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Background 
  -Tundra ecosystems thought to be CO2 sources, slight sinks or 
neutral. Generally, sources of CH4. 
 

  - Detailed descriptions (seasonal, multiyear) of C fluxes at the 
landscape scale still relatively rare in tundra 



-Could see greater uptake as vegetation 
biomass increases 
 
-Could also see greater release as soil and 
plant respiration increase  

Changes in CO2 uptake: 





Heath tundra site 

Tussock tundra site 

Wet sedge tundra site 
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OM, lichens 
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thick moss mats 
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Kade et al. 2012 



Since late 2007, measurements of: 
 

Net Ecosystem Exchange (CO2 flux) year round at wet sedge and 
heath sites, April - October at the tussock until 2012  
 

Meteorological & biophysical variables, including soil temperatures 
in a borehole  
 

Seasonal methane (CH4) at the wet sedge 
 
Plant biomass and soil C in each eddy covariance tower footprint 
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NEE =  
6.2 * Air temp. + 159.7 
R² = 0.50, p < 0.0001 
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Imnavait Tussock Tundra
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Imnavait Water Track
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Loss of 205 g 
C m-2 in the 
heath tundra = 
1.9% of the 
total C stocks 
(0.3% per 
year) 

Loss of  554 g 
C m-2 in the 
wet sedge 
tundra = 3.6% 
of the total soil 
C stocks (0.5% 
per year)  
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Arctic tundra land area 
in Alaska: 300,000 km2 

Vegetation 

type 

Area   

(km2) 

Total 

NEE      

(g C m-2) 

Spatially  

scaled 

NEE  

(Tg C) 

Heath 

tundra 

42,552 75 ± 33 3.2 ± 1.4 

Tussock 

tundra  

74,716 30 ± 17 2.3 ± 1.3 

Wet sedge 

tundra 

30,027 293 ± 39 8.8 ± 1.2 

Total of all 

three 

147,295 399 ± 97 14.7 ± 3.8 

Tussock 

tundra 

290,000 30 ± 17 8.8 ± 4.9 
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Conclusions: 
 
-These tundra ecosystems appear to be CO2 sources over the long-term 
 
-Wet sedge tundra is a strong source of CO2 in recent years with warmer 
late fall/ early winter 
 
-CH4 emissions at the wet sedge added a small component to the annual 
carbon emissions 
 
-Tussock tundra biomass appears to have increased substantially over 
the last 40 years; this is consistent with a modest fertilization effect as 
permafrost warms and soil organic matter is decomposed 
 
-Important to take into account landscape heterogeneity and interannual 
variability 
 
-It is not clear whether the rates of loss seen here will be sustained over 
the longer term 

 -It would be helpful to continue observations here 
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Heath tundra NEE 
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Positive value of NEE = Source of CO2 



Warming  Permafrost



Heath  Tussock  Wet Sedge  
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Slope = -3.9 
Intercept = -48.0 
R2 = 0.78, p < 0.0001  

Slope = -6.8 
Intercept = -56.4 
R2 = 0.54, p < 0.0001  

Summer NEE Trends 
(negative value = uptake) 
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Heath  Tussock  Wet Sedge  

Summer GPP Trends  
(negative value = uptake) 

Slope = -24.0 
Intercept = -95.1 
R2 = 0.79, p < 0.0001  



Summer Ecosystem Respiration (ER) Trends  
(positive value = release) 

Heath  Tussock  Wet Sedge  
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Slope = 17.1 
Intercept = 39.3 
R2 = 0.53,  
p < 0.0001  
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Total: 1571 mg CH4 m-2
 

 Mean daily: 16 mg CH4 m-2 

Total: 2286 mg CH4 m-2
 

 Mean daily: 24 mg CH4 m-2 

Total: 2324 mg CH4 m-2
 

 Mean daily: 17 mg CH4 m-2 

Wet sedge tundra: Methane flux 







http://aon.iab.uaf.edu/AON_Home.html 



Measurements 
of plant 
biomass and 
soil carbon 


