N

(0]

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

SR 5347 JE /R JB o 2 0 B e v 2 5 7 3 e JR B = P K SR ) e
BRI, R, ARFIRT, #okart, sl
VEIRURSE KR ARG, Mist 210023
2 HHRS KASEERY R, Ll 200438
SR RGN S TG R, BRiEE BALHT iR 2Rig 518057

W E

JE/RJE ik (EL Nifio) 45t 75 W AN R K AR B 2R K o & FLALEE L4245 3
AT, AR ZE T e R KR I T SR AN A . A SRR 1950
HEJSEL Nino AR IR AE IS E,  XF bl /0 W 3 ok 2 55 e 1B D Nino SR xf
MILERX 5HEREREZZE (6-9H) =P AREmER . 415
ANE IR O B G ORI IR AR e il (La Nina) B HIFSEKJE,
gl EEWalker R IS, B FEME WZRXX _ETHE s, [EN UL - E
PH ALK S AU (NWPAC) - B ar A6 5 i A @ A0 P B s JiR S5 o R U@ P 3R It e
N2, 3079 H XA 2 R SR D R PR IR SN, 5 B0RE AN i 1 e 0 B K
W% . FEPRME T RAE6-8 H 3 A TR Nino BRI 4 5E, B BE VIR S 4 ViU
B, UL ELEE AR ZE X TS BT, NWPAC Fa e il g 2R XX
AT 37 A R 78 I 40 ) S IS RS AL, 5 B0 K e A P XU 5
IKIREIE D, AR R PR — B . 45 EMW: (1) El Ninol &5
M YR AT 75 v A PG o 0 B2 R H P B B K 5 TR, i B s iR 7 o 3 B
BEIK B AR R R (2) EL Nifo%E bR i B of i 31 R 745 58 i S5 76 7 240
BEFFNBEAKRFNAEBEER.
SR BORT/RE T TR TR EEROK PR R U
8% = 2020141C
&S doi:10.3878/).issn.1006-9895.2005.20141

WA EH] 2020-08-31; MK EREHA

EEEN WM, B, EEMTE, FEMNSSETUHR. E-mail supertyphoon1995@163.com
BREE REN, E-mail gigangwu@fudan.edu.cn

REWME ERAARFZEETE 91837206



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Impacts of decay of different EI Nifb types on boreal summer rainfall and

surface air temperature in the South Asian Monsoon region and Tibetan Plateau

LIANG Hanzhou!, WU Qigang?®®, REN Xugjuan',YAO Yonghong?, and LIU
ShiZuo?3
1School of Atmospheric Sciences, Nanjing University, Nanjing 210023, China
2Department of Atmospheric and Oceanic Sciences, Fudan University, Shanghai
200438, China
3China Innovation Center of Ocean and Atmosphere System, Zhuhai Fudan
Innovation Research Institute, Zhuhai, 518057, China

Abstract
Impacts of EI Nifb events on boreal summer rainfall over the East Asian Monsoon
and South Asian Monsoon (SAM) regions and the associated mechanisms have been
extensively examined. Nevertheless, the varying impacts of an EI Nifp on the Tibetan
Plateau (TP) regional seasonal and monthly rainfall and circulation have not been
systematically examined. Based on the timing of ElI Nifb decay with respect to the
boreal summer season, EI Nifd decay phases are classified into two types in this study
using 1950-2018 sea surface temperature (SST) data, which are as follows: (1) early
decay and (2) late decay. If EI Nifb decays below the threshold before spring, a La
Nifa sea surface temperature anomaly (SSTA) pattern usually develops during
summer with increasing anomaly amplitudes from June to September, which causes
an enhanced westward shift of the Walker circulation with a strong ascending branch
over the tropical Indian Ocean (TIO) and the SAM, and induces concurrent heavy
rainfall over the SAM and southwestern TP area from July to September. Meanwhile,
the developing La Nifa SSTA forces a response of the anomalous North Western
Pacific anticyclonic (NWPAC), an anomalous cyclonic circulation over the Arabian
Sea and an anticyclonic circulation over the Western Asian region, which induce a
strengthening southerly wind anomaly, enhance water vapor transport to the Indian

and TP regions from tropical Indian Ocean, and thus increase summer precipitation
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over northern India and southwestern TP.

