the same study that also projected early peak
dates for snowpack accumulation and reductions
in snow cover, described in section 4. Because
of that earlier snowmelt and of hotter summers,
they projected that periods of late-summer
dryness would last six to eight weeks longer
toward the end of this century. As a result, during
this century (from 2006 through 2089), conifers
at the Glacier site in this study would face
above-average water stress (by previous norms)
in about 85% of the years. As the availability of
adequate moisture is the primary determinant of
forest health in summers in this region, the effect
could be a substantial decline in forest health.

LOSS OF ALPINE TUNDRA
Alpine tundra – a mountain ecosystem that is
treeless because conditions are too harsh for
tree growth – may be especially vulnerable to a
warming climate. Temperature increases appear
to have been greater atop mountains than at
lower elevations.114 As mountaintop temperatures
warm, plants adapted for survival there may not
be able to tolerate the changed conditions and
may have no nearby higher, cooler environments
in which to disperse. At the same time, where
soils permit, forests may move upslope and
overtake the tundra as mountaintop conditions
become less harsh and trees have a chance to
survive there. This change is part of the
projections for GNP's Blackfoot-Jackson Basin
shown in figure 3 on the previous page.
Similarly, In Rocky Mountain National Park,
scientists have projected that a temperature
increase of 5.6°F (consistent with a loweremissions future by the end of the century) could
cut that park's huge expanses of tundra in half
and that an increase of 9 to 11°F (possible with a
higher-emissions future) could virtually eliminate
them.115 Actual changes in the types of plants on
mountain tops, however, will depend on a variety
of variables, such as wind, topography, and soil,
not just temperature.

Similarly, in Washington State, forests could face
summer water deficits two to three times more
often, because of reduced summer precipitation
112
and hotter summer temperatures.

“If existing trends in precipitation
continue, forest productivity
will likely decrease in the
Interior West.
”U.S. Climate Change Science Program (2008)
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Scientists in Glacier are monitoring for and
finding evidence of
the types of
changes that have
been projected. The
park hosts the
original North
American site in a
new worldwide
network to track
changes in the plant
communities of the
world's mountaintop
tundra areas. The
researchers are
now finding
evidence of
changes in trees at
GNP's treelines. In
many sites in the
park, tree seedlings
are vigorously
colonizing open
areas; trees at
Logan Pass, one of Glacier’s most popular spots, where visitors can reach alpine
treeline are growing
tundra on the Going-to-the-Sun Road.
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LOSS OF CEDARHEMLOCK FOREST

NATIONAL PARK SERVICE

Southwestern Glacier is home
to the easternmost old-growth
cedar-hemlock groves in the
western United States,
present here because of lake
and Pacific Ocean influences
on the local climate. This
moist habitat is important to
the biological diversity of
Glacier because it hosts
species found nowhere else in
the park. Like mammal
species that are at the edges
of their ranges (see page 16),
these cedar-hemlock groves
are vulnerable to climate
120
changes. In this case, the ecosystem and the
rare species in it are at particular risk if humancaused climate change continues making the
area hotter and drier. As is often the case, the
risk to the ecosystem is magnified because of
other, existing stresses – in this case, because
the cedar-hemlock groves are already
fragmented by campgrounds, roads, and other
human developments.

faster and in upright form rather than in the
stunted form typical of trees at treelines; and
repeat photography has demonstrated changes
in the elevation of treelines, although some of
those shifts may result from changes in fire116
management practices. In monitoring seven
types of typical tundra plants, scientists have
found declines of 31% to 65% in four of them
between 1989 through 2002, while none have
increased.117

LOSS OF WILDFLOWERS

LOSS OF MOUNTAIN MEADOWS

GNP is justly famous for its mountain
wildflowers, but wildflowers across the West
could be adversely affected by a hotter climate.
Researchers at the Rocky Mountain Biological
Laboratory in Colorado have documented that
higher temperatures suppress the growth of
mountain wildflowers. Using electric heaters to
raise summer temperatures of test plots by 4ºF
for more than a decade, they have observed a
loss of wildflowers and an increase in
sagebrush, normally found in lower, drier
areas.121

Mountain meadows exist where the combination
of heavy snow cover in the winter and a short
growing season in the summer makes it
impossible for tree seedlings to survive. A hotter
climate is likely to both reduce snow cover and
extend the growing season for trees, shrinking
the alpine meadows that add to the scenery of
Glacier. Scientists have already detected that
trees are encroaching on mountain meadows in
Glacier, as they are in other mountain areas
118
around the West.

