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Possible connection between increased precipitation in May in Jiangnan and
accelerated warming of Southern Tropical Indian Ocean sea surface
temperature

GUO Hao-Kang?, LI Chun?

1. Yantai Meteorological Bureau, Yantai 264003
2. College of Oceanic and Atmosphere Sciences, Ocean University of China, Qingdao 266100

Abstract: Based on the fact that the overall trend of precipitation in May in Jiangnan has been
upward since 1980, this paper takes the precipitation in May in Jiangnan from 1980 to 2021 as the
research object, and uses the data of CPC (Climate Prediction Center) precipitation, NCEP
(National Centers for Environmental Prediction) atmospheric circulation, and Hadley center sea
surface temperature to analyze the precipitation trend characteristics in May in Jiangnan, diagnose
the water vapor budget, and finally discuss the possible physical processes. The results indicate
that the dynamic component of precipitation in Jiangnan in May is one order of magnitude larger
than the thermal component, and both of them have no obvious trend change from 1980 to 2005,
but show significant increase trends from 2006 to 2021. The Southern Tropical Indian Ocean
(STIO) sea surface temperature anomaly (SSTA) in May has begun to warm at an accelerated
pace since 2001, establishing a significant positive correlation with the Northwest Pacific
anomalous anticyclone (WNPAC). Since 2004, the trend of WNAPAC in May has changed from
significant weakening to significant strengthening, and in 2005 it has been significantly correlated
with the abnormal increase of precipitation in Jiangnan in May, and the warm SSTA of southern
tropical India associated with WNAPAC has lasted from February to May. Since 2006, while the
WNAPAC has intensified, the anomalous convection over the STIO has developed eastward, and
the resulting updraft has sunk over the Philippine Sea, the South China Sea and the Indochina
Peninsula with the Hadley Circulation, forming a more pronounced convective dipole structure
than in 1980 - 2005. The downdraft has strengthened the WNPAC, which has promoted the
transport of water vapor to Jiangnan, and the thermal component of the anomalous precipitation in
Jiangnan in May has increased. After the enhancement of WNPAC, the secondary circulation
between the active area of WNPAC and Jiangnan is more compact, the uplift of Jiangnan is
enhanced, and the dynamic component of anomalous precipitation increases. The STIO warm
SSTA, which is associated with the increase in abnormal precipitation in Jiangnan in May, has
been maintained from March to May since 2006, and WNAPAC has played a role as a link. If the
trends change are removed, it is difficult for the SSTA in STIO to affect the abnormal
precipitation in Jiangnan in May through WNAPAC since 2006.

Key words: precipitation anomaly in May in Jiangnan; diagnosis of water vapor budget;
Northwest Pacific anomalous anticyclone; Southern Tropical Indian Ocean; sea surface

temperature anomaly; trends change
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AGET, EACHEARREE, MK . B AR X FROATI R X . 2Bk
&, K BARLL MR TS Kk B @4 1T 2 AR R X AR E RS I, TR LR, 2
FERER WIS OF H4eM 2 EME, 2008; kU, 2011) . {7 HZMFKREH 00
MAZHTG R, Foir — KR LE 5 H, FE2F PR T 6 H (Qiuetal., 2009; Zhang et al.,
2021) . TR, YLEE 5 H I KL, 2004 2 2016 SF1E), YLF§ 5 & 5IR U
Bk E A 3L, KT 6 ¥ 452 (I ®EF, 2021) . 2021 4F 5 H, TLEHIX KA
T RrEmBE KT, BEKE IR S R Z (FBRERESE, 2023) , mbslR 1™
HR TR E . ILHHX N O, Sifkik, M2 REVKRESRIEMMEZ X, K,
XVLH 5 H B URAACRIEA LB IO 7S, AU B T SB35 8
G I G ol vy o B R e 4 it R AR

