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HEAKOKED 10EAR 7 —VEE &£ DER *

mAENT - BRUuET . ERE . RIET - BE BT
7 B

T = SOREK, A H—Y 77K (Okhotsk Sea Water; OSW) & ALK THF B H Ay
7k (Western Subarctic Gyre Water; WSAGW) THIEL &5 L B X BTV %, BBIKkD
KER, EFKEEOES L, EEKDESOEHAPEST S I LICERT S LV IEA
25 AR W TOEBAKD 10 A7 — NV OEB ZHEHA LT,

LB 5 TO 41°30'N (PH #) 12 - 728k O K EE B & FEFKOER) & ORITIE,
BB RS A ST, BEKOKED 10 F2 7 —VEBO EERIIFEFKOREHE
BT 5 - LAFES Nz, PHAICHIT 5EHIATTO OSW & WSAGW DIRAL: (Rw)
DEBITIE, KR - EHTHABEEREL ) VBEOLERS T ER T —VEBR LY
BHEChoi-, BHAKDRAKEBOERD 1ok LT, HKFHELIZBT D KRIERS

IC &k BEEPRINT,

*—— K BE, BEK, BAK, 10FERAT7—VEE

1. [FL®IC

BHKIT, KR - B - BBE - BRBRBOFH—
v 77 ¥7K (Okhotsk Sea Water; OSW) &, FHXHIIZHE
B - EHAY - AW - BRRREOIKIFE R EER K
(Western Subarctic Gyre Water; WSAGW) O -2
BFEABRELEZbOTHY, BHOBMTHIES
100 m 7> 300 m AHEIZ R 53 5 KRB/ IVEE (TintE
) b ZNHDKDESI S TR END L EX DI
T\% (Hirano, 1958; K4, 1989; K%, 1991), Yasuda
(1997) 1%, OSW & WSAGW DiRE BT RFIBHEIO

*20064E 48 210 ZHE; 2006E9A 22 % &
(e« AAEHETES, 2007
! EEHER R BIBER
T 041-0806 AL EEETIRA 3-4-4
T%% e-mail address : y-takatani@met kishou.go.jp
! REFFHERRREEREERSR
T 100-8122 R THEARKKFHT 1-3-4
= S GBFETHIER(L 2T IR
T 305-0052 Fig R iEHRE 1-1
I RS EIBHER
T 651-0073 SCEIRMT TP R KB 8 1-4-3

VBT TR - 5 TR Y, ZNSEEK L 2o TIEER
Fizih, 41°30'N Tid 144°E~145°E {15 Z @18 L
<, ALY HTE LTW5, FHH (1988) 13, K
B ENB L OBREREOHET 1 7 7 A Vb OSW
L WSACW 258U T, #NbOnMEHREL, Bl
KIBROWET OSW Bk, #HET WSAGW FEDK
MEHT AEEE T S Lz, A1 (1988) 13, HiE
DFF~DIEY HUNE LWEIZIT WSAGW 23 41°30'N
B 145°E~4TE FHEE THA L TV D AR H
HERBELTND,

ok Sz, BEOREFEKTHS OSW & WSAGW
DESBRIZOVW TS OWEFRR 2SN TET
BY, “O0RBEAKDOBELEZTFELEMELD D,
Watanabe and Wakatsuchi (1998) i, 7 U M8+ &
K EBH LF vy WETRAKDES & BAFBRRORE LD
5, AT ST ATKAORELE 1:2 & AR
{ otz F7z, Ttoh et al. (2003) IERT > ¥ ¥ VKR
LA EEWT, FEISEEME OB RREKIC
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BIDAR—Y V1T REKE AEEES KL DR
2115 LFHMBEL, LvL, ZhbOmIemEsay
T—H ERBEENIE ST b O TH Y, HEREHEIC
£ LT R ON BRI -3\ 72357 % (Kono and
Kawasaki, 1997; Yasuda, 1997; Yasuda et al., 2002)
EEHTH, ZOo0REKDOBERRORELEIE
BLEBNXIZE A E 20,

fE&m (1991) IZAZED 40°N~44°N DEBE#ED 2~ L
N7 v 7Ek BB S — DR OB IRBE K 3 £/
HORBREEL, ZOEDHMEEEREK L 3 FEfio
AR Ty TEERED b FEE— S5O B IREE O
EBPRATES LR U, R (1993) 134 %7
Vo= ¥ AMEREOHRIZHEVER SN AEEEH
DEMIZE > THE - BEBBERAOEE LB TAL
C, TN BRERKEDIETRED 7 4 — Ry s
ELTERLET Y 2a—y v AMEKE %251 PNA S
#— (Pacific/North American Pattern) %3 % =
LEER LT,

