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Abstract This study focuses on the interannual variation of monthly precipitation in summer (June
to September) over the Indochina Peninsula from 1979 to 2019, and finds that the precipitation in
different months is obviously independent of each other. Although the summer monthly
precipitation is generally affected by the easterly anomalies from the tropical Pacific Ocean and
the westerly anomalies from the Indian Ocean, the regulatory factors causing these circulation
anomalies are obviously different. The results show that the tropical west Indian Ocean SST
anomalies largely modulate the precipitation in June over the Indochina Peninsula. They regulate
the vertical movement near the Indochina Peninsula by influencing the convergence and
divergence circulation, and result in precipitation anomalies in the Indochina Peninsula. In July,
the precipitation over the Indochina Peninsula is closely related to the SST anomalies in the
tropical central and eastern Pacific region in the previous winter, which regulate the precipitation
by influencing the northwest Pacific subtropical high activities. In addition, the precipitation in
August is mainly affected by the simultaneous east-west dipole SST anomalies around the tropical
western Pacific and Maritime Continent. These SST anomalies can regulate the precipitation in the
Indochina Peninsula through local Hadley circulation anomalies and Rossby waves. Relatively,
there isn’t a notably significant large-scale tropical SST signal related to precipitation in the
Indochina Peninsula in September. However, it is significantly affected by typhoon activities,
particularly along its eastern coastal areas. This study is helpful to further understand the
interannual variation of summer monthly precipitation in the Indochina Peninsula, and provides

scientific reference for the summer precipitation climate forecast in the Indochina Peninsula.

Keywords: Indochina Peninsula; Precipitation; Interannual variation; Tropical air-sea interaction;

Circulation anomaly
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g8y (ICP) 4 KA FAbLs 100-20°2 (8], &b 4 3. 2% XU g 1 2% XA 58 ST
| (Cao etal. 2012; Nguyen et al., 2019) , HAFIRMPTRFFE, & W RS R TR
— A KHEX (Yangetal., 2020) o SZZERXIAMATEZN (Yang et al., 2019) , HEg 5 EKTE
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w13 %%, 2020; Qiu et al., 2021) o Flf, 2011 FEF, d1F52FK H KW 5ETA
SOM, R R TS 50 sk BRI R E , IR 800 £ ASETS, 1360 J1 AR KK
IR 280125 (Promcehote et al., 2016) &
AR, — LR SR R B = ROK B B R . Geetal. (2017) BT
T bR By E ORI S A, RINZHIX K 3 SRS BRI B R AE . Hu et al.
(2022) K PLRE 5 2= AR AT LAY 25 U i AR m T IX 5 F O BR 3 P K A% o Shil et al.
(2022) R I Eg 2 I BLE RS B /K B A2 AL 5 rhOT A e ] R B K 2RISR K R T
4k, Leungetal. (20200 &[5 7 Hr 5 6 HFE/KSHEr X FEHH KRR R,
TR 1 AT P8 B RE TS G RT3 i DX P AT R R e 3 SRORH 9% Ok R ) E BRI
HEgE N 2 R KRR R ZZ M T, SHRGEREA G AP - H AR A ¢ & A
R R CEPEEE . ORSFHE. RV Z8M52I (Deng et al., 2016; Ge et al., 2017; Yang et
al., 2020; Leung et al., 2020; Ge et al., 2021; Dong et al. 2023; Hu et al. 2024) . M+, ENSO %
PR R B KR EENR R —, HARASERA AR & S B B KR
(Nguyen-Le et al., 2015; Ge et al., 2017; Nguyen et al., 2019) . B 47 e @ n] LLIE T Walker
FARUR 51 RS AT P K-V BT AR Gt i, AT 3 S5 DA -t XA o g 2 I ) T 2= P 7K v 1
(Zhang et al., 2002; Nguyen et al., 2019; Chhin et al., 2020; You et al., 2021) . #4b, FE¥
5 5 Z R K AR AR IR 2 52 B R AT B BE VIR 9B E 1 B I 52 (Yang et al., 2020; Ge et al.,
2021) , Gaoetal. (2019) #iHiHEg & ftl s TF 5 BV B T (0D ARAM
KEZR, WHFIRBNE 10D IEFAr, BRI+ PR A P, gl K%, 40
TR RAIRE . BEAh, R R R KA, Rl 8-9 H, MEE. JEER R
T R Y FRGHT T ] T #2301 #h T S i S5 1 #2 A 9% (Zhang et al., 2002; Takahashi et al., 2006;
Yang et al., 2020; Chen et al., 2023) .
R R A B R K AR PR AR R B B2 B 2 AR TSRS R SRR 2
O FC SR 32 B AR B R K AR AR R 1, FRATTR I, E 2% H K ERRAR
WAL 5 72 5, 75 2oy H St 7E . [RIL, rhEg = B 2 2= AN R H A PRk AR B AR PR A A
VAR 7 BAR G 2 B XX — i) @, ASHIFFUR 8 R e i B R K T AR T A
S ATBERL, 3 i B 2R H KRB ARHE, PR IT R & ) /KA PRAR A i) - R 3R
SABFENLH, AR R B 205 H KA PR AR AR AE 2 e ) AT RR R o 38 2 S5/ el 1 AR SO
B B 7 3 3 RS T R B B IR BK B AR BRAR AR AN 52 5 H B K A
R SN Bea, 254 g 7 RER ARG R, FFihie 7 — SR R R ) R

