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Abstract  In this paper, the anomalous characteristics of precipitation in the east of southwestern China (ESWC)
in June-July,2020 and the related large-scale characteristics of water vapor transport, water vapor budget and water
vapor source are analyzed by using correlation, regression, clustering, Hybrid Single Particle Lagrangian
Integrated Trajectory (HYSPLITv5.0) model simulation and other statistical methods based on the daily
precipitation data of 118 stations and other reanalysis data. Then some indexes of water vapor intensity in key
areas are defined, and the relationship between water vapor intensity in key areas and sea temperature is
investigated. The results show that the average precipitation in the ESWC in June-July, 2020 is 50% more than that
in normal year, which is the highest since 1961. Precipitation in most areas is obviously higher than that in normal
year, except for some areas in central Guizhou and northeastern Sichuan. The configuration of tropospheric
atmospheric circulation field in June-July, 2020 is a typical rainy circulation situation in the ESWC. at 200hPa, the
position of the upper jet stream leans to the south and the ESWC is located just south of the jet axis, with strong
divergence outflow from the upper layer and strong convergence inflow from the lower layer, which provides
favorable dynamic conditions for precipitation. In addition, the Western Pacific Subtropical High (WPSH)
obviously extends westward, and the warm and humid airflow in the southwest side of the WPSH is transported to
the ESWC, which is conductive to more precipitation in this region. The quantitative water vapor trajectory
tracking results calculated by Lagrange method show that: there are 70.5% of the water vapor paths associated
with precipitation in the ESWC in June-July, 2020 come from the southern routes such as Bay of Bengal, South
China Sea and Arabian Sea, 17.5% from the northern route and 11.9% from the local area. In previous winter, the
SST of the equatorial Middle East Pacific and the Indian Ocean was relatively high, the WPSH is obviously strong
and westward, resulting in the east wind anomaly in the Bay of Bengal and the South China Sea, which is
favorable for the westward water vapor transport in the South China Sea, but unfavorable for the eastward water
vapor transport in the Bay of Bengal. Meanwhile, the anomalous anticyclone from the Philippines to the South
China Sea makes the south wind anomaly in the northern part of Indo-China Peninsula, which is conducive to the
strong northward water vapor transport in this area. These together resulted in more precipitation in the ESWC.

Keywords the East of Southwestern China, Water vapor transport, Water vapor intensity index, Lagrange

trajectory model
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Fig.1 The distribution of 118 meteorological stations over the East of Southwestern China (ESWC)
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Fig.2 Spatial distribution of precipitation (a, units: mm) and percentage of precipitation anomaly (b, units: %) over

the ESWC in June and July 2020
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Fig.3 Time series of average percentage of precipitation anomaly in June and July during 1961-2020 (a, units: %)
and daily average precipitation from June to July in 2020 (b, units: mm) over the ESWC (The date of the red dot in

(b) represents the occurrence date of the regional heavy rainfall events)
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Table 1 the regional heavy rainfall events over the ESWC from June to July 2020

PomsrE  RPGRE  RBWEA BRI RN GG

e e (mm) mm)  (10'km)  (10'km) @ EK R
1 6/2 87.7 138.0 9.41 9.41 1 0.08 BRI
2 6/17 109.0 257.3 8.5 8.5 1 0.18 B
3 6/21-22 149.3 4274 12.46 8.13 2 0.83 i
4 6/27 124.5 1093.1 18.25 18.25 1 1.39 R
5 6/30-7/1 205.1 460.1 10.03 5.74 2 0.88 s
6 7/16-17 191.4 1672.9 27.62 18.23 2 2.94 P
7 7/26 262.2 1096.6 22.33 22.33 1 2.32 HE

T R PERERENEE G IR R E SRS (2021) HIWFFE.
Note: For the definition of comprehensive index and comprehensive strength in Table 1, please refer to Zhou et al.

