HOKKAIDO UNIVERSITY

Title AR=Y I BERKEFHEKOBTFRT—IVEEETDA A= L
Author (s) hEFE, Rt =5F, BX; PN, N8
Citation {EERIZE, 74, 127-141
Issue Date 2016-03-31
DOI https://doi.org/10. 14943/ lowtemsci.74.127
Doc URL https://hdl. handle.net/2115/61207
Type departmental bulletin paper
File Information 127-141. pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




A 74 (2016)  127-141
doi: 10.14943/lowtemsci. 74. 127

A R—Y 7:8EILKFFREKD
BWTFERAT—IVEEEZDANZX L

hEE RV, =F =X, BN JEY

F A= 7 IR FETBKOTE LY 2 v F L —Ya YIOREO—2 L LT, HLbZED
HEEWDERHE SN TN TH 5. FTE, JLAFEFRBAROIES 2 1960 £ 5 80 4E(LHI:1C
BEFLTWAZEPMESINTEY, ZOAEKFETH IR FHEILTOERREIE S O TAER & % 2
LN T&7: (Wongetal, 1999). bR IERIRO L WEIFH ClX, REESOMKTHHI SN TS
D, CORHETFFT L. — KT, dEKRFERREAROHLEE (1026.8 kg/m?) DKL EE R
WCdh LA R— 7 OB T — 5 ORI L S &, AL SEICEEL L TB Y, AT
FEDWHEFIETH. KRG T, FAR— 7L ACREEO PRI RSN S ZELA R 7 2 JH K
IZOWT, K - ST TV L A RITOMER ROV TRMNT 5.

Multi-decadal scale changes in the intermediate water mass in the Sea of Okhotsk
and North Pacific and their mechanisms

Takuya Nakanowatari', Humio Mitsudera® and Tomohiro Nakamura®

The Okhotsk Sea is a marginal sea located on the northwest rim of the Pacific Ocean, and is known to be the
ventilation source of North Pacific Intermediate Water (NPIW). It has recently been reported that there was a
significant freshening of NPIW salinity in the latter half of 20 th century (the water mass was cooled on its isopycnal
surfaces) (Wong et al., 1999). Several studies have indicated that freshening in the surface water of the subarctic North
Pacific and the Sea of Okhotsk occurs on a multidecadal timescale, implying that freshened source water could modify
NPIW. On the contrary, the potential temperature of intermediate water in the Sea of Okhotsk and the western
subarctic region increased significantly on 26.8-27.2 os isopycnals, which translated to a salinification signal on
isopycnal surfaces due to the surrounding T-S curve. In this paper, we present the recent numerical modeling studies
focusing on the causes of the multidecadal-scale changes observed in the intermediate water in the Sea of Okhotsk and
the North Pacific.
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b, E72, AR—v 2ipE, ACEEROFHMEKIE O—
DTHY, LFIKEDNSDOERIIL > TEEDUKD
HEW E 1A (Martin et al, 1998; Ohshima et al., 2003;
Nihashi et al,, 2009). Z OWKAERIZHED 7T 4 RS
2 & o T, MK (ia’ iy % -1. 8°C) 2V KR PR S
CRelE A NECRE N = (5;%10268—
1027kg/m?®, LN 26.8—27.0 Ga) hi’C@J:L_"}"Zo, W
HRECEFEEEMAK (DSW) 25k E NS 20
DSW FEHUT AL RS F R EOY = v F L= a vizBw
THEELREHZHSTEY, Fh—v 7z &It r
EVUER R B OB AT IS B AR ORE (M 1a) R
Kif (B 1b) OAKFGAN S, F A= 7 Wi o EER
TR D KIAIRFENZILD > TV DA DA%
PARE, kRO WIKIZE 2R E I 2 R LT
By, WEKRRCOEEPBRSINTVLEY, FF-—Y
7S AR C AR OWKEE DS TIN5 b D ko
T3 (M2). Z ok omAEmL, mEICHE
9 A EOTIRD EAEACRFFEDN S 4 R — 2 7 lIZHA
THEN LT X v HWEHROKIRD LA X 5T X
ENDHT LG, KBEOEAIT X ZFFEEREE MR
FNDEENRE SN T4, World Ocean Database
REWZT = HA T ENTW LB T — %, 1990 44X
#fh 5 2000 FEAHTFICAGREERTERT L 1 Y T o4t
Hﬁﬁnfﬁl ENFERBM T4, ELTT VT
2 & BRI T — & AR A LTS L B &

