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31 March 2007.  West coast of Svalbard, 79 degrees N



Puddles on 
snow-free 
Arctic sea ice 
in summer



Antarctic sea ice
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ice after a 
full winter 
of growth
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Cryosphere Components
The components of the cryosphere that interact quickly with climate 
are the "thin" components:  snow and sea-ice.  They have small 
volumes but cover large areas.  

Small volume means short residence time, able to melt quickly, 
respond quickly to climate change.  

Large area means they can have a big effect on climate.

Snow and sea ice have high albedo.

Sea ice insulates the ocean; protects the ocean from rapid loss of heat 
in the winter.



Ice Volumes



Northern Hemisphere 20,000 years ago
of modern Earth





Geological Survey of Canada, Map 1257A



Ice Volumes in Distant Past

Gondwanan Ice Sheet 
~300 million years ago
~200 m sea-level equivalent
Antarctica, South Africa, India, Australia, South America

Snowball Earth 
~700 million  years ago
500-1000 m (frozen ocean)



Ice Through-put for Ice Sheets



Northeast Greenland.  View from the helicopter, traveling inland



Northeast Greenland in August.  Debris-covered ice, meltwater stream





West Greenland.  Ice sheet meets the tundra.





Terminology



Snow surface of 
East Antarctic Plateau (Dome C)



Bare glacier ice in the trans-Antarctic mountains



Amery Ice Shelf, East Antarctica









Present-Day Antarctica
Depth of ice:  average 2.2 km, maximum 4.8 km
About 86% of the ice is in East Antarctica

Mean annual temperature
from -60°C on East Antarctic Plateau 
(Vostok, Dome C, Plateau Station)
to -3°C on Antarctic Peninsula

Snow accumulation
average 14-19 g cm-2 yr-1

on Plateau  5 g cm-2 yr-1

Temperature extremes at surface
World record low temperature:  -89°C (at Vostok)
Record high temperature at South Pole:  -14°C



Snow 
Accumulation 

Antarctica



Present-Day Greenland

Depth of ice:  average 1.5 km

Mean annual temperature:
from -34°C (north-central)
to 0°C (southwest coast)

Snow accumulation
average 40 g cm-2yr-1

North-central  10 g cm-2yr-1

Melting occurs on ~70% of the ice-sheet surface area
Net ablation on ~15% of ice-sheet surface area



Greenland is 18% dry land, 82% ice-covered.  

Of the ice sheet area (in 1960):
30% is dry snow (no melting)
55% is wet snow (some of the winter snow 

melts in summer, but not all)
- Percolation zone
- Wet-snow zone
- Slush zone

15% is the Ablation zone (“ablation”
meaning “net loss”:  all the winter snow 
melts in summer, and some ice as well).  

So some melting occurs on 70% of the ice 
sheet.

But now the melt area exceeds 70%.

Dry-
snow 
zone 
(1960)

(Carl Benson, 1960).  



In 2002, only the white area 
experienced no melting.

(from Prof. Koni Steffen, 
Univ. Colorado)

Number of melt days in 
2002 (from satellite radar).



Temperature

Precipitation (mm/year)





Alaskan 
Ice



Ice in 
Western 

USA



Wheeler Peak, Nevada.  September 2007



Cotopaxi volcano, 1 deg. South, Ecuador



Elevation 4800 m 
on Cotopaxi volcano



At 2000 m on Blue Glacier, 48 N





Arctic-Antarctic differences

Ice sheets
How the ice sheets lose their mass:
Antarctic:  99% icebergs, 1% melting
Greenland: 50% icebergs, 50% melting
So most of Greenland is covered with melting snow in summer.

Sea ice
Arctic Ocean has thicker ice, thinner snow than the Antarctic Ocean
Arctic sea ice melts from the top down, forming puddles
Antarctic sea ice melts from the bottom up, remaining snow-covered

Snow
Antarctic snow is clean; Arctic snow is contaminated.
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