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Historical Trends

During the 20™ century, temperature has increased across North America (Figure 1) and shown
a statistically significant increase in the 50 km x 50 km area that includes Rocky Mountain
National Park (NP) (Figure 2, Table 1). Precipitation has increased across the southwestern U.S.

(Figure 3), but shown no statistically significant change in the area including the park (Figure 4).

Future Projections

The Intergovernmental Panel on Climate Change (IPCC) has coordinated research groups in
projecting possible future climate under defined greenhouse gas emissions scenarios (IPCC
2007). Current global emissions are at or above IPCC emissions scenario A2. For the three
main IPCC emissions scenarios, temperature could increase three to five times the warming
already observed (Table 1). Precipitation could decrease in the 50 km x 50 km area that includes
the park, but projections downscaled to 4 km x 4 km indicate that, for the area of the park, 11 out
of 18 General Circulation Models (GCMs) project decreases in precipitation for IPCC emissions
scenario A2, while the remaining 8 GCMs project increases (Figure 5; data from Conservation

International using method of Tabor and Williams (2010)).

Physical and Ecological Impacts

Data from weather stations and snow courses in 53 national parks in the western United States,
including Rocky Mountain NP, have contributed to detection of physical changes in the last half
of the 20" century and attribution of these to climate change, including 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), earlier spring warmth

(Ault et al. 2011), and earlier spring streamflow (Barnett et al. 2008).

Field measurements from numerous national parks, including Rocky Mountain NP, have
contributed to detection of 20"™-century ecological changes attributed to climate change. These

include a northward shift of the winter ranges of numerous bird species by an average of 0.5 +
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2.4 km y™' from 1975 to 2004 across the U.S. (La Sorte and Thompson 2007) and an increase of
conifer tree background mortality across the western U.S. (van Mantgem et al. 2009). Other
studies in Rocky Mountain NP have observed or detected physical and ecological changes
consistent with, but not definitively attributed to climate change (Baron et al. 2009, Hessl and
Baker 1997, Hoffman et al. 2007, Janke 2005, Knowles et al. 2006, Sibold and Veblen 2006,
Wang et al. 2002a, 2002b, 2002c). In addition, regional analyses have detected and attributed

increases in wildfire (Littell et al. 2009) and mountain pine beetles (Raffa et al. 2008).
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Table 1. Rocky Mountain National Park. Historical and projected climate (mean + standard
deviation (SD)) for the 50 km x 50 km square area that includes the park (Mitchell and Jones
2005, IPCC 2007, Gonzalez et al. 2010).

mean SD units

Historical

temperature 1901-2002 annual average 1.5 0.7 °C
temperature 1901-2002 linear trend 0.8 0.2 °Cl/century
precipitation 1901-2002 annual average 400 75 mm/year
precipitation 1901-2002 linear trend ~0 <0.01 %l/century
Projected

IPCC B1 scenario (lower emissions)
temperature 1990-2100 2.8 0.8 °Cl/century
precipitation 1990-2100 2 14 %l/century

IPCC A1B scenario (medium emissions)
temperature 1990-2100 3.8 1.0 °Cl/century

precipitation 1990-2100 2 14 %l/century
IPCC A2 scenario (higher emissions)

temperature 1990-2100 4.7 1.2 °C/century
precipitation 1990-2100 -1 12  %l/century
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Figure 5.

Climate Change Projections

Rocky Mountain National Park, Colorado
2000-2100 mean = standard deviation
IPCC Emissions Scenario A2
analysis P. Gonzalez

" |

S

~ 20

(]

: }

C

@©

S

S 10

S #
S projected temperature change (°C)

2 0 £e .
D 0 1 2 3 3 5 '6
5 3 ensemble megn
©

g -10 $

(]

g P
o

Page 7



