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Wind－drivencircu】ationintheOkhotskSeaissttldiedbyuseofabarotropICnumericalmodel．The  

mon削ymeanwhdstressovertheperiodof196ト1975providedbyKutsuwadaandSakurail〉isused・It  

isshownthataprominent80WintheOkhotskSeaiscol血edtothes10Pereg10narOundthedeepKuri1  

Basinbythebottomtopographiceffect．1tisalsopointedoutthatthewind・drivencirculationisveryweak  

insummer，butstronglnwinter．whichsuggeststhatthewind－drivencirculationdominateshwinter，While  

thecirculationisduetoin・andou頭owinsummer．Toseethee鮎ctoficecoverinwinter，amOdelwith  

thewindstressonlyimposedovertheopenseareg10nisexamined．Thismodelshowsthatalthoughthe  
鮎wisweakinthenorthemmarginalreglOn，theremarkablewind－drivencirculationisfわmedinmostof  

thebasinbytheprop㌘gationoftheRossbywave．  

Kcywords：numericalmodel，W血d・drivencirculation，theOkhotskSea  

1．Introduction  

TheOkhotskSeaisamarglrlalSeainthenorthPaci鮎．Themajorfeatureofthecurrentsysteminthe  

OkhotskSeaisthein－andoutflowoftheOyashioandtheSoyaWarmCurrent；theOyashioaowsintothe  

Okhotsk Sea through the Onnekotan and Mushiru Straitsin the KurilIslands and aows out through the  

sotlthwesternstraitsintheKurilIslands2）（cf．Fig．1（a））．TheSoyaWarmCurrententersthroughttheSoya  

StraitandflowsoutthroughtheKunashiriStrait・Sofar，therehavebeenmanyreport苧OntheSoyaWarm  

Cu汀ent．3）・4）・5）  

However，theobservationalstudyonthegeneralcirculationintheOkhotskSeahasnotbeencarriedout  

weu．Aぬwobservationalevidencesaredescribed．6）・7）BecausetheOkhotskSeaisrathershauow，thetidal  

currentmaybeprominentinthecurrentsystem・8）AnothercharacteristicfeatureoftheOkotskSeaisasurface  

かeezinginwinter．Theopensea（ice－freeregion）isfbundinsoutheatemregionoftheKamchatkaPen．So，  

thesur払cefreezingisconsideredtoglVeSeriousinnuencesonthewind．drivencirculationintheOkhotskSea．   

Inthepresentstudy，thewind－drivencirulationintheOkhotskSeaisexaminedastheinitialphaseofthis  

studybyusingabarotropicmodelandhistoricalwind＄treSSdata・1）EspeciaⅡy，Weinvestigatethecharacteris－  

tics ofthein－and outaow ofthe Oyashio through the KudlIslands and ofthe Soya Warm Ctlrrent，the  

topographice鮎ctoftheKurilBasinandtheseasonalchangeinthewind－drivencirculationintheOkhotskSea．  
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2．ThehIodel  

TheschematicviewofthemodeloceanisshowninFig．1（b）．CoastaltopograpgyissimpliRedsothatonly  

themainfeaturesaremodeled．Toseethespecifede鮎ctofthebottomtopography，tWOmOdelswithdiだerent  

bottomtopographiesareperformed（see，Fig．2）．TheorthogonalcoordinatesaretakenasinFigs．1（b）and2．  

WOKiChlOO 
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1400E  

Fig．1．（a）MapoftheOkhotskSeaand（b）topviewofthemodelocean，inwhichanopensearegion  

assu111CdintllePreSentStudyisstippled．  

Fig．2．Twocasesofthetopviewofthemodelocean，（a）a鮎tbottommodelwithadepthoflOOOmand  

（b）asimpli員edbottommodeL   
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Theanglebetweenxaxis（3，aXis）andeastward（northward）is450．Thebasicequationsunderhydrostatic，the  

伽Ianeandr癌dlidapproximationsareasfouows9）：  

＋ 惣佃g（意），  
意意十晋欄＋桝′（意＋昔）＝A′－∇  （1）   

where  

∂L， ∂〃  Z＝－ 
首す・  

1∂¢   “＝－γ＝  
甘甘  

Thenotationsusedintheaboveequationshavethefolowingmeanings：  

f  ：time（sec）   

u，y：horizontalcomponentofthevelocityinthex－andy－directions（cmsec－1）  

h ：depthoftheocean（cm）   

z  ：relativevorticity（sec‾1）   

¢ ：VOlume亡raれSpOrt餌nction（Cm3sec‾1）   

f ：CodolisparameterU＝鬼＋Ax十触ふ＝9．91×10‾5sec‾1）（sec‾1）   
＆，P，：COnStantChangerateoftheCoriolisparameter（晶＝β，＝1・41×10‾13cm‾1sec‾1）   

