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Abstract There are two major sea surface temperature anomaly (SSTA) patterns over the tropical Indian Ocean
(TIO) : basin-wide SSTA variation which peaks in the boreal spring, and the dipole mode that is phase-locked in the
boreal autumn, This paper explores possible impacts of these two SSTA patterns on the South China Sea (SCS)

summer monsoon onset. Using composite analyses, it is revealed that basin-wide warming (cooling) in the TIO ap-

WA HER 2007 - 08— 10, 2008 - 02 - 01 Yl &R
WONTE 5 AR PSS 4R BRI 2006CBA03600. 1t [l BRE B MR BT T A2 7 01 H KZCX3-CW-226
TEEEA  WIE. 4. 1981 4EHUE . HERISUE . B IS SR AR IBFSE. Email: yuany@cma, gov. cn



326

P

Chinese Journal of Atmospheric Sciences

33 %

Vol. 33

parently induces an anomalous reversed (intensified) Walker circulation over the tropical Indo-Pacific region, leading
to anomalous descending (ascending) motion, and hence suppressed (increased) convection over the western Pacific.
The intensified (weakened) western Pacific anticyclone in April and May prevents (favors) the extension of the Indi-
an Ocean westerly flow into the SCS region, thereby causing a late (an early) SCS summer monsoon onset. The re-
sults suggest that the basin-wide SSTA mode in the Indian Ocean should play an important role in prolonging the El
Nino-Southern Oscillation (ENSO) effects on the subsequent Asian summer monsoon, mainly through modifying the
strength of the western Pacific anticyclone. Further, impacts of the Indian Ocean dipole (IOD) case on the SCS
summer monsoon onset in 1994 are carried out. Coupled to the exceptionally strong positive 10D over the tropical
Indian Ocean in early May, the Asian summer monsoon circulation around the Indian Ocean is significantly weak-
ened, especially the Somali jet along the east coast of Africa and the low-level westerlies across the equatorial Indian
Ocean. Anomalous anticyclones dominate the 850-hPa wind field in the tropical Indian Ocean, accompanied by east-
erly anomalies along the equatorial Indian Ocean. These features, induced apparently by the positive IOD event, are

unfavorable for the establishment and advancement of the Asian monsoon westerlies, and lead to a delay of the SCS

summer monsoon onset in 1994,
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South China Sea summer monsoon

1 5|8

T T I 2 XA A S I 2 XL 2R 49 1) e 2
I3 RER R AT RGE FREE WA
Uit 1 2 2 B ) B 2T ) 4, 2 P R KU 27
AR — PN EEN B (Tao et al., 1987), EAH
ELHERZ TR A M DX TV 5 34 BE A 5 ) ) A
T 1L X8 2R T S 2 XU e 1) 6 ) R St DX ) R A<
A (SRR, 1999),

T T S 2 A N7 )R RS2 A T S Rl
“Phi—SARBE B H 2y (BRSE5E, 2001, Horp, fE R
M 25 X Bl AN XU e S5 i — N B T I, T
Xof 2 B R 2 e — R AT O R A . DAFE
KT X i T B 2 XA G P i) 2 A T
IRV U IR Y S H AR AR, A D X A B
TEIRRIR S EA TR . AR B RE A6, T 9 R s
(VU R T, 7E M B A By T 5 ROV R R A
B, BREERNSE (1991 X A4 B 2= KU A 5T 45
TER RS T, BB AR KU JE P 3k 4 75 Xy
Z 8] Y = 25 IR A SR R AR 2 A A T
TER . (EfAEREN S, X =R IR AR T4
HEN LT s PRLHRAY BBV T 5 5 % AR T SR 2R XL
LR SR AN ZARY . Saha (1970) 7Eii8 T
B RE VR R IR i 1) 22 e VR TS 48 . ARV 1] 16
TR FE Y AT DA 3 B R TR A, Tl T
WA 2 R Ge 7= A5 e . B S 4F (1998)

basin-wide SSTA variation in the tropical Indian Ocean, tropical Indian Ocean dipole mode, ENSO,

PR FELAE o SR A B 20 XU B 5 45 PR ]
ek HENEY:, Weare et al. (1979) 7387 T ENELE
TRFIR AN ED 22 KUY OC 27 2 IR R . U K i 4 e 7K T
EIEE T AT O 55 A DG+ EIE B RE VR IR X AR . 2
WA EA B 50