IDEDIT, EKRFEEOKRIEET & 5 HELE
REKOFHEBH 5 \VIIRELEN S, BHHOLH
ERADADBZEINTETNS, LOLARS, 20
%<1%, REERE & BHOMBRESCHELE L
BIECE IS KIBEBZHE L-bDOTHY, B
WKDKEDEER) & KRIERE L OBEICER L1-4]
IR EA LR,

BEKOKEORPEBORERL LT, TALEND
BEFKOEE L, Zo0RFEKDEBEDIEFOEEHD
ZOBREZDLND, £ T, AWEETIE, hUEEES
DEFRIZOWTKBESEFHRERS L0V VERE
DT—FEFEA LT, ZHO0OREKDRALKDELE
BZMENT L, BEKOKELEBOERIZ W CKEGE
RGIZER LTEEZT o T,

2. T—ABLUBRHEX
2.1. 41°30°N & (PH &)

REXRE LTWER & 2 DR OIE % Fig 1107
o AREORELBOMITIZIZ, 1972425 2003 4
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Fig. 1. Location of 41°30’N Line (PH-Line) and
schematic pattern of water mass and ocean cur-
rent system. Symbols are defined as follows. V:
Observation points in OSW area. O: Observation
points in WSAGW area

PHAZEWTIE, BBIKIZEC 144°E U TR b1
B5ZLirb, UELEDT—4 (PH-3~PH-6) I
WTHEHT L7z, )11 (1988) 36 & U Yasuda (1997) 0%
EIZHSNT, OSW & WSAGW 2NEA L TR S
BEMABEL LTHMTHLEXLNDREEY D
PH-3, 4 (144°E, 145°E) &, WSAGW DB <
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25 ENBDEEZLNLHED PH-5, 6 (146°E,
147°E) (25 TR 21772 o7, £z, M4PELIRT
) R K EFEIR OB KRS O ERFEIR DK
DEBLZFHIERD D, ARETIE, BHKDOE
BZEBLTWADT, 100 m FAKEMNS °C L EW
BRIT— 212N bBKOEENRN L RTINS
Bk U, $72, PHBRTIIE 4 B EOBRINER S
NTWADT, KREH CIXEMOFEHEL PHARDOE
BIfEE UTHWE,

2.2. BRIk

FEEK DISEERER T 572012, OSW & WSAGW
FNENUZOWT Fig. 1 ORFEROFH THA S0
B (£ Fh OSW i & WSAGW i & IE.5) T, 1963
ED D 2003 EICEHEHEESRARAL, [ETERL
BLUOBBEEERBERLILL - TRESN-EF
EOBRT —# #A L, A LSRRSHOEZ
PHBEOFN LV IEL BozDiE, T bOWE TOR
BIRERESZ D 22N\ TH D, TN HORFEEIZEN
THEEE OSW E7213 WSAGW BEET 5 L IR
2VDT, EHHE (1988) 1> T OSW B Tix 300 m &
OAKER CLUTDOLO%E OSW OBEES LT, %
7=, WSAGW 15 TiZ 300 m EOBEFEER D 135 pmol
L 'LUFobn%E WSAGW O#ERIfEL L TEY,
AL, ZokdicLTHE SN ZBRAMED FYHNE
43Fi % Fig. 2 1287,

Stabeno et al. (1994) IXER 7 A BHIND, TEIIE
IVZHENARBOERBIZRIT HitEE B TR 15
ems™t L& LTWA, F72 Uehara et al. (1997) I3,
IEBEEEIRH TORERBRN G, FEO 500 m LA
BTOREITTEY 13~15cms™ !, BATH 28 cms™!
PHMELTWS, BEKBMELNDERITTREIIBD
BFE O L SN TE Y (Yasuda,1997), BEIKITAERK
W bEx1~2 FEHD ) LIC PHRETEET S LE
z26n5, LEEN->T, PHBRTOHEBADKEDEE
X, EERECTEFKOCEE AT DRAICES
HrEZLND,
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Fig. 2. Vertical profiles of (a) potential tempera-
ture, (b) salinity, (c) dissolved oxygen and (d)
phosphate. Error bars indicate the standard de-
viation. Symbols are defined as follows. @: OSW
area, /\: WSAGW area (See Fig. 1).

