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ABSTRACT
Objective: Timely evacuation is vital for reducing adverse outcomes during disasters. This study
examined factors associated with evacuation and evacuation timing during Hurricane Sandy among
World Trade Center Health Registry (Registry) enrollees.

Methods: The study sample included 1162 adults who resided in New York City’s evacuation zone A
during Hurricane Sandy who completed the Registry’s Hurricane Sandy substudy in 2013. Factors
assessed included zone awareness, prior evacuation experience, community cohesion, emergency
preparedness, and poor physical health. Prevalence estimates and multiple logistic regression models
of evacuation at any time and evacuation before Hurricane Sandy were created.

Results: Among respondents who evacuated for Hurricane Sandy (51%), 24% had evacuated before the
storm. In adjusted analyses, those more likely to evacuate knew they resided in an evacuation zone,
had evacuated during Hurricane Irene, or reported pre-Sandy community cohesion. Evacuation was
less likely among those who reported being prepared for an emergency. For evacuation timing,
evacuation before Hurricane Sandy was less likely among those with pets and those who reported 14 or
more poor physical health days.

Conclusions: Higher evacuation rates were observed for respondents seemingly more informed and who
lived in neighborhoods with greater social capital. Improved disaster messaging that amplifies these
factors may increase adherence with evacuation warnings. (Disaster Med Public Health Preparedness.
2016;10:411-419)
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Hurricane Sandy was one of the most devas-
tating hurricanes to hit the United States,
causing approximately $65 billion dollars in

damages, destroying 650,000 homes, and leaving
8.5 million people without power.1 Neighborhoods in
low-lying areas and along the coast of New York City
(NYC) were among the most heavily affected.2,3 In
anticipation of Hurricane Sandy in October 2012,
NYC officials broadcasted storm updates and alerted
millions of residents through established networks
such as a web page and the mayor’s YouTube channel.
Emergency alerts were also sent to residents through
various modes of communication, including Twitter,
land lines, cell phones, and e-mail.2

In 2012, the NYC coastal storm plan had 3 evacua-
tion zones (A, B, and C) categorized according to risk
of storm surge impact. To reduce negative impacts
during Sandy, residents in evacuation zone A, the
zone most vulnerable to coastal storm flooding and
damages, were instructed to evacuate.2,4 Despite
advance warning, only 37% of zone A residents
evacuated before, during, or after the storm.5

Evacuation is effective in preventing adverse out-
comes during disasters, including injuries related to
exposures to post-storm elements.6-9 The decision to
evacuate is often influenced by multiple factors.
Several studies among Hurricane Katrina survivors
found that evacuation was hindered by misperceptions
about evacuation procedures either because of the
timing of the warning or its lack of clarity, or because
of a lack of transportation.10-12 Those with large
families and limited resources, and the elderly who
were reluctant or physically constrained, struggled
to evacuate.10 A study of California flood survivors in
1997 found that having pets increased evacuation
failure, as many were hampered by the logistics of
evacuating with their pets, particularly if they had
more than one.13 Other factors associated with eva-
cuation failure include being male, perceived social
inequity, not having all members of the household
together, low risk perception, underestimating
potential storm destructiveness, and poor physical
health.10-12,14-20 We are aware of only one study that
has examined evacuation behaviors among those
previously exposed to a disaster.21
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A better understanding of factors that influence evacuation
behaviors may help local officials improve evacuation efforts
in future disasters. In this study we aimed to identify factors
associated with evacuation and early or pre-storm evacuation
for Hurricane Sandy among individuals previously exposed to
the World Trade Center (WTC) attacks on September 11,
2001 (9/11).

METHODS
Study Design and Sample Selection
The WTC Health Registry (Registry) is a longitudinal cohort
created to monitor the health of persons exposed to the 9/11
disaster. In 2003-2004, the Registry enrolled and surveyed
71,430 individuals exposed to the events of 9/11 (Wave 1);
follow-up information for enrollees was obtained through
subsequent surveys in 2006-2007 (Wave 2) and 2011-2012
(Wave 3). Specific details on Registry recruitment and data
collection methods have been described elsewhere,22 and the
physical and mental health effects of 9/11 on Registry
enrollees have also been previously reported.22,23

At the end of the Wave 3 data collection period in March
2012, there were 43,175 completed surveys (63% response
rate). Hurricane Sandy occurred within months of the Wave
3 survey, presenting a unique opportunity to study evacuation
behaviors among Registry enrollees, who then became the
sampling pool for a new questionnaire-based substudy. The
present analysis assessed the impact of Hurricane Sandy on
both physical and mental health, with special attention to
evacuation practice and timing in a unique population of
individuals previously exposed to a large-scale disaster.

