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Global warming is changing the face of the Chesapeake Bay by
accelerating the rate of sea-level rise. At risk is an amazing diversity
of coastal habitats, from sandy beaches and barrier islands along the
Atlantic Coast to coastal marshes, swamps, seagrass beds, and
estuarine beaches in the bay itself. Together, these habitats support
thousands of species of fish and wildlife, and they are a linchpin for
the regional economy, culture, and quality of life.1 This short report
summarizes results of a detailed modeling analysis commissioned by
the National Wildlife Federation of how Chesapeake Bay habitats will
be affected by sea-level rise in the coming century.
Coastal habitats in the Chesapeake Bay region will be dramatically
altered if sea levels rise globally about two feet by the end of the
century, which is at the low end of what is predicted if global warming
pollution remains unaddressed. Over 167,000 acres of undeveloped
dry land and about 161,000 acres of brackish marsh would be lost,
replaced in part by over 266,000 acres (415.6 square miles) of newly
open water and 50,000 acres of saltmarsh. Ocean and estuarine
beaches also fare poorly, declining by 58 percent and 69 percent,
respectively, by 2100. In addition, more than half of the region’s
important tidal swamp is at risk. Coupled with increasing human
population and development pressures, losses of land to sea-level rise
will put habitats at great risk unless proactive measures to protect
vulnerable lands are put in place.2
Sea-level rise should be a major consideration in the region’s coastal
management and ecological restoration plans. It is particularly
important that we (1) preserve the ability of habitats to migrate inland
as sea levels rise by discouraging development in vulnerable areas
and avoiding structures such as seawalls and bulkheads; (2) facilitate
natural sediment buildup and artificial replenishment of sediments in
coastal wetlands and beaches; and (3) improve the resiliency of fish
and wildlife species by maintaining a diverse array of habitats. By
identifying which specific locations and habitats in the bay region are
especially vulnerable to sea-level rise, this summary and the
accompanying technical report will be an important tool for informing
the decisions of coastal resource managers and other officials.
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The Chesapeake Bay provides critical
stopover and wintering habitat for
more than one million migratory
waterfowl, including the canvasback,
mallard, redhead, American black
duck, tundra swan, and Canada
goose.3 The bay’s coastal marshes are
home to great blue heron, snowy
egret, and other familiar birds, and
they provide important food sources
and nesting sites for numerous
songbirds, mammals, reptiles, and
amphibians. The region’s beaches
support some of the largest
populations of shorebirds in the

western hemisphere such as red knot
and piping plover, and are a critical
nesting site for sea turtles.4 And, of
course, the Chesapeake Bay sustains
recreational and commercial fisheries
worth billions of dollars annually,
including popular blue crab, rockfish,
menhaden, and eastern oyster.
Unfortunately, the region’s coastal
habitats and the ecological systems
they support face serious problems
due to human activities, including
excess nutrient runoff into the bay,
deforestation, over-fishing, invasive
species such as nutria and mute

swans, and wetland destruction from
agricultural, urban, and suburban
development.5 Numerous efforts are
currently underway to restore the
health of the Chesapeake Bay. While
there have been several significant
conservation successes, such as the
return of rockfish and Canada goose
populations to healthy numbers, the
bay still faces many problems. Today,
the task before us is even more
daunting because we also face the
challenges brought on by humancaused global warming.

Global Warming and
Rising Seas: A Matter
of Degrees
Scientists have widely and
conclusively determined that global
warming is happening and that
burning fossil fuels is largely to
blame.6 Global warming is already
having an impact on the Chesapeake
Bay.7 Left unchecked, global warming
will mean higher average air and
water temperatures, rising seas as

glaciers and ice caps melt, and moreextreme weather events such as
floods, droughts, and heat waves.8 As
a result, the region’s coastal habitats
and the fish and wildlife that depend
on them are at great risk.
With its expansive coastline, lowlying topography, and growing coastal
population, the Chesapeake Bay

region is among the places in the
nation most vulnerable to sea-level
rise. Many places along the bay have
seen a one-foot increase in relative
sea-level over the last century, half of
which is attributed to global warming
and the other half to naturally
subsiding coastal lands—–a factor that
places the Chesapeake Bay region at
particular risk.9 Already, many of the
bay’s coastal marshes and small
islands have been inundated. At least
13 islands in the bay have disappeared
entirely, and many more are at risk of
being lost this century.10