PEAL K SFPE R BSUie: (Northwest Pacific anomalous anticyclone, WNPAC) F2 VT4 7 il
B BRI R 12—, FA BRI B 0 AR P RS KV R VL R b X Ak, 5 i B BT
W IRE 74 (sea surface temperature anomaly, SSTA) 51T FI%E M 5 i 281 2 0] M 22 (&
XA, 2013; WIHERSE, 2017) o KTHAGTENEERE SSTA 1T WNPAC VT RI# 5%
WML, B, s eI A SSTA —HUBIERS, W2 1 R 2 KA
R Kelvin a5 2R X, JRGEE A ARIE 1) g 2k 55 77 A2 A7 T DI AR A o IR s A 3 ) 5
RS R, KL R X ik CallZ RS, 2016; BIAEE S, 2017; Yuan et al,
2019) . Zhangetal. (2021) Z&FWEIMEHE LRI, #am R EIBEVE SSTA fRBERT, YLrd
X 5 HRKER S REME, BAAREFSEINR . ok, Xie and Wang (20200 45
HAGHEDEEE SSTA (BRI AR Zy e ik F 28 R b R R, P AR e ARt
Hadley FAJEAE S FEUEHHL R, (248 WNPAC 33k, i ENFEERE SSTA (b thREBUR IF
PEME KRS 25 B H XA (Zhang and Sun, 2018) , 24 A AT EI1RE o B E 4 KR B 28 X
SN, VLR X K BAE R WE (E—4&F, 2016) o JhAh, FEEIEE AL 7l
R AR R YL R B Z=R K & (Feng et al., 2014; Tang et al., 2021)

EEBRATRE T 5t T, HGFEEEVERERIEE (sea surface temperature, SST) H _Eith2g DIk
K R FR IR (Dong et al., 2014; Yang et al., 2022) ,  Hrf by B R o 176 30 38 1 3
%1 (Roxy et al., 2014; Roxy et al., 2015) . 521 EmE B 7 Gy B R PR e 3 i1 46
fRBRAEME, 1960 % 1997 FEAZE, #GHFEIEET: SST —HUlbRE, WK T — K h#ivii BV EEVE SRR

A I P AR ARRR KBS, X DU AP EI LR SSTA B 1998 S LRk ik, £
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ZIHN I IEAAHTE TR (Wu et al., 2018) o A1, iy EDREVE SST fEAZEIE AL RHIE
Lo HR KA T AT REFE MR 5 1 — PRI

ATABFFLEW, 117G 5 H BE/KELE 20 H40 50 4EAQE 21 20y Bk Rk, Rl
e bHAl 70 FEARE B 20 AR, SZAT4JLRPEEEES) (North Atlantic Oscillation, NAO)
AR AR, La Nifia SRR . KRR EI Nifio S84 25518 2 R m, T1r
5 H Bk & 2> (Qiuetal., 2009; Xin etal., 2006) . ITHIRFF AL, 21 2 LIRILE 5
JI B IK S H  22 R B S 3 n (05 S, 2024b) , 55501980 FLIRIIU 24, TLF
5 MK ERMAR BAEs (& 1b) o FETLLESHT, ACAZHan RS R (D
{07 5 HKEBARNA FIHRE? 5 KRR AG A MRIR? (2) HHEFHILF SSTA
B EARA, S5ILH 5 HBKEHRENAT AR ?

1 BRI
1.1 Rk
ARSI FH 38 (0 LR 7 23 A s SRS

(1) kEEEEZSMERM A (Climate Prediction Center, CPC) i i iz H F/K ¥
kL, BERHEMAI RSN 1979 42 1 H 1 HES, /KPo#i%ly 05° X05° , EHE/KH
FP 29T i

(2) 3B H BRASIRIR TR}y 36 [ PR 5000 v O/ B 2K ST 8 Hh 2 (National Centers for
Environmental Prediction/National Center for Atmospheric Research, NCEP/NCAR) 1] F§-/3#1 %
¥l (Kalnay etal., 1996) . KA H P E KA O VHEES. g, BEEE (o, E
BN, SUER R PR AR R S5 i 7 A I i _E s MR BOa s R 4 M
RAE UKV #0257 X25° ), HREHMEE., BHEE. DU RB A
GHER (BRI PRB%y 1.88° X1.90° , MM E, i+, BLAEHE 2m
ECIBAT 10 m X7y (LS AP0 32075 1.88° X1.90° ) -«

(3) ZEH KSR EESS (Outgoing Longwave Radiation, OLR) ##Efdi ] 1 25 H H 5
HFVERIK S )R (National Oceanic and Atmospheric Administration, NOAA) i J& I 77
P, P PR 25° X25° .

