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Examining the Evidence: Climate
Change

Whitebark pine trees, living on the edge in high elevations, are vulnerable to climate change.
NPS / Diane Renkin

Insights from Paleoecology

As we think about and prepare for the future, it is important to learn what we can from past
episodes of climate change. The study of paleoecology has provided insight into prehistoric

changes in the ecosystem, including evidence of ancient plant and animal movements that have
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been preserved in fossil records. Studies conducted in the last 20 years have provided critical

insights into past climate change and its ecological consequences in the GYE.

During the transition from glacial to Holocene conditions (ca. 14,000-9,000 years ago),
temperatures rose at least 9°F-12°F (-13°C-11°C). As a result of rising temperatures, plant
species expanded their ranges into newly available habitats forming new plant communities.
Throughout the Holocene, climate variation of a lesser magnitude continued to occur, resulting in

smaller shifts in species distributions and increased fire frequency during hotter and drier periods.

Though the changes documented in the paleo record occurred over longer periods of time,
drawing from the past of this region can help to gauge the potential for future changes. If future
climate change is of similar magnitude to the changes that occurred in the past 9,000 years, it is
likely that Yellowstone’s ecosystems will change to some extent, but probably not to any great
degree. However, if the magnitude of future change is comparable to that of the glacial to

Holocene transition, then enormous changes are possible —even likely.

Heeding the Signs of Change

Aspen

Findings from research focusing on aspen forests indicate a possible shift in the distribution of
this important species may already be underway. By comparing documentation of aspen
regeneration before and after the 1988 fires, experts found evidence suggesting that the sexual
reproduction of aspen in the Rocky Mountains occurs primarily after large severe fires. Prior to
1988, aspen regeneration was understood to occur primarily via vegetative root sprouting. Aspen
seedlings, rarely documented prior to the fires, were observed in 1988 burn areas, including areas
where aspen had not been present before the fires, often many kilometers from pre-fire aspen
stands. Aspen seedlings have persisted in many areas, and in some instances expanded into

higher elevations since 1988. Meanwhile, aspen forests at the lowest elevations and on the driest
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sites have declined throughout much of the western U.S. in response to severe drought in the
early 2000s. Research is ongoing to fully understand the processes at work, but the pattern is

consistent with expectations of shifts in species ranges from a warming climate.

Whitebark Pine

Five-needle pine trees are foundational species in high-elevation ecosystems across the West.
For the sub-alpine species whitebark pine (Pinus albicaulis), warming temperatures may indirectly
result in loss of suitable habitat, reducing its distribution within its historic range over the next
century. Whitebark pine is associated with lower summer maximum temperatures and adequate

springtime snowpack for survival.

Modeling of whitebark pine habitat in the greater Yellowstone area predicts that suitable habitat
will decrease over time and the species may only be able to survive at the highest elevations,
although it is likely that there will remain microrefugia (small areas with suitable climates) of

whitebark pine throughout the region.

Given the ecological importance of whitebark pine, and that 98% of the species occurs on public
lands, an interagency whitebark pine monitoring group, including the National Park Service, US
Forest Service, Bureau of Land Management, and US Geological Survey, has been monitoring the

status and trend of whitebark pine stands since 2004.

Sagebrush Steppe

Sagebrush steppe is one of the most altered ecosystems in the intermountain West. Substantial
sagebrush areas have been converted to agriculture, heavily grazed, and degraded through
altered fire regimes and the invasion of nonnative plants. Changes in climate are expected to
further alter fire regimes and increase invasive species in sagebrush steppe and low-elevation
woodlands. Yellowstone National Park also has upland vegetation data that may be useful in
addressing climate change responses in sagebrush-steppe and grassland systems and initiated a

long-term monitoring program of sagebrush steppe habitats across the park in 2015.
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Alpine Vegetation and Soils

The cold and relatively little-studied alpine ecosystems, are among those where climate change
impacts are expected to be pronounced and detectable early on. The Greater Yellowstone and
Rocky Mountain networks collaborated to implement alpine vegetation and soils monitoring in
high elevation parks. National parks including Glacier, Yellowstone, Rocky Mountain, and Great
Sand Dunes are now participants in the Global Observation Research Initiative in Alpine
Environments (GLORIA) monitoring network. Monitoring includes sampling of vascular plants, soil

temperature, air, and temperature at a set of four alpine summits along an elevation gradient. This

set of sites span alpine environments from northwest Montana to southern Colorado. Information

GLORIA

Global Observation Research Initiative In Alpine Environments (GLORIA) is a world-wide long-term monitoring
network with sites in the park.
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Wetlands

Wetlands in Yellowstone are few and far
between, and include small lakes and kettle
ponds, which are already drying up. Scientists
don’t know how much ground-water recharge
they will need to recover. However,
precipitation and snowpack will likely continue

to decrease, which will continue to decrease

surface and ground water—and thus the lakes

In the past several decades, Yellowstone staff have
and ponds may not recover. Recognizing that noticed drops in pond water levels on the northern

range. Alterations in water availability and forage could
have huge implications for wildlife, especially waterfowl
drying, the park began to monitor groundwater and amphibians.

many of these small water basins are already
hydrology in 2012 to understand the drivers Jenniter Whipple
and variability in groundwater flow patterns.
The baseline information obtained from these select sites further informs the anticipated
consequences under changing climatic conditions. As wetlands diminish, sedges, rushes, and
other mesic (water-loving) plants will likely decline. In turn, amphibians and some birds will also

lose habitat.