F AR =2 7D FRREIX 1955-2004 4 D 50 4 I2H
0.6C @ﬂ(?ﬁiﬂﬁﬁl S>TWVEIZEDHLNIR T
(Itoh, 2007). @, #— 7O hEKiRIZ DSW 12
IV ARFEICHARD LRI TR 2 En5 (M
1b), SORBBILD Y 7 F IV, F A=Y 7 fERED Y «
YFL=2arPELL WA I EERET L. EO
%, JNBOBHT— 5 O L Y, REROmBEILIEA
A=y 7R E LT, JRFHEHRERICETRAT
W2 ZENIS DN Y (Nakanowatari et al, 2007) (]
le), * &= 7iEOBI%BI0 7 — % (Ohshima et al,
2014; Uehara et al, 2014) R i O AR T — ¥
(Kashiwase et al,, 2014) OFEMZEATAE R S 4 —r 7
WEREOY Ly FL—2a YO tETR—- ML T
5.

—HT, FHR=2 7O THIETH AT K
(NPIW) 1%, HAAMET LT3 Z &EALLRI2 H I8 &
NTws (Wongetal, 1999). 5 DWZETIE, TD X

LIRS E DN D DS, HFIHIRDNE LT 5 %
KO K RBERIZB T, WK OIS ANMIKD SHF S b
AR S

10 R =y 7, ROILRIFEE I BT 5 gk (26.8
oo DL O (a) BAFHESE (ml/D) & (b)Ki (T) @$ﬂ3
fill. (c)a#3: 1955 — 2004 4F- F TIZALATE AL TG TS
TR T — & 2 SRR S LW KR (27.0 0p D%

HE) OBENL YK (BT —, CT/B04E) OZEM 4. ﬁ%
VEIALE NS WAL ENEIVEIE M L v FORE S2%FIC
KEVEHZEKRT L. AEYVORY 7 A, 104ED Lo
T =5 B LR\ wiz /R & L 72, Nakanowatari et al.
(2007) & b hnge

Figure 1:Climatologies of (a) dissolved oxygen (ml/]) and (b)
potential temperature (C) at 26.8 ov. (c)Linear trends (colors
in C/50-yr) of potential temperature anomalies at 27.0 os
from 1955-2004. Large and small dots indicate grid boxes in
which the linear trend is significant at 95% and 90%
confidence levels, respectively. White color indicates the grid
boxes where yearly temperature anomalies are not available
for more than 10 years throughout the analyzed period (after
Nakanowatari et al., 2007).

9 7 NPIW OARIEAL I3 AL 120 5 KGR o iRk
Lo TILRIFEHEIER I BT B BRI L, FREK
PWAMIRAL L 72720 Lfaf ST 5. 5 50 45 0
B S OBN T — 712 LU, dERFEEE o #i g8
WoORBETEIZELIIETLTWAZ EDMERENTE
0, JATIIZE DG & #4519 Td % (Durack and Wijffels,
2010). LU, KR&IC & Bl EIZZ 0 Tl JbRFE
DGR G TE ORI EROHFLEETH 5
260800 ICEFTHHETAHZ LIFEEL W 05, NPIW
DEIEALZIRK T T v 7 ADWEINZ L > THHET L 2 &
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2:1980 FED 5 2014 F TOF K=y 7 ilEDLZE (2-3
H) o#pkiifEoiE (Fak) LREOR AR L 1K
LF v AR ORI E A E L-EREYFETIVIZL
B i (Rams), FllEcTey hERTWwa g —
NI TR OfAE (BII S W72 MoKIRFE & 7 S 7zl
KRR D70 2 FREfRE) 2Ry, WEOMIE, LAFD 4 K—
V7 WEOKIAFE OF4EME % 7897, Nakanowatari et al. (2010) &
Fig. 11 £ b &

Figure 2 : Time series of the observed MSIE (sea ice area
averaged from February to March) (magenta bars) and
predicted MSIE by the multiple linear regression model using
autumn air temperature in the upwind area and surface
ocean temperature in the East Kamchatka Current (black
squares) from 1980 to 2014. Error bars indicate two standard
deviation uncertainties. Yellow line indicates the climatology
of MSIE (After Nakanowatari, 2010).