(2021).
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fiz: 101 Past) ((a) - (o) PREOFMPHERRIGEIBXREME; (o) HRO# L 850nPa HiTE)
Fig.4 Characteristics of average atmospheric circulation in June-July 2020. (a) 200hPa zonal wind anomaly (units:
m s7'; the green line is 30m s isoline in climatological mean; The blue line is an average 30m s! isoline in June to
July, 2020); (b) 500hPa geopotential height field anomaly (shadow, units: gpm) and wind field anomaly (vector,
units: m s') (The green line is the 5880 isoline in climatological mean, and the blue line is the average 5880
isoline in June and July, 2020); (c) wind field anomaly (vector, units: m s™) and vertical velocity field (shadow,
units: Pa s') at 850hPa; (d) regional average of vertical velocity height-time profile (units: 10-! Pa s™) (The black
rectangular frame in (a)-(c) shows the location of the ESWC; The shaded gray areas in (c) represent 850hPa

terrain.)
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Fig.5 Anomalous water vapor integrated from the surface to 300hPa in June-July 2020. (a) Water vapor transport

(units: kg m™! s71), (b) anomalous water vapor transport (units: kg m™' s, (¢) anomalous divergence (units: 10~ kg

m2 s") (The black rectangular frame shows the location of the ESWC)

22020 4 6-7 H V5 FE X AR B A4 S XKL (FAz: 10°kg s
Table 2 the water vapor budget through the four boundaries of the ESWC and the regional net water vapor budget
(units: 103kg s!) in June-July 2020

iU IRIF Fi A5 At g DI s
2020 4 313.09 -849.57 1030.35 -134.87 359.00
1981-2010 184.32 -450.31 676.16 -184.81 225.36

B 62020 4 6-7 A PR RKITHREL () AR, $A7100kgs) KARRHUM R (@) PRE, Hfi:
kgm' s FARE ((b) FFA5, Hhi: 109kgs") MEEHDE (b)) FRE, B kgm!sh

Fig.6 the distribution of integrated stream function (shadow in (a), units: 10° kg s') and its nondivergent
component (vector in (a), units: kg m™' s') and potential function (shadow in (b), units: 10°kg s™') and its divergent

component (vector in (b), units: kg m! s of the water vapor transport in June-July 2020

DA SR W s 732 51 /KR i 30 FH K PG B R ESORT 34 pR L, S I TR T KT Bk
PR DA ROKIR YR T IX 5[] M PG gt [ 2 38 DX el A % 3 T 1A /K PR SZ A 40 e b 73
T AT ERKIERR, AR KRB @& MR 2% 8% A% F g b 2 ik 21 7 pe Hh X 2R,
AN TR HE R 3 TR KR o R KPR I L SO 22/ 2 TR TR AU hz ks B H #0838 i 7 v
e

HYSPLIT &% T-Htk B H 5 R A PO B B Y, B ResRER S Atz 3,
A AR it 52 S AR I s R v 1) = 4704k, B B KYORIE . R THISKR A HY SPLIT A3 3 4
72020 F 6 H 1 H-7 A 31 HIZH KRG AP, 24 A RS E KR RNIERHE .

WX 2020 42 6 A 1 H-7 A 31 HIZEH KRG MU BLILLG 2] 6507 %5002, R4
XU AT RIS, M RA T E . HIE 7a TR, SETEMKRERIEE N T
6 DUFRE I K, Hehfh e i A I EE N 6 %o B b 4 H T %I BT L X AR AR 6 4%
IKVFIIE 5 2 s ORI RAMIEIE, KR FEERIE T BV VERT R, 20 Enbs——20
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A ——3RE = F i NFRE PR R X R @i b i idiE, KR ERE T
B, g At ——RE o i AR E PR X R @rgiEE, KR EERE
TREMEHX, 2MEEHE—EE— i——=am i EARE X R @F
HIETE, KR EZR H 5 78 e X AR A0 0 7 il b DRI P S5 4 KV TE GO FI©HS K
HTAb77, ®= ALK EE 1, KRFEERE T RRNE, 2055w b7 20k 3 E 3,
FEFEHE. DY) NFRE PR X R & @ Padb/kymIE 2, AKREZSRE THidg, it
W — B ZR i N TR B B, [FRE R BHiE. DO )1 S5 Rbodh N\ 35 L 75 e X 2R 3

