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Abstract

This paper uses the Indian Ocean Dipole Index (DMI, TIOD), the Nino3 index and the three East
Asian summer monsoon indexes to compare and analyze the characteristics of the relationships of
Indian Ocean Dipole (I0D), ENSO (El-Nifio-Southern Oscillation) with East Asian summer monsoon.
The results show: 1) Different East Asian summer monsoon index is different from different sea
surface temperature index. For example, the I, index defined by the wind field reflects the ability
of the Indian Ocean 10D to be stronger than I, 2) The same East Asian summer monsoon index
and DMI, Nino3 index were associated with significant variation characteristics, IOD and ENSO
have opposite effects on summer monsoon. The East Asian summer monsoon index had a good
positive correlation with DMI before the 1990s, and since the late 1990s, the monsoon index was
negatively correlated with the index of 10D, which was inversely related to the Nino3 index. The
relationship between the East Asian summer monsoon with I0D, ENSO inter annual variation is
characterized that one stronger and the other will become weaker. 3) From the view of spatial
point, the different East Asian summer monsoon indexes are affected by the Indian Ocean and the
Pacific Ocean temperature is different, and the sea surface temperature of the monsoon is not ex-
actly the same. In the monsoon strong years, ENSO appears its positive phase over the Pacific
Ocean, and the SST over the equatorial Indian Ocean is too cold. In the monsoon weak years, three
East Asian summer monsoon indexes to the corresponding index of the sea temperature mode are
different, Equatorial Indian Ocean as a whole warmer.
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1. 5|15

HE AL S s R KGR SN X, R PR K S 5 B 50 A0 32 T 2R R R R s K
WEFCUER, H 2R XGRFERN, KT MR KD FEXEREESGRT, BRI FiEARKmMZ1].
R] S %o} 2R 7. B 2 X568 55 728 40 1Rt 9 LA R R R X

ENSO (El-Nifio-Southern Oscillation) AT HFE - KME RS LR M BRI EPRBHE S, MR
W2 7= KR AR A A BB 20 . 7E Bl Nifo J 90 R =, Bl 7 B m ) FE e, 5 R 5 B I (o
TP R e R 22 B R 2 R R R R AR B AR, AEVIE B RS, R E A R A ik F
ORRAS[2].

HAT, A AN ENSO VL b X 2 2= X SRR w2 (3], A 1 NI i 2
TLAEHL X H i 2 O X [4]. A 22230 ENSO 483k B L A R i X F K 3 ZER I AR,
RAEMA 2 [5]. BN EEVEAR AR T (Indian Ocean Dipole, fAjFK IOD) & EJEEVE LR S KRS . 0H K
RF AT, 7R B VA VG I 1) R T S SV P IR K T S VA ) R TR TR P W - Saji S50 TR
FEIFIREE VY, RIS RS ()i Sk RSB B R AR . DU BRI 2 I SOAHAR AL, B E LT R
TE B[ FE PR BT 45 2U(Dipole Mode Index, f&FK DMI) [6]. Webster 54 H 7R E[ R VA8 AR 1 1T BE A BB

DOI: 10.12677/0jns.2021.95092 847 Py


https://doi.org/10.12677/ojns.2021.95092
http://creativecommons.org/licenses/by/4.0/

RGN ERMOL RFERLAS, REVEEE RGN T DL C4ERF 1501 - < - FiAH EAEFH R58[7]. EBEHZA
DNENJEFE SST 2idid fEma vl j 22 KUK AR L H R AR S8 M FASFEH BT E— Lo HifdiH, 10D
TEAAH AT B2 5 850 [ R 75 B KA 22 1A 7 B K D T IR K, i B 10D S AHBEZS AN i 1E A AR A S )
Hh SIS K AR BRI R 8 R A G R 2 X R R L A T b s e v L P K, T R A
ARRIE L PY AR E IRE K9], HAT, ZESEMRAE[10]. WEE[11]. S PR 2@ 6 7 kK,
10D RAETEANHIAEAr 5 ENSO A E AT, S5 E KRG, Wi ISR IR A OGP o T WA 72 10D
XTI E 2 R R G A = M.