A Saji et al. (1999) & Hi By B[S R 19
WG UTAFEARAT R B R PR Ui e B A R i)
HIBIETE N — TR o By B R T Tl e o e R
PRSI A X — B IR 2 b TE R 2R B
I HLAH J e T 2R TE AR RFPE ENSO iR k% 1~
2 A~Z=%7 (Nigam et al., 1993; Tourre et al., 1995;
Chambers et al., 1999), FR2ET 4 (2006) FEZ
A (2006) g7 1 BB IX R 4 IX — BOrY 1 il A8
SRR TR R R FR, HZ2H AR Y 3L
TR T B — LR AW ST . T B REVE ) A —
o e S P T R 5 B S A 2 P TR ) 22 A )
P RIREES . P X ARSI O AR B e TR R 7
PR ZE XK 5 AR ARXES 2 — & 1Y 5 B 1T 2.
Fo 2= KU SR S PRI B T e T B 2 KU 1Y)
B — A RRERIEAE . Li et al. (2001) MR
W, FRA B EE AR 38 5 0 U2 A2 I 5 %
RGBT LA 0 W5 . 25 RS (2006)
T L T A0 A PRS2 25 B i) 55 A i vl B 2R XU
SR, T T T I 2 IR i 55 S 2 3 1T 52 1) fi — 41
W F R IESANIAR . R 2 BT BN EE AR %) 2 4
P T 52 2 XU 3 A A5 A — o B2 2



24 A - FAVHT B JRE IR S AN RIS 0 g Tl B KUK 2 14 T R R M

No. 2

YUAN Yuan et al. Possible Impacts of the Tropical Indian Ocean SST Anomaly Modes on the South ... 327

TET N TAER SR Z b AR SOB R A2 B #Aty
B BEVE 4 X — SRR DA S AR AR BB 52 1 R
13 52 2 XU R R R AN R D BRAIL T Itk — 2D 4
T ED B T 4 X — 307 06 B A 7E 4 5 KT 7
ENSO 4% 55 —4F 5 1 5 25 KU & 1 s e ke )
THERW EEAEIEN . 550, YR8 B R VR R
TR SR v 5 2 Xk R s vl e st i L |
T P 0 YA 5 2 XL 9 T o i 2 PR 2 1) P
2 #ERFAE

A PO S [E Hadley HhoC i 1 2R 06 5%
B 23 E] R 52 1°X1°; NCEP/NCAR #3ifE 2 |
R F 500 hPa fif 5 B, PIAS SN2 2. 57X
2.5%; 1 CMAP (Climate Prediction Center Mer-
ged Analysis of Precipitation) 24t a915 1 45k
KGR, 2 [ ar Bl 2. 5° < 2. 5%, Mo,
i K3 S for 3w BE 3 O ORI A& 1948 ~2003 4,
KooK ekl 2 1979~2003 4F,

PR 5 2 E R A s, JEEA « ki
HRES IR, Fh, TR BN A X
— 20 R AR AL Ve B AR I B & 56 0E 28 4y i
(EOF) W77k, ASCHT$& 3 0 i 15 BUR % |
Saji et al. (1999) & SCHY#AHF P4 EDBEVE (10°S~
10°N, 50°E~T70°E) 54 EIE T (10°S~0°, 90°E~
110°E) [IFIRIEF- 22
3 AWIHEFEXR—HEERTHXT

HEEFNREZNF N

STHCHFEIBETE (20°S~20°N, 40°E~120°E) #
B IER 5 8 AF EOF 434, 25— RS e 2
X — S p R AR A (B 1a) . A U RIS 60 %
(7 2E 5Tk . RS ) 5 A B g 1 £ P A Ak 24
(B 1b) . Felist a] iy 30 B R ek 3 DL . X Ho A
PREALAL B, 7 SO B BE T RRR PR BT R 0K
PN R SRR —8EL (F 1o,

DLIEASFEEL 0. 75 Ahrifl 2 Ry A, s
TEXAME B AT B BE 2 4F . 1952, 1953, 1958,
1959, 1969, 1970, 1973, 1983, 1987, 1988, 1991,
1998, LA B AIG T 3 A~ b #fE B9 ¥ 4F . 1951, 1963,
1965, 1968, 1971, 1972, 1974, 1975, 1976, 1984,
1986, 1989, 2000, # 4 Wang et al. (2004) Fil
Zhou et al. (2007) Wy TAE, 3£ 1 o4y R IRFH—

SERIEE BRI, XA RIE B AR R ZEL
B A BB PR AT (BR T 1952, 1953 4F) #AH rd
TR B 25 XU 1B i e 1265 28 et [ 28 IRUKR e 1) S A -

PNN@ AT T &
10°N - o =) ~°-g0.0;
0.02 . \/ 0
o

0.015 0.02

EQ1

)

