


Question 4.1, Figure 1. Anomaly 

time series of polar surface air 

temperature (A, G, updated from 
Jones and Moberg, 2003), Arctic 

and Antarctic sea ice extent (B, F, 

updated from Comiso, 2003), 

Northern Hemisphere (NH) frozen 

ground extent (C, Zhang et al., 
2003), NH snow cover extent (D, 

updated from Brown et al., 2000) 

and global glacier mass balance 

(E, Ohmura, 2004; Cogley, 2005; 

Dyurgerov and Meier, 2005). The 
solid red line in E denotes the 

cumulative global glacier mass 

balance; otherwise it represents 

the smoothed time series using a 

13-point filter (see Chapter 3). 
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Temperatures in Polar Regions 

Trend  

(last 50 years): 

TArctic = 1,1°C 

Tglobal = 0,6°C 





Tfreez - 1.7C 



Winter index I = !x f(x)  units : C.km2 
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Sea Ice albedo versus Ocean albedo 



UCAR 2007, Steve Deyo 
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Southern Ocean overturning 
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Courtesy: T. Johannessen 





ECOSYSTEMS 

SUSTAINABLE? 



Projet Malina (2008-2012) 

Faits saillants: 
!! France – Canada – USA 

!! Campagne été 2009 

!! Etudes de processus 
!! Suivi par télédétection 

!! Modélisation (présent & futur) 
!! Paléocéanographie 
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Production phytoplanctonique 
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By September 2002, the Arctic sea-ice concn. anomaly cf 
1988-2000 had reached a minimum ‘unprecedented in 24 years of 
passive microwave obs and almost certainly unmatched in 50 years 
of charting Arctic sea-ice’ (Serreze 2003; Fetterer & Knowles, 
2004).  
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Copyright G. Redvers/taraexpeditions 
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Sea ice thickness variations 

(Rothrock et al. ,1999) 

Ice thickness changes 
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ERS scatterometer backscatter time series (Ezraty, Gascard 2003)
passive microwave (Comiso 2002)
passive microwave (Johannessen et al 1999)

Time series of arctic perennial sea-ice from ERS and Quickscat scatterometer. 

Backscatter maps and intercomparison with passive microwave data 
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Four days Sea-ice drift (April 30-May 3, 2002) 
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