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Abstract This study investigated the dominant mode of anomalous precipitation in May over

Southwest China associated with the Arabian Sea monsoon using the 115-station observations and
Japanese 55-year reanalysis for the period of 1960-2017. The result indicates that the leading mode
of May precipitation over Southwest China exhibited approximately consistent variability over the
region. The variability of the mode showed a close relationship with the Arabian Sea monsoon, but
the relationship experienced an interdecadal change around the late 1970s. In 1960-1976, the
anomalous atmospheric circulations and water vapor transportation associated with the Arabian Sea
monsoon were mainly over the Arabian Sea to the Bay of Bengal. The Arabian Sea monsoon had a
weak influence on the May precipitation over Southwest China during the period. However, in 1981-
2017, the anomalous Arabian Sea monsoon was related to larger-scale atmospheric anomalies from
the northern Indian Ocean to the South China Sea. Such atmospheric anomalies can lead to
anomalous water vapor and vertical motion over Southwest China. Therefore, the Arabian Sea
monsoon can significantly influence May precipitation over Southwest China during the period.
Further analysis indicates that the change in the relationship between the Arabian Sea monsoon and
May precipitation over Southwest China could be related to the change in decadal variability of the
Arabian Sea monsoon. Over the period before the late 1970s, the Arabian Sea monsoon’s variability
was relatively weaker and its related atmospheric circulations anomalies were also weaker. In
contrast, after the late 1970s, the Arabian Sea monsoon’s variability became stronger, and the related
atmospheric circulation anomalies extended more eastward, covering Southwest China.
Consequently, the Arabian Sea monsoon can significantly influence the May precipitation over
Southwest China after the late 1970s. This result indicated that the variability of monsoon could

play an important role in its influence.
Keywords: Southwest China; precipitation; Arabian Sea monsoon; decadal variability
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W E P R X B AR, WLk, Ve AT, HhERATEZE BRI HLIX R
PSRN, ARIABIMETS, W5 KA R K SR . YA
JRIRA R (K45, 2012; D HE45 2019) . 2016 SERZ)I. nEH £ 5B
) BT H BE/K R 3 100~200 20K, PR X R AR KL E K, REHES%. b
R, 0@, . AR T, 4 I AR T E SRR R A K
fry A 2 B2 o R a5 78 i X A 7K PR 95512 b X 9 87 5 9 ¢ T A Al R 2
Ei

PR X W 5~9 H, BKFEERERE T 6~8 H, TR RHHIE A,
RN ZAUEH TR . £EZ 6~8 [, BIE Z XK E Z= RS [F 0 1 i
P 7R S DX P 7K o B XA 2R I 2 X B 3 ST, M e Y R g VA 1)
VU R AR I X ik K 1KV, I X PR K 22 3 MR ES T, iz X A7
S AR IR I TS, T A0 XU AR T X K R A R B2 ER T,
2018) . 1ENFIIEE RN EE K 51, Wi AR 2 AL T Bl A A0 0y 1 (X
Fy 2 BRI ) o 6] 78 i [X i 6 R /KT, e — SRR AR b ) B B IA TG 7
HiDX, S T 2K 30k e Ui XA A 1) b 300K 78 B X AR (Zhang, 2001;
Huang and Cui, 2015; M5, 2018 T4 A1 A0 i iz V2 [X 1 BR1 b s oy 78 e
Hh X B 2 f K ) 22 LK VA 5 (Huang and Cui, 2015).

AT T 5 e JER A A A AT LS 7 e X ) DR ASCER L, T s ) 8] 7 e
DX FA) B K S GRXSPRITBR R 537, 2001; X745, 2002; BRAE 4, 2003; JE#5 4, 2010;
KSR, 2011) o AV EAE SRR SR KRR ATE S L, HA . R
FEH 2y B A5 7 m M DX IR K R R R o 2 2R R e SR A B R AL
F) B, AR T IR X E RS (W2 RS 6 AMiLmE/E
FITHAR A K, BRfEI SR HRABH FIT P X KA, T 8 HAERiE Fg
V. e F BB SR AT AR A, P R X B /KA Py CRLER AN 595, 2002; 457K 4%,
2012; BR4ESE, 2012; Wei etal., 2015) o Vi ik AT 5 PU KPP R BV ik (78

