50 4 Vol.50, No.4

2019 7 OCEANOLOGIA ET LIMNOLOGIA SINICA Jul., 2019
*
1,2 2,3,4,5 2,4,5 1,6
(1. 201306; 2.
510301; 3. 100029; 4.
511458; 5. 510301; 6.
201306)

, 1979—2007  Simple Ocean Data Assimilation(SODA)

b El

b ( ) b
Ekman , -
, , 3
Walker , s
P724.8 doi: 10.11693/hyhz20181100266
) Wyrtki
(Lee, 2004; (Equatorial Undercurrent, EUC),
Horii et al, 2013), (Schott et al, 2009; Chen et al, 2015;
, Huang et al, 2018) s
(Indonesian Through-flow, ITF) ,
(Meyers, 1996),
( , 2015)
(Schott et al, 2001), ,
(Schott et al, 2009); , , - -
* , 2016YFC1401401 , XDA20060502 :
, 41731173, 41676013 , 41506003 , 41521005 , 41776023 , LTOZZ1802 ,

LTOZZ1702 S , E-mail: ruiying_chen@163.com
: , , , E-mail: weigiang.wang@scsio.ac.cn
:2018-11-07, :2019-03-08



50

766
S Walker
Hadley ,
(Webster et al, 1992; Schott et al, 2009;
Chirokova, 2010) Lindzen (1987)
(sea surface temperature, SST) (=
700hPa) ,

(Gill,
1980; Webster ef al, 1999) Saha(1970)

E)

(Gautier et al, 1998)
(1998) SST

(850hPa
Walker

200hPa)

(Wacongne et al,
1996; Lee et al, 1997; Schott et al, 2001),

, —15
=<10"W  1>10"W(Loschnigg et al, 2000);
Ekman (Schott et al, 2001; Horii et al,
2013)
(
) ,

: 29a(1979—2007 )

(Simple Ocean Data Assimilation) ,

SODA

>

(sea surface temperature anomaly, SSTA)

SODA ,

SODA ,
POP (The Parallel Ocean Model) ;

0.5°%0.5°, 5m—>5374m 40

SODA 2.0.2 , 1958—

NOAA (National Oceanic and

ERSST (Extended

Reconstructed Sea Surface Temperature)vs .

ERSST - (International

Comprehensive Ocean-Atmosphere Data Set, ICOADS)

2007 SST

Atmospheric Administration)

>

20x2°, 1854 1
NCEP-DOE  AMIP-II  (National  Centers  for
Environmental Prediction-Department of Energy

Atmospheric Model Intercomparison Project)
, 2.5°%2.5°, 1979—2016
1979—2007

(Empirical Orthogonal Function, EOF)

, 10°S—10°N
0—100m

30°—120°E,

= Jtsurfacej-easl vedz ’ (2)

bottom Jwest

>V > 14



4 : 767

, , , , 30—40m
12 , ; , 30—40m
EOF 1 2 , ,
12 EOF , )
50.1%(1 ) 53.2%(2 ) 52.6%(3 1—5 ;
) 44.6%(4 ) 52.3%(5 ) 49.5%(6 ) 53.2%(7 8—12 EOF
) 375%@8 ) 49.1%0O ) 45.8%(10 )
40.7%(11 ) 38.2%(12 )  2),
(Principal Component 1, PC1) s
C ( ),
() ( N
, ); ;
1 2 , EOF (D
20 20} 20+ 20
40 40| 40 40
60 60| 60 60
80 80 80 r 80
100 100 | 100 | 100

10°S 5°S 0° 5°N 10°N  10°S 5°S 0° 5°N 10°N  10°S 5°S 0° 5°N 10°N  10°S 5°S

20 20 20} 20
- 40 40} 40t .
>

i 60[ 60 60| 60} 0 %
% g0l 80 80} 8o} o
100 } 100 100} 100} -

10°S 5°S 0° 5°N 10°N  10°S 5°S 0° 5°N 10°N  10°S 5°S 0° 5°N 10°N  10°S 5°S 0° 5°N 10°N

20+
40+
60
80 €
100 f

201
40t
60 F
80}
100 f
10°S 5°S 0° 5°N 10°N  10°S 5°S 0° 5°N 10°N  10°S 5°S 0° 5°N 10°N  10°S 5°S 0° 5°N 10°N

20f
40f
60
80
100 f

-3

1 (empirical orthogonal functions, EOF)