During Hurricane Sandy, the Federal Emergency Manage-
ment Agency (FEMA) Modeling Task Force was mobilized to
assess and estimate the degree of storm impact based on flood
depths, which was later used to create surge boundaries, also
known as inundation zones. For the Hurricane Sandy sub-
study, adult enrollees in the tri-state area (New York, New
Jersey, and Connecticut) were classified into 2 groups based
on residence: those who lived in a Sandy inundation zone as
defined by FEMA (N = 4435) and a comparison group of the
same size (N = 4435), randomly selected, who did not reside
in an inundation zone. These 8870 individuals were invited
to participate in a web-based or paper survey beginning
March 28, 2013, approximately 5 months after Sandy. In an
effort to increase response rates, multiple reminders were sent
via mail and e-mail to enrollees who had not yet completed
the survey. Data collection continued through early
November 2013, resulting in 4558 (inundation zone,
N = 2443; noninundation zone, N = 2115) completed
surveys (51.4% response rate).

For these analyses, only enrollees with a NYC zip code in
zone A who had complete information on their evacuation
status were included, as mandatory evacuation orders were

issued for zone A by NYC officials in anticipation of Hurri-
cane Sandy (N = 1162). The study was approved by
the NYC Department of Health and Mental Hygiene’s
Institutional Review Board.

Hurricane Sandy Evacuation Variables
Participants were asked, “At any time before, during or after
the storm did you evacuate from your home?” Those who
responded yes were then asked when they evacuated: before
Sandy arrived (October 29, 2012), during the storm (October
29-30, 2012), after Sandy had hit (later on October 30,
2012), or after the storm had passed (on or after October 31,
2012). For timing in this analysis, evacuation before the
storm was compared to evacuation during or after.

Demographic Variables
Sociodemographic characteristics were assessed by using
information from prior Registry survey waves and from the
Sandy survey. Variables from the Sandy survey included
gender and age group at the time of survey administration.
Registry variables included education at Wave 1, race/ethni-
city, household income in 2010, and marital status at Wave 3.

Hurricane Sandy Survey Variables
Exposures assessed at the time of the Sandy survey included
being at or near home when Hurricane Sandy made landfall
(yes/no), household damage (eg, damaged but livable or
damaged and uninhabitable/destroyed), and residence in an
inundation zone as defined by FEMA.

We also included variables that may have affected evacuation
behaviors during the storm, including floor of residence (6th
floor or lower; 7th floor or higher), evacuation zone awareness
prior to Sandy, emergency preparedness, and prior disaster
experience. Emergency preparedness was defined similarly to
other studies.24,25 Respondents were considered prepared if
they were missing no more than 1 of 8 preparedness items,
including a supply of nonperishable food, 3 days’ supply of
water, first aid kit, flashlight, battery-operated radio, personal
care and hygiene items, all needed medications, and an
evacuation plan. Having or not having an evacuation plan
was also considered as a separate dichotomous variable. Prior
evacuation experience was measured by using a binary vari-
able for evacuation during Hurricane Irene in August 2011.

Measures that reflected household responsibilities and support
included the number of people in the household, having a
child younger than 18 years of age in the home, pet owner-
ship, and community cohesion. A 3-level household size
variable was created based on the distribution of responses of
the number of people in the household (1-2, 3-4, 5 or more). A
binary variable was created from reported age groups of
household members to measure whether respondents had a
child younger than 18 years of age in the home. Evacuees were
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also asked about the evacuation of pets; responses were used to
define a binary variable on pet ownership. Community
cohesion prior to Sandy was measured by level of agreement
with the statement, “Before Sandy, my neighborhood was
close-knit or unified.” For our analysis, responses were collapsed
to 3 levels indicating agreement (strongly agree, somewhat
agree), disagreement (somewhat disagree, strongly disagree), or
neutrality (neither agree nor disagree).

