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Introduction

Greenhouse gas emissions from vehicles, power plants, deforestation, and other human
activities have increased temperatures around the world and changed other aspects of climate
(IPCC 2007a). Published field research shows that climate change is also altering ecosystems
by shifting biomes, contributing to species extinctions, and causing numerous other changes
(IPCC 2007b). To assist Mount Rainier National Park (NP) in efforts to integrate climate change
into its foundation document and resource management planning, this report presents results of
spatial analyses of historical and projected climate change and a summary of published scientific
findings for the Mount Rainier area on climate change impacts and vulnerabilities. The report

only uses information from peer-reviewed scientific publications.

Historical Climate Changes and Physical Changes

From 1901 to 2002, average annual temperature increased across the United States (U.S.)
(Figure 1) and showed a statistically significant increase in the 50 km x 50 km (30 mile x 30 mile)
square that includes Mount Rainier NP (Figure 2, Table 1). Precipitation also increased across
the U.S. (Figure 3) and in the 50 km x 50 km square that includes Mount Rainier NP, but the
trend in the area of the park was not statistically significant (Figure 4). The weather station at
Longmire, in the park, did not show statistically significant changes for temperature or

precipitation (Table 1, Figure 1, Figure 3).

Analyses of data from weather stations and snow courses across the western United States,
including Mount Rainier NP, have detected statistically significant changes in the 20™ century
and attributed these to climate change. The changes include increased winter temperatures
(Barnett et al. 2008; Bonfils et al. 2008), decreased snowpack (Barnett et al. 2008; Pierce et al.
2008), decreased ratio of snow to rain (Pierce et al. 2008), and earlier spring streamflow (Barnett
et al. 2008) from 1950 to 1999.

An array of small weather sensors set out in 2009-2010 in Mount Rainier NP indicates that air
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and soil temperatures and snow disappearance date can vary in locations just a few meters
apart due to differences in tree canopy, topography, and other site-specific characteristics (Ford

et al. 2013). This highlights the high spatial variability of climate in the park.

Analyses of snow course and tree ring data from sites across the Rocky Mountains have
detected melting of snowpack and glaciers in the 20" century greater than any time since

1200 AD and attributed the melting to climate change (Pederson et al. 2011). Although this
research did not include the Cascade Range, measurements of Mount Rainier glaciers have
shown substantial decreases in recent decades consistent with, but not formally attributed to,
human climate change. Comparison of a digital elevation models derived from 1970 aerial
photos and 2007-2008 light detection and ranging (Lidar) data showed that Mount Rainier lost
14% of its glacial ice and perennial snow during the 37-38 year period (Sisson et al. 2011). All of
the Mount Rainier glaciers, except the Emmons and Winthrop glaciers, thinned and retreated in
their terminal regions. Thinning of south flank glaciers may reflect melting of high snowfall due to
the Pacific Decadal Oscillation, rather than human climate change. Reconstruction of 1850-1979
climate at Longmire and comparison with glacier moraines indicates that the steady-state
equilibrium-line altitude has raised 160 m since the maximum Neoglacial advance (Burbank

1982).

Historical Ecological Changes

Field measurements from Mount Rainier NP have contributed to the detection of statistically
significant 20™ century ecological changes and analysis of climate and other factors have
attributed the ecological changes to climate change. Tracking of trees in permanent old-growth
forest plots across the western U.S. found a statistically significant increase of tree mortality
between 1955 and 1994 (van Mantgem et al. 2009). Analyses of fire, mortality of small trees,
forest fragmentation, air pollution, and climate attribute the mortality to warming due to climate
change. In the Pacific Northwest, tree mortality doubled between the mean census interval
midpoint years of 1982 and 2000. Although mortality increased in the Mount Rainier plots,
species composition did not change (Acker et al. 2006). Multivariate analysis of wildfire across
the western U.S. from 1916 to 2003 indicates that climate was the dominant factor controlling
burned area, even during periods of active fire suppression (Littell et al. 2009). Climate change
has also caused bark beetle outbreaks leading to the most extensive tree mortality across

western North America in the last 125 years (Raffa et al. 2008). Outbreaks of mountain pine
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beetles have occurred in the Cascade Range, but mortality has not been as extensive as in the

Rocky Mountains.

Other research has detected 20™ century ecological impacts that are consistent with, but not
statistically attributed to, human climate change. In mid-elevation conifer forests of the western
U.S., including Mount Rainier, increases in spring and summer temperatures, earlier snowmelt,
and longer summers increased fire frequency 400% and burned area 650% from 1970 to 2003
(Westerling et al. 2006).

At Paradise Valley in the park, subalpine fir (Abies lasiocarpa) forest has been shifting into
formerly open alpine meadows, with a pulse of tree establishment between 1923 and 1944
(Franklin et al. 1971). The absence of fire and grazing at that location and glacial recession at
the time of the tree establishment suggest a change consistent with climate change. Tree
establishment in alpine meadows at Paradise Valley continued until at least 1993 (Rochefort and
Peterson 1996). West-side sites have shown a shift of subalpine forest into meadows, though
drier east-side sites have not. These shifts of subalpine forest into alpine meadows seem to be

occurring at numerous sites in the western U.S. (Rochefort et al. 1994).

