found that more than 20% of participants (71 out of n=323 households
studied) in a post-Hurricane Sandy buyout project in Staten Island, New York moved to areas at least as
vulnerable to flooding as their pre-buyout properties, and almost all moved to areas with higher social
vulnerability (McGhee, Albright, and Binder 2017).
Second, the Federal government has only retained patch-work documentation on buyout processes and
outcomes, affording limited opportunities for researchers to study these programs. This becomes clear
when we compare HMGP buyouts to other federally supported relocation programs, such as the US
Department of Housing and Urban Development (HUD)’s Moving to Opportunity (MTO), which
subsidizes household relocation from high-crime, economically poor areas within major cities (Briggs,
Popkin, and Goering 2010). MTO was designed as a social experiment with three groups: one received
housing vouchers and resettlement support, the second received housing vouchers, and a third group
acted as a control. Participants were followed up with for years following the intervention, and the
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findings of how housing changes could lead to individual and household improvements (Chetty,
Hendren, and Katz 2016) continues to inform housing policy (Wilson 2006). Additionally, new HUD
programs, such as the Housing Choice Voucher program (HUD 2021a) and the Moving to Work program
(HUD 2021b), continue this legacy based on earlier lessons from the MTO program and similar
initiatives. Comparatively, buyout programs show little evidence of policy learning in subsequent
iterations and implementations, and little interest in attempting to do so. This is shown by the lack of
improvement in policy designs or outcomes over time (Greer and Binder 2017).
My goal in Paper 2 of this dissertation is to test whether buyouts are successful at 1) mitigating
household-scale flood vulnerability and 2) supporting household recovery to secure neighborhoods. This
will build on work by McGhee, Binder and Albright (2017), which analyzes the value of buyouts and
whether or not buyouts are successful in mitigating risk, or simply shift risk to other areas. However, my
paper improves on this study by using counterfactuals of non-buyout moves, which will allow me to
determine if buyouts are valuable for mitigating risk based on their own merits, and whether or not they
improve on outcomes from non-buyout population movements. This will be accomplished through a
propensity score matching analysis between buyout and non-buyout households who also moved in the
aftermath of Hurricane Harvey. This reduces the selection bias in the treatment (buyout), and will allow
for a comparative analysis of outcomes between buyout and non-buyout populations. Additionally, this
paper improves on McGhee, Binder and Albright (2017) by examining a larger study area with more
recent buyouts and higher volumes of buyout properties.
Unlike Paper 1 and 3’s focus on eastern North Carolina as a study area, this paper will present a
comprehensive analysis of properties in Harris County, TX, during the period following Hurricane Harvey,
which impacted the United States from August 17, 2017 – September 2, 2017. I use this area and time
period (2017 to 2021) as a case study because the scale and geography of the event ensures a large
dataset of individuals – including households that remained in place, moved without buyouts and
moved with buyouts – that are concentrated within a single county that encompasses a major
municipality (the City of Houston), which has reliable, publicly available documentation. Moreover,
Harris County’s buyout processes are still ongoing, with an additional 1,600 properties having just been
approved for buyouts (Harris County Flood Control District 2021a). Therefore, this paper will also set the
stage for future research on long-term, post buyout behavior.

Research Questions
RQ 2.1: Among similar households affected by storm events, do households that participate in buyout
programs move to less geographically vulnerable areas (i.e., non-floodplains) compared to households
that did not participate in buyout programs?
Hypothesis 2.1A: Those participating in buyout programs will end up in more physically resilient
areas (e.g., not in a floodplain). This will indicate that the programs increase household-level
resiliency.
RQ 2.2: Do households that participate in buyout programs move to high opportunity neighborhoods at
a higher rate compared to households that did not participate in buyout programs?
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Hypothesis 2.2A: Those participating in the buyout program will end up in better
neighborhoods. This will indicate that the additional support provided by the buyout program
increased household-level recovery.
RQ 2.3: Do households that participate in buyout programs have a smaller number of post-storm event
moves compared to storm-impacted households who moved, but did not participate in buyout
programs?
Hypothesis 2.3A: Those participating in the buyout program will move less over a five-year poststorm period. This will indicate that the additional support provided by the buyout program
improved housing stability.

Study Area
The study area will encompass Harris County, Texas, which includes most of the City of Houston, TX.,
one of the largest cities in the country, along with connected municipalities (see figure 6). Harris County
is primarily made up of low-lying coastal plains, intersected by bayous and canals; additionally, it abuts
Galveston Bay, creating major vulnerabilities to both riverine and coastal flooding (Binder, Greer, and
Zavar 2020). As a result, Houston has performed over 3,000 buyouts since 1985 (Loughran, Elliott, and
Kennedy 2019), and has had the greatest number of federally funded buyout projects of all US counties
(Mach et al. 2019).
Limited planning regulation and anthropogenic climate change has increased the risk that Harris County
faces. This was realized in 2017, when Hurricane Harvey made landfall near Galveston Bay and then
stalled over Houston, dropping an unprecedented 40” of rain leading to flooding throughout the city
(Binder, Greer, and Zavar 2020). Studies that took place in the aftermath of the event, found that
anthropogenic climate change increased the likelihood of this event by roughly 3.5 times (W. Zhang et
al. 2018). This intersects with a history of poorly thought out development, and rapid population growth
(Lynn 2017).
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Figure 6: Houston city boundaries overlaid on Harris County.

