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明TIND嗣INDUCEDUPWELLING IN TI砥明'ESTERNE母UATORIAL

PACIFIC OCEAN OBSE設VEDBY高位斑＂TI-SATELLITESENSORS 

K.Ko:zai1，弘Ishida2,T. Shiomki3, and Y. Okada4 

1Kobe UniversityofMercanLileMarine, 5-1-1, Fw.むeminami,Hi伊 'Shinada,Kobe, 658・0022JAPAN
2TobαNational College of Maritime Technology, 1-1, IA犯gami,Tohα，Me, 517由850JJAPAN

3 Osaka Prefecture U耐 ersity,1-1, Gαrkuen, Sakai, OsaJ..叫 599-8531JAR必ず
4おれ！kiUn知的i守，K例 Jα｝慨3-4-1，出gashiosαrka,577圃8502JAPAN

ABS宝RACT

R八司偲AI小依01回K05Leg3) of J停留lMarine Science and T偲 :hnologyCenter (J品 4幻"EC)was s旬tioneda出epoint of2 

degrees North and 138 degr開 Eastin the w郎ternequatorial Pacific 0c胡n.from Nov.9 to Dec.9, 2001. D凶ngthis air廟m
interaction researchαuiseおaWiFSand NOAA/AVI浪Rlocal副国 coverage(LAC) scenes we悶 receivedby the station 

onboard RN :MIRAI and the附 ductsdぽived伽m出岱esa匂m防御verifiedagainst oc伺no伊 phicobservations including 
血epar四neterofs伺 surface臼mpera加問問linity,chlorophyll-a and current velocity profileぬthedepth of 300 me防rs.Level 3 

wind vector produc包derived釦mQuickSCAT onboard Sea.Winds are also collec凶 andvali制：edagainst in si加 windvectors. 

百官抑制由民temper混乱md民間ses恥m30 to 29.3 de供 esafter出eweek酬 longprevailing northw邸tmonsoon wind wi出血e
maximum gtぉtmo間出組 20mis, while the observed surface sali吋tyand chlorophyll-a concerr岡山ninα凶 se蜘 m34.1 to 

34.37 and from 0.05 to 0.14 mglm3 resp剖 vely.百1eh位回seof chlorophyll幽 aand恥 d悶 -easeof sea surface記mpera加問 in

出isregion are also shown in出emulti・date SeaWiFS chlorophyll圃aconcen回tionproduc飴加dM叫ti－＜ご：hannelSea Su巾.ce

Te抑制服例CSST)produc白 fromNOんVAVHRR.Wind vectぽ patternscorrespondingね血.egt泊tmore出an20m/s紙

also observed by QuickSCAT. During廿1eperiod of the week圃longnorthw郎tmonsoon wind the current velocity of upper 70 

me臨時 reach偲 about70cm/sec in the south側 tw町ddirection while the C世間1tvelocity砥出ed叩出 伽m80ね 120me附
indicat回 50ロn/secin the northw倒 W町ddi路 ction.官官 currentof upper 70 meters co町出ponds加血eNorthwest Monsoon 

Current (NMC) and由eintrusion of NMC e巾ancedby血estrong northwest monsoon winds (w白 terlywind burs飴）ω出邸a
reversal h出esub-surface curre凶 (NewGuinea Coastal Unde1℃urrent (NGCUC)) which creat岱 a胎mporalupwelling in this 

regio孔

別1R0DUCTION

Equatorial upwelling in由ePacific伐捌isknown加 occur回stof the date line (Wyrtki, 1981 ). However based on出e

moo：凶currentm伺sureme略せ1eestima:回 ofequa加，rialupwell加gin the w倒的equatorial Pacific伐eanis reported絢 lpem

et al吋 1989,Helb町 andWeisbぽg,2001 ). Furthennore血epres切 ceof upwelling produced by白戸edominantly郎防lywinds 

in the w白白m叫uato巾lPacific Ocean is indicated 側ch自由 andPoll出札 1991). Althouゆtheimportance of monsoonal wind 
forcing on the surface circulation h部 beendiscussed (Lindstrom et al吋1987），せ1ewmd-induced upwelling in血eW邸tem

