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I. 3U&BIC

IR s R B 2 JUF T E R D 1 D e LT,
BB IC B U 2 KR O BHIA#H 2L aER S
Tw3 (Xie etal., 2010; Meehl et al., 2011 ; Kosaka and
Xie, 2013), Coupled Model Intercomparison Project
(CMIP) I2ZH L T\ 5% O5MEE 7 IVIE, HBKIGR
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BEALIRG I BV RRIC BT 2 7 4 —h — (BEPH) fEERHY 5
FHILETFHILTED, ZHICHE- TR O MK
ORI 7 2y — v 2R T 2 LRSS T0 5
(Vecchi and Soden, 2007 ; Xie ez al., 2010), %1z 1ZEVH;
KT, WEES RO 5D & B O ARk
I8 W CIFEAKNR LA %2 BATICED 2 DIk L, 1
M2 PERDSES £ 2 BV A~ FEETIR, B & b b PEEIC
B AR O LA 290 % 5 (Zheng et al., 2010
Zheng et al., 2013), T¥EZ: & b I KIREEE O H PG5 1A
DA E L ARERVE R D LT %15 720, Bjerknes 7 4 —
Foxw 27 (Bjerknes, 1969) % /v U 72 ¥ 115 0 B
ERRLTWS, —J7, BVERPEETIE, PESER MM
7 5 1980 FEAIC 2 1 TRIEER & b & JLEERENIC B v
THFRKIRD ERMERAE5 <, Ziddb Bkl © Azt
R 7w Vic & 2 BHBRSB A0 LEZ bR Te
% (Chang et al., 2011), VTN OERHIEHEICEVLTH
W KIRO RN 2 208 2 — 1%, REKIEER O BRE)
TR E 725 T 2 BFINEF OEIC S K8 E RIET
72, 206 &R A OB D 5 WREE - f#H
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T2 LFEELRMAREED 1 DLk oTw3 (Deser
etal., 2010 ; Xie et al., 2010),

SIEETIVIC &k - THE SN ZREORBEEIX, R
WM 2 ER BT — 2 2 A CREES 5 Z LAY
%, L Lads, BHillsnzBdkoREEZticBIL
TUHKIAR L L TARBAR DL K, ZoHTd Biiitic
B 2RSS Y 4 — A —JEER O RIZLEE IO W
TRIE D = BIEF R 5w 3 (Vecchi er
al., 2006; Luo et al., 2012 ; Meng et al., 2012 ; Solomon
and Newman, 2012 ; Tokinaga et al., 2012a ; Tokinaga et
al., 2012b ; L'Heureux et al., 2013), %12 1F, BH K
FEIC BT 2 Mg /KiR O /PG A Bl A%iE % 50 — 100 4EfE T
WL ol o BT ERT 27 -2 &y
MCEoTHRLZ ZEpEMEN T3 (Vecchi eral,
2008 ; Tokinaga et al., 2012b), % 7-# LECBIL T,
fiti O RAUL DA E R ERE L EAR S itk -
Tl EEGE O B EoEIER & A L, R
TIHMREJAAS, R TR R b 722 b b L
Tws &5 RZUHAZRY Z EBHERS LTS
(Ward and Hoskins, 1996), F¥o Szl 4 — v
WEDE SRS NIz D2 RESHLTZDICIE, Z
D& RBHIT— 2 ICEEN TV NANRRETERK %
ATRE 7 R D BEH L CRANT 2 MED 2 @ L AR, RS L 72
BT — 2 2 o YHICEST 22 TE 20 L
DD EELEEE S T0D, 2 I THEE S IIRKMEE
MAFROBR2 6, FiiE LE L FEmKiR o #REE
WEBL, BdificBwczns & FBIcBET 284
A (e RIE AR, BRI, ¥R, R
FE, &, BERAKR) oBGENT—2 2HwT, 2
W B 2 5B — o B ED X S IR I T
Bl EMEEL CTE 7o, AEIE, BRI, B AT
B X OBVEA » FIEZ R E L TiT o 72ia 2k 60 4R
(1950 — 2009 4F) 12 B 2 X[ ZAICEI 2 F o ok
YTh b, M, AfETHIHT 5XIix Nature Geoscience
T %83 & 1 7 Tokinaga and Xie (2011b), Journal of
Climate T%:% & 17 Tokinaga and Xie (2011a) 8 &
O* Tokinaga et al. (2012a) 75— % Hobe L TIRE 22
HLbDTHD I EERWICEBMID LTEL,

