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Permafrost distribution 

• Underlies 

24% of the 

northern 

hemisphere 

• Can be > 

2.5 million 

years old 

• Can be up 

to 1600 m 

deep 

• Permafrost-Dicke 
• Dicke der Auftauschicht 
• Grundwasser oberhalb des 
Permafrost 
 
 

• Obere und untere Grenze 
des Permafrost 
 
 

• Grundwasser unterhalb des 
Permafrost 
 



Melt or thaw? 
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Permafrost alliance 

 

GRENE-TEA 



Observed temperature 

evolution of Alaska’s 

permafrost   

Romanovsky et al. 2010, 
Christiansen et al, 2013 

Temperatures at 20 m depth 



Mountain permafrost 

Haeberli et al. 2011 

• Mountain permafrost time series are 

shorter 

• Trends difficult to assess because of 

strong environmental gradients 



Active Layer Depths 

Barrow 
Data from Fritz Nelson 

Zhao et al., 2010 

Fritz Nelson 



Active Layer 

• Thaw in 

the 

subarctic 

• Deeper 

active layer 

in carbon-

rich 

regions 
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Schaefer et al., 2011 



Thermal modeling 



Permafrost in CMIP5 

models 
• Large uncertainty on 

current estimate 

• Agreement on 

decrease in the 

future (obvious) 

• Somehow simulated 

change is more 

consistent than 

simulated present-

day distribution… 
Koven et al., 2012 



Permafrost extent 

in CMIP5 

• The present day 

estimate remains a 

major issue 

• More model 

development and 

evaluation is critical. 

Koven et al., 2012 



Solutions 



Borehole 

distribut

ion 

IPA, 2010 



Carbon pools 



Permafrost carbon 

• Fluxes of carbon 

from thawing 

permafrost by 

2100: between 

1.2 and 1.6 Gt 

C/yr  

• equivalent to 

half of all fossil 

fuel emissions 

from the dawn 

of the industrial 

age to today 

 

Tarnocai et al., 2009 
Hugelius et al., 2013 Schaefer et al., 2011 



Permafrost carbon 

emissions 
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5% to 39% of anthropogenic emissions 

*dynamic model estimates 

Schaefer et al. 2012 
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www.unep.org/pdf/permafrost.pdf‎ 



Coastal erosion of 

permafrost 
 

Courtesy of Ben Jones Ben Jones 



Lantuit et al. (2012) 

Coastal erosion of 

permafrost 



Gas hydrate 

Subsea permafrost 

Maps: UNEP, IPA 



The way forward 



UNEP recommendations 

1. Special IPCC 

assessment on 

permafrost emissions 

 

2. National permafrost 

monitoring networks 

 

3. National Adaptation 

Plans 



Research needs 

1. Model validation 

2. Common framework for assessment of 

carbon bioavilability 

3. Lateral fluxes from permafrost areas 

(coastal and rivers) 

4. „between-reservoirs“ degradation of 

permafrost 

5. Subsea permafrost and in situ vs. Gas 

hydrate methane emission 

6. Role of nitrogen and phosphorus  



More collaboration 

 ? 
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