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ABSTRACT

Record-breaking rainfalls occurred over Yangtze-Huaihe River Basin (YHRB) in China during
Meiyu Period (June—July, JJ) of 2020, causing severe floods and disasters. These rainfall
anomalies were closely linked to the extremely strong anomalous anticyclone over the western
North Pacific (WNPAC), which favored convergence of water vapor over YHRB. This study
argued what have drived the record-breaking rainfalls and WNPAC in Meiyu periods of 2020. A
weak Central-Pacific EI Nifp rapidly decayed in spring and developed to a La Nifa in late
summer, while sea surface temperature (SST) in the tropical Indian Ocean (TIO) and tropical
northern Atlantic (TNA) was considerably high from previous winter to summer. We revealed that
the weak decaying El Nifb alone was not sufficient to maintain the strong WNPAC in JJ of 2020,
whereas the long-lasted warm SST anomalies in the TIO and TNA prominently contributed to the
enhancement and westward shift of the WNPAC. The TIO warming intensifies the WNPAC
through the eastward propagation of Kelvin waves and/or modulating the Hadley circulation. The
TNA warming can force a westward—extending overturning circulation over the Pacific—Atlantic
Oceans, with a sinking branch over the central tropical Pacific, which suppresses the convection
activity over there and in turn gives rise to the WNPAC. The TIO and TNA warming contributed
significantly to the extremely strong WNPAC in JJ of 2020.

Keywords Super strong Meiyu precipitation, EI Nifo, WNP anomalous anticyclone, tropical

Indian Ocean, tropical Northern Atlantic
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. PSR (BROAChangma) T H AR #E (FRABaiu) HELI LARFE: £
WANTEERIERRS . AFEIR, &AW E I XET I i s =4,
A2 S ZR NP JC I R ) e B 2R AU I R 2 — (Akiyama, 1984; Tao and
Chen, 1987; ZRILAIKIGZ, 2005; R&EMS, 20065 un], 2006; | i
s, 2007; AR FE4E, 2018a; Ding et al. 2020). AMgd R, SHLHERIEAEY)
FISCEIEEEAF] s AR, SO, W25l RVEH 5 (111934, 1958,
19784F); MV HAE . WEK. FFEER K, 5 BB KRN, Hhey
RKE, AMEXSRAEYAA RIS, SR &K S, NRAE G WA
R (401954, 1991, 1998. 1999. 20164FE) (Fi/RAIT —i, 1996; Ze4E
W, 1999; RIRSE, 2017; BMRESE, 2018b; PMHMGSE, 20200, Kk, JNGwME
SR LB W RN VA 0. 2 A R AR A I M TR, 7] 9 1 5K B
LRGBS (42, 2006; BIEMSE, 2015, F£7%%%, 2018).
2020 EFREVLHEREGEE TR, AR AR MG
MR R IR 2, FLA M TR BE A M Y 4 I 1998 48, £ %1) 1961 4F DLK 28
—A0r (BR¥ESE, 20200, MEHIFLED T 11 5afokod /2, FRKaREE R, itk
PRy “BIIME s FRSER BRI 5] AT AN ST 2 kg, SV HERIEAT Ok
FEE ke O HE (BRITAESE, 2020), FIdSHE &S AR REE I 2K, ik
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AR S IR BN R . RSN R A2 U B T, ENSO ToBE A B E A A
F2— (Zhang et al., 1999; Wang et al., 2000, 2002; Wu et al., 2003; #2345, 2007,
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MER S8 ko {5140 1998 £E A 2016 4 (Tim et al., 2017; RIES%, 2017; &R E
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2 BRlS

AR SCHTF BORE E B A 5 ] [ KPR 8 TR 0 A SOR A A
(NCEP/NCAR) KA (BRI H R0k, 02595 #
711 M1000~10 hPadt17/2 45 ki (Kalnay etal., 1996), 19784 2 Hij Fi- 73 #r %
BHEEBR I RS ZE (Wu et al., 2005), #A SR ER19794E 2 J5 ¥ RHIEAT AT
Fo WRILE (LLUF MFEIREISST) 81kl K HHadleyH .0 (HadISST, Reynolds et
al., 2002), AP GHR NI FHRHCE N1870~20204F

