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Temperate Ice
 

(T=0ºC)
 

vs.
 

Cold Ice
 

(T<0ºC)
 

Gary Larson, The Far Side
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GLIMS 
WGMS 
NSIDC 

Antarctica: 13,586,400 km2; Greenland 1,736,095 km2; Canadian Arctic islands: 151,057 km2; 

Central Asia: 114,800 km2; North America 76,880 km2; South America 29,347 km2 (Chile 
75%) ; Europe: 5,759 km2; Africa: 10 km2 



 

 

 

 

 

30 YEARS
 

10 METERS 

Glacier 
Mass 
Balance 

National 
Geographic, 
2007 

NATIONAL GEOGRAPHYC 



WGMS
 



 IPCC, 2007
 



  ASTER – San Quintín 
GLIMS 



 

 

  

 

Muir Glacier, Alaska O’Higgins Glacier, Patagonia 

(Casassa, 2008) (NSIDC/WDC, 2006) 
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Lago Témpano, Patagonia,
 

April-May 2007
 



   

      

     

     
   

 

WATER 

RESOURCES 

Job 6:17 <las aguas de 

deshielo> que al tiempo del 

calor se secan, y al 
calentarse desaparecen en 

su cauce. 

Pouyaud et al., 2005, 

HSJ 



    EOS, Vergara et al., 2007
 



          
           

          
         

  
Antarctica,
 
the seventh
 
continent...
 

13.5 million km2 (10% of the Earth) - 98% covered by ice 
70% of the Earth´s fresh water - 91% of the ice on Earth 
Stores 55 m of sea level - 2000 m average ice thickness 
>4500 m ice at some places - Ice velocities 10-2500 m/a 

NASA/SVS
 



   

     

   

              
  

 

 

 

  

    

  

The Antarctic Ice Sheet
 

Antarctica 

without ice 

“The Weak 
Underbelly” 

East 
West 

Source: R. Bindschadler, NASA/GSFC 

•	 56.6 m sea level equivalent (SLE) 

•	 Temperatures well below freezing 

•	 West Antarctic ice sheet (5 m SLE) rests on a soft bed that is 
below sea level 

•	 Inherently unstable? 

NASA – Waleed Abdalati
 



       Warming on the Antarctic Peninsula
 

Faraday/Vernadsky 

BAS
 



NSIDC

  

 

LANSAT 

ICE SHELF 
COLLAPSES, 

31 January 2002 



  

 

LANSAT 

ICE SHELF 
COLLAPSES, 

17 February 2002 

http://ns idc.org/iceshelves/ 

http://nsidc.org/iceshelves


  

 

LANSAT 

ICE SHELF 
COLLAPSES, 

23 February 2002 

http://ns idc.org/iceshelves/ 

http://nsidc.org/iceshelves


  

 

LANSAT 

ICE SHELF 
COLLAPSES, 

05 March 2002 

http://ns idc.org/iceshelves/ 

http://nsidc.org/iceshelves


   

 

   

   

   

 

Larsen B Break-up 2002
 

10,000 

years of ice 

gone in one 

month! 

Ted Scambos, NSIDC MODIS Image 

March 17 



   Greenland: 7.3 m SLE
 



 

 

Steffen et al. 

Univ. Colorado 

Greenland 
moulin 



   

    

  

   

Jakobshavn Glacier 

Dietrich et al., 2007 

Retreat: 30 km in 150 y 

Thinning: 60 m/y 

Ice flow: 45 m/y 



 

  
 

  

  

 

   

Warming 'opens 
Northwest Passage' 

The most direct 

shipping route from 

Europe to Asia is 
fully clear of ice for 

the first time since 

records began. 

14 Sep 2007 

Meier et al., 2008
 



                          Greening of the Arctic IPCC, 2007
 





   

        

       

         
        

        
        

         

      
   

       

     
      

      
     

Thawing of frozen ground
 

The number of travel days for oil 

exploration on Alaskan tundra has been 
decreasing over recent decades as the 

opening dates come later and the 
closing dates come earlier (ACIA 2003) 

Thawing of frozen soil and rock in high-mountain 

areas can produce slope instability and rock 

falls. A reported case linked to warming is the 
exceptional rock fall activity in the Alps during 

the 2003 summer heat wave, when the active 
layer in the Alps deepened significantly, by 30% 

to 100% of the depth measured before the heat 

wave (Gruber, 2004, permafrost; Schär, 2004, 
role; Noetzli, 2003, permafrost). 



   

  

 

 

 

  

   
 

Air temp. N of 65ºN 

NH sea ice 

NH frozen ground 

NF snow cover 

Global glacier 
mass balance 

SH sea ice 

Air temp. S of 65ºS 
IPCC. 2007 



  

 

  

  

  

     

 

       

 

      

      

   

 

     

       

  

  Cryospheric Component Area Ice Volume Potential Sea Level Contribution 

Sea Level Rise mm/year 

(10 
6 

km 
2 
) (10 

6 
km 

3 
) (m) 1961-2003 1993-2003 

Northern Hemisphere (NH) snow on land 1.9-45.2 0.0005-0.005 0.001-0.01 ~0 ~0 

Sea ice 19-27 0.019-0.025 ~0 ~0 ~0 

Glaciers and ice caps
a,b 

0.51-0.54 0.05-0.13 0.15-0.37 +0.32 to +0.68 +0.55 to +0.99 

Ice shelves
c 

1.5 0.7 ~0 ~0 ~0 

Greenland ice sheet
d 

1.7 2.9 7.3 -0.07 to +0.17 +0.14 to +0.28 

Antarctic ice sheet
c 

12.3 24.7 56.6 -0.28 to +0.55 -0.14 to +0.55 

Seasonally frozen ground (NH) 
e 

5.9-48.1 0.006-0.065 ~0 ~0 ~0 

Permafrost (NH)
f 

22.8 0.011-0.037 0.03-0.10 ~0 ~0 

CRYOSPHERE CONTRIBUTION 66-159 28.4-28.6 64.1-64.4 0.69 ± 0.47 1.19 ± 0.42 

TOTAL SEA LEVEL RISE 1.8 ± 0.5 3.1 ± 0.7 

% CRYOSPHERE CONTRIBUTION 38% 38% 

SEA LEVEL RISE
 

(IPCC, 2007) 
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Past and future CO2 atmospheric concentrations
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Adapted from IPCC Climate Change 2001 Synthesis Report 





  Cayo Pelón, Venezuela 
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CONCLUSIONS
 

1. A significant melting and reduction of all cryospheric 

components has been observed globally, including 

snow, ice and frozen ground. 
2. In turn this has produced relevant impacts in physical, 

biological, and chemical systems, in indigenous 

livelihoods in the Arctic, and in human activities such as 

sport and tourism in alpine areas. 
3. Future warming scenarios will result in an amplification 

of all these effects, leading possibly to major impacts 

such as the extinction of polar/high altitude species, 

destruction of infrastructure in permafrsot terrain, 
destructive rock avalanches, and increased glacial lake 

outburst floods. 

4. Positive effects such as increased sea traffic and 

offshore oil operations will probably be offset by 
enhanced contamination. 



Gracias!
 