In contrast, if EI Nifp decays below the threshold after September, the eastern Pacific
El Nifb SSTA pattern and strong SST warming over the tropical Indian Ocean persists
in June to July, then gradually weakens from August to September. This causes the
anomalous ascending branch of the Walker circulation over the eastern TIO with a
weak ascending branch over the western TIO and SAM, an anomalous eastwardly
extended NWPAC, an anomalous anticyclonic circulation over the Arabian Sea and an
cyclonic circulation over the Western and Central Asian region, which induce a
strengthening westerly wind anomaly and reduces water vapor transport over the TP.
The above responses result in deficient rainfall and warm surface temperatures in the
central and northern SAM regions in June, but relatively increased rainfall and cool
SAT in most of the SAM region during August and September. This coincides with
dryness over northeastern India and the southwestern TP in June, and then with
increasing precipitation over northwestern India and the western TP in September.
Our results demonstrate that the decaying El Nifp has a significant impact on summer
seasonal and monthly precipitation and temperature over the TP, which may explain
the positive correlation of precipitation between Indian and southwestern TP recently
discussed in some studies. Our results also suggest that the differences in an EI Nifp
decay phase have strong impacts on the seasonal and intraseasonal rainfall over the

SAM region and over the southwestern TP.

Keywords decaying ElI Nifb; South Asian Summer Monsoon; Tibetan Plateau;

summer precipitation; Northwest Pacific Anticyclonic
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AL ZE R B FREIE . dondr . AR, B =R, JBiRR. APHER
WRKFEKHER, =22 X5, XA RFERKETEREZSE (6-9H) B,
[F) I 5 2P 8 IR AR s T SR CRRTAR S R ) R i 3 X A2 Dy <l
KEE”, R 12 2% B AR A I, Dy EFE R AT EEER 20 (2 A1
AL T LT RIKETE (Immerzeel et al., 2010) o = 5 A 21 5 T4 L Hb [X ) %
K H ZE R 5 4R MA#60-90% (Maussion et al., 2012; Turner et al., 2012), H
AR K AT e 20 A R Ak 2 22 5% 77 A B DR R o J0 H: vy Ji 7 30 R 1 g 3 S L
DRifEl s T T RX, ERRGNE, %L HEOK RN i b

(Yao et al, 2012) . HFmidbiBah fER], S IX B AR AT LSO T i
KRG K E(Tao et al., 1981; Wu et al., 1998; Maussion et al., 2014), & 45T
ANFEIE KRN AR AL LL 5 7T LA 5| S 2R MW o Pk /K At 95 5 A= (Sugimoto and Ueno,
2010; Chen et al., 2012).

ENSO (EI Nifo/Southern Oscillation, JE/RJEV-F /7 ¥8)) &3l <&
FPRAR R A FERRES, R AR AN R IR 2= X AR A 2 20 (Shukla and
Mooley,1987; Zhang et al.,1996; Soman and Slingo, 1997;Wang et al., 2000). J&./KX JE
W (El NifD) 52 M 2= V= fig 1 B LA 7 22— 2 JB RSP % S Ui ( Northwest
Pacific Anomalous Anticyclone, NWPAC) (Zhang et al., 1996; Wang et al., 2000,
2003; Yang et al., 2007; Xie et al., 2009; Chen et al., 2012; Hu et al., 2014). %5
HIMEINiPo FEKFEITIRR I, T LAH Z ML ZERr2IEE 2, IR K
YL RIS Bk 2 (L Xie et al. 2016; 7k AR, 2017; Li et al. 2017;

Wang et al., 2017 Z5[RIE) . fEEINifo FIEFEEZ, NWPACILMIFEREHE — Xt 5F
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AN R ABEAR, FFENWPAC MR AR IE- K7 (East-Pacific, EAP) &
KFEE—HZA (Pacific-Japan, PJ) Y AHIC (Nitta, 1987, Huang and Sun, 1992;
Huang and Wu, 1998; %5 /% 5%, 1998; T oMM 7K A K, 2001; Xie et al., 2016) ¥
H, AT G ENEERE G NIATEA T, 2008; Xie et al., 2009; Wu et al. 2009, 2010)
I 5 UK HE 2R AR B AR Kelvinige,  f7RiE v 2R KPP iR+ 5 (Chen et
al.. 2016; Lietal., 2017) I8 DO IS SO T & Rossby i S Ll =4 .

El Nifp =& 2@ 52 Walker i, Hadley3 A it Al NWPACEE, i1 5 2rg I
R ZEREK RN o FEEI NiFD K RAEE 2=, IR o A OK-F PR IR I IR 51 S Walker R it
W 2R3, (AR5 ATAL T ENEVETE R I N UUCR®E, 2R 8% 1 Walker P vl fE 4
58 7 AL TR IR XX B4 [ Hadley i SIS, L FAIE] T B RSS2
24 () P K AR 2> 5 S R W (Shukla and Wallace, 1993; Soman and Slingo, 1997;
Krishna Kumar et al., 1999; Goswami, 1998; Lau and Wu, 2001; Gill, 2015). fEtEl
NiFDF A LRI 2, IR T8 R 2% R P T Ul e V- VS 2 5 7S 17 300040 2R 1) Walker
IR EFT VIS, (HNWPACTYHES] FINFE SRR, FEE LN
X b iz sh e A 80A Friwas (Chowdary et al., 2016) , A4 TR 2= XX [
K ] A BT s 4 BN (v 22 (Zheng et al., 2011; Chowdary et al., 2012), Jb#F%K
Al fEfw/> (Chowdary et al., 2016)

