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CryoSat-2 Sea-lce Thickness
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Sea-Ice Freeboard & Uncertainty

Signal Quality Sea Surface Height

Freeboard to Thickness Conversion & Uncertainty

Sea Ice Density Snow Depth Snow Density
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CryoSat-2 sea-ice Cal/Val

E%"f%;;tai Operation of ASIRAS & ALS by DTU-Space

Elevation

ASIRAS
SAR Altimeter
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Laser — Radar Altimetry
Radar penetration into snow
Sea-ice surface roughness
Direct comparison to CryoSat-2
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45 meter (150 ft)

EM-Bird (Fixed-Wing Version)

-
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15 meter (50 ft)

Airborne EM (AEM) Thickness
» Sea-ice thickness data
» Helicopter and fixed-wing aircrafts

» Direct comparison to CryoSat-2
ﬁHELMHOLTZ

‘ ASSOCIATION



Freeboard: Airborne vs. CryoSat-2 ¢/
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Airborne (laser & radar) and CryoSat-2 freeboard

Coincident Data Acquisition (CryoVEx 2011)
Distribution of airborne radar and CryoSat-2 freeboard
comparable

Difference (22 cm) to laser freeboard smaller than
expected snow depth (even for dry & cold snow)

* Lower wave propagation speed in snow not accounted
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CryoSat-2 processing scheme AW/

CryoSat-2 Level 1b

Range Retracking
(TSRA) Mean SSH = Geoid + Mean
Mean SSH Dynamic Topography
Lead detection (DTU10)
Radar Freeboard
SSH-Anomaly Actual-SSH (WGS84) = Mean SSH + SSH Anomaly
Penetration .- :
correction Snow Depth Modified Climatology

Isostatic Snow and Ice Densities g Ice Type Mask

Equilibrium

Sea Ice Thickness

25 x 25 km grid

Uncertainty
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CryoSat-2: First results - Freeboard @AW/

meereisportal.de Cryosat-2 meereisportal.de Cryosat-2

03-2013 03-2013
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ambiguous ice type

a8 e cacasoshowrs Wi @ IV 5 i O o
Radar Freeboard Sea lce Type (OSI-SAF)

» Direct result from CryoSat-2 data e Main classification FYI / MYI

* No physical corrections (snow) applied » Similar spatial distribution to radar freeboard
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Sea-lce & Snow Parametrization aV/

meereisportal.de Cryosat-2 meereisportal.de Cryosat-2

03-2013 03-2013

@ANl ﬁ?ﬁ? - Show depth (modified climatology) [ ub ata @M” ?.CLZF%EEF 0° ‘Rdar penetration into snow (parameterized) | caia
Snow Depth Radar Penetration

» Modified Climatology (Warren et al.) « 22 cm (Airborne Validation Data 2011)

 50% over FYI (OIB, Kurtz et al.) * FYI: full penetration to snow
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Sea-lce & Snow Parametrization aV/

meereisportal.de Cryosat-2 meereisportal.de Cryosat-2

03-2013 03-2013
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e FYI: 916.7 kg m™3 » Climatology (Warren et al.)
e MYI: 882.0 kg m-3 * No differences between FYI & MYI
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Contribution to Error Budget VI

CryoSat-2 Level 1b Speckle Noise
Lead Detection SSH-Uncertainty

: : not yet
Retracking Var. Penetration

Snow Depth Depth Variability 7114 cm FYI [ MYI
Density Variability (NO/MNOION'GYEN  SNOW / ICE

* . Mean multi-look
(point) error

Decreasing
with distance &
# detections

Error Propagation (Averaging 25 x 25 km)

ﬁ HELMHOLTZ



CryoSat-2 First Results - Thickness @AW/

meereisportal.de Cryosat-2 meereisportal.de

Cryosat-2

03-2013 03-2013
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Sea Ice Thickness Sea Ice Thickness Uncertainty

« Thick ice in FYI regions  Range:0.5m-1m

» Artefacts from ice classification » Higher in Archipelago / Ice Edge
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CryoSat-2 vs. AEM Thickness AW/
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Relative Units
Relative Units

0 2 4 6 8 10 0 2 4 6 8 10
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Freeboard to Thickness Conversion
Distribution of AEM thickness and CryoSat-2 thickness
Comparable mean thickness of multi-year sea ice
CryoSat-2 underestimates modal thickness

Validation in first-year ice regimes pending
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CryoSat-2 “Trend” 2011 - 2013 AW/
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e _:- Ricker et al., 2013, in preparation
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Arctic Sea-lce Volume 2011 - 2013  a WV
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Ricker et al., 2013, in preparation

Comparison to Seymours & Katharines publication
Comparable volume range for winter season 2011/2011
Data masks might differ slightly (AWI data: ICESat domain for except Baffin Bay)
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Data Availability |

www.meereisportal.de CryoSat-2 Meerei...
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MeereisWissen MeereisBeobachtung ung i itiy DatenPortal
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Startseite
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T June 2013

AWI CryoSat-2
Sea Ice Thickness
Data Product

[3] Methoden

[ Beobachtungsgréen

English version see below,

[5] Meerei-
Beobachtungsergebnisse

|| Documsntation of Cryosat-2

Beobachtungsergebnisse aus
Satelitenmessunge

Karten der aktuellen
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Disclaimer
Not an operational or fully

http://www.meereisportal.de/cryosat

Download Content (Jan. 2011 — ongoing)

validated data product!
Arctic Freeboard + Uncertainty
Arctic Thickness + Uncertainty
Auxiliary Data (Snow Depth, Snow & Ice Density

Feedback Welcome!
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CryoSat-2 for Antarctic Sea lce

Polarstern Weddell Sea Winter Experiment (ANTXXIX-6/ANTXXIX-7)
(June — October 2013)

CryoSat-2 Validation Experiment for Antarctic Sea Ice
Airborne Sea-Ice Thickness & Snow Freeboard
In-Situ Studies of

Snow Depth Distribution and Stratigraphy

Sea-Ice Freeboard / Surface Flooding Py ; ;

Win

ter Ecosystem

Sea-Ice Density
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ANTXXIX/6 Airborne Surveys
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ANT 29-6 (AWECS)
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Multi-year Ice [PSB1/H19-AEM]

Th|ck heterogeneous
Posmve Freeboard

First-year ice

[PSB1/HO4-AEM|

[PSB1/HO6-AEM|

|PS81/HO8-AEM|

Radar Penetratlon
ASIRAS

'\

Moderate snow load
Zero / Negative freeboard
November 2013 B
A|rborne Study

Uy

2

Alrborne EM Sea Ice Thickness Surveys

AMSR-2 sea ice concentration July 15, 2013
(c) 2013, IUP Uni Bremen

Polarstern (ANTXXIX/7) currently in the Weddell Sea (http://expedition.awi.de/)

- Continuation of CryoSat-2 feasibility study -
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CryoSat-2 Freeboard & Thickness  ¢/WV/

Calibration & Validation Results

radar freeboard # ice freeboard | unknown spatial pattern of radar
penetration

CryoVEX: good agreement of airborne and satellite freeboard

Remaining Issues

snow, snow, snow! | knowledge of spatial & temporal
distribution limits thickness accuracy

remote sensing signature / mass load

sea ice type | ice type mask can create thickness
artefacts

Future Plans
Feasibility study Antarctic sea ice
Impact of surface roughness < Forward model

Download Data: http://www.meereisportal.de/cryosat
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