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1.2 Acronyms

Acronym Definition

AMSR2 Advanced Microwave Scanning Radiometer 2
AVHRR Advanced Very High Resolution Radiometer

BFM Bootstrap frequency mode SIC algorithm

BKS Barents and Kara Seas

BRI Bristol SIC algorithm

ECMWF European Centre for Medium range Weather Forecast
EUMETSAT European Organisation for the Exploitation of Meteorological Satellite
FYI first-year ice

GR gradient ratio

H horizontal polarization

JAXA JaparAerospace Exploration Agency

LDA linear discriminant analysis

MIZ marginal ice zone

MODIS Moderate Resolution Imaging Spectroradiometer

MYI multiyear ice

NASA National Aeronautics and Space Administration

NT NASA Team SIC algorithm

0S#401b SSMIS Sea Ice Concentration Maps on 10 km Polar Stereographic G
0S#408 AMSR2 Sea Ice Concentration Maps on 10 km Polar Stereographic (
0Si450 Global Sea Ice Concentration Climate Data Record v2
OSI SAF Ocean and Sea Ice SAF

PCA principal component analysis

PR polarization ratio

PS polar stereographic

RTM radiative transfer model

SAF Satellite Application Facility

SIC sea ice concentration

SIT sea ice thickness

SSM/I Special Sensor Microwave Imager

SSMIS SpeciaSensor Microwave Imager / Sounder

STD stand deviation

\Y, vertical polarization
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Sea i ce ionrsc enrter actal cul atdead awiud (ladte@fSalul SAFansll d
programmedThas&as| mbo me wh@iphr é ised Vv &dres iObd SA
Level 2 proecegsingwnehnwpddd i s not comMcecudtved.

foll owi ndg0BAMBR2033IIgCor i t hm as a combination o
(Smit h, 1996; Smiankd B8odtBarmaet ftHR)e@@RBBLy, nbrd&6
the 4301 SI C algorithm wh®rYes poapctei nearl e dpaliédtneersmin mne
SI'C estimati onSliCn cloo(wliaavimnedr gnieg het alln ,t hZe® BO&I,
AMSR2 product SI C comes fr omBtMFe $BOGins tsool| sall9g8ct

| aerrgam h4OB% et allhe -428015)s a climate data -recor
408 is an operatiTheraldedaiully SIC pnondd-&d ®romwh
OS408 al gorcil uhms foll owing processing steps:
sampl es for the daily tie points (open wate
correct i™onnwaeotfh tdhaet aQduss i'drgpdsf, i aedl n d € theen toife tpoi
and/ or opti mal 50 aIngywiashmnsec(iO8d #¥4&60usSé Co
algorithm in here as |1 t40i8 ommoer.e Naedvvear ntcde€dS etstsa
algorithm and simul atdhepreovegde Sd dCé sd Imup eadt loir s
i S somewhatt hadi fth4esle Obdet ai | s #¥4n aSnedct i ttnhiedc |
enhancements described above.

| t ingsedastshuat SI C eMbi mabe®OSWIi SAFt B6E€gpweduatt e
eaugh information on tempochabgyesmdtB@alArati &I f
all owmdeeitdi ros sdabtleeprolvE ments due to new defi
Y, and other parameters.

3 Datasets

3.1 AMSRZ|| data
AMSR2 | evYedai(lMarReda etwarle , d®2wWrllgaded vi cemoéa |

Aerospace Exploration Agency (JAXA). I n“Yt hi s
data resampoepritomet ez @oIfd tdhfe UWe B)5a GHZ4 x 42
(p all channels resampl edddtoa th3®5 floytHp2z ikm) .of"-

onARr cwinoter season, from Obe 2@alaseéebD (pPabarwad
stereograpdrdci (&PtSe system wi t4h5 tEh e trheef etrreunec es cl
70 N alndsipaexeof 25( bk muerTehegrd adtdeesdett o t he s ame
pilxesi 2dhese two grids (QArlemppisxeli ooeders® & hatl
pi xel s. The resampling of the L1R data to t he

tool wusing linear interpolation.

For investigating thin ice detection wié¢h <co
charts as training dat a, seer 8ectematdBe 3BaRndS
Kara Seas (BEKSBS)20b4 daiAdp rOc2201250.24 n this study

and 89%  d@Hza resampled tolOhébvéatarane’Ydaed. of
were gridded a PS cdtondgi hade o9ycbHlébdd haantdihtt unduead
pi xel si z¥aroifoux0 plkofdya rainzda tgd¥andri @tnitos( are cal ct
gr i dlceadt a as:
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whefies freqgiescegidrapldl &ri zati on.

Landmask for the AMSR2 25 km grid was derived
grid), slee ThiggAuB &Il andmask was resampled to t
nei ghmdwr pol ati on and then oweaemadaveas dJImal |l e
for the 50 km grid was derived by marking a 2
was | and.

3.2 ERAInterim data

At mospheric forcing data for trilatat wespeghexitc a
the ECMWERAerim r gdeael yedi.saTdhaet 28t1lad) csviBout hg
time step and 0.25x0.25 deg #shpatiral eguymeswpbhadnae
Sspeed, tot alvap,ctbottnan waotleurmmanti gkiich watm@rer at u
|l nterim data were sampl editco itnherpApMdISR2 i BE, ga
interpolated to the acaqgluYdsaitta osnettsi.mes of t he
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FiguAecfiic | andmask for the AMSR2 data pr

3.3 MODIS ice thickness charts

e Qhichkartss lfasedeani Ter sar M@DPeBd tetmp e
t ERAM at mospheric forcing data were
ee FiiAgpurr e2 021)4 fadnAdp dCact0 1250.1 4T he Q@ rcbhae s s
I beM2 kywneaelret @aan dalbomma@Makeydn einn2a n d2 0i9mi
I number of the charts is 173.

arts have pixel size of 1 km, cover an
S coordinbhoegistysd @ mo-fve $I5& maadiTthedie hafr t
ave & maok with 10 km pixel size which s
(M@2kynen et al ., 201 3)

Oniny ghtM®DI"® data were employed Q@ mrswahdscahaul :
t hus, the uncertainties related to the effect
exclude®@.r dtnr itehv al foll owing piecewise IQ near
and (Qcei ckNM@kgnen and Simil 2, 2019)
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Q nf d@ VAl
Q mwQf cor AIQ pm Al
Q mMmOQ ™Pcm $O0rct 20 cm. (3)
QN ™M AQf @ ¢m Al

The sWwathhart shows i cd tmhirakimges swiitrh tlhecnD r es ¢
RetriQvaldues over 1 m are fl@ggoeadiaesyalQm.ftRar
m. These pixel sO0O.hlavme. aUrfdearg Wa? @ edA@® dri ettilra nesv &
may al so fail for thin |Iaocet(rdLeiveecdmg¢g asAds whehu
Y, tQheet ri eval was ot dCndurditeed ywh ef®@! ( maaxx i mt
50% uncert @i bhtQyMhkiysneh. 8 Tdle. acz@ra)xy i0s. 3tOhe

m thickness range, around 38% uncertainty.
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Figulee2thickness chart derived dawaqquihre MODn
Nov 2014, O07:35 UTC. Dark bOu2 1k, endhdatnd | ma
scan angd.e2 ma)s kandO .lli gnnt ibnlduiecia(t e st hr elkse svh er e
unsuccessful or resulted thickness values ove

3.4 CombinedMODISc AMSR2 thin ice data

For i nvestigating thin “Yidcaet ad e(tle0c.t6i50,n 1w8i.t7h, t3h6
dat asetncafdend)  MODIAMDRIZS a n'O6s, 'Yandthe 20 km B
was condhisgsctdead.aset was prepar égM?lexrmen | gnd h8
201Byt theipixolw 2i0z & m, sele @Malkynesn iandeSit mic

| nenger al , “Ycaonntb i-pniexde | Thg@nn data were only sel ecH
having rather uni f2d0®,i avdritcthi clermdascesarsd ghla€ ur
types and open water. The S12C SdaG ap rhoedruec t w absa



Boot str ap( Colng asroi tahnndT hCeh 0QS 12 0SIBH AMSR2 at mosphe
winter @osneyredly Mat heda0@83 abppl’Yedatao the

The tot al number sampl e8s0.8i Pdeohefcomei dad ad atSa
For tHI nO.2Zzem), 62shaempel e@ss, 6and f or tQhilc.k0O int ea ncd
Q 1 m, t heébr9%andhR&Flanmpl es, respectivel y. Roug|
0.20 1.0 m cl| asfsd¥Ys @mp |AeCs. aFroer t him®.i ce this fr