“Fewer wildflowers are projected to
grace the slopes of the Rocky
Mountains as global warming
causes earlier spring
snowmelt.”

“Repeat photography clearly
shows that trees have invaded
many subalpine meadows in GNP
over the past century, which is
likely the result of warming
temperatures and reduced
snowpack persistence.”

U.S. Global Change Research Program (2009)122

Dan Fagre, U.S. Geological Survey (2007)119
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have stressed trees, making them more
127
susceptible to beetle attacks. Even if Glacier
escapes this epidemic, it does illustrate how
unnatural conditions (in this case, a hotter
climate) can unleash a natural force (bark
beetles) that then disrupts an ecosystem.

Another study shows that, paradoxically, earlier
snowmelt actually leads to more wildflowers
being lost to frost.123 The growing season starts
earlier and flower buds open sooner, leaving
them exposed to mid-spring frosts. From 1999
through 2006, the percentage of wildflower buds
lost to frost doubled, compared to the previous
seven years.

INVASIVE PLANTS

INSECT OUTBREAKS

In Glacier and 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 an area.128 Twenty non-native invasive
plants currently in Glacier threaten the diversity
of the area's native plant communities, reduce
wildlife habitat, and increase soil erosion. An
example of an invasive plant that could more
widely spread in GNP as a result of a changed
climate is cheatgrass, currently present on about
20 acres in the park, which is considered by the
park's staff to be a major potential threat to
GNP's grasslands.129 Cheatgrass is a non-native
annual grass that is invasive in the intermountain West, where it typically invades
perennial shrub lands and can displace native
species by growing earlier in the spring season
and using up available water resources.

Both a recent U.S. government report and the
Intergovernmental Panel on Climate Change
point to rising temperatures as being a
significant cause of increased outbreaks of
124
insects in forests. One such outbreak, by
mountain pine beetles, is widespread at
epidemic levels in the West, and is killing trees
across millions of acres. Much of Montana is
experiencing the outbreak; while Glacier has so
far been spared in this outbreak, the park staff
anticipates a future increase in mountain pine
beetle infestations in GNP.125
A key difference between the current mountain
pine beetle outbreak and previous ones is that
now, because of higher temperatures, beetle
populations are no longer held back so much by
extreme winter cold; the beetles are able to
infest higher-elevation areas that used to be too
cold for them; and the beetles have a longer
active season and are able to complete their life
126
cycles quicker. Also, hotter and drier conditions
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MINTRODUCTION
ORE WILDFIRES

Hotter and drier conditions in Glacier
are likely to lead to more wildfires,
affecting visitors to the park.

But wildfires also can disrupt summer vacations
for park visitors. During the summer of 2003,
unusually hot, dry, and windy conditions led to
“what is known to many as the year of the fires in
132
Glacier National Park.” Because of wildfires
which burned about 10% of the park acreage,
visitation in August, normally the second busiest
month of the year, fell by 50%, with about
258,000 fewer visitors than in the three previous
133
years.

C

limate conditions are major factors
influencing the frequency and extent of
wildfires, and the hotter and drier conditions
expected to result from an altered climate in
Montana and the rest of the interior West are
projected to lead to more wildfire activity than in
130
the absence of human-caused climate change.

Even when fires are not present in a park, only
nearby, visitation can be affected. In 2003, even
though Canada's Waterton Lakes National Park
– adjacent to Glacier – did not itself have any
wildfires, park visitation declined 7% in July, 17%
in August, and 15% in September, compared to
the previous year, which officials in Parks
Canada attributed to public awareness of that
summer's wildfires and wildfire-driven restrictions in Glacier and in other Canadian mountain
parks.134 Similarly, in the summer of 2002, when
hot and dry conditions led to large fires in
Colorado, the number of July visitors to Rocky
Mountain National Park dropped by
nearly 100,000 from the previous
year, even without any fires in the
park itself.135

Fire is a natural part of Glacier's environment –
“as natural as a rain storm or a strong wind,”
131
according to the National Park Service. Fire is
essential for the health of Glacier's ecosystem,
as it maintains a natural balance and mix of
plants and trees, reduces build-up of deadfall
and organic material, creates a natural
succession of plant growth, and makes forests
more resistant to drought, insects, and invasion
by non-native plants.

