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ARTICLE INFO ABSTRACT

Keywords: Hurricane evacuations during a pandemic require a revised understanding of vulnerabilities within communities
Vulnerability and the development of different strategies and policies to accommodate the needs of populations vulnerable to
Hurricane + pandemic event the combined hurricane-pandemic threat. The prolonged COVID-19 pandemic has added economic, psycho-
:}ézlctj:t?fn logical, social, health, and workforce stressors to communities across the United States. Using original research

data from workshops held in May 2020 involving emergency management, public health, and related experts to
support planning efforts for hurricane evacuation and sheltering, we analyze two key issues: (1) shifting sources
of vulnerability in a COVID-19 environment and (2) solutions proposed during the post-lockdown/pre-vaccine
time frame. We discuss findings in the context of policy integration options to solidify and expand protections
for populations in need of evacuation and sheltering assistance. Findings show that vulnerabilities associated
with underlying health conditions and socio-economic disparities were of increased concern to evacuation and
shelter planners. Non-congregate options were of interest but were not expected to accommodate all populations
in need of public assistance. Registries used in some states offer means with which to evaluate vulnerabilities and
align individuals and families with appropriate resources and facilities. There remains a need to expand and
standardize existing policies based on COVID-19 operating protocols to ensure inclusivity of socio-economically
disadvantaged and disabled individuals in hurricane preparation efforts.

Vulnerable populations have an increased risk of negative outcomes
(e.g., economic hardships, health effects, social isolation) from hazards

1. Introduction and background

On March 11, 2020 the World Health Organization declared the
COVID-19 outbreak a pandemic. By summer, the COVID-19 pandemic
was entrenched in the U.S., taxing healthcare and medical infrastructure
while restricting social and economic activity. However, “The pan-
demic’s disruption of daily lives, health systems, and economies is un-
precedented, and reverberations will continue long after the first wave
of infection ebbs and a vaccine is developed” [1]; p. 586). The pandemic
is occurring against a backdrop of natural hazards such as hurricanes,
wildfires, and tornadoes. As the coronavirus outbreak continues, gov-
ernments will need to develop and adjust policies and practices that
address not only the pandemic itself, but also potential collisions and
intersections with other hazards.
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due to political, economic, or social inequities experienced at the
household, community, state, and national levels [2]. Capacity to
withstand hazards vary from one community to another depending on
institutional, infrastructural, and community characteristics and can be
assessed at a variety of scales [3]. As such, the vulnerability of in-
dividuals and groups are unique to a given geographic area and hazard.
People living in coastal areas, for example, may be more vulnerable to
hurricanes and coastal flooding, while those in mountainous areas or the
northern plains may be vulnerable to snowstorms and extreme wind
events. Furthermore, people and groups are differentially vulnerable
given where they are situated within the natural and built environments,
economic structure, and the social and institutional fabric of a
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community.

Conducting evacuation and sheltering operations during a wide-
spread pandemic is an unprecedented task. This article specifically ad-
dresses the following research questions: (1) To what extent has the
pandemic added to or exacerbated pre-existing socioeconomic and
health inequities of vulnerable populations, especially when the
pandemic compounds vulnerability to other hazards? (2) What
policy options can be leveraged to solidify and expand the strate-
gies that emerged to meet the needs of vulnerable populations
facing the threat of a hurricane during a pandemic? We answer these
questions for the specific case of social vulnerability to a compound
hurricane-pandemic threat. We analyze how the COVID-19 pandemic is
expected to expand groups vulnerable to hurricane hazards and how
evacuation and sheltering operations may develop new accommoda-
tions for the additional populations. Our analysis uses qualitative data
collected in May and June 2020 from practitioners and experts in
emergency management and related fields from the Gulf coast and
eastern seaboard of the United States. Our findings emphasize how
COVID-19 related economic and health inequalities expanded the
working definition of vulnerable populations in hazardous settings. We
tie our findings together to offer implications for policy and practice that
solidify and expand protections for vulnerable populations and meet
their needs by incorporating vulnerability explicitly into emergency
management planning and operations. This study may inform emer-
gency management for compound hazards requiring evacuation and
sheltering of vulnerable populations that may not be traditionally
considered vulnerable to one of the hazards or with increased vulnera-
bility due to experiencing vulnerability from both hazards
simultaneously.

2. The COVID-19 pandemic and compounding hurricane threats

For coastal communities along the Atlantic and Gulf coasts of the U.
S., concerns about virus transmission complicated efforts to prepare for
and respond to the 2020 hurricane season, which was forecasted to be
above normal [4]. Hurricane preparedness and response under normal
conditions, including evacuation and mass sheltering, are generally at
odds with virus containment and contagion management strategies such
as social or physical distancing, self-isolation and quarantining, and
cleaning and hygiene activities [5,6]. Pei et al.’s [7] simulations show
that virus transmission may be increased by hurricane evacuation unless
minimization measures are implemented by the counties receiving
evacuees.

