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1. FL®HIC

HAmEZRN im0 & LTS Twv b EBmlid,
JEC & - TEKE) = h 2 iiEVE IR RIR AR Td . 2D
RN R CRERE L T ISR 5 i A Bkt ©
o BIHLIE, BRI EHEE, ML SO « &
sk %2 #EY (e.g., Fujimura and Nagata, 1992;
Yasuda et al., 1996), FRcAFIciE, HAHREATUE
FENRINER BRI T 2 EH RN E > TVWET,

—h47T, HEeiiodtiinciy, (Kl - RISk G
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fELTVEd, oK « EEadEKE, TEIELD
AN LT 28 (Yasuda, 1997; Shimizu et al., 2001;
Yasuda et al., 2002) PH#EDIIC L 2BAICE D 1K
AR 2 A T & 7o iR R ISR 2 FF o ik T
Hlgemodtfiiig, < oKk « KIED#K & il ER
D5k« EIEO KOG L, BET BilHE L
TRAKFE EFEN TV E 4 (Hasumuma 1978;
Talley 1993; Talley et al., 1995), HmEliFtiiE, < Ok
BKBOFHOBEREEZEZ B LbTEET,
REAKIERE, £E, EOR~L SKEZEK « ZH S
¥R E LTHION TV E T, JLRERE A, R
200 m 7> 5 800 m (T /A < Bl & B ERE Y 78 3R A A
TRBEMT s ILRFEHEREKbZD—>TY
(Yasuda et al., 1996; Talley 1997; Hiroe et al., 2002),
HEgemodtiinci, 4 &—v 7 iEEEiRE 4 5 HET
AL (JEIEARE W) HKBTFEBIEIR WD St
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JkflE<c, ER-TwaEHIn ML TVEERT
(Yasuda et al., 1996) »3fss s cuw, HElERAT
T, COHKOEEEN EToRAICK 2L HiER
3 L ALK fEKR OERIc & » THEHETH 5 T &
MifisnTcwE 3 (Yasuda et al., 1996; Okuda et al.,
200D, ZOREABIEIZOVWTIE, BEOEERE L TR
L5, 150°E (& cilinzigicid, BRICREMEA
KBRS N 5 T ED9Dh > TW T (Masujima et
al., 2003), FLiitd &£ 5 EEVHENA DTS > DK
B iBRAT 2 EMREBINTOWE Lic, £/, @
F: OB I iR iR 1 IEE I B A5 R o M N s 7
OrUBEllaNBY, “H>OWEDRL 5 /KOESR
BERTHRO—DTh s LiEHsNhTVE L (eg.,
Maximenko et al., 1997; Okuda et al., 2001),

A, T o Bl T ORI S E N4 U 5B
ZOWTHIRZFD, T OIIi0flaE L, T0
%, AERFEAEREK ORI SZ LT DWW THFEL £ L
7o

Hid, B OMKEEA TV S, TDESD
f/MER, JEREETRSEWE (>34.2) Z/RLFT
(Fujimura and Nagata, 1992), —/4, Ei#iEtrE%ZOR
mRETRE T T, 4y 34.0 & a5 IEEIICEEIR 7S
oM NS e B OBl E £ (e.g., Maximenko et
al., 1997; Okuda et al., 2001), E#EHHRO AT,
15y 34.0 LT O {RIG 3K I3 FIcRKE (RS 100 m—
300 m F2E) IcfFfEL T, — T, REkRics
OB NE L, FE 400m—600m ISFAELTOVE
T AL E O RIG 3 HKN & D X 51T L TEBIREfT
LD, LAbHEICADRAATLS 2O2IT20T, i
DFFANEL D & =Ko S RENG 2 /Ek L TP L, &
SICHERNEEER 2TV E L7e (Kouketsu et al., 2005,
2007a; Kouketsu and Yasuda 2008), Z D#5HE (% 2 &
THMLE S,

