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FEMTIC1Z, NASA #2680 SeaWiFS (Sea-viewing Wide
Field-of-View Sensor/NASA) @ 1998 4E 5> & 2007 4 %
TOHF¥ Chlai#E 7 —2% (9km X 9km D L)L 3)
ERHWZ, F4ED4HE 5 AD 30-40°N, 142-160°N D
D7 — % % L CEFEREGOR Lo Chl-a REE
ReR5N 7 — 2 ZERL L 72,

22 BET-—H

HEVEFRNT 7 — £ » b FORA IC & 2 Ff#fTfiz, /K
W ¥r 7T —2 L THWR, FORA 1%, /KI-MEARE
1/10° (117-160°E, 15-50°N), 1/6° (160°E-160°W, 50~
65°N) B & CSHE MR E 1-600 m (54 J&) % Rfo KR
G £ 5 )L MRLCOM ( Tsujino et al., 2006) @51z,
fRpERHIS 7 v a7 a— F 656Nk - 5 - &
Bk 2igiEEE 4 ZouZE s (Usul ef al., 2015) 12
ko T ¢ H@T 77— Tth b, 7—2 R,
10 HoY A4 7 v cFEfrsn, 120 HDN ORI
ZEICOWTHEWEIEEZH L T2 (Usul et al.
2016), TR@AATHARM X 1982 2> 5 2014 4FE % <D 33 4E[H
TH b, KFFETIE SeaWiFS @ Chl-a 77— & USRI ©
5 1998 4E2 5 2007 dEFO M D 7 — & 2 L 7z,

23 BEESL

Shimizu ef al. (2001) 2ZF1c, BEEMICE T 51
e B L BEIARDET v o v VKRS L CIES D 5
KB OBK D (DU, BEREAH) 2HH L 7%,
— i B 3 100 m KA 5°CLL T ¥, Sl
MEIZ200mKENI4CTEERESIN DS o (&,
1972), 1998 4E 7> 5 2007 4F i< 142-150°E, 38-43°N I 47
i $ % 100 m 7KL AS 0-5°C D /KB % ik 7o Bk, 141-
145°E, 33-38°N (24349 % 200 m 7KiiA% 135-145°CH K
Bi&ffie s Bk E B U, A 5-1000m &1 5K
Ty VKRS 6, FEEICB T B 8
KEBWADTT T 74 VEER LT, BoNizTm
7 7 A Vi, 2665-2745 o0 OFEFHCTEID 615 5 i
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B (Yasuda et al, 2001) L13iE—3 L7z (Fig. 1), 260 0o
PUF o 2 FE ok Bicx U Tid, Hanawa and mitsudera
(1987) D EFITHE, HE55 D3 342 psu BL_E D # & 16l
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Fig. 1. Oyashio mixing ratio on the TS diagram to-
gether with thick curves of the pure Oyashio wa-
ters (blue) and Kuroshio waters (red) that were
estimated by using FORA output. Blue (red) cross-
es denote the pure Oyashio (Kuroshio) waters pro-
files estimated by observation data (Yasuda et al.,
2001). We defined the mixing ratio below 26.0 o, as
0% or undefined by salinity.

Table 1.

o434 1% Shimizu et al. (2001) 23R L7 iR & D 7 A 7
7o LE KT B, B 26000 DUF OB IZIEE
BE30m BUBIC AR 728, HEEE 30 m DLED KSR I *)
LCRAZEIET 200U ch B EEZ NS,

B REHERE ST 7 7 A V5, BEIKEBEK
DIEM 2T 25-100m BT 3 LHEIND
(Nishibe et al., 2015), %7z, FHIAHE CIEAKNR - H9
DREKPCEAOEE T T2V H D, ThbzeE
LT, AWF%RTIE, 50 m I BEIKAELE L, 100 m B
HICHBKDSEET B 2 L2 AR EOREEEE L

