
Long-term changes in carbon pools and 
fluxes in northern Alaska

Eugénie Euskirchen, Donie Bret-Harte, Gus Shaver, 
Colin Edgar, Vladimir Romanovsky



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

Presenter
Presentation Notes
Note sources of CH4 due to the wetlands (also thermokarst lakes). CH4 25 times the GWP as CO2.

 -Should identify the possible relationships between summer and wintertime net daily CO2 efflux and various meteorological parameters, as well as understand how these relations may vary across different types of tundra and boreal ecosystems.  



-Could see greater uptake as vegetation 
biomass increases

-Could also see greater release as 
respiration increases 

Changes in CO2 uptake:



Presenter
Presentation Notes
While we don’t explicitly measure GPP and ER, we can calculate them based on temperature and measurements at PAR < 50 and a Q10 function.

- Determine how many molecules go up with eddies at time 1, and how many molecules go down with eddies at time 2 at the same point – calculate vertical flux at this point and over this time

- Vertical flux can be presented as a 
covariance of the vertical velocity 
and concentration of the entity of interest

- Happens very quickly…





Heath tundra site

Tussock tundra site

Wet sedge tundra site

Presenter
Presentation Notes
All sites underlain by permafrost.  
Snow covered season last 8-9 months
Measure NEE : can partition between GPP and ER
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Figure courtesy of Anja Kade

Presenter
Presentation Notes
Tech. def. of frost boil: An accumulation of water and mud released from ground ice by accelerated spring thawing. 
Note: Above treeline
Also need to note that the MAT site goes from April or May – October  until 2013, when it was upgraded to full annual measurements
The organic layer a the fen is thicker than the ridge site, and in between at the tussock site.






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



Since late 2007, measurements of:

Net Ecosystem Exchange (CO2 flux) = 
Gross Primary Productivity – Ecosystem Respiration

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



Measurements 
of plant 
biomass and 
soil carbon
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Presentation Notes
Ecosystems sinks of CO2 during the summer, but this sink is lost during the shoulder and winter seasons



Heath tundra NEE
Wet Sedge tundra NEE
Tussock tundra NEE

Positive value of NEE = Source of CO2



Imnavait Borehole Soil Temperatures
So

il 
Te

m
pe

ra
tu

re
 (º

C
)









280

300

320

340

360

380

400

130

140

150

160

170

180

190

So
il 

Fr
ee

ze
-U

p 
(d

ay
-o

f-y
ea

r)

So
il 

Th
aw

 
(d

ay
-o

f-y
ea

r)

West Dock
Franklin Bluffs

Deadhorse

Presenter
Presentation Notes
Other borehole monitoring stations on the Alaskan North Slope and in other parts of the Arctic have shown similar trends, particularly in the fall and early winter warming.  indicates that the warming is not restricted to our site, and suggests that increased amounts of CO2 could be released across a wider geographic area than we are currently measuring.



NEE = 
6.2 * Air temp. + 159.7
R² = 0.50, p < 0.0001
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Presentation Notes
NEE here is really all respiration.  Heath tundra didn’t respond in the same way to the warmer air temps in late fall/early winter, perhaps due to a shallower organic horizon.
The mean air temperature between 1988 – 2007 for Sept. – Dec. is -13.01 degrees C. (based on Toolik Climate Data).
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Summer NEE Trends
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Summer Ecosystem Respiration (ER) Trends 
(positive value = release)
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p < 0.0001 
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Presentation Notes
Mean July emissions closer to 27 mg CH4 m2 day in 2014
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Presentation Notes
Only a difference of ~200 g CO2 e m-2 between the two lines



Presenter
Presentation Notes
This is shown to illustrate the increase in the area of tussock tundra that would be needed to    obtain regional CO2 emissions from tussock tundra that are roughly the same as those of the wet sedge tundra. 

Total representation is 277,000 out of 492,000 km2, or about 56% representation of the Arctic tundra land area in Alaska



Arctic tundra land area 
in Alaska: 300,000 km2

Vegetation 
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Total of all 

three

147,295 399 ± 97 14.7 ± 3.8
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Presentation Notes
This is shown to illustrate the increase in the area of tussock tundra that would be needed to    obtain regional CO2 emissions from tussock tundra that are roughly the same as those of the wet sedge tundra. 

Total representation is 277,000 out of 492,000 km2, or about 56% representation of the Arctic tundra land area in Alaska



Conclusions:

-Important to take into account landscape heterogeneity and interannual 
variability

-Wet sedge tundra a greater source of CO2 in recent  years with warmer 
late fall/ early winter

-CH4 emissions at the wet sedge added a small 
component to annual CO2 equivalent emissions

-These tundra ecosystems appear to be
CO2 sources over the long-term

Presenter
Presentation Notes
Yedoma ecosystem a source of CH4 (reference)
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Winter shrub albedo
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