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Introduction

t is now widely understood that
sea level is rising around the world.
Over the past century, global mean
sea level has already risen approxi-
mately 8 inches (Levy & Patz,
2015). But this represents a global av-
erage; the sea is actually rising “much
more in some places than in others”
(Sobel, 2014). In the Miami area,
for example, sea level is estimated to
have increased by significantly more
than the global average, rising about
a foot in the past 100 years. Similar
increases have been experienced in
New York and Charleston (New
York City Panel on Climate Change,
2015; City of Charleston, 2015). Fur-
thermore, the rate of sea level rise has
not remained steady; rather, there is
strong evidence that it is speeding
up significantly (NOAA, 2017a;
Nerem et al., 2018). For example, it
has been reported that the sea has
risen nearly 4 inches in Miami in
just the past two decades (McNoldy,
2015).

With the scope and urgency of the
problem of global sea level rise be-
coming more apparent every year, a
host of disciplines and professions
are now working to better understand
this emerging threat and its implica-

Sea level has been rising around the world, and in recent decades, the rate has
been accelerating. Because rising seas have the potential to directly or indirectly
affect the health of vast numbers of coastal communities and inhabitants, public
health agencies and professionals—in conjunction with other fields—have a piv-
otal role to play in helping to protect populations, reduce and prevent health im-
pacts, and foster resilience. This article discusses a novel effort that has been
undertaken in Coastal Virginia to help prepare the next generation of public health
professionals to grapple with sea level rise issues. The effort grew out of discus-
sions of the importance of public health issues that took place through the Hampton
Roads Sea Level Rise Preparedness and Resilience Intergovernmental Pilot Project.
The new training effort focuses on public health graduate level training and incor-
porates both classroom and practice-based components. Though still in its early
stages, the sea level rise and public health training effort has already achieved sig-
nificant successes and continues to grow. The article begins by examining sea level
rise as a public health issue. This is followed by a discussion of the new public
health training initiative in Coastal Virginia. The article closes by exploring future

directions.
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tions. From biology, ecology, and en-
vironmental science to ocean science,
coastal engineering, and underwater
robotics, a variety of fields are helping
to further illuminate the dynamics of
the problem, identify current and fu-
ture challenges, and begin to fashion
effective responses.

Because some of the most signifi-
cant impacts of rising sea level are
those directly or indirectly affecting
human health, another field that has
a pivotal role to play is public health.
The field of public health “promotes
and protects the health of people and
the communities where they live,
learn, work and play” (APHA, 2017).
Whereas a medical doctor can be
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thought of mainly as treating and heal-
ing sick individuals, public health deals
with the health of entire populations
(APHA, 2017). “These populations
can be as small as a local neighbor-
hood, or as big as an entire country
or region of the world” (CDC Foun-
dation, 2017).

The need for a major public health
role in addressing sea level rise stems
from the fact that rising seas have the
potential to affect vast numbers of
coastal communities and inhabitants.
From a global perspective, “eight of
the top ten largest cities in the world
are located by the coast” (UN, 2016).
In the U.S. context, approximately
40% of the nation’s population resides



in counties directly on the shoreline
(NOAA, 2017b). In other words, ris-
ing seas have the potential to directly
or indirectly impact the health of mil-
lions of people.

The health impacts of sea level rise
are expected to grow in the coming
decades, creating significant challenges
for local and state public health de-
partments; regional, national and in-
ternational health agencies; and other
components of the public health field.
As such, it will be vital for public health
professionals to be involved and pre-
pared. This article discusses a novel
effort that has been undertaken to
help prepare “the next generation
of public health professionals to grap-
ple with sea-level rise issues” (IPP,
2016). Launched in Coastal Virginia
in 2015 and focusing on public health
graduate level training, the effort is still
in its early stages. But it has already
achieved significant successes and con-
tinues to grow. The article begins by
examining sea level rise as a public
health issue. This is followed by a dis-
cussion of the new public health
training initiative in Coastal Virginia.
The article closes by exploring future
directions.

