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HAEKIZ100EH720 054°CL o> TWw 3 (RERT, 2018),

* 201943 H 7 HAZH 202042 H 7 HZH
FEEME © HANEEY 2, 2020 45
1 RGYTHIERBRE - i
T 100—8122 HHRHAT-RHEHX AT 1-3—4
2 RSWEFT R SHEETTER
T 305—0052 FHEO QI RE1-1
3 () R ERE
T 850—0931 R R RiR i FE (LT 11—51
*x HEEEE  HHASE
e-mail : kyoshita@met kishou.go.jp

—7, SST o EMZ#CE, RN FRMERNZT Tk
S, HEPOBTFERAT—VORMEHLR SN B,
SST O+4ED» b BHEZA T —VOEB & LTid, AP
+ 4 HB R B (Pacific Decadal Oscillation : PDO, Man-
tua et al., 1997), AVHEEFHBIRE) (Inter Decadal
Pacific Oscillation : IPO, Power et al., 1999 7 &), K
PES - 4E R B (Atlantic Multidecadal Oscillation :
AMO, Kerr, 2000) 2k L HI6NTED, INFETIIHEL
RSB ITb T w3, Fric, PDO % IPO i, 2000 4F
Hit2 7 5 2010 FEARHTE O R O KR B O TF
(hiatus) & OBJE A FH & T % (Kosaka and Xie,
2013; England et al., 2014 72 &), HiERERE L OMEST 2 IE
MEICHHE T 2 711, S0 b @ HALE) % IR 7B
THIEDEETH D,

HASEHFIC BT 5 SST O-HERBELE IC W T, Jb
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KRR RIC U798 (Mantua et al., 1997 72 &) 4t
PEASEEE 2 R L 72 %% (Nakamura and Yamagata,
1999; Park et al, 201272 &) & % 2%, HAMIIFEIC
o 1otz L, OO A H =R LI+
FAR5N T, Nakamura and Yamagata (1999) »3
170 7 JWPER 2 R SR & U 72 SST o -HERIEZEH)
D % B 1y 18 22 B %% (Empirical Orthogonal Function :
EOF) f#trcid, ZE L HICH 1 & — FI3HSEH iR
BT 5 SST OEEFNCHIGL T2 —/T, LFDH 3
E—FELTHARED? SR FIBICHITTOMHETRE
BEHPRONSE, Zhid, EHAEETRD ST 5
LB &G R LA HATWFICHET 52 L2 RRL
Tws, HRBLOHRS FHEO%LZFESST IIRT V7€V
A—VIEBEECHEY®H B LD 5 (Park et al,
2012), RFEOEIE—FRETITEVA—VOFE
ERLCOLHREEDSH D, L L7ad s, EOF OF 3
E—FELTHitBEh 290, 81 HE2E—FLlk
RCEEPREVEEZOND D, HALEOEEHD
Rt & IERE IS B 2 72 0 3R RS 2 HASTHB IS K - 72
EOF f#fr&17\v>, F1E—FE LT3 2 2 L EE
Th b,

KFZEClE, BATEICE T 2 HESRBLE 2 FFT
2 EEEHMNELT, HARIEMHED 20 ~ 50°N, 120 ~ 150°
E ok % w5 & U7 EOF 217572, 2D &5 7%
HAFEIRT 2 2 LT, BEOIPEAFEEENRE LT
LTS SN T 2 ATV TS 2 28O E
ENSLTHIELNTEDEEZOND, £z, RIS
TIEHARLBICIAL T 2 EB Ot 2Rk A7z 720,
AT 72 & — K 28 H L 9w alEz EOF Tt <,
W#H O EOF itz fv 7z,

HAT# D SST O HERBEZE)IC D W T O#EEDH
RBEAFPPLTHD, FHIE L TRIGADOHAR
#F SST o HEMRBEEABH IO LTINS TwARY, £
7z, AFOHARDEO HERBZBICOWTD, HAME
2T RIS & o 7 AT HE D ZB) % EOF fi#
Fro%lEe—FE LT LRI RY, 51, +
FEREET O, TE3RTREEOF—2 %M
LT EDEELY, ThooMEEREEL T, AHFRT
1%, 1958 ~ 2016 4@ 59 D 7 — & & H\v T H AL
ZXWRE L7 SST @ EOF @i &1T>7, 2L C, F£F