Post-Hurricane Harvey Buyout Status
As of July 2021, there were 656 completed buyouts from active buyout projects. While the bulk of these
are funded through HMGP, there are other funding mechanisms at play. Harris County most recently
summarized these 2/11/2021, when there were 629 completed buyouts from active buyout projects
(see table 3). Of those properties, 433 were funded by a HMGP grant (distinguished in the dataset by a
dummy variable), and 114 were part of a Harris County Engineering Department buyout, both in
response to Hurricane Harvey (see table 3; HCFCD 2021). An additional 82 properties have been funded
through a variety of additional funding mechanisms. Because all flood-related buyouts in Harris County
have been (or are being) acquired by the Harris County Flood Control District (HCFCD), it is possible to
identify them using Harris County’s Real Property Search (HCAD 2021) by searching for residential
properties acquired by HCFCD since Hurricane Harvey.

Table 3: Active Harris County Flood Control District (HCFCD) Buyout Projects (as of February 11, 2021).
Table recreated from source: HCFCD (HCFCD 2021). Codes are the designations used by HCFCD when
coding the buyout programs. Local relocation spending relates to non-voluntary buyout properties.
*refer to programs that began shortly before Hurricane Harvey and subsequently ran
contemporaneously with Hurricane Harvey-specific buyouts.
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Federal
Cost
Share

Local
Cost
Match

15

$10.66M

$0.00M

$0.00M

$6.30M

$4.36M

24

5

$13.30M

$1.10M

$0.77M

$3.20M

$11.97M

6

24

$16.30M

$0.00M

$0.00M

$1.38M

$14.92M

9/1/2017

114

31

$0.00M

$20.00M

$0.00M

$20.00M

$0.00M

DR-4332

5/16/2018

433

223

$161.80M

$53.90M

$9.80M

$95.70M

$129.80M

2017

3/6/2019

21

11

$10.50M

$2.23M

$0.53M

$5.66M

$7.60M

2017
Mandatory
or CDBG

8/1/2020

0

375

$215.00M

$0.00M

$0.00M

$0.09M

$214.91M

629

684

$427.56M

$77.23M

$11.10M

$132.33M

$383.56M

Buyout Project Name and Code

Start Date

Properties
Purchased

Properties
In Process

COH CDBG (City of
Houston Community
Development Block
Grant Programs
FMA (Flood Mitigation
Assistance Grant)
HCCSD (Harris County
Community Services
Department)

DR-15

6/9/2017*
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2016

8/1/2017*

2015 / 2017
Voluntary
CDBG

11/1/2017

HCED (Harris County
Engineering
Department)
HMGP (Hazard
Mitigation Grant
Program)
FMA (Flood Mitigation
Assistance Grant)
HCCSD (Harris County
Community Services
Department)

Harvey
Buyout

Total

Local
Relocation
Spending

Total $
Spent

Total $
Remaining

Datasets
A number of datasets will facilitate my analysis of buyout relocation patterns in Harris County, Texas. In
addition to strong documentation of recent buyout activity (discussed above), the availability of these
data are a major reason for my selection of this area as a case study).
First, to establish the conditions that existed before Hurricane Harvey, I will use a October 2016 vintage
of Harris County’s tax parcel database, which has spatial data on the parcels paired with details on their
owner and parcel ID (HCAD 2016). Second, to identify all residential properties necessary for this
analysis, I will use Harris County’s Real Property Search (HCAD 2021), a tool that links parcel IDs to
additional information, including: property type (e.g., single family vs. multi-family), address, transaction
dates and amounts, improvement value, land value, and ownership history.
Third, I will use Harvey Damage Assessments (see figure 7 for a visual example), produced by FEMA , and
archived into a spatial dataset on HydroShare (FEMA 2020). This dataset was funded by an NSF’s RAPID
Grant for Archiving and Enabling Community Access to Data from Recent US Hurricanes (Beverly 2017).
This spatial dataset contains daily information on estimated flood extent and depth (FEMA 2017a,
2017b).
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Figure 7: FEMA’s Hurricane Harvey Damage Assessments. Source: Texas Tribune (Murphy 2017), based
on FEMA’s data on damage assessment (FEMA 2017a, 2017b).

Fourth, in order to identify areas where buyouts are possible, I will use flood maps of Harris (FEMA
2014; City of Houston 2021). This spatial dataset includes the floodway, 100-year floodplain, 500-year
flood plain, Harris County watersheds, waterways, and area of reduced risk due to the levee.
Fifth, I will rely on data containing a time series of resident addresses obtained from TransUnion (2021).
This database includes the names, ages, and last twenty addresses of all individuals who have, at one
point, had an address (going back to the 1980s) located in Harris County, Texas. This dataset will allow
me to implement a novel method of tracking individual-level movement. Because Hurricane Harvey
occurred within the last four years, I will also be able to cross-reference this to the US Postal Service’s
NCOA, which I can access through Accuzip, Inc., a contracted data provider (USPS 2021). This database
connects an individual and a former address (within 48 months) to their current listed address.
Finally, I will rely on census-tract level socio-economic information from the U.S. Census’ American
Community Survey 5-year estimates (2016, 2019) to understand the conditions that existed before
Hurricane Harvey (residents’ point of origin) and the conditions that exist by the end of the study period
(residents’ post-storm destination).