The COVID-19 pandemic has changed local, state, and federal
agencies’ preparedness and response strategies for hurricanes, especially
in terms of evacuation strategies and mass sheltering. For example, the
Federal Emergency Management Agency [8] released the COVID-19
Pandemic Operational Guidance for the 2020 Hurricane Season that con-
tained considerations specific to hurricane response during the
COVID-19 pandemic. Recommended changes included reviewing
clearance times and decision timelines for mass care and sheltering
given COVID-19 infection concerns, modifying evacuation plans to ac-
count for limited travel options and increased time needed for evacua-
tion of healthcare facilities, leveraging non-congregate sheltering
options, conducting COVID-19 screenings of staff and evacuees entering
shelter locations, and targeting evacuation orders and communication to
reduce voluntary evacuation from areas outside a declared evacuation
area [8].

The prolonged nature of the COVID-19 pandemic, including the
sustained efforts for infection control and virus containment as well as
the economic impacts, can have significant implications for at-risk
coastal communities and people within these communities. While
there is significant literature on vulnerability to hurricane evacuation
and sheltering behavior (see for example [9-15], additional research is
needed regarding how individuals and communities react when faced
with the threat of a hurricane during a pandemic and how emergency
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management policies and practices may be adapted to improve
outcomes.

Fears about the virus and financial strain during the pandemic make
evacuation behavior difficult to predict [6]. A pandemic scenario may
affect the propensity of vulnerable populations to either evacuate or
shelter in a congregate venue. Survey results from communities in
coastal Virginia, for example, show that fear of virus transmission will
not deter populations traditionally in need from going to shelters [16].
Furthermore, while Pei et al.’s [7] simulations show that virus trans-
mission may be increased by hurricane evacuation, financial strain
associated with COVID-19 reduced evacuation intentions for pop-
ulations experiencing financial impacts of the pandemic [16]. This
finding highlights how income and economic insecurity resulting from
the pandemic might introduce additional vulnerabilities to different
individuals and groups.

3. Vulnerability

The risk of a disaster is the product of the potentially damaging
hazard, such as a hurricane, wildfire, or pandemic, and the vulnerability
of the people, infrastructure, political system, economy, and environ-
ment experiencing the hazard [2,17-21,67]. The starting point for
reducing disaster risk and enhancing resilience is understanding how
both hazards and vulnerabilities uniquely affect specific segments of
society [22]. Understanding vulnerability and how it changes, particu-
larly when considering a post-COVID world, is critical for managing
future events.

Three themes or perspectives underpin the conceptualization of
vulnerability [19]. The first hinges on the association between vulner-
ability and risk, where vulnerability is a pre-existing condition [2]. In
the context of a hazard such as a hurricane, this perspective considers
the distribution of hurricane risk such as from storm surge or strong
winds, occupancy within the hazard zone, and potential damage. Sec-
ond, vulnerability reflects social or tempered response to hazards where
not all individuals and groups are equally vulnerable and the differential
vulnerability depends on their coping ability [19,20]. This perspective
emphasizes the social vulnerability of individuals and communities, and
highlights vulnerability as socially constructed, “rooted in historical,
cultural, social, and economic processes” [19]; p. 533). Finally, a third
theme combines elements of the first two, focusing on vulnerability as
hazardousness and vulnerability of place [19,23,24]. This conceptuali-
zation treats vulnerability as both a biophysical threat and social ca-
pacity within a specific geographic context.

Vulnerability has policy implications for disaster risk reduction ef-
forts [25]. Specifically, for whom or for what should policies be tar-
geted? In analyzing how the composition of vulnerable populations are
changing and to identify public policy implications of those changes
during a simultaneous hurricane and pandemic, we utilize the social
vulnerability lens. We consider social vulnerability a forward-looking
concept that lends itself to policy making by linking factors that place
people at risk relative to each other and the conditions of their
socio-economic and physical environments [26-28]. This also allows us
to determine how social, economic, and environmental changes may
create “windows of vulnerability” [20]. Understanding social vulnera-
bility and the changing nature and scope of vulnerability relative to the
economic, health, and social effects of the COVID-19 pandemic is critical
for understanding how emergency management policies and programs
can be adaptive [66].

4. Social vulnerability and hurricane evacuation and sheltering

The roots of social vulnerability are generally found within the un-
derlying social conditions that may be temporally remote or distant from
the actual hazard event [29]. Vink, Takeuchi, and Kibler [30] identified
four characteristics of social vulnerability: (1) lack of material and/or
financial resources; (2) having physical or mental disability; (3) lack of
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access to information; and (4) having specific commitments that restrict
the ability to cope. These characteristics explain the vulnerability of six
main groups: children, older adults, ethnic minorities, people with dis-
abilities, people living in poverty, and women. We use these four char-
acteristics to organize our analysis of how the COVID-19 pandemic has
affected vulnerable populations, the extent to which the pandemic has
added to or exacerbated economic and health inequalities, and the
existing policies in place to ensure equity for vulnerable populations
during hurricane evacuation and sheltering operations.

4.1. Lack of material and/or financial resources

Economic status of individuals has long been identified as an indi-
cator of vulnerability. Household income is a common measure of the
resource base available to draw upon in coping with hazards [31], and
liquid assets that can easily be converted into income are key facets of
the resource base [68,69]. Lower income individuals often bear a
disproportionate impact of a disaster, as they tend to be concentrated in
areas at higher risk or reside in housing that is less able to provide
protection. More importantly, they often do not have access to resources
needed to prepare for, respond to, and recover from a disaster. For
example, Mcleod and Kessler [31] find that low-income individuals and
households have higher risk exposure, and their vulnerability is not only
determined by their low-income status but also on how their income
influences access to education and subsequent occupational choice.
Evacuation can involve significant financial resources to cover trans-
portation, lodging, meals, and other living costs [12], that may dispro-
portionately challenge those with limited resources. Lack of
transportation is a major barrier to evacuation for socially vulnerable
populations [2,12].

