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1  INTRODUCTION

1.1 Purpose

ThiV dRcXPeQW iV Whe AOgRUiWhP TheRUeWicaO BaViV fRU Whe Sea Ice ECV ZiWhiQ CCI+ PHASE 1
- NEW R&D ON CCI ECVV, Zhich iV beiQg XQdeUWakeQ b\ a METNO-Oed cRQVRUWiXP. ThiV
dRcXPeQW iV baVed RQ Whe ZRUk Rf PhaVe 2 Rf Whe ESA CCI SURjecW aQd iQcOXdeV Whe QeZ
deYeORSPeQWV fRU Whe Sea Ice ThickQeVV (SIT) aVSecWV.

ThiV dRcXPeQW aOVR cRQWaiQV SUeSaUaWiRQ aQd dRcXPeQWaWiRQ Rf Whe RQgRiQg ZRUk WR e[WeQd
Whe CRDP WR cRYeU SIT fURP ERS-1 aQd ERS-2 VaWeOOiWeV aV ZeOO aV fRU fXWXUe OeYeO-4
SURdXcWV aQd cRPSXWaWiRQ Rf Vea-ice YROXPe. AW Whe WiPe Rf ZUiWiQg, WheVe deYeORSPeQW iWePV
aUe QRW cRPSOeWe aQd WheVe VecWiRQV ZiOO be XSdaWed iQ Whe fXWXUe YeUViRQV Rf WhiV dRcXPeQW.

1.2 Scope

The VcRSe Rf Whe dRcXPeQW iV WR deVcUibe eOePeQWV Rf Whe aOgRUiWhPV WhaW aUe chRVeQ fRU
iPSOePeQWaWiRQ dXUiQg Whe WhiUd \eaU Rf Whe CCI+ PhaVe 1, WRZaUdV Whe SURdXcWiRQ Rf Whe
CDR dXUiQg YeaU 3. The VeOecWed aOgRUiWhPV aUe SUeVeQWed aQd jXVWified, bXW Whe dRcXPeQW
dReV QRW cRQWaiQ Whe UeVXOWV Rf UeVeaUch OeadiQg WR Whe VeOecWiRQ Rf WheVe aOgRUiWhPV.

1.3 Document Status

ThiV iV Whe WhiUd iVVXe Rf Whe ATBD dRcXPeQW fRU Whe Sea Ice CCI+ SURjecW. The dRcXPeQW
deVcUibeV Whe aOgRUiWhPV aiPed fRU Whe fiQaO SURceVViQg, Zhich, hRZeYeU, ZiOO Qeed added
deWaiOV aQd VWeSV befRUe fiQaOi]iQg Whe dRcXPeQW. IQ addiWiRQ, Whe aX[iOiaU\ daWa VeWV XVed iQ
Whe iQiWiaO SURceVViQg aUe iQWURdXced.

The deVcUiSWiRQ Rf Whe SIT UeWUieYaO aOgRUiWhP iV a cRPbiQaWiRQ Rf Whe VWaWe aW Whe eQd Rf Whe
PhaVe 2 Rf Whe SICCI SURjecW aQd Whe kQRZOedge gaiQed dXUiQg CCI+. ThiV YeUViRQ diffeUV
fURP Whe SICCI PhaVe 2 iQ WhaW WhiV dRcXPeQW cRQWaiQV Whe added kQRZOedge fURP ERS-1
aQd ERS-2 VWXdieV, iQcOXdiQg SXOVe debOXUUiQg cRUUecWiRQ, aV ZeOO aV Whe e[ceSWiRQ Rf QRYeO
VQRZ eVWiPaWeV fRU Whe AUcWic iQ aUeaV ZheUe WaUUeQ cOiPaWRORg\ iV cRQVideUed RXWdaWed.
AddiWiRQaOO\, Whe iQWURdXcWiRQ Rf dXaO PiVViRQ RUbiW cURVV RYeUV aQd Whe added beQefiW fRU Whe
cXUUeQW aQd fXWXUe CDR SURdXcWiRQ iV iQcOXded iQ WhiV dRcXPeQW. ThiV dRcXPeQW ZiOO be
iWeUaWed afWeU Whe SIT aOgRUiWhP deYeORSPeQW haV beeQ fiQaOi]ed aQd Whe CDR iV SURdXced
aQd SXbOiVhed.

1.4 Acron\ms and AbbreYiations

TabOe 1-1 beORZ OiVWV Whe acURQ\PV aQd abbUeYiaWiRQV XVed iQ WhiV YROXPe.
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Table 1-1: Acron\ms and AbbreYiations. Acron\ms for the deliYerable items (URD, etc«) and partner
institutions (AWI,..) are not repeated.

AFURQ\P MHaQLQJ

AMSR-E / AMSR2 AGYaQFHG MLFURZaYH SFaQQLQJ RaGLRPHWHU (IRU EOS / #2)

C3S EU Copernicus Climate Change Service
CCI Climate Change Initiative
CDR Climate Data Record
CS2 ESA¶s Cr\oSat-2
DAL Distance along iceline
DMSP Defense Meteorological Satellite Program
DMXO Dual-mission orbit crossover
EASE grid Equal-Area Scalable Earth Grid
ECMWF European Centre for Medium-Range Weather Forecasts
ECV Essential Climate Variable
ENVISAT ESA¶s Environmental Satellite
EO Earth Observation
ERS European Remote Sensing Satellite
ESA European Space Agenc\
EUMETSAT European Organi]ation for the Exploitation of Meteorological Satellites
FYI First Year Ice
ICDC Integrated Climate Data Center
ICDR Interim Climate Data Record
L1b, L2, L3C, ... Satellite data processing Level (Level-1b, «)
LEW Leading-edge width
MSSH Mean sea surface height
MYI Multi-Year Ice
OSI SAF EUMETSAT Ocean and Sea Ice Satellite Application Facilit\
PP Pulse peakiness
RA RaGaU AOWLPHWHU

RRDP RRXQG RRELQ DaWa PaFNaJH

S0 SHa-LFH EaFNVFaWWHU

SIC Sea Ice Concentration
SIT Sea Ice Thickness
SAR S\nthetic Aperture Radar
SGDR Sensor Geoph\sical Data Record
SIRAL S\nthetic Aperture Radar (SAR) Interferometer Radar Altimeter
SMMR Scanning Multichannel Microwave Radiometer
SMOS SRLO MRLVWXUH aQG OFHaQ SaOLQLW\

SSH SHa VXUIaFH KHLJKW
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SSHA SHa VXUIaFH KHLJKW aQRPaO\

SSM/I SSHFLaO SHQVRU MLFURZaYH/IPaJHU

SSMIS SSHFLaO SHQVRU MLFURZaYH IPaJHU/SRXQGHU

W99-AMSR2 TKH PHUJHG WaUUHQ-AMSR2 VQRZ FOLPaWRORJ\

XO OUELW FURVVRYHU

1.5 E[ecutiYe Summar\

ThiV dRcXPeQW SUeVeQWV Whe aOgRUiWhPV fRU SURdXciQg Whe Sea Ice ThickQeVV COiPaWe DaWa
RecRUd (SIT CDR) iQ CCI+. ThiV dRcXPeQW caQ be XQdeUVWRRd aV a UeciSe bRRk fRU a
VRfWZaUe eQgiQeeU ZaQWiQg WR bXiOd a ZRUkiQg SIT SURceVVRU. IW aOVR giYeV Whe backgURXQd Rf
XVed aOgRUiWhPV aQd daWa fRU aQ\RQe ZaQWiQg WR XQdeUVWaQd Whe CRDP beWWeU.

The dRcXPeQW iQcOXdeV aOO Whe QeceVVaU\ VWeSV fRU cRQYeUWiQg aOWiPeWeU ZaYefRUPV iQWR Vea
ice WhickQeVV iQ aORQg-WUack (L2), PRQWhO\ gUidded (L3) fRUPaW, aQd Whe gaS-fUee gUidded daWa
(L4):

Ɣ FiOWeUiQg daWa baVed RQ OaWiWXdeV, SRVVibO\ UePRYiQg daWa SRiQWV baVed RQ fOagV
SURYided ZiWh Whe daWa

Ɣ IQWURdXcWiRQ aQd deVcUiSWiRQ Rf Whe dXaO-PiVViRQ RUbiW cURVVRYeUV beWZeeQ VeQVRUV iQ
WheiU UeVSecWiYe PiVViRQ-RYeUOaS SeUiRdV

Ɣ SXUface-W\Se cOaVVificaWiRQ aOgRUiWhPV baVed RQ ZaYefRUP SaUaPeWeUV fRU
diffeUeQWiaWiQg beWZeeQ RceaQ, Oead, Vea ice, aQd aPbigXRXV

Ɣ WaYefRUP UeWUackiQg Rf Whe diffeUeQW VXUface W\SeV WR RbWaiQ ice eOeYaWiRQV aQd Vea
VXUface heighW Wie SRiQWV RYeU OeadV beWZeeQ ice fOReV.

Ɣ ASSOicaWiRQ Rf geRSh\VicaO UaQge cRUUecWiRQV iQcOXdiQg WidaO cRUUecWiRQ
Ɣ EVWiPaWiRQ Rf UadaU fUeebRaUd aQd aORQg-WUack Vea VXUface heighW fURP ice VXUface

eOeYaWiRQV aQd iQWeUSROaWed SSH Wie SRiQWV XWiOi]iQg a PeaQ Vea VXUface
Ɣ RadaU fUeebRaUd WR Vea-ice fUeebRaUd cRQYeUViRQ b\ aSSO\iQg geRPeWUic cRUUecWiRQV,

ZiWh VQRZ iQfRUPaWiRQ
Ɣ Sea ice WhickQeVV caOcXOaWiRQ baVed RQ Vea-ice fUeebRaUd aQd aX[iOiaU\ SaUaPeWeUV

aQd Whe aVVXPSWiRQV Rf h\dURVWaWic eTXiOibUiXP

AORQg ZiWh VWeSV aQd aOgRUiWhPV, aOO SUiPaU\ aQd aX[iOiaU\ daWa SURdXcWV XVed WR cUeaWe Whe
SIT CDR aUe iQWURdXced.

AOWhRXgh Whe aOgRUiWhPV fRU Whe fiQaO SURdXcWiRQ aUe chRVeQ, WheUe aUe VRPe deWaiOV WhaW aUe
QeceVVaU\ WR be added WR Whe ATBD iQ iWV fiQaO iWeUaWiRQ.
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2 INPUT AND AUXILIARY DATA

2.1 OYerYieZ

ThiV SaUW Rf Whe dRcXPeQW iV iQWeQded aV a geQeUic gXide WR VeWWiQg XS a Vea ice WhickQeVV
SURceVViQg V\VWeP fRU aQ\ SROaU RUbiWiQg VaWeOOiWe UadaU aOWiPeWeU. The geQeUaO PeWhRd iV
deVcUibed aQd VSecific e[aPSOeV aUe giYeQ. The geQeUaO SURceVViQg V\VWeP iV ideQWicaO fRU
SXOVe-OiPiWed aV ZeOO aV fRU SAR aOWiPeWU\. AQ\ VeQVRU W\Se VSecific diffeUeQceV aUe VWaWed.

The PeWhRd XVed WR e[WUacW Vea ice WhickQeVV fURP UadaU aOWiPeWU\ daWa iV baVed RQ Whe
SiRQeeUiQg ZRUk Rf PeacRck aQd La[RQ, 2004; La[RQ eW aO., 2003 fRU Whe ERS-2 PiVViRQ. The
PeWhRd iQYROYeV VeSaUaWiQg Whe UadaU echReV UeWXUQiQg fURP Whe ice fOReV fURP WhRVe
UeWXUQiQg fURP Whe Vea VXUface iQ Whe OeadV beWZeeQ Whe fOReV. ThiV VWeS Rf a VXUface-W\Se
cOaVVificaWiRQ iV cUXciaO aQd aOORZV fRU a VeSaUaWe deWeUPiQaWiRQ Rf Whe ice fORe aQd Vea
VXUface heighWV. The fUeebRaUd WhaW iV Whe eOeYaWiRQ Rf Whe ice XSSeU Vide (RU ice-VQRZ
iQWeUface) abRYe Whe Vea OeYeO caQ WheQ be cRPSXWed b\ dedXcWiQg Whe iQWeUSROaWed Vea
VXUface heighW aW Whe fORe ORcaWiRQ fURP Whe heighW Rf Whe fORe. Sea-ice WhickQeVV caQ WheQ be
caOcXOaWed fURP Whe Vea-ice fUeebRaUd ZiWh Whe addiWiRQaO iQfRUPaWiRQ Rf Whe VQRZ ORad. FigXUe
2-1 VhRZV aQ e[aPSOe Rf Whe eaUOieVW UeVXOWV Rf La[RQ eW aO. (2003) ZiWh aggUegaWed ERS
daWa. FigXUe 2-2 aQd FigXUe 2-3 VhRZ Whe SURgUeVViRQ iQ WeUPV Rf VSaWiaO aQd WePSRUaO
UeVROXWiRQ Rf aOWiPeWeU-baVed Vea ice WhickQeVV iQfRUPaWiRQ ZiWh Whe e[WeQViRQ WR Whe EQYiVaW
aQd CU\RSaW-2 SOaWfRUPV iQ Whe ESA CCI SURjecW ViQce Whe fiUVW aSSOicaWiRQ Rf Whe PeWhRd.

Figure 2‑1: AYerage Zinter (October to March) Arctic sea ice thickness in meters from
October 1993 to March 2001 computed from pulse-limited ERS satellite altimeter

measurements.
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Figure 2‑2: Monthl\ gridded sea ice thickness data in the northern hemisphere Zith
orbit coYerage limits for March 2011 (top panel): EnYisat (left) and Cr\oSat-2 (right)

and in the southern hemisphere for September 2011 (loZer panel)
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Figure 2‑3: Sea-ice thickness product leYel e[amples in both hemispheres. top: Dail\
orbit trajectories (l2p), bottom: monthl\ data on space-time grid Zith different

resolution for northern and southern hemisphere.

2.2 Primar\ Altimeter Data Sets

The iQSXW daWa VeW PXVW cRQWaiQ Whe UadaU echR ZaYefRUPV aQd aOO RWheU fieOdV PeQWiRQed iQ
WhiV dRcXPeQW VXch aV aOWiWXde, UaQge, aWPRVSheUic cRUUecWiRQV aQd geRSh\VicaO cRUUecWiRQV.
FigXUe 3-1 VhRZV a fORZ chaUW fRU each VWeS Rf Whe Vea ice WhickQeVV SURceVVRU. Each VWeS iV
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e[SOaiQed iQ deWaiO iQ Whe VecWiRQV beORZ. FRU ERS-1 aQd ERS-2 RA Whe REAPER SeQVRU
GeRSh\VicaO DaWa RecRUd (SGDR) daWa (BURckOe\ eW aO., 2017) iV XVed. IQ Whe caVe Rf EQYiVaW
RA-2, Whe iQSXW fRU Whe Vea ice WhickQeVV SURceVVRU iV YeUViRQ 3.0 Rf Whe EQYiVaW SGDR daWa
(ESA, 2018). The SGDR daWa cRQWaiQV Whe ZaYefRUPV aV ZeOO aV aOO RWheU UeTXiUed fieOdV.
The ERS daWa iV SURYided SeU c\cOe fiOeV RU daiO\ fiOeV. FRU EQYiVaW daWa, each RUbiW iV VWRUed
iQ WZR daWa fiOeV. The eaUOieU Rf Whe WZR daWa fiOeV cRQWaiQV Whe daWa fRU Whe aVceQdiQg aUc fURP
-81.5 OaWiWXde XS WR +81.5 OaWiWXde, aQd Whe OaWeU Rf Whe WZR Whe deVceQdiQg aUc fURP +81.5
OaWiWXde back dRZQ WR -81.5 OaWiWXde. TheVe fiOeV aUe Uead VeTXeQWiaOO\ aQd Whe RXWSXW VSOiW aW
aSSURSUiaWe SRiQWV WR Pake cRQWiQXRXV AUcWic aQd AQWaUcWic SaVVeV.

FRU CU\RSaW-2, Whe YeUViRQ 1.0 Rf BaVeOiQe D RUbiW daWa fiOeV aUe XVed aQd VeSaUaWed iQWR
VecWiRQV Rf diffeUeQW iQVWUXPeQW PRdeV b\ Whe SURceVVRU. CU\RSaW-2¶V SIRAL aOWiPeWeU iV
RSeUaWed iQ WZR diffeUeQW PRdeV RYeU Vea ice: a) IQ V\QWheWic aSeUWXUe UadaU (SAR) Rff-cRaVW
aQd b) iQ V\QWheWic aSeUWXUe UadaU iQWeUfeURPeWUic (SIN) PRde WR eQabOe PRUe accXUaWe OaQd
ice aOWiPeWeU PeaVXUePeQWV ZiWh higheU VXUface VORSeV. FRU Whe SURdXcW geQeUaWiRQ bRWh
UadaU PRdeV aUe XVed, bXW Whe SURceVViQg dReV QRW XWiOi]e Whe iQWeUfeURPeWUic iQfRUPaWiRQ iQ
SIN PRde. IQ addiWiRQ WR Whe diffeUeQW aOWiPeWeU W\Se WhaW iPSURYeV Whe VSaWiaO UeVROXWiRQ, Whe
higheU RUbiW iQcOiQaWiRQ Rf CU\RSaW-2 aOORZV Vea ice WhickQeVV PeaVXUePeQWV iQ Whe AUcWic XS
WR 88N.

2.3 Au[iliar\ data

The cRQYeUViRQ iQWR Vea-ice fUeebRaUd UeTXiUeV eiWheU Whe XVe Rf aX[iOiaU\ iQSXW daWa RU a
SaUaPeWUi]aWiRQ Rf VQRZ deSWh. FRU Whe AUcWic, ZheUe iQ SICCI PhaVe 2 RQO\ WaUUeQ
cOiPaWRORg\ (W99, WaUUeQ eW aO., 1999) ZaV aSSOied, Ze QRZ XVe a PeUged WaUUeQ-AMSR2
(W99-AMSR2) VQRZ cOiPaWRORg\ fRU aOO Whe iQVWUXPeQWV, fXUWheU deVcUibed iQ SecWiRQ 5.5.
OQe PaiQ UeaVRQ fRU Whe chaQge iV WhaW Whe WaUUeQ cOiPaWRORg\ iV baVed RQ daWa VeWV
RbWaiQed fURP AUcWic dUifW VWaWiRQV iQ UegiRQV Rf PXOWi-\eaU Vea ice (MYI), VQRZ deSWh YaOXeV
aUe VXVSecWed WR be biaVed high RYeU fiUVW-\eaU Vea-ice (FYI).