r ：windstressvector（dyncm～2）  

V2：Laplacianoperatorforthehorizontaldirection   

Ah：COnStantCOe触ientofhorizontaleddyviscosity（cm2sec‾1）  

Fig．8・Initialcoflditionofthevolumetransportfunction．ContourintenTalisO．5Sv（1  

Sv＝1012cm3sec‾1）  
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Theequations（1）and（2ト（3）aresoIvednumericauywiththegridresolutionof41・87km・Aleapftog  

schemeisbasicauyusedinthe触iteformofthelocalchangeandadditiona重yanEulerbackwardschemelO）at  

every20timestepisemployedtosuppressthegrowthofcomputationalmodes・ViscouslateraIboundariesare  

setup．onthebasisofthegrossfeatureoftheobservationalevidences3），tWOin－andoutaowsof5Sv（1Sv＝  

1012cm3sec‾1）correspongingtotheOyashioandl．5SvtotheSoyaWamCtlrrentisgivenattheboundary  

（See，Fig．1（b））．TheinitialconditionofthevolumetransportfunctionisshowninFig・3・   

Inordertoseethespeci負edrolesofbottomtopographyandwindstress，nineteenrunswithdifferentmodel  

Characteristicsareperformed（seeTable）一Inthe鮎stphase（Runsト4），thedependenceonthehorizontal  

eddyciscosityischeckedbyuseofa鮎tbottomrnodelshowninFig2（a）．Nowindstressisimposedinthese  

runsandcharacterofthecirculationinducedbythein－andoutaowisexamined．Inthesecondphase（Runs5－  

9），aSeaSOnauyaVeragedconstantwindstressisimposed．Inparticular，thee鮎ctofthesur払ce負・eeZing払  

winterisexaminedinRun9，byimposingthewlngStreSSOnlyovertheopenseashownbythestippledareain  

Fig．1（b）．Althoughthereexistsomee鮎ctsofthewindstressdependingontheconditionoftheseaice，these  

parametedzationsarele氏outthefuturestudy．Inthethirdpha§e，runSSimぬrtothesecondphasebutforthe  

Simpli鮎dbottorntopography（Fig．2（b））aretried．Theserunsareemployedtoseetheeffectofbottomonthe  

circulationinthe OkhotskSea．  

Table Windstress，bottomtopographyandcoe琉cientofofhorizontaleddyviscosityfortheexper血ents．  

Blankindicatesnochange良・OmRunl．  
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Thesteadyin－andoutaowisgivenal1thepreviousrtlnS，however，thereisaseasonalvariationofthein－and  

outaow of the Okhotsk Sea．Unfbrtunately，few observationaldata are available except for surrmer．  

Therefore，inthelastphase，theobservedin－andoutaowinsummerisgivenattheboundaryandfourdifferent  

models（Runs16－19）areexamined：tWOnOwindcaseswithadifferentbottomtopography（Runs16and17）and  

theothertwocaseswiththesummerwindstress（Runs18and19）areperfbrmed．  

3．Wind stress data   

ThewindstressusedinthepresentstudyisshowninFig．4．Windstressesinwinter，SPring，Summer  

AUTUMN  

Fig■4・Seasonallyaveragedwindstressvectorsusedirlthenumericalmodel・1〉 NovaluebelowO・05  

dynecm－2isp王otted・   



YosllihikoSEK椚E  30   

andautumnareestimatedbytheaverageoftwomonthlymeandataofJanuaryandFebruary，AprilandMay，July  

andAugust，OctoberandNovember，reSpeCtivelybyuseofwindstressdata・1）Fig・4showsthat，insummer，  

Windisveryweak．Butthewindisstronglnautumnandwinter．Westerlywindisdominantinautumnand  

north＼VeSterly＼VindnlOnSOOnPreVailsin＼Vinter．  

VerticalcomponentofcurlT（Tisthewindstressvector）isshowninFig．5．Inauseasons，COmplicated  

CurlTdistributions arefbund．Anpositive curlre如ninthe centerofthemodeloceaninautumn，and  

COmphcatedstrongpo＄itiveandnegativecurlTdistributioninwinterareparticularlynoticed．  

Fig．5．CurlofthewindstressinF享g，4．Contourinterva！is16仙9dynecm～3andthpnegativ姦curl  
regionsaredotted・Heavy＄Ohdlineinthewinterpanelshowstheboun血ryoftheopensea  
ShowninFigl（b）．   
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4．Results  