ANEEN NiPo 1 ZE 9803 5 45 I &5 22 5 - Bejarano et al. (2008) AR (] 471,
K A7y D TR PR R B P A ) T 5 S R AR, 4 X 2R A )
) EE TR 45 [ P00 S 80 B At L A AR At DS VA A 02 A ) 7 TR LR T L
i EFMEM. Yunetal (2015) AIUALI T i 5 A2 ENSORS [a] 5§ A48 HLE 1) 8

T, AR T- 3 vt s Al 3 SR PR A IR E D NiPO SRR 245 B Z PR T 0k
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4k, Lengaigne et al. (2010) MRHFIPCC-ARAHLZE F LI, El Nifo T a]
ARG B E R, WARE] NiPOFF 10 TR0, 1T P 250 R 1 2k
Bth. Xie et al. (2018) #E—DKI, FERF2-4H, HIREl NifoF /£ /R TE R
O PE B X A AE IR ARG B 5 B KIS N, 3 30E KRS 4 THA, BRI 2 0
e T PP A% B EL NP S0 10 JC B S P& 3, 3 88 K- 78 - R S s Lo
$E R AR TE AR ATV R AR PR X R B XS BT, PRl g g gl . o 50T 9T o
El NiFDEE R B 5 ZENWPACELA U 5 (02274 N 28 1 (95 2%, 2019), Aieb [ B
TR N AR E R GROP AR, 20100 , I HEI NifpZE - 5 %) E)
J5E Ao [ 4R 350 5 2= fRoK B2 W R E] (Chowdary et al., 2016; Zhou et al., 2019;
Jiang et al. 2019).

Al E KR AT RS P AEEL NifoXy 28 SE RS RN 2R 38 B 2= Fa /K 1 i Je
M (I Xie et al., 2016; Tk AKSE, 2017 [EIEPEIRS0) |, ARG 25 % 75 98
JER UG X v o v 0 R 7 e 5 XD B =Bk 52 5 S0 5 R ZRENS O X}
B AT L T BELE P IR P R v i P B X 6-8 F B Z=f K —sE s (A IR
B, 2001; AT RIS, 2002) o fE AL, AP R RTPE X 38 H fy K A
ENSO #5%( E I & EAH5E (Cuo etal., 2013) . U AR 7t 3K HIENSOM@ L 540 7 i
PV 7K S i R BB 2 XS JEE 52 M0 T3 7K ) T 7 v DR A A DA B Pk A2
Al sz s R P b RE K (Yang et al., 2018)

T 98 SR EL I fUB 2, KRR A S (WIS, JARE
55, 2019), e AR KR B R A 2K A 2 R R RURI b K G P B S KR
¥R (Feng and Zhou, 2012; Wang et al., 2013) , LUK 7718 Bl 45 7 0 e i 5

AR (Jiang and Ting, 2017) o AEXTHT, & 5 UG SRl O08 il o5 k4 2L,
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170

H R K AR R F A0 52 BIORTE o AT FU R W 52 2 BV A 2R A RS R AR A
ARG LB SR TR, R TR PR K 513 N B S AL,

180 g B S K A R AR 7K Y T D 2 e 25 0 0 7 v P e D £
JKAZAK 5 A 5% (Dong et al., 2016, 2018). 74 W 5 2= [ /K A1 75 18 i J 52 2= 4 /K 1+
T BT A b B R R R K IARSE (R R4 L, 2018)
AL =TT AR ELD Nifo S T ZE IR0 B AN 5 s Ji 2 2= K 5 S
B . B, BEAE TEHE REl Nino S5 (456 A 1 ek iy i 14 B 0 B /K 1) 3 3
SO LR, RATTANED NinoiX —SZ e VN A fige fi 32 B (1) 4 bR AR FR sl R 1 K
JB 715 B 2 B R RV 3K v iR 4 S K S 3 IE AR S I T RE AR N o B, FRATTEE
— 355 FLAS [ 5 [R5 A8 2R A EL NP0 41 228 %ot i W02 XL [X R 75 ik e i B 2

P AR IR A AN FI RS, A BB A DX B 7K IR 2 P 22 S R R L A

2 BRI ¥
2.1 ®H

AWFFFTR A 1950-2018 4E LA R #ERE, (1) 2 EABRFF/KSEH L0 (GPCC)
) ik Hl1 B4 K %5 BH(Schneider et al., 2018), ZS[HE) /3 #F% 4 1.0<.02 (2) S fik
BTN (CRUD [R5 70 #2381 38 < 95 kL (Harris et al., 2014), 75 (843 7%
7053052 (3) FE[E NCEP/NCAR F4r#r#ikl (Kalnay et al., 1996) 1 H -
BRAH YL EY), G2 ZHRENS . KAIRE, 500hPa I ELHES, &
] > HEZ N 2.59R.5° ; (4)3E[E ERSSTVS & i H PR IEE ¥kl (Huang et al.,
2017), ZAI3HE 292 (5) 1974-2019 4E NOAA [ H V-3 A MK i da S il B

