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INTRODUCTION
EXECUTIVE
SUMMARY
America's best beach town.

If we do not reduce heat-trapping
pollutants, a disrupted climate will
harm the natural and cultural resources
that make Jamestown, Chincoteague,
and Shenandoah such special places.

Shenandoah National Park is the crown jewel of
Virginia's wildlands and a rarity in the eastern
United States – an extensive wilderness oasis
within easy reach of crowded urban centers.
Nearly 40% of the park is congressionally
designated as wilderness, where disruptive
human influences are strictly limited. The park's
signature resource is its forests, which cover
93% of the park and are among the nation's
greatest biological riches. When the forests are
ablaze with the colors of fall, they are a magnet
to many; park visitation is always at its peak in
the weeks that leaf color reaches its peak.

T

his profile details and documents the
particular threats that a changed climate
poses to three special places in Virginia:
Jamestown, a part of Colonial National Historical
Park (NHP); Chincoteague National Wildlife
Refuge (NWR); and Shenandoah National Park.
How these special places could be harmed
illustrates why human-caused climate disruption
is considered the greatest threat ever to our
national parks and wildlife refuges.

Virginia's economy is at stake as humancaused climate change affects these special
places. (See section 2.) Drawn by their natural
and historic wonders, nearly six million people a
year visit them, adding over $200 million in
spending to Virginia's economy and supporting
over 4,000 jobs. But these contributions to
Virginia’s economy are threatened by how
climate disruption puts at risk the natural and
cultural resources that draw visitors to these
special places.

These three special places deserve particular
attention. (See Section 1.) They show how
much Virginia has at stake, from its coasts to its
mountains and from its natural and cultural
resources to its economy, as people alter the
climate. And these three special places are
extraordinarily important not just to Virginians
but also to Americans everywhere.

More heat is among the most obvious impacts
of human-caused climate change. (See Section
3.) In a new analysis done for this profile,
downscaled local projections from 16 climate
models show how Jamestown, Chincoteague,
and Shenandoah may get hotter by the middle of
this century and near the century's end. The
results are shown in Table ES-1 on the next
page. In a lower-emissions scenario, Jamestown
and Chincoteague could be 3.8°F hotter by
century's end and Shenandoah could be 4.2°F
hotter. In a higher-emissions scenario,
Jamestown and Chincoteague could be 7.2°F
hotter and Shenandoah 8.1°F hotter.

Jamestown is where our colonial history began,
with the first permanent European settlement in
what became the original colonies and then the
United States. It also is where both representative democracy and slavery in America began.
Surely no other single spot of land has been the
site of so many crucial beginnings of what
became our nation.
Chincoteague NWR, primarily on the southern
end of Assateague Island on Virginia's Atlantic
coast and also including smaller nearby tracts,
has more than 14,000 acres of beach, forest,
and marsh habitats that are home to a
spectacular variety of migratory birds and other
animals. More than just a wildlife sanctuary,
though, it offers an undeveloped, natural beach
that is the major draw for most refuge visitors –
and has prompted the adjacent town of
Chincoteague, Virginia, to be identified as

With the region’s largest temperature increases
projected for the summer, intolerable heat may
become a real problem at Jamestown and
perhaps Chincoteague. The scorching heat of
the summer of 2010 offers a foretaste of what
iii

Projected Future Temperature Increases
Lower Future
Emissions

Higher Future
Emissions

2040-2059

2080-2099

2040-2059

2080-2099

3.1°

4.3°

3.8°

7.2°

1.7° to 4.1°

2.2° to 5.8°

2.6° to 5.0°

4.0° to 9.3°

3.1°

4.3°

3.8°

7.2°

1.7° to 4.2°

2.2° to 5.8°

2.5° to 5.0°

4.2° to 9.4°

3.5°

4.8°

4.2°

8.1°

1.7° to 4.5°

2.3° to 6.7°

2.6° to 5.7°

4.4° to 10.8°

Jamestown
Average of 16 projections
Range of projections

Chincoteague
Average of 16 projections
Range of projections

Shenandoah
Average of 16 projections
Range of projections

Table ES-1. In degrees Fahrenheit. See pages 6-7 for a detailed explanation.

may come – but a mild one. Climate projections
done for this profile indicate that for Jamestown
the normal summer of the 2080s may be about
twice as much above the historic average as has

been the hottest-ever summer of 2010. For
Chincoteague, the normal summer of the 2080s
may be half again as much above the historic
average as has been this record-setting one.

Summer Temperatures:
Historic Averages, 2010, and 2080s Projections
2080s with
Higher
Emissions

Historic
Average

2010

Difference
vs Historic

Average mean temperature

76.1°

79.9°

+ 3.8°

83.2°

+ 6.9°

Average high temperature

87.1°

90.0°

+ 2.9°

N/A

N/A

Average mean temperature

73.7°

78.6°

+ 4.9°

81.2°

+ 7.5°

Average high temperature

81.9°

87.1°

+ 5.2°

N/A

N/A

Difference
vs Historic

Jamestown area

Chincoteague area

Table ES-2. In degrees Fahrenheit. Summer means June 1 - August 31. Data source for
historic and 2010 temperatures: Southeast Regional Climate Center. Projections for 2080-2089 are averages of
16 climate models in a higher-emissions scenario; data source: Lawrence Livermore National Laboratory, U.S.
Bureau of Reclamation, Santa Clara University, and Climate Central. See page 8 and Note 39 for details.
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Chincoteague, the amount of land in
different ecosystem types could be
reduced by 95% for ocean beaches,
91% for brackish marshes, 65% for
tidal flats, and 49% for salt marshes.
(See Figure ES-2 on the next page.)

Vulnerability of Jamestown to Sea-Level Rise

Colonial National Historical Park

Stronger coastal storms are
projected as a hotter climate increases
the strength of hurricanes and other
James
coastal storms, increasing risks from
Jamestown Island
Fort
storms that already seriously affect
of 1607
Jamestown and Chincoteague. (See
Section 5.) At Jamestown in 2003,
Hurricane Isabel flooded 90% of the
site's one million artifacts, forcing the
National Park Service to relocate the
James River
entire collection to another facility for
restoration. At Chincoteague, a
November 2009 nor'easter nearly
severed Toms Cove Hook at the
Figure ES-1. Vulnerability of Jamestown to local sea-level rise of
southern end of the refuge from the
one meter, based solely on land elevation. Red areas are less
remainder of the island; washed out
than one meter above the current level of the tidal James River.
and buried roads and the beach
Location and size of the site of the original James Fort of 1607
parking lots; and led to closures of the
are approximate.
entire refuge for several days and of
the beach, some trails, and other
Higher seas resulting from human-caused
areas for even longer. Impacts of this kind are
climate change threaten Jamestown and
likely to occur more often in the future and to be
Chincoteague NWR. (See Section 4.) Globally,
more severe.
three feet or more of sea-level rise is now
believed to be most plausible by century's end.
Also threatened by erosion could be resources
Because the land along Virginia's coastlines is
at the Yorktown battlefield, which like Jamestown
naturally subsiding, the local rise of seas and
is part of Colonial NHP. One key site at risk is
tidal waters will be even greater than the global
Redoubt 10, on the edge of a cliff along a stretch
average.
of the York River that has suffered erosion over
the years. This was the scene of a key battle
Virtually all of Jamestown Island, the site of the
won by Revolutionary forces under the
original English settlement in 1607, is less than
command of Colonel Alexander Hamilton, part of
three feet above the level of the tidal James
the decisive final offense that led to the
River. So all of one of the nation's most
surrender a few days later of the British army at
important historic sites is in grave danger of
Yorktown, effectively ending the Revolutionary
being completely inundated in this century. (See
War. The site of the nearby Moore House, at
Figure ES-1.) Before then, higher river levels
which the terms of surrender were arranged, is
and stronger coastal storms could threaten
also potentially exposed to shoreline erosion.
Jamestown with erosion. The original James
Fort built by the first colonial settlers in 1607, a
A loss of wildlife could occur in Chincoteague
corner of which has already been lost to erosion
and Shenandoah. (See Section 6.) Birds in
by the river, is especially vulnerable.
coastal habitats such as at Chincoteague are
particularly vulnerable to inundation or
At Chincoteague, modeling by the U.S. Fish and
fragmentation of low-lying habitats such as sand
Wildlife Service of the local effects of sea-level
beaches, salt marshes, and mudflats by rising
rise of about 3 or 4-1/2 feet by this century's end
seas and more severe coastal storms – striking
projects what would be “nothing less than a
at the very heart of why this special place was
wholesale transformation of the refuge.” Across
set aside as a national wildlife refuge. An
the lower Delmarva Peninsula that contains
example of a key species at great risk is the
v

Projected Ecosystem Effects of 1 Meter of Sea-Level
Rise by 2100 at Chincoteague and Vicinity

Developed dry land

Salt marsh

Riverine tidal

Undeveloped dry land

Estuarine beach

Estuarine open water

Swamp

Tidal flat

Open ocean

Inland fresh marsh

Ocean beach

Irregularly flooded marsh

Tidal fresh marsh

Rocky intertidal

Inland shore

Transitional salt marsh

Inland open water

Tidal swamp

Figure ES-2. The boundaries of Chincoteague NWR are outlined faintly in black; much of the refuge’s land would
be newly covered by open ocean or estuarine open water by 2100. (Compare to Figure 4 on page 15.) The main
unit of the refuge, on Assateague Island, is on the outer barrier island, from south of Toms Cove at the bottom to the
Virginia-Maryland boundary (not labeled) at the very top of this map. The Town of Chincoteague is on the next
island inland, with substantial developed dry land (in red). Roads and bridges are not shown.
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threatened piping plover, which nests only on
sandy beaches; much of the region's beaches
could be lost to sea-level rise by century's end.
The thousands of ducks, geese, shorebirds, and
other birds that use the ponds and wetlands
within Chincoteague's manmade impoundments
could lose these habitats, as the impoundments
are highly vulnerable to breaching and saltwater
intrusion from rising seas and larger storm
surges.

abundance of plant communities found in the
refuge.
Other impacts of climate change also threaten
these three special places, especially
Shenandoah. (See Section 8.) There, air
pollution problems are likely to worsen. Groundlevel ozone in the park already occurs at levels
that exceed federal air-quality standards,
obscure views of the park and surrounding
countryside, harm park vegetation, and affect the
health of park visitors. Hotter temperatures are
projected to increase ozone levels and worsen
these problems.

In Shenandoah, native brook trout, prized by
anglers, are coldwater fish; hotter stream
temperatures, on top of stream acidification from
air pollution, could eliminate or greatly reduce
them in the park. Altered climatic conditions
could force bird and mammal species to shift the
ranges they inhabit, removing some species
from the park and moving new ones in, changing
the natural mixture of wildlife.

More downpours and flooding are also
projected to affect the park. The amount of rain
falling in heavy storms increased by 20% over
the past century, and scientists believe there is
at least a 90% likelihood that heavy downpours
will become even more frequent and intense,
causing more flooding. Shenandoah, with its
steep mountain terrain, is particularly vulnerable
to slope failure and debris flows during severe
storms. For example, in a June 1995 storm
about two feet of rain fell in a few hours, causing
a mountainside slope in the park to give way,
sending trees and boulders the size of houses
tumbling downhill.

Disruption of plant communities could happen
in both Shenandoah and Chincoteague. (See
Section 7.) In Shenandoah, which contains one
of the most important forested areas in the
eastern United States, changes could occur in
the distribution of tree species, with more pine
trees potentially moving into the current oakhickory forests. Any change in tree distribution
that reduces fall leaf color in Shenandoah would
diminish the park's greatest attraction to visitors.

More summer drought is also predicted for
Shenandoah, creating an additional stress on
ecosystems, plants, and wildlife. The
combination of more drought and higher
temperatures is projected to also lead to an
increase in wildfires in the park.

Changes in climate have already contributed
significantly to several major insect outbreaks in
forests in the United States and Canada over
the past several decades, and further climate
changes are expected to promote additional
outbreaks of some tree-killing insects. An
invasion of a non-native insect, the hemlock
woolly adelgid, is in the process of likely
eliminating all eastern hemlocks in the park, with
wide-ranging ecological and aesthetic
consequences. Low winter temperatures are the
main check on the spread of the adelgid, but the
infestation in Shenandoah may have occurred
even without recent increases in winter
temperatures. However, the insect is expected
to spread its range much farther to the north,
promoted by climate change, illustrating how a
hotter climate can promote this kind of
ecosystem disruption.