岡 国.torialPacific O関 節1is li枕leobserved and described be切useof its intern首位entcharacteristics h蛇mporaland spatial scales. 
官官purposeof this study is to not o凶ydescribe the upwelling event observed by SeaWiFS, NOAA/A＼司五ほ，QuickSCATand 

in situ回mplings during the research cruise of RN悶 RAI小依01-KOSLeg3) but also investiga蛇 theconditions ofupwelling 

in temporal卸1dspatial s印l回 forcontributing to be枕町 understandingof air崎 S鎚 interactionin the western 問uatorialPacific 
Ocean. 
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DATAAND民館官官OD

Fi忽u-e1 shows出es加dy割問wi也世1estationary obseivation at 2 de供出No地 138d噂時E邸t伽mNov.9 to Dec.9, 
2001. D凶ng出isperiod由eship was moving around the醐 i倒的pointexcept也eCID (Conductivity-Tempe問削除Dep出）
profiler obseivations four times a day. De肱ilsof出ecruise log and summary of obseivations are listed in血eRIV MlRAI Cruise 
Reportゆ偲OトKOSLeg-3/4) (J.品 1S1EC,2001 ). Me出odsof in situ atmospheric and oαanographic observation including血e
parameter of s倒 SU出関 tempera仰向，路linity,chlorophyll欄 aconcerr同封on加 dcu町entvelocity profile are s山m ぽized国

follows.官1esurfi邸emeteorological parame胞msuch as wind speeds佃 ddirections a問 observedduring出ecruise by the RIV 
MIRAime臼orologicalobservation sy坑悶n.An anemometer is located祇出eforem出t24me節回 aboves伺 S悶faceand the 10” 

minute averag吋 航路 windspeeds and di問ctionsare reco吋.ed.N間嶋surf悶 W枇 ratthe de伊hof 4.5 me胞mis continuously 
pumped叩 atthe raぉof200 liter per minute台。m血ein阻ke白血esea surface monitoring laboratory for m伺suring胎:mpera加問

and salinity. Sur命ces開.watersampl偲 are旬kenfoぽ timesa day and the concentration of chlorophyll輔ais determined onbo制．
CTD (Conductivityゐmp自 制re-Dep由）profiler observations are carried out島町 timesa day to the depth of 500 meters.η1e 
specifications of CID profiler are listed in Table 1. Current velocity profiles are m伺 sur吋 bythe shipbo制 Aco凶 ticDopplぽ
Current Profiler (ADCめfromNov.9ね D邸ム2001.TI1e zonal （関st-w回t)and meridional (north-south) velocity compone附
of each dep出cell附 observed倒的 5minutes. Major para.me胞mfor出em儲 surementconfiguration of ADCP are listed in 
Table 2. 

2削 Table 3. Speci日開tionsof SeaWiFS 

Band 412, 443, 490, 510, 555, 670, 765,865 

量
（ 附 加wavelen紳（nm))

0 
？ー

Equator Crossing h伺lNoon（追加in),d回cending
O巾iittype Sun Synchronous at 705km 

1削 Spatialresolution l .13km(LAC)ヲ4.5km(GAC)

LAU主 I・

一
＼＼包D骨e-.10

・ 一
ijav.osX, 

l,fov.tlタ恥c:J

．・，． 

130E 140E 150E 

.•. 

。

Fig. 1. Study area with the s抽tionaryo協erva恥nat2N, 138E 
fi"om Nov.9 to Dec.9, 2001. 

Table 1. Specifications of CID (Conductivity“Tempe蹴 m
-Pep曲）profil,町
Temper割問主3

Conductivity 
Pressure 

Range：圃5to+35℃,Accuracy: 0.001℃ 

Range:O・7S/m,Acc田沼町：0.0003Sim 
Range: Up to 10500m, Accura勾r:0.015%

Tめile2.M切surementconfigurations of ship加ぽdADCP
F問中ency 75k.H 

Av町砲e every 300 sec 
Dep由民11len斜1 1600cm 
Numberofd叩1thcells 40 

First depth cell position 30.9m 
Last depth cell position 654.9m 
Ping per ADCP rawぬ胞 32 