(Outgoing Long-wave Radiation, OLR) ik} (Liebmann and Smith, 1996), “%[i]
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Iy HEEE 259325 B FT X AL AR e 2R RUX NI e e SR X, EZR e R
F 6-9 H (June-September, JJAS), HA[A]FE/K 5 DL _E X384 4 S FF 7K & 1) 60-90% .
FATHE KA T 1951-2007 4 H A APHRODITE (Asian Precipitation-Highly
Resolved Observational Data Integration Towards Evaluation of Water Resources)
(Yatagai etal., 2012) /=43 #F5  ME Il Hb B K B0 4, BE/K A st A1 GPCC
TRERT, Ul I B T S A5 AN 2 Al F BRI S
2.2 BRFTES EINifo B4

AT T T EER A BT, BCE B & AR 5 RS IR A AR TR Y
PRUEZE o5 SREN A IS AR HEEAT OUREAGUIN 2 28 PEAR B o (K3 ERSSTVS i RIRE
ORI BMEPEYE Bl Nifp 8% (Oceanic Nifp Index, ONI) IS [AlJEAS,
1950-2018 (1) El Nifo SFdtATE 5 B2 AWFFUEH 1 9 E g 7

Hh.0» (Climate Prediction Center, CPC) *f El Nifo e X, BLEZETIEs)

-

%16 ONI 485 CHI Nino3.4 [X(5B-5N and 120=170W) 9ZET5E4y SSTA) %
4 5 A~ A +0.5°CIE L & SN — IR El Nifp St 7RI B, Ma7E—Ik
El Nifd S 32i Ip Beiy, 45 3-5 H ¥4 ONI fa 8 5 b6 )5 = A iIf e 8K
F40.5°C, M A ALEFE IR AT El Nifo S E 2, $k 1345, R N TEpm Y
EI Nifo FFEZE, 3t 8 4. R LEFEFIKEALLE ENSO FARIRZS, WI#
SENSMRSED, 3617 4. FK—HH BRI REDR
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REARRT B K F

EI NiFfoZE i e 2 1952, 1954, 1959, 1964, 1970, 1973, 1978, 1988,

it 1995, 2003, 2005, 2007, 2010

TEURME 1958, 1966, 1969, 1980, 1983, 1992, 1998, 2016

1952, 1960, 1961, 1962, 1967, 1968, 1978, 1979,
SRS 1981, 1984, 1990, 1993, 2001, 2012, 2013, 2014,

2017

7 11950 F| 2018 4F (8] H 2 EI Nifo F 325 5
Table 1 The classification of decaying phase of El Nifb events during the boreal

summers in 1950 to 2018

P 1 R A El Nifo FHEETYH) ONI Fa it (Al 48, wT LA HY El
Nifo ZEJRFFEFAAZR(DIF(L)) T4 5 /N T IR M A F4F (Lengaigne et al.,
2010; Xieetal., 2018). “FHJEEE A El Nifo SH47E K EIL 2 EREZ(MAM(L))
ZHTEEHR, TEE Z(IAL)FRE AR PR R e IR s T 22 g
B, JFRIE EINifo FHAEALEIRER L G4HR, BRFE P AR TEETRE, £
SR El Nifo SR (5 5 75 7 AR 58 2 380k
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K1 AR ZE R O /R JE VA ) ONI 4RI RIS AR 5 et SR o W (20D tRH AR B ol - (it )
RUAEA- S5 V5 AR o FH P C0 PR RE 2 Rt R 23 2RI REAS . R i 2 o Je R Je v SR E (+0.5°C) 6
TEAN PR 1.

Fig.1 Composite of time series evolution of different decaying type events. The blue (red) thick
line represents the mean ONI index of the early (late) decaying type, and dashed lines with
corresponding colors show individual years. The black horizontal line is the threshold of El Nifp

events (+0.5°C). The detailed classification is shown in Table 1.

