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From analysis of 25,000+ km of OIB track:
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FBEM: Waveform model for sea ice surfaces including multi-scale surface roughness, P[t,,A,0,S
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Data-constrained CRISTAL Simulations

Parameter Unit ‘ Ku-band DD-SAR  Ka-band DD-SAR
Frequency GHz 13.5 35.75
Bandwidth MHz 500 500
Satellite Altitude m 698900 698900
Satellite Velocity ms ! 7508 7508
Pulse-repetition Frequency Hz 15119 15119
Number of Synthetic Beams 64 64
Antenna Gain dB 423 50.2
Synthetic Beam Gain dB 36.12 36.12
Along-track Antenna Parameter deg 0.98 0.37
Across-track Antenna Parameter deg 1.22 0.51

IRIS sensor parameters provided by Michele

Scagliola and Albert Garcia-Mondejar

April 2019 case study

" ' 1 2 2 . ‘

Ice surface Snow surface
topography topography

Duncan and Farrell, GRL, 2022

Grain size &
density

Macfarlane et al., Nat. Sci. Rep., 2023
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Lessons for CRISTAL

Multi-frequency freeboard analysis and CRISTAL simulations offer some lessons in advance of the launch.
For instance, it would be valuable to study:

1. The covariance of the snow and sea ice surface topography, at scales of 1-1000 m, and its impact on
near-nadir radar reflection

2. Bounds on mm-cm radar-scale roughness of snow and ice interfaces and the external factors controlling
these roughness variations in time and space.

3. The evolution of the satellite Ku- and Ka-band radar return from the same snow and sea ice (e.g.,
landfast ice) over time to observe the effects of changing snow properties (depth, grain size, layering,
dielectrics) on the backscatter and waveform shape (see Taelman et al., A.09.08 Poster, Wednesday)

4. Auxiliary remote sensing observations or model output to support the interpretation of CRISTAL multi-
frequency waveforms; for example, having the anticipated snowpack properties or an estimate for the
multi-scale roughness of a radar observation would enable the application of smart freeboard bias
corrections.

lack.c.landy@uit.no
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Experiment (3)
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Take aways

« Care must be taken in the interpretation of radar freeboards to disentangle the sources of bias coming
from geophysical factors like complex radar scattering over layered snow and sea ice, versus those from
processing choices like retracking, with respect to some reference "truth®

« Retracking thresholds of 20-30% over MYI and >50% over new sea ice are required to match AltiKa
radar freeboards to ICESat-2 snow freeboards

« 8-10 cm snow depth uncertainty (KuKa and KuLa RMSE) introduces 17-29 cm sea ice thickness
uncertainty even if the Ku-band radar freeboard is measured with absolute certainty

 The CRISTAL mission is required to measure sea ice freeboard, snow depth and ice thickness with
uncertainties lower than or equal to 3, 5 and 15 cm, respectively, at a 25-km length scale

« Model simulations of CRISTAL, in its anticipated sea ice sensing mode, suggest that, in spring, the
altimeter will track a median Ka-band elevation 10% below the air-snow interface and a median Ku-band
elevation 3% above the snow-ice interface
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