Fig.1 The first EOF mode of meridional stream-function in the Indian Ocean
: 30°—120°E;



768 50
18 28 38 45
4 4 4 4
2 2 7\ 2 2
0 \/1\/\ X\/\/\- 0 /_\/\ L/\‘/\/“\/\// WA, W\ 0
-2 -2 -2 -2
- -4 -4 -4
198019851990199520002005 198019851990199520002005 198019851990199520002005 198019851990199520002005
58 64 78 85
4 4 4 4
ﬁ 2 / 2 2 2
T 0| 0 M /\/ 0 W\/\/ 0
= \
-2 -2 -2 -2
- -4 -4 -4
198019851990199520002005 198019851990199520002005 198019851990199520002005 198019851990199520002005
9H 108 118 128
4 4 4 4
2 /\/ 2 2 2
0 W 0 0 0
-2 -2 -2 -2
-4 -4 -4 -4
198019851990199520002005 198019851990199520002005 198019851990199520002005 198019851990199520002005
Fn
2 EOF
Fig.2 The time series of the first EOF mode of meridional stream-function in the Indian Ocean
3
o « )
EOF >
90% > >
Ekman (Li et al, 2014) ,
(5°S—5°N), ,
( ) EOF
3 , 112 (850hPa) 12
> ( 4, 90% 4
> , 1
) ( 41 ), Ekman (Ekman
) 1905), Ekman
2 3 g8 Ekman , ,
(60°—90°E); 5 7 s ( 1 3, 1 )
- 4 1 3
; 1 4, «C ) ;
Ekman |
C ) «C )

9

B



769

10°N
0°

10°S

10°N
0°

10°S

10°N s

¥
0°

¥
;%7\
A };%ﬂ =
X <-<—<-‘¢§-
>7 T

10°S £

ES

2
A
¥.
SN e S
A

10°N
0°

10°S

EOF

Fig.3 The correlation coefficients between the horizontal current anomaly at the sea surface and the first EOF principal component of

the meridional stream-function in the Indian Ocean

; 2

90%

° o

X

° o

‘"

1d N a4
DR P
O L R P ),

“p s ARyRRRR Ny, L)
SN AA R RRRRNRR K h oy,
0 C R R AR

v N PR TS LR |
. L TR T R I
¥

¥
. .4”,1,M
R P
AR AN
P N Y S
NITR AL e
LA, awmNwwNw LY

CeyaveeNwwN

° o

[

AALa, MM R Y

AV s e S
72 RN ey )
‘-"‘~A<*xx~‘~<*\xL

by A SNV

- IS L YO St D
R LA

v
N . NE I .
cearTd - N g
s ar e artahee ol
B R e R

e
o peeRRRRERRNRR %

°

° o

. >
N Y Y
P v

B
e AL
o )\‘<¢k,k<-\<_\\\\k
L MhF L4 aeTERY

x
N L yracasceew Ny
AR N

°

°

7
2y

o

= =N = =N = =2 D= =N
OO Q] OO Q] O9 9QQ Qo QQ
NDNZZZ OWNTZZ VN ZZ N -ZZ2

°

AMTEIEETY VPN Y
*11Aw<<‘gk‘<;»;“/

A R A A A

PIE BREAEALR S AN SN
P s

.
x
Xy
A R PPN .

-
4
Aa

G A A ey
R R R TP S
ARER RN % <

SNl T
\ N NN

v kaxx‘g“‘ﬁ

S

40°E 80°E 120°E 160°E 160°W 120°W 40°E 80°E 120°E 160°E 160°W 120°W 40°E 80°E 120°E 160°E 160°W 120°W

4 850hPa

EOF

Fig.4 The correlation coefficients between the 850 hPa wind anomaly and the first EOF principal component of the meridional

stream-function in the Indian Ocean
90%



770 50

(Matsuno, 1966; Gill, 1980; Wu et al, 2007) 6 —6 ,8 )
, , (He et al, R
2016) , )
5 12 )
EOF -
5 , , (Lindzen et al, 1987); He (2016)
(1—3 ) ,
, +0.5, 2 (10—11 ) ,
+0.8
, , +0.6
(Klein et al, 1999) , ) )

