INTRODUCTION
STRONGER STORMS

Nor’easters and other storms are expected
to become stronger, threatening both
coastal and inland resources with erosion.
STRONGER COASTAL STORMS

NPS

Compounding the threats from sea-level rise are
projected increases in the frequency and strength
of coastal storms in the Northeast. The greatest
destruction from coastal storms comes from storm
surges as strong winds push water inland. When
the future sea level is higher to begin with, storm

surges will push even farther into what is now
uplands. Also, erosion caused by storm surges
can render an area more vulnerable to future
encroachment from higher waters. Rising seas
and stronger coastal storms create a selfreinforcing, destructive circle.
According to the U.S. government's 2009 national
assessment, sea surface temperatures where
hurricanes develop in the North Atlantic have
increased by about 2°F in the last 30 years. This
has matched an increase in the intensity of the
most powerful hurricanes, those rated as Category
4 and 5. Hurricanes are likely to continue getting
stronger during this century, with higher peak wind
speeds, rainfall intensity, and storm surge height
66
and strength. Although hurricanes rarely make it
to the Northeast, an increase in the strength of the

storms could propel more hurricanes to the region,
and they could pack more punch when they arrive.
The Northeast's most damaging coastal storms,
though, are winter nor'easters, not the rarer
hurricanes. Over the past 50 years, winter storm
tracks have shifted northward in the Northern
Hemisphere, producing stronger nor'easters; this
northward shift is projected to continue, and strong
cold season storms are likely to become stronger
and more frequent, with greater wind speeds and
67
more extreme wave heights. Examining the
frequency and timing of winter nor'easters, the
2006 Northeast climate study concluded that,
under a higher-emissions scenario, between 5 and
15 percent more of the serious storms that hit the
East Coast during January, February, and March
will move far enough northward by century's end
to affect the Northeast. This would produce about
one additional powerful nor'easter in the region
68
per year.
In Acadia, flooding and damage from stronger
coastal storms could lead to temporary closures
and a need for expensive repairs of the park’s
roads, according to NPS staff. The park's most
important road on Mount Desert Island, the Loop
Road, is at Otter Cove close enough to the
shoreline and at a low enough elevation to be
highly vulnerable to flooding and erosion from
stronger coastal storms and higher seas. (See
pages 14-15.) So are parts of Seal Cove Road,
also on Mount Desert Island, and the park's other
Loop Road, on the Schoodic Peninsula unit. (See
the photograph on page 14.)69
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Other vulnerable roads outside the park
boundaries also important to providing access to
the park include Route 3 in Hulls Cove and Route
102 in Southwest Harbor, near the Seawall
Campground.70 The latter road was flooded on
November 5, 2010, shortly before this report was
finalized, when Acadia experienced a coastal
storm that dumped two inches of rain,
accompanied by winds reaching a high of 51
miles per hour. The photograph below shows NPS
staff cleaning the road surface. This was a
relatively mild overwash, according to the park
staff. At other times, the park has needed to use a
plow to remove boulders that have washed up on
71
this stretch of road.
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Coastal storms can require expensive repairs to
keep the park open and visitors safe. Cleanup
and repairs after a winter storm in 2003,
Hurricane Noel in 2007, and Tropical Storm
Hannah in 2008 cost NPS a total of nearly
$400,000.72 With huge federal budget deficits and
a large Backlog of unmet maintenance needs in
the national park system, covering increased
repair costs out of Acadia's budget will be difficult.

NPS staff cleaning debris from Route 102,
November 5, 2010, after a coastal storm. See text.
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Other low-lying, especially vulnerable roads are
outside the park itself but are essential for
providing access to the park. One example is the
Route 3 causeway and bridge from the mainland
to Mount Desert Island. The combination of higher
seas and stronger storms will make it vulnerable
to being damaged by erosion and flooding, likely
requiring expensive renovation and repairs to
maintain access to the main unit of Acadia on the
island – as well as to other sites on the island,
such as the town of Bar Harbor.