MBS F R THER T 10D AR 4l ENSO H4F. JHFR T ENSO FAF52m 14k 10D LA K
10D FHAFF1 ENSO A 7] i 9% A xof v [ B 25 [ /K RS IR S 0 B UM [13]. ASOB R 2R 4R B 2=
M35, DMI #8544, TIOD (Tropical Indian Ocean Dipole f&FKX TIOD)$&5 %+ Nino3 Fa%i. Wit £& =194
B WEEAE BT K G R TS TR T AR LR ZE R 4t 5 ENSO. 10D [HIBR R IIRHE, HfiTiednT

2. HENERE
2.1. #H

AT FE o3 A FH ) BEREA

1) 1950~2016 “E4=¥Kk H “F-3%) (1) NCEP/NCAR F 73 #r ZORME BT RIE, K a#iF N 2.5 x 2.5°, 1
BTN 17 JZ;

2) 1950~2016 4 H 1] NCEP/NCAR H FLH#E AR IR TR, P3N 17 x 1%

3) 1950 4E % 4[] NCEP/NCAR H FE RS AEEFER A7 51 : Nino3 $84UF 5. Nino3.4 f8 507 41

4) JAMSTEC (http://www.jamstec.go.jp/frsge/research/d1/iod/e/index.html) & fHL ) 1950~2016 “FHI A B
EMI. DMI #5407 51);

5) AP HEZAS N T (http:/ljp.gcess.cn/det/page/ DAL 1950~2016 F 4R W 2 X 5.

22. HARFZ*E

ASCHFFES, [ T FE80E X[14] [15]. BditrriEit . Lm0 Wit . St &
EMA IS TTVE[16].

3. BREHH D

Kl 17 1950~2016 4F =Fh 2R 0 H 2= MR IS TR PR A0 o 1] 1 (a) AN [ 23 30 B2 2 X BB I 1] P A2 £k
FERIAET NI LRSS b, = FREE 1960s A BT B HUR BN, 1 1960s PAG =
TR AN LU T, BUH SO By, BRI LU AR 2R T B 22 KU P % 20 4D 50~60
FAVRTS TV Z . FREE LB, BT SR AL JEEANE, $8 8 BB S 1R
MEARRSEREER, PECT RS LA X LR R B0 BUE AN AR (35 A — B B AT LA A0 T A S AR
Ao AT B = FEERIT R T,

1(b) SR Iy, $REAE 25 67 FE AR AIRSES, 1E 20 e 70 ARG LB AT K 1(o)
BIR, Ly FREE 20 e 60 FARIFIRITS, 5B PR HBEES/NLFERE: B ()RR, L
£ 20 40 60~80 ALK I T — D FIRE, ZEHRBEBHBLE PR = MRS FES L
PR . ARAE 1y, > 1.0 1B 10 MEFEKGRE, W 1, < -1.0 & H 7 7 MFERMWISE: RIE L, > 1 &
H 7 ANEFERGRE, EH 1, <-0.75 EH 7 NIRRT, Loy, B2 2 0] 1 A0
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Figure 1. Time series of the three East Asian summer monsoon indices from
1950~2016 (the blue unsigned solid line is the time series of the exponential 5-year
running mean)

B 1. 1950~2016 F=FFRLEFRNIERHMEFIIEER LTS REREY 5
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K2 25t T 1950~2016 4F=F' ENSO a4 (] /541 . M| 2(a)7E Hi ENSO FEEBE I [A] (1) 38 4k, 32 2
ISR BOR N AR a3 b, DWBEE R IT G Nino3 Al Nino3.4 JLit7AR kA £ B s #8+eik .
RFEEEHRANRINX R LR ESHG S, EMIIBECT X AR EUHE L A A B A i 5, TifE 1975
£ 2 J5 5 Nino3 Fl Nino3.4 85Uk 3A 14> Bl , TEAUE - EMI 5 5028 SORE /) LE 8 5% H 5 Nino3
A Nino3.4 FEBU EL 22 80k . AHXT KRG, Nino3 A Nino3.4 TR 2 5 #IWr ENSO HA4 K5 E 48k . B
FEFRATAT LUK Nino3+ EMI e £ s R #r, #5301 2(b) &l 2(c)e

ME 2(b), ATLAEH EMI 85088 H 1950 Lok BA#aAFEE, HRMEIE K. IR 2(c), w4
Nino3 fR4U(7E 20 tha 70 SEREWE T LTF, 2 JFEFEELUIEEANE. BRI EMI > 0.3 iEH 10 4~ ENSO IE
FHALAE, ARHE EMI <—0.3 6 H 16 4> ENSO fiAHNM . [FIFEFRHE Nino3 > 1.0, & H 11 4> ENSO 1EAHA 4,
R Nino3 <—1.0, #EH 9 /> ENSO IEAHA 4.
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Figure 2. Time series of the three ENSO indices from 1950~2016 (the blue un-
signed solid line is the time series of the index 5-year running mean)

2. 1950~2016 £ = ENSO R ¥R B FHI(E R TFFSSRERIEH 5 F
BTN FHRIRT B F51)