Chowdary et al. (2016) %t 1901-2012 4F 1) EI Nifo FE I E ZE0EIEE
ZEREKEEMN, ARYE Nino3.4 [X SSTA I 0°CEREEARMIIT [A], 70y B a7y
(f£ 3-5 HAEHE 0°C) F I (£ 6-9 HZEIRE 0°CE LA ) 5 Ieim7
(9 H AT SSTA BJ4EFF IEAE D . ALL 73 2RAHEL, A SCEE P K5 42 B +0.5°CBIE X —
] B A R HER X 1) E1NifD FAF (1) 32 45 AT (8], [R5 2% 18 3175 i = Ji 4 [X 5%
BHE A X TSRV, B[R] B Dy 1950-2018 4F . B RE B AR 2, A R IX 43 El Nifp
TP FIR PSS, A Chowdary et al. (2016) RAJF 7T BN - 20K Ehie, AT
A0 FEHEA 1 M2 A X P K AR P . feJs, /R B4R IR, N TR B

1979-2018 4F, F A & ras S 1950-2018 4E IR, Ui EE A2
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AL, Jiang et al. (2019) HE#HE 1960-2010 4F El Nifo F4EkAE JJA(L) Ninod
X (5%-5N and 160 E-150W) SSTA & & N/NFE KT 0°C, Zp7lA2K iz
PRI AING Y, AT LXK P 28 S D o NWPAC 19 5[] S FL T REBIL Y . B
SR BT F GRS (G B DA S 7 2R FRtEANR], ARDC3R 1 Bl NifD ZEIR LI Y 73 2K 5
fF#0 Jiang et al. (2019)  CABAITIZE 1) o EI Nifo IR tR1S 8 73 REMH P2 H

==,
Ho

3 MEERKX E5HER &R R FFHMEK S5SNI N R E

B 2 45 4 ENNiFD ZE0, PSR (8] 35 22 7R 20 (1) e 0 2 XU IX A el e i
TP KR A A R R (8] 220 EIEAHE, EIRRE X,
S INEL AL B ATA ;B 4 e 1L R 7 7 e i e P B KR S N, i A
TN | P28 (1 B0 JSE A b Al X ek 7K P S i o AR P 2 T 5 0 2R
2b) B AR WUXCRN 7 5 e S ORI R S H A BT 8y o T A S ek T
(B 20), & IXHRF/K B B/ T2 g S A, H o g T e/ S O B0 2 g 408 3 DX A ke

H

w2, T EHEMTIE, B0 AR o RO i/ B R G B AR B S 3, 5 8
J5i 80 LAVHRF/KA REW I, 7ERL) 28N LLRg EY LA o inr [] h [X <3 iR 5
o 0 e SR VU A A R v FEA L, 1B 2 AR R RUX P Y K
5L B Wi SRR R 2> LT La Nifa AT El Nifo S4E5209 (Shukla and Wallace, 1993;
Soman and Slingo, 1997; Lau and Wu, 2001; Gill, 2015). FAl145 5002 B2 EI
NiFD 52 k7 B S AL A0 75 ek e 5 78 5 Pk 9 i P2 e W — B AR AL, E

NI FD il 22 X T S A0 75 5 e B P P A e D s M EE AR . 5340, [ 2 2o E
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250  ERATHT. AT RIXIEChE 0.10 B KPR IR X R . 22k 3000m R S R4k

251  Fig. 2 Composite of boreal summer mean precipitation anomalies (shaded, unit: mm month) in (a)
252  the early decaying type, and (c) the late decaying EIl Nifb type. Bottom panels show mean surface
253 air temperature anomalies (shaded, unit: K) in (b) the early decaying and (d) late decaying type
254  over the SAM and TP regions. The dots indicate areas that pass a statistical significance test at the
255  0.10 significance level. The green solid line is the 3000m elevation contour.
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K 3 A T RISSMZETTFIER S 700 hPa K% 3 & T, [FIRARH T
EAP BBy, BT RAFE,  H SN 6 7 A5 1 X 5 e B IS e R
TR RSB 0. B 3a B, R R AR SR R AR AR AT TR AL
PR RRE ) 2B S AE GERR), RIEFER AP DN LaNifa
TR, LaNife S IEEREY, XA Jiang et al. (2019) FEIRARBIFH A4
R AE R 5 1 R TR RN AR AL B iR e (&ng), =
R B VAL AR SR, [ I 71538 7 O R H I 6 3 VAR 7, 700 hPa X
Wy R AR TE RSP B INBVE R X 5 2% . B 38 H NWPAC FIf7 T AR AL
[ 7 I SUNE LB R, RS T AR AT H A B 5 ) SORE PR 55, T AL S
S EAL T ARACTE Y B, LV R I o e SR AR B X . R T SRR
HEFIZ 2 XANE, & 3a #0 Jiang etal. (2019) PREEJELAY El Nifp 41 JIA (1) 5%
NWPAC HIL, Fpa ) v g M EE 35N LAIbMiX . i :m e, a2
PN e N B S e B R | B DR E U3 B AT | N e = & S E S S N i
DX il 57 5 6 NWPAC A1 EAP 3 AH 5 I B AJ 58 1) 47 o1k (Xie et al., 2009; Wu et al.
2009, 2010; Chen et al., 2016; Li et al., 2017; Tao et al., 2017; fE#Hi7%%, 2019;
Jiang etal., 2019). & 3b HIEE R LA 41 OLR 7% K HALET IR E OLR 71
M/l BEI LA PN T P IR S R B AN R, AT AR I8 AP X
UL A 2 5 AN AT B R e S e (18] 3b), R BL B IX