IQ RUdeU WR diVcUiPiQaWe beWZeeQ FYI aQd MYI iQ Whe AUcWic, Ze UeVRUW WR CRSeUQicXV COiPaWe
ChaQge SeUYice (C3S) COiPaWe DaWa RecRUd (CDR)/iQWeUiP-CDR (ICDR). IQ SICCI PhaVe 2 a
MYI fUacWiRQ daWa VeW baVed RQ Whe SSeciaO SeQVRU MicURZaYe IPageU (SSM/I)/SSeciaO
SeQVRU MicURZaYe IPageU SRXQdeU (SSMIS) VeQVRUV RQ-bRaUd Rf Whe DefeQVe
MeWeRURORgicaO SaWeOOiWe PURgUaP (DMSP) VaWeOOiWeV SURYided b\ Whe IQWegUaWed COiPaWe DaWa
CeQWeU (ICDC) ZaV XVed. The C3S CDR iV SURdXced ZiWh aQ aOgRUiWhP WhaW iV RSWiPi]ed WR
SURdXce cRQViVWeQW CDRV baVed RQ WiPe VeUieV Rf SaVViYe PicURZaYe daWa Rf Whe
abRYe-PeQWiRQed iQVWUXPeQWV, iQ addiWiRQ ZiWh SMMR aQd ECMWF ERA-IQWeUiP daWa.
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Table 2-1: Summar\ of used au[iliar\ data sets.

PaUaPeWeU ERS-1 /2
AUcWic

ERS- 1 / 2
AQWaUcWic

EQYiVaW RA-2
AUcWic

EQYiVaW RA-2
AQWaUcWic

CU\RSaW-2
AUcWic

CU\RSaW-2
AQWaUcWic

SIC C3S CDR C3S CDR C3S CDR C3S CDR C3S
CDR/ICDR

C3S
CDR/ICDR

SIT\Se C3S CDR SiQgOe Ice
T\Se

C3S CDR SiQgOe Ice
T\Se

C3S
CDR/ICDR

SiQgOe Ice
T\Se

SQRZ
DeSWh

MeUged
W99-AMSR2
cOiPaWRORg\

AMSR-e
cOiPaWRORg\

MeUged
W99-AMSR2
cOiPaWRORg\

AMSR-E/2
cOiPaWRORg\

MeUged
W99-AMSR2
cOiPaWRORg\

AMSR-E/2
cOiPaWRORg\

SQRZ
DeQViW\

MaOOeWW eW aO.,
2020

fi[ed/cOiP MaOOeWW eW aO.,
2020

fi[ed/cOiP MaOOeWW eW aO.,
2020

fi[ed/cOiP

MSS DTU15 DTU15 DTU15 DTU15 DTU15 DTU15

FRU Whe AQWaUcWic, Ze aVVXPe RQO\ a ViQgOe Vea-ice W\Se beiQg SUeVeQW. AV Whe WaUUeQ
cOiPaWRORg\ iV RQO\ aYaiOabOe fRU Whe AUcWic, Ze XVe a VQRZ-deSWh cOiPaWRORg\ deUiYed fURP Whe
AdYaQced MicURZaYe ScaQQiQg RadiRPeWeU-EOS (AMSR-E) aQd AMSR-2 daWa fRU Whe
AQWaUcWic. ThiV daWa VeW iV baVed RQ a UeYiVed YeUViRQ Rf Whe aSSURach deVcUibed b\ CaYaOieUi
eW aO. (2014) aQd SURYided b\ Whe ICDC.

OWheU UeTXiUed aX[iOiaU\ iQSXW daWa VeWV fRU Whe eVWiPaWiRQ Rf Vea ice fUeebRaUd aQd Vea ice
WhickQeVVeV cRPSUiVe Whe XVe Whe Vea-ice cRQceQWUaWiRQ (SIC) daWa RbWaiQed fURP Whe C3S
CDR fRU bRWh hePiVSheUeV, iQ cRQWUaVW WR Whe SIC SURdXcW fURP OceaQ aQd Sea Ice SaWeOOiWe
ASSOicaWiRQ FaciOiW\ (OSISAF) XVed iQ SICCI PhaVe 2. FRU PeaQ Vea-VXUface (MSS) heighW
Whe SURdXcW SURYided b\ Whe DaQiVh TechQicaO UQiYeUViW\ (DTU) iQ iWV 2015 YeUViRQ iV XVed.

A VXPPaU\ Rf aOO XVed aX[iOiaU\ daWa VeWV fRU Whe SURdXcWiRQ Rf Whe Vea-ice WhickQeVV cOiPaWe
daWa UecRUd iV SUeVeQWed iQ TabOe 2-1.
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3 OVERVIEW OF THE SIT PROCESSING CHAIN

Figure 3‑1: FloZ chart for the Sea Ice Thickness Processor

FigXUe 3-1 SUeVeQWV aQ RYeUYieZ abRXW Whe Vea-ice WhickQeVV SURceVViQg chaiQ deWaiOed iQWR
defiQed SURceVVRUV fRU Whe VXcceVViYe SURdXcW daWa OeYeOV. The VWUXcWXUe Rf Whe fROORZiQg
VecWiRQV iV PRdeOed afWeU WheVe SURceVVRUV WhaW iQcOXde deWaiOV fRU each VeQVRU. The
geRSh\VicaO UeWUieYaO VWaUWV ZiWh Whe VXUface-W\Se cOaVVificaWiRQ, ZiWh Whe cRUUeVSRQdiQg
SaUaPeWUi]aWiRQ fRU ERS-1 aQd ERS-2, EQYiVaW aQd CU\RSaW-2. ThiV cRQWiQXeV ZiWh a
WhRURXgh deVcUiSWiRQ Rf Whe UaQge UeWUackiQg SURcedXUe aQd a QeceVVaU\ EQYiVaW RA-2
backVcaWWeU cRUUecWiRQ. FXUWheUPRUe, Whe SURceVViQg chaiQ Rf UadaU fUeebRaUd aQd
Vea-VXUface heighW deUiYaWiRQ, Whe eVWiPaWiRQ Rf Vea-ice fUeebRaUd, aQd Whe eVWiPaWiRQ Rf
Vea-ice WhickQeVV aUe deVcUibed. The VXbVecWiRQV cRQWaiQ Whe cRPSXWaWiRQ Rf Whe
geRSh\VicaO SaUaPeWeUV aV ZeOO aV Whe cRUUeVSRQdiQg XQceUWaiQWieV.

WhiOe Whe geRSh\VicaO UeWUieYaO iV iPSOePeQWed aW fXOO VeQVRU UeVROXWiRQ, Whe aggUegaWiRQ Rf
Whe SaUaPeWeU WR VSace-WiPe gUidV iV deVcUibed iQ Whe fROORZiQg VecWiRQV Rf WhiV dRcXPeQW.

The SURceVVRUV aUe iPSOePeQWed iQ Whe S\WhRQ Vea-ice UadaU aOWiPeWU\ WRRObR[ (S\ViUaO). ThiV
RSeQ VRXUce VRfWZaUe SURjecW iV hRVWed aW GiWhXb (hWWSV://giWhXb.cRP/VheQdUic/S\ViUaO) aQd
aOORZV Whe iQVSecWiRQ Rf Whe acWXaO iPSOePeQWaWiRQ Rf aOO aOgRUiWhP cRPSRQeQWV.
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4 PRE-PROCESSING AND PRIMARY DATA (LEVEL-1 PRE-PROCESSING)

The PaiQ SXUSRVe Rf Whe SUe-SURceVViQg Rf Whe SUiPaU\ OeYeO-1 daWa iV WR SURYide a XQified
iQSXW fRUPaW aQd daWa cRQYeQWiRQV fRU Whe fROORZiQg geRSh\VicaO UeWUieYaO.

4.1 General Filtering

FRU ERS-1 / 2 Whe fiOWeUiQg iV \eW WR be cRQfiUPed.

TheUe iV VRPe VeQVRU-VSecific geQeUaO fiOWeUiQg aSSOied, Zhich fROORZV UCL¶V iPSOePeQWaWiRQ
Rf Whe EQYiVaW aOgRUiWhP XVed dXUiQg SICCI PhaVe 1. ThiV fiOWeUiQg iV baVed RQ Whe aYaiOabOe
fOagV iQ Whe EQYiVaW daWa iQdicaWiQg aQ\ VigQificaQW SURbOePV ZiWh aQ\ UecRUd. IQ UCL¶V
iPSOePeQWaWiRQ Rf Whe fiOWeUiQg fRU EQYiVaW, Whe MeaVXUePeQW CRQfideQce DaWa FOagV (MCD
FOagV) iQ Whe SGDR daWa aUe e[aPiQed fRU SURbOeP UecRUdV. We UePRYe UecRUdV ZheUe Whe
fROORZiQg fOagV aUe UaiVed: 0 (PackeW LeQgWh EUURU), 1 (OBDH iQYaOid), 4 (AGC FaXOW), 5 (R[
DeOa\ FaXOW) aQd 6 (WaYefRUP FaXOW).

FRU CU\RSaW-2 OeYeO-1b daWa, QR geQeUaO fiOWeUiQg PechaQiVPV aUe QeceVVaU\.

4.2 Region Filtering

The OaWiWXdiQaO bRXQdaUieV ZiWhiQ Zhich AUcWic aQd AQWaUcWic Vea ice iV fRXQd aUe OiVWed iQ Whe
TabOe 4-1. The OaWiWXde YaOXeV iQ Whe VaWeOOiWe daWa aUe e[aPiQed aQd aQ\ daWa SRiQWV RXWVide
WheVe UegiRQV aUe UejecWed fURP Whe SURceVViQg. The VXUface W\Se fOag iQ Whe daWa iV aOVR
e[aPiQed aQd aQ\ daWa QRW fOagged aV RYeU RceaQ iV aOVR UejecWed.

ESA UNCLASSIFIED ± FOR OFFICIAL USE



Sea Ice CCI+ Sea Ice ThickQeVV AOgRUiWhP TheRUeWicaO BaViV DRcXPeQW Page 20

Table 4-1: The table lists the latitudinal boundaries for the northern and southern

hemisphere used for the region filtering

AUea MiQiPXP LaWiWXde Ma[iPXP LaWiWXde

AUcWic 45.0 90.0

AQWaUcWic -90.0 -45.0

The daWa iV cURSSed WR Whe WZR OaWiWXde UaQgeV aQd daWa RYeU OaQd PaVVeV aUe e[cOXded,
e[ceSW if Whe RUbiW VegPeQW RYeU OaQd iV VhRUWeU WhaQ 300 kP. EOVe, Whe RUbiW iV VSOiW iQWR WZR
VegPeQWV.

4.3 Cr\oSat-2 Radar Modes

OQO\ fRU CU\RSaW-2, Whe aOWiPeWeU daWa iV diYided iQWR RUbiW VegPeQWV iQ WhUee UadaU PRdeV:
LRM, SAR aQd SARIQ. Of WheVe Ze diVUegaUd LRM dXe WR iWV OiWWOe UeOeYaQce RYeU Vea ice,
WhXV XViQg RQO\ SAR aQd SARIQ PRdeV. TheVe cRPe iQ VeSaUaWe SURdXcW fiOeV, Zhich aUe
PeUged iQ Whe SUe-SURceVVRU. The PeUgiQg SURceVV UeTXiUeV UedXciQg Whe SIN ZaYefRUPV
fURP 512 WR 256 UaQge biQV Rf Whe SAR ZaYefRUPV. ThiV caQ be dRQe ZiWhRXW ORViQg
ZaYefRUP iQfRUPaWiRQ aV Whe Vea ice ZaYefRUPV aUe QaUURZ aQd defiQed. The VWeS iV XQiTXe
WR CU\RSaW-2, aV RWheU SOaWfRUPV (ERS-1/2, EQYiVaW) SURYide daWa RQO\ ZiWh a ViQgOe UadaU
PRde.

4.4 Orbit Merging

AdjaceQW QeighbRXUiQg RUbiW VegPeQWV aUe PeUged iQWR a ViQgOe RUbiW VegPeQW RYeU Whe SROaU
UegiRQV ZheQeYeU SRVVibOe WR eQabOe cRQViVWeQW Vea-VXUface heighW eVWiPaWiRQ acURVV Whe
AUcWic SROaU baViQ. DXe WR Whe geRgUaSh\ iQ Whe AQWaUcWic, Whe deVceQdiQg aQd aVceQdiQg
RUbiW VegPeQWV RYeU Whe RceaQ ZiOO aOZa\V be VeSaUaWed b\ Whe AQWaUcWic cRQWiQeQW.
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5 GEOPHYSICAL RETRIEVAL (LEVEL-2 PROCESSING)

The OeYeO-2 SURceVViQg VWeS iQcOXdeV Whe UeWUieYaO Rf Whe geRSh\VicaO YaUiabOeV fURP Whe
SUe-SURceVVed UadaU PeaVXUePeQWV, ZiWh Whe XVe Rf aX[iOiaU\ daWa OiVWed iQ TabOe 2-1.

5.1 Surface-T\pe Classification

The VXUface-W\Se cOaVVificaWiRQ iV a cUXciaO SaUW iQ Whe SURceVViQg chaiQ Rf deUiYiQg Vea-ice
fUeebRaUd (aQd WheUefRUe Vea-ice WhickQeVV), aV Whe deWecWiRQ Rf OeadV iV SiYRWaO fRU
deWeUPiQiQg Whe Vea-VXUface heighW. The Vea-VXUface heighW iQ WXUQ iV XVed aV Whe UefeUeQce
fURP Zhich Whe Vea-ice fUeebRaUd iV caOcXOaWed. AddiWiRQaOO\, a cOeaU diVWiQcWiRQ beWZeeQ
OeadV, Vea ice aQd aPbigXRXV Pi[ed VigQaOV (Zhich ZiOO be e[cOXded fURP Whe acWXaO
fUeebRaUd UeWUieYaO) heOSV WR iPSURYe Whe TXaOiW\ aQd accXUac\ Rf UeVXOWiQg Vea-ice fUeebRaUd
eVWiPaWeV. IQ RWheU ZRUdV, a VXUface-W\Se VeOecWiRQ biaV iV YeU\ OikeO\ WR aOVR haYe aQ iPSacW
RQ Whe UeVXOWiQg Vea-ice fUeebRaUd aQd heQce aOVR Whe Vea-ice WhickQeVV aQd VXbVeTXeQW
SURdXcWV.

IQ geQeUaO, ZiWh VPaOOeU iQVWUXPeQW fRRWSUiQW Vi]eV, OeVV VXUface-W\Se Pi[iQg RccXUV. HRZeYeU,
OeadV RfWeQ dRPiQaWe acTXiUed ZaYefRUPV dXe WR WheiU VSecXOaU UefOecWiRQ, aQd WheUefRUe acW
aV VRXUceV Rf VWURQg Rff-QadiU backVcaWWeU VigQaOV. TheVe Rff-QadiU OeadV caQ VXbVWaQWiaOO\
decUeaVe Whe TXaOiW\ Rf Whe UaQge UeWUackiQg aQd iQcUeaVe Whe VeQVRUV' fRRWSUiQW. ThiV iV
eVSeciaOO\ WUXe fRU SXOVe-OiPiWed UadaU aOWiPeWeUV VXch aV ERS-1/2 RA aQd EQYiVaW RA-2. IQ
caVe Rf EQYiVaW RA-2, Whe QRPiQaO ciUcXOaU fRRWSUiQW Rf 2 kP iQ diaPeWeU (CRQQRU eW aO., 2009)
caQ iQcUeaVe WR XS WR 10 kP (CheOWRQ eW aO., 2001) fRU VWURQg Rff-QadiU backVcaWWeU VRXUceV.
DeVSiWe iWV PXch VPaOOeU fRRWSUiQW (1.65 kP î 0.30 kP), CU\RSaW-2 caQ aOVR be affecWed b\
Rff-QadiU OeadV, Zhich ZiOO UeVXOW iQ eUURQeRXV fUeebRaUd eVWiPaWeV (AUPiWage aQd DaYidVRQ,
2014).

5.1.1 PURFHGXUH DHVFULSWLRQ

The VXUface cOaVVificaWiRQ aOgRUiWhP iV baVed RQ a PXOWi-SaUaPeWeU cOaVVificaWiRQ baVed RQ a
cRQViVWeQW VeW Rf SaUaPeWeUV fRU ERS-1, ERS-2, EQYiVaW RA-2 aQd CU\RSaW-2. The VeW Rf
cOaVVifieUV iV defiQed b\ Whe Vea-ice backVcaWWeU (SIG0), Whe OeadiQg-edge ZidWh (LEW) aQd
Whe SXOVe SeakiQeVV (PP) aV cOaVVifieUV WR SRViWiYeO\ ideQWif\ beWZeeQ Oead-W\Se aQd
Vea-ice-W\Se fURP RWheUZiVe aPbigXRXV-W\Se ZaYefRUPV.

The SXOVe SeakiQeVV iV defiQed aV iQ RickeU eW aO. (2014):

𝑃𝑃 =
𝑖=1

𝑁
𝑊𝐹

∑ 𝑚𝑎𝑥ഉ𝑊𝐹ഊ
𝑊𝐹

𝑖
· 𝑁

𝑊𝐹

The OeadiQg-edge ZidWh iV defiQed aV Whe ZidWh iQ UaQge biQV aORQg Whe SRZeU UiVe WR Whe fiUVW
Pa[iPXP beWZeeQ 5 % aQd 95 % Rf Whe fiUVW-Pa[iPXP Seak SRZeU ZhiOe XViQg a WeQ-WiPeV
RYeUVaPSOed ZaYefRUP.

OYeU Whe cRXUVe Rf a ZiQWeU VeaVRQ, ice cRQdiWiRQV caQ chaQge VXbVWaQWiaOO\. SiPiOaU WR OeadV,
\RXQg aQd WhiQ-ice aUeaV feaWXUe UaWheU VSecXOaU UefOecWiRQV cRPSaUed WR RWheU ice W\SeV.
FXUWheUPRUe, Whe aPRXQW Rf OeadV YaUieV VeaVRQaOO\ aQd UegiRQaOO\. BaVed RQ fi[ed
WhUeVhROdV fRU a ZhROe ZiQWeU VeaVRQ, WheVe chaQgeV aUe difficXOW WR caSWXUe aQd Whe UejecWiRQ
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UaWe iV iQcUeaVed XQQeceVVaUiO\. HeQce, Ze decided RQ XViQg PRQWhO\ WhUeVhROdV WR iPSURYe
Whe RYeUaOO UeVXOWV aQd daWa TXaOiW\.

TheUe iV a geQeUaO Oack Rf gURXQd-WUXWh daWa aV cROORcaWed PeaVXUePeQWV Rf Whe VaPe
Vea-ice ViWXaWiRQ aUe YeU\ difficXOW dXe WR Vea-ice dUifW aQd WheUefRUe UaUe. HRZeYeU, UeceiYed
ZaYefRUPV feaWXUe YeU\ diVWiQcW chaUacWeUiVWicV aQd aUe ZeOO deVcUibed iQ OiWeUaWXUe fRU Vea ice
aQd OeadV. TheVe chaUacWeUiVWicV caQ aOVR be dedXced fURP Whe chRVeQ VeW Rf cOaVVifieUV. IQ
RUdeU WR b\SaVV Whe Oack Rf gURXQd-WUXWh, Ze decided WR XVe a cRPbiQaWiRQ Rf XQVXSeUYiVed
cOXVWeUiQg aQd VXSeUYiVed cOaVVificaWiRQ.