(4) ZFHERMIEE (sea surface temperature, SST) i >k B T E R 4 5 fk vp
£ (Met Office Hadley Centre) (Rayneretal., 2003) , JE#A % RHRHAIFS )y 1870 45 1 H &
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G KTFAPEER 1 X1
AT T B 19802021 4F, HY 19812020 4F 444 H &t I e B O ME N S A . £
T HY 19802021 F%-4F 5 H Bdlm kAT R 0 it 7T, ik P60 5 Lk By 3 22 6 J] SST.
10 m Rz LU AR TP R, FEATEA GO . NTRTE, A HEKIRBCZ Wi 7 i
AR, RS Fs TR KB AT E DL R WNPAC BRI URiE S,
BEAM T T BRI IR B A A, 25 L Bl K A 55 B MBS S SO R

1.2 a5 HE

4545 ARSI ARHE (B 1) , [FBfZHa0 AFFL (Tian and Yasunari, 1998;
XEWAIEE, 2013) , ASCHALREIHLXE U4 25.75°N-30.5°N, 113.5°E-121.5°E fu[HlA
ARl i o, TP 3 X R K B R BN R B X Y /K R X3P 241

FHECTAE B4 56 1F 32 23 #7322 (Empirical Orthogonal Function, EOF), £45 820 1484
fi#(Multi-variable Empirical Orthogonal Function, MVEOF) 5 i& H T & 2 M H EL 2 1 —
TG I 2 AR AR LERF 7T (Wang, 1992; Sparnocchia et al., 2003; #f4E 2%, 2024). KLfE
WNPAC fE#CE S, #5 5 H 850 hPa I 26.5°N-31°N, 113.5°E-121°E i [l A ) 53 X34 1
2. Hilf 7 BT MVEOF 73 #r. 55— #2557 Z2 10 Leik 50.72%, H2ET North #5:45 (North
etal., 1982) M7, RAEWE St WNPAC HBEAARMLAFAE, 5 ILT ] 511 WNPAC #53.

AN, FERGHTENEEVERBE X SSTA 48ELL & WNPAC i 3l X 380 24 1 #i 2 a 4k
FR 78 SCAESCH 0 SERIE FE AL T PA T B

KR K A

(1) KIS

KV IE AN BLR THE 315 /2 50 B K 22 38 (0 B K], KV T 1 A S
B SI R T 1 AR B K 7 AR R BTk (Chou et al., 2009; Huang et al., 2013; Huang and Xie,
2015; Seager et al., 2010; Dong et al., 2018). #2#% Huang et al. (2013) Xt /KK UCSZ HIfaifk T HE,
AR S K R

AP~ — (@ - Aq + @ - Aw) D

NEATTRE, (1 Kb pigng 7 —MEEERS. Kb P yfEKE, «’3500 hPa

B, q ~2m i, ARORIEPE, FoRAUEFIE; AP RRBKRE RN, —(@ - Ag)

TR AR R SRR E KR 08, —(7- dw) R 1T HIZ3) 558 51 R 78 1K
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IisrE. T gt o FMERK AR, IR (D Xl ¥ g BRI EEE, ZE
IR o B A [RDRG B 1 4 £ o

(2) BEKREE

ISR 300 hPa AL KIRHIEH S, LAAMIERIFENT (Zhou, 2003) , B2 /KK
T E TR AR 7 X 8] Jy 3 2 31 300 hPa. HRTHE AT

BEKREE
1 Pt
Q= ——f VqdP
g Ps
(2)
S KBRS R
1 Pt
Qs = ——f uqdP
‘ g s
(3
1j-pt
—— | wvqdP
g Ps
(4

(2) & (4 K, Qv Quv Qu A AREKITBENKILE ., Hins&: g AEIINE
Ji, HU{E 9.8 mis?; ps. pt /Ml ERSE. EAVSUE (300 hPa) ; V. us v RN
RAKIRKE R HZ . i q RS2 RIHR.