38
40° - 40°! o 40° 1.0
30° h < 30°! ~ 30°
20°N |~ 20°N }# 50°
1o°NF - = TO°Nf A 10°
01 OlEd 0° 0.8
10°S S— 108 108 % '
105°E 145°E 175°W 135°W 95°W ~ 25°E 65°E 105°E 145°E 175°W 135°W 95°W ~ 25°E 65°E 105°E 145°E 175°W 135°W 95°W 06
68
40° 40° =
; NP A A
: g TONE B ONE T B, ) i
; ] 02
. s N 195 o —
25°E 65°E 105°E 145°E 175°W 135°W 95°W ~ 25°E 65°E 105°E 145°E 175°W 135°W 95°W ~ 25°E B5°E 105°E 145°E 175°W 135°W 95°W o
78 84
= = : 40N oz
30°N 02
N\ > 20°
; - TN
! S‘e\ s — 10°s:g' i -04
0°S i = 20°S
5°E 65°E 105°E 145°E 175°W 135°W 95°W ~ 25°E 65°E 105°E 145°E 175°W 135°W 95°W 06
10 11 12 e
H . - 40° - A — i
: 3 \ 08
o g\ ) :
10° 2 . » e 10
= 20° _ i AN

i o - s RRRE 20°8 S
25°E  65°E 105°E 145°E 175°W 135°W 95°W  25°E 65°E 105°E 145°E 175°W 135°W 95°W  25°E 65°E 105°E 145°E 175°W 135°W 95°W

5 (sea surface temperature anomaly, SSTA) EOF

Fig.5 The correlation coefficients between sea surface temperature anomaly and the first EOF principal component of the meridional
stream-function in the Indian Ocean
90%

s



771

1083

1985 1990 1995 2000

1980

FH

6 3 5 10 SSTA, SSAT

2005

4
4 Anomaly, 10 SSTA); 0—30m
(w,
’ (55°—90°E, 2°S—2°N)
| 6 3
« 5, 3 5 3
10 , b b
’ : 0.36, 90%
;5 ,
( 0,
5, 2 ), (Pacific ’ 0.3, 9%
Ocean Sea Surface Temperature Anomaly, PO SSTA); ’ 10
( 5,5 ), 0.62  0.61( 95% ),
(Indian Ocean Sea Surface Temperature
4 EBRERS BRNAE ERAEAEE —=— APESSTA —a—ENEJESSTA 2
2 1
A S R A Ay R R R e 0
-2 -1
g
s
]
2]

Fig.6 The Indian Ocean SST difference index, the Pacific Ocean SST difference index and the vertical current index of March, May,

and October

PO SSTA

,5

+1.2x107° m/s

STA s
1.2x107° m/s

: SSTA ; ,3 +0.3°C
10 SSTA , 10 0.2°C 0.3°C
, 55,
, 04T |
SSTA 3, £1.2x10°m/s 1.0x10°% m/s
, +0.3°C PO SSTA , 0.2°C

0.3°C

+0.4°C

110 1



772 50

1 3 5 2002 ( ) 10 16a
10 3, , 9a -
18a : 1983 1996 1998
1la: 1999 2000 2002 1999 ; 1982 1986 1994 1997
2004 2006 2007 1980 1987 2006 ,
1991 1992 1995 5, ,
15a,
Sa, 1991 1994 ( ) 1984 1989 , , 7— 9

*1 3R.5RAFM10A8, RENEFER. HWEFNXTFEEEZFENERRIT
Tab.1 The abnormal years with respect to the equatorial Indian Ocean current anomaly, IO SSTA, and PO SSTA in March,

May and October

3 5 10
Current SST(PO) Current SST(10) Current SST(PO) SST(10)

1980 - - 1981 - 1979 -
1981 - 1982 + 1982 - - -
1985 - 1984 - - 1983 + + +
1987 - - 1985 - 1986 - - -
1988 + 1988 - 1992 +
1989 - 1989 - - 1994 - - -
1991 - - 1991 + + 1996 + + +
1992 - - 1993 + 1997 - - -
1995 - - 1994 + + 1998 + + +
1997 - 1996 + 1999 + + +
1999 + + 1997 - 2000 +
2000 + 1998 - 2002 +
2002 + 2002 - - 2003 +
2003 + 2003 + 2005 +
2004 + + 2007 + 2006 - - -
2005 + 2007 +
2006 + +
2007 + +