2. BERT -4ty FOIER

SMEZE v 8y — v oI B LTRSS B, AHT
TIE—H O CHEM L 72 LA T — 2 Icow» TS S
%, fRffIC & 2 LREANE, fh FICERIE L 72 BUsEHC
F o THIHRBHI E b @ &, Beaufort wind scale I
ko THBABENM SN b 0D 21EEHD 57, R
% R AER O KE 2 IFHTE ICER L Tv 3 (AR
5, 2006 ; Thomas ef al, 2008), FBFHFRENITVIFE
BER DS R TR AT B 7o, WHD L DEEDE L
513 EEURDRE L 2 2R D, 207, BiAL
72 & 9 ITHin O RBUKIC & - TG O R E EE A EF
T 5 & Ep T LoEEm %8> £/ %, Interna-
tional Comprehensive Ocean-Atmosphere Dataset
(ICOADS ; Woodruff et al., 2011) Ic 7 —=h A4 731 T
W 2 R ¥ L REL T — 2 2 65 1950 4 DU o BHAZE
{WfiE A 2 EERICEIR T 5 L, 12IET R T O cIEhE
MzRLTW5 I L% (Fig 1), KEES DM 1)E
R MOV EMEERE O RIAZAV R AR BRI I B
LTRTNRE 50wt bbb s T, R4 aiEdici e
TARELEPEL TR EPEMSNA T3 (Ward
and Hoskins, 1996 ; Hanawa and Yasuda, 2000). ##

[ |
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Fig. 1. Annually averaged linear trends in surface

scalar-mean wind for 1950-2009 derived from the
uncorrected ICOADS. (Modified from Tokinaga
and Xie 2011a)
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UL, REMBHEMHAER Z S [UEOBHRZ R EH» T
T DICEBERERTH 575, BHEU ORI R 7 —)L
ZROKBENOMBEIC B NTIE, FTEICTDED
I NRSIN TR B2 RS 2 B B %,

¥ F R ofiE Ik, BBl R L7z
FEDEEMIEZIT5, LAL, BRCEERS L
JEBLI 7 — 1 I3 I R E S E E RSB L vk
b DN% L, BEMMIEDARIC X - TR _EoEinEm
Er—4ky befhrolRET S LIRNEETH L, Z
CCEH G, IO E RIS T L TR E
7% L w O YENE IR &, MMMAEENC X 2 B
DWET =4 H 6 @EE10-m O LE#EZ RS 2 F
& EZR L /- (Tokinaga and Xie, 2011a), B &Y I
&, JEGHEE R - ROREHEAE - FEsE 3o
DA R IR I © & 2 A & v € (10-m i LR
W) =a - (AFEOWE)? + c LI BERZHLTER
b, c BE/N_FIKIZ K > THH - BERE4EKTFIL
WCIRGE L, BGEGORESEERIME L ek vigs
TH, BEOEEL 5 EE10-m O LEEE KD %
LS HETH D, BRIKINICIE, COHEIC K-> TRE
b o AT — %, EEMIESRER R T -2, Bk
¥ Beaufort wind scale 12 & - € H &M & 4 7z Ji#H
F—yEHVT, AVHOLKRIEKTTF—Y 2y %
1950 4F 2> 5 2009 4F £ CTHAEZ L 72, Wave and Ane-
mometer-based Sea-surface Wind (WASWind) & 4 £}
JonlZ o LRT—2 2y M&, BRIC X 5 LE
B M T SRS o RIAZ U & b RIS TH
% L Z&MERL T\ 5 (Tokinaga and Xie, 2011a), 1M,
WASWind 1z B 9 5 #£#ll 7 f% 3 13 Tokinaga and Xie
(2011a) 2L Tk &0,