FEELWEEZONS.

KT, Ah—2 7O REKOEREILS, €OT
AR DA FEK DEIEAL D JHHIZDOWT, F ok —
V7B L UIRFEOREY I 2 L — v a Y OFFRIC
D L EHOIFERE (Nakanowatari et al, 2015a,b) &
AT 5.

2. IkX¥FFE, BLUAR—Y TBOHEKDE
%= 50 FEDE(L

3a 1& World Ocean Database 2001 (Conkright et al,,
2002) 7z EOBEAFOWEBN T — & 2 HETRE S zdbR
FEEHRREKOHLEETH 5 26.8 00 DKILOIE S D
2% 50 4E R o2 b (1978 — 2004 4F & 1955 - 1977 £ D
PHDE) OZEMB a4 2R, FRE EoES o
fENT 24T L&k o T, T %Ko T &Sy 4
I WP OIS EE ZFRNTWE, ZOKELD, LR
FEEAR ORSE, FEUEER (45° N L ) BRI DL
FICIRT LTWADZ Ebhs, WA REIIIEERIC
AT T — 2 B3O T, FHEaiEmT 352
EDEE L VWS, QRTINS TR T o EIE 1
NS ARIEALDSE L WAL PRI BT 5
@3 OWEREN &L, 2 50 FEM O IE, 1970
FERBIOLBBETIZL > THEHOT SRS (X 4a).
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3: @BT—2% & D) BEFEROT— 7 »poEtHE I N
KRR KO TLERE (26.8 00) 2BV A5 (psu) @
3 50 4E M O ZE AL (1978 — 2004 4E & 1955 — 1977 4E D
WD) OZ=E G4 B OMEIL 1955-76 4E 0> 5 1977 -
2004 £ F CTIHAET L2 L2 BT 5. (a) DEMHT
P55 1E, ZAUEA O AR E Wi Z R, (b)
DNy F O, ZALEITNOMEA/N S WIS A R, SR
LRk O THb I/ E I EN, 4 O ALI- 2K
WTEE L A R — Y 7 EOFIHEOF REE AR Y. ALY
oL OFETH b IZ RS K O ME Y R T
Nakanowatari et al. (2015a) @ Fig. 2 X V) hn4g.

Figure 3 : Spatial pattern of change (psu) in the annually
averaged salinity from 1955-1976 to 1977-2004 at the core
density of NIW (26.8 o) for (a) observations and (b) model
simulation. Negative values indicate that potential tempera-
ture decreased from 1955-1976 to 1977-2004. The black grid-
box boundary in (a) indicate the region where the difference
is significant at the 95% confidence level. In (b), the region for
insignificant difference is marked by the cross hatching. The
boundaries of the western subtropical region (purple) and the
Sea of Okhotsk (green), for which area-averaged quantities
are displayed in Fig. 4, are indicated (After Nakanowatari et
al., 2015a).

—F, TIANERL K=Y 7 ik GOV IR T
IR L Tz (M 3a). A h—Y 7o
J&35 o OWERYI X 0, MR o R % 1980 FAL LI
ICBHETHH Z Wb s (K4b). —H#kiZ, HEKE
ZEBEE IR > TR ORI ERE L5 M
Lo THIENDZ L 2E 2 2L, AR REKDOENE
(LIEEHAL L7z A R — 7 ifph @k o fii% 7 o+ 2 Tl
FT B 2 EH R,

HIR DR R R B 2 KRGO TRD
FEETIE, HIHR 2 KIRO L TEE LD AT oy
TENIERT 2500, KWEEDZEALIFN DL 7 FIvic
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X 4 : (a) ALK B aas & (b) 4 & — > 7 O EKRD
Woma CEEMD» D O psu) OFRRY. AL (HIKE
B LR wb o) LEGIEEENR, BllT—5 L
EFEERT — ¥ P ORTRENIE T REERT. L7 —/N—
X, FPBEOES 5 X (1R C, LA
e A R—y 7 lEOFHMEEFHE L dEiEX 3 L:%T.
Nakanowatari et al. (2015a) @ Fig. 3 £ 1.