B AU Ak Sy AR5 R Bl KRG B P D AR I 1) 23743832 H B K Bt
Bl Nifp3.4f5%0. KRl TRECE B B KA fEH 0 Chttp://nce.cma.gov.cn/cn ).
P ENEPESST R (SSTA) 5% (TI0, tropical Indian Ocean) Fl#H Ik K PE v
SSTAfE%L (TNA, tropical North Atlantic) 4355 LN (155-15N, 402120 )
A (EQ-20N, 70W—0E) X FHIISSTA. FHdb A TR 5 K SJie (WNPAC,
western North Pacific anomalous anticyclone) &5 f&%0E X y850hPa (10225,
115=150€) X PRI K%L (Zuo et al., 2019). SCHRTAFRHIZ L —512H
EHF2H, FFNHEI~5H . AR TUREL 1981~ 20104 304 T HIfE

ENSOF {3 iR 4ERen et al. (2018) X JL/RJE ik /F JE RS ERf s . T 5
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Table 1 Boundary forcing and target regions for the numerical experiments
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Kl 12020 4 6~7 H (a) BibBkE (A mm) Hl (b BEKEEFER (RA: %)
734, (¢) 1961~2020 4 6~7 HILHERIR X -1 K B /K & AR AL 571

Fig.1 (@) Accumulated precipitation (unit: mm) and (b) precipitation anomalies (unit: %) in
June-July 2020, (c) Standardized time seies of regionally averaged precipitation in

Yangtze-Huaihe River Basin (YHRB, 28234 N, 1102123 E, see the box in (a)).
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VL YRV SR Y LA B AR 1, FTRR S Ak



Kl 22020 4= 6~7 H (a) HF/KE KT 10mm ) HE I (b) BEFR78 (A 5346, () 1961~
2020 4 6~7 HTLIHEFIS X S5k g AN R B 2 K & H H i 18] Fr 37

Fig.2 Spatial distribution of (a) the rainy days with precipitation > 10 mm/day and (b) their
anomalies in June-July 2020, and (c) time series of rainy days with precipitation more than 10

mm/day, 25 mm/day and 50 mm/day, respectively. Contours in (a) denote 20 days.
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EI345 Y 1202046 ~7 A XHAZ F )2 RJE KU KR 2K IR & 1 75
FFIE. 500hPafi il b, BRI s 2h B2 “Wa — il 2, SRRl LA
b DX R0 2 i a7e AR X Ay i R, B R WA 42 DL JR i e DX A R R PRI R
fl, PERE S W WP (KE3a). {%/Z850nhPaffiF X7 I, FHdL APk
R S DR M DX Ay 5 i i 1 S SR B P IAE , R i 4 DA AR PR B 0K 1
S, WERECR OS5 RANEFDEAY A (B3, RIIWNPACHH . 7K
T 5 AR U T DX R 43 500 A s 1 DR i 7 A XS R T i A e o)
L B e R S o ¥ 7 1= NS SRR i A w7 A N
X, EHWNPACT LM fIBEE S IRAE VLT ISR & (BI30), NTTIE AR Y
B K S W R AL T 3 S %

M1979~ 202046 ~7 H VLI At dek [X 350~F- 247 [ B 7K B b A 8 25 [ A ) RS
Wy (B4 TR, X ZE S 2500 hPafy #m s (Kl4a). (K2 1850
hPa/K-F KA AR B AR Fi (BEdAb) . DA ZKE AR (Eldo,
5202046 ~7 H W3R A m EEARLL, JCHIRAE TH AL AP XK B i 959 1Y &
57KV o BoRFEMTT ARG ~7 H BEK (1 32 BRI RGN 2 2 1 76 K Rl
FMICZIWNPAC, T H R WNPAC BB R Z (R KV S 41

K 32020 4 6~7 A KSHAR: () 500 hPa fr 3 sy (Z(E2k, H4r: gpm) K
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fir: kgm™st) MEUE (AR, #fi: 10°kgm™s™

Fig. 3 Atmospheric circulation patterns in June-July 2020. (a) 500-hPa geopotential height

(contour; unit: gpm) and anomalies (shading), (b) horizontal wind (UV850, vector; unit: m s ™)
7



and stream function (shading; unit:10> m? s*) anomalies at 850 hPa, and (c) the anomalies of
vertically integrated (surface to 300mb) water vapor flux (vectors; kg m™ s™) and water vapor

divergence (shadings; 10° kg m™ s™) in June-July 2020.