B OEHH Tt SN E 1 ' — F 2RI &2 1T
HTEICEH-T, AARTHFICE 5 SST O-HERBAE)
EZDERIZOWT, KREAMERY L ORRLFHiIc Xk 2
HEZ R Tz,

DUT, 283 cffilL7z7—2 L FEIcO»
Tk, 55 3 i< EOF f#hT ot M N KRAIEGER S & D
Bz RT, 44T SST o-HEHBEZE S O BN % #
ML, BHECTHREEE LD,

2. T—aELBINFE

KFFE T, SST D7 —% & L TRRIT CHEMICHE
B L T\ % COBE-SST (Centennial in-situ Observation
Based Estimates of variability of sea surface tempera-
ture and marine meteorological variables-SST, Ishii et
al., 2005) @ A5 % A7z, COBE-SST &, fifin<
TADBGT -4 R A REMEIETH Y, HE
T EFHALBZV LTk RIICh > THERE
WizfTok 1 EERTFOT -2y b THD, THERBE
Fa R e LicSEIOMBITTIE, MHBREEIC & 523K
MERM MLy FERET 220, HZLICEET RO
SST fRzn & 2Bk SST 2 % B\ 72 (Zhang ef al.,
1997), ZORKNAEM L v F2RE L EOEF
B OEEEE 2R, 205 FHREFEE L LI LT
THEMEEE M L7z, MUT, FFIME 5 ERHY
Bz D@ LS,

SAEERS DT — 1%, KRGRIT 55 ERIIEMENT (JRA-
55, Kobayashi et al., 2015) @ 200 hPa & % 500 hPa ¥+
K7 vy v VEE (72200, Z500), 850 hPa & (T850),
W SUE (SLP), 925 hPa K, HiRIEIC 81T 2 ERD
B7 5y 2z, RGEERSICOWTY, £1¥4
MOFHIEE2RD, 205 FEHRHPIEEH W,
D55, 7200, 7500, T850 1%, AIKT-HEZEDRIAZE
fiz SST & Mg fHEIAD A SN 7- 0, SST &Mk
FHETERW R L F2REL K,

PDORE, ®v A—v A v F v 7 A, LK
(North Pacific Index : NPI) 13, [RTH—LR—I T
NEAL T2 0%MHALL (Table 1), 7V a2
v arvRy— v OEEIE JRADBS 0T =8 HEIRE L7
%Az, £z, BViFiC B 200G E) & OBIR %
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Table 1. Climate indices used in this study.
Index Website
PDO https://www.data.jma.go.jp/gmd/kaiyou/data/shindan/b_1/pdo/pdo.html

Monsoon Index

https://www.data.jma.go.jp/kaiyou/db/obs/knowledge/stmw/moihtml

NPI https://www.data.jma.go.jp/kaiyou/data/db/climate/pdo/npi_index.html

Rp 7z, KEVEFEASIT (National Oceanic and At-
mospheric Administration) ®#Hm & £ &= (Outgo-
ing Longwave Radiation: OLR) &7 —% % w7z,

i L DT T, SST DL RO /A
e LTl » HENZ Z L2 FRL T, KAT—%
BHIE 12 ~2 HD 3P 4%, 3~5 A&, 6
~8HA%HEZF I~11H%2MKFLL, SSTIF1~3H%
A7, DITHERIC4~6 A%2EFF, T~9AZ2EF, 10~
12HZ#ZFE LT,

JRA-55 07— 4 D3 1958 DU CTH 5 Z L b 6, fEMT
AR 1958 ~ 2016 4F & L, “F4EAE1d 1981 ~ 2010
FEOFHEE AW, BB, bFEBEHFHEELH W5
HOHEBIEDFHIETIE, BFEEFLLET S5 FEBETY
AP E ZEA BV LEBET 0L, FEHNIC
M7 R EARMOREMZ S5EE L, T—2 8% 5 THRLE
% ENEAR E U7z (Trenberth, 1984), DUF, Hic
B L e wiGald, BRAKESY CTHELLAEZHEET

[Di:]o (a) SST anomalies (1900-)