BaVed RQ WhiV cRPbiQaWiRQ, Ze aUe abOe WR deWeUPiQe VXiWabOe WhUeVhROdV fRU daWa acTXiUed b\
ERS-1 aQd ERS-2, EQYiVaW RA-2 aV ZeOO aV CU\RSaW-2.The ZRUkfORZ Rf hRZ Ze deUiYed Whe
VXUface-W\Se WhUeVhROdV iV VXPPaUi]ed iQ FigXUe 5-1.
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Figure 5‑1: FloZchart for the process of deriYing thresholds for the neZ surface-t\pe
classification

IQ a fiUVW VWeS, Whe WhUee cOaVVifieUV aUe cRPSXWed fRU aOO aYaiOabOe L1b daWa SeU VeQVRU aQd
PRQWh iQ Whe VeQVRU RYeUOaS SeUiRd fURP JaQXaU\ 1995 WR JXQe 1996 fRU ERS-1 aQd ERS-2,
fURP Ma\ 2002 WR JXO\ 2003 fRU ERS-2 aQd EQYiVaW aQd fURP NRYePbeU 2010 WR MaUch 2012
fRU EQYiVaW aQd CU\RSaW-2. We RQO\ XVe ZaYefRUPV WhaW aUe ORcaWed beWZeeQ 70�N aQd
81.5�N fRU Whe AUcWic, aUe RbWaiQed RYeU Whe RceaQ, aQd feaWXUe a PiQiPXP Vea-ice
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cRQceQWUaWiRQ Rf 70%. The QRUWheUQ OiPiW Rf 81.5�N ZaV chRVeQ WR aVVXUe a Pa[iPXP Rf
cRQViVWeQc\ beWZeeQ EQYiVaW RA-2 aQd CU\RSaW-2. IQ RUdeU WR UeWUieYe WhUeVhROdV fRU Whe
³WiQghaP BR[´ aQd RWheU AUcWic aUeaV WhaW aUe cRYeUed ZhiOe CU\RSaW-2 RSeUaWeV iQ SIN
PRde, aOO ZaYefRUPV abRYe 70�N ZeUe XVed. FRU Whe AQWaUcWic Whe VaPe SaUaPeWeUV aSSO\,
bXW ZaYefRUPV aUe geRgUaShicaOO\ OiPiWed WR aQ aUea VRXWh Rf 65�S.

Ne[W, 1 % Rf WhiV PRQWhO\ daWa iV VaPSOed UaQdRPO\. ThiV daWa VaPSOe iV WheQ VeSaUaWed iQWR
WhUee cOXVWeUV XViQg k-PeaQV cOXVWeUiQg (MacQXeeQ eW aO., 1967; HaUWigaQ eW aO., 1979). ThiV
PeWhRdRORg\ iV ZideO\ XVed WR VeSaUaWe iQSXW daWa Rf N RbVeUYaWiRQV iQWR K cOXVWeUV Rf eTXaO
YaUiaQce, ZheUeb\ Whe ZiWhiQ-cOXVWeU VXP-Rf-VTXaUeV aUe PiQiPi]ed (MacQXeeQ eW aO., 1967;
HaUWigaQ eW aO., 1979).

GeQeUaOO\, Whe SUeVeOecWiRQ Rf Whe QXPbeU Rf cOXVWeUV caQ be a SURbOeP ZheQ XWiOi]iQg
k-PeaQV cOXVWeUiQg. HRZeYeU, ZhiOe Ze aOVR WeVWed a higheU QXPbeU Rf iQiWiaO cOXVWeUV ZiWh Whe
SeUVSecWiYe Rf OaWeU UeXQiRQ Rf YeU\ ViPiOaU cOXVWeUV, a VeSaUaWiRQ iQWR jXVW WhUee cOaVVeV
WXUQed RXW WR be VXfficieQW. OYeUaOO, Oead ZaYefRUPV accRXQW fRU a VPaOOeU fUacWiRQ Rf Whe WRWaO
PeaVXUePeQWV cRPSaUed WR Vea-ice ZaYefRUPV. BecaXVe Rf WhaW aQd Whe facW WhaW k-PeaQV
cOXVWeUiQg geQeUaOO\ WeQdV WRZaUd geQeUaWiQg eTXaO-Vi]e cOXVWeUV (WhiV iV geQeUaOO\ a
SUeVXPSWiRQ Rf k-PeaQ aOgRUiWhPV), VROe XVe Rf k-PeaQV cOXVWeUiQg fRU Whe cRPSOeWe daWa VeW
ZaV QRW feaVibOe.

ThiV iQfRUPaWiRQ iQ PiQd, Whe cOXVWeUed 1 % daWa VaPSOe iV WheUefRUe XVed aV WUaiQiQg daWa WR
WUaiQ a UaQdRP fRUeVW (BUeiPaQ, 2001). RaQdRP fRUeVWV aUe aQ eQVePbOe PachiQe OeaUQiQg
PeWhRdV XVed fRU cOaVVificaWiRQ aQd aUe baVed RQ a OaUge QXPbeU Rf ViQgOe deciViRQ WUeeV
WhaW aUe fiWWed WR UaQdRPi]ed VXb VaPSOeV Rf Whe giYeQ WUaiQiQg daWa VeW (BUeiPaQ, 2001).
AfWeU iQiWiaO WUaiQiQg, Whe UaQdRP fRUeVW caQ WheQ be XVed fRU cOaVVificaWiRQ Rf Whe UePaiQiQg
daWa. Each WUee iQ Whe WUaiQed fRUeVW WheQ dReV a cOaVVificaWiRQ aQd caVWV a XQiTXe YRWe. IQ Whe
eQd, Whe PajRUiW\ decideV Whe UeVXOWiQg cOaVV. Each deciViRQ WUee iV WheUeb\ gURZQ fROORZiQg
ceUWaiQ UXOeV: FiUVW, fURP Whe WUaiQiQg daWa Rf Vi]e N, N caVeV aUe VaPSOed UaQdRPO\ ZiWh
UeSOacePeQW aV VSecific WUaiQiQg daWa VeW fRU each ViQgOe WUee. SecRQd, fRU M iQSXW
SaUaPeWeUV (iQ RXU caVe Vea-ice backVcaWWeU, SXOVe SeakiQeVV, aQd OeadiQg-edge ZidWh), a
fi[ed QXPbeU P<<M Rf Whe giYeQ iQSXW SaUaPeWeUV iV VSecified aQd UaQdRPO\ VeOecWed RXW Rf
M. The beVW VSOiW RQ WheVe VeOecWed SaUaPeWeUV P iV WheQ XVed WR VSOiW Whe QRde. ThURXghRXW
Whe gURZiQg Rf Whe fRUeVW, Whe YaOXe Rf P iV heOd cRQVWaQW. ThiUd, each WUee iV gURZQ RXW fXOO\,
i.e., WR iWV OaUgeVW SRVVibOe e[WeQW. NR SUXQiQg iV aSSOied. IQ cRQWUaVW WR ViQgOe deciViRQ WUeeV
WhaW WeQd WR RYeUfiW, UaQdRP fRUeVWV dR QRW RYeUfiW aQd aUe aOVR caSabOe Rf deaOiQg ZiWh
XQbaOaQced daWa VeWV (BUeiPaQ, 2001).

FRU Whe heUe-XVed cOaVVificaWiRQ SURbOeP, Ze aOZa\V gURZ a WRWaO QXPbeU Rf 500 deciViRQ
WUeeV SeU WUaiQiQg. DXe WR Whe VPaOO QXPbeU Rf iQSXW SaUaPeWeUV (M=3), Ze VeW m WR RQe.

The WUaiQed UaQdRP fRUeVW fRU each PRQWh iV WheQ XVed WR cOaVVif\ Whe UePaiQiQg 99 % Rf Whe
cRUUeVSRQdiQg PRQWhO\ daWa. FURP WhiV cOaVVified daWa VeW, diVWUibXWiRQV fRU each Rf Whe WhUee
cOaVVifieUV fRU each PRQWh iQ Whe VeQVRU RYeUOaS SeUiRd aUe RbWaiQed. TheVe diVWUibXWiRQV
feaWXUe cOeaU diVWiQcWiRQV aORQg each cOaVVifieU'V UeVSecWiYe WRWaO UaQge fRU each VXUface-W\Se
cOaVV (OeadV, Vea ice, aQd aPbigXRXV). Sea-ice backVcaWWeU iV RQ aYeUage iQ Whe XSSeU SaUW Rf
Whe UaQge fRU Whe Oead cOaVV aQd iQ Whe ORZeU fRU Whe Vea-ice cOaVV. SiPiOaU RbVeUYaWiRQV aUe
aSSaUeQW fRU SXOVe SeakiQeVV (XSSeU SaUW fRU OeadV, ORZeU fRU Vea ice) aQd OeadiQg-edge ZidWh
(ORZeU SaUW fRU OeadV, XSSeU SaUW fRU Vea ice). IQ RWheU ZRUdV, OeadV feaWXUe higheU Vea-ice
backVcaWWeU aQd SXOVe SeakiQeVV aV ZeOO aV VhRUWeU OeadiQg-edge ZidWhV. The RSSRViWe iV
VeeQ iQ Whe Vea-ice cOaVV. The cOaVV Rf aPbigXRXV VigQaOV iV SOaced iQ beWZeeQ.

ThUeVhROdV aUe WheQ RbWaiQed fURP Whe UeVXOWiQg cOaVVifieU diVWUibXWiRQV b\ XViQg eiWheU Whe 5
% RU 10 % SeUceQWiOe fRU a PiQiPXP WhUeVhROd, RU Whe 90 % RU 95 % SeUceQWiOe iQ caVe Rf a
Pa[iPXP WhUeVhROd. The chRice Rf XViQg Whe PRUe VWUicW (10 %/90 %) RU OeVV VWUicW (5 %/95
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%) SeUceQWiOe WhUeVhROdV deSeQdV RQ Whe VeQVRU. DXe WR iWV OaUgeU fRRWSUiQW aQd WheUefRUe aQ
e[SecWed higheU degUee Rf VXUface-W\Se Pi[iQg, Ze chRVe Whe PRUe VWUicW WhUeVhROdV fRU
ERS-1/2 RA aV ZeOO aV EQYiVaW RA-2, aQd Whe OeVV VWUicW WhUeVhROdV fRU CU\RSaW-2 dXe WR iWV
VPaOOeU fRRWSUiQW. FRU e[aPSOe, iQ RUdeU WR deUiYe WhUeVhROdV fRU Whe deWecWiRQ Rf OeadV, Whe 5
%/10 % SeUceQWiOeV Rf Whe Vea-ice backVcaWWeU aQd SXOVe-SeakiQeVV diVWUibXWiRQV ZRXOd be
XVed aORQgVide Whe 90 %/95 % SeUceQWiOe Rf Whe OeadiQg-edge-ZidWh diVWUibXWiRQ.

The ZhROe SURcedXUe, VWaUWiQg ZiWh UaQdRPO\ VaPSOiQg 1 % fURP Whe iQiWiaO PRQWhO\ VWack, iV
WheQ UeSeaWed WeQ WiPeV. IQ Whe OaVW VWeS, Whe aYeUage PiQiPXP/Pa[iPXP WhUeVhROdV fRU
each cOaVVifieU, VXUface-W\Se cOaVV, aQd PRQWh iQ Whe VeQVRU RYeUOaS SeUiRd aUe eVWiPaWed.
TheVe WhUeVhROdV aUe VXPPaUi]ed iQ TabOe 5-1 WhURXgh TabOe 5-5 aQd aUe XVed fRU aOO PRQWhV
iQ Whe cRPSOeWe cOiPaWe daWa UecRUd. NRWe Whe WhUeVhROd XQiWV aUe iQ % fRU Vea ice
cRQceQWUaWiRQ (SIC), dB fRU backVcaWWeU (SIG0), aQd XQiWOeVV fRU SXOVe SeakiQeVV (PP) aQd
OeadiQg edge ZidWh (LEW) dXe WR Whe OaVW WZR beiQg caOcXOaWed RYeU UaQge biQV.

Table 5‑1: Metrics for ocean surface-t\pe classification of ZaYeform data for all
sensors, hemispheres, and radar modes

MeWUic MiQ Ma[

OceaQ ZaYefRUPV aUe chaUacWeUi]ed b\ PediXP WR ORZ pulse
peakiness (PP) YaOXeV.

5

OQO\ UegiRQV Rf YeU\ ORZ ice cRQceQWUaWiRQ (SIC iQ %) YaOXeV aUe
VXiWabOe fRU Whe RceaQ VXUface W\Se fOag

5

Table 5‑2: Metrics for lead surface-t\pe classification of EnYisat RA-2, Cr\oSat-2 SAR
mode, and Cr\oSat-2 SIN mode ZaYeform data for the Arctic

MeWUic MRQWh ERS-1
RA

ERS-2
RA

EQYiVaW RA-2 CU\RSaW-2
SAR

CU\RSaW-2 SIN

MiQ Ma[ MiQ Ma[ MiQ Ma[ MiQ Ma[ MiQ Ma[

Lead
ZaYefRUPV
aUe
chaUacWeUi]ed
b\ VWURQg
pulse
peakiness
(PP)

JAN
FEB
MAR
APR
OCT
NOV
DEC

16.36
16.72
17.02
17.17
16.68
18.22
16.97

20.96
20.51
20.55
20.73
23.25
22.32
21.45

46.90
46.40
46.20
48.40
52.90
51.00
47.70

67.30
66.30
66.60
69.90
76.00
73.80
68.60

264.30
257.90
253.60
264.60
291.80
288.80
272.60

Lead
ZaYefRUPV
aUe aOVR
chaUacWeUi]ed
b\
high
backscatter
YaOXeV dXe WR
VSecXOaU
UefOecWiRQ
(SIG0, iQ dB)

JAN
FEB
MAR
APR
OCT
NOV
DEC

24.95
24.35
25.10
24.78
28.52
26.78
25.21

27.45
26.93
27.10
27.92
32.75
29.68
27.99

28.80
28.60
28.50
28.40
32.80
30.80
29.30

23.80
23.20
23.30
23.40
28.00
25.80
24.10

24.90
25.00
24.10
24.50
29.00
27.40
25.80

Lead JAN 1.18 0.97 0.82 0.77 1.10
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ZaYefRUPV
feaWXUe a YeU\
VWeeS iQcUeaVe
iQ
echR SRZeU
aQd
WheUefRUe VhRUW
leading-edge
Zidths (LEW)

FEB
MAR
APR
OCT
NOV
DEC

1.17
1.16
1.18
1.22
1.15
1.17

0.98
0.98
0.99
0.94
0.95
0.96

0.82
0.82
0.82
0.82
0.82
0.82

0.78
0.78
0.76
0.72
0.73
0.76

1.11
1.13
1.09
1.02
1.03
1.07

OQO\ Oead
cOaVVificaWiRQV
b\
ZaYefRUP aUe
e[SecWed WhaW
faOO
iQWR UegiRQV Rf
VXfficieQW
Vea-ice cRYeU
(checked ZiWh
sea-ice
concentration
; SIC
iQ %)

JAN
FEB
MAR
APR
OCT
NOV
DEC

70
70
70
70
70
70
70

70
70
70
70
70
70
70

70
70
70
70
70
70
70

70
70
70
70
70
70
70

70
70
70
70
70
70
70

Table 5‑3: Metrics for sea-ice surface-t\pe classification of EnYisat RA-2, Cr\oSat-2
SAR mode, and Cr\oSat-2 SIN mode ZaYeform data for the Arctic

MeWUic MRQWh ERS-1
RA

ERS-2
RA

EQYiVaW RA-2 CU\RSaW-2
SAR

CU\RSaW-2 SIN

MiQ Ma[ MiQ Ma[ MiQ Ma[ MiQ Ma[ MiQ Ma[

Sea-ice
ZaYefRUPV
VhRXOdQ¶W be
Seak\
aQd WheUefRUe
haYe
a ORZ pulse
peakiness
(PP)

JAN
FEB
MAR
APR
OCT
NOV
DEC

7.56
7.66
7.80
8.06
6.72
8.32
7.77

12.34
11.69
11.75
12.38
15.04
13.62
12.89

16.00
14.80
14.10
14.20
19.40
19.30
16.90

30.50
28.70
28.10
28.50
35.40
34.90
31.90

99.40
94.20
89.90
90.00
114.40
113.90
103.80

Sea-ice
ZaYefRUPV
aUe aOVR
chaUacWeUi]ed
b\
ORZ
backscatter
YaOXeV dXe WR
diffXVe
UefOecWiRQ
(SIG0 iQ dB)

JAN
FEB
MAR
APR
OCT
NOV
DEC

9.69
9.70
9.43
9.03
10.02
10.23
9.90

17.75
17.76
17.20
16.75
18.85
18.90
17.99

14.68
13.98
14.19
14.09
17.94
15.82
15.22

22.87
22.23
22.13
22.52
27.09
24.65
23.57

2.5
2.5
2.5
2.5
2.5
2.5
2.5

22.50
21.80
21.30
20.40
25.90
24.60
22.80

2.5
2.5
2.5
2.5
2.5
2.5
2.5

20.80
19.90
19.60
19.00
25.70
23.20
21.10

2.5
2.5
2.5
2.5
2.5
2.5
2.5

21.40
20.90
20.10
19.10
24.30
23.70
22.00

Sea-ice
ZaYefRUPV
feaWXUe a OeVV
VWeeS iQcUeaVe
iQ
echR SRZeU
aQd

JAN
FEB
MAR
APR
OCT
NOV
DEC

0.90
0.90
0.90
0.90
0.93
0.89
0.89

0.85
0.85
0.85
0.85
0.83
0.83
0.84

0.81
0.83
0.83
0.83
0.78
0.78
0.80

1.02
1.08
1.10
1.11
0.91
0.90
0.97

1.55
1.58
1.62
1.64
1.44
1.44
1.51
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WheUefRUe
ORQgeU
leading-edge
Zidths (LEW)

OQO\ Vea-ice
cOaVVificaWiRQV
b\
ZaYefRUP aUe
e[SecWed WhaW
faOO
iQWR UegiRQV Rf
VXfficieQW ice
cRYeU
(checked ZiWh
SIC
iQ %)

JAN
FEB
MAR
APR
OCT
NOV
DEC

70
70
70
70
70
70
70

70
70
70
70
70
70
70

70
70
70
70
70
70
70

70
70
70
70
70
70
70

70
70
70
70
70
70
70

Table 5‑4: Metrics for lead surface-t\pe classification of EnYisat RA-2, Cr\oSat-2 SAR
mode, and Cr\oSat-2 SIN mode ZaYeform data for the Antarctic