WiFh 10D fE%0E % e 2[R FURBUE AN R (B0, 2R DO EATIRIRE P i 2R R S AR A E
PR T o FTLARRATAT DMEEL—FpgEAT AR 47, 10D 8801 i (8] 551 2 242 LT, HR4E DMI <
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—0.3 [ARIE, K& 8 4 1OD i AH4E, ARG DMI> 0.3 (bR, EH 19 AN IEAAHEE.
N SEVEL TR R AR SR A IR B R AR SR UIRE S, 2 1 40 T 1950~2016 4 4%
TR T P PIAH O R H

Table 1. Linear correlation coefficients between the various indices (where the data are labeled *, **, *** have passed the
90%, 95%, 99% confidence tests, respectively)

1. SR B MEXRB(H DR EARR* . #DRIRBE T 90%. 95%. 99%HI B SEHRI)

Iup Isn Izew DMI TIOD EMI Nion3 Nion3.4

Tup 1.000 0.274%* 0.719%** 0.180 0.209 * 0.173 0.061 0.118
Isn 1.000 0.631*** —0.153 —0.054 —0.184 —0.288** —0.300%**
Izew 1.000 —0.216* 0.008 0.107 —0.261%* —0.208*
DMI 1.000 0.781 —0.037 0.462%** 0.392%**
TIOD 1.000 0.045 0.342%** 0.313 ***
EMI 1.000 0.021 0.371%%*
Nion3 1.000 0.917 ***

Nion3.4 1.000

ST RN 1) 3 IR ELE], PIRAEOC RECERIEIE T 95% B A KT ARG RECR R, A OGHE
TR e FH Loy A L, FHOGEIIA 0.791, 5 L, AR SRS 0.631, AIRESZE B TR SC[15] 8 S AR T 22 X
TRECR LA RN, [FE 0 TIPSR R R RHIE AL . ANl ENSO 1 10D 400 4 7 5 28 X
FREI A SN BE 112 TR . 2) 3 FiHE%S ENSO Modoki %) ENSO S M et &l AN R, AL K56,
Wi B R E 22 X 32 ENSO Modoki 2 [) ENSO SR IA Ko Lews L 55 Nino3. Nino3.4 [AHIMEHRR &,
BT LG SCERATT R AT i AR W ZE A 5 G0 8 ENSO FAIIER, 17 H. Lew~ L 5 Nino3 FIFHC REFBIR =,
o 2—0.261. —0.288, #EIL T 95%E E/KFIAHE REUGL:, H Nino3.4 BUERFE LR, ArLAFRATATLA
% Nino3 8%, SRAF 7R W H Z= R ENSO FAFIHRFIEN T 3) Lews L 5 DMI FEELHIAH G LEELAR
L, 5 TIOD 68U RECH 0.209, L, 5 DMIAHRMEN-0.216 #IEIL T 90% B 15 7K P A ¢ R HR 56 o
Ly, /2 R VE B A3 B e UM 22 88, X 54T B RE RN R E AR, BB 2= X 4
5 10D MAHRFE R BT Ioy FERBUR/NRERIER AT 25, B eo B R i< TR A
Xof 2R3 302 R AR G R S A 85 o BT LLIX PRl TOD $E807E T SCWF AR #RRE I 2. 25, X ENSO 45
HFRATNIEE Nino3, X1 10D 5% DMI A TIOD # #5 B A& 4% A H

4. ZIEBFZFER5S ENSO, 10D [GE ZBHHES
4.1. BHE) EREXR D

ISR 1963 1972, 1982, 1997, 2015 FEER Z 44 1E 10D FAFFE/R 8 v S 14 [FI i kA=
M. K3 45 H T 1950~2016 4 6~8 HJi 10D 544 41 IOD 4540 )% ik Nino3 5% 41 Nino3 $52briE1b it
BEARET 751, 16 3 o 4 10D #5405 7 10D Fe 5k L, T 7R 10D 58 5 B A5 /N1 3(a)), [F)
i} 4f Nino3 FE4(t/N T 5 Nino3 $820(14 3(b)). F3L I, 24 10D 5 ENSO [FIRf KA, fA7EFE R FEm[13].
AL FFET L 10D ENSO X 4R W5 Z8 KA 5o, T2 75 L 126 DMI 5846 TIOD (W 3Rk ENSO 15
F). 4l Nino3 (ZJEFR 10D 15 5)184L.
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Figure 3. Standardized original IOD index (Ipyy, blue), pure IOD index (Ippyy, red)
(a) and original Nino3 index (Iyine3, blue), pure nino3 index (Ipyine3, red) (b) from
June 1950~August 2016