NATIONAL PARK SERVICE

Clearly, unnatural increases in wildfire
resulting from a human-caused
change to a hotter, drier climate would
reduce visitation to and enjoyment of
Glacier.

Smoke from the 2003 Trapper Fire in Glacier, seen from
Logan Pass.
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“Because of increases in fire season
length and severity it is possible
that visitors to mountain parks
may experience more restrictions
on their activities (e.g. campfire
bans; trail and park closures).”
National Park Service (2009)136
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LOSS OF FISHING
of climate-related factors and their effects on
trout. But what has recently happened in other
parts of Montana suggests what could be in
store in the park. In eight out of the last dozen
years, drought and higher temperatures have led
to fishing closures and restrictions in the state to
sustain fish populations for the future. From
2001 through 2006, 119 segments of rivers were
either entirely closed to fishing or subject to
access restrictions for morning-only fishing or
bag limits. The summer of 2007, with recordsetting temperatures across the state, was even
worse. By mid-August, 40 streams and lakes
were closed, with 13 of those full 24-hour
139
closures. Farther to the south, the National
Park Service closed 232 miles of streams in
Yellowstone National Park to fishing.140

Hotter and drier conditions can lead to
fishing restrictions to save fish
populations.

A

nglers have long enjoyed fishing amid the
natural settings of Glacier – and fishing is
an important and growing contributor to Montana's economy. Statewide, the number of
fishing days increased from 2.6 million in 1996
137
to 4.1 million in 2001. Anglers add nearly $300
138
million a year to Montana's economy. But with
a changed climate likely to reduce trout populations in GNP (see section 8), recreational fishing
opportunities are likely to suffer, too.
In Glacier itself, the National Park Service has
not yet had to impose fishing closures because

“The final ramification of [higher temperatures]
is that our late summer stream flows in July
and August are just dwindling to lower
and lower stream flows, and that's really
going to ultimately impact our trout
populations and our fishing tourism.”
141

Steven Running, University of Montana (2008)
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MORE DOWNPOURS AND FLOODING

More extreme precipitation
is likely to lead to more
downpours and flooding.

W

Photo: National Park Service.

ith a changed climate,
more precipitation now
comes in downpours. The
amount of rain falling in heavy
storms increased by 20% over
142
the past century. In a recent
report, the U.S. Global Change
Research Program says there is
at least a 90% likelihood that
heavy downpours will become
even more frequent and
intense.143 With an increase in
downpours, flooding also is likely
to increase.144
Flooding at Many Glacier Lodge, Glacier National Park, 2006.

Glacier National Park, like
virtually all national parks, is at risk to increased
damage from more downpours and flooding. A
recent example of how extreme weather can
affect the park is from November 2006, when 12
inches of precipitation (mostly rain) fell at one
weather station in the park in just six days. One
24-hour period saw 6 inches of rain, setting a
new record for Montana and causing extreme
flooding and damage in the park.145 The flooding
washed away all or parts of the Going-to-theSun highway at several points, necessitated $7
million in emergency repairs, and delayed the
opening of the highway the following year until
July. The 28-mile Inside North Fork Road on the
park's west side was also closed from the
flooding and did not fully reopen until July 2009,
a full two and a half years later.

can cause. There, 18 inches of rain fell in the
park in 36 hours, washing out roads, destroying
trails, severing power, telephone and sewer
systems, damaging campgrounds, and, in the
National Park Service's words, “changing the
146
landscape of the park forever.” Nearly the
entire park was closed until the following May,
with the number of park visitors before then
falling to only 8% of the normal level.
At Glacier, an earlier episode of flooding in 1995
also “resulted in diminished visitation, which
continued through the remainder of the decade,”
147
according to the NPS. In the five years before
the flooding, the annual number of visitors to the
park averaged 2.1 million. In the five years
afterward, visitation fell to an average of 1.7
million, a decline of 18%. It took a decade, until
2004, for visitation to again hit the two million
mark.