(3) AL

KPR AT o3 SRR R XL (Krishnamurti, 1971) -

V="Vy+V, =k xVip+Vy

(5)
TEHRRALFR R, 3EEUARI I XA U 28 [m) RS 1) 43 fR N PR AN o
_ oY
Ty 6)
0y
" T ox 0
_x
" T ox (8)
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dy (9)

KV R HIHLEE D W] 5 A

(10

1D
IR AR E R EOA 2, B (8) + (9 2, AN (1) AHURAFHLEE, KR
RO N (12) 3y, SRR T R4S B 9«

9%y 0%y

D=—2+4+-—2
d0x? = dy? (12)

R R R A NG M BRI, B (6) « (7 3, ARRAGHUEN.

(5) & (12) Rep: pFFMREL WFFHEESRE, VIRRERER, u. v E&r
R 28 ) 128 4 B

BEAb, FERIAEARRR I A 1A AR Y, YR 5 WK BE T SR B A P 5
I SSTA i SIS 1 FAT R AR AR RS SR (RS (A G, bR 1) e 3153847 21 4R A5 K1
VE Y, BT 0.1 MK T Mann-kendall 2B K5 HiE. 5 5 WNPAC IN [ 511
st AT I ATANAS AL, LR BREETAE G R BULE 20 4B (R ah et b, [FIREL
£i@it Mann-kendall 2238k 31 7€

ERCHERE b, SE AT AT TR RS NT . T L R
. Mann-kendall £ 3k %2 5 L0 R G5 TR IR 71k, WHT R 5 H MK B3 B R
LR FFR I

2 YL 5 A Bk R BRRA

tE 5 H K EAERETLR . FRMH, e EKE Sk 200 mm (K 1) .
21 LR, VIR 5 T Bk AR i 22 48 A LE ARG K (SRVE RRAE, 2024a) , SEILHI 5 H
BE7K 1980 FLUREER L 2 ETHES (B 1b) o Mann-kendall XA 4G R IR 5 H [+
JKAE 2005 2 2006 AR AETRA (I o Hort 1980-2005 #2455, AKigdid 0.1
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BEMEKF 1) Mann-kendall A4 5: (K] b, 18] 2¢) o 1 2006-2021 4, VLR HX [ [X 35
SFHIREKE L 9.0 mmiyear FEFEISG K (Kl 1b) , BKEWAT—MEREZEEZ (EH 20 ,
BGEHERE (& 2d) .

[FIN 72, E4R 2006 F DLKRERGHIX 5 JERBKEGHE L (B 20 , H LR
=B R EH AN (1 2b-d) , MBILRMX, 55 F R i 2 A 5
ARSI S], R PR AT EANE (RS, 2024b) o AETTUIRM, VLR 5 A RKE
B P R A U AR, PHAE PR R e T CRRTAR: UK Ry ) £ R i S s BOA R
IFa) Y1 g 1 DX 7RI R KVR T B 7K. (Qiuet al., 2009) , e il B 2 WU R S5, 7 K Il il
HY P, PR B 2 R AN i A R i 51 % SE R R (B2, 2005) o BRFGIEHE KL,
it e DL PR R R AT AT RERCIRAE TS 5 HFEK, UM ARG RIRZHE, T1H. HERIPIiEr
MR AS 80 (ERVERESE, 2024b) o HIUGIEN, YTR 5 H B/ SRR BE 5 PE R A =
WARNH K.