4 OSI| SAF SIC Simulation

For studying possi®$fle $SMmBr oweoevneere VtaHh e nArtchtei ¢ p
cl ose ttohrdeHOf%®r ent SI C dadicml lakddmes )pr PpQYo @ ma mm
Matl alhbi rBhetawdedr ¢ hepr degshatthh ¢ y S¢&I € ufl @alt leowi ng
SAF 450 lLaenvde |4 8B g9/ Pptrromessboug blazien some si mpl
t hesr ena-spahd oveThtcho rrrde eotniieonmi rso vtend S| Cb gosreod esrs

the -4 al gor it hm. I t wa s45d0e cS1d& da Itgoo ruisteh no/ nsliyn
SI'C data accuracy and quality -40&dormes. as it i
The -OB8 i peraaat imnal SI'C produ¥Ytdabasevheonae 8Bh:

combi natthheonBroifst ol aYgoYi ahil (dantpaB)mi ti s, 1996;
and Barraend ,t M@ 9BJot strap (fCroend seondyh pi¥®deEns B MF
'Y data)( T9laths et d&lhe,0850SLI5Q0 comes from the Bri:

the BMF SIC igTlhanget t@ahan 20%5)

Il n t he500Sd!l gwopt hmal pl-®riYesp aicne tahreed 3dfedrer imh @
estimation in | ow andd hfiagrh bSd s @oofnedn thieosntesr ¢(l noas
(Lavergne et alWhe®07108% 2a019%9mear 6 cam@liinati o
used for the final SIC.

I n the fol 4@8Bi ragdd3 FOSIIOGS I al gor i timonse a@led @iemsatr i
det a tahreey gciavnenhe found i n v.arTla sprosd e dUAF

il s
at mospher i c ¢&Yodrarteac twhoinc ho fi st hceommon f or t he bot
ion 4 .h3Z. i MmpnadlWgend, $ 3 Im@nlsatparesented in Secti

assumed that SI'C estimates with these
ral and spati al SI'C anomalies over the /
ata i mprovements due tY 6msewndebDithieri pas a

OS#408 SIC Simulation

e processingtOBhdienvedf 2sitd ICO®IMm idu afi geur ed I3
e first step, t he ™ad antoas piher ceéenad wadtee diail Hex af
ints are generSadtCed.s Icmaltchia wthheiddr d g tad@¥Ic hS1 C

LProcessdagschatnincbpder wayeweht heer s.

The at mospher i ¢&Ydadrar d cst ndofee aotfilT medexdi. Bacil notsse af o r
i c(eChpd ope(nOWatent h"'¥vakteswfthatSlcdr r E@@%Wndnd o
respectivel y. Bh&yY garet aomedlag nalidhe®8lr e BAE. S (

O o5 B

daily dynamic tie points are used, a method t
inter sensor calibtaeriseasonhl ecmnachdeée ste@aa adireu alr
wateemri s siawnidt teends potentially arising from t|
‘Ydatbavergne .et al ., 2019b)
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Il n the OSI SAM eSICQ alrgad rnii tnlgmss atmpl e i s based
(NT) SI C (Llaggardiitehrm| e¢ atailons 1f0@Md Ywh iueh ittshhagnr ¥ &
95% are used as a sreia@eLeasveenrtgante? 0RO wafIn.t1 00V e st |
e.g. during lthe [ESA] €Ctl s Seaonfirmed tsalte dtTi
t hGels a mp(lhevser gne et latl .i,s 20dOdé&d t hat the pixels
with NT having input’YdaheaorFdeahaheuhbborrhectae
correction enter t.he ClI tie point sample data

Level 1 Product

\

Atmospheric Correction

Y

j Generate Dynamic Tie Points

Calculate Ice Concentration

A J

Level 2 Product

Figumfee3HO®B3 | evel 2 SI(Criparno ceets sail ng c2h0alibr

Th&tie points used here for the NT SIC algor
(Tonboe and Pedeb$ e®@ff o5e2n0tis7 )f or Northern -Hemi ¢
atmospheric correklited WBEddaAAIRBMERZT tie poir
somewhat diff&rdente. ppheatAMAIR e t he Glamanawsatdto
2015)In the ESA Sl CCI c2b5m&taen d d-360 £IChe cbanded (-

AMSE and AMSR2 dRttai éd hpo IAMISRKR are al 6bawesrgind o
al ., .2HoMe)ver, we use here the AMSR2 tie poi:H
NTSI C al goi ahgme h£0p0SIcessing chain static ti
(Comi so edar el(uTsieadn9 ®7) al ., 2015)

The selection of the OW tidadhpod®@A prMMPeE S nf
(Lavergne .etThhad a@\pa2ée€d o)l |l ected over a belt ju
maxi mum iccde nmaxttodmtgy which-45686 pwvadlbeaebl eThe makg
this belt i s hetonerdb &I10t0 ikam, It cheealtGarde endlaynd and
Cl sampl es are ntohcceoaednecdardt wd opHxadlgs | ¢ x colvie
correction i s not tcleadkctod. thhiegemeé | £cshows of

The -OHB8 processing chain produces two SIC pro
and Technical Uni versityl GQ@Ti &re nentar &M h(eT UEBadt 1t B2y
si mul atietd ihreaoleudes the wuse of the 89 GHz dat :
di fferens I(MéexeolQStHDoNnSI C is a combinati™n, of t
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Y anW dat(&mit h, 1996 ; S miatnlkd & rhce Barort estttr,apl &

(BMEXomi so,(i hp®&®6 aginsk dat a)( TSilaOs et al ., 2015
2016)Thleysaina of atmospheric ¢é608Bpweidt t hlay At
al goridt hem hawest sensitivity t o( Taotnnboosep hestr i &l .
Furthermore, the compari sonAhdehsgm eetesaladteidé
t hat a nolngy gtore t hms using the | ow frequency ¢
algorithm had the | owest sensitiviittyitso ailgers
had a | ow stemessgheriitey @mi ssion in particular
algorithm has been established as a I|linear c
algorithm is wused over open wadeaceandAtahetBr
SICs up to 40% (from the BFM SIC estimate) SI
al gor(iTtihams et al ., 2015; Tonboe et al ., 2016)

YO8 p 0@YO0S8 06OY06, (4)
VA D YO8s o6 YOO | co,
whedies thédr®is@ol®W. of 4

SI'C with the BFM and BRI algorithms is <calcu
coordinates at the intersection of the ice |
poi(nftonboe and Peldertskee, BRIDIEdatofaii ctannv etrdtd2d3 t o
transfor med c(oio.rapi a@®®mpi slyst&2mM96; Smith and Ba

6 Y p8t1 DY ™ ¢ OY (5a)
0 T®op @Oy Y ™ w @Y (5b)
The BRI plane whbothlroser toneomtSahin he OWIOPOHiI n

50

100

150

200 r

250 -

50 100 150 200 250

FiguMas4. for the collection of the CI a |
The dynami ¢ctalle tcioeorpdoiinnattses of the ice | ine an
Cl and OW samples selected from the swath dat
BRI and BFMThé gOW tthrms .poi nt YOS ] ¢ 8BF Mhreiasnt ovl & |
coordinates i n thhe diadd yl iOWWe siaamptd et er mi ned w

12



analysis (PCA) and it i's in the dirddctaven!| ef
al ., 2016 ; Lav.erognet het BdYM awse? Butsbed ) Nt e s ard

coordi naPGA icnaltclud héi oo ec dHerndei nat es have t he
val@bese were not specifjedheyny aay )O&SIf SA&I pu

Y 220°YK, 2606K5000K,650 K6)

Thev#@&lues are close to twpluals dmesef drofr MFIY I
coordinatcamd cairlmtteldeobr dimnahesXah®CAhecoi@mei S| D

I n the ope0&8t iSarCalpr@Slessi ng twhee gfhitreadl meainlsy ot
30 days 29rpbom dayrent d@lygvelfl daghliya Itweei @It B ¢
given in any OSI iS3AH sp uabslsiucneetd rotomon @@t ada3p@ t fi
current day.

