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Abstract  

A11eWSeaiceclassifyingalgorithmhasbeendeveloped．basedonaircraftmeasurementsofthe  
iceinLakeSaromaandintheSeaofOkhotskbyu＄ingaNÅSDA－developedAirborneMicrowave  
Radiometer（AMR）．Thisalgorithmusesaparameterrelatedtothe89山GHzchanneloftheAMR，  
whichhasthefillerreSOlution．than theotherchannels．Thishighspatialresolutionalgorithm was  
appliedtotheSpecialSensorMicTOWaVe／王mager（SSM／王）data，Whichhasan85－GHzchannelforhigh  
spatはIresolution（12．5×12．5km2），and was calit汀atedby comparing witb NOÅÅÅVHRR and  
ADEOSAVNIRvisibleandnearinfrareddata．Thespatialresolu†ionoficemapsderivedfromthis  
algorithmis4timesgreaterperpixelthanthatoftheNASAteamalgorithm，Whichusesonlylow  
spatialresolution（25×25km2）channel＄，19，22and37－GHz．Ftlrthermorethefalse＄eaicesignals  
shownaroundthecoastandmargiTlalieezonearedeereasedforallscasonsbyusitlgthisalgorithm・  
Thisalgorjthmalsoattemptstoelassifyseaicetypesintofastice，firstyearice・yOungieeaI－dn  
icebyusingthedifferencebetweenthedieiectricpropertiesof85岬GHz；量nd37－GHzchanneison  
differelltSeaieetypeswith thethickness．  

ice obseT・Vation、Called the SeaIce Observation Pro－  
gramintheSeaofOkhotsk（SIPSO）．wascarriedout  
usir唱an airborne passive microwave multi－Channel  
radiometer over Lake Saroma andthe easterncoast  
OfHokkaido，ThisreportshowstheresultsofdevelopN  
mentofanewalgorithmbasedontheSIPSOexperi・  
ment and applying the new algorithm to the DMSP  
SSM／IdataoverthewholeSeaofOkhotsk．   

ム之ぷ犯ね甘柁馳頭＝御感喝  
Although algorithms calculatingice concentra－  

tion．such as the NASA team（Cavalieri（（a［‥1991）  
algorithm and the Goddard Space Flight Center  
（GSFC）Bootstrapalgorithnl（Comisoeta［．，1992）．are  
very usefultooIsillareaS SuCh as the Arctie and  
Antarctic，ObservationofseaiceintheSeaofOkhotsk  
invoIvessometechnicalproblems．Theproblemsorigi・  
natefromfalseseaicesigllalsthatcomefr（）matmOI  
Sphericeffectswhichturnupatlowlatitudes．and a   

1．lntroduction  

J．J．5iてJJ化，わi〃れ15（W〆（光毎／洩  
TheseaiceintheSeaofOkhotsk，Whichisoneof  

theiowestlatitudeicepackareasontheglobe，COn・  
sists entirel〉－Of first yeariぐe．Observations by the  
SSM／Ⅰ，thatis part of an operationalUnited States  
Defense MeteorologicalSate11ite Program（DMSP）  
alld have beelleOntinuillg Since1987．have shown  
fluctuationsofeoneentrationandextentofice（Nishio  
andCho．1996；Enomoto．1996），andrapiddecreaseof  
ice extent，in the Sea of Okhotsk since1989（Tか  
chibanaL－tL7／‥1996）．Ilowever．inordertoestimatethe  
effectofglobalwarmingonseaice．not onlyseaice  
extentandconcentrationbutalsoicethicknessshould  
beanalyzed becauseice concentration might vary  
greatlyduetotheeffectofwind，nOtOniythethermal  
ef毎ct．   
Inthewinterof1996、a fieldexperiment forsea  
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coastal／landeffectthatcontaminatesthedatadueto  
thehighrat主00flandsurroundingthesea（Choetal．，  
1996）．  