= BRI, JKOHRREE 1/10° D&/ INENIZ K -
B 6/ 6 0 BEIE A HZ i, 140-160°E, 30-
40°N O#HIFHTRD & 5 %51 —B S 2 KD S AATHIE
ERDTIz,

(1) REE 50 m TR A A% 4 10%, 20%, 30%,

409%LLUT & 72 2 /NFER

(2) ¥ 50m, 100 m, 200 m, 300 m @ %@ <,

RAHDE % 50%, 70%, 90% BI_E & 72 % /NEIE,

(3) ¥REE 50 m CTHEUMEA A% 4 10%, 20%, 30%,

40% LU, 0% EE 100, 200, 300m CEEIR A o
%% 50%, 70%, 90% LUk & 72 % /NGEIE,

(1) 1ZFE UCTEEIAD D B /NEE, (2) 1dFEL
THRIK D35 © 2 /NaEdR,  (3) 13 RO & Bk s — )
MEEZTZE L Cw 2/NEIEE R T, 26 O/NEED 4
At 5 AomEE L, Zhrhofsz=RlGR LR
i B 2 DARHERE DRI E B L 72,

3. #ER

50 m TORNEAHAY10%, 20%, 30%, 40% bL

Pearson correlation coefficients between the interannual variations of the

area-averaged Chl-a concentration and the area of the Kuroshio water in April to
May from 1998 to 2007. The area of the Kuroshio water was defined as the area
of the Oyashio mixing ratio less than Max ratio at 50 m depth. The single aster-

isk (*) denotes 001 < P < 0.05.

Max ratio 10%

20% 30% 40%

-0.76*

-0.57

-0.35 -0.30
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Table 1 12”9, wWindEOHBEREREET 5, K,
BUNEA DY 10% UT & BRIK o o & o s o S
DOZ#) X Chla RELH L HEZAOHEBMKRE RS
B ASIE K A5 B 4E13 £ Chl-a B AME W EA & 7«
%,

RAT, VR 50-300 m o & & < B IR A Y50 %
70%, 90% DA L & BIHK DIAD - T 2O &4 Ol
& DR E) & 2 Chl-a IR EORELT) O K o MHEIR
& Table 212”3, EE 200 m DU C 138U i
& Chl-a BEOMICE B RMBEBR 2w, LiL, B
£ 300 m CTIBRIE A DS 50% BL_E & 72 2 #EHE O i D
RELEN L £Z Chla IBEORELE L OMICHEERIE

OMBEABIRY S %, HE 300 m D4, HBIRE 0.79
084 TH b, BWHIKIAHIED Chl-a IREREFELE~D
FEHIZ60-70% & 7 - 7z, PEE 300 m 12 & 2 H IR
A A 50% BLE & 72 2 g o Tt &2 Chla iR L
DM BIRE A R S K Z v DI HR A A 90% M _E o ¥E
HEETHD, ZOHBEOEHE E Chla D 1998 42
5 2004 12 21 T oIFIOME, 2004 5> 5 2006 F i D
T DR D 72 ik AE R, 2006 4E 5 5 2007 LR 12 20 1) T
DA, FLLIHEL T3 (Fig. 20 (a)), BEiike
Wi, BUEKDSIA K 3T 241, Chla R E W E
MERT,

HEE 50 m CHEEIEA A3 10%, 20%, 30%, 40% LT
T&H-> T, »O%E100-300 m T H MR A A 50 %,
70%, 90% DL & v 5, Bk g BRI S A3

Table 2. Same as Table 1 except for the Pearson correlation coefficients between
the interannual variations of the area-averaged Chl-a concentration and the areas
of the Oyashio water defined as the areas of the Oyashio mixing ratio more than
Min ratio at 50, 100, 200 and 300 m depths. The double asterisk (**) denotes

