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Domain: TD) BA7EFEL, TD ZFHLIZHEEI 5 & 512 170°E i2¥h> TREWILFIDFEL T
W5, AT 155°E, 165°E, 170°F, 175.5°E, 180° iz} 3 REIFE OMEHERRIT—
X BN L, TD BT 5KBEBENKEELUFZERICKESELLTVWDEZEZHL
ML, REBELUFIOERERR CTIE TD 2 HRICHETE 5015 LT, RERILSI L
IZHBWT TD 12 LI LIEFEEES, BEirbibicmd > THEEHE K O EERKICEBICE
b3 BABBTREFR L T 2, E6iZ, TDICHIT 5 REEBXIZN-> T, KEIZAMD
HIZ Ao TR KD HEBE K~RBICEL LT, TD fHEIFEET 558V IRME X
DEEFRIZ, KEHEILF| o 43°N (i (HEHWEIL & CEEILOM) 288 L%, Bz
7 B, ZOBEEROEBLSMLEITRELE LA, A7 b3 HEmEAT
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*2005648 A8 A T H; 20064124 288 X &
1B | BAREEESR, 2006
VA R R RKEER 20y T 041-8611 BAHTHIHEET 3-1-1
%% e-mail address : wagawa@sola3.fish.hokudai.ac.jp
T ArdEl ROKEERES; T 041-8611 EAHTHHEAT 3-1-1
** Jv oS8 KOKEERFZERT; T 085-0802 #IFETiREAR 116

al. (1976) IZf€vy, K100 m T4°C DHFRERL T 5
B, TOEFIFRBCLVDLERS, FlzE, BH
5 (2002) EET L  MEEE (BT, HE)26.3 0p BT
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FlEME LTEEI NS (Mizuno and White, 1983),
KBF 133 v % —E4HE T KEF 2 5 408 U7 /iR
TH5H, RAOKERUFIMAETIZSAB L AR LT
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SYRIBRTH % SAB OFEERIZ OV TIHRET LR
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Ueno and Yasuda (2000, 2001, 2003) /%, BEEZAHEFE
A bND RSB NEDOIREFIZI TD Aizh v, &5
IZERBVEBER 2> b B HE R~ ) 5 =i - MK OB
BT (cross-gyre flow) & B ARDRANEIK D TD Z2AR
ELTWDHBZLERLTNS, £, TD RITIZLZED
BEAHICL 2HERASICL - THEREN S FRE—
K7k (Central Mode Water : LL'F, CMW) & FEIZI 5
DS E— R TR T DN 3 KEOFELIER
EhTW5, CMW 32 DHFEBE#H OB VNI L - T,
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IZEBIEhTW5H, —F, Oka and Suga (2005) Tid,
25.8~26.2 09 % lighter variety of CMW, 26.3~26.4
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FFEEZAWS Z &2 LTz, Yasuda (2003) 23487% L 7=
BR-BERESERIZI T 2R - AI#R - KBRS OE

KK (Yasuda, 2003; Fig. 1) 1%, kil L7z TD fHEo
BEERBEL TS, ZORICIE, HiE+T5 TDAT
ETRIZAAN DI ON TEEAHRK & BEEKOKTE
ENESL, FRT B2 LI - T TD AL Hmic s
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5ZLETBRLTVWS, LU, Roden H N LT
5 —4#1%, KEF % SAB (Roden & 23EFFERISR & Lz
subarctic front) ZER2HRE LI=bDTHDHRD, K
MEBXHRE L7 TD OALEFEEEZ & A TR, §
bbb, ROIIAHZETH D SAF 2R L IZLT
X R2dole, EHIZ, HONBIT LT — & 1388
T—ETHDHED, BODERB—REEZEFONTH
BT S Z LIXTE R, AERFEDKEERTIC
x4 % REHILFIOFBEA R BRI OV TIIE O
B & TEY, Konoand Kawasaki (1997) i3 ## (8
HEHBROVRERR) OME L XKEWEILF|ZHER L
LTHED LA VRS vy TREERRS —BT 52
L ZARL TS, Kuragano and Kamachi (2004) 1%,
T—ZELDFiEE AWEEEET M X - TIERTE
FEDKF - SpEBRREZFRL, REELZ OWEEH
FBAZ L DHMNB~OFBIZ OV THRL TV 5B, HS
DFBERERIT, BRHIC L 2IEERE L LT, X2
WHIORM TR EICITAL LHR, LTI TRAE
THZIELERLTWD, ZTWINEESEICL HHES
BERPREBUIITZIN TSI LERRLTE
Y, Kono and Kawasaki (1997) DEREZXFTHHD
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Thb, BEHE - HFH (2004) 1%, 1998 FEZFED 1 RBI7ET
DF —ZEF NS, TD OEEXHERIZIH->TRE
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BRI — 5 2 TELHIETRIBICDIc o THITL, X
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AFCORTAE (3.1, #1) TIX, LHEERFEKEZE (L
T, dbK/kE) S NEEREREARER]) TAELT
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BE M L, 155°E, 170°E, 175.5°E, 180° D& EMR L
23817 5 TD DR ALER CKREE DRERE{L % Bk
U7c. ZOOFENTIE, BEE - EH (2004) 23R L 7oK
FHEZEBL, ThE2ERYEOEEZ AV TRIELTC
LOTHB, LL, LRKKEOERIIKERELZID
FBRIMEROE#A 22 < (BRI ILFI 5K 1,200
km b BN Tz 155°E OA), SRS N AMBHFEEENRE
WEILFIRHEIC BT 5 BT R EIZ L 5 b ODED
HEENTX 2, X iz, RERBOMEEF W #ETo
ediz, KRBREROHER 2EHED CMW 257EL
TENTHHEELEY, 22T, REBLFIOTSHE
Bz 3 5 165°E BURIERIZI 1T B 1993 £~1998 4F (6 &
i) O&ER CID 57— % & KEREN L v 7 —Lif
ERAKEPZERT (UL, JLKkBF) 2268 4t L T 7e2n
=, 20 165°E ## & F CBRBIBIMIZIRY, LRAKED
5 170°E, 175.5°E, 180° i2¥%13% 1 m vy F® CTD
F—& (BREIIFHELR) EHOHFA LT, FRORT
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1978 4:~1994 £E (17 4EM) i23B1) 5 TD DRRER(L
ORI W= T— 21X, EAKEMBREMRS L X5
H- LEANEZ (6 A~7 A) IZEHE LTz 155°E, 170°E,
175.5°E, 180° 1231} b EHEBOKIR - BT —F THD
(Fig. 1), BUHIEIZT 1980 FRO%EE TS &Y