[ 3. 1950~2016 % 6~8 AR IOD 6 ¥(Ipyy, H52)\ FHIOD 68 (Iepmi, £1E2) (a)
BB Nino3 88 (Ininos, BE). £H Nino3 358 (Trninos, £18) (b) FRENEIRTE
e CRIE E 2T

K 4 254 7 C R ENSO 155 1 DMI 24l TIOD. C.JER: 10D 155 1 Nino3 15 % 5 3 Fi E = XI5
Z A 11 SEHBhAR O REBERS 18] (A5 (L, 5 DMI FRECRE M OC R 50 BB AT, MOmE Rt 5
TIOD fF 11 4EIFENFHR) . B 4 ArAn: 1) RIVE ZEXIEE 3 SRR SR H 00 s AH GO R A AR
BRAEAl o £ 20 AL JL AR HTLE 50 4248, 70 AR & 90 AFEARHI 221 XM H = X F5 45 1TIOD
RAIER, HARNBIE ITIOD BAMIHRIS M IERAEIICR, 18 20 tHhad 90 A2 5 MR A R
FIF AR R (1 4()); T 4(0)BoR T BR T HE 21 2RI R 5 Tow A B35 M 5E5 ZR Ah I At 1] py 247 2
IRNEWI R IERA R Ry I 40) PTG H Ley 18805 Inw 72 21 HHTE BB R, HR
I B Bt A SRR N IEFIAH G K R o 1985~1998 4 LA & LI 1y, $6 205 ENSO A K REUE R A IE
FHORET, ENSO 5 B~ F T AU 58 LI Ly, T BRI A S MEAT Bom R AR, 2 1998 42 JG AR A IEAR K .
T HTA FEEUE 70 SRR ~80 FEACFHILL I 20 tH4d 90 SEARGE MR A H 5 ENSO FHI < Rk, Hhhs
WIS 28059, FTLAEEANMEEON 5 T 5 25 X% 10D Ml ENSO SUm IR S RE A . R, =/ME8z
[EE ARSI 2) =X IE5E 10D fa O IEAHCK, 5 ENSO M2 MMAAHK KR KL,
MZENFEES 10D FRECA FAHCRT, F 5 ENSO U 2 IERAHIR IR R, 91X 1 B P 8 5 B 28 XU FH A2 A
KR 3) HZERIEEE 10D fa¥O0T i, ZEXIE4S ENSO FREIIMH SV IT4a I 35, X4k
BT KRG BANETTRE . 4) R =I5 45 10D IEAHR K RIRE VIR, H15 ENSO
B RELSS: 0 1950 R 2 1955 4F, HFENIREE Ininos EHVIKI USSR, 5 10D $8EUR AR AL AR XS
B85, 70 AR E 80 AEACHIM . X451 5 Ashok Z5[ 17175 H1 ) TOD. ENSO HIE[ 25 X2 [8] ()55 £
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Figure 4. Changes in 11la running correlation coefficients between pure DMI
(I(PIOD)) and summer monsoon index (filtered ENSO signal), pure nino3 in-
dex (I(PNino3)) and summer monsoon index (filtered IOD signal) (dashed
lines indicate t test up to 90% confidence levels)

4. 4 DMI (I(PIOD)) SEZERIEH(EFM ENSO 155). 4h Nino3 15%
(I(PNino3)) 5EZNIEH(IEFR 10D 55)Z [EH 1 1a IBEIHEX BT L
(BB RTIE 0% E ST t 1I8)

4.2. Z[E) LRYEXR ST

N T SRR 7 AR 2 2R X 5 ENSOL 10D [ AR FHRHE, ] 5 45 7 1950~2016 42 XUfis 3R A (/)
P 554 =M AR 0 2 2= A 205 R 1) & o AT 1L

MHREF A E (5 S(a)~(c) R, TERTVEZTRIRGRE: A8 DR e, 7518 2% B L LU AR
TE G B VR (e — s RSPV L, FRE AR R, AR PG RS, AT R I ENSO
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Figure 5. Synthetic analysis plots of three East Asian summer wind indexes (Ijj(a, d), Ln(b, €), Lew(c, f), sea temperature)
and sea temperature from 1950~2016 monsoon strong year (left), weak year (right). (Regions within the thick solid line
passed the 90% t test)

(HSEEAXIET T 90%H) t 1#56)

5. &

ASCHEIE NS TTTH 73 AT 10D 4540, Nino3 $5E0M 3 {3 1 3 Fh AR I H 2= KAEHOR LA Hr ENSO.
10D 5 R H 2= RNk AR IORAE AR AL . 98I L R LS e

1) IOD #5440, Nino3 #5405 & MR 2 X IE B R IFEAFR AL 20 AT 90 A LUHT AR W R 2=
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