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Permafrost in CMIP6
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Permafrost in CMIP6

Alaska (NPS Alaska Region)





Observations are sparse



Borehole 
temperatures

2007- 2016

Cold continuous  permafrost temps:

up by 0.39 ± 0.15°C 

Warmer discontinuous permafrost :

up by 0.20 ± 0.10°C

Biskaborn et al. (2019)



Air temp. vs probability of permafrost

Observed relationship 

between probability of 

permafrost and local mean 

annual air temperature.

Estimates of permafrost and 

permafrost loss derived 

using this method do not 

require a land surface 

model.



Permafrost from air temperature



Permafrost from air temperature



Land surface offsets

Snow insulation is 

important for 

presence/absence of 

permafrost
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Permafrost area
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Permafrost area



Land surface components

More layers in some soil 

schemes

A few models with deeper 

soils

Still many models with 

shallow soils and not many 

layers

ERRORS IN MAXIMUM 

SUMMER THAW DEPTH
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Maximum 

summer 

thaw depth
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Future projections

3.3 - 4.1 million km2 / degree 1.8 - 3.0 million km2 / degree



A massive store of carbon in Arctic permafrost

Permafrost

Atmosphere

Vegetation

Soil

Present day carbon

stocks. 

Areas represent amounts and 

uncertainties are not shown.

Annual fossil fuel emissions

+Schuur et al. (2015) including Burke et al. (2012; 2013) 

Cumulative permafrost 

carbon emissions are 

uncertain:

to
(RCP8.5 by 

2100+)
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Comparing CMIP5 and CMIP6

• Many models still have shallow soils and not many layers

• A small number of models have demonstrably better snow insulation in CMIP6 

which improves their representation of the permafrost extent

• The simulation of maximum summer thaw depth does not improve in CMIP6

• Only a couple of models in CMIP6 have a representation of permafrost carbon