2.3. EA&t (Rw) OFE

FHKR OSW & WSAGW DERETRS TR
shLEETVE HOBERICSIT RN T
» OSW, WSAGW 05l zh2h Xo, Xw, B
BlfE% X L # L L %, WSAGW DiRAH (Rw) 13K
HCTHEXLNB,

Rw (X) = (X — Xo)/(Xw — Xo) (1)

= OEER U7 KSR OSW D L X 0 &72Y, #
2 WSAGW D 51 &5, 29 LIEREHRIZES
AT TR, BEK L BEKOKRESICOVTIL
FLUERAWSRTWD (Bl 1E, Yasuda et al., 2003;
Shimizu et al., 2001) 23, AFEETIIZOFEEZBH
KOEFEATH S OSW & WSAGW DEFERFZE L Y
RS — XA L. KB, B, BEERFESL
V) VEBENLEBEONIRAKEZ, TAEN Rw (0),
Rw (sal), Rw(DO), Rw(PO,) &RTZ & L¥ 5,
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3. FRiTRER

£, PHRIZHT 2 BBIKOWEIR SR E 4
S0, WLOREEBZHFE LT, Fig. 312 PH-3,
4 & PH-5, 6 D 26.7~27.2 0y DFBEFIZH T B IB:
DRELBEZRT, WLEZRDBEDICHANEEED
BEIX, ET 010 DIEE L7z (BIZIT, 26.7 0p BT
1326.6~26.8 0p ADEE), FxDEBNALNS B
DD, PH-3, 4, PH-5, 6 & H1Z, RE T 1970 £
25 2003 FiZ1T TEIBMLOBER R A LN D, £
e, SEBEIEYTARB L, 27.0 0y BLLETIE 1980
FERBEHEITHED, 1990 FERBALITHR & 10 £ R r—
WEBBH B, #i2 PH-5, 6 THEEZTH5, Yasuda
et al. (1997), Yasuda et al.(2002) IZ&L v, OSW &
ALK, WSAGW IZHERAKTH Y, Kz 26.6~27.0
o9 FHELIZ BV TRERK DR OBV A TH S =
EBRBESNTND, TDZEhd, HEKk~DOREE
BFKOFEENELLEH L TEY, BHEIKD 10 E24r—
VEBZFERZ LTV D AR RIES NS, Z2
T, TNETNDEFKDOEBERIRZFHLS =Dk
DREHREHE LR,

BELOERIISoT, BLEERERMLE 2500
MERKDIBEETH B, LL, OSW 5= WSAGW
BTG L - BRI TR b T 2o to i, 55—
FOELQHHPFEL, BEKORELE S TRz L
DROZLIIEREETHS, £, BAIZERICEFL
TITRbNTRY, ZHEBZERIZE L2520
W#TH %, Andreev and Kusakabe (2001) Iz OSW
& WSAGW OBEFIRIZE T, TBROBEESE
CI0FERT—NOEBRHE L2 BEL TN D, 7
DEENMERIL, Fig. 4 12777 PH B TOZM GBIz
B SEHFBEOLBMER & I FIERBEOHENER LT
W, ZOZ b, PHRTOBRGFREOLTENL, &
FHCTOBHFBRIROLEMER L TCWA I LRnEL S
N5, TIT, PHRLAEFR COREZROLE O
IS % Tz, Fig. 5, 612 26.8 0y i & 27.0 0 HTD,
PH #RIZ 361 % SFEEIME D FAEAE (1972 £~2003 0
THE) »oDREL, BEFSRIZEIT 3 ELYED
FAEE (1963 55~2003 0 FHIE) H 5 DIRZEE 7T,
PH# L OSW Bz T, RBICBBINRTRbRT
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Fig. 3. Time-series of the annual mean potential
vorticity at (a) PH-3, 4 and (b) PH-5, 6. The
thickness of a specific layer is assumed to be the
thickness of the layer between plus and minus 0.1
0g. Symbols are defined as follows. O: 26.7 oy,
A: 268 09, Ot 26.9 09, A: 27.0 0g, [: 27.1 oy,
+: 27.2 0. The solid line denotes the 3-year run-
ning average. The broken line denotes the linear
regression line.