0.0,
0.0:
I
10°S 7\ bors 002/? o 0.015
o.ozz(‘ﬂi.oz

20°S 2 - . .
40°E  50°E  60°E  70°E 80°E 90°E 100°E 110°E

501 (b)

PCI coefficient

—30

1950 1960 1970 1980 1990 2000
Year

Normalized PCI coefficient

1950 1960 1970 1980 1990 2000
Year

1 HFEIEFEEF (20°S~20°N, 40°E~120°E) iR 54
EOF 43#7: (a) 88— R KI (b) BEJFH] (0B .
RFIREMAEMES s (o) FBRE M LUE bR Ak 0 i 8]
) L BIED . BEFRRE0. 75 ftRiEE
Fig. 1 (a) The first principal component (PC1) of the spring
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Table 1 Extreme warming and cooling years in the TIO with
the corresponding onset time (pentads) of the South China Sea

(SCS) summer monsoon
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Fig. 3 Composite 850-hPa anomalous wind fields in April and May (AM) for (a) warming and (b) cooling years. Shaded areas: zonal or me-

ridional wind is significant above the 95% confidence level; “C” (“A”). anomalous cyclone (anticyclone)



. I = 33 4
330 Chinese Journal of Atmospheric Sciences Vol. 33

100

(a)

p/hPa

!\ANNN viked
Y NN

700—4MNRRNRV<<6MNWL///!L/ b bV gy u NS

800 FER] \NS\ S PP
900 L 771190 n e eSS b cervrrl o
1000 T f T T S T . T 1 T T
60°E 80°E 100°E 120°E 140°E 160°E 180°
100
(b)

bbby yybledseees™S SN [ —

Yk bvvyyyyvY rekyLeRn

g 30017> VLBV VY NNNNSPT>887 777 (R —_—
Q
400 A22ZZ2 5.5 5 |
500>

7>
tv >>>>>

AZFAA<LLLLY

6004 ~<vVRdvvvvgy

TOOPATLCrEbpbbvy gy 3 333> >>>>ZTZ2a27

LECPATIAND>D> 9s$s~_\~>—>—>—>—>—>—7/72/‘”/7/>—>—>—>—>_>.,§$—)aa_>;> Nebree e 1\ [
900+ « AT 77333333333 3332 333 FFPTT T 355555 ((xIPPIID Lbspp e & & | 2 m/s

1000 7 ? ? 7 7 7 T T 7 7 T
60°E 80°E 100°E 120°E 140°E 160°E 180°

DRV I IS T TS ST T

F 4 [FE 3, BRI GRiE~10°NF85) FEEERR. HE. 4 000EEHEERE 000 MEERR O T 5KFREERERERK,
I S E 28R 100 £5)
Fig. 4 Same as Fig. 3, but for anomalous vertical circulations averaged over the equator — 10°N (The vertical velocity has been multiplied by

100 times). Shaded areas: the vertical wind is significant above the 90% confidence level)

S P 555
N>FAATAASSssvi s

P>
P, o g
/ﬁss)y?) > >>> 22T 222L

S - - : 20°S +2134 i«
40°E 60°E 120 140°E  160°E 40°E 160°E
— —

2 m/s 2 m/s

5 [HE 3, {H24 150 hPa YR
Fig. 5 Same as Fig. 3, but for the 150-hPa anomalous wind fields



2 TEWEAF BT BRI AN TR A0 T 1 B 2 XURRR A 14 ] RERE M)

No. 2

YUAN Yuan et al. Possible Impacts of the Tropical Indian Ocean SST Anomaly Modes on the South ... 331

50°N
b

10°S4

50°N

S T T T T T
60°E  80°E 100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W

6 [FI& 3. {B 500 hPa (34 @ EREY (A7 gpm) . S5, HEZL. IE. SABEF. SEELRMN 5 gpm; HISLEL . PURFERIE LA B

W NHE BEEEPE 95 0 R BER R

Fig. 6 Same as Fig. 3, but for 500-hPa anomalous geopotential height (gpm) fields. Thin solid (dashed) lines are for positive (negative) a-

nomalies with contour interval of 5 gpm; thick lines are for the boundary of the subtropical high; shaded areas indicate anomalous height is

significant above the 95% confidence level

FRY i P e T A T A PR R T R 2 T10°E ~
T40°E WDKK, st v 8 Rl v ol 45 BT B RE V-
KPR 500 hPa o g B 1E S 8 il (&1 6a) .
X TY ARG A B0 . BHF B RS-V 2
EALE R PEOT- I R g O s A 2
W55, HA 5860 gpm (& 6b),

