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Natural Hazards and Residential Instability

Beyond Disasters: A Longitudinal Analysis of
Natural Hazards’ Unequal Impacts on Residential
Instability

James R. Elliott, Rice University
Junia Howell, University of Pittsburgh

This study investigates the unequal impact of natural hazard damage on people’s
residential instability over time by shifting analyses from an event-centered
design common in disaster studies to a longitudinal, population-centered

approach. To demonstrate this approach, we link annual data on property damages
from natural hazards at the county level to geocoded data on nationally representa-
tive samples of men and women from the Panel Study of Income Dynamics. Results
indicate that the average US household lives in a county that experiences five docu-
mented hazards per year, totaling $20 million in direct property damage. Findings also
indicate that as local damages accrue over time, so does residential instability, net of
other factors. This pattern is particularly strong for Black and Latina women, for
whom measurable differences in personal and social resources interact with hazard
damages to significantly increase residential instability over time.

Climate change and high-profile disasters are raising concerns about how US
society interacts with natural hazards, which are forecasted to increase in fre-
quency and intensity over coming years (IPCC 2012; Preston 2013). At the same
time, social inequalities in US society remain high, rendering some groups more
vulnerable than others to their local impacts (Daniels, Kettl, and Kunreuther
2006). These dynamics are producing a volatile mix of socio-environmental con-
ditions that threaten the well-being of untold numbers of households and com-
munities throughout the country. To date, sociological research has illuminated
these dynamics largely through case studies of extreme disasters such as
Hurricanes Andrew and Katrina, the Northridge earthquake, and Superstorm
Sandy (Bolin and Stanford 1998; Brunsma, Overfelt, and Picou 2010; Cutter,
Schumann, and Emrich 2014; Elliott and Pais 2006; Peacock, Morrow, and
Gladwin 1997). Repeatedly, this type of research shows how disasters derive as
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much from everyday vulnerabilities rooted in pre-existing social inequalities as
from natural hazards themselves (see Tierney 2007; Klinenberg 2015).

A strength of this approach is that it brings society to the fore to highlight
how processes of social stratification shape and differentiate natural hazard out-
comes in the worst of cases. Yet, the field’s focus on extreme events can also end
up suggesting that underlying dynamics are somehow exceptional. This is prob-
lematic for a couple of reasons. First, if a core conclusion of recent research is
that it is not just the scale and scope of natural hazards that matter but their
interface with socially vulnerable groups, then the problem would seem to
extend far beyond extreme events, given the pervasiveness of today’s social in-
equalities. Second, when we extend our view beyond major disasters, we dis-
cover that natural hazards are actually quite common. Federal records indicate
that since 1960, the United States has experienced more than a half million natu-
ral hazards that have caused notable property loss or one fatality (Hazards and
Vulnerability Research Institute 2013). This means that over the past half cen-
tury, the average county has experienced multiple hazards per year, with esti-
mated damages now running in the millions of dollars annually and rising
(Preston 2013).

The ubiquity of these dynamics, we think, calls for a new, complementary
way of investigating the pervasive, ongoing intersection of social vulnerabilities
and natural hazards throughout the United States. This way maintains recent
case studies’ deliberate focus on social stratification but turns it around analyti-
cally. Instead of selecting a specific event and studying how different subpopula-
tions experience it, we start with a nationally representative sample of individuals.
We then follow them through time as different hazards hit the areas where they
live. We call this design a population-centered approach as opposed to an event-
centered approach. To demonstrate its utility, we focus on an issue of central
importance to the study of both disasters and social stratification: housing insta-
bility, measured as the number of moves that a household makes over time. In
disaster studies, housing instability is often framed and analyzed in terms of envi-
ronmental displacement, or dislocation (Mileti 1999). In stratification research, it
is commonly linked to longer-term processes and outcomes of social disadvantage
(Desmond 2012; Desmond and Gershenson 2016).

To apply our population-centered approach, we use restricted-access data
from the Panel Survey of Income Dynamics (PSID). This version of the PSID al-
lows us to append census data on neighborhood socioeconomic context to sur-
vey data on individual-, family-, and household-level characteristics as we follow
respondents through time, from 1999 through 2011. To this information we
merge annual data on county-level damage from natural hazards, compiled from
federal sources in the Spatial Hazard Events and Losses Database for the United
States (SHELDUS). We then estimate a series of statistical models to examine the
additive and conditional effects of hazard damage on residential instability over
time. Results consistently indicate that as local hazard damage accumulates, so
does housing instability. This pattern is particularly strong for members of tradi-
tionally marginalized groups, including most prominently Black and Latina
women. The broader implications are twofold. The intersections of natural
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hazards and social vulnerabilities are much more common and ongoing than we
typically admit. And, these intersections accrue over time in ways that pose dis-
proportionate challenges to those who often have the fewest resources to negoti-
ate them successfully.

Natural Hazard Damage and Residential Instability
In a recent review of related literature, Hunter, Luna, and Norton (2015) con-
tend that to understand the influence of environmental factors such as natural
hazards on local mobility, researchers must develop more nuanced assessments
of the ongoing contexts and processes involved. The present study contributes to
this effort by taking a longitudinal, population-centered approach to the inter-
section of natural hazards, social inequalities, and residential instability. To
start, we reiterate the importance of extending beyond major disasters to
account for a fuller range of natural hazards. This approach recognizes not only
that such hazards are more ubiquitous than commonly acknowledged (Hazards
and Vulnerability Research Institute 2013) but also that their impacts can accrue
over time and space to affect even those whose housing is not directly damaged.
This perspective shifts us away from conceptualizing natural hazards as anoma-
lous events to thinking of them as ongoing processes that regularly intersect with
various forms of social inequality that are also ongoing.

A good way to make this conceptual shift, we think, is to focus on hazard-
related property damage. Although such damage downplays the specifics of par-
ticular events, it is fungible and thus readily compared over time, space, and
types of hazards for a wide range of people and places. Property damage is also
the primary means by which US society organizes hazard mitigation and dis-
penses recovery resources (Perrow 2007). This organization—grounded in pri-
vate insurance companies and public policy initiatives—overwhelmingly
privileges the restoration of property over community and affordable housing.
This means that damages from local hazards can have wide-ranging effects on
local populations, even those whose housing is not directly affected and espe-
cially for those with relatively few social and financial resources (Elliott, Hite,
and Devine 2009; Fothergill and Peek 2004; Fussell and Harris 2014; Myers,
Slack, and Singelmann 2008).

