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Abstl・呈ICt  

SeasonalvariationsinverticaldistributionoftelTIPerature，Sa】inityanddensltyln－andoだIse王効y；lre  

CXaminedbyuseofobservationaldataduringtheperiodfFOm1985to19890btainedbyAichiPrcfectural  
FisheriesExperimentalStationandbyFisheriesResearchInstituteofMie・Monthlymeanverticalmaps  

and those oftheirstandarddeviationsa王ongthreelinesalongwest，Centraland castofIse Bayare  

PreSented・ltisわund thatthebrmation anddecayofthe thermoclineoccurs abruptIyinM～1yand  

October，reSpeCtively．VerticaltemperatureinversionisobservediI用1ebay鉦0王ⅥNov．toMar．ort】1e  

nextyear・TheverticallycoherentdensitymaximumisdetcctedinJ；l11uaryattheIragoStrait，Which  

Showstheformationofcoastillt】1emOhali11efro軋 Estuarinefrontwith；lthi11layert｝血knesslessthaェ15  

misformedinJulyanditsverticaid胤sio110f】esssalinewaterfromOctobcrisshowntohaveamuch  

in触enceontheseasonalvariationoftheoceanicstruCtureSin－ando仔Ise13ay．  

Keywor（ls：Casta＝ro】1t，riverdischargeandttleIseBay  

1Intl・OdtlCtion   

InthePartIl）ofthisstudy，theseasonalvariationsinthehorizontaIdistributionsoftemperature，Sa壬inityand  

density鮎IdsinIseBayarediscussedwithspecialref包rencetothe如mationofthecoastalfront．Thefbllowlng  

CharacteristicsarepointedoutbyPartIL）ofthisstudy：   

（1）Thehorizontaldifferenceinseasur払cetemperature（SST）inYandoutofIsebayislargestinspring  

andsma11estinsummertoautulTm．AlthoughnoprominentspatialchangeinSSTisdetectedinsummer，a  

horizontaltemperaturedifferencemorethan3OcisformedatdepthsfromlOmto30m．   

（2）Thesalinity鮎Idsarestronglyin軋IenCedbytheriverdischargeinsummer．Thehorizontaldifference  

inseasurfacesalinity（SSS）isverylarge（morethan12psu）insummer，butitisverysma11inwinter（about3  

PSu）・Asthelesssalinewateriscon蝕edtoashallowerlayerlessthanlOm，horizontalsalinitydifferenceat  

depthsdeeperthanlOmisverysmallinallseasons．   

（3）BecausedensitydependsonsalinityinIseBay，densitydistributionissim壬1artosalinitydistributionsin  

a11seasons・Inparticuiar，lowdenstywaterdilutedbyriverdischargedwaterisねundinoutofIseBay，Which  

SuggeStSthatthecoastalwaterdiHusesinwiderareaoffIseBay・Thedensitymaximumisわundatthelrago  

StraitinsprlngandtheoccurrenceofthecabbelinglSSuggeSted．   

However，Sincethediscussionisbasedonthehorizontaldistributionofthetemperature，Salinityand  

density，thedetailsofverticaldistributionhasnotbeenconsideredinPartIl）－ Asasucceedingstudyonthe  

AcceptedSepte】Ⅵber20，1992   
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SeaSOnaIvariationsofof：eanicconditionsof王seBay，theverticalstnlCtureSOfthetemperature，Salinityand  

densityofin－andoffIseBayarestudiedandtheirmonthlymeanmapswiilbepresentedinthefo）iowing．in  

Particular，aS‡seBayisrelativelyshauow（Fig．1a），largerverticalcharlgeisexpected．Fur軌emlOre，Sincethe  

IsebaylSCharacterizedbythere如ivelylargeriverdischarge2），Verticaldiffusionand／oradvectionoftheriver  

dischargedwateraresuggestedtohavemuchintluencesontheseasonalchangeoftheoceanicconditions，  

王√ig．1．（a）Deが‡1CO‡加urs（jnJⅥeter）ofIseiSay．（b）LocationsofobseⅣ∂tion；11stationsor郎clliPrefectuaI  

Fishcries ExperimentaまStation（closed circles）and by Fishcries ResearchInstitute ofMie（c】osed  