Sand Beach

Stronger storms coming atop higher seas may
also affect Sand Beach, one of Acadia's most
popular spots. A sandy beach is a rarity in Maine;
out of over 4,000 miles of coastline, the state has
only about 35 miles of sandy beach.73 But Sand
Beach is even rarer, made not just of sand but
also of broken bits of shells and the skeletons of
crabs, mussels, sea urchins, and other marine life.
It is one of only two such beaches north of North
Carolina. One writer has called Sand Beach “one
of America's top ten beaches,” and declared it the
best beach in the country for watching the sun
rise.74
Sand Beach is high enough that it likely will not
disappear under a higher sea in this century, but
its shape probably will change with higher seas
and storm surges, and possibly also its
composition. Higher waves with stronger coastal
storms may erode the bluff behind the beach and
wash away sand, gravel, and dirt under the stairs
and parking lot as well as the terrace on the
opposite side of the lagoon. The erosion of these
deposits could supply a vast amount of material to
help maintain the beach, but the effect of waves
on the new beach material would be to abrade
and grind up the shells that give the beach its
current character. Plus, the erosion of the bluffs
behind the beach would add to NPS maintenance
75
costs to maintain public access to the beach.
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Finally, stronger coastal storms could also lead to
more incidents of park visitors being injured or
worse. When Hurricane Bill passed near Acadia
on August 23, 2009, the park had extremely high
surf and thousands of visitors came to the
shoreline to watch the breaking waves. Seven
people were washed out to sea when one huge
wave broke on the shore. Of them, four managed
to get back to shore on their own, with injuries;
two were rescued from the water; and, tragically,
one young girl drowned. Over a dozen other
people were seriously injured by the breaking
waves. It could have been worse: Rangers had
evacuated Sand Beach just minutes before waves
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inundated it. With stronger coastal storms, this
might not be the last tragedy of its kind.

MORE DOWNPOURS AND FLOODING
Storminess is also increasing in inland areas.
More precipitation is coming in downpours. Over
the past century, the amount of rain falling in
heavy storms increased by 20 percent nationwide
– and by a staggering 67 percent in the Northeast,
the largest increase in the nation.77 In a recent
report, the U.S. Global Change Research
Program says there is at least a 90-percent
likelihood that heavy downpours will become even
more frequent and intense.78 With an increase in
downpours, flooding also is likely to increase.79

“The amount of rain falling in the heaviest
downpours has increased approximately
20 percent on average in the past century,
and this trend is very likely to continue,
with the largest increases in the wettest
places.”

An increase in inland flooding threatens Acadia’s
resources. The park has over 115 miles of hiking
trails, 58 miles of paved road, 64 miles of gravel
roads, and 45 miles of carriage roads (see the
following), almost all of which cross streams. Many
of the culverts on these systems are undersized to
handle the larger storm events of the past decade,
which has led to road and trail washouts during
these high-flow events. With heavier storms, the
park faces more severe washout events that could
harm both park resources and visitor
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experiences.
The carriage roads in Acadia are nationally
significant resources at greater risk because of the
increase in downpours and floods. For many
visitors, one of the special joys of the park is
hiking, running, or bicycling on the carriage roads
– or, in winter, snowshoeing or skiing on them.
These unique paths, on which motorized vehicles
are not allowed, were constructed under the
personal oversight of John D. Rockefeller, Jr.,
whose donations of property made the national
park possible. The carriage roads are the nation's
best example of early 20th-century broken-stone
roads and are listed on the National Register of
Historic Places – the nation's official list of cultural
resources worth protecting. Although they were
built to withstand Maine's wet, difficult weather,
maintaining them is an ongoing challenge. In the
1990s, they were extensively rehabilitated with a
combination of federal and donated private funds.
Increased erosion from both more powerful
coastal storms and increased downpours would
add significantly to the challenges and costs of
82
sustaining these unique Acadia features.
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INTRODUCTION
DISRUPTION
OF ECOSYSTEMS
that the result will be “major changes in the
character of U.S. forests and the types of forests
that will be most prevalent in different regions.”84

Hotter and drier conditions and other
changes threaten Acadia’s ecosystems,
especially its forests.