Cavalieri（1994）presented a tecbniqlユe for map－  
pingtbedistributio‡10fnew，yOtingandfirsトyearice  
inthe BeringSea from SSM／IT ThistechniquelユSed  
the polarization ratio（PR），Whichis sen＄itive to  
Changesinicethickness andicesurfacecharacteris－  
tics，Of19MGIiz and37－GHz channelsto clas＄ifyice  
types．PRvarieswithicethicknessfromaboutO．3for  
OpenWatCr，tOaboutO．15fornewice，tOO．08foryoung  
iceandtoO．03forthickfirstLyearice．Althoughthis  
techniquehassoivedtheproblem，withthiniceslgnals  
regardedasmulti－yeariceintheseasonaliceareas，  
也ist∝bniquestiilinvoives払eproblemsoflowreso－  
iⅥtionintbelocalareaandconfusionofconce‡沈ration  
inthemixedicetypesarea．  
The85－GHzchannelsofSSM／Ihavearesolution  

Of12．5km，tWicetheresolutionoftheotherchannels．  
However，theseaicealgorithmsbasedontheDMSP  
SSM／Ⅰ，the19，22and37－GHz，have been used for  
CalculatinglCeCOnCentration．  

Seaiceclassificationexperimentsthathavebeen  
donebyairbornesensorsandinlaboratorieshavealso  
usedthehigherfrequencychannels（Troyeial．，1981；  
Eppまerど才α乙，1992；1野ensnaban g≠α£，1993）．Tbese  
experimentshavesboⅥl払atdistinctionoficetypes  
by co‡nもining h短ber freqtlenCy CIian‡1eis wi汰tbe  
Otherchannelsispossible．   

2．Studyareaand method   

2．了．7セs才ぶ言お  
TheSeaofOkhotskusedtofreezeupto80％of  

totalareauntilthe1980s，inthe1990stheseaicearea  
hasoccupiedonlybelow60％ofthearea（Nishioand  
Cbo，1996，Tachibana g≠βg．，1996）．Lake Saroma，  
SbowninFig，1，isasaltlagoonconnectingtotheSea  
OfOkbotsk bytwo‡nOutbs andbas an area of150．  
4km2．TbislagoonたeezesupinⅥrillter；tbusseveral  
Seaice cxperiments have been carried outin this  
lagoon．   

ニュー・レ汀叩け〃れ－（げJ…、JI汀JJか  
Obser・Vations，uSing a NASDA－developed Air・  

borne Microwave Radiorneter（AMR）mounted on a  
Beachcrafト200（B－200），WereCarriedoutwithground  
measurementsinLakeSaromaandthewesterncoast  
Of Hokkaido on払e17也ofFebruary，1996．Anair－  
もorneinたaredradiometerwas also used orltbe15也   

Fig．1．LocationoftheSeaofOkbotskandLakeSaro‡na．  

aIld the16th o［Februar）▼．The AMR hこ1S tミ亡haTITle）s  
（Tablel），eaCb ofwbichbasverticalandborizontal  
poiarizatiorl．ThisinstrtlmentWaSdevelopedforthe  
grotlnd experiment related to the Advanced Micro－  
WaVeScanningRadiometer（AMSR）ontheADEOSlI  
Satellite，Whichwillbelaunchedin2000．  

Tablel．ThechannelsofSSM／Ⅰ，AMRandAMSR   

Inthisstudy，theVTRimagesweretakenfromB  
200andusedforthetruthdistributiondataoftheice  
Surfacecondition＄，becausetheiceinthenorthwestern  
partofLake Saromawasso thinthatitwasimpo＄－  
Sibletoobtainthegroundtruthdataoverthewhole  
lake．ThedriftingseaiceintheSeaofOkhotskisalso  
ObservedbyusedtheVTR．FromtheVTRimagesthe  
ice thickness distributionis assumed by watching  
Sl汀ねcecolor，Size，SnOWCOVera11dedgeridging．   
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3．Results  

InLakeSaromatbeicethicknessdistribl慮io‡lWaS  
differelltbetveen t王Ie nOrtbwestern and so11払eastern  
parts．VTRimagesshowbarethiniceinthenorthT  
WeSt，becomingthickerandcoveredbymuchsnowin  
thesoutheast．Inthesoutheast，themeanicethickness  
andthemeansnowcoverwereobservedtobeapprox－  
imately30cmandlOcm，reSpeCtive王y．  

Thegeneralweatheroutlookwastbatairtemper－  
atureincreasedtonearlyOやCduringthellthandthe  
15thofFebruary，anddecreasedrapidlyto－18DC on  
the16thofFebruary．Sothereshouldhavebeen re  
Lfreezingontheicesurfaceinthisperiod．Onthe17th  