3. B KPEEF

B RPEREREE ClE, JERESRL S ERICH T TR
WEZREPEBL, INFBAE X CREEAZMD 5
LT ko T, MHEAKR S HH R FE KR 0 TR A 2 TR
T % (Fig. 2a), L7d- T, JLEEREZICE T 2 ¥
KR, BV KPR cmz £, FaEeAtE ey
{735 TV 2 DRRIEF N2 FRETH 5 (DI, F
ficBEd 2l TR 2ET %), AfcZo

e, BV IPOR 13 15°N AT O g 2 v KGR I hziE L
TBY, HEESGAB L OHKEELEDIEDT 4 —F /3y
71T & o TEVIRPETEIC B T 2 B DA% FiAt I ¢
Vwh, BEEIBE S & BGEIRH IR N L TREE S A
DEg L p b, EHREG KD HJET 5, Tokinaga and Xie
(2011b) TW, 0 & 5 HEFOLRMBELN 5 5 H
WX 60 FEHTED &SI e % B4 BT —
& LYFPERAERR € 7V OB FEBRIC & - TREGE L 72,

ICOADS & WASWind 2 & 3k & 7z ¥ _F i o 2/t =)
Z Fig.2b k2cic 2z nZFhmd, »wiid i
(1950 — 2009 %) 1w B % 5 — 7 AV E o £
THb, ZEmZ V85 A Yy 7D Sen’s me-
dian slope 7> 5 3k ® 7= (Sen, 1968) (LAKE, g L <
L ToZAEHmZ KD 7)), BUHEERMIEZ#EA L T
72> ICOADS D EJEZ, S 72 FA SRS 5 il % 5
OEMEmERL TS, LaLifdRLzk i, <
DB R 5 JRSRAL D K3 13 B E T 0 RE S LA Ik
5 B EodginfErmic xs2db0eE2 o605, —
75, B ZE 2 B L 72 WASWind o Z1LE % H 3
&, BVERPETEREL Y & BERIC 20 T Ak vE- P R &
o TEL, LARMBEANZMEE S AT E > T
52 LERLTVS, RUFEET 228, 2o EEDOZE
LA TR (B I SR EE 0 28U A & BE A1 72 ZRfiME &2 R
¥, 512 Fig 2d 28 L7z 6 — 8 H S o HgiE K2
b2 R2 L, & x5 EFREGKEDTZK S 1 25 B KT
PEERERIC B W RTINS KR LR KE L, wmARE
OFLEHTIZ60FMT IS CREED ERLTWwS, &
DKL BRI, EVETRPERE D SRR 7 SRR E Al %
5% REFD EICHYT 2, 51T, EEAIER
A D # T R KR EF (XBT, expendable bathythermo-
graph) M1 2> & i e SR JE K o Z2 U ETE 2 ke 5
&, BVERPEHERETCIX, RIEANR/KIRERE A EET
%30 —50m PEIC B W TR LA R D KE W (Fig.
20), THUIAKIRIEREDEL ho e T EE2EHRLTED,
B RPE R A & HERIC B 1 2 R E 5 A 0 53111
Lo TREBBEAPIFI SN LZ2REL TS,