Construction of control group
Having spatially connected buyout properties (buyout sample; as described above) to the Harris County
property databases, I will identify non-buyout properties within the same census tracts and floodplains
as buyout projects, and within 6,375’ for a buyout project (roughly 1.2 miles). This is the average
distance between buyouts in the city, which is informed by Harris County’s preference for clustered
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buyouts (Shepard and Verdone 2019). These will form the initial set of possible counterfactual
properties in the non-buyout sample. Additionally, because buyouts are non-randomly spatially
clustered, I will also select all properties that are not near any buyout (beyond 1.2 mile radius), but were
still affected by Hurricane Harvey these properties will form the initial set of my dispersed sample.
Next, as this inquiry concerns comparisons of migratory behavior of those who accepted buyouts to the
migratory behavior of those who did not, I will restrict my analysis to only those households that have
moved in the wake of Hurricane Harvey – between August 17 2017 to February 11th 2021 (the
commencement of this study). I will take this initial universe of properties and use the US Postal Service
address change database to quickly identify those properties whose owners have moved since Hurricane
Harvey. I will further parse this information using the TransUnion database.

Analysis Methods:
Matching
To compare buyout properties to similar households that also moved in the aftermath of Hurricane
Harvey, I will employ a quasi-experimental analysis (Shadish, Cook, and Campbell 2002). I will use a
matching technique to create two paired subsets of observations: (1) buyout and non-buyout
relocations and (2) buyout and dispersed relocations. This will allow me to infer casual effects from
observational data by reducing the selection bias in the covariates, allowing the treatment effect (i.e.,
buyouts) to explain the outcomes (i.e., flood vulnerability, recovery, and housing stability; (Stuart 2010).
Specifically, I will use a propensity score matching (PSM) technique, which creates a conditional
probability of exposure to the treatment based on the values of the covariates (Rosenbaum and Rubin
1985). Per Winship and Morgan (1999) can be represented as:
P(Zi) = Prob(Buyout=1 | Zi)
Or, the probability that an observation (i) with a set of pre-treatment characteristics (Zi) was assigned to
the “treatment” group, and received a buyout, instead of the control group. In terms of buyouts,
participation in the program was available to houses that were damaged by Hurricane Harvey, were in
the floodplain, and preference was given to homes nearby other buyouts.
PSM has been shown to be sufficient in reducing the treatment selection bias related to the
confounding variables (Rosenbaum and Rubin 1983) by creating samples in which confounding factors
for the selection bias and treatment effect are balanced between treatment groups (Morgan 2018).
There are four steps to implementing PSM: (1) estimate propensity score; (2) create the match; (3)
evaluate the quality of matching; and (4) evaluate the match outcomes based on established standards
(Pan and Bai 2015). First, estimating the propensity score involves using a regression analysis (commonly
logistic or probit) of the treatment condition (e.g., whether or not a property was bought out) on the
range of covariates (Table 3.2). The goal of this step is not to predict the outcome of interest, but rather
to predict the likelihood that treatment occurred (Pan and Bai 2015). In this case, the resulting
propensity score is the likelihood that an individual property would have received a buyout (Stuart
2010).
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Step 2 involves matching treatment and control observations, which is designed to create balance
between the treatment and comparison groups using the observable covariates (Pan and Bai 2015).
There are a number of different methods that can be used for matching, and common techniques
include: nearest neighbor matching, where one matches the treatment unit to the comparison unit with
the closest PSM score; and caliper or radius matches, which find the closest propensity score within a
set range of PSM scores, to avoid bad matches that are insufficiently close. Within these matching
approaches, there are different strategies that can be used; for example, “greedy matching” accepts the
first possible match found, while “optimal matching” finds the best match within the data; “replacement
matching” allows a matched unit to be matched to more than one unit, while “without replacement
matching” takes it out of the pool so that no observation can be matched to more than one comparison
observation. Determining the best strategy for this study will require exploration in the analysis process
(Stuart 2010).
The third step involves evaluating the quality of the match. The most common test is the standardized
mean difference test (Stuart 2010; Rubin 2006; Z. Zhang et al. 2019). This test compares the differences
in means of between treatment and control variables divided by a pooled standard deviation.
Standardized mean difference values of less than 0.1 suggests negligible imbalances and indicates an
acceptable match (Z. Zhang et al. 2019; Stuart 2010). If a match is determined to be sufficient, then the
observation are suitable for the analysis and the final step in the matching process involves using the
PSM scores to weight observations when evaluating the outcome of the analysis.

Regression modeling
Once my PSM approach creates adequate treatment and control data subsets, I will then test whether
buyouts are successful at 1) mitigating household-level flood risk (i.e., moving residents to nonfloodplain properties), 2) supporting household recovery (i.e., as measured by SES characteristics of
destination neighborhoods), and 3) facilitating stability in housing tenure (i.e., low number of post-storm
moves), relative to geographically and economically similar properties that were not bought out.
Specifically, I will employ logistic (RQ 2.1), OLS (RQ 2.2) and a count model (either Poisson or negative
bionomical, if over dispersion is present, for RQ 2.3) regression models to determine if and how the
treatment effect of a buyout changed outcomes:

Pr(buyout = 1|0)

=

(e βx) / (1 + e βx)

Where the probability of a household being a buyout (buyout = 1) or not (buyout = 0) is based on a
matrix of characteristics (X) which includes: damage from Hurricane Harvey, location within a floodplain,
and proximity to other buyout properties. Which relates to the equations for the research questions as
follows:
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RQ 2.1

Pr(FRdestination = 1)

=

β0j + β(SESorigin) + β(Housing) + ε

RQ 2.2

SESdestination

=

β0j + β(SESorigin) + ε

RQ 2.3

Moves

=

exp(β0j + β(SESorigin) + β(Housing) + β(Pre-Storm Move Rate) + ε)