NWPAC S5l gefE HBK
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(a) Early Decaying SSTA/700hPa Wind (d) Late Decaying SSTA/700hPa Wlnd

(c) Early Decaying 500hPa Omega/200hPa CHI (f) Late Decaying 500hPa Omega/200hPa CHI
60N NG AT s — T -
] t I AN e ’ \
] Nt A A /.'a‘\ . %Y
B e s <%
ML L508 By ay B
SNSRIV ZaNe) A X
I T S e Rt - P
R e
o) PN G N e
) W AT
155 \[\1;“71241 A 1
/}} P \/\f\ .
P i N - L 2
40E 80E 120 160E 160W
[ - 2 a4 T2
2 -5 -1 -06 -04 02 02 04 06 1 15 2 10 Pas 1 ms
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W7 (e, Bfi: mst, bt KB 0.2m st XI8), (b, e): OLR (Hfii: Wm?). (c,
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R ERGE DA EE 010 BEMK AL, (ad)iRE UkskUesnM Cc 5
AC fric.

Fig. 3 (a, d) Composites of boreal summer mean SSTA (shaded, unit: K) and 700 hPa vector

winds (vector, unit: m s, magnitude exceeding 0.2m s are displayed), (b, ) OLR (unit: 10°W
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m2) , (c, f) 500 hPa vertical velocity (shaded, unit: 10?Pa s) and 200hPa velocity potential
(contour, unit: m2s?, interval=5x10°m?s) during (a-c) early decaying and (d-f) late decaying
events in the Indian-Pacific Ocean. The dots indicate areas that SSTA and 500hPa vertical velocity
pass a statistical significance test at the 0.10 significance level, respectively. bold arrows indicate
that at least one component of vector wind passes the significance test at the 0.10 level.

Anomalous cyclones and anticyclones in (a, d) are marked by C and AC, respectively.
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Fig. 4 Seasonal composites of 500hPa (a,d), 400hPa (b,e) and 300hPa (c,f) specific humanity

anomalies (shaded, unit: 10?g kg™') and vector wind anomalies (vector, unit:m s, magnitude

exceeding 0.2m s are displayed) in early decaying type (a-c) and late developing type (d-f)
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events over the SAM region and TP. The dots indicate areas that specific humanity pass the
significance test at the 0.10 level, bold arrows indicate that at least one component of vector wind

passes the significance test at the 0.10 level. The red solid line is the 3000m elevation contour.
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— % El Nifo ZERETE T BB VR IR 0K - 4% Kelvin JAE TE AL AR
TEICZE 512 Ekman FEEUESS XHRIG S, WUk E 2= NWPAC 1 EAP /PJ SEHH S,
T S 2 520 g A AR V< 4% (Yang et al., 2007; Xie et al., 2009, 2016; Wu et al.,
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(a) Early Decaying Jun (e) Late Decaying Jun
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Fig. 5 Monthly composites of boreal summer precipitation anomalies (shaded, unit: mm month)
from June to September in early decaying type (a-d) and late decaying type (e-h) events over the

SAM region and TP. The dots indicate areas that pass a statistical significance test at the 0.10
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410  Fig. 6 Same as Fig. 5, except for the surface air temperature anomalies (shaded, unit: K).
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Fig. 7 Monthly composite of SSTA (shaded, unit: K)and 700hPa vector wind (vector, unit: m s,

magnitude exceeding 0.2m s* are displayed) from June to September in early decaying type (a-d)
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and late decaying type (e-h) events in the Indian-Pacific Ocean. The dots indicate areas of SSTA

that pass a statistical significance test at the 0.10 level, bold arrows indicate that at least one

component of vector wind passes the significance test at the 0.10 level. Anomalous cyclones and

anticyclones are marked by C and AC, respectively.
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Fig. 8. Same as Fig. 7, except for monthly OLR (shaded, unit: W m). The dots indicate areas of
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[t B g v FEHEREHEIR. (Xie et al., 2009; 2016; Wu et al., 2009, 2010; f# 5524,
2019; Jiang etal., 2019) JLE1EH (K 7a-c), JH NWPAC 1R 7] it 5 #vis < JL B
JFEPERR IR AFAEM AR (Xie etal., 2016). 9 HA 4%, s IG LK P o0 i =
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Fig. 9. Same as Fig. 7, except for monthly composites of 500hPa vertical velocity (shaded, unit:
102Pa s) and 200hPa velocity potential (contour, unit: m2s, interval=5x10°m?2s?) and divergent
wind (vector, unit: m s1). The dots indicate areas of 500hPa vertical velocity that pass a statistical

significance test at the 0.10 level.
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Fig. 10. Monthly composites of 500hPa specific humanity anomalies (shaded, unit: 10-°g kg*) and