P S 5 A 5 AW 7 208 BT K PE PR BRI 8\ % Mg
KD _EF &2 DFTICIRD 72 & v 95 B I BA T 2 8
HEERMELT 572012, WASWind 2> 515 5 4172 ¥ 8
I8N T =% Z2EEI L LR RIEERE TV R EE L /-
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Fig. 2. (a) June-August (JJA) climatologies of sea surface temperature (SST, contours at 1 °C intervals) and

surface wind vectors (arrows), May-July mean trends in (b) ICOADS and (¢) WASWind surface winds
[westerly (easterly) trends are shown by red (blue) arrows], JJA trends in ICOADS (d) SST, (e) cloudiness
and land precipitation, and (f) longitude-depth section of JJA ocean temperature trends averaged over 4°S-4°N.
Analyzed periods are 1950-2009 for SST, wind, and cloudiness, 1950-2008 for land precipitation, and 1961~
2009 for ocean temperature. Grid points marked with filled circles (triangles) exceed the 95% (90%)
confidence level based on the Mann-Kendall test. (Modified from Tokinaga and Xie 2011b)

fEH % Fig. 3R d, WBERIERE 7V ORAEKIRED
BB, LA E R IARR 2 ks s 2 L TR
D, XBITZOIEEHICE W URAEARAE & HRE
O FEMEAZRL TS 2 LS (60 4T +15°C 7
), BERAEOBIN T X hiE, shio v LA

YAV IR OKIE EROKREFEFTHLTHE Ly
5, MEES RO IEKOBEBAEZIFIL, FREK
BUCRZ S DKk FAZFI SR I L EZbND,
K, WpmEARZ I HEE T 5 LE X 5N BB ERK
&g FER O RIIZLE R % MEE L 72 (Fig. 2e). ¥k
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Fig. 3. Trend (°C per 60 years) and climatology
(contours at 1°C intervals) of June-August mixed
layer temperature for 1950-2009 obtained from
the ocean GCM hindcast forced by the WASWind
wind stress. Grids marked with closed circles
indicate significant trends exceeding 95%
confidence level based on the Mann-Kendall test.
(Modified from Tokinaga and Xie 2011b)

DREKET — & 13 BERI2FR S 7z 1979 F DRI
RESNTR2DICNL, HERDBEANERL T2
Bammitic B Cidi LEEDSRKEEZRTROVIEEL
%% 2 EDERE T W B (Deser et al., 2004 ; Norris,
2005 ; Deser and Phillips, 2006), % Z < ICOADS Dif#
REEHM> S RIZMENZ RO 2 L, EROHINME
[ DSFRIERVVED A 5 FENC T TR b KE L, I
SN R 2 78 3 FEI S R PE T R N CARE 7 = YV v T
TI7VADXF =T EREHICEEL TS LA B,
& 512 University of Delaware 2> 5 Hifs U 72 B &K
7 —# 4 v b (Willmott and Robeson, 1995) 2> & 24t
fEZERDD &, RETvoh—F - F AT 7T
7 EDTET 7V A FEEIC B TRAKASEEIMER & 72> T
W3, TNH BRI SEC Y 7 b L2 EERR
BLTED, B RBETEREICE T 2 FikEKigic s v
THEEKESRITICEM L 2 L L BAET 5,

BV KPR E O SRR ZLICBE L TRFETRED H 1 DD
RUE, TGS B T 2R L VT 7 ) AR
LB 2 BKEORFEEH VT E o7 L w5 BHlIFEHET
» 2, BVEAPETIX, Atlantic Nifio & M-IEH 2 HETH
KIBOBRELHPERICHABRT 2 2 LMo TV 5,