MIKVRBETE = AL (B 7e) wlgn, SRE TRIRATEE . Sinhd . Bl A= r) K
VRIEIE 1 5 B RHRAE 900hPa LR, 7ERE ANPH R HLIX RS 2 AT #A — @ AR BT, Rl 2
VA= M S ey E VAR GBI 22 m- X 23 Vgt =11 W 2 f ) || NI £ I = el E v | 27 L = B A
(R 7K e 2% 332 7 i 1 X ZR 355 700hPa i B2, >R H T R R Ry b ) 7K VR e 24 3134 850hPa 1 i
KB TPEIL 1 BI7KIRIEIE 1) S R R, FEARYERF/E 700hPa PiiT; 1>k B T rEdk 2 K
JRIEIE S FEAL T XHUZ A Z 500hPa B, 7E3E N PE R X AR S FE R R NP, mAAETI R
HiX |75 700hPa BT 55k B TR A0 A d by i KIS A o KRB S AR 4L (B 7d)
ATAL, SRE TR AmIE (B RA S . F 0y s fl g il g ) /KRB E R K
FRETEANEEE (FImE 1 MPGIGEE 2) MAKREE, kA TRKKREEN
T A Bl A TE () KV B M A — AN B RGN AR, 1S N i,
TR 2 5 1 iR S A /0N o o INE TS (1) 7K YRR TE S5 0] A 2L, TRV R B K,
BN XA — AN NS AR, R — B R B P R X AR . R KV TE R R SR A
WL, TEARIES I BRI, KV EABIE A, BN 08 Jk/N o & KI5
I E AR A R, ARG . Tk B TA607 i vadbieEsE 1 At 2 KA E
PR T HABIE BN 2, HEA BRI R,

3G T PR HL X AR A FIKIRIEIE 1) & M B R I DTk S, IR AT AL, 7R 6 MK
VRIEIE T, kA TN EE AR (1900 %) &%, HUGEMHiHEmiE (1398 %)
MIFGHEEE (1287 %), PHdb 1 BIEHEE (524 460 /b . KHETETRIKKEE SRS
I 70.5%, bR G RERAER 17.6%, JRhEE G 11.9%. [FIFE = i i 8w 1
TR (30.36%) fek, HIKJERHEIEE (24.37%) FFTRAHEEE (21.89%). /KA
WETTERRN S, F @ f K E R TR AR RO, mik 31.13%, Fildy i iE
L 30.41%[MI DTk KA S, FEHEIE TTRRE N 20.89%, ALFIEE —. JRHLIKIR DTRR K
RIS TTERER /N T 3 25U VR8I, Tk B T 4677 B 2 I8 TE 1) 7K IR 0T kA0 7K 5008 & 1Y) DT k)
B/Ne LA 6 ANBIER, 2020 F 6-7 AVERMX R EERE TR, Hik
FA VAR AR o 55 b SALIR AT LA e, SR B TR 7KIR CGRINRIE . RE A p hir
A #EABRRIRE s (BRI AALIR O, 1R B T 77 KA B A T4 RE S (B
EIDA VDN

B72020 4F 6 A 1 H-7 H 31 HAKRPUER IS0 T7 ZHKH (a, AL %) ZKVTIHEIE 2 8] 7047 J b B (b,
BT %), KEEIENREELRN (o, B hPa) LLEKKERNZE (d, B kgm?s)