HBHET D,

3. MR

3.1. EOF f&#hr

Fig. laic HAI#E D SST o BIAZ LA R T, £RF
¥ SST Lk, BIAMARARE LI HERR O ZEE))
5t 258, 1958 £4E UEIC S W TS 2 i Cl~ 7= 5
W& REIN 2 FiRSHRESR w5 (Fig 1b), 2
&, HASEHE T L7 SST o B2 Ailiic B w T,
BIRNGR L Y FOFERREWI LEEKRT 5,
BN R N L Y FBRER O 5 EBEPEE O EEIER
2L LTRD T FEHELHORE 12 013°CT, 28k
M7 R b Ly FERER OE A ZH OFEMERZ 021°Co
H60% TH B, F7z, HAUME SST OF G- HD KR
[/RERR (Fig. la DFfR) »6E 6123 10EH72 b DA

[°C13]0 (b) detrended SST anomalies (1958-)
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_1 : L L L L L
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Fig. 1.

2020 - 51 960 1980 2000 2020

Time series plots of (a) annual mean SST anomalies around Japan (black; °C) and (b) detrended SST

anomalies since 1958. The blue line shows the five-year running mean and the red line indicates the linear
trend for the period from 1900 to 2016. The green dotted line shows the annual mean global SST anomalies. In
(b), the global mean SST anomalies were subtracted from those around Japan.
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TS AHHICHABL TR BEDLH 5,

HASTHED SST CHEk T 2 HEREO LB % F % 72
&, RIRMZEM LY FREZO 5 EBREEEME I
L C EOF @i 241 o 7z, MEDE 1 ~HEIE— F D22
Moty —> LHREE Fig. 31cR ¥, %1 %€—F (Fig.
3a, d) 1&, HAMEHEE RS FETRENAE C, i
WEH D 5 AME I T TRIBAN S o 72, FEHR
Uk, 1970 4E4E, 1985 FUH, 2013 fFEHICIED ¥ — 27 23
b, 2000 fEEHICEADE - MH o7z, H1E— FOFS
K3 458% T, ZHOKF T EHHT 2 LN TE D,
227 — o THRIE D K & WiHFE S Fig, 2a 1278 304
DIEHEREPRKE VIR EIZIF B L Twi LD, H
1 E—FCEAEHZHHTETVEILERLTVS,
%2 €—F (Fig 3b, e) O 5F13205% T, HADI

(b) winter

con (a) whole year

50N

DUFIRTIRME K E L, FefREUE 2000 SR D EH 295
EThb, Fle—FLE2E—Fick->T, £HED
¥166%HEHTE %, $3E—F (Fig 3¢, f) 0&F5X
13 144% T, AN CTIRIESKE W,

Fig. 4 W& FERVCHEZEDH 1 €= FOE/ Ry —v &
RefREE R T, TFERIEILFNRT%, HEH436% &
EE6BE 11— FTEFHOLHOMNLEDEFAT 5
LEDTED, XFLHZEOLL 5D, Fig 2b, c TR
BHERZE DK E O TR Y -V ORIESKE L,
EOF f#fi D% 1 & — FIZ & o TEHDP K E Wik 028
ERIDIEDVPTETCnDBLEEZLND,

KZ=DZE] s — v (Fig 4a) 13, WMBEHOHEY F
P HAYERE CIRIES K E o L, EEHED
SARMEFIC 2T TRIES/NS W, 25 ORI, 8
FEDHE 1T — FDZER s — > (Fig. 3a) &iddmL
TWw %, KR % (Fig 4c) b, 1970 4F tH, 1985 4F U,
2013 FFEHDIED E— 27, 2000 FEDE D E— 7 HV#AED
%1 E— FORFRE (Fig. 3d) oK E—27 L—FLTw
% (HHEIER%UZ 084 THER)., —7, HEOHE1E—F D%
ff/¢% —> (Fig. 4b) &, Ati#E O mEElORIEICE W1
Ronzn, SRS CIRIESKE S, WBEDE
2E—FDZEM, o —> (Fig. 3b) & LG L Tz,
FtR# (Fig 4d) 2 @EDE 2 £ — F (Fig. 3e) &R
&, BEOH1E—FNICH 505 1975 4L 2000 £E6H
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Fig. 2. Distributions of standard deviations of decadal SST variations around Japan for (a) the whole year, (b)
the winter (January-March), and (c) the summer (July-September).
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Fig. 3. Spatial patterns and corresponding principal components of the first (a, d), the second (b, e), and the third
(c, f) EOF modes. The percentage of the total variance explained by each mode is shown in the parentheses.