FAKBLEGENREHEZERALTBY, £RLEXCTD
(Neil Brown Mark I B, #E : /KiE+ 0.005 C ;
43+ 0.005) #EA LW, ZOEERBT—F %A
T-FRAT IEIX, TRROBY Thd, 1) FFEE, BER
BIZRT v VKR (BT, KiR), 5y, BEOHR
EWERZERL, ZObORML NTLHIZ] Tk
~7-EHEE b L2 SAF (100 m - 4°C) & SAB (100~
200 m - #5y 34.0) ZREL, TOMOMEEEZ TD LE
ELl, 7L, BEYESRIADHIZ SAF & SAB 7
ASTLESRHAE, [TD 2FETERV LEE
L7, 2) BRAIABICSHFERESZRE LK 26.8 0g
A EOKBIBERL HFERE (KB 700 m ZEHED KR
100 m OfE) Z3E L, TD fEiZBiT 57K L EER
DOREELEFTA, KRBEERDOHEIT Zhang and
Hanawa (1993) iZ L7z oz, Z ORHT TIIEER D
AIBAED S 26.8 0p E OB E L RGARIZ LV HE
L, Zhang and Hanawa (1993) ® Table 1 iR S L
HFEHIFR 25.5~27.3 0 DHEHR BREK (R K) -
Bk (RERK) OKEEEZAWT, FAARDORESE
ZEE L, 100%LL LA BEIK, 0% TARBAT
HY, K TIRAKRBESE ONEZERZ 0~50%%
EHAK, 50~100%% EBHRKLESZ LIZT D,
723, Zhang and Hanawa (1993) DEZIZED < KK
BAERX, BH - B8O 2 OKROLERELE L
BAEKBHAT HIEHRICEB W TERERF D, RENTE
HTH LI RFEDEKE 26.7 09 LVEVHIRE
DKL, AFCBOTHERICEH LR\, BE
MEk - WECREK - BRI EDABIPLERITIELA
2w, £, 2TOHRARIIEH - BRRAE
FHREAL LEERAMOERIZH Y, TD FERED
KRR A ERNICER - BEEARORBRE DA THE
RT&EH, 29 LEBERND, FEFTFTRITREICET
% TD NDOKRIBE ZIRT 5 £ T 26.8 0p @ LDK
BBEAREREL L, 72, YEPLREBIZBITD
BEERZAONTTHEZDIC, KETOm ZELEE L
7K 100 m 2B B FEELHE Lz, KE 700
m ¥ ENEL L7-BEIE, 155°E o 1987 FLARIORKE
BIAEN 700 m ThHholldThd, 23, KET00
m i 26.8 og B L W LTRVKEZHB7=DIZ, TE
DB OB RBEERIIS IBRERBEINTVD, &
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7L, 700 m HRIZBWCHEEEREIZRILATMIC
BNTEY, LTV KEEEBIZTIRMmE O
NIZELIZEAIND Z LICERBLETH B,