2 B ST

2.1 B

AHIEFUAE B G (1) 2BREE/K g 10 (Global Precipitation Climatology Centre,
GPCC) [ /KE 4L (Shietal,2022) , /K P2HEFHEN 0.25°%0.25% ZE A T 9 [H
TR (UEA) SR FEHLE (Climatic Research Unit, CRU) /K ¥k} (Harris et
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al., 2014) , A8 5 LA 2] 52 A 1B T 1R RAE (2545, 2013; EFH5E, 2017, S
£,2022) , HEGTEE FSRPRENL: (2) ABREEK %R (Global Precipitation Climatology
Project, GPCP) [F/K¥#E4E (Suetal,2014) , /KPR A 2.5°x2.5°;  (3) LEEZFKE
FERRSEHR (NOAA) HRAL1 2 I i H @ 4 58 FUR (ERSST v5) M43k H T34
% (Huangetal., 2017) , 7K FA3#ERN 2.09%2.0°;  (4) 3% [FH E 5 R F Aoty /26 (8 [FH 5
KAWL (NCEP/NCAR) ERZE H F T8 4E (Chen etal., 2002) , KP4 #iE Ny
2.5°x2.5° (5 BkE & MTE L ATWC) & REHE S, £ 6 /N —X (Zhou et al., 2019).
HT GPCC 4 4E 10 B /K Bt R B8 21 2019 45, PR e AR 5 348 438 O A9 FE B TR B2 O 1979 4
#2019 £,
22 H¥E

AW FEEER ARG T BT & RO 8 7 AR b 5 R e B R H KA
R RZINRAIFIRI 7 o A4, FERIA T, BRSSP
FRTABEBE, PR KT 2 E .

3 4R

3.1 ¥ HEFEZR A oK SRR RE

AW A XA R X (9°-21°N, 97°-110°E) , K la BEHEF R, B 1b K
W IR H SR K. FTLAEH, ZHX KM S HIFR RN, 8 Hiisig
H, REZBHED. 6219 H, HhEBMMKERLK, BHFHRKEDT 250mm, 5
8 267mm (6 ) . 304mm (7 H)  339mm (8 H) . 306mm (9 H) . 6-9 HEFEK
BHEFAEKELLE, 05 62.6%. LA, TR 6-9 HFEKIIFERRAEZRWER, 5358
35mm. Slmm. 45mm 1 51mm. FHXTE, AZFEFRRRMANEOR, R R IE
HRZE, BRI, R R A R Rk, ASCEIEKmZN 6-9 A1ENE 2,
W7 R B 5 FE A KRR . I 1979-2019 4 6-9 H PR K 2 18] 43 A B (B
la) , FEZK KB IX 5 B A0 A 7E v R 2 B DAV A R 2 0 e L Bk Pl AU b X, 0458 bb 5 L ik A
227G Lk X . Horr, 76 E AT K s 800mm BA b, Ui T R B R =K 4
hi52 PR IR0 (Faikrua et al., 2020) .
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(9°-21°N, 97°-110°E) ; (b) &AFZJ-FHREK GHARED FERbRfEZ (K4 CALL: mm month™).
Figure 1. (a) Spatial distribution of summer average precipitation in the ICP from 1979 to 2019 (unit: mm month™).
The black box indicates the study area (9°-21°N, 97°-110°E); (b) Monthly average precipitation (bar chart) and

interannual standard deviation (solid line) over years of 1979 to 2019 (unit: mm month™).

K2 519792019 gk B E = (679 H) KH& H KIS MFR B 551 .
i, R R KRS (ICPPD Gi—& SCABAN XL (s 1a) P MFEK. MEFHT L
A R B R K R I T T AERR A RRE, RN S2mm. HA & A I RRAE
AR, 7E 35~51mm Z [0, HEEEHBEKERBHEA—S, Flan, 2019 4R
By H PR KR 9 I BEK R E BN, R 6 IR 7 A REKE R AR, T8 AN,
P& K B Ik 450mm LA b, BT 3 MERRRHEE . NIRIEE & H BOKERR B Z B 25,
AT — P T HFERAE AR MR (R D, RIEH BRI R
(ML SHE I AB S AR (r<0.15) , RIS MA BRI 4t 7 AR 8 A 5%
ANE RS, T 0.5, MBI 99%MIME BRI, IS A Xt EL 2K i STk
R EPIE N

Standardized time series

T
2020

2 1979-2019 4 i 18 5 2 K H 4% 7 P BRI R HEAL I 8] 72 51 o
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Figure 2. Standardized time series of the ICP average precipitation in summer and each month of June - September

from 1979 to 2019.

