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(Sensible heat flux can be much larger in the sea-ice zone.)
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Snow surface of 
East Antarctic Plateau (Dome C)
Albedo 0.83









Tractor train from Dome C to Dumont d’Urville (photo  by Yann Arthus-Bertrand



Cold glacier-ice exposed by sublimation
(Trans-Antarctic Mountains)
Albedo 0.63



Snow albedo depends on (in the Antarctic):
Grain size (age)
Variation of grain size with depth
Solar zenith angle

In addition, non-Antarctic snow albedo depends on
Snow depth (& vegetation)
Impurities:  dust, black carbon (soot)

In addition, Bidirectional reflectance depends on:

  Grain shape (frost)        Surface roughness







JGR 2006
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Cluster of hollow bullets (South Pole, August)



“Diamond dust” forms in near-surface temperature inversion
under clear sky.

(Photo from Walden, Warren, Tuttle, JAM 2003)



From upward-looking infrared
interferometer.

Consistent with solar transmittance
measurements by Kuhn (1977) at
Plateau Station.



Cloud
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covered
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(Welch
and
Wielicki,
1989)



Hudson & Warren,
submitted to JGR.





Precipitable water
Summer 1.6 mm
Winter 0.4 mm

Clear-sky longwave fluxes (2/3 from water vapor, 1/3 from CO2)
Summer  110-125 W m-2

Winter    60-80 W m-2

Cloud cover Summer 45-50 %
Winter 55-60%

Longwave cloud radiative forcing (W m-2)
      downward net

South Pole 18 10
Global 46 46  (Kiehl & Trenberth, 1997)
Global 29  (Stackhouse, yesterday)

Snow surface is warmer under clouds by 0.5-1 K (summer)
   3-4 K (winter)

J. Climate, 2005, 2007





Hudson and Brandt
J. Climate 2005





Diurnal cycle of temperatures in summer
at Dome C, 75°S (Hudson & Brandt, 2005)























































































ASPeCt  ship tracks for SON and DJF

Indian Ocean
Sector

Australian
Sector



Ice-only albedos



Ice concentration



Area-average albedos (ice and water)



Clouds over Antarctic sea ice (Melanie Fitzpatrick)



Clouds over
Southern Ocean
in spring and
summer
(Fitzpatrick and
Warren, 2005).

Similar values
were found in
Arctic summer
by Lubin and
Simpson (1997)
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Relative Importance of Sea Ice and Cloud

Mean Fnet
(area-weighted)

Sea-ice effect
spring: -60 Wm-2

summer: -30 Wm-2

Cloud and ice effect
spring: -115 Wm-2

summer: -150 Wm-2

(averaged over
Southern Ocean
50-80 S)



The Arctic is different.



Benson, 1960:

Some melting
occurs over
70% of the ice
sheet.



Northeast Greenland in August 2006



Northeast Greenland:  Debris-covered ice, meltwater stream





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



Warren et al.  J. Climate, 1999



Puddles on
snow-free
Arctic sea ice
in summer



Black carbon in Arctic snow
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Most
within
5-50
ppb

Clarke & Noone, Atmos. Environ., 1985
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standards
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Clarke

“Monarch
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NSF project
began 2006



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.