After the Loma Prieta earthquake, for example, Comerio, Landis, and Rofe
(1994) found that close to three-quarters of damaged housing units were mod-
estly priced rentals. This meant that low-income residents throughout the area
had a particularly difficult time finding housing after the hazard occurred. A
year into recovery, nearly all single-family units had been rebuilt but only ten
percent of multi-family units had. And four years later, roughly half of the dam-
aged multi-family rentals remained either damaged or unreplaced. Research also
shows how opportunism can exacerbate these housing dynamics. Bolin and
Stanford (1998), for example, describe how when the Whittier earthquake hit
southern California on the day that most rents were due, landlords evicted many
low-income residents for late payment. Due to the timing of the hazard, land-
lords were able to skirt rent-control regulations and displace tenants, thereby
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aggravating hardships faced by predominantly low-income, Latino residents
throughout the region. Other researchers have even found that landlords lie to
tenants about damages to encourage them to vacate. Bolton, Liebow, and Olson
(1993) describe how in one instance a landlord even posted evacuation notices
on an undamaged building so that he could evict low-income tenants and raise
rents. Still other studies document how low-income, minority residents often
find it difficult to access and qualify for post-hazard housing assistance. This is
not only because of the bureaucratic hurdles involved but also because tempo-
rary housing programs commonly cover only those who can prove they had
“stable housing” prior to the hazard, which tends to exclude those lacking for-
mal mortgages and rental contracts (Greene 1992).

In addition, recent research shows how hazard damage and associated moves
can disrupt social networks in ways that feedback to further increase housing
instability. For example, in their study of Hurricane Katrina, Elliott, Haney, and
Sams-Abiodun (2010, 643) document how among Lower Ninth Ward residents,
“inequalities in social capital increase[d] noticeably over the course of disaster,
from early preparation, to prolonged displacement, to uneven return, leaving the
social safety nets of less-advantaged residents increasingly frayed and ineffective
over time.” As a result, periods of housing instability stretched further and fur-
ther in time for some residents, as Asad (2015) documents in his study of low-
income, African American mothers displaced by Katrina. In that study, Asad
also explains how “This residential instability is further exacerbated by time lim-
its on eligibility for disaster benefits” (300)—assuming, of course, one has access
to such benefits to begin with.

Collectively, this body of research illuminates how challenges of affordable
housing and residential instability—common for many residents in ordinary
times—can become exacerbated after local hazards. It also hints at how these
challenges can extend not only through time for many residents but also across
local neighborhoods, as stocks of affordable housing shrink, demand rises, and
higher insurance premiums get passed along to renters (Pais and Elliott 2008;
Vigdor 2008). The result can be broad disruption of more marginal segments of
local housing markets, which developers and government agencies are often
slow and unmotivated to address. Following Hurricane Katrina, for example,
the Housing Authority of New Orleans even blocked residents from returning to
public housing units that experienced little or no damage from local flooding
(Bullard and Wright 2009). Thus, it is little wonder that researchers continue to
discover what Haas and colleagues documented decades ago: After natural ha-
zards, many low-income and minority residents “find themselves moving fre-
quently from one place to another (or even leaving the area forever), or in
housing they can’t afford” (Haas, Kates, and Bowden 1977, xxviii, original
parentheses).

These findings help explain why natural hazards tend not to spawn new
migratory systems but rather to increase the rate and volume of flows already in
motion, which remain dominated by local moves (Curtis, Fussell, and DeWaard
2015; Elliott 2015; see also Pais and Elliott 2008). From this perspective, what
happens in the United States after natural hazards is less a form of
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“environmental migration” than an exacerbation of ongoing processes of resi-
dential instability—a central issue in sociological research on stratification.

Social Stratification and Housing Instability
Whereas disaster studies tend to prioritize places and events in their investigation
of social vulnerability, research on social stratification emphasizes everyday
structures and processes of inequality, which can include many factors that con-
tribute to residential instability. These factors include divorce, job and wage
loss, domestic violence, forced eviction, and other family disruptions that, when
they occur, tend to have disproportionately adverse effects on less advantaged
individuals and households (Desmond and Gershenson 2016). Estimates from a
ten-city survey of low-income, mostly minority households, for example, found
that nearly half of those surveyed were “churning movers,” that is, “moving in
response to financial stress or problems in their rental agreements” (Coulton,
Theodos, and Turner 2009).

Related studies of residential instability indicate that moving frequently over
relatively short periods of time can bring negative consequences for those
involved (Desmond 2012; ICP 2009). For example, research indicates that fre-
quent moves, even if local, correlate with declines in social network ties
(Sampson, Morenoff, and Earls 1999), personal health (Dong et al. 2005),
school performance (Pribesh and Downey 1999), and personal safety (Sharkey
and Sampson 2010). Moreover, households from lower socioeconomic strata
and those who live in under-resourced communities are already more likely to
experience residential instability, which means that any extra disruption is likely
to exacerbate both the likelihood and extent of negative consequences. Related
research indicates that this situation is particularly common among minority
women for a variety of reasons (Desmond 2012).

One is that low-income, minority women are more likely than male partners
to be responsible for housing contracts because they are more likely to be for-
mally employed and less likely to have criminal records. At the same time,
because women’s wages tend to be lower and because household expenses tend
to be greater as a result of primary childcare responsibilities, fulfilling residential
contracts can be more burdensome for women, especially in times of unexpected
strain. Public assistance may help, especially for single mothers, but motherhood
also brings more expensive housing needed to accommodate children, as well as
additional costs associated with regular provision of their clothes, food, medical
care, and school supplies (Cancian and Meyer 2005). By contrast, non-custodial
fathers can more easily rent an inexpensive room or crash on someone’s couch
when disruption occurs and temporary housing is needed.