Fir＄tly，WeSeethecharactedsticsofthecirculationgeneratedbyin－andoutたowoftheOyashioandtheSoya  

WarmCurrentcalcuhtedinthetwobasicmodelswithnowindstress．Thetimechangeinthevolumetransport  

如ICtionsofRunsIw止ha8a亡bottomandRunユOw助a＄ぬpl漁≡dbo旺OmOf払eOkhotskSea8reSわ0Ⅵ那加Fig．  

6．InRunl，thein．andoutaowcorrespondingtotheOyashioft）rmSaWeSternboundarycurrentalongsouthern  

COaStOfSakhalhandnortheasterncoastofHokkaido．AclearcycloniccirculationisformedintheOkhotskSea．  

The cyclonic circulationis almostcon触edto southofthein鮎wboundarylatitudeas theresults ofzonal  

propagationoftheRossbywave．Incontrasttothis，the鮎wpatterninRunlOisquitedifferent；thein鮎whas  

atendencyto鮎walongtheisoplethofthedepthandawesternboundarycurrentfbrmedinRunlisnotformed  

inRunlO．Thepredominantcirculationismainlyco血edtothesloperegionaroundtheKurilBasin．For  

bothruns．nomajorvariationin亡heL］owpa亡temsoecurrsafter60daysandi亡ShollrSthataquasi－Stationarystate  

isattainedinabouttwomonths．  

Secondly，themodeldependenceontheintensityofthehorizontaleddyviscosityischeckedinFig．7．In  

thesethreemodels，aぬostsim払ご貝owpattemsarefoundinRuns3（AJ王＝106cm2sec‾1）and4（Aヵニ5×105  

Fig．6．Sequentialpattemsofthevolumetransportfunction（a）Runland（b）RunlO．Contourinterval  

isO．5SvandreglOnS而ththenegativevolumetransport餌nctionaredotted．   
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cm2sec－1）．However，theaowpattemofRun2（Ah＝5×107cm2sec－1）isdifferentanditresernblesMunk  
solution．11）ThewidthoftheboundarycurrentofRun2iswiderthanthoseofRuns3and4，inwhicheddylike  

鮎wpattemsaremoreremarkable・IfwecomparetheresultsofRunlshowninFig・6（a）withthoseofFig・7，  

itisnotedthatthenowpatternofRunlisalmostsimilartoRuns3and4，eXCeptforasmal1suppressionofthe  
eddye飽ct．OnthebasisofminordependenceoftheflowpatternSOntheintensityofeddyviscositybetween  

RunlandRuns3and4withthesmauereddyviscosity，COnStantCOe抗cientofeddyviscosityofRunl（5×106  
cm2sec～1）isusedinthefouowingmodelswiththeseasonauyaveragedwindstress・   

ThequasトstationarystateofRuns5－9withanatbottomareshowninFig・8・Insp血g（Run5），the  

prominentsouthwardwesternboundarycurrentisforrnedalongtheeasterncoastofSakhalinandtheinner  
cycloniccirculationhasatransportof5Sv，WhichisapproximatelyasmuchasthegiveninnowoftheOyashio・  

Wind－driven circulationis rathersmallin the southern re由On（see，Fig8（b））．王n summer（Run6），the  

wind－drivencirculationisveryweakandthedominantcurrentisthein－andoutnowoftheOyashiothroughthe  

Kuri1Islands．Theconstantin－andoutaowwiththetransportof5Svisassumedinthemodel，anditis  

suggestedthattheactualcirculationinsurnmerismorein鮎encedbythein－andoutaow・lfthein－andoutnow  

isverysmau，thetotalaowpatternisapproximatedbythesolutionshowninFig・8（b），inwhichonlyaweak  

anticycloniccirculationisformedalongthenorthemboundary・Inautumn（Run7），thewindNdrivencirculation  

recovers．Inparticular，aCyCloniccirculationwiththesouthwardwesternboundarycurrentisformedinnorth  

oftheSakha血．Incontrasttothis，ananticycloiccirculationisformedinthesotlthernbasinandityieldsthe  

Fig．7．SameasinFig．6，butfor（a）Run2，（b）Run3and（c）Run4．   
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Fig．8．（a）Sameasin Fig，6，butforaatmodelswithseasona11ymeanwind stress．（b）Windpdriven  