11/18 5/15 9/16

: Current , SST(PO) , SST(IO) “p ;
s ”11/18” 18 s 11 SST ,“5/15”  79/16”
4.1 ,
7 3 R 50°—
115°E ( 7o 7c)
( , ,
7Ta), , ; ¢ 7o),
> 5 > 5
, 150°—125°W ( 7d, 10%cm/s, 8 9
) , ) ;
( 7b, 10 Pals, , ,

8 9 ) , , Ekman



4 773
b REEEINH
300 ~=—
40°N »o- TS - ~~n ot
30°N 400} » - MRS NNy~
20°N — , N A s .
10°N § 500! . o e v
ook e AN B O A
10°N I _ ¥ 600} & ,_*-_‘.,_\lj;//,.‘
20°S e g ul—"700‘, .**,*4.«:,///‘.4
25°E  65°E  105°E  145°E  175°W 135°W  95°W T ITIIIl I s s
800l - - ITILITI TSI VL
R ool © I Ll FI Il iTE=s v 2mls
-1. -0. 0. . . . 1 Y e YWl
12 0.8 04 0 04 08 12 000 5°E 55°E 85°E 115°E 145°E 175°E156°W125°W 95°W
12 10.d SSTEEINR
30°N : Y j -~
8 20
20°N 08 é’ voa/A
04 = —~ 30
10°N e E [y
0 X 4y 40
0° W B v v XNAX
0.4 ¥ 50 Y /
o i »y AN X '
10 S :(%Q‘ﬂ-\‘\\‘ A 2 S r ...... v ] 708 }.m-l 60 ‘
y % PO MM A A A A R
2008 SN RN W W a 1 2 70 N
25° 55° 85° 115°E : 5°S
7 3 SSTA(a) (0°) - (b) 850hPa 0—30m
(c) (30°—120°E) (d)

Fig.7 Composite analysis for the case of March: (a) SSTA; (b) Vertical-zonal atmospheric circulation in equatorial Pacific-Indian
Ocean; (c) 850hPa wind anomaly and vertical current anomaly averaged between the sea surface and 30m in Indian Ocean; (d)
Vertical-meridional oceanic circulation between 30°E and 120°E

90%

90%

ta ;b ;C 90% ; w;
d 90% s s s > > >
Sv( 8 9 )
4.2
8 5 4.3 -
9 10
8a )
) 10,
( 8b) 8¢ , ( 9a 9b)
70°—100°E , (60°—110°E)
; ( 9% 9c),
(  8) ,
8d , ¢ 90 9d ,



774 50

Ekman
b KSEER
a 300 e e A e e e e . -
40°N Ty - y - o=
SN 400 “uy <
. . .. .
100N° R & 500 -y - . . N .
o £ - - P . . < .
10°N 53 : . ~ 600 - : . . . N .
20°Sle . e SN I :
25°E  65°E  105°E  145°E  175°W 135°W  95°W r ;gg R S N :
RN NI :
900 . EE: Do ,2m/s
1000p . - .- B3 : -~
-1.0 08 -06 -04 -02 0 02 04 06 08 10 25°E 55°E 85°E 1 15 E145 E175 E155°W125°W 95°W
SSTA (°C)
2ms 109 RSN
30°N : 7
v 1{’1 - S - o
. 08 o 20 \
20°N é’ PR IR AV Y %4 N ~ ..
04 ¢ =30 N
10°N ° £ 1444 < - - . .
0 X i 4
0° o B |4 44 A AR s
-0.4 ¥ 50 &
o 1l A A A Ay . L.
10°S ~0.8 K 60 *
5mls
20°S S 1.2 70 A A A XX -
25 ‘ 5°S 2.5°S 0° 2.5°N 5°N
g8 5 SSTA(a) (0°) - (b) 850hPa 0—30m
(c) (30°—120°E) (d)

Fig.8 Composite analysis for the case of May: (a) SSTA, (b) vertical-zonal atmospheric circulation in equatorial Pacific-Indian Ocean,
(c) 850 hPa wind anomaly and vertical current anomaly averaged between the sea surface and 30 m in Indian Ocean, (d)
vertical-meridional oceanic circulation between 30°E and 120°E

b Kﬂﬁﬁ AR
300f - - - - - - e ~———— =
a - » - NN e~ - -
400 Ao~ - N LN N W
R e M e e Ve sy gy e
& 500 RN R
£ e
- HGOO R A
= - : : B0l TTIZIIILNIZzZzzzsio
105°E  145°E  175°W 135°W  95°W r v S S A A
800 ::\\:j:<:////x: :
900 e TZTZZTIZL 0 |2ms
1000 . . . . - - -— a— - - -
™ Q * © Q % ©
ISNSNENININ VSN ININA N 25°E 55°E 85°E 115°E 145°E 175°E155°W125°W 95°W
SSTA(C) .
m/s NS 53
30N J I1-2 10 d BFERINR
. 08 %
200N TR -
-04 9
10°N o
-0 x
0° b
conER A ey |04
10°S o oC SRR O S o i
............ —0.8
poeg LT L
25° 115 —1.2
9 10 SSTA(a) (0°) - (b) 850hPa 0—30m
(c) (30°—120°E) (d)