R EKDIEK « ZH @, IhE RO
HInTExFE L, —AT, TD30FELEEbONLHE
B O E & (Watanabe et al, 1994) » 5, O
BOEFBHIOVWTOMER, ThELfTbhTwEdAa
T L7z Wong et al., (1999 (&, HKEDE RN
HEORMZABICEH L, 1980 ZELIRTO#N & =l
Be D BN 2 A THA BN T OIES MR T LT s 2 &

ERELF Lic, Tohcdb R @K bR/ L <
W5 EERLTOET, —RICRAE A sl T Bl
SN BIE NN, TP O (IG5 K o Hh A
NOWE IR0 DFLLETH D EZEZONTVWET, £
b T b SRR ICB O TESMEWIREEICH 5 DI,
HfTid, SEETRKOERREE LR cHilEEZ D
hEd, -, \OMhIDOESMETLTWW5E
W T &F, HIBRY 27 A TORKIEROMLER LT
Wz EERINTWET (Wong et al., 1999, FAl,
Z o &5 73 2000 FEALIFE & e\ TV B D Z
~, 1990 AEALE 2000 FEARDBEE L LD B T & AR
L% L7 (Kouketsu et al., 2007b, 2009, 2010), Z @
fERIC OV TR 3HEITHNL £ I,

2. BRFRRMETOEZGESB/NMES

2.1 FREETmmE A D IKE

Foid, 2001 FICSRR T O EGL, #EGL, Kk, K
FEFF OBIEAL, Jbtiic & 3 HAE A ih o He# iy L #apH
mEicEmLE Lz Fig. Do T 0BT REFITH
fifi 51 ©, Moving Vessel Profiler &9, &ML D
i cd CTD 7 — 7 2 UGk Z v 2 7 22V 5
T ET, BAKEOHENTIEE km & W IER I SRS
BilZiT->TOE 9, (144°E, 42°N), (146°E, 38°N),
(150°E, 41°N), (150°E, 34°N), (141°E, 34°N) %k
SEAER Ly N ADCP (LADCP; CTD v 2 7
LT (T R OSRE 7 v 7 > A L &15 5 BlRIFES)
kBB EmMLTVWET, JOMET -5 EHWVS
L&, WRTH2HARSHITEB O N X - Tk S
NAEE (KRR EBBICL->Th oSN B 5 -
EEKOBSHHETE, 20 ONREE LK As T
150°E D et THIT Ik S T 21035
»0 ¥4 (Masujima et al, 2003), T O KISHI75I5%
WRE LR T, DI BilliiE© > oiskss
THRAELTWARRTFBIEZ ShTwEd, —HT
MR O & 5 WM OMIE T, &0k IR,
RBECEb>TWANEBIHSNTELD EHA, £ I T,
oW Tld, BT — 7 2V, ot hr s
% 26.7 0, FHEHIC BV CTEBIRITIC X 0 GRS
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Fig. 1. Station locations for the cruises of R/V

Hokko Maru, R/V Kofu Maru, R/V Ryofu Maru,
and R/V Soyo Maru during May and June 2001.
The sections of L01-11 are observed by the Moving
Vessel Profiler across the Kuroshio Extension
(after Kouketsu et al. 2005).

DHEERT 5 2 &T, TORGICED #E 5
OV 21TV E L

Bk > TSN 200m T 14°C & W 5 5
(Kawai 1972) % R\ 7 Billieiiiifl o i, 1eko
METHES LTV EED, LM 144°E ffiz T
3T.5°NITHEEL, R 147°E T3 36°N £ TR M9 5%
TRt (Kawai, 1972; Mizuno and White, 1982;
Tatebe and Yasuda, 2001) Z/xRL T3 (Fig. 2,
KBHRD o 26.7 05T B 5 KW 2D & LT,
I 7zimk (<34.0) & &tk (>34.0) 2%, ik
KE-THRToNTWT, HANE (42°Efh) <k
Bl IR O JEH IR « (R (<33.6) 7K (eg.,
Yasuda et al., 1996) 23@lflsh TV s DL, Fift
TRIEGDES, 1) 34.0 IR OUKBIES > TV 5
BT 0 9,
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Fig. 2. Salinity distributions at 26.7 o, isopycnal

surface based on the observation data in 2001
(Fig. 1. Dots denote observation stations. Bold
dashed curves represent the axis of the Kuroshio
Extension defined here as the 14°C isotherm at
200 m depth. Dark and light shaded regions denote
low salinities less than 33.6 and 34.0 psu, respec-
tively. Contour interval is 0.05 psu (after Kouketsu
et al. 2005).