Figure 4 : Time series of annual mean salinity anomalies
(closed circles) at 26.8 os» averaged over (a) the western
subtropical North Pacific and (b) the Sea of Okhotsk
(rectangular regions denoted by purple and green lines in Fig.
2a) for: observations (circles); and model (solid line). A vertical
line represents a = 1 standard error of the annual mean of
the observation. In (b), open circles indicate the anomalies for
the area, in which the number of the data is very small
(Nakanowatari et al,, 2015a).

BWEINDLOTHEET HLEDIDH S (Bindoff and
McDougall, 1994). I 21X, BT BT A KR & 15
G OSRE AR % AR 2 KRR 2 s s LTTa y b
L7726, bErohEoRE TR, HE L) Ol
THBP SN D (M5). b LIEGAE 3712, REKIR
WREL LI L > TIRD SN2 HE, ZOBEMIZEERB
W EATE LaL, TORBLoY 7k, FHE
W EToKkiREEsOENLE LTRS L, B2 BE
Wby 7P vk LTSNS, 4EEHL T
% JLICPEE KL Z D W COKI—IR 50 D B 554 D 221
TIRARZAER, AR EREARKOPLEEICHY T 5
26.7-26.9 op (FEAB/NIAAY) L0 SBAEEOKIE
IZowTiE, KiE—HEsoMBRBEES LA L Tnab L

A FLWIKE - 8BS
Jaz7A

b:25)

B 5 Ry ) 4 T TOIKRTFEIC BT 2EHER Lo
KA OB, FRIEILREEIC BT 5 IE0KiE
LIRS OERE AT, AL L 72 O KiR—3E 55 O $RTH
AT, ISR EOSMM L RT. ¥y s ORENLERE
L 72 OFEBEOKIR—RSZLEER L, 4L v Y ORH
£?FELT%L%/‘0)%#H DIKI—IR 2 % R
WAL D Y S IVIEERER TR S &R R, K
{nE]'l ARIEAET A2 &b S
Figure 5 : Cartoon for the temperature and salinity change of
water mass on isopycnal surfaces in the North Pacific under
the warming event in upper ocean. Blue and red lines indicate
the original and warmed T-S profile in the North Pacific,
respectively. Pink and orange lines indicate the observed
change in T-S profile and apparent change in T-S profile along
isopycnal surface, respectively. The warming signal is
translated to cooling and freshening signals along isopycnal
surface.

Mo, SEEH EOBRIE Y 7 VI A IR L 720
T, WRELORELEATVWL I Ehbrs (X
6a). Z DOFERIE 24° N IR o 728U 7 — & DR R

AT 5 (Wongetal, 1999). UL, Hot/ho%
FEHT (26.7—26.900) DEIEILIZOWTIE, FOKiE—
WO OMBAEI L TWwa 20, SHEEORELY 7
FoviE, REEETIE R, IRk o ThlIERI S
TWBLZENTNA.

—H, FR— 7 iEhEROFERER EICASNDE
AL & KiE—IE I L > THRTHASL E, 26.80
435 DKL D K3 73 B L AT I D 2 0 J7 5
A, BWLIEEMICY 7 P LTWE I EdShbeb, 20
Zod, HEHEW LSBT AEELY STV R2 O
boT, FEEIIIAKRITERL, b L IFEIELL T
LIENbhE. ZOXHITEHF—Y ZilELITFED
R IIRIEL L TV 278, ZNENOHKOEEIC
X3 B K LG DEFGDENIZL T, FHEEMET
WoNb v 7 FIVEELRLZ EITHKREY. 2B, +
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6 : R T— & D 53R 57z (a) b K B VE b &
(b) k= 7O HERIBOKE—IE T OME 7T 7 7 4
VOEEHIZ L, BALIE 1955-76 4 (B Z%), ARALIE 1977 -
2004 4 (B1E) OFHH % KiE—HS 0HE 707 7 4 Vi
R ALK BT & R — ) 7 O R FIE L
TR 3RS, HO OISR K O WL
£ (26.7—26.909) %33 . Nakanowatarietal. (2015a) @
Fig. 4 & &,

Figure 6 : Time variations of the observed T-S curve
averaged over (a) the western subtropical North Pacific and
(b) the Sea of Okhotsk (rectangular regions denoted by
purple and green lines in Fig. 3a). Black and red circles denote
the past (1955-1976) and present (1977-2004) values on
isopycnal surfaces, respectively. The blue shading indicates
the density range of the salinity minimum core from 26.7 oo to
26.9 oy (After Nakanowatari et al.,, 2015a).