115

C OIEIITIREG AR OEIFIC & > THEEST A DKL
il ZES 570, LIZUIRBERNEOREE— R
EWEEN T 5, Atlantic Nifo 231E (£1) Szt 04EI21Z,
BV RPEVERERIC B W QKRR Z 2 E (B) L40,
Fo7BINFERORET <V Vi B W TR
(J4) ¥+ % (Ruiz-Barradas et al., 2000), &2 T, 6 —
8 HV- DR B R PEFEIC 3 1T 5 T 7K I o B V6 4 P 72
(ASSTrq) & ¥ =7 BIhEH O BKERZEORRI %
E L, ZNZNORELER 7 — VIt BT 5 21 %
BIEHE(R % Fig. 4 1R, M, ASSTgq & RE K
FEERTE (20°W — 0°, 3°S — 3°N) & V4 (25°— 45°W, 3°
S — 3°N) THEEY S Wi igmEKRRE D%, BokE
WA X =7 ERREHD (2°— 10°E, 4°— 8°N) i< B W»
THEFHENTwE, ZOX%2 R % E, ASSTr @
TEAEZE B 13 1960 4E 2> 5 1999 4R 12 20 F TR A ME T % R
LT&ED, Atlantic Nifio DEEHFHE > T35 L%
MLTW5, I, BRI O KRR 237 <
Tole T Ik 0T, HEHKR L EREKIROHALIEH
WEL eolchd EEZ 6N D, &5 ITHEFE DI,
¥ = 7 EIRFEEICE T 3 Bk R ORELE S RIS
{ 72> THEH, Atlantic Nifo DEFE 255 - 72 &
LEALTWD, ZHid Atlantic Nifo 0 Z I HE 5 B
HEDCRTF ORRAEZEN DS, ey 1N 75 /KRR FE VR B o0 R
ZAUIZ & > THEEZZT 2 AREEZ RB L T 5,
KEICR LI HOFERD S, BFICB T 5B AN
FEoRMBZA L, MBS RO, s 25K
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Fig. 4. The 2l-year running standard deviation of

JJA ASSTgq (black) and Guinea coast precipi-

tation (red). (Modified from Tokinaga and Xie

2011b)
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HAKIR D TR & KRR R O3, B R O R T
& o THBMNIT SN, 25 DIED Bjerknes 7 4 —
Foxy 2k o TRIMMICZEILL TE R EER 6N 5,
S0 & BRBEENE D 126 LIRS O W TIESEH
EPICTREHELE LTREESNTE D, BHllF—%
W@ £ CMIP 72 £ o &fkE 7 vic & 2 BfEsE
B 6 % MINICHGEES 2 080 D 5, 7272 L, TR
MENTLERBEET VDL IE, FREATICE T 3
MFEAKIRDIRE NN A 7 20, MEEGRAOMRS, Z LT
B PR OALEICBE L TR & L CiBMEoRE % fa
ZATBY, SBOKENE LN T 5 (Richter and
Xie, 2008 ; Richter et al., 2013), i, AREITxR L 7GR
DFEMNZ, Tokinaga and Xie (2011b) IR &N TV 3,

4, BEKRKIEFE

B ROEE EORIESAN 72 4 — ) —fEBR L, TRV
FIEEIRIC Y72 2 1 > F 32 THEEREED & BVEASE R
PEERIc I ¢ ERROFR L2 RS, Bk~v—ih o2
KEPERER I FTRER O L 2o Tw3d, 2o EREFKL

30°N

a Total cloudiness (ICOADS)
\“‘1 A > '- ':.°..: c

30°S

¢ Surface wind (WASWind)

TR A B AL O BUIREE 5 R & L CAREE I
B, BEAEEREE D & e 2 GhREEAB L O
REFEAZGI SR L, BIKREZIETS®E 2, —7,
B AR C 3R L THED & M KD R E 5
B & b REFHE o N, BAKT =L EFENn R TR
HUFHAKIRA S O E T L T b, 2OX51LT
TERL & N 7 SRV /5 1) O Mg AR A B 1L, BVHFACT-EPE
ICB T BRRIEES 2D, v+ —h —EERE HER - Rl
LTwa, 20U+ —h—fEER L iBHKRAE O
A, REFERZY TR v —a iR T = —
=X BHROBICHEOEAHR E LTHNSE Z LIS
Tw 3% (Neelin et al., 1998 ; Wallace et al., 1998), L%
L, BHEN EoBERTY — LB WL CliELskEEa Lk
MBEZAT 20 L5 »pREFEbERSRVTEY, /2
WBEHEAEFCB W CHEDIEE DL TFE -T2 DD
&, FATICHV S T —2 1y b ORISR, 724
EEBRICHFHT 25T TV OENITE > THIHERICE
LOENHDHID, M—NEEBIELN TSRS
7zo % 2T Tokinaga et al. (2012a) TiZ, H\WITHIZL
T4 IR BUIG B T — 2 LERIERE T VA H VLT,

