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Abstract

The Meiyu in 2020 is a typical super Meiyu, with the characteristics of the earlier
onset, later retreat, longer duration of rainy season, wider rainfall range, abundant
accumulated rainfall, and more heavy storm processes than normal. Through the analysis of
simultaneous atmospheric circulation systems, it is found that the average locations of the key
East Asian monsoon circulation systems are relatively stable, with significant quasi-biweekly
oscillation (QBWO) in the Meiyu period of 2020. The onset and retreat of Meiyu, the
northward shift and stagnation of the rainfall belt, and the occurrence and persistence of
heavy rainstorm processes have a good relationship with the QBWO. During the Meiyu
season, the western Pacific subtropical high experienced six periodic oscillations of
northward migration and southward retreat. Meanwhile, the upper- and low- level monsoon
circulation systems strengthened for five times corresponding with the QBWO in the Meiyu
season, especially the strengthening of the southwesterly low-level jet, the repeated
establishment of the large value centers of southerly with relatively consistent latitude, which
made the water vapor transport from the tropics strengthened again and again, and the water
vapor convergence and upward movement developed repeatedly, and led to the long-term
persistence of Meiyu in the YHRYV, with frequent occurrences of the rainstorm. On the other
hand, two blocking highs are maintaining in the mid- and high latitudes, which is
characterized by the spatial pattern of "two ridges and one trough™ over Eurasia, and the low
trough along the East Asian coast is also active. The cold air falls continuously southward
through the northwestern and/or northeastern paths, frequently merging with the repeatedly
strengthened warm moisture from the low latitude over the YHRYV, which is another important
factor causing the super Meiyu in 2020.

Moreover, we compared the temporal and spatial distribution of Meiyu, and the
corresponding flood disaster in 2020 with other super Meiyu years since 1951. It is shown
that the super Meiyu in 2020 is weaker than that of 1954, but stronger than that of 1998 and
1991. Benefits from the improvement of both the accuracy of climate prediction and the
ability of disaster prevention and mitigation, the flood and disaster losses caused by this super
Meiyu in the YHRYV are significantly decreased than before.

Keyword: Super Meiyu; Western Pacific subtropical high (WPSH); Quasi-biweekly
oscillation (QBWO); East Asian upper-level westerly jet stream; Southwesterly low-level jet;
Blocking high
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M 2 AR E ERETHBEP R AN 5 APa)RITEE =G CERERK,
B fo e HEdE, XN AR AR . B, YIRS, HAR DL ARAEE - B 87 (Ding,
1992, 2004; Qian and Lee, 2000; T —JC4%, 2007). ANIE] 1 E S %) & AAE R WA 125
PERIHA ARFE. fErRE, “HR” FkfM 6 H a2 7 J h avmyEimis i iz
(Tao and Chen, 1987) .7t H AFr 2 >4 Baiu (Ninomiya and Murakami, 1987; Saito, 1995),
M EFR 2y Changma (Oh et al, 1997). BEFERUY, IS B M5 & AT 2 W
I FRSEER R PR A A E A, T RE R B RE 2 KRERRL RSN
MR 7 A BB R e e, BRAE R MM R 1 R R R ARAHE], T FECS A i 5
Wi MR . RV E 258 MR AL 0 A0 45 22 S 035 o TR FO0MU AR W T 4 R 45 3R
(RN ] S pg i £, of B 2K 7 ek o 6 AR B B4R 5 8