R—=Y 7 HEOPREKITBIEL L TH LIRS & %27,
FEEE ETEANTEIRILL TV 20T, FHEERR
B Lo TR PHEDKILEREGTHZ L2 ET S &
ARPFEFBARDBEIFLDOEHHAIIZ R ) 2 2w ez 2
CTHFRT A, ZDLHI, ERPEEAF—Y 7D
HIEKRDIEE I TN TR B FERIC L - THl &R &
NTWDEEZRDLEND L.

3. X FREKDEIREANDZ XL

28X, JURFEREKOBEIELIE, Fh—Y 7l
TEE L -H @R EE SN2 T O A TIEHHATE %
W2 EDRbRro e, ENTIHERIELOFERIZfITH A
A, AEKTFEREKIE, FOBERFICE > Ty
FL— a3 YOREINCOPIFEHIN TV, ERE

ORI, Bl gy o s T E R AKE S
MAEIN S it (X 3b) T & — v 7 YRR O KB & 1 2
WAROKMEPRETHIEICEL>THREENRTVD
(Talley, 1993). ¥§12, dLRFHEREADOTEIZIE, +
K= 7 EKDS, HIEFIEEBR OV ARG CTd %
R PRI | & o TR AR ik S 4, BEAT R ER
WK 7O ANELETHL I LV BHEY I 2L —
Tavilko TR E LT\ % (Ishikawa and Ishizaki,
2009; Fujii et al,, 2013). L7z25->C, dbkFEEhEARD
I fb2F &SR L) 2R E LT, 45— 27
WK 2 AR BRI C ik 3 5 ECHELZEZ STw
B JRBANEER DAL BT 5N 5.

BT — & O R BAE T 7V % WV 7256 77212 &
R, B OEAEIILFORBE L KRY: (RS0
FHEE ) IS X o THREj SN TWD Z L RS iTw
b, Tz, AFRKRPEORTIGOBRSOIETH LT
) 2= % ARRIEE, 1976/77 I 28Ik L Tw

= Z ENE L ORI L - THE ST b (Nittaand
Yamada, 1989; Trenberth, 1990). L 724> T, €® X
) BREGOZAE) IS HIORE D IZE->T, BE
IRIBUZ i S N BB L, ALARFER B DRSS
LT L2 Rt 5. ALARTHEFREROEIE LA
RKFFH B PEETICBWTHETH S Z L1E (K 3a),
C OPNZ & B ARIR 5T O RLIETT ARSI A /KIS A & WA
TEERICHE SN D T U APMEIELOERTH L 2 & %
MY 5. F72, ALRPERERORIELDY 1970 F4K
BI-OBWBIESETICE > THFHOUTT s Tnb 2 &
b EAEBR O 2 LFT 5 (X 4a).

C DA FER K DI T A5, R PHED
UG DZEALTH S ENT2DONE D) D EMGEET 572
DIZ, AEWFEHT CH% & Nz dL KO iR Gk -
MRS A€ 7V (Ishikawa and Ishizaki, 2009) % HvC,
UGB T 2R FEBE T o 72, T OHEETIT,
1949 - 2005 4 % T NCEP-NCAR @ AU ) R i [ 24 7
T I AL THETLZ LIS -T, A oR2:
ZEHI L 72, ZOEBRTIE, BT TIER SN TV 5
R E 57 O O3B A ik — ) 7 M BT B KA L
DOEFOFZEZ R 72012, WS % PRI
LEVERATS72. ZOX) N IOREIC L o T, #IR
M BUS T DB B THEE TV REI SN, £ D%
BN REREZILEEL 2 LI NS,