(a) Rainfall May clim g (b)
200 1 ——Jiangnan Rainfall ANA
50°N - ——Jiangnan Rainfall 11ys Movmean
—— Jiangnan Rainfall Trend(1980-2021) *
Jiangnan Rainfall Trend(1980-2005)
~—— Jiangnan Rainfall Trend(2006-2021) *
40°N L
= 100
£
f\/\
&
R o N
20°N 1
N I
80°E 100°E 120°E
-100 1
18 54 90 126 162 198 234 270 1980 1985 1990 1995 2000 2005 2010 2015 2020
mm Year

1 1980-20214F (a) HE 5 AREKSME T (HE, Bfr: mm, TRED , UE (b)
YRS 5 A BKIEESF 5] (FRL) 11 8307y (448 , PAK 1980-2021 4F (3K
£8) . 1980-2005 4E (F%k) . 2006-2021 4F (&%k) #HBTIL. () FEERRIT
X, (b) Bl “* Fri@id 0.1 8F K FH Mann-kendall L

Fig.1 From 1980 to 2021, (a) the average climate state of precipitation in May of China
(shading, unit: mm, the same below ), and (b) the anomalous (black line) and 11 years
moving average (red line) time series of precipitation in May in Jiangnan, and the
trends from 1980 to 2021 (blue line), 1980 to 2005 (yellow line), 2006 to 2021 (green
line). The black box in (a) represents Jiangnan, and (b) "*' in the legend indicate
passing the 0.1 significance level Mann-kendall trend test
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(a)Rainfall Det (2006 2021)-(1981 2005) - (b)Rainfall Trend (1980 2021) mm/year
& 7 9 [ ’ = 7 18

% ceees 70

30°N

24°N

7 ;

18°N

46+ (CRainfall Trend (1980 2005) meyoar ——
[ I 18 18
N 7 14 14
v 4. i /""\ 10 10
30N 5 c:f s 6
g {2 2
f"’ ) 2 2
24°N / -6 6
2 -10 -10
/ 14 -14
-18 -18
18°N, 62 108°E 114°E 120°E 126°E 102°E 108°E 114°E 120°E 126°E

2 5 AFEK (a)2006-2021 £ 5 1980-2005 GEZE{H (HE, Bfr: mm) BLK (b) 1980-2021
4, (c) 19802005 4E. (d) 2006-2021 £Efashapik, (EE, #fr: mmiyear) . B
EARARIEMKX, () TARRED 0.1 BEEMKFH tRE, (b-d) ITERRE
it 0.1 BEHAKFH Mann-kendall K%

Fig.2 (a) The differences of precipitation in May between 2006-2021 and 1980-2005 (shading,
unit: mm), and the trends (shading, unit: mm/year) of precipitation in May from 1980
to 2021(b), 1980 to 2005 (c), and 2006 to 2021 (d). The black boxes represent Jiangnan,
the dots in (a) indicate passing the 0.1 significance level t-test, the dots in (b) to (d)
indicate passing the 0.1 significance level Mann-kendall test

3 YLF§ 5 ARG 2H &k 5RIbRFERTE R SRR

£ 5 H 500 hPa 17 # = I (B 3a) , LA 588 dagpm AYHFAIE{E ) P A fl i 7F 19802003
A BV DN, AR SRR SR AR (K R P AR B iE B 1T 2004 4R LK,
VK Rl v R BN VG 1) PR 9 K B SRR TR BRI Ay, PR SHRIE TR R B, RN 586
dagpm SHEZILHG . PURE]m 1 5 AR AR RN WNPAC 73216, 1] WNPAC fi5 % [m]
JEIF) 850 hPa 5 I e S S WNPAC 7E R il 2 SE A =i —Hr T S4FAE (B 3a)

2545 Mann-kendall RAZE I R B (EB%) , 5 H WNPAC ##A7E 2003 % 2004 4 [A] A=
Z87%, 1980-2003 E %A WLk TS, 1M 2004 4ELIREZE5 (K 3b) . WNPAC %1 5
H B KRB AFEAPR R T F4) 2 45, HMN# H 2006 FIT 4@ A 22 IEAHR R R

(E3c) .
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(a) Reg (850hPa Wind, MVEOF PC1) 1980-2021