R PHEFHEE (69 H) ML PR KZFERUMARRE ko =5 3md@id 17 95%F 99%
B S X TED
Table 1. Correlation coefficients of interannual variations of summer (June-September) and monthly average

precipitation in the ICP. (* and ** indicate significance at the 95% and 99% confidence level by the Student’ s

t-test.)
HRARE 7H 8 H 9 H 6~9 H

6 H -0.05 0.06 -0.13 0.32%
7H — 0.12 0.04 0.63%*
8 H — — -0.15 0.51%*
9 H — — — 0.47%*

3.2 FEE S EFEREKEERERETF

3.2.1 [EAKMRIA AT

Kl 3 JyB7K Al 850hPa /KT MU0 h g ¥ i B 28 H B KA. nTAEH, S
2 By B K S AR DG R B /K i A BRI BR T b g o 1 SR Bl . Horb, 6 HFRK S e it
HRHE DX (R PR S B IEAISG, 7 AR 9 A Bk 3 B SR SR 1 B K S IE A G, 8 AN
O I B K S 5 U e DK AR 715 T AR D8 90 PR e X ) B /K S R DG o B K R AR b A
RAHGM FH LA BEVRR . WHRERZE RS T LRI (B 3D, 8k mE
RIS 28 TR AR X 17 B S P DT G P95 X 380 i 4 B b 2 0 A 0 2 IR R A
2R BN REVE I X 30 g o B BV AR . WIS R RE (B , PR iR
FETRATEREE TR, 70T R T O R KRR, R /K I T B
[ R Y S, N T R s B B RO I R A T AR SR U4 AT G SR R K
KR, SRR IR K o AR FORIRTRAFAE, FRATT4 58 LT g 2 B B KA DRI AR XU
HIEE (110-130°E, 20-30°N) FIPE X7 #F64 (80-100°E, 7.5-17.5°N) . XM MEHLE
TR B E & KA G R A B, JUHR TR R85 & H KA 6 R B4
0.5~0.7 Z I8, #HId T 95%MEAE XA KA X7 5 el A BBk e (IS, R
L 6-9 H AR 1 B M ZR it et X, D RS ) S S P g R X . SRS, AR
R 20 6-9 FBEK= A BAEEm, H& H RS IS TE HARL, AR 78 KU RS
B AKAH RIS 5 S5 o 25 R AN IR H 2 18] B /K R R DG PRI, Sk B e B 7w e o) B 3% H B
FRRMER 2 PRI 1 4 B AR A4 T B3 ) 52 31 T S R A a4 DR 1 P s
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31979 £ 2019 4EFEK % (Ff7: mm day!) F1 850hPa K KFE 7 (Bafr: ms?) frhEg 8 K
FREEE: (@) 6 H: () 7TH: (o) 8 A: (b 9 H. KIAHXMLBIERR ¢ REEIT 95% B (5 /KT
Xtk SR EHER R 7 A7 3 R IX (7.5-17.5°N, 80-100°E) , i (AMER IR A R S BE X (20-30°N,
110-130°E) .

Figure 3. Precipitation anomalies (unit: mm day™') and horizontal 850hPa wind anomalies (unit: m s) regressed on
the ICP rainfall index from 1979 to 2019 : (a) June; (b) July; (c) August; (d) September. The horizontal winds and
diagonal lines indicate significance at the 95% confidence level by the Student’s #-test. The green box indicates the
westerly wind anomalies(7.5-17.5°N, 80-100°E), the blue box indicates the easterly wind anomalies (20-30°N,

110-130°E).

3.2.2 KPR B R ERKNEERTRRERES

FAHY I RE A PG A T b X PR IR AR A AT AT 52 3R 4% (Lu, 2001; Xie et al., 2016;
Linetal, 2018) o & 4 45 T 5 g 2 8 B 2208 F B K AHIDE 2 IR 7 20 A o AAEE AT LA
A, 6 H KT EDEE VIR R R 8 R FURHC, U MG BN (TWIO): 8 H %
7K BT T8 P35 AR e DAt B 30 2R 1 AR A 2R iR e 5 23 AT AL G, T 8 X )V U e
BE5EIET 95% M EEX . 7 R FEER RS 6 AR 8 AMAMFHER B AR, 2
OIAGLEPE AT X, I A R AL A Z F AT HL X, JX T fE 5 ENSO H4- 135 A8 A % (Wang
et al., 2000; Chou et al., 2003) . AHXSTTE, 9 H H R & FE7K 10 A48 A A Xof 82 I S 1) Vg i 7
W RSO  FURFEBEAT SIS . BEAh, R B B RIE T B K DR T PR AR AR R A
55 C(EIES) o
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80°N -mp

P e

10°E G0°E 120°E 180° 120°W 60°W # 0° 50°W
Bl 4 6-9 JJ 3 Ui S 5 %S (R0 o B o By Bk SR B I3 Gz °CO = (@) 6 3 (b) 7 A5 (e) 8 3 (d)
9 H. EHLEEFEN 0.1°C, BT 0%k, PIRER t il 95% B EKCF X, Hh 2@l
(10°S-10°N , 50-70°E) o=l P4 BN PEE M 0B X, B EAE (15°S-10°N, 95-140°E) A%kt
(15°8-10°N, 165°E-150°W) 7355 Fop i A it Rl AACHS 74 TP AR 7Y A A R A DR B IX Ik
Figure 4. SST anomalies regressed on the ICP rainfall index from June to September (unit: °C) : (a) June; (b) July;
(c) August; (d) September. The contour interval is 0.1 °C and the contour line of zero is omitted. The Shading
indicates significance at the 95% confidence level by the Student’s z-test. The red box (10°S-10°N, 50-70°E)
indicates key area of influence in the tropical western Indian Ocean. The blue box (15°S-10°N, 95-140°E) and the

green box (15°S-10°N, 165°E-150°W) indicate the key areas of the dipole SST over the tropical WNP.