SquareS）・Three】inesshowllbyしW，しCandしEareadoptedtoprcscnttheverticatdistributionsof  
teI叩eユ■∂ture，S81injty；1nd（】e】】Sity．  

2 Data   

Fig．1bshowsa11theobservationalstationsofAichiPrefecturalFisheriesExperimentalStation3）andthose  

ofFisheriesResearchInstituteofMieLり．Thetemperatureandsalinitydatahavebeenobservedmonthlyat  

theseobservationalpoiユ1tS．Thehorizontaldistributionoftemperature，Salinityanddensltyatthesestations  

waspresentedbyPartIl）．lnthepresentanalysis，threeobservationallinesareadoptedandtheirvertical  

distributionisdiscussed．Namely，しE，L－CandしWareadoptedtoseetheeasternregionofIsebay，Central  

reg10nandthewestemreg10n，reSPeCtively．MajYlVertical毎atureof‡seBayisdjscussedaloT）gL－C．Asthe  

effectofCoriolisforceonthehorizontaldistributionissuggestedinPartIl），theothertwolinesaresettoseethe  

differenceinverticalstructureinthewesternandeasternregionsofthebay．   

TlleObservatiorlaidataduringtheperiodfrom1985to1989areusedtopresentthemonthlymeanvertical  

distributionoftemperature，Salinityanddensity．Here，density（qt）iscalculatedfromthetemperatureand  

sali血ydata．Standarddeviations（STD）arealsocalculatedandtheywillbeaisoshown・   
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31ies111ts  

ThemonthlymeanmapofverticaltemperaturedistributionalongしCandtheirstandarddeviationare  

ShowninFigs．2and3，reSPeCtively．二hwinter，Vertivaliyhomogeneoustemper；ltureWithaweal（temperature  

inversionisdetectedinthebay，Whichisk）rmedinNovemberandhe】duptoMay．Becausethistemperature  

inversionisformedafterthedecayoftheseasonalthermocline，thetemperatureinversionisgeneratedbythe  

Surhcecooling．AsforSTDofthetemperature（Fig．3），itisfoundthatthedeviationintheouterbayis  

relativelylargeinDecemberandJanuary，butitissmalまinFebruarytOMarch．ItisindicatedthattheSTDof  

temperaturebecomessmailasthewintermixedlayerdevelopssu抗ciently．   

Insprlng，Similar仁emperaturedistributiontowinterisobservedinMarchandApril，howeveraseasonal  

thermoclinedeveiopsabruptlyinMay，Thissuddenchangeisnoticedinthesensethatthetotalpatternof  

Verticaltemperaturedistributionisabruptlychal鳩edfromvertical】yhomogeneouswinterpatterntohorizonta11y  

holllOgeneOuS SummerPattern．By t主Ie Warl¶1ngOfsurねcelayer，t王Ie horizonaltel明〕erature differenceis  

Weakenedgradua11y．ThethemlOClineinouterbayisaslantinMay，butitbecomeshorizontalinJune．Inouter  

bay，VerticaimixinginthesurhcelayertoadepthoflOmisdetectedfromJulytoSeptember，Whjlesurhce  

mixedlayerinthebaylSrelativelythin．  

LargerSTDoftemperatureatdepths30－60mattheoutofthebayisbundinJu】ytoSeptember（Fig．3），  

WhilelargerST王〕oftemperatureexistsindeeperreg10ninOctobertoNovember．Inparticular，iargestSI）Tis  

わtlndato打oftheIragoStraitinSeptember．TheselargeSDTisduetothedifferenceindevelopmentofmixed  

layerand／orinlocationofthecurrentaxisoftheKuroshio5）．AbruPtdecayoftheseasonalthermoclineoccurs  

inOctober．TogetherwiththeabruptchangeinMay，itisresultedthattheseasonalchangeofIsebayisnot  

gradualbut abrupt．Maximum of the bottom temperature of210cis de仁ectedin Octobcr．Further  

developmentofthemixedlayerisぬundinoutofIseBayinNovemberandDecember．  

Figs．4and5showthemonthlymeanverticaltemperaturedistributionalongI／WandしEandtheirSTD，  

respectively．ItissuggestedthatwarmerwaterexistsalongしEexceptfortheinnermostsuぬcelayerofthe  

bayinlatespnngtoearlyautumn．ThetemperaturedifferencebetweenしEandしWisreiative】ysmaliininner  

mostofthebayanditbecomeslargeinthebaymouth．AsissuggestedinPartIl〉，WarmerWatCrOfthe  