The provision of emergency shelters is an emergency response
strategy to meet the needs of those with limited resources to evacuate
and who lack safe residences within which they can shelter in place.
Other emergency management responses to target these vulnerable
populations include free transportation services to evacuate lower-
income residents to safer locations and distribution of preparedness
kits for residents who are unemployed, underemployed, or receiving
public assistance [32].

4.2. Physical and mental disabilities

Studies have shown that physical and mental conditions have a sig-
nificant impact on vulnerability of individuals with disabilities [33-35].
For example, in terms of coping response, research has shown that
medically fragile populations have lower propensity to evacuate
compared to those without medical challenges [14,36]. Evacuation
plans are often based on the assumption that people have the physical
and mental capabilities to, for instance, successfully travel to safe zones
or to access emergency shelters [30].

To develop inclusive emergency preparedness and response plans,
the Centers for Disease Control and Prevention (CDC) recommends state
agencies include information on persons with disabilities as part of
agencies’ priorities for addressing vulnerable populations [37]. States
have incorporated information on persons with disabilities through
public health data such as those collected from national and state-based
surveys, as well as through voluntary registries such as those maintained
by the National Center on Birth Defects and Developmental Disabilities,
and the CDC.

4.3. Limited access to information due to lack of knowledge and
experience

Evacuation and related emergency management policies and prac-
tices often assume that at-risk populations have access to certain evac-
uation resources, information, and experiences [30]. This assumption
can be detrimental to individuals and groups without such access.
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Limited language proficiencies, for example, may prevent some people
from obtaining knowledge needed to effectively cope with the threat
such as by evacuating or going to an emergency shelter. Transient or
migrant populations may also lack knowledge or understanding of the
local context which can increase their vulnerability.

Studies have shown that individuals with limited access to infor-
mation and evacuation experiences require communication and infor-
mation platforms that can improve their knowledge and safety [35].
Continuous and sustained communication about shelter availability and
transparent information about local government and stakeholder re-
sponsibilities are among evacuation best practices that can address some
of the needs of those with limited information access [35]. These prac-
tices ensure the provision and effective dissemination of information on
evacuation, especially for the evacuation of vulnerable groups that are
more likely to have limited access to evacuation information or lack
previous experiences from which to draw on [30,35,37].

4.4. Restricted by commitments

Some individuals are disproportionately vulnerable because they
have commitments that restrict their ability to cope with a hazard event.
For example, some individuals are restricted in their ability to evacuate
because they must care for dependents or pets, or because they are
worried about loss of possessions during an event. Ng, Behr, and Diaz
[14] found that people were less willing to evacuate due to increased
perceptions that burglary will happen while their residences are vacant.
Emergency management professionals also perceive this concern espe-
cially in low- and moderate-income neighborhoods [32]. In this case,
social vulnerability stems from an attachment or a sense of duty which
influences decision making and ability to cope during an evacuation.

Individuals who are caretakers of children or dependent adults, such
as those who require specialized medical equipment or have trans-
portation needs, are also vulnerable because their commitment and duty
to these dependents limit their mobility to evacuate. Access to special-
ized shelters such as those with medical equipment or that offer power
for electricity-dependent equipment make it easier for vulnerable in-
dividuals, and those they care for, to find safe shelter.

In investigating evacuation failure during disasters, Heath et al. [38]
found that pet-owning households without children are less likely to
evacuate compared to other households. This finding underscores the
need for evacuation procedures that take into consideration the evacu-
ation needs of specific households such as those with pets. Planning
guidance from the U.S. Department of Homeland Security [39]; for
example, states that evacuation procedures need to accommodate peo-
ple with pets or service animals, since previous experience has demon-
strated that individuals would refuse to evacuate if they had to leave
their pets behind.

5. Conceptual model

To answer the research questions, we developed a conceptual model
adapted from the framework by Vink et al. [30] that focuses on social
vulnerability to flooding. The Vink et al. framework had the core aim of
examining relevant policies to reduce vulnerability, and as such, was
particularly relevant for understanding how policies should be targeted
at different characteristics of vulnerability and socially vulnerable
populations to equitably ameliorate disaster risks at multiple levels for
the different groups of people. We adapt this framework to apply to the
context of simultaneous risk of hurricanes and pandemic, and the
associated evacuation and sheltering response to compound
hurricane-pandemic risks.

The first two components of the conceptual model shown in Fig. 1
reflect the four characteristics of social vulnerability and groups of
potentially vulnerable populations from the Vink et al. framework. We
then include the additional impacts of the COVID-19 pandemic on
vulnerable populations. Finally, the conceptual model recognizes that
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Fig. 1. Conceptual model of social vulnerability to a simultaneous hurricane and pandemic threat, adapted by authors from Vink et al. [30].

social vulnerability is intertwined with pre-existing health and economic
inequities, and these inequities may exacerbate social vulnerability for
some individuals and groups. Endemic inequities, as they relate to
vulnerability, are inherent in factors such as income, education, nutri-
tion, transportation, housing, jobs, environment, psychosocial stresses,
and health care [34].