Fig.7 change in TVS (total spatial variance) as clusters combined (a, units: %), the spatial distribution of water
vapor passages (b, units: %), change in height of vapor passages (c, units: hPa), and change in water vapor flux of

vapor passages (d, units: kg m? s') from June 1 to July 31, 2020

3 FIKRIBTEE A IR AR & TRk DL R B 24 i
Table 3 the total number of trajectories, contribution of specific humidity and water vapor flux from vapor

passages and potential pseudo-equivalent temperature



Vi PrhcfHdeidiE  &inbEEE iEE R PEdL 1 PEdk 2

LIRSS -3 1398 1900 1287 775 524 623
LR DTk 2/ % 21.89 30.36 24.37 13.45 5.47 4.45
KV IE R TR/ % 30.41 31.13 20.89 9.57 4.55 3.45
A 24 A7 IR/K 352.11 350.40 351.70 347.35 339.39 333.65
4.3 KIR R 53 HT

AN TS R 23 AT T 0, o1 A SR I KRz D732 v B3 1 P 2 2 /K VR i SRR, 3 R R FH 3
FHis B H 5 S R KR EIE P, SAREARELH 2020 4 6-7 H VR HELIX A RS
IKEZKIR T EER B T B iy B R0 B A 1 55 T 7 9o T R BRI S, b7 T4 R
WA KR IHIE, (HAX T R 7 KR A MS 2 o BT I, ARSI R Hh X AR E K
IREZRIRII G DU B X (] 8) R UKV EE R bR . RBEIX I 1 (BT hifris)
JuFE A 0-20°N. 50-80°E, X3 2 (Ffniiyd) JuFE N 0-20°N. 80-100°E, Xk 3 (HEg-
B YEFElN 15-25°N. 100-110°E, X1 4 (Fg#F) JGEN 5-20°N. 110-120°E. *EH|
KRB ERE—ANRE, BASRMERRHE, KA 8 X I8E LA KR E bR ©
26 W) KV R P H A e i 12 X 35k P 46 1) KV 5 (1) P 3548 s @& 1R KR B Fa b & 48 i X 3
2 A 7KV E 1) T35 . DY O X s LT 8 NIKIRBREE AR R, RI: Balhi{frig4ifn) K
TRORSE S BIRATEE /KIRBRE . FoNhiyB e mKIRBRE . SnhiS & m/KiRsaE . R
By ALER LR 1) K VR R  HH R P B AR [ 7K PR 0 R V445 ) KR 0 B R R U 28 Tm) AR VRS S

Kl 8 1979-2020 £ 6-7 A T8 2R IUIE A WA CRAL: kg m' 1) (B R FEHE ) 3l 97K 55

FEFRRRIEELT 4 AN X4, MPERIRIKYOR: X481 (0-20°N, 50-80°E), X3 2 (0-20°N, 80-100°E), X1 3
(15-25°N, 100-110°E), [XI#k 4 (5-20°N, 110-120°E))

Fig.8 Spatial Distribution of Average Water Vapor Transport in June-July from 1979 to 2020 (units: kg m™! s1)

(The black rectangular boxes in the figure are the four areas selected by the water vapor intensity index, which are

in turn from west to east: zone 1 (0-20°N, 50-80°E), zone 2 (0-20°N, 80-100°E), zone 3 (15-25°N, 100-110°E),

zone 4 (5-20°N, 110-120°E))

R4 R DK EE R AR AN X7 58 FE H b5 -5 V0 B B X R 6-7 H /K B R 2% R 4
Table 4 Correlation coefficient between water vapor intensity index (wind field intensity index) in key areas and

precipitation in the ESWC in June and July

. KRR bR 5K o RSz Tats 5 kKA

KIEFE R — R e bR R

B 14 1) KR R 0.04 B A i 443 ) IR -0.18
BAT 7 A1 i 26 1) KR B T -0.08 AT 3741 ¥ 2 1) JR e -0.17
FEaw) IEVREEA Y SRty -0.58™ DRI 25 [ R -0.56*
T IRV 228 ) KPR 0.06 Em e VAL R DA 0.01
R e B AR A A KA SR -0.01 R e S AR ) XU -0.11
R B AR KRB 0.64" R e S 2 1 XU 0.63"
P U ) KRR P -0.58™ AV ) XU -0.57
R A KRR -0.19 FA 2R ) AR 0.02