Kuroshiohasatendencyto批〉Winalongtheeastemcoast．SowarmerwateronしEisassociatedwithits  

intrusionintothebay．Conversely，thewarmerwateronしWinlatespringtoearlyautumniscon蝕edtoa  

Surhcelayersha】lowerthan3－4m，Wllichisduetotheriverdischarge．Itshouldbenotedthatsuchawarm  

WaterisnotdetectdonしE．ThiscontrastisdiscussedagalntOgetherwiththesalinity鮎1ds．   

STDoftemperaturealongしWandしE（Fig．5）showsthatmaximumSTDoftemperaturegreaterthan2Oc  

existsininnermostofthebayinJulybylargeriverdischarge．Itissuggestedthatthereexistsaremarkable  

difterencei11the area and／or temperature ofthe discharged water，In the bay，relativelylarge STD of  

temperatureisfoundatthebottomlayeralol鳩しW，Whichisassociatedwithverticaltemperatureinversion（Fig，  

4）．ThislargeSTDisdetectedinailseasonsexceptforMay．   

Fig・6showthemonthlymeanmapofsalinitydistribution．Inwinter，haioclineisrelativelyweakinthebay  

andverticallyhomogeneoussalinityisobservedatthebaymouthandoutofthebay．ThesalinitylnCreaSeSaS  

We gO Out育om the bay．InApril，the stronghalocline developsinnermostofthe bay．This haloclineis  

identicalwiththeestuarinefrontmadebyriverdischargedwater．Thisfrontise11hancedgraduailyanditis  

maintaineduptoSeptember．Itshouldbenotedthatthisestuarille良●ontisconfinedtoaninnerreglOnfromthe   
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Fig・2・Montlliymeanvel†血altelTlperaturedistributionsぐC）alo喝しC．   
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Fig・3・Verticaldistributionofstandarddeviationoftemperature打ommonthlymeanveluealongL－Cshownin  
Fig．2．   
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Fig．：I．Monthlymeanvcrtic；litemperaturedistributions（Oc）alongL－W（1eftpaneis）andthosealongL・E（right  

Panels）．   
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Fiきぎ．5．Verticaldistribution ofstandard deviation oftemperature from monthly meanvalue alongL－W（1eft  

Panels）a11d血osealongしE（riglltPanels）showninFig．4．  
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Fig・（；．Monthlymeanvertic；llsalinitydistributions（Oc）alongしC．   
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Fig．7．Verticaldistributionofstandarddeviationofsalin】tyfrommonthlymeanvaiue；1longしCshowninFig・6・  
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Fig．8．Monthlymeanverticalsalinitydistributions（Oc）alongL－W（lcftpanets）andthosealongしE（right  
Panelれ   
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IragoStraitanditsthicknessislessthanlOm．Theisohalineof34psurunsvertica11yinlatewintertoJune，but  

itrunshorizontallyinJulytoSeptember．Becausethe董esssalinewaterlessthan34psuisnotねundinthe  

Kuroshioregion，thehorizontalisohalineof34psuinJulytoSeptemberindicatesthe鮎woutoflesssaiinewater  

ofthebay．DecayoftheestuarinefrontbeginsinOctober・Theverticalisohalinedistributionsaremaintained  

uptoMarchexceptfortheoffshoreintrusionoftheisohalineof34and34－5psuinJanuary・   

Fig．7showstheSTI〕ofsalinityofeachmonth・Inwinter，largerSTDisdetectedinthesuぬcelayerin  

theirmermostofthebay．Thedifferenceinthelocationand／orsalinityofestuarinefrontissuggestedinwinter・  

RelativelylargeSTI〕oftheinnersurfacelayerisfoundinspringtoearlyautumnbylargedischargeoftheriver  

water．Inparticular，largerSTDisfoundattheinnermostsurfacelayerand血etipoffrontalregionatstations  