Kl 4 1979~2020 £ 6~7 H VLI X 48T 2 B K AR AL SR Z B A 1 RS (a) —
(o) [FE 3, 47 X FIE (7 kB R R ik 3] 95%0) B 15 /K-

Fig. 4 Same as in Fig. 3, but for the simultaneous regressions of the atmospheric circulation

anomalies against the normalized time series of June-July rainfall in the YHRB (YHRBRI) during

1979-2020. The dots and blue vectors indicate significance at the 95% confidence level.

MR B S TR U AE PR AR AT L, 2020 4F 6~7 H P KR T- X508 E A
1979 4 LR — Az, KT 2010 4%, K= WNPAC 5254 1979 4E LK ES — (&
5), FOKEIEEHE w17 N2, o 1979 4 RIKEE — AL, AT 2010
5 6 HPEKEIEHE %ML 0.8N, 7 HfWrg 0.4N, VUK &= a Zeni -t 5 1
i rE AR T N R Y E VLR TR I T R s 4

WNPAC 2 AR LI RGOS, 59 R 5 (¥ WNPAC R AL 1
MU SR AL TR ZKIR, A I 3 HH IR i B /K ) B25% #F (Tao and Chen, 1987; Lu,
2001; TkPR =~ M RE 5, 1999: FKIR =46, 2003). 7E El Nifp FTHIMEZ,
WNPAC B R AH T A KERE Bl Nifo 55 581 5 250 K 8

(Chang et al., 2000; Wu et al., 2010; Chung et al., 2011; Li et al., 2017), iR
WNPAC % 5 S EULHERFE K & 0. Hukml W, 2020 4 6~7 H 5% ik
(] WNPAC st it LV IR e M 1) fe B B i B (M BRI R B

51979~2020 4 6~7 HVLIERIBF- IR K EARHEA 551 CREHRRD FE P8 K E e
FEAN WNPSH AR R 5O 18] P81 o /NS LU A B K & SIS X R %, _EAR
=il gy il ik F) 95% 1 99% ) B A5 /K F-.

Fig. 5 Normalized time series of the YHRBRI (bars), the western North Pacific Subtropical High
index (WNPSH, blue solid box) and WNPAC index (red dotted line) in June-July from 1979 to
2020. Numbers in brackets denote correlation coefficient with the YHRBRI. * and ** indicate

significance at the 95% and 99% confidence level, respectively.
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2019 41 2020 4F3ES: HI I P OHHBL 5t AL Bl Nifp FF. IR
I )43 549 2018 4 9 H & 2019 4F 6 H (AN 11 H, W{EE N 1.0°C) . 2019
11 A& 2020 3 F (EEN 11 H, WEE5RE N 0.6°C), Ja—ikINHFE: 5 4
H (& 6), 241981 4 DLRIFLLIN (Rl fc k. 2R 95—k El Nifp F/F. 2019
5 28 WNPAC JoR 55 ol (brufEfb e 80h 0.62), TLHERIR 6~7 H KR
5.4%; 1M 2020 %= HE 2= WNPAC S # fmik ChrEfb i 808 3.1, LI 6~7
HIEKmZ 78.9%. A4 2020 4 6~7 J1 WNPAC 58 BEi [T s 40 s R IR B A 7 =2
Ha? M\ SSTA EASFT W, 2020 4F R & JRiE 1K~ SSTA KT 0.5°C, MZARK
SFEN 0~0.5C (KBl 6a); HFUFIEMIER kTS (& 6b): 6~7 HAREHARK
TR Y, B AR AT SSTA /NTF—0.5C (8] 6c); 2020 4E 4
NifD3.4 5% 0.56°C, 5 HRHEFFEE —0.27°C (K 6d). I 2020 4E EI Nifp
PERRFEMR T 2019 45, FEPRGE . 1T Il 2020 =555 AY EN Nifo S CiZk
SEA AR WNPAC 533 fm 5 AR I o