vector wind anomalies (vector, unit: m s, magnitude exceeding 0.2m s* are displayed) from June
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to September in early decaying type (a-d) and late developing type (e-h) events over the SAM
region and TP. The dots indicate areas that 500hPa specific humanity pass a statistical significance
test at the 0.10 level, bold arrows indicate that at least one component of vector wind passes the
significance test at the 0.10 level. Anomalous cyclones and anticyclones are marked by C and AC,

respectively.
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IX 3 W R o e 20 B 23 1) [ /K AT R 230 22 TR, AL AR el 7 Y () 391 P 7K Al
o B Se-f g ZE KX EDEE H P35 B K AR AE SR BL T Chowdary et al. (2016) fiff
7t 1901-2012 4F 3 1A Fp I ZE 982 EI Nifo (7F 6-9 H ZEJZE 0°Cak LR ) X
EESCY G AT

T 2 AR N5l b, 6 H B0 G EDRE g 8, i FERAN P45 R 2R X
DX R3St IR 2 R B e (P 6e), JILERFERE A, (H 98 I 7 g
AR R AL X R WA, X S IR B R P (& 2d) ik, (H

FONEZE. DL EREEIRE 7 H (& 6f) B rgaAA RS, s R e
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s (B 6g). X LM LRI AE 2R, 247 -F 34 R S BT 2 B Fg = AL
A (& 2d) 782 E W 5 ANH 25 .

b3 S Y R g T 2 XL DX g v i B e K R S 3 A
F 25 6-9 [ EI Nifo B IR # = m, SIHsmia i) Walker i, PUAb R
- H A B I S Ry RSP AN ED EEVERTAR S, NWPAC K& EAP/P SEAHSR,
BRI 5 AT LU e OB S L R R R R 6. 1] Te-h R,
JRIE HH R RTEEZR ELNifo B AE 6 AT 3, HAE 7 H BB 55 IE1E 8-9
JIIH 5 T AR B RE PR AT R R AR 6-8 3 HR4EREE I B E B RIEIRAS (Du et al,
2009; Chowdary et al., 2016), 5 il HH 5 3% ok - 784 B o ) Bl N R PRI -NWPAC
FRA AR, RIS S 0 s B PRI R 57 5 NWPAC, BE N 1 3 1 Hh [ g iig
SRR 5 DA AR o X8 58 (18] Te-g A1 8e-g), EAP & AHISHE yHH & (Chen
etal., 2012), Buf#i (A3 R 5o I St m p; (& 7e-g, & 10e-g), X AR EE]
JEPEH IR N AT I (Xie et al., 2009, 2016). 325F#H NWPAC, FiH{r# &S
Jie, BN, 6-8 F I AN E i E A P SIS R O R R
W, R R RN eE (8] 10e-g). 9 HBEIFE TR B AR T INBIE,
g r VAT K B, 1 BEVE A AR R R AT O, T [ R - AR R AR
VI R IR SV O, TR iy o R TR I M I B Ui R SR, R
A F AR SR 3 ) SN R RN v 6 FE ) RSB BT R I A
RAERHE (E 100,

7E 200hPa 3 /& %4 5 500hPa I B 5 i )34 & /7 T, BT 6 H 34 AT

4i+F EI Nirfo Mg 7%, Walker SRR H F TS O T2 A vt R (B
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9e), LETFSCHE AL T #r EDEE A AR, A% 1) Hadley ¥Rt BT
&, DIRG9 Hadley A, [RIN S8R XX LA (Hadley P N TS0
ARE2/IE 2 ol N R/ TG 15 o P 9 A2 )2 e 1 A B i e R K | TP S
o AR R Hadley VHIHLE] (Goswami,1998; Lau and Wu, 2001; Gill, 2015)
— . TR IR VE A B R R AU RN A R (& 100, TE R BN G,
KIS, VIR B . R, (R 9R AT NWPAC 26| B ML= XX AL EE,
5 i I P P A i 5 ) DG R A S AN T e 2 JRU XA G #-5 ve Ji R T R KR
Bk (] 10e). X6 2 5 3y b g 3. 2% XX b0 5 75 5 e SR B 0 P /K S 35 1
—Hfhib .