1993 £~ 1998 4E (6 4:R) DR EWEILIF| % BLd B EE
EOHMRERMOMOTLBRIZAVET—Z1X, EF(6
A~7 A)izH1} 5 CTD (Neil Brown Il B) B#D 1 m
EyFDTF—FTH5DH, 165°E SiTIbkBHAELHER
ek, 170°E, 175.5°E #RiZ AL RKER BHREMLE
XL (1998 £ DA SBE 911 plus, #5EE : 7KiE£ 0.001°C;
5y 0.0003), 180° MAFEMEMB L X AAITL-T
EESN=bDTHS (Fig. 1), %28, CTD DKL
P I FIZ—[B] Neil Brown #, F721% Sea-Bird #LiZ
BOWTBREZRI), #MERBREAKICL->-THEEN
7ETH B, T, CTD DETF—ZIZHhbND A A
IROTT—F—FHBRETHHIZ, KR - EHroD
EF—BWZTRA LV NDRAT ATV - 74N EEHL
7o EDH%, NEBKRR L DINER T —ND/NS IRHEER
BRET DD, 3RS FON=UT - T4 VE (B
#0.25, 0.5, 0.25) % 10 [Ef L7=b D%, AREEHTOEK
T L, TOERT—FEHANT, BxDYHE
ERIZET HEENE - KEIMEEIERT DB, T
DZEMFEE R OB 25 L=, B m O ERE
BN 0.5 EEOKRTHMRIZZ2 5 L 51T e-folding 2 & —
M 70 ki, EEEENS0 km OATVL TV T4
NEEWE LT, KB m BT IAE LT,
BRI LTz, KFEHm OSBRI RERIXE AL M (R CER
MR) ICHSTHRAES M (B Y & S BAIR) OFBKREN
7%, KESARILEEALF NI e-folding 27— 3
100 km, BB 500 km, P 5 HIZI e-folding
R — s 400 km, RN 1,200 km OHT T LT
Ve 4 NEEBLT, ER- L, CMW 28E7 5
7= ¥ DAL (Potential Vorticity: PV) 1, fAxHRE %
AR LA CRHE LT,

_ [ Aogg
PV=1 32 (1)
IIZT, fixa VAU T A=, p RBBEE, Ao
I3KEE Az (= 50 m) EOBEDHESF TH S, KE (100
db) & HE (BE 26.8 09 B L) OHERBITEN TN
1,000 db %D /1% 8 E & Pressure Anomaly Stream

Function (AT, PASF) TR U7, BE 0y E_ED PASF
3% CEHE L 7= (Zhang and Hogg, 1992; Suga et al. ,
2003).

P
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ZIZIT, op b pllogEEOENENES, HE, E
FRE, po REMEEAT (1,000 db) Tb 5, FEAREE
p’iL,

P =p—pu (3)
THY, py RBE oy BLOFEHEHTH B, 125,
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Fig. 1. Map of the study area in the northern North
Pacific Ocean. Depth is contoured at intervals of
1,000 m. Thick solid lines indicate schematic ob-
servation lines from CTD cruises along the merid-
ians of 155°E, 165°E, 170°E, 175.5°E, 180°(the
lengths of the respective lines represent the widths
between the maximal and minimal latitudes of sta-
tions during the period of analysis).
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3.1. 1978 £~1994 £IZH 15 TD OREFEL

3.1.1. TD OFLIEOREEL

SAF oAl o HiA % BAE (@), SAB OFRIDOHE
A% AAE (O), SAF & SAB OMizéH % TD ORIR
275 RE (+), EOMORREAE () TRLEZD
O Fig. 2 Th B, 170°E O _EFEfA (155°E) R Tl
(175.5°E, 180°) Ti%, »2m@tiEEfF-7TD (+) &
FEETE AOIIR LT, 170°E TIXTD (+) 28 E
TERVVENSLAFELZ, TD170°EIZRI1T D SAF
v SAB 2383 A1EIAIZ, Roden (1987) 23 1981 £~
1983 FIZ BT AARFE LR CIHEALDOT —F 2 AT
IR LTWS, ZRICH LT, REMT —F 2T
L= ARRIC L » T, —RAe R T BRI
GET B TH D LIRENT, SAF BEEMRE
B ITHEE 2 ELNOLEEN TH HDIIR LT, SABIXZ
DIEDBE 4 EBE KX LSEHT S, Z0ki, TD
DEILEBORELIZE L LT SAB O ERENIIK
FLTW5, BICTHE GRA) ICAEY D 180° 2%
WT SAB 78 1980 £ & 1987 FEIZKE B TFLTHY,
OB TESM 175.5°E (2317 5 1980 £ & 1986 £D
SAB® T, 170°E 23i) 5 1978 & & 1986 £ SAB
BT L TWA L E L BE, LM (BR) Ee
hTFEAS 1 E~3 FEREET LW LBRTE S, 2
B, 155°E 2o\ T3, BEHIRREW DI, ERE
DSABE FESK L OBRERAT L Z LIXTER,

26.8 0p WLEDKRBEAELEBONFE
DEEEIL

3.1.2.