The -H&B8 SI C simulator is summarized as:
AMSR2 L1R Ygdraitdadedal SI C with the NT SI & algo
“Yat mospheriYcd @iolry ecytiami cal tie points for th

and open waterY fsiafdplCeas asombipmadi on of the Br

|l net ®SI SAF SI C uncertaintyi eBeéunmmaeritoani notnye ocf¢
al gorA thwihi(ch includes sensor noise and resid
and surface emi(g§eshbobeyevamnmialbi [2i0tLy);] nL atvheer gl
SI'C prhfodustestomaeceedraysepi ool t he esti mated Sl
(ST®®H) the SIC values retrieved by the &I C alg
and). TsBE®eare used here as accurakgometbmses

4.2 OS#450 SIC Simulation

The -©50 is also a hybrid SIC algorithm as it
perform betwadrerovaenrd dpmpewm S16C fcorndbh dstonsp § m awna t
that ito tpewdatwtrem oivceer acrBdoSheidd h(tniaonhesti or best cl
icelavergne et The. coabdlad®) | iSh€aerr agei qgtded av
res@lL

dvergne @tl9dl)., 2019a, 2
Y06 U0 6O p v O, (7)
0 pf odr 0. 7,
0 mtf oor 0.9,
0 p 6 ™ Tof odr N TXhdo.
The inpét ama@ataar™ Y an®™ , same as { BRAlXghoea i Brhim

0 and are general BRRltgonfittatorer ghhe et Lake, i 20 B¢
optli madata plaintlh tlse sOWgand wEi champD ¥sdaijact
This plane haledd itntee (slupp@d t dd edi ws e uchoiarrp uvt eecdt obr
and is in the direction wit(f'phigbhiepal vaompomo
Conversely to BRmMmeaheoOWOW smmgipiiemmposed to be
pl alnrest ead the pl aaedi anroptt mf)iasr ostoautgi hotn wahnigc
the besttcu®ia®ly o , i .e. SA®DfsnPAdIC esi®Wh sampl es)
6 (CI sabwyl eajfyhemgopti mi zati on process sampl e
returns thef[] oanfdmelatamelsgpse cetdi vaenlady alde 6 ¥ Tleihand .
optimization step allows to cope withYsphacani
(Lavergne 2d&thedlop f omalCl cases iIs generally no
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pl ane which is t(\mivealgine e|td bkd . al2@pgeboifl var
with the OW and CI signatures that exhlinbi t
gened abnd the algorithms aS$Ebhfuneéck tret mi Bvmd
simultaneously aohi ehengveerageSI C bias

Thé and aglorithms <calculate SIY0Osaftathieearc
(Lavergne et al ., 2019a)

6 1 ©OJY w0JY WJY Q  (8)

This SIC equation can be described abYapaxowerd

into - haxils of SI C. Such a coaglidimat eoft rfaonus

1) a proj-Bcpoiomt-bdplta@mBa, 22) i n t hatD pdainret, a@ant

1-D axis, 3) & saxdalsi,nagndaf 4t)hlema dsehriginte oeft iatls. ,0 r2if
0 7 1 0 JY v JY v JY r. (9)

The vieicst oan unit vecdaotr rpeoetrafeinadnd aaarddgile € € romi ne |

opti mal pl ane di scusg|siesd caobnopvuet.e dT hseo ctohnastt atnh e

6 (Cl) (the transfoome@dOWerafpt €Cé poams$sfHhomamed
onand t herscucnhsdttaghrm@a®W)s .zer o

The processingdxhalievelf 2 h®l OSprofdluaveri gnes het
2019a, . ThGR1IYOHBY produacedissicmay c 8 MMR, SSM/ | and
use AMSR2 data which-2i5s kanl Sd CLpod digm ¢t ¢ e&1 CC
processing chain can be summari zed as:

AMSR2 ‘YdR&Y@pen svammelres outsi de s®laE imlee ssawiot o g
total 1det9%e5r%ni né awnda(niice points andY@Bll&neasr o
combi nat isomi ¥fYat mospheriYtog®mrwatéemnand sea i
corré&vésedsame pi wyevl de taesr npirneév i doyuisd miccor r ect i on
over hY§hn&lI CSIC ad caonfb.i nati on of

OW and ClI samples a4@8seimeglta@adomas IIim the OSI
Cl samples ovecteHeoAltgti € &heiselatitude is
SMMR pol ar observation hole. This Iimitation
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loivree t oir JYe i, Wt h'd&fe) (space |
from N7 davaeycst owpirimsg schrle.r i Tchaes :asor di
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ODis unit Oviesc tnoorr,maliuntz e dve o 4 £by
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5. STDofd with ClI sQhpfHewi amd OW sampl es afre ca
and minimums are saugiatlan@lkRgsati emsesent o

The t@wnamayi s conducted two times,YdvatTda®8TDe or
of i ®h and are used as their uncertainty meas!

The -©O%50 i nicnl utdeéseR at i on dlse® dargrueg et i5on for s
observed in wintertime dwvarvehiggpkr SItBrmalkgarRdild
spread of the CI samples along whhahecet hbhe

ti Mmeh.ese systenfacdramCdevunvepridaeeFgoger ethgeail n,
are best shown in 689 vcdr'di whaeee syse efmi 0$t I S
bet weaemd&tri pM @tn ( 8) addt (p)ysdiThbe di stance al
(DAL) which is smal/l for MYI and |waarsgyep i fcarl | F
obsdtrh@ty values are consistentl|l 90l &wer otr h airy |
hi gher than -1@®@ % f((up nteovnTh®kx cande€&¥l on scheme
(20 1nPobv)es t he concept of an ice lineo6to an i«
samples Oamlxdmsg tAhemew ice curve is tabiuhal eesf c
by their DALsbBhBesectioanliwhdd Rleirafiti @in t he
calcuUatoonunat elrygogmore@lL alve mgn es ,ate .ad.. ,whRatl o
width(s) amadewlhhaedpol ynomi al (S fltted b t he

schemedeéescmionlhd dde5 00SATDB @baumeghe .etThdr ef Rr0el,
somewhdtfi cylt HBeft bapwlng prrocedure i s used

T Threrange of the daily DAL values is split i
T Meamb Y in each DAL biniismorealtdhahnhatld®d 0i fs atmh

T To the resultdbny OAtL wWebseagrneeanpol ynomi al IS
pol-g®bmmatdh.er option would be to use inter
resolution (e.g. Matl abds interpl with &sp
to saved, whereas with the polhyef iDAL nrge soon |

i s not fixed.

T Eadh" value is 1do6rffected by

Finaheéy S0 processimgopgémrf wqtt@wsb)ass eddyom@ mi ¢
threshoOdomy ANO®val ues below 0.1 are flaagged
fi xed t h(rGasvhaollide rbiiyse tu sald.:, 1995)

OWF'0OY% ¢ gy T8t w FY'05 Tt ( )3
4.3 Atmospheric Correction of | Data

Thé& at mospheric correcti on s4cbhOe mer oidnupclte mefnrt cerd
SSMI'S dat a) i s -dodded e keavsarbh@melexh)sami | ar (b
identical) tqd Anldaetr sees e Toad oe 2&.t10 6THeo,r r2C1 6 )o
equationgd Wanéezfr am9iSAdE @8I AMBR2 dYad ar)r etchtei o
foll ows Went (@2 Ghag nMe iists niesr d(eTsicarni beetd rhaidn. Qdbd2t CRiAll
“"Ycorrection scheme eW#¥l sattehse aiddrer entcieo rb ed fwf
“Ysimul ations with(laawaragmeteg¥ zalkb.eRTRGCIDOE)pher
2m"Y, -mOwi nd(w3g,peaendd t ot al codauimnnf wamebheapgEBRAF i
and estimated SYdcCa,twawhti ltebesoai gehatence at mos
sarmeas iY , and thuse’'Y al bowtamelr @e@®lbC i s the sal
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.¥YY is thus an estimate of twepmuanospherttr
cati 6Yhmeoafs utrftedm& dat a ar e not correcotal fool un

i quid wabDeyr asbietdmimansd( out that NWP Omodelnotte )|

equate to be used i((MAndheer saeetnmoestp haelr.i,c 2Z®0 6 ;e
nboe etThad .s pa2t0ilabl) and temporal variability
del grid cell size and mod¥Y ranme $trem sibn
er open watea Kel Vienw oveenrt e(eb eosfet gdat elth esa € a |,
rré&dtsed al d  Alnadtee s eans et al ., 2006, l vanova et
YoYUy Yo, (D4
Y Y@ Ao ato AYRY'OP (D5

"Y "Y “gEl"]H I"-O" I" I‘?yY]“_’i‘Yuroé ( :I) 6

efas the radiometer vi ewi fiygi sa nughltea s(e5 50A fedfr
mpael Fer tHASB00BFroduct mpdodlilfowidng adi at'Y¥iveomr an
xed surface with two diff arsenle nd mi, 8 dlEOKOE/E€ N As
., 2006)