Where:
•
•
•

•
•
•

j indexes a matched pair composed of a buyout property and non-buyout property
FRdestination: is a binary variable for position within or outside of floodplains at the destination
SES: represents socioeconomic conditions of origin (SESorigin) and destination (SESdestination) US
Census tracts, which may include different variables for poverty, employment rates, and racial
makeup, among other factors.
Pre-Storm Move Rate: number of moves an individual made in the five years prior to the storm
(annualized, i.e., divided by five)
Housing factors: features of the origin house, which may include different variables for housing
sale price, square feet, or other built characteristics
Moves: count of moves within the study period

As a robustness check, the regressions will also be run without a matched pair fixed effects, while
controlling for factors used in defining the probability for inclusion in the buyout program.
RQ 2.1

Pr(FRdestination = 1)

=

β0j + β(SESorigin) + β(Housing) + βX +ε

RQ 2.2

SESdestination

=

β0j + β(SESorigin) + βX +ε

RQ 2.3

Moves

=

exp(β0j + β(SESorigin) + β(Housing) + β(Pre-Storm Move Rate) + βX
+ ε)

Expected Outcomes and Implications:
If buyouts provide effective benefits as a household recovery strategy and a risk mitigation strategy,
then we should observe clear patterns whereby those accepting buyouts arrive at better outcomes –
including lower physical risk, better neighborhood socioeconomic conditions, and higher housing
stability – compared to those who did not receive buyouts. This paper will provide badly needed
evaluation of the role of buyouts in promoting improved household-level outcomes, compared to
controls.

Potential limitations:
I may be unable to appropriately match buyout households to non-buyout households using PSM. If I am
unable to meet accepted standards showing a quality of match has been met, I will proceed with a
different strategy.
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•

Adaptive Strategy: If PSM does not meet my needsd, I will use a Difference in Difference (DID)
estimator, which measures the impact of a program through differences in pre- and postintervention data (T=0, T=1), for participants and non-participants (Smith and Todd 2005).

Anticipated Schedule
Data Cleaning
Analyses Complete
First Draft
Final Draft

Summer / Fall 2021
Summer / Fall 2021
Winter 2021
Spring 2021
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Paper 3: Changing Perspectives After the Storm: A pre-post evaluation of risk perception
and adaptive decision making
“My floors are rotting now because of high water. Hoping it will outlast me.” – Wave 2 Survey
Respondent: SFDP

Introduction
Between January and July of 2017, a drop-off/pick-up survey (Wave 1; n=227 responses) was distributed
to residents of North Carolina’s Albemarle-Pamlico Peninsula in (APP) inquiring about respondents’
property, knowledge, beliefs, opinions, experiences with flooding, saltwater intrusion, and aspects of
their community engagement.2 Using these data, I authored two papers analyzing respondents’
perspectives of flood risk conditions and their views and efforts made in responding to those risks
(Schwaller et al. 2020; Schwaller and BenDor 2021).
The second of these papers (Schwaller BenDor 2021) specifically focused on residential perspectives on
in situ adaption, outmigration, and non-protective response to issues related to floods and storms. The
results suggested that different perceptions of past conditions and trends and future risks lead to
dramatically different adaptive responses, as mediated by prior, self-reported exposure. This result was
further supported by our finding of no significant relationship between residents’ willingness to protect
property or structures (i.e., in situ adaptation) and their willingness to migrate (i.e., retreat), indicating
that individuals may be open to engage in either in situ or retreat responses, but rarely both.
However, our study left open the possibility that in situ protection and out-migration could occur
progressively over the long-term. As conditions deteriorate due to climate change, it may be reasonable
to expect that residents’ perspectives will shift, leading towards an increased willingness to shift
strategies from protection to settlement abandonment. Further, given conditions of increasing risk
associated with the magnitude and frequency of flooding, it is not clear if residents’ intentions to protect
or migrate lead to actual protection or migration outcomes. This led to our theoretical model (Schwaller
and BenDor 2021) that hypothesized that while perspectives at a given point in time may view retreat or
protection strategies as dichotomous choices, progressive change was inevitable under deteriorating
conditions (see figure 8).

2

Performed as part of NSF-funded project, “Salinization of the inland coastal plain through saltwater intrusion:
landscapes in transition along the leading edge of climate change (Coastal SEES #1427188; 2015-2020).”
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Figure 8: Conceptualized framework regarding a series of discrete choices in the face of multiple storm
events, considering that choices may change as conditions deteriorate over time (Schwaller and BenDor
2021).
In this paper, I intend to delve into the theory represented in Figure 8. This paper seeks to understand
how residents’ threat appraisals and coping appraisals (aspects of PMT) shifts over a period of years,
particularly when exposed to severe conditions (storms) related to climate change patterns. To do this,
we distributed a follow up survey (Wave 2) to the 227 respondents from Wave 1 (2017) who replied to
the 2017 survey, asking about their experiences with Hurricanes Florence (2018) and Dorian (2019),
which both impacted the APP during the intervening period. Additionally, we have plans for 15-20 semistructured interviews with a select number of respondents who moved or notable changed their
perspectives on between Wave 1 and Wave 2. The use of both types of data makes it possible to
conjunctively triangulate on the research question by using different methods to interrogate the same
question (Howe 2012). Using both surveys and interviews increases the value of the data and analysis by
providing additional illustrations of the study population, convergent validation of the data, and
additional analytic richness (Fielding 2012).

Research Questions
RQ3.1. How do residents’ perceptions of storm magnitude, frequency, and risk change in the wake of
storm exposure?
Hypothesis 3.1A: Residents risk awareness increases as they are exposed to additional storms.
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RQ3.2. Are residents more open to out-migration or in situ adaptation after experiencing repetitive
storm events?
Hypothesis 3.2A: As a whole, surveyed residents indicate a higher openness to implementing
protective strategies.
Hypothesis 3.2B: Those who reported they were more open to moving due to increased
strength and frequency of storm events in Wave 1, will have been more likely to move by Wave
2.
Hypothesis 3.2C: Wave 2 respondents will be more open to moving compared to their baseline
responses in Wave 1.
Data
Datasets for this analysis will include data from Wave 1 and Wave 2 survey responses, as well as SemiStructured Interviews conducted in response to Wave 2 responses.

