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Scientific Procedures to Determine Historical Impacts

Gonzalez 2011 Issues in Science and Technology

Observation
Record changes, but no statistical analysis

Detection
Statistically significant departures from natural variability

Attribution
Relative importance of different causal factors, from site
selection, climate trends, or multivariate statistical analysis
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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 Recreation Area, California, USA
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Climate change has reduced snowpack
across the Western U.S.1200-2006 AD

Pederson et w 1 Science . : . : 4
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Climate change shifted winter bird ranges
northward 0.5 £ 2.4 km y' in 54 national parks
and other areas 1975-2004

La Sorte and Thompson 2007 Ecology
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3 : Evening Grosbeak (Coccothraustes vespertinus) " Shenandoah National Park, Virginia USA

N‘ﬁ photo M.J. Hopiak, Cornell Laboratory of Ornithology ' photo P. Gonzalez
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Noatak National Preserve, Alaska USA
photo © D. Betchkal




Climate change has shifted major vegetation zones globally

O, RU‘S'S'I}fDew‘M) R
Spain (Pefiuelas and Boada 2003) -
Sweden coast (walther et al. 2005)

- Sweden gl B

f _ Sénégal
Alberta (Luckman and Kavanagh 2000) (Gonzalez 2001) PTT
: £ : » 4

British Columbsia (erink 1955850, Afrio hIl
California (Millar et al. 2004)
Labrador (payette 2007)
Queébec (Payette and Filion 1985)
Vermont (Beckage et al. 2008)
Yukon (Danby and Hik 2007)

~\ (Gonzalez et al. 2012)

New Zealand
(Wardle and Coleman 1992)

age: NASA.

Historical Biome Shifts Due to Climate Change
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Norris Geyser Basin, August 20, 1988
Yellowstone National Park, Wyoming USA
photo Jeff Henry
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The pika is vulnerable to losing its hak

from warming in Great Basin Nationglssis
and other areas o

Beever et al. 2011 Global Change Biology
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. Mean Annual Temperature
Indiana Dunes National Lakeshore
Indiana

Average annual
Five-year running average
Trend from linear regression 50 km x 50 km area that includes the park

data Mitchell and Jones 2005, National Oceanic and Atmospheric Administration; analysis Gonzalez et al. 2010
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1300;mm y Total Annual Precipitation
Indiana Dunes National Lakeshore

Indiana

1200 | ,
Mean annual total 50 km x 50 km area that /includes the park
Five-year running average

Trend from linear regression

data M‘tchell and Jones 2005, National Oceanic and Atmospheric Administration; analysis Gonzalez et al. 2010
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Linear Trend in Mean Annual Temperature (°C century’')
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Data: Mitchellland Jones 2005, Analysis: Gonizalez et al. 2010 ot //6‘5. National Parks:
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Data; Mitchell and Jones 2005, Analysis: Gonzalez et al. 2010 I



National Park Service
U.S. Department of the Interior

Climate Change Response Program

e

Igdlana Dunes National Lakeshore. Indiana USI(
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Projectéd Mean Annual Temperature Change 2000-2100

intergovernmental Panel on Climate Change Emissions Scenario A2, 18 GenerahCirculation Models

Datal Downscaling of Mitchell and Jones 2005 by Hijrisans et al. 2005, downscaling of 1PCC 2007 CMIP3
by Conservation International using method of Tabar-and Willlams 2010. Analysis: P"'Gonzalez
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Projected Total Annual Precipitation Change 2000-2100 &

Intergovernmental Panel on Climate Change Emissions Scenario A2, 18 General-Circulation

Data: Downscaling of Mitchell and Jones 2005 by Hijitans et al. 2005, downscaling of IPCC 2007 :
by Conservation International using method of Taborand Williangs 2010 Analysis{:P. Gonzaldz. .S. National Parks
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Climate Change Projections

Indiana Dunes National Lakeshore, Indiana
IPCC Emissions Scenario A2
2000-2100 mean * standard deviation
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data: historical average - Mitchell and Jones 2005, Hijmans et al. 2005, projections - IPCC 2007,
Tabor and Williams 2010, Conservation International; analysis: P. Gonzalez
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oe2 P, RP. NeiisorlM. Lenihan, and R.J. Drapek. 2010, Glabal Ecology and Biogeography/L).S. National Parks
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P, RP. Nellsm.d Lenihan, and R.). Drapek. 2010. Glabal Ecology and Biogeography .S. National Parks
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Dynamic Global Vegetation Model
of Nine IPCC Emissions Scenario-General Circulation Model Combinations Projects Biome Change

z, P, RP Nei|so.".'|, Lenihan, and R.J. Drapek. 2010. Glabal Ecology and Biogeography



National Park Service

U.S. Department of the Interior

Climate Change Response Program

Confidence
that the
Potential Biome
of a Location
May €hange

Very ,.:‘-7'; -
High (055300 ~ -2/ L

Superior

97
I

High (0.80-0.95) ’!

Lake
Huron

Medium

Lake
e /Iuch|ga\1
Low (0.05-0.20) s \

4

Very Low (0-0:05) :

——— b
l

Vulnerabnllty of Ecosystems to Biome Shifts, 1990-2100

Observed 20'" century climate, Projected 21* century vegetatlon IPCC uncertainty critéria

Gonzalez. P, R.P. Neilson, J.M. Lenihan, and R.J. Drapek. 2010. Gldaal E(olowgra'p

.S. National Parks:



National Park Service
U.S. Department of the Interior

Climate Change Response Program

Relative Coastal
Change Potential

Pendleton et al. 2010
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Take Personal Action to Reduce Climate Change

/___/-"’ Walk, bike, or take public transit
oo . — If you own a car, keep tires well inflated
J ”;tﬁwgﬁso : Recycle and use recycled products
. CARS - BOARD CENTER Turn down heating and air conditioning
PLATFORM ¢ Install or buy renewable energy
Eat local produce

Plant native trees
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