AlED RGP X B = R AR, 5 31 (R e AR E R 5 P KT

PERIAHT 2 PG (R 28 BEAH L AT — AR R R 0 22 Sl ok, JRIETE R IX (0
o, RiEX) BERKWEZ (K5, 2013) .
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B T RAIRISL, R R R S 0 R I 2R PR K R . BN, #
IR PE R B B P IR S 1 5 e Walker A3 A1 Hadley PR3 AT DL 35 50
ORI X R K (A IR, 1997; SiREEMIEACHS, 2004; SfiR1ESS, 2007; 2
k4%, 2012; Liu et al., 2018; Wang et al., 2018) . L RPEFEEE R, W= T
MR RS, NS UK L R) R AL 3R Rossby i 41 12E 171 52 el 75 7 1 [X 7K
(Zuoetal., 2013; Li etal., 2017) .

5 A2 T IX FNZEFFAA RT3, B /KTEX B2 — W i Bt R
JEIZY (Z81, 1997; Cao et al., 2017) ; [RII} 5 2 i X RFEAEY M LB AL B I
B, BEGHTFE 5 H B KA S WL RES Dy 2 i f ol AR P S 1R 248 5 (JE e AN
41N, 1999; Wang 1 LinHo, 2002) . {H H A% X 5 F B K AR S ML 1
WEFATIIR B> A WA Z 9T 32 ZOGE T F L IX #4754 (Cao etal., 2017,
Wil s 2EiE ko< (Dengetal., 2016) 1 ENSO (#%1 /74%, 2011) £ 1%} Ph e
X Er BT 5 A K,

BT R R T 5 B SRIR R . FEREE BT hor i 2= KU B s R, B
AEHE AT IR b2 (R e SRR IR IR AR Y, BIBEVE b e KU I i, 75 0
PRI X ARk AN B TS s Y 5, B I CREAIEKEE, 2006 ; Xiang and
Wang, 2013; Liu et al., 2019) . JB-AFHi 0= X i 5 5 H U Eg X FEK Rk
RN ? XA ) H BT OGEAS, FREIFRIRAA T, UG R HIX 5 H [
TKAZ SEHLER IR
2 Bt

HEf AR X —8 (P K55, 2015), ACHPERHIX (21°N~34° N, 97°
E~110°E) B4 =4 WA sMEMERTT . Bk Ryt B R R K AR
() 839 B Uk H M MBE KB HE . fEiX 839 Aaulith, 7 117 My T PhE i
X o HIT PURgHBIX KER 70w i R 48 T 1960 4F, #kH 1960~2017 4E1#) 5 H
B /K BUHE HEATRIF AT . 5 8 B SR I PR R0, FRAT TG HL T S B K B (e [
KRENT 5%k i, R 3 s AR AR [R]— R B 7K A 1~ 3 R X R B AT
Tt BOEAFEN 115 ANMEREE R, WA 1 TR

AR H )RS GRS B ARSI RIT K AT 55 475 4 5 R (Japanese
55-year Reanalysis, JRA-55) (Kobayashi et al., 2015) . iZ#RHIK 0 HEF N
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Fig. 1 Locations of 115 observation stations over Southwest China
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(a) EOF1 19.41%

34°N
- 0.25
32°N 1 0.20
] 0.15
30°N 0.10
28°N: 0.05
| 0.00
267N - -0.05
| -0.10
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22°N -0.25
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(b) PC1&RPI

1960 1970 1980 1990 2000 2010
Year
K 2 1960~2017 fE PR HIX 5 H BEKH (a) BOF1 A845H1 (b) H6FRif) PC1 I [a] 551 F1 RPT
IE P (b) FAIREMRE PCL, ek EALEE RPL.
Fig. 2 The EOF1 mode (a) and the corresponding principal component (PC1) of precipitation over
Southwest China and PRI in May during 1960-2017. Bar in (b) represents PC1 and the black curve
represents RPI

A BT R A HEZE X FE $ (Arabian Sea Monsoon Index, ASMD) []5E X 5
Xiang &5 (2013) —%, 4 850 hPa &[] P X {E 515N, 5075 )X -T- 1.
1960~2017 4, FHifigZE A S5 PHR X 5 H F/KAAERR R, ASMI AL R X
RPI [FIAH55 4 0.39, JHIT 99% GRS (R D . ATHSRBHEXARN
FsEtE, BATTE T ASMI AIPURGHLIX RPI () 21 SE¥shAoc. ATLLEH, —%
[f)6 R TE 20 TS 70 ARG IR A EARBR AL, Z G & ¢ R R R (K 3a).