1980-2003 Mean VAR SR
2004-2021 Mean VNN D

90°E 100°E 110°E 120°E 130°E 140°E 150°E 160°E
(b) WNPAC time series (c) CORR (WNPAC, JN-Pre)
A s s . 08 L A L A
—— WNPAC [——Mean 11a 13a 15a 17a)
——WNPAC Ilys Movmean
—— WNPAC Trend(1980-2021) | f 07
WNPAC Trend(1980-2003) * y
—— WNPAC Trend(2004-2021) *
z 0.6
14 K]
\ :
8) 1]
o v N 8054
o) c
2 S
o 04 | =]
< N T4
o £
= [+]
s V o
214 0.3
0.2
1980 1985 1990 1995 2000 2005 2010 2015 2020 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year Year

5 H,(a)1980-2003 4EF1 2004-2021 4F 500 hPa _b [ 76 A B B (B4R, 847 : dagpm),
K 1980-2021 5] WNPAC $E#(EHRIFIH 850 hPa FE R (RE, BAL: m/s) ;
(b) WNPAC #8075 (B M 11 B3P (44 , BLK 1980-2021 4 (&
£8) . 1980-2003 £F (FLR) . 2004-2021 4F (&£R) #%,; PIKk (¢) WNPAC 5T
M EEAREKRIEBIAER. () PRAERRIEHX, NAHET 0.1 BEMHKF ti
WHIX, (b) BT “rRniEd 0.1 BEHAFH Mann-kendall %, (c¢) &
1l1a, 13a, 15a, 17a ABRIEOKE, AAREHN 0.1 BEHKFRFHIRE

Fig.3 In May, (a) the Western Pacific Subtropical High at 500 hPa from 1980 to 2003 and

from 2006 to 2021 (contour lines, unit: dagpm), and the regression map of the wind
field (vector, unit: m/s) at 850 hPa onto the WNPAC sequence during the same period
from 1980 to 2021, and (b) the WNPAC sequence (black line) and its 11 years moving
average (red line), and the trends from 1980 to 2021(blue line), 1980 to 2003 (yellow
line), 2004 to 2021 (green line), and (c) the sliding correlation between WNPAC
sequence and Jiangnan precipitation. (a) The blue box represents Jianghan, only
shows the wind field that pass the 0.1 significance level t-test; (b) *'** in the legend
indicate passing the 0.1 significance level Mann-kendall test, (c) 11 a, 13 a, 15 a, and 17
a are the sliding window lengths, and the red dotted line is the average threshold at the
0.1 significance level
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KRS WR Y, YR 5 35 BBk sl ha 8RR sk—A 8%, KREHE
B0 K S H AR A AR I R TR (B 4) o AHET 1980-2021 4 (18] 4a) Al
19802005 4 (4] 4b) , 2006-2021 4FHi# THZ N SRR 5 H 7 K 2 8 2 Ko,
[FJ I 7E WNPAC 15 80 X 38R UTis sl KA K (&l 4e) o 6k, AHECT 1980-2021 4 ([
4d) F1 19802005 4 ([ 4e) , 2006-2021 4F H7KVRAAL BRI 5 6 Bk /K R0 43 B A7 S 355 1
Kiadh, AR EEEiX, i WNPAC Pk (B 46 o LiRHrRE, 1T# 5
H 55 B K5 A WNPAC A REAATE R EBER .