The COVID-19 pandemic shares commonalities with other disasters,
including that vulnerabilities and impacts are disproportionately
distributed and some groups are more socially vulnerable than others.
“In the COVID-19 pandemic everyone is susceptible to the virus, but not
everyone is vulnerable in the same way or to the same degree. Some
aspects of susceptibility in the pandemic can be exacerbated by socially
constructed conditions such as malnutrition, addiction, and poverty
which are dimensions of vulnerability rooted in processes such as cor-
ruption, inequality, lack of access to services such as healthcare, sani-
tation, and education” [40]; p. 2).

However, Yusuf et al. [41] note that while there is overlap between
populations vulnerable to the coronavirus and to a hurricane, “the
[COVID-19] pandemic presents new vulnerable populations” and that in
“recognizing individuals at higher risk of contracting COVID-19 - the
elderly and medically-fragile — and those who lack the ability to evac-
uate, the definition of a vulnerable population during the
hurricane-pandemic is being expanded” (p. 164). Research has found
that the disproportionate burden of a pandemic among socially
vulnerable people and groups can be partly explained by economic,
health, and social factors, and exacerbated by inequities faced by these
populations [40,42-44].

Economic impacts of the pandemic may contribute to greater
vulnerability as more people experience reduction in or complete loss of
employment. These impacts challenge not only how individuals and
families meet their day-to-day needs, but also reduces their coping
ability to evacuate during a hurricane. Dasgupta et al. [45] found that
counties with housing characteristics of low-to moderate-income
households (e.g., high-density housing and crowded housing) and with a
larger percentage of residents lacking access to vehicles, had higher risk
ratios for being a COVID-19 hotspot. This is in line with findings where

low-income groups and racial minorities have been identified as more
vulnerable to the pandemic [46-48]. Low-income individuals are more
likely to keep working in in-person environments during the COVID-19
pandemic because they do not have enough savings to live on which
gives them less flexibility in deciding to stay at home [49].

Medical evidence also indicates that the elderly and the medically
fragile are particularly vulnerable during the pandemic. For example,
those with cancer are more vulnerable to infections [50]. Specific pop-
ulations, such as African Americans, Latinos, and Native Americans have
also experienced a disproportionate burden of COVID-19 infections and
deaths [48,51]. Analysis by Correa-Agudelo et al. [48] of COVID-19
mortality rates in the early stage of the pandemic found that the top
ten most populous counties in terms of COVID-19 mortality risks had
higher proportions of African American and other minority races
compared to the national average.

Some of the root causes of social vulnerability such as physical and
mental disabilities and other underlying health and physical conditions
or challenges have been exacerbated by the COVID-19 pandemic. Stay-
at-home and physical distancing approaches to managing COVID-19
contagion have also led to social impacts, especially in terms of vul-
nerabilities due to social isolation. Individuals with mental health and
substance abuse problems, along with those subject to domestic abuse,
become further isolated and their symptoms and victimization may
worsen.

Economic and health inequalities may perpetuate and exacerbate
vulnerabilities. For example, individuals with low socio-economic status
likely also live in housing that is overcrowded and/or in poor condition.
Such residences, where physical distancing cannot be maintained, make
them more susceptible to coronavirus exposure and to physical damage
from a hurricane. Hamilton [52] notes that people experience scarcity
differently according to their socio-economic status, and that the scar-
city of products such as toilet paper, cleaning supplies, and protective
equipment during the COVID-19 pandemic exacerbates economic in-
equalities because of hoarding behavior by those with greater financial
resources. Furthermore, she argues that coping responses and other risks
may be affected by previous and chronic experiences with resource
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scarcity (e.g., people living in poverty or those with lower incomes).

From a health disparities or inequities perspective, upstream and
midstream social determinants of health and health outcomes are also
important in recognizing how economic, health, and social effects of
COVID-19 amplify vulnerability of certain individuals and groups [53,
54]. For example, lack of health insurance and limited access to
COVID-19 testing and quality health care contribute to medically un-
derserved individuals and make them disproportionately more vulner-
able [53,55]. The extant research also identifies how racial inequality
reinforces health inequities [56] and that healthcare may bias certain
racial and minority groups leading to disparate quality of care and
health outcomes [57].

6. Methods

A team of researchers from Old Dominion University and the Uni-
versity of South Florida conducted online workshops through Zoom as
well as through Zeetings, a web-based platform that allowed partici-
pants to access the same set of questions through asynchronous collab-
oration, in May and June 2020. A series of six workshops engaged
professionals and subject matter experts involved in evacuation and
sheltering vulnerable populations in gathering information on planning,
resource needs, and concerns during the COVID-19 pandemic. Partici-
pants were identified through existing researcher networks from both
Universities, and potential participants were asked to send the invitation
to anyone they thought should be included. A convenience snowball
sample was used to recruit participants to the workshops. These work-
shops were held during the post-lockdown/pre-vaccination time frame
of the COVID-19 response phase that simultaneously took place with the
2020 Atlantic hurricane preparedness phase. Old Dominion University’s
Institutional Review Board rendered the decision, Reference # 20-099,
of outside the definition of human subjects research for this study,
Package # 1606408-1, on May 12, 2020.