The broad point is that residential instability is common among less advan-
taged households for a host of reasons. These reasons both reflect and reproduce
ongoing hardship in ways that not only entangle with racial and class inequal-
ities but also remain fundamentally stratified by gender (Coulton, Theodos, and
Turner 2009; Crowley 2003). This stratification is echoed in recent research on
disasters, which contends that women often experience hazards differently than
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men because of tendencies for role accumulation that involve the expansion of
family, community, and work expectations following disruptive events
(Fothergill 1999). In addition, research on social stratification illuminates how
social inequalities stemming from a lack of homeownership, low incomes,
minority status, and single-motherhood tend to cluster spatially, which can fur-
ther compound housing challenges over time and weaken collective resources of
entire communities (Sampson 2012). In this way, the spatial accumulation of
social vulnerabilities can intersect with the temporal accumulation of local haz-
ard damages to disproportionately affect not only specific households but entire
neighborhoods of which they are a part.

Research by Graif (2016) following Hurricane Katrina not only underscores
this point but suggests that it may be one way that hazard-related displacement
might actually benefit some minority, female-headed households. This occurs by
leading some families from more to less disadvantaged neighborhoods. While
such neighborhood attainment can certainly occur and not all residential mobil-
ity is bad, we suspect that positive outcomes are more the exception than the
rule. That is, in more common scenarios, mobility following local hazard dam-
age is likely to be more constrained and disruptive for less advantaged house-
holds. Along these lines, research by Fussell and Lowe (2014) indicates that
those who were more unstably housed after Hurricane Katrina had poorer men-
tal health on average than those who returned to their pre-Katrina homes and
communities. By examining related dynamics as they unfold for residents
throughout the country, we hope to leverage and extend more dynamic, integra-
tive research on the intersection of natural hazards and social stratification.

Below, we demonstrate this approach. Drawing from the literature reviewed
above, we test two broad hypotheses. First, residential instability increases with
local hazard damage over time, net of other contributing factors at the individ-
ual, family, household, and neighborhood levels. Second, these increases are
especially pronounced among less advantaged, minority women. This is so not
only because of mediating factors such as lower education and lack of homeow-
nership but also because these factors interact with local hazard damages in
ways that render their vulnerabilities multiplicatively higher than those of other
groups.

Data and Methods
Data for our analyses come from three sources. The primary source is the Panel
Study of Income Dynamics (PSID). The PSID began with a representative sample
of the US population in 1968 and has tracked selected families, their children,
and their children’s children ever since. In 1999, the PSID expanded its original
sample to capture new immigrant families that had moved to the United States
after 1968. We use this later, larger sample beginning in 1999 to take advantage
of robust numbers of Hispanic, Asian, and Other race respondents, in addition
to Whites and Blacks—all of whom were interviewed every two years in our
study, from 1999 through 2011. In order to link data on respondents’ individ-
ual, family, and household attributes to data on neighborhood context, we use
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the restricted-access PSID, which has census tract identifiers for each place of
residence.

To assemble tract-level data, we use a second source consisting of two pieces:
the 2000 US Census and the 2006–2010 American Community Survey 5-Year
Summary Files (ACS-5). From these datasets we derive information on the socio-
economic status of respondents’ neighborhoods and total population of the
county in which they live. Neighborhood socioeconomic status is measured
using a common scalar variable that includes the respective census tract’s
median income, proportion of adults with at least a bachelor’s degree, and por-
tion of adults currently employed. Years between the 2000 Census and ACS-5
are linearly imputed, as are values for 2011.

The third source of data is the Spatial Hazard Events and Losses Database for
the United States (SHELDUS), which provides annual information on county-level
property damages directly attributable to natural hazards. SHELDUS is a
government-funded database maintained by the Hazards and Vulnerability
Research Institute (2013). This database collates local events and economic losses
for eighteen types of natural hazards, including wildfires, floods, severe storms,
tornadoes and hurricanes. Data come principally from the National Climatic Data
Center, the National Geophysical Data Center, and the Storm Prediction Center.
They include information on events that have occurred since 1960 and caused at
least one death or $25,000 in direct property damage. In addition, the SHELDUS
dataset includes start and end dates of respective hazards, which we use to demark
and append information at different waves of the PSID, as described below.

Residential Instability
Following prior research, we measure residential instability as the total number
of moves that respondents report making (e.g., Coulton, Theodos, and Turner
2009). We operationalize this variable in two ways. For summary analyses
(described below) in which we analyze aggregated changes over the entire time
period, 1999–2011, we sum the total number of moves reported from the first
through the last PSID interview. So, if a respondent does not move during the
first two-year interval but does move during the second interval, and then twice
more during the third interval, and then stays put for the rest of the observed
time period, her aggregated residential instability score would be three. For lon-
gitudinal analyses, we analyze cumulative changes from one interview to the
next. Using the above example, residential instability would equal zero for the
first wave; one for the second wave; three for the third wave; and then would
remain three for all subsequent waves, given no further moves. In all calcula-
tions, the number of moves is reported directly by the respondent.1

To assess the robustness of our approach, we fit random-effects models where
we calculated discrete numbers of moves for each interview wave, rather than
cumulatively summing them over successive waves, as described above. Results
from these supplemental analyses (available in the supplemental appendix)
affirm that property damage from local hazards has compounding effects on res-
idential instability that stretch beyond the immediately observed wave.
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Natural Hazard Damage
Property damage from natural hazards is measured at the county level, which al-
lows for both direct and indirect effects on local residents. As with residential
instability, we compute this variable in both aggregate and cumulative forms,
utilizing information on inflation-adjusted property damage directly attributable
to natural hazards in counties where respondents reside. If respondents migrate
between counties, we use hazard start and end dates to compute the damage in
each county for the time period they report residing there. For each interview
wave, we compute the amount of direct property damage from all hazards that
ended on or after March 1 of the previous interview-year and ended before
March 1 of the current interview-year.2 March was selected because it corre-
sponds to the month when the first PSID interviews are conducted in each inter-
view cycle. Because interviews are conducted every other year, local hazard
losses accrue in two-year intervals based on where the respondent was living
during the interval.

For all analyses, values for hazard damage reflect estimates of direct economic
loss associated with the physical impacts of respective hazards and do not
include disruption to commerce and production. Thus, the variable offers a
highly conservative measure of local hazard damage and is best understood as a
proxy rather than a literal measure of total economic losses incurred. Any spatial
or temporal biases in reporting are assumed to be random or otherwise mini-
mized by longitudinal analysis. Because the variable’s range is large and right-
skewed, we use log-transformed values in all regression models. And, because
hazards such as droughts and heat waves rarely cause direct damage to (non-
crop) property, their effects on residential instability are effectively ignored, as
are considerations of whether the event qualifies as a federally declared disaster.
As described above, we use a measure of total county population to control for
the relative scale of local development, absent reliable data on total property
values.