Threats to cultural resources include possible
adverse effects on the Appalachian Trail, which
goes through the park, and on hikers along it.
Tackling climate disruption can help protect
Virginia's special places from these threats. (See
section 9.) New management actions are
needed to identify and protect the resources of
these special places that are threatened by a
changed climate. Actions are also needed to
reduce heat-trapping gases to limit climate
change and avoid many of its impacts. Most
important is comprehensive federal action to limit
emissions of heat-trapping pollutants. Then we
can ward off dangerous climate disruption, in
these special Virginia places and around the
world.

In Chincoteague, sea-level rise is likely to lead
to wholesale changes in the types and
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INTRODUCTION

Human-caused climate disruption
threatens Jamestown, Chincoteague,
and Shenandoah – three of Virginia’s
most special places.

H

uman disruption of the climate is the
greatest threat ever to many of America's
favorite places. This profile details and
documents the particular threats that a changed
climate poses to three special places in Virginia:
Jamestown, Chincoteague National Wildlife
Refuge (NWR), and Shenandoah National Park.

Jane Thlmas/IAN

Of course, all of Virginia – along with all of the
United States and all of the planet – stands to be
affected by human alteration of the climate. But
these three special places deserve particular
attention. They show how much Virginia has at
stake, from its coasts to its mountains and from
its natural and cultural resources to its economy,
as people change the climate.
And these three special places are extraordinary
– not just to Virginians but also to Americans
everywhere.
Jamestown is where our colonial history began.
In 1607, Englishmen settled there and managed
to survive, producing the first permanent
European settlement in what became the
original colonies and then the United States.
Representative democracy in America also
began there, with the election of representatives
to a governing council in 1619. At nearly the
same instant, America's central contradiction
began there, too, with the arrival in Jamestown
that year of the first Africans brought to this
continent as slaves. Surely no other single spot
of land hosted so much crucial beginnings of
what became our nation. Jamestown is part of
Colonial National Historical Park (NHP), which
also contains the Yorktown battlefield, where we
successfully ended our colonial period with the
final major victory over English forces in the
Revolutionary War.

Statue of Captain John Smith, at Jamestown.

to Jamestown or Yorktown or both, make it the
nd
22 most visited unit of the national park system,
1
ahead even of Yellowstone National Park.
Chincoteague NWR, primarily on the southern
end of Assateague Island on Virginia's Atlantic
coast and also including smaller nearby tracts,
has more than 14,000 acres of beach, forest,
and marsh habitats that are home to a
spectacular variety of migratory birds, plants,
and other animals. Chincoteague is part of the
Western Hemisphere Shorebird Reserve
Network, part of the United Nations' World
Network of Biosphere Reserves, a Globally
Important Bird Area, and one of the top ten
birding hotspots identified by the National
Audubon Society. More than just a wildlife
sanctuary, though, it offers an undeveloped,

The 3.3 million visitors to the park, those going
1

altering the climate.

natural beach that is the major draw for most
refuge visitors. Other popular attractions are the
historic, functioning Assateague Lighthouse and
roads and trails from which Chincoteague's
famed wild ponies and wildlife can be viewed.
AOL in June named the adjacent town of
Chincoteague, Virginia, as America's best beach
town – and also “a nature-lover's nirvana all year
2
round.”

Nearly all of Jamestown Island, including the site
of the original 1607 settlement, is less than three
feet above the level of the James River.
Scientists now believe it likely that the tidal
waters of the river will be pushed at least that
high in this century as a hotter climate makes
seas rise. Jamestown, in short, is in grave
danger of being lost to the river. Even before the
river rises high enough to threaten permanent
inundation, rising water levels and stronger
coastal storms could wash away much of the
historic site and its irreplaceable resources. For
these reasons, Jamestown is vulnerable enough
to have been identified in an October 2009
report, National Parks in Peril: The Threats of
Climate Disruption, by the Rocky Mountain
Climate Organization and the Natural Resources
Defense Council as one of the 25 national parks
most vulnerable to climate disruption.3

With 1.4 million visitors a year, Chincoteague
NWR is one of the most visited units of our
national wildlife refuge system. The National
Park Service (NPS) shares responsibility for
management of the area, as the southern end of
Assateague Island National Seashore largely
overlaps the refuge; but for most purposes the
Fish and Wildlife Service (FWS) is the lead
agency for most of this area, so this profile
focuses primarily on the refuge.
Shenandoah National Park is the crown jewel of
Virginia's wildlands and a rarity in the eastern
United States – an extensive wilderness oasis
within easy reach of crowded urban centers. The
park's only major road, Skyline Drive, goes for
over 100 miles atop the backbone of the Blue
Ridge Mountains from the southern end of the
park to the northern, and offers some of the most
scenic views in the East. A visitor stepping off the
road is surrounded by wildlands, seemingly
much more than 70 miles from the Washington,
D.C., beltway. Nearly 40% of the park is
congressionally designated as wilderness, where
disruptive human influences are strictly limited.
Wildlife abounds in the park, from black bears in
the woods to brook trout in the park's
streams. The park's real signature,
though, is its forests, which cover
93% of the park and are among the
nation's greatest biological riches,
melding both southern and northern
species. When the forests are ablaze
with the colors of fall, they are a
magnet to many; park visitation is
always at its peak in the weeks that
leaf color reaches its peak.

Most of Chincoteague NWR faces inundation as
well. Like Jamestown, before Chincoteague may
be permanently covered by water, it is at risk of
erosion, flooding, and fragmentation of its land
mass (in this case, an especially vulnerable
barrier island) from storm surges pushed inland
by stronger coastal storms.

Chincoteague NWR/FWS

Shenandoah faces effects across the board,
from loss of brook trout and other wildlife to less
colorful fall foliage, and from more vistaobscuring air pollution to more downpours and
floods. Altogether, much of the fundamental
nature of the park could be altered.

Shenandoah was one of the first four
national parks to draw one million
visitors a year, and this level of
visitation has held steady, with 1.1
million visitors in 2009.
Each of these special places faces
major risks from how we humans are
2

of heat-trapping pollutants have actually been
going up faster than assumed in the highestemission scenarios developed by scientists.
Climate change and its impacts could accelerate
6
even faster than predicted.

“National parks that have special places
in the American psyche will remain
national parks, but their look and feel
may change dramatically.”
U.S. Climate Change Science Program4

Fortunately, there is counter-balancing good
news. The projections used here of future
emission levels and of resulting impacts are
based on how the future might unfold without
new policies to reduce global emissions of heat7
trapping pollutants. It is entirely possible to
sharply limit emissions and ward off the most
dangerous impacts of climate change on these
special places and elsewhere – and to do so
while simultaneously strengthening our economy.
We can, in short, choose a better future. Section
9 of this profile outlines how we can get there.

These threats to Jamestown, Chincoteague, and
Shenandoah illustrate why human alteration of
the climate has been called the greatest threat
ever to our national parks and national wildlife
5
refuges.
Also sobering is the news that, if we continue on
our current course, the effects of human-driven
climate change could be even greater than
described here. As a key U.S. government report
pointed out last year, in recent years emissions

“Choices made now will influence the amount of future
warming. . . . Implementing sizable and sustained reductions
in carbon dioxide emissions as soon as possible would significantly
reduce the pace and the overall amount of climate change, and
would be more effective than reductions of the same size initiated later.”

Shenandoah National Park/NPS

U.S. Global Change Research Program8

3
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INTRODUCTION
VIRGINIA’S
ECONOMY AT STAKE

These special places attract enough
visitors to support thousands of jobs
in Virginia. But a disrupted climate
threatens the values that attract the
visitors and support the jobs.

count visitors to one as visitors to the other. The
latest such report covers 2008, when visitation to
both Shenandoah and Assateague Island was
lower than in 2009 and visitation to Colonial NHP
was about the same as in 2009. As shown in
Table 1, Colonial NHP (including Jamestown),
Chincoteague, and Shenandoah all produce
major contributions to Virginia's economy, with
Chincoteague's the largest.

T

he nearly six million people a year drawn in
total to Jamestown, Chincoteague, and
Shenandoah make these special places a
mainstay of Virginia's economy, producing over
$200 million in spending and supporting over
4,000 jobs. These economic benefits are at risk
as a changing climate threatens the special
places that yield them.

In particular, the economy of the Town of
Chincoteague is almost entirely dependent on
the neighboring refuge. The town's permanent
resident population is only 4,300, but in the
summer it swells to 15,000, with the increase
10
primarily driven by the refuge's beach. “Seventy
to 80 percent of the town's businesses depend
11
on the beach,” says Mayor Jack Tarr. The
Town's Comprehensive Plan clearly states that
proximity to Chincoteague NWR and Assateague
National Seashore is the town's largest
12
economic development opportunity. Accomack
County, in which the town is located, also gets
over $400,000 in hotel tax revenue from the
town's commercial lodging. The
town's property represents nearly
one-third of the county's real
estate value and property tax
revenue, and vacation or second
homes make up 45% or more of
Total
the town's homes.13

Every year, a Michigan State University
researcher does for the National Park Service
(NPS) an analysis of the local economic impacts
of national parks. These reports also effectively
cover Chincoteague, as the Virginia district of
Assateague National Seashore essentially
overlays the refuge, and both NPS and FWS

Spending and Jobs from
Virginia’s Special Places
Area

Non-Local
Visitor
Spending

Total
Visitor
Spending

Jobs
Supported

Colonial NHP

$46.4 million

$51.1 million

1,076

Chincoteague NWR

$88.7 million

$93.2 million

1,784

Shenandoah NP

$58.7 million

$65.8 million

1,170

Total

$193.8 million

$210.1 million

4,030

Table 1. Economic impacts from 2008 visitation levels. Figures for
Chincoteague NWR are taken from impacts of visitation to the Virginia
division of Assateague Island National Seashore; see text, this page.
Spending by local visitors is not counted toward jobs created, on the
assumption that their local spending would occur anyway in the absence
of the park or refuge. Source: Stynes (2009).9
4

For all these golden eggs, the
geese are the natural and cultural
resources of Jamestown,
Chincoteague, and Shenandoah.
But these places face greater
threats than ever before, on a
scale that could undercut people's
interest in visiting them.
Little research has yet been done
on how the impacts of climate
change could affect where people
choose to go on trips. One case
study focused on Rocky Mountain
National Park in Colorado – like
Shenandoah, a high-elevation,

fewer people may be drawn there in that season,
now the park's busiest time.

relatively cool park near major metropolitan
14
areas which also draws visitors from afar. One
approach used in that study showed that actual
visitation to the park generally goes up with
warmer temperatures; however, increases in
visitation slowed as temperatures got hotter and
hotter, and visitation even declined by 7.5%
during one summer of very high temperatures
(with 60 days over 80°F). Similarly, projections of
future visitation levels based on surveys of
current visitors showed that moderate increases
in temperature could lead to increased visitation,
by perhaps 10 to 14%. But in a very hot future,
visitation could decline, by perhaps 9%
compared to current levels, with a comparable
drop in local tourism-related jobs. These results
make intuitive sense. Up to a point, more people
may go to a cooler, mountain park to escape
higher temperatures. But as temperatures get
too hot, outdoor recreation even in the
mountains becomes less pleasant, and people
may find other ways to get a break from the
heat. A similar pattern might hold for visitation to
beaches (such as at Chincoteague) as the future
gets hotter.

“For communities bordering the park, the
foliage show has all the rocket colors and
commercial drive that the Fourth of July
provides for seashore towns.”
Francis X. Clines, The New York Times16

For Jamestown and Chincoteague, rising seas
and tidal waters and stronger coastal storms
unequivocally pose a threat to continued
visitation.
Virtually all of Jamestown Island, the site of
Jamestown, is low enough to be covered by
water if seas and tidal water rise as much as
now believed to be likely in this century. At
Chincoteague, sea-level rise may eliminate all or
most of the beach that draws most visitors to the
refuge. (See Section 4.) Even before higher seas
flood these areas, stronger coastal storms and
higher storm surges may cause great damage to
them, their resources, and visitors' ability to
access them. (See Section 5.)