With its expansive coastline,
low-lying topography, and
growing coastal population, the
Chesapeake Bay region is among
the places in the nation most
vulnerable to sea-level rise.
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This report summarizes the results of an extensive analysis of sea-level rise
impacts on coastal habitats along the Chesapeake Bay, Delaware Bay, and
the ocean beaches of southern New Jersey, Delaware, Maryland, and Virginia.
The National Wildlife Federation
commissioned Jonathan S.
Clough of Warren Pinnacle
Consulting, Inc., to apply the Sea
Level Affecting Marshes Model
(SLAMM, Version 5.0) to the
Chesapeake Bay region. The
SLAMM model is widely regarded
as the premier research tool for
simulating the dominant
processes involved in wetland
conversions and shoreline
modifications during long-term
sea-level rise. Our analysis
looked at a range of sea-level
rise scenarios from the 2001
Intergovernmental Panel on
Climate Change assessment,
ranging from a 12.2-inch rise
to 27.2-inch rise by 2100
(presented here). We also
modeled a rise of up to 2 meters
(78.7 inches) by 2100 to
accommodate for recent studies
that suggest a significantly
greater sea-level rise is possible
during this century.11 Results for
the entire study region and all
scenarios are available at
www.nwf.org/sealevelrise.

favorable for some species, and less
so for others.13
Over 167,000 acres of undeveloped
dry land would be lost or replaced
with wetlands. As dry land becomes
saturated, the water table will
increase, contributing to the
expansion of open water inland.
Furthermore, sea-level rise will make
coastal and inland areas more
susceptible to storm surges. The depth
of water in estuaries has a significant
influence on wave action during

A global sea-level rise of just over two
feet will significantly reshape the
coastal landscape of the Chesapeake
Bay region. For example, coastal
marshes would be inundated with salt
water, converting 161,000 acres of
brackish marsh and 29,000 acres of
tidal swamp to less ecologically
diverse saltmarsh or open water.12
Many coastal plant and animal species
are adapted to a certain level of
salinity and tidal influence, so these
shifts will make habitats more
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Changing the Face
of the Bay
storms: the deeper the water, the
larger and more destructive the
waves.14
Ocean and estuarine beaches in the
region also would experience
widespread loss, declining by 58
percent and 69 percent, respectively,
by 2100. Coastal armoring can further
exacerbate beach erosion, by
disrupting natural wave action that
replenishes beaches. Ultimately,
coastal communities could be
relegated to continual beach renourishment projects using dredged
materials to maintain beaches, a
process that is not only costly but can
be harmful to native fish and wildlife.
Coastal habitats such as marshes
and beaches may be able to
accommodate moderate changes in
sea level by migrating inland,
increasing elevation through the
accumulation of sediments, or building
up their own organic matter through
decomposition of roots and leaves.15
Some river deltas along the western
shore of the Chesapeake Bay, for
example, have sufficient deposition of
sediments for marshes to maintain
constant elevation.16 As sea-level rise
accelerates in the coming decades,
however, the potential for coastal
wetlands to naturally keep pace is
likely to decline.17 Furthermore, the
opportunity for inland migration of
beaches and coastal wetlands is
becoming increasingly reduced in
parts of the Chesapeake Bay region
due to coastal development and
associated armoring by seawalls,
dikes, and other structures.18

Treasured Places at Risk
Many favorite areas of the
Chesapeake Bay where we go to fish,
hunt for waterfowl, bird watch, and
play on the beach will be affected if
sea levels rise as predicted. The
consequences for fish and wildlife will
be far-reaching. Below we highlight
some of the changes that we may see
along the bay, noting that similar
changes will be likely across the
region.