Analyses of tree cores from sites in the park and climate data show that climate controls the
upper elevation limit of Pacific silver fir (Abies amabilis), Alaska cedar (Callitropsis nootkatensis),
and mountain hemlock (Tsuga mertensiana) (Ettinger et al. 2011). Field measurements indicate
that climate, competition, and tree life stages all affect potential range shifts (Ettinger and
HilleRisLambers 2013).

Future Climate Projections

The Intergovernmental Panel on Climate Change (IPCC) has coordinated research groups to
project possible future climates under defined greenhouse gas emissions scenarios (IPCC
2007a). The three main IPCC greenhouse gas emissions scenarios are B1 (lower emissions),
A1B (medium emissions), and A2 (higher emissions). Actual global emissions are on a path

above IPCC emissions scenario A2 (Le Quéré et al. 2013, Raupach et al. 2007).

For the three main IPCC emissions scenarios, projected 21% century mean annual temperature

in the Mount Rainier area could increase four to six times the 20" century increase (Table 1).
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The average of ensembles of general circulation models (GCMs) of the atmosphere project
increased precipitation for the Mount Rainier area under all three IPCC emissions scenarios, but
with wide uncertainties (Table 1). For emissions scenario A2, 12 out of 18 GCMs project

increases in precipitation (Figure 5).

Projections indicate potential changes in the frequency of extreme temperature and precipitation
events. Modeling under emissions scenario A2 projects 35 to 45 fewer days with a minimum
temperature < 0°C (32°F.) and six to 12 more consecutive days each year with precipitation

< 3 mm (one-tenth of an inch) between the periods 1980-2000 and 2041-2070 (Kunkel et al.
2013).

Potential Future Vulnerabilities

If we do not reduce greenhouse gas emissions, continued warming may increase glacial melting,
increase deposition of soil, gravel, and rocks and the risk of debris flows and flooding (Lancaster
et al. 2012). Projections of wildfire under climate change indicate widespread increases in fire

frequency around the world, including western Washington (Moritz et al. 2012).

Modeling of the potential ranges of eight mammal species across western Washington
(Johnston et al. 2012) shows potential reductions of range for American marten (Martes
americana), American pika (Ochotona princeps), Canada lynx (Lynx canadensis), hoary marmot
(Marmota caligata), mountain goat (Oreamnos americanus), and wolverine (Gulo gulo),
increases of range for gray squirrel (Sciurus griseus), and inconclusive results for elk (Cervus
canadensis). Models results indicate that Mount Rainer NP may act as a refugium because of its

high elevation.

Dependence of bird species ranges on elevation in the park (Siegel et al. 2012) suggests
vulnerability to elevation shifts under climate change. Changes in forest habitats and other
potential impacts of climate change suggest the vulnerability to reductions or shifts in habitat of
several wildlife species, including the northern red-legged frog (Rana aurora), marbled murrelet
(Brachyramphus marmoratus), northern spotted owl (Strix occidentalis caurina), American pika
(Ochotona princeps), Cascade red fox (Vulpes vulpes), and hoary marmot (Marmota caligata)
(Raymond et al. 2013).
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Because Mount Rainier already experiences high ground-level ozone concentrations from
Seattle-area emissions (Brace and Peterson 1998, Barna et al. 2000) and because increased

temperature can increase ground-level ozone, climate change could increase vulnerability of the

park to this pollutant.
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Table 1. Historical and projected climate trends for the area that includes Mount Rainier NP
(Mitchell and Jones 2005, IPCC 2007a, Gonzalez et al. 2010) and the weather station at
Longmire, in the park (data National Oceanic and Atmospheric Administration). Historical area
climate and projections for IPCC emissions scenarios B1 and A1B calculated at 50 km spatial
resolution (Gonzalez et al. 2010). Climate under emissions scenario A2 calculated at 4 km

spatial resolution (data from Conservation International, method of Tabor and Williams (2010)).

mean SD/SE mean SD/SE
Historical
Area that includes the park (1901-2002)
temperature annual average + SD 11.2 0.6 °C 52 1 °F.
temperature linear trend + SE 0.6 0.2 °C/century 1 0.3 °F./cent.
precipitation annual average + SD 1050 170 mmly 41 7 in./year
precipitation linear trend + SE 6 5 %l/century 6 5 %/century
Longmire, Mount Rainier NP
temperature average (1915-2011) + SD 7.1 0.8 °C 45 1.4 °F.
temperature linear trend + SE 0.1 0.3 °C/century 0.2 0.5 °F./cent.
precipitation average (1914-2012) + SD 2100 370 mmly 82 14 in./year
precipitation linear trend + SE 3 7 %l/century 3 7 %l/century
Projected (1990-2100) + SD
IPCC B1 scenario (lower emissions)
temperature annual average trend 2.3 0.8 °C/century 42 1.4 °F./cent.
precipitation annual average trend 5 4 %l/century 4 %l/century
IPCC A1B scenario (medium emissions)
temperature annual average trend 3.0 0.8 °C/century 53 1.4 °F./cent.
precipitation annual average trend 6 4 %l/century 4 %l/century
IPCC A2 scenario (higher emissions)
temperature annual average trend 3.5 0.8 °C/century 6.3 1.4 °F./cent.
precipitation annual average trend 3 4 %l/century 3 4 %l/century

SD = standard deviation; SE = standard error
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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