0.001 <P <001

Depth
Min ratio P
50 m 100 m 200 m 300 m
50% 0.31 0.30 0.58 0.81**
70% 0.31 0.20 0.47 0.79%*
90% 0.13 0.20 0.46 0.84**
DS B T L 0.65 o 10 11 0.65
E «O= Chl-a ., & E g .owChl-a A
5 5-1 —@= Layered structure O. 060 E % . | _@ Layered structure - 060 E
z o, o055 £ & 7 055 £
D < [0} <
% o050 & % 67 - 050 £
3 | £ 5 | £
% 045 g % 4 045 g
E 27 040 8 £ 3 o040 §
B 14 [ 035 F B 27|(b)<20%at50m&>50%at300m | g5 T
Y (a) > 90 % at 300 m (R? = 0.71) 5 2 1 (R? = 0.90) 5
o 0.30 g o — 0.30

I I I I I I I I I I
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Fig. 2. Time-series of the Chl-a concentration (broken line with open circles) and the areal extent of the Oyashio
water where mixing ratio at 300 m is above 90 % (a), and the areal extent of the Kuroshio-Oyashio layered
structure where mixing ratio is below 20% at 50 m depth and above 50% at 300 m depth (b). R* denotes the

coefficients of determination.
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Table 3. Same as Table 1 except for the Pearson correlation coefficients between
the interannual variations of the area-averaged Chl-a concentration and the areas
of the Kuroshio-Oyashio layered structure defined as the areas of the Oyashio
mixing ratio less than Max ratio at 50 m depth and more than Min ratio at 100,

200 and 300 m depths. The triple asterisk (***) denotes P < 0.001.

Max ratio Min ratio Depth

100 m 200 m 300 m
10% 50% -0.05 0.44 0.93 %%
10% 70% 0.01 0.34 0.86%*
10% 90% 0.21 0.44 0.85%*
20% 50% -0.06 0.57 0.95%***
20% 70% 0.00 0.43 0.90%***
20% 90% 0.19 0.39 0.86%*
30% 50% -0.15 0.64* 0.91***
30% 70% 0.00 0.29 0.92%**
30% 90% 0.12 0.16 0.88***
40% 50% -0.46 0.64* 0.87***
40% 70% -0.07 0.22 0.89***
40% 90% 0.03 -0.02 0.89%***
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3 TJERESTER S N T AW D&/ 4 O L HEE
Chl-a JRIE ORAELE L ORID %4 OBIfREE Table 3
2R, Chl-aiREOREFEZLENE, TREOEE 100m i
B3 TR COMREE ORFLE) & R R HEEBERE
Rtz 7z vy, HEEE 200 m T, BUEHEA DS 50% 2L BT
HoT, HOEE S0 m TOBMIEA A 30-40% LT D
HHEEORELH AR EOMBBEREEL T
%, TEOEE30m T3, 2ToMAaAbEstoiE
AT & Chl-a B ORFICHBIRE 085-0.95 DA E = 1E
OMHBEIRER2SH b, BIENREH250% M ETh->T, »
DOYEE 50 m TORMNRADY 40% UT & 7 2 i o
EORAEZH O Chla iR EORELE~DF 531 70-
90% & 72> 72, Fric, HEE 50 m OBEHEA LAY 20% DL
TCH B UEHREE OFREL B Chl-a IRE ORRELH) L
DT 095 LIEFICEH WHBRE 2 RS, ChlaiRE D
AL NDHFLRIZ 0% &5 >72, TOEMEDTTE
R “EHEGE SN O FELE)E, ChlaiREoD
2004 4F DURT o S8 INE A & 2004 4F DL O Sl A R & R e
T 52T <, 2004-2006 0 Chl-a B AMh DI M