SLP (ICOADS)

AON o7 -5 = B e
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=
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Fig. 5. Annual-mean changes for 1950-2009: (a) marine cloudiness (okta per 59 years), (b) SLP (hPa per 59

years), (c) surface wind (m s per 59 years), and (d) SST (°C per 59 years). Significant trends at the 90%
confidence level are marked with dots for cloudiness, SLP, and SST (highlighted for surface wind).
Cloudiness, SLP, and SST (surface wind) data are based on ICOADS (WASWind). (Modified from Tokinaga
et al. 2012a)
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HF & AR 72 IR I & - T, 7 59 4ER[ (1950 45 6 H
— 200945 H) OB AFIEICE T 5 KB —
vaERHELEZ

ICOADS i &k % L&, WHAE, WEHEAKROZ
{bfE g & WASWind i< & % ¥ _FE o Z 4 fE % Fig. 5
WWRT, TN D 19502 5 2009 FE 2 o B
B EME (6 H2 5 B4ES5 Ho 12 » A oZ{UfE
WTh 5, ¥ EEROZFEAEEFEICE » T
I, BRI B CEAMEm L 5 TR D
(Fig. 5a), Norris (2005) % Deser et al. (2004) %5 20 {H
FOL T HE U AT o 7 BT & MRS A2 R L T 5,
COHICB W TERENEKEORVWIEFICER S Z L%
BEzxzL, 4232y THEKRED S B AL
ICHUL & RO RENIR DTGP PR/ M~ 7 P L7
TEERBRLTY S, WBHRTE, BERPEEREHicE
W MER, BVFRTERETEE S S YEERBEIC 1) T R
FEA%E R L CE b (Fig 5b), i EERELOZERH <
g —v B> T3 2 LS5, WASWind
R i EEOZEIE, B ARSI BV TP
JEER, EVETACERERERIC B v CHAER,  BVHEACTRE
HEfic s TR 289 2 fHE2 R L TE b (Fig. 5¢),
i LER R A DRy — v L YEICES
LTWw3, 6174V EVYOHEAMTRONDHAE
D FRZAFACVE AR PR BT B 1 5 JLEE 5 A
D5 EERLTED, 10°— 25°N I &6 1 3 EHIRTE
ORIABENE B EAL TS, ThbDRAEIF
7 4 —H — R E & U EERRIGER ANl % 60 1T 5
Fo I EERBL TV,

20°N

K XBT Bl 5 6 35k o 7 e a2 /KR o 2V EH
% Fig. 6 1T T, AREATEERIC 81 2 HREAKIRZ
ftothE v 77 A v R % &, S 200 m ¥ CHH
ERAKEETEDZ R LTV 5, B AP
2 5 RIS 2 U TR S 0 B VP JEE T 23 SR8 1Y e K
JEE2EZC LTw3 EEZ LN, M E W ORERRE

WP EP
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o
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Fig. 6. Annual-mean subsurface temperature
change (°C per 46 years) averaged in the eastern
(EP; 80°-100°W, 4°S-4°N) and western (WP ; 160°
E-180°, 4°S-4°N) equatorial Pacific for 1963-2008.
Trends exceeding the 90% confidence level are
marked with open circles. The gray shading
indicates 90% confidence intervals based on the
Sen median slope method. Subsurface temperature
data are based on bias-corrected XBTs of EN3.
(From Tokinaga et al. 2012a)

Fig. 7. Annual-mean changes in the WASWind-forced OGCM thermocline depth for 1950-2009 (m per 59
years). Trends exceeding the 90% confidence level are marked with dots. (Modified from Tokinaga et al.