Summer heat is more likely to affect visitors, and
visitation levels, at Jamestown and Chincoteague than at relatively cooler Shenandoah.
(See page 8.) For both Jamestown and
Chincoteague, summer is by far the busiest
season, so declines in summer visitation would
have serious economic consequences.

“For towns like Chincoteague that
depend on tourism for economic
survival, landscape changes could
lead to the collapse of their economy.”

Other research in Canada has involved surveys
of visitors to that country's national parks to
judge how future conditions of park resources
might affect visitation.15 Visitors were asked if
they would return more often, less often, or as
often if conditions were changed in the ways
expected to result from climate changes,
including changes in plant communities,
increases in wildfire, and loss of fishing – all also
among the impacts projected for Shenandoah.
The survey results suggest that climate-change
effects could cause visitation to the Canadian
parks to drop, perhaps sharply.

Chincoteague NWR/FWS

U.S. Fish and Wildlife Service17

In Shenandoah, one possible climate-change
impact could easily affect future visitation. If
more pines move into the park's forests and they
become less colorful in the fall (see page 28),
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MORE HEAT
consecutive month hotter than monthly averages
th
for the 20 century, and this year is on pace to
21
be the hottest recorded for the planet.

Virginia is already hotter than just a few
decades ago and likely will get much
hotter – especially in summertime.

“U.S. average temperature has risen
more than 2°F over the past 50 years
and is projected to rise more in the
future; how much more depends
primarily on the amount of heat-trapping
gases emitted globally and how sensitive
the climate is to those emissions.”

I

In 2009, the U.S. government's multi-agency
Global Change Research Program (USGCRP)
released a landmark report prepared by a team
of expert scientists on how a changed climate
may affect the United States. (This is the single
best concise, readable summary of climate
change information now available, and is
referred to repeatedly in this profile.) That
national assessment began, “Observations show
that warming of the climate is unequivocal. The
global warming observed over the past 50 years
is due primarily to human-induced emissions of
18
heat-trapping pollutants.” This supports the
central conclusions reached two years earlier by
the United Nations-led Intergovernmental Panel
on Climate Change (IPCC), which declared that
there is more than a 90% likelihood that human
emissions have caused most of the temperature
increases over the last 50 years.19 In fact,
according to both the USGCRP and the IPCC,
without the effects of heat-trapping pollution,
natural factors likely would have led to the world
20
getting cooler since 1950 instead of hotter.

U.S. Global Change Research Program22

The United States and the Southeast, including
Virginia, are hotter, too. According to the 2009
national assessment by the U. S. government
mentioned above, most areas of the United
States have become 1° to 2° F hotter compared
to the 1960s and the 1970s, and the Southeast
has become about 2°F hotter since 1970.23 For
Virginia, statewide temperatures in May through
July of this year averaged higher than any May24
July stretch in the history of record-keeping.

To identify how much hotter in the future the
special places that are the subjects of this profile
may become, the Rocky Mountain Climate
Organization used an online database to
Similar patterns are true for global combined
produce downscaled local results from 16
th
land and ocean temperatures. July was the 305
different global climate models. The results, in
Table 2, show projected
changes in temperatures
at Jamestown,
Changes in Global Land Temperature by Decades
Chincoteague, and
Shenandoah, for both a
2° F
Last decade was 1.4°F hotter
lower-emissions and a
higher-emissions
1° F
scenario, by mid-century
25
and century's end. For
each combination of
0° F
emissions scenario and
–1° F

2000s

1990s

1980s

1970s

1960s

1950s

1940s

1930s

1920s

1910s

1900s

6

Figure 1. Global land
temperatures compared to
20th century average. Data:
National Oceanic and
Atmospheric Administration.26

time period, both the average of all 16 projections and the range from the smallest
projected difference to the largest, are shown.
Some observations about these projections are
in order.
First, downscaled, local projections from global
climate models, such as those done here, are
less reliable than are projections for larger
27
areas. These should be taken as suggestions of
future change, not definitive predictions.
Attention should be paid to the full range of the
16 different projections, from lowest to highest,
for each scenario and time period, as well as to
the average projection.
Second, however, the projections in Table 2 are
consistent with projections for larger areas.
Compared to the same 1961-1979 baseline and
using the same emissions scenarios, the overall
Southeast is projected to become about 4.5°F
hotter by the 2080s in the lower-emissions
28
scenario and about 9°F hotter in the higher one.

Again using the same baseline and the same
scenarios, the entire United States is projected to
average about 4 to 6.5°F hotter with lower
emissions and about 7 to 11°F hotter with higher
emissions.29
Third, although the differences of a few degrees in
average temperatures shown in Table 2 may not
sound like all that much, they are enough to matter.
The 7.2°F average projected increase for
Jamestown by century's end in the higheremissions scenario would be enough to make it
hotter than Savannah, Georgia, Montgomery,
Alabama, and Jackson, Mississippi, and just about
as hot as Panama City, Florida, and Mobile,
Alabama, both on the Gulf Coast more than 400
miles to the south.30
Fourth, Table 2 shows temperature increases in
Shenandoah higher than those for Jamestown and
Chincoteague. Scientists believe that future humandriven temperature increases will usually be greater
inland than near oceans, which moderate the local
31
climate.

Projected Increases in Average Annual Temperatures
Lower Future
Emissions

Higher Future
Emissions

2040-2059

2080-2099

2040-2059

2080-2099

3.1°

4.3°

3.8°

7.2°

1.7° to 4.1°

2.2° to 5.8°

2.6° to 5.0°

4.0° to 9.3°

3.1°

4.3°

3.8°

7.2°

1.7° to 4.2°

2.2° to 5.8°

2.5° to 5.0°

4.2° to 9.4°

3.5°

4.8°

4.2°

8.1°

1.7° to 4.5°

2.3° to 6.7°

2.6° to 5.7°

4.4° to 10.8°

Jamestown
Average of 16 projections
Range of projections

Chincoteague
Average of 16 projections
Range of projections

Shenandoah
Average of 16 projections
Range of projections

Table 2. Projected future temperatures compared to 1961-79 baselines, in degrees
Fahrenheit. Data: Lawrence Livermore National Laboratory, U.S. Bureau of Reclamation,
Santa Clara University, and Climate Central.32 See Note 32 for an explanation of methodology.
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“A variety of research studies suggest that
a further 2°F increase (relative to the
1980-1999 period) would lead to severe,
widespread, and irreversible impacts.”
U.S. Global Change Research Program33

Finally, future temperatures may be either lower
or higher than projected using the scenarios
used in this analysis. (See page 3.) With
effective global actions to reduce heat-trapping
gases, future temperature increases can be held
lower. On the other hand, emissions in recent
years have gone up faster than assumed in even
the highest-emissions scenario developed by the
Intergovernmental Panel on Climate Change,
and if we continue on that course temperatures
can be expected to go up more than shown in
Table 2.
INTOLERABLE HEAT
As the world continues to heat up, heat itself will
become a real problem in regions that are
already hot to begin with and then get much
hotter. People visiting parks and refuges in these
regions will particularly feel the heat, since
visitors there typically are outdoors, not in airconditioned buildings. For many people, outdoor
activities may simply become intolerably hot for
long stretches. This is likely to be a major
problem at Jamestown and perhaps at
Chincoteague.
In the Southeast, the greatest temperature
increases are projected to occur in the summer
months, accompanied by a much higher heat
index (designed to measure the combined
effects of heat and humidity).34
The scorching heat of the summer of 2010 offers
a foretaste of what may come – but only a mild
one. For much of Virginia, this has been a
record-breaking hot summer. For the Jamestown
area, the summer (June 1 through August 30,
the complete meteorological season) ha a mean
temperature – the average of daily highs and
daily lows – 3.4°F above the historic summer
average, on track to be the hottest ever
recorded. Daily high temperatures this summer
were 2.7°F above the norm, tying as the highest
ever. For the Chincoteague area, both the mean
and high temperatures wee the highest ever. The
mean temperature was 4.9°F above average,
35
and high temperatures 5.2°F above average.

(See Table 3 on the next page.)
But what could come in the future could be much
worse. For this profile, the Rocky Mountain Climate
Organization produced downscaled projections of
mean summer (June through August) temperatures
for Jamestown and Chincoteague for the period
2080-2089, using a higher-emissions scenario and
16 climate models. (Projections are not available for
high temperatures.) The average of the 16 projections is that in the 2080s Jamestown summers will
be about 6.9°F above the historic level, with projections ranging from a low of 4.0°F to a high of 9.5°F
above historic. For the Chincoteague area, the
average of projections is for summers to be about
7.5°F above the historic level, with a range of
projections from 5.2°F to 9.6°F. (See Table 3.)
This means that for Jamestown the normal summer
of the 2080s may be about twice as much above
the historic average as has been the exceptional
summer of 2010, the hottest ever. For Chincoteague, the normal summer of the 2080s may be
half again as much above the historic average as
the hottest-ever summer of 2010.
These projections, again, are for a higheremissions future – and well illustrate why it is so
important that we limit emissions of heat-trapping
pollutants and avoid this future.
Also alarming is that the number of future very hot
days in the Southeast is projected to rise at a
greater rate than the average temperature.36 For
Jamestown, in particular, this is not good news, as
this is typically a hot (as well as humid) area. On
three separate days in July of this year, the
Williamsburg-Jamestown Airport, the closest
weather station to Jamestown, reached 108°F, a
single degree short of the hottest temperature ever
37
recorded in the state.
Finally, heat waves – several days or more of
abnormally hot weather – are also expected to
become both more common and more extreme. In
Virginia, as in much of the country, heat waves so
extreme that they now happen only once every two
decades could happen once every other year by
38
2090-2099.
With summers in the region projected to get much
hotter in the future, it seems inevitable that long
stretches of the summers to come could be too hot
to sustain high visitor levels at Jamestown, where
visitors spend most of their time outside.
8

Summer Temperatures:
Historic Averages, 2010, and 2080s Projections
2080s with
Higher
Emissions

Historic
Average

2010

Difference
vs Historic

Average mean temperature

76.1°

79.9°

+ 3.8°

83.2°

+ 6.9°

Average high temperature

87.1°

90.0°

+ 2.9°

N/A

N/A

Average mean temperature

73.7°

78.6°

+ 4.9°

81.2°

+ 7.5°

Average high temperature

81.9°

87.1°

+ 5.2°

N/A

N/A

Difference
vs Historic

Jamestown area

Chincoteague area

Table 3. In degrees Fahrenheit. Summer means June 1 - August 31. Data source for historic and 2010
temperatures: Southeast Regional Climate Center. Projections for 2080-2089 are averages of 16 climate models
in a higher-emissions scenario; data source: Lawrence Livermore National Laboratory, U.S. Bureau of
Reclamation, Santa Clara University, and Climate Central.39 See Note 39 for a detailed explanation.

For both Colonial National Historical Park (which
includes Jamestown) and Chincoteague NWR,
July and August are not just the hottest months
40
but also the two busiest months. So if extreme
heat keeps visitors away, local businesses and
workers, too, would feel the heat.

Visitation to Chincoteague could be affected as
well. Although beaches are traditional spots to
seek a break from heat, at some point a tipping
point could be reached, with baking heat
trumping cooling breezes. When temperatures
are in the 90ºs, going to the beach may offer
relief. But when temperatures are well into the
100ºs, the experience could be a lot less
enjoyable.

“Some recreation areas that are already hot
during the summer recreation season will
see decreases in use.”
U.S. Climate Change Science Program41
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INTRODUCTION
HIGHER SEAS
“Today, rising sea levels are submerging
low-lying lands, eroding beaches,
converting wetlands to open water,
exacerbating coastal flooding, and
increasing the salinity of estuaries
and freshwater aquifers.”

Rising seas threaten to inundate
Jamestown and Chincoteague.

T

he twin risks of rising sea levels and stronger
coastal storms (see section 5) threaten
coastal national parks and wildlife refuges in
Virginia. All of Jamestown and much of
Chincoteague will be covered by water if the rise
in sea levels now believed to be most plausible
by century's end does in fact occur.