Lo L, REFGRENSH > CHEESDELT 28T %,
Bl Z 6 4Y 34.0 AR %2 LR & FiRISB VWA TRE
i &, fERE SN T W IHEE I SIE T (B
£ 800 km ) T3, L0EWIKFER A —v 100—
200 km 2 O FBEPROMESIEZ S E Lic (Fig. 2)o
CoERlTE, chiy EED 25.50,HICTE T B1E5D
S RENTVT, FEIZBWTIE I OKEOIRIER
NS, B EoWE) & ONHZEND 5 T Ehsrr -
TVWET, TOTENS, 26.T0,HICETBEHOR
(1 Z1E, Fig. 2 ® 144.5°E, 37.5°N i) T, #ilh
OhBITIE KB S hTw 5 EFEFNT, BRI,
SIS KIS E L > TOT,  SAE AT AR 78 3 kN &
LCEHNSNAHEE->TOWREB0LD F L,
FRRI, TEES DM OIEITOIE T, REHREZ 55
IR & m gk DAL IR o T E
(Fig. 3a) 723, MEfron<Tid, ikt lhBicEE
(>34.0), hgiciEfEk (<34.0) MWEL ZHEENIEA
sncwEd (Fig. 3b).

CORENE, 145°E L0 Eifllcid-&0 LTWwWEd,
HATHEORILDZR T 7 OIRIEA EHRT 2 & FIAE,
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Fig. 3. (a—c) Salinity vertical sections from up-
stream to downstream along the Kuroshio Exten-
sion in the 2001 observation. The section locations
are shown in Fig. 1. Dark and light shaded regions
denote salinities less than 33.6 and 34.0 psu, respec-
tively. The locations of the surface axis of the
Kuroshio Extension are denoted by solid triangles.
The bold dashed curves denote the 26.7 0, surface.
The tick marks of the upper horizontal axis in each
vertical section are the location of the observation
stations. Contour interval is 0.2 psu. Note that the
horizontal axis scales are different for each cross
section (aftere Kouketsu et al. 2005).

Fig. 2 T4y 34.0 DR 28 S &), T ORI Tk
K> TREL B> TVWD L HICRA £, BUAIREE T
o 145°E DI ©d, il &k o bl < SiE, mill e
iz > v s (Fig. 2, UWIPERHLD) b0 F L
foo BHIS MBI PR TIRENT, MILoEE, &
WO T >DORENPZBEETOWAAREEEZRE L TOE L
foo FEBICHR FRTIE, WMo EoriiZE /s <
oTcwExd (Fig. 30)o

COfERM» S, 45°E ML It s s piEho =
ROTHI B REE DS Sy i, AR S IE i NS Bl S v B
Bl E, HARTMHTOILKFEREARIEZRICBE D % 8
Ho—oii>WTHSITHIRZ EFZF L1,

2.2 BHENEHDS KB 3 RITHEE

2001 FE OB < F, HREEERREICIG > THREID D
BT EREanE L, a5 A1 o BlRIRHPE
DHEHIBRTH 5 72, ZIRouiI B igE 2784 2 Dl
WET L7, Tbx b BEHREMVRNEZE->TVS
r2¥, T DJERE AR T B DI IR OB R O
izt L TR EMEND D 4, T DD FHE
DORFELZF T, mlci > ity v 7 vk
TAELENDD F L1,