The online workshops included discussion about which populations
are considered vulnerable and protocols to accommodate the needs of
additional populations during the anticipated 2020 Atlantic hurricane
season in the midst of the COVID-19 pandemic. Each of the six work-
shops focused on a specific theme: (1) vulnerable populations, (2) health
and infection control, (3) evacuation and sheltering workforce, (4)
psychological well-being, (5) logistics, and (6) communication and
messaging. Each workshop included three to four semi-structured
questions identifying areas of concern, capacities to accommodate
emergent issues, and resource needs to implement best practices related
to the theme. For example, the workshop on vulnerable populations
included the following discussion questions: (1) What changes to hur-
ricane evacuation and sheltering planning are being considered or un-
derway? (2) What populations are most vulnerable and why? (3) What
issues are/will be impacting vulnerable populations?

Professionals from federal, state, and local agencies, nonprofit and
volunteer organizations, businesses, and universities with expertise
including emergency management, public health and administration,
social services and science were recruited. Participants held positions
such as Emergency Managers, Emergency Coordinators, Public Health
Professionals, among others. Two hundred sixty-five individuals from 20
states, mostly from the Atlantic and Gulf Coasts, participated across the
six workshops. Participants represented the following types of agencies
at the federal, state, and local levels: emergency management, public
health, human services, mass care, and transportation. Participating
nonprofit and volunteer organizations include those focusing on disaster
response and recovery, serving specific vulnerable populations such as
pregnant women and children, addressing social equity issues, and
research associations focusing on issues such as environmental health,
public health, and marine sciences.

Workshop participation ranged from 74 attendees (for the workshop
on psychological well-being) to 198 attendees (for the workshop on
vulnerable populations). Workshop attendance was opt-in. Participants
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could attend a single workshop or multiple workshops and many
attended more than one workshop. Identifying information was not
associated with workshop participation to ensure participant confiden-
tiality. Moderated concurrent breakout groups consisting of 12-18
participants were used to collect responses to the same semi-structured
questionnaire. Transcripts of each recorded session were qualitatively
analyzed by individual team members and then validated in pairs to
ensure consistent outcomes were identified. More specifically, the pro-
cess included researchers independently reviewing the transcripts to
identify emergent themes and key issues. The researchers then paired up
to discuss and arrive at consensus on the identified themes. The analysis
and interpretation of themes were done with examples of emergency
management policies from the Gulf coast and eastern seaboard as well as
COVID-19 and disaster response literature related to economic, health,
and social impact. Descriptive quotes were selected to illustrate partic-
ipants’ perspectives related to major themes but to maintain confiden-
tiality these quotes are not associated with any participant information.

7. Results and discussion

This section presents the key issues raised by workshop participants.
First, we explore emergent themes from the workshops associated with:
(1) which vulnerable populations should be considered in evacuation
and shelter planning during the 2020 hurricane season and concurrent
COVID-19 pandemic, and (2) what strategies are being considered to
adapt evacuation and shelter operations to meet the potentially altered
demand. The changes expressed by participants are contextualized using
relationships shown in Fig. 1 between the vulnerability literature and
emergent research on COVID-19. Second, we discuss the implications of
and capacity for pursuing the participant’s recommendations for
expanding vulnerability assessment prior to evacuation and sheltering in
the context of emergency management policies from federal, state, and
local governments. Findings indicate that pre-pandemic disaster prep-
aration and response strategies to address traditional characteristics and
groups of vulnerable populations can be adapted to accommodate
populations with additional vulnerabilities associated with COVID-19
during an evacuation and sheltering situation.

7.1. Revising perspectives on vulnerability to accommodate COVID-19

Workshop participants anticipated serving populations with tradi-
tional vulnerabilities to hurricane impacts and vulnerabilities exacer-
bated by COVID-19 during evacuation and sheltering operations for the
2020 Atlantic hurricane season. Subpopulations considered at the start
of hurricane season to be vulnerable to COVID-19 complications
included evacuees and shelter staff and volunteers that are immuno-
compromised, elderly, pregnant, infants, or have chronic health condi-
tions. Further, participants expected populations with financial
insecurities, mental health concerns, substance abuse, and domestic
violence experiences to have increased in number and severity because
of COVID-19 lockdowns. Populations with COVID-19 symptoms, expo-
sure, or positivity were a newly vulnerable population whose various
characteristics of vulnerability must be addressed to protect their own
health and others.

Participants noted that the role of vulnerability in decision-making
varies across populations and geographic locations. Participants were
concerned that individual financial strain associated with COVID-19,
experiences with other recent disasters, or virus transmission fears
would change behavior. Those with underlying health conditions may
not go to emergency shelters. The general public may be afraid to travel
outside of their community for a required evacuation and choose to go to
alocal public shelter instead. Populations with pets, who are disabled, or
live in insecure or unsafe housing in evacuation zones would still be in
need of public options despite fears of virus transmission.

These changes in vulnerability have ripple effects on evacuation and
sheltering during a hurricane-pandemic. Additional resources are
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needed to manage the health of these vulnerable individuals and to
shield other evacuees, shelter staff, and shelter volunteers from being
infected. Populations with underlying medical conditions that may not
pose challenges for evacuation and sheltering during typical hurricane
conditions may have increased risk to the virus, which may change their
overall perceptions of risk and affect how they respond to a hurricane in
the midst of a pandemic.