Hurricane Sandy Registry Survey Variables
Consistent with other studies,26,27 respondents were classified
as having poor physical or mental health if they reported 14 or
more days in the past 30 days in which their physical or mental
health was not good. A binary measure for prior trauma was
created from a summary traumatic life event score at Wave 3,
similar to that used in a previous Registry study of Hurricane
Sandy–related post-traumatic stress disorder (PTSD).28 This
score was based on the sum of 8 traumatic life events excluding
9/11, such as experiencing a serious accident, natural or
manmade disaster, assault with or without a weapon, unwan-
ted sexual contact, or a life-threatening illness.

Probable 9/11-related PTSD was assessed at all 3 Registry
survey waves by using the 17-item PTSD Checklist-Civilian
Version (PCL-17). The scale reflects criteria set by the
Diagnostic and Statistical Manual of Mental Disorders (4th
edition), and was adapted to be 9/11-specific and recent
(within the past 30 days). Severity of symptoms was rated on a
5-point Likert scale from not at all to extremely. Probable
PTSD was defined as having a PCL-17 score ≥44 at any
wave.23,28,29 A 12-item summary measure was used to define
9/11-related exposure and was categorized as some exposure
(2 or more) or little to none (0 to 1 exposure).28 Social support
was assessed at Wave 3 and was based on a 5-point Likert scale
reflecting how often someone was available to take you to the
doctor, have a good time with, hug, prepare meals if unable to
do so by oneself, and understand problems; a summary score
was calculated.30 On the basis of the frequency distribution of
survey responses, scores were categorized into 3 levels of
support (low: 1-8, medium: 9-16, high: 17-25).

Data Analysis
Univariate statistics were used to describe evacuees and
nonevacuees by sociodemographic factors, physical and
mental health indicators, and other respondent character-
istics. Bivariate analyses were conducted by using chi-square
to test for associations between these measures and evacua-
tion status (significance was defined as P< 0.05). A multiple
logistic regression model adjusted for demographic variables,
variables significant at the bivariate level, and other variables
previously reported to be associated with evacuation was used
to describe evacuation at any time.

Chi-square was used to test the association between
evacuation timing and factors significantly associated with

evacuation at any time as well as other variables previously
reported in the literature. A multiple logistic regression model
was used to identify predictors of evacuation before Sandy
made landfall with control for potential confounders. With
the exception of demographic variables, only significant
predictors were included in the regression model (P< 0.05).
All analyses were performed by using SAS software version
9.2 (SAS Institute Inc, Cary, NC).

RESULTS
Respondents in evacuation zone A were evenly split by
gender, were primarily 45 to 64 years of age, had a college or
postgraduate education, were white non-Hispanic, had a
2010 household income < $50,000, and were married or
living with a partner (Table 1). The majority of respondents
in evacuation zone A also resided in a FEMA-defined inun-
dation zone (85%; Figure 1). Approximately half of the
respondents reported evacuating at any time before, during,
or after Sandy (51%), and of those, 24% evacuated before the
storm (Table 1). Most respondents were in the area when
Sandy made landfall (76%), and only 42% of these respon-
dents evacuated. Less than one-quarter of respondents
reported that their home was damaged and uninhabitable or
destroyed as a result of Sandy (21%; data not shown).

Table 2 compares several evacuation and preparedness factors
and health outcomes among zone A residents who evacuated
and those who did not. Evacuees were more likely to know
they lived in an evacuation zone (78% vs. 54%, P< 0.001),
to have evacuated during Hurricane Irene (51% vs. 24%,
P< 0.001), to have a child younger than 18 years of age in
the home (29% vs. 23%, P = 0.01), and to have perceived
strong community cohesion prior to Sandy (57% vs. 44%,
P< 0.001). However, there were no significant differences in
evacuation by floor residence, emergency preparedness,
evacuation plan, household size, poor physical or mental
health days, traumatic life events after 9/11, 9/11-related
PTSD, 9/11-related exposure, or social support.