Fig. 313E2bJEIZ, 155°E, 170°E, 175.5°E, 180°
RO (a) 26.8 0o E EIZFT HABIREER, (b) KEE 100
mizBF BNEBEORIEERF A YT ATHY, it
MR, MENETH D, MEICITFig 2 LR CHZ
F\\C, SAF, SAB, TD OfrfE% R LT\ 5, KRR
ampay 7 —EBT 10%ETHY, 0%, 50%, 0%%
KEHTRLTHD, BB IOBRVRARRIZ, €
NENKHIEAS S 70~90% & 90%LL L& R L, FR#K

IRV R K EZRTAL T\ 5, WFEERD =Y
Z —MiM@iL 5 dynamic cm #T& Y, 70 dynamic cm
3 £ 1* 80 dynamic cm # KERTRLTHD, TDT0
dynamic cm OFE T 4 EMR & b2 SAF(@F]) 212iF
—Z LT\, —%, 80 dynamic cm O&EEIT, 155°E
Tt SAB (OF1) O, 170°E & 175.5°E TIZi3iE
SAB ftiff, 180° TiX SAB OAtANZALE L, D%
B (I RBROWM) 12 FHICIES - T SAB %
AL IE~ET > T\ e, Fh, EHRAIOER (155°E
& 170°E) TiZ, 80 dynamic cm FEMRHFEILHEITK
XL TRY, RFMZREER RIS, £h
Wz, ZOSEBRMTEOEERDLMYI672Y, 80
~85 dynamic cm O#iFH % #\ VKA TR L7z, LT
TiX, ERBIO 155°E B bIEI, KRBRERERE
{EEHR D BEGR % 7ok U7z,

155°E#®D TD (@ & ODMH) 1%, KRREHR0~50%
DOEEHEKTED b, T ORI LB KR
BEOEE (50%L4 k) 121% 50% LA T DRV KRB SR
A ATE (1982 4E, 1986 4F, 1990 £, 1991 4F) L T\ 7z,
ZOAET BEVARIRERIT, KR ORE T
B F1EE (80 dynamic em BAF) IZRG L TV e,
1T0°EM T, Seic b ik~ £ 34z, TD AR ETER
WERBH-T-, FNYZ, TD AOKRESRIZOWT
D—BHREHRITTERVA, SAF O3 SEMIZANA
BEE50%% Pl & LT 20~60% CRFEARLDKE 72
WMF BRI T\, T72bb, 155°E#&D TD
DRI &R Y, 170°E B CIIEERFK (0~
50%) DFIRAIE & A LFELRL 25, 1T0°E ORE
i SAB O THER X DN BARBETRIZE 2 b,
B FRNSTRESNS, 170°E OF < TAITALE
+5 175.5°E Tix, KHEAE 30~60%D WMF 535
XiEX{ETEL, 1986 £~1991 £ #BR\ T SAF ORIl
WAE LT e, ZOERTIZ TD NHARICERTE
B2, 1986 H£~1991 L£ELIA DD TD X 60~80%ND
BRERKTED L, 1986 F£~1991 £0 TD I 30
~A0%DEEHRKTED BN TV e, 175.5°E# TD
ZBOTIE, BVTER & ORBFHS 1980 F~1983 FD
AN FHREICHEET 5500, 1T0°ERICHARTHELD
REMRE 720 TV e, 180° #RTid WMF (2 7RBABRIC
720, TD iIZABBAER10~90%DKS & 720, 50%LL



272

155°E

78_80 82 84 86 88 90 92 94
» 83 8 &7 o
LAl e ety

7680

170°E

7 81 83 66 87

88 o1
1111185 qxainy

FOIl ¥ - B%E B - 7608 K30 - B A4 - KA R

175.5°E

78 80 82 84 85 88 90 62 94
7 81 8 85 87 89 01 93
11118110580 Es8 0

180°

S0N-
49 N~
48N~
47 N+
46 N~
45N+
44 N~

42N~
41N+
40N~
39N
38N+
37N+
36N~
35N~
34 N+

+OHOH0 - « +O+++
+-°o+.u.+o°°°
°ooo+cc-°o.¢o
e Qoo oo

s e es e e
. e LI A S Y
¢ e LECIE B Y

.
et o,

s e s

LY
LY
oo

S e00%e seses o

s ce0scs s s

.
. e e e s 00®ss0e

IR I A I B2 X N IR B BN 'Y

.
.
® sreccccsvenvee o

°-90.0.°--0010 O

00000008+
Fbhpp

T+ eQ++4+00 e Qe o
%o..-.o-.—.--.tcct
te0ee00®toscsscsae
AP R Y o DRI N

76_80 82 84 86 88 90 02 o4
7% 81 83 7 s
AN NN NN
e .
]
e L LI L

see ss0 s

e o0 e ceee oo
LN LA L A L A
Secessesvssnsece

XY TRY INY LERY TR
.

-00+8019. 111010
® e +@
RS N nE 3
+1538 H
+ . 000+

40 Q-+ 0O
dﬁft":‘.’%__.: et
crliningRn

o0 0000000000 L
te 00 cece
e s 000 L]
LY .. .
o e .