T PRGT AT P B VMR S 0 R o R 6 H BRI, FRYE Leung etal. (2020
(1 TAE, FRATE G PEED BV X 35 (10°S-10°N, 50-70°E) ¥~V 3435 573 3 2 SN G TG
ERREVEIIRAR S . I IRIRES PR 5 6 A B/KIR BN AR SC RECN-0.57, L T 99%H)
BAGEEX . A ZHEIRFE O B ¥ 850hPa Hhifids (] 5a) ATLAE H, 434 176 BB i
S SR, e R o By bl I B 1 e U, ISR T B R B R R KV R
BV 1) g 2 By ik, SRR BB K D o AN, B XHR S TR R B S AR
J2 TR 2 A O #AT TE E P R S I AR A (B Sby e D) ORI, R X
SRR RS N YOS, TR TG BRI DX ) S BT IS . B G E R X k)
VL0 1 B 2 1 I 4 T E PR 2 B B A e, BB B iR . TEXTR R 2
FAGH 16 B T M DR o g 2 £ B30t DX PR 88U 3 ) A2 R BME f, 5 3 LI Bl () 49 Afi A L
UCHC . SAPSRUE, 7E 6 H, A UG B RE VA IR 57 o v DUE S 38 = b 4 B ORI R S
RS BRI E EEIES), S X R K TR . 1X 5 Leung et al. (2020) 133
g R —5, BRI 6 H Mok 32 A2 B0 R 7 B B VR e 10 TR% . M 5, %I
W5 S g i B B R AR A O PRI K R O RS (IS
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Reg. onto TWIO SST
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20751

T T = 20°S + T T =
30°E 80°E 130°E 180° 30°E 80°E 130°E 180°

(c)DIvB50 —> 05m/s (d)Div200 —=> 08m/s
60°N v 60°N S
o)

K56 HACEFREE (Bfi: ms) o B (B s FEEO CRAL: ms') MEEDEE (A7
Pa s') XAty 76 EEE b DX UL S 4R B E1 R (a) 850hPa /KFRI%; (b) 500hPa T E#E: (c) 850hPa
HUE I FERHUR,  (d) 200hPa BRI AR HUN . T RN t S0 95% B G /K- TR X . Hth
HERE 4 () —5.

Figure 5. Horizontal wind anomalies (unit: m s) . divergence (unit: s') . divergent winds (unit: m s*!) and
vertical velocity (Pa s!) regressed on the SST anomalies in the tropical western Indian Ocean in June: (a)
horizontal wind anomalies at 850hPa; (b) S00hPa vertical velocity; (c)850hPa divergence and divergent winds; (d)
200hPa divergence and divergent winds. The dots and shading indicate significance at the 95% confidence level by

the Student’s #-test. The black box is the same as in Figure 4. (a).

T THET AR B BRI AR R AR S A IR 2 A OG R, K A 2RI IR R A
850hPa MR UL EE FI7%F 7 A BEKIERFIA 04T (B 6a) « 47 AMKEZR, RIAHGE KT
e R IR 1 La Nifia BURIR T, 788 T ARKT- A0 3825 1R U7, TUFER
R IR I RSB . RIS, FRE PO B B R A, iR AR
PE R, IXR IR EEER 7 H B R AL S ENSO BUTEAZAT ¢, Xof B2 A 4 5 30 LAY
(2R K7 ENSO Y78 [E) 40 Ao PRI, FRATTiE— 8 B BX Nifo-3.4 H iR e 8 (B h AR KF
FEHLIX (5°S=5°N, 170°-120°W) K-SR 7% ) NS &R, KRS 6-9 A%
IR FE ARG, KB 7 ABEK SR Nifo-3.4 HER B E& K Hisid 17 95%
MEEXE, H Nifio-3.4 HHRIEESH R 8 7 HBKIERM AR EE, HER
$0h-0.38,

Kl 6b—6e VAT 4 Nifio-3.4 HHRFGE N HATA . FZ=. 6 H LK 7 H 850hPa M Jfidz Al
BEK37. PTLAE M, AT ARG T AR T b DX IR BRI, 34T Hp 2R P S R A P B
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59, /£7 7 (El6e) e I Pr¥H. AARZRERGRARE, 5T ENSO K,
FERT A ANFZI ] (B 6by ¢) FAHEHR AR TR AN BAGHS 2R BV EE VAR 28 20 A7 A 7t 5 7 XURITAR
WG TRV P BT 3 XA A S 3 S Ui . FiiFE ENSO IRIRFEERENA, B 20 A5 7 K Al 4
7 e IR IN s bR, 7 H B R SR A T R By B, S BRI T e
2y, KRR o H TR R AR R, HRES) O b AR . 6 A8 R
o By DB R RS A S, B R 43 FEK 5 ENSO B ALK R . BT
LA EZEREM, ENSO 5 b g 8 B FEFOK IR EZAAILE 7 H .

