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JEHREPY MRS FROTRAI S 2 — > OFMIZALZ2 2 fe I, WHFFITEE & sl
(ADCP - GEK) 7— Z Z2fft LTz, #BHEIMERTH 2 EFONERERIE, /KEH 50 m {3
WIS EHD K25 L LR TH 5. T OJb BRI HRRRg O el Tidin R B+ L Tk
TN, ESWIIBIOAEFIHREM TIERETE D DI TROERIC X > T#FET 5, LML, T
Dy KIZMHTa A TH 2L FICAS T QT 5. T DERIEEWHFITSANIC
Ko TREDREDKLMERES LD EHMEND, ZhW R, XFHSHEFONE
Bl ek DO PE U TIREAWIE e UL TR SN2 600, HFFEK D Litllloi

BCCIIRBICTEE D, AR ERE RS,

F—U— 8 xHBRERR, JtdmEvEEh, L, SRR, R, KRS

1. ZC&IC

AW B HAtiEERFEN 2, JHBE O &
R AL 9 5 SR Bk & Rk oD 0> B A (e
HEHET (Fig. 1 (b)) T O¥EHOBEMBIE, KIE
200 m DABORERRgHE (FUBHE) AV FEE U 7o R 1B LA
JeDmaE & BB IR ED 5T QI 2 7 B A
&% AMNBUBOTRICKEL ZH5ENE, TD
7K 1,000~3,000 m DRI (Fig. 1 (b) D
KERD Y 2 —TER) (FEBHRIEIG T OIRFEEHED
5 EHEE AP E TIRIERILAMICEE QICET TW
%, HAMEREZIL Y 2 B EROBETR OS>
(ZEREERIR ) 5L TG U (Onishi and Ohtani,
1997), 5D OFRRIRAMHED 5 A R —Y Z i \Friih
3% (FH, 1979), $4bb, BEFHENDRAREL
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bR HEE AR KR T IR
T 041-8611 EKifili figsNT 3—-1-1

FIREDHEERER L - IZBEFUKD, JtiETbEhER
BrRltELTWaTLick3,

Fig. 1 (a) l&BEDOAZ TR E NicdbiBEREM O
HEEROBARKTH S M, HEAMCIZILHRERREIC
BE /KA E Nz db EFRAI AN TV B, Fig. 1 (a) O
FENOR U257 (1934) BXUEE (1973) OFIAKI
FICHFOWFF BRI Z & IcHidpNTE D, AR
WIS /5 T 2k A E T BRI R RN Esh
LTWABMN, AFFEEAMTHIFERN & 7% 2 OhRH
HTHB, —/, Fig. 1 (a) DFEICRLTZ)IIA (1991)
DHEANIIEFOBEERFNEGZ L LIHMINTH
D, WD A THREIRERZHDT, RIET SEmKE
(1) 1S BK - KB AIC X 25RO TN EAR
WBOWBFBE L TESTDLV T EEEHALTVS, T
N5 OMREICHIK ZDHROEMMETHL, HLZH
T, ITNLOERRIRENIZIRNDA A=V
LEoTWBIELMT ERN, —7F, 0FERFTANS,
JLEErEMEERORILERICAIE T 2R - B
LI B B N DERRRC % OFHZLL 25
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Fig. 1. Two maps (a) show the schematic illustration of the flow pattern or offshore front of warm water
off the west coast of Hokkaido, suggested by the previous studies of Uda (1934), Naganuma (1973) and
Kawai (1991). (b) Bottom topography west of Hokkaido. Two white arrows attached the coast indicate
the locations of Teshio and Ishikari Rivers. (c) Marks @ indicate the hydrographic observation stations by
Hokkaido Fisheries Experiment Station and their offshore line is called as JA, JO, J1, J2, J3, J4, J5 and J6,
respectively. The Tsushima Warm Current west of the Tsugaru Strait diverges into two currents; one branch
enters into the strait (TgWC: Tsugaru Warm Current) and the other is the remaining northward flow (NC:
Northward Current), as schematically shown by the open arrows.

