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Less carbon More carbon



For centuries the ecosystems at high latitudes been a net 
carbon sinks.

• The carbon is mostly stored in the soils.

• Permafrost and seasonally frozen soils have between          
250 and 455 Pg of carbon stored in them

• Compared to the approximately 780 Pg of carbon 
presently in the atmosphere

How might climate warming effect high latitude ecosystems 
and the Earth system?

Warming may change the carbon balance, releasing this large 
amount of carbon into the atmosphere.  

How do we monitor these changes?
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Tower Level
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Light Use Efficiency Models provide an approach for 
determining Gross Ecosystem Exchange (GEE) of 
carbon

GEE = ε fAPAR PARin

Where: 

PARin is the incident Photosynthetically Active
Radiation (PAR)

fAPAR is the fraction of PAR absorbed by vegetation

ε is the light use efficiency, the conversion factor 
between energy and absorbed carbon



LUE models are particularly useful when used in 
conjunction with remote sensing

The Normalized Difference Vegetation Index (NDVI) is 
related to fAPAR

  
NDVI =  ρNIR - ρVIS 

ρNIR +  ρVIS
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IKONOS Spectral Response Functions
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GEE Map:

GEE  
gCO2/m2/16th August 2000

C. Tweedie & F. Huemmrich



Some Conclusions:

• Linking spectral reflectance with gas exchange measurements 
is a useful approach for understanding carbon exchange

• At a plot scale we developed a model of carbon uptake driven 
by reflectance data

• We tested that model at a larger scale using flux tower data 
and reflectance data from the tram transect

•Surface reflectance data, collected as part of our study, were 
used to correct the satellite observations

• We were able to apply the model regionally using IKONOS 
data

• The spatial patterns of GEE indicate that hydrologic changes 
in the tundra may be as important as warming on the future 
status of the carbon balance