Reg. onto ICP Precip

(2)SSTAID(-1))F)&UVB50A(D(-1)JF)
40°N -z e

60°E 130°E 160°W 90°W

Reg. onto Nifio-3.4(D(-1)JF)

(b)D(-1)JF_UVB50&Precip (C)MAM_UVB50&Precip
40°N = —r s 40°

T, T

20°5 A 55 2005
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K6 (a) Wi&ZTHERE (AL °C) A1 850hPa /KT REE T (Hfi: ms') Xtk 7 AMKigH
B BEKRE (4 mmday') Fl 850hPa /K RFETI (FA: ms?) XFHT4 Nifio-3.4 R 7 18
BRI (b)) Bi&ZE; (o) HZE; (6 A; (&) 7H. ITALTR IR 95% 8 15 K XI5

Figure 6. (a) Pre-winter SST anomalies (unit: °C) and 850hPa horizontal wind anomalies (unit: m s™!) regressed on
the ICP rainfall index in July. Precipitation anomalies (unit: mm day™!') and 850hPa horizontal wind anomalies (unit:
m s regressed on the Pre-winter Nifio-3.4 SST anomaly index : (b) Pre-winter ; (c) Spring; (d) June; (¢) July. The

dots indicate significance at the 95% confidence level by the Student’s #-test.

AR, AR 8 F (P /K S5 2 2 15 A 1 DR P 1o AR o P o B 30 5 G i A 2
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OB AR IR TR H, SR FRAE P8 KT X AR PR R 5 o iR TR 25 g o B 8 H B K4
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Figure 7. Horizontal wind anomalies (unit: m s') . divergence (unit: s') . divergent winds (unit: m s*') and
vertical velocity (Pa s™') regressed on dipole SST anomalies in the tropical WNP in August : (a) horizontal wind
anomalies at 850hPa; (b) 500hPa vertical velocity; (c)850hPa divergence and divergent winds; (c) 200hPa
divergence and divergent winds. The dots and shading indicate significance at the 95% confidence level by the

Student’s #-test.

BRI 3 h R o By BRI, AT T (679 ) FKrnl 5K 3 4



296
297
298
299

300
301
302

303
304
305
306

307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326

B DRI W TR B ARG R (BR 20, AT DO S =Ml 7 o R B X sk R 5 & 5 i
TR AR IR AR SR i 5, B 1 95%I BAS X TH], 57 g 5 B 28 H FEK IR ARAR ST
XL AR E, 8 A IV KRR AR S 7 F B s s, AR RBULH] T 0.33,
X A]HE AL BT ENSO 20 14 R PR IR B B R il 5 0 (B 4b) &k, X5 8 H B
TR LR R 7 AR (B 4e) s

®2 R 6-9 H 5 FEREAKIBEAAL S 3 AR A T OB IX A R RO e ) R T 95%
1 99% I BEAF X HD

Table 2. Correlation coefficients between interannual variations of monthly average precipitation in the ICP from
June to September and three key SST anomalies regions(* and ** indicate significance at the 95% and 99%

confidence level by the Student’s #-test).
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Figure 8. (a)Time series of typhoons landing numbers on the ICP and the ICP precipitation in September from
1979 to 2019; Spatial distribution of the precipitation anomalies in September over the ICP in high and low
typhoon years (unit: mm month): (b) high typhoon years; (c) low typhoon years. The dots indicate significance at

the 95% confidence level by the Student’s #-test.

4 5k

R A B U K ZEE P AE 6-9 A o ASCIRTE 1 1979-2019 4P g2 15 =08 H B K
IR BRAE AR AL AN 3= ZLREE R T, KL 6-9 H MK B AN FIE PR . IR
A K BA Y ERIMSINE, & AR R LA AR 0.15. A0 W #lris
AN G XSS 55 A RS 1 IR TR B8 A K R T

(1) LI g8 6-9 H F#KIY 52 2R B s AT 10 28 KA 5 3 Aok B B
JEEEE IR T RIS PR SR TR R o X S PR 7 W B I S 2P O ) P AT AT JEE T (R 7K
ipe S EiteR Sl N



348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

374
375

376

377
378

379
380
381
382
383

(2) MgiRFem . R RS EFRKNERREEA ZRESE . 6 JRBKEESGH
Hr G BRI T e 5 SFUAH O o AT I B RV e e o P DA T 4 5 A O LR 3R V0 R TEY)
WhAH, W e N b EHIEE), WM ILEK, 7 HBKEZE 514 ENSO %,
T4 ENSO 1] LIt b Fviy ST R B FE o 1 X (138 <A ELAE FH O P AL RSP Bl AT & R
DX PRI S S NE R e I KR A% s 8 ) B K )5 1 A6 KPP AR R A Ui S AT
AHERZR o 1K P e A iRl ok 1 4% = 350 [X 1Y) Hadley PR3L, 82 iR e - & S B R
W 8 HRE/KRH . IATKIL ENSO F252m 1 7 H LK, M6 HATS
Ao, XEEImZFETNILHEA R, YW ENSO X iR i B =K A frskdt, H
FLXTHEAS IR 25 R K A AT R 2R 1
(3) GG & XM ELTW RS9 HEK. Gttt/ kK, 9 &R