Swathwid出 2801km仏AC),1502km(GAC) 
ScanPlane百It +20° 点。，－~oo

品aWtFSis an abbreviation of Sea圃viewingWide 
Field曲。ιviewSensor onboard the S悶Starlaunched in 1998. 
The sensor has eight bands in由evisible and n悶泊 加吋

waveleng仕lSand the tilt m邸hanismto avoid sun gli批 r出

shown in Table 3. During出eresearch cruise from Nov.14 
to Dec. IO SeaW1FS LAC (Local Area Coverage) seen俗的

問ceivedby the s旬t10nonbo倒d恥'VMIRAI on印 aday 
under註1eauthorization of NASA S凶LWiFSproject as由e
temporary real吻neagreement All SeaWiFS raw data are 

de句＇P給dby凶ng出eOOP so伽 areprovided by NASA 
GSFC. Highぽ levelproduc臼 such 担 chlorophyll咽a
concen岡山n脱 generatedby using Sea.DAS 4.3 so伽 are.

RESULTSAND DISCむSSIONS

百troughout出eperiod of research cruise there are two 
typical w側出erconditions. One is characteriz.ed by the 
s柱。ngnorthwest monsoon winds ( or w邸iterlywind bursts) 
during the periods from Nov.18 to 24 and伽mDec.I to 9. 
官官 westerlywind burst is one of the ch樹首teristicwind 

variability in the加pieswith a period of 40・50days 
(Madden-J叫ian臼cill剖0叫 (!viaddenand Julian, 1971, 
1972））.官官otheris char拡胎rizedby由e泊。nginsolation 
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wi血w鋪tmonsoon winds during the peri吋sfrom Nov.12 to 17 and from Nov.25 to 30. Since the S悶MTiFSLAC seen邸

acquir百dduring the fonner periods show the high cloud coverage，せ1eSeaWiFS LAC seen岱 availablefor the analysis are 
limited to吐1oseacquired during出elatter periods. From now on血eobservation p剖odis divid吋 mto伽eeperiods, namely the 
period of(Nov.18-24), before (Nov.12 to 17) and d紅白es加 ngnorthw倍tmonsoon winds ( or w邸terlywind burs臼）別ov.25・

30). 

Variability of wind vector 
Fig山芯2 shows the temporal variability of wind s戸eds

and directions befo陀刺ov.12め 17),during (Nov.18 to 24) 
and after (Nov 25め 30）出ewesterly wind burst. During the 
悶 iodfrom Nov.18 to 24出is悶 iodis characterized by the 
westerly wind burst reaching more than 20 mis偲 of
instantaneous wind speed at Nov. 20.｝崎町出eW岱 terlywind 
burst the wind directions are mostly伺stuntil Nov.27 and 
chan悼g初出ew偲tafterwards. In o吋erぬ describesp拭ial
distribution of wind vector in the study area wind v切to悶
derived from QuickSCAT are凶,edfor the analysis. Figure 3 
illus国民活性1ewind vector distribution at two different dates 
during the west町・lywind burst North of the stationary point 
of 2 degr悶 No出飢d138 degrees East the low pressure 
system ( coun脂r-clockwisecirculation indicated as the solid 
arrows in Fi思ire3) can be seen between 5 and 10 degr悶
North and出ecent町 oflow pressure sy武ems悶 nsto be 
moving toward悶st.It is the low pressure system白atca出自

由einstantaneous wind speeds more than 20 m/sec瓜血e
s也tion部ypomt 

Variability oft佃 perature,salinity and velocity IJrofile 
Fi思ire4 shows the旬mporョlvariability of sea surfi邸e

恰mpe蹴 ureand salinity befo開制ov.12to 17), during 
(Nov.18 to 24) and after・(Nov.25to 30) the w1岱terlywind 
burst in Nov.20 .. A sharp dee阿 部eof sali凶句fin Nov.16 and 
29maybe拭凶bu阻bleto showers obseived by the shipboat廿

rain gauge. During出e戸riodof the w田terlywind burst s儲
S凶facetemp町宮加問sdeα-ease from 29 .5 to 29 .3℃ while 
sali凶tyincr，伺ses蜘 m3424 to 34.37誠Nov.22.Decrease of 
S切 surfi悶 temp抑制maround the s臼tionarypoint is also 
supported by由eMCSST (Multi.Channel Sea Surface 
Tempera制問：） produc臼 ill山回総din Figure 5. Before也e
westerly wind burst血esea surf抑制pera仰向 aroundthe 
stationary point 1s about 30℃ while the s伺 surf釦e
temper楓.u:eafter the burst is必out29.5℃

