54135 5 W NI Vol. 41 No. 5
2017 49 H Chinese Journal of Atmospheric Sciences Sep. 2017

TRARE, T, Gk 2017, ENEEVEATERUR IS I M ARSI (7. KRS, 41 (5): 975-987.  Zhang Dongling, Lu Xu, Zhang Ming. 2017.
Analysis of abnormal air—sea coupled Mode and the Indian Winter Monsoon [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 41 (5): 975-987, doi:
10.3878/j.issn.1006-9895.1701.16225.

ENEFEENFEEBSINRRBESESHMN

kA Pt k4
L R BRI, b 100029

2 AP ZE 61741 FBA, JE 5T 100094
3 RIS B R ARG S B KO S R U TR S e %, F At 211101

% B ASCHHENAFENRTE SRS EEBSMT A ATie, BRI AR B BIESE AL
KA 5 LR AR E A 2%, 1 LR KRR ”WIK&%TWxﬁgémﬁﬁmﬁﬁ,
I TARILAE VG 1] R BRI AN AR 0] AR o 58 RS I RS GAH B F B AR d NPy . TRz Al
FRIBENFEVE 125, 1 B2 KERR R H RS AN, BaFBRDEBRMHETE. B—. 25D 5
REEEFEAZ MM AR PREES, R H A S BH A 4 FRERREL, A4 18, 22 FFEMFEARR
A S RS TE 1976 4F K 1976, 1986 (EH ALK XA AT RE L 4 FINERE, T
1976 FFHIABIRAE ., ZF . KBS ARBTG5 52 EOF 2 fifsh . 3—HiA
FIAEARRAR R, X R B K2 AT B VIR, X2 P AR5 VAR o HOZ R 25 W 4828 R 3 [
Sk, SRR ARG 5 A SRR o T A28 X i o B E RS 6 1Y) Hadley PRI AN R IERE A7 L 1006334
W, RZIMR: HEAERINE. &ﬁ*ﬂwﬂ-ELﬁMTﬁERﬁMﬁmﬂﬁﬁM%Rﬁmwﬁmﬂmﬂ%
ZIHHBE KR, BiE. WERERELE. SURERLN, TR 2 B 58 o A U SRk
ﬁ%%ﬁ&%u&kﬁx\ﬁﬁ%&%mzw;@mﬁzzﬁ% BV ¥ A8 2 OGS B FE PR AR - A IR A
KR EEWN T AEAERBNRR . EREERE, KARTSEEIES) NI EFF RIS HSUT T E
FERUL BB b, XA T A DA SRR BLE], A TR A K. Hadley P, AR
by DL BV R v R AR R TR I AR R AR

KRR B AFERGRE IR Mm%A 5 EOF /1 fi#

NEHE  1006-9895(2017)05-0975-13 PESES P67 XERFRINED A
doi:10.3878/j.issn.1006-9895.1701.16225

Analysis of Abnormal Air-Sea Coupled Mode and the Indian
Winter Monsoon

ZHANG Dongling', LU Xu”?, and ZHANG Ming’

1 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

2 Unit 61741, PLA, Beijing 100094

3 Laboratory of Atmospheric Circulation and Short-range Climate Forecast, College of Meteorology and Oceanography, PLA University of
Science and Technology, Nanjing 211101

Abstract This paper analyzes and discusses the abnormal air—sea coupled mode and the Indian winter monsoon. Main

W EE 2016-09-05; PETRHARHEE 2017-01-13

EERN kAR, W, 1974 WA, i, RENFSRFEPTIT. E-mail: zdl@mail.iap.ac.cn
BEME  HFESIEMET AR (973 3D BTH 2013CB956203

Funded by National Basic Research Program of China (973 Program) (Grant 2013CB956203)



976

P

Chinese Journal of Atmospheric Sciences

conclusions are as follows. In the first leading mode, sea surface and low level atmospheric circulation anomalies mainly
occur over the eastern India Ocean, while upper ocean circulation anomalies, which embody in the westward equatorial
warm current and eastward equatorial counter current, mainly reflect the winter monsoon circulation anomaly over the
India Ocean. In the second leading mode, atmospheric circulation anomalies mainly occur over the Bay of Bengal, the
Arabian Sea and the equatorial India Ocean; the upper ocean circulation anomalies are similar to that in the first leading
mode, except that they also embody the abnormal Somali warm current. The first and second leading modes correspond to
east and west modes of the Indian winter monsoon, which are also the primary and secondary modes of the Indian winter
monsoon. The period of their inter-annual variation is about 4 years. The main periods of their inter-decadal variation are
about 18 and 22 years respectively. The primary and secondary modes underwent mutation in 1976, and 1976 and 1978
respectively. The Indian winter monsoon has a 4-year period of inter-annual variation and underwent an obvious mutation
in 1976. The inter-decadal variations of the primary and secondary modes correspond to those of the second and first
modes of the winter North Pacific Air—sea combination revealed by the Complex EOF (CEOF), which reflects the close
relationship of the two oceans. This is because the Mongolia—Siberian high is a common source of the South Asian and
the East Asian winter monsoon, and has significant influences on atmospheric circulation anomalies over the two oceans.
The South Asian winter monsoon is stronger when the Hadley circulation over the Indian Ocean and convection on the
equatorial convergence belt are stronger, and vice versa. The primary and secondary modes of the winter monsoon have
the similar situation. In addition, this reflects the coupling relationship between anomalies of the South Asian winter
monsoon circulation and tropical circulation in the winter. When the primary and secondary modes turn to positive or
negative, SST anomalies of the near-surface tropical Indian Ocean demonstrate a north-south seesaw pattern and a
west—east seasaw pattern, and the former is the primary one. The Indian winter monsoon prohibits the formation of the
Indian dipole, and this explains why this dipole is the weakest in the winter. In the tropical Indian Ocean, the areas of
atmospheric descending and ascending motions in low levels correspond to the areas of ocean descending and ascending
motions near the sea surface, which constitutes the negative feedback mechanism for the air—sea interaction. In addition, it
contributes to maintenance and stability of the South Asian winter monsoon, the Hadley circulation, the equatorial
convergence belt and the Indian winter monsoon circulation.
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