DL btk POFENEE VR 2 X —BUg g2
TERGHT BN FEVE-VE RV Bk — A i 1 I
Walker ¥/, 5300 K- 579 B T 9Lis 3 LA K
BN ARG . NTTAISR 1 P8 AF- 7 14 R 4
R o X I JZ P s P4 e ) ) s 1 B HEp
TSI A AR AT e T B 2 XU i 1) 3l A LA T
EJYRE 3 2 KL o) i YA A HE (75 v g B 22 XL
PG o T AT B BE VR A X — B0 S A8 0 T
B A B AE R s U A P R R v A R T R
BENH SRR K o

4 ATHEFEREGRESYEE
BENREZRIFM
335 P TS ERE T 9 5% S RS
A I P R T R R TR I T R

Wi, F Bejerknes S5 FI™ Az B (B AR ¥ R 1)
BEFEARF B B — i TR G B 2RV S 1) ) £
Y TR 3 A1 52 B B RE P B 2 RO R 2, B
PSS ALE RS UL EE I et
e BB A RF AL R AN BIUE (R T, 1A R Vi T
XUHR A1) 5~6 AR 300 B AR XK 31 ] Sl Py 928
7ohs WL HAE R AR B T 2 5 TR
ENSO SRR B A A=+ G A RIS B BE PR AR 7 X 3
T AR AT . EARARA S B K ENSO
FAFR R . FUR . FRONTAIBESE A Bt A i
SRR

5P 2 B IE R TR B AR AL A AR P, 1994
AR RRRI—4F . X — IR T ITI6  R
(B 7). 724 At &l Bl 7ol 50 248
(1948~2003 4F) Bk FHERUIbRHER (0.36°C), IR
EPY R EPEEREIE () RYRRH7E 5 AhE s
AR W R AR (& 7a), BT, 5K
EZRAFHE Nino3 X4 7 E i BE P 1994 4R 2
55 El Nifio 4F, JfH. El Nino H{47E 5 A if &4
SN, N s BN 1 ENSO S i 58 34 B[ &
TR T R T B e AU A B R MR T AT 1



. I = 33 %
332 Chinese Journal of Atmospheric Sciences Vol. 33
30°N 4
20°N 1
10°N 1
EQH
10°S 1
20°S . { S
. S o X SN .
30°8 Q:\\ CoR o~ AT e AT
40°E  60°E  80°E 100°E 120°E 140°E 160°E  180° 160°W 140°W 120°W 100°W  80°W
12 40°N ,
(b) '(C)$<53132‘ﬂ<< Les < 2 jii/\\ M
1.01 30°N‘% Ay < m T L Ls Yy 2« NN
N L v A AR d
0.8 20°N s v s >>> NN g
O ’ R >3 > 1Ay
2 0.61 10°N 1 = N
% ’ v 7 v < AN ﬂaxﬁ 2T 5> 4
g EQ 1 et s ) L;fgyz?m TR
8 0.4 vy zzl(é_e_e;'\& R‘\% %ﬁ%ﬁ%
= 10°S 1 Ay vyvwda ARSI~ %’fgm$
0.2‘ § v 4 4 A a7 7> ,\S&&&& <
ZOOS‘ 7 O R e I Y TR A A
01 7 .\N§>?«>$\&A$4vvr~,~mmkh
—02 30°8 7' V < /= P e,\k‘\lﬂ‘\), ﬂ\\sx&ﬁ ﬁs%aaﬂ
Jan Mar May Jul Sep Nov Jan Mar 30°E S0°E 70°E 90°E  110°E 130°E  150°E
0 0 0 0 0 0 1 1 Tm/s

B 7 (a) 1994 4E 5 HENEEVE-R AR /0 A0 (52, MRFIRIE, T, ZELAIR N 0.3°C); (b) 1994 Bk FHe5 (0B K
Il R AE I IEARR AR (1961, 1967, 1972, 1982, 1991, 1994 F11997) A AR T4k (SL0FD AR L (407 (“17) FoRfEk Tk
HEAE CBETAR) . BARFUR 1948~2003 4EE Rk TR EMFRIEZE (0.36°C) 5 (o) 1994 4 5 JTEIEEVE 850 hPa FEF- X%

Fig. 7 (a) SSTA structure in May 1994, solid (dotted) lines indicate positive (negative) anomalies with contour interval of 0. 3°C; (b) time

series of the Indian Ocean dipole (I0D) index for 1994 (hollow circles) and the composite IOD index (dots) for recent positive 10D years
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the climatological mean (the 1994 case)
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