Fig. 2. The station (standard depth CTD-data) locations along the meridians of 155°E, 170°E, 175.5°E and
180° from 1978 to 1994. Open circles, circles and crosses denote stations located in SAF, SAB and TD,
respectively. TD is defined as the Transition Domain between SAF and SAB.
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Fig. 3. Latitude-time sections of (a) the mixing ratio on isopycnal surfaces of 26.8 ¢, (b) the dynamic height
at 100 db referred to 700 db for the 155°E, 170°E, 175.5°E and 180° lines, respectively. These values are
calculated from the standard depth CTD-data.

LOBBERAKDN 5 B~8EE EDT W=, TD NDOFE
BT 175.5°EBME LT ELIZIBELNE Y, BRE
B /NS W EBMRE LT ERER & 2o T,

bLb, REELUF EIZH S 170°E BMOVEEB SN
iginoT=354, TD iX Yasuda (2003) DEXED & 5 iz
155°E##>5 180° #RE THike L, TD D7k (26.8 op
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) 1R 2 IR RKD DERHERK~BIT LTS
LHBTENTLES, L, kL& 9z, 170°E
BMTIEIC L > TIZ TD BEFEEYT, LMo 155°E
BRUTITTFEE LW WMF B Eh, O WMF 1X
T THD 180° TRAHBRIZZ > TW e, T4bb,
Zhang and Hanawa (1993) 23#8## L7- WMF & SAF
DO—EIE, P72< &b 170°E R BV THABRIZTFE
LT, LavL, REBLFIR LROEDOER L
2o TWBMNE, 170°E O3 S HEQOWERF R 220
=DM TE R, £ T, 165°E ROMERHRE
Mz T, REWILFIZHte 165°E~180° ORIz}
% TD OWHEEERE X HIZFE LR Lz DAk
#HTH B,

3.2. REBWINERUEFMEOLEL

1993 ££~1998 £ TD A= E T 2 REBIE
EROBREEL

3.2.1.

XU DI, 1993 F~1998 FOMBITHIRIZI T 5 R/E
BERDOBRELICEHE LR EZER~S, Kuragano
and Kamachi (2004) O7 —# [FHkiIZ & 2HEE T /MT,
1993 F£~2001 FZFHEMRIH & L, 46°N~48°N D
HEAEH LI BEEEOREM S A Y7 F A (1993
FE~1998 F£D 6 EFLHEN L DRE) ZRLTWVD
(Kuragano and Kamachi, 2004; Fig. 2), Kuragano
and Kamachi (2004) »ROKEWLFIED % #5 &,
1993 £~1996 FEIX AR, 1996 F~1998 FIIERE
%R LT3, Kuragano and Kamachi 283 B L7-f&
EEEE (46°N~48°N) i3, 170°E f5E T SAF D4t
IIEERGR LW 5 (Fig. 3 238M8), £Z T, 165°E~
180° @ 4 BBEIROKIER - /57 — 2 2 VT, b LR
BORZER LAY/ T AR LIKRY Fig. 4 TS
5, 1=72L, ZOROfEX 1,000 db E¥ED 100 db 233
T B S1EEE (1993 85~1998 F 0 6 FHIFHED LD
) ThDH, kB, 3-oDRIFTENEN (a) Kuragano
and Kamachi (2004) & 7] CfEE#EER (46°N~48°N),
(b) TD iZ%tis L= R EE#IE (41°N~46°N), (c) SAB
L0 LRI OBERR (39°N~41°N) ORERTH S (F
FEEEHFIT Fig. 3 @ 180° 28 L TRIE), Kuragano
and Kamachi (2004) & 7 UREE#EA (SAF & ¥ & ALRl)

IZBWTHE (Fig. 4 (a)), 1993 £~1995 FiXARZE (B
HEMER), 1996 F£~1998 FEiXEMRZE (REMER) & 72
D, HELOHERER LR CEROBRERLE R LI, —
7, SAB LY v Bl BREH (Fig. 4 (c)) TiX SAF
oA L ITHAARDOBIREZ R L, TD #Hf (Fig. 4 (b))
TRENLDIZIEFHOMAER Lz, Thbb, f#
PrEARI DRI (1993 £ ~1995 4E) ix SAF DRI TA R
#, SAB ORI CERZEL 7Y, TD BEOFEFIX
RARTHHZ Loh, HERRS & L TRAEMR
ELRH TH T LRSI D, HIZ, %3 (1996
F~1998 F) ORFFIIRMFTAHEH L > Tz ZHERFIS
N5, LT OB TIE, KRS HERAEWETH -
Te LHERISND 1993 FOWEBE L FHEMICTER L, i
DEIZOVWTIT 1993 G & OFEIZER LT, CMW &
IKBRIREROKESFIER LI REEETR LT,

39°N-41°N

46°N-48°N

41°N-46°N

Fig. 4. Longitude-time sections of the deviation of
dynamic height from the 6-year mean (1993~
1998) at 100 db referred to 1,000 db calculated
from the 1 m-pitch CTD-data. The values are av-
eraged for latitude (a) 46~48°N corresponding to
the north of SAF, (b) 41~46°N, or the TD and
(c) 39~41°N, or the south of SAB (see Fig. 3).
Shaded areas denote negative deviation.