Y 'Y YO®R 'Y p Q Y 1Y z

p YO6p YY YnmY Y t, (D7
eWWean™® are the upwelling and downwel |l fing at
e transmitthenztmdhipgloaiged, sed | givtiiswctehye sea s
mpervat sreée he cosmic backgrownd ndasdi alhe oned es
flection reduction factor due to wind induc

rface 1 s al ways Fass umedd8 O8dVSIRe sSd eC¥ upbrdordautcityv ¢
ansfer edquwenitan ahadl IMenwd sinse rs o Redvidg tt hdea :f of ceer aen

YO'Y  YO® 'Y p Q %Y 1Y z
p YO6p YTY p mp T 7Y Y Y'Y z @as
eYe'YTp tishdeownwel | i ng effectliBmfeomad st ht esnprefre
zdr o,n b(ul7) It )iYsi asnsedatAt eamm o oe gl 89 urifta cies,
fl &@ctbdspecul ar o0c e)anarsaHeffecasd n(d1 7a)r ea ncda | (cludl

i g (1l bo#lW8t AedddO®ISSII C simsl agot be ( RTVig.nmazd e
d Meisgner, 2000)

t he OSI SAFeat mosptlienxied sc®ma i ce emissivit
asons and iceYtiypesal aaldutseeda a clei near mi Xt
mperv}Y uared (freezing (tlevrpreavaa uate alf. ,2 720 K3 ; 1

Yo Y oy p Y IXxc¢ (D9

e mi xXi ngyYciosefdhawre nit iY Tvaab luee l1o.f TOlbederiisg ian ad & fi

qmvendsen .&ti altakdm®8B9 -lbret esmi'Me Zalsel ERRAr i m

in techpbaat breetno fhoauvned erroneous shpwupt O8I B AF

Am and t hussedaBmoabiao beley,( 210viadrigadv & | extedalr.ef e
2

65Y K fAorf i xed™ wad dafled’ckey nen and Simil?2&a, 20
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't is notet® tasedthe sheécah@ul afTho st hoata nsspat
and tempor aY¥Y ivsarnioat icooormpeincrart eat ii oan.t he

Tabl@SI1.SAF sea ice emissicwuil taite 1 ga e ac otederf aed if
fro@d (alt di f fEEABMBRRAMS&K! s .

6.9V | 6.9H | 10.65V | 10.65H | 18.7V | 18.7H | 36.5V | 36.5H | 89V 89H
emissivity | 0.96 | 0.88 0.9 0.9 095 | 090 | 093 | 0.88 | 090 | 0.83
Y 0.45 | 0.40 0.4 0.4 075 | 047 | 095 | 0.70 | 0.97 | 0.97

4.4 Improved SlMerivation

The simulator for i mpr edbedd sSIinQ | chatoa , f dlult o wst
emi ssi vivtdse,s aanndd t heir winter "batamosipherfier eaci
The simulator for i mprowmwpodn®8in€Csdata has the f

1) Cal cul ation of the NT total, FYI and MYI

(l'vanova &nd at heg rddildididad alt a .

2) Col |l ectainddM | F¥ampl es f ho matdansdelicsiRl &Mwiad n a o
apparent @mi"™f¥i)viftarest {e FYI "Yamd&nMYle <arhglu

eithetw(Maomew ebbraffrodafe) i c eCohl ect i
sea ice (totapersl@a®Oéiwieamdnt hl waBpEes!| iam:
the -4 si mul at or .

3)y Cal cul ation 0Y O0dy@md@asmorc WYl | @#md tMYeéi r wint
reference values,angee¢eer Se at iEvoan s pihineer $i éc e pcaorr

4) At mospheric cYdatalktli owi md u$ éepgd mchp atr.8Bmet er
fromn3) total SIC foéomnd haes d ani -UtphOeo pGdSiime At o
FYI an¥ oMYIQihsd ar e cmpinkvdleedptaobameters based

SI'Cs, see Section 7.
5) Col | eocpteinonwat er and sea TY@® (Gaanmpe epi weltdh g
6) Det er mi nati opt oOfmaatnhte a sl ai h y4 510 sGSnmuil nactldued i n g
cwredlioe colOr(etcwo ownedi Ni ons of

7SI Glcul ation for each wwhbhhadat wséehoygtL2t|
correction.

Th estimation (R2YaRigli ¢ aefd wladertiezatVi mn6cBanbhoneB:

GHz, and "Y edsautlat sati nt he same spati al resol ut i «
met hod is valid only for sea ice with 100% SI
and further, a poesrsi Ki"ei a@® r el atniveerst bgawe d
estimation over sea ice with SIC<100 %.
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5 Thin Ice Detection with the AMSR2 Data

the following a recetnhtilny idceev ed eotpeecdt iaolng oirni t
.5 andat8® iGHzf idf M1t k yammédm oSd umd.d FT,hi 20Ja9 )gor i t hm
re due to reasons ,elkel algedi bemoweeds BDener
s awsarget he whole Arctic. Nextwitwer easesabha
n meéuctoe ds iursgYmdPYoar t hei r icno nbhien altOi.o6n5uet ©y 3 6 .
ange fprldwiwiulsgy sMuldy reesn( 20dab@aivmai(lice.ddh)e det ect
hin i ce pel xeexl csl unlobudl dfi ebb mr mi nat iiotnh eo fi nhphreo vteide
simul ator .

- =0 " S5SWw—
QD OS

Previossmgleathin ice detection al™ar ihtahsm bues
devel op@hlo i ent al ., TRO1Ga| ga0ilohvh meadbiéideddnne
Y Yoo Thin ice iIis detected-DWthkas™Mm |Ynear t
space. The detection is only applied when SI(
withh @ hreshold which is adjusted to di(fGCho ent
et al ., TReO1B'WHMiIi EGHZY ent&e can b

s
e used to reduce
detection over conmo®mofdatbd deteciTd@ mlaxn i Ce
algorithm was developed with help of t he MOI
ol ution). It seems that detailed validatio
tberefors not applied here. The AN2RZO9t hi
3 used to prodRexe &rAMAU CAMSRRet ecti on of
s:// suzaku.eorc.jaxa-3) ot GCDMz &g oiad a hid st r
m and its accuracy goal i's 80 %.
N
d
t

TR, QO W0

T SI G Calvipdriietrimewasal modilPi8d¢ 1 aAPOTamap piem
i stribution of new I-T@®@ dmhiarkdheB¥K1i0n cme
o reduce the |l ow SI,€hkei asnpdweetdo S1 i mst
@nO¥x mwand tie point signatures for open
classification 0'Pwanmewsctifod kasdad icr ttwyg
type classificationsy fHogohtResAVHRRON ARE ¢
the Bering Sea showed on the average 80%
Sea of Okhotsk after (akijmwrtaneain d oWa ktadhbes unce
type classification was conducted onl vy
i ilcjagatont 0 si sar t yp(eCamiaxXti wermral tarsl@i®eghsi ttilea
validation studies nor algorithm deve

aneeptreost]l em i n thinQestei haeatechi wnt Andhe:
rresi gmet tirse mi xing from various surface
ue to coarse resobuthiionrSlidcfectwoet dr & dbi dret?
signatures as thick ice with |l ow SIC.
shold (Ilike 0% or 80%) for the thin
ri thmsCuhfhde i1 n(mAdcwea |Sireegds, 19.9¢A4.; Sho
anovaSetoat , 201l bpquale soghhoseesf ckt
e surface, e surface prope(rHwaersg atn
7; Ni hashi e Nlever2bh@9esShokmangt sal.
f
e

~“ QD DOODOD®ODT O D D
I

— N
- =

e

CFPOO3I®DO

7
r ¢
Ly
i C
; t.
ul data on thin ice propCawvaeaelsi erain,
t al ., 2014; Ohshi ma et al ., 20Q16; N

-t TN OWY TTHH PO TTTO T s T H PN T
ST TO0OO0O—T—TTO0OTSTIT € TOS<OK TTISTIT OO S o

SO I
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5.1 AMSR?2 thin ice detection withf 4 and 4 1

Previously, M2KyRéemvaende8emopb®gd AMSR2 thin i
(ATI DA)BapentSeand Kaidap S@@pwdOpaked| aned from
L1R &gt ®A was devel o@esdwautshi ncgh aMadl 55f ¢ t wd O W4 nt
reference dat a. |t i (5% gma S08dw &@pn i genl aat dusriefsi lcvain @ &
di scriminant anal Ylessi é L DA)Fatrl atshsxi0ftidf®ihre IiLdDA
discriminant, or scoMékyhenctahdnSismitalcalDaogeg

006 T DV ¢ OOYwdp T8, ( 20

and thin ice is detected if:

000 M. (21
The maxXQodfumdetected thin ice was esti mated t
studies using radi oméQfeorr dahtian, itchee (hsassmmedeneank iuns
2014 ; Ohshi ma et al . ,Th20 1t6h;i nN ai kcaet ad eette ca li .o,n 2