Wave 1 Survey Responses (2017)
The initial dataset was collected by previous UNC DCRP students.3 They used a random, address-based
sample (based on the US Postal Service’s Computerized Delivery Sequence File; obtained from Survey
Sampling, Inc. [now Dynata, Inc.]) to select household survey participants, stratifying the sample by
block-group to ensure complete spatial coverage of the strongly-rural APP. The survey instrument
contained 126 questions, including questions about respondents’ property, knowledge, beliefs,
opinions, experiences with flooding, saltwater intrusion, and aspects of their community engagement.
The survey was delivered to 789 residences in the summer of 2017 using a drop-off/pick-up protocol
(approved under UNC IRB 16-2155). Potential respondent households were physically visited up to three
times (on different days/times of the week) in an effort to explain the intent and use of the survey, and
distribute the survey instrument and a $5 Amazon gift card incentive (per the Tailored Design Method;
Church 1993; Dillman, Smyth, and Christian 2008). If contact was unsuccessful, staff left the survey
materials at the residence along with a business reply envelope. Three attempts were also made to pick
up the surveys 1-2 weeks later, and reminder letters and return envelopes were left at homes where inperson contact could not be made. Final reminders were also mailed to non-respondents two months
after survey distribution. In the end, the survey yielded 227 responses (accounting for refusals, a net
response rate of ~31.6%).

Wave 2 Survey Responses (2020)
In August 2020, I led the effort to create and distribute a follow-up survey (Wave 2; IRB 20-0905) to the
227 respondents of the Wave 1 survey. Predominantly, the questions remain the same. However, some
3

I did not participate in creating or implementing the 2017 Wave 1 survey.
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that proved to deliver unreliable or uninteresting data were dropped from the instrument. In their
place, questions more specifically tailored to attachment to place. Additionally, I added questions
regarding their recent experiences with Hurricanes Florence and Dorian.
In light of funding expiration (Wave 1 drop-off/pick surveying was inordinately expensive), the follow up
survey was mailed to respondents in late-August 2020 with a letter, a pre-paid mail-back envelope to
return completed surveys, and an electronic $5 Amazon Gift Card. Three follow up letters were sent out.
Participants who completed and returned the survey received an additional incentive in the form of a
$10 Amazon gift card. As of the end of January 2021, we have received 87 completed responses, yielding
a Wave 2 response rate of 38.8%.

Semi-Structured Interviews
In order to triangulate results from Wave 1 and Wave 2 surveys, I will follow up with a subset of Wave 2
respondents using semi-structured interviews. Semi-structured interviews create a scaffolding
framework through predetermined questions, but allow for conversational flexibility in allowing
participants to expound on topics and features important to them (Longhurst 2003; Kallio et al. 2016).
Semi-structured interviews are appropriate when the interviewer has pre-established knowledge of the
phenomenon under research consideration; when research was focused on complex opinions or
perceptions, sensitive issues, and/or when discussing values and ideals (Kallio et al. 2016). In the context
of this paper, these interviews are aimed at contextualizing the survey responses with in-depth
qualitative data. This will give further insight into how residents perceive their decision making process
as it relates to adaptive actions.
Interviews of up to 20 individuals will be performed in Spring-Summer 2021. These individuals will
receive a $20 gift card for participation. Interviews will be recorded (upon interviewee approval), and
transcribed verbatim. Interview questionnaire and methods are currently in IRB review. As of August 1,
2021, of the 87 respondents to Wave 2, 30 have agreed to a follow-up interview. Of these respondents, I
will prioritize those (1) who moved to new residences since the Wave 1 survey, (2) whose perspectives
and survey responses have shifted dramatically between Wave 1 and Wave 2, and (3) who were greatly
impacted by Hurricanes Florence and/or Dorian. Table 4 shows some basic information of the
experiences of respondents who have opted-in compared to the total survey population of Wave 2;
questions under consideration for determining who to contact for semi-structured interviews are in
Appendix B, Table ii.
Table 4: Wave 2 respondent population compared to the subset opting-in for follow-up, semi-structured
interviews

Interview Opt In
Moved since 2017 (Wave 1 Survey)
Impacted by Hurricane Matthew

Wave II Respondent
Population (87)
30
34.5%
11
12.6%
36
41.4%
36

Interview Opt In (Max: 30)
30
100%
5
16.7%
17
56.7%

Impacted by Hurricane Florence
(y/n)
Impacted by Hurricane Dorian
(y/n)
Mean Number of Moves in last 20
years
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16