3b FJEUC ) DR EEEER T & - gy o 2
50 FEE DT D7 (1978 — 2004 4F & 1955 — 1977 £ D
Yoi) RT. BT — ZI2H 12 AL Y
PRI BT 2 I L, BiEE7 VT HEIH ST D
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ZENbhrol. ETNMT =S ICR LN ARIEILIL, 40°
N fHED MWR 7225 20° N { 5\ F TOHEGIEER O
Ui CHE Th 5. ALK TGRS BT % ks
DEERHIE Y, ZOFEERIZ X - T 1970 FER %0 E8
AR TR E N TV D (M 4a). T OMHBEREE
0.87 &£ BUEERACTHETH L (FathamEME,
T 2 MIAEIC X > T 1000 18 O R ELESR Y & £ R L
NS & OMBREOMEA S FHM L 72) . B0 R
PIDOFHBETNT = Z 12T, SEAZBHHIL DN,
AT T — ¥ SZ Lz, O THEBL Tw
LHRBBEAS Ty FENTW L nwWrbLTHhHLEER
N5,

—hT, BT -5 EETNDHEIE IS HIEAD
WAZELDOZEGAEIIEN L D0 bH L. —D
&, AR LD LA T — 5 OB ET VT — 512
NTHEBIZTNTWEZETHDL, ZOFECOERE L
T, EFNVOBMOEILTE DB T — 7 12 AT
Ml LT\ B 72002, BAKE (MWR) IZHA L7250
KT DHEH IR EN TGV EAEZ NS,
DHI, A=Y 7HIIBI LR EAKOFEELY, €T
VTCIETHEREIN T RW ETH D, OB D
Waxk#~Td, BllT—2I2iAons &) REliitid
BIHIN T hhofe (BURET). Fh—2 7ilEdE
WOOMRZ RS, TFVOESZEIER 7 — %
ERLIEFITNZI N (4b). SO ERNS, FER—
V7 HEOEEAAHR SN TV ARV 0IE, BEERICH
WCH A=Y OB T 5 v 7 ADEE R RV L
KB L TR EEZONE. 2F 0, L FERREK
OARIEALICIE A =2 7 EOKPEY K F DR O
AWM TEXDITENSNT EZIFICERT 5.

WIZ, BIEEBRTE S NESRHE T — 7 123D
T, AERPFERBAKDEIRILOWH 70 & 2 & BRI
BRIz BFTNT— Y OIS ORT OS5 LD,
IEALIE MWR ICBWTBEETH L Z L H 5, MWR D
B L2 5 SR TERE LC, B0 H%a L
FUEIR OREDZEALZ A7z, PRBOFHET — & OFFT
MM ORI & B2 B L 728R, o2 Ick o ks
7 ) VR o CRVE AT OGE A L Tz (K
7). MWR odbli Ot #dy (40°-44°N, 145°—150° E)
POERSINLBHMOM HkE (Voya= — bt #
X JEIE X B OME) % F_7-kEH, 1970 4512 2872 B
ZRLTBY, MWRIZBUAHEKROHESZEILE X<
—FH LTz (K8). ZB, 10 »HLUT o nED)
W57 5 EFE S NS EE) A L F— (EKE = (1 +v?)
/2) \ZOWT AR % 1T o 72458, AT 0%