Blackwater National Wildlife
Refuge is a crown jewel among
Chesapeake Bay’s treasured places.
Unfortunately, it could be largely
underwater by 2100. Dramatic habitat

Blackwater National Wildlife
Refuge: Initial Condition

losses are predicted for the refuge
and surrounding areas, where global
sea-level rise is compounded by high
rates of land subsidence due to
groundwater withdrawal for
agriculture19 and relatively lower rates
of natural accretion in marshes.20
The site is predicted to lose over 90
percent of its tidal fresh marsh, tidal
swamp, and brackish marsh, which
are converted to saltmarsh and,
ultimately, open water. The loss of
brackish marsh could be particularly
harmful to species that have adapted
to these habitats, including rockfish
and white perch, as well as
anadromous species such as herring
and shad, which use brackish marsh
habitat as they transition between
their freshwater and saltwater life
cycles.21 Similarly, the loss of tidal
fresh marshes could affect minnows,
carp, sunfish, crappie, and bass, which
depend on these habitats for shelter,
food, and spawning.22
These losses from sea-level rise
would come on top of habitat
degradation in the Blackwater
National Wildlife Refuge due to
invasive species—–in particular,
nutria, whose feeding patterns have
devegetated broad areas of marsh
grasses, and mute swans, which are
known to overgraze on the submerged
aquatic vegetation favored by native
waterfowl.

COLOR KEY FOR ALL MAPS

Tangier Sound: Initial Condition

Tangier Sound is home to some of

Blackwater National Wildlife
Refuge: Year 2100 (27.2 inches)

the bay’s larger islands—–including
Smith, Deal, and Tangier—–the majority
of which could be gone by 2100. Towns
on the main land, like Crisfield, will
also see surrounding wetlands
disappear and undeveloped dry land
inundated by rising seas. Thousands
of acres of brackish marsh in this
region will be converted to salt marsh
and open water, possibly ravaging
lucrative commercial and recreational

Tangier Sound: Year 2100 (27.2 inches)
fisheries that depend on healthy
marshes. The critical seagrass beds in
this area are also at significant risk
from sea-level rise and increased
deposition of sediments from the
Blackwater area to the north.23
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Virginia’s Eastern Shore:
Initial Condition

Virginia’s Eastern Shore:
Year 2100 (27.2 inches)
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bay, the peninsula is projected to lose
more than half of its brackish marsh by
2050, with a nearly complete loss by
2100. The extremely rare sea-level fens
are also at risk. Located upland of wide,
ocean-side tidal marshes on the upper
east side of the peninsula, these
habitats are comprised entirely of
open, freshwater wetlands whose
primary water source is groundwater.24
Only certain types of plants and
animals can thrive there, including tenangled pipewort, beaked spike-rish, and
carnivorous sundew and bladderwort,
the tiny Nanothemis bella dragonfly,
and the eastern mud turtle.25

The Lower Tidewater Region,
including the cities of Norfolk and
Virginia Beach, has extensive urban
development surrounded by
agricultural and conservation lands.
Nearly 20 percent of undeveloped dry
land at this site is at risk of
inundation, mostly as rivers widen and
transitional marsh and saltmarsh
expand. While these undeveloped
lands provide opportunities for
habitats to migrate inland, pressure to
develop some of these lands will likely
increase because human population in
this part of Virginia is projected to
grow considerably in the coming
decades.26 Proactive measures to
identify and protect lands where
habitats can migrate will be critically

The Lower Tidewater Region:
Initial Condition

The Lower Tidewater Region:
Year 2100 (27.2 inches)
important. In addition, the region is
projected to face a 79 percent loss of
ocean beach by 2100, without
extensive beach re-nourishment.27
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Virginia’s Eastern Shore faces a
dramatic loss of estuarine and ocean
beaches. By 2025, estuarine beach is
projected to decline by 52 percent and
ocean beach by 26 percent. By 2100,
over 80 percent of these beaches could
disappear and be converted to open
water. Like other regions around the

PROJECTED CHANGES IN COASTAL HABITAT BY 2100 WITH A 27.2-INCH SEA-LEVEL RISE
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Impacts on Fish and Wildlife
Hundreds of species of fish,
invertebrates, birds, and other
animals are at risk from sea-level rise
in the Chesapeake Bay.28 Some
species will be affected directly by
lost habitat, while others will be
affected indirectly by widespread
shifts in ecosystem composition and
the regional food web.29 Although
predicting how each species will
react to the potential habitat changes
is difficult, it is possible to identify
those species that are particularly
vulnerable given their relative
dependence on the most threatened
habitats.