W2 HAR (1972~1988 %) TORERIZEIT 5 Mg
BOMBEMRE, 3LV PHARE WSAGW iz T,
RIFFIZBEI 23T 2 o TV 2 B3R (1972 4£~1980 4,
1997 £~2002 £F) TORERIZEIT 5 MR 0AEE
%% Table 1 127”7, PH#RE OSW 38D Mg o
FEMRBUZ BT, 26.8 0y H COBEME, | B
HBTIZ0.53 L ETHE MM (FEKE (UTa bk
1) <0.02) BAR BB, UL, 26.8 09 BOKE, K



HEKDOKED 10 EXr—NVEE L EDER 27

—~ 250
I_’ v
©
g_ va o o M Uu
Z 200 o "33' &, o MR ) n'uu"'
g R g BT oS, g
> o ¥ ° > AN
6 ‘ '&,l: & g v uv 'D ‘uvuu
o 150 - i
-02_) o Q,vv'
o * o
N
2
5 100 ]
1970 1980 1990 2000
year

Fig. 4. Time-series of dissolved oxygen in PH-3, 4
(¥) and PH-5, 6 (0O) on 26.8 0y surface. The
solid line (broken line) denotes the 3-year running

average of PH-5, 6 (PH-3,4).

Table 1.

tweeen each property at individual original sea-

The Cross-correlation coefficients be-

water region and PH-Line in the period when ob-
servations were conducted simultaneously in both
regions; (a): PH-Line versus OSW area, (b): PH-
Line versus WSAGW area. The value in parenthe-
ses denotes significance level.

(a)
26.804 27.0G4
PH-34 PH-56 PH-34 PH-56
-0.18 0.28 0.26 -0.26
Temperature (0464) (0299) (0324)  (0336)
- -0.22 024 0.24 -0.25
Salinity (0395) (0341) (0333) (0321)
. 0.53 0.60 0.36 0.38
Dissolved Oxyeen /510y  (0008) (0.17)  (0.096)
0.59 0.54 0.21 0.25
Phosphate (0011) (0014) (0335) (0319)
(b)
26.80, 2100y
PH-34 PH-56 PH-34 PH-56
0.30 0.28 0.37 0.29
Temperature o0k y  (0308)  (0.419)  (0305)
- 0.32 0.26 0.39 0.30
Salinity (0250) (0339)  (0.54)  (0284)
. 0.72 0.74 0.44 0.39
Dissolved Oxyeen yo01)  (0003) (0088)  (0.099)
0.33 0.36 0.70 0.62
Phosphate (0229) (0431) (0004) (0012)

58 EN27.0 0y EOEERIZOWVWTOMEEIT0.4 LT
(@ >0.09) THEETIEZR, *7-, PH#E WSAGW
BT, 26.8 0p I COBRHERRIBL V27000 HOV
VERHIZ B\ T 0.70 LA EOF BRFEE (o < 0.01) B A

LA, FOMTIZ0.44 LT (o> 0.08) EHETIX
2\, ARIOMN T3 PH & & BRI TOEBMRR O
RCBRE RSN AR bR o T, BIFKBEDOLEE
2 X BEBEAKDOKEDEB~DEEINS NI LR
BENB, KIC, R (1) & DHEE LR 26.8 0p EIZHT
LESHEE % 1963 F£~2003 FEOFHEL LTEHELE
Rw OFELE L, FFS CERRIBMT b FIZ o0
TRBEECE~LE 2 EZE L THE L/ Rw ORF
LE % ik U7z (Fig. 7). ERE TBREP T2 T
IVVVEIZOWTIE, EHEEEEEL L TRV, Rw
(DO) ™ 1990 ERFHDE—7 MES Ro TN DR E
D, BEQEZIZEVOERRHL DD, EHHD
fBEEE VBRI B WV TH Rw (DO), Rw (POy)
DI ERr—VERIBEEIHADND, ZOI DD,
PH & TR LA BEIADKED 10 EA 7 —NVEET,
FEEKEREOEEIC L HEEB LY bEEFRKDOESD
EADEBNETERTHD LHBEING, £ZT, 5
AT CIE, MEFRTOELESHE L LA I LEBRE
R LD, MERICRITAEEER TOEEL
BREKDSBER COREMEL LTAVWS Z LIZT
A, FOREEYAVTEHE L Rw i PHRTA
SN AEEKORHNREBENEZAZRLTVD L
RI2E 5,