WU TR S I A D TV 5,

R - RAMIERC B AN (X I3 BERE)
DEFHELOEBIIUTOED TH 3, EitiEkicD
WTIETFYT 1.2~1.5 Sv 12 (UEE, 1994; Ito et
al., 2003), ZEZ{LOHRIE o R OERRRR &
KNI ZEOMEBERRD S HERI X N, FFIEEICHENRTZ
DIRIEII/NE L, FHZHIRZ 0.3 SvEELEIREIN
TW5 (A5, 2003), TOK S ICHRREHmEM TR
DOEHZELORIBIL NIV E DD, RKEORHEEH
THIGE, BRIRR, KF~FFChvE 7z 5400
55 (EES, 2004), ROV TIL@EAHE
DRBOREFTONTVARWD, Bk PidsitizE

IRRICI o TorkALE & R IBIRDTDEBIRIN 5, R4

B ERIcL, £FICHE5 VS G S
ZlEERT T Db TWVD (LS, 1999), 7z,
2003 EEESEA L EME N TV B EZAHDO HF L—X
BAlcBLTE, BERCEAIEN 1 ms~HITET S
EEEBENFAE N BZDICH L, KFIIIZOFN
PRRICTIE 5 T EDEREEN TS (Ebuchi et al.,
2006), TN 5 DIMEMNIERT 5 miEIROFEER (8) D
FEHECDEVH S, ZORICAIET 2 ILifEEEF T
ot E#iE Fig. 1 (a) D& 5 G—HROBKK TI3% <,
ZEMICLELLTWVWBR T EHTREENS,

F 7z, ERHEE FE Y HHEK O 7KEE 2,100 m ORI
FICRETEFERK 5 cm s™ T, FHIEENIFEAL
HENIZVIEEIL EROFEEREEN TV S (75,
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2001). 7K 2,000 m (T OREMRH I LHEE ra R E
TERPS>TVB T D, HRHHETE S Bk
Fc BB A EICHIE S N izdb BRAVRE E NS,
&L, TOXSGMEL ERAIEIHEPE T
TW30E5I, EREZ2RE L THigREtEZE &
bR LIRS TiE, oo A2—2
DHBEIATTNEZEDER S,

JEHBENT K PERRBIAIC & B AL D s O 191
VEBIRIAY 1989 EM LS Nz kit kD, FAlddL
HHETEREMIC B 2RO ES 2R 5 &
NTEBE STz, EBIC, BREFEHBER T
JrBETE R REEE I B ABERR Yy 5%
JE7U#RT (ADCP : Acoustic Doppler Current Profiler)
T—ROEREI, 90 FALUE, REEACHINL TV 5,
AWFFETIEE T HhHIC, Hanawa and Mitsudera (1986)
TREE Nz TE— FKFK (node water systems) | D
BEaAE VT, SREICBT B4 DKED TN
TR EERT B, TT T, b E NizkROBZE
MpfmEBRI NI E LTIAS T EICEKD, &
BRI OHEZRRA D, R, BEEHIOHEIN
A EEHROZE 54 ¢ ADCP - GEK (SEREHEET:
Geomagnetic Electro Kinematograph) I & % /&
SO S, ME - HHEROBRF R O/KRIIMi L
OEGWHZTN, IEEFEFMMONSREIEICET %
TSR — 2 DR WD,

2. MRITEHR

KR« HEH VER AT I bHEE R K R Y
T—2NF% LTV B 1989~1997 £ (B FARA ZERD

BE 2 M A 1 EOBIATERBENTVSD, KD
e B NIERE FEN TV B D, T— 2 DGR
M 55%LA E (4 6 [\ 2 FUEIC ) ORIFROH 2R L
T2o SERUT-MIERIE Fig. 1 () loR L7z JA (45.75°N
1), J0 (45.5°N #8), J1 (45°N #8), J2 (44.5°N #3), J3
(43.5°N #8), J4 (42.5°N #&), J5 (41.5°N #R), J6 (140°E
#R) OFF MR TH 5. BMED FEIATR U TZHF T
DHFRIC B Z2BLEESTH S, ZABHLEBELES
ERABOPREEOELT, HSAEZE LTHVS (B

