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Sea ice processes
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(Perovich and Richter-Menge, 2009). 



Over-arching science challenges

• Observe global sea ice variability and change for 
several sea ice parameters: concentration (area, 
extent), thickness (mean, modal, distribution), 
drift, volume, fluxes, albedo, etc.

• Understand and quantify the role of sea ice in the 
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• Understand and quantify the role of sea ice in the 
climate system 

• Develop modelling and prediction capabilities for 
sea ice on seasonal, interannual and longer time 
scales



ECV Sea Ice Products

Product name Sensors Areas Spatial grid Period Temporal 
resolution

Sea ice 

concentration

Passive 

microwave 

radiometer

Arctic and 

Antarctic

L3:

25 x 25 km

1978-2008 Daily

Sea ice Radar Arctic L3: 1993-2012 MonthlySea ice 

thickness

Radar 

altimeter

Arctic L3:

100x100 km

1993-2012 Monthly

(Oct-April)

Other sea ice parameters required by users, but not yet developed as ECV products: ice 
drift, snow depth on ice, surface temperature, ice type/age,  ice volume, ice salinity, 
albedo, melt pond fraction, melt onset/duration, lead fraction, polynyas (localization, 
size), ice freeboard, snow water equivalent on ice, surface roughness.



Round Robin data set for ice concentration
Brightness temperature are used from:
•SMMR data (1978-1987) obtained from NSIDC
•SSM/I data (1987-2009) obtained from EUMETSAT Climate Monitoring -SAF
•AMSR-E data (2002-2011) obtained from NSIDC
The data are swath data with accurate geolocation from Arctic and Antarctic. All data are 
averaged to 75x75 kilometer resolution in all channels.

The following validation data sets are used:
•Ice deformation using ice convergence and divergence fields from SAR ice drift (DTU)
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•Ice deformation using ice convergence and divergence fields from SAR ice drift (DTU)
•High latitude open water regions from ice-charts (DMI)
•Melt-pond dataset from MODIS (Uni Hamburg)
•Thin ice dataset from SMOS (Uni Bremen)
•Simulated thin ice and snow dataset using microwave model MEMLS-I (DMI)
•Simulated open ocean/atmosphere dataset using Wentz RTM (DMI)
•Atmospheric corrected TBs from AMSR and SSMI with reference SIC (DMI)



Algorithm comparison
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Location of validation data
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Location of all validation data from 2008 where ice concentration is 100 % for Arctic, and 
Antarctic. All locations used during the year are shown, some locations are used several times, 
others only once during the year .A total of 2700 datasets in the Arctic and 1500 in the Antarctic 
were obtained for 100% ice in 2008 .



Algorithm comparison for 0% conc
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Algorithm comparison for 100% conc
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Ice concentration versus thin ice
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Sea ice concentration from 21 algorithms versus thin ice thickness from SMOS for selected 
test areas in the Arctic. Inset map shows sample of SMOS sea ice thickness from Nov. 1, 
2010; grey regions indicate data gaps due to RFI.



Round Robin data sets for ice thickness
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Measure freeboard by altimetry
Validation 
by aircraft
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Validation by 
subsurface 
sensors



Ice thickness distribution
(probability density function – pdf)
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Thin ice observations 
(SMOS, IR)

Thick ice observations 
(CryoSat, IceSat)



Ice thickness from ERS and ENVISAT RA

Validation data from submarine  cruises
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Validation of ice draft by submarine ULS data in 
Beaufort Sea
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ULS draft versus RA draft
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Sensitivity of thickness to snow and ice density
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Snow thickness data: a challenge

Warren climatology: 30-35 cm

Operation Ice Bridge: 10-30 cm
(based on direct mesurement by 
snow radar)
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Conclusions from the RRDP studies
• Ice concentration: several algorithms give 

similar results, 
• ECV products will use OSI-SAF or similar alg.
• Ice thickness: retrieval from freeboard 

depends on snow thickness, ice and snow 
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depends on snow thickness, ice and snow 
density. Need to establish the best possible 
climatological fields based on aircraft, 
underwater and in situ measurements.