MeWUic MRQWh ERS-1
RA

ERS-2
RA

EQYiVaW RA-2 CU\RSaW-2
SAR

CU\RSaW-2 SIN

MiQ Ma[ MiQ Ma[ MiQ Ma[ MiQ Ma[ MiQ Ma[

Lead
ZaYefRUPV
aUe
chaUacWeUi]ed
b\ VWURQg
pulse
peakiness
(PP)

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

19.57
20.48
22.23
18.67
18.66
17.87
18.67
18.90
18.57
19.51
21.23
20.04

23.41
22.77
22.09
22.35
22.21
22.53
22.44
22.34
23.06
22.92
22.62
23.69

56.60
53.20
51.90
50.70
50.10
49.30
49.50
49.10
49.30
51.60
53.90
55.10

80.70
75.10
73.20
69.50
69.70
69.30
69.20
69.50
69.70
71.70
76.00
78.10

307.40
300.70
291.70
288.50
283.70
284.20
276.90
284.40
278.90
289.40
299.40
307.70

Lead
ZaYefRUPV
aUe aOVR
chaUacWeUi]ed
b\
high
backscatter
YaOXeV dXe WR
VSecXOaU
UefOecWiRQ
(SIG0 iQ dB)

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

28.21
28.96
28.59
23.42
24.11
24.25
22.82
23.31
24.15
24.47
25.81
26.92

32.98
32.85
31.22
29.19
29.20
28.42
27.28
27.28
28.00
28.91
30.22
31.80

33.20
32.10
31.80
30.80
29.40
28.60
28.60
28.40
28.50
29.50
31.10
32.10

28.50
26.80
26.20
24.60
23.40
22.80
23.00
23.00
23.20
24.00
25.90
27.30

29.20
29.00
28.50
27.80
26.90
26.50
26.30
27.00
26.20
27.20
27.50
28.40

Lead
ZaYefRUPV
feaWXUe a YeU\
VWeeS iQcUeaVe
iQ
echR SRZeU
aQd
WheUefRUe VhRUW
leading-edge
Zidths (LEW)

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT

1.10
1.06
0.97
1.06
1.09
1.13
1.08

0.95
0.96
0.96
0.95
0.95
0.95
0.95
0.95
0.94
0.95

0.82
0.82
0.82
0.82
0.82
0.82
0.82
0.82
0.82
0.82

0.71
0.73
0.74
0.77
0.77
0.77
0.78
0.77
0.77
0.76

1.00
1.01
1.03
1.04
1.06
1.05
1.07
1.05
1.07
1.05
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NOV
DEC

1.08
1.12
1.08
1.03
1.07

0.94
0.93

0.82
0.82

0.74
0.72

1.02
1.00

OQO\ Oead
cOaVVificaWiRQV
b\
ZaYefRUP aUe
e[SecWed WhaW
faOO
iQWR UegiRQV Rf
VXfficieQW ice
cRYeU
(checked ZiWh
SIC
iQ %)

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

Table 5‑5: Metrics for sea-ice surface-t\pe classification of EnYisat RA-2, Cr\oSat-2
SAR mode, and Cr\oSat-2 SIN mode ZaYeform data for the Antarctic

MeWUic MRQWh ERS-1
RA

ERS-2
RA

EQYiVaW RA-2 CU\RSaW-2
SAR

CU\RSaW-2
SIN

MiQ Ma[ MiQ Ma[ MiQ Ma[ MiQ Ma[ MiQ Ma[

Sea-ice
ZaYefRUPV
VhRXOdQ¶W be
Seak\
aQd WheUefRUe
haYe
a ORZ pulse
peakiness
(PP)

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

5.21
4.78
4.61
5.73
6.98
7.29
6.92
7.03
8.22
7.20
7.31
6.16

14.34
12.86
13.65
14.05
13.78
13.89
13.91
13.71
13.92
14.13
14.89
15.13

24.60
20.70
19.60
18.80
17.50
16.90
16.60
16.10
16.30
18.10
20.70
22.80

40.10
35.30
32.90
30.20
28.70
28.90
28.10
28.00
28.40
29.60
34.10
36.60

138.40
126.10
124.90
127.30
122.20
121.00
114.90
115.80
114.30
121.20
126.50
135.20

Sea-ice
ZaYefRUPV
aUe aOVR
chaUacWeUi]ed
b\
ORZ
backscatter
YaOXeV dXe WR
diffXVe
UefOecWiRQ
(SIG0 iQ dB)

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

8.98
9.14
8.94
8.57
8.61
8.44
8.00
8.19
8.78
8.11
8.02
8.69

16.17
15.20
15.63
15.15
16.54
16.88
15.73
15.97
17.45
16.53
17.02
16.82

13.54
12.87
14.20
15.47
15.93
15.25
14.58
14.96
15.03
15.65
16.28
16.57

26.86
25.61
25.40
25.03
25.07
24.33
23.05
23.22
23.61
24.33
26.05
28.01

2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

27.20
25.40
26.70
27.20
24.60
23.10
22.50
21.70
22.30
23.30
25.20
26.10

2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

26.30
24.10
25.10
26.20
23.10
20.90
20.20
19.10
20.00
20.60
22.90
23.90

2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

26.40
25.10
27.60
27.30
24.90
24.20
24.10
24.90
23.70
25.00
25.20
25.00

Sea-ice
ZaYefRUPV
feaWXUe a OeVV
VWeeS iQcUeaVe
iQ
echR SRZeU

JAN
FEB
MAR
APR
MAY
JUN

0.94
0.96
0.98
0.95
0.90
0.91

0.85
0.86
0.85
0.84
0.84
0.84

0.78
0.80
0.80
0.80
0.81
0.80

0.87
0.95
0.98
1.02
1.07
1.07

1.31
1.40
1.37
1.34
1.37
1.38
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aQd
WheUefRUe
ORQgeU
leading-edge
Zidths (LEW)

JUL
AUG
SEP
OCT
NOV
DEC

0.91
0.91

0.90
0.92
0.93
0.94

0.84
0.84
0.84
0.84
0.84
0.84

0.80
0.81
0.81
0.80
0.79
0.78

1.12
1.13
1.11
1.08
0.95
0.92

1.41
1.41
1.42
1.38
1.36
1.33

OQO\ Vea-ice
cOaVVificaWiRQV
b\
ZaYefRUP aUe
e[SecWed WhaW
faOO
iQWR UegiRQV Rf
VXfficieQW ice
cRYeU
(checked ZiWh
SIC
iQ %)

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

70
70
70
70
70
70
70
70
70
70
70
70

5.1.2 RHVXOWV

UWiOi]iQg WhiV QeZ aQd VeQVRU-cRQViVWeQW VXUface-W\Se cOaVVificaWiRQ VchePe UeVXOWV iQ RYeUaOO
PXch beWWeU agUeePeQW beWZeeQ ERS-2 RA, EQYiVaW RA-2, aQd CU\RSaW-2 fRU W\SicaO
beQchPaUkV iQ WheiU UeVSecWiYe PiVViRQ-RYeUOaS SeUiRdV.

IQ geQeUaO, WhiV aSSURach aOORZV fRU VXbVWaQWiaOO\ PRUe ZaYe fRUPV beiQg cOaVVified aV eiWheU
Oead RU Vea-ice W\Se WhaW ZeUe RWheUZiVe UejecWed befRUe. WiWh UeVSecW WR CCI PhaVe 1,
ZheUe WheUe ZaV a YeU\ high fUacWiRQ Rf Oead deWecWiRQV cRPSaUed WR RQO\ a YeU\ VPaOO
fUacWiRQ Rf cOaVVified Vea-ice W\Se ZaYefRUPV, Whe VSaWiaO SaWWeUQV aQd diVWUibXWiRQV Rf WheVe
RccXUUeQceV aUe QRZ beWWeU iQ OiQe ZiWh ZhaW RQe ZRXOd e[SecW fRU EQYiVaW RA-2.
FXUWheUPRUe, Whe iQWeUPiVViRQ cRQViVWeQc\ fRU Whe AUcWic aV ZeOO aV Whe AQWaUcWic haV
iPSURYed VXbVWaQWiaOO\ (FigXUe 5-2 aQd FigXUe 5-3; FigXUe 5-4 aQd FigXUe 5-5). A ViPiOaU
effecW caQ be VeeQ fRU ERS-1/2 RA. HRZeYeU, WheUe iV a VXbVWaQWiaO dURS iQ ideQWified
µVea-ice¶-W\Se ZaYefRUPV fRU ERS-2 RA (abRXW a WhiUd cRPSaUed WR EQYiVaW RA-2, FigXUe
5-6), OeadiQg WR aQ RYeUaOO VWiOO UaWheU ORZ YaOid fUacWiRQ Rf µYaOid ZaYefRUPV (FigXUe 5-7). The
fUacWiRQ Rf µVea-ice¶-W\Se ZaYefRUPV aSSeaUV WR be ORZeVW aURXQd Whe ceQWUaO AUcWic, hiQWiQg
RQ OiPiWaWiRQV Rf Whe cXUUeQW SURcedXUe RQ haQdOiQg URXgheU PXOWi-\eaU Vea-ice ZaYefRUP
W\SeV. ThiV iV VWiOO aQ RQgRiQg WaVk fRU a OaWeU aQd fiQaO iWeUaWiRQ Rf WhiV dRcXPeQW.

The RYeUaOO iQcUeaVed QXPbeU Rf YaOid ZaYefRUPV haV aQ addiWiRQaO SRViWiYe Vide effecW RQ
Whe RYeUaOO daWa UecRUd: IW aOORZV fRU a PXch higheU VSaWiaO UeVROXWiRQ WR be XVed iQ Whe fiQaO
gUidded LeYeO 3 SURdXcW ZiWhRXW aQ\ cRPSURPiVeV RQ RYeUaOO cRYeUage. HeUe, Ze aUe abOe WR
SURYide a 25 kP UeVROXWiRQ gUidded daWa VeW fRU Whe AUcWic aQd AQWaUcWic fRU aOO VeQVRUV.

DiUecW cRPSaUiVRQV Rf VXUface-W\Se cOaVV fUacWiRQV (i.e., eiWheU aPbigXRXV, Oead, RU Vea ice)
RYeU Whe cRXUVe Rf Whe VeQVRU RYeUOaS SeUiRd UeYeaO aQ RYeUaOO YeU\ gRRd agUeePeQW beWZeeQ
CU\RSaW-2 aQd EQYiVaW RA-2 (FigXUe 5-2 aQd FigXUe 5-3). WhiOe Whe fUacWiRQ Rf Oead- aQd
Vea-ice ZaYefRUPV iV RQ aYeUage VOighWO\ VPaOOeU fRU EQYiVaW RA-2 WhaQ fRU CU\RSaW-2 (abRXW
8 % fRU Whe AUcWic aQd 10 % fRU Whe AQWaUcWic), bRWh VeQVRUV VhRZ a ViPiOaU VeaVRQaO
deYeORSPeQW iQ bRWh hePiVSheUeV.
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Figure 5‑2: Time-series of surface-t\pe fractions for the sensor oYerlap period
betZeen Cr\oSat-2 (CS2) and EnYisat RA-2 (ENV) for the Arctic

Figure 5‑3: Time-series of surface-t\pe fractions for the sensor oYerlap period
betZeen Cr\oSat-2 (CS2) and EnYisat RA-2 (ENV) for the Antarctic

ThiV VeaVRQaO chaQge iQ Whe SUeVeQW Vea-ice cRYeU iV aOVR aSSaUeQW fURP Whe deUiYed
VXUface-W\Se cOaVV WhUeVhROdV (TabOe 5-1 - TabOe 5-5). DXUiQg VXPPeU PRQWhV (AQWaUcWic) aQd
Whe eaUO\ ZiQWeU (AUcWic), Whe QXPbeU Rf Oead ZaYefRUPV iV higheU aQd UeWXUQV fURP QeZ aQd
\RXQg ice WeQd WR be PRUe VSecXOaU, Zhich UeVXOWV iQ higheU Pa[iPXP WhUeVhROdV iQ Vea-ice
backVcaWWeU aQd SXOVe SeakiQeVV. ThiV RbVeUYed VeaVRQaO VhifW iQ Whe diVWUibXWiRQV Rf Whe
cOaVVifieUV ZiOO aOVR SOa\ aQ iPSRUWaQW UROe iQ Whe deVcUiSWiRQ Rf Whe QeZ UeWUackeU VchePe.

AQ e[ePSOaU\ YiVXaOi]aWiRQ Rf PRQWhO\ PaS-ZiVe iQWeU-cRPSaUiVRQV beWZeeQ EQYiVaW RA-2
aQd CU\RSaW-2 baVed RQ Whe beQchPaUkV Rf YaOid-, Oead-, aQd Vea-ice fUacWiRQ iV VhRZQ iQ
FigXUe 5-4 aQd FigXUe 5-5. IQ WheVe gUidded daWa VeWV, Whe RYeUaOO gRRd agUeePeQW iV

ESA UNCLASSIFIED ± FOR OFFICIAL USE



Sea Ice CCI+ Sea Ice ThickQeVV AOgRUiWhP TheRUeWicaO BaViV DRcXPeQW Page 31

cRQfiUPed. HRZeYeU, WheUe aUe VPaOO diffeUeQceV, aQd aV PeQWiRQed eaUOieU, VOighWO\ VPaOOeU
YaOid fUacWiRQV fRU EQYiVaW RA-2. ThiV behaYiRU iV e[SecWed aQd UeVXOWV PRVW OikeO\ fURP Whe
PXch OaUgeU fRRWSUiQW Rf EQYiVaW RA-2, eVSeciaOO\ iQ UegiRQV ZiWh high UaWeV Rf Vea-ice
d\QaPicV VXch aV Whe BeaXfRUW Sea, bXW aOVR iQ Whe LaSWeY Sea. HeUe, Whe iQcUeaVed
VXUface-W\Se Pi[iQg OikeO\ SUeYeQWV a cOeaUeU VeSaUaWiRQ beWZeeQ ZaYefRUP W\SeV.

NeYeUWheOeVV, bRWh cRPSaUiVRQV highOighW Whe RYeUaOO gRRd agUeePeQW WhaW cRXOd be achieYed
beWZeeQ bRWh VeQVRUV ZiWh WhiV QeZ VXUface-W\Se cOaVVificaWiRQ VchePe aQd Whe chRVeQ
VeWWiQgV dXUiQg Whe VeQVRU RYeUOaS SeUiRd. TheVe UeVXOWV WheUefRUe Oa\ Whe fRXQdaWiRQ fRU a
SURSeU iQWeU-PiVViRQ Vea-ice fUeebRaUd aQd Vea-ice WhickQeVV daWa UecRUd.

Figure 5‑4: Visuali]ations of monthl\ sea-ice fraction, lead fraction, and Yalid fraction
benchmarks for the Arctic (March 2012)
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Figure 5‑5: Visuali]ations of monthl\ sea-ice fraction, lead fraction, and Yalid fraction
benchmarks for the Antarctic (September 2011)

Figure 5‑6: Time-series of surface-t\pe fractions for the sensor oYerlap period
betZeen EnYisat RA-2 (EnYisat) and ERS-2 RA (ERS-2) for the Arctic
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Figure 5‑7: Visuali]ations of monthl\ ERS-2 sea-ice fraction, lead fraction, and Yalid
fraction benchmarks for the Arctic (March 2003)

5.1.3 GHQHUaO RHPaUNV

The iPSOePeQWaWiRQ Rf ERS-1/2 RA daWa SRVeV a PRUe difficXOW WaVk WhaQ EQYiVaW RA-2
dXUiQg CCI PhaVeV 1 aQd 2 dXe WR diffeUeQceV iQ iQVWUXPeQW SaUaPeWeUV (e.g., biQ ZidWh aQd
biQ QXPbeU, UaQge Rf QRiVe OeYeO, Vi]e Rf ZaYefRUP aUWifacWV), aOO fRU Whe ZRUVe. AOO Rf WhiV Oed
WR Whe iPSOePeQWaWiRQ aQd SUeOiPiQaU\ iQWURdXcWiRQ Rf a PRUe VRShiVWicaWed aSSURach WR
eYaOXaWe iQVWUXPeQWV aQd UeVXOWiQg ZaYefRUP diffeUeQceV iQ a VSaWiRWePSRUaOO\ PRUe diUecW
Za\ XViQg iQWeU-PiVViRQ RUbiW cURVVRYeUV.

5.2 Dual Mission Orbit Cross OYers

The baViV fRU Whe UeWUackeU WXQiQg Rf ERS-2, aQd iQ Whe fXWXUe aOVR EQYiVaW RA-2, aV ZeOO aV
Whe VXUface-W\Se cOaVVificaWiRQ Rf aOO aYaiOabOe VeQVRUV, aUe dXaO PiVViRQ RUbiW cURVVRYeUV
(DMXO) fRU WheiU UeVSecWiYe RYeUOaS SeUiRdV. AOO DMXO XWiOi]e ZaYefRUPV acTXiUed SeU
VeQVRU ZiWhiQ a 25kP UadiXV aURXQd Whe acWXaO RUbiW cURVV RYeU (XO) iQ Whe ceQWUaO AUcWic aQd
Whe PaUgiQaO VeaV EaVW Rf 70�E aQd WeVW Rf 95�W aQd abRYe a OaWiWXde Rf 70�N (FigXUe 5-8).
FRU Whe beVW SRVVibOe UeVXOWV aOO aQaO\ViV iV OiPiWed WR XOV WhaW RccXUUed ZiWhiQ a Pa[iPXP
WiPe diffeUeQce Rf WZR hRXUV.
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Figure 5‑8: Distribution of orbit crossoYers betZeen ERS2 and EnYisat for Februar\
2003 (left) and Cr\oSat-2 and EnYisat for Februar\ 2011 (right) for Yarious crossing

time differences.

BaVed RQ Whe e[aPSOeV VhRZQ iQ FigXUe 5-8, WhiV UeVXOWV iQ 95 (ERS2/EQYiVaW) aQd 274
(CU\RSaW-2/EQYiVaW) XOV ZiWhiQ 1 hRXU WiPe diffeUeQce, UeVSecWiYeO\ aQd a WRWaO Rf 1065
(ERS2/EQYiVaW) aQd 2577 (CU\RSaW-2/EQYiVaW) fRU Whe UeVSecWiYe PiVViRQ RYeUOaS SeUiRdV.

WRUkiQg ZiWh WheVe XOV aOORZV fRU a i) PRUe deWaiOed iQYeVWigaWiRQ iQWR ZaYefRUP SaUaPeWeUV
aQd OiPiWaWiRQV Rf cXUUeQW iPSOePeQWaWiRQV aV ZeOO aV ii) PRUe diUecW SRVVibiOiW\ WR WXQe (aQd
UeWXQe) ROdeU VeQVRUV WR CU\RSaW-2 ZheQeYeU QeceVVaU\ aV Whe daWa baViV iV UedXced
cRPSaUed WR Whe fXOO aYaiOabOe daWa UecRUd Rf aOO VeQVRUV.