“Climate warming alone is projected to
drive significant changes in the range
s explained in Section 4, inundation or
and
species composition of forests and
saltwater intrusion from rising seas could
other ecosystems. Generally, tree species
eliminate or disrupt salt water and freshwater
are expected to shift their ranges
marshes, key ecosystems in Acadia. Other
ecosystems in the park, especially its forests, also
northward or upslope, with some current
are vulnerable to higher temperatures, drier
forest types such as oak-hickory
summers, and other manifestations of climate
expanding, others such as maple-beech
change.
contracting, and still others such as
spruce-fir disappearing from the
CHANGES IN FORESTS
United States altogether.”

A

The hotter temperatures and drier summers
forecast for Acadia (see Section 3) could create
substantial new stresses on the park's forests, its
most widespread types of ecosystems. More
attention has so far been paid to the effects of
drier conditions on forests in other parts of the
country than in the Northeast. That is
understandable, as in other regions water scarcity
has long been a decisive factor in forest health.
Yet in the Northeast, too, a shift to hotter, drier
conditions may have a big impact on forests. In
general, droughts, which could become nearannual events in Acadia, decrease forest health
and tree growth. Droughts and drier conditions
also have profound effects on ecosystem
structure, species composition, and function by
killing or stressing trees, making them more
susceptible to insect attacks, and increasing the
83
incidence and intensity of forest fires.

National Academy of Sciences85

Scientists have used varied approaches to predict
changes in forest types in response to an altered
climate. Often, they identify which forest types
would dominate when the distribution of trees
achieves equilibrium in response to different
temperatures in some future period. (Different
precipitation patterns, if they were to occur, also ,
would contribute to changes in the distribution of
86
tree species. ) Temperature-based modeling
consistently suggests that today's forest types will
migrate north and to higher elevations. For
example, researchers have projected that in the
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Even without considering the effects of possibly
drier conditions, higher temperatures alone are
likely to affect forests in Acadia, as elsewhere. As
the climate gets hotter, areas that currently meet
the habitat requirements of tree species now will
no longer do so, and new areas that now cannot
support particular species will become suitable for
them. As a result, the distribution of tree species
will shift, sometimes dramatically. The U.S.
government's 2009 national assessment of
climate change impacts (see page 2) concludes
19
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eastern United States the center of distribution of
most species will move north by 60 to 300 miles.
Authors of these types of studies, though, caution
that their efforts cannot fully reflect how types of
forests may change. For instance, increased
forest disturbances such as those expected from
insect infestations and wildfires may lead to more
abrupt changes than those projected by models.
Or, because trees are long-lived and may tolerate
growing conditions outside of those in which they
now live, changes may take longer than in the
87
models.
At Acadia National Park, two types of forests
meet: boreal forests that stretch northward into
Canada, and the east-central hardwood forests
that extend southward to the Mid-Atlantic. One
Maine researcher has identified in the narrow
band where these forests come together 54
species of trees and shrubs at the northern ends
of their ranges and 13 species at their southern
ends.88 Exactly how these forests and the species
comprising them may change is uncertain.
The most widespread ecosystem type in Acadia is
spruce/fir forest, a type of boreal forest. This
ecosystem requires a cool climate and is
projected to disappear from nearly all the
Northeast in response to a hotter future climate,
according to U.S. Forest Service scientists. Oakpine and oak-hickory forests, both now typically
found farther south, are projected to spread
widely into the Acadia region, displacing both the
area's spruce/fir forests and its maple-beech-birch
forests that are the locally dominant type of
deciduous forest.89
The park’s spruces and firs, however, have a
chance to be the last ones standing in the region,
as they were once before. In long-ago periods of

“[T]he Northeast can expect current
forest ecosystems to slowly
disassemble, leaving tree species
to reassemble over time into
new forest types that will have
combinations of species different
from those we know today.”
Northeast Climate Impact Assessment90

higher temperatures, spruce forests were
essentially eliminated elsewhere across the
region. But they persisted in the Acadia area,
sustained by ocean currents from the north that
kept the area cool.91 If these local conditions are
not overrun by broader-scale changes, spruce/fir
forests may again persist in Acadia despite
92
disappearing from the surrounding region.
It is not clear whether or to what extent these local
conditions, if they persist, could also help Acadia’s
striped maples, paper birches, American beeches,
and other current deciduous tree species hang on
more successfully in the park than elsewhere in
the region, where they are projected to lead to
their widespread declines across the region.