IRV 25 X S W BN P B A 2R .2 XU R e B 8 ) i B i AL, s S 35 B i VLR
BN M N [) BRI FRR 8 R B8, b 5 RV s )+ et 5 (T —J04%, 2007).
Pass s 55 (1958) RGHWIE AT MR S5 PN b8 K RBEIR AR S EIoC R, F8H M
e 2 B S P R B PR IR A Bk R S e R R T A A R DI AR oG . AR RAREE (2004)
fath, AT 2mAE 6 HdbBk2 R aTIHIEIR. T —IC5 (2007) WA, 4
6 H ) 2R I H 25 R AR A RS [r) B HEIE B VL, R BB B 28 R AR TE B RE 0K
FiER R, FEMNWEIFGE . FRNRITFERRG I 2 — TR R R (B
I ERRPEOR R ED XA A R E R, R A BRI AR S DL H I T A SR
B A R 55 8 A AR KT IR 7 05 1) i 32 2 i 5] (Tao and Chen, 1987 X125 2545, 2012;
VORI ME, 2013; XIZEZEAIMRANGE, 2019; TUEMIENE, 2020). VLyfERIEEZFEFK
BB ZET RS A SR IR 5 REAE (Bl ZRFDT —30, 19965 B VL 5 [E i,
2005; FHEREE, 2012), JUH MR 22 5 0 HE0UE 3R 3 B I D 4 B2 (F
2007). RAHEXNEHRY (quasi-biweekly oscillation, QBWO) = Z & i} ] ) i 4 10~20 d
MRG, B KAPEENRMAG . —, SEMFHERRTSLHAAK R TR RSN
HR B (Vincent et al, 1998). HFsL I, R EHZ KX 2 RS G4 a4 B A HESUE 1R
FRIE OWHa5E, 2015, T —jL (1993) ifiH, AMUAEERIX, HFmdhith X e =S
T BN BT WU R R G RFIE o KA IR X L J&] B 4R35 15 5 2 R HE SR Y 1 46
A TN HA 5 P KRR R AR I R 3 ) (RS2, 1991),

2020 SFEBVTHERISA T T — B ZE, AR5, AR, a7
Z. WA T 200K, WEZ, BEX, WEEKRIRN “BIE” . 6-7
H, w7 E RS, KL R v Rt 1998 4F [FHHKT, RFetps#mss
KA H YRR X SR ™ Rk 7 o T o AT A SR R S B A AR I AN R SR TR, T HL
WEFHWZ? X EHEFRA R —NEER WS Sk, ARSI STk,
GIHTIEGEE T 2020 AR GEA R A R RO A TTRE LR . A, AT AR A I
A WEHRHE M EURFEE ST S 20 tHad DR LA AR 72 5 e 2 AT 1
X, BAENA R IX MR AR I R 2 W AR A - 2B 5 ..

1. BRRHE

AT FRMEHE: (D E RS LS B ORI 4 E 2400 32 H 20 & (LD
K B Bk (2) S8 E AR O RSB Mgkl (NCEP/NCAR), 7KF-43
HEE N 2.5°%2.5° (Kalnay et al, 1996); (3) EZFKSfEH MR 1951-2020 11
M FEAS I B, B HE N A (], MR ERK R N . (4) 38 B E 50 RRE
HEJR (NOAA) BATHIY e i i3 H iR BTkl (ERSSTV5; Huang et al, 2017), Z¥[d] 4y
N 2°%2° A ENSES CGEE) ¥ 1981-2010 “EKF), B33 R H0ER
FSAERN T o PR SR E Nifp3.4 4 (5FB-5N. 1202170W) X IE-F- 15 iR iR
FERET . SCHR B XUR IR o B F 52 B Butterworth B IE 28 (Rt AR
. 20100, EHITiEE S BAR B AR REAS 5 1 7.
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FRE M R 32 B AT ARV E R, 32 MR g R R I FE A ) B A ifE (GBIT 33671-2017),
MER IS XN BWIACE B, REERIE, o Lrg g LLAER 28N N7, JbHkifdn
VREE 34N —4F, HIGHEA 28234 N, 110=122.5F . F2 {85 25 70 SO Wi [X 3845 1T
X, KITF X (U RIFRKILX) . VIEX, #fEXEA (D MR BRI 2
[X 35k P 8% M N0 3 1) B8 K S5 AR AT S BER L P b 1784k, BARTT S5 (MBI IR IAEAR ) B K
FrifE (GB/T 33671-2017).