ZIE, JARRO 1 BHOBHIAIE JAL), RATICIZEERE
(0, 10, 20, 30, 50, 75, 100, 125, 150, 200, 250, 300 m)
DFIZ CTD THIEE Nz, BIEFH DK « BHE
AV, FEXSZ2HA (124, 34 H, LUITHEE)
Z—DOWME L, 14% 6 BMicnitc,. JA~I3 D
AR A DR BB IE DR ORI Z T2 X
BT ENTE, J4~I6 ORHIE ral OHms >t Ak
FEHICBT B NEBRODROMTFZIRZ 5T N T
x5,

ARIFL A LIfagoss— 213, BAEET— 2
> &Z— (http: / /www.jodc.go.jp/index_j.html) I B
ETNTUV3B 40°N~46°N, 137°E~142°E Dl (i
X%/~ L7z Fig. 1 (b) O#if]) IcF £ 1% GEK+-ADCP
F—RTH %, HHARE, GEK 7—X1& 1953~1995
0 43 4R, ADCP 7— &1 1985~2002 0 18 £F
MTH%. GEK I ERBMEDOHAFET —XTHD,
ADCP DiF & A L1E 20 m LUROFRAFLRT — 2 TH
518, RN TREBFRICOVWTORER X%, &
B, GEK & ADCP O7— 2%, ZhEh 11,057
fEE 241,981 THH, LATOMHTTld GEK & ADCP
F—2ERXHET, REBFET—2 & LTHOFo 7,

3. MRIhIER

3.1. KHREER
REEEDKDERHEL

CTCRAMNBMAZERE LT, JA~I3 B2
#3% (North-Area), J4~J6 ##/zBaakiEEk (South-Area)
ICKA L (Fig. 1 (c) B588), Wi 6 MRZI0
KR - 185 (T-S) A 7 75 L% Fig. 21ImUTe, &
i3 Mm R NMEE S KOHBRICEB T 5. O
BoiF & AL ki 34.0 f1iRICH D, 15T 33.0
DUF ORISRk O BRI & < 3w, T OEED
KO HBBUIILTBHHR T K D BAKIC R D, K3 =
MTREABZD, FE-EOKRBEOE EEENETE
OV TH B, T TR OMIME UTHin
33.7 3B (BBNR U MEAER), 6 BRI, Sl
i 50 m LUROBHERS TR L e 27— Z I BT 2K
WEAKDOBIERPDOKRE X TRL, KESKNHEL

3.1.1.
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Fig. 2. Seasonal variations in the T—S scatter diagram at the northern (upper panels) and southern region
(lower panels), whose regional boundary is shown by a thick solid line in Fig. 1 (c). Vertical broken line at
each diagr
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Fig. 3. Horizontal (upper panels) and vertical (lower panels) distributions of the bimonthly appearance fre-
quency for the low-salinity water less than 33.7 using upper 50 m depth data. In the horizontal maps,
the magnitude of the frequency is shown by the circle size and the no-appearance is indicated by the cross
symbol.

BN XEITRUTE (Fig. 3 BB, &7z, ZOE  MWEOBREILSE TIHKES/KNEEIC b 59 IR
HkDT—2 2, FKEENL SVOHET LT&ED, SHEED 20%U LORIRE L AEND, T
ML TV RN 2 AT S LTRLU (Fig. 3 TE).  OILERRREEOEE KkOMIC, REfiEss Sk
IKEATRDESRKIE, —FZWLT, KFEOmEL EHAFEHICHET 2 X5 ICHZ B EEDKEIFET
EROERBICHBNG, 7z, EOMMICENTE 0~ 3, TOEESKOFEEIZBIHE1 10-20% L T TH
10 m AHEDBYEMNRE Ve KFNCH T A, d6E 240, 5-6 BICEEREGE, 7-8 Al RsiEs—,
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9-10 AlCLEpEEIcIEY 5, 11-12 Alcks L, Wa
OESESKIEMEZ, M, JURREEOESTKDOH
LixB,