Fig.9 Composite analysis for the case of October: (a) SSTA, (b) vertical-zonal atmospheric circulation in equatorial Pacific-Indian
Ocean, (c) 850 hPa wind anomaly and vertical current anomaly averaged between the sea surface and 30 m in Indian Ocean, (d)
vertical-meridional oceanic circulation between 30°E and 120°E



775

SODA2.0.2  1979—2007

&)
()

)

Ekman

, 12 EOF

) (ENSO(EI
Nino-Southern Oscillation) I0D(Indian Ocean Dipole))
(Bjerknes, 1969; Rasmusson et

al, 1982; Klein et al, 1999; Saji et al, 1999),

gt Bt P B ZRGBEELATIRBE TS
0.

s , 2015.

. ,46(2): 241—247

, , 1998. —

ENSO L. , 22(4):

470—480

Bjerknes J, 1969. Atmospheric Teleconnections from the
equatorial Pacific. Monthly Weather Review, 97(3):
163—172

Chen G X, Han W Q, Li Y L et al, 2015. Seasonal-to-interannual
time scale dynamics of the equatorial undercurrent in the
Indian Ocean. Journal of Physical Oceanography, 45(6):
1532—1553

Chirokova G Y, 2010. Interannual variability of the Indian Ocean
heat transport and its correlations with climate modes.
Boulder: Doctor Dissertation of University of Colorado

Ekman V W, 1905. On the influence of the earth's rotation on
ocean-currents. Arkiv for Matematik, Astronomi och Fysik,
2(11): 52

Gautier C, Peterson P, Jones C, 1998. Variability of air-sea
interactions over the Indian Ocean derived from satellite
observations. Journal of Climate, 11(8): 1859—1873

Gill A E, 1980. Some simple solutions for heat induced tropical
circulation. Quarterly Journal of the Royal Meteorological
Society, 106(449): 447—462

He Z Q, Wu R G, Wang W Q, 2016. Signals of the South China
Sea summer rainfall variability in the Indian Ocean. Climate
Dynamics, 46(9—10): 3181—3195

Horii T, Mizuno K, Nagura M er al, 2013. Seasonal and
interannual variation in the cross equatorial meridional
currents observed in the eastern Indian Ocean. Journal of
Geophysical Research: Oceans, 118(12): 6658—6671

Huang K, Wang D X, Wang W Q et al, 2018. Multi-scale
variability of the tropical Indian Ocean circulation system
revealed by recent observations. Science China Earth
Sciences, 61(6): 668—680

Klein S A, Soden B J, Lau N C, 1999. Remote sea surface
temperature variations during ENSO: evidence for a tropical
atmospheric bridge. Journal of Climate, 12(4): 917—932

Lee T, 2004. Decadal weakening of the shallow overturning
circulation in the South Indian Ocean. Geophysical research
letters, 31(18): L18305

Lee T, Marotzke J, 1997. Inferring meridional mass and heat
transports of the Indian Ocean by fitting a general
circulation model to climatological data. Journal of
Geophysical Research: Oceans, 102(C5): 10585—10602

Li Y K, Chao J P, 2014. Structure of the Indian Ocean meridional
overturning circulation and its relationship with the zonal
wind stress. Science China Earth Sciences, 57(2): 351—358

Lindzen R S, Nigam S, 1987. On the role of sea surface
temperature gradients in forcing low-level winds and
convergence in the tropics. Journal of the Atmospheric



776

50

Sciences, 44(17): 2418—2436

Loschnigg J, Webster P J, 2000. A coupled ocean-atmosphere
system of SST modulation for the Indian Ocean. Journal of
Climate, 13(19): 3342—3360

Matsuno T, 1966. Quasi-geostrophic motions in the equatorial area.
Journal of the Meteorological Society of Japan, 44(1): 25—43

