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tions during 1948 — 2007 are investigated. The results show that the year-to-year variability of the JJA HC is domi-
nated by two asymmetric modes, centered respectively in the Northern Hemisphere (referred to as the AMN) and
Southern Hemisphere (referred to as the AMS) as well as a quasi-symmetric mode (QSM) about the equator. The
regime change of the JJA HC is revealed by the trends of the time series of AMN and AMS. It shows that the winter
hemispheric HC has changed from one regime with strong northern part and weak southern part before the 1970s to
the opposite regime with weak northern part and strong southern part since the 1970s. The variability of the JJA
HC mentioned above can be explained by strong warming trends in the sea surface temperature (SST) over the equa-
torial Indian Ocean — western Pacific warm pool and the tropical Atlantic as well as the significant decreasing and in-
creasing trends of the large-scale meridional SST gradients respectively in the Northern Hemisphere and the South-
ern Hemisphere over the tropical Atlantic and the Indian Ocean. The high-frequency interannual variability of the
JJA HC, however, is mainly featured by the QSM, and highly correlated with the sea surface temperature over the
eastern tropical Pacific Ocean and with the Nifio3. 4 index, implying that ENSO influence is mainly on high-frequen-
cy interannual time scale. Further study about the regime change of the HC reveals that the weakening of the cross-
equatorial part of the HC is highly connected with the weakening of the meridional circulations over the tropical
monsoon regions of the Eastern Hemisphere. The correlation and composite analyses show that the summer mon-
soon over the South China Sea, the eastern part of South Asia, and West Africa are significantly influenced by the
regional meridional circulations, hence, the weakening trends of all those monsoons may be affected by the weake-
ning of the cross-equatorial circulation during the regime change of the JJA HC. Nevertheless, the summer monsoon
over the western part of South Asia does not show any noticeable trend or close connection with the regional merid-
ional circulation. Thus, the result in this paper confirms the rationality of the division of the South Asia summer
monsoon region into the east and west parts by Li and Zeng (2002).
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Table 1 The weak and strong summer monsoon years that are used in the composite analysis of the meridional circulations over

different monsoon regions.
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1948, 1950, 1952, 1961, 1963, 1967, 1972, 1981 ~

1954~1956, 1958, 1983, 1988, 1989, 1995~ 1996,

1982, 1985, 1990, 1994, 2001~2002 (3 14 )

MR XARX 1948, 1954, 1964, 1967, 1970, 1971, 1973,
2007 (3£ 9 4F)
2 KX P X 1948, 1950, 1952, 1957, 1961, 1967, 1972,

1978, 1981, 1985, 1990, 1994, 2001 (FL 14 4F)

PEEERX 1949~1952 (3 14 4F)

1998,
1994, 1962,
1992,
1974, 1964,
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2003, 2007 (F:12 4
1965, 1972, 1974, 1979, 1983, 1987, 1989,
1995, 1997 (311 4F)
1966, 1977, 1983, 1987 ~1989, 1995 ~1996.
2003, 2007 (3£ 12 4F)

1955~1964 (3 8 4F)
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Table 4 The correlations between monsoon indices and I,c averaged over each monsoon region as well as between I, Tams, Iosu

and monsoon indices

SCSSMI SASMI1 SASMI2 WASMI
Ive —0. 66 0.09 —0. 60 —0.71
Tamn 0. 44 0.10 0.50 0. 67
Iams 0.13 0.12 —0.06 —0.29
Tqsm —0.13 —0.53 —0.24 —0.08
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Fig. 7 The composite differences of the meridional circulation averaged over longitude ranges of (a) SCSSM (South China Sea Summer

Monsoon region), (b) SASM2 (east part of South Asia Summer Monsoon region), (¢) WASM (West Africa Summer Monsoon region) and
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with at least one component of wind vector above 95% confidence level are shaded
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XN PR R s A DI R . [Rl, 7 T —
D3R A e T 2R R i I AR X 2 IR e v A 2 LA
59 5 MR A E G, F, $ar =X
TE I [X S5l P 98 55 e AR AT e 3 W] 32 31 5 2= Had-
ley FRPLATAC PR 78 v b i 38 BR 08055 152 . 4K
M P S PG DX 2 XL X3 6 ) B WA S 35 A G
[t A S B S P AR APt 3, 31X — S5 R IR I
B BESRIE T Li and Zeng (2002) $4 1 W7 2= RUX 4]
I3 R 2R DX FIPY DXC 1) A

ASLFEVNS T AL ERE 28 Hadley PR AE
BRI GPAEIR  ERER, SRR 2 AR
PR LS ST o A T A o K 1) T X AT
B KKt A EERN (Zhang and Delworth,
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2005; Broccoli et al., 2006), Zhang and Delworth
(2005) AR iy U HEAT RE AU R B FEBEL
RPGHEAR VS LA SRR ) L PR Rk 1 s/, 3R 4
] F 30 oG R, Hadley 23 i F T 5 i W] &
MRS, PR BB R . 7 1948~2007 4,
H 7= Hadley PR p9AL2F 3K ER 70 AL RF PR AR PR
¥R¥% (Hare and Mantua, 2000) DL M FaEERER 43 F0
IR IR SN (Enfield et al., 2001) #BAER:
AT I TR L & AR AR PR AR 4, 3k 282k B b sy
H R IETEAEAPR G T2 5 4 Z 2= Hadley PRy 722
A7 HETHMAEE.

IAh . AR FEEAE Hadley P Y 4R PR 4
PP 32 5 $iy SRy MU RR IR DA S TR MR R R . AR
T JRy R 72 58, o) B R PG o DL S ER R
I L 18 AR A Bt I X4 BR OSBRI ) s i AT o 2 —
AETE . ADIFEHE I EDRE TR IR A e 55 h S
WA R FNAESEEL, 2009) DL Ko &
GHIE M2 F, 2009) 7% VIBK & Ding et al.
(2009) RIS IA . BB 71 I -5 2R 2 2 XA i
()0 28 P E AT U B BE TR A 3G IR 75 1970 4R H B
W PR . X eI s T H BN
T 722 ] 58 5 W) R Ve DA AR I R AP A8 R A AL
il H R B B 58I B 3 42 BR. Zhou et al.
(2008a) 32 A M R0 UE AT, B B0 2 VRGO F-
TV TR I XoF 4 35K i b, 2 XU A K 1) 9 0 A B T
Bko WG, Lietal (2010) MBSl —B4 . &
P2 JRCEAN A 1498 5383 - ATy T iz 7 | R PO A
Xf FE RIS A B VI OCIRE SR, B/ 923 5 1 i
Wik s R I RV LA S B B i i 5 4 P P i =2 (1)
FTRERYAH EAE FHALE . W, B AN IR R EE, T
W Ferrel 45, %t #ifi Hadley ¥ 028 H 2
WA T 7 XRS5 2k T AR e It
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