OfFebruary，the AMR observation wascarried out．  
Theairtemperatureremainedbelow－100Cthrough－  
Outtheday，heneethesnowcanberegardedasdry  
SnOW】Tilereforetbevariationofbrigbtnesstempera－  
turederivedfromthisexperimentwasrelatedonlyto  
thevariationofice becausetheeffectofsnowcover  
WaS COnStant，  

3．プ．滋おどぶな搾αな  
Figure2sI10WS払e distributions of brightness  

temperature，（a）fromsoutheasttonorthwest（PATH  
ml）and（b）fromlandtoocean（PATHL2），reCeivedby  
eachchanneloftheAMRandtheinfraredradiometer．  
Thespike1ikenoisesseenoneachhorizontalpolar－  
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（わ拭rH－1  （b）P〟ロト：  

Fig．2，DistributionsofthebrightnesstemperattlreOneaChchannelsoftheAMR（Ⅴ  
州pOl：SOlidline，H一－pOl，：dashedline）onthe17thofFebruary1996andinfrared  
thermometerdata．   
（a）PATH－1（SE－NW），icesurfacetemperaturedataweretakenonthe15thof  
February，   
（b）PAT‡i2げrom】andtoocean），iceslまrfaceモemperatureく】ataweretakenontbe   
16tbofFet〉mary．   
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呈zedcilannelareassumedtobecalユSedbyinter毎rence  
たomtbeelectric vaves．   

Itcanbe seenin the Fig．2that the horizontal  
polarization data showslarge fluctuation andit  
increases with high frequency；and the difference  
between polarized channels decreases at higher fre－  
quency．Thebrightnesstemperature（TB）oftheverti－  
Callypolarized89－GHzchannelvariesgreatlyonice  
andvariesslightIyontheopenwater．  

Figure2（a）indicatesthatthedistributionofthe89  
MGIまzchannelsignaivarieswithicethicknessandice  
surface．frt〕mこIbout封O K on s11し）＼＼▼CL）Vered thiく二l（i（二e  
toat〉Out278Konbaretbinice．Tbesignaiof89－GHz  
Channelsreflecttheicesurfacetemperaturebeca  
the variations are similar to those in the infrared 
radiometerdata．Inotherwords，the89－GHzchannel  
is more sensitive，eVen On COntinuousice，than the  
Otherchannels；thisisassumedtoreflectoficethick－  
ness andsurface differences．  

Figure2（b）shows significantdecreaseofTB On  
OpenWater，butontheverticallypolarized89－GHzthe  
Variationissosmallthatitisdifficulttodistingtlish  
血eopenlⅣaterSignal．   

ユニ1ないタ油川たl・J′∫玩gざ∫トG比  
Thisstudyusestheratiobetweenthevertically  

polarized37－GHz（37V）andthevertica11ypolarized89  
MGHz（89V）of the AMR，designated R37V／8，V．The  
R37V／8。Vis used to obtainhigher spatialresolution  
abilityandtodiscriminateamongicetypesaccording  
to thickness．  

The R37Vf89V reflects the different radiometric  

（a）  

properties between37V and89V and expresses tbe  
differenceoficethicknessinthepackedicearea，With  
COnCentrationoflOO％．SoⅥ鶴en也eR3アⅤ′S帥islowin  
the packedice area，the temperature oficein the  
upperlayerisassumedtobelow，mean1ngthattheice  
isthick，andviceversa．Ontheotherhand，although  
89Visnotabletodifferentiateopenwatera＄itindi－  
Catealmostsamebrightnesstemperatureasanice，the  
R，7V／89V Can Clearly discriminate the open water by  
tlSing37V，Whichissensitivetothedifferentdielectric  
constaIltbetveentheiceand water．Tbisdiffere‡lCe  
between37V and89V on open waterislargertban  
usingtbatol）tained37Voranothersinglecぬannel，SO  
thattheR37Vj89Vissuperiortofindopenwater．  