WrFE R M ER EI Nifo DAL, FEILARPEE. IPevE kRl . el B e, Aagdl
DR P Y90 5 O X 3 UL S R ) b UM ELAE P IE R 3R E 2 WINPAC AR B8
B R SR B AR A, S WINPAC 4 BRAS Ak ) 25 LIRS R 7 (K 4%,
2004; Li et al. 2005; Yang et al. 2007; Xie et al. 2009; & EMIEA, 2012; Wang
etal. 2013; #{NI%%, 2016; Wangetal., 2019; Zuoetal.,2019; BkiT4%, 2020).
W, G EIREE . Ay A6 K VE 7 LA AR FFE (30260 N) il A 2020
FERAZE 6~7 H—H4ER W% (& 6a~c). M 2018 4 9 & 2020 4 8 H, Nifp3.4
faH. TIO 4850 TNA 454 24 > HHEA AT WL, 2018 4F 11 H 2 J& Nifdp3.4 4§
HUSR ZIBE S FREk%, T TIO FEE0R TNA S8 EUW s BT, =38 4 e
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2020 4 4 AN 3 HIABIRAME, AR BL T PIIREL Nifo £8ut “ i,
1M TIO il TNA U F:h “ 75

K6 2020 4 (a) A& (b) HZEAM (¢) 6~7 A SST #EF (#fz: C), (d) 2018 49 H
% 2020 4F 8 H Nifp3.4 5%, TIO $840F1 TNA f540 (Fhi: C) i
Fig.6 SSTAs (unit: °C) in (a) DJF, (b) MAM, and (c) JJ of 2020, and (d) time series of the Nifp3.4

index, TIO index and TNA index (unit: °C) from September 2018 to August 2020

P B PEAN BT LK P e 3 SSTA 4Lk 78, £ NE T WNPAC
KB ETF2 B 7 5T 6~7 HF¥I WNPAC a5 E H AT 42 6~7 H )
SSTA. & 7 AL T-EERAAL, [RIUF M SSTA %5 a)i# AR 5 2020 4EAEH 250, AT &K
AR RGN PRI R L K VE PRI IR REE (] Ta); 2= SSTA 7]
TYALTT ARHAE, R AT T AR P MR R RS 1 vty 1B DK P R Vi B . 4%
5t (B 7b); 6~7 H SSTA ZE[AI A W BALAR,  HAAH i AR AR IRE IR AL s
T FAHT B FE AN BT A6 K PG PR 4RI , 5 B2 BUE RIS A S (18] 7¢). 2020
FEACRFVE SST 53t W il A] B 5 K-FIEAE PRk (PDO) N HAIAHA %, 1 PDO
FALATY S FPEREI A WIS wAL, AR TRKILH iRk REZ kRIS E
#E, 2003). (M, 2020 4EJLAKFiE SST 5% w4 /& WNPAC 5 {5 (1) - 2 5%
Mg [A1 5

K 7 1979~2020 £ 6~7 H-F-¥Jif) WNPAC 515 EL[mI ) SSTAs (Hfi: C). (a) AT,
(b HZE, (¢ 6~7 H, Mg XERiLF] 95%IH B 15 K-

Fig. 7 Regressions of SSTAs (unit: °C) in (a) previous winter (December-February, DJF), (b)
March-May (MAM), and (c) June-July (JJ) against the JJ WNPAC index for the period

1979-2020. Cross-hatching denotes significance at the 95% confidence level.

M E—F9H 2 198 H & H SSTHE#56~7 H ~F A IWNPACHEHU i) AT —
WA R (B8 WLIERMEH, F—F9H 2 1F4HEHNifo3 44545
WNPAC & B HJIEAHSR, B FI99%HI EE /KT, 5~8H¥ A L —410
H 2 HF8HIZATIONRE EWNPACE B& K IEMC, 12H K2 5 KEs H ik
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F99.9% MBS KF: 2~8H1E HTNATEE SWNPAC R 23 ) 1EAHKE, ik
99.9%[ B AF/AKF, Hrh6 MK RE=1£0.69. EIAFIAEE T, HRiEH R
PRHFIR N6 ~7 H WNPACHSZME AL 85, 1 B 2 Aty B RE I AN B b K P v
VUL 5 66 ~7  WNPAC I 210 2 A5 Tl

Il 8 1979~2020 4 6~7 JJ WNPAC #i %t 5 il 15 2 008 Hiris Jo AR 5% CRHZR AR A1 7)o
X F) 99% A1 99.9%[1) B 15 /K7
Fig. 8 Lead-lag correlations of the JJ WNPAC with the Nifp3.4, TIO, and TNA indices for the

period 1979-2020. Bold lines and dot lines indicate the 99% and 99.9% confidence level.

