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Outline

2. Historical ecological impacts
3. Future climate projections

4. Future ecological vulnerabilities



Atmospheric Carbon Dioxide 800 000 Years Before Present to 2010 AD
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Data: Petit et al. 1999 Nature, Monnin et al. 2001 Science, Siegenthaler et al. 2005 Science, Liithi et al. 2008 Nature,
C.D. Keeling, National Oceanic and Atmospheric Administration
Graph: P. Gonzalez
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Climate change has contributed to the most
extensive bark beetle outbreak in 125 years

Raffa et al. 2008 BioScience
a
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ROeky Mountain National Park, Colorado USA
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Climate change has increased sea-level at the
Golden Gate 1855-2004

Church and White 2006 Geophysical Research Letters

Golden Gate National Recre ation Area, Californ
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Projected temperature change

Projection: Emissions Scenario A2, difference of 2071-2100 and 1970-1999 annual average temperature
Data: Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: The Physical Science Basis. Cambridge University Press, Cambridge, UK.

Analysis: National Oceanic and Atmospheric Administration
Visualization: National Aeronautics and Space Administration




Projected precipitation change
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Projection: Emissions Scenario A2, fractional difference of 2071-2100 and 1970-1999 annual average precipitation
Data: Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: The Physical Science Basis. Cambridge University Press, Cambridge, UK.

Analysis: National Oceanic and Atmospheric Administration
Visualization: National Aeronautics and Space Administration




U.S. National Climate Assessment Climate Trends

Six Southwestern States

years temperature precipitation
1895-2011 +0.9°C (+1.7° F.) ~0

statistically significant not signif.
1999-2099

Lower emissions (B1) +2.5 + 0.5°C (+4.5 + 0.9°F.) -2% + 3%

1999-2099
Higher emissions (A2) +4.6 £ 0.4°C (+8.3 £ 0.8°F.) -3% = 6%

Kunkel, K.E, L.E. Stevens, S.E. Stevens, L. Sun, E. Janssen, D. Wuebbles, K.T. Redmond, and J.G. Dobson. 2013. Regional
Climate Trends and Scenarios for the U.S. National Climate Assessment. Part 5. Climate of the Southwest U.S. National

Oceanic and Atmospheric Administration, Technical Report NESDIS 142-5, Washington, DC.
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Hotter summers are increasing wildfire in natural
conifer fi rests.g,fui:*he western U.S.
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Wildfire

Present

August 21, 2013

Rim Fire

near Yosemite National Park, California
photo by Justin Sullivan/Getty Images
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Littell et al. 2009 Ecological Applications
Gonzalez et al. 2010 Global Ecology and Biogeography

- Future
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Climate change may reduce Colorado River
streamflow 10-45% by . 2055 AD

' U.S. Bureau of Reclamation 2012 Colorado e Basm
\ \/ano et al. 2013 Bu%{etm of the American, Meteorolpglc’ :
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Bandelier National Monument, New Mexico USA
photo P. Gonzalez
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The pika is vulnerable to losing its hak
from warming in Great Basin Natio fr
and other areas ’

Beever et al. 2011 Global Change Biology
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Desert plants in Saguaro National Park are
vulnegable to death from hotter and drier conditions

Munson et al§@#012 Global Change Biology

s P e e i A gl 2ok Saguaro National Park, Arizona USA.
photo P. Gonzalez



Confidence
- that the g
~. Potential Biome... il
“of a Location/® 4"
May, Change <,

-
L

(L
Very High (0.95—1.00)‘};,

s

| High (0.80-0.95)

Medium (0.20-0.80)
Low (0.05-0.20)

Very Low (0-0.05)

| - b i

Vulnerability of Ecosystems to Biapie Shiftsi1990-2100
Observed 20™ century climate, Projected 21* century vegetation, IPCC ug}fértainty criteria 7

!

Gonzalez, P, R.P. Neilson, ].M. Lenihan, and R.). Drapek. 2010. Global Ecology and Blogc’bgr;'bhy,



National Park Service
U.S. Department of the Interior

el ‘;““‘
Climate Change Response Program \?/

National Park Service Responding to Climate Change

Science Mitigation

Answer resource management questions Reduce operations emissions
Contribute to published knowledge Manage forest carbon
Adaptation Communication

Improve resilience of resources Interpretation for visitors

Explore management scenarios Training for staff
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