JEERIR IR AR5 O MBI L SR ATAYIC K & 7
2L, Z05 ORI ER & REN ORI
MELTWVWA T ehbhsd (Mo Ed Fig. 1(b)
DOERERA), DTS, fMOF/NIIIDOFZES
Zz25NBM, K OITDOMIIKERE L UK
WoakMHEHLEEDEBEbNnb, 5-10 AOWRICH
Epih 5 HE T 2Rk ERIC K > TREZ
BHRLTWAAREEZNE, JLEEM RO BRI

BWic B 2W)E L ZBKOBER R Tk L HE
HxXns,
3.1.2. KREKS

SRR UTHIRR D T-S XA 7 75 I (Fig. 2) ZH
W, IKBLOZHZALOMIE 27 5, Wi LrifEk
L, FENAEBEEE LI FIOKEEICEDED
THbH, ZWMoiEkiiild 1-4 AT 5-10°C, 5-6
AT 15°CHitk, 7-10 B Twbm< 200C A, 11-12
HIZMETFLT 10°CRUE L %, #M)IE L IERKD
BB L HER L e BB RE S K ERNT, BOEDOTE
ZAbld 1-6 J1 T 34.1 Wik, 7-10 FITIERIEEFRO
ok & BbN B 34.5 HIROEREIKASHEL,
11-12 I T OKIFHEHL T3, Fig. 4 (a) 32T
DOHARD T-S R TH 2. 13 & AL DKELDEEIMED
33.8~34.3 ICEH L, KEELIC X 2EEELA AL
WEZ bbb, $hbb, MEEMBIC K ZIKIRK
[EoEmm A X BHERA T L TKTFRIRIC X5 7K
BEHNRKEND, RFRETHIEIVER (£
T XMBEBER) 15 2 % ZEIHENNIhEVwT e h
OB,

Fig.4 (b) I3 AR TIRET 3 8 BEOKRKN TH
%, 9, 3.1.1 BiCiEam L7ziEs) 33.7 K DRV KBRIZ
FINE U IERKOF &R Z T TokE#HRIEN, Th
B—DDIKFR L EFEL, RWEH/II7KFK : River Water
system) & L5, Watanabe et al. (2001) 1345 (1997
11 J7) 12 BV BRI G HEE DK - i T — &
ZFEFTL, Sudo (1986) MiES L7z L BAMEEA KA

185y - EREROMES RIS b, BROEES D
OB TE AT LA RREL TV, TNHIR,
BEEFKDT & TEHICIHET 2E5NDKITH S
HAEH/E/K (Japan Sea Intermediate Water : JSTW)
L, EBICFOTHOEEE  WHRKTRETUS
N5 @S H/E/K (High-Salinity Intermediate Water :
HSIW) TH 5%, BIFEC IRV SN eT— X BT
ENRX BT, TOXS AKRZEE THEICER
THTEIIFHLY, TTTE, WOHhDOBIFOMRZ
SEICHEBERBICEET 2KRZBE XM EEMET
(0 FoR) THET B L, WEBEFUKIEEE LT 26.90;
X b L ERNEEEE, JSIW I BRERUK L LEZ 2D
26.6~27.30; 12 DO EHIF (Isobe and Isoda, 1997;
Senjyu, 1999; Kim and Kim, 1999), HSIW & 27.30~
27.340, DL ((EHEICIE 0g ZnODfE : Watanabe
et al., 2001; Kim and Kim, 1999) ic® %, #&ihd 5 &
30, HIRHEHEEARE DX BRI O TREI N
JSIW i, BEABEL THEMCHEBICHFET 5D, T
OKBRIZILHEEIE R T ImICE T 5, AEED
T3 BAREBREEKDHMVERIE TE RV, BH
ICEH UV kiR e B gk e % JSIW ZKAIL T
BLZLWREETHD, ZTTT, AMETIE LEHEE
HBEE KOO JSIW % 26.6~27.20, DEEHIFATE
#L, 27.20, X O L EVWIKELZ—DDIKFR JP(HANE
[&47K% : Japan sea Proper water system) & L&
# Ul XoT, MEERUKIE 26.60, & D BN
WLk BH, HE 2540, & HBVIKBLIE SICREK
L LT Utz BATEC DEEE 25.40, IEIE, T-S
HAT 551 (Fug. 4 () TREEBET Ty Moo
THY, TNREEINAHOZFHRE-EOREZRL T
W3,