SI12€0% &n& AC. The chosen SIC threshold is th
sea i ce nohh@®GicEaperte Team .onTlISiesa Slc@, | i2Milt4gt i
due to the mixture of open water and thick i
assume thin iceandetleéathil@®n itho cea dO@,6 OMISi WG ME $
the beginnumgamnd dareleyzemel t conditions. Snow
moi st when snow temper atbum eOYoedOpelt owWYfreaeererg
winter to me(lbtasnegd coom dé mlia soniswi )f e hidnt B608J or
and F¥d@nOYwdsi gnat ur esi miolud iy We AtCoo s

Before cal'¥@nioddptonfiospheric correctionYis arfr
datall ¢ winWg@r sen et al ., 200e&; eltvanhovba 2dstedably.
ice part of the correction is apphee@effece. o
at mospheric cor rndcytOfMpaordOp sT hse gonad rfri eccatnitom decr e
of ckt hiiceiage,thAsnt he at mospOMewdyx i nfluence incr

ATI DA was déw el0ople@ douwe to | ack of thick-ice
AMSR2 training dataset in warmer temperatures
MODI®® dat d&Yyva®has the | argest dynamicY ra5ge in
(Yu and Rot hrock, 1996 t Mawlkaysn ef np aptdn @Vuw cOpt h At ?
signat ut bast moasfptheerr i ¢ @®erent ave)y agacseEY, ghatnldy
t herefore, following empirical rel™Mmdanensebegds
nor mal i ze 'tYb&nmCts¢e ef ideadi | s (M2 Eegoéenoandl:8i Bi b

0% @ MK Mo, ( 29
OYwdp mWinpw mding ( 22

The rate of chaode, i snker 9 .08 thaa niapfdday 0 t I's tw
ti mes | arg@)y. (I0ildaldy 10t woul d be bet tweerektlo )u:
varying LDApaltametére and thinhioceomdespessi oine
t hter ai ni mg ad d taad eet

The thin ice swath charts (L2 products) ar e
product ), (sM2kydneetnaidmnd afd mah? ex 2 égBolr iams skigqu
pi xel as thin ice in the daily chart the frac
which had only unknown5 iA&A@) tgprei mmgsa gahanegnase (
chart The dai IWWMOcIBdrCt &cJ @aPEWMsEXpeet Team on
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S1¢C 0 %, 1¢0 8 | C4 0 < SI¢tESKkB 0 %, a0d SI C>90i“n iana dret
| ast t wo cl asses.

daily thin ice chart waMODIa$ i@ aitheyd Qestif rog

—
>
D

20T May 20M2ekynen and Karvonen, 20Thep BYkyage
for detecting thick ice as thin ice (type I €
error) ATI DA was tuned topagitwvantsmahéntgpel yi
chart rdavi gortiigomr enhancing visual or lamt omat
daily thin ice @Ibdw6tsther dBKSyYyi 81 Z0OWwhs from 7
the thin idemapnsterlast.eslThtilsat hepgst edtydd wt hhihn
ATI DA was devel oped for the Barents and Kara
Arctic marginal ice zones (Ml Zs).

The daily thin i ce acvhearatg ewasatfhoewn dg otood hdaawe toon
vs. thick ice classification. There are somet
thin ice on the fol(lME8kiym@ndawnd)l Se®hiF®? gc 2WI2D )b
by a significadontr dbdcc&daseei §f dBVErging sea i ce¢e
change in snow or seXinceepsiopgrcecliesei nadu@edC
thi ck@n®Ywdogi gnatures resemblro eadcromefltsatenrd. ¢
bet ween the type | andwhicbresbowsanbdatskahdaghp
0D v@nNOYwdop y2 Pvor ks properl y.

Currently, ATI DA i s under further devel opment

channel s, 10. 6@ ubtbeed ubmpd70v@EHzt,he thin ice dete
modi fications are needed to apply ATI DA over
this study.
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-1000
-1200
B NoData
= -1400 o SIC<10% .
=, O 10<SIC<40%
2 1600 | 0O 50<SIC<70% -
E B 70<SIC<90%
ZO -1800 F ; E|C>90% i
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| B Thinice i
-2000 O  Unknow
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-2400 .
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Fi g6AMSR2 daily thin ice chart over the Bar
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5.2 AMSR2 thin ice detection in the 10.65 to 36.5 GHz frequency range

We study here thin ice (thicé&messamnmg Kar 20Sean
6) use ngomlhi netdA MBBRI $hin dataset Thisx rd dteals a tn
km pi xBhesdetecti on of thi m8iscé¥iss isnt udchiee dl Ou. s6
GHz frequena:rydrtamegegd)eelstiSimrecglefafﬂ?mdiGYlaabmbinatio
for the detection. ThiM2&yndy aesdel®advhe tftkededld
maxi mum thicknesses, and adicfufrAavSEetsa nidn B8W®IINS |
an®égrom 36/ 37 aWWdaBbyodatcCaldewdr e deter mi ned.
parameter -BN@Q9wd@@EAERA t h best two pab@mener c

M
n
y
e
OYwdgagvhi ch were used to formcae UHRA ecl a oB); f isa m

andl]}( but withcdeffeceahnt sL DATOW w&ptrhees hrma xdi. muw
thickness of detecttelger®olbi hot gmi wvaloaf 255 hfcieckaat ni do
thintiype I error) was 16% and that forwamsscl:
27 %lerleds @OWd i nth®eyi 6Ydata are not used due
influence at 89 GHz and | ack atomospdheli quicdr
The AMSR2 data i i 2i dndd iicret ac |ltaksisn a(nd i nt o

Q 1.0 m (thi®k1l cm a(st@h)s escknl2dd o The number of sa
three cIl622s58%n h2Rl1Hespectively. Roughly 90% o
"Y 20 AC. For thi®n8i cleot hilseY r-2a5% ¢cal @vracyliEd®s s amp |
were not di vi dYerde gii nmecs daisf freasetnt of the thick
conditions

| t ovarsc ltihdaed t he estimation of thin icecthacgn
due to the | arge scQtatnaird ghre®Ye O at( Vié Kk MOBNS an
Smi | &, 20IbBis 264a8drary result compawadot o ef
2014; Ohshi ma et al ., Nas6; i Kek gt anae il mil dqu e 2
dat asets which included besides thin ice in p

areas fromptmerifoedezBhe confidence of any equ
sense would have beespeonotr .alTshce ilmrtghee sacHipas elr e rpe
Qin FY7.gure

FigB8skows these three ice type classes in th
havingYwyagé distinct from the two thick ice
ratherd BivsObamy pace( Qasvalnieri, 1994)

Next, all thin ice and thickl samples are use
var iDobuss ®b8d. The thresholds eogetrhetf(hiwvihthdehe
(thick?2 ansd tphe nerircer) ,r aat es are shown in Tab

| e
(with 0.005 resolution)yhbsewedhnd
ted with the kernel d e ndstiht $(Tife set.i m

i ntersection
| a

Udah‘di‘\Serassis'l’Mrmeidtyype I and Il errors

da

were cal cu
0.005 w h

of

empi 0IYO¥a N a because this approach provi de
than the probabbbetled pdEVderofihehhb datw Pince do
(t ygeer rlo6% iasndl t F e, DBpuyti sswhi ch can be calcul at
SSMI'S dat a, has 3%Wnltyy mé i lglh t@M EOddr.0C§E htdre bteysd

I errorszo/mf rle&%lebkca dtvgede .1 b error i s Tvoegreyt hsenmra
O0PUlan@®@6epOlyi ve somewhat better type 11 error,
t he deyrpre6oli7 Yos wor s ed%.Thhei matheaerhriogh tiype It hi ck
thin ice, i's not a problem here as thick 1ice
the determinati oni mpepradli €ckaltg er iptohmts in the
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FigurSeatterp
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not ed