Annual monitoring data suggest chronic repetition of dry, warm years, could lead to a decline in
upwards of 40% of the region’s wetlands. This decline could ultimately reduce the distribution

and abundance of wetland-dependent species, including boreal chorus frogs.

Chorus frogs prefer shallow, ephemeral wetland habitats, making them especially vulnerable to
climate change. Boreal chorus frog breeding habitat responded negatively to dry, warm years.
Some sites where breeding was documented dried up prior to completion of amphibian
metamorphosis, which can cause reproductive failure. The strong relationship between annual
runoff, wetland inundation, and chorus frog breeding occurrence suggests increasingly difficult

conditions for amphibians if projected drought increases occur.
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Declines in water levels and drying conditions could affect other species which are dependent on
inundated wetlands for survival like, moose, beaver, trumpeter swans, and sandhill cranes. In
addition, wetland loss is expected to reduce plant productivity, which in turn impacts the carbon
sequestration potential of landscapes, affects hydrologic flow paths and water storage within
floodplains and uplands, alters soundscapes, affects wildlife viewing opportunities, and
potentially removing natural fire breaks important for managing low to moderate intensity

wildfires.

Wildlife

Understanding how climate change will
influence wildlife requires a comprehensive
understanding of the park’s climate system and
how it interacts with both plants and animals.
Clear predictions are difficult to make, but
many current and potential impacts have been
identified.

¢ Wolverines require deep snow to build the Climate change is predicted to cause birds to shift their
range, migratory patterns and timing, and interfere with

reproduction.
NPS / Neal Herbert

dens in which they breed and raise their
young. Decrease in annual snowpack
may cause a decline in wolverine
populations.

¢ Wolves take advantage of deep snow to
prey upon long-legged, small footed
ungulates who are less agile in extreme
winter conditions. Decrease in annual
snowpack may decrease wolf hunting
success.

¢ Elk and pronghorn migration is triggered
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by a number of factors including hours of
daylight—a factor unaffected by climate
change. However, early spring green-up
could leave them migrating after their
forage has lost much of its initial
nutritional value, or earlier peak stream
water flow could force them to change
their migration routes.

¢ The tiny pika tolerates a very narrow
habitat range. As the climate zone they
live in shifts to higher elevation, pika must
move with it.

e Due to extended warm temperatures in
fall, male grizzly bears are tending to den
later, which exposes them to risks
associated with hunting of elk outside of
the park boundary.

e Foxes have to adapt to harder snow
surfaces. Harder snow surfaces decrease
access to rodents but increase access to
carcasses.

¢ Increased water levels over extended
periods on Yellowstone Lake have
interfered with pelican reproduction.
Extended periods of high water caused
by snowmelt in early summer not only
flood existing nests, but prevent pelicans
from re-nesting. High lake levels also

reduce foraging success.
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Climate change is anticipated to cause changes in the distribution and abundance of many
species in Yellowstone. Thanks to the growing library of field studies and the availability of
increasingly fine-tuned global climate models, ecologists are in a good position to deepen our

understanding of how plants, animals, ecosystems, and whole landscapes respond to climate

change, and consequently, to think about how the GYE is likely to change in the coming century.

Changes in Yellowstone Climate Climate Change
Scientists with the National Park Service and other Yellowstone's climate is changing. A continued rise in
organizations closely monitor variables that may temperature will fundamentally alter the ecosystem.

reflect a changing climate.

Management and Monitoring

Many national parks and other protected areas were set up to safeguard a wide range of plant
and animal life assuming a certain set of climate conditions. As the climate drivers change, the
natural ecosystem and human use of that landscape are bound to change. Even subtle shifts in
climate can create substantial changes—nature will begin to rearrange itself, and our ability to

protect and manage national parks will be challenged.

In 2010, the National Park Service released its Climate Change Response Strategy. The Climate
Change Response Strategy provides direction to our agency and employees to address the

impacts of climate change. It describes goals and objectives to guide our actions under four
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integrated components:

Science

Park scientists conduct research to help us understand the effects of climate change on
national parks. The National Park Service also collaborates with other scientific agencies
and institutions to discover the best available climate science. This information is then
applied to address the specific needs of park managers and park partners as they confront

the challenges of climate change.

