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* Permafrost carbon
* Permafrost carbon-climate feedback cycles

 Thermokarst influence on permafrost carbon feedback
cycles

e Using CLM to better represent permafrost processes




Departures in temperature (°C)
from the 1961 to 1990 average

Warming in the Arctic
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«Permafrost C
. Permafrost
* 1672Pg Carbon stored in permafrost \\
» 1/2 of global soil C stock S"
* x 2 more than Cin the atmosphere 2

Thawed permafrost will release C-based
greenhouse gases at a faster rate!
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Why permafrost carbon?
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Vulnerability of permafrost C

Permafrost Zone Soil C
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Potential Arctic-climate feedback

+ Positive feedback
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Arctic shrub growth and tree line expansion

Photo from the Chandler River located at 68° 25.14' N, 161° 15.24' W: 7/4/1948
and 7/29/2001. (Tape et al., 2006).




Potential Arctic-climate feedback
- Negative feedback
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The effects of N fertilization
on shrub growth

Toolik lake Long-Term Ecological
Research site N fertilization over 20 years

Warming & thawing permafrost
stimulated decomposition and
release N back to very N limited
ecosystem



Potential Arctic-climate feedback
- Negative feedback

Decomposition t
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Physical consequences
- Thermokarst formation

Land surface subsidence created by permafrost thaw

Changes in local hydrology: Aerobic vs. Anaerobic -> C cycling
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http://www.farnorthscience.com/wordpress/wp-content/uploads/2007/04/siberiancollapse.jpg

Aerobic/Anaerobic influence on permafrost
carbon and climate feedback
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Aerobic/Anaerobic influence on permafrost
carbon and climate feedback
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Climate effects from permafrost C release
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Maoadified from Lee et al. 2012 GCB
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Climate effects from permafrost C release
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Interior Alaska tundra site

Denali National Park 2003 aerial photo |
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Interior Alaska tundra site
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Three sites:
Minirmal Thaw: Typical tussock tundra before thawing

Moderate Thaw: 15-20 yrs of permafrost thaw

Extensive Thaw: over 50 yrs of thaw and deep thermokarst 20



Ecosystem carbon cycling
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Aboveground carbon balance
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Belowground permafrost carbon release

Aboveground CO, flux measurement
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Aboveground Net Ecosystem Exchange of carbon

Balance between carbon uptake and release
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Schuur, Vogel, Crummer, Lee, Sickman, Osterkamp 2009 Nature 459: 556-559.
Vogel, Schuur, Trucco, Lee 2009 J Geophys Res 114, G4, doi:10.1029/2008)G000901.



Belowground permafrost carbon release

More CO, release in Extensive thaw
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Respiration Partitioning using 4C
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Respiration Partitioning using 4C
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More old carbon loss with permafrost thaw
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Surface patterns under thawing permafrost




Surface patterns under thawing permafrost

Relative subsidence
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Surface patterns under thawing permafrost

Relative subsidence
uptol.2m

Lee et al. 2010 JG
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How can we model ecosystem C dynamics with
thermokarst?

Sampling
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How can we model ecosystem C dynamics with

thermokarst?
Lee et al. 2011 GCB

Land surface patterns
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How can we model ecosystem C dynamics with

Carbon release

thermokarst?

Lee et al. 2011 GCB

Land surface patterns

7085249 —

UTMy

7085232 —

7085215 —

7085198 —

T T T T T T T T T T
389755 389768 389780 389793 389805

7085474

7085456 2L

7085438 T T T T T T
389108 389128 389148 38916¢&

7085626

7085611 —

1.000 7
0.563 7
0.125 7085597 —
-0.313 b
-0.750 b
-1.188 7085582
-1.625 B
-2.063 —
-2.500 7085567 —

T T T T T
388943 388964 388984

T
389005
UTMXx

UTMy

-280
-321
-363
-404
-445
-486
-528
-569
-610

Carbon uptake

7085253 7085253 v
8
7085233 7085233 |
389539 389557 389574 389592 389539 389557 389574 389592
7085466
7085453 |
7085441
389233 389252 389270 389289 389233 389252 389270 389289
Maoderate Thaw
7085587 — 7085597
7085583 | 7085583 -
7085589 — 7085569 ‘
cicici:7 1< B 1 1] B— 389162 389178 389195 389212

UTMXx

Extensive Thaw

Land surface patterns explain ecosystem carbon

balance in the landscape!

34



Insights from Observations

* Permafrost thaw increase C uptake, but increase C release at a
greater rate over time

* Land surface subsidence (thermokarst) can be used as a proxy
for understanding ecosystem C balance on a landscape scale

-




Potential Arctic-climate feedback
- Negative feedback

Decomposition t
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Potential Arctic-climate feedback
Later stage of thawing + Positive feedback

Global warmin
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Permafrost Carbon Loss in global carbon context

Using the three sites as representatives of permafrost thaw...
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Using Earth System Models
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Near surface permafrost extent
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Conceptual diagram of Community Land Model 4.0
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Improvements in Community Land Model 4.5
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Excess ice and thermokarst parameterization

Ice wedges in permafrost soll

Problem in CLM
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Excess ice and permafrost parameterization

Soil layers and Excess ice
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Thermokarst predictions under future climate
projections
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Lee et al. in prep Env Res Lett 47



Improved model and climate feedback
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Concliusions

* Permafrost Cimportant and underestimated source of Cin
terrestrial-climate feedback

* Thermokarst development can mfluence the rate and types ofC
release

J Models aim )JL)J 1 3,.3 <) ter represe permafrost processes
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