Meyers G, 1996. Variation of Indonesian throughflow and the El
Nino-southern oscillation. Journal of Geophysical Research:
Oceans, 101(C5): 12255—12263

Rasmusson E M, Carpenter T H, 1982. Variations in tropical sea
surface temperature and surface wind fields associated with
the southern oscillation/El Nifio. Monthly Weather Review,
110(5): 354—384

Saha K, 1970. Zonal anomaly of sea surface temperature in
equatorial Indian Ocean and its possible effect upon
monsoon circulation. Tellus, 22(4): 403—409

Saji N H, Goswami B N, Vinayachandran P N ef al, 1999. A

dipole mode in the tropical Indian Ocean. Nature, 401(6751):

360—363

Schott F A, McCreary J P, 2001. The monsoon circulation of the
Indian Ocean. Progress in Oceanography, 51(1): 1—123

Schott F A, Xie S P, McCreary Jr J P, 2009. Indian Ocean
circulation and climate variability. Reviews of Geophysics,
47(1): RG1002

Wacongne S, Pacanowski R, 1996. Seasonal heat transport in a
primitive equations model of the tropical Indian Ocean.
Journal of Physical Oceanography, 26(12): 2666—2699

Webster P J, Lukas R, 1992. TOGA COARE: The coupled
ocean-atmosphere response experiment. Bulletin of the
American Meteorological Society, 73(9): 1377—1416

Webster P J, Moore A M, Loschnigg J P et al, 1999. Coupled
ocean-atmosphere dynamics in the Indian Ocean during
1997-1998. Nature, 401(6751): 356—360

Wu R G, Kirtman B P, 2007. Regimes of seasonal air-sea
interaction and implications for performance of forced
simulations. Climate Dynamics, 29(4): 393—410

THE MECHANISM OF INTERANNUAL VARIABILITY OF UPPER-LAYER
OCEAN CIRCULATION CONVERGENCE AND DIVERGENCE IN
EQUATORIAL INDIAN OCEAN

CHEN Rui-Ying"?, HE Zhuo-Qi***° ~ WANG Wei-Qiang”*°,  GAO Guo-Ping"*

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. State Key Laboratory of Tropical
Oceanography, South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China; 3. State Key
Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Chinese Academy of Sciences, Beijing
100029, China; 4. Innovation Academy of South China Sea Ecology and Environmental Engineering, Chinese Academy of Sciences,
Guangzhou 511458, China; 5. Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou), Guangzhou 510301,
China; 6. College of Ocean Science and Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract The upper-layer air-sea interactions in the Indian Ocean have important effects on the Indian and Pacific
climate systems. At present, the climatological circulation features of the Indian Ocean have been comprehensively
investigated by previous studies. However, there is still a lack of research on the interannual variability of circulation in the
Indian Ocean and its seasonal differences. As well, the related mechanism is not so clear. We studied the interannual
variability of the surface convergence and divergence of the equatorial Indian Ocean and its seasonal differences using the
Simple Ocean Data Assimilation Reanalysis (SODA) datasets from 1979—2007. The results show that the anomalous flow
in the upper Indian Ocean converge or diverge in the meridional direction centered on the equator, which is mainly formed
by the Ekman flow due to the equatorial zonal wind anomaly. Further analysis indicates that the anomalous equatorial
zonal wind on Indian Ocean is related to the thermal forcing process in the Pacific-Indian Ocean, and different processes
show significant seasonal differences. This thermal forcing process can be divided into three types. The first type is the
remote forcing caused by the sea surface zonal thermal gradient in the Pacific Ocean, mainly occurring in late winter and
early spring. This zonal thermal difference regulates the Walker Circulation and induces the anomalous secondary
circulation in the Indian Ocean, forming zonal wind anomaly in the corresponding lower atmosphere. The second type is
the local forcing caused by the zonal thermal gradient in the surface of Indian Ocean, which arouses the local atmospheric
circulation and finally leads to the zonal wind anomaly over the equatorial Indian Ocean. This type is more pronounced in
late spring and early summer. The last type is the result of the combined effect of the Pacific-Indian Ocean thermal
difference, which leads to anomalous zonal wind in the equatorial Indian Ocean. This type is dominant in autumn.

Key words ocean-air interaction; Indian-Pacific

equatorial Indian Ocean; convergence and divergence anomaly;

Ocean thermal forcing