e HERORIER 0.01 R E R
Note: ** means passing the significance test of 0.01.
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TAgr il 7 &R XKV AR bR 5 V0 F X AR 6-7 H FE/K IR < R 4L ik m] s,
FEVL 158 Y 8 AN/KIRREEFRAR T, A 3 MEbn SV R B IX AR 6-7 A FK R A B3 AR
KF: dOINPTEE R KPR TR AR . B RS ) KPR B FR bR 5 P K B 2 35 fp ok, o
By JE AR LR ) KV BEFE AR 5 B /K B2 B2 IR O o SRR B 2 DN L T2 48 1 7K i D 4 S
CIALZR RIZKIRBIR IS )« Hh g 1 By AL BB () KRR BE DY IE S Clal BRIV 1 5D .
W ) KRB Y S (Il P RV g i) I, U R LRI 6-7 H R KB %, X
MARIEIA AL IESF 5 2020 48 6-7 H FIZKIEIERAE (18 5b) — 2, BRI & s vE
KRS AR AE . AR L, DR SE SCRIZRIR B R AR B BT 1R 8 e

4 R T IO SR R ) XU 22 1) KR EE bR CGRAUKIRIREE SRR E SO &
PR HLIX 2R 6-7 H BE/K A G R AL I3k 4 FIAN, d by 2h im) KUSREE . R 26 ) XU
FESFKE R B NI, g AL i KR L R K& B B35 IR O . R s
VAV DRSS i 2R KR o g = I LBt X e X SR, D R X AR AT 6-7 H KA B
T (AU A T LS G A 3P ) v I P R ) XU RFALE - R KRS ER AR B T — BURRFALE -

4.4 FRKIEHIE R H B AT Re A

K9 (a-c) A T 5P AR E 6-7 A BE/KE B EHH 3 AN KIKERE bR 5T &6
WLIAR A o FHAZ B AT 0, SN 4 1) /K IR 3 B F bk E B 5 A & 7RI R R AP A
FRIE 7R B PRI 2 0 3 U (B 9a), A Rg - B LB 4 M /K VR R 4R Ar 2 2L 5 i & AR I8
R AP PRI AL BN R P R BLE 25 IEAH S (& 9b), B4l M /KIS B 48 b 1B ST & ARiE
HRIACFEERN L ED B PR PR 2 Fd 2 (] 9¢). 2019/2020 FAZENEHERFRIE 4R K
SRR IS ECE FiEr (B 9d), AR Eg 2 B AL X m) b5k i K IR, e b X [m]
PEHATE KV o, T A g e S AL 8 Al VR B B (i, R VA0 ) KV B P I 5, AT 366 ok
2020 4F 6-7 HPUFGHLIX R MK Z . B9 (e-g) A HHIJE STUFFHLIX 4536 6-7 H MoK & &
FRRI 3 AKIRRE SRR 5 R4 5-7 BRI M. BZEmTAL, 5-7 H, 3 MKA
S FEFE bR 32 25 B RE AL AR iR S R A OGS AR IE TR AR TR AR A R
o NV 26 ) 7K VR 5 B 4 b B2 P 8 1) K VA i s 5 B0 o G VAR AT 2 Y 3 R R
9e. [ 9g), Y ALERA M KIR SR E R AR S HAD 2 B EASE (B 9D, 2020 4 5-7 A
B LR R S (& 9hD, RIS A I Hh R e 5 G B 1 X ) A3k /KA o, #
g X 1) PR AR KV B, A4S 2020 4F 6-7 H PH R HLIX R BB KR £

ik ob, FATHIHE T 3 AN KRR B AR 73 )5 Nifio3.4 F8EUF IOBW $i5 55 (1) 8 1iT i
JaAER 25, DACEATTS IOBW 281 & 223411 Nifio3.4 I (18 i 5 (10 ImAH O¢ R4 (&
100, HiZE A, Nifio3.4 185 F EAETTAAYIHF (1-3 H) 5 3 AM/KRRE LI EEM I,
1E5-7 H, MRNAFRE. 3 NMKREETERS IOBW [P RTH G A R4 RINH 5
Nifio3.4 FEEHLAREAE: 1-3 A BEMIE, 1M 5-7 AMHXAEZE. el IOBW (L4
ZEF 3411 Nifio3.4) HIRAH IS REUAAIH B B AR FREE: 1-3 AMHRARE, 57 H O
HiE6-7 H) RREZEMRK.

