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Abstract The present work investigates the different impacts of sea surface temperature (SST) anomalies over the tropical In-
dian Ocean as associated with two types of El Nifio events during boreal autumn, based on the observed data sets from 1951 to
2010. Here, we focus on the relationship between the Indian Ocean Dipole (I0D) and these two types of El Nino. It is shown
that the positive IOD-like SST anomaly occurs for both EP and CP El Nifio autumns, but with a different probability. Most of
EP El Nino events are accompanied by a strong positive IOD-like SST anomaly. However, a weak positive IOD-like SST anom-
aly appears for only half of the CP El Nifio events. It seems that there is a strong relationship between the intensity of 10D and
that of EP El Nino. That is, 10D tends to occur during the strong EP El Nifio autumns, with a strong sinking current and neg-
ative rainfall anomaly over the maritime continent. During the CP El Nifio, however, the occurrence of 10D seems to be unre-
lated with the strength of CP El Nifio. The location of the CP El Nino is a possible key effect on the intensity of IOD in au-
tumn. For the CP El Nifio autumns when an obvious 10D appears, the warming SST anomaly is located slightly eastward over
the central Pacific with a strong sinking current and severe drought over the maritime continent, as well as a significant easterly
anomaly over the tropical Indian Ocean. While in the CP El Nifio autumns during which no positive IOD-like SST anomaly oc-
curs, the Pacific warming SST anomaly is located relatively further west. The very weak anomalous sinking motion seems lim-
ited help to sustain the SST anomaly over the Indian Ocean.

Key words Two types of El Nino events, Indian Ocean Dipole (I10D), Atmospheric response
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Fig. 1

) A X TS B R FEE 0. 10 /9 RS (aveie REEFMbod L hEEHELF)
Composited (a,b) SSTA (units: ‘C) between 30°N and 30°S, colored areas indicate significance at the 95%

confidence level; (c¢,d) GPCP rainfall anomaly (units: mm/d), colored areas indicate significance at the 90 %

confidence level; and (e,f) vertically integrated water vapor flux (vector; unit; 10° g/(m * s)) and anomalous

divergence (unit; kg/(m?*

+s)), only the water vapor significant at 90 %

are plotted, colored areas indicate significance at the 90% confidence level

(a,c,e. EP El Nifo autumn.b.d,f. CP El Nifio autumn)
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Fig.2 Composited (a,b) anomalous Walker circulation (vector, only the wind anomalies significant at the 90% confidence

level are plotted) and anomalous velocity potential (contour, units: 10° m?/s) between 5°S—5°N; colored areas

indicate the vertical velocity multiplied by a factor of — 1000 (units: 10 hPa/s); and (¢, d) anomalous sea

surface height (SSH, units: cm) and anomalous wind stress (vector, units; N/m?, only the wind stress anomalies

significant at the 90% confidence level are plotted) ; colored areas indicate the anomalous SSH significant at
of the 90% confidence level (a, c. EP El Nifio autumn,b, d. CP El Nifio autumn)
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Table 1 The Nino3 index/Nino4 index and Ipy for the two types of the El Nifio events during the boreal autumns

7R Hh A Nino3 (C) Ipm Fp R 1 Nino4 (C) Ipm
1951 1.19 0.7¢ 1977 0.64 0. 686
1957 0. 84 0.39 1986 0.51 0. 26
1965 1.29 0. 546 1990 0.21 0.076
1972 1. 96 1. 646 1991 0.23 0. 96
1976 1. 03 0.12¢ 1994 0.45 1. 786
1979 0. 49 0.13¢ 2002 0.53 1.12¢
1982 1.57 1. 83¢ 2004 0. 44 0. 3¢
1997 2.4 3. 046 2009 1. 08 =0.01¢
-1 1.35 1. 056 -3 0.51 0. 636