Z 2T 2002 FEoBRITIE, LIEHONPE 100—
200 km OFENICHK > T ZiTVWE Lc (Fig. ).
OENITIE, Hem&ERE L 10 < 1 VR TE TR
CHNZREFL, &% oBlATE CTD BflL,
LADCP Iz & 2 ift# o EHEN % L <, BllickE-><7
RIS HETE 1T & - TR IS V& BE S ZIRoTi 1555
B EEHIBELE L, OBV TH, Bl
SRS TR IS 1 0 B L BB s R o NS Bl S h T v &
3 (Fig. 4b, 35.5°N fi1),

CDF = %S BIcdH 1> T, RPNTHHEIT R
WIF A O 7o ZIROehI 7S 365Y « K < Ao W
THERB L £ Lce TOFEE, 2001 FoEMTRESN
TWi, KEEHEOES (R HifOErT DRIFHAS
FTNTOVBHETBIEAONTOVE Lz, LA LMD,
COFEEMTAEED BICE—oBERHDE L, TO
24— VOBIS ARG B2, T OB 751
ERATODEREST ST EITFEEAH D £, #@E
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DD 5, frimZEii I oKE#EREG THEZ 5
N AEEL, MR > T, 0.1-04m/s TIERET 5
ZEnmShTVwET (Mizuno 1985, Hirai 1985), H7
[ESE D RIRRICIEA SN 7B, C ik Bl <
NAEEICHHY T 2 b0 ERET N, BRI
6 HCcoOBBIEREL, 50—-200km ML Ed, C
DI DELNE MM & Fiicmi TEllZ{T- Th &
TOT, Efb oL T 2EZT 0 EATEIMIL
TWwicl stz ¥d.

ZIT, ROXHIC L= aiiE L L, &
9, RPNCEBIEITIC & > TEIRGTH SRR, s A
BEd, COKTT— 5 %onic, BUEENELE WV S HE
I FEERH LT, SR ERh S 8rh 5 7%
S ORME(LOEMAHER L T, COTIFEEOK
HIZALDZER G 3, HIRRIKE) DIRFRH AL 72 & ARE
THE, KBS NRICEET 52 LT, IBITOIELD T
mTiE, (FEREZHDOENR D > T 520T) 1k, #onH
DTFRTIAICED £F, FADOKNE S (FHIFEE LT
FEE DB ROZEMENEDETH LI &S, &
INCEE Al o TR 2 KD 5 T k4, Bl
HNE, T OHEE = 7o AR CRLN AR % @it 3 5 h
BEEM->TWE I LT 20T, MHBEETHET 5%
2o BB ICB S 2 HECE U9, HIER, N
KL OIT T — 5 ZED, MEMHEEZFRLET,
COFHh X 2ME S NI AHEENZL L2185 T
MRT LT, ZRuMNBEEEs I EHkET
(Pascual et al., 2004; Kouketsu et al., 2007a), #ExEIC
L O WH O L 2 MEDOHAEEE L EZROLTIE,
B OREIZR 200km R, T OMHEEE, ©
0.3m/s TL7o COMAMHEEERKER, RO HE
IKIROFIRRIC N TGRS M AR SHEE S N 5 i -
MHHEEZE L BENTH D, HER ETFTETVELESE
ZohE L,

9 L THEE & i =ikockindErh O RG34 13,
weiird IRz, dbcEihnicis - v E T (Fig. 5a)s.
AL O BT B AR O S (x= —100km, y=
50 km) T, HFRE (x=0km, y=0km) THEK
HHER L TVT, REICHB T &0, &ifiio o
ok, FEHRCL -TRTONTVWE L, T0
[z A EMAIKE, WA E— KK (e.g., Suga et

|in|e5
36'N 1 et
: S
34°N .
32°N o
140°E 142°E 144°E

(a) Stations

35.5°N

Pressure

(b) Vertical Section

Fig. 4. (a) Location of observation stations on the
cruise of R/V Soyo Maru from 28 Aug to 11 Sep
2002. (b) Vertical cross sections of salinity along
line 5. Shaded regions denote low —salinity water;
light and dark gray regions are less than 34.2 and
33.8 psu, respectively. Contour interval is 0.2 psu
(after Kouketsu et al. 2007a).