Multiple regression results predicting Sandy evacuation at any
time are shown in Table 3. Individuals reporting 14 or more
poor physical health days were significantly less likely to
evacuate for Hurricane Sandy (adjusted odds ratio [AOR]:
0.69; 95% confidence interval [CI]: 0.49-0.98) than were
those with <14 poor physical health days. Compared to those
with no knowledge of residing in an evacuation zone, those
who reported they knew they lived in an evacuation zone
were almost twice as likely to evacuate (AOR: 1.82; 95% CI:
1.24-2.65), whereas those who incorrectly reported they did
not live in an evacuation zone were nearly half as likely to
evacuate (AOR: 0.55; 95% CI: 0.34-0.90). Respondents who
reported evacuating during Hurricane Irene were more than
twice as likely to evacuate during Hurricane Sandy as were
those who did not evacuate for Hurricane Irene (AOR: 2.41;
95% CI: 1.79-3.26). Furthermore, those who agreed or
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strongly agreed that their community was close-knit prior to
Sandy were almost 60% more likely to evacuate than were
those who disagreed or were neutral (AOR: 1.62; 95% CI:
1.23-2.14). Last, those who reported being prepared for an
emergency were less likely to evacuate during Sandy than
were those who were not prepared (AOR: 0.72; 95% CI:
0.54-0.95; Table 3).

Similar findings were observed in the regression model pre-
dicting evacuation before Hurricane Sandy compared with
those who evacuated during or after (Table 4). Respondents

who knew they lived in an evacuation zone (AOR: 2.17; 95%
CI: 1.13-4.17) and those who evacuated for Hurricane Irene
(AOR: 3.15; 95% CI: 2.06-4.81) were more likely to have
evacuated before Hurricane Sandy. Those with poorer physical
health (AOR: 0.38; 95% CI: 0.21-0.66) and those who
incorrectly reported that they did not live in an evacuation
zone (AOR: 0.20; 95% CI: 0.06-0.68) were less likely to
evacuate before than during or after. Furthermore, females were
almost twice as likely as males to evacuate before Sandy (AOR:
1.94; 95% CI: 1.25-3.01), and compared to younger adults,
adults 65 years of age or older were nearly four times as likely to
evacuate before as during or after the storm (AOR: 3.84;
95% CI: 1.89-7.84). Compared to those with an income
> $150,000, those with a 2010 household income of $50,000 to
$75,000 were less likely to evacuate before Sandy made landfall
(AOR: 0.37; 95% CI: 0.19-0.73). Similarly, respondents who
reported owning pets were also less likely to evacuate before
Hurricane Sandy (AOR: 0.56; 95% CI: 0.37-0.86).

DISCUSSION
Approximately half of Registry enrollees residing in NYC
evacuation zone A evacuated during Hurricane Sandy.
Compliance with the mayor’s evacuation order was higher
among respondents who had prior evacuation experience,
who were aware that they resided in an evacuation zone, and
who had perceived community cohesion prior to the storm.
Evacuation was lower among those who reported being pre-
pared for an emergency, those who had poor physical health,
and those who had pets.

Because persons previously exposed to a disaster may have
heightened sensitivity to the effects of a disaster,31 we
hypothesized that WTC disaster survivors would be more
motivated to evacuate for Hurricane Sandy. However, we did
not find an association between 9/11 exposures or 9/11-
related PTSD and evacuation. Nonetheless, respondents who
evacuated during Hurricane Irene were more likely to
evacuate for Hurricane Sandy. This finding is consistent with
other disaster studies that found that prior evacuation
experiences were an important factor in deciding to
evacuate.15,20,32 Specifically, such experiences provide the
framework by which individuals can replicate their
behaviors,15 making it easier to respond. One potential
explanation for this difference in evacuation behaviors may
be due to the fact that Hurricane Sandy and the WTC
attacks were different types of disasters. The importance of
preemptive evacuation warning and evacuation is reflected in
those who evacuated for Hurricane Irene, since those who
evacuated were more likely to evacuate for Hurricane Sandy.
Another potential explanation for this observed difference is
that the events of 9/11 occurred more than a decade before
Sandy, whereas Hurricane Irene was a little more than a year
prior. The association between 9/11 measures and Hurricane
Sandy may have been attenuated owing to the large time gap
between events.