A－A5（Fig．1b）．TheformerinnemostSTDisduetothedifferenceindiffusionand／oradvectionoflesssaline  

riverdischargedwaterandthelatter王argeSTDismainlycausedbythedifferenceinthelocationoftheestuarine  

なont．   

Fig．8showsthesalinitydistributionalongしWandしE・Inwinter，relativelylesssalinewateris女）undin  

しW．However，tOtaldistributionswiththelesssalinewaterininnermostsurfacelayerandsalinewaterin  

deeperlayernearthebaymouthareequalwithしE．Incontrasttoth料remarkabledi鮎rencesbetweentwo  

observationallinesarefoundhlatespringtoautumn：lesssalinewatercoversallthesur払celayertoadepthof5  

malongしW，Whilefrontalstructureoflesssalinewatertoadepthof5misdetectedalongL－E・Inparticular・  

salinitydifferencesbetweenthetwolinesareclearinMayandSeptember，COrreSPOndingtothefomlationand  
decayperiodsoftheestuarineかont．   

Fig．9shows theSTD ofsalinityalongL－WandL－E・Inwinter，relativelylargeSTD existsinan  

hlnermOSt，Whichrepresentsthedifferenceinthedistributionofthelesssalinewater・InspringtoautulTm，  

prominentSTDisfotlndatthesurfacelayer・Here，itshouldbenoticedthatthethicknessoflargeSTDlayer  

alongL－Eissma11erthanthatofしE，Whichisduetothedifferenceinlayerthicknessofthelesssalinewaterin  

thesurfhcelayer（Fig．8）．However，largerSTDatasurfacelayerinSeptemberiscommontoboththelines・  

Figs．10andllshowthemonthlymeandensity（机）andtheirST王）alongL－C．ILisfoundthatthedensity  

distributionhasacloseresemblancetothatofsalinityinthebay．However，inouterregionofthebay，the  

densitydistributionisalsoinauencedbytemperaturedistribution・SothedensitytieldsalongしEandしⅥ＝一aS  

similarpattemstothoseofsalinityshowninFig・6・Inwinter，thedensitymaximumisdetectedatthe王rago  

Strait，Whichindicatestheformationofcoastalthermohalinefront．Astheoffshoreintrusionoftheisohalineof  

34and34．5psuinJanuary（Fig，6）suggeststhattheheavierwatersinkstothebottomarld／orintrudesouter  

regionofthebay・Althoughtheverticaltemperatureinversionwasfoundinwinter，theinversionofdensityis  
notdetected．   

STDofthedensityhasalsoasimilardistributiontothatofsalinity，WhichismoreciearlyalongしWandL－E  

（Fig．13）．However，relativelylargeSTDofdensityalongL－Cisfoundatanouterregionofthebay事 This  

largeSTDcoincideswithSTDoftemperature（Fig・3）exceptforOctober・InOctober，decayofhalocline  

commonlyoccursabruptlyandlesssalinewaternowsoutfromthebay（Fig．6）andSTDofsalinityissrnall（Fig・  

7）．AlthoughlargeSTDoftemperatureisdetectedinOctober（Fig．3），thedensityismainlyduetothesalinity  

bythe鮎woutoflesssalinewater．   
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Fig．9．Verticaldistribu血nofstandarddeviationofsalinityfrommonthlymeanvaiuealongL－W（leftpanels）  
andthosealongしE（dglltpanels）showninFig・8・   
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Fig．1O．Monthlymeanverticaldensity（qt）distribution（Oc）alongL－C．  
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Fig．11．Verticaldistributionofstandarddeviationofdensity（qt）frommonthlymcanvaluealongI／Cshownin  

Fig．10．   
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Fig．12．Monthlymeanverticaldensity（0・t）distrit）utions（Oc）alongしW（leftpanels）andthoscalongしE（right  

l）anels）．  
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Fig．13．Verticaldistributionofstan血ddeviationofdensity（qt）frommonthlymcanvaluealongL－W（left  
panels）and抽osealong（海htpane】s）showninFig・12・   
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4 Summal，y  