HEIEIRIIE 5 HREKBRB RGN AT B, 0l KR Msh 8
WNPAC BEATEIAS T FF B EXT LA, RIS 25 BB KA AT BUR 44T, LABS LR 3
BAIE . 2558, TERHEBHELIER, WNPAC 5 1980-2005 4 5 [ /K #4 J15r &1
KEARZE (K 52) , {H5 2006-2021 F[FIHIH) H o eg & 2R IX H) 55 KR 7>
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287  Fig.4 The dynamic component trends of rainfall change (a) from 1980 to 2005, (b) from 2006
288 to 2021 and (c) from 1980 to 2021 in May (shading, unit: Pa-s™), (d—f) same as (a—c)
289 but for thermodynamic component trends. The black boxes represent Jiangnan, dots
290 indicate that trends pass the 0.1 significance level Mann-kendall test
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Fig.5 The regression map of the thermodynamic component of rainfall change (colored, unit:
Pa-s™!) in May onto the WNPAC sequence during the same period from 1980 to 2003
(a) and 2004 to 2021 (b), (c—d) same as (a—b) but remove all trends, (e-h) same as (a—d)
but for the dynamic component. The black boxes represent Jiangnan, dots indicate
passing the 0.1 significance level t-test
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Fig.6 Regression of the averaged latitude—altitude profiles along 112.5°E-122.5°E onto the
WNAPAC sequence during the same period in May from (a) 1980 to 2003 and (b) 2004
to 2021. The fill represents the vertical velocity @ (unit: Pa-s™, dots indicate passing
the 0.1 significance level t-test); the regression field (bold vectors indicate passing the
0.1 significance level t-test) with vectors @ (x—1, vertical, unit: Pa-s™) and meridional
velocity v (horizontal, unit: m/s); between the dotted lines is Jiangnan
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(e) Reg (Pre(May), SSTA(Mar)) 2006-2021
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351  Fig.7 The regression map of the SSTA (shading, unit: “C) and wind field at 10 m (vector,
352 unit: m/s) from March to June (a—d) onto the abnormal precipitation sequence in
353 Jiangnan in May of the same year during 1980 to 2005, (e-h) same as (a—d) but from
354 2006 to 2021. The blue boxes represent the key area of the Southern Tropical Indian
355 Ocean, dots indicate that SSTA pass the 0.1 significance level t-test, only shows the
356 wind field that pass the 0.1 significance level t-test
357
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Fig.8 In May, (a) the Southern Tropical Indian Ocean SSTA time series (black line, unit:

C.

the same below) and its 11 years moving average (red line), and the trends from 1980
to 2021 (blue line), 1980 to 2003 (yellow line), 2004 to 2021 (green line); the sliding
correlation between SSTA of the Southern Tropical Indian Ocean and (b) Jiangnan
precipitation, (c) WNPAC,; (d) Jiangnan precipitation and (¢) WNPAC from 1980 to
2003 and 2004 to 2021 in May correlate with the leading and lagging time series of the
SSTA of the Southern Tropical Indian Ocean from January to June in the same year.
All trends in (a) are subjected to Mann-kendall test, and "** in the legend indicate
passing the 0.1 significance level test; 9 a, 11 a, 13 a, and 15 a in (b, c¢) are the sliding
window lengths, and the red dotted lines: the average threshold at the 0.1 significance
level; the red dots in (d—e) indicate that they can pass the 0.05 significance level t-test,
while the black dots indicate that they can only pass the 0.1 significance level t-test
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Fig.9 The regression map of the whole-layer water vapor flux that pass the 0.1 significance

level t-test (vector, unit: kg/(s-m)) and the relative vorticity field (colored, unit: s™) at