AT E W AR 2006 4E 2> 5 2007 4RI 21 T D Chl-a i
Bo2ebIEFICIMIEL T (Fig. 29 (b)),
ZDEMFEDFTD4-5 Ao @k o 1998 424 5 2007
FEDOFIEDIHi% Fig. 3I1TR T, DMARHAKE v 2004
-2006 4F & D EDFEE 2 71X, 150°E DI T gt
TR D A DB CICHIG L T3, 150°E I TiE, &
DETH ZEEEEEHAHEEL Tw3, Z2hicxL,
150°E BLHE T 1%, 2004-2006 4F @ 73 A X A WV b D D,
1998 FiciFiz LA B L TR Y, #lZIXF4HD
1515°E 12 B 1 % $hiEWTE < 1%, 2005 4F1 & 36-37°N T,
HEEE 300 m 1 BLEIE A A3 50% DL BT & 2 HE% Dk
B, 2D EBICEMADKIIAHDN > T (Fig 4D
(a)) DITRIL, 1998 1 1d 2 D & 5 75 @k I3 e
3 (Fig. 4@ (b)), MEDEVIZIHBETH 5, £72 150°E
DIVEIZ BT h, 2004-2006 4F 1% fth o 41 e E AL A 1A
WA A A > TE D (Fig. 3), fEHEE L CHEREIFR
i 4k (140-160°E, 30-40°N) T D43 AL A3 ) <
o T3,

B2 5 HUE U7z Chla EOZ=EINRIC S, —fEkEi
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Fig. 3. Map showing the locations of grid points where April-May averaged mixing ratio is below 20% at 50 m

depth and over 50% at 300 m depth in 1998-2007.
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Fig. 4. Vertical sections of the Oyashio mixing ratio along 151.5°E in April 2005 (a) and in April 1998 (b).
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1213 150°E DR T % Chl-a BESE N &\ S A H 5
(Fig. 5)s ED4ES 08 mgm * DL Chl-a 25 36°
N Db # & O 150°E MUPHIC 375§ % 45, i Chla
TR DR K 1998 4RI 1 150°E LIS ICIZIZ L A £
MLTRY, L LY Chl-a BEEASEIN LA D 72
2002 4ELAKE 1, Ei¥EFE Chl-a 3 150°E IS b 97 LA
®, 2004-2006 41 5 \F THABAFE DS E % D, 2007 4RI
FF O 150°E DR CONMHEE IR D5 k> T B,

4. BE

HFEFoBMGERSR ERIcB LT, EES0m I BiER
DK, HE 300 m I HHR D KDBEAET B AKHEEDSARTH
EORFEZLBE) & Chl-a RERELEHOMICIE, FEFICH
WIEOMHBERR P TFEET 2 Z L BHE TR o 72, HE
300 m 12 B 2 R OKO AR E A S Chla #EE
FPRAELZE D T0%REEZFHHT 2 LAARETH D,
R A O BRI A BRI E T L v
5 B OfFSE (IR KT, 1998) 232K 3 5, LaoL,
S EEPREBZOKTH D LI EMEMFIMA 2
C LT & o T ChlaRERFLEHD 0% 2 HHTE 2 &
Slrot, TOTEIE, BREEIREBICEEAKNELET S
2Tk, ZORRKPEFAKDO FIKEIAALTHS
CIEREO SRR EEICRVEEEE A TwE T L

EFRLTCVS, 78, BHKOSMIEEZLZS L Chla
FERRAE A8 L HB o BfRIc B B, T, Sl
7 u v Ol Chla IBE 2 IEF I (Fig. 5), &
TFF 9% O fEAT ot SR N € o SIS RS O #5 hiid Chl-a
REDOWMANC OB 21D TH S,