U.S. Climate Change Science Program44

OBSERVED SEA-LEVEL RISE
A hotter climate is already raising sea levels by
melting land-based ice, which adds more water
to the oceans. Also, water increases in volume
when it is warmer, so
thermal expansion also
pushes sea levels
Recent
higher. In recent
decades, melting
mountain glaciers and
ice sheets have
contributed about 60%
of the world-wide sealevel rise that has
occurred, and thermal
42
expansion about 40%.
Over the course of the
20th century, the global
average estimated rate
of sea-level rise was
about 0.56 feet per
century, but between
1993 to 2008, the rate
of global sea-level rise
doubled to 1.25 feet per
century – about 80%
faster than had been
originally estimated for
that period by the
Intergovernmental
Panel on Climate
43
Change.

In Virginia, sea levels are rising even faster than
most other places, because the state's coastal
lands are sinking. This is true for the state's
coasts along the Atlantic Ocean, including at
Chincoteague, and along the Chesapeake Bay
and its tidal tributaries, including the James
River at Jamestown. The fastest rate of sea-level

Changes in Sea Level

Figure 2. Observed changes in sea level from 1958 to 2008. Virginia has had the
largest sea-level rise along the Atlantic Coast. Figure source: U.S. Global Change
Research Program.45
10

continue to rise for many centuries after global
temperature is stabilized, since it takes that
much time for the oceans and ice sheets to fully
respond to a warmer climate, and that
unchecked continued human alteration of the
climate is likely to raise sea level by several
yards in coming centuries.

rise measured at the site with long-term records
along the Atlantic coast of the United States,
1.98 feet per century, is at the Chesapeake Bay
Bridge-Tunnel (about 50 miles south of
Chincoteague), and the second fastest rate is at
the next site to the north with similar records, at
Ocean City, Maryland, just across from the
northern end of Assateague Island, where the
rate has been 1.80 feet per century.46 Along the
shoreline of Chesapeake Bay and its tidal
tributaries, the underlying land is also sinking, at
a rate of nearly an inch a decade, contributing to
a similar above-average increase in observed
sea-level rise.47 About 20 miles down the James
River from Jamestown, at Hampton Roads,
where the James enters the Chesapeake Bay,
the measured rate of water rise between 1927
and 1999 was 1.45 feet per century, about two
and a half times the global average.48

The U.S. government's 2009 national
assessment of climate change impacts similarly
identifies as likely in this century a much larger
sea-level rise than that suggested by the IPCC
in 2007. According to the U.S. government
report, current estimates are that with a highemissions future sea level will rise three to four
more feet by the end of the century, and that
with a lower-emissions future seas could rise
about 2.3 feet.52 A separate U.S. government
report says that “thoughtful precaution” suggests
that we should plan for a three-foot rise in this
century.53

“Coastal Virginia is one of the most
susceptible regions to climate change
partly because it experiences some of
the highest rates of relative sea level rise
of any other region in the country.”

A recent study by a committee of the
Chesapeake Bay Program on sea-level rise and
the Bay also underscored that the current
scientific belief is for greater sea-level rise than
suggested by the IPCC in 2007. The
Chesapeake Bay Program study relied on a
more recent projection that seas around the
world could rise by a global average of 1.4 to 4.6
54
feet by century's end. On top of that must be
added the local effects of Virginia's subsiding
coastlines. With that factored in, the
Chesapeake Bay Foundation study concluded
that the level of the Bay could rise 2.3 to 5.2 feet
by century's end. This estimate was cited by the
Governor's Commission on Climate Change
when it concluded, “Sea level rise is a major
55
concern for coastal Virginia.”

Governor's Commission on Climate Change49

PROJECTED FUTURE SEA-LEVEL RISE
Although the conclusions in the latest reports of
the Intergovernmental Panel on Climate Change
are generally considered definitive statements of
the current state of scientific knowledge, the
estimates made of future sea-level rise by the
IPCC as recently as 2007 are now widely
believed to substantially understate what is likely
to happen. The reason is that they did not factor
in melting of Antarctic and other on-land ice
sheets, about which more is now known.50

“Virginia has 112 miles of coastline and
3,300 miles of tidal shoreline, all of which
could be affected by sea level rise.”

This weakness in the recent IPCC reports was
one of the key reasons why a broadly
representative group of leading IPCC authors
prepared an updated statement of knowledge
about climate change in advance of
aninternational meeting of governmental
representatives on climate change in
Copenhagen in December 2009. The
Copenhagen Diagnosis stated that the current
best estimates are that globally seas will rise in
the 21st century by about twice as much as the
eight inches to two feet suggested by the IPCC
51
in 2007. That updated statement of scientific
knowledge also concluded that sea level will

Governor's Commission on Climate Change56

EFFECTS ON JAMESTOWN
Jamestown Island, home to the original
Jamestown Fort of 1607 and other resources of
great cultural importance, is in grave danger of
complete inundation. The Environmental Studies
Laboratory of the Department of Geosciences at
the University of Arizona maintains elevation
data on coastal areas of the United States that
11

Vulnerability of Jamestown to Sea-Level Rise

Colonial National Historical Park

James
Fort
of 1607

Jamestown Island

James River

Figure 3. Susceptibility of Jamestown, a part of Colonial National Historical Park, to sea-level rise of one meter,
based solely on land elevation. Red areas are less than one meter above current sea level. Location and size of
the site of the original James Fort of 1607 are approximate. Base map from Weiss and Overpeck.57

the first colonists in 1607, which immediately
borders the James River. The fort, in fact, had
been thought for over two centuries to have
already been lost to erosion of the James River's
bank. The buried fort, however, was recently
rediscovered and is being excavated – except for
one corner, now definitely known to have been
washed away. Now, so soon after being
rediscovered, this first site of European
settlement within what became the original
English colonies and then the United States is in
great risk of being permanently lost.

may be used to map their susceptibility to
different levels of sea-level rise. Other factors
such as local land subsidence, shoreline erosion
potential, tidal range and wave height are also
relevant to determining the precise degree to
which an individual area is vulnerable, but the
elevation data, alone, may be effectively used to
depict and communicate areas that may be
susceptible to sea-level rise.
As shown in Figure 3, essentially all of
Jamestown Island is less than one meter (or
about three feet) above the level of the James
River, which is tidal here and would be affected
by sea-level rise. Particularly vulnerable is the
site of the original Jamestown Fort, erected by

Also vulnerable on Jamestown Island is what is
known as New Towne, where the early colonials
expanded their settlement beyond the original
12

fort, starting in 1620, and which remained a
viable community and the center of the English
settlements until 1699, when most settlers
moved to the interior to what is now known as
Williamsburg. Many of the archeological
resources of New Towne remain underground,
where they likely would be lost if Jamestown
58
Island is inundated by a rising James River.

of the significantly greater rate of sea-level rise
already underway and expected to accelerate
even further in the remainder of this century.

“Most coastal regions are currently
managed under the premise
that sea-level rise is not significant
and that shorelines are static or can be
fixed in place by engineering structures.
The new reality of sea-level rise due to
climate change requires new
considerations in managing areas
to protect resources and reduce risk to
humans.”

What would happen to Jamestown Island as the
James River rises inevitably would be much
more complex than a simple flooding of the
current landscape – especially when slowly
rising water levels are accompanied by stronger
coastal storms, as outlined in the next section.
As the river rises and storms increase, waves
and wind will erode and modify the island. How
much erosion and inundation occurs can be
influenced by management actions that
doubtless will be taken to shore up this special
place and protect its resources. But even stout
seawalls have their limitations. For example,
Jamestown naturally has a very high water table
directly linked to the sea level and storms. As
the James River rises and storms become
stronger, brackish water will intrude more
extensively into archeological sites in the future,
as it has already done at the Jamestown
Glasshouse, the first manufacturing site in the
59
original colonies. All in all, that this historic site
is in peril is undeniable.

U.S. Climate Change Science Program61

EFFECTS ON CHINCOTEAGUE
A 2008 report by the U.S. government's Climate
Change Science Program identified Chincoteague as among the most vulnerable national
wildlife refuges to sea-level rise. The effects
there and in other vulnerable refuges could
include inundation of estuaries and marshes,
conversion of forests to marshes, and loss of
habitat for beach-nesting and migratory birds.62
Like other coastal barrier islands, Assateague
Island, on which Chincoteague NWR's main unit
is located, is subject to change from the natural
forces of waves and wind, which typically push
barrier islands inland, eroding beaches on their
seaward sides and building up new land on their
landward sides. The unnaturally higher seas and
stronger coastal storms resulting from an altered
climate can greatly magnify the effects of
waves and winds naturally at work on barrier
islands.

In addition to Jamestown Island, other resources
in Colonial NHP vulnerable to higher water
levels include Colonial Parkway, which is the
roadway connecting Jamestown and Yorktown
and providing visitor access to each, and
wetlands and other shoreline ecosystems. For
more details, see Section 5.
Seawalls and riprap were installed long ago on
the western side of Jamestown Island and
segments of other shorelines around the island
to protect against erosion. New shoreline
management plans were prepared for
Jamestown in 1999 and for the Yorktown area of
Colonial NHP in 2006, and additional shoreline
protection measures were identified. However, in
the preparation of those plans, the future rate of
sea-level rise was assumed for management
purposes to occur at no greater rate than in the
20th century.60 As a result, the management
actions identified in those plans are likely to be
inadequate to protect park resources in the face

The sea-level rise that has already occurred and
the natural forces always shaping barrier islands
have combined to eat away Chincoteague's
beaches. In 1964, the U.S. Geological Survey
planted a marker in the sand near the
Chincoteague public beach and recorded the
distance from the marker to the surf – 115 paces.
Today, the marker is in the surf. “In less than 50
years, 115 yards of beach has been lost,” says
Lou Hinds, the refuge manager. “We don't have
63
another 50 years.”
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“Rising sea levels threaten to reshape
coastal habitats – swallowing coastlines,
submerging marshlands, and radically
altering habitats further inland. For
coastal refuges like Chincoteague National
Wildlife Refuge and its robust shorebird
populations, sea-level rise will
produce dramatic changes to both the
refuge's landscape and management
efforts to protect wildlife within its
bounds.”

nothing less than a wholesale transformation of the refuge. Vast swaths of
wetlands, and the precious shorebird
habitats contained within, would likely
be radically altered – or even under
water – in 2100. According to the
model, rising sea levels over the next
100 years will flood coastal marshlands
and transform inland habitats at
Chincoteague NWR – producing a
cascade effect on the refuge's habitats.68

U.S. Fish and Wildlife Service64

Results from one scenario used in the model –
sea-level rise occurring at a global rate of one
meter by the end of the century – are shown on
the three following pages. Shown first are the
current ecosystems in the refuge (Figure 4) and
then those projected for the years 2050 (Figure
5) and 2100 (Figure 6). Results from other
scenarios of sea-level rise and at other times
may be viewed online at a website, SLAMMView, http://www.slammview.org/
chincoteagueVA/.

Addressing sea-level rise is the central
challenge facing Hinds as the FWS works on a
Comprehensive Conservation Plan (CCP) to
guide the management of the refuge for the next
15 years. “Sea-level rise has framed our view of
the CCP,” according to Hinds. “I realized we had
to start gathering data to inform management
decisions – not just for the next 15 years, but for
future generations of refuge managers to follow
65
me.”

Across the region analyzed in the SLAMM
modeling, the change in ecosystem types would
be sweeping. As shown in Table 3 on page 18,
with one to 1.5 meters of global sea-level rise by
century's end, dry land in the region is projected
to decline by 18 to 22%, ocean beaches by 80 to
95%, brackish marshes by 82 to 91%, and tidal
flats by 24 to 64%.