\ (a) winter EOF1 (48.7%)
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\ (b) summer EOF1 (43.6%)
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Fig. 4. Spatial patterns and corresponding principal components of the first EOF modes for winter (a, ¢) and
summer (b, d) SST around Japan. The black boxes indicate the regions where averaged SST changes were

used in our composite analysis.
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DE—I7BEBEDHE2E—FTREETNT VDB,
2000 FAEIZ D EFBEIIE—E L T 5 (HEIRE
12061 THE), M EofER2» 5, HATHED SST O+
R D F 7 22E)E, £FLEFICET 5 TERRZE
FHORLEDEEEZDLIENTES, UTTREEL
BZEZzhFhoZe—FIcEHL, BRI W%
Tolee 2B, HIE—FICOWTIFLI THEIwT 2,

3.2. KXEIRS & ORI

321 %=

%£2D EOF % 1 € — F ORREBUC KT 2 & Z= 0 2200,
7500, T850 MK LN & @ Rl R E D 73 4i % Fig. 5 1<
R, 2200, Z500 & Hica— T o7 KEEHE S HAIC
P CHERARAZZRL, G758 T T80 H &
RELBZ-TWD, INbHiE, EBXEHESELRILEDORD
FUEETIRY 2, £/, ALKPFETIE, dUlCIERE
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FAflC EfRZE DR — > H3 2200, Z500, H#EHSE TR
5N, 7V a—vy VEKESEE & TR EZ
Y,

IS DORKIEIRSG DR L ERRDAFE SST 0L H) &
DEIRZIERT 2720, H1ET—FORESKEVEHY
Tt o SST D2 H) & K5MERS OBIR % T~ 72,
Fig. 6a 1255 1 € — F OIRIFEATARE W > FHIFALES o iR
(Fig. 4a IC P TR 9¥ER) OiEd T SST R 724 DR R
ERT, Zo5EBREITEES—10(0: FHERE) &
TR 2R (Table 2) 2P L 72 2200 Rz (5 457
fili) D& (Fig. 6b) Tl&, [EURRED 5 & kI
32— 57 KRERED? S AR I TREDRD RS 1
%,

{RIRAED 1969 4F & 1983 &l & L7z Z200 fRAED 5
FEEEEO 5K (Fig. 6¢, d) Tl EbB6b1—5
7 RKERE > 5 AR T CRIEORRRE N5, —7,

(b) Z500
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Fig. 5. Regression of the five-year running means of winter (a) Z200, (b) Z500, (c) T850, and (d) SLP values on-
to the first EOF mode of the winter SST. Stippling indicates areas where values were statistically significant at
the 95% confidence level. The contours in (d) indicate the climatology of the winter SLP.
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(b) composite map of Z200
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Fig. 6. (a) A time series plot of winter SST anomalies (black) and their five-year running means (Ta; blue) av-
eraged over the northern part of the East China Sea (indicated in Fig. 4a). Red triangles mark the years 1969
and 1983 for which Z200 and SLP maps are shown in (c)-(f). (b) A composite map of winter Z200 anomalies for
Ta, < -1 0. Maps of winter Z200 anomalies for (c) 1969 and (d) 1983. Maps of winter SLP anomalies for (e) 1969
and (f) 1983 with climatology (contours). Subplots (b)-(f) use five-year running means.

Table 2. Cold and warm years based on the means of winter SST anomalies in the northern part of
the East China Sea (Ta,).

Cold year (Tas < -10) 1968-1969, 1979-1986
Warm year (Tas > +1 0) 1996-2001
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1969 4RI IZALAERED T Y 22— v VHIBATZ Pl
RV IERAZANS 6N 2 DI w LT, 1983 4E1E 7V 2 —
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O FRIANT 15 5 N RRIGERS O Frud, W i
IO EIBFEDORE AR L T2 EF A D,

322. EZF
270 EOF % 1 €— FORREUCK 3 2 B0 7200,

(a) 2200

]

~

20N 1

120E 150E

-10 -8 -6 -4 -2 2 4 6 8 10 [m]

(c) 1850

60N -

40N 1

20N

120E 150E 180 150W 120W

-0.5 -0.4 -0.3 -0.2 —-0.1 0.1 0.2 0.3 0.4 05 [°C]