RO Ltk © Chla IREEASREFELE 2§ 5 EED
JRIK D 121, 150°E BLE T ® Chl-a iBESEELET 5
O THBEEZOND, JEREEO MBI
DINFEEWMAT b 00, BT LSk T ZE
& D HE YAV 2004-2006 212 1& 150°E DU ¢4 AR5
ERE D o7z (Fig. 3), £ L TZD &S %EICE, 150°E
DU C & &R JE Chla i 25 E WA E T H 6 17z (Fig.
5)e T OZEMSAOELMS, “EHESEA Chl-a
FEDREEBNC B L RIET LS BTRES & BANT
H2, BEIPLIE L ChlalBET—2Ici3EICL?
RIEPH b, Kz 1999 45, 2003 4%, 2005 4 1 b 5 5
HHR T 25% DT — o BRI L T3 (Fig. 5), 20
7ed, EREFIERED Chla 77— 2 250§ T &7,
FEATT Xt S T DI E AN & 72 1R RRTHIT S T
A BEEDDH B, Lo LERAD ChlaiE i,
1999 £E12 1% 150°E DUR CHER E A Mgl 7z w2 b
%, 2005 4E1213 150°E DI CE B E OIS % o Lo
IMEADBH -T2 LERBLTEY, FABCFEEIKE
CEALT AREE IRV EE X 50 5,

TR JE O Mg VERSE % & R C BT 2 Ve AT
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Fig. 5. Distributions of April-May averaged Chl-a concentration over 0.8 mg m™ in 1998-2007. Black shade rep-
resents no observations due to cloud.
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F—2 kv FDOFITICE > T, “EEEO SRR DA
VIE EEF R RO Chla BEEL 25 L
B3, WO THER T E 7z, T ORRIE, “EREEILAK
W TH D ick B EEZONE, £29FEZ 6N
HHIZ 225 %, 1 21% Nishibe ef al. (2015) 23 L T
W3 kST, BEIKD R BEAKSED BB L,
HEREIC XY REOMY T 5> 7 b v dEEOE &
PTOEBBEICHEE b, e LeT ks ET
Hb, b 121, ZHEHEEPTER SNSRI =
v NE TR, BEIOWTICME - TEEE % R A
(Bower, 1991 £ 5, 2000), SAIE > 7ICHER S 2 X FR
RLERLTOY ML Ty TENTWNEHE ORI X %
MWELITIES (Nagai et al., 2012; D’Asaro et al., 2011)
BLELIIBHE NS L TH B, Bkt #kosE
FUAI % Y 2 ShE R A EAE 3 hE, NEOBAK D 6%
FIRIRE O E KA D R B o Bkl g
SN, EERICRE RSG5, EBICEREAK
Lo THiRED» L RE~EHG I N 2 REERIL, HFO
W75 v 7 P X 2 HBERICVEET 5 2 &A@
ko TlED»® 5N TWw3 (Kaneko ef al., 20125 2013),

Lo LaD 5, @G onmhss Bl Eific s
J % Chl-a BEORELEICE OREOHEL 5 X 20
COWTE, HERERISLHETH D, MoBHRLES
SRS IC 81 5 Chl-a IRE ORELEB QR & LT
EZ6N57OTH 5, Linetal (2014) 1%, SR
R0 (32-35°N, 138-153°E) i BJ % Chl-a B[ DFRER
AR O L EN: L B ICBb o Tw b T L ERR
Ufzo HIBEROSALE 2RI, RFOWmNIEFEL
EHIAICH D, THEORERIREOEWAD LREICHHE X
NRTVOTHD, £RERRETINEM S EBD
5, ST O M TR KB o HIBSEEE Y Chl-a 2
JEicRE BT 5T L (Sasai et al., 2010) %, Sl
w7 ey bEL x4 A A O Chl-a RE O REELH) 2
KEHOMW D IABEZ U CABRABEEICKEL T
W3 Z k (Nishikawa et al., 2013b) BRI N T3,

B L B L, B aWEHEROKRSOMT S
RoRE TR, OB, FOFMEICERT 52T,
Chl-a REORFELEBOERN LD 2 A[REEDSH 5, B
IR O L EE I TER T — VLB 2R L, Bl
il o R R Bl 7 o v b O 2 L o EHIED