In preparing that plan, the FWS used computer
models to project the effects of sea-level rise on
a broader region: the lower Delmarva Peninsula,
including all the barrier islands from Assateague
Island (which contains most of Chincoteague
NWR on its southern end) to Fisherman Island
at the mouth of the Chesapeake Bay, and the
mainland west of the islands. The barrier islands
include Chincoteague and three other national
wildlife refuges and 14 coastal reserves,
including the longest wilderness stretch along
the Atlantic Coast. The modeling program, Sea
Level Affecting Marshes Model – or SLAMM –
has previously been used for over 20 years to
predict the effects of sea level rise on broader
scales. It uses inputs of projected local
inundation, erosion, overwash, saturation (from
rising water tables), and accretion (or build-up of
land from natural forces) to project changes in
types of wetlands.66

“SLAMM-View illustrates the dramatic
physical changes that are predicted to
occur in refuges like Chincoteague that
we've come to know and love. The visual
evidence is striking and yet another
reminder that future generations
depend on the current one to ensure
that they are able to enjoy the natural
world as we do today.”
U.S. Fish and Wildlife Service69

The SLAMM modeling for Chincoteague was
completed in September 2009, and when Hinds
got the results, “It hit me like a ton of bricks and
took my breath away,” he said.67 No wonder – as
the FWS has summarized it, what the model
predicts is:

The SLAMM modeling is not definitive, as it is
still difficult for any of today's model to develop
quantitative predictions of how shorelines may
change in the future.72 A more general,
qualitative projection of how sea-level rise may
affect Chincoteague, along with other parts of
the mid-Atlantic coast, can be found in a 2009
14

Projected Ecosystem Effects of 1 Meter of Sea-Level
Rise by 2100 at Chincoteague and Vicinity

Initial Conditions
Developed dry land

Salt marsh

Riverine tidal

Undeveloped dry land

Estuarine beach

Estuarine open water

Swamp

Tidal flat

Open ocean

Inland fresh marsh

Ocean beach

Irregularly flooded marsh

Tidal fresh marsh

Rocky intertidal

Inland shore

Transitional salt marsh

Inland open water

Tidal swamp

Figure 4.The land boundaries of Chincoteague NWR are outlined faintly in black. The main unit of the refuge,
on Assateague Island, is on the outer barrier island, from south of Toms Cove at the bottom to the VirginiaMaryland boundary (not labeled) at the very top of this map. The Town of Chincoteague is on the next island
inland, with substantial developed dry land (in red). Roads and bridges are not shown. Source: FWS.70
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Projected Ecosystem Effects of 1 Meter of Sea-Level
Rise by 2100 at Chincoteague and Vicinity

Projections for 2050
Developed dry land

Salt marsh

Riverine tidal

Undeveloped dry land

Estuarine beach

Estuarine open water

Swamp

Tidal flat

Open ocean

Inland fresh marsh

Ocean beach

Irregularly flooded marsh

Tidal fresh marsh

Rocky intertidal

Inland shore

Transitional salt marsh

Inland open water

Tidal swamp

Figure 5.The boundaries of Chincoteague NWR are outlined faintly in black; some of the refuge’s land
would be newly covered by open ocean or estuarine open water by 2050. (Compare to Figure 4.) See the
caption to Figure 4 for additional details.
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Projected Ecosystem Effects of 1 Meter of Sea-Level
Rise by 2100 at Chincoteague and Vicinity

Projections for 2100
Developed dry land

Salt marsh

Riverine tidal

Undeveloped dry land

Estuarine beach

Estuarine open water

Swamp

Tidal flat

Open ocean

Inland fresh marsh

Ocean beach

Irregularly flooded marsh

Tidal fresh marsh

Rocky intertidal

Inland shore

Transitional salt marsh

Inland open water

Tidal swamp

Figure 6. The boundaries of Chincoteague NWR are outlined faintly in black; much of the refuge’s land would
be newly covered by open ocean or estuarine open water by 2100. (Compare to the two previous figures.) See
the caption to Figure 4 for additional details.
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Projected Effects of Sea-Level Rise on Selected Ecosystems
Lower Delmarva Peninsula, Including Chincoteague NWR
Projected Changes From Current Conditions
Current
Condition

Based on 1 Meter of Global
Sea Level Rise by 2100

Based on 1.5 Meters of Global
Sea Level Rise by 2100

(percentage
of area)

In 2050

In 2100

In 2050

In 2100

Dry Land

29%

-9%

-18%

-10%

-22%

Swamp

10%

+18%

+14%

+18%

+11%

Salt Marsh

5%

-5%

-57%

-7%

-49%

Tidal Flat

7%

-21%

-24%

-20%

-64%

Open Beach

0.3%

-11%

-80%

-38%

-95%

Estuarine Open Water

22%

+16%

+49%

+21%

+72%

Brackish Marsh

3%

-27%

-82%

-47%

-91%

Ecosystem Type

Table 3. Projections from the Sea Level Affecting Marshes Model (SLAMM) for changes across modeled
portions of the Lower Delmarva Peninsula, of which Chincoteague NWR comprises 10%. The ecosystem
types shown represent 8 of 18 types considered in the modeling effort (with developed dry land and
undeveloped dry land combined into a single type in this table). Source: D.P. Nieves, FWS (2009).71

What has happened to the Chandeleurs is
always a possibility for a barrier island. For
Chincoteague, that fate is far more likely as a
result of human-caused climate change.

report on sea-level rise by the U.S. government's inter-agency Climate Change Science
Program.73 That report states there is at least a
90% likelihood that if global sea-level rise occurs
at a rate of about three feet a century, southern
Assateague Island, including Chincoteague, will
cross a threshold after which the potential is
high for such significant and irreversible
changes as decreased island width and its
74
disintegration into segments.

“If the rise [at Chincoteague] happens
somewhat gradually, some predict the
island may narrow, losing some of its
habitat for wildlife and impacting the
roads, visitor facilities and other
infrastructure of this top tourist
attraction. However, if change comes
too quickly, Chincoteague roads and
facilities and the critical habitat the
refuge provides for resident wildlife
and migrating birds would be
overwhelmed.”

The same government report cites an illustration
of barrier islands that have crossed the threshold it describes – the Chandeleur Islands, a 45
miles-long chain of barrier islands in Louisiana,
The islands were covered by a storm surge of
about 13 feet by Hurricane Katrina in September
2005. After being hit again a month later by
Hurricane Rita, the islands had lost 85% of their
surface area. After these assaults, the islands
have now lost so much area that natural processes may not rebuild them, and so they may
continue disintegrating.75

76

Defenders of Wildlife
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INTRODUCTION
STRONGER
COASTAL STORMS

Hurricanes and other coastal storms are
projected to become stronger, particularly
affecting Chincoteague and Jamestown.

EFFECTS ON CHINCOTEAGUE
Chincoteague, on its exposed barrier island, is
highly vulnerable to stronger storms. Even
without factoring in a higher sea level, a
Category 4 hurricane hitting the Delmarva
Peninsula can cause a storm surge of 17.4
80
feet. Nor'-easters – storms from the northeast,
the typical strong Atlantic storms of winter – also
can cause substantial storm surges.

C

losely related to the threats from sea-level
rise are those from a projected increase in
the strength of hurricanes and other coastal
storms as the climate gets hotter. The greatest
destruction from coastal storms is that from
storm surges, as strong winds push water
inland. Hurricanes along the Atlantic coast can
77
produce storm surges of 16 feet or more. If the
sea level is already higher, storms surges will
push even farther into what is now dry land.
Also, erosion caused by storm surges can
increase the later vulnerability of an area to
encroachment of the sea as it rises. Because of
these interactions, rising seas and stronger
coastal storms each magnify the effects of the
other.

A recent example is a November 2009 nor'easter
that altered the landscape and reshaped
Assateague Island significantly. The storm nearly
separated Toms Cove Hook at the southern end
of Assateague Island from the remainder, leaving
them connected only by a narrow sand bar
during low tide. The storm washed out and
buried roads and the beach parking lots that are
the destinations for most visitors to the refuge.
The refuge was closed for several days, and
public access to the beach, trails, and other
81
areas was limited for some time afterward. The
Fish and Wildlife Service and the National Park
Service (which administers the overlapping
Assateague Island National Seashore) ended up
relocating two beach parking lots and rebuilding
82
the two others, at substantial cost.

“Sea-level rise and the likely increase in
hurricane intensity and associated storm
surge will be among the most serious
consequences of climate change.”

According to the U.S. government's 2009
national assessment of climate change
impacts, North Atlantic hurricanes have
become stronger in the last 30 years –
especially the most powerful ones, those
rated as Category 4 and 5. This increase in
storm strength corresponds to about a 2°F
increase over this period in sea-surface
temperatures where hurricanes form. Also,
average summer wave heights have
increased along the U.S. Atlantic coastline
since 1975 because of the stronger
hurricanes. Atlantic hurricanes are likely to
continue getting stronger during this century
with higher peak winds, rainfall intensity,
and storm-surge height and strength.79

FWS

U.S. Global Change Research Program78

A buried fence marks the edge of an overwashed beach
parking lot at Chincoteague in November 2009.
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Even with the short-term relocation and
rebuilding of the beach parking lots, FWS and
NPS are considering longer-term actions to
maintain public access to the beach in the face
of rising seas and stronger coastal storms. The
beach parking lots at Chincoteague frequently
sustain storm and wave damage and require
significant and expensive repairs. The lots,
about 50 yards from the ocean, can hold
approximately 960 cars, servicing the 3,000 –
4,000 people a day who visit the beach during
peak summer months. Last year, the parking
lots, made of loose shell and sand so as not to
disrupt the natural terrain, were over-washed
eight times, by the November nor'easter and
seven other storms – more than in any year in
recent memory. FWS and NPS are now
considering whether to relocate the lots to areas
less vulnerable to future sea-level rise and
coastal storms, so continued access to the
beach is sustainable and affordable.
Recreational use of Chincoteague's beach is the
lifeblood of the local economy, and being able to
sustain that usage in a changing climate is a
central challenge facing the area's economy.83

As coastal storms get stronger and storm surges
get larger – especially as they start out atop
higher sea levels – the challenges and risks
facing Chincoteague will become much greater
in the future.

“[T]he fate of the town of Chincoteague
and the refuge are deeply intertwined
and have been for generations. . . .
Beach access is the central component
of this relationship. Beach parking allows
for convenient public access to the
beach, fostering a vibrant eco-tourism
industry that has become the basis of the
town's economy.”
85

U.S. Fish and Wildlife Service
EFFECTS ON JAMESTOWN

The historical resources of low-lying Jamestown
are also vulnerable to storm surges and other
dangers from coastal storms. Hurricane Isabel in
September 2003 illustrates the risks. Despite not
making a direct hit at landfall and having local
sustained winds below hurricane strength, the
storm still caused major damage to Jamestown.
Ninety percent of Jamestown's one million
artifacts were inundated; the collection was
relocated to another site for assessment and
restoration. The Jamestown visitor center, which
was flooded by the storm surge, sustained an
estimated $3 million in damages. Rather than
repairing it, the NPS demolished it and built a
new visitor center. The ruins of the
Glasshouse of 1608, one of the earliest
industrial sites in colonial America, were
submerged and damaged. Thousands of
trees were lost, the park's roads and
bridges were damaged in many areas,
and Jamestown was closed to the public
for a full month.86 At the Yorktown site of
Colonial NHP, damage was much less,
although the high-water mark of the York
River nearby was 12.5 feet above the
average water level – representing a
combination of the normal astronomical
87
tide, the storm surge, and waves.

“Keeping the parking lots on the beach
is not a sustainable solution. We must
find an alternate location on more
stable land that is not threatened
by rising sea levels or frequent storm
damage.”

FWS

Patricia Kicklighter, Superintendent,
Assateague Island National Seashore84

The Beach Road at Chincoteague after the November 2009
storm.
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The damage from Isabel illustrates how
sea-level rise and stronger coastal storms
would combine to have greater effects

coastal storm undercuts the riverside cliff atop
which the battleground is located.90

than either one alone. The local flooding caused
by Hurricane Isabel, despite it being a less
powerful storm, was equal to the flooding
caused by a much more powerful hurricane in
the area in 1933, regarded as the storm of the
century in the Chesapeake Bay area. This was
the case because the starting point of the prestorm sea level was higher in 2003 than 70
years earlier, reflecting the measured rate of
local seal-level rise of 1.45 feet per century at
the mouth of the Chesapeake Bay.88

Also at risk is the nearby Moore House, at
which the terms of surrender were arranged.
The historic structure is behind cliffs about 30
feet in height, currently protected from erosion
by rubble and concrete structures that are only
four to six feet above mean low water level and
91
at risk of being overtopped by coastal storms.
There also has already been severe soil erosion
along the park's shorelines of the James and
York rivers and along Colonial Parkway (which is
itself on the National Register of Historic
Places), which connects Jamestown and
Yorktown, with wind and storm surges the main
92
causes.