Zuo et al. (2019) & UL P A A (i 455 X S IR A 98 1 #Rs b K 1 A i 6
WNPACHI 521 , BF 57 3 B A 28 K 2= ity AL R VA VIR 5 WINPACH 12 2 11 TEAH
R, HIFEEATWNPAC 1~2H I AH G A %, HIXFhOC RS TENSO. 9% H
11979~20204F 1 4 NifD3.445 %, 5~7 H PN TIOR KM TNATE 2 56~7 H °F
BIWNPACTR BB B . 2%, MATANIPD3.44RECKRE, H56~7H FIIH)
WNPACHR A W35 I IEAH GG R (MK R HN0.36), 131El Nifo i i FEA 12
FEWNPACTH 7, TI84™S5FIEI Nifo i R 1A 3FEWNPACHR #EAL 15 HUR T-1.0,
452020 (E9a). Hix, 5~7HFHIKTIONAS56~7H T IWNPACH: %
M i (A2 RBON0.54, 5Nif3.4RAHZ<N0.43), TIOFEHUK T0/I22
PR I3FEWNPACIE R, HA A 124 NEl NifoZZ i (&19b), FRUJ5EINifo
TEVRH TR 28 (3T B BT PEIE UL AF B ZEWNPAC 5 i, BIVAEIL 1 B VR (0 L 2
AP 5~T AP TNATER L 6~7 H T3 FIWNPACTE £ ¥ AH G B =y (R OG
Z$0M0.68, 5Nifp3.41) w55 40.63), TNATEHK T-0/204F H A 124EWNPAC
ERH, HAH6F NEINifo T (K9, MIEEl Nifo i 1644, 2008
FEH20134ETIOFRE N 7 e H . WNPACHREAL TR HOR T-1.0, R AL KT VE
VI 7 B AP WINPAC T 5% M A X 4437 T-El NifD..

9 1979~2020 EFIRFE XM 6~7 H WNPAC #5501 8U5 B, (a) A% Nifp3.4 #5%, (b)
5~7 400 TIO #5844, (¢) 5~7 A-FIN TNA 385, & 7 HEMLL S %~ ElI Nifo 2

FRE, A TMETRRHRRE, MES T TN Nifo3.4 (<
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Fig 9. Scatter plots of the JJ WNPAC and (a) DJF Nifp3.4 index, (b) MJJ TIO index, (c) MJJ
TNA index during 1979-2020. The purple box and red dots represent the summer of El Nifp
decay years. The number in the lower right corner represents the correlation coefficient between

WNPAC and SST index, and the number in braces represents the partial correlation with Nifp3.4.

REW TR, El NiforERK. AR RIEME, FExTHvy B RE PR # Ik
RPEFEREAT “F0”, El NifodF B 258805 o KRR I R sk 55, 17 L
Py B0 BEVERIBRTT AL PG RETF G “H0R 7, 58 ED NiFDX R FZ ) “ #2737 AR
FH o ATy B0 R 1 T A P BT, 0TI (i 56, 308 1o 260 4 U B T R UR AR A% FTKelvin
W, HEMTE IR T S IEANE] TP RRRIb R, AHWNPACHIGR, Pif, X—
REFERR BN BE v AR 28 UM (Yang et al., 2007; Xie et al. 2009; Wu et al., 2009).
G 6 R T PR I R U A T35 22 Ak 22 R HOeH RS a3 5, S 30 ALK
B B Esh AR O R UTE shig s, JEE P ALR S BSOS
W KA ) ASUiE (Hong et al., 2014, 2015; Zuo et al.,2019), E1045 i 7202046~
7 H *F$41£1850nhPaFl200hPai & %4 FE T FHAR HIUR RSP . # Bl EE PR Ay ALK 78
PERRIREIE S8 N5 1 R AR A LR IE B, 345 3G DR G i — EJ
MAE A R wEG (E10a), sk T R E N EFHEs), mixiE sz
SRR (EI10b), JE R 1 3G o TSR RUZ MR R R A S T
125y, PR B BRI R e w R (E3b). B EERE 04T
T, FAHT B RE AN BT PG PE IR 7 3 X EL NiPo R I8 AEWNPAC S A B 22
SN, 20204E6~7 H WNPAC 5 (it 3- B AR . B 2 3ty BV FE PR AT R i
Ve RS MR L R IR Al 45 L