KELZAT 3 (Qiu et al, 2014), D7, Lin et
al. (2014) 2365 % & 5 1o, BEFR O LEED B
Feiiis < o Chl-a lREE OFRELEBIC S 2 v REME I3
v, HEEEHE I B T Chla IBEATEKET H -
7z 2002-2005 4E (Fig. 3) 13, BEEFEROLERICHY L
TWwb, &ZA2 Lin et al.(2014) oW TIx, Fimifi
W AR IC 510 5 Chl-a 23 2002 455> 5 2005 4F 12 2>
JCORMFIRLERAS L Tni Z EpREINT
w23, Lin ef al. (2014) O fff% & Aff% <& H L Chla
F—2ky b EFoTwb e, ZDORELHMHETDE
VBT RIFZ DG DB I L2 HDTHDEEEZ S
N5, REFZEO BTN RHEER L, Lin ef al (2014) o fiE
MR RIFE A BN LA EATES T, FiLolEs &

DAL, WAIHMEL TWw3, fido & 5 I Lin et
al. (2014) 13 FBEfER O E M & Chl-a IREAB ORI E
R FE B & B O TH L T 528, Bl i 4
WWIREMGR 7 ey bk EL T2 & (Qiu et al,
2014) HEEL v 2 AREEDL B 5, TR B
70y MEEIZISN 2L E L TCHIEEIT 5720,
Lin et al. (2014) DN GG <1, RElgtm7 oy b
23 35°N LLFFIC A T 3 % Fife i A & e Chl-a IR
DEYEOEIIKDI L EEND LR DIDPETHD,
D&, BEIGRE L Vo THEEAIEY, £
BETKST 2 rEERKE 70y MIBETX ST 50T
Chl-a BERFELBENIED V2,

Nishikawa et al. (2013b) I EEIc X > CHAREED S
BRI AL S 0 2 KB O REIR O G L E
2% 2H15H2»5 4315 HETHN, 3HE CIt4AFR
AREOBEEEC COREENICEB SN REBE o TR
THAHIBHETIEIFHEESIN TV S Z 2R LT,
HEe R IR BEE I NV — LD — 2134 H FATHD,
TN —LOBE» 5 =7 £ TIEESNIREEOS
CRAFIMEINKEBE CTH o7z, TD &S RHH
25 4 A EAIRE O R IZATICE S N - REE
BRICKFTHE VR 5, —/T, REFIE T 7V —
LOY—7 %&b 5 HEZE € Chla IRE X & WK
WICh D, TOTEIE, T— LR EBETIENE
SNDRBHOMIEA H =X LMRELD, TI— L
DNAERIE, BEFEORGBRMBICHREAREICL-
TTRE» RSN RERICEZ SN TSI LER
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Y5,

K TIX, B ~EOMEICAL DY 2 O
BRI OBEZE 7V — L2 FIILCRE T3 L W»
S H15 (Ichii et al, 2015) %Jtic, #EK, BEIKEE
T O T I U7z 4-5 H O Chl-a B ERELB) ICHE
H U7, HHBIMENTRS R & B8k — i H
B E N % WS O TR O 2B S BB A PE O RREL B 2 5 &
BCTEROBERBERHO 1 D2TH DI ENREINT,
SHRIFERRET VLM T — 2 2I0IC, KEEI VO
FoTcEnEEHBINHEEIN»EZEENITRL,
ZERSEDTERL S N B IS E R O E X O FEAE
DHETR E‘@%ﬁ%{@é‘%bfﬁﬁiﬂ%?ﬁkiﬁiﬁé%@ﬁ’éEQ
BAFLT 2EAZ KT 5 LT, FA¥EROEHFLE
ERERTLEICR S HEL I THEREZHL I 240
EhrdH b,

i

RWEFE 3 H AR 8 2 oo B8 (G5 F 05t (B)
26850119) DI EZT 7= b DTH %,

References

Bower, A.S.(1991): A Simple Kinematic Mechanism for Mixing Fluid Par-
cels across a Meandering Jet. Journal of Physical Oceanography, 21, 173
—180

D’Asaro, E., Lee, C., Rainville, L., Harcourt, R. and Thomas, L. (2011) En-
hanced turbulence and energy dissipation at ocean fronts. Science, 332,
318—322.