“The inference from the present example
is very clear; other things being equal,
our present sea-level trend will, over
time, significantly increase the risk of
coastal flooding during hurricanes.”
Professor emeritus John Boon, College of
William and Mary, comparing 1933 and 2003
hurricanes in Virginia89

All these erosion risks at Colonial NHP are
greatly magnified by the likelihood of higher river
levels and stronger coastal storms. The park has
requested millions of dollars for additional
shoreline protection measures to protect
resources such as this at Yorktown and others
across the park. Some additional measures
have been completed on the James River and
the park is currently preparing an environmental
assessment of work to protect a stretch of about
four miles along the York River. A recent storm
eroded enough of an embankment along the
York River that a section of the parkway was
almost washed out. This illustrates the risks
poses by stronger coastal storms to visitor
access to and enjoyment of Colonial NHP, as
well as the park's archeological, cultural,
93
paleontological, and natural resources.

Other parts of Colonial NHP have also experienced damage from coastal storms and are at
greater risk if those storms become stronger, as
forecast. Shoreline erosion is a particular threat
at the Yorktown battlefield and could imperil
historical and cultural resources there.
One key site at risk is Redoubt 10, on the edge
of a cliff along a stretch of the York River that
has suffered erosion over the years. This was
the scene of a key battle won by Revolutionary
forces under the command of Colonel Alexander
Hamilton, part of the decisive final offensive that
led to the surrender a few days later of the
British army at Yorktown, effectively ending the
Revolutionary War. The site of this battle, which
has been called one of the “great moments in
infantry history,” is at risk if erosion from a major

NPS

EFFECTS ON SHENANDOAH

Redoubt 10 at Yorktown Battlefield, Colonial NHB,
site of a key battle leading to surrender of British
forces, on a cliff subject to erosion,
21

Although Shenandoah is distant from the coast,
tropical storms and hurricanes still can be strong
enough after moving inland to cause downpours
and floods in the park, and, in steep terrain,
slides and debris flows. (See Section 8). A
related concern of the park staff is that an
increase in the strength of hurricanes and other
powerful coastal storms could mean that more
remnants of storms will be strong enough when
they reach the park to cause forest blow-downs,
opening up the forest canopy, warming and
eroding the forest floor and streams, and have a
disruptive effects on park ecosystems and
wildlife. The park's brook trout, for example, are
already at risk (see page 25) and warmer

streams would increase the threats they face.
Also, many of the invasive plants already in the
park (see page 30) would have an increased

NASA

advantage over native plants in a more open,
94
warmer ecosystem.

Hurricane Isabel from the international space station. A Category 5
(strongest) hurricane while at sea, Isabel weakened to Category 2
before making landfall. The storm still caused major damage to
artifacts and destroyed the visitor center at Jamestown.
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INTRODUCTION
LOSS
OF WILDLIFE
coastal refuges such as Chincoteague
particularly vulnerable to inundation or
fragmentation of low-lying habitats such as sand
beaches, salt marshes, and mudflats by rising
seas and more severe coastal storms. As a
result, the great majority of coastal species have
98
medium or high vulnerability to climate change.

Human-caused climate change threatens
the natural wildlife in Chincoteague and
Shenandoah.

A

changed climate could mean a loss of some
wildlife species now found in Shenandoah
and Chincoteague, as well as changes in their
natural mixtures of wildlife. There, as elsewhere,
some species may go completely extinct. The
Intergovernmental Panel on Climate Change
warns that just 4° to 5°F of higher temperatures
would leave 20 to 30% of plant and animal
species that have been studied in climatic
conditions far outside those of their current
ranges, making them “likely to be at increasingly
high risk of extinction.”95 One reason this
percentage is so high is that stresses resulting
from climate change would come atop others
96
such as habitat loss. And even if species do not
become extinct everywhere, local populations of
species in a particular area, such as a national
park, may be eliminated.

A disrupted climate's effects on birds at
Chincoteague strike at the very heart of why this
special place was set aside as a national wildlife
refuge. Chincoteague's wide diversity of
habitats, including the beach and dunes,
maritime forest, managed freshwater ponds, and
vast salt marshes to the west of the islands,
attracts many types and great numbers of birds.
Over 320 species of shorebirds, wading birds,
songbirds, waterfowl, and raptors all find homes
on or pass through the refuge. The refuge has
been designated a Globally Important Bird Area,
is part of the Western Hemisphere Shorebird
Reserve Network and designated as one of the
top ten birding Hotspots by the National
Audubon Society.99

“If species are unable to adapt to the new
conditions or relocate to suitable habitats
elsewhere, extirpations and extinctions
will likely occur.”

Piping plovers are particularly at risk at
Chincoteague and illustrate the threats to birds
at the refuge. The Atlantic Coast piping plover is
listed as threatened under the Endangered
Species Act. Once plentiful along the Atlantic
coast, the species nearly disappeared due to
excessive hunting for the millinery trade. Under
protections put in place under the federal
Migratory Bird Treaty Act, numbers recovered by
the 1940s, but have declined since due to
degradation of habitat, human disturbances, and
100
intensified predation pressures.

Virginia Department of Game and Inland Fisheries,
National Wildlife Federation, and Virginia
Conservation Network97

Piping plover/FWS

Another change that can result from a disrupted
climate is the movement into an area of new
species not now able to live there, but which
could as habitats and other conditions change.
The presence of these species, by itself, would
be a change in the naturally occurring
ecosystems. The new immigrants also would
create additional stresses for the natural
residents, competing with them for habitat and
food.
BIRDS IN CHINCOTEAGUE
Birds in every terrestrial and aquatic habitat will
be affected by climate change, with those in
23

The thousands of ducks, geese, shorebirds, and
other birds that use the 2,600 acres of ponds
and wetlands within Chincoteague's manmade
impoundments are also highly vulnerable to
breaching of and saltwater intrusion into those
impoundments as a result of higher seas and
stronger coastal storms.

Piping plovers nest only on open, sandy beach
habitats, scraping shallow depressions in the
sand that are already highly vulnerable to a
range of disturbances.101 Large stretches of
Chincoteague's beaches are closed to public
use every summer to protect nesting plovers.
But if the beaches themselves are lost, piping
plovers likely would be lost, too. And
Chincoteague's beaches are likely to be greatly
diminished or essentially eliminated by rising
seas in this century, according to modeling done
by the FWS. (See pages 14-18.)

As at other coastal wildlife refuges, Chincoteague's managers are beginning to face
difficult decisions about how long to continue
restoring these managed wetlands as sea-level
rises and coastal storms require more frequent
and expensive maintenance of them. “There will
be a finite life expectancy for these impoundments if sea-level rise occurs as expected,”
says Harold Laskowski, a FWS regional refuge
103
biologist. He and others in FWS are
developing monitoring protocols and a
structured decision-making process to help
refuge managers make future management
decisions on how long to continue rebuilding
artificial impoundments or when they should be
allowed to revert to unmanaged habitat.104

“Piping plovers and least terns [at
Chincoteague] need beach
habitat that is not vulnerable to
erosion or flooding given sealevel predictions. Further loss of
habitat for these and other
rare species would make their
continued survival questionable.”

Steve Hildebrand, FWS

Defenders of Wildlife102

Ducks and geese in Chincoteague’s maintained impoundments, which are vulnerable to rising seas and destruction from
stronger coastal storms.
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Brook trout, Shenandoah National Park

LOGGERHEAD SEA TURTLES AT
CHINCOTEAGUE
The Atlantic loggerhead sea turtle is a federally
threatened species that has since 2000 nested
more frequently on Chincoteague beaches,
perhaps showing returns from a 30-year old
recovery project that involved moving eggs to
Chincoteague from more southern parts of their
range. Female turtles that were part of the
recovery project may just now be returning to
where they originally hatched. This year on July
15 refuge biologists found the year's first female
loggerhead turtle laying her eggs on Assateague
105
Beach. In 2005, two nests on Wild Beach
produced hatchlings, but in 2006 Tropical Storm
Ernesto washed out 6 of the 7 nests, although
one hatchling did survive.106

Loggerhead sea turtle/NPS

As with piping plovers at Chincoteague, species
recovery efforts may not be enough to keep
loggerhead sea turtles present at the refuge if
sea-level rise eliminates nearly all the beaches
that are their only nesting habitat.

BROOK TROUT IN SHENANDOAH
An altered climate is likely to reduce inland
populations of some coldwater fish species,
including brook trout, the largest, most dominant
native fish found in Shenandoah. Wild brook
trout populations are generally most successful
in perennial streams with water temperatures
less than 68°F. Hatchlings suffer high mortality
rates in waters with sustained temperatures
above that, and adults can survive temperatures
107
only up to about 77°F.

headwater streams where forest cover is still
prevalent and cold stream temperatures can
support trout reproduction. More than 66
streams in Shenandoah are nationally
recognized for both the quality and
concentration of native eastern brook trout
populations. Although the park's brook trout
habitats are among the best in the middle
Appalachians, long-term monitoring, research,
and watershed modeling indicate that they are
threatened by stream acidification caused by air
pollution and acid precipitation. Higher
temperatures on top of stream acidification could
represent a fatal combination for the brook trout.
Studies have suggested that under certain
possible climate scenarios, the loss of nearly
97% of wild trout habitat across the region of the
108
Southern Appalachians is probable.

“Over 900 of Virginia's wildlife species are
believed to be imperiled by the ongoing
loss or degradation of their habitats.
During the coming decades, climate
change will exacerbate and intensify
these impacts and the consequences
to wildlife could be profound. For
example, coldwater species, like brook
trout, which become physiologically
impaired when water temperatures rise
above 70 degrees Fahrenheit, could be
extirpated from much of their current
range.”
Virginia Department of Game and Inland Fisheries,
National Wildlife Federation, and
Virginia Conservation Network109

Eastern brook trout have already been
eliminated from most of the range they used to
inhabit, and now are relegated to remaining

It is possible that small patches of brook trout
habitat may persist in Virginia even with a
25

models and other information to project effects
on 150 species of eastern birds. At least one of
those models suggested population declines in
and around Shenandoah of ruffed grouse; wormeating, black-throated blue, black-throated
green, pine, prairie, and Canada warblers; and
ovenbirds and common yellowthroats, also
warbler species. The study also projects the
possible elimination of blackburnian warblers
from the park.115 Another study projects that
climate change may lead to an end of Virginia
breeding by these Shenandoah breeders:
chestnut-sided, black-throated blue, blackthroated green, blackburnian, cerulean, and
Canada warblers, plus ovenbirds.116 The looming
loss of the park's hemlocks (see page 29) also is
a particular threat to black-throated green,
blackburnian, and Canada warblers, all of which
are particularly dependent on the ecosystems
hemlocks create.

disrupted climate. In an attempt to increase the
odds that brook trout can remain in
Shenandoah, the park staff is seeking funding
for a project to develop predictive risk
assessments and adaptation strategies to
understand where to focus its efforts to protect
viable habitat for the fish in the park despite the
110
threats of acid deposition and climate change.
BIRDS IN SHENANDOAH

Blackburnian warbler

In general, birds in forested areas such as
Shenandoah are believed to be less vulnerable
to a changing climate than those in coastal
areas like Chincoteague. But forest birds still
face substantial risks and likely shifts in their
distribution to cooler northern areas as climate
change makes their current ranges unsuitable
111
for them. These range shifts are already
underway. Analysis of four decades of Christmas
Bird Count observations reveal that birds seen in
North America during the first weeks of winter
have moved dramatically northward – toward
colder latitudes – over the past four decades.
Significant northward movement occurred
among 58% of the observed species – 177 of
305. For more than 60 species, the center of
their winter distribution moved north by more
than 100 miles in the 40 years.112 Continuation
and acceleration of this trend likely will lead to
changes in the types of birds present in
Shenandoah.
Noteworthy among the more than 200 species of
birds found in Shenandoah are ruffed grouse –
“the park's star attraction for lowland birders” –
and a high total of 18 nesting species of
warblers, “some of the most dazzling and
colorful of all North America's birds, making
them one of the most popular groups of the
region with birders and professional
ornithologists alike.”113 For both the grouse and
many warblers, the bulk of their breeding ranges
are farther to the north, but the Appalachian
Mountains provide a climate and habitats that
make Shenandoah among the southern-most
extensions of their breeding ranges. This in turn
helps make the park a special place for the
region's birders.114

MAMMALS IN SHENANDOAH
The only study that has so far attempted to
project future climate-driven changes in the
mammals present in Shenandoah was done by
researchers from Yale University, who made
such projections for eight national parks,
117
including Shenandoah. They used computer
models of how plant communities may change
from a doubling of atmospheric levels of heattrapping gases, and assumed that the range of
mammal species would also change to keep up
with the movement of the habitats they require.
For Shenandoah, their projection was that the
park would no longer support the presence of
two current mammal species (which were not
identified in the scientific article) and so they
would be eliminated from the park. They also
projected that presence of new types of plant
communities in the park would lead to 11 new

But the grouse and many nesting warblers are
projected to experience population declines in
the park as a result of climate-driven changes,
with some species projected to disappear there
altogether. One study used two climate-change
26

mammal species (also unidentified) moving into
the park.

isolated from other high-elevation habitats,
frequently resulting in small, localized, and
unique ecosystems that support rare endemic
species on these mountaintop “islands.”
Mountain species in eastern national parks, such
as Shenandoah, also are usually without the
buffering protection of surrounding undeveloped
lands that are often found near many western
parks. As a result, species in Shenandoah and
other eastern parks have less opportunity to
survive in and adapt to changing ecosystems by
range shifts.