FigXUe 5-9 feaWXUeV ZaYefRUP VWackV Rf ERS-2 aQd EQYiVaW RA-2 fRU a ViQgOe XO iQ Whe
ceQWUaO AUcWic. HeUe, Whe RYeUaOO higheU QRiVe iQ Whe ERS-2 ZaYefRUPV iV aSSaUeQW aV ZeOO aV
Whe iQ-SaUWV OaUgeU aUWifacWV iQ Whe fiUVW feZ biQV cRPSaUed WR WhRVe Rf EQYiVaW RA-2.

ThURXgh cOXVWeUiQg (e[aPSOe iQ FigXUe 5-10) aQd VXbVeTXeQW WUaiQiQg Rf a PachiQe-OeaUQiQg
baVed cOaVVificaWiRQ aOgRUiWhP (e.g., RaQdRP FRUeVWV; BUeiPaQ, 2001) aQd iWV diUecW
iPSOePeQWaWiRQ iQWR Whe SURceVViQg VRfWZaUe Ze e[SecW WR achieYe beWWeU VXUface-W\Se
cOaVVificaWiRQ UeVXOWV iQ Whe fXWXUe fRU aOO VeQVRUV aV ZeOO aV PakiQg WhUeVhROd-baVed
cOaVVificaWiRQV RbVROeWe.
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Figure 5‑9: WaYeform stack for an e[ample XO betZeen ERS-2 and EnYisat in
Februar\ 2003.

Figure 5‑10: Clustered ERS-2 ZaYeform stack of the same e[ample XO betZeen ERS-2
and EnYisat in Februar\ 2003 as shoZn in Figure 5-9 (left). Top roZ shoZs the raZ
ZaYeforms; bottom roZ ZaYeforms aligned b\ their detected first-ma[imum inde[.
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IQ Whe cXUUeQW iPSOePeQWaWiRQ, RXU adaSWiYe WhUeVhROd UeWUackeU aOgRUiWhP iV WUaiQed baVed RQ
Whe ideQWified XOV fRU each PRQWh Rf Whe RYeUOaS SeUiRd beWZeeQ ERS-2 aQd EQYiVaW WR
achieYe a beWWeU RYeUaOO PaWch beWZeeQ bRWh VeQVRUV WhaQ Whe SUeYiRXV iPSOePeQWaWiRQ Rf
WXQiQg baVed RQ Whe gUidded daWa SURdXcWV. IQ Whe fXWXUe, WhiV aSSURach VhaOO be adRSWed fRU
aOO aYaiOabOe VeQVRUV. DeWaiOV VhaOO be SURYided iQ Whe UeVSecWiYe VXb VecWiRQ.

5.3 Retracking

5.3.1 PURFHGXUH DHVFULSWLRQ

The UaQge UeWUieYaO aOgRUiWhP fRU EQYiVaW RA-2 aQd CU\RSaW-2 ZaYefRUPV iV ideQWicaO fRU
Vea-ice aQd Oead ZaYefRUPV. OceaQ ZaYefRUPV aUe cXUUeQWO\ diVcaUded. The XVed ThUeVhROd
FiUVW Ma[iPXP ReWUackeU AOgRUiWhP (TFMRA, HeOP eW aO., 2014; RickeU eW aO, 2014) iV baVed
RQ Whe fROORZiQg VWeSV:

a) EVWiPaWe Whe QRiVe OeYeO aV Whe aYeUage Rf Whe fiUVW 5 biQV Rf Whe ZaYefRUP. HRZeYeU, iQ
caVe Rf EQYiVaW RA-2 Ze aUe fROORZiQg UCL¶V iPSOePeQWaWiRQ aQd diVcaUd Whe cRXQWV iQ Whe
fiUVW 5 biQV Rf Whe echR aV WheVe jXVW cRQWaiQ aUWefacWV Rf Whe FFT.

b) OYeUVaPSOiQg Rf Whe echR ZaYefRUPV b\ a facWRU Rf 10 XViQg OiQeaU iQWeUSROaWiRQ

c) SPRRWhiQg Rf Whe RYeUVaPSOed ZaYefRUP ZiWh a ZiQdRZ fiOWeU Vi]e Rf 11 UaQge biQV

d) LRcaWiQg Whe fiUVW ORcaO Pa[iPXP Rf Whe ZaYefRUP: MXVW be higheU WhaQ QRiVe OeYeO + 15%
Rf abVROXWe Seak SRZeU.

e) ObWaiQ Whe UaQge YaOXe aW a VSecified WhUeVhROd Rf Whe SRZeU Rf Whe deWecWed fiUVW
Pa[iPXP, b\ OiQeaU iQWeUSROaWiRQ Rf Whe VPRRWhed aQd RYeUVaPSOed ZaYefRUP.

CRQWiQXiQg RQ Whe OaVW SRiQW, Whe chRice Rf UeWUackeU WhUeVhROd iV SiYRWaO fRU Whe UaQge
eVWiPaWiRQ. FROORZiQg AWI¶V iPSOePeQWaWiRQ fRU CU\RSaW-2 (RickeU eW aO., 2014), Ze keeS a
cRQViVWeQW WhUeVhROd Rf 50% fURP Whe fiUVW Pa[iPXP Seak SRZeU bRWh fRU OeadV aQd Vea-ice
ZaYefRUPV. FRU SXOVe-OiPiWed aOWiPeWU\ VXch aV fRU EQYiVaW RA-2, UeWUackiQg QeaU Whe
Pa[iPXP SRZeU fRU OeadV SURYed WR be eVVeQWiaO WR UeWUieYe UeaVRQabOe fUeebRaUd eVWiPaWeV
OaWeU RQ. TheUefRUe, a WhUeVhROd Rf 95% ZaV chRVeQ fRU OeadV fURP EQYiVaW RA-2 ZaYefRUPV.
HRZeYeU, XViQg a ViQgOe fi[ed WhUeVhROd Rf, e.g., 50% ViPiOaU WR CU\RSaW-2, UeVXOWV OaWeU RQ iQ
Vea-ice fUeebRaUd eVWiPaWeV WhaW feaWXUe aQ RYeUaOO VPaOOeU YaUiaWiRQ WhaQ CU\RSaW-2
eVWiPaWeV. FXUWheUPRUe, e[SecWed WhiQ-ice UegiRQV feaWXUe ice WhaW iV WRR Whick aQd Yice YeUVa.
We UeOaWe WhiV behaYiRU WR Whe PXch OaUgeU fRRWSUiQW aQd WheUefRUe iQcUeaVed Pi[iQg Rf
VXUface W\SeV Rf diffeUeQW VXUface-URXghQeVV VcaOeV iQ eYeU\ EQYiVaW RA-2 ZaYefRUP.
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Figure 5‑11: Visuali]ations of tZo monthl\ sets of figures (from left to right):
Freeboard difference betZeen EnYisat RA-2 and Cr\oSat-2, the best achieYable

freeboard difference using an optimal retracker threshold, the sea-ice backscatter, the
leading-edge Zidth, and the iteratiYel\ estimated optimal threshold for NoYember 2011

(top roZ) and March 2012 (bottom roZ)

FURP FigXUe 5-11 iW aSSeaUV WhaW diffeUeQceV iQ Vea-ice fUeebRaUd aUe UeOaWed WR diffeUeQceV iQ
Whe ZaYefRUP SaUaPeWeUV Rf Vea-ice backVcaWWeU aQd OeadiQg-edge ZidWh (aV ZeOO aV SXOVe
SeakiQeVV, Zhich iV VWURQgO\ cRUUeOaWed ZiWh Vea-ice backVcaWWeU, bXW iV QRW VhRZQ heUe).
AUeaV Rf SRWeQWiaO PXOWi-\eaU ice QeaU Whe CaQadiaQ AUchiSeOagR aQd aUeaV iQfOXeQced b\
PXOWi-\eaU ice e[SRUW aUe iQ geQeUaO VXbVWaQWiaOO\ WRR WhiQ (e.g., abRXW 20 cP aQd PRUe iQ
MaUch), ZheUeaV aUeaV Rf SUedRPiQaQWO\ fiUVW-\eaU Vea ice aUe iQ geQeUaO WRR Whick iQ Whe
EQYiVaW RA-2 daWa. HRZeYeU, Whe OeYeO Rf fUeebRaUd diffeUeQce aSSeaUV WR be VeaVRQaO,
ZheUe EQYiVaW RA-2 aSSeaUV WR be XQabOe WR keeS WUack Rf WheVe VeaVRQaO chaQgeV.

AV WheVe diffeUeQceV iQ Vea-ice fUeebRaUd beWZeeQ CU\RSaW-2 aQd EQYiVaW RA-2 aSSeaU WR be
iQdeed VWURQgO\ cRUUeOaWed WR SaWWeUQV iQ Whe Vea-ice backVcaWWeU aQd Whe OeadiQg-edge ZidWh
Rf EQYiVaW RA-2 ZaYefRUPV, Ze decided WR aSSO\ a WXQiQg VchePe b\ cRPSXWiQg aQ adaSWiYe
UaQge UeWUackeU WhUeVhROd aV a fXQcWiRQ Rf Vea-ice backVcaWWeU aQd Whe OeadiQg-edge ZidWh WR
PiWigaWe Whe diffeUeQceV. DXe WR Whe aOUead\ PeQWiRQed OaUgeU fRRWSUiQW Rf EQYiVaW RA-2 aQd
heQce iQcUeaVed Pi[iQg Rf diffeUeQW VXUface W\SeV, iW aSSeaUV WR be QeceVVaU\ WR WUeaW
ZaYefRUPV diffeUeQWO\ accRUdiQg WR Whe ZaYefRUP VhaSe (aQd heQce VXUface SURSeUWieV) b\
PeaQV Rf UeWUackiQg Whe PaiQ VcaWWeUiQg hRUi]RQ.

IQ RUdeU WR deUiYe Whe fXQcWiRQaO UeOaWiRQVhiS beWZeeQ WhUeVhROd aQd Vea-ice
backVcaWWeU/OeadiQg-edge ZidWh, Ze fiUVW SURceVVed aOO EQYiVaW RA-2 fRU Whe cRPSOeWe VeQVRU
RYeUOaS SeUiRd. ThiV SURceVViQg ZaV dRQe XViQg Whe TFMRA ZiWh a fi[ed WhUeVhROd fRU OeadV
Rf 95 % aQd a WhUeVhROd fRU Vea-ice ZaYefRUPV WhaW ZaV chaQged iQ each UXQ. ThiV Vea-ice
WhUeVhROd UaQged beWZeeQ 5 % aQd 95 % iQ VWeSV Rf 5 %. FRU e[aPSOe, iQ Whe fiUVW UXQ Whe
cRPSOeWe daWa VeW ZaV SURceVVed XViQg a UeWUackeU WhUeVhROd Rf 5 % fRU Vea-ice ZaYefRUPV
aQd Whe UeVXOWiQg Vea-ice fUeebRaUd ZaV caOcXOaWed. IQ Whe Qe[W UXQ, a fi[ed WhUeVhROd Rf 10 %
ZaV XVed fRU aOO Vea-ice ZaYefRUPV aQd VR RQ, XQWiO Whe OaVW UXQ ZiWh a Vea-ice WhUeVhROd Rf
95 % ZaV cRPSXWed aQd Whe UeVXOWiQg Vea-ice fUeebRaUd ZaV caOcXOaWed.

FURP WhiV daWa VeW, Whe RSWiPaO WhUeVhROd, i.e., Whe WhUeVhROd WhaW \ieOdV Whe VPaOOeVW
diffeUeQce iQ fUeebRaUd beWZeeQ EQYiVaW RA-2 aQd CU\RSaW-2, ZaV iWeUaWiYeO\ deUiYed. AQ
e[ePSOaU\ UeVXOW iV aOVR VhRZQ iQ FigXUe 5-11. AgaiQ, aOVR Whe RSWiPaO WhUeVhROdV UefOecW Whe
VeaVRQaO chaQge iQ ZaYefRUP SaUaPeWeUV ZiWh a YaU\iQg UaQge Rf RSWiPaO WhUeVhROd YaOXeV
WhaW aUe iQ geQeUaO higheU fRU Whe eaUO\ ZiQWeU WhaQ Whe YaOXeV iQ OaWe ZiQWeU.
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Figure 5-12: Visuali]ations of aYeraged binned optimal threshold Yalues on an [-\
plane of leading-edge Zidth and sea-ice backscatter for the Arctic. The blue plane is

the 3rd order pol\nomial fit through all data points

Ne[W, aYeUage RSWiPaO WhUeVhROd YaOXeV ZeUe caOcXOaWed fRU each 0.25 dB Vea-ice backVcaWWeU
aQd 0.025 OeadiQg-edge ZidWh biQ RQ aQ [-\ SOaQe. A 3D YiVXaOi]aWiRQ Rf WhiV iV VhRZQ iQ
FigXUe 5-12. FRU PRQWhV NRYePbeU WhURXgh MaUch bRWh RccXUUeQceV iQ Whe VeQVRU RYeUOaS
SeUiRd ZeUe XVed. OcWRbeU aQd ASUiO, Zhich ZeUe RQO\ cRYeUed RQce dXUiQg Whe VeQVRU
RYeUOaS SeUiRd ZeUe each added WZice WR ciUcXPYeQW iVVXeV Rf XQdeUUeSUeVeQWaWiRQ iQ WheiU
QXPbeU Rf daWa YaOXeV added WR Whe WRWaO.

ThURXgh WhiV cRPSiOaWiRQ Rf PRQWhO\ daWa SRiQWV, WhUee 3Ud RUdeU SRO\QRPiaO SOaQeV ZeUe
fiWWed baVed RQ diffeUeQW ZeighWiQg VchePeV iQ RUdeU WR Pa[iPi]e Whe adjXVWed Rð. AV ZeighWV
Ze XVed eiWheU Whe QXPbeU Rf RSWiPaO WhUeVhROd YaOXeV SeU biQ iQ Whe [-\ SOaQe, Whe iQYeUVe
VWaQdaUd deYiaWiRQ Rf aOO RSWiPaO WhUeVhROd YaOXeV SeU biQ (1/ı), RU QR ZeighWV aW aOO.

FRU Whe AUcWic, Whe UeVXOW VhRZQ iQ FigXUe 5-12 iV baVed RQ Whe iQYeUVe VWaQdaUd deYiaWiRQ aV
ZeighWV aQd achieYed aQ adjXVWed Rð Rf 0.94. AOO VhRZQ daWa SRiQWV haYe a PiQiPXP Rf 50
RccXUUeQceV aQd ZeUe RbWaiQed iQ Whe ceQWUaO AUcWic RQO\.

IQ FigXUe 5-12, Whe VeaVRQaO VhifW iV aOVR SUeVeQW: EaUO\ ZiQWeU PRQWhV WeQd WRZaUdV VhRUWeU
OeadiQg-edge ZidWhV aQd higheU Vea-ice backVcaWWeU YaOXeV (OcWRbeU iQ \eOORZ aQd
NRYePbeU iQ BOack), ZheUeaV OaWe-ZiQWeU PRQWhV feaWXUe ORQgeU OeadiQg-edge ZidWhV aQd
ORZeU backVcaWWeU YaOXeV.

The RSWiPaO WhUeVhROd (thopt; iQ deciPaO YaOXeV) WR be XVed iQ Whe adaSWiYe UaQge UeWUackiQg aV
a fXQcWiRQ Rf Vea-ice backVcaWWeU (ı0) aQd OeadiQg-edge ZidWh (lew) iV giYeQ b\ Whe fROORZiQg
eTXaWiRQ:
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𝑡ℎ
𝑜𝑝𝑡

= 𝑘
1

− 𝑘
2

× 𝑙𝑒𝑤 + 𝑘
3

× 𝑙𝑒𝑤2 − 𝑘
4

× 𝑙𝑒𝑤3 − 𝑘
5

× σ0 + 𝑘
6

× σ2 − 𝑘
7

× σ3 

WheUe k1 = 3.4775697362, k2 = 5.9296875486, k3 = 4.3516498381, k4 = 1.0933131955, k5
= 0.0914747272, k6 = 0.0063983796, k7 = 0.0001237455.

IQ a fiUVW aWWePSW, Ze aSSOied Whe VaPe eTXaWiRQ WhaW ZaV deUiYed fURP Whe QRUWheUQ
hePiVSheUe daWa aOVR WR Whe VRXWheUQ hePiVSheUe. HRZeYeU, WhiV did QRW iPSURYe Whe UeVXOWV.
The UeaVRQ fRU WhaW caQ SaUWO\ be VeeQ iQ FigXUe 5-13. IQ cRQWUaVW WR Whe AUcWic, Whe
diffeUeQceV beWZeeQ eaUO\ aQd OaWe ZiQWeU iV OeVV SURPiQeQW iQ Whe Vea-ice fUeebRaUd
diffeUeQceV aV ZeOO aV Whe RSWiPaO-WhUeVhROd YaOXeV. AddiWiRQaOO\, SaWWeUQV iQ Vea-ice
backVcaWWeU aQd OeadiQg-edge ZidWh aUe OeVV cRUUeOaWed iQ VRPe aUeaV. ThiV iV SRWeQWiaOO\
UeOaWed WR VXUface fORRdiQg aQd/RU OaUge faVW-ice aUeaV ZiWh a diffeUeQW VQRZ VWUaWigUaSh\.

Figure 5‑13: As Figure 2-12 but for the Antarctic shoZing Ma\ 2011 (top roZ) and
September 2011 (bottom roZ)

FRU Whe AQWaUcWic, a 2Qd RUdeU SRO\QRPiaO fiW UeVXOWed iQ Whe beVW VWaWiVWicaO UeVXOW (adjXVWed Rð
Rf 0.77) WR deVcUibe Whe RSWiPaO WhUeVhROd aV a fXQcWiRQ Rf OeadiQg-edge ZidWh aQd Vea-ice
backVcaWWeU (FigXUe 5-13).

FRU Whe AQWaUcWic, Whe UeVXOW VhRZQ iQ FigXUe 5-14 iV baVed RQ Whe QXPbeU Rf RSWiPaO
WhUeVhROd YaOXeV SeU biQ aV ZeighWV. AOO VhRZQ daWa SRiQWV aOVR haYe a PiQiPXP Rf 50
RccXUUeQceV aQd ZeUe RbWaiQed b\ e[cOXdiQg Whe PaUgiQaO ice ]RQeV Rf Whe AQWaUcWic aV ZeOO
aV Whe aXVWUaO VXPPeU PRQWhV. HRZeYeU, cRPSaUed WR Whe AUcWic, WheUe iV a PXch OaUgeU
VSUead beWZeeQ PRQWhV.
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Figure 5‑14: As Figure 5-12 but for the Antarctic and captured from tZo different
YieZpoints.