SRR - R (1998) @ ZPEBHR O KIRBE & ~ A 7 > OFE#ER
BT, I3okaA, 39, 49—55.

Hanawa, K. and Mitsudera, H. (1987): Variation of water system distribu-
tion in the Sanriku coastal area. Journal of Oceanographic Society of Ja-
pan, 42, 435—446.

Ichii, T, Nishikawa, H., Igarashi, H., Okamura, H., Mahapattra, K., Sakai, M.,
Wakabayashi, T., Inagake, D. and Okada, Y. (2015) : Impacts of exten-
sive driftnet fishery and late 1990s regime shift on dominant epipelag-
ic nekton in the Transition Region and Subtropical Frontal Zone of
the central North Pacific : Implication for their fishery managements.
Progress in Oceanography (FIJillsf, Available online 20 April 2015)

Rt —, MRS BNTE, fREME= (2000) @ Bl oTIc X %
cross frontal flow & 7 v w7 1)V a 54, BCALKEFIFER, 63, 125—134.

Ttoh, S., Yasuda, I, Nishikawa, H. Sasaki, H. and Sasai, Y.(2009): Trans-
port and environmental temperature variability of eggs and larvae of
the Japanese anchovy ( Engraulis japonicus) and Japanese sardine (Sar-
dinops melanostictus ) in the western North Pacific estimated via nu-

BiEoK - sl - H - G0

merical particle-tracking experiments. Fisheries Oceanography, 18, 118
—133.

Kaneko, H., Yasuda, L., Komatsu, K. and Itoh, S.(2012) Observations of the
structure of turbulent mixing across the Kuroshio, Geophysical Re-
search Letters, 39.

Kaneko, H., Yasuda, L., Komatsu, K. and Ttoh, S.(2013) Observations of
vertical turbulent nitrate flux across the Kuroshio, Geophysical Re-
search Letters, 40, 3123—3127.

JIETE: (1972) 5 & Bl odgEiss, DB L A TR -/ IMIUR R -
SLEPIEST - YA - HEGERERHR, BOBARA IS, R, 129—
320.

Lin, P., Chai, F., Xue, H. and Xiu, P. (2014) Modulation of decadal oscillation
on surface chlorophyll in the Kuroshio Extension. Journal of Geophysi-
cal Research, 119, 187—199.

Nagai, T., Tandon, A., Yamazaki, H., Doubell, M.]. and Gallager, S.(2012)
Direct observations of microscale turbulence and thermohaline struc-
ture in the Kuroshio Front. Journal of Geophysical Research, 117.

Nishibe, Y., Takahashi, K., Shiozaki, T., Kakehi, S., Saito, H. and Furuya,
K. (2015) : Size-fractionated primary production in the Kuroshio Ex-
tension and adjacent regions in spring. Journal Oceanography, 71, 27—
40.

Nishikawa, H., Yasuda, I, Itoh, S., Komatsu, K., Sasaki, H, Sasai, Y. and
Ooseki, Y. (2013a) : Transport and survival of Japanese sardine ( Sardi-
nops melanostictus ) eggs and larvae via particle-tracking experiments.
Fisheries Oceanography, 22, 509—522.

Nishikawa, H., Yasuda, L., Komatsu, K., Sasaki, H., Sasai, Y., Setou, T. and
Shimizu, M. (2013b): Winter mixed layer depth and spring bloom
along the Kuroshio front : implications for the Japanese sardine stock.
Marine Ecology Progress Series, 487, 217—229.