TABLE 1
Sociodemographic Characteristics and Hurricane Sandy
Evacuation Status Among Adult World Trade Center
Health Registry Enrollees Residing in New York City
Evacuation Zone Aa

Evacuation Zone A
(N = 1162)

No. %

Gender
Male 591 50.9
Female 571 49.1

Age Group at Hurricane Sandy, years
18-29 31 2.7
30-44 160 13.8
45-64 718 61.8
≥65 253 21.8

Education at Wave 1
High school or less/GED 319 27.5
Some college 231 19.9
College/postgraduate 611 52.6

Race/Ethnicity
White non-Hispanic 812 69.9
Black non-Hispanic 81 7.0
Hispanic 139 12.0
Asian/otherb 130 11.2

Household Income in 2010
<$50K 362 32.9
$50K-$75K 185 16.8
$75-$150k 341 31.0
>$150k 212 19.3

Marital Status at Wave 3
Married/not married, living with partner 688 59.8
Widowed/divorced/separated 235 20.4
Never married 227 19.7

Residence in Inundation Zone
Yes 991 85.3
No 171 14.7

Evacuation Status
Evacuated before 273 24.3
Evacuated during/after 300 26.7
Did not evacuate 550 49.0

aZone A zip codes include 10004, 10005, 10006, 10009, 10038, 10280,
10282, 10303, 10305, 10306, 10307, 10309, 10314, 11096, 11109,
11224, 11231, 11235, 11691, 11692, 11693, 11694, 11695, and 11697.

bIncludes Native Hawaiian, other Pacific Islander, other non-Hispanic
such as multiple races and American Indian or Alaska Native.
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The lower likelihood of evacuation among respondents who
were considered prepared for an emergency is unexpected.
We hypothesized that during an emergency, prepared indi-
viduals would be more likely to evacuate, especially because
preparedness included having an evacuation plan. However,
in our study, having an evacuation plan was not associated
with evacuation, and those who were prepared were 28% less
likely to have evacuated for Sandy. A possible explanation for
this finding is that the definition used in this study (having 7
or more preparedness items) speaks more to preparing to stay
or shelter in place rather than preparing to leave. Thus,
regardless of having an evacuation plan, if preparedness items
are not “travel-ready,” evacuation may be unlikely.

Persons with pets were 44% less likely to evacuate before
Hurricane Sandy. Other studies have also shown that many
pet owners will not evacuate if they are unable to take their
pets with them.13,33,34 Although NYC shelters accommodate
pets during hurricanes,35,36 residents may have been unaware
they could bring their pets to a shelter during Hurricane
Sandy. Following Hurricane Sandy, the City of New York

created the Public Health Emergency Network (PHEN)
website to better inform residents on how to adequately
prepare for and respond to disasters. The PHEN website
includes information on pet evacuation and emergency
supplies needed in case evacuation becomes necessary for
individual New Yorkers and their families.37

Poor physical health was negatively associated with evacuation,
which is consistent with other disaster research.16-18 Lower
evacuation among this group may be due to underlying
disabilities, such as ambulatory difficulties that make it diffi-
cult or impossible to access emergency services and evacuate
safely. In 2013, NYC settled a lawsuit brought on behalf of
the disabled in emergencies and committed to providing
better communications, transportation, evacuation, and
shelter for the disabled during disasters.38 To ensure all
New Yorkers are able to safely evacuate, the city has begun
developing an extensive canvassing operation to assess the
needs of all impacted individuals immediately after a disaster
and provide evacuation assistance to those with functional
needs. This novel initiative focuses on working with

FIGURE 1
Distribution of Study Population in Evacuation Zone A in 2012.
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community-based organizations, health care providers, and
emergency services to provide comprehensive outreach to
vulnerable populations before, during, and after a disaster and
those who choose to shelter in place.39

The finding that those who knew they resided in an
evacuation zone were more likely to evacuate before
Hurricane Sandy is consistent with previous studies regarding
information received during disasters.15,16,21 The more

TABLE 2
Prevalence of Evacuation at Any Time Among Adult World Trade Center Health Registry Enrollees
Residing in New York City Evacuation Zone Aa

Evacuated (N = 612) Did Not Evacuate (N = 550)

No. % No. % P

Hurricane Sandy Variables
Floor Residence

6th floor or lower 401 66.0 361 66.0 0.988
7th floor or higher 207 34.0 186 34.0

Evacuation Zone Awareness
Knew lived in an evacuation zone 475 77.9 292 53.5 <0.001
Knew did not live in an evacuation zone 55 9.0 148 27.1
Did not know about zone 80 13.1 106 19.4

Emergency Preparedness
Prepared 208 34.0 217 39.5 0.053
Not prepared 404 66.0 333 60.5

Evacuation Plan
Yes 231 37.7 178 32.4 0.055
No 381 62.3 372 67.6

Evacuation During Hurricane Irene
Evacuated 292 51.0 126 23.5 <0.0001
Did not evacuate 281 49.0 411 76.5