In terms of vulnerabilities associated with economic or financial
impacts of COVID-19, participants noted the increase in individuals who
experience reduced work hours or job loss because of business and
operational restrictions associated with efforts to manage virus conta-
gion. These individuals will have fewer resources to cope with a hurri-
cane, may not be able to evacuate, and thus more likely to shelter at
home, which puts them at physical risk, or go to an emergency shelter
which may expose them to the virus.

Healthcare availability as a whole, and disproportionate access to
healthcare more specifically, were areas of concern. Factors such as
socioeconomic status and location affect one’s ability to access and
maintain care during the pandemic. Many individuals faced financial
strain prior to the pandemic, and for many at the lower income range,
this strain has increased with the COVID-19 pandemic, and without
health insurance they may be unable to afford healthcare. This could
result in persons not receiving critical care or being tested or treated for
COVID-19. Additionally, location is an ongoing issue that may be
exacerbated by the pandemic. Participants stated that it can be difficult
to communicate with those in rural communities prior to any hazard
event. Access to healthcare is also limited in rural areas regardless of the
presence of a pandemic. Those without transportation in impoverished
communities may also regularly have difficulty accessing care. Due to
the pandemic, many medical providers have limited their care to
emergencies and participants expressed concern that the encouragement
for social distancing may deter people from seeking care for fear of
contracting COVID-19, thus potentially having a negative impact on
community health.

7.2. Strategies considered to address shifting vulnerabilities

Enhanced communication strategies would improve evacuee un-
derstanding of how evacuation and sheltering processes are being
planned to account for shifting inequities in health and economic re-
sources during a compound hurricane-pandemic event. Participants
proposed a stronger approach to overall outreach. States with existing
registries were encouraged to notify participating populations early to
ensure evacuation plans are communicated prior to an evacuation event
occurring. Resiliency hubs' in churches and community centers like
those available throughout the City of Baltimore, Maryland, were sug-
gested as locations where information could be disseminated to
marginalized groups, especially those experiencing social stigma related
to the pandemic, such as Asian American populations.

Emergency managers reported planning to accommodate the same
population as projected with existing models. Participants raised the
concern that, given the compound threat of the COVID-19 pandemic and
an impending hurricane, additional time and resources would be needed
to ensure the well-being of staff and evacuees. Public shelter options and
consequently the ability to socially distance become more limited as the
hurricane risk increases. One participant stated that emergency man-
agers faced the dilemma that they “Have to be prepared to make a de-
cision for overall safety of evacuee while protecting from illness.
Anything less than a Category 3, we can probably social distance, but
anything larger, I don’t think we have the structural stability to maintain
social distancing.” A participant suggested two plans depending on the

! Resiliency hubs are locations that are well-known to the community’s res-
idents and provide a spot for distributing supplies and other resources during an
emergency event.
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strength of the storm: (1) following Red Cross and CDC social distancing
guidelines, or (2) following existing sheltering plans with social
distancing to the extent possible. A triage system was also proposed by
another participant who noted that resource limitations “actually
overwhelms the system because we can’t triage correctly ...we have to
become more strategic in our thinking.” To reduce uncertainty for a
specific vulnerable population, one participant suggested making sure
nursing homes and adult living facilities update their emergency plans to
account for COVID-19. Outside of evacuation zones, participants
emphasized the importance of recommending residents in less physi-
cally vulnerable locations shelter in place, thereby reducing shadow
evacuation’ that might clog non-congregate shelter options and
roadways.

Congregate transportation, meals, bathrooms, and other spaces
present risks that motivated participants to re-evaluate options to reduce
risk for all populations. Suggested strategies included providing gift
cards to support evacuation of residents with limited resources and using
hotel rooms as shelters, similar to those used by the Red Cross in past
evacuations and by localities to house the homeless during the
pandemic. It was understood that non-congregate options would not
work for everyone though, so reduced capacity transportation options
and larger or better ventilated public shelters would be required for
those with disabilities, pets, or in need of specialized care.

Evacuee support options were also being re-evaluated to accommo-
date potential increases in demand from vulnerable and sick pop-
ulations. Functional Assessment Service Teams® that are available would
need to be deployed and the number of teams expanded to meet
increased shelter capacity and greater access and functionality re-
quirements. Additional personnel with medical or sanitation expertise
were identified as a critical need to conduct vulnerability and illness
assessments, and maintain facility hygiene. Regarding the need to
address children’s mental health during a hurricane-pandemic, a
participant questioned “Children don’t know how to cope [...] where is
it that we put some type of plan in place to deal with that type of stress
with kids, with young people?”

The potentially expanded set of support staff was expected to benefit
from practice drills as available. Given the concerns about exposure,
telehealth options were being explored, but with potential hurricane-
induced lapses in power and internet access, this option may fall
short. Partnerships with the Medical Reserve Corps and the American
Association of Retired Persons (AARP) were discussed and considered.
However, recruiting retired doctors and nurses as volunteers was not
advisable due to their own age-related vulnerability to the virus.