Fig. 8, 9, 10 (Z/KiR, 7, BHEBESLIO) B
AR (1) A L THE LTz 26.6~27.4 0p HIZHT
% Rw OREELERT, MFORKBERE LOKK
E#37nFh PH-3, 4 & PH-5, 6 ® Rw ® 3 88
T ERT,

Rw (0), Rw (sal) IZ2BICI\VTHELT ORHIR
BRBEETH B, 26.6 09 E L 26.8 09 ED 3 FHE
FH T 1980 AL HEICHEA, 1990 SR FERIZE/D
LT 1990 ERBEIIHBKRE, =27 EBVHOD
10 R — VBB LTz, 27.0 0 BENRIZRD &
ExEBNEH L, 3EBHTHTY WERT—VE
IR L 2o T\, FRUZR L, Rw (DO), Rw
(POy) D 27.2 0 BWLAETIZ, 3EBEITH LIEBIT
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Fig. 5. Time-series of the anomaly of (a) potential temperature, (b) salinity, (c) dissolved oxygen and (d)
phosphate at PH-3, 4 (¥), PH-5, 6 ((J), OSW area (@) and WSAGW area (A) on the 26.8 o surface
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Table 212 3 FEBEVFHEN LKW - PH-3, 4 B LTt
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Y. 27.2 og BLAE TOEM M OFBEEEIL, Rw
(DO) & Rw (POy4) TiX PH-3, 4 T0.61~0.72, PH-5,
6 T0.59~0.80 L AEZ2HMEE (a <0.01) ZRLTW5
DIZX L, T HDESE Rw (0), Rw (sal) & OFERS
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Fig. 7. Time-series of Rw estimated from (a) potential temperature, (b) salinity, (c) dissolved oxygen, and
(d) phosphate by using the index value considering interannual variability in both origin regions when there
is observation data. Pure OSW is defined at 0, and pure WSAGW is defined at 1. Symbols are defined as
follows. O: Rw calculated from the observed values in each year in both origin regions, ¥: Rw calculated
from the time-averaged values in both origin regions. Solid and broken lines denote the 3-year running

average of each Rw.
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Fig. 8. Time-series of the Rw estimated from (a) potential temperature, (b) salinity, (c) dissolved oxygen and
(d) phosphate at PH-3, 4(¥) and PH-5, 6(C]) on the 26.6 o surface and the 26.8 og surface. Pure OSW is
defined at 0, and pure WSAGW is defired at 1. Error bars indicate the standard deviation. The solid line
(broken line) denotes the 3-year running average of PI-5, 6 (PH-3, 4).
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Fig. 10. The same as Fig. 8 but for the 27.4 oy

surface
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Table 2. The Cross-correlation coeflicients be-
tween each property on each density surface in
PH-3, 4 and PH-5, 6. The value in parentheses

denotes significance level.

Rw(8) Rw(6) Rw(6) Rw(sal) Rw(sal)  Rw(DO)