1 . R
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E
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C
v
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0 0.05 0.1
PR18
I t bet ween
i s 0O km

t he
Sarmpmepr abkengy

tohvienr i ifcYat ochatuecd teido nw i

0.2

MQDP ST hiec ep itxheilc ksnic

theck2mct hssk

OB WOo. 050%aprfop0. 0% 23

emi ssivitbes}
al gos i tihtm wi | |

t hat

t he

t hin
Bvhadttrhespheric
bedpost mesed

t h:
ce detection i s
correction & he Sh

6or r &€mguiaddipodwiIIIC v

applied hteo ohaghoa@a¥dataed

Tabl Bhim(e<20dempction with v adiso (@ddAMNR2t hvearlio

36.5 GHz range. PixenlSasnezde hofh t ke @Gatda tihs cRQ
determination of the threshold and the error
Parameter | Threshold gyrzf[fl;: ]) e-[?l(frTO/l(: ] gr%? [Ig))]
0P T 0.055 16 31 2.7
0% Y 0.05 15 34 7.7
06 @ 0.04 9 44 7.4
0% @ Tt 0.0 10 46 0.0
"0 @ Fon 0.02 17 37 02
"O% ¢ | -0.005 27 27 0.1
0% @ FO 0.01 18 32 02
"Op Y mort| 0.005 5 70 0.0
"Op Y fOn 0.01 20 44 2.0

1) Misclassification of thick classas thin ice.
2) Misclassification of thickZlass as thin ice.
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Fi gBAMSRRY@aNOSopyi gnatur e MOBDRStOhi2n m)cend tw
ice cl a¥sels.,0 Om 2(t hi &k 11 crh a(stshni cakid) , NASA Team
triangle calcul at ed( ™ointbho et haen dA MSeRd2e rtsi een ,p 02 Onlt 7s)

6 New Sea Ice Emissivities and Effective Temperatures forJ||t||1e
Atmospheric Correction

Il n the OSI SAF SI C produ@j)sihiXxadhl|l sed Yace e
at mospheri(seer3edthieasne 4a.r3e) al so used here fo
(Sectd oatMlew (OdAdB)Fy i ved montHhTH Hnielana®@snMy¥Ydi ng
AMSE data over the Kara Sea (FYIl) and ®orth
deri vat idonsirnmud (ddrs e M @F a®@ d p. This was conduc!H
MWMOD RTM model . M2 kg0 mpaedaGemi b¥F wintertdi
mont hl®yésF Yilviattmespheric correction. At 18 and

Q T, ™ yR T, iR T’ @ 2 #

heseQdare ver yheclOSde StAdc tonésnstaad wbheid onse
| Cat a .quthdweawer , f Q6 sM¥YlIr et lteé emedry small er t he

Q T Y, T o, X L, ) wX2 »

Usef sepaarad eRM6 Equiident idfi cahé®@ t woh'¥idcaet at yp
correction. Thi s can be conducted with the
concentY@otaindOo®)i(n addition(Cavaheetbtall n8k G g
OS40830Ycorrecti oy tame d&HmBY H@lIne us’e¥dahdr
Previousl y,(20@sppdv aa efti X dY r e)f efFoermce M2 kynen
Sim(2eu9gegedfeivyfWcke which was Wséd.tM2ehPhannanc
(20d©8) ermi feod t he Barents and Kara Yeas tihmew
winters -bht g¥deamER A

T
S
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We investigate here empir iQoals de tfaurnmitn aotni conf o

avail abl eQobdsat @aa ntnrourea thbeed . e sltnst e &d wh iammh dieapplau &

contribution of(éhg. awambepheapoustanal cubaded
Q  Yry . 2%p

Y can be cal culArRd4 BB amd th0Pa@S oTdaubcltMsa t1h € ecer |

et (2I009y sYrel ati onswi per seyhrandl MY . 't can

radi ome(tkirl idcateafThal eff201L9pf the at mospRere c
data over a N7imdaypersbddi eggti mé&5@i adoowt ushed
determination of the dsymmeani ctadt itdtei paoli ngasr, a men
percenktQé& o approxi mat eurntirmg tlygt cai me peri o«
resul tin®@wisth dt ibset iucsaélyda tomol syp hierr i t8h enireasetcitmaotni. o
met hod was us(eld OBy clan dceurlsaeene Monehpypi it meoseal

The sea ice emissivities can be estimated in

1) The NT SIC algorithm is used tosfiAd FHFWI a
MYIQesti mat esa c harceh agnrnoeul p ealt etnopgoertanl e rs cian e, e. g.
ti me window, and some statistical parameter (
MYIQbés fomattmbospheecti oa.

2) Tot al SI'C is estimated with the NT (or Br
Qb6s at e aacrhe cehsatninneadt ed for pixels with SIC>95

all Q@uWwatlhsets @achosempkhedscale (e.g. N7 days
for pixels which hav@esbtommamesai mamgnuBmhbeor ol 0
(e. g. 10 % Qpiesr cceanltciulea)t edfmapbhi sveestuthes Arotic
have holes due to missing data and ice =edge
prevalidw ngl C. Thus, spatilah addieripohatice ds
averaging, I .e.Qrmaops. of details, in the

We thsxeoal g mét hod 1) for t heQ dsedraitviasttiioccm.l IFNY 1t
cal cul &t wohhofwo different (rivVatthedvs eits afli.r,st20p

2019 )NEXt , anldo M based Ynegsthiemat ¢ svoare derived.

6.1 Sea ice effective temperature from air temperature

Y i n2p( can be calcubaAFed5sand #6068 Enbd uka ksl, €
Mat hew(200abndyYtdfat FYI and MYILIE aftr egaucem cAMSR e

rel atbed towest | ev¥)l (ai.re.t estmpoew astuurrfeac(e t empe.l
e. g. at 18.7 and 36.5 GHz:

Y ™ 10Y 1&Y ™ Y uv8t (2 @

Y m JOY Y’y M JY wd. (2 B)

These equations are for winter mont hMay) oan D e
l ate summep {(Aufbreez&Nov) are slightllyi s fwenae
not presented. Héewiet h we-hmtpgiRidYr i Maeesee rel ati ol
based -oouy@aobservations of sea ice temperatu
Arctic Ocean (SHEBA) iacea neQdm® Tihre tphthey sBeauf dret
penetration deBtfhr eofu eenaccyn wWAaMBSSRas suiMed Maeheéw et
al ., FA@g®@geoWwWsés from these two differefvto®stir
increase fast'¥rhamtthhe n&®BDBRSEt aald. t hus, t he
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not cohsetdnffelTences béyt weeh@)d &aidd (8 €& GEHry
The MYl s al ways smal |l ¥ro6st heaemxpelclt-p @Bl WSABEGHzZ V
K. The OSbs SAFe al waWY¥Ys286@riea Tvdpuamd r(equir e
some met hddSIl)e for tthe FYI and MYI <c¢classificat

275

270

265

260 -

Teff

OSISAF 18V
———— OSISAF 18H
OSISAF 36V
———— OSISAF 36H
—FY118
—--—-—FYI36
MYl 18
———— MYI 36

255

250

245 ¢

240 ‘ ! ‘ ! ‘ !
240 245 250 255 260 265 270 275

Air temperature

Fig9iSea ice effective temperat @Qr essndviftchr th¥el C
by Mat hée@0.69) al

6.2 Sea ice effective temperature from radiometer data

Recentl y,( X(Ofifdgs é&ntteeadl i. mati ons hawed i ot ertiaace t
(Y) estimat el e@ifYt héYi tfgelm i s a func®®wbmncbaf i s
esti mattehd¥ f'Womnd& dat a. Linear r éY aatnfidowes heé ps
derived from MEMLS simuNariddmesdi amet evih echa teanpi
bias between empYmustl bantakemuY getsetd amaet b boond .
cannot be appgbDeal gort hkeiO&iIn& tcoh alnancekl sofi n t h

and SSMI'S radiometers, b+t aintd AMSES RUeOBa ppar| ofdcuB: I
Equati ofiYs efsoi malf &iolhi aret al ., 2019)
0 pg x memdtp XAY 18T ¢ YOV Ty (28
Y PETYPY oBo@ TQ pH T ()

Y p8t x PY v TQ vpo (D)
Y Y ¢ aA'Y ox (@ (38a)
Y Y T I'Y odox pm® (3b)
Y Y T ¢ A"Y 8&p ¢@ (360)
Y Y T IA'Y 8&p pw (34)

Th&retrieval was tested 200nlI99ut ot hEYl abyg ukieldi ¢
foll Fasan™ have | imited sengd kiQuiaty ons Wwkeei C

for -pokaWVi Z¥ame asnur ament s apel aoi saeroatdubet &
Q. We assuteedthiadaanttahsss ppl | edpaltartihea®tdi 6 or FYI
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MYl 2@&) (2@l)d &l so do not have polarizati(@Q®l®e¢pe
do not <cl ear |y oi¥diicsatbee twhéerée sifearrmatthheo nY Vdes us e
it has better &8patiThe MEMbButdaba bhadmdanitfel at i
has also slightly snoahdnnkeilRMEE e.wwi Khehr. & hi@cdtdO )