As far出血etemporal variability of白mpぽatureoverlaid 
wi出 ADCPdね areconcerned，出reedistinctive layer吋
current structures a問 illu鈎誠edin Figure 6.官1efirst one 
企omthe surface to the dep血 of50 m co町田pondsto血e
Northw回tMonsoon Current小JMC)例ぉuzawa,1968) 
which can be characterized by the weak flow (less命館130 
αn/sec) toW,倒せ southeastdirections and the temp間活凶万

range from 292 to 29.8 degr田 Celsius.Toe second one from 
the depth of 80 mぬ 120m correspondsぬtheNew Guinea 
Co部凶 Undercurrent(NGCUC) (Linds加 m et al., 1987). 
Al出ough白eNGCUC is originally defined as the su初出合.ce
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Fig.4. T邸npo団Ivariability of temperヨ削除andsalinity before 
(Nov.12 to 17), during (Nov.18 to 24) and after (Nov.25 to 30) 
the westerly wind加市tinNov.20. 
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Fig. 5. Daytime MCSST composites deriv，倒的mNOAA/ 

AVHRRbefo陪（lettiNov.12-17) and after （勾h仁Nov.25”・30) 
the strong W部 .terlymonsoon wind (westerly wind bu陪Q.

Nov.12-17 

50 

300 

equa旬rw出せ velocitymaximum centered at the depth of 
200m adjacent加悦∞加tat 2 ° S, it is indicated出atthe 
Northw回tMonsoon Current overlies the northw岱伽ぽd
flow of the NGCUC (F加eet al., 1994 ）.百1etemperature is 
ranging from 25ぬ29degr悶 ・celsius.百1e仙 done from 
the depth of 200mぬ 250mcorresponds加出eEquatorial 
Uncleぉurrent但UC)which can be charactβ：rized by the 
錨'Ongsou出切stwぽd:flowI泡achingめout70ロn/secand the 
臼mpera如rerange from 13 to 20 degr悦SCelsius. 

The temporal distributions of tern~国間 overlaid
with AOCP data also illustrate the characteristic respons邸 to
the westerly wind burst Fi郡ire6 indi凶給自副社1eNorthw邸t
Monsoon Current p制 C)陀ach邸 70cm/secat枇 SUげ蹴

and e;...iends to the depth of70 m from Nov.20 to 21.官1e
temperature contour of 29 .2 deg陀:esCelsius is sh町ply
uprising. The accelera怯dNMC caused by the westerly wind 
burst is called the Pacific Equatorial Monsoon Jet (PEMJ) 
(Lindstrom et al., 1987) which is the strong eq聞知rial
伺stwardjet with出.ereco吋edvelocity more出m 110 
αn/sec （倒的ixet al., 1992 ). At血esame伽 ethe 
northwestward flowing New Guinea Coastal Unde民urrent
(NGCUC) at仕1edepth from 80m to 120m is seem to be 
decelerated and partly devi蹴 dclockwise b側 useof由e
enhanced NMC or由ePEMJ伽mNov.20 to 21. A伽r出e
w倒町lywind burst the No叶1westMonsoon Current 
(NMC) at出es田facebecom悶 V町yweak.α1 the other 
hand the New Guin切 Coぉ胞1Un拘℃:urrent(NGCUC)誠

出ede伊hfrom 80m加 120m shows出es阻blew郎防副

flow of・めout5伽 n/secand印刷uatorialUnderc山町nt
(EUC) at吐1edepth from 200m加 250mis s悦 n尉1ened
especially after Nov.28. Since出enorthw白tmonsoon wind 

Nov.18”・24 Nov.25・30

冨・ ・・・・.，. 91,r"“ ・•＇ －、;c 1・・・ . ' e、司伊旬、，r・ヘ・一
12.00 13.00 14.00 15.00 16.00 17.00 1800 19.00 20.00 21.00 22.00 23.00 24.00 25.00 錦白0 27.00 28.00 29.00 