Participants called for increased information sharing to identify and
accommodate virus-related vulnerabilities. However, supply chain is-
sues and government funding reductions brought into question the ca-
pacity to store, provide, and replenish supplies to prevent the spread of
COVID-19 while accommodating needs of medically fragile populations,
such as personal protective equipment, oxygen tanks, and NARCAN and
other medications.

One participant suggested using the Social Vulnerability Index (SoVI,
see Ref. [19] to estimate demand by populations with exacerbated
vulnerabilities. SoVI and other social vulnerability indices could be used
to estimate expected demand and paired with other modeling tools to
provide updated information for shelter planning and operation.

Pre-registration for evacuation shelters for those with underlying
conditions or existing infections as well as onsite screenings for vul-
nerabilities to COVID-19 complications, exposure, and symptoms were
other complementary strategies identified by participants. Models for

2 Shadow evacuations are voluntary evacuations of people outside of a
designated evacuation zone.

3 A Functional Assessment Service Team (FAST) is a team of trained members
that provide assistance in evaluating the access or functional needs of in-
dividuals and how their needs can be supported.
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special needs shelters that already use special registries could be
expanded within states or adopted in other states. One participant
provided an example of how registries facilitate resource allocation:
“Prescreening is critical to understanding. So, the medically vulnerable
may use Oxygen or nebulizers. There [is] a potential for aerosol virus
particles. Using structural barriers within our regional shelters as a
physical barrier plus privacy screens.” Registries and individualized care
plans were also thought to facilitate the transition from shelters back to
homes and the community through contact tracing and transition teams.

Participants also questioned not only how to assess shelter intake to
account for resource needs and availability, but also which vulnerabil-
ities, if any, to prioritize. Actions to isolate the populations with
increased risk of complications from COVID-19 were under consider-
ation; however, the potential for negative effects upon mental health
concerned some participants. Separate shelters for individuals that
tested positive for the virus was another suggestion, but this could create
issues for families and caregivers. If assessment of underlying health
conditions and virus testing are not possible, participants suggested that
the assumption may have to be made that everyone presenting is a
spreader of and at increased vulnerability to complications from the
virus. Without documentation and assessment of illness and underlying
conditions, all shelters would need to comply with social distancing and
sanitation protocols and more shelters may need to incorporate special
needs protocols, including the potential expansion of existing commu-
nity registries to capture populations with underlying medical
conditions.

7.3. Special registries as policy tools to support evacuation and sheltering
adaptation

The Stafford Act (1988) and the Post-Katrina Emergency Manage-
ment Reform Act (2006) mandate that people with disabilities should be
given equal opportunity to be integrated in general population shelters.
Similarly, the American Disabilities Act of 1990, the Rehabilitation Act
of 1973, and the Fair Housing Act (FHA) of 1968 outline specifications
for suitable sheltering sites including how to select locations that are
compliant and to confirm the sites are hardened to withstand the needed
environmental hazards. The Acts also describe appropriate measures
that should be taken to retrofit existing locations to ensure they meet
accessibility requirements [58]. These requirements for inclusion and
integration are not waived during emergency evacuations and
sheltering.

A special needs registry is a “list of individuals within a jurisdiction
who require assistance before, during, or after an emergency” [59]; p.
1). Information in such special needs registries are voluntarily provided
by residents and include contact information and any access or func-
tional needs. Registry information can be used to help appropriately
plan for and respond to emergencies, including evacuations and shel-
tering. While “special needs registry” is the most commonly used ter-
minology for these registries, they have also been titled “emergency
evacuation assistance registry”, “vulnerable populations registry”, and
“medical needs registry” [59]. Some states such as Florida, Utah, and
New Jersey have developed state-based registries that are accompanied
by a consolidated set of resources dedicated to the overall sustainability
of the registries, such as through maintenance and updates [60,61].
Other states (e.g., Pennsylvania, Louisiana, Virginia, North Carolina)
have more localized registries administered by individual cities or
counties.

Needs registries assist emergency managers in understanding their
community in a more precise manner. Information in the registries may
provide planners with specific and minimal resource requirements in
response to an emergency. This allows planners to improve their pre-
paredness planning and anticipate the needs of the community during an
emergency. The registries provide details that planners can use to create
specific community emergency plans that include information such as
what durable medical equipment, consumable medical supplies, and
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other personal assistance may be required at general, special, or medical
needs shelters, or what types of transportation will be needed to assist
those without a way to evacuate on their own.

Registries may be used to inform planning. Some registries are used
to provide additional benefits to those who sign up by providing addi-
tional check-ups prior to and following an emergency, thus providing
assistance to individuals with no support network in the local area. Some
jurisdictions use the registry to coordinate transportation assistance as
well as placement into shelters based on an individual’s needs and the
care a shelter is able to provide. Registries are even being expanded to
tie into 9-1-1 systems to provide first responders with critical informa-
tion about an individual’s needs before even arriving on scene of an
emergency (see for example [62]. It is critical to note though, that
registries require robust management and maintenance and generally do
not guarantee individual assistance during a disaster or emergency. The
capabilities of each jurisdiction and the participation of residents drive
how the registry information is applied.