(a) 1955—1976

~~~~~~

40E 150E
(b) 1977—-2004

o e e,

BNy TRy

160E 170E
04)—(1955-19786)

140E 150E 160E 170E

15 cm/s

K7 BAFEERT— & O atRE SN2 RAKEHEIZBIT 5
DT (REcm/s). (a)1955—-76 4F (#F%), (b)
1977-2004 (BfE), €L C()BELHMmEEZELT Wi
. (o) Dt (F) OFEEIEZF N2 IFEDMRE D)
FRIZKREL o7z UNE L o) WA EKT 5.
Nakanowatari et al. (2015a) @ Fig. 8 X V) jn%e.

Figure 7 : The mean state of annually averaged current
velocity (cm s?) at 26.8 o» from the model simulation: (a)
1955-1976, (b) 1977-2004, and (c) the difference of the mean
state between the latter (1977-2004) and former (1955-1976)
periods. In panel ¢, the blue and red shades indicate regions
where the negative and positive difference of the absolute
current speed is significant at the 95% confidence level,
respectively (After Nakanowatari, 2015a).

LD FF DI HANT MWR O b2 351 5 EKE b 58
fEL T Z ensrhroiz (RRET). FHROZA
W, 7 ar MRS A R BIEEARIL T 5 2 L
L RVE D E IS (Carnier and Schopp, 1999) R R K
OFFME MG (Meredith and Hogg, 2006) T i3
TWAZEMs, Bz ar b TLERoMILIZHES
A Q@A & o T, PHEEEL % 5 U 7o = 4 )V
F—DRBPERI >0 b Lk, 20k
W2, iz ay MIBT RO LR EKE Oi#E )
(&, HRFETTIEA S AR OIS BRI R A YD 4 ik
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Figure 8 : Time series of annually averaged Voa in the
rectangular region shown in Fig. 7c (red line) and salinity
anomalies in the MWR (40°-44° N, 145°-150° E) (black line) at
26.8 0». The positive anomaly of Vo means that the
southward transport of the Oyashio is strengthened relative
to the climatological value. Voya at 26.8 ov is calculated from
the meridional velocity and layer thickness defined as the
distance between +0.050¢ at the corresponding isopyncal
surface. Thick lines denote 7 year low-pass filtered data. Note
that salinity anomalies are shown on the axis of negative
upwards (After Nakanowatari, 2015a).
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DFEXEANF K & WiEIS % 789, Nakanowatari et al. (2015a) @ Fig. 13 & 1) fin&gE.
Figure 9 : Regression maps of annually averaged (a, b) wind stress curl (N m™) and (c, d)
sea level pressure (hPa) in winter (left), and spring (right), onto the normalized time series of
annually averaged Voya at 26.8 oo with a 7 year low pass filter. In the left and right panels,
Voya leads the wind stress curl and sea level pressure fields by 0 and 3 years. The contour
intervalis 0.1 X107 N m™ and 0.3 hPa in the top and bottom panels, respectively. The red
and blue shading indicates regions where the positive and negative correlation is significant
at the 90% confidence level, respectively (After Nakanowatari et al., 2015a).
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(COCOv3.4) (Hasumi, 2006) & >, #KDER -
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EFNEEE L, 4 h— Y 7 O R EKIRORE LA
FTd 5 1980-2008 4 F THORLEM (NCEP-NCAR
M7 — %) (Kalnay et al, 1996) 12 & - CTEF IV & B
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Figure 10 : Schematic of the freshening processes at the
salinity minimum density of NPIW, driven by the 1976/77
regime shift in the wind stress (the strength of Aleutian low).
Blue and red broken lines indicate the Oyashio front and
Kuroshio Extension. Light green area indicates the MWR
(After Nakanowatari et al., 2015a).
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9 7% 10 FHBEEE I BRI T rol. 20
JFEE L TZOETIVTIEZ ) VT ORILRE 125
B RT3y o 18.6 ERM OB e ER L Ty
Z e Z 5 24 (Osafune and Yasuda, 2006). ZEFS,
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Figure 11 : The spatial distribution of linear trend (C/30
years) in the annually-averaged potential temperature at 27.0
oo in the hindcast experiment from 1980 to 2008. The white-
colored regions represent water that is lighter than the
corresponding density. The contour indicates the regions
where the linear trend is significant at 90% confidence level.
The significance of the linear trend estimate is based on a
Student’s ¢ distribution (After Nakanowatari et al., 2015b).
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12 (a) 4 & — 7 & (b) AR =R RIS BT 5 R