BT AR IE A KPR R A 5 SN IRAAIEAHR R R, ATLL 3 MKASRE RS
TIOBW FEEUHIHE O Z B 25 [F) & 4115 Nifio3.4 FEEAH 3¢ f £ AR (LA AEARBL: 7E 1-3 H B35
FHIE, 5-7 ANIAHSGA R 2 1124 IOBW fa 40 22 R1 4 Nifo3.4 MIFZMA G, U 32 AR H 7R
5-7 A CRFE 6-7 A) BEMIC. XER I Rl b R PR £ 2E7E 1-3 Hi2m 3 4VK
IR AR, THENEE VRN EBAE 57 H OuHE 6-7 AD e, st e EHEAR
BRI T AN, A58 T AFFE R R RFERRI (Xie et al., 2009, 2016). i#
5, 7E El Nifio KEFEMMKELZE, R HLIX 21 Rossby 318 AH A FH7E E 1 5 b
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TR S CAUiE, 8 R SER A 4R LS (Zhang et al., 1999; Wang and Zhang, 2002).
I 7E El Nifio ZIHFEME ZE, HTAREH R TERERKCAMSS, S E &R, Wik
DA FE A 52 BT 5 S SR IR 4 5 22 0 B P VR TR TS IR L 45 SR (Xie et al., 20009,
2016; FEIkAE, 2017).

2019/2020 4, FRIEH R RERFRECHE M s, 20455 Bl Nifio IR . £
2020 9 5-7 H, EDEEVEIRIR R FR S M I RHE, SZutsem, POKE] S R WG Wi,
R A P8 T 2 AT B BE VR AR XGRS, A5 R T e g X 1) 8 ) KPR I 5, SR T s
TEH X 1) AR R KR SIS s RTINS SEAER T A R i Ui B ) S R R, AR T R e o i A
O IX ] A R K VR fnids i, 8 % 2020 4E 6-7 H PR b IX R EB KR Z .

B9 AFRZKIRREERFR ((a)y (o) di AL A ARIHRESRRR, (b). () g B L AL mKIGR TR
bR, (o) (g) FFMEARKRBRERPR) SHI4% ((a) - (e)) Fl 5-7 A ((e) - (g)) SST WM # (K
i RPIREIX 2 BARIEET 0.01 A1 0.05 AR MER) LK 2019/2020 4247 (d) A12020 £F 5-7 [ (h)
SSTA HZ= [ s3 A CHLfiz: C)H

Fig.9 Correlation distribution between different water vapor intensity indexes ((a),(e) is Bay of Bengal meridional
water vapor intensity index; (b),(f) is North Indochina zonal water vapor intensity index; (c),(g) is South China Sea
zonal water vapor intensity index) and SST in previous winter ((a)-(c)) and in MJJ ((e)-(g)) (The dark and light
shaded areas represent passing the significance test of 0.01 and 0.05 respectively) and spatial distribution of SSTA
in winter of 2019/2020 (d) and in MJJ of 2020 (h) (units: C)

Bl 10 /KR HRAR S Nifio3.4. IOBW I IOBW (4542 F 1) Niflo3.4) [/ AT S H10C R AU
L () d NS b a KIR SRR, (b) T B ACE A F/KIGREER R, (o) B4 /KT TR 1]
b, B2 0.05 82 PER G2

Fig.10 Lead-lag correlation coefficient between different water vapor intensity indexes and Nifio3.4, IOBW and
IOBW (excluding the average Nifio3.4 in winter) ((a) is Bay of Bengal meridional water vapor intensity index; (b)
is North Indochina zonal water vapor intensity index; (c) is South China Sea zonal water vapor intensity index.