Other Independent Variables
For models described below, we include additional variables at different levels to
control for sources of social vulnerability and to test for related interaction ef-
fects with hazard damage. At the individual level, we include four mutually
exclusive indicators of race, coded as White, Black, Latino (or Hispanic), and
Other (primarily Asian). We also include indicators of foreign birth (1 = foreign
born; 0 = US native); education (measured as total years in school); and age
(measured in quadratic form to account for variable effects on residential mobil-
ity over the life course).

At the family level, we include indicators of marital status, which in the PSID
also includes permanently cohabiting couples (1 = married or permanently coha-
biting; 0 = otherwise) and parental status (measured as the number of children
under the age of 18 in the household). At the household level, we include a con-
tinuous measure of income (in logged dollars for regression analyses);
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homeownership (1 = yes; 0 = no); and rooms per capita. At the neighborhood
level, we include the index of socioeconomic status described above (computed
for the residential census tract). Finally, at the county level, in addition to total
population (described above), we include an index of “rurality” as indicated by
the 2013 US Department of Agriculture Rural–Urban Continuum codes. These
codes comprise a nine-point ordinal variable that distinguishes metropolitan
counties based on the overall population of their metro area, and nonmetropoli-
tan counties by degree of urbanization and adjacency to a metro area. Higher
values indicate higher rural, or marginal, status within the US settlement system.
We include this measure as well as county population to control for broad varia-
tion in the amount of people and property at risk of damage from natural ha-
zards. For summary descriptions of all variables, see Appendix table A.

Stratifying Analyses by Gender
Unlike most surveys, the PSID collects data for every member of sampled house-
holds, which means that researchers must select who to analyze. This selection is
important for the present study because residential instability is typically a
household-level process and because including data for more than one adult
from the same household can introduce bias. Historically, researchers have han-
dled this problem by simply selecting the survey-designated “head” of house-
hold. In the PSID, this head is always the male partner, if one is present. Thus,
adopting this strategy would simply replace one form of bias with another.
Specifically, an implicit assumption would be made that the male partner’s race,
education, age, and other personal traits are more important in household
decision-making than the female’s corresponding traits. Moreover, by excluding
all married and cohabiting women, analyses would end up comparing all men
(married and single) to only single women. This approach diminishes compara-
tive assessments and dismisses prior research indicating that residential instabil-
ity is highly gendered.

For these reasons, we sought an alternative strategy. To start, we considered
randomly selecting either heads or spouses of respective households. A short-
coming of this approach, however, is that not all married households stay intact.
So, if we selected only one partner to follow through time and the household
then split, we would lose information about how the unselected partner re-
sponded to local hazard impacts over time. We would also lose information
about how marriage—continued and truncated—might affect residential insta-
bility differently for men and women. Therefore, as an alternative approach, we
include adult men and women and analyze them separately to avoid double-
counting household moves. The male subsample consists of 3,319 respondents;
the female subsample consists of 4,136. For both genders, respondents are lim-
ited to individuals present in the PSID at the beginning and end of the entire
period (1999 and 2011, respectively) and who participated in at least four of six
possible interviews, or waves. Descriptive statistics for respective subsamples
appear in table 1.
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Table 1. Descriptive Statistics for Respondents for the Entire Time Period, 1999–2011, by Gender

Men Women

Mean S.D. Min. Max. Mean S.D. Min. Max.

Residential instability

Number of moves, 1999–2011 1.26 1.52 0 7 1.30 1.54 0 7

Hazard damage

Direct property damage in residential county ($millions) 243 708 0.01 7,160 252 768 0 8,080

Individual-level factors

Race

White 0.66 0.58

Black 0.23 0.32

Latino 0.07 0.07

Other 0.04 0.03

Foreign born 0.01 0.01

Education (years) 13.17 2.86 0 17 12.94 2.69 0 17

Age (years) 45.35 12.04 26 87 45.56 12.64 26 88

Family-level factors

Married (# of survey years) 9.61 4.10 0 12 7.80 5.11 0 12

Parenthood (# of survey years with children in home) 5.24 4.92 0 12 5.78 5.09 0 12

Household-level factors

Annual income (mean from all survey years) 75,235 91,722 0 2,842,659 62,120 85,257 0 2,842,659

Owned home (# of survey years) 9.17 4.28 0 12 8.69 4.58 0 12

Rooms per capita (mean from survey years) 2.43 1.09 0.45 9.42 2.44 1.21 0.43 12.67
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Neighborhood-level factors

Tract socioeconomic status (mean from survey years) 0.04 0.71 −2.25 3.83 −0.06 0.72 −4.33 3.83

County-level factors (other than hazard damage)

Total population (000s) 877.8 1,543.0 3.4 9,638.7 915.4 1,579.6 3.4 9,638.7

Rural/Urban scale (1 = most urban; 9 = most rural) 2.37 1.87 1 9 2.32 1.86 1 9

N 3,319 4,136

Note: PSID data are assembled from six interview waves conducted every other year for a total of 12 years. Variable descriptors here correspond to
those used for aggregated analyses in table 2. Variable descriptions for analyses in table 3 appear in appendix table A, along with the above for
comparison.
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Models
To assess the effects of county hazard damage on residential instability during
1999–2011, we conduct analyses for both aggregated and longitudinal forms of
our data. Because approximately 40 percent of respondents did not move during
1999–2011 (i.e., have a score of 0 for residential instability), we deploy negative
binominal regression for all models. In the longitudinal analyses in which vari-
ables shift from interview to interview, we use population-averaged estimation
via generalized estimating equations (GEE). Like random- and fixed-effects mod-
els, population-averaged models adjust for the clustering of multiple observa-
tions for each respondent but do so using marginal instead of full distributions,
which helps with convergence in more complex models utilizing higher-order
interaction terms. What this means in practice is that population-averaged mod-
els estimate the effect that each independent variable has on the sample as a
whole, rather than estimating the effect of each independent variable based on
change within individuals and then using these estimates to calculate the average
effect across the sample as a whole. These statistical intricacies aside, results and
interpretations are very similar to conventional random-effects models, with
population-averaged models facilitating convergence with longitudinal data in
which the use of the negative binomial form is recommended (Rabe-Hesketh
and Skrondal 2012).