The eTXaWiRQ WR be XVed fRU deUiYiQg Whe RSWiPaO WhUeVhROd (iQ deciPaO YaOXeV) iQ Whe
AQWaUcWic adaSWiYe UaQge UeWUackiQg aV a fXQcWiRQ Rf Vea-ice backVcaWWeU ( ) aQdσ0

OeadiQg-edge ZidWh (lew) iV VWaWed beORZ:

𝑡ℎ
𝑜𝑝𝑡

= 𝑘
1

− 𝑘
2

× 𝑙𝑒𝑤 + 𝑘
3

× 𝑙𝑒𝑤2 + 𝑘
4

× σ0 − 𝑘
5

× σ02

 

WheUe k1 = 0.8147895184, k2 = 0.5555823623, k3 = 0.1347526920, k4 = 0.0055934198, k5
= 0.0001431595

UWiOi]iQg bRWh eTXaWiRQV, fRU each UeWUackiQg Rf each Vea-ice ZaYefRUP, Whe WR-be-XVed
WhUeVhROd iV caOcXOaWed fURP Whe ZaYefRUP-aVVRciaWed Vea-ice backVcaWWeU aQd OeadiQg-edge
ZidWh YaOXe. ThiV WhUeVhROd iV WheQ beOieYed WR \ieOd Whe PeaQ-VcaWWeUiQg VXUface iQ
accRUdaQce ZiWh CU\RSaW-2 PeaVXUePeQWV.

5.3.2 RHVXOWV

HeUe, Ze ZaQW WR VhRZ aQd diVcXVV VRPe Rf Whe UeVXOWV XViQg Whe adaSWiYe WhUeVhROd
UeWUackeU fRU EQYiVaW RA-2 iQ Whe VeQVRU RYeUOaS SeUiRd. FRU Whe AUcWic, FigXUe 5-15 VhRZV
Whe aYeUage fUeebRaUd iQ ceQWiPeWeUV SeU PRQWh, Whe aYeUage fUeebRaUd diffeUeQce iQ
ceQWiPeWeUV aV ZeOO aV SeUceQW dXUiQg Whe VeQVRU RYeUOaS SeUiRd fRU EQYiVaW RA-2 aQd
CU\RSaW-2. WhiOe iQ Whe fiUVW ZiQWeU VeaVRQ, Whe PaWch iV QeaUO\ SeUfecW ZiWh abVROXWe aYeUage
fUeebRaUd diffeUeQceV beORZ RQe ceQWiPeWeU, Whe VecRQd ZiQWeU VeaVRQ VhRZV OaUgeU
diffeUeQceV.
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Figure 5‑15: Mean freeboard for each month of the sensor oYerlap period (top) for
EnYisat RA-2 (red) and Cr\oSat-2 (blue) and the corresponding mean freeboard

difference betZeen both sensors in centimetres (middle) and percent Zith reference
to Cr\oSat-2 (bottom) for the Arctic

HRZeYeU, WheVe diffeUeQceV aUe VWiOO beORZ WhUee ceQWiPeWeUV, Zhich iV a VigQificaQW
iPSURYePeQW RYeU ShaVe 1. EVSeciaOO\ fRU Whe AUcWic VSUiQg SeUiRd (MaUch & ASUiO),
diffeUeQceV iQ aYeUage fUeebRaUd aUe 1.2 cP RU beWWeU. The VWabiOiW\, i.e., Whe UaQge Rf PRQWhO\
diffeUeQceV, iV 3.1 cP.

FRU Whe AQWaUcWic (FigXUe 5-16), UeVXOWV aUe QRW aV gRRd aV fRU Whe AUcWic. OYeUaOO Whe
aOgRUiWhP haV OeVV VkiOO WR PaWch EQYiVaW RA-2 fUeebRaUdV WR Whe RQeV Rf CU\RSaW-2. ThiV iV
YeU\ OikeO\ UeOaWed WR RWheU Sh\VicaO SURceVVeV VXch aV PRUe SURPiQeQW VQRZ VWUaWigUaSh\
aQd VXUface fORRdiQg. HRZeYeU, iVVXeV caXViQg WheVe diffeUeQceV aUe VXbjecW WR fXUWheU
iQYeVWigaWiRQ. OYeUaOO, WheUe iV a VWURQgeU VeaVRQaOiW\ iQ Whe diffeUeQceV beWZeeQ VXPPeU aQd
ZiQWeU, Zhich aOVR OeadV WRZaUd a higheU UaQge Rf PRQWhO\ diffeUeQceV Rf 4.6 cP.
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Figure 5-16: Setup as in Figure 5-15 but for the Antarctic

PXWWiQg aOO gUidded fUeebRaUd YaOXeV Rf EQYiVaW RA-2 aQd CU\RSaW-2 agaiQVW each RWheU
XQdeUOiQeV WheVe RbVeUYaWiRQV (FigXUe 5-17). WhiOe Whe aOgRUiWhP iV abOe WR achieYe YeU\
gRRd agUeePeQW fRU Whe AUcWic (FigXUe 5-17, OefW), Whe UeVXOWV aUe VOighWO\ PRUe diffXVe fRU Whe
AQWaUcWic (FigXUe 5-17, UighW).
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Figure 5-17: Scatterplot of all gridded freeboard estimates of Cr\oSat-2 (\-a[is) Ys.

EnYisat RA-2 ([-a[is) for the Arctic (left) and the Antarctic (right).

DXe WR Whe RYeUaOO chaQgeV WR Whe SURceVViQg VchePe cRPSaUed WR CCI PhaVe 2 WR
iPSOePeQW Whe ERS-1/2 RA VeQVRU faPiO\ baVed RQ DMXOV, Whe adaSWiYe UeWUackeU
SaUaPeWeUV k0 - k6 (fRU Whe caOcXOaWiRQ Rf RSWiPaO WhUeVhROd) ZiOO be deUiYed Whe Whe UeVXOWiQg
eYaOXaWiRQV iQcRUSRUaWed iQWR Whe Qe[W aQd fiQaO iWeUaWiRQ Rf WhiV dRcXPeQW.

5.3.3 EQYLVaW BaFNVFaWWHU DULIW CRUUHFWLRQ

OYeU Whe cRXUVe Rf EQYiVaW¶V Oife VSaQ, iW aSSeaUV WhaW Whe RA-2 iQVWUXPeQW haV beeQ
degUaded (HeOP, 2017, SeUV. cRPP.). ThiV UeVXOWV iQ a VOighW OiQeaU UedXcWiRQ iQ UeceiYed
backVcaWWeU RYeU Whe \eaUV (FigXUe 5-18). AV WhiV caQ affecW bRWh Whe VXUface-W\Se
cOaVVificaWiRQ aV ZeOO aV Whe UaQge UeWUackiQg (aV bRWh aUe deSeQdeQW RQ Whe UeceiYed Vea-ice
backVcaWWeU), a cRUUecWiRQ had WR be aSSOied.

The PRQWhO\ degUadaWiRQ facWRU Rf -0.003269253 ZaV deUiYed fURP Whe PRQWhO\ aYeUageV Rf
RceaQ-W\Se ZaYefRUPV iQ Whe BaUeQWV Sea (70�N-75�N aQd 40�E-50�E). OceaQ-W\Se
ZaYefRUPV aUe deUiYed iQdeSeQdeQW fURP Whe Vea-ice backVcaWWeU cOaVVifieU aQd Ze aVVXPe
Whe VXUface URXghQeVV VXfficieQWO\ UaQdRP cRPSaUed WR ice-W\Se ZaYefRUPV fRU RXU aQaO\ViV.

AV Whe VXUface-W\Se cOaVVificaWiRQ aV ZeOO aV Whe UaQge UeWUackiQg ZaV deUiYed fURP daWa iQ
Whe VeQVRU RYeUOaS SeUiRd (NRYePbeU 2010 WR MaUch 2012), aOO backVcaWWeU YaOXeV had WR be
cRUUecWed WRZaUdV WhiV baVe SeUiRd. IQ RUdeU WR accRPSOiVh WhaW Ze Sicked JXQe 2011 aV a
UefeUeQce SRiQW.

UViQg Whe beORZ giYeQ fRUPXOa, Ze caOcXOaWed Whe QeceVVaU\ backVcaWWeU dUifW cRUUecWiRQ:

𝑡
𝑠𝑖𝑓𝑡

= 12 × ഉα
𝑟𝑒𝑓

− αഊ + ഉ𝑚
𝑟𝑒𝑓

− 𝑚ഊ

σ
𝑑𝑟𝑖𝑓𝑡
0 =− 0. 003269253 × 𝑡

𝑠𝑖𝑓𝑡
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HeUe, tsift iV Whe WiPe VhifW facWRU iQ PRQWhV beWZeeQ Whe UefeUeQce \eaU (aref) aQd PRQWh (mref)
aQd Whe cXUUeQWO\ SURceVVed \eaU (a) aQd PRQWh (m). The UeVXOWiQg backVcaWWeU dUifW
cRUUecWiRQ iV WheQ added WR Whe Vea-ice backVcaWWeU befRUe Whe VXUface-W\Seσ

𝑑𝑟𝑖𝑓𝑡
0

cOaVVificaWiRQ aQd Whe UaQge UeWUackiQg. B\ dRiQg VR, Whe iQ geQeUaO VOighWO\ higheU backVcaWWeU
YaOXeV dXUiQg eaUOieU \eaUV Rf EQYiVaW¶V OifeVSaQ aUe UedXced WR Whe OeYeO dXUiQg Whe VeQVRU
RYeUOaS SeUiRd.

Figure 5‑18: Visuali]ations of the monthl\ aYeraged sea-ice backscatter reduction
betZeen 2002 and 2012 oYer ocean-t\pe ZaYeforms obtained betZeen 70�N-75�N and

40�E-50�E

5.3.4 PXOVH DHbOXUULQJ

A VigQificaQW chaOOeQge iQ ERS UeWUackiQg iV Whe SXOVe bOXUUiQg Zhich UeVXOWV fURP Whe UaQge
ZiQdRZ PRYiQg dXUiQg ZaYefRUP aYeUagiQg VeTXeQce, caXViQg VhRUW ZaYeOeQgWh QRiVe iQ Whe
UeWUacked eOeYaWiRQV. FRU a deWaiOed deVcUiSWiRQ Rf SXOVe bOXUUiQg, Vee PeacRck aQd La[RQ
(2004). DXe WR a VWURQg OiQeaU WUeQd beWZeeQ Whe heighW eUURU VigQaO ܭ aQd Whe UeWUacked
eOeYaWiRQ, a cRUUecWiRQ caQ be aSSOied WR Whe eOeYaWiRQ PeaVXUePeQWV aV a fXQcWiRQ Rf .ܭ A
OiQeaU cRUUecWiRQ WR Whe UeWUacked UaQge iV aSSOied if Whe heighW eUURU VigQaO ܭ < 0. We XWiOiVe
Whe hWO_diVc_RXW YaUiabOe fURP Whe REAPER SGDR fiOeV, cRQYeUW WhiV iQWR ܭ iQ PeWeU aQd
aSSO\ Whe cRUUecWiRQ aV iQWURdXced iQ PeacRck (1998), aQd UeYiViWed iQ ESA (2021):

ℎ
𝑐𝑜𝑟𝑟

= ℎ
𝑟𝑡𝑘

− ε
𝑚

ZheUe iV Whe cRUUecWed heighW caOcXOaWed fURP Whe UeWUacked heighW , HTL eUURU VigQaOℎ
𝑐𝑜𝑟𝑟 

ℎ
𝑟𝑡𝑘

ܭ aQd VORSe Rf Whe WUeQd . The VORSe WeUP iV aVVXPed WR be cRQVWaQW fRU aOO ,ܭ aQd baVed RQ𝑚
ViPXOaWiRQV Rf PeacRck (1998) iW iV -3.5 fRU ERS-1 aQd -5.0 fRU ERS-2.
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5.4 Geoph\sical Range Correction

The UaQge iV cRUUecWed fRU Whe chaQgeV iQ Vea OeYeO dXe WR WideV aQd aWPRVSheUic SUeVVXUe.
The VSecific geRSh\VicaO UaQge cRUUecWiRQV aUe:

Ɣ EOaVWic RceaQ Wide
Ɣ GeRceQWUic SROaU Wide
Ɣ LRQg-SeUiRd RceaQ Wide
Ɣ SROid eaUWh Wide
Ɣ IQYeUVe baURPeWUic cRUUecWiRQ

5.5 Radar Freeboard and Sea-Surface Height

The YaVW PajRUiW\ Rf Whe VigQaO VeeQ iQ Whe fORe aQd Oead eOeYaWiRQV UeWUacked iQ Whe OaVW
VecWiRQ iV caXVed b\ XQeYeQQeVV iQ Whe EaUWh'V gUaYiW\ fieOd aQd PeaQ ciUcXOaWiRQ Rf Whe
RceaQ cXUUeQWV. ThiV fi[ed VigQaO kQRZQ aV Whe PeaQ Vea VXUface PXVW be UePRYed befRUe
aQ\ iQWeUSROaWiRQ Rf Whe Vea VXUface heighWV iV aWWePSWed. MaQ\ PRdeOV Rf Whe PeaQ Vea
VXUface aUe aYaiOabOe aQd WheUe ZiOO aOPRVW ceUWaiQO\ be RQe SUeVeQW iQ Whe VaWeOOiWe daWa
SURdXcW. IW iV hRZeYeU adYiVabOe WR XVe a cRQViVWeQW PeaQ Vea VXUface heighW SURdXcW baVed
RQ aOWiPeWeU daWa fURP Whe WaUgeW SeUiRd (1993-2020).

AQ e[aPSOe fRU VXch a gORbaO PeaQ Vea VXUface heighW SURdXcW iV DTU15 (TabOe 2-1), Zhich
iV baVed RQ UadaU aOWiPeWeU daWa fURP ERS-1 WR CU\RSaW-2 aQd WhXV VSaQV Whe WaUgeW SIT
ECV SeUiRd aQd UegiRQ. DTU15 PeaQ Vea VXUface heighW iV YiVXaOi]ed iQ FigXUe 5-19.
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Figure 5-19: Hillshaded sea surface height of the DTU15 global mean sea

surface height product for the SIT ECV target region in the northern and

southern hemisphere

WiWh Whe PeaQ Vea VXUface heighW UePRYed fURP Whe Vea VXUface heighWV iQ Whe OeadV, Whe
UePaiQiQg VigQaO ZiOO be dXe WR WiPe YaUiaQW chaQgeV iQ Vea VXUface heighW caXVed b\
YaUiabiOiW\ iQ Whe PagQiWXde aQd diUecWiRQ Rf RceaQ cXUUeQWV; Whe d\QaPic WRSRgUaSh\ aQd
ORQg ZaYeOeQgWh eUURUV iQ WideV aQd aWPRVSheUic cRUUecWiRQV. ThiV VigQaO YaUieV RQ a VcaOe Rf
a feZ hXQdUed kiORPeWUeV. The ice fUeebRaUd, RU Whe heighW Whe ice fORe SURWUXdeV abRYe Whe
Vea VXUface, iV deWeUPiQed b\ iQWeUSROaWiQg Whe Vea VXUface heighW beQeaWh Whe fORe ORcaWiRQ
aQd VXbWUacWiQg iW fURP Whe heighW Rf Whe fORe. FigXUe 5-20 aQd FigXUe 5-21 iOOXVWUaWe WhiV
caOcXOaWiRQ. PUacWicaOO\, Whe UeVidXaO Rf Whe Oead eOeYaWiRQV ZiWh UeVSecW WR Whe PeaQ Vea
VXUface heighW (MSSH) \ieOd Whe Vea VXUface heighW aQRPaO\ (SSHA). The iQVWaQWaQeRXV Vea
VXUface heighW (SSH) iV WheQ defiQed b\

𝑆𝑆𝐻 = 𝑀𝑆𝑆𝐻 + 𝑆𝑆𝐻𝐴

The Vea VXUface heighW PeaVXUePeQWV aUe WheQ OiQeaUO\ iQWeUSROaWed aQd VPRRWhed b\ a bR[
fiOWeU XViQg a ZiQdRZ Vi]e Rf 25 kP. A PiQiPXP Rf RQe Oead PXVW e[iVW fRU each RUbiW WR aOORZ
a SURSeU eVWiPaWiRQ Rf Whe iQVWaQWaQeRXV Vea VXUface heighW. The UeVXOW fURP VXbWUacWiQg Whe
iQWeUSROaWed aQd VPRRWhed Vea-VXUface heighW fURP aOO UeWUacked Vea-ice eOeYaWiRQV \ieOdV
Whe UadaU fUeebRaUd (RFRB). RadaU fUeebRaUd iQ cRQWUaVW WR Whe Vea-ice fUeebRaUd iV QRW
cRUUecWed fRU Whe VORZeU ZaYe SURSagaWiRQ VSeed iQ Whe VQRZ Oa\eU aQd WheUefRUe biaVed ORZ.

𝑅𝐹𝑅𝐵 =  𝐸𝐿𝐸𝑉
𝑖𝑐𝑒

− 𝑆𝑆𝐻
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Figure 5-20: Computation of radar freeboard
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Figure 5-21: E[ample from along-track Cr\oSat-2 freeboard retrieYal. a) Orbit location,
b) surface t\pe classification Zith classes unknoZn, lead and sea ice Zith percentage

and geographical location along track c) Lead detections, mean sea surface height
and sea surface height anomal\ d) unfiltered radar freeboard

5.5.1 SHa-SXUIaFH HHLJKW UQFHUWaLQW\

The XQceUWaiQW\ Rf Whe Vea VXUface heighW deSeQdV RQ Whe baVe SSH XQceUWaiQW\ aQd Whe
diVWaQce WR Whe cORVeVW Vea VXUface heighW Wie SRiQW. The YaOXeV fRU baVe SSH XQceUWaiQW\ iV
aVVXPed WR be 2 cP WR iQcOXde effecWV VXch aV OeadV cRYeUed ZiWh WhiQ ice aQd Whe Pa[iPXP
XQceUWaiQW\ iV aVVXPed aV 10 cP (e[aPSOe Rf Whe YaOXe UaQge iQ FigXUe 5-22) baVed RQ
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iQYeVWigaWiRQV Rf Whe W\SicaO YaUiaWiRQ Rf Whe aQRPaO\ beWZeeQ Whe iQVWaQWaQeRXV Vea VXUface
heighW aQd PeaQ Vea VXUface aORQg SROaU cURVViQg RUbiWV.

Figure 5-22: E[ample of Sea Surface Height Uncertaint\

The Vea VXUface heighW XQceUWaiQW\ iV cRPSXWed aV

WiWh dtp aV Whe diVWaQce WR Whe Qe[W Vea VXUface heighW Wie SRiQW.