al., 1989) =& &S immiE 8K TT,

—75C, WETIE, KK, dEiichd v, mE
il Efic /s - cwg 9 (Fig. 5b)e HEICTB I 2K
ALK, (K - AR B R O s O E 2R -
foigK <9, REMOATR, 805, REMRMIZH -



24 wlf fE Ak

100
~
——
: 18 -\
o -—%\ \ nd
E L N e N
> 0 =N
- 9\
% ===
~100
~100 0 100
X (km)
(a) 25.50,
100 K
Z7
NN =
S N NNy
E o] =SNG Jf =
~—
§J‘°\ﬁ§~§
T
~100 =
~100 0 100
X (km)
(b) 26.80,
Fig. 5. Potential vorticity (PV;X10 “m 's ') dis-

tributions on the isopycnal surfaces of 25.50, (a)
and 26.8 0, (b). Dashed curves in (a) and (b) de-
note the intermediate and surface fronts defined as
1.8X10 " m's 'and 15X10 " m ' s ' contours at
26.8 04 and 25.5 04, respectively. Shaded regions de-
note relatively low-PV (<15X10™" m ' s™' for (a)
and <1.8x10 " for (b)) waters. Contour intervals
are 3X10 " m's' (a) and 0.1 X107 " m"' s (h),
respectively (after Kouketsu et al. 2007a).

ThbE, KEMOAFEDIE), SRICH 56 (x=
—50km, y=0km) TR OWKNEE L, TEE
AT B BIEITOR LM > TV ET, —7, JEIC
B BUEITOIEE, ZEBAATHRO B 516 (x=50 km,
y=0km) IZH BT ENNP0E LI, TOEEETE
DOWLIHHEO ML 2 BRI, hEREB O TR
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Fig. 6. Vertical velocity (m day—1) estimated with
the omega equation at 400 m depth. The shaded re-
gions denote downwelling. The thick solid and
thick dashed curves represent the frontal waves at
25.5 and 26.8 04, respectively (Kouketsu et al.
2007a).

TIEHRAL « (EIG /SR D RIETRI N IC A D ATREE & 758 -
TWwa &, RETRERAL « SiEs#ks <o i
FoTWVWBHI LI BY, Bilbimmiiclillsns
W NOERE SRS D% X 0 B IC T 2 BRI TH
BEEAFET, 12, TONHEOEIKED 1/4 2
Tho, TEOKBNOM N1EEOEREA DI EX D
MRICH B EW S, HEOINAREMMEIE TN T
BEERICIE > TWE Lo, TOBMRIE, BERLEE W
I IMENISALENCTET 5D IRDL (e.g., Pedlosky
1987) &—#d25bDTL I,

C D=IRoT 1R & KRS &, dERIAT R
Db ET, BREEIKEHEDZERZAL % S E TR & §E O
FrIB AR LK (07D Z2FHT 2 LT, ©
TTDIEHE « FF IS SREROHEEN KR E T, 0
KiF, EBREOLEE, FREOBREEZH 2EERHTEZ S
&b, RABLicdfHshTwicbDTT (eg,
Hoskins et al., 1978).

o HERXD SHEE S NS ETR I, REOIITOIE
(x=—100km) 754 (x=0km) T/ THHE T
&, Wiy x=0km) » 51 (x=100km) 1Z» T
$hE EmE Tl (Fig. 6)o Cofinid, HETOMH
L « WADHICH L bDOTY, §7Hubb, EREOWRA
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Fig.7. (a) Basic-state stratification, (b) velocity profiles, and (¢) PV gradients in 3-layer model used for the

linear stability analysis. The densities of the upper, intermediate and bottom layers are set to be 25.8, 26.8,
and 27.4 0,. The dashed and thin solid contours in (a) denote the mean stratification structure observed in
2002. The left axis in (c¢) is for the upper layer, and the right axis is for the intermediate and bottom layers

(Kouketsu and Yasuda 2008).