The gray dotted line is the 0.05 significance test line)

NT B ENE EIR TSR, R ERBIEIRTA Nifo3.4 XIEFRIEEM 5-7 A
IOBW #5353 1'5 6-7 H T34 500hPa 7%= BE 37 F11 850hPa M7 1) EIH, 255 & 11 A1
Bl 12 s . I 11 AT, Nifio3.4 X i F8 201 IOBW 482910411 6-7 A 500hPa 1= %3 L,
FRGHT HL X A S22 1 1 R P, SO P AT X, 3R BV AP ml v B 5 O 7 it (1]
1la, b)o 2 MEEAEFVTN) 850hPa M3z - tH R I H —SUHIHFE: TPy A i Hh X A 7R
KEEF (& 122, b), A FT i X m) PG KR s, AR T F sy s X 1a) 4: 1K R g
% SUCFER, SRR SR E I T R SEERE (B 12a, b), 15 b X
R RS RS, A R T A R 2 B AR X ] B KR S R, R 2020 4E 6-7 A PEraith
X R PE K Z

Bl 11 A4 Nifio3.4 X% (a) M1 5-7 7 10BW 5%t (b) 5 6-7 A F-#1) 500hPa fir % 5 5 7 1) [ )4

CE AR IR IX 3 AR L 0.01 F10.05 F) F ASSS XI5, 1B rh B (R TR AE 4 7Y g L [X AR AR AL ED
Fig.11 Regression of the average geopotential height field of 500hPa in June-July using the Niflo3.4 SST index in
previous winter (a) and IOBW index in MJJ (b) (The shaded areas represent the areas that have passed the F test of
0.01 and 0.05 respectively, and the yellow rectangular box is the location of the ESWC)
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Bl 12 B4 Nifo3.4 [X Ez@/mitaézﬂz (a) F15-7 H IOBW 5% (b) 5 6-7 H F¥Ii# 850hPa KA [EIH (&
BB IX 3 AR IERE 0.01 F10.05 ) F AR A9 IX I8, b B G R TAE G e 3 X 2R P LD

Fig.12 Regression of the average wind field of 850hPa in June-July using the Nifio3.4 SST index in previous
winter (a) and IOBW index in MJJ (b) (The shaded areas represent the areas that have passed the F test of 0.01 and
0.05 respectively, and the yellow rectangular box is the location of the ESWC)

5 5t

TR 2020 4 6-7 H PURFHLIX AR B R K & 7 0 I 22 S KVREE REAE R 20 B, 15
TERELR:

(12020 4 6-7 H Ve X R B fE K & 572.4mm, B F R wZ 5 8, £ T 1961
CECARES 170 B o M p R0 DY 1] AR T b0 1 Jed 30 X B A A8 o A i 2D A, LA b X B K 351
%Eﬁ% B 7K RABL X = AL T AL PG &0 . PR AN S LB A~ 6-7 H, PURFHLIX 7R

HRA 7 X HERWSRE, RERWREE BRI e, EXES, WREE . &
Kﬂ[&j(

(2) 2020 4 6-7 HXIRZ S H REFRIA L E R — A7 e th X AR A 2 R Y
WIS, 1ZXIRIELFA T 200hPa Sl ARG HLIX,  [F]I 75 AP ) v B S A, v
T ] 1) R IR B Bk P R B X 2R8I 7K A 22 (1) 32 B A

(3) K H R A B H 7k 50 8 B KR POzniB i g SRR B 2020 4F 6-7 H g b

X AR KRR AR 70.5%K B T Enbris . mEg A S A S 7 8542, 17.5%KH T
B8R, 11.9%K B TR, Hir e mEm S, S0 ) g A K Vs 2 5T
BRERA K, 739008 30.36%F1 31.13%. FEHEEE LR TTIRE (21.89%) BT HHHE
THIE (24.37%) B&K, BT RLAF A TE 1KV DTk (30.41%) BRIHRHETE 1 (20.89%)
Ko