Results
For context, we first review the natural hazards landscape in the continental
United States from March 1999 to March 2011. Areas with higher total da-
mages during this period may be familiar. For example, it is probably no sur-
prise that the 17 counties in Louisiana, Mississippi, and Florida hit by
Hurricane Katrina in 2005 suffered billions of dollars in direct property damage.
Similarly, Midwesterners may remember that Linn County, Iowa, experienced
major flooding in 2008, followed by recurrent episodes that eventually caused
$8 billion in cumulative property losses by 2011. Nationally, these counties are
outliers, but they are not exceptions. Of the more than 3,100 counties and
county-equivalents under investigation, only a dozen (or 0.3 percent) experi-
enced no property damage from natural hazards during 1999–2011. And, this
lack of damage was not because no hazards hit these counties. It was because
they are located in such remote areas of Montana and South Dakota that there
was little to no property to damage. Between these extremes, the average county
experienced $78 million in total property damage during 1999–2011, mostly
from multiple events rather than from one catastrophic disaster.

Yet, because areas with more people tend to have more property at risk of
damage, and because a representative sample of US residents is likely to come
disproportionately from more populated areas, we would expect damages to be
greater for the average person than for the average county. This is in fact the
case. Table 1 indicates that respondents lived in counties that experienced, on
average, $250 million in property damage, with some respondents living in
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counties that experienced no damage while others lived in counties that experi-
enced $8 billion in total damages during 1999–2011.

As for residential instability and related characteristics, table 1 indicates that
over the observed twelve-year period, women moved an average of 1.30 times
compared with 1.26 times for men, with a range of 0 to 7 for each group.
Supplemental statistics indicate that for most respondents, at least one of these
moves involved relocation to a different town, county, or state. Additionally,
table 1 indicates that compared with women, men in our analyses tend to be
more advantaged: On average, they have higher incomes; and they are more
educated; more likely to be married; more likely to be living without children in
the household; more likely to own their housing; and more likely to live in neigh-
borhoods of higher socioeconomic status. These gender disparities make it all
the more important to analyze men and women separately, as they respond not
only to local hazard damages but to other ongoing challenges.

Aggregated Analyses
Next, we report aggregated analyses across the entire 1999–2011 period to
assess the long-term relationship between local hazard damage and residential
instability. Here, the focus is on changes over the entire period rather than varia-
tion from one interview period to the next, which we analyze below.

To start, model 1 of table 2 offers a baseline assessment with no covariates.
Results indicate a positive, statistically significant relationship between local haz-
ard damage and residential instability, with a coefficient of .03 for both men and
women. This means that a respondent living in a county that experienced $250
million in damage over the 1999–2011 period (the average in our study) would
experience an 18 percent increase in residential mobility, relative to a counter-
part living in a county that experienced only a million dollars in damage.3

Next, model 2 adds individual-level covariates. Results indicate that for
women, race (specifically, being Black as opposed to White), education, and age
all correlate significantly with residential instability, in the expected directions.
For men, race and age correlate significantly, but not education. More impor-
tantly for our purposes, however, results indicate that controlling for these fac-
tors does not reduce the influence of local hazard damage on residential
instability. Hazard damage, in other words, exerts its own independent effect.
Next, model 3 adds family- and household-level factors, and again we obtain ex-
pected results. While those who are married, own their home, and have fewer
rooms per residents experience less residential instability, these factors barely
change the observed relationship between local hazard damage and residential
instability, which remains statistically significant for both men and women.

Finally, model 4 adds neighborhood socioeconomic status and county-level
variables for total population and position in the US settlement system. Results
indicate that residential instability tends to increase with the average socioeco-
nomic status of one’s neighborhood, all else equal, which is the opposite of what
we expected, due largely to controls for homeownership. County-level popula-
tion and rurality, by contrast, exhibit no statistically significant effect on
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Table 2. Coefficients from Negative Binominal Regressions Predicting Aggregate Residential Instability, 1999–2011

Model 1 Model 2 Model 3 Model 4

Men Women Men Women Men Women Men Women

Hazard damage,
logged

0.03 (0.01)* 0.03 (0.01)* 0.03 (0.01)* 0.03 (0.01)* 0.02 (0.01)* 0.02 (0.01)* 0.02 (0.01)* 0.02 (0.01)*

Individual-level factors

Race

Black 0.23 (0.05)* 0.27 (0.04)* −0.12 (0.05)* −0.22 (0.04)* −0.09 (0.05) −0.18 (0.04)*

Latino −0.05 (0.09) −0.01 (0.08) −0.14 (0.08) −0.18 (0.07)* −0.11 (0.08) −0.15 (0.07)*

Other 0.21 (0.10)* 0.21 (0.10) −0.08 (0.09) −0.06 (0.09) −0.07 (0.09) −0.06 (0.09)*

Foreign born −0.06 (0.20) −0.41 (0.21) −0.12 (0.18) −0.40 (0.19)* −0.12 (0.18) −0.39 (0.19)*

Education −0.01 (0.01) −0.03 (0.01)* 0.03 (0.01)* 0.02 (0.01)* 0.02 (0.01)* 0.02 (0.01)*

Age −0.04 (0.00)* −0.04 (0.00)* −0.03 (0.00)* −0.03 (0.00)* −0.03 (0.00)* −0.03 (0.00)*

Age squared 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)*

Family-level factors

Married −0.02 (0.01)* −0.02 (0.00)* −0.02 (0.01)* −0.02 (0.00)*

Parenthood −0.02 (0.02) −0.04 (0.02) −0.02 (0.02) −0.04 (0.02)

Household-level factors

Income 0.02 (0.01) 0.01 (0.01) −0.02 (0.01) 0.01 (0.01)

Owned home −0.11 (0.00)* −0.11 (0.00)* −0.11 (0.00)* −0.11 (0.00)*

Rooms per cap −0.06 (0.02)* −0.06 (0.02)* −0.07 (0.02)* −0.07 (0.02)*
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Neighborhood-level factors

Socioeconomic
status

0.07 (0.04)* 0.08 (0.03)*

County-level factors

Total population −0.00 (0.02) −0.00 (0.02)

Rural/Urban
scale

0.01 (0.02) 0.01 (0.01)

Constant 0.23 (0.02) 0.26 (0.02) −0.05 (0.03) −0.08 (0.03) 0.00 (0.04) 0.02 (0.03) −0.01 (0.04) 0.01 (0.03)

Pseudo R2 0.0007 0.0007 0.0485 0.0429 0.1220 0.1227 0.1223 0.1232

N 3,319 4,136 3,319 4,136 3,319 4,136 3,319 4,136

Note: Variables correspond to those used for aggregated analyses, as described in appendix table A (below).
*p < .05; two-tailed test.
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residential instability, net of other factors. Again, though, and most importantly
for the present study, these factors do not change the observed relationship
between local hazard damage and residential instability, which remains positive
and statistically significant.