Number of People in Household
1-2 347 57.4 325 59.4 0.175
3-4 187 30.9 176 32.2
≥5 71 11.7 46 8.4

Child in Home (<18 years)
Yes 179 29.2 126 22.9 0.014
No 433 70.8 424 77.1

Community Cohesion Prior to Sandy
Strongly agree/agree 342 57.4 234 43.7 <0.001
Neutral 193 32.4 250 46.6
Strongly disagree/Somewhat disagree 61 10.2 52 9.7

Registry Variables
Poor Physical Health Days

≥14 days 109 18.3 125 23.0 0.050
<14 days 487 81.7 419 77.0

Poor Mental Health Days
≥14 days 139 23.4 131 24.1 0.762
<14 days 456 76.6 412 75.9

Traumatic Life Events Since 9/11
Yes 183 30.3 179 32.8 0.365
No 421 69.7 367 67.2

9/11-Related Post-Traumatic Stress Disorder
Yes 186 35.8 171 36.1 0.920
No 334 64.2 303 63.9

9/11 Exposure
Some (≥2 Exposures) 459 75.0 402 73.1 0.458
Little to none (0-1 Exposures) 153 25.0 148 26.9

Level of Social Support
Low (1-8) 49 8.2 50 9.2 0.590
Medium (9-16) 164 27.4 159 29.3
High (17-25) 385 64.4 334 61.5

aZone A zip codes include 10004, 10005, 10006, 10009, 10038, 10280, 10282, 10303, 10305, 10306, 10307, 10309, 10314, 11096,
11109, 11224, 11231, 11235, 11691, 11692, 11693, 11694, 11695, and 11697.
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informed individuals are during a disaster, the more likely
they are to believe the event is a serious threat, and evacuate.
Additionally, we found that evacuation prior to Hurricane
Sandy’s arrival was higher among females, consistent with
other research findings.14 During Sandy, the NYC Fire
Department’s Incident Management Team was responsible
for coordinating and executing the evacuation of NYC’s
homebound population, which tends to be older.2 This may
partially explain why evacuation before Hurricane Sandy was
higher among older adults. After Sandy, the NYC Office of
Emergency Management created the Know Your Zone
Campaign in an effort to improve evacuation zone
awareness by informing residents on their current evacuation
zones, potential risks during hurricanes, and emergency
preparedness.4

Interestingly, community cohesion was associated with
evacuation but individual-level social support was not.
Unlike individual social support, community cohesion mea-
sures the attachment each individual has to the group.
Hence, evacuation might be influenced more by the bonds of
group cohesiveness and the effects of social norms rather than
those of individual-level social support. Interventions tailored
toward strengthening these links among members of a
community may improve evacuation compliance.

Limitations
This study had several limitations. First, this analysis was
limited to Registry enrollees who resided in NYC evacuation
zone A, and the overall response rate for the Sandy survey
was 51%. Many residents were still in the process of reco-
vering from Hurricane Sandy at the time of the survey
administration for this study, thus potentially reducing the
response rate. Additionally, the NYC evacuation zones are
slightly different from the initial study design using FEMA
inundation zone, which may have caused a slight reduction in
the number of people surveyed. Second, because this study
used a sample of individuals who were previously exposed to
the 9/11 disaster, our findings may not be generalizable to the
general population. Third, data from both the Sandy and
Registry wave surveys were self-reported, introducing the
possibility of recall bias. Finally, our definition for individuals
living in evacuation zone A only included those residing in

TABLE 3
Association Between Hurricane Sandy Factors and
Evacuation Among Adult World Trade Center Health
Registry Enrollees Residing in New York City
Evacuation Zone Aa

95% CI

AOR Lower Upper

Poor Physical Health Days
≥14 days 0.69b 0.49 0.98
<14 days Ref - -

Zone Awareness
Knew lived in an evacuation zone 1.82b 1.24 2.65
Knew did not live in an evacuation zone 0.55b 0.34 0.90
Did not know about zone Ref - -

Evacuation During Hurricane Irene
Evacuated 2.41b 1.79 3.26
Did not evacuate Ref - -

Community Cohesion Prior to Hurricane Sandy
Strongly agree/agree 1.62b 1.23 2.14
Neutral/strongly disagree/somewhat disagree Ref - -

Emergency Preparedness
Prepared 0.72b 0.54 0.95
Not prepared Ref - -

aAbbreviations: AOR, adjusted odds ratio; CI, confidence interval; Ref,
referent category. Zone A zip codes include 10004, 10005, 10006, 10009,
10038, 10280, 10282, 10303, 10305, 10306, 10307, 10309, 10314,
11096, 11109, 11224, 11231, 11235, 11691, 11692, 11693, 11694,
11695, and 11697. Covariates include race/ethnicity, gender, age-group at
time of Sandy, education level, and household income.

bSignificant at P<0.05.