6



137

138

139

140

141

142

143

144
145

146

147
148

149

150
151

Ak, 23 4 (KE13b) 119 4 (& 30) FIFaIe M R M, FlrhifigRR
PR HIX 5 A BEK R RIERFR T LA 2 s & DK s . Rk, FA7
BN BRI 4 1960~1976 AT 1981~2017 FEH AN BLERE— B I IT. 455
BN, 1 1981~2017 4, MMREUHK Ry 0.55, i 99%HI(E FE k4 ; A
1960~1976 4F, —HMIMRBINN-0.39, HAREE, L ELREH, £ 20 i
70 FARRZE, Brhifaig RS X 5 5 EKAESE TR,

% 1 RP1 5 ASMI 1E &I BUHIAHOC S 8. AR 99% 15 FE AL

Table 1 The correlation coefficient between RPI and ASMI in each period

* indicates the correlations significant at the 99% confidence levels

RPI (1960~2017) RPI (1960~1976) RPI (1981~2017)

ASMI 0.39* -0.39 0.55%
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'O . 2 T T T T T
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3 1960~2017 4 ASMI #1 RPI ] (a) 21 4E, (b) 23 5/ (¢) 19 FWHBhtHK. BB
R 99% 115 PR -
Fig. 3 Running correlation coefficient between ASMI and RPI with windows of (a) 21-year, (b) 23-

year, and (c) 19-year. The dashed line indicates the 99% confidence levels
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M ASMI [RUAR K 25 (8] 47 BRI BUK B, 1960~1976 4, ASMI 5 /i i
X 5 H KA RBUE TR, BAARESS (Bl 4a). {HAE 1981~2017 4, J1F
BANPHREHLIX 5 I BEK S ASMI MAHSC RECER N IEE, WA X AL T-DY 1145 v
PRI g (] 4b), &0 A 5TH R HLIX BE /K EOF1 7% () 43 A AH — 2.
XRE— UL, FE 20 D 70 ARG, BRSO SR TE R X 5
BRI — N EEREE .

(a)Prc reg to ASMI 1960-1976 (b)Prc reg to ASMI 1981-2017
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j
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4 FRAEALI ASMI VAT (a) 1960~1976 I (b) 1981~2017 PHRGHLIX 5 H FE/K R # 1y (4
fir: mm/day). TR IXIRAFRET 95%(E AL -

Fig. 4 Precipitation anomalies (unit: mm/day) over Southwest China in May regressed onto
standardized ASMI during (a) 1960-1976 and (b) 1981-2017. The dotted areas indicate significant

anomalies at the 95% confidence level
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Bl s gl T 5 H BT AP 2 LE AN [ AR 390 A oxof I (R BRI 5 o ol LA 3,
£ 1960~1976 4F, MPTHAAHGZRAE 5 H R, JbFEBREIHGH EIREE -2 R i
S E (B 5a f15b), JEHLDMIKE 700 hPa sy Bl RN, PEAE B4y
B AL A IR S, S BN A B e B R — b PR AR AR B R
TSP HAAS: OB, PEORRE S WA TR e, W 7R X ek, T
3 21488 Ak T 7411 e 2 JXURIT G 5 ) v 0 T 0B X, B0 200 P30T 067 34 v P58 S 95 o
£ 1981~2017 4, 4FHLAE 3R KR BRINT, e fF Bl 5O RBE (RS 7
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5 BrAEALR) ASMI A 1960~1976 4 5 A (a) 500 hPa Hl (b) 700 hPa {or 3w 5%
Y CRAL: gpm) FIRIGRH S (A m/s). (e-d) 5 (ab) ZEL, {H)y 1981~2017 4Ef)
[FIHEER . TR X ARRIEE 95%E Bk, LR BRI 95%1F BRI i) A7 7 8
e