These findings support the general hypothesis that over time, local hazard da-
mages increase residential instability, regardless of whether these damages occur
all at once or accrue over time, as they more commonly do. To ensure that coun-
ties with extreme levels of hazard damage are not unduly driving these results,
we conducted a number of supplemental tests to assess the effects of outliers and
influential cases (see the supplemental appendix). Overall, results affirm that
under a wide range of considerations, reported results remain substantively simi-
lar and statistically robust, all else equal. To further assess these findings as well
as to test the hypothesis that related effects are stronger for specific groups, par-
ticularly less educated, minority women, we turn next to regression models that
exploit the full power of the PSID’s longitudinal design.

Longitudinal Analyses
For these analyses, we leverage each two-year interval between PSID interviews
to develop a more refined assessment of the relationship between local hazard
damage and residential instability. Results appear in table 3 and again show that
hazard damage has a positive and statistically significant effect on residential
instability, net of other factors. That is, even when we take into account short-
term changes in individual-, family-, household-, neighborhood-, and county-
level covariates from interview to interview, we find that as local hazard
damages increase, so does residential instability. This is true for both men and
women.

Again, to test the robustness of these findings, we took several additional
steps. First, to ensure that outliers and influential cases are not skewing results,
we re-estimated all models in table 3 excluding cases in which local hazard dam-
age exceeded three standard deviations from the mean; we then excluded all
cases in which standardized residuals exceeded an absolute value of three. In all
instances, results (available in the supplemental appendix) remain statistically
significant and reveal an even stronger effect of local hazard damage on residen-
tial instability. Next, we re-estimated all models in table 3 using a hybrid-model
approach, which allows us to simultaneously estimate within- and between-
respondent effects of local hazard damage on residential instability (see Allison
2009). Results (available in our supplemental appendix) show that for both men
and women, the within- and between-respondent coefficients for hazard damage
are both statistically significant and of similar magnitude as those reported in
table 3. This is true both with and without the use of a first-order, autoregressive
error matrix (AR1) to address cumulative accounting in the dependent
variable.4

Collectively, these supplemental tests offer even stronger support to the conclu-
sion that residential instability increases with local hazard damage. As a substan-
tive example, we can use the estimated coefficient of .03 in model 1 of table 3.
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Table 3. Coefficients from Longitudinal Population Averaged Negative Binominal Models Predicting Residential Instability, Interval to Interval during
1999–2011

Model 1 Model 2 Model 3 Model 4

Men Women Men Women Men Women Men Women

Hazard damage, logged 0.03 (0.00)* 0.03 (0.00)* 0.03 (0.00)* 0.03 (0.00)* 0.05 (0.01)* 0.04 (0.00)* 0.05 (0.01)* 0.05 (0.00)*

Individual-level factors

Race

Black 0.08 (0.06) 0.07 (0.05) −0.13 (0.16) −0.23 (0.13) 0.08 (0.06) 0.06 (0.05) 0.07 (0.06) 0.05 (0.05)

Latino 0.08 (0.10) −0.03 (0.09) −0.53 (0.30) −0.25 (0.25) 0.08 (0.10) −0.03 (0.09) 0.08 (0.10) −0.04 (0.09)

Other 0.13 (0.11) 0.01 (0.11) 0.04 (0.28) 0.48 (0.24)* 0.13 (0.11) −0.01 (0.11) 0.10 (0.11) −0.03 (0.11)

Foreign born 0.08 (0.22) −0.35 (0.23) 0.06 (0.23) −0.37 (0.23) 0.06 (0.22) −0.35 (0.23) 0.07 (0.22) −0.34 (0.23)

Education 0.02 (0.01) −0.02 (0.01)* 0.02 (0.01) −0.02 (0.01)* 0.02 (0.01) −0.02 (0.01)* 0.02 (0.01)* −0.01 (0.01)

Age −0.04 (0.00)* −0.03 (0.00)* −0.04 (0.00)* −0.03 (0.00)* −0.04 (0.00)* −0.03 (0.00)* −0.04 (0.00)* −0.03 (0.00)*

Age squared 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)*

Family-level factors

Married −0.16 (0.03)* −0.16 (0.02)* −0.16 (0.03)* −0.16 (0.02)* 0.17 (0.12) 0.07 (0.09) −0.15 (0.03)* −0.16 (0.02)*

Parenthood 0.02 (0.01) −0.00 (0.01) 0.02 (0.01) −0.00 (0.01) 0.02 (0.01) −0.00 (0.01) 0.02 (0.01) −0.00 (0.02)

Household-level factors

Income −0.01 (0.00)* −0.00 (0.00) −0.01 (0.00)* −0.00 (0.00) −0.01 (0.00)* −0.00 (0.00) −0.01 (0.00)* −0.00 (0.00)

Owned home −0.35 (0.02)* −0.39 (0.02)* −0.35 (0.02)* −0.39 (0.02)* −0.35 (0.02)* −0.39 (0.02)* 0.17 (0.10) 0.18 (0.09)*

Rooms per cap −0.01 (0.01) −0.02 (0.01)* −0.01 (0.01) −0.02 (0.01)* −0.01 (0.01) −0.02 (0.01)* −0.01 (0.01) −0.02 (0.01)*

Neighborhood-level factors

Socioeconomic status 0.00 (0.02) 0.01 (0.02) 0.00 (0.02) 0.01 (0.02) 0.00 (0.02) 0.01 (0.02) 0.01 (0.02) 0.01 (0.02)
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Table 3. continued