850 hPa in May from 1980 to 2003 (a) and 2004 to 2021 (b) onto the Southern Tropical
Indian Ocean SSTA sequence during the same period; and the Southern Tropical
Indian Ocean SSTA sequence regresses onto the averaged Latitude-altitude profiles
along 112.5°E-122.5°E during the same period from 1980 to 2003 (c) and 2004 to
2021(d). Dots in (a—d) indicate that colored scalars can pass the 0.1 significance level
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t-test, in the black boxes (a—b) or between the dotted lines (c-d) is Jiangnan; (c—d) the
fill represents the vertical velocity @ (unit: Pa-s™, dots indicate passing the 0.1
significance level t-test); the regression field (bold vectors indicate passing the 0.1
significance level t-test) with vectors @ (x—1, vertical, unit: Pa-s™) and meridional
velocity v (horizontal, unit: m/s)
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Fig.10 The regression map of the velocity potential (shading, unit: m?-s™*) and divergent
wind (vector, unit: m-s™) in May from 1980 to 2003 at (a) 200 hPa and (b) 925 hPa
and (c) OLR anomalies (shading, unit: W-m=) in May onto the Southern Tropical
Indian Ocean SSTA sequence during the same period; (d—e) are the same as (b—), but
from 2004 to 2021. The black boxes represent the Jiangnan, white dots indicate
velocity potential passing the 0.1 significance level t-test, dots indicate that colored
scalars can pass the 0.1 significance level t-test
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Fig.11 The regression map of the SSTA from March to June (a-d, shading, unit: ‘C) onto
WNPAC in May of the same year during 2004 to 2021. The blue boxes represent the
key area of the Southern Tropical Indian Ocean, dots indicate that SSTA pass the
0.1significance level t-test
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1M 20062021 4F [X 421 H FE7K & L 9.0 mm/year (178 fE &I, THER 5 H KA Bk
SN BI TR E A ARA, PIH EEK BA AN R AR E R S I R 2R
KRS LR Y, TR 5 3 BBk s ha 88 ek—A 8%, RREHE
0T K S AR RO T R 5 T /KRS A o HEECT 19802021 A% 44 A1 19802005 4F, L
X 5 H S5 BB IR )40 BAE 2006-2021 EHI BE K. 5 A Rw BEKIIE)
715y ERRAEVL e Hh X 2 B35 KA 4, £ WNPAC 353 X I 2 B g5 %y . B 5R
WNPAC ¥ 3] X 38 5 VTR X _E24% 2 TR R P B A S R R R it L # T WINPAC 5 3l X
BIAKRAATE, RINE LR X KR d6 T, BhAh, 2006-2021 4, S KA1 53
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=T WNPAC FEALME g f B VL s X ik, B WK%, AN FEEl, &
LRI R K ES, LRI 5 H 5% K I #55 WNPAC TREX R,

155 H, MG EI B SSTA 7F 1980-2021 4E44k 2 - FH#a%4, 7 2000 4E % 2001 4F[A]
RAGBEEYT G, IEIEE, [ 2001 455 WNPAC @37 23 EHKX R, )5 WNPAC #
FAE 2003 2 2004 4 (7] (2 2k 55 B AL I 0, SRR 2 B 5 H B PG EIEEVERE SSTA 3%
2%, H 2005 4, WNPAC 345 5[ ITL RS 5 A MK g 2 @ R0 R, 2006 FFILH
5 H 5 Bk sk, [R5 5E $AGHT B EEVERE SSTA AL R 3 IEAH K R . WNPAC 7EIL
B 5 H PR SRR ENEEIE SSTA R AR, EREIAM/EM. f£ 2006-2021 4, 5{LF 5
I 5 K 5 M G A R FAHY BNV PERE SSTA KT £4% 10 m F% X7, @it “ -2 %
-SST” AL, H 3 H4ERFS] 5 H /K EIH.

BB TR B, AHEL 1980-2003 4, 20042021 4= Fg #AHT B EE I b2 1 7 3 AL 3
[P A EN LR, PR i LT RURRE Hadley FRTAE M- 5. F i 28 JE AR sy — Al
BT AT RBE RN RER TR, NUTRURME WNPAC YEEEER K. SR
KR, @R KR I R HL X A FIAEV L R L X B (AR A 36 T, S10R 5 H 7 Bk
Bk % . 5 H WNPAC F1H & 8 SSTA LR EN], 5 H WNPAC B5RIN, 5 [ b i (1K
PR Am R S W 2%, AN AT SSTA Jhiy,  did AR M4 T #47 SSTA FAIK.

T EAR R, A SIS T RGN SSTA B3 L ST R 5 H 57 % MK i 7T REIH
%, ESJER TAEh TR —2 H AMIP (Atmospheric Model Intercomparision Projection)
ROABAESE . BEAL, R #AHT B RSV TE HoAth 476 WINPAC AR AR R AU R A7 AE
ALt (R A — 2R 5T

%
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