Some important caveats about this study,
however, are in order. First, the projections rest
on a model of how an altered climate can drive
changes in the distribution of plants – and those
changes are very difficult to project and modeled
results cannot be taken as definitive. Second, as
the researchers acknowledged, they did not
consider whether geographic or other barriers
would keep new mammals from moving into the
parks. Still, this study suggests that Shenandoah
could see a change in the mammals present as
a changed climate change alters the park’s
ecosystems. Finally, the fact that the study's
authors did not identify in their publication the
particular mammal species that could be
eliminated from parks or could newly migrate
into them makes it more difficult to assess the
likelihood of these changes occurring. Another
study suggests that it could be smaller mammals
that are most vulnerable to climate changes.118
The park staff at Shenandoah points out that
most of the mammal species in the park that are
most visible to visitors – from black bears and
white-tailed deer to raccoons and opossums –
are widespread generalists with a greater ability
to adapt than species limited to small areas, few
habitats, or restricted food sources.119

In addition to these general risks facing eastern
high-elevation species, the Shenandoah
salamander is particularly vulnerable because of
its extremely limited range. It is found in only
three isolated areas, on north-facing (cooler)
slopes of the highest mountain peaks in the
park. Their habitat covers only about two square
miles, giving them one of the smallest known
ranges of any vertebrate species.

“When we lose one of these [native
species],Virginia becomes just a
little bit less special.”
Chris Burkett, Virginia Department
of Game and Inland Fisheries121

Given the very restricted range and specific
habitats of Shenandoah salamanders, they are
considered highly vulnerable to climate changes.
Because the salamanders are unlikely to be able
to shift their range, the National Park Service
and cooperators are beginning a three-year
study to determine whether and how to
undertake management intervention to ward off
possible climate-change-driven extinction of the
122
species.

SHENANDOAH SALAMANDERS:
A HIGH-ALTITUDE SPECIES AT RISK
The Shenandoah salamander, a federally listed
endangered species found only in the park, is an
example of a range-restricted, high-elevation
species threatened by climate change.
Scientists have concluded that high-elevation
species of wildlife are particularly at risk as the
120
world's climate gets hotter. In the Appalachians, high-elevation communities are often

“Animal and plant species that live in the mountains are among
those particularly sensitive to rapid climate change. . . . One
reason mountain species are so vulnerable is that their suitable
habitats are being compressed as climatic zones shift upward
in elevation. Some species try to shift uphill with the changing
climate, but may face constraints related to food, other species
present, and so on. In addition, as species move up the
mountains, those near the top simply run out of habitat.”
U.S. Global Change Research Program123
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DISRUPTION OF PLANT COMMUNITIES

An altered climate threatens the forests
that dominate and define Shenandoah.
Fall foliage could become less colorful.

may lead to changes quicker than shown by
models. Also, because trees are long-lived and
may tolerate growing conditions outside of those
where they now live, changes may take longer
than in the models.

C

limate change is expected to bring about
major changes in the makeup of plant
communities across the globe. In Shenandoah,
an area of unusual biological richness, the
changes could be particularly significant.

“Tree species generally are expected to
migrate northward or to higher altitudes
in response to increased temperatures.”
Herman Shugart, Roger Sedjo, and
Brent Sohngen127

CHANGES IN SHENANDOAH’S FOREST
TYPES

Modeled changes in eastern forest types
presented in both of the national assessments of
climate change impacts done by the U.S.
government (in 2000 and 2009) suggest that the
dominant oak-hickory forest type now found in
Shenandoah National Park could begin to give
way by 2070-2100 to oak-pine and pine
forests.128

The U.S. government's 2009 national
assessment of climate change impacts (see
page 6) projects that climate alteration will lead
to changes in where different types of trees live,
producing “major changes in the character of
U.S. forests and the types of forests that will be
most prevalent in different regions.”124 At stake in
Shenandoah is one of the most important
forested areas in the eastern United States,
which covers 93% of the park. Here, some
typically northern tree species such as balsam fir
reach their southern limits, and some boreal
species occur in isolated, high-elevation
segments of the park, creating a unique mixture
of trees.125

NPS

But the mixture of tree species
found in Shenandoah may
change. Several scientific
approaches have been used
to predict changes in forest
types in response to an
altered climate. For example,
species predictions for the
eastern United States using a
statistical approach showed
that the range of most species
would move north by 60 to
126
300 miles. Authors of these
types of studies, though,
caution that their efforts
cannot fully reflect how types
of forests may change. As
examples, insect infestations
and other forest disturbances

An increase in pines in Shenandoah would
reduce the spectacular fall leaf color from the
park’s amazing diversity of deciduous trees. This
would undercut the park's single greatest
attraction. Most national parks draw the most
visitors in summer, but Shenandoah gets fully

The fall view from Big Run Overlook, Shenandoah National Park.
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one-fifth of all its visitors in October, the month
with peak leaf color.129

Low winter temperatures are the main check on
the spread of the adelgid, but the infestation in
Shenandoah may have occurred even without
recent increases in winter temperatures. The
insect’s expected spread much farther to the
north, though, could be a result of climate
change. Both the U.S. government's 2009
national assessment of climate change impacts
and an earlier U.S. government report focused
on climate-change impacts on ecosystems
identified the possible spread of the adelgid into
the Northeast as an example of how a hotter
134
climate can promote ecosystem disruption.

FOREST LOSSES FROM INSECT
OUTBREAKS
Changes in climate have already contributed
significantly to several major insect outbreaks in
forests in the United States and Canada over the
past several decades, and further climate
changes are expected to promote additional
outbreaks of some tree-killing insects.130 The
park staff in Shenandoah is concerned about
how climate change could drive insect outbreaks
131
affecting the park's forests.

Spruce beetle, pine beetle, spruce
budworm, and woolly adelgid (which
attacks eastern hemlocks) are just some
of the insects that are proliferating in
the United States, devastating many
forests. These outbreaks are projected
to increase with ongoing warming.

How insect outbreaks can disrupt forests is
illustrated by an assault now underway on one of
Shenandoah’s most important tree species, the
eastern hemlock, by a tree-killing insect from
Asia, the hemlock woolly adelgid. The adelgids,
first detected in the United States (in Richmond)
in 1951, attach themselves to the needles of
hemlocks and feed on their sap. Eastern
hemlocks have no defenses to this non-native
insect, which deprive the trees of so much
nutrition that they usually die within a few
years.132 In 12 years after they were first
detected in Shenandoah, in 1988, the adelgids
had already killed half the hemlocks in the park.
133
All remaining stands and now infested.

U.S. Global Change Research Program135

The loss of eastern hemlocks would eliminate a
special ecological niche in eastern forests. The
hemlocks form dense canopies that provide cool
refuges in the forests. Streams under hemlock
stands can be 2ºF to 4ºF cooler than those in
other areas and support three times as many
brook trout. Hemlock stands also create habitats
favored by wildlife such as black-throated green,
blackburnian, and Canada warblers and some
flowering plants such as painted trillium. So a
share of the natural character of Shenandoah is
at stake. Eastern hemlocks also are signature
trees of the Appalachian Mountains and are
aesthetically appealing to park visitors.136

“The loss of the hemlocks from global
warming's combined effects on habitat
availability and HWA infestation threatens
to destroy the entire ecosystem, leading to
an irreversible loss of North American
biodiversity. Forest canopies will become
more open as hemlocks are lost, and cold
water streams will become warmer and
thus less suitable for brook trout and
other aquatic and semi-aquatic species.”
Covered by what looks like tiny cotton balls or
white wool, adelgids attach themselves at the
base of hemlock needles and feed on sap,
eventually killing the tree.

National Wildlife Federation137
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Climate change also will affect the park's plant
communities by piling a new stress atop existing
threats, such as air pollution and invasive plants,
already facing the park’s natural vegetation. The
park's staff botanist is concerned that some
plant communities already do not appear as
resilient as they once were. For example,
perhaps because of the combined effects of
climate change and other environmental
stresses, many park plants do not appear to be
as resistant to invasive insects and diseases as
143
they were before.

MORE INVASIVE PLANTS
In Shenandoah as elsewhere, an altered climate
is likely to worsen the threats posed to natural
plant communities by non-native invasive plants.
Invasive plants generally appear to better
tolerate a wider range of environmental
conditions and may be more successful than
native plants in migrating and establishing
themselves in changing ecosystems. Invasive
plants also are often very difficult to control once
138
established in an area.

Very little site-specific scientific research has yet
been done on the variety of ways in which
Shenandoah's forests may be affected by
climate change, but the park's staff is seeking
funding for some key research projects.

Shenandoah now has over 300 non-native,
invasive plants competing with the park's natural
139
vegetation. In the past 10 to 15 years,
Shenandoah has experienced what the park's
botanist calls “an explosion” of invasive plants,
which she says may be a result of a changed
climate. Examples include kudzu, a vine which
grows prolifically, choking and crowding out
native vegetation; has long plagued the deeper,
hotter South; and has now been found in one
location in the park so far and is spreading
rapidly near the park. “Mile-a-Minute” weed,
another invasive vine which is spreading
explosively in the Mid-Atlantic states, is now in
ten park locations. Other invasive plants that
threaten park vegetation are Japanese stilt grass
and wavy leaf basket grass, both shade-tolerant
species which can overtake the native
140
understory.

EFFECTS ON CHINCOTEAGUE AND
JAMESTOWN
There have not yet been specific studies about
changes in plant communities at Chincoteague,
but FWS officials expect changes ranging from
loss of salt marshes in the face of sea level rise
144
to a reduction in the refuge's pine forest. At
Jamestown and other Colonial NHP sites,
wetlands that are part of the Chesapeake Bay
ecosystem could be lost to sea-level rise and
145
stronger storms.

“Climate change will have a significant
impact on Virginia's ecosystems. At
varying rates, vegetation ranges are
moving from current locations to higher
altitudes and latitudes. The effect of this
will be that suitable habitat for some
species will decline, other species will
become extirpated, and others species
will become extinct. Climate change
also will exacerbate threats already
faced by Virginia ecosystems, such as
invasive species, pathogens, and
pollution.”