Date (fraction of d置y) Dat自（fractionof day) Da恰｛何ctionof d叫

恥由＂ 1.0000ef02 h 問書 1.0000e+02 』由曾1.0000e+02

Fig‘6. Tempo悶Ivariability of恰mperaturepro百leoverlaid with velocity v1印 to悶官四割 Nov.12to 30. (Uni捻of拾mpe悶tureand 
velocity are degree Celsius andαnlsec陪sp副 1vely.)
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Fig. 7. 凶作間dcurrents机応加問W出世1ePaci告cEqua伯尚｛
Monsoon Jet (PEMJ）均ge限dby the westerly wind burst 
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wind burst 

and血ecorresponding NMC are w問k，血.ecause of the 
s出n併1eni吋 EUCis unknown. However型aftercomparing 
wi白血.evelocity vecto路 ofthe NGCUC during the previous 
period it is和田idout由説出etotalむ'al1Spo此oftheNGCUC
is ge抗inginα-eased toward the latter half of出isperiod and 
出epart of NGCUC maY. con凶bu飴 to出eenhancement of 
the EUC. Three distinctive layered 仰向ntstructures with 
血ePacificE.q刷。制MonsoonJet ca凶吋bywesterly wind 
burs白紙illus回附inFigure 7. 

Variab蹴tyof chlorophyll-a 
R思m8 shows the SeaW1FS輔derivedchlorophyll嗣

cor】cen回説oncomposites be武）reand a抗er血eW伺terl）「wind
burst Around血estationruy observ説onpoint (2N, 138E) 
恥 concen回rlonis below 0.1 mg/m3伽mNov.12 to 17. 
白白eo血erhand high concentration ru羽 sare found in the 
nor廿1westof the s旬tionruypoint (3N, 135E) and出e
northern coast of New Guinea Island A食er出eW岱terly
wind burst (Nov.25 to 30) the chlorophyll-a concen闘 ion
紅ound由es回ioruuyobser・vationpoint indica総出evalu邸
around 0.1 mg/m3 which are agt明 dwell with伽 insi加
concen伽副首onvalues shown in Figure 9. 官1ehigh 
concentration創閣 制 endsto 4 degrees north and the 
no巾emcoast of New Guinea Island. However, the low 
concen郎副on担問sare found凶 stof 140 degrees m出dian,
which may indicate出etemporal and sp誕ialeは：entof the 
upwelling in this region. 

sm処1ARY

羽田 resultsof the s加dyめoveare summarized部

品llows.
(1) During the RN :tvIIRAI m悶 rchαuisewind町indu印 d
upwelling is expr邸sedas the response of世田 W邸側

equatorial Pacific O切組ω血e泊。ngno抗hw岱tmonsoon 
winds (w偲伽iywind burs白）陀：veal吋 byin situ and 
Q凶ckSCATw凶 V民 tordi剣 bution.
。）官1echarac附 stiesresponse of血eupper oc伺nographic
錯U伽 eto出ewesterly ,vind b鵬首is祉施PacificF.quatorial 
Monsoon Jet (P品目） reaching 7伽n/secat也esurface and 
ぽ tends初出edepth of70 meもersfrom Nov.20・21.
(3）官1ecurrent of upper 70 me白rsco：ロョsponds加出e
No吋lW邸tMonsoon Curr創設 (NMC)and血.eintn泌ionof 
NMC enhan印 dby the w笛terlywind bursts白山esa 
reversal h出esub-surf蹴 current(New Guin伺 Co郎凶

Undercurrent (NGCUC)) whichαm陥 a 怯mporal
upwelling in血isregio乱
(4）百1etemporal upwelling event is revealed by the sharp 
incr伺seof in situ chlorophyll圃aconcen回tion,sali凶tyand 
the deer，鉛seof s伺釦rfi釦e旬mpera加re.In口問seof 
chlorophyll圃 aand出edecrease of s儲 surfacetemper細 胞

are also supporぉdby出emulti-daぉSeaWiFSand MCSST 
composi記Sresp配tively.
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