1E 10 3 1951—2010 4F f Bk 5= N B HE AR T 1R $b i 22 6= 0. 31 C

4 BRI T 5 PR R R JE v F A Al
REHK 3
41 FMELCREEEHSHNEFBRTFHTHE
MO R B Y O R e 38 3 R A7 K 2 T T P
A B B 7 - 8 YR ZR TR T A 1 RSP Tl
/DA PREE HBUAE ARG AR R (HL 8 R AR
FFHY Nino3 $88hR 22 0. 58 C ., 4% 1 1Y o &
ZESBOR o L EN B A B 1 1Y 6 A DU T 5 B8
A JL U AR ¥ TR = 30 ) A B JBE 9 A R 1 e 2k T
5553 R T8 TR 7 U0 ) 380 ) Do A — 5 96 A2 D JBE 9 £
BT R A R E 2 o AT UL L AR 2R o 30 1] B
PR 5 110 3 B2 DL 5 R AR 2 O K B A 0 A i
FE—EMRR . AT RAEFEMR T RES
ARTRRLJE K JE W 5 BE A9 3 Rl IR AR L 7 D T AR 3t L
Iowad 0. 5o EVEE PR 1 A A 4R 1 H5 2K 5

TSN Ir IS s — 2 15 B JEE P A AR 3~ S A B D
1951.,1965,1972,1982 1 1997 4E /Y 5 W F 44, f#iid
oy EP-10D 4, H A0 3048 0 O JG B0 2 PR B i 1
RS, A 1957.1976.,1979 4, & i & EP-no-
10D FifF.

K S 45 T RHER I IR JE v K S AR RR PR AR
Vi Y 5 B T L P 2 B TR K G R RO
B o0 A . AE EP-10D i ([&] 5a)  FR4H7 P4 B 7
HEL Tl 0. 2°C RV 3 TR 5 25 A RS
AT Ay /S AR R 4% ] A Ton #5358 1. 5o 11 55 BN
JEFEAE AR T B . 5 TR I BAHE O 3 9 I B P
I PSR AL AROROP R S R TR W el 1.5°C
A PG RSP 9 9 3 DR DU A R R ¥ TR 9 P
X o AT » EP-nolOD S5 i . 7R 38 K Bl EE ¥ 5
AR S (EL S e T BUAE L B W IR 5
WL I A e TR 3 A1 o A 2 1) [ A A ) 1 7
IR B B . A s AT RSP 3 VA TR - A 5 AR



T SRS AF - P9 A T 8 A 01 R A K 2 B P VA UL e R AR T L

R AR K e KIHR ) 1°C, 5% AR TR
BT VG AT 7, 5 8 1K 7R 96 T 1) 3 TRl B ik
/NF EP-IOD(& 5b) gl J2& 1t #5745 AR i B JE /R Je
S B B PR AR T R AR S R 428, B S AR R A
J R AT B RE VR S8 R AR TR A L A AR T Y
AV B BE T (B AR - i 2 R SR AR R 78 ) 1 55 AR
T3 ) 8 AR 1] PG 90 30 B8 A, A R G B RV
LI T 302 78 S0 A A D B AR T

TE AR VL 1) L 2 AR A3 1 K VRGE R O BT
( 5c.d) b EP-10D F A [a] , 76 B B2V AL+ 5
SRR TR IC R B R VE— RO PR I R R KR
WEEUE BB EN - + -0, KVGE R BUE
1F 58 DX 55 30 1B K, AT pl #RGHT AR B R R ) R A i
PG TG ROT T F S DI 43 S B AE AR G B
FEVERH FZ DL By A o RSP 7. FERE K GE L 7
S N OE i R QT N G DB S S
R AL (P RO 7K PR o F: Bl AR B B — ROP 7
“ =+ VRSRE R Y B AR E b X (5°S—5ND
SEH A 1) T B PR 2R B0 R LI RS R ARG B R
T R i B S R IR S ER AL R KO