Figure3showstheresultsforthearea coveredby  
newice，yOungiceandfloe，Offtheeasterncoast of  
Hokkaido．Fig．3（a）usesthe NASA team algorithm  
（Cavalieri，1991），Fig．3（b）usesR。7V／89VinsteadofGR  
（spectralgradientratio）．  
PRandGRaregivenby  

PR＝（TB19V－TB19月）／（TB王9V＋TBユ9H） （1）  

GRニ（TB3アマ－TB19Y）プくTち37V十TB19V） （2）   

PRisnotonlyagoodwateriicediscriminator，butis  
alsolargelyindependentofthephysicaltemperature  
Oftheradiatingmediumsinceitwastheratioofthe  
observedradiance．GRisdefinedasadiscriminatorof  
icetypebyusingthedifferencesofslopesbetweenthe  
brightnesstemperaturesat37－GHzand19…GHz．Asa  
result，PRgivesiceconcentrationpredominantly，GR  
gives the fraction of twoice types，Which are first   

（b）  
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0  0、1  0．2  0＿3  0、4  
PR【（柑∨一18H）／（柑∨＋18H）】  

Fig．3．‡ce signaidistdb11如n，ねkenく）n tbe  
Okbotsk．  

0  0．1  0．2  0、3  0．4  
PR【（18V－18H）／（18V＋18H）］   

17th of February1996in tbe Sea of  

（a）TheNASAteamAlgorithm（PR－GRplane），  
（b）PR－Rs7V畑。Vplane．   
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－yearice and multトyeariceinthe Ar－Ctic．In the  
Antarctic，they consist of first－yearice and heavy  
snowcoveredice（Cavalieriet alリ1984；Markusand  
Cavaiieri，1998〉．TbeNASÅモeamalgoritbmintbeP定  
GR plane is represented by a curvitinear triangle 
Whoseverticesaredefinedby’tiepoints’，Whichcon－  
Sist of the brightness temperature values for open  
water，firsトyeariceandmuitiryeariceintheArctic  
（Cavalieri，1991）．  

Tbe results s壬10W tbatitisilal‾d to disぬguisb  
youngicefromfioesbyusingtheNASAteamalgor－  
ithm（Fig．3（a））．On the other hand，When R37V′8，Vis  
usedinstead ofGR，discriminationbetweenice floes  
andyoungicecanbedonebytlSingtheR37V′8，V＝1．00  
iine（Fig．3（b））．Yo11ngiceandTleW王yformedicecanbe  
dividedt）yR37V～89V＝0．92andnewiceandopenwater  
CanbedividedbyR37V′紺Ⅴ＝0．86．Thenewice，yOung  
iceandfloeshavethicknesslessthanlOcm，10～30cm  
and more than30cm，reSPeCtively．This algorithm  
using the parameter R37Vi8。Vis named the S／KIT  
（SIPSO／Kita汀IiIllStiとuteofTechnology）algorithm－   

3．3．Aメ妙g才c（Zまわ報わSS胴／J（おぉ  
TheS／KITalgorithmwasappliedtotheSSM／I  

datain areas where the NASA team algorithm  
Showedice concentrations of more than 80％ and  
tboseimagesarecomparedwit壬itbevisibleandnear  
－infrareddataofAVHRRon N‘0ÅÅ．Byusl王唱the  
NASA血teamalgorithm，Whichhasanabilitytodistin・  
guishthinice（Cavalieri，］994），iceconcentration（C）is  
CalculatedasasumofcorlCentration（CA）oficetypeA  
（舅rsトyearice）a‡1dco11Ce‡ltration（CB）ofice type B  
（払iniceirltermSOぎ汰eSeaofOkhotsk），andisgiven  
by  

CA】＝（ao＋alPR十a2GR＋a3PR・GR）／a。＋alD，（3）  

Cかニ（b。＋blPR十b2GR＋も3PR・GR）／D，   （4）  

Table2・ThetiepolntValuesoftheNASAteamalgor・   
ithmfortheSeaofOkhotsk（Enomoto，1996）   
Coefficients  

GR’＝（T£22VWTBiウマ）／（TB22V＋T蓋ユ9V）   （7）．   

Insuchcase，theconcentrationissubstitutedforO％．  
Theverticallypo】arized22－GHz（22V）channelisused  
tomeasureatmosphericeffectsbecausethischannelis  
locatedinanabsorptionbandoftheatmosphere．  