Fig. 5 Atmospheric circulation anomalies (units: gpm for geopotential height anomalies and m/s for
wind anomalies) regressed onto standardized ASMI at (a) 500 hPa and (b) 700 hPa during 1960-
1976. (c-d) are the same as (a-b), but during 1981-2017. The dotted areas indicate significant

anomalies at the 95% confidence level, and the green vectors represent the wind anomalies at the

95% confidence level

a)Hgt500 reg to RPI Hgt700 reg to RPI

y

bhbbonvrO®0D

B

bbbbons o
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K6 PargHhIX 5 HhruEfL RPL [EIH ) 1981~2017 4F 5 H (a) 500 hPa Al (b) 700 hPa fir
B ERwy (P gpm). TR XIBARZERIET 95%(5 FEAR L -

Fig. 6 Geopotential height anomalies (unit: gpm) regressed onto standardized RPI at (a) 500 hPa
and (b) 700 hPa during 1981-2017. The dotted areas indicate significant anomalies at the 95%

confidence level
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SPKIIBERE AL kg/(ms). (e-) 5 (ab) 284, E AR K ZF KI5 E B
JESE (BA: 107 kg/(m?-s))o 4T s X IRARGRE T 95% 15 FEAL I .

Fig. 7 Precipitable water anomalies (unit: kg/m?) regressed onto standardized ASMI during (a) 1960-
1976 and (b)1981-2017. The gray shadings indicate significant anomalies at the 95% confidence
level. (c-d) are the same as (a-b), but for regressed vertical Integrated water vapor flux anomalies
(unit: kg/(m-s)). (e-f) are the same as (a-b), but for regressed divergence anomalies of the vertical
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the 95% confidence level
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Bk EIE SR (B 7o) PEREE W sR R R AR X, AL BRI Fly 78 B R v
2 IR R i b DX A7 AE AR SR 10 T X 5, A IR B DX AT e P e U, 1%
AU A R S A 2 e P R X, AT DAy i Y A e ] P R X R e i PR 7K
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2 A BT 5| AR B PR A AR TT LA S5 b e I 1 e DX 0 KRR AR A, T
Xof 1 X B K R AR A = AR AR F

a)Reg to ASMI - b)Reg to ASMI _
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MLl i e (2 XAz m/s; TEERZ AL Pa/s; FEELEZ RN 1-1500. B
S ARTREIT 95%15 LA 16«

Fig. 8 The mean meridional circulation along 95° E to 105° E anomalies (units: m/s for meridional
wind and Pa/s for vertical velocity; in the figure the vertical velocity is multiplied by -150) regressed
onto standardized ASMI during (a) 1960-1976 and (b)1981-2017. The gray shadings indicate

significant anomalies at the 95% confidence level
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Fig. 9 Composited geopotential height anomalies (unit: gpm) between strong and weak ASM years
in May during (a) 1960-1976 and (b) 1981-2017. (c-d) are the same as (a-b), but for composited

vertical integrated water vapor flux anomalies (unit: kg/(m-s)). (e-f) are the same as (a-b), but for
composited latitude-pressure cross section of meridional circulation averaged between 95°E and
105°E (units: m/s for meridional wind and Pa/s for vertical velocity; in the figure the vertical

velocity is multiplied by -150). The dotted areas in (a-b) indicate significant anomalies at the 95%
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Figure. 10 Scatterplot of 19-year sliding standard deviations of ASMI and 19-year sliding
correlation coefficients between ASMI and RPI. The horizontal dotted line indicates significant

correlation at the 95% confidence level, and the vertical dotted line is 1.67. The blue (yellow) dot
represents the periods with central year is in 1960-1976 (1981-2017)
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2 Hh e o [ P R X 5 H B K

A HPERDT T 5 A BTRAR R X o E 7 R X KOG R AR
ARG AT RE R IR, R SRR A v AR 2R R R 58 W] e AR A o AR RiA
W AR 2R AR S T, B FITRE R (R R 57 5 AL T BT R A g B b s AR b X
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