versus versus versus versus versus versus
Rw(sal) Rw(DO) Rw(PO4) Rw(DO) Rw(PO4) Rw(PO4)
P34 094 0.21 -0.11 0.10 -0.13 0.67
26.66, ! (<0.001) (0520) (0.543) (0617) (0469) (<0.001)
e PH-56 099 0.20 -0.19 0.23 -0.23 0.80
" (<0001) (0274) (0321) (0233) (0240) (<0.001)
PH-34 099 0.10 0.06 0.15 -0.08 0.72
26.86 ! (<0.001) (0.608) (0.748) (0403) (0611) (<0.001)
e PH5g 099 0.24 0.19 0.19 0.21 0.78
" (<0001) (0216) (0319) (0333) (0219) (<0001)
pH-34 096 0.23 -0.19 0.21 -0.13 0.64
27.06, " (<0001) (0208) (0324) (0239) (0471)  (0.002)
e 0.99 0.19 0.24 0.20 017 0.65
PH-56
(<0001) (0.307) (0.208 ) (0.265) (0.303) (0.001)
pr-3a 099 -008  -009  -0.11 0.04 0.61
27.26, 7T (<0001) (0621) (0635) (0525) (0823) (0005)
0 onsg 099 017 0.12 0.25 0.22 059
' (<0001) (0321) (0.509 ) (0.188) (0.249) (0.010)
pH-za 097 0.31 -0.25 0.29 -0.28 0.39
2746, ! (<0001) (0.110) (0.178) (0.132) (0.137) (0057)
e 0.99 0.29 -0.18 0.33 -0.25 0.34
PH-5,6
(<0001) (0151) (0300) (0091) (0171) (0.100)
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Fig. 11. Time-series of the normalized anomaly of
NPI The heavy line denotes the 3-year running
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average.
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drup transport around 43°N, integrated from the
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of the NCEP /NCAR reanalysis monthly data set.
The heavy line denotes the 5-year running average.

Table 3. The Cross-correlation coefficients in
which time lag is considered between Sverdrup
Transport along 43 °N and Rw for each property
in the PH-3, 4 on 26.8 04 surface and 27.0 o4 sur-
face. The value in parentheses denotes significance

level.
No time lag 1-year lag 2-year lag 3-year lag
26.80’9

0.14 -0.01 -0.21 -0.24

Temperature 0456) (0943 ) (0269) (0221)
Salinity 0.07 -0.08 -0.25 -0.23
(0.726)  (0680) (0.200) (0.234)

. 0.58 0.78 0.32 0.09
Dissolved Oxvgen 3001y (<0.001) (0.090)  (0667)

0.69 0.84 0.81 0.41

Phosphate  0001) (<0.001) (<0.001) (0.040)

27.00,

-0.05 0.08 -0.18  -0.3

Temperature  1280)  (0.693) (0337)  (0.103)
- -0.08 0.1 -0.11 -0.20
Salinity (0.699) (0557) (0586) (0.308)

. o 0.80 0.50 0.28
Dissolved Oxygen 0001 ) (<0.001) (0006) (0.144)

0.55 0.72 0.79 0.44

Phosshate 0002)  (<0001) (<0001) (0033)

Thid, OSW OIERFHE~DFE - WSAGW & DR
i, TBYIBMEMOMEEE OBEIEAIZ &V BRE X
% 72% (Nakamura et al., 2004; Yasuda et al. , 2006
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Fig. 13. Time-series of the anomaly of the rota-

2000

tional component of sea surface stress by wind
(curl 7) around 48°N to 58°N, 144°E to 154°E
calculated by using the wind stress field of the
NCEP/NCAR reanalysis monthly data set. The

heavy line denotes the 5-year running average.
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(Yasuda et al., 2006).
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Oyashio Water Quality:
Decadal Changes and Controlling Factors

Yusuke Takatanif, Takanori Iwaof, Takashi Miyao?,
Takashi Midorikawa**, and Kazuhiro Saito!

Abstract

The Oyashio water is formed by mixing of the Okhotsk Sea Water (OSW)
and Western Subarctic Gyre Water (WSAGW). Decadal changes in the quality
of the Oyashio water in the sea south of Hokkaido were investigated from the
viewpoint that the changes in quality of the Oyashio water originated from
changes in the origin waters themselves and from the changes in the mixing
ratio of the origin waters.

No clear correspondence was found between the changes in the Oyashio water
along 41°30°'N (PH-Line) south of Hokkaido and the changes in the two origin
waters. It therefore seems that the main factor of the decadal changes in the
quality of the Oyashio water could be changes in the mixing ratio of the two
origin waters. The decadal changes were clearer in the variability of the mixing
ratio of OSW and WSAGW in the Oyashio water along the PH-Line in terms
of the chemical components of dissolved oxygen and phosphate, compared with
temperature and salinity. One factor in the mixing ratio changes in the Oyashio
water could be the influence of the atmospheric circulation in the North Pacific.

Key words: Oyashio, origin water, mixing ratio, decadal change
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