Y are dritdd&0 km pixel si ze, but | ateW in op
(and higher frequency channels) in a finer gr
The estim&tain@ni sfvalid only over (1KOiO% cc oentc eanlt.
As’Yof open watear simallowracénon of it iYbs a p
considerably, Il eading to under estimation of

Yfro® (s2hows that it iycrae®s easst wpt bal hgr easpga
FYI tYheeaqul d be | arger f°¥r od¥Y 1., Lda&'pjearrrd i Wiagd o n
obser Kedilky2ehil Aa)lt.hei r data an@bifiewsd 'YHae georl vdi
conditYbenhs86na&mMd AC) due t oattihoen tehfefrentatl oifn stuhle
"Yshowed a high posYi v&Ki tgrO0dal0gywgiecn edi that t
of hiQome MY I out bal ances that ofdYhQegtdertbcal st
Y i BDP. On t h¥ 6corftorrarFy,I and MRZ2I0O8BY wMlvblh ger et
FYI, se% Figure

6.3 FYland MY emissivities witf, gffom 1+

r the estimation ®bbsthe dddaiaket FYk aodl MY1 e
first for each pixel of an AMSR2 gridded
er mi nedSw&lit gpontihtehMTusi ng the(AMBRAef arddPEeE
7)b) Next, pixels whi cHOOB® & %e ¥ e rYtO® toavle ru n c

% are(éxndnsubn of the 90% total St C curve
FYIl pWYoO&!| W Y00 M (3la)
MYl pivoe!l s WYOO0 md (31lb )

The data s3H) ealtli ows by I(ot vari atpigan®e dpop he

signatures around the fixed tie poiOtegwa nidncl u
FYI with Wy yTlsenaAMSR2 tie points may ndt al w
100% SI C present in each swath dataset. The

uncor iYOmaegd have a negative FYI -bnt 8Milsm3IliO ecaor
interpolated to the acquisttiandtbembeofedat€hl
are accompramided | wiot with the AMSRR 6swat ht heqaB
36. 5 GHz channel s ar¥¥l cmilxab & tvaiddso haerkeY | d earnidv
2b. "Yed)at at 18 and 36 GHz are also collected
further anal yses (e.gdenftfbficaheont hda@er i ceE
f) Above steps are conducted for al/ AMSR2 s
col | eoat efdurftdaser Thorallyasndmask is here dil ated v
pixels in the dataset, al so the Baltic Sea
excl,udseede Fn gadaliQkiaonpflreosm a pitxeed iafr @esvaeamp kboen & s
over "YonéY)( I n case of FYI onhs amneslr agme eamclhy LAF
dat as etx cwairdee d , and WwaB2%MYILatrlygies fiegeceéi on pe
occurred -May.yl yn3AptWpofxeFs wel det . ¢ bd md i avlelt h
O The reqiob edmmhtsof di |l ters 00y st mikdwalyss e .
(thi ssdepente choi ce Tofe tthoeraN® fntusndbrepbesat $ pr

7766 a6 1f.o/r MY .
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The coltHataedn GYe sODbpmensity pl ot mndrit&mgIN
are showrOi iFoFi gWrle t her e a0t mywimgn dtaurges ,nelgiak
snow cover, Fiocwve deanyseirt y( Isaarognee v ol ume scatterir

smal ID'FF¥ |l gnatures dathlld rdedroesmerdt ilce. The pe;
close to the NT FYIl tie pddnpted nbduts Ifiogri tyiyyl st
than the NT tie poi ruts.MdThitsi el ipkoe Inyt sdhod&&0 ntohta tr
in this AMSR2 dataset.

Using the N7 days sliding time window, Qétsart.i
estimated for FYI and MYIl Qdver ptohentwhdlog ArYd
deriveéd this esmumativimswesitea ACoxt o i ncl udel dat

winter conditions and to exclude cases When ¢
' imit was used in the AMMRRybeaseadandhiShinmaei dg
t "¢€06 anY06 dat a Ndrevteme days period SIC histogr
are calculated; the bin centre i sY@boavn&dOowi t h
bins with the Mmasiampie s ummbe® §@mmlde so uli el oTnhgei n
maxi nsun bins are taken to represent FYI and
that the NT may give a biased SIC estimate fo
t P Aee¢e ctic FYlI and MYl pixels with close to 100%9
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PR18
FiguNol |l ected FMlatand oMYIt he statistical appa
NASA Team algorithm-Drdamgil tty glYot anwe Me&lc 2l c

The nurmbsearmpolfes f or HY83 vRabr5i2e.sa nfdr otniBeb.meRor | MY
t hesies tsita®e A,r0e@ .52 8nd, 4r85pectively. The numbe
function of time up to end of Feb 2018 foll ov
stays at rather constandtdl yevel MapnddbefYoéZewdem
AGC) seelFi gheenumber of samples for -MYl pethioaod

(OdNbv) , and then stays at a fixed | evel up t
decreases r aopi diHYWl itnheManyostF common 10% wi de S
centres at 95% and 100 %. For MYl the most com
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The ®aiiley pdientesdaddamat ed as pneeracne,ntmddealv adru es dm

Qdat a. It I's assumed that a small percentil e
i nfl uenceQ,i samddatlsh ucsd,m s e t o QtThhei st rpueer caevnetrialgee i
asmalolneoul d i nclude t &o smuntihx tauasee sofwhoepen wat

Simil ar approach waeoayredt bmatMe aa etrfadce sig
cal ledctR&fY (Y T7Y Y for studying cloud si
Antarctic sea ice.

Daily FYIQobasndesMYIimated as the 1D&atpaerwienhi h eN
window are shHdawnmB8(Qhs Famgerwist h 0. 0 1Q6brse saoth dlt 8 .0o7n
36. 5 GHz for FYI are quite close to the OSI

di fference is only 0.04, and the mean afMsol ut
show some temporal changeisnd&motmewiotf h t Hi¥é@ec kdma
bin assumed to represendMBYp wiht Maclkbse Th@O %8
Hpol ar Qpbataope mostly very close to each other
these ckaomélys 0. 02QatlT htehael a3 6 .y5 MGHz are cl ear |l
tie point emissivities, the average differenc
noticeabl e, omodv ernadg@®.l00.90 Gotrvietd rMeedv( 2@ @ B¢ r. ag e
winter time NYpl dehnkifsesrievnicteisesar(e very small at
36.5(@GHEA=x .0.Th4e) d@dd yhawd only small temporal v
2.5><105

ples

—_
(&)]
T

a

Number of e sam
—
T

05}

O 1 1 1 1 1 1 1
10117 1117 12117 01/18 02/18 03/18 04/18 05/18 06/18

Fi gddMdumber of apparent emissivilNy dampl elsi dio
wi ndow. Deadt ao vceorl Itehcet Ar ct 4c area shown in Figu
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Fi guXEstli mated daily Arctic MYl apparent emi s ¢
from Oct 2017 to May@R2@®@Bht e€lrh et iMagd hawereage MY
al so shown wsth straight | in

6.3.1 Reference emissivites anfl g§ad F2NJ GKS Ay GSNI aStazy

I n the abov@désnabyeidetdaiimynedNeaxt hi we Ndetday s
refefésce &anadsy ( for the winter season from L
are used in tYheQcascalat cahdailldayy edefasr ¢ hebut
ti me'YB&an®&0O0 bi ns as iuscahmprherse ar e NexWw,avail ab
calcul ated as’Ytwkbeme@mouwal u@ mWnQO0. 01 wide bir
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reference a(Yr )t eamiperaathurcehannelardeenrdi vfeodr tFhYel saa
Y has effepwelbihi ndpeand downwel | i™agnd® f fteha toiuvgen

di ffer ed'c "Yer wmhH¥irse approxiYymasee wigulti ons (2
(Wentz and MAadbsee®, ,[Aa&N¥ for the 18.7 and
channel sQ éoraf&lvery close to the OSI SAF e
only 0.01.

Tabl KReBBerence emissivities and sea 1ice c

effe
radi ometer datheawguiteedsdasongf.rom Dec 2017

Parameter| Ice type | 18.7V | 18.7H | 36.5V | 36.5H
Q FYI 096 | 0.89 | 094 | 0.89

Y 261 262 261 262

Y 250 252 251 251

Q MYI 090 | 0.82 | 0.7 0.74

Y

y

255 255 255 255
252 253 252 252

6.4 FYIl and MYI emissivities Witﬂ]_.iom the AMSR2 data

The 6s 30n (bKyi | ic etaml be aD4BOl) dn8ee d Withto h F@lr c
daiQdoy are again determimed using the data fro
met hod as above. Ho We we it 2hB(3Peclanu lgar teibadheadcnds it rh e
principle SIC have to be 100% for the equatio
the target in the SIC noise reduction it is a
For the whole Arctici Oc@daghweowr &€l avii iamréls &€ x g &
all oWiegt i mat YOO 1whOeYOG 10 0 %.