Seasonalvariationsintheoceanicconditionsin－andoffIseBaywereexaminedbyuseofthehistoricaldata  
duringtheperiodfrom1985to19890bservedbyAichiPrefbcturalFisheriesExperimentalStation3）andby  

FisheriesResearchInstituteofMie4）・Themonthlymeanverticalmapsoftemperature，Salinityanddensity  

alongthree主inesandthoseoftheirSTDhavebeenprsented．Themainresultsaresummarizedasfollows．   

（1）Itisfbundthatalthoughtemperature鮎IdsinAprilshowawintertemperaturepatternwithavertically  

homogeneousstructure，theseasonalthermoclineisformedabruptlyinMay．Ontheotherhand，decayofthe  

thermocline occurs abruptlyin October，While a summer temperature patternWith a c壬ear thermoclineis  

ObservedinSeptember．The seasonalchangein temperature distributioninIse bayis not sinusoidalbut  
SteP－1ikebetweenwinterpatternandstlmmerpattern，   

（2）DecayofestuarinefrontwithalesssahnewaterdecaysabruptlyinOctober，Whichiscoincideswith  

thedecayofthermociine．Weakhaloclineisdetectedinthebay鉦ornNovembertoMarch．Theseasonal  

ChangeinsaknitylnIseBayisalsostep－1ikebetweenwinterandsummerpatterns．Estuarine免■Onthasathin  

thicknessless than5manditsverticaldif餌sioninauturrmis showntohaveamuchin乱1enCe Ontheseasonal  

CyCleofoceanicstructureoftheIseBay．   
（3）Thedensitydistributionhas acloseresernblance tothatofsalinityinthebay，howeveritisalso  

inAuencedbytemperaturedistributioninouterregionofthebay．InJanuary，thevertica11ycoherentdensity  

maximumisdetectedattheIragoStrait，WhichindicatestheformationofthermohalirleCOaStalfront，   

Togetherwiththehorizontaldistributionoftemperature，Salinityanddensityl），grOSSfeaturesofoceanic  

StruCtureOfthelseBayhavebeenclariaed．Itshouldbenotedthattheseasonalvariationintemperatureand  

Salinity魚eldso‖seBayisnotsinusoidalbutstep－1ike．Thisevidencegivesanewconceptねrtheseasonal  

Change ofthebay．Forexample，theseasonalchangesintheformationanddecayoffrontstrtlCtureS are  

SuPpOSedtobeveryclearandtheyoccurinashorttime．Quantitativediscussionsontheabruptchangeinthe  

SeaSOnalcycleshouldbeneededinthenextstepofthisstudy．Thenumeicalmodelingoftheseasonalvariation  

O‖seBayisnowperformedandtheresultswiubereportedinanotherpaper．  

AclくnOWle（lgmellt   

TheauthorswishtoexpresstheirmanythanlくStOPaStandpresentmembersofAichiPrefecturalFisheries  

ExperhnentalStationandFisheriesResearchInstituteofMiefortheirkindsupplyofthehistoricalobservational  

data・TheauthorsthankDr．S．Unokiforhisvaluablecommentonthepresentwork．  
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伊勢湾内外における水温・塩分・密度の鉛直分布の季節変化  

関根滋彦・水谷秀治  

三東大学塵物資源学部   

伊勢湾内外における水温，塩分，密度の鉛夜分布の季節変化を開ペた。愛知県水産試験堵と三蕊県水産技術セン  

ターによる1985年から1989年の海渾観測結束を用いて湾の酉部，中東部，東部の3つの組に沿う水乳 塩分，密度の  

月別平均鉛舷分割およびその標準偏差分布図を樋山した。結果として，水温鐸層の形成と消滅がそれぞれ5月と10月  

に索然生じることが示された。伊勢湾内部でほ鉛直水温逆頗瀾の形成が11月から翌年の5月まで認められた。細緻方  

向に両様な紺皮極大城が1月に伊良湖水道でみられ，熟塩フロントの形成が認められた。7月に掘著な河口フロント  

が形成され，10月以附こ生じる河仁‡フロント消滅による低塩分水の鉛直移流拡散が湾内外の海洋構造の季節変化に大  

きな影響を及ぼすことが示された。   