Rising Seas and
Public Health

Sea level rise has the potential to
directly or indirectly affect the health
of coastal populations in a multiplic-
ity of ways. Rising seas can result in
increased salinity of estuaries and
aquifers, harming vital drinking
water supplies upon which commu-
nities depend. Changes in salinity
can also foster the growth of micro-
organisms, including those associated
with human illness. In addition, rising
seas can raise water tables and greatly

exacerbate drainage problems. Pools
of standing water can accumulate, fa-
cilitating the growth of mosquito
populations and increasing the risk
of disease spread. Sea level rise is
also associated with increases in the
frequency and severity of flooding. In-
deed, in recent decades, there has
been a dramatic increase in “minor”
flooding events (also sometimes de-
scribed as “nuisance” flooding) on all
three U.S. coasts—Atlantic, Pacific,
Gulf (NOAA, 2014a). This phenom-
enon is clearly illustrated by the expe-
rience of Atlantic City, New Jersey,
where the average number of flood
days has gone from 3.1 per year in the
period between 1957 and 1963 to 24.6
ayear in the period between 2007 and
2013. Another particularly striking ex-
ample is Annapolis, Maryland, where
the average number of flood days has
gone from 3.8 per year in the period
between 1957 and 1963 to 39.3 a
year in the period between 2007 and
2013. This represents a 925% increase
(NOAA, 2014b).

The term “minor” (or “nuisance”)
flood can be quite misleading, be-
cause these flooding events can result
in a host of significant hazards. Such
floods can render roads impassable,
isolating individuals and neighbor-
hoods. Water-covered roads can make
it difficult for people to get to impor-
tant medical appointments, stop indi-
viduals from going to pharmacies to
obtain medicines, and impede emer-
gency vehicles trying to respond to
calls for help. Minor floods can also
damage vehicles, homes, and infra-
structure (Spanger-Siegfried et al.,
2014). Meanwhile, building materials
left damp by minor floods provide an
excellent environment for the rapid
growth of mold. According to public
health experts, “the spores of some
varieties can begin to germinate in as

little as 4 to 12 hours” (Parrot, 2009)
and “significant mold growth can
occur” within 48 h of materials being
exposed to water (Johanning et al.,
2014). Depending on the type of
mold involved, this can increase the
risk of allergy, asthma, and respira-
tory problems in sensitive popula-
tions (Parrot, 2009; EPA, 2016).
Finally, in some situations, recurrent
flooding may even require people and
communities to relocate (Spanger-
Siegfried et al., 2014). In short, so-called
“minor” flood events can constitute a
serious problem with significant pub-
lic health consequences, particularly
as the scope, frequency, and severity
of such flooding events increases over
time.

If “minor” flooding represents a
significant and growing problem,
major flood events linked to storms
and storm surge can constitute a
grave threat. Storm surge is the addi-
tional ocean water that is pushed onto
shore by a storm (Miles, 2014). It
comes on top of whatever water is
normally already there. Thus, if an
area is experiencing a regular high
tide at the time of a storm, the
amount of water pushing onto land
will be the high tide plus the surge
(Miles, 2014). Sea level rise adds an-
other component. When an area has
been affected by significant sea level
rise, any storm surge that occurs
comes on top of the regular tide and
on top of the already elevated sea
level. The result can be massive, de-
structive flooding events.

The public health consequences
can be serious and widespread. At
the most obvious level are deaths
due to drowning. Superstorm Sandy
provides a powerful illustration. In
New York City, the number one di-
rect cause of death from Superstorm
Sandy was drowning associated with
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the storm surge (Lane et al., 2013).
The “majority of deaths occurred in
Queens and on Staten Island, and
most people perished at the height
of the storm, drowned by the surge”
(NYT, 2012). According to Sobel
(2014), some people drowned in
their homes, whereas others perished
in vehicles as they tried to escape.