IR DIEITOIED SR T, HETRITA Himolb
iz & - 7ARSE « AKIRAL /SRS P L& 97, C DRIG »
(AL 75k L, thigic % 2 Ao KR » 5 &
SREBIHFAEL VT, IR F LT 2B
FEIFRFC AL TV GRE R EH) &b 9,
W KRB AR OIEITO R SIEITH T TR, KER
ik oA, thREICd - foEi - EiRAL IRk, B
Lol ELT, JbficiRb LT 22 &icib £
Io T ORRIE, JEREHED Gulf Stream 75 & T,
HEEW L AN S 7 0 — b OXEIT X - THEIFMITR
SN TWE T (Bower and Rossby 1989; Song et al.,
1995), T8 b5H, RKEDIWITDOIED SRITHITTHE,
SEEH 7o — M FRBLOOB L, Mo AL
SO KER AL LT 2 L WS BIRTT, LD
7% T REIRR OB AR & L THE S s ZIRociiEE
3, COkHMMTe—rOEEE KT LLDT, Hik
HhfEg T 0SS (RIEKOREREE F~DRA) 23
TH5HDTT, £/, SREM IR 400 m {1 THRKA
L -TEBD, TOKEE R 40m/day Vo KEE
ERLTOE Lz, TOKD MHEOEER, i L3R
i3, KB TEOERELKEMGET 2HMAD—
ELTHETHLARENEND D £,

2.3 ESENEROERNEER

B 5B SN ZXRouh ISR ES, X, AT
feHiRRIEN O RIE, T OMMHBR L, HEEAZEIC
L OFET ZHEFOMEE—HT 5 DT LI, HER
LIE, [MER TEELGICOKENBARL S 5 &%, 5
FES ORI AL AR R 0T T B L D ICHET 5 ALET,
HiIEk BT, RKOFHREE Y = v b, HEDRVIR,
AFRHECHE s L TR SN E T, COMHEERLER,
HEmrc b RIS hTky, LEETET, Mo
AR A Y] 2 A O AR L L TV 5 T &0, RLE
DX ZQNHEEETHE I ENOENTVWET (eg.,
Pedlosky 1987, A Exf5 & L 72 ific & 0 2 Ftifkift
L D3 « hE ORI S C ORBESM 2T & D
T4 (Fig. 5)o T T TXIT, BANTES W RkE D
T, BllTH SN XD BHE 200 km FREE OB HIFE
ZELEZONICOVWTET IV EHWTHENE L,

FECEEEE T VEMA L& L, ERhEek
AR &MU NMERLIT T 7o LRI L 72 5 RN % VERK
L, CoFRLRICEFREE LT, BTES kil
EREU) 2 A OSE, WEGERLIGESAET
(Fig. Do HERREFFLL TV B 720, MyNNEELEK
SiTOVWTHERE 52 W Ao LKy, C

""" intermediate layer - 1.0
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Fig. 8. PV distributions for the fastest-growing un-
stable wave obtained by the linear stability analy-
sis in the (a) upper layer, (b) intermediate layer
with a wavelength of 220 km. The current axis of
the basic state is 0 km on the y axis in (a) and (b).
Shaded areas denote regions where PV is lower
than 4X10 “m 's 'in (a) and 2.2X10 "m 's 'in
(b). Contour intervals are 0.25X10 " m 's 'in (a)
and 0.1X10 " m™"'s'in (b). In (b), the thick solid
and dashed curves denote the cophase lines of the
wave crest and trough, respectively (after
Kouketsu and Yasuda 2008).