BENTH (& 9f), Walker 5 b T+ SO T it RFFETEEFE, HTREE &
FERAL T N UTRIRX, (HEREE /N T 6 H ENEEACER ) T UTHE L, RN R hfH A

FHRH ETHES, PUhaiE R RURE: 6 H 59, N AL AR 1 NWPAC

Em

FUZRME TS (& 7F, 100, RUB 2520 d inhz [ AT eI B2 2 A6 #e, i 7 A
ALK A I 6 A . £ 8 H (& 9g), R Walker EF3 i T
BN PTIRED LV, of L i MV 2% AR5 3k v R b T 32 50 AR I S 4 o, (RIS
NWPAC 3 38 i M\ B R 400t 4 v W0 2 XU X5 0k 2 0 L P i v XL ) 7K
JRIEE, DA EPRI I B35 R T re EER RUX R 5 75 e S e S Rk £ . 9
0 W il 5 55, Walker AR BT SO TRy R BN, B b AN SE AR
TR o FATY 2R BN LV B THAE PG R0 B0 R 2 B O SR PE AL (I 9h, 10hD (Gill,
1980), WA MGIMENEE B FEK. TN 6 HEI9 H, mlE RIS 50 7w RS
et (& 10e-h) §2md, BE/KBCAWIRIG. 9 H Mg & i mms

R SRR PR A T e SR P A AT, A RS (& 10h), BN R
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“ALPNKIE IEAEZ P R KPR SRR, T 78 AR LI ) G B 24 777 2 B
TKZAE SR AN BLIA KPR f (Yao et al., 2012; JEI R 7%, 2019) . 430 FH 1950-2018
FGPCCRE/KHIE RiBTRE CRUMIER IRAK & BB XANCEPH 73 Hr K3z Bk
FRAEED NiFOIF A T2 BT I RN AR, 7 1 38R L B A B 5 2K El Nifoge
P, 38 B R 2 X 5 R e L 7 R PR R R K R AR 2 P R B
WA & 757, MR . EEERA I A

(1)ZE 3 - B AN G Y P 2R EN NiPo S 0] 5 7.2 XX 75 58 e Ji 78 g 0 22 2= %
KERRPHAREZER. ZHAMNEZFLa NifiglRCaR YR, fE/RED
ARORPE BB R v TR e o, P BN R PR G AR IR e 95 o 1717 SR Rl 20 Ay
AFPEEL NiFDHEIR BT EAE 4T, FAHT B R VR IR MR 57 o o . DAL P S b xy
74 W5 28 K43 1 P2 AR 2T La NiFRRIE] Nifo SH(ARREm, XA 254 2 78— 5K
(Shukla and Wallace,1993; Soman and Slingo,1997; Goswami,1998; Krishna Kumar
etal., 1999; Lau and Wu, 2001; Gill, 2015; Jiang etal. 2019), & Il A2l - 477,
WalkerFRift b oS 2 2 PUg, B LA R 722 XX Rt A B T s slhin i, B hifn
Y AT V. 73 9 Ny S 5 SO S U@L B, NWPACHH R AR, B EE AN =
JE VG T R 2 T A I e, 8 0 B EE B K R TRIN, tA RT BI /K
18 B ek v S v S AU, G e SRV R P R K o T SRR B 4 4y, Walker PR L
F4 S T AR ENEEE, B 2R KX LA B I B85S, Bl Ap A0 o 78 3 535

S BRI N, NWPAC THAH B2, B 2= XU X KV AR HOs n, 5
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(2) EI Nirog {536k 51t 5 32 75 8 e JR e K R SRR A B I 2R Y
ZR. EFMF (M) BKERE ZELaNifa (EINifo) FHEAZH AR GHT),
XFWalker it , #viy AP ATER BV S P AL R 28 H AR X300t 5 3/, NWPAC
L FEAPIPIERT S, Bl AR i e i AU (S UhE), PO (PRl s sOUie (R
JHE ) PRI R M0 B4 WA 1 2R P B 2 S o KT 5 8 ik L 8 i R 7 R 7
VG Tl B /K I N R TR AR AET-9 s 3G TR e VR 7 A v AR S R A K 9
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PEZERAENWPAC (B PRI EE 500, 2010; JEFIFR4E, 2019) Wi N A B B ZEF
ARALRFAE,  FRATTHI I 70 ) 1 — 2487 S 03 5 A NWPAC 215 3 AR A AN [ i) [
FFAE

(3)ZEIRILFIE EI NirD FA%, FAr R-F7 5 B L PR 57 88 30 520 Walker

AN N EFHIEE), NWPAC, Filfi A, AT SR ERR, F

il

0 ST 0 e R SR G 0 1) B K — B A o X — e R b T e S G R
F8 e K B v T R B KR P M 2 ALK /K S I IEAH SR I B 22 R Al (Dong et al.,
2016; = R AL, 2018) .

(4) EINifo F4F 1 207 = 5@ A% 35 52w 5 m S 2 = e ONR . 55—
WAE HEEET A Walker PR9R, Hadley ¥R, #GHEIEEPE KRS FR AT NWPAC
SV SN, 1 R Rk 55 v i R AR IE B, N e A B R
IKIRHIE; BRI MBI WUR EAP A, (H 457 9 )5 AR L =52 EAP
B R AR, AR T FoKRAE; =481 LaNife KSR FIE B

B K ANSE N g M 2 2= AR L R #y, AR5 i8I Rossby SEGHTH 2 2= SUR U A R
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