2. 2020 FEHF R HAPEKRS S HRE

F1AHT 2020 FAHFN S MNMFEEREAKNES . X 6 A 1 HAWE, 74
11 H i, ¥R A 40 d, B FEMmK 10 d, XM R &4 615.6 mm, B 4
% 68.5% (J€ 1a). KITLIX 6 H 9 HAM, BEFEMmF S5 d, 7 H 31 Hilg, My
Kik 52 d, BHAE (29 &) BEMK, N 1951 FELIRE-EKE. MNETHENEN
753.9 mm, BHFEMZE 153.2%, AINIKT 1954 ) 244 (K 1b). THEX 6 H 10
HAME, BHEFEmSE 11d, 8 H 2 HiliMg, WKL 53 d, 5 1974 3515 —KFE.
MEFN AP B &N 659 mm, BHFEMmE 149.2%, AIKT 1991 HHIZE 248 (&
1c)s

2 O 2020 FARF I R BEOK R BESE E o R A B A . nCUE R, AERT IR
X FE K B i IA 600 mm LA L, Ay ML X S8 800 mm,  J&hEE 2 it
1400 mm (& 2a). Hrpiidb. 2@ KEL AN ERAEZ, L. BRI AT
SRR A L Bk B R K A 1720 mm , AR u5 1667 mm , PGy 1570
mm o VLVEGIE X EE 5 Bt K &N 759.2 mm , AV kT 1954 4E () 789.3 mm . [%
KwZ XA ALV S T, 3 MBI X RN ERMANEEZEREZ, SFLEF
JEEVLIER R HIX (B 2b) . M BEK PR TR]-26 B2 (& 3) wTeLEZ], 6 A
R Z WAL B, SRR KO E A TYL R R R ALES, 6 H 9 HIFMAHE M ik
Jbth, 10-16 HAbHEZRVTHERISEHER S —7, 0 A% B KAV LM 1T 46 . Bl 5 &
FR S B9 B KTT AR R X, I K Tt RE e giFy, W10 2 G /Mg R 61250,
ERE WAL Y E . 7 A 10 HAT/E M Exduss, LN gR. 7 H TAETL
VEV I B K SR P W] R TS, HERR T4 0. 3 NI Wil X 8 22 Uk B B ot 1) P 7K ORABL
thly, Hrh s gL K 0k 21 d, TOP5 % SUES: K H 0k 25d, HIRui sk
ek (Emg).

KL, 2020 SEAERT AMET., MR IRIGE, HERT IR RN (S, RO DCVE R, Mg
MR, A KT DONITIVE X R T B K R HER 2R =, 2070k T 1954 SR 1991 4,
ol 1998 4F, [RILTT LA 2020 SEHIHERT 2 — S KB R MR . B4, RERERTR
ARG AL FE 2020 G HBLAN LR SR A RE 7 THDRE AR RUBERR I 3822
FRENT, & BE TR LS 28 IR AR G 10 HEXUR IR % 5 0 L 2R B R e M nit P /K R
KF, PRI A S M R At 5 (A AT RE SR A

3. 2020 FHERHIPEA R H A 547
3.1 AR FHEBR R

PE R E KN AL B S RE SR BRI R R (X ZE2E5%E,
2012; Liu et al, 2019). H|&E 6 HHHAA 7 H AT G P8 R 2 L Bk 2 M I 46 A0
iR brE (MRS A TPHE, 2006). ME|EFLA T 18226 N JulH K, dEHEEHTIL
HEMF R I R A DR (LR 2542808, 2009; 4%, 2010; #5m%%, 2013). 2020
M I U 1R D R v AR D L 2 v U iR 3 HTRRAE , 3R28 7 7 6 IRALHR AT ¥ 1 B
PEARAL IR (PR 4), T 3R 45 0 10 = R 67 B RN 9 [ K G RS 5 B v B R v XU IR 3%
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KO HBARIF RN KR KA — Akt kAT 5 A 30 Hil)5, 6 A 1 HElEHLZ
L 18N, (VL X MR . S EE R AERE S, EREET 6 A 8
H ol 5 BRGEIE A S 