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1: Quaternary climate and permafrost 

2: Holocene climate and permafrost 

3: Modern climate and permafrost 



Modern permafrost distribution 

Northern Hemisphere 

permafrost:  

 

c. 24 % of the exposed land area 

 



Permafrost and climate 
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• Geothermic response to changes in surface temperature 







Finse 







Finse 

Svalbard 



Pingos; about 2900 years old 

Ice-cored moraines; about 100 years old 

Permafrost: surface phenomena and dynamics 



Ice wedges; about 3100 years old 



Rock glaciers in Northern Iceland 



Ground ice 





Active layer dynamics 
Cryoturbation 



Polygonal networks in former cold-climatic areas in S Sweden 







Controls on permafrost temperatures 

Gruvefjellet meteorological station, central Spitsbergen, Svalbard, 18th May 2002 
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Meteorological stations 

N=546 



….. Svensson (1976) in the summers of 1968 and 1972 excavated 

several active ice wedges in Adventdalen, central Spitsbergen, and 

observed a pyramidal shape of ice-wedge tops, interpreted to be the 

result of decreasing active layer thickness because of ongoing cooling.  

….. the Greenland cod migrated to Iceland waters and for a few years 

(1967-1971) offset the declining stocks there (Lamb, 1975). The Danish 

economic development plan for Greenland formulated around 1950 was 

reformulated after a number of disastrous Greenlandic fishing seasons in 

the 1960s (Humlum, 1999).  
In southern Norway, Liestøl (1965) reported the observation of 

permafrost in coarse grained sediments at only 300 m asl.  

N=323 



….. Marked air temperature increase and negative glacier mass balance 

(Pfeffer et al. 2000). Near Fairbanks thaw depth increased throughout 

the 1970 and 1980s (Brown et al. 2000). 

….. in the discontinuous permafrost zone of Russia, the permafrost table 

was disconnected from the active layer bottom 1975-1995 (Pavlov and 

Perlshtein, 2003).  

N=284 



….. The warming north of the Brooks Range (2 to 4°C) is comparable in 

magnitude to the century long warming there. Thin discontinuous 

permafrost is thawing at the base at a rate of 0.04 m per year at one site 

(FROZEN GROUND 2003). 

….. Many Russian geocryologists are now of the opinion that 

permafrost is not degrading as rapidly as previously thought 

(FROZEN GROUND 2003). 

….. rising permafrost temperatures are observed in Svalbard 

(Isaksen et al. 2001). 

REGIONAL CHANGES IMPORTANT 

N=287 



The Arctic Banana 
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Heat loss to the atmosphere: 

Direct effects on 

precipitation and air 

temperature.  

Indirect effects on 

glaciers, permafrost 

and periglacial 

geomorphic activity 



20°0'0"W

140°0'0"W 150°0'0"W

10°0'0"W

160°0'0"W 170°0'0"W

0°0'0"E

180°0'0"W

10°0'0"E

170°0'0"E

20°0'0"E

160°0'0"E 150°0'0"E 140°0'0"E 130°0'0"E

30°0'0"N

40°0'0"N

40°0'0"N

50°0'0"N

50°0'0"N

60°0'0"N

60°0'0"N

30°0'0"N

30°0'0"W

40°0'0"W

50°0'0"W

60°0'0"W

70°0'0"W

80°0'0"W

90°0'0"W

100°0'0"W

110°0'0"W

120°0'0"W

130°0'0"W

30°0'0"E

40°0'0"E

60°0'0"E

120°0'0"E

70°0'0"E

110°0'0"E

80°0'0"E

100°0'0"E

90°0'0"E

60°0'0"N60°0'0"N

PACE boreholes

The PACE permafrost borehole network  

 

• Contributes to GTN-P (Global Terrestrial 

Network for Permafrost) under GCOS 

(Global Climate Observing System) 
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