This study iIs conducted with t hFreorAMSYI2 pLilxRe Igsr
wi t3ha)( t hin i c(eagvaisn d@eiweadinyy for 0.5% of tF
t herenwasy @&y & siampl es wvefY)iomeedach swath dat

sampweerse rejectedY fTdhn skFyggdhaows dtyhast i Mm@ RAT wi t |
Y i s estinfdtanddftben t hé& sawmpriegper epercecent age

hi ghérFor82MYIl % mIfQ sth.ep|l es were on aver dhe re]j
tot al nusrebmep | eof f or FYIE5i @ RkaD wf. ®eamMYy 5.

The numbeQs ampfload (Il days window) in the most
varies ftmomodB47368d the mean is 1.42e4. For MYI
10958, r eope dtYilvealhye,. numbel20b& rissm moi #theaw igre r Md rh
in Feb and in'YApstwmbtk $bbBowg bett esr nion Maram
much within RoreskkotnonkEYils)and MYI t he most cCorl
with the bin centre at 80 %. I'Mdatha IWNds adgpeal
bel ow and right of t hes eFeYms ttiheatp oai na h a(nngoet fsrh
gr i ddceat a défafsea@atn on t he tNhTe SHIOC kens tdiamaat i hoans; mor

whilcihkreeldgltchee number of high SI C estimates.

Esti mated daiQoéys FRYle asrhdo wMMISQ6BI qaureeswit h 0. 01
Th@6s at 18.7 and 36.5 GHz for FYI are again
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6.4.1 Reference emissivitesanf ggad F2NJ GKS Ay GSNI aStazy

For M hteerm Yoot he tbéisori¥ndés were derived as in
results arQe Oisn aTaeblveer4d. cl ose to dhoser emcelaib
0. .A2ont i ceiabl €er encies tsoivallalpeb e B Bor FYI Heermd.9)Ki
devel'™vped esti mation using data “YororMYFYI ,anat

for thinl FM) (sThbe ewowpbain the rejecti@n of
sampQek) (i n 6Sedcti on

Tabl KRelerence emissivities and sea ice effec
radi ometer dattéheaovguitreed sceuwrsiomg f.ryYonrwmaBe cc a2 Cut
fromYdahatea using equdéatiold®wsg by Kilic et al
Ice type | 18.7V | 18.7H | 36.5V | 36.5H
Q FYI 097 | 0.90 | 0.92 | 0.87
Y 255 | 254 | 255 | 256
Y 252 | 253 | 252 | 253
Q MYI 0.91 | 0.83 | 0.80 | 0.75
% 251 | 254 | 252 | 252
% 252 | 253 | 252 | 252

6.4.2 Correlation betweeny|  ggndi+

Esti matviwint2g@® i s only wvalid for the Awctihc NN
100% SI C. Even a smal l fracti 6dsof aopved uwaher
pi xel ¥OailtOhD % &aYi@o/ dr00 % t he sea ice cofWcoiubudti
be estimated ‘WYfi st kemowpen hwaugh RTM model |l ing
pl audiukel et o at mos phdeirfifci cenfidtdeedtdsi ngndaccur at el y
emi ss(iowan yroughness due to wind). A practical
ocedni e points hererdvmri fotbseyi mave strong co

For FYI t he ¢ OY rad| abt&® 60/n5 H@Wawe edpu ithe8Y2 .at t hese
two frequencies are perfectly corUnefloartteudn aatse |t
scatter’Ybendtieenl ar ge, andy RMBDB(Pe tawedpm edi ct e

fro¥t hrough | inear regre¥%swveYicarsr e€ll.at iKo.n Hosr oM
RMSD for tHhreipr @ditciKedconcl uded (thhaastéYies$drnomat i
onfYyi s too imatcter at mosmheri c Yowi BlgBg{3(Pon,s aomd

valid for FYI vard oMd¥l twi t110 084d. C
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7 Effect of New Sea Icentissivities andEffective Temperatures the
1| | Atmospheric @rrection

I n thahewspher i Q6,Yovg.ectheinr refYerfeamrceFYlal ae
MYl are combinedi 66 pammmat pr xeébas:

w —w —®» (372

Botth an® are calculated with these coé¥mbi.nddh p
BRYO6an®O6 with the NT algorithm ar e ,c obnustt rtah a
sum can be over VOO0 %usdtdei hot H¥E &hR@c (ilsatdloso
constrained from 0% to 100 %. Operewdt €r pfair latr
WheNMO6s very small, below 30%, th®ing pid¥®@imenter
values are also observed over predominantly
represent FYlreswinbhhissggnat uM¥bE due t o ctehilak esn
the ice surfaclkowde&kba R Y0ban & @tare | i kely nc
accurate duepetiandtefdef ofritxuendat el y, tdédeNTi akdoti el
not always yield good SIC esti'M@dies,t cca gl.ow n(
be very c¢l| dd @an@x%)ow exampl empo®3a6nd mahzs M or t
"Y calcul aYimaps Thha&ve spat i™IYO¥an¥Q@otc hoansg edsu,e bt
Q maps 0NnYPO af nfsod .
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Figuh e Ah example of sea ice effé&cttiermt™mpelhe
at mospheric correction. "YNdhtas threatn'yY af\pepr | @Yle nan
MYl was calzZz IMatt doce wwietth a( ., 2009)
The effect Ndéoafnitdhxe, naemwd their winter s’éason
at mospheric correction i s i nvestSTddat e by c
Y Y over three test sites nortdh dSsRgudne Ca

The size of the test sites3Yi(sd=dbe fbayu I31t¥5)w pdi elneol t s
t he -4®®let hod)Y waintdh t he new par asaen@®il Pazrad | owanlsc u ITe
only when a swath dataset covers fully a test
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Fi gu&fPenrAMSR2 36 .-polGHrziYEamaitdhn dat aset after at mo
newea i ce emiYsé®B.vartkcetsanagnide areas are used in
formul atiYan snoisphteheéc correRitx®Iin @ainde Sl 2tkm
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7.1 FYIand MYI emissivities witf gfifom 7+

Fi gwsd oW andyY at t he 3®Hal5 &GHE tHheir di fference
the test siteéeéednatsheesitgdhihdedalpdailm tReiygpugeear! 1 vy
(up5K)o taivgn and it I's also has much | arger te
from thoes r¥enslef i ni ti ons, and 3tYheiTrher eefoarwdersdd ow
t he s aMea nigiy . Me&nhalsi gh |l aetor deae, wiOt. 8 tYheamk anmnhe
tempor al variations mate¥ isachai ot lyerdetd@iwdns ne
Y . The -wihQ@é&snema@s an¥ are close,te. ghachHzo B b
H-p o | t he max dRfam@r e nacre O '¥WwaaadyY f or tshiet ead st
all threcehdanmnCelisnparte 2 83fivoiwsr ti me Fli g es tp ofl o,r atnhde

the smallest f{pofFo¥Fhreol8l eaGHEZEr ¥quenc.p'Ydceapne nd e
bemegati ve “Y(icsorlraercgteerd t"¥)aens ptehdeinadalaoyigd n@adsivdii s i on
al ways Pptodsitifioore.t he test site 1 shows3Ymoraendt e
it is always |l arger (not shownyY.(omM@hi ghds due
(Q )whi crhoti spr®¥.ent in

For the other two test 3Yiatnaedy¥ agiemiolbasre rbveelda v iTchwe
bet wé¥an®i s the Bi.ghegHzl @/t {66 @onB00 &8 d etshie altowvB 6
GHz-plal , .f&t om0 08

| n sumivawiytth t he newQoRYI¥nas dh MY Imuyckhacgét yabso
val ue t h-ab88¥Y heam@iSdias | arger t e'Mpnoaryalalvsaor ibaet i o
(i . e. corr é¥t, i ebruitisn carl eveasyessy gosireictse. only for
vapouY aad are dedweyl ;are cal culYvatadld kferwo @ et had s
and are équahe newcltédéfmemedti ane di fferent, and
i AY i s i n prin®@i @lese Qobderarnegcet erde.l at ed2 t ®o rwi end teed
However, it is po¥sarmhd e ftrhévbabkbasi maoi akregé i n

Fi guBeThte m&acnor recti &t t'er m8y () at t he 36.5

Hpol arfpati gkt mostFitgelBaa Ist ulea ti end-4 udet thh ot dh ea nQdS | v
new definitions ofY 6gaandetlkemi ssief éeé¢iescandal
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