BeXSERE, HEEZNS 9 ABKREREHRRK. Shia R RZ N, RKigFEREKR
W GG XU, BEAS R Y R R RS

AWPFea 1 R B ROKE AR B 2 2 . AR, EREERE, T
FE IR, B E RS, 2 L AE L, X BT R e 5 B K A 18] S A A AE L
IR ZE R (B 1a) « ADBHTER 1 HUE 70 Ao 1% X 2 2= K 1520 (Chang et al., 2005,
Xie et al., 2006; Qi et al., 2012; Wu et al., 2016) . %141 Wang et al. (2012) Fl Wuetal. (2018)
Se IR R IR 1 & B R AURRAE L, AR 1 2= IR RN K B FE N . Takahashi
etal. (2015) X BB AR BB TT, AL R i B 2= KGRI B 25 ) XS AE . PR
4 I SO BRI TR 23 A1 0 R 2 By B AN R A BK BRI, R (A5 AR EE— DRI T T
L NS = 2 7 T . B 5 AP oy e Bt e O AT R S e E R/ e S T S AR T3 - A P
AMFHFAE TR (Lu et al., 2002; Kosaka et al., 2012; Hong et al., 2016) , /&4 B 289 K7,
ELFE T SR 22 90 2 PR R REAH OGS, Mol i 456 I 2 = S S e rh R 2 5 R K . X
L 2R G00S v R A B I8 H B K AR AR B S MR 75 A S5 ST S b i — 2D 58 .

KT EEIIEEPR R R, RN FRATHIUE T EHHEL BE SRR, 5AX
i —E. M B KRR SR (B 2) JRATETLAE H, X E =KL
FAAE 2R AR AP MR AR AFE . 6 H FEK TR B3, 7 A9 FH BE/KAE 1993 4E2
Je S P K ) A 22 R ARRAGE - AR AR R R 75 R R ik — 0 R T 9

S5k

Cao J, Hu J, Tao Y, 2012. An index for the interface between the Indian summer monsoon and the East Asian

summer monsoon[J]. J. Geophys. Res.-Atmos., 117: D18108. doi:10.1029/2012JD017841

Chang C P, Wang Z, McBride J, et al., 2005. Annual cycle of Southeast Asia—maritime continent rainfall and the
asymmetric monsoon transition[J]. J. Climate, 18(2): 287-301. doi: 10.1175/JCLI-3257.1

Chen A F, Huang H, Wang J, et al., 2023. An analysis of the spatial variation of tropical cyclone rainfall trends in
mainland Southeast Asia[J]. Int. J. Climatol., 43(13): 5912-5926. doi: 10.1002/joc.8180

Chen MY, Xie P P, Janowiak J E, et al., 2002. Global land precipitation: A 50-yr monthly analysis based on gauge



384
385
386
387
388
389
390
391

392

393
394
395

396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411

412

413
414
415
416
417
418
419
420

421

observations[J]. J. Hydrometeorol., 3(3): 249-266. doi:
10.1175/1525-7541(2002)003<0249:GLPAYM>2.0.CO;2

Chhin R, Shwe M M, Yoden S, 2020. Time-lagged correlations associated with interannual variations of
pre-monsoon and post-monsoon precipitation in Myanmar and the Indochina Peninsula[J]. Int. J. Climatol.,
40(8): 3792-3812. doi: 10.1002/joc.6428

Chou C, Tul Y, YulJ Y, 2003. Interannual variability of the western North Pacific summer monsoon: Differences
between ENSO and non-ENSO years[J]. J. Climate, 16(13): 2275-2287. doi: 10.1175/2761.1

Deng M Y, Lu R Y, Chen W, et al., 2016. Interannual variability of precipitation in May over the South Asian

monsoonal region[J]. Int. J. Climatol., 36(4): 1724-1732. doi: 10.1002/joc.4454

Dong Z, Yang R, Cao J, et al., 2023. Sea surface temperature anomalies in different ocean basins affecting the
interannual variations of summer precipitation in low-latitude highlands of Southeast Asia[J]. Climate Dyn.,

61(11-12): 5517-5531. doi: 10.1007/s00382-023-06868-7

Faikrua A, Pimonsree S, Wang L, et al., 2020. Decadal increase of the summer precipitation in Thailand after the
mid-1990s[J]. Climate Dyn., 55(11-12): 3253-3267. doi: 10.1007/s00382-020-05443-8

Gao Q G, Sombutmounvong V, Xiong L H, et al., 2019. Analysis of drought-sensitive areas and evolution patterns
through statistical simulations of the Indian Ocean dipole mode[J]. Water, 11(6): 1302. doi:
10.3390/w11061302

Ge F, Zhi X F, Babar Z A, et al., 2017. Interannual variability of summer monsoon precipitation over the Indochina
Peninsula in association with ENSO[J]. Theor. Appl. Climatol, 128(3-4): 523-531. doi:
10.1007/s00704-015-1729-y

Ge F, Zhu S P, Sielmann F, et al., 2021. Precipitation over Indochina during the monsoon transition: modulation by
Indian Ocean and ENSO regimes[J]. Climate Dyn., 57(9-10): 2491-2504. doi: 10.1007/s00382-021-05817-6

Harris I, Jones P D, Osborn T J, et al., 2014. Updated high-resolution grids of monthly climatic observations — the
CRU TS3 .10 Dataset[J]. Int. J. Climatol., 34(3): 623-642. doi: 10.1002/joc.3711

Hong X W, Lu R 'Y, 2016. The meridional displacement of the summer Asian jet, silk road pattern, and tropical
SST anomalies[J]. J. Climate, 29(10): 3753-3766. doi: 10.1175/JCLI-D-15-0541.1