POSSIBLE EFFECTS ON FALL FOLIAGE
The changes in Maine's forests might diminish
their vivid colors of fall; if that were to happen, it
could undercut one of the state's top attractions
for residents and tourists alike. If oak-pine and
oak-hickory forests currently typical of more
southern forests generally replace the maplebeech-birch forests that are the dominant type of
deciduous forest in the state, as models suggest,
the new forests could be less colorful than the
old.93 However, some colorful species, such as
red maples, while not now common in the park,
may be adaptable enough to become more
94
widespread.
Acadia’s colorful fall foliage depends not just on its
trees but also on mid-level shrubs such as
viburnums and sumacs, and other understory
plants such as ferns, which create the park’s
striking multi-level mosaic of fall colors. The park
staff has expressed concern that these lower-level
colorful plants could diminish in a hotter, drier
95
climate, reducing Acadia’s fall color.
Beyond affecting the distribution of colorful trees,
shrubs, and plants, higher temperatures and drier
20

summers can operate in several other ways to
diminish the fall foliage spectacle. Warmer fall
nights in the future could lower the intensity of
autumn colors, as cool fall nights (in combination
with warm, sunny days) produce the most brilliant
96
autumn colors in trees. Summer droughts,
projected to be present most summers if future
emissions are high, can cause trees to drop their
leaves early, before they change color.97The U.S.
Forest Service also says that severe drought can
98
delay the onset of fall colors. Finally, the leafpeeping season, which now reaches its peak in
the first half of October, may come later in the
year. Fall frosts play a key role in determining both
the timing and the vibrancy of fall foliage, and
frosts are likely to come later in the season,
particularly if future emissions of heat-trapping
gases are high and drive large temperature
increases.99

Low winter temperatures are the main check on
the spread of adelgids, and climate change is
expected to be a major factor in enabling their
spread into the Northeast. Both the U.S.
government's 2009 national assessment of
climate-change impacts and an earlier U.S.
government report on ecosystem effects of climate
change identified the possible spread of the
adelgid into the Northeast as an example of how a
hotter climate can promote ecosystem
102
disruption.

“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.”

LOSS OF HEMLOCKS
Climate change already is opening the door to
major insect outbreaks affecting forests in the
United States and Canada. One way an altered
climate does this is by lessening the deep cold of
winter that naturally serves to hold the populations
100
of some insects in check.

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.

Because of climate change and the adelgids, a
tree species that creates an important ecological
niche in Acadia and elsewhere could be lost.
Eastern hemlocks grow up to 150 feet tall and
form dense canopies that provide cool refuges in
the forests. Streams in hemlock stands can be
noticeably cooler than among other trees, with
less day-to-day temperature fluctuation. As a
result, hemlock-shaded streams host significantly
more brook trout than do other streams –
important because hotter stream temperatures
can kill these coldwater fish. Hemlock stands also
create habitats favored by particular wildlife,
prominently the colorful blackburnian warbler.104

“The loss of the hemlocks from global
warming's combined effects on habitat
availability and HWA [hemlock wooly
adelgid] 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.”
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Warmer winters, for example, are promoting the
spread of a tree-killing insect from Asia, the
hemlock wooly adelgid, believed to be on its way
to eliminate eastern hemlocks from the Northeast,
including Acadia. The adelgids attach themselves
to the needles of hemlocks and feed on their sap.
Eastern hemlocks have evolved no defenses to
this foreign invader, and infested trees are usually
deprived of so much nutrition that they die within a
few years.101
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National Wildlife Federation (2010)105
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DISRUPTION BY INVASIVE PLANTS

MORE WILDFIRES

In Acadia 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 established in
106
an area.