Circulationcomponentin（a）evaluatedbysubtractingthevolumetransportfunctionofRunlfrom  

thatofeachRun．Panelsmarked byspnng，Summer，autumn，Winter叩dwhter＊showthe  

quasi－Stationarystateo‖モun5，Run6，Run7，Run8andRun9，reSpeCtively．   
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Fig．9．（a）SameasinFig．8，butformodelswiththesimpli鮎dbottomtopograpgy・（b）Wind・driven  

Circulationcomponentin（a）・Panelsmarkedbyspring，Summer・autumn，Winterandwinter＊  

sho＼Vthequasi－StationarystateofRunll．Run12，Run13，Run14andRun15．respective】〉r．   
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1350   川00  1450  1500   1550   1600E  
Fig・10・（a）Observedvolumetransportinsummerestimatedbythegeostrophiccalculationreferredto  

lOOOdb．1：i）  

（b〉InitialconditionofthevolumetransportfunctionforRuns16－19t ContourintervalisISv．  

Fig・1l・Quasi－Stationary鮎wpatternofRuns16－19shownbythevolumetransport魚1nCtion．（a）Run  

16（le軋Run18（cegter）andwind・drivencirculationcomporlentOfRun18（right）．（b）Run17  

（1eft），Run19（Center）arldwind－driven circulation component of Run19（right）．Contour  

irlterValisISv．   
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northwardwestemboundarycurrentoffHokkaidoandoぽsouthernSakha血（See，Fig．8（b））．Becausethe  

anticycloniccirculationhasjusttheoppositecirculationtothecycloniccirculationformedbythein－andoutaowof  

theOyashio，thewestemboundarycurrentisweakalongsoutheasternregionoだSakhalin．Inwinter（Run8），a  

wind－ddvencirculationisverystrong．Ananticyloniccirculationdevelopsinthenorthernbasinandavery  

COmPlicated f）owpa【ternis foundin the southern basin．The wind－drjlren Circulatjonin thelくuri】Basinis  

anticylonicanditgeneratesveryweakwesternboundaryaowoffSoyaCurrent．ItissuggestedfromRuns7  

and8thatinteraction between the two circulations formed by thein・and outaow and by thewind－driven  

Circulationi＄importantforthecirculationinamarginalsea．Thesi血hrrelationshipbetweenthein－andout鮎w  

andthewindpdrivencirculationwaspointedoutinthecirculationoftheJapanSea．12）   

Ifthee飴ctoftheicecoverageisincluded（Run9），thecirculationisnotremarkableinthenorthemre如nin  

COmparisonwithRun8．However，the鮎wisdevelopedinahT10StOfthesouthernbasin．Thisisduetothe  

propagationof払ep加etaryRossbywaveandiとSuggeStStbat血ewindstressdjst衰bution如theopensea  

COntrOIs wind－driven circulationinthe OkhotskSea．Because two positvewind stress curlregioninthe  

northwestemre由OnandintheeasternoだofSakhaunarenotcoveredbytheopensea（SeeFig．5），the  

anticycloniccirculationisrelativelyweakinRun9．Becausethewind－ddvencirculationisverystronginwinter，  

WindstressdistributionovertheopenseaareaisimportantforthegeneralcirculationintheOkhotskSea．   

Thequasi－Stationary鮎wpatternofthemodels而ththesimpl漬edbottomtopography（Runsll－15）are  

displayedinFig．9．Theresultshasaclearcontrasttothe飴tbottomcasesshowninFig，8．Bytheeffectof  

theinc血edbottomtopography，thevoiumetransportirlthenorthemhaifbasinisdeereasedremarkably．The  

relativelylarge鮎wisfbundinthesouthernregion，andthewindqdrivencirculationisveryweakinauseasons．  

Itisalsoshown缶omFig．9（b）thatthewind－drivencirculationiscon餌edtothedeepre由onintheKuri1Basin  

andithasnointeractionwiththeSoyaWarrnCurrent鮎winginthesha㍊owerregion．   

Fig．10（a）showstheobservedvolumetransportinsummerestimatedbythegeostrophiccalculation  

referredtolOOOdb．13）Itisshownthatthemajorin80Wandout鮎warecarriedoutintheUruppuSt．andthe  

MushiruSt．，reSpeCtively．Sothegeneralfeatureintheinpandoutaowpatternisquitedi鮎rent＆omthe  

previousruns．Theinitia180WpatternbasedontheobservationaidataisshowninFig．1O（b）．Theresu托sof  

theserunsareshowninFig．11．In触tbottommodels（Runs16and18），aCiearanticycloniccirculationis  

formedinasouthernreglOnandadearnorthwardwesternboundarycurrentisformed．Asthewindstressis  

VeryWeakinsurnmer，thecirculationisnotchangedbytheimpositionofthewindstress．Inthecaseswitha  