10 2020 4 6~7 H P41 (a) 850hPa, (b) 200hPa & ¥ 48P (W5, #fi: 10°m’s™)
FEEHUAEET (i, #h67: ms™D
Fig.10 Velocity potential (Contours and shadings, unit: 10°m® s™) and divergent wind (vectors,

unit: m s*) anomalies at (a) 850 hPa and (b) 200hPa in JJ of 2020.
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6 GXzh TR B E R R I

NEGAE BTS2 5, 43 591 LA 20204 W £ S Bl RS SR A 3y
JER PR X3 CAMB. 3R, AT T PR IS8 (3R 1) Bl B 8 X
S BURMER 0 A% IR I AR &P 3 I 2 1A

EI1145 T TI0 2020156 " 6~7 H “F- 35 [% 7K . 850hPax\I7 R iR £ 7 % #4
iy B R T S R R 8 o ] DA 3, A Y R 40 DX R K 2 3 i

(F11a), KT BB 75 A R T R n s, ek, e EEs
RSP 3 I AR AR i, PR AL 52 )R AU S i i i) (1l 11b), L7
0 P13 4 T R S5 5 DA R K s B R BV TR 2 H A F 3, F 8% K 2
(E11a). XFRB, HHF DR P IR IR 5 8 R R AL I Kelvind, 551
WNPACTS 2| 4EF FI155% (Xie et al., 2009, 2016), 3k 5] EH EL iRk E H
RN (El7a).

11 Ay B EEVEIRFIR R IE 1Y) 2020 4F 6~7 HFIH (a) FoKEEF (A2 mmid) A1 (b
850hPa M7 (KB, #fi: ms ™ FAMEE (PR, #6: 10°m’s™ P (a) &
B SR (b)Y Hhag i kIR A 3] 95% ) B AE K -F

Fig. 11 Differences in (a) precipitation (unit: mm d™*) and (b) horizontal wind (vector; unit: m s ™)
and stream function (shading; unit:10° m? s™*) at 850 hPa in JJ in response to the TIO SSTA
forcing obtained from the CAMS5.3 model experiment. Dots in (a) and blue vector in (b) represent

precipitation and wind anomalies that are significant at the 95% confidence level, respectively.

1245 H T TNA 20203056 FH6~7 H T34 % 7K . 850hPaX 3% 13t o %5 . 850hPa
FN200nPaid 5 34 57 1 % Fvis b K P IR 7 siae R B, 25 SRR, #visdb K
PR K RE M E (Bl12a), RUXREE®E, SREREARERE. @2
N U (Bl120) . [FI, R ORI 2 7 e & 5 N Ui a),
) 7 A% DX AR Bl a3 T2 S P 00 PR A P B R PR Z A2 UK
S EA R . (B 12b), 1X 5T A ST (Hong et al., 2014, 2015; Zuo et al.,
2019) Frfs4hie—3i.
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12 FHF ALK FE PRI IR B3 1 2020 4F 6~7 H P10 (&) BEKEEF CBAA: mmd ™, (b)
850hPa Ay (KB, Bf: ms ™) MR E (%, #hr: 10°m’s™) 4, (c) 850hPa
A1 (d) 200hPa JEEH (Hfr: 10°mPs™) S, HAhFIE 11.

Fig. 12 Differences in (a) precipitation (mm d™), (b) horizontal wind (vector; unit: m s %) and
stream function (shading; unit; 10° m? s %) at 850 hPa, velocity potential anomalies (unit: 10° m?
s at (c) 850hPa and (d) 200hPa in JJ in response to the TNA SSTA forcing obtained from the

CAM5.3 model experiment. Others are same as in Fig.11.

7GRN

20204E6~7H, FREVLMERIBUL B RERT, MR RREE R, JERT .
FEEET G, VLIR30 AR K BN 19614 LISk 2 fe o BRIBE, ASCEEE
SEGERHS W7/ AT RS A QUM 356, 487 T 202047 V1M T 4588 S g I 114 Bl I
EZRSE T, [ T4

(1) 20204E6~7F, P4 K S A i 2R ZE WNPACH 5 i 5if A2 (7] VT
TR TR Y e B LR R A . 3K AR E IWNPACH| S B /KA
LI IR ARG %, [RGB v 2 SR BN, W 8 RULE
VLTRSS R N RS R SRBRAGE R R .