OTHER SPECIFIC THREATS IN
SHENANDOAH
The National Park Service anticipates that
climate change impacts will be most drastic on
some of the park's most vulnerable and isolated
communities and species – especially those
limited to higher elevations.141 Examples include
the park's greenstone barrens – communities of
plants such as cinquefoil, goldenrod, and
Appalachian fir clubmoss, a fern-like plant,
associated with rocky outcrops on the western
side of the park, in popular overlooks in heavilyused hiking areas. Of them, the park's botanist
says, “Many people wouldn't know immediately
what they are, but they would miss them if they
were gone.”142

Governor's Commission on Climate Change146
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INTRODUCTION
O
THER IMPACTS
Agency (EPA) has set air quality standards at
the levels necessary to prevent adverse health
effects. In 2008, EPA set more stringent National
Ambient Air Quality Standards for ozone by
lowering the standard from 84 parts per billion to
75 parts per billion. The new standard affords
more protection of both human health and of
vegetation and other natural resources. In 2010,
EPA proposed both to further strengthen the
standard and to set, for the first time, a separate,
stricter standard to protect plants from adverse
effects of ozone occurring even when air is clean
enough to meet the health-based standard.
Shenandoah is one of the national parks in
which the adverse effects of ozone on vegetation
have been documented, supporting this move to
a separate standard to protect vegetation across
the country.147

A disrupted climate is likely to affect
Shenandoah, Chincoteague, and
Jamestown in several other ways.
MORE AIR POLLUTION
Shenandoah is plagued by concentrations of
ground-level ozone high enough to obscure the
park’s great views, damage its trees and other
plants, and harm people’s health. Heat
contributes to the formation of ozone, and a
hotter climate is expected to worsen these
problems.
Ground-level ozone is the key component of
smog, which is created when pollutants mix in
sunlight. (Naturally occurring ozone higher in the
atmosphere, which filters the sun's ultraviolet
rays, is a different thing.) Ground-level ozone
has been firmly established to harm people's
health, and the U.S. Environmental Protection

NPS

Shenandoah has ozone levels above the old air
quality standard, let alone the new, stricter
standard.148 Because future climate-changedriven increases in ozone levels are expected to

Contrasting views from Dickey Ridge in Shenandoah on a clear day and a day with high
ozone levels. A hotter climate is expected to worsen vista-obscuring ozone air pollution.
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moisture from soils and water loss from plants,
the frequency, duration, and intensity of droughts
in the Southeast are likely to continue to
increase.155

be greatest where ozone levels already are high,
further climate change is likely to mean that it will
take longer and require more control efforts
before Shenandoah achieves air quality that
meets national standards.

The percentage of the Southeast experiencing
moderate to severe drought increased over the
past three decades. The area of moderate to
severe spring and summer drought has
increased by 12% and 14%, respectively, since
156
the mid-1970s.

Because ground-level ozone is related to
temperature,air quality is projected to
become worse with human-induced
climate change.
U.S. Global Change Research Program149

The increase in summer droughts may have a
number of effects in Virginia, including an
increase in wildfires and additional stress on
ecosystems already affected by acid deposition
and land-use changes. Drought, in combination
with warming temperatures, could also add to
existing pressures on native brook trout in
Shenandoah, now one of the best remaining
places to fish for native brook trout in Virginia.
(See Section 6.)

MORE DOWNPOURS AND FLOODING
With a changed climate, more precipitation now
comes in downpours. Over the past century, the
amount of rain falling in heavy storms increased
by 20%.150 In a recent report, the U.S. Global
Change Research Program says there is at least
a 90% likelihood that heavy downpours will
151
become even more frequent and intense. With
an increase in downpours, flooding also is likely
to increase.152

MORE WILDFIRES
Climate conditions are major factors influencing
the frequency and extent of wildfires, and the
hotter and drier summer conditions expected to
result from an altered climate in Virginia's
mountains are expected to lead to more
wildfires. One study projects that future climate
conditions could result in an increase of
seasonal forest fire severity by 10 to 30% in
southeastern forests. Another projects that fires
could increase enough in the Southeast to lead
to open savannas replacing some forests in the
region.157

Shenandoah National Park, with its steep
mountain terrain, is particularly vulnerable to
slope failure and debris flows during severe
storms. A recent example is a June 1995 storm,
in which a thunderstorm got “stuck” in place
against a mountainside and about two feet of
rain fell within a five-hour period. Much of the
mountainside was washed away, with trees and
boulders the size of houses carried downhill in a
153
raging torrent.
Also, coastal storms can bring copious amounts
of moisture inland and deliver high precipitation
totals to Shenandoah. The cooling of air as it
moves up mountain slopes forces moisture out
of the air, so the higher country of Shenandoah
can experience heavier precipitation than lower
elevations. Hurricane Isabel, for example,
dropped over 5 inches of precipitation in one day
in Charlottesville but well over twice as much in
Shenandoah. All of the official measuring
stations at Big Meadows in the park actually
were damaged in that storm and precise
154
precipitation totals are not known.

“Other effects [in the Southeast] of the
projected increases in temperature
include . . . more frequent and intense
wildfires.”
U.S. Global Change Research Program158

The effects of increased wildfires would include
disruption of more summer vacations for park
visitors, through closures of trails, campgrounds,
or other areas.

MORE SUMMER DROUGHT

LOSS OF FISHING

Another form of extreme weather than can result
from climate change is drought. Because higher
temperatures lead to more evaporation of

Shenandoah “provides an entire region of
incredible wild brook trout streams,” in the words
of one fishing outfitter.159 The park's managers
32

about the effects of climate change on the trail
and its hikers to have prepared a report detailing
161
its potential impacts. They include:

have made preservation and perpetuation of the
brook trout its top fishery management priority.
But as explained on page 25, brook trout in the
park are in grave peril – and so the continued
ability of park visitors to fish for the trout is also
obviously at risk. As yet, the park has not had to
impose restrictions to protect the fish. Out West,
though, Yellowstone National Park has had to
impose fishing closures to protect the native
trout there in especially hot summers.160 Given
the bleak predictions of how a disrupted climate
may affect brook trout in Shenandoah, that kind
of restriction may well be required at some point
there, too.

·
Water sources hikers depend on could
disappear.
·
There could be more trail erosion.
·
There could be more precipitation in
heavy events with more runoff and
erosion.
·
More intense hurricanes could lead to
more trail erosion and more blow downs.

LOSS OF CULTURAL RESOURCES
·
Warmer winter temperatures would
increase the hiking season, but could
lead to increased plant pest infestations
and more dead trees.

Colonial NHP, where the colonial history of the
United States both began (at Jamestown) and
ended (at Yorktown), has cultural resources
unique to our national history, plus archeological
sites predating the original settlement of
Jamestown. Rising seas and stronger coastal
storms threaten to inundate or erode not only
Jamestown Island but also portions of Yorktown
Battlefield, stretches of the Colonial Parkway
connecting Jamestown and Yorktown (the
parkway itself is on the National Register of
Historic Places), and archeological sites along
the Parkway and elsewhere in the park. (See
pages 10-11 and 19-20.)

·
Warmer, drier conditions could mean
more forest fires; more blow-downs and
dead trees could makes fires more
intense.
Shenandoah also includes Rapidan Camp, the
nation's first presidential retreat, on land bought
by President Herbert Hoover and housing a
complex of 13 buildings built for and used by him
during his time in office. (Hoover donated it for
summer use by other presidents, but Camp
David took its place.) The park's staff has
expressed concern that the infestation in
Shenandoah of hemlock wooly adelgid (see
section 6) has killed enough hemlock trees along
two streams above the camp to threaten it, as a
flood could bring fallen trees crashing into the
historic structures of the camp.162

Shenandoah includes 101 miles of the
Appalachian Trail, a footpath over 2,000 miles
long between Georgia and Maine, which is
enjoyed by about 4 million hikers each year –
including a hardy few who hike its entire length
in a single season. The Appalachian Trail
Conservancy, a nonprofit organization primarily
responsible for the trail, is concerned enough
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TACKLING CLIMATE DISRUPTION

To keep Jamestown, Chincoteague,
and Shenandoah such special places,
new efforts will be needed to protect
their resources. Even more important
will be reducing heat-trapping gases
enough to avoid dangerous climate
disruption.

protect the particular resources most at
risk from climate change and other
stresses.
·
Agency officials and managers should
speak out publicly about how climate
change and its impacts threaten the
areas for which they are responsible and
the broader ecosystems on which they
depend.

A

s the risks of a changed climate dwarf all
previous threats to our national parks, new
actions to face these new risks must also be on
an unprecedented scale. Needed are both
actions specific to parks to preserve their
resources and actions to curtail emissions of
climate-changing pollutants enough to reduce
the impacts in parks and elsewhere.

·
Land managers should use environmental education programs to inform visitors
about a changed climate and its impacts
in managed areas and about what is
being done to address climate change
and those impacts. The NPS should
require concessionaires to do so, too.
·
The Congress and the Administration
should adequately fund NPS and FWS
actions to address a changing climate.

A full suite of actions by NPS, FWS, and others
will be needed to protect the resources of
Virginia's special places. Most recommendations in chapter 9 of National Parks in Peril: The
Threats of Climate Disruption, the October 2009
report by RMCO and NRDC, apply to protecting
national wildlife refuges as well as parks. The
actions include:

·
The NPS and FWS should reduce
emissions in their own operations, and
provide information to visitors on those
actions to inspire them to undertake their
own emission reduction actions.

·
Land management agencies should
consider the combined effects of climate
change and of other stresses on the
resources and values of areas they
manage, and work to reduce all the
stresses that pose critical risks.

·
The Congress and the Administration
should rebuild and enhance the scientific
and research capacity the NPS had prior
to 1993.

“Given the disruption and destabilization
that a changing climate poses for our
mission, our nation, and our world, the
Service and Department of the
Interior cannot afford to simply go
about business as usual. . . . And most
importantly, we must act now, as if
the future of fish and wildlife and people
hangs in the balance – for indeed, all
indications are that it does.”

·
Land managers should develop areaspecific and resource-specific plans to

“The focus of the climate change discussion
has largely shifted from the evidence that
climate change is occurring to what we can
do about it. As stewards of our nation's
natural and cultural heritage, we have an
obligation to act now.”
Jon Jarvis, Director
National Park Service163

U.S. Fish and Wildlife Service164
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public health legislation. For four decades
it has been protecting the environment
and health of millions of Americans –
including our children, our seniors, and
the most vulnerable among us – from
dozens of different air pollutants. Studies
show that the benefits of the Clean Air
Act outweigh the costs by as much as a
42-to-1 margin. Over these years, our
economy has continued to grow strongly.
Action under the Clean Air Act on global
warming pollution will bring comparable
benefits to the American people.

AVOIDING DANGEROUS CLIMATE
DISRUPTION
Contributed by Theo Spencer, NRDC
Ultimately, to protect our special places such as
national parks and wildlife refuges for the
enjoyment of our and future generations, it will
take actions by all of us to reduce emissions of
heat-trapping pollutants enough so that human
disruption of the climate and its impacts do not
overwhelm these protected areas. The federal
government must lead the way with emission
reductions. That means aggressive actions on
these essential fronts:
·
Enacting comprehensive mandatory
limits on global warming pollution to
reduce emissions by at least 20% below
current levels by 2020 and 80% by 2050.
This will deliver the reductions that
scientists currently believe are the
minimum necessary, and provide
businesses the economic certainty
needed to make capital investments to
achieve those reductions.

·
Overcoming barriers to investment in
energy efficiency to lower emission
reduction costs, starting now. To fully
harness energy efficiency potential, many
opportunities require additional federal,
state, or local policies to unleash
investments that are already costeffective even without a price on
greenhouse gas emissions. Policies
include building, industry, and appliance
efficiency (standard) upgrades, as well as
incentives for “smart transportation,”
advanced vehicles, and smart growth.

Protecting the Environmental Protection
·
Agency's (EPA) current authority under
the Clean Air Act to set standards to curb
global warming pollution from vehicles,
power plants and large industrial sources.
The Supreme Court held in its landmark
2007 decision that EPA must act if it
finds, based on the science, that carbon
dioxide and other global warming
pollutants endanger public health and the
environment. Accordingly, EPA issued
consensus national standards on April 1
to cut global warming pollution from new
vehicles. And on May 13, EPA issued a
rule requiring that the biggest new and
expanded pollution sources start applying
available and affordable pollution control
measures starting in 2011. This fall marks
the 40th anniversary of the Clean Air Act,
one of our nation's most effective and
beneficial pieces of environmental and

·
Accelerating the development and
deployment of emerging clean energy
technologies to lower long-term emission
reduction costs. That means incentives
and investments in renewable electricity,
low-carbon fuels, and carbon capture and
storage, including a federal renewableenergy standard, as well as infrastructure
upgrades to support transmission
capacity for these renewable assets.
Finally, regulations to require any new
coal-fired power plant to capture and
permanently geologically sequester at
least 85 percent of its carbon dioxide
emissions, along with state and federal
regulatory frameworks for site selection,
operation, and monitoring for carboncapture and geologic-storage systems.
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