Model 1 Model 2 Model 3 Model 4

Men Women Men Women Men Women Men Women

County-level factors

Total population −0.03 (0.01)* −0.03 (0.01)* −0.03 (0.01)* −0.03 (0.01)* −0.03 (0.01)* −0.03 (0.01)* −0.03 (0.01)* −0.04 (0.01)*

Rural/Urban scale −0.02 (0.01) −0.02 (0.01) −0.02 (0.01) −0.02 (0.01) −0.02 (0.01) −0.02 (0.01) −0.02 (0.01) −0.02 (0.01)*

Year 0.36 (0.01)* 0.35 (0.01)* 0.36 (0.01)* 0.35 (0.01)* 0.36 (0.01)* 0.35 (0.01)* 0.36 (0.01)* 0.35 (0.01)*

Interaction terms

Hazard*Black 0.01 (0.01) 0.02 (0.01)*

Hazard*Latino 0.03 (0.01)* 0.01 (0.01)

Hazard*Other 0.00 (0.01) −0.02 (0.01)*

Hazard*Married −0.02 (0.01)* −0.01(0.01)*
Hazard*Own −0.03 (0.01)* −0.04 (0.01)*

Constant −1.87 (0.15) −1.30 (0.13) −1.78 (0.16) 1.20 (0.14) −2.11 (0.17) −1.42 (0.14) −2.18 (0.17) −1.65 (0.15)

N of individuals 3,255 4,060 3,255 4,060 3,255 4,060 3,255 4,060

Note: Variables correspond to those used for longitudinal, cumulative analyses, as described in appendix table A (below).
*p < .05; two-tailed test.
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This value is not only equivalent for men and women but also roughly the same
for both within- and between-respondent effects estimated in our supplemental
hybrid models (see note 4). Using this coefficient, we would expect a person living
in a county with $1 billion in local hazard damage (roughly 1 s.d. above the
mean, with a logged value of 20.72) to have a rate of residential instability that is
e(20.72*.03) = 1.86 times higher than a person living in a county with no local haz-
ard damage (the tacit assumption in most stratification research). Furthermore, re-
sults from our hybrid models indicate that this difference holds over both time
and space. That is, whether we are comparing individuals across counties or a
given individual over time, increases in local hazard damage tend to increase resi-
dential instability, all else equal.

Next, we turn to whether observed effects are stronger for some groups than
others, especially those who tend to be more socially vulnerable. To investigate
this question, models 2–4 of table 3 report results from models that include sta-
tistically significant interactions between local hazard damage and respective
covariates. For these analyses, we estimated models for all possible two- and
three-way interaction effects and then selected those in which respective coeffi-
cients reached statistical significance at the .05 level. To facilitate interpretation,
figure 1 displays key findings, holding all else in the respective models constant.

Starting with the top panel of figure 1 (derived from model 2 of table 3), we
see that Latino men’s residential instability is affected more by local hazard dam-
age than White men’s residential instability, all else equal. Between the lower
and upper values of observed local hazard damage, Latino men go from being
the group with the lowest residential instability, all else equal, to the group with
the highest. Among women, significant racial variation also exists, but patterns
differ. Consistent with expectation, it is Black women who experience the great-
est conditional increase in residential instability from local hazard damage, all
else equal, followed by Latinas. The broad implication is that minority house-
holds generally experience more residential instability from hazard damage than
otherwise similar White households.

The middle panel of figure 1 (derived from model 4 of table 3) also shows
that, as expected, the effects of local hazard damage on residential instability are
stronger for renters than homeowners. Indeed, this conditional, or multiplica-
tive, effect is the strongest one observed for both men and women, indicating
that as local hazard damages accrue, they do not simply displace renters but
make them more residentially unstable. Turning next to the bottom panel of fig-
ure 1, we see that just as there are differences between owners and renters, there
are also differences between married and single households. To develop a deeper
sense of these dynamics, we interacted marital status with education and race.
Results for the marriage–education interactions and marriage–race interactions
appear in our supplemental appendix. Both sets of findings indicate that the con-
ditioning effect of marriage on the damage–instability relationship depends on
the race and education of the person involved. To illustrate, figure 2 graphs re-
sults for select groups, holding all other factors constant. Here, we find addi-
tional support for evaluating men and women separately.
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The top panel of figure 2 shows that local hazard damage has a comparable
effect on residential instability, regardless of men’s educational attainment. And,
when we condition this effect on marriage, the story remains much the same.
Yet, for women, education does influence how hazard damage affects residential
instability. As a result of these conditional effects, single women with less educa-
tion experience the greatest residential instability in the face of local hazard da-
mages. This pattern is even starker in the unreported results, which show that

Figure 1. Estimated number of moves by local hazard damage

Source: Respective interaction models in table 3; all other covariates are held constant at
sample means.
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hazard damage has little effect on married women’s residential instability,
regardless of their education level.

The bottom panel of figure 2 shows similar patterns for respective interactions
between marital status and race. As background, unreported results indicate
that for both married men and married women, racial identity has little moder-
ating effect on the relationship between local hazard damage and residential
instability. This is not the case for single men and women, as illustrated in the
bottom panel of figure 2. Here, we see that as local hazard damage increases
over time, Latino and “Other race” (mostly Asian) single men become particu-
larly prone to residential instability. So, too, do Black and Latina single women.

These findings show how the effects of local hazard damage on residential
instability vary depending on the social statuses of those involved, all else equal.
But, of course, “all else” is not equal. Some groups, such as Black women, tend
on average not only to be single and less educated, but also to rent rather than
own their housing. These historical, overlapping inequalities remind us that
social disadvantages can be cumulative, as well as interactive, much like the

Figure 2. Estimated number of moves by local hazard damage

Source: Respective interaction models in supplemental regression analyses (available in
supplemental appendix); all other covariates are held constant at sample means.
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hazard damages with which they intersect. Uncovering these dynamic, overlap-
ping intersections, we believe, is the key to building better understanding of the
pervasive effects of natural hazards on socially vulnerable groups now and in
the future.