Iny=1.520
Ty

T

60 120°E 180

523

T U Sy e S IR o R U 2 ) () 6a) « 7R i o
ORI R » 23901 B T 9 R B S
bt AnEE R itia s, i PHEDEETE B I T
HW LT E g AR R R T Ulis 3 X %R .
HH B Y [ 9 0 s Bl A0 0 KRR . A SR
WO IR SRR R RV R 2 57 KRG 2R XU
HH AR PR B EE P L R TR KT T D S XU
JIIX (& 6c) o £ 7R T8 75 g B RE T B 12 1 5 0 R M
DRI g 42 il DX A 50 i 19 S = 3K KU ) e
JE RO AE I3 X S Ve T L A o2 DX BR 2
WY b6 (PRI ) o AT 2R B BE T 53 6 50 AR XUt B
BTG T SR M KU PRI ) 3t B 2 i 49 R T e
JRIE 7R B RE PRI . 7R O B R I S AR XU S Y
S IR IR R W I K i) £ 74 B RE P SR 4K L R I
IR B JRE P 1 22 10 2 AR o Y B B8 98 3 v B2 T v (I
6¢) o 325K XU AT 4 3l g 88 1 T . B0 EE
1 B G- DX AT A B 9 9 A R G i
TE B V-1 2 o JBE 1 BAE R TR Y B BE TR X . L ED
JIE T T IR T - £ O 2 R TR O 5 e AR KUY
L5 T V4 R 2 A 5| SR b A S (AT

= —
] a%‘ @E """"" e 3

15 49 VO e

30" < —— ‘ : :

Ipy=0.370
NI

15 90
A

30°S ==

60 120°E 180

120°W 60
[ [ [ [ I
0 0.1 0.2 03 0.8 1.0 1.5
30°N
15
EQ et A e e i s T S -
R\ va.o‘l_rnsgo 15
ZZ 38
@wy}qsi&s»»s
f =t T 30°S
120°W
—T 1 [ [ [ [ [ [ I
—0.30 —0.25 —0.20 —0.10 —0.05 —0.02 0 0.02 0.05 0.10 0.20 0.25 0.30

B 5 AR Cab) iR EE P G C s BUA 5 0. 10 BEMER KX .o i 19512010 4E K%
EIVE PR ML T 48 BUPRUE 2 .= 0. 31°C) 5 (o ) B 2 T3 1Y /K YR30 7 (R it 8437 . 10° g/ (m + ) MOHUEE

(A7 kg/(m?

) G IX R 7 36 300 3 15 5 0. 10 #1912 35 PR AR 46

Cac. 5 BN A A0 19 7R 38 B JE 2Kk JE i 4 (EP-10D 44 ,
bd. J6ERBE VA A 4 AR 1 23 PR 28 JE R JE 5 4 (EP-nolOD i 44))
Fig.5 Composited (a,b) SSTA (units: ‘C) between 30°N and 30°S, colored areas indicate significance at the 95%

confidence level. ¢ represents the standard deviation of Ipy during the 1951 — 2010 autumns, ¢=0.31C;

and (c,d) vertically integrated water vapor flux (vector; unit; 10° g/(m + s)) and anomalous divergence

(unit; kg/(m?

+ s)), only the water vapor significant at the 90% confidence level are plotted, colored areas

indicate significance at the 90% confidence level (a,c. EP-IOD events, b,d. EP-nolOD events)
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Fig. 6 Composited (a,b) anomalous Walker Circulation between 30°N and 30°S (vector, only the wind anomalies significant

at 90% confidence level are plotted) and anomalous velocity potential (contour. units: 10° m?/s) between 5°S — 5°Nj;

colored areas indicate the vertical velocity multiplied by a factor of — 1000 (units; 10 hPa/s); and (¢, d) anomalous

sea surface height (units: cm) . anomalous wind stress (vector, units: N/m?, only the wind stress anomalies significant

at the 90% confidence level are plotted) and its vorticity (contour, units: 1 X107 6s71); colored areas indicate

the anomalous SSH significant at of the 90% confidence level (a,c. EP-IOD events, b,d. EP-nolOD events)
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