SirnpほAedbottomtopographyshowninFig．11（b），thetopographice鮎ctdominatesandthemainpartofthe  

inAowiscon魚nedtothesouthernKurilBasin．lnparticular，themajorin鮎wwiththetransportoflOSv鮎ws  

OutWithasrna皿anticydoniccirculationanditgivesnoin月uenceonthegeneralcirculation．Acyclodccirculation  

isformedinthesouthernpartoftheKuri‖うasinbythetopographice飴ct，Whichdi飴rs計omthoseoffiatbottom  

model．Onthewhole，itispointedoutthatthecirculationintheOkhotskSeaisduetothein－andoutflowhl  

Summer，inwhichtheeffectofthewindstressisverysma11．  

5．Discussion  

Thenumericalexperimentぬrthewind－drivencirculationintheOhkotskSeawasperformedandsome  

Charactristicfeatureswerreobtahed．Onthewhole，VeryCi占arseasonaichangeinthewind－drivencirculation  

hasbeenpointedout．   
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】明  ISO  l引〕E  

Fig・12・（a）SurねcecurrentvelocityinAugustestimatedbythegeostrophicbalancereferredto2000  

db．14〉  

（b）Dynamictopographyofthe400dblayerwithrelativeto1500dbinJune1967．7）Fivekinds  

Ofarrowsin（a）notedbyl，2，3，4and5showthecurrentvelocity＜5cms鵬1，5cms～Al－10  

CmS001，10cms】1－20cms－1，20cnlS…1－30cms－1and30cms…1＜，reSpeCt雨1y．   
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Althoughtheclearobsemtionalfeatureshavenotproposedyet，aSuぬcegeostrophic鮎winAugust14）and  

thedynamictopographyofthe400dblayerreferredto1500dbinJune7）aredisplayedinFig．12．Re】atively  

StrOngCirculationarefoundinsouthernKurilBasininFig，12（a）．Thisfeatureessentia封yagreeswiththe  

resultsofRuns6and12showninFig．8（a）andFig．9（b），reSpeCtively，anditindicatesthatthecirculationis  

COnSideredasthewesternboundarycirculationtrappedintheoffshoreregionbytheeffectofbottomslope．In  

Fig．12（b），aCiearanti・CyCloniccirculationisfoundinthenorthernKurilBasin．Thisanti－CyCloniccirculationis  

SimulatedinRuns17and19showninFig．11（b）．Itissuggestedthattheanti－CyCloniccirculationisduetothe  

retrogressionofthein鮎wbythetopograhice鮎ctofthe KurilBasin．However，Fig．12（a）showsthat  

prominentcurrentsexista蔓ongthewestemcoastoftheKamchatkaPeninsulaandeasterncoastofSakhaiin．  

Thesecurrentshavenotsimulatedinthepresentmodels．Thereisapossibilitythatthethesecurrentsare  

払rmedbythebarociinicstructureofthesea，WhichisnotcorlSideredinthepresentmodeL 王tissuggestedthat  

hciusionofthedensitystrati鮎ationisneededforthefurtherstepofmode伽goftheOkhotskSea．  

Another shortcoming of the present studyis the neglect of seasonalchangein thein－and outflow  

COrreSpOndingtothe OyashioandtheSoyaWarmCurrent．AsisshowninFigs．8and9，theinteraction  

betweenthewhd－drivencirculationandinーandout丘owisoneofessentialprocessinthecurrentsystemofthe  

OkhotskSea．Therefore，theinclusionoftheseasonalchangeinthein－andout触winthemodelshouldbe  

neededinthefuturestudy．  
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オホーツク海の風成海洋大循環に関する順庄数億モデル  

関 根 裁 彦   

安静：オホーツク海の風威海洋循鞘を腰庄数倍モデルを用いて綱べた。風による海1滑応力はKutsuwadaand  

Sakurail）による1961年から1975年までの月別平均を用いた。数億モデルにより，オホーツク潅の申越した流れは比  

較的水深の大きい千塵梅盆周囲の陸棚斜面のみに利一択されることが示された。さらに，夏はオホーツク海上での風の  

応力が小さいために凰成循環ほ極めて弼く，主な流れは流入出によるのに対し，冬には風の応力が強く風成大循環が  

噂越することが示された。冬季の結氷の影響を調べるため，結氷しない領域にのみ風の応力を与えたモデルを就みた。  

その賂私 北部の沿岸領域では流れが小さいものの，大半の領域ではロスビ岬彼の伝播により流れが生じ非給水城の  

風の影響を受けた循環ができることが示された。   




