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Permafrost: 
Soil or rock that remains below 0 oC  for two or more years

Continuous (90 ð100% coverage)

Discontinuous (50 ð90%)

Sporadic (10 ð50%)

Isolated (0 ð10%)

IPA Permafrost 

distribution map 

(Brown et al. 1998 ) 

Continuous    Discontinuous



Observed permafrost degradation

Akerman and Johansson, 2008
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Vegetation

Radiative forcing of   complete 

conversion tundra to shrubland

+8.9W m -2 (4.2W m -2 GHG)

(Chapin et al., 2005)

Since 1950, 13% to 20% cover

(Sturm et al., 2005)
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Hydrology

Western Siberia lake area:

+12%        in Continuous 

-6 to -9%  in Disc., Isol., Spor.

(Smith et al., 2005)

Increases in runoff  and enhanced 

winter baseflow

(Dai et al., 2009; St Jacques and Sauchen, 2009)



Lakes drain, 

soil dries

Arctic

warming

Potential Arctic terrestrial climate -change feedbacks

Enhanced

[nitrogen]

CO2

efflux

Global

warming

CH4

efflux 

Microbial 

activity 

increases 

Shrub

growth

Expanded

wetlands

Carbon

sequester

Adapted from McGuire et al., 2006

Permafrost 

warms and 

thaws

Arctic runoff

increases

Carbon stocks in permafrost -

affected soil

~ 1700 PgC (Tarnocai et al., 2009)

Atmos carbon content

~ 750 PgC + ~9 PgC yr -1
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What happens to soil carbon as soil 

warms and permafrost thaws?   

dry, well -drained soil

aerobic decomposition 

Ą CO2 emissions

increased wetlands and warmer soil  

anaerobic microbial activity

Ą CH4 production (25x GWP)

1978

1998
Bubier et al. 1995



Lakes drain, 

soil dries

Arctic

warming

Potential Arctic terrestrial climate -change feedbacks

Enhanced

[nitrogen]

CO2

efflux

Global

warming

CH4

efflux

Microbial 

activity 

increases 

Shrub

growth

Expanded

wetlands

Carbon

sequester

Adapted from McGuire et al., 2006

Permafrost 

warms and 

thaws

Arctic runoff

increases

Essentially none of  these 

feedbacks are represented in 

AR4 era climate models

Limits our ability to provide 

meaningful input on a key 

vulnerability in earth system
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Requirements

Snow depth and cover

(Highly) discretized soil column

Soil freeze/thaw processes

Organic soil

Deep soil column



Modeling Permafrost in the Community Land Model

Siberia

IPA permafrost distribution

Lawrence et al., 2008a