TOXS IS 33T Kb b|E, #HE 2720, &0
LBWNEEE KA, BAEPEK - SEEFUK -
EBKTIKHL, Eblc, NwyTHEbL—¥—k
LTS TN TERRND M2 ZHERICLT, TN
FNOKELZ L @i Kk EARER D KNS 73U 7o
X oT, AHREICEZKROMNTAIE, AABHEK
JI (Japan sea Intermediate water) O &7 il JIH
7KZ (J1 with High salinity water system), Z DKz
% JIL 7K (J1 with Low salinity water system), X{f§
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(a) T-S scatter diagram for all data (1989-1997) and (b) classification of the 8 water systems: the

Japan Sea proper water system (JP) (o, > 27.2) ; the river water system (RW) (S < 33.7) ; the Tsushima
Warm Current with low salinity water system (TL) (33.7 = S < 34.2, 25.4 < oy = 26.6) ; the Tsushima
Warm Current with high salinity water system (TH) (S = 34.2, 25.4 < o; =< 26.6) ; the warmer water of
TL (STL) (33.7 = S < 34.2, 0 = 25.4) ; the warmer water of TH (STH) (S = 34.2, ; < 25.4) ; the Japan
Sea intermediate with low salinity water system (JIL) (33.7 = S < 34.2, 26.6 < o; = 27.2) ; the Japan Sea
intermediate with high salinity water system (JIH) (S = 34.2, 26.6 < g, < 27.2).

BE5i7K T(Tsushima warm current water) 0D 7&t8 53]
% TH /K% (T with High salinity water system), Z®D
{EHE#I% TL 7k% (T with Low salinity water system),
KBS FHIERELIZ (Surface) ICHB T &h 5, Sk
TH - TL BB OB DI TElk - (KiEflZZnZ7h
STH - STL /kF% & Uiz,

3.1.3. T— FKZROEHE(L

Hanawa and Mitsudera (1986) 1 {TE DI HIH
T 2N ZKBIC DN TGRS B E, Z OHHERIC
FHAEY 2/KELDIKIR « o7z B FOETRE S 5
CLidfEhRTHh B L ZRHILTVB, BIZE, ki
B AN 5 B B TREEOKNMEE L TV
e, TEEIZF ORI IITEE L 2 RV kil A RE
LTLES12HTH %, KEIT TR HIRY B7Kk5E
OFYIEEHE LT Ie— FKkHR) ZRELEZ, T—

FKRIE G Z SNBRA - KECBO TR EHEEDN

A B ENTKR WEHETOE—R) L LTESRE
NB., AR TIEHES OEZRICH, Fig. 4 (b) ITRL
Tz 8 EHOKFZR & FVT, JtddErEEic IR
% E— FIKROFHMZE 2RIz, IKREHHE - K5
MR TERIAT B0 RE LT IP I3 TH, RWIZH
RE, JIL RIS F#HER, JIH IERMCH#ER, TL
FKE, THIZEE, STLIIREAICHER, STHIZE
1l FIHERR & R L 7e (Fig. 4 (b) 2B),