(2) 2019411 H 2202043 H & 4= —IREI Nifo 44, J219814F LR KFLE I 7]
B LRSS IR . P BOR T, SSEL NiPoZE IR AR VLI I
HAMAIEHR £ . 20204F KA 55 TR EFRYEI Nifo S, HOo WNPACHITLifE
AR R EE P DT MR A R 1 o AT A6 28 B2 2%, Aty B0 JEE RN B AL K VG PR R AR AR
TR SAREAER, SRR 3302020426 ~7 H 7 SR IJWNPAC, J£20204F
VLA SSlAE N S v it ) B 0K )y D

(3) #iy B TR £ Bl “ AN RS E ZEWNPAC, RIEDFEFRIE i
W 7 8 I OR AR AE H Kelvin i, H] TS B0 U, 3 T 4 R O o
WNPAC:; #6785 WU 32 BE0d I G 26 m) PR (Walker PRy ) 520
HEWNPAC, BRIFIEA R T RHmiGshig s, SRR Bas Bitig
AN TR E N UTIE S g, 5 FIHUKWNPAC (1513).
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P 13 2020 4 6~7 H T HESLISE A A SRS A 5 R B AR

Fig.13 Schematic diagram describing what drives the super strong precipitation over the

Yangtze-Huaihe Valley in Meiyu periods of 2020

Ding et al. (2021) #1Zhou etal. (2021) 3R T HH BN R PERRHEIR 4L 7
HOW 2020 4F VLV 0 HE SR A R ST, 7 A SCE I 2 W o BT AN BUE AL, HER T
SHEI NiFDIEIRA:,  #viy B RE I AN RS Jb K 70 IR 57 %o 20204 YLV YAt 1 i
MR AE PR S5 B B0, 7852 T 202044 Y 5 86 f o YO S DL, 24 TOUI 42 £
5%,

VAR, =R G SR A TR A 2 3 T 238 T 00, #vily = KV E
NN, R—ADNEEMENRS, =B KA e (bl
LRV JE IV 53 57 ) T8 B R A ) IE e 15t i 47 S 45t (Cai et al., 2019; Li et al., 2019;
Wang, 2019), Jfimit S A B AE X RS A . 52020540, 2018
F4La NifREIRA, (HERVEFRFFMWiE, 7S sRa R, LK
IR A W R ROV B K S /D S B2 2Z /E A (Chen et al., 2019), #5#]
KPR RS AR S5 e P BB, ARG SO T B — 2D sk, MEAh, T
o SRR 25 R WINPACHRITLVE M Y fr) 2 225200 PR 1 CIRIBUR AP 15 5, 2001; Ren
etal., 2016; Bt# (4%, 2018), {H & AR S 5 EI Nifosxf 6/ i 5 M 7778 5 2% 1 (R
FURE, 2001; EBHREE, 2017). Bk, 7EFIFHEN NifoR Fo A0 il 28 I 2 200K
HHRME R, HEGEHREE. HEEESHIER.

BOA - o ol R A o e BRI T 5 TR RHBE R A ERIE FE P SR M 7
SAERTFUL R P R AL T AT
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Fig.1 (a) Accumulated precipitation (unit: mm) and (b) precipitation anomalies (unit: %) in
June-July 2020, (c) Standardized time seies of regionally averaged precipitation in

Yangtze-Huaihe River Basin (YHRB, 28234 N, 1102123 E, see the box in ().

21



(a) rain days(>10mm), June-July 2020 (b) days anomaly
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Fig.2 Spatial distribution of (a) the rainy days with precipitation > 10 mm/day and (b) their

anomalies in June-July 2020, and (c) time series of rainy days with precipitation more than 10

mm/day, 25 mm/day and 50 mm/day, respectively. Contours in (a) denote 20 days.
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B 3 2020 4F 6~7 AP KSR (a) 500 hPa fi#h /¥y (6L, #47: gpm)
FKHFEFY (W58 , WS HERRA RN 5880gpm 5{HZk, (b) 850hPa K% (K
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L, Bf7: kgmtst FIEE (R, #Ar: 10°kgmts™)