People can also die as a conse-
quence of having to evacuate. Partic-
ularly for individuals who are ill, frail,
or in care, the process of having to
move or be moved can be difficult
and traumatic. For some, the result
can be premature death. A 2012
study looked at records for more
than 36,000 nursing home residents
who had experienced Gulf hurri-
canes (Katrina, Rita, Gustav, and
Ike). The analysis concluded that
the process of evacuation had com-
pounded morbidity and mortality
(Dosa et al., 2012).

Other public health impacts result
from the effect of floodwaters on in-
frastructure. Floodwaters and surge
can cause sewers to back up or over-
flow, collapse or break sewer lines,
overtop or engulf sewage treatment fa-
cilities, and even completely over-
whelm the treatment network.
During Superstorm Sandy, for exam-
ple, “11 billion gallons of sewage
flowed into the floodwaters engulf-
ing New York and New Jersey”
(Miles, 2014). Floodwaters polluted
with human and animal waste can
carry high levels of fecal bacteria,
which can lead to intestinal and
other illnesses (Esworthy, Schierow,
Copeland, Luther, & Ramseur,
2000). Rising waters can also damage
underground storage tanks, causing
hazardous materials to leak into soil,
groundwater, and floodwaters and
posing a threat to people and the envi-
ronment (EPA, 2010). Commercial

and industrial operations, landfills,
and other key facilities can be compro-
mised, potentially releasing biological,
chemical, and other contamination
into communities (Few & Matthies,
2007).

Flooding events can also affect key
healthcare and public health facilities,
causing impacts not only to the facil-
ities themselves but impairing the ca-
pacity of the system to provide
services and assistance to people in af-
fected areas. For example, during
Superstorm Sandy, storm surge
flooded key radiology facilities at
NYU Langone Medical Center. Four
MRI scanners, some CT systems and
X-ray equipment were destroyed
(Knaub, 2013; Godt, 2013). Like-
wise, at Bellevue Hospital, “millions
of gallons of contaminated water
pooled in the basement.” The mor-
gue flooded, forcing medical person-
nel to look for other places to keep
bodies of the deceased (Miles, 2014,
p. 327).

This broad array of potential
health impacts makes the sea level
rise issue a quintessential public
health problem and makes it vital
for public health professionals to be
involved. The central aim of public
health professionals—whether they
work for local or state health depart-
ments, federal agencies such as the
CDC, nongovernmental organiza-
tions, laboratories, the hospital and
healthcare system, or other agencies
—is to “prevent people from getting
sick or injured in the first place”
(APHA, 2017). Public health respon-
sibilities and initiatives range widely.
They include vaccinating children
and adults to protect them from seri-
ous infectious diseases, programs to
reduce tobacco use among young
people, efforts to prevent childhood
lead poisoning by reducing exposure
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to lead paint and other sources of
lead, monitoring bacteria levels in
beach water and issuing swimming
advisories, community screening for
chronic and communicable diseases/
conditions, licensing and inspecting
medical and dental X-ray machines
and similar devices, and working to
ensure the safety of food through
such measures as monitoring shellfish
for pathogens/toxins and conducting
inspections of restaurants and other
food establishments (ASTHO Profile,
2017; NACCHO, 2017; Salinsky,
2010; Washington State Department
of Health, 2018). Public health also
plays a critical role in preparedness
and response to health emergencies
(Stoto et al., 2005). When foodborne
illness outbreaks involving such path-
ogens as Escherichia coli, listeria, and
salmonella occur, it is public health
epidemiologists, environmental health
specialists, laboratorians, and others
who track the outbreak, identify the
pathogen and the affected foods, and
respond to protect members of the
public. For example, public health
professionals responded to a major,
multistate outbreak of E. coli O157:
H7 infections that killed four children
and left hundreds of other people ill,
tracing it to consumption of contam-
inated hamburger patties (MMWR,
1993). Likewise, public health profes-
sionals help prepare for, assess, and re-
spond to natural disasters, hazardous
materials emergencies, pandemics,
terrorism incidents, and ecological di-
sasters (Falk & Ashkenazi, 2012;
ASTHO Profile, 2017; NACCHO,
2017; Salinsky, 2010; Washington
State Department of Health, 2018).
For example, after the Deepwater Ho-
rizon disaster in 2010, public health
professionals played an important
role in assessing chemical air moni-
toring results, analyzing the safety of



seafood, monitoring the health of
cleanup workers and people living in
affected communities, and providing
health information to the public
(see, e.g., Michaels & Howard,
2012; LDHH, 2010, 2012).