Much attention has been paid to how humancaused climate change has already contributed to
increased wildfires in many regions of North
America, and a wide variety of scientific studies
project greater increases as climate changes
intensify.111 By contrast, there has been relatively
little scientific attention to the extent to which
climate change may lead to more wildfire in the
Northeast region. One study published in 2000
used two climate models to project that a doubling
of atmospheric concentrations of heat-trapping
gases could increase the severity of fires in the
112
Northeast by 10 to 20 percent by 2060. The
Northeast Climate Impact Assessment did note,
but only briefly, that future increases in drought
will deplete soil moisture and dry out vegetation,
113
raising the risk of wildfires. In contrast to this
relative lack of scientific investigation of possible
future increases in wildfires in the region, the
Acadia staff is concerned that increased wildfire
could become one of the most significant effects
of climate change in the park and the surrounding
area.114

A fourth or more of the park's flora is non-native,
and some of these species are extremely invasive
and threaten the integrity of natural
107
communities. The species most likely to
increase rapidly in the state are those that travel
easily, adapt to a variety of conditions, and
reproduce rapidly – all characteristics of weedy or
invasive species, giving them an advantage in an
108
altered future climate.
One illustration of an invasive plant species
threatening the entire Northeast, including both
farmlands and conservation areas such as
Acadia, is kudzu. This highly aggressive, fastgrowing Asian weed now infests much of the
southeastern United States and has already
spread into southern New England. Kudzu's
already extraordinary growth rate accelerates
when atmospheric carbon dioxide levels are
higher. In earlier times, the Northeast's cold
winters would have kept this invasive weed from
moving farther north, as it is confined to areas
where winter temperatures do not drop below
about -4°F. But climate models suggest that
continued warming of winter temperatures will
move that temperature barrier to the north. Even
in a lower-emissions scenario, the habitable zone
for kudzu could extend from its current range up
the Maine coast to Acadia and beyond within the
next 20 years.109 According to researchers for the
Northeast Climate Impact Assessment making
this projection, “While temperature is not the only
factor that could constrain the spread of kudzu
into the region, given the aggressive nature of this
species, [its] regenerative abilities, and [its] recent
migration pattern, continued northward expansion
seems almost inevitable.”110

The NPS’s reasons will be familiar to those who
have studied fire risk in other regions: Higher
temperatures in spring, summer, and fall make the
fire season longer; and hotter and drier summers
reduce the availability of moisture, drying out the
115
vegetation that provides the fuel for fires.
Significant increases in wildfire in the West,
Alaska, and Canada have been linked to these
changed climatic conditions.116 The downscaled
climate projections prepared for this report by the
Rocky Mountain Climate Organization (see pages
7 and 9) and the projections in the national,
Northeast, and Maine climate-change
assessments (see page 7) all indicate that the
Acadia region, too, likely will become not just
hotter in spring, summer, and fall, but also drier in
summer, creating conditions that could raise the
risk of increased wildfire in the park and
surrounding areas. The park staff has also
expressed concern that changes in the species
composition of the area's forests (see page 19)
117
could increase fire risk in the park.
Because of the moist, humid climate of coastal
Maine, wildfires have not been frequent in Acadia.
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than three hours, destroying 67 homes on
Millionaires' Row, a collection of majestic summer
homes along Frenchman Bay, and 170 year-round
residences and five large historic hotels in the
area surrounding downtown Bar Harbor. At one
point all roads from the town were blocked by
flames, so fishermen evacuated at least 400
people by boat. After bulldozers opened a
pathway, 2,000 people escaped in a caravan. In
all, over 17,000 acres burned, half in the park and
half on private land, with property damage over
$23 million, or about $225 million in today's
119
dollars.

But the park's forests are extensive, and the
neighboring towns and villages are in such close
proximity to the woodlands that fires in the park
pose major risks to nearby residents and their
private property – including many properties with
very high value.118
An epic 1947 fire that burned nearly half of the
eastern side of Mount Desert Island illustrates
what can happen with wildfire in such an area of
wildland/urban interface. That year, the area had
the type of weather projected to become more
common in an altered climate: heavy precipitation
in spring, followed by a hot, dry summer. By midOctober, Mount Desert Island was experiencing
the driest conditions ever recorded. A fire started
– from a cause still unknown – and a weather
front's gale-force winds whipped it into an inferno
that traveled six miles toward Bar Harbor in less

Today, a similar fire would cause much more
destruction. After decades of extensive privatehome construction in the woods near the park, the
potential for wildfire destruction now dwarfs that of
120
1947, the National Park Service says.

23