37.9%
28

53.3%
13

32.2%
1.5

43.3%
2.9

Analysis Design
Survey Analysis:
To analyze data from survey Waves 1 and 2, I will use a repeated measures mixed effects model
(Snijders and Bosker 1999). This analysis method allows for the explicit modeling of between- and
within-individual variation by producing both fixed effects and random effects. This will provide trends
in outcomes as a combination of the overall trend (fixed effects for time), and the variations for each
individual (random effects). This makes it possible to control for within-unit correlations (Gurevitch and
Jr 1986; Snijders and Bosker 1999).
The analysis of the survey responses will focus on three primary groups of questions (see Appendix B,
Table iii for specific wording and coding of questions per the questionnaire).
First, Baseline Exposure variables will be used to control for respondents’ exposure to storms and
flooding for the time period before the Wave 1 survey. This will be derived from their reported history
of flooding exposure reported for Hurricane Matthew, and property damage. This will be an
independent variable to control for baseline exposure and previous disaster risk. The number of
respondents impacted4 by Hurricane Matthew is shown in Table 5 below.
Second, Additional Exposure variables will be used to control for respondents’ exposure to storms in the
intervening period between the Wave 1 and Wave 2 surveys. This is derived from their reported history
of damage from Hurricane Florence and Hurricane Dorian in the Wave 2 survey, and will be used as a
treatment effect and a key explanatory independent variable in the mixed effects model. The number of
respondents impacted by Hurricanes Matthew, Florence, and/or Dorian are shown in Table 5
Table 5: Wave 2 Survey respondents whose properties were impacted by Hurricanes Matthew (2016),
Florence (2018), and Dorian (2019). 19 respondents were impacted by all three storms. *One skipped
response from Dorian.

Impacted:
Yes
Matthew
No
Yes
Florence
No
4

Yes

Matthew
No
37
25
12

Yes
50
10
40

Florence
No
25
10
35
-

Yes
12
40
52

Dorian
No
2
25
18
9

Per the survey, impacted by a given storm refers to flooding, debris, wind damage, or other impacts

37

11
48
16
43

Dorian*

Yes
No

25
11

2
48

18
16

9
43

27
-

59

The third group of variables focuses on resident Concern and Trends. This group of variables is based on
survey questions evaluating residents’ perspectives on past trends and future concerns regarding
environmental conditions as they relate to both their properties and communities. This set of variables
will allow me to build on my previous article (Schwaller and BenDor, 2021), which analyzed the
relationships of these types of variables to interests in different adaptation strategies. This will be used
to address question RQ3.1 (how do residents’ perceptions of storm magnitude, frequency, and risk
change in the wake of storm exposure?)
Finally, I construct Outcome Variables, which are the response variables from Survey 2 indicating if
residents are increasingly willing to engage in adaptation measures in the face of increasing flood
exposure. This group of variables includes measures of 1) how long residents want to stay on their
property (recorded in five year increments), 2) whether they would be open to moving in response to
floods (coded as a binary variable), and whether they would be open to in situ adaptation in response to
floods (coded as a binary variable). This will be used to address question RQ3.2 (are residents more open
to out-migration or in situ adaptation after experiencing repetitive storm events?).
Because there are two waves of the survey, I will use a repeated measure analysis. This is used when
there are two-level structures of measurements for a given individual, and requires a multi-level model.
The level one units are the measurements for occasions (t=1 for Survey 1 and t=2 for Survey 2), and the
level two units are the individuals indexed by i.
The resulting equation will be:
Level 1

Outcometi

=

β0i + β 1Baselineti + β 2Exposureti + β 3Concernti + εti

Level 2

β0i

=

β00 + v0i

Combined

Outcometi

=

β00 + β 1Baselineti + β 2Exposureti + β 3Concernti + v0i + εti

Where:
•
•
•
•

Outcome: willingness/openness to adapt, see Appendix B, Table iii
Baseline: previous exposure to storms, see Appendix B, Table iii
Exposure: additional exposure to Hurricane Florence and Dorian, in the intervening period
between Survey 1 and Suryve2, see Appendix B, Table iii
Concern: perspectives on past trends and future concerns regarding environmental conditions,
storms, and flooding, see Appendix B, Table iii

Analysis Methods: Semi-structured Interviews
In order to triangulate Wave 2 survey findings and gain further insight into how residents perceive their
decision making process as it relates to adaptive actions, we will conduct semi-structured interviews
with a subset of survey respondents (see earlier data section). After each interview, I will compose
structured notes to create a big picture framework of the main “stories” of the data (Deterding and
Waters 2018). This will inform coding practices following completion of all interviews.
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In Summer/Fall 2021, interview transcripts will be dual coded (by myself and another researcher) using
the MAXQDA software (Kuckartz 2010) into core themes (tentatively) organized into three subgroups:
impacts of events (i.e. flooding, saltwater intrusion, and storms); place attachment and social
connection (i.e. relationships to neighbors, family, home, etc.); and actions (i.e. decisions to migrate or
to protect in place). We will use a flexible coding strategy, which begins with indexing the transcripts
starting with large concepts and refining the code over time, per emerging trends in interview analysis
(Deterding and Waters 2018). We will compare our results using standard metrics of intercoder
reliability, such as Cohen’s (1960) Kappa, and discrepancies will be collaboratively resolved between
coders.

Expected Outcomes and Implications:
This paper seeks to understand how residents’ threat appraisals and coping appraisals (aspects of PMT)
shifts over a period of years. Per the theory put forth in Schwaller and BenDor (2021), I anticipate that
we will see a shift towards a greater openness for more proactive adaptation measures due to the
influence of the Hurricanes that occurred between Wave 1 and 2. Such findings would have implications
for planning for managed retreat and risk communication strategies.

Threats to validity
•

•

•

Small sample size:
o At just under 90 responses for Wave 2, the sample size is modest, and the results will be
open to some bias as a result. I shall try to mitigate this through interviews
Homogenous sample:
o The sample population is slightly more homogenous than the APP as a whole, and much
more homogenous than the United States in general. This will be acknowledged in the
findings under limitations.
Older sample:
o The sample population also skews older. This may influence individual’s willingness to
migrate, and I will try to understand this relationship better through interviews.