The health consequences of sea
level rise touch upon many of the
aforementioned core concerns, re-
sponsibilities and activities of public
health professionals. With respect to
flooding situations, for example, pub-
lic health concerns might range from
ensuring the safety of food and drink-
ing water supplies after flood events
to testing floodwaters for biological,
chemical, and other contaminants
and from identifying and managing
mold problems to assessing the imme-
diate and longer-term health implica-
tions of evacuation or relocation.
Clearly, then, public health has a crit-
ical role to play in helping to protect
populations, foster resiliency, and re-
duce or prevent impacts from sea level
rise. As such, it is essential for public
health to be “an integral part of current
and future sea level rise adaptive plan-
ning efforts” (IPP, 2016).

Preparing the Next
Generation of Public
Health Professionals

To help prepare the next gener-
ation of public health professionals
to meet the growing health chal-
lenges posed by rising seas, a new
training initiative was launched in
the Hampton Roads region of South-
eastern Virginia. Begun in 2015 and
continuing to expand today, the effort
is being led by Old Dominion Uni-
versity (ODU) in conjunction with
Eastern Virginia Medical School
(EVMS). The effort incorporates both

classroom-based and practice-based

activities and includes content on sea
level rise and public health in the region
and beyond.

The new training initiative grew
out of discussions of public health is-
sues that took place through the
Hampton Roads Sea Level Rise Pre-
paredness and Resilience Intergovern-
mental Pilot Project or IPP. Convened
at ODU and operating from 2014 to
2016, the IPP’s purpose was to bring
together a broad range of stakeholders
to create a fully comprehensive, inte-
grated approach to sea level rise pre-
paredness and resilience planning in
the Hampton Roads region that can
also be used as a template for other re-
gions in the United States (IPP, 2015,
2016). Hampton Roads, which has
a population of some 1.7 million peo-
ple, is made up of 17 localities, in-
cluding the independent cities of
Norfolk, Virginia Beach, Chesapeake,
Newport News, Hampton, Portsmouth,
Suffolk, Poquoson, and Williamsburg,.
The area has hundreds of historic
sites, a long coastline, and beautiful
beaches, making it a popular tourist
destination.

In addition, the region is one of
considerable strategic importance,
being home to numerous industries
and research facilities, the Port of
Virginia (the third biggest U.S. East
Coast container port) and a variety
of important defense facilities. These
include Joint Base Langley-Eustis,
Naval Air Station Oceana, Joint Ex-
peditionary Base Little Creek-Fort
Story, and Naval Station Norfolk
(the largest naval base in the world).
The Hampton Roads area and the
Chesapeake Bay region more gener-
ally are situated at a low land elevation,
are undergoing significant subsidence
of land, and (like other coastal areas)
are experiencing the effects of rising
seas (Maryland Sea Grant, 2015). In

addition, the city of Norfolk has
been identified as one of nine high-
risk areas of the North Atlantic
Coast in terms of coastal flood risk
(NACCS, 2015). Given the region’s
importance, future sea level rise
could have both immediate effects
and bigger implications that extend
well beyond Hampton Roads.