TABLE 4
Association Between Hurricane Sandy and World Trade
Center Health Registry Factors and Evacuation Before
Sandy Among Adult Registry Enrollees Residing in New
York City Evacuation Zone Aa

95% CI

AOR Lower Upper

Gender
Male Ref - -
Female 1.94b 1.25 3.01

Age Group at Hurricane Sandy, years
18-44 Ref - -
45-64 1.94 1.12 3.35
≥65 3.84b 1.89 7.84

Household Income in 2010
<$50K 0.66 0.34 1.29
$50K-$75K 0.37b 0.19 0.73
$75K-$150k 0.52 0.29 0.93
>$150k Ref - -

Pet Ownership
Yes 0.56b 0.37 0.86
No Ref - -

Evacuation During Hurricane Irene
Evacuated 3.15b 2.06 4.81
Did not evacuate Ref - -

Zone Awareness
Knew lived in an evacuation zone 2.17b 1.13 4.17
Knew did not live in an evacuation zone 0.20b 0.06 0.68
Did not know about zone Ref - -

Poor Physical Health Days
≥14 days 0.38b 0.21 0.66
<14 days Ref - -

aAbbreviations: AOR, adjusted odds ratio; CI, confidence interval; Ref,
referent category. Zone A zip codes include 10004, 10005, 10006, 10009,
10038, 10280, 10282, 10303, 10305, 10306, 10307, 10309, 10314,
11096, 11109, 11224, 11231, 11235, 11691, 11692, 11693, 11694,
11695, and 11697. Covariates include race/ethnicity and education level.

bSignificant at P<0.05.
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zip codes with ≥30% of the zip code area in zone A, poten-
tially resulting in an underestimate of the population at risk
in zone A. Nevertheless, this method of identifying residents
in evacuation zone A has been previously used and accepted
in other surveys by the NYC Department of Health and
Mental Hygiene. Despite these limitations, our study pro-
vided a unique examination of evacuation behaviors among a
cohort of persons exposed to 9/11. In using Registry data we
were able to utilize longitudinal information on demographic
characteristics and other factors, including exposures to a
prior traumatic event such as 9/11 to assess impact on
evacuation behaviors.

CONCLUSION
Compared to the zone A evacuation rate previously reported
(37%),5 we observed a much higher prevalence of evacuation
(57%) among Registry enrollees who resided in flood-prone
areas of NYC during Sandy. Current initiatives put in place
after Hurricane Sandy are a great first step to reducing barriers
to evacuation. The creation of websites, such as PHEN, that
include preparedness and potential risk information, in
conjunction with improvements in smartphone technology,
could make alerting the public to the dangers of an
approaching storm more effective.

Since our findings point to a link between stronger commu-
nity cohesion and improvements in evacuation compliance,
city officials should consider enhancing current disaster
messaging to include community-oriented advisories. These
messages should encourage individuals to provide assistance
to those experiencing barriers to evacuation, such as the
elderly or disabled, those with health issues, and families with
infants and young children. Moreover, longer-term support
for community cohesion could include developing and sup-
porting planning groups in disaster-prone communities.
Encouraging and fostering such community participation and
engagement among members may result in improved social
support and a reduction in barriers to evacuation among those
least likely to evacuate.

Being knowledgeable is essential for making informed
evacuation decisions. Future disaster communications should
also underscore the difference in requirements and logistics
for successfully preparing for a disaster. Residents should be
aware that the emergency supplies collected for sheltering in
place need to be both adequate and sustainable, and those for
immediate evacuation should be made mobile and
transportable. Additionally, it is imperative that emergency
communications clearly and continuously reinforce the
importance of timely evacuation once an evacuation warning
is issued and inform residents on the risks associated with
delayed evacuation. Such campaigns could influence
residents’ evacuation behaviors during future disasters,
improve evacuation success, and consequently reduce
disaster-related injuries.
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