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Lars Kaleschke, Xiangshan Tian-Kunze, Stefan Hendricks.,...

Alfred-Wegener-Institut Helmholtz-Zentrum fur Polar und Meeresforschung, Bremerhaven

b ) B
'

- % *h ;q:%

e

-~

s~

3

220 A

ot



Low-frequency microwave radiometry for sea iC@* V/
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How to measure sea-ice thickness AN/
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Local plane layer vs. large-scale mean thickness
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Statistical thickness distribution: AN/
log-normal parameterization
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SMOS angular viewing angle and resolution @*NVI
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Design choice for sea ice thickness retrieval L e
e average intensity over incidence angle range 0°-40°
e >100 single measurements / grid point / day

e spatial resolution is about 35 km on 12.5 km grid

equi resolution (red solid lines)
equi incidence angle (dashed lines)
Kerr et al. 2001



Retrieval concept

Q
Based on physical models m’
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e No tuning / tie points
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lead in general to better retrieval results
e Radiation model can be used for
assimilation in ocean-ice models as a
‘forward operator”
e Auxiliary data
o Thermodynamic state from
atmospheric reanalysis (JRA55)
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ocean reanalysis (GECCO2)
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How can we compare satellite observations and models better () NV/

N — . . . i
ov 2012 Lo Satellite simulator / observation operator

e Brightness temperatures from ocean-ice model
and radiative transfer model

e Allows consistent comparison of observations
and models

e Sensitivity of the brightness temperatures with
respect to geophysical model parameters

Snow Ice thic. Ice frac. Srf.temp. Seatemp. Sea sali.

e Path to assimilating brightness temperatures in

Most influential parameters on coupled ocean-ice models

brightness temperature changes , ,
baged on OR App5 and Kaleschgke ot e The spatial resolution of the model and

al. (2010). observations should match

Richter, F., Drusch, M., Kaleschke, L., et al..: Arctic sea ice signatures: L-Band brightnhess temperature
sensitivity comparison using two radiation transfer models. The Cryosphere, 12, 1-13, 2018



Model sensitivity to key sea ice parameters AN/
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Sea-ice thickness from SMOS and CryoSat2

Sea ice thickness from freeboard f

fpw +d3 (ps _pw)
Pyw—P;i

® snow thickness d;
® snow density pg

® ice density p;

® water density p,,

i ice freeboard
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Fusion of SMOS and CryoSat-2 reduces uncertainties Q ANI
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"There Is No Ice’
Feb. 27, 2018

Lars Kaleschke, a German physicist,
explained: “There is open water north of
Greenland where the thickest sea ice of the
Arctic used to be. It is not refreezing quickly
because air temperatures are above”
freezing.

An unprecedented
polynya developed north
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SMOS Antarctic Sea Ice Thickness Validation @*NV/
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e  Retrieval method with only ! =
modified auxiliary data for the

Validation sites ;
® ULS climatology Anta rCt.IC
ULS includi 0
* VLS neglecied (41 5m e Validation measurements are
HEM fight 2013-mmdd particularly rare in Antarctica,
HEM neglected (>1.5m) . . .
SUIT track 2013-mmdd especially during the winter season

e  The overall validity for thin sea-ice
up to a thickness of about 1 m has
been demonstrated

Kaleschke, L., Tian-Kunze, X., Hendricks, S., and Ricker, R.: SMOS-derived Antarctic thin sea-ice thickness: data description and
validation in the Weddell Sea, Earth Syst. Sci. Data Discuss. [preprint], https://doi.org/10.5194/essd-2023-326, in review, 2023.



SMOS Antarctic Sea Ice Thickness @*NV/
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Summary

e Seaice thickness is an essential climate parameter
and important for weather+ocean-ice forecasts and
polar maritime applications

e | -band radiometry together with altimetry is used to ;

- measure the sea ice thickness with reduced T WS -

uncertainty and better data coverage

e ESA/AWISMOS L3 and combined CryoSat2-SMOS
L4 sea ice thickness products show an increasing
scientific and operational impact

e Better spatial L-band resolution would strongly
reduce uncertainties and cross scientific boundaries
for many applications, e.g. observation of important
mesoscale and coastal ocean-ice-atmosphere
exchange processes

Citations of ESA/AWI CryoSat2-SMOS product references