Employing a “whole of govern-
ment” and “whole of community” ap-
proach, the IPP successfully engaged
representatives from a variety of fed-
eral agencies, the Commonwealth of
Virginia, many localities, elected offi-
cials, the Port of Virginia, academia,
the Navy, the Coast Guard, the Air
Force, the Army Corps of Engineers,
private industry (e.g., Newport News
Shipbuilding), the legal profession,
nongovernmental organizations, in-
frastructure, vulnerable communities,
the real estate community, and other
sectors (IPP, 2015, 2016). In 2015,
the IPP identified public health as an-
other crucial area needing attention.
In April of that year, ODU faculty
briefed the IPP Steering Committee
on the crucial links between sea level
rise and public health. Shortly there-
after, the Steering Committee, by
consensus, established a new Public
Health Working Group as the fifth
working group of the Pilot. (The
other four working groups were legal,
infrastructure, land use planning, and
citizen engagement.) This established
public health as a core component of
the IPP’s work. One significant need
identified in discussions with public
health professionals was to find new
and innovative ways of incorporating
sea level rise issues into public health
education and training (IPP, 2015,
2016).

Informed and encouraged by the
IPP’s work, faculty in ODU’s School
of Community and Environmental
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Health moved to create new education
and training opportunities for devel-
oping public health professionals.
The aim: to provide developing public
health professionals with a broad un-
derstanding of sea level rise and its
many public health implications so
that they can (1) help identify poten-
tial health impacts; (2) contribute to
the creation of public health strategies
for preventing, reducing, or respond-
ing to such impacts; and (3) help to
foster more resilient communities.

The new effort centers on the Mas-
ters of Public Health (MPH) program.
Public health professionals typically
gain their foundational professional
education and first practical public
health training through the multidisci-
plinary MPH degree. This is where de-
veloping public health professionals
learn the field and begin to practice
it. Thus, the MPH provides an ideal
setting in which to incorporate content
and activities to enhance public health
understanding and readiness for sea
level rise.

Although MPH programs can
vary, it is typical for the first year in the
2-year degree program to focus on pro-
viding foundational knowledge across
all areas of public health (including ep-
idemiology, biostatistics, health pro-
motion and health behavior, health
policy and health administration,
and environmental health). The sec-
ond year of the degree provides
more specialized knowledge (e.g., in
such areas as environmental science,
toxicology, emergency management,
health communication or infectious
disease) and an opportunity for
real-world application and training,

To ensure that all graduating
MPH students—regardless of track or
specialty—would be provided with
significant knowledge of sea level rise
issues, a decision was made to incorpo-

rate substantial coverage of sea level rise
issues into a first-year core course. The
course that was chosen was ODU’s
foundational course in environmental
health that is taken by all MPH stu-
dents. The three-credit course, entitled
Principles of Environmental Health
Science, has a typical enrollment of
about 60 students per year.

Coverage of sea level rise and public
health has been incorporated into the
course through a 2-week module.
One week introduces the problem of
sea level rise and its public health im-
plications. Topics include historical
and recent data on global mean sea
level rise, sea level rise in relation to
the United States, minor flooding,
storm surge, direct and indirect health
impacts of sea level rise, vulnerable
populations, challenges for public
health infrastructure and the health-
care system, and implications for pub-
lic health planning and training.

Students are also provided with the
opportunity to consider public health
lessons learned from recent flood events.
To help illustrate the issues and iden-
tify key lessons, students learn from
case studies and watch and discuss doc-
umentaries. For example, in2016-2017,
students watched two PBS NOVA pro-
grams on Superstorm Sandy. NOVA,
the award-winning science series on
PBS, is produced by WGBH Boston.
One of the programs provides extensive
information about the effects of storm
surge, enabling students to gain a bet-
ter understanding of the range of issues
and impacts (NOVA, 2012). The sec-
ond program provides information
about different approaches for dealing
with sea level rise, helping students to
consider what changes may be needed
to make cities more resilient in the fu-
ture (NOVA, 2013).