N T & THBORMREHRE &R (B OB
P oBRESS C ENHIRE T (e.g., Moore and
Peltier, 1987; Shi and Roed 1999; Kouketsu and
Yasuda 2008),

D& D BFIETHONIHRE EREHEDOBRD 5
5, MEEENRKNE L LEEE 20km HBETH D,
ZONMHEE 1L 0.2-0.3m/s TL7z (Fig. 8), WE#

Y 200k m N
. L4
-~ , -~
' , ] upper layer
downwellmg upwellmg
propagating
0.2-0.3m/s

e

) iate |
LowSaI_|n|ty Water intermediate layer

Fig. 9.
structure of the frontal wave along the Kuroshio
Extension (after Kouketsu et al., 2007b).

Schematic view of the three dimensional
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Fig. 10.

Map showing the locations of the hydro-
graphic observation sections. Blue and red lines de-
note the WHP and revisit sections, respectively.

Note that almost all stations in the revisit cruises
are set at the same locations in the original ones.
Green line indicates long-term observational sec-
tions alon 165°E, which has been maintained by the

Japan Meteorological Agency (JMA) (after

Kouketsu et al. 2010).
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Potential temperature changes (°C y ') on neutral density surfaces for (a) P2: 30°N (2004 — 1993,

1994), (b) P14: 180° (2007—1993), (c) P3: 24°N (2005—1985), and (d) P10: 150°E (2005—1994). Contours de-
note the salinities for revisit observations, with a contour interval of 0.2. White and black regions denote
areas with changes less than 0.0003 °C y ! and with no value (due to outcrop, topography, and no observa-

tion station), respectively. Green curves denote the late winter mixed —layer density calculated from sea-
surface temperatures and salinities in World Ocean Atlas 2005 (Locarnini et al., 2006; Antonov et al., 2006)

(after Kouketsu et al., 2010).
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Fig. 12. Salinity (temperature) changes on the

isopycnal surfaces after warming. Dashed and
solid curves are salinity profiles before and after
warming, respectively.
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2010).
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Fig. 13. Potential temperature trend (°C y ') over
12 years (1996 to 2007) on neutral density surfaces
along 165°E. Gray curve is the 34.2 contour for sa-
linity. Solid and dashed curves represent the confi-
dence levels of 0.8 and 0.7, respectively. Green
curves denote the late winter mixed-layer density
calculated from sea-surface temperatures and
salinities in World Ocean Atlas 2005 (Locarnini et
al., 2006; Antonov et al., 2006). Gray regions de-
note areas with no value (due to outcrop, topogra-
phy, and no observation station), respectively
(after Kouketsu et al., 2010).
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Fig. 14. Time series of averaged potential temperature on the neutral density surfaces alon 165°E:

(a) v.=26.Tkgm™® (b) 7.=26.9kg m*, and (¢) 7.=27.2 kg m—3. The solid, dotted dash-dotted, and
dashed lines denote averages over the regions from 25°N —40°N, 25°N —30°N, 30°N —35°N, and 35°N
—40°N, respectively (after Kouketsu et al., 2010).
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Observational studies on formations and changes of
North Pacific Intermediate water

Shinya Kouketsu '

Abstract

The author has studied formations and changes in North Pacific Intermediate water
(NPIW), which is characterized by salinity minimum at depths of 200 m —800 m and is
broadly observed in the subtropical gyre in the North Pacific. First, the author focused on
clear salinity minimum along the Kuroshio Extension (KE), which has been frequently ob-
served and considered to be related with one of the main formation processes of new NPIW,
and found frontal waves associated with the clear salinity minimum in the intermediate
layer along KE and infer its three dimensional structure with the numerical methods. The
structures were consistent with those in the theoretical baroclinic instability models. Thus
the frontal waves are expected to grow unstably and affect the formation of new NPIW in
this region. The author has also found typical decadal changes around the salinity minimum
in the subtropical gyre in the North Pacific. The decadal changes were caused by density de-
crease of NPIW and were consistent with the long-term variability around the Okhotsk Sea,
where one of the source waters of NPIW was observed. The changes detected in this study
might reflect long-term climate variability.

Key words: Kuroshio Extension, NPIW, meso-scale eddy, frontal wave,
long-term change
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