Huang B Y, Thorne P W, Banzon V F, et al., 2017. Extended reconstructed sea surface temperature, version 5
(ERSSTvS): Upgrades, validations, and intercomparisons[J]. J. Climate, 30(20): 8179-8205. doi:

10.1175/JCLI-D-16-0836.1

Hu P, Chen W, Li Z, et al., 2022. Close linkage of the South China Sea summer monsoon onset and extreme
rainfall in May over Southeast Asia: Role of the synoptic-scale systems|[J]. J. Climate, 35(13): 4347-4362. doi:
10.1175/JCLI-D-21-0740.1

Hu P, Chen W, Chen S, et al., 2024. Revisiting the linkage between the Pacific-Japan pattern and Indian summer
monsoon rainfall: The crucial role of the Maritime Continent[J]. Geophys.Res. Lett., 51(3): €2023GL106982.
doi: 10.1029/2023GL106982

Kosaka Y, Chowdary J S, Xie S P, et al., 2012. Limitations of seasonal predictability for summer climate over East

Asia and the Northwestern Pacific[J]. J. Climate, 25(21): 7574-7589. doi: 10.1175/JCLI-D-12-00009.1

Leung M Y T, Zhou W, Wang D X, et al., 2020. Remote tropical western Indian Ocean forcing on changes in June



422
423
424
425
426

427

428
429

430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457

precipitation in South China and the Indochina Peninsula[J]. J. Climate, 33(17): 7553-7566. doi:
10.1175/JCLI-D-19-0626.1
LiCF,LuRY, Chen G, 2017. Promising prediction of the monsoon trough and its implication for tropical cyclone
activity over the western North Pacific[J]. Environ. Res. Lett., 12(7): 074027. doi: 10.1088/1748-9326/aa71bd
Li CF, Lu RY, Dunstone N, 2021. Prediction of the western North Pacific subtropical high in summer without

strong ENSO forcing[J]. J. Meteor. Res., 35(1): 101-112. doi: 10.1007/s13351-021-0113-3

LiR CY, Zhou W, 2015. Interdecadal Changes in Summertime Tropical Cyclone Precipitation over Southeast
China during 1960-2009[J]. J. Climate, 28(4): 1494-1509. doi: 10.1175/JCLI-D-14-00246.1

Lin X Z,Li CF, Lu R Y, et al., 2018. Predictable and unpredictable components of the summer East Asia—Pacific
teleconnection pattern[J]. Adv. Atmos. Sci., 35(11): 1372-1380. doi: 10.1007/s00376-018-7305-5

Lu R Y, 2001. Atmospheric circulations and sea surface temperatures related to the convection over the western
Pacific warm pool on the interannual scale[J]. Adv. Atmos. Sci, 18(2): 270-282. doi:
10.1007/s00376-001-0019-z

LuR Y, OhJ H, Kim B J, 2002. A teleconnection pattern in upper-level meridional wind over the North African
and Eurasian continent in summer[J]. Tellus A: Dynamic Meteorology and Oceanography, 54(1): 44. doi:
10.3402/tellusa.v54i1.12122

b, 2R, XE, &, 2022, VUEE 4 ERRE K Bodls 56 75 B B A& % PR Al (0], s ERETE 5T, 41(11):
3021-3035. Ma Shuai, Li Chenxi, Liu Yan, et al., 2022. Evaluation of the applicability of four global grid
precipitation datasets in Iran[J]. Geogr. Res. (in Chinese), 41(11): 3021-3035. doi: 10.11821/d1yj020211199

Nguyen T V, Mai K V, Nguyen P N B, et al., 2019. Evaluation of summer monsoon climate predictions over the
Indochina Peninsula using regional spectral model[J]. Weather Clim. Extreme., 23: 100195. doi:
10.1016/j.wace.2019.100195

Nguyen-Le D, Matsumoto J, Ngo-Duc T, 2015. Onset of the rainy seasons in the eastern Indochina Peninsula[J]. J.
Climate, 28(14): 5645-5666. doi: 10.1175/JCLI-D-14-00373.1

Promchote P, Simon Wang S Y, Johnson P G, 2016. The 2011 great flood in Thailand: Climate diagnostics and
implications from climate change[J]. J. Climate, 29(1): 367-379. doi: 10.1175/JCLI-D-15-0310.1

Qi L, Wang Y Q, 2012. The effect of Mesoscale Mountain over the east Indochina Peninsula on downstream
summer rainfall over East Asia[J]. J. Climate, 25(13): 4495-4510. doi: 10.1175/JCLI-D-11-00574.1

Qiu D N, Xu HM, Deng J C, et al., 2021. Different impacts of spring tropical Atlantic SST anomalies on Eurasia
spring climate during the periods of 1970-1995 and 1996-2018[J]. Atmos. Res., 253: 105494. doi:
10.1016/j.atmosres.2021.105494

i, KPR, WG, 5, 2020, 2 TAEF/GNSS i rf - mRg - s DXOR RIS AE L2 7] B 7K R AR 5%
ST [I]. I 28 2 3k, 49(9): 1112-1119.  Shi Chuang, Zhang Weixing, Cao Yunchang, et al., 2020.
Atmospheric water vapor climatological characteristics over Indo-China region based on BeiDou/GNSS and
relationships with precipitation[J]. J. Geod. Geoinf. Sci. (in Chinese), 49(9): 1112-1119. doi:

10.11947/.AGCS.2020.20200339



458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493

Shi Y, Wu R G, Kripalani R, et al., 2022. Asian rainfall anomaly patterns associated with interannual variations of
carly and peak summer rainfall over the Indochina Peninsula[J]. Int. J. Climatol., 42(15): 7779-7793. doi:
10.1002/joc.7677

SuQ, LuR Y, Li CF, 2014. Large-scale circulation anomalies associated with interannual variation in monthly
rainfall over South China from May to August[J]. Adv. Atmos. Sci., 31(2): 273-282. doi:
10.1007/s00376-013-3051-x

Takahashi H G, Fujinami H, Yasunari T, et al., 2015. Role of tropical cyclones along the monsoon trough in the
2011 Thai Flood and interannual variability[J]. J. Climate, 28(4): 1465-1476. doi:
10.1175/JCLI-D-14-00147.1

Wang B, Wu R G, Fu X H, 2000. Pacific—East Asian teleconnection: How does ENSO affect East Asian
climate?[J]. J. Climate, 13(9): 1517-1536. doi: 10.1175/1520-0442(2000)013<1517:PEATHD>2.0.CO;2

Y, EE, 2017.1901~2013 £F GPCC A CRU F& /K BB [E K[ O3 F PR PPAS (], 0% S R0 A,
22(4): 446-462. Wang Dan, Wang Aihui, 2017. Applicability assessment of GPCC and CRU precipitation
products in China during 1901 to 2013[J]. Climatic Environ. Res. (in Chinese), 22(4): 446-462. doi:
10.3878/j.issn.1006-9585.2016.16122

5, A, BT, 5, 2013, 2B RBEOKBURHE 2B KR LM X B[], BRI AUR SR, 24(4):
472-483. Wang Fen, Cao Jie, Li Fuguang, et al., 2013. Datasets and rain gauge precipitation over Yunnan
and the surrounding areas[J]. J. Appl. Meteor. Sci. (in Chinese), 24(4): 472-483. doi:
10.3969/j.issn.1001-7313.2013.04.010

Wang Z, Chang C P, 2012. A numerical study of the interaction between the large-scale monsoon circulation and
orographic precipitation over South and Southeast Asia[J]. J. Climate, 25(7): 2440-2455. doi:
10.1175/JCLI-D-11-00136.1

Wu C H, Hsu H H, 2016. Role of the Indochina Peninsula narrow mountains in modulating the East Asian—western
North Pacific summer monsoon[J]. J. Climate, 29(12): 4445-4459. doi: 10.1175/JCLI-D-15-0594.1

Wu C H, Huang W R, Wang S Y, 2018. Role of Indochina Peninsula topography in precipitation seasonality over
East Asia[J]. Atmosphere, 9(7): 255. doi: 10.3390/atmos9070255

Xie S P, Kosaka Y, Du Y, et al., 2016. Indo-western Pacific ocean capacitor and coherent climate anomalies in
post-ENSO summer: A review[J]. Adv. Atmos. Sci., 33(4): 411-432. doi: 10.1007/s00376-015-5192-6

Xie S P, Xu H M, Saji N H, et al., 2006. Role of narrow mountains in large-scale organization of Asian monsoon
convection[J]. J. Climate, 19(14): 3420-3429. doi: 10.1175/JCLI3777.1

Yang Y Y, Wu R G, 2019. Seasonal variation of precipitation over the Indochina Peninsula and its impact on the
South China Sea spring warming[J]. Int. J. Climatol., 39(3): 1618-1633. doi: 10.1002/joc.5904

Yang Y Y, Wu R G, Wang C H, 2020. Individual and combined impacts of tropical Indo-Pacific SST anomalies on
interannual variation of the Indochina Peninsular precipitation[J]. J. Climate, 33(3): 1069-1088. doi:
10.1175/JCLI-D-19-0262.1

You T, Wu R G, Liu G, et al., 2021. Contribution of precipitation events with different consecutive days to rainfall



494
495
496
497
498
499
500

change over Asia during ENSO years[J]. Theor. Appl. Climatol.,, 144(1-2): 147-161. doi:
10.1007/s00704-021-03538-8

Zhang Y S, Li T, Wang B, et al., 2002. Onset of the summer monsoon over the Indochina Peninsula: Climatology
and interannual variations[J]. J. Climate, 15(22): 3206-3221. doi:
10.1175/1520-0442(2002)015<3206:00TSM0>2.0.CO;2

Zhou X Y, Lu R Y, 2019. Interannual variability of the tropical cyclone landfall frequency over the southern and

northern regions of East Asia in Autumn[J]. J. Climate, 32(24): 8677-8686. doi: 10.1175/JCLI-D-19-0057.1



	1 引言
	2 数据与方法
	2.1 数据
	2.2 方法

	3 结果
	3.1 中南半岛夏季逐月降水的年际变化特征
	3.2中南半岛夏季降水的主要调控因子
	3.2.1降水相关的环流异常
	3.2.2调制中南半岛夏季降水的主要热带海温信号
	3.2.3台风对中南半岛降水的影响


	4 结论
	参考文献