Fish and shellfish will be impacted
by the major shifts in coastal
marshes and significant loss of
beaches brought on by sea-level rise.
Changes to coastal marshes could
have far-reaching effects on the
region’s food web: decomposing
vegetation in these marshes provides
an important source of nutrition for
numerous invertebrates and small
fish, which go on to feed rockfish,
menhaden, blue crab, and other
species. An estimated 66 percent of
the region’s commercial fish also
depend on coastal marshes for
nursery and spawning grounds,

including Atlantic menhaden,
bluefish, flounder, spot, mullet,
croaker, and rockfish.30 Beaches
around the Chesapeake Bay—–many of
which are especially vulnerable to
sea-level rise—–are important spawning
habitat for the American horseshoe
crab (a species that has existed nearly
unchanged in the region for at least
250 million years) and fish species
such as killfish, mummichog, rockfish,
perch, herring, and silversides.31 In
addition, tidal flats support worms,
clams, snails, and other species that
are critical food sources for a plethora
of fish and wildlife.
Page 7

and beaches could also be affected.
Loss of coastal marsh habitat could
limit food sources and increase
vulnerability to predators (by
reducing available cover) for wading
birds, such as great blue herons and
snowy egrets, as well as marshnesting species, including clapper
rail, black rail, least bittern, Forster’s
tern, and laughing gull.34 In addition,
the projected loss of beaches and
tidal flats throughout the
Chesapeake Bay region poses a
serious threat to migratory
shorebirds that forage and nest in
these habitats.35 Species at risk
include red knot, piping plover,

Tim McCabe, USFWS

Other birds that reside in the
Chesapeake Bay’s coastal marshes

Mary Hollinger, NOAA
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Waterfowl that migrate in the
Atlantic Flyway use the Chesapeake
Bay as an important stopover and
wintering destination, while
mallards and American black ducks
nest here.32 A decline in tidal
freshwater marshes in the region
due to sea-level rise could be
particularly harmful to the American
black duck, whose populations are
already low due to habitat loss from
agriculture and development.33
Seagrass losses associated in
part with sea-level rise will be
particularly devastating for those
species that depend on submerged
aquatic vegetation for food,
including redhead, northern pintail,
American wigeon, American black
duck, ruddy duck, and canvasback.
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American oystercatcher, ruddy
turnstone, sanderling, and
sandpipers.36
Sea turtles rely on beaches around
the Chesapeake Bay for critical
nesting habitat. Widespread loss of
the region’s beaches projected
under even modest sea-level rise
scenarios would shrink important
habitat for endangered turtle
species, such as the loggerhead and
Kemp’s ridley sea turtles. In
addition, the considerable loss of
brackish marshes projected for the
region could have a devastating
impact on the native northern
diamondback terrapin, which relies
exclusively on these habitats.
Mammals, including the muskrat,
beaver, river otter, and dolphins,
depend on the region’s marshes and
other aquatic habitats. In addition, the
Delmarva Peninsula to the east of the
bay is the exclusive habitat for the
endangered Delmarva fox squirrel.37
The projected changes in coastal
habitats will likely affect these species
both directly, through loss of habitat,
and indirectly, through changes in the
regional food web.

A Plan of Action for the Chesapeake Bay:
Managing our Coastline and Habitats in
the Face of Global Warming
Sea-level rise needs to be a major
consideration in the region’s coastal
management and ecological restoration
plans. Maryland has taken an important
first step by establishing a state-wide
Sea-level Rise Response Strategy, which
has laid out a number of recommended
actions.38 Virginia’s newly formed
Governor’s Commission on Climate
Change is considering sea-level rise
impacts on the state’s coastal areas and
has the opportunity to develop a similar
strategy. These strategies need to be
accompanied by federal, state, and local
policies (see page 10) to ensure that the
recommended actions are achieved.
Local, state, and federal agencies will
need to identify appropriate response
strategies on a site-specific basis. By
identifying which locations and habitats
in the bay region are especially
vulnerable, this summary and the
accompanying technical report will be
an important tool for informing the
development of these strategies. In
particular, NWF’s modeling results can
help resource managers identify
locations around the Chesapeake Bay
region where the following actions
should be undertaken to protect coastal
habitats:

discourage development in vulnerable
areas, such as those identified in this
study.