3.2.2. 1993 £ H TR XEBUSADDOEEME

3.2.2.1. ERATROMNENEHEE
Fig. 5 (a) T kM DIEIC, 1993 £iZ81F 5 165°E,
170°E, 175.5°E, 180° SOSEBEKER TH D, K
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Vertical cross-sections of (a) potential density and (b) the isopycnal mixing ratio calculated from

1993 CTD-data (1 m-pitch) for 165°E, 170°E, 175.5°E and 180° lines. Open circles and circles on each axis
denote stations in SAF and SAB, respectively, and each cross-section is coordinated with the position of
SAF. Shaded areas in (a) show layers with potential vorticity less than 2.0x10710 m~! s~!. Water shaded
with potential density in the ranges 26.0~26.4 0y and 26.4~26.7 0 defined as S-CMW and D-CMW,
respectively. In (b) a thick contour line of 26.8 oy is superimposed.

B DOREEIZ (X SAF & SAB OB %# Zh T @FE1 L
OFITHRRL, #UERZ SAF OMEIZAH® Tk~
T3, 170°EMTIZ SAF & SAB AV & RIRT
WF, 19934 TD ZHEETERVWETHoZ &N
LD, —7, 170°E 2Tl D 165°E & 175.5°E

T, AE~SEOREBTTID 2HETHI ENTE
oo ETEFUTIE, WAOMEEZREFROBE TRLT
BY, BOAIZEERITHD, EHIZCMW DTk
ZRET DO, BEGHEAD 26.0~26.7 09 T, 2D
WALA PV < 1.5x107 10 m~! s~ DFA DA, BRI
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FITE/IME & 72 DKIRICAEEZ R TR LTS, 228, X
R TR LT 26.0, 26.4, 26.7 0p 1, S-CMW (26.0~
26.4 09) & D-CMW (26.4~26.7 0) DFFTER EHFRD
BERBREFT, EIRMK (BVKEER) X, 26.7 0o
EERERICEFICRES S LTHM L, BWEERA
24 BE S N7 ERIBAIK DS CMW THh D, CMW idfih
OWFFEICBWTH SAF LW EERlicHyfi L, £OaMmE
FEgREIE LR (165°E) 26 Tkt (180°) iZmh» TEAL
LCWe, EDELOBT%Z, CMW = 77K (AHD) 2
HFETABEICER LT, Bk 5, 165°E#D CMW
2 D-CMW OEEEERICZH Y, 44°N~45.5°N & 42°N
DBz Sk snTHm LW, &2 AT, Okaand
Suga (2005) X 1991 4~2003 £ 0 165°E O LKTE
%#EHT L CH Y (Oka and Suga, 2005; Fig. 2), £DOF
TED 44°N~45°N 1150 D-CMW (3 5 1 EE
% SAF OAicFELTEY, 72, 2O D-CMW Z1
523 EFHET B denser part of CMW & IZXBIL TV 5,
Z O X Oka and Suga (2005) Tit, SAF # K
100 m THESDOKEREIREROBFAT LEZRL, =
7= U Bz ThlR~<72& 91T, 26.3~26.4 09 DE
FE#IZIEET A CMW % denser variety of CMW &
FELTVWAREDTHY, KRXEOBVIERELL
EThDH, 170°E, 175.5°E, 180° » CMW iF, LT
D-CMW, i< S-CMW DO EEIC AL, Tl
AE £ D-CMW DEFEGBAR K 72 5RMA & - 7,
Fig. 5 (b) iX Fig. 5 (a) & A UBRTER LI KSR
AROWNEWNERTH S, KRBESELREAFROR
s b MR (10%E8) TRLTHY, WA EER
ATV THD Z L ERL TS, KERIT
TREE 26.8 0p DAL Z—THY, CMW 23537 L72< 72
LERBENRETHD, 100 m LEBOERBEZIRE,
2 TOWERIZB WV KRB AROSERITHRETS A
2L o ER L ofr, EBIT, KIBAEN 50%fHE
CERK X BT 5 WMF BEEL, WMF OB S
12 170°E & 175.5°E TEE Tholz, ZD WMF (7
ITKBRA FE 50%SER) & aiROMERAIL, 165°E
12 SAB O3 < Atz WMFE AMLE LTV % D%
L, 170°E 735 180° Tix SAF o3 <Ml WMF 23
ME LTV, T2bb, REBWLSIOERO TD T
KBRS 50% L T OEEHFRK, HAO TD TiX
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Fig. 6. Horizontal distribution of (a) dynamic
height at 100 db referred to 1,000 db, (b) pres-
sure anomaly stream function on isopycnal surface
of 26.4 op referred to 1,000 db, (c) same as (b)
but of 26.8 0y, and (d) the mixing ratio on isopy-
cnal surface of 26.8 05. Open circles, circles and
crosses in (a), (c) and (d) denote stations in SAF,
SAB and TD, respectively. Circles in (b) denote
the core layer potential density of CMW.

