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Chamerion latifolium Dryas octopetela Papaver radicatum

Salix herbacea



NASA 2012



permineralized (petrified): mineral 
matrix surrounds and/or replaces 

organic material

mummified: preserved without mineral 
replacement or encasement of 

the organic material
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C/V: cinnamyl/vanillyl monomers
S/V: syringyl/vanillyl monomers
LPVI: lignin phenols vegetation index







• no Metasequoia pollen        < 5 Ma

• we have a forest                      > 2.5 Ma

Forest Age

Between 2.5 - 5 Ma
PLIOCENE



Source: GRID Arendal 2002
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So:
1) The last time global CO  was 400 ppm, 

we had a forested Arctic
2





So:
1) The last time global CO  was 400 ppm, 

we had a forested Arctic
2) How will a warmer Arctic feed into the 

global climate system ?
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CO  flux2



Nature Geoscience (2008)



Ping et al., 2008

cultivated soil in Ohio = ~ 5.5 kg SOC m -2



Nature, 2007





Net Ecosystem Exchange of CO2

net photosynthetic uptake - emission by soil respiration

CO  + H  O          C  H   O  + O2 2 6 12 6 2

C  H   O  + O       CO  + H O   6 12 6 222





















So:
1)  Currently, the Arctic is a sink for CO
2)  The Arctic is warming
3)  Evidence of past forested Arctic under 

conditions similar to today, and predicted for 
next 100 years

4)  Will Arctic continue to function as a sink ?
a) will the sink increase with increased leaf 

area ?
5)  Will Arctic warming increase soil 

respiration enough that it becomes the 
dominant process ?
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Xu et al., 2013



So:
1)  Currently, the Arctic is a sink for CO
2)  The Arctic is warming
3)  Evidence of past forested Arctic under 

conditions similar to today, and predicted for 
next 100 years

4)  Will Arctic continue to function as a sink ?  
Will the sink increase with increased leaf area ?

5)  Will Arctic warming increase soil 
respiration enough that it becomes the 
dominant process ?
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Thank you