Anticipated Schedule
Survey 1
Survey 2
Survey Data Cleaning
Interview Collection
Interview Coding
First Draft
Final Draft

Complete (2017)
Complete
Complete
Fall 2021
Fall 2021
Fall 2021
Spring 2021
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Appendices
Appendix A: Disaster Designations by county in North Carolina, for Hurricane Matthew, Florence, and
Dorian.
A.

B.

C.

Figure i: Disaster declarations by county. Panel A: Hurricane Matthew; Panel B: Hurricane Florence; Panel
C: Hurricane Dorian
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Table i: Disaster declarations by county, sorted by Coast. (within the Coastal Plains), and then
alphabetically. Where: M: Hurricane Matthew; F: Hurricane Florence; D: Hurricane Dorian; IA: Individual
Assistance; PA: Pubic Assistance.

County
Beaufort County
Bertie County
Bladen County
Brunswick Cnty
Camden County
Carteret County
Chowan County
Columbus Cnty
Craven County
Cumberland Cnty
Currituck County
Dare County
Duplin County
Edgecombe Cnty
Gates County
Greene County
Halifax County
Harnett County
Hertford County
Hoke County
Hyde County
Johnston County
Jones County
Lenoir County
Martin County
Nash County
New Hanover Cnty
Northampton Cnty
Onslow County
Pamlico County
Pasquotank County
Pender County
Perquimans County
Pitt County
Robeson County
Sampson County
Scotland County
Tyrrell County
Washington Cnty
Wayne County
Wilson County
Alamance County
Alexander County
Alleghany County
Anson County
Ashe County
Avery County
Buncombe County
Burke County

Coast.

(M) IA

(M) PA

(F) IA

(F) PA

(D) IA

(D) PA

Total
IA

Total
PA

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

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

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

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

2
1
2
2
1
2
1
2
2
2
1
1
2
1
1
2
1
2
1
2
2
2
2
2
1
1
1
1
2
1
1
2
1
2
2
2
2
1
1
2
2
0
0
0
2
0
0
0
0

3
2
3
3
2
3
2
3
3
2
2
3
3
1
1
3
1
2
1
3
3
2
3
3
1
1
3
1
3
3
2
3
2
3
3
3
2
3
2
3
2
1
0
1
2
1
0
0
0
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Cabarrus County
Caldwell County
Caswell County
Catawba County
Chatham County
Cherokee County
Clay County
Cleveland County
Davidson County
Davie County
Durham County
Forsyth County
Franklin County
Gaston County
Graham County
Granville County
Guilford County
Haywood County
Henderson County
Iredell County
Jackson County
Lee County
Lincoln County
Macon County
Madison County
McDowell County
Mecklenburg Cnty
Mitchell County
Montgomery Cnty
Moore County
Orange County
Person County
Polk County
Randolph County
Richmond County
Rockingham Cnty
Rowan County
Rutherford County
Stanly County
Stokes County
Surry County
Swain County
Transylvania Cnty
Union County
Vance County
Wake County
Warren County
Watauga County
Wilkes County
Yadkin County
Yancey County

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

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

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

0
0
0
0
2
0
0
0
0
0
1
0
0
0
0
0
1
0
0
0
0
2
0
0
0
0
0
0
0
2
1
0
0
0
2
0
0
0
0
0
0
0
0
1
0
1
0
0
0
0
0

1
0
0
0
2
0
0
0
1
0
0
0
1
0
0
1
1
0
0
0
0
2
0
0
1
1
0
0
2
2
1
1
1
1
2
0
1
0
1
0
0
0
0
1
0
1
0
0
0
0
1

Appendix B: Relevant questions from Wave 1 and Wave 2 of the surveys
Table ii: Wave 1 and 2 survey questions indicating whether respondent qualifies for follow-up interview.
* Relates to coded term
*

Questions

Answers

C3

Have you moved to a new residence since the summer
of 2017?
C4 Which of the following reasons factored in your decision
to move? Select all that apply
C68 Was your property impacted by Hurricane Matthew
(October 2016)?
C69
➔ How was it impacted? Select all that apply.
C70 Was your property impacted by Hurricane Florence
(September 2018)?
C71
➔ How was it impacted? Select all that apply.
C72 Was your property impacted by Hurricane Dorian
(August-September 2019)?
C73
➔ How was it impacted? Select all that apply.
C5

Have you given serious consideration to moving to a
new residence since the summer of 2017?
C48 Do you have current or future plans to leave your
property due to flooding?
C50 Do you have current or future plans to leave your
property due to non‐flood related reasons?
C65 Could you foresee that flooding would ever force you to
move from your property?

Survey
Wave I

Yes / No
Multiple
Choice
Yes / No
Multiple
Choice
Yes / No

Survey
Wave II
X
X

X

X

X

X
X

Multiple
Choice
Yes / No

X

Multiple
Choice
Yes/No

X

X

X

Yes/No

X

X

Yes/No

X

X

Yes/No

X

X

Survey
Wave I
X

Survey
Wave II
X

Table iii: Wave 1 and 2 survey questions and grouping for analysis
Questions

Answers

Exposure Variables

C68

Was your property impacted by Hurricane
Matthew (October 2016)?
C70 Was your property impacted by Hurricane
Florence (September 2018)?
C72 Was your property impacted by Hurricane Dorian
(August - September 2019)?
C138 Were members of your community affected by
Hurricane Matthew (October 2016)?
C139 Were members of your community affected by
Hurricane Florence (September 2018)?
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Yes/No
Yes/No

X

Yes/No

X

Yes/No/Don’t
Know
Yes/No/Don’t
Know

X

X
X

C140 Were members of your community affected by
Hurricane Dorian (August-September 2019)?
C96 When was the last time your property flooded,
not including the structures or buildings on your
property? Choose the first response that applies.
C97 When was the last time the buildings or
structures on your property flooded? Choose the
first response that applies.