(4) AR H 2R RT3 O v AR AR B R 3 2 DI v vy, 7 AT ) 5 B S
Ph AR, o N7 R e v X O AR AR, A R b X e 7 R KR SRR, AR
AL IX (A 2R (P 7K VRS iE s SRy, SR 0 R IRIE R i T e e R AUE, AR R
JE B H X A B KGR T A R 2 S b X R JR KR S o, LIS K 2020 4E
6-7 A PUrgH X R PR Z

AT T 2020 4F 6-7 A PR X AR K KV EHERRE, & X T o8 X KR 5
fabr, WM T KRGRE SRR, 55 78 WSEAS 1) B 8E 2 1) 30 RS Bk 57 0 4F
PNTF, X At A GER A PR 0T P A i X AR K PR Az S FL B K B s e LR AR — 2P B 4 A
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Fig.1 The distribution of 118 meteorological stations over the East of Southwestern China (ESWC)
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Fig.4 Characteristics of average atmospheric circulation in June-July 2020. (a) 200hPa zonal wind anomaly (units:
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July, 2020); (b) 500hPa geopotential height field anomaly (shadow, units: gpm) and wind field anomaly (vector,
units: m s!) (The green line is the 5880 isoline in climatological mean, and the blue line is the average 5880
isoline in June and July, 2020); (c) wind field anomaly (vector, units: m s™') and vertical velocity field (shadow,
units: Pa s') at 850hPa; (d) regional average of vertical velocity height-time profile (units: 10-! Pa s) (The black
rectangular frame in (a)-(c) shows the location of the ESWC; The shaded gray areas in (c) represent 850hPa

terrain.)
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Fig.5 Anomalous water vapor integrated from the surface to 300hPa in June-July 2020. (a) Water vapor transport
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m~ s7) (The black rectangular frame shows the location of the ESWC)
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Fig.6 the distribution of integrated stream function (shadow in (a), units: 10° kg s') and its nondivergent
component (vector in (a), units: kg m™' s') and potential function (shadow in (b), units: 10°kg s™") and its divergent

component (vector in (b), units: kg m! 1) of the water vapor transport in June-July 2020
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Fig.7 change in TVS (total spatial variance) as clusters combined (a, units: %), the spatial distribution of water
vapor passages (b, units: %), change in height of vapor passages (c, units: hPa), and change in water vapor flux of

vapor passages (d, units: kg m? s') from June 1 to July 31, 2020
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Fig.8 Spatial Distribution of Average Water Vapor Transport in June-July from 1979 to 2020 (units: kg m™! s™)

(The black rectangular boxes in the figure are the four areas selected by the water vapor intensity index, which are

in turn from west to east: zone 1 (0-20°N, 50-80°E), zone 2 (0-20°N, 80-100°E), zone 3 (15-25°N, 100-110°E),
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zone 4 (5-20°N, 110-120°E))
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Fig.9 Correlation distribution between different water vapor intensity indexes ((a),(e) is Bay of Bengal meridional
water vapor intensity index; (b),(f) is North Indochina zonal water vapor intensity index; (c),(g) is South China Sea
zonal water vapor intensity index) and SST in previous winter ((a)-(c)) and in MJJ ((e)-(g)) (The dark and light
shaded areas represent passing the significance test of 0.01 and 0.05 respectively) and spatial distribution of SSTA
in winter of 2019/2020 (d) and in MJJ of 2020 (h) (units: C)
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Fig.11 Regression of the average geopotential height field of 500hPa in June-July using the Nifio3.4 SST index in

previous winter (a) and IOBW index in MJJ (b) (The shaded areas represent the areas that have passed the F test of

0.01 and 0.05 respectively, and the yellow rectangular box is the location of the ESWC)
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Fig.12 Regression of the average wind field of 850hPa in June-July using the Nifio3.4 SST index in previous
winter (a) and IOBW index in MJJ (b) (The shaded areas represent the areas that have passed the F test of 0.01 and
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0.05 respectively, and the yellow rectangular box is the location of the ESWC)
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