5.5.2 RaGaU FUHHbRaUG UQFHUWaLQW\

The UadaU fUeebRaUd XQceUWaiQW\ iV cRPSXWed b\ eUURU SURSagaWiRQ Rf Whe UaQge RU eOeYaWiRQ
XQceUWaiQW\ aQd Whe Vea VXUface heighW XQceUWaiQW\. FRU Whe ViPSOe caVe Rf UadaU fUeebRaUd
beiQg Whe diffeUeQce beWZeeQ eOeYaWiRQ aQd Vea VXUface heighW, Whe UadaU fUeebRaUd
XQceUWaiQW\ iV giYeQ b\:

σ
𝑟𝑓𝑟𝑏

= σ
𝑒𝑙𝑒𝑣
2 + σ

𝑠𝑠ℎ
2

The eOeYaWiRQ XQceUWaiQW\ aUe fi[ed aVVXPSWiRQV baVed RQ QRiVe eVWiPaWiRQV fRUσ
𝑒𝑙𝑒𝑣

ERS-1/2, EQYiVaW RA-2, aQd CU\RSaW-2 SIRAL VeQVRUV.
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5.6 SnoZ on Sea Ice

The Vea-ice WhickQeVV UeWUieYaO fURP aOWiPeWeU daWa cUiWicaOO\ deSeQdV RQ Whe kQRZOedge Rf
VQRZ (deSWh aQd deQViW\) iQfRUPaWiRQ. IQ abVeQce Rf a baViQ-VcaOe RbVeUYaWiRQaO daWa VeW, Ze
XWiOi]ed cOiPaWRORgicaO iQfRUPaWiRQ fURP Whe WaUUeQ eW aO. 1999 (W99) VQRZ cOiPaWRORg\ Rf
AUcWic Vea ice iQ SICCI PhaVe 2. FRU Whe AUcWic, WhiV haV beeQ UeSOaced ZiWh a PeUged
cOiPaWRORg\ cUeaWed b\ AWI. ThiV QeZ VQRZ SURdXcW PeUgeV Whe PRQWhO\ WaUUeQ VQRZ
cOiPaWRORg\ ZiWh daiO\ VQRZ deSWh fURP AMSR2 daWa, SURYided b\ Whe IQVWiWXWe fRU
EQYiURQPeQWaO Ph\VicV Rf Whe UQiYeUViW\ BUePeQ, RYeU fiUVW-\eaU Vea ice, cUeaWiQg PRQWhO\
VQRZ deSWh fieOdV Rf VQRZ deSWh aQd deQViW\ SaUaPeWUi]aWiRQV.

5.6.1 SQRZ DHSWK

FRU Whe PeUgiQg Rf Whe WZR daWa VeWV, PRQWhO\ cRPSRViWeV Rf Whe AMSR2 VQRZ deSWh fieOdV
aUe cUeaWed WR PaWch Whe PRQWhO\ UeVROXWiRQ Rf Whe W99 cOiPaWRORg\ fRU Whe PRQWhV fURP
OcWRbeU WR ASUiO. AfWeU WhaW a GaXVViaQ ORZ SaVV fiOWeU ZiWh Whe Vi]e Rf 8 gUid ceOOV iV aSSOied
RQ Whe AMSR2 VQRZ deSWh cRPSRViWe, QegaWiYe VQRZ deSWhV aUe UePRYed aQd XSSeU UaQge
OiPiW iV VeW WR 60 cP. TheQ a UegiRQaO ZeighW facWRU w iV cUeaWed WR eQVXUe a VPRRWh WUaQViWiRQ
beWZeeQ Whe iQQeU AUcWic BaViQ dRPaiQ aQd Whe aUea ZheUe AMSR2 iV XVed. The PeUged
VQRZ deSWh (sdmerged) iV cRPSXWed aV:

𝑠𝑑
𝑚𝑒𝑟𝑔𝑒𝑑

= 𝑤 · 𝑠𝑑
𝑊99

+ ഉ1 − 𝑤ഊ · 𝑠𝑑
𝐴𝑀𝑆𝑅2

FigXUe 5-23 cRQWaiQV e[aPSOeV Rf Whe PeUgiQg VWeSV aQd FigXUe 5-24 fRU Whe UegiRQaO ZeighW
facWRU.

FROORZiQg Whe cRPPRQ SUacWice WR PRdif\ Whe W99 VQRZ cOiPaWRORg\ b\ UedXciQg Whe YaOXeV
b\ 50 % RYeU fiUVW-\eaU Vea ice iQ Whe ceQWUaO AUcWic (TiOOiQg eW aO., 2018), Whe UedXcWiRQ iV
aSSOied baVed RQ Whe ice W\Se iQfRUPaWiRQ fRU Whe SaUWicXOaU RUbiW. ThiV cRUUecWiRQ VWePV fURP
KXUW] & FaUUeOO (2011), Zhich VhRZed IceBUidge PeaVXUed VQRZ WhickQeVVeV RQ FYI WR be
abRXW 50% Rf Whe W99 eVWiPaWeV WhaW aUe baVed RQ PeaVXUePeQWV Pade RQ MYI. NRWe WhaW
WhiV VcaOiQg iV aSSOied RQO\ RQ Whe W99 VQRZ, QRW RQ Whe AMSR2 VQRZ deSWh. The VcaOed
VQRZ deSWh iV:

𝑐 = ഉ1 − 𝑓
𝑚𝑦𝑖

ഊ ∗ 𝑐
𝑓𝑦𝑖

∗ 𝑤

𝑠𝑑 =  𝑠𝑑
𝑚𝑒𝑟𝑔𝑒𝑑

− 𝑐 · 𝑠𝑑
𝑚𝑒𝑟𝑔𝑒𝑑

WheUe cfyi = 0.5 iV Whe W99 VcaOiQg RYeU fiUVW-\eaU Vea ice, c Whe WRWaO VcaOiQg facWRU iQcOXdiQg
PXOWi\eaU Vea ice fUacWiRQ fmyi aQd Whe ZeighW facWRU.
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Figure 5-23: Steps for creating the monthl\ merged snoZ depth climatolog\. This
e[ample is for April, from left to right: 1) Warren snoZ depth climatolog\, 2) Monthl\

snoZ composite from dail\ AMSR2 data, 3) LoZ-pass filtered composite and 4)
Merged Warren/AMSR2 Zith regional Zeight factor applied

Figure 5-24: Regional Zeight factor for the W99 snoZ depth climatolog\

AQ e[aPSOe Rf Whe UeVXOWV ZiWh PeUged VQRZ iV iQ FigXUe 5-25. TheUe aUe VigQificaQWO\ OeVV
daWa gaSV RXWVide Whe ceQWUaO AUcWic BaViQ, ZhiOe UeWaiQiQg Whe W99 iQfRUPaWiRQ RQ aUeaV
SRWeQWiaOO\ cRYeUed ZiWh PXOWi\eaU Vea ice, aUeaV ZheUe AMSR2 OackV VeQViWiYiW\.
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Figure 5-25: Performance e[ample of sea ice thickness Zith the merged W99/AMSR2
snoZ product. (Top) AWI Cr\oSat-2 Y2.0 sea ice product Zith W99 snoZ. (Bottom) sea
ice thickness Zith merged W99/AMSR2 snoZ depth climatolog\. The improYements
are most drastic in areas outside the domain (marked Zith green rectangles) of the

W99 climatolog\ (marked Zith purple pol\gon)

UWiOi]aWiRQ Rf Whe PRQWhO\ fieOdV Oead WR XQUeaOiVWic jXPSV iQ daiO\ Vea-ice fUeebRaUd aQd
WhickQeVV YaOXeV beWZeeQ Whe OaVW da\ Rf a PRQWh aQd Whe fiUVW da\ Rf Whe Qe[W. TheUefRUe, Whe
PRQWhO\ cOiPaWRORg\ iV aWWUibXWed WR a UefeUeQce da\ aQd OiQeaU iQWeUSROaWiRQ iV XVed beWZeeQ
WheVe da\V.

The UefeUeQce da\ fRU Whe PRQWhO\ cOiPaWRORg\ iV Whe ceQWeU Rf Whe PRQWh e[ceSW fRU OcWRbeU
aQd ASUiO. The UefeUeQce da\ fRU WheVe PRQWhV iV VeW WR be Whe begiQQiQg aQd eQd
UeVSecWiYeO\, aV Whe PeUged VQRZ cOiPaWRORg\ dReV QRW e[iVW fRU SeSWePbeU aQd Ma\ aQd
e[WUaSROaWiRQ SURYed XQUeOiabOe.

The OiQeaU iQWeUSROaWiRQ RQO\ affecWV Whe VQRZ deSWh YaOXeV befRUe Whe ice-W\Se baVed 50%
cRUUecWiRQ.
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Table 5-6: Reference dates for the monthl\ snoZ climatolog\ used for the estimation
of linear interpolated snoZ depth Zith dail\ resolution

MRQWh OcW NRY Dec JaQ Feb MaU

RefeUeQce Da\ 1.10. 15.11. 15.12. 15.1. 15.2. 30.3.

FRU Whe AQWaUcWic, ZiWh RQO\ a ViQgOe ice W\Se, a ViPSOeU aSSURach iV WakeQ b\ aSSO\iQg Whe
AMSR-E/2 VQRZ-deSWh cOiPaWRORg\ SURYided b\ Whe ICDC. The cOiPaWRORg\ iV baVed iQ
aYeUageV fRU each caOeQdaU da\ Rf Whe daiO\ daWa, aYaiOabOe aW Whe ICDC UQiYeUViW\ HaPbXUg:
(hWWSV://icdc.ceQ.XQi-haPbXUg.de/eQ/eVa-cci-Vea-ice-ecY0.hWPO).

5.6.2 SQRZ DHSWK UQFHUWaLQW\

The XQceUWaiQW\ Rf Whe PeUged VQRZ deSWh iV deUiYed iQ a ViPiOaU faVhiRQ. We PeUge Whe
XQceUWaiQW\ SURYided b\ Whe W99 cOiPaWRORg\ aQd Whe AMSR2 VQRZ deSWh XViQg Whe UegiRQaO
ZeighWiQg facWRU.

σ
𝑠𝑑
𝑚𝑒𝑟𝑔𝑒𝑑 = 𝑤 · σ

𝑠𝑑
𝑊99 + 1 − 𝑤ഉ ഊ · σ

𝑠𝑑
𝐴𝑀𝑆𝑅2

The XQceUWaiQW\ Rf VQRZ deSWh (Vd) iV UeSUeVeQWed aV Whe VcaOed XQceUWaiQW\ SOXV aQ
XQceUWaiQW\ WeUP fRU Whe VcaOiQg iWVeOf:

σ
𝑠𝑑

= σ
𝑠𝑑
𝑚𝑒𝑟𝑔𝑒𝑑 − 𝑐 · σ

𝑠𝑑
𝑚𝑒𝑟𝑔𝑒𝑑ഉ ഊ + 𝑠𝑑 · 𝑐 · σ

𝑓𝑦𝑖
· 𝑐

𝑓𝑦𝑖ഉ ഊ
IQ Whe VRXWheUQ hePiVSheUe Whe fieOd `PediaQVQRZdeSWh_fiOWeUed100_YaUiabiOiW\` Rf Whe VQRZ
deSWh cOiPaWRORg\ SURdXcW iV XVed aV aQ XQceUWaiQW\ eVWiPaWe.

5.6.3 SQRZ DHQVLW\

HeUe, Ze XVe a OiQeaU iQcUeaViQg VQRZ deQViW\ RYeU Whe ZiQWeU VeaVRQ fROORZiQg MaOOeWW eW aO.,
2020. ThiV UeSOaceV XViQg Whe aYeUage VQRZ deQViW\ iQ Whe ceQWUaO AUcWic BaViQ iQ SICCI
PhaVe-2. SiPiOaU WR VQRZ deSWh, Whe iQcUeaVe Rf VQRZ deQViW\ iV cRPSXWed ZiWh daiO\
UeVROXWiRQ.

𝑝
𝑠

= 6. 5 × 𝑡 + 274. 51

WiWh t UeSUeVeQWiQg Whe WiPe iQ fUacWiRQaO PRQWh ViQce OcWRbeU 15.
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5.6.4 SQRZ DHQVLW\ UQFHUWaLQW\

IQ Whe AUcWic Whe VQRZ deQViW\ XQceUWaiQW\ ( ) iV SURYided b\ Whe WaUUeQ cOiPaWRORg\ aV ZeOO.σ
ρ
𝑠

The diffeUeQce iQ Vea ice deQViW\ beWZeeQ FYI aQd MYI iV VPaOO, WheUefRUe Whe VQRZ deQViW\
aQd iWV XQceUWaiQW\ aUe aVVXPed WR be iQdeSeQdeQW fURP Whe P\i fUacWiRQ.

IQ Whe AQWaUcWic, Ze aVVXPe a fi[ed XQceUWaiQW\ Rf 20 kg/P3.

5.7 Sea-Ice Freeboard

Sea-ice fUeebRaUd iV Whe heighW Rf Whe Vea ice VXUface abRYe Whe iQVWaQWaQeRXV Vea VXUface
heighW. IWV eVWiPaWiRQ UeTXiUeV RbWaiQiQg Whe UaQge fURP Whe VaWeOOiWe WR Whe VQRZ/ice iQWeUface,
ViQce iW iV Vafe WR aVVXPe WhaW Vea ice iQ Whe QRUWheUQ hePiVSheUe iV cRYeUed ZiWh VQRZ iQ Whe
ZiQWeU PRQWh. HeUe, Whe aVVXPSWiRQ iV Pade WhaW Whe iQfOXeQce Rf cROd aQd dU\ VQRZ RQ
KX-BaQd UadaU backVcaWWeU aQd WhXV Whe UadaU UaQge iV QegOigibOe. TheUe aUe VeYeUaO VWXdieV
VheddiQg dRXbW RQ WhiV aVVXPSWiRQ, hRZeYeU iQ Whe abVeQce Rf a PeaQiQgfXO WePSRUaO aQd
UegiRQaO SaUaPeWUi]aWiRQV Rf VQRZ backVcaWWeU effecWV RQ UadaU UaQge, WhiV aVVXPSWiRQ iV
keSW fRU Whe WiPe beiQg.

A ceUWaiQ iPSacW b\ Whe VQRZ iV Whe VORZeU ZaYe-SURSagaWiRQ VSeed Rf Whe UadaU VigQaO iQ Whe
VQRZ Oa\eU. We WheUefRUe Pake Whe diVWiQcWiRQ beWZeeQ Whe WeUPV UadaU fUeebRaUd aQd
Vea-ice fUeebRaUd, deSeQdiQg RQ ZheWheU aQ\ VQRZ UeOaWed cRUUecWiRQ haV beeQ aSSOied.

5.7.1 RaGaU FUHHbRaUG

The iQiWiaO UadaU-deUiYed fUeebRaUd iV WheQ RbWaiQed b\ VXbWUacWiQg Whe Vea-VXUface heighW
fURP Whe Vea-ice eOeYaWiRQ. AW WhiV VWage, Whe ice eOeYaWiRQ iV baVed RQ a cRQYeUViRQ Rf Whe
WZR-Za\ WUaYeO WiPe iQWR UaQge r ZiWh Whe YacXXP OighW VSeed aQd Whe aOWiWXde alt Rf Whe
VaWeOOiWe:

𝑒𝑙𝑒𝑣
𝑠𝑒𝑎 𝑖𝑐𝑒

= 𝑟 − 𝑎𝑙𝑡

𝑟𝑓𝑟𝑏 =  𝑒𝑙𝑒𝑣
𝑠𝑒𝑎 𝑖𝑐𝑒

− 𝑠𝑠ℎ

5.7.2 SHa-IFH FUHHbRaUG

The fiQaO VWeS RQ Whe fUeebRaUd UeWUieYaO iV Whe aSSOicaWiRQ Rf a geRPeWUic cRUUecWiRQ WhaW
accRXQWV fRU Whe VORZeU ZaYe SURSagaWiRQ VSeed Rf Whe UadaU (ΔrWP) VigQaO iQ Whe VQRZ Oa\eU.
The cRUUecWiRQ iV OiQeaU deSeQdeQW RQ VQRZ deSWh (sd) aQd WhXV iPSOePeQWed aV a fUacWiRQ Rf
VQRZ deSWh aQd iWV YaOXe iV baVed RQ Whe UaWiR Rf EM ZaYe SURSagaWiRQ VSeed iQ VQRZ ZiWh
aYeUage deQViW\ (⍴s) aQd iQ YacXXP.

𝑓𝑟𝑏 = 𝑟𝑓𝑟𝑏 + ∆𝑟
𝑊𝑃

ZiWh

∆𝑟
𝑊𝑃

= 𝑐
𝑐

𝑠
− 1ഉ ഊ · 𝑠𝑑
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𝑐
𝑠

= 𝑐 1 + 0. 51 × 𝑝
𝑠ഉ ഊ−1.5

VaOid Vea ice fUeebRaUdV aUe aVVXPed WR UaQge fURP 0 WR 2 PeWeU, ZhiOe Whe UaQge iV
e[WeQded b\ Whe UaQge QRiVe (0.25 PeWeU) fRU iQdiYidXaO fRRWSUiQW. ThXV RUbiW daWa RXWVide Whe
UaQge Rf -0.25 P WR 2.25 PeWeU aUe fiOWeUed.

5.7.3 SHa-IFH FUHHbRaUG UQFHUWaLQW\

IQ addiWiRQ WR Whe UadaU fUeebRaUd XQceUWaiQW\, Whe Vea ice fUeebRaUd XQceUWaiQW\ QeedV WR
Wake Whe cRPSRQeQW iQWURdXced b\ Whe VQRZ ZaYe VSeed cRUUecWiRQ iQWR accRXQW. WhiOe Whe
ZaYe VSeed UedXcWiRQ iV aVVXPed WR be UeaVRQabO\ ZeOO kQRZQ, Whe addiWiRQaO XQceUWaiQW\ iV
cRQWUROOed b\ VQRZ deSWh XQceUWaiQW\.

σ
𝑓𝑟𝑏

= ഉ𝑠𝑑 × σ
𝑠𝑑

ഊ2 + σ
𝑟𝑓𝑟𝑏
2

5.8 Sea-Ice Thickness

5.8.1 FUHHbRaUG WR TKLFNQHVV

The fiQaO VWeS iQ Whe SURceVViQg iV WR cRQYeUW Vea-ice fUeebRaUd WR Vea-ice WhickQeVV. The ice
fORe Pa\ RU Pa\ QRW be cRYeUed b\ VQRZ, bXW fieOd VWXdieV haYe VhRZQ WhaW if Whe fORe iV
iQdeed VQRZ cRYeUed Whe UadaU UefOecWiRQ aQd heQce heighW PeaVXUePeQW UeOaWe WR Whe VQRZ
ice iQWeUface. ThiV hRZeYeU Pa\ QRW aOZa\V be Whe caVe aV ZaV VhRZQ b\ Whe OaVeU / UadaU
aOWiPeWeU VWXd\ iQ FUaP SWUaiW dXUiQg Whe RRDP e[eUciVe iQ CCI PhaVe 2. ThiV PRVW ceUWaiQO\
iV QRW Whe caVe fRU aUeaV Rf VeaVRQaO Vea ice, VXch aV Whe BaOWic Sea, fRU PRVW Rf Whe ZiQWeU.
ThXV fUeebRaUd YaOXeV VhRXOd be XQdeUVWRRd aV "aOWiPeWeU fUeebRaUd" YaOXeV. ThaW iV, fRU Whe
cROd ceQWUaO AUcWic Whe\ caQ be aVVXPed WR UeSUeVeQW Whe ice fUeebRaUd, bXW fRU PaUgiQaO
aUeaV Whe eOeYaWiRQ PeaVXUed iV VRPeZheUe beWZeeQ Whe ice aQd VQRZ fUeebRaUd. BXW ViQce
WhiV effecW caQQRW be SaUaPeWeUi]ed ZiWh aYaiOabOe EO daWa, iW iV aOZa\V aVVXPed iQ Whe
SURceVViQg WhaW Whe dRPiQaQW UefOecWRU iV Whe VQRZ/ice iQWeUface.