Yes/No/Don’t
Know
Time scale

X

X

Time Scale

X

X

C57

Time scale:
Once every six
months; once
every year;
once every two
years; once
every 10 or
more years; I
would never
install water
control
structures
Time scale:
Once every six
months; once
every year;
once every two
years; once
every 10 or
more years; I
would never
install water
control
structures
Likert Scale

X

X

X

X

X

X

Likert Scale

X

X

Likert Scale

X

X

Likert Scale

X

X

Likert Scale

X

X

Likert Scale

X

X

Likert Scale

X

X

Imagine there is flooding on your property, but it
is to severe enough to damage buildings or
structures.
How frequent would this flooding need to be in
order to prompt you to install or upgrade water
control structures? Select one.

Response Variables

C60

Imagine there is flooding on your property and it
is to severe enough to damage buildings or
structures.
How frequent would this flooding need to be in
order to prompt you to install or upgrade water
control structures? Select one.

C74
C78
C79
C85
C86
C87
C88

I hope to remain on my property as long as I
possibly can.
I am concerned about my property value right
now.
I am concerned with the value of my property
value in the future.
I am concerned with how environmental changes
affect my property now.
I am concerned with how environmental changes
may affect my property in the future.
I am concerned with how environmental changes
affect my community now.
I am concerned with how environmental changes
may affect my community in the future.
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X

Concern and Trends

C65

Could you foresee that flooding would ever force
you to move from your property?

C105 Over the past 20 years, what do you believe has
happened to the strength of storms?
C106 Over the past 20 years, what do you believe has
happened to the frequency of storms?
C107 What changes have you noticed in flooding on
your property over the last 20 years?
C108 What changes have you noticed in flooding in
your community over the last 20 years?
C109 What do you think will happen to the strength of
storms in the next 20 years?
C110 What do you think will happen to the frequency
of storms in the next 20 years?

Yes/no

X

X

Likert Scale

X

X

Likert Scale

X

X

Likert Scale

X

X

Likert Scale

X

X

Likert Scale

X

Likert Scale

X

Table iv: Place attachment questions in Wave 1 and 2

C147
C151

Place Attachment

C156
C157
C158
C159
C160
C161
C162
C163
C164
C165

Questions

Answers

I feel like I belong in my community.
Members of my community assist each other when
they are in need.
I am proud of my town or neighborhood
I want to be involved in what is going on in my
town or neighborhood.
I know a lot of stories about my town or
neighborhood
My home is attractive or beautiful
My neighborhood or town is attractive or beautiful
My home reflects who I am
My origins are in this town or neighborhood
If I lived in a different town or neighborhood, I
would lose contact with a number of friends
I talk to neighbors about neighborhood problems
I have a lot in common with my neighbors

Likert
Likert
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Survey
Wave I
X

Survey
Wave II
X
X

Likert
Likert

X
X

Likert

X

Likert
Likert
Likert
Likert
Likert

X
X
X
X
X

Likert
Likert

X
X

Appendix C: Interview Question Script:
Filter Question 1:
Can you confirm if you have moved from your home in the Albemarle-Pamlico Peninsula since 2017?
➔ Yes: Interview Option 1 (n = 5, anticipated)
➔ No: Interview Option 2 (n = 27, anticipated)

Interview Option 1: Those who moved
1. Can you briefly describe to me your current home and neighborhood?
2. What was the primary reason you decided to move?
3. What factors played into your decision to move?
4. What were the factors, if any, that made you reluctant to move?
5. Do you feel safer in your current home and neighborhood? Why or why not?
6. Do you feel happier in your current home and neighborhood? Why or why not?
7. Do you feel more or less connected to friends and family members in your current
neighborhood and community? Why?
8. Are there more amenities in your current neighborhood or community, such as stores,
restaurants, or other places necessary for daily errands?
➔ Can you tell me a little about how that has impacted your day to day life?
9. How would you describe your sense of belonging in your current home and neighborhood?
➔ Is that different from your previous home and neighborhood?
10. Is there anything else we ought to know in order to understand your decision to move?
11. Did concerns or experiences with storms or floods factor in your decision to move?
12. Can you tell me a little about your experiences with Hurricane Matthew (2016)
13. Can you tell me a little about your experiences with Hurricane Florence (2018)
14. Can you tell me a little about your experiences with Hurricane Dorian (2019)

Interview Option 2: Those who have stayed
1. Can you briefly describe to me your current home and neighborhood?
2. Do you feel safer in your current home and neighborhood? Why or why not?
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3. Do you feel connected to friends and family members in your current home and
neighborhood? Why or why not?
4. Are there enough amenities in your current neighborhood or community, such as stores,
restaurants, or other places necessary for daily errands?
5. How would you describe your sense of belonging in your current home and neighborhood?
6. Do you have any concerns regarding floods or storms?
-> Follow up: how often do you think about this?
7. Can you tell me a little about your experiences with Hurricane Matthew (2016)
-> Follow up: can you tell me about the cleanup and recovery process for Hurricane
Matthew in your community?
8. Can you tell me a little about your experiences with Hurricane Florence (2018)
-> Follow up: can you tell me about the cleanup and recovery process for Hurricane
Matthew in your community?
9. Can you tell me a little about your experiences with Hurricane Dorian (2019)
-> Follow up: can you tell me about the cleanup and recovery process for Hurricane
Matthew in your community?
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