SEM KRB OFMELZ /B Tzdic, JLfl
A5 J0- J3+J5 D 3MEZEHRL, 6 IR OSAMENT
Mm% Fig. 5 1SR U7z, #JIIZKRW I E— Rk
LTI HESEAMEN /- DIF L A PHINT, 58 &
11-12 A odJtEREE ORI AT (J01 & J31) I L
MHE U7z, BAMEEAK IP 1 1-2 AD J5 &
Al (I58) Z2BhE, —HEEREL TCEIICEH LAV, &
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Fig. 5. Vertical distributions of the bimonthly mode water systems along the J0, J3 and J5 lines.

B, JP#®27.30; KD ELEVKTERLERIL I8 TH
RIS AR H LS, 27.20, & DTEVIKOEAIGRT
AL Tl 7x <, REERMBIs R B Ik 7h 77 B D x5t
EEMPTAERICH S T L IZMBENEE£2 5, AKX
MK OEERAIO JIH IFEAE - KEMERKTE E—
RikFRE LTI HE LRV, BARUGEHEKOES
o JIL X, BAMEREREE Tl ESBNE TR
JoNnZkMTHEH, LBEAFPOLENSES
(1-4 A) I3 EVETER (30 - I3 RO EHI LS I5 AR
B THEMICEHRT %, 2L, BENOIKE (5-12
) 0 JIL 3 BEHUK (TL. TH) & BHA¥EERK (JP)
ORICEREN, WITNORIFRT & KE 50~200 m {13k
DOHEICZML TV S,

T B REFUKOKIEMID TL 13 _Eikod JIL B T
KRN R UIZGE TERRENSKRTH SN, &l
il TH i3 JIH DFEELRW 28, KEBRT L
HTERWIKRTH B, XFNLEZF (1-4H) DTLIZ
J5 FROM RN ELgiR S KR 150 m) 285 T
FHELTWS, 5-6 Alc/xs &, JHEIDAKRTE 100 m
LUEIC TLAHIEL TWAH, D TL OHIEA EHIH

SOKFERTICK 28D, EBERIMBICKSEDED
MIFRTH B, 7-10 HD 30 m LK T TL HBEE -
7e STL SR & 755, b EfRic K D BRENLE
Z 505 TH IZ/KEE 50 m fHimic BB L, 56 HIC J5
R, 7-8 AIC I3 R, 9-10 AIlC JOFRICIET B, THH
J5 FRE JO SRR DR (%9 500 km) & 3~5 M HMT
TRELTVWRT EHD, ZOVFEBREEZBIR S
5 4~Tcems™ &5, 58, GREMOHRRTSH
% J3DTHIX, mElD J5 & EXTHEICHEN> TW
BREFIMAZ B, 11-12 H D 75 m LI TL, 100 m
DR JIL - JP BRI & 75 D, THIZ J5 f0—E& 7%
BWTINRS %, ZL T, 1-2 HIC A% &JLipdEE o
TL £ Z, 100 m D& JIL DB & 755,
RSN RECE ORI S, B Lo
TZDOTHMNHATNZ LEZ 515 TH DKENE
HIAETND zblcld, KE 50 m DY THB T &
Nohbd, ZTT, EHFROKE 0 mIicBI 5 E—
RKZZFEL, 6 HBEBOKFESE%E Fig. 6 IR
Lz 1-6 BIC BT B 7K% 50 m ® TL IZdtisEinFEIC
RSN THEALSILHANBE L TWE XS ICH X B,
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Fig. 6. Horizontal distributions of the bimonthly mode water systems at the depth of 50 m.