7500, T850 % U\ &E o a7 (% % % Fig. 7TIcm ¥,
7200, Z500, T850 & bic, HLF ¥ v H¥EMERI
KRR 2 i i 40 ~ 60 FEICHR D IEMRZE A R
bz, —77, 20 BT EESARESRS
n5, WHEHKETE, KEFEERTEOILAEIC S 72 558
TIEfRE, 45—V 7B TARENPRONED, 55
bHETIERYL, 22— 7 KEIGTICZBELREDR
BEnamENRsNS,
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F OIRIEAA E W AbiEE AL iES (Fig. 4b B cR s
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W O #EEAY SST i D 5 EBEFEES +lo%
EIA1 2 &R (Table 3) 2V L 72 2200 Rz (5 41
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Fig. 7. Regression of the five-year running means of summer (a) Z200, (b) Z500, (c) T850, and (d) SLP values
onto the first EOF mode of the summer SST. Stippling indicates areas where values were statistically signifi-
cant at the 95% confidence level. The contours in (d) indicate the climatology of the summer SLP.
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Table 3. Warm and cold years based on the means of summer SST anomalies in the area around

Hokkaido (Ta,).

Warm year (Tas > +10)

1960-1961, 1974-1976, 1999, 2006, 2008-2014

Cold year (Tas < -10)

1981-1982, 1985-1987

20 EfHRICIESH s s ARES RS N, SIRED
1961 4E & 2012 %t &3 % 7200 2D 5 FFEEED
AAARNC D HFEREICIERZD S 5 L I REP R 6 h
7o iz, S EBEIEMEL —1 0% FH 2K (Table
3) @ 7200 =DM (X0g) 1%, hE@EcafEL
o TWwiz, U hhs, BFOREIEEN CH L N KA
TEERS O, AWMEE R O SR O R E R L
TWBEFRD,

4. FRER

41. ZZFSST O+FHREOEHDOER

321 T3, £5FSST o HEBIKEE D% 1 €— F25H
REFADEL ZH - L RIEOREBMRL T3 2 L %R
L 7z, Takaya and Nakamura (2013) 13, ZFH7 7
VA=V DELBEH O D5, HARDIELMFITITH
TYTEY A=Y OBRLICRIE L THRMIZICKED S
BERENDZLZHREL TS, SROKERIZ, £F0D
JUNVE T DY F¥F% Rk U 7e HERELD SST 024 #)
BT OTEVA—VOLEF LR H D LERRL
TWw3, HAIEOLZE SST O HEREAB L /T V7
TV A= OLEEOBERE, ALPEARTES HANEZ DR
L LB EDMAETH M SN T % (Nakamura and
Yamagata, 1999 ; Minobe et al., 2004 ; Park et al., 2012),
A Tld, HARTEE NG Lz LT, 7Y
TEVA—VOLENCERT 2 LHEHE 1 £ — FChil
THILBTER, ZTHITK->T, HARITHOFHTH,
7:%422 SST OLEFNC /R D HEPREVDOIIRT VT E Y
A—VOEHBTHHILEIVHABIIR LI LT X %,
W7 YT EY A=V OLEH % N7 Nakamura et
al. (2002) 1, M OZS) L LT 1980 U1 UK
YR T EREOIHUICHE > THT O T TV A=
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Fig. 8. A map showing both regression (contours;
Wm™) and correlation coefficients (shading) of the
five-year running mean of winter net surface heat
flux anomalies with the first EOF mode of the win-
ter SST. The red and blue areas indicate the re-
gions where the correlation coefficients were sta-
tistically significant at the 95% confidence level,
while pale red and pale blue areas correspond to
the 90% confidence level.