The Greater Yellowstone Network (GRYN) conducts high-quality natural resource monitoring and
collects robust inventory data to track changes in resources as they occur. In support of this
reporting the interactive web site www.climateanalyzer.org provides climate data for many
locations across the country. GRYN is part of the National Park Service High Elevation Climate
Change Response Monitoring Program, along with the Rocky Mountain Network and the Upper

Columbia Basin Network, created to measure changes in resources as a result of climate change.
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Greater Yellowstone Network

The Greater Yellowstone Network is one of 32 National Park Service Inventory and Monitoring networks that
operate across the nation.

Mitigation

The most effective way to lessen the long-term effects of climate change is to reduce
greenhouse gas emissions. The National Park Service aims to be a leader in reducing its
carbon footprint through energy efficient practices and integrating climate-friendly

practices into administration, planning, and workforce culture.

The Green Parks Plan defines a collective vision and a strategic plan for sustainable operations in
the National Park Service. The plan is framed around nine categories and sets ambitious goals to

make the National Park Service a worldwide leader in sustainability:
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e Continuously Improve Environmental Performance
¢ Be Climate Friendly and Climate Ready

¢ Be Energy Smart

e Be Water Wise

e Green Our Rides

e Buy Green and Reduce, Reuse, Recycle

¢ Preserve Outdoor Values

e Adopt Best Practices

e Foster Sustainability Beyond Our Boundaries

The Climate Friendly Parks (CFP) Program, of which Yellowstone is a member, is one component
of the NPS Green Parks Plan. The program supports parks in developing an integrated approach
to address climate change through implementing sustainable practices throughout their

operations. Since 2003, the program has assisted parks with:

e Measuring park-based greenhouse gas (GHG) emissions

¢ Educating staff, partners, stakeholders, and the public about climate change and
demonstrate ways individuals and groups can take action to address the issue

¢ Developing strategies and specific actions to address sustainability challenges, reduce GHG

emissions, and anticipate the impacts of climate change on park resources.

The CFP Program includes over 120 member parks dedicated to reducing resource consumption,
decreasing GHG emissions, and educating park staff and the public about climate change and

sustainable initiatives taking place across the agency.

Adaptation
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Climate change will alter park ecosystems in fundamental ways. The National Park Service
must remain flexible amidst this changing landscape and uncertain future. In some cases
we must take bold and immediate actions, while in others we may be methodical and
cautious. Many techniques will be utilized, evaluated, and refined as new science becomes

available and the future of climate change unfolds.

Communication

National parks are visible examples of how climate change can affect natural and cultural
resources. Park rangers engage visitors about climate change by sharing information

concerning the impacts to parks and steps the agency is taking to preserve our heritage.

Outlook

The complexity of the global climate system means that there is no one, “best” model for
predicting the future climate everywhere on the earth. Instead, scientists use a group of different
models that are all good at predicting some part of the answer. Usually, the greatest differences
among predictions are not caused by the mathematical methods used to model the climate
system. Most uncertainty is due to the difficulty in predicting what people will do. If climate
scientists knew what choices humans were going to make about limiting greenhouse gas

emissions, then their predictions about climate change would be much more certain.

Climate change is generally not an easy or pleasant conversation piece. However, it is a
conversation that we need to have, and a process we must continue to study. Humans will need
to adapt, as will wildlife and ecosystems. Through better understanding, we may arrive at more

informed decisions to help conserve and adapt to our changing environment.
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Conservation Measures Sustainability

The solar panels at Bechler Ranger Station are one of =~ We strive to demonstrate and promote sound
many energy conservation projects parkwide. environmental stewardship.

& Climate Change and The Greater Yellowstone Ecosystem

The Issue
The global climate is changing, and is already affecting the Greater Yellowstone Ecosystem.

e Average temperatures in the park are higher now than they were 50 years ago,
especially during springtime. Nighttime temperatures seem to be increasing more
rapidly than daytime temperatures.

¢ |n the last 50 years, the growing season (the time between the last freeze of spring and
the first freeze of fall) has increased by roughly 30 days in some areas of the park.

¢ At the northeast entrance, there are now 80 more days per year above freezing than
there were in the 1960s.

e There are approximately 30 fewer days per year with snow on the ground than there

were in the 1960s.

Climate change impacts are detected by studying

e \/egetation
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e Snowpack

¢ Phenology (timing of significant biological events like the budding of trees or arrival of
migratory birds in the spring)

¢ Alpine habitats

¢ Wildlife movement patterns

e Water

e Fire

¢ [nsect infestations

e Wetlands
The continued rise in temperature will fundamentally alter Yellowstone’s ecosystem:

e Likely affecting the composition of plants and animals throughout the park.

¢ Altering the amount and timing of spring snowmelt, which affects water levels,
vegetation growth, and the movement of wildlife from migrating bison to spawning trout
to the arrival of pollinators. As headwaters to significant water basins, any change in the
rivers flowing out of Yellowstone affects downstream users like ranchers, farmers,
towns, and cities.

¢ Fire frequency and season length could increase.

Last updated: April 24, 2018
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Mailing Address:

PO Box 168
Yellowstone National Park , WY 82190-0168

Phone:
307-344-7381
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