KBRS R 50% A £ EHH R KD ZERIZH LT
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* 7=, 165°E M THA &7 D-CMW [ZEZEHRR DK
#WTHY, 170°E, 175.5°E, 180° THRA S N7z CMW
DIFE A L FEBFROKATH 27,

3.2.2.2. HEFE CMW - KIREEEDKFESH
AKETIE, B TRN CMW & KBIBERIZOW
T, FOKEST EEERE OBfREZ IR L7, Fig. 6
(a) 1Z 100 db (2381} 5 /1 EEE (F/Ei), Fig. 6 (b) 1T
26.4 0 & b (CMW B0Ai ¥ B AHEOEER), Fig 6
(c) X 26.8 0g T b (BEICEH LRWFEORREE
&) @ PASF OKFELHMARTHY, BVEEZHFIZH
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Fig. 7. Horizontal distributions of (a) temperature at 100 db, and (b) salinity at 150 db. Open circles, circles
and crosses denote observational stations in SAF, SAB and TD, respectively.

L HANMEEHERD TN TNWB Z EE2RE LTS,
Fig. 6 (a) (c) (d) (24X Fig. 2 & W CEI%Z VT SAF,
SAB, TD DA%~ L, K OKEMESRIT 3,000 m 2L
EOBEEZR LTS, 170°E 38 TR F Iz ATE
THREEENKERELFITH B,

Fig. 7 (a) 27K 100 m i2381F 5 KBS, (b) 1%
KR 100 m (281 DEHHAETH Y, FhEFh SAF,
SAB ZRET 5 7= DIZBIRIZAVWZ 4 CHIER, HEY
34.0 BHEAHMERXBRTHRAEL TV 5, 170°E (28T 5
SAF 1% (Fig. 7 (a)), #o#BEIBRD SAF (2272 5K
AR (170°E, 46°N; 175.5°E, 46°N~47°N; 180°, 46°N
1) &I RERRIZFEL Tz, —%, SABIX (Fig. 7
(b)), TRTOBBEBRIZ I TERE L 7-HE BRI KT
L TWiz,

100 db H LD HEEFEEIX (Fig. 6 (a)), BRAIBRBIZA
LI DORMEMBEERDBFEL QNI EERLTH
%, L bIEIZ, 47°N MR > T2 BV EET, K2
WBILFI OB TR E Mz 7 M T 5 42°N~46°N
DK EFE, 170°E~180° @ 39°N fHEIZEET 5
AR TH B, A7°N FEDOBV RO B IX 170°E
ZBR\VTC, SAF(@) IZI3E—B L Tz, 39°N fHED
HEFIX SAB(O) D & LICEAICAIB L, = OEER
DIRENZIEDB DEE LT TH B0 E 5 HMTHW T
720, REBILFIORMTIHAIZ S 7 M5 EREHE

FEALNIZTD 289> TWe, Z0WNE TD &0
BIGR TR 35 &, 165°E @ SAB #1384 5 KE ¥ ILF
£ (170°E) T TD »3%%< 72 5 42°N~43°N DR T
RIER, REWILFIORM TrE TD NEEIZAR D5
ML lgo T, —F, REMELFIOTER (165°E) 2
BT 5 TD AOMNFIZBNTIE, 43°N ZhLiz L
WEFEHREIY & 44.5°N & H0MS UIZBEEHE © D38y skt
BEPLEN T2, Roden (1987) 1, 1982 iz
i REMRILFIEDDOEFBAIT — & % F\ 1= ik
DEREWTEEEDOBEITIZIBNT, HEHMEL (44.5°N £
i) OFEMTE TR, F72ZfEHEWL (41°N 1) O]
TILEROFEEZRBELTRY, ZOKRIILEDH
HEEDHFEEZXFTHILOTHB, 20X dREE
A DFEIL, Fig. 6 (b) @ 26.4 09 E, (c) D 26.8
oo HD PASF /3 CHIFIEHEL TV B,

Fig. 6 (b) 1x CMW L{HERDOEMREZRLTHY,
Fig. 5 (a) DAHITR L7 CMW a2 7 KBEFET IE
E#HEOBKTER LTS, BOFLEIZE D-CMW
2L, HOAENZE S-CMW (238 CMW BTEET
HEBIAZRL, XHIZCMW a7 KBSTEE LRVVE
BRTHB, CMW O 7Ki%, KEELFIOEMT
R~ 7 M AEETEETERIC LT, 165°E TIXE
DR DFNEEFHEI Y DAL IZ D-CMW 24534 L,
170°E, 175°E, 180° (Z 3\ TiX % DRl D-CMW &
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S-CMW @ H1fd> CMW #3434 LTz, S-CMW &
LCEHZESNSD CMW X, 39°N O RIEFRA T
LTWe, 238, Z0 39°N FHiEo R EHiz KBF (300
m+6~8C)IZHELTRY, TDX5IZSAB & KBF
HSEEN CTIEE L O\ 2 O T HIRT 1 C 1993 FIZ 0
HoONBEMTHoTz, TLT, fOFETIE NITH
2] THIRA2 X I, SAB & KBF IXERITE S, [
—ORRE LTHEEL TV,