FHETHOCIERZ L B> TWwb, Th5DEWIZIEEL
J£ (Fig. 6e, f) TH H 5N, 7Va— vy VEKIEDE
B LRRT A EDNRBIND, 1969 FI1CIE TV 2 —
vy VEREOTLTIERES RSN, TV a—v v
BRERFFD > 2 DI LT, 1983 FIiF TV a— v
VERRE oM TIERE MUlcAafEE 2b, 7
Va—vy VMEKQEOHLAEEFY Lo Tt
5, 7Va—vy VMEREDORS DIEEE L L“CFHWE?I’L
% NPI olR%%1% Fig. 9 IiR”T, £FD7 ) a—v % v
BATEOBSE, 20 FRMOLZENHEBEL TED, 7
U o — v ARSE X 1970 FEHIC X590 > 7253, 1980 4F
R i A - 72 (Minobe, 1999), % 7z,
and Hanawa (2009) &, 1980 4EfRTHIC T Y 22— % »
BREOHFLAHEEFD Tho7zZ LR LTWS, ME
5, 1969 4F & 1983 FFEDE VX, 7V 2 — ¥ ¥ VEAE
DRI LFEINEBIC K 2ETH B EMRTE S, JuM
PE 5 DB S F il CHEEE I SST AMEWEEIZ, HAMIITI
[IEORBHEN S LIFHEL T3,
v x VMERIEOEENCIZE S H B EEZ D,
7200 olalfRfaE o546 (Fig. ba) &8 (Fig. 6b),
1983 FE D 7200 4346 (Fig. 6d) i@ L CcH 575 Tk
KFFEOICIERZE, McafE) 08 —vif, Wal
lace and Gutzler (1981) 2 #5 % L 7= T Western Pacific
(WP) 8% — v OEEOLFVIGICNT 5 7200 OlF
JRRB DDA THHEET B (X)),
wa (2009) &, WPH#E: 7V 2—>

Sugimoto

T a—

Sugimoto and Hana-

¥ x ARRE ORI

DT

_31960 1970 1980 1990 2000 2010

Fig. 9. A time series of the North Pacific Index in
winter. The black and blue lines show the Novem-
ber-March means and the five-year running
mean, respectively. Positive values correspond to
weaker activity of the Aleutian Low.
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Fig. 10. Regression of the five-year running mean
of global summer Z200 anomalies onto the first
EOF mode of the summer SST. Stippling indicates
areas where values were statistically significant at
the 95% confidence level.
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Regression of the five-year running means of (a) the previous winter and (b) summer SST onto the

first EOF mode of the summer SST. Stippling indicates areas where values were statistically significant at the

95% confidence level.
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Fig. 12. Maps showing both regression (contours; Wm™=) and correlation coefficients (shading) of the five-year
running means of (a) the previous winter and (b) the summer outgoing longwave radiation with the first EOF
mode of the summer SST. The red and blue areas indicate the regions where the correlation coefficients were
statistically significant at the 95% confidence level, while pale red and pale blue areas correspond to the 90%

confidence level.
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Fig. 13. The (a) spatial pattern and (b) correspond-
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ing principal component of the second EOF mode
for winter SST around Japan.
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Fig. 14. Regression of the five-year running means of winter (a) Z200 and (b) SLP onto the third EOF mode of
the whole-year SST. Stippling indicates areas where values were statistically significant at the 95% confidence
level. Contours in (b) indicate the climatology of the winter SLP.
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Fig. 15. Correlation coefficients between the surface air temperature in Japan and the seasonal SST first EOF
mode in (a) winter and (b) summer. The sign of the winter principal component is reversed. Circles show the
sites where the correlation coefficients were statistically significant at the 95% confidence level, while others are

shown as triangles.
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Decadal variability of sea surface temperature around Japan
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Abstract

We investigated the decadal variability in sea surface temperature (SST) around Japan
with a focus on its relationship with atmospheric circulation and its seasonality. Based on
empirical orthogonal function (EOF) analysis, we found that the first mode and the second
mode accounted for about 66% of the total variance of the detrended, low-pass filtered
monthly anomalies. Seasonal EOF analyses using the winter and summer SST values revealed
that the first and second modes for the whole-season analysis coincided well in time and space
with the first modes for winter and the summer, respectively. These results indicate that the
main variability in SST around Japan can be expressed by the superposition of the dominant
variations in winter and summer. The first mode in winter showed large amplitudes in the
west of Japan. The cold SST anomalies in this area are associated with the prominent troughs
in the middle and upper troposphere that accompany cold air masses around Japan. We have
concluded that the East Asian winter monsoon plays an important role in winter decadal
variability, which is consistent with previous studies. On the other hand, the first mode in
summer exhibited a large amplitude in the north of Japan. The corresponding atmospheric
field is associated with mid-latitude tropospheric zonal warming. The temporal coefficient was
highly correlated with the outgoing longwave radiation in the Maritime Continent. These
tropical convective activities likely induce the mid-latitude tropospheric warming, thereby
affecting summer decadal variability.

Key words: sea surface temperature, decadal variability, sea around Japan,
atmospheric circulation
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