• Facilitate natural sediment buildup and artificial replenishment of
sediments in coastal wetlands and
beaches. We may be able to preserve
habitats in some areas by restoring
natural replenishment of sediments,
for example, by removing seawalls,
reforesting riparian areas, or
reconsidering the use of river dams.
Other areas may benefit from beach
re-nourishment and the use of
dredged materials to replenish
coastal marshes, but only if rigorous
environmental standards are in place
to ensure that the projects do not use
contaminated sediments, introduce
invasive species, erode too quickly, or
cause other ecological harm.

• Improve the resiliency of fish and
wildlife species by maintaining a
diverse array of habitats. This
study underscores how the
Chesapeake Bay’s coastal habitats are
interconnected and how their
interdependencies will become more

critical as sea-level rise forces habitat
migration. Ultimately, we need to
manage our coasts as functioning
ecosystems with multiple linkages
among habitats and species, rather
than focusing separately on individual
habitat types and species. These
model results identify several places—–
like Blackwater National Wildlife
Refuge and Virginia’s Eastern Shore—–
that could experience significant shifts
to less-diverse habitats, and therefore
should be priority candidates for
ecological restoration and protection
projects.
Fortunately, we have the opportunity
to act now to ensure that the
Chesapeake Bay’s precious coastal
habitats, and the ecological and
economic benefits they provide, will
endure for our children and
grandchildren. By taking sea-level rise
into consideration when making
decisions about the future of the
Chesapeake Bay’s coastal communities
and resources, we can avoid costly and
irreversible consequences for bay
residents and the area’s natural
wonders.

• Preserve the ability of habitats to
We need to identify and protect
expanded “buffers” along coasts and
rivers, capitalizing on locations with
little or no development, such as
marginal agricultural lands, and
where land acquisition and rolling
easements might make sense. To
protect both people and habitats,
state and local agencies must also
develop specific measures to

Mary Hollinger, NOAA

migrate inland as sea levels rise.

POLICY RECOMMENDATIONS TO HELP VIRGINIA AND MARYLAND
PREPARE FOR SEA-LEVEL RISE
(from NWF’s 2007 report The Chesapeake Bay and Global Warming: A Paradise Lost for Hunters, Anglers, and Outdoor Enthusiasts?)

FEDERAL ACTIONS:

• Congress should reauthorize the

Natural Resources Conservation Service

Coastal Zone Management Act to
require relevant state agencies to
consider sea-level rise in coastal
management plans to qualify for
federal funding; prohibit federal
subsidization of infrastructure
development and coastal armoring
in ecologically sensitive areas; and
encourage public and private land
acquisition of coastal habitats and
upland buffers.

• The Federal Emergency
Management Agency should remap
potential hazard areas in coastal
zones to reflect anticipated sealevel rise, taking into account
potential storm surge impacts,
and establish policies to reduce or
eliminate federal flood insurance for
new construction and rebuilding in
high-risk areas.

STATE AND LOCAL
ACTIONS:

• Congress should expand the
Coastal Barrier Resources system
to discourage new development in
areas needed to buffer natural
resources and existing development
from sea-level rise. Such areas
should be denied federal subsidies
such as federal flood insurance,
disaster relief, and loans for sewer,
water, and highway construction.

• Maryland and Virginia should enact
new legislation requiring local
governments to consider sea-level
rise when amending their plans for
coastal land use, open space,
wetland protection policies, and
other relevant activities.

Mary Hollinger, NOAA

• The Virginia Marine Resources
Commission and the Maryland
Department of Natural Resources
in conjunction with the Maryland
Department of the Environment
should develop state tidal wetlands
conservation and restoration plans
that promote designation of
wetland migration corridors and
remove and discourage use of hard
shoreline erosion structures in
coastal marsh environments.

• The Maryland Department of
Natural Resources should expand
Maryland’s Critical Area buffer
designation and the Virginia
Department of Conservation and
Recreation should expand Virginia’s
Resources Protection Area buffer
designations beyond the current
100-foot requirement to
accommodate impacts of sea-level
rise. States should also expand
enforcement of current regulations
and prevent any attempts to
weaken these provisions in relevant
legislation.

• State and local agencies should
establish policies such as rolling
easements or mandatory setbacks
to discourage new development in
vulnerable coastal areas.
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