Qiu, B., Hacker, P., Chen, SM. and Schneider, N.(2014): A Coupled Dec-
adal Prediction of the Dynamic State of the Kuroshio Extension Syste-
my. Journal of Climate, 77, 1751—1764.

Sasai, Y., Richards, K.J., Ishida, A. and Sasaki, H. (2010) Effects of cyclonic
mesoscale eddies on the marine ecosystem in the Kuroshio Extension
region using an eddy-resolving coupled physical-biological model.
Ocean Dynamics, 60 (3), 693—704.

Shimizu, Y., Yasuda, I, and Ito, S.(2001): Distribution and circulation of
the coastal Oyashio intrusion. Journal of Physical Oceanography, 31, 1561
—1578.

Shiozaki, T., Tto, S., Takahashi, K., Saito, H., Nagata, T. and Furuya, K.
(2014) Regional variability of factors controlling the onset timing and
magnitude of spring algal blooms in the northwestern North Pacific.
Journal of Geophysical Research-Oceans, 119, 253—265.

Tsujino, H., Usui, N. and Nakano, H. (2006) : Dynamics of kuroshio path
variations in a high-resolution gcm. Journal of Geophysical Research, 111,
C11001

Usui, N., Y. Fujii, K. Sakamoto and M. Kamachi (2015) : Development of a
Four-Dimensional Variational Assimilation System for Coastal Data
Assimilation around Japan, Monthly Weather Review, 143, 3874—3892.

Usui, N., T. Wakamatsu, Y. Tanaka, N. Hirose, T. Toyoda, S. Nishikawa, Y.
Fujii, Y. Takatsuki, H. Igarashi, H. Nishikawa, Y. Ishikawa, T. Kura-
gano and M. Kamachi (2016 ) : Four-dimensional Variational Ocean Re-
analysis: A 30-year high-resolution dataset in the western North Pa-
cific (FORA-WNP30) , Journal of Oceanography (submitted )

Yamazaki, H., Iwamatsu, L., Hasegawa, D. and Nagai, T. (2009) Chlorophyll



AKX ZJERE O 04 & Chl-a JRE 143

patches observed during summer in the main stream of the Kuroshio,
Atmosphere-Ocean, 47:4, 299—307.

Yasuda, L, Hiroe, Y., Komatsu, K., Kawasaki, K., Joyce, T. M., Bahr, F. and
Kawasaki, Y. (2001): Hydrographic structure and transport of the
Oyashio south of Hokkaido and the formation of North Pacific Inter-
mediate Water. Journal of Geophysical Research-Oceans, 106, 6931 —6942.



144 PaJI - BHEK - G - HH - m )l

Link between the interannual variability in the
Kuroshio-Oyashio layered structure and the chlorophyll-a
concentrations in the Kuroshio Extension during spring

Haruka Nishikawa '* Norihisa Usui?, Masafumi Kamachi',
Yusuke Tanaka' and Yoichi Ishikawa !

Abstract

Interannual variations in spring primary production in the upstream part of the Kuroshio Extension
(KE) are known to affect many types of fish. A recent study demonstrated that the layered structure caused
by the subduction of Oyashio water below Kuroshio water gives rise to favorable conditions for photosyn-
thesis conditions, causing high productivity. Here, we hypothesize that the areal extent of the Kuroshio-
Opyashio layered structure varies from year to year and that this interannual variability affects primary pro-
duction in the KE. To investigate this link, we conducted a correlation analysis using high-resolution
reanalysis temperature and salinity data and satellite chlorophyll-a data. The results show that there is a
significant positive correlation between the interannual variability in the area of the Kuroshio-Oyashio lay-
ered structure and the chlorophyll-a concentration. Specifically, the spring chlorophyll-a concentration
tends to be high during years in which the Kuroshio-Oyashio layered structure has a large areal extent in

the KE.

Key words : Kuroshio, Oyashio, Kuroshio Extension, mixing ratio, Chl-a
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