SiQce Whe ice fORe iV iQ iVRVWaWic eTXiOibUiXP, a ViPSOe caOcXOaWiRQ XViQg fUeebRaUd aQd VQRZ
deSWh, aQd Whe deQViWieV Rf VQRZ, Vea ice aQd Vea ZaWeU, caQ be XVed WR cRPSXWe Whe
WhickQeVV. FigXUe 5-26 iOOXVWUaWeV WhiV caOcXOaWiRQ. The fiQaO WhickQeVV iV giYeQ b\:

𝑧
𝑖

=
𝑧

𝑠
ρ

𝑠
−𝑓

𝑏
ρ

𝑤

ρ
𝑤

−ρ
𝑖

WheUe ]i iV Vea ice WhickQeVV, ]V VQRZ deSWh, ⍴V VQRZ deQViW\, fb Vea ice fUeebRaUd, ⍴Z

deQViW\ Rf VeaZaWeU aQd ⍴i deQViW\ Rf Vea ice.

FRU ZaWeU deQViW\ Ze XVe Whe fi[ed YaOXeV Rf 1024 kg/Pñ. DiUecW PeaVXUePeQWV Rf Vea ice
deQViW\ VXggeVW WhaW Whe deQViW\ Rf PXOWi-\eaU ice iV OeVV WhaQ WhaW Rf fiUVW-\eaU ice. We
WheUefRUe XVe a SaUaPeWeUi]aWiRQ Rf Whe Vea ice deQViW\ WhaW iV VcaOed b\ Whe PXOWi-\eaU ice
fUacWiRQ beWZeeQ Whe deQViW\ Rf PXOWi-\eaU ice (882 kg/Pñ) aQd fiUVW-\eaU ice (916.7 kg/Pñ).
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Figure 5‑26: Computation of sea ice thickness

5.8.2 SHa IFH DHQVLW\ UQFHUWaLQW\

SiPiOaU WR VQRZ deSWh, Vea ice deQViW\ iV a SaUaPeWeU RbWaiQed b\ VcaOiQg beWZeeQ Wheഉρ
𝑖
ഊ

YaOXeV fRU FYI aQd MYI XViQg Whe P\i fUacWiRQ. TR eVWiPaWe Whe XQceUWaiQW\ , Ze VcaOeഉσ
ρ
𝑖 ഊ

beWZeeQ Whe XQceUWaiQWieV Rf FYI aQd MYI deQViW\ aQd add a WeUP fRU Whe VcaOiQgഉσ
ρ
𝑓𝑦𝑖ഊ ഉσ

ρ
𝑚𝑦𝑖ഊ

XQceUWaiQW\.

σ

𝑖 = σ


𝑓𝑦𝑖 + 𝑓

𝑚𝑦𝑖
× ഉσ


𝑚𝑦𝑖 − σ


𝑓𝑦𝑖ഊ + σ

𝑓𝑚𝑦𝑖
× ഉσ


𝑓𝑦𝑖 − σ


𝑚𝑦𝑖ഊ

5.8.3 SHa IFH TKLFNQHVV UQFHUWaLQW\

The Vea ice WhickQeVV XQceUWaiQW\ iV cRPSXWed aV Whe eUURU SURSagaWiRQ Rf Whe iQSXW
XQceUWaiQWieV.

σ
𝑠𝑖𝑡

= ഉ
ρ

𝑤

ρ
𝑤

−ρ
𝑖
σ

𝑓𝑟𝑏
ഊ

2

+ ഉ
𝑓𝑟𝑏·ρ

𝑤
+𝑠𝑑·ρ

𝑖

ρ
𝑤

−ρ
𝑖

σ
ρ
𝑖 ഊ

2

+ ഉ
ρ

𝑠

ρ
𝑤

−ρ
𝑖
σ

𝑠𝑑
ഊ

2

+ ഉ 𝑠𝑑
ρ

𝑤
−ρ

𝑖
σ

ρ
𝑠ഊ

2

5.8.4 SHa IFH T\SH (MYI FUaFWLRQ) UQFHUWaLQW\

IQ Whe AUcWic Whe P\i fUacWiRQ XQceUWaiQW\ ( ) iV WakeQ diUecWO\ fURP Whe MYI fUacWiRQ SURdXcWσ
𝑓𝑚𝑦𝑖

(fieOd `P\_Vea_ice_aUea_fUacWiRQ_VdeY`)
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NR Vea ice W\Se SURdXcW iV aYaiOabOe iQ Whe AQWaUcWic aQd Whe geQeUaO aVVXPSWiRQ iV WhaW aOO
Vea ice caQ be deVcUibed aV FYI. NeYeUWheOeVV Ze aVVXPe a VWaWic XQceUWaiQW\ Rf 10% fRU
Whe MYI fUacWiRQ WR accRXQW fRU Vea ice W\Se baVed XQceUWaiQWieV.
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6 COLOCATION ON SPACE-TIME GRID (LEVEL-3 PROCESSOR)

LeYeO-3 Vea ice WhickQeVV iV SURceVVed b\ PaSSiQg Whe RUbiW-baVed LeYeO-2 daWa RQWR a
VSaWiRWePSRUaO gUid. The WePSRUaO aQd VSaWiaO diPeQViRQV aUe deVcUibed iQ Whe fROORZiQg
VXbVecWiRQV.

6.1 Grid Temporal CoYerage

The daWa ZiOO be SURceVVed PRQWhO\ fRU Whe ZiQWeU VeaVRQ beWZeeQ OcWRbeU 1VW aQd ASUiO
30Wh. TePSRUa OVSecificV aUe deVcUibed iQ TabOe 6-1:

Table 6-1: Temporal definition for LeYel-3 products.

Monthl\

SWaUW Rf WePSRUaO cRYeUage FiUVW da\ Rf PRQWh 00:00:00 UTC

EQd Rf WePSRUaO cRYeUage LaVW da\ Rf PRQWh 23:59:59.999
UTC

6.2 Grid Spatial Definition

DaWa fRU bRWh hePiVSheUeV ZiOO be gUidded iQWR Whe ETXaO-AUea ScaOabOe EaUWh GUid YeUViRQ 2
(EASE2-GUid) ZiWh 25kP UeVROXWiRQ. The SURjecWiRQ iV defiQed iQ TabOe 6-2 aQd gUid e[WeQW
aQd VSaciQg iQ Whe LeYeO-3 SURdXcW aUe defiQed iQ TabOe 6-3.

Table 6-2: Projection definition for LeYel-3 products.

Propert\ Hemisphere Value

faOVe_eaVWiQg NRUWh/SRXWh 0.0

faOVe_QRUWhiQg NRUWh/SRXWh 0.0

gUid_PaSSiQg_QaPe NRUWh/SRXWh OaPbeU_a]iPXWhaO_eTXaO_aUea

iQYeUVe_fOaWWeQiQg NRUWh/SRXWh 298.257223563

OaWiWXde_Rf_SURjecWiRQ_RUigiQ NRUWh 90.0

SRXWh -90.0

ORQgiWXde_Rf_SURjecWiRQ_RUigiQ NRUWh/SRXWh 0.0

SURj4_VWUiQg NRUWh +SURj=Oaea +ORQ_0=0 +daWXP=WGS84
+eOOSV=WGS84 +OaW_0=90.0

SRXWh +SURj=Oaea +ORQ_0=0 +daWXP=WGS84
+eOOSV=WGS84 +OaW_0=-90.0
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VePi_PajRU_a[iV NRUWh/SRXWh 6378137.0

Table 6-3: Grid e[tent and spacing for LeYel-3 products.

Propert\ Value

GUid DiPeQViRQ (432, 432)

GUid SSaciQg (kP) 25.0

GUid NRWaWiRQ CeQWeU CRRUdiQaWeV

GUid [ e[WeQW iQ SURjecWiRQ cRRUdiQaWeV (kP) (-5387.5, 5387.5)

GUid \ e[WeQW iQ SURjecWiRQ cRRUdiQaWeV (kP) (-5387.5, 5387.5)

6.3 Parameter Gridding

LeYeO-3 SURceVViQg ZiOO gUid LeYeO-2 iQWeUPediaWe (O2i) fiOeV. AOO Whe LeYeO-2 daWa SRiQWV ZiWhiQ
Whe VSecific WiPefUaPe aUe WUaQVfRUPed iQWR SURjecWiRQ cRRUdiQaWeV aQd aVVigQed aQ iQde[ Rf
a cRUUeVSRQdiQg gUid ceOO iQ Whe WaUgeW gUid. Each WaUgeW gUid ceOO ZiOO WheQ SRVVeVV a
dedicaWed SaUaPeWeU VWack WhaW cRQWaiQV aOO Whe geRSh\VicaO YaUiabOeV fURP LeYeO-2 daWa WhaW
ZeUe aVVRciaWed ZiWh WhaW VSecific ceOO. TheUe iV QR fiOWeUiQg aSSOied aW WhiV VWage, e[ceSW fRU
UadaU fUeebRaUd, ZheUe fUeebRaUd YaOXeV iQ OeadV Qeed WR be VeW aV NaN iQ Whe LeYeO-3
SURceVVRU. The SaUaPeWeU VWack Rf LeYeO-2 daWa (pi,L2) iV XVed WR cRPSXWe Whe gUidded
SaUaPeWeU geRSh\VicaO YaOXe pL3 aV aQ aUiWhPeWic PeaQ, igQRUiQg QRQ-QXPeUic YaOXeV:

𝑝
𝐿3

= 1
𝑛

𝐿2
·

𝑖=0

𝑛
𝐿2

∑ 𝑝
𝑖,𝐿2

              𝑖𝑓 𝑝
𝑖,𝐿2

≠ 𝑁𝑎𝑁

The geRSh\VicaO SaUaPeWeUV WhaW ZiOO XQdeUgR gUiddiQg aUe:

1. UadaU fUeebRaUd
2. fUeebRaUd
3. Vea ice WhickQeVV
4. VQRZ deSWh
5. VQRZ deQViW\
6. Vea ice deQViW\
7. Vea ice W\Se
8. Vea ice cRQceQWUaWiRQ

6.4 LeYel-3 Gridded Uncertainties

The LeYeO-3 SURdXcW cRQWaiQV Whe aYeUage XQceUWaiQWieV fRU fUeebRaUd/WhickQeVV UeVSecWiYeO\
SeU gUid ceOO WR UefOecW WhaW Whe biggeVW XQceUWaiQW\ cRPSRQeQWV, e.g. VQRZ deSWh, Vea ice
deQViW\, UeWUackeU biaVeV, aUe QRW UaQdRP XQceUWaiQWieV WhaW ZRXOd be UedXced b\ aYeUagiQg,
e[aPSOeV iQ FigXUe 6-1. The XQceUWaiQWieV Rf Whe gUidded UadaU fUeebRaUd, fUeebRaUd aQd Vea
ice WhickQeVV aUe WheUefRUe cRPSXWed agaiQ ZiWh Whe eUURU SURSagaWiRQ fXQcWiRQV, RQO\ WhaW Ze
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XVe Whe ZeighWed PeaQ eUURU fRU XQceUWaiQWieV Rf UaQdRP YaUiabOeV (UadaU fUeebRaUd) aQd Whe
aYeUage XQceUWaiQW\ fURP Whe RUbiW daWa fRU YaUiabOeV ZiWh V\VWePaWic eUURU cRPSRQeQWV (VQRZ
deSWh, Vea ice aQd VQRZ deQViW\). ThiV aSSURach iQWURdXced iQ CCI+ UeVXOWV iQ a PRUe
UeaOiVWic XQceUWaiQW\ PagQiWXde cRPSaUed WR Whe SIT CRDP Y2.0.

Figure 6-1: Gridded uncertainties (E[ample Cr\oSat-2 March 2015 Arctic data)
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7 GAP INTERPOLATION (LEVEL-4 PROCESSOR)

GeQeUaOO\, Whe LeYeO-4 daWa VeWV aUe cUeaWed fURP ORZeU OeYeO daWa Zhich cRQWaiQV gaSV dXe
WR Oack Rf daWa cRYeUage ZiWhiQ Whe WaUgeW SeUiRd. SSecificaOO\, Whe LeYeO-4 SURceVVRU iQgeVWV
Vea-ice cRQceQWUaWiRQ daWa WR deWeUPiQe ZheUe Vea-ice WhickQeVV iQfRUPaWiRQ QeedV WR be
aYaiOabOe aQd cRPSXWeV aQ aQaO\ViV Rf Whe aYaiOabOe Vea-ice WhickQeVV iQfRUPaWiRQ fURP RQe
RU PXOWiSOe SOaWfRUPV fURP LeYeO-2 (WUajecWRUieV) aQd LeYeO-3 (VSace-WiPe gUidV) daWa.

AUeaV WhaW SURfiW fURP Whe L4 SURdXcW geQeUaWiRQ cRPSUiVe Whe ceQWUaO AUcWic baViQ ³cRYeUed´
b\ SROe hROe, Whe PaUgiQaO VeaV ZiWh UedXced VSaWiRWePSRUaO cRYeUage, aV ZeOO aV
WRSRgUaShicaO difficXOW aUeaV VXch aV Whe CaQadiaQ AUchiSeOagR. HRZeYeU, aSSURSUiaWe
aX[iOiaU\ daWa aQd PeWhRdV aUe Qeeded aQd WaiORUed WRZaUdV Whe VSecific UegiRQaO chaOOeQgeV
VXch aV aUWifacWV iQ Whe aX[iOiaU\ daWa (e.g. fURP Vea-ice cRQceQWUaWiRQ daWa)RU YaU\iQg
iQWeUSROaWiRQ ZiQdRZ Vi]eV.

LeYeO-4 Vea-ice WhickQeVV iQfRUPaWiRQ fRU Whe ERS-1/2 aQd EQYiVaW SOaWfRUPV iQ Whe QRUWheUQ
hePiVSheUe ZiOO UeO\ RQ iQWeUSROaWiRQ RYeU VigQificaQW diVWaQceV, aV WheVe V\VWePV SURYide
daWa RQO\ XS WR 81.5 deg QRUWh. AV VhRZQ iQ FigXUe 7-1, aW OeaVW Whe VSaWiRWePSRUaO eYROXWiRQ
aQd YaUiabiOiW\ ZiWhiQ Whe AUcWic BaViQ iQ- aQd RXWVide Whe SROe-hROe aUea aUe UaWheU cRQViVWeQW
aQd cR-YaU\iQg.

Figure 7-1: EYaluation of Cr\oSat-2 SIT area aYerages and their anomalies

A VXiWabOe PeWUic gXidiQg Whe iQWeUSROaWiRQ SURceVV XViQg RSWiPaO iQWeUSROaWiRQ cRXOd be Whe
distance along iceline (DAL; FigXUe 7-2), aV ZeOO aV CCI+ Vea-ice cRQceQWUaWiRQ daWa aV
backgURXQd.

ReVXOWV fURP aQd aQ aQaO\ViV Rf Whe fiQaOi]ed LeYeO-4 SURceVVRU ZiOO be aYaiOabOe ZiWh Whe
fiQaOi]ed YeUViRQ Rf WhiV dRcXPeQW aW a OaWeU VWage.
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Figure 7-2: Cr\oSat-2 SIT (left); Distance along iceline (DAL; right) for April 2016.
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8 SEA ICE VOLUME COMPUTATION

ThiV VecWiRQ iV WR be cRPSOeWed iQ Whe fXWXUe YeUViRQV Rf Whe dRcXPeQW.

FRU YROXPe caOcXOaWiRQ, Whe iQdiYidXaO Vea ice WhickQeVV PeaVXUePeQWV aUe cRXSOed ZiWh ice
cRQceQWUaWiRQ YaOXeV (C3S, TabOe 2-1). ThiV iV dRQe XViQg Whe gUidded LeYeO-4 SURdXcW aV
gaS-fUee daWa aQd iWV cRUUeVSRQdiQg aUea (i.e., Whe aUea Rf a gUid ceOO) iV Qeeded. VROXPe iV
caOcXOaWed RQO\ ZheUe ice cRQceQWUaWiRQ iV abRYe 15%, VR aQ ice e[WeQW PaVk iV aSSOied WR
UXOe RXW aUeaV RXWVide Whe 15% cRQceQWUaWiRQ. Sea-ice YROXPe iV WheQ Whe VXP SURdXcW Rf Vea
ice WhickQeVV, cRQceQWUaWiRQ aV ZeOO aV Whe ceOO PaUiQe aUea Rf aOO gUid ceOOV cRYeUed.

𝑆𝐼𝑉 =
𝑖=0

𝑛

∑ 𝑆𝐼𝑇
𝑖

· 𝑆𝐼𝐶
𝑖

· 𝐴
𝑖
𝑚𝑎𝑟𝑖𝑛𝑒

The iQSXW fRU Whe PaUiQe aUea SeU gUid ceOO iV a dedicaWed OaQd PaVk deYeORSed iQ CCI baVed
RQ high UeVROXWiRQ cRaVWOiQe daWa aQd geQeUaWed fRU Whe WaUgeW gUid. The OaQd PaVk iV VhaUed
beWZeeQ aOO Vea ice ECV YaUiabOeV. The PaVk cRQWaiQV Whe fUacWiRQ Rf aOO gUid ceOOV cRYeUed
b\ RceaQ dRPaiQV aQd Whe PaUiQe fUacWiRQ iV WheQ deUiYed b\ PXOWiSO\iQg WhiV fUacWiRQ ZiWh
gUid ceOO aUea (25 kP2). The PaUiQe fUacWiRQ iV iQdeSeQdeQW fURP Whe ice cRYeUed fUacWiRQ Rf
Whe gUid ceOO, Zhich iV SURYided b\ Whe Vea-ice cRQceQWUaWiRQ SURdXcW.

The fiQaOi]ed VecWiRQ iQcOXdiQg XQceUWaiQW\ cRPSXWaWiRQ ZiOO be aYaiOabOe ZiWh Whe daWa aW a
OaWeU VWage.
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