Figtlre4showsarleXampieofaseaicemapwbich  
usestbe SプKITaigoritbm（Fig．4（c））a‡idthecorlCen¶  
trationmapusesthemodifiedNASAteamaigorithm  
（theMNTalgorithm）（Fig．4（b））andNOAAAVHRR  
image（Fig．4（a））onthe30thofMarch1996，TheMNT  
algorithmindicatestheconcentratedicearea（＞80％  
Oficeco！1Centratio王1）witbwhite．Tbeiowerconcenとra－  
tion areas areまndicated vith a bllユe gradation，but  
their coverageis small．The S／KIT algorithm was  
appliedonlyinthcconcentratediceareacalculatedby  
usingtheMNTalgorithm．Theiceclassificationsare  
mappedin false colors（purpie＝floe；yeuOW＝yOung  
ice；biue＝lowcoilCelltrati〔〉narea）、‡fadisti王1Ctd主ffer－  
ence between theice map and AVHRRimagesis  
found，then the threshold values of these areas are  
Calibrated．Fastice，Whichlookslikeasmoothsurface  
andisabrighterwhitethanfloes，arOundtheestuary  
OftbeAmur River，iscoloredred．NeⅥ7iceisdis症Ⅳ  
guished irom young ice by using the parameter 
R19H／85V．Thisparameterusesthehorizontaipoiarized  
19¶GHz（19H）tofindtheflatthinice，Whichshowsa  
relativelylowbrightnesstemperatureonthischannel  
because newice such as nilas has a smooth surface．  
Newiceiscoioredgreerl．S】1irasakiggα乙（1998）obser－  
Ved a tiiinice area alor喝Sakbalin王sland usingtbe  
ADEOSAVNIRdata．Youngice，fioesandlowcon－  
CCntrationice signals of the S／KIT algorithm are  
CheckedaroundtheTerpeniyaPeninsulaonSakhalin  
王slandusingtheirresultsasshowninFig．5＿  

Tbe tbreshold vaまues of tbe S／KIT algoritbm，  
wbicilare Calibrated for the data taken：行om 軌e  
SSM／IintheSeaofOkhotskiss11mmarizedinTablc  
3．Inthemorethan80％iceconcentrationareaeach  
gridpointvalueiscalculatedfromacombinationof  
differentresolutiorlChannelswith25×25km2and㍑．  
5×12．5 km2．Tbe higb spatialresolution channeま   

（5）  CニニCA＋CB   

where  

D：ニC。十CIPR＋c2GR＋c3PR・GR．   （6）   

TileCOefficientsa言，bf，Cど（g＝0，1，2，3）oftbe N■ÅSÅ  
teamAlgorithmweremodifiedforuseintheSeaof  
OkhotskassuggestedbyEnomoto（1996），aSShownin  
Table2．Theweatherfilterforthe Sea ofOkhotsk，  
SuggeStedbyChoetal．（1996），isusedifGR＞0．05and  
GR’＞0．03，WhereGR’isgivenby  
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伽■b l■■b鵬   ■＝  托■－  rl■  ；蓼■ 訪  

¶虫■  b   

椚g．4．Sa鹿11iteImag飴On也e30也ofMarcb1996．   
（a）NOAAAVHRRcompositeimage（Ch．1，Ch．2andCh．4），   
恥）SeaiceconcentrationmapbytheNASAteamalgorithm，   
（c）SeaiceconcentrationandclassifiedmapbytheS／Krralgorithm．  

ト
 
 

Fig．5．Sate11iteimagesoftheTerpeniyaPeninsulainSakhalinIdandonthe7thof  
February1997．   
（a）ADEOSAVNIR，0））SeaiceconcentrationandclassifiedmapbytheS／mT  
algori也mTkredsqua代COrr拐pOndstoF短．5（a）．   
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Table3．Thresholdvaluesof85and37GHzRatioforfourice  
types，lowerconcentrationareathan80％andopenwater．  冊
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Dateロ99即1／1－1釘20】  