Fig. 3 Atmospheric circulation patterns in June-July 2020. (a) 500-hPa geopotential height
(contour; unit: gpm) and anomalies (shading), (b) horizontal wind (UV850, vector; unit: m s )
and stream function (shading; unit:10> m? s*) anomalies at 850 hPa, and (c) the anomalies of
vertically integrated (surface to 300mb) water vapor flux (vectors; kg m™ s™) and water vapor

divergence (shadings; 10° kg m™ s™) in June-July 2020.
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Fig. 4 Same as in Fig. 3, but for the simultaneous regressions of the atmospheric circulation
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anomalies against the normalized time series of June-July rainfall in the YHRB (YHRBRI) during

1979-2020. The dots and blue vectors indicate significance at the 95% confidence level.
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Fig. 5 Normalized time series of the YHRBRI (bars), the western North Pacific Subtropical High
index (WNPSH, blue solid box) and WNPAC index (red dotted line) in June-July from 1979 to
2020. Numbers in brackets denote correlation coefficient with the YHRBRI. * and ** indicate

significance at the 95% and 99% confidence level, respectively.
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(a) Anom SST in DJF 2020
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Fig.6 SSTAs (unit: °C) in (a) DJF, (b) MAM, and (c) JJ of 2020, and (d) time series of the Nifp3.4

index, TIO index and TNA index (unit: °C) from September 2018 to August 2020
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(a) Regressed SST in DJF
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Fig. 7 Regressions of SSTAs (unit: °C) in (a) previous winter (December-February, DJF), (b)
March-May (MAM), and (c) June-July (JJ) against the JJ WNPAC index for the period

1979-2020. Cross-hatching denotes significance at the 95% confidence level.

28



08 L 1 L I‘ L 1 L 1 L 1 L 1
0.6 -
% ]
2 0.4+ L
b= |
()
8 0.2 _
c
0
g 0.0
2 ]
s} :
O -0.24 Nino3.4 | -
—TIO -
-0.4 1 e TNA - -
'06 T T T T T T T T T T T T
Sep Nov Jan Mar May Jul
Year(0) Year(1)

] 8 1979~2020 4 6~7 H WNPAC 5% 5 g I 1 4 1) e AT v s AH D¢ CRELZRAN R A4 0 2 m
1A 31 99%F11 99.9% 1 B A5 /K F)
Fig. 8 Lead-lag correlations of the JJ WNPAC with the Nifp3.4, TIO, and TNA indices for the

period 1979-2020. Bold lines and dot lines indicate the 99% and 99.9% confidence level.
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Kl 9 1979~2020 4FiHiFEHUR 6~7 H WNPAC FRE#USEL,  (a) A4 Nifp3.4 14,
(b) 5~7 H-FHH TIO #58, (c) 5~7 H-FIIH) TNA f58, KT HEMZL 30K El Nifo
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Fig 9. Scatter plots of the JJ WNPAC and (a) DJF Nif3.4 index, (b) MJJ TIO index, (c) MJJ

TNA index during 1979-2020. The purple box and red dots represent the summer of El Nifo

decay years. The number in the lower right corner represents the correlation coefficient between

WNPAC and SST index, and the number in braces represents the partial correlation with Nifp3.4.
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Fig.10 Velocity potential (Contours and shadings, unit: 10°m* s™) and divergent wind (vectors,

unit: m s*) anomalies at (a) 850 hPa and (b) 200hPa in JJ of 2020.
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(a) PREC in JJ T102020
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Fig. 11 Differences in (a) precipitation (unit: mm d™) and (b) horizontal wind (vector; unit: m s %)
and stream function (shading; unit:10° m? s*) at 850 hPa in JJ in response to the TIO SSTA
forcing obtained from the CAMS5.3 model experiment. Dots in (a) and blue vector in (b) represent

precipitation and wind anomalies that are significant at the 95% confidence level, respectively.
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(a) PREC in JJ TNA2020
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Fig. 12 Differences in (a) precipitation (mm d™), (b) horizontal wind (vector; unit: m s *) and
stream function (shading; unit: 10° m? s %) at 850 hPa, velocity potential anomalies (unit: 10° m?

s7) at (c) 850hPa and (d) 200hPa in JJ in response to the TNA SSTA forcing obtained from the
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CAM5.3 model experiment. Others are same as in Fig.11.
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Fig.13 Schematic diagram describing what drives the super strong precipitation over the

Yangtze-Huaihe Valley in Meiyu periods of 2020
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