JE KR 2= OB R, B & IR SRR ASBIAE, ARG A S
EBROT— 5 %R, WARIEZNENORRI»HEIR S
L YFIERR. AR = 7 & LRI SERT P O I i &
B L Z-Esid X 11 127”9, Nakanowatari et al. (2015b) @
Fig.6 £ 0.

Figure 12 : Time series of the annual mean of potential
temperature anomalies averaged over (a) the Okhotsk Sea
(Region A) and (b) the western subarctic North Pacific
(Region B), at 27.0 ov for the observed (closed circles and gray
line) and hindcast data (red line). Linear regressions of the
annual time series are indicated by dashed lines (After
Nakanowatari et al., 2015b).
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7o, ZOREE, BLRET T v 7 ADKEERIZBIT
KEFEEIL 1205 3 BIZBWTHFIZED L Twiz
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Figure 13 : Linear trends (C /30 yrs, in colors) in annually-averaged potential temperature
at 27.0 ov, calculated from the (a) HEAT, (b) WSTR, (c) WFLX experiments, and (d) the
residual component (the hindcast minus the sum of the HEAT, WSTR, and WFLX
experiments). The white regions represent areas where water is lighter than 27.0 os (After

Nakanowatari et al., 2015b).

WKW LT B 2 E0hoiz. TORMRIE, Th
T CTOHRATIZE TR SN TV A E EoRKE ERIZ L 5
DSW g A = XL % YK — 45 (eg, Kashiwase
etal, 2014). HHBREETIE, HOK O BAMEANILFAER LS
KA R DEFE L2 FIhE L, W4 (12 7)
4 B H) ICBWTHIZKREWZ ETH D, T2, k7
T 7 ADKEEERR TS N7 ALV B o 1 R 55
13, BELE LU CEAENERT OO0, 5 A4
(11-12 A) 2BV TZ O EI DK E T & TP
BWRERTH L (K16b). T2, k7T v 7 AZxT
Bk L AR EOFG AT L 2 A, liHMES O
TR EOWINC X o TKREDHRT AT ED95h o
7z.

IR 7 0~ OHEROIRBEALICE L TiE, ELitEk
Ty ALRKT Ty 7 ADKEEBRTLE LTV
(132 £[X13b). 2oz kid, WL LAFk—r 2
WA L > TR FHEICEEL WL I LR
R L, AT TR SN T T a2 %4
R—PF3$5. LaL, HEHF 7O Y FOHEKDIREL
&, A AR—Y 2O TR RIS OREL K

VWL ro7z (M13c). HigEd 70 v hOHREK
ROZACI T 2B 2 T o2& 2 A, FITEIR
HPRBELCBY, AR EZDET T v 7 ZDHINHH
FRLTWaE Zedmhol: (K16). R 70y MiE
AT G B & HIE IR R OB FICME L T\ b & h
5, COREMEDET T v 7 ZOHHNL, HHEGEIEER
DKILDEGERE DN L 72720 LR E NS . JAUS 5
BT — & OWFFAGER OZALE ARz L 2 A, VHELH SN
PEER O S 132 30 4T 20% WA L T\wiz. 2ol
LlE, WEHEROBNNLVIIIRATHEZ L L
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Figure 14 : Lag -1 yr regression maps of annually-averaged
heat fluxes (vectors, units are in C/m3/yr) and their
convergence (shades with positive values, units are in C/yr)
by large-scale flow onto the potential temperature at 27.0 oo
averaged over the western part of the Okhotsk Sea (Region
A), calculated from (a) the HEAT and (b) WFLX experi-
ments. The vertical component of the heat flux is not shown
(After Nakanowatari et al., 2015b).
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Figure 15 : (a) Linear trends (x10" m3/30years) in the
annual and monthly sea ice production in the: HEAT (grey
bars); HEAT-T (red circles); HEAT-Q (blue triangles); and
HEAT-W (green squares) experiments. Sea ice production is
integrated over the northwestern shelf region (54°-60° N
137°-150° E). (b) Linear trends (psu/30 years) in monthly sea
surface salinity over the northwestern shelf region in the:
WFLX (grey bars); WFLX-P (red circles); and WFLX-E (blue
triangles) experiments (After Nakanowatari et al., 2015b).
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Figure 16 : Same as in Fig. 14, but for the Region B, calculated
from the WSTR experiment (After Nakanowatari et al,
2015b).

35 S B S 1

120 140E  160E 180 160W  140W

18 L ARFEEALES IS BT A 3 A O &UE O s 30 4R
(1980 —2008) DZEALME] (hPa/30yr). 7l & FfmizEh2
NRYFAREE D IEAE & BUEOMIHE AR X WIS A R T
Nakanowatari et al. (2015b) @ Fig. 19 & ) —&RLZ.
Figure 18 : Linear trends in sea level pressure (hPa/30 yrs) in
March, as calculated from NCEP-NCAR reanalysis data
during the period 1980 to 2008. Shading indicates regions
where trends are significant at the 95% confidence level,
based on the t-test (After Nakanowatari et al, 2015b).
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Figure 17 : Schematic of the warming processes of intermediate water in and

around the Sea of Okhotsk.
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