Fig．6．SeaiceextentintheSeaofOkhotskonthelstof  
January and 30th of December1996．The solidline  
sboⅥrStheS／Krralgoritbmandtbedasbed】inesbow＄  
払e王ⅥOd呈fiedtbeNASÅteama呈gori洩m．くunit：number  
ofpixels．1pixei：12．5×12．5km2ラ  

the MNT algorithm．Evenin December and May，  
therearefalseslgnalsduetothelandcontamination．  
TheS／KIT algorithmre血cesthosefalsesignalsby  
applyingtbebigberspa貞airesoltltioncbannel，Wもiie  
COnfirming theice signalinthe pixels ofthelower  
Spatialresolution channel（i．e．37－GHz）along the  
COaSt andice edge．Althoughthere seems to be a  
SeaSOnalvariationinthelandeffect，itsreasonhasnot  
b襟nCOnfirmed．CorlSequentlytbelargeiandeだectin  
theea正ywinterⅥraSreducedbyapplyingtilealgoritb－  
mofthisstudy．   

4．Concludingremarks  

This stud）▼discussed tllぐP（lSSibilit）T Of theinl－  
proved seaice algorithmbased on the field experi－  
mentsin Hokkaido，and comparisons with NOAA  
AVHRR and ADEOS AVNIRimages．The higher  
frequency channels of850r89山Gliz areusefulfor  
detectingicetypeandalsoimprovlngthehigherspa－  
tialresolut主on and fever faiseice signais tban払e  
MNTalgorithm．TheAMSR boardon ÅDEOSj‡，  
whichwillbelaunchedbyNASDAin2000，isexpected  
toofferahighe卜reSOlutionviewoftheice，Sincethe  
89－GHzchannelsofAMSRhave5kmspatialresolu・  
tion，  
TheS／Krralgoritbmstilibaslowspatialresolu－  

tionandfaiseiceslgnalsinthelowericeconcentra・  
tion area，because this area depends on only the  
NASAteamalgorithmincalculatingtheiceconcen・  
tration，Thereforeitisnecessarytodevelopanalgor－  
itbmcalclユ1atinglCeCOnCentratiorluSingtbe890r85  
wGHzchannel．Ånalysisoftheeffectofsnowcoveron   

variesgreatlywiththeicctypeinthepackedicearea，  
hencegridpointvalueschangepredominatclyonthis  
Channelandthenhave12．5×12．5km2resoIvabiiity，  

．了．・J．tl1：（J〃汀7・（川【／／（川rブ硝、l、／   
Itisnecessarytoremovethecontaminationinthe  

icesignals originatingfrom the atmosphere andthe  
landintheSeaofOkhotsk．Thecontaminationinthe  
microwave seaice signalis due to water vapor，  
Clotlds，rair血1landsnoⅦfall．T主Ielandeffectcausesa  
faiseice signaldue to the side－lobe of an antenna  
patternwhenafieldofviewincludesland．Theland  
effectis serious for observing the coastalseaice  
distribution．Althoughitis possible to remove the  
COnta‡ninationfromtbeatmosp壬Ierebyu＄1ngWeather  
filters，itisimpossibletoseparatetheiandcorltamina－  
tionfromtheicesignalbymerelyanalgorithm，dueto  
thisproblemwithantennapropertyandspatialresolu・  
tion．However，itis possible to decrease the area  
affected byland noise byincreasing the resolution．  
Tbisstudyusestbewea魚erfiltersuggestedbyComis－  
0（1994）butvitbaslightly王owervalueinthefollow－  
ingthresholdinEq．（8）．Theconcentrationissettobe  
O％when  

TB22V－TBl。Ⅴ＞12．  （8）   

Significantimprovement vas obta主ned by reducing  
thelandcontamination．Fig．6comparestheseasonal  
iceextentestimatedbytheMNTalgorithmandthe  
S／KITalgorithmfortheSeaofOkhotskduringJanu・  
ary and December1996．Since thereis no seaice  
betveenJuneaIldtbebeginningofNovember，払usice  
signalsinthisperiodarefalse．Tbefal詑iceslgnalsof  
the MNT aigorithmin summer reachlO％of the  
meaniceextentofwinter；Ontheotherhand，the S／  
KIT algorithm showsless than3％．Especiallyin  
SummerintheSeaofOkhotsk，theS／KITalgorithm  
baslessfaiseice，Withtbemeanvalue60％iowerand  
Withぬemaxim㍑mValue80％lowerね1sesignalstban  
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