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(Source: NASA, SOHO - SUMER Satellite Instrument). 

Climate change over the last 
65 million years���



Timescales of climate variability	



noaa.gov climate	





Types of climate variations	



(From Marcus and Brazel, 1984;NAP, 1995)  	





Climate archives: ���
what information 

do we need?	
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Climate archives: ���
what information do we have?	



Ruddiman, W. F., 2008. Earth's Climate: past and future	





Climate data���

http://www.ncdc.noaa.gov/paleo/paleo.html	





Trees that get really old….	



•  Intermountain bristlecone pine 4,844 
yrs 	



•  Alerce 3,620	


•  Giant sequoia 3,300 	


•  Rocky Mountain bristlecone pine 2,425 	


•  Coast redwood 2,200 	


•  Foxtail pine 2,110	


•  Rocky Mountain juniper 1,889	


•  Limber pine 1,670	


•  Alaska yellow-cedar 1,636	


•  Baldcypress 1,622	


•  Western juniper 1,288	


•  Douglas-fir 1,275 	


•  Himalayan Hemlock 1,011	





How do we go older? ���
Correlation and Crossdating	





Recent reconstructions….	



Mann et al, 2003, Eos  (for discussion, see www.RealClimate.org	





Glacial climate in ice cores	





Snow Accumulation Rates	



Arctic high resolution	



Antarctic lower resolution	





The last 20,000 years	



Alley (2000), Lea et al. (2003), EPICA (2004), Licciardi et al. 
(1999).	





The last 80,000 years	



Grootes and Struiver, 1997	





Low resolution spatial records….	



Overpeck, J.T. and Cole, J.E. 2006. Abrupt change in Earth's climate 
system. Annual Review of Environment and Resources 31: 1-31. 	





Atmospheric gases…	



Epica group data	





Air temperature and CO2	





Air trapped as bubbles…	





Ocean sediment-core locations	





Deep sea cores	
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Climate data	


A 65 million year 
environmental record	


from deep sea sediments	





Climate 	


data:	



A 65 million year environmental record 
from deep sea sediments	



Zachos, 2001	





Glacial-interglacial cycles	



 



Climate 	


data:	



A 65 million year environmental record 
from deep sea sediments	





Understanding the Dynamics of  
“Equable” climates	
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