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

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

.
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ECV Sea Ice Products

Sea ice Passive Arcticand L3: 1978-2008 Daily
concentration microwave Antarctic 25 x 25 km

radiometer
Sea ice Radar Arctic L3: 1993-2012 Monthly
thickness altimeter 100x100 km (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.
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Round Robin data set for ice concentration

Brightnesstemperature are used from:

*SMMR data (1978-1987) obtained from NSIDC

*SSM/I data (1987-2009) obtained from EUMET SAT Climate Monitoring -SAF

*AM SR-E data (2002-2011) obtained from NSIDC

The data are swath data with accur ate geolocation from Arctic and Antarctic. All data are
averaged to 75x75 kilometer resolution in all channels

Thefollowing validation data sets are used:

| ce defor mation using ice conver gence and divergence fieldsfrom SAR icedrift (DTU)
*High latitude open water regions from ice-charts (DMI)

*Melt-pond dataset from M ODI'S (Uni HamburQ)

*Thin ice dataset from SMOS (Uni Bremen)

eSimulated thin ice and snow dataset using microwave model MEML S| (DMI)
eSimulated open ocean/atmosphere dataset using Wentz RTM (DM1)

sAtmospheric corrected TBsfrom AM SR and SSM1 with reference SIC (DM1)

NERSC
ESA Climate Change Initiative - Sea Ice project RN
CMUG project integration meeting - Hamburg 3-5 June 2013 ‘.rl




Algorithm comparison

No |Algorithm Reference Channels

1 |ASINWF Kadeschice ot al 2001 S5V, 55H P

2 |Near 90 GHz Svendsen et al, 957 85V, 85H P

3 P Thes stusdy B5V,85H P

4 |Bootstrap P BP) Comiso, P56 INVIH P

5 |NRL Lo, 1953 IIVZIH P

6 |P37 Thes study 3V, P

7 |IPB Thes sty BV, BHF

8 |P® This sty 0V, DHFP

9 |Bristel S math, F99%6 BV, 3IV,IHP G

0 |ECIKCE NWF S holkr et al, 2008 BV, BH, 37V, 3P

I |NASA TeamNWF Cavaleri et al, 1954 BV, BH,3TVP G

L |NASA Team2NWF Markus and C avabery, 2000 BV, BH, 37V, 55V, 55HP G

B |OSBAF Eastwood (ed) 2002 BV, 3IV,IHPGC

H |TW P edersen, 1998 BV, 37V, 55V, 85H P G

B |UMass-AES § waft et al, BS5 BV, 3IVG

% |Bootstrap F BF) Comiso, 186 BV, 3TV,3IHP G

I |Calval Ramseier, 991 BV, IIVG

B |NORSEX Svendsen et al, P83 BV, 3IVG

B |(NT +BF 2 Thes sty BY, B4, 3TVP G

20 |INT +BF +P30)3 Thes study BY, BH, 37V, 85V, 55HF ¢

21 |P37+P0)2 This study 37V, 3™, 55V, 55H P

2 |P37+P90 +BF )3 This study BV, 37TV, 3,55V, 55HFP G

23 |BF «BF2I" POOINI+BF 2} This sty BV, 37V, 55V, 55H P G

24 |BF «BF3) PI0OIX1+BF—3) Thes stusdy BV, 37V, 55V, 85HP G NERSC .
5 |EBF +P30)2 This study BV, 37V, 85V, 855H P G - '““jﬁjj T
26 |®BF +BF - P9O)ALBF ) Thes study BV, 37V, 55V, 55HP G Aql -
X7 | Omne channel P edersen, 991 &H . "




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 obhtained for 100% ice in 2008 .
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Algorithm comparison for 0% conc
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Algorithm comparison for 100% conc
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lce concentration versus thin ice

i70W 180" 170°g
\Bow ’GOIE;

120 %
= Wearf0 lin_dyn
= Near90GHz
100 — ASI
P
— BT
80
= Bootstrap_p
e i 1
&0 Bristol
PR
= NASA_Team :
20 ;
40 W 0w o 10E %
= NDRSEX
0 5 10 15 20 25 30 35 40 45 50
Bootstrap | 2010-11-01 ice thickness[cm]
= CalVal
20 7
— UMass AES
P10
0 -~ - - . - ' 1 t T — One_channel
= =~ = M v © N " o = = [~ = M O W TUD
= o = o 2 = = = = = = = B

Sea ice concentration from 21 algorithms versus thin ice thickness from SMOS for selected
test areasin the Arctic. I nset map shows sample of SMOS sea ice thickness from Nowv. 1,
2010; grey regions indicate data gaps due to RFI.




Year™ Location® | Parameter® Source™
2003-2008 Circum-arctic, | .
Oci-Marchz | below 82Nt ice freeboard = ENVISAT RA2H
Moored ULS data from the
2003-8= Beaufort Sea® | ice draft, snow depth™ | Beaufort Gyre Exploration Project
(BGEP) moored ULS and AMSR-E=
Apr1994= | Beaufort Sea” | ice draft™ Submarine ULS data from NSIDC= |
H H ice freeboard = ERS-RA™=
Oct 1996= | Beaufort Sea®™ | ice draft® Submarine ULS data from NSIDC# |
H H ice freeboard = ERS-RA =
. | Fram Strait/ ; _ UK submarine ULS data (Tireless)
Mar 2007 Bleaicibout: iuase ice draft, snow depth = and AMSR-E =
i Airborne Laser Scanner (ALS) and
May 20115 | Fram Strait™ :;: f[r;fb”ard* SNOW" | ASIRAS data from DTU, and
P AMSR-E data*
Apr 2008= | Fram Strait= ice freeboard / ALS and ASIRAS data from DTU,

thickness, snow depth =

AMSR-E and in-situ data™

April 2009/10=

Western Arctic™

snow depth, ice
thickness / freeboard =

Operation IceBridge =

Climatology
1954 - 19914

Circum-arctic,
mainly MY ice ™

snow depth and
density =

In situ data from NP drifting
stations (Warren et al., 1999) =

Round Robin data sets for ice thickness
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Measure freeboard by altimetry

Validation
. Radar signal is refelected Laser signal is refelected
by alrc raft from the ice-snow interface from the snow surface
Multiyear floe Firstyear floe
Leads between
floes
ce | —=t -
Open h A Open
water f Thin sea ice water
- Validation by
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lce thickness distribution

(probability density function — pdf)

Lose open water by growing ice

Gain probability here
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lce 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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Beaufort Sea Draft, October 1996
NSIDC Submarine ULS
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ULS draft versus RA draft

ULSI VS. ERS—RIA draft 1994 (blue) qnd 1996 (red)
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Sensitivity of thickness to snow and ice density
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Snow thickness data: a challenge

036

(based on direct mesurement by

Operation I ce Bridge: 10-30 cm
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.

 |ce thickness: retrieval from freeboard
depends on snow thickness, ice and snow
density. Need to establish the best possible
climatological fields based on aircraft,
underwater and In situ measurements.
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