Augmenting the first week of cover-
age is a second course week that focuses
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on local sea level rise impacts and issues
in relation to public health. Here, noted
experts in such areas as oceanography
and vulnerability assessment examine
flooding patterns in Norfolk and
other nearby areas and discuss a range
of adaptation, mitigation, and resilience
measures. Meanwhile, other modules
in the course (e.g., public health emer-
gency preparedness, environmental risk
communication) provide opportunities
for students to relate sea level rise issues
to other aspects of public health. In the
second year of the MPH curriculum,
students with a continuing interest in
the health aspects of sea level rise have
the opportunity to reinforce and ex-
pand their knowledge through some
elective courses that include additional
relevant content. For example, in the
second-year course entitled Environ-
mental Emergencies and Disasters, stu-
dents examine historical and recent
disaster trends, examine the health im-
plications of community disruption
and evacuation, learn more about spe-
cial populations in disaster, and partic-
ipate in problem-solving disaster teams.

Whereas the course-based com-
ponents are intended to provide a
basic working knowledge of sea level
rise and public health to all MPH
students, it is also important for stu-
dents choosing to focus on this topic
to have a way to gain much more in-
depth knowledge of the issues as well
as practical experience. To achieve
this aim, the region’s first “community
practicum” focusing specifically on sea
level rise and health was created in
2015. The 200-h practicum provides
students with an in-depth supervised
practical public health experience.
Under the guidance of an on-site pre-
ceptor and an academic adviser, stu-
dents work on real-world public
health issues using the knowledge and

skills gained in academic courses.



The first practicum on sea level rise
and public health was completed in
2016. MPH student Christine Gumina
was based at the IPP, where she worked
under the direction of preceptor Emily
E. Steinhilber, Assistant Director of
Coastal Resilience Research. (The au-
thor served as the student’s academic
advisor.) Ms. Gumina’s multipart pro-
ject involved carrying out an initial re-
view of public health impacts of sea level
rise, focusing on a smaller subset of
those impacts and relating the findings
to the Hampton Roads area. Ms. Gumina
also participated in IPP committee and
working group meetings, where she
interfaced with officials from local,
state, and federal agencies, the uni-
formed services, research institutions,
and other organizations (IPP, 2016).

The following year, a second
MPH student practicum on sea level
rise and health was successfully com-
pleted. This second practicum, under
the auspices of the Commonwealth
Center for Recurrent Flooding Resil-
iency at ODU, focused on identifying
opportunities for increasing public
health resilience to sea level rise and
recurrent flooding in Hampton
Roads. Plans for additional sea level
rise practicums are at an advanced
stage as of the time of this writing.
Meanwhile, since the two interrelated
modules on sea level rise and pub-
lic health were added to the first-
year MPH student curriculum, more
than 160 students have covered and
been examined on the content. This
number will continue to grow in the
coming years. All will take this knowl-
edge with them as they assume posi-
tions in the public health workforce.

Next Steps
Although the new training ini-
tiative on sea level rise and public

health is still a work in progress, it
has already created a solid foundation
for expanded efforts in the near fu-
ture. Next steps include incorporating
additional sea level rise content into
second-year elective courses, creating
an entire MPH level course on sea
level rise and public health, and estab-
lishing a broader range of sea level
practicum sites. Another near-term
step involves further developing the
training effort’s competencies and learn-
ing outcomes. The initial set of com-
petencies that guided the launch of the
training effort will be expanded and
refined using experience gained to date
and drawing on input and feedback
from sea level rise experts, local and
state health departments, and other
agencies and stakeholders. Likewise,
metrics and evaluation methods will
be refined. Taken together, these next
steps will help to ensure the continued
effectiveness of the training effort.

Conclusion

Global sea level rise has the poten-
tial to directly or indirectly affect the
health of vast numbers of coastal
communities and inhabitants. Thus,
in partnership with other fields work-
ing to address the issue of sea level
rise, public health agencies and pro-
fessionals have a pivotal role to play
in protecting populations, identifying,
reducing and preventing impacts, and
fostering resilience. The new training
initiative in Coastal Virginia—though
still in its early stages—is already be-
ginning to help prepare the next gen-
eration of public health professionals
to meet the challenge.
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