Thbb, 34 A5 5-6 A TL Aoz izbld,
IKEHNC — B BENER D& 21 Tl {, KEBH
DEBEHBT TR EINS, 56 HIcBWTRE
ICHIES Nz TL X 7-8 Alc AB k@il 5 THICE
b b, TLZILPHEHE DA L7455, 9-10 ik TL
BiEEAEALNEL XD, TH NVAREMRTHERN
WCHEICIEAY D, BURRINCICR LD 530 JA
BMICETELTVS, 11-12 AD TH BEHEEOHR
FAHED—SICERET 555, s O TH OfEEHIE
LAY TLAZ{EL, T TLESEIZ 14 AT JL A~
EET BT END, XFOBBHHIAICKLZRBHE
BRI KRES(EATREE NS,

3.2. FhN2—O=FHZEL

ERBRFES LB AN ERR_—DIEDOFRE
B DFEHEL

BPBIRICE LT BRI, WBERAANORALZ
OF FiumERFEZIL LT AR 0K d 5, T3 T
BIZ] THENALELDIC, FOREEETIZIFHLT
HBLEONTV D, AEITRERERBILAD J5 7
(J51-J58) TJt_Lii& NC (Northward Current), il
FaAD J6 & I51 T AGiE TgWC (Tsugaru
Warm Current) % 6 B & & IC 9 G OEE IR
2L LTREALY, MERD)OFMELZHND, H

3.2.1.
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Fig. 7. Seasonal variations of the bimonthly baro-
clinic geostrophic volume transport. The stations
of J51, J58 and J63 are indicated by the open cir-
cles in Fig. 1 (c). The transport of J51-J58 and
J63-J51 means northward current of the Tsushima
Warm Current (NC) and the Tsugaru Warm Cur-
rent (TgWC) respectively.
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Fig. 8. Horizontal distributions of the bimonthly (a) geopotential anomaly referred to 300 m, (b) anomaly
flow pattern from the annual mean state and (c) volume transport.
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LEE (ZEEDER 0-1 DT, N7 MV ESEE
AHT—EHETEI > T 8) DFmWT L Z2RT . 2H
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Fig. 9. Horizontal distributions of the bimonthly (a) total numbers of GEK and ADCP on 20’ X 22’ grid, (b)
current vectors (its thickness is classified into three types by the stability), and (c) spatial smoothed current

vectors.
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Fig. 10. Horizontal distributions of the bimonthly salinity at the depth of 50 m (upper panels), 100 m (middle
panels) and 200 m (lower panels). Gray area indicates the high salinity water more than 34.1.
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Fig. 11. Horizontal distributions of (a) observation frequency (b) existing frequency of warm eddies, and (c)

mean temperature of core water in warm eddies.
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(a) The schematic illustration of the flow patterns off the west coast of Hokkaido in summer/autumn
and winter/spring, newly suggested in the present study.

Black and gray arrows indicate the currents

accompanied with TH and TL waters, respectively. Seasonal variations of the schematic representation for
(b) vertical mode water system distributions and (c) T-S diagrams along the J3 line.
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Seasonal Variations of Water System Distributions
and Flow Patterns off the West Coast of Hokkaido

Naoyuki Higaki *, Yutaka Isoda f, Yasuhiro Isogai f, and Hiroshi Yahaba

Abstract

Hydrographic data and direct current velocity data (ADCP and GEK) were
used to examine the seasonal variations of upper-ocean flow off the west coast of
Hokkaido, Japan. During the summer season when the sea surface temperature
increases, the Tsushima Warm Current (TWC) flows northward carrying more
saline water in the intermediate layer (about 50 m depth). The current flows
swiftly along the west coast of the Tsugaru Strait and diverts offshore at Ishikari
Bay. This is caused by the presence of the local clockwise meandering current of
the Bay. This saline water, however, abruptly disappears in the winter season
when the surface temperature cools. This could be explained by the strong
vertical mixing between the saline water in the surface and less saline water
in the subsurface layer. Therefore, during the winter season, the northern flow
of the TWC still exists near the Tsugaru Strait, but dissipates as it nears the
Ishigaki Bay due to the vertical mixing of the layers.

Key words: Tsushima Warm Current (TWC), off the west coast of Hokkaido,
seasonal variation, direct current velocity, baroclinic geostrophic current,
mode water system
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