An understanding of expanded definitions of vulnerable populations
can feed into identification of data needs and development of data sys-
tems that can inform planning processes and disaster response. Special
needs registries can serve as a data system that can help fill this need.
However, the availability of certain population-specific data, such as
those included in special needs registries, vary by state, county, and even
individual jurisdictions. These registries can provide a mechanism to
gather voluntary information from residents directly to help inform
preparedness and response planning processes, but there are limitations
and obstacles that need to be overcome with the registries before they
can be used to support at-risk or vulnerable populations within
communities.

8. Conclusions and implications

Our findings suggest that vulnerabilities associated with underlying
health conditions and socio-economic disparities are of increased
concern for evacuation and sheltering during a hurricane-pandemic
event. The health, economic, and social impacts of the COVID-19
pandemic add a layer of vulnerability on top of traditional hurricane
vulnerability, thus broadening the definition of individuals and groups
considered vulnerable. Simultaneously, the pandemic exacerbated pre-
existing socioeconomic and health inequities that underpin social
vulnerability (Fig. 1), making some groups much more vulnerable than
others, and affecting their ability to effectively cope with the threat of a
hurricane during the pandemic. For example, while low-to-moderate
income households have generally been considered vulnerable
because they are under-resourced in terms of being able to evacuate, the
negative financial and economic impacts of the pandemic have exacer-
bated their vulnerability. Furthermore, certain segments of the popu-
lation such as those over the age of 65, with chronic health conditions or
comorbidities, and others requiring specific care during a pandemic
have added complications to the definition of vulnerable populations.

Our analysis also identified the need for specific data on vulnerable
populations for use in assessing vulnerability and informing planning
and operations through updated data and models. Workshop partici-
pants identified special registries as a way to collect data needed to
evaluate vulnerabilities and align individuals and families with appro-
priate resources and facilities. Our review of registries used in different
states found that registries can serve as a data system to collect infor-
mation that can be used to inform planning processes. These registries
can serve as policy tools for supporting adaptations in evacuation and
sheltering responses.

Our findings indicate that new and interdependent foci within an
expanded definition of vulnerable populations regarding health and
physical risk during a hurricane-pandemic scenario is needed for
emergency managers, evacuation staff, and residents. Evacuation pro-
jections can then be adjusted, guidance sought for accommodating
vulnerable populations from public health departments and other
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relevant social services organizations, and recommendations condensed
into staff training materials and operations plans. Without a clear way to
balance and accommodate competing needs, workshop participants had
more questions than answers regarding how to address vulnerable
populations going into the 2020 hurricane season.

Having now completed the 2020 hurricane season, which consistent
with the forecast predictions earlier in the year proved to be an above-
normal hurricane season, we can turn to planning and preparedness
for other compounding events by building on knowledge learned from
the previous hurricane season. For example, how do we reconcile con-
flicting protocols for specific hazards, like a hurricane, and pandemic
management and adjust our messaging and outreach to facilitate effec-
tive response? Building connections between long-term care facility
administrators and emergency management has improved the evacua-
tion process for those who would otherwise hesitate to do so due to
medical fragility and informed shelter in place protocols through com-
bined practice drills [63,64]. These connections can be nurtured and
others put in place to more effectively meet the needs of populations
vulnerable to the combined risk of a pandemic and other hazards.
Taking action sooner rather than later will allow an opportunity to alter
emergency management plans in a way that will effectively mitigate risk
for the socially vulnerable, such as those in nursing homes or long-term
care facilities [65], while modifying perceived risk for vulnerable pop-
ulations and, thus, encouraging those who are hesitant.

9. Limitations and future research

The workshops to support this research took place from May to June
2020. The sentiments expressed by participants reflect knowledge pre-
vaccine and early on in the 2020 compound hurricane-pandemic sea-
son. Research and updates related to COVID-19 are constantly evolving
and while there have been many “lessons learned” since June 2020,
there is still much we do not know regarding long-term impacts and
effects from the virus and how individuals will be able to cope with
continued restrictions on their lives and daily movements. Our research
discusses pre-existing conditions and socio-economic status and in-
equities but does not address the uncertainties that exist within a pro-
longed pandemic event and how those conditions may continue to
deteriorate as we approach the next hurricane season while still under a
pandemic event with potentially even more contagious new strains
within our communities.

Additional research is needed to better understand the longer-term
consequences of the expanded vulnerabilities brought on by the
COVID-19 pandemic. For example, children are likely to suffer mental
health consequences of the pandemic, the extent of these consequences
have yet to be explored. The compounded mental health impacts of the
pandemic on top of the fear of an impending hurricane also warrant
further research. Similarly, pregnant women are disproportionately
affected due to increased risk of complications from COVID-19 and the
lack of research regarding the effects of COVID-19 on expecting mothers
and unborn babies. How might the additional threat of a hurricane
further increase the risk to pregnant women and increase their vulner-
ability? Finally, while most groups identified as socially vulnerable to a
hurricane event will continue to be vulnerable in a situation marked by a
pandemic, participants expected additional groups to be vulnerable. (i.e.
substance abuse problems, experiencing domestic violence, or discrim-
ination) and have increased numbers and severity of their vulnerabilities
due to COVID-19 lockdowns and social isolation. Future research should
focus on how specific policies and programs to meet the unique needs of
these populations, such as domestic abuse shelters and substance abuse
programs, can evolve to incorporate adaptations that address the spe-
cific hurricane evacuation needs of these populations given their
enhanced vulnerabilities.
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