The same storm's effects in Mount Rainier
National Park illustrates the even greater
damage that greater downpours and flooding
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TACKLING CLIMATE DISRUPTION
• Private conservation groups, the Montana
state government, and the federal
government (through the leadership of U.S.
Senator Max Baucus) negotiated the
purchase of more than 300,000 acres of
private forestland from Plum Creek Timber
Company, heading off residential and
commercial development that would have
affected wildlife habitat and increased wildfire
risks and firefighting costs.

To keep Glacier National Park such a
special place, local efforts are needed
to protect park resources. Even more
important is reducing heat-trapping
pollution enough to avoid dangerous
climate disruption.

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.

• Canada and the United States have jointly
agreed to ban open-pit coal mining, mineral
exploration, and oil and gas drilling in the
North Fork of the Flathead River Valley,
including the headwaters of Glacier National
Park and Flathead Lake. This will help
maintain Glacier's natural connection to
adjoining habitat for its native fish and
wildlife.

KEEPING GLACIER A LANDSCAPE OF
INSPIRATION AND HOPE

• Future oil and gas leasing has been banned
on Montana's Rocky Mountain Front, again
through Senator Baucus' leadership, and
incentives have been provided to retire
existing petroleum leases. This will help
maintain Glacier's natural connection to
adjoining habitat for its native fish and
wildlife.

Although the impacts of climate disruption that
are already underway or are projected to occur
in Glacier National Park are potentially severe,
compared to other national parks Glacier is in a
much better position to withstand those impacts
– almost uniquely so in the lower 48 states. For
other national parks, protection of other lands
outside park boundaries, through acquisition of
land from willing sellers or cooperative
agreements for migration corridors, will be
important to afford plants and animals and
plants a chance to migrate and adapt. Glacier,
though, is itself large – more than a million
acres. More importantly, it is the heart of the
much bigger, intact, vibrant Crown of the
Continent ecosystem, which covers more than
10 million acres, mostly in public ownership.
Taking care of this entire ecosystem is essential
to reduce other stresses that can worsen the
perils of climate change, to maintain functional
plant and animal communities, and to help
Glacier weather the storm of a disrupted
climate.

Continuing this kind of leadership in protecting
the entire Crown of the Continent and Glacier
will be even more important as future humancaused climate changes raise new risks. A full
suite of other actions, by the National Park
Service and others, also will be needed to
protect Glacier's resources, as outlined in
chapter 9 of National Parks in Peril: The Threats
of Climate Disruption, the October 2009 report
by RMCO and NRDC. Some examples:
NPS should consider the combined effects of
climate change and of other stresses on park
resources and values, and work to reduce all
• the stresses that pose critical risks to parks.
The NPS should develop park-specific and
resource-specific plans to protect the

Some recent, far-sighted actions serve as
examples:
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• particular resources most at risk in individual
parks.

AVOIDING DANGEROUS CLIMATE
DISRUPTION
Contributed by Theo Spencer, NRDC

NPS officials should speak out publicly about
how climate change and its impacts threaten
• national parks and the broader ecosystems
on which they depend.

Ultimately, though, to protect our national parks
for the enjoyment of this 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 the parks. The federal
government must lead the way, with broad,
aggressive actions on three essential fronts:

The NPS should use its environmental
education programs to inform park visitors
• about a changed climate and its impacts in
parks and about what is being done in parks
to address climate change and its impacts.
The NPS should require concessionaires to
do so, too.

• 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.

The Congress and the Administration should
adequately fund NPS actions to address a
• changing climate, through the energy and
climate legislation now in Congress, through
new NPS authority to use entrance fees to
reduce emissions of heat-trapping pollutants
and address impacts in parks, and through
funding of the Land and Water Conservation
Fund.

• 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 cost-effective 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.

The Congress and the Administration should
rebuild and enhance the scientific and
• research capacity the NPS had prior to 1993.
The National Park Service also has a role to
play in reducing emissions; the NPS should
• adopt a nationwide goal of becoming
climate-neutral in its own operations within
parks, as has been adopted by its Pacific
West Region, and work to reduce emissions
from visitor activities. Those actions can
inspire park visitors.

• 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, lowcarbon fuels, and carbon capture and
storage, including a federal renewable
energy 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
carbon capture and geologic storage
systems.

“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 Service (2009)148
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