Fig. 6 (d) iZAT#E ' TD OfLE & 26.8 0p  LIZE
F B KBRIE AR (10%RR) PBFEER LT\ 5, Fig. 5
(b) TR UL 31T, KRBEROEERITLET I
MoTVBTD, 26.8 0p USIOBEER TH\OTHIZ
ERUAAR L 2D, KREEE S0%DEMER (L7

i WMF) (3R 28 ILFI ORI T~ 7 M9 DRMA
W - THH LTV (Fig. 6 (¢)). Z DN ZHER
L LT, REBILFZHATZRRE (165°E & 175.5°E,
180°) @ TD 12\ T, BHEHRK & BB KD XA
ShTwi,

3.2.3. 1994 £~1998 FIZH 115 CMW LKHRE

BEOKERH

HTERD 1993 F BT HEEF - CMW - KSR EED
Bk & 1994 £E~1998 “EIZB1T 5 Fh b ORBROFEE
BRL, BERERRTHZ &ICL, Fig 8 (a-1)
~(a-5) 1%, Fig. 6 (b) LR LHRTERRLT 26.4 06
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Lo PASF & CMW a7 kEESfFEZRLTEY,
EEINDIEEIZ 1994 05 1998 FOBMETH B, F
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W5, £, BIRRMIBIZERT 5L, 1994 413 1993 4
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EZITTWB00%E, HONITAHZ LIZTERD-
Tro ZOBERAILMXIZEEEND A D= A LIZD
Wi, Roden (1987) THIRLREBENR SN TV MR,
RREPEEITREIESTRY, ZOMEEZBRTS
TeHizit, FTXREWLFI 2T 5 EERESRRN
VLETHY, REFER»OMEBRREROE—BZMH
& LT, BHERSHEBHELE L TRKT S 43°N 18
ERELTBE R,



REWILFIEDIZB T 2 BITHEROEBEEERL 279

170E 180°

bl

8e’ >
<

vy,
528,59 /
S =

llllllllil%lllllll‘llll

Fig. 9. Schematic illustration of the subsurface cur-
rent (solid line), front (dashed line) and water-
mass (shaded area by diagonal lines) structures
in the subarctic region around the Emperor
Seamounts. SAF: Subarctic Front (100 m - 4 °C),
SAB: Subarctic Boundary (subsurface salinity -
34.0), KBF: Kuroshio Bifurcation Front (300 m -
6~8 °C), S-CMW: Shallow Central Mode Water
(26.0~26.4 05), D-CMW: Dense Central Mode
Water (26.4~26.7 o). Grayed current and front
denote their interannual variation. Bottom topog-
raphy shaded with depth in the ranges 0~3,000

m.
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Hydrographic Structural Change in the Transition Domain
around the Emperor Seamounts

Taku Wagawa!, Yutaka Isodaf, Nana Saitoh,
Tomonori Azumaya**, and Keiichiro Sakaoka?

Abstract

Spatial distributions of baroclinic flow and water mass in the “Iransition
Domain” (TD), defined between the Subarctic Front and Subarctic Boundary
in the northern North Pacific, were investigated through analysis of long-term
hydrographic data taken in 155°E, 165°E, 170°E, 175.5°E, and 180° meridians.
Along the 170°E meridian, the Emperor Seamounts is located across the TD in
a strict north to south direction. Although the TD could be clearly detected
on both sides of the Emperor Seamounts, it frequently disappeared and had a
remarkable watermass front, i.e., abrupt and meridional, changing from sub-
tropical to subarctic water masses, in the location of the Emperor Seamounts.
Furthermore, along the eastward transport of the TD, an abrupt zonal change
from subarctic to subtropical water took place. In each year, the estimated
eastward baroclinic flow around the TD suggested a shift to the north after
passage through the trench of the Emperor Seamounts around 43°N (between
Suiko Seamount and Nintoku Seamount), although small year-to-year changes
were shown in its intensity and horizontal distribution. This shift in flow might
explain the above zonal water mass change in the TD. It was also shown that
the density of the “Central Mode Water”, formed at the sea surface mixed layer
in winter, was gradually lighter from the west to the east.

Key words: northern North Pacific, Transitional Domain, Emperor Seamounts,

baroclinic flow, Central Mode Water, mixing ratio

(Corresponding author’s e-mail address: wagawa@sola3.fish.hokudai.ac.jp)
(Received 8 August 2005; accepted 28 December 2005)
(Copyright by the Oceanographic Society of Japan, 2006)

t Graduate School of Fisheries Science, Hokkaido University, 3-1-1 Minato-cho, Hakodate 041-8611, Japan
! Factory of Fisheries, Hokkaido University, 3-1-1 Minato-cho, Hakodate 041-8611, Japan
** Hokkaido National Fisheries Research Institute, 116 Katsurakoi, Kushiro 085-0802, Japan