Conclusion
When major disasters strike, they elicit widespread concern for victims and moti-
vate substantial research. Increasingly, the aim of this research is to glean clues
for developing more resilient societies through improved understanding of social
dynamics that render some groups more vulnerable than others to such events.
This type of work remains vital and has clearly inspired our own. Yet, we con-
tend that to focus only on large-scale disasters is to miss much of the current and
future problem. This is because disasters are only a small part of a much more
common and ongoing set of interactions with natural hazards throughout the
country. It is also because the social inequalities that drive much of today’s vul-
nerabilities to such hazards are also common and ongoing. Thus, we need to
find better ways to more fully integrate and understand how these twin dynam-
ics come together regularly to affect people throughout the country. In this vein,
we advanced a novel approach. It blends and extends insights from disaster
studies and stratification research to shift inquiry from an event-centered analy-
sis to a more longitudinal, population-centered approach. To demonstrate its
utility, we focused on residential instability, a concern of both disaster and strati-
fication research. What did we find?

Our results consistently indicate that as local property damage from natural
hazards increases, so too does residential instability. This relationship holds
regardless of whether the damage accrues all at once, say as it did with Hurricane
Katrina, or more incrementally, say as it does with the chronic flooding that now
characterizes many areas of the country. Our findings also indicate that this
increased mobility is particularly evident among more marginalized segments of
society, including racial and ethnic minorities, renters, and the less educated.
Moreover, this heightened mobility hits Black and Latina women especially hard.
This occurs not simply because inequalities stemming from a lack of educational
credentials and homeownership “add up” for members of these groups. They also
multiply in ways that they do not for other groups in US society. That is, control-
ling for a host of other factors, the residential instability of Black and Latina
women increases even more than we would otherwise expect as local hazard da-
mages increase over time. When we then consider how ubiquitous these damages
are across the country and how much they exceed those associated with major dis-
asters, we begin to get a better sense of the growing scale and scope of the chal-
lenges ahead.

This expanded view, of course, does not diminish the importance of disaster
planning and research. Nor does it imply that all residential mobility is bad. Indeed,
sociological research indicates that after Hurricane Katrina, some of the most
socially vulnerable residents of New Orleans—low-income, minority mothers—
were displaced to neighborhoods with more organizational connections and
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social advantages than whence they came (Graif 2016; see also Asad 2015).
Whether these families were able to successfully incorporate themselves into
their new neighborhoods, however, remains unclear. What also remains unclear
is how relationships between residential mobility and instability can change over
time. Generally we have assumed a direct connection, especially among less ad-
vantaged populations for whom increasing numbers of moves can become not
just a consequence of vulnerability but also a cause. Yet, clearly more work
remains.

For example, it is quite possible that even if the above assumptions hold,
some individuals and families can become simply too disadvantaged to move. It
is also possible, however, that as Desmond’s (2016) work demonstrates and
prior disaster scholarship has shown, the most disadvantaged residents may be
those who are forced to move. In these instances, it is not about having the re-
sources to move, it is about habitual movement that results from having no other
choice. Both scenarios can be exacerbated in areas hit by natural hazards. This
suggests that future research should focus more intensively on the lower tail of
the socioeconomic distribution; that is, it should follow up the more representa-
tive sampling procedures that we have deployed in the present study with more
targeted assessments of more vulnerable subpopulations. We think this is an
important next step.

In moving in that direction, however, our findings also indicate that related
dynamics are grounded less in the low socioeconomic status of particular neigh-
borhoods than in individual-, family-, and household-level factors that tend to
concentrate residents in such environments. In other words, when it comes to
local hazard damages and residential instability, it seems that neighborhoods
play more of a role in spatially clustering pertinent vulnerabilities than in pro-
ducing or adding to them. This finding, however, does not mean that disadvan-
taged neighborhoods should be ignored when it comes to planning and research.
As areas where socially vulnerable households disproportionately reside, they
make smart choices for targeting public policy and resources. Yet, analytically
these neighborhoods do not appear to be the root problem. Rather, they are
symptoms of more pervasive, underlying vulnerabilities that leave less advan-
taged households susceptible to serial displacement more generally.

The present study has illuminated how pervasive these dynamics are and how
natural hazards can feed them, thereby not only extending disaster and stratifi-
cation research but also helping link them. Yet, other work remains. In addition
to investigating how, when, and for whom increased hazard-related mobility
tends to lead to better or worse outcomes, there is the question of how long local
hazard impacts last. Untangling these questions will require prolonged investiga-
tion, which we believe will continue to benefit from a population-centered
approach of the sort we have advanced here. Not only can it serve as a valuable
complement to existing place- and event-centered research, it can also be inte-
grated with them in various ways. One way is by designing research that pays
more detailed, comparative attention to geographic variation in observed pro-
cesses and outcomes, including not only differences in hazard types and related
impacts but also types of households and communities at risk.
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Another way is by designing research that further investigates the mechanisms
through which local hazard damage ripples forth to affect those whose housing
is not directly damaged. Given the consistency of our findings, we are fairly cer-
tain that such mechanisms are operating. Yet, our supposition regarding general
disruption of marginal segments of local housing markets, although grounded in
prior case-study research, remains, for now, just that: a supposition. We look
forward to future work along these lines and believe that continued and more
explicit integration of hazards and stratification research offers a fruitful way to
proceed.

Notes
1. We use reported number of moves, rather than comparing addresses of respondents

at each interview wave, to capture multiple moves between surveys, including moves
to and from the same address. However, if a respondent reports not moving but
address information indicates residence in a new census tract from one interview to
the next, we count the respondent as moving once.

2. The PSID’s immigrant sample does not have residential information before 1999.
Thus, our first wave of data measures local damages from March 1999 to March
2001, the same period for which our measure of residential instability begins. This
approach means that we do not account for effects of past hazard damage on resi-
dential mobility but rather observe each changing concurrently over time. We believe
this approach introduces the fewest assumptions and produces conservative esti-
mates of hazard-related effects on residential instability by not recovering prior, indi-
rect effects. Future research may wish to investigate more complex lagged, or
dynamic, panel specifications.

3. The equation for calculating this proportional increase is as follows:
( + × ( ))

( + × ( ))
e

e

0.23 0.03 ln 250,000,000

0.23 0.03 ln 1,000,000
.

4. In hybrid models corresponding to model 1 of table 3, estimated coefficients for
within- and between-respondent effects of hazard damage on residential instability
are, respectively, .03 and .04 for men, and .03 and .05 for women. The same models
with an AR(1) error matrix have coefficients of .04 and .03 for men, and .03 and .04
for women. All have p-values below .01.
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