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The ability of CryoSat-2 to measure Antarctic sea ice freeboard
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Antarctic sea ice cover has been routinely monitored since 1979 but sea ice thickness remains one of the least
understood physical components of the global cryosphere. Quantification of thickness is of crucial importance,
since when combined with areal data it allows the computation of sea ice volume providing insight into the heat
budget of the Antarctic sea ice system and quantification of freshwater and saltwater fluxes in the Southern Ocean.

The use of satellite altimetry for sea ice thickness estimation relies on the measurement of freeboard. Thickness
can then be estimated based on the assumptions of hydrostatic equilibrium given densities of snow, ice, water, and
snow thickness are known.

Using in situ data for 2011 and 2013 we evaluate the ability of CryoSat-2 (CS-2) to retrieve sea ice free-
board over fast-ice in McMurdo Sound. European Space Agency Level 2 data (ESAL?2) is compared with results
of a Waveform Fitting procedure (WfF) and a Threshold-First-Maximum-Retracker-Algorithm employed at 40%
(TFMRAA40). A supervised freeboard retrieval procedure is used to reduce errors associated with sea surface
height identification and radar velocity in snow.

We find ESAL?2 freeboards located between the ice and snow freeboard rather than the frequently assumed
snow-ice interface. WIF is within 0.04 m of the ice freeboard but is influenced by variable snow conditions
causing increased radar backscatter from the air/snow interface; in such conditions a positive bias of 0.14 m away
from the ice freeboard is observed. TFMRA40 freeboards are within 0.03 m of the snow freeboard. The difference
in freeboard estimates is primarily driven by different retracker assumptions, although waveform alteration by
variations in snow properties and surface roughness is evident. Techniques were amended where necessary and
automatic freeboard retrieval procedures for ESAL2, WfF and TFMRA40 were developed.

CS-2 detects annual fast-ice freeboard trends in McMurdo Sound using all three automatic procedures that
are in line with known sea ice growth rates in the region. We present a systematic validation of CS-2 in the coastal
Antarctic and provide insight into the assumptions currently used to process CS-2 data.