20122)
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JE 23 1970 FERDUEER K 72> T 5 T & 2T 2 i
Bi& DB R AR R B R AL D Z2 (U & B A L
T\ 3% (Williams and Grottoli, 2010), %7 WASWind
DG RAIEIIC & o CHRER L 72 M PERFEBR T 7V,
& R Z N EHBL TR b, BuE AR c/KiR
PR 72D, HE2 S HERIC» T TELS ko T 3
(Fig. 7). XBT #illic & 2 #ERAE O KIRZN % F
THDE, BEHTCEFES100m kb b EcHEEL LR
i (+08°C) x> T3 b oD, HEICE T 5K
o _EFMER (+1.7°C) oH 2 fFRERE L, BT
FEICB W THEDKIEARL255 5o TWwb T EERL
TWw5,

—77, ICOADS 7 5 R & 7z igmiK 2 i, BdER
SEREVEER & T RRMEA SR E {, FEiTidhE <
2o TE Y, RPEJT N OWEHE KR A LI BEE 2 2 iE A
s wv (Fig bd), T OZERY —iE, FHFELID D
F T o —h —EBRE S TV = — = a TSRO YK
BREZELERLZ L, LT, REFIOFHETER L -
&5 R RFMBFMHEBER OB AD 5 1%, BHARZ D
g LEE - BHRE - B EROB LA TH L LS
WEEW, ZOMIBELT2o00BBELREZ NS, 1
DL, REZMOREA T — Vg BT, H#HEKIRD
RHAZEV Y — v DIEE R RIEER O RIIZ L2 5 E# C
THELER TR RVATREESZEF 50 5 (Held and
Soden, 2006), N TOMTEIC XN, BIEAKRD L
AEZH-RICGE A TRAKNERET VEBHFILZ L L
Td, HERRBECEICIZRRAOFILEE 2L
A —H—ERPTE D T EHNTE D & D BEER
RPWE ETw 3 (Gastineau et al., 2009; Ma et al.,
2012), —75, b5 loomagtk L LCid, RHEZMNMT
BEHFRAZ OB X - ¢, HAKRO RIAZ Y —
VEIEMICRET A LD L WE VLS T EEZ LR
%, Fig. 6 IR L7k 51, WHREABICB L THNS
M OKIAEAHEICTE > CT\»w5d 2 EE2FETNIE,
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Fig. 8. Asin Fig. 5, but for June-November mean changes. (Modified from Tokinaga et al. 2012a)
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Fig. 9. As in Fig. 6, but for June-November mean
subsurface temperature change averaged in the
southeastern (EIO ; 80°-95°E, 8°S-0°) and western
(WIO; 50°-65°E, 4°S-4°N) tropical Indian Ocean.
(From Tokinaga ez al. 2012a)
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Fig. 10. Changes in June-November mean thermocline depth (m per 10 years) simulated by the WASWind-
forced OGCM for (a) 1950-2008 and (b) 1970-2008, superimposed on changes in surface wind stress (vector ;
N m™? per 10 years) of WASWind. (Modified from Tokinaga et al. 2012a)
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ICOADS and (f) MOHMATA4. Significant trends exceeding the 90 % confidence level are marked with dots.

(From Tokinaga et al. 2012a)
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Long-term changes in tropical oceans accompanied
by air-sea interaction

Hiroki Tokinaga ™

Abstract

Long-term changes in tropical sea surface temperature (SST) are of particular impor-
tance for regional patterns of climate change. From the viewpoint of air-sea interaction, this
article reviews how the patterns of tropical climate change have formed over the past six
decades (1950-2009) , based on synergetic analyses of various in-situ observations and ocean
general circulation model simulations. We also look into time-varying observational errors in
marine surface wind and SST measurements and discuss their possible influence on the de-
tection of climate change.

Key words : Tropical oceans, climate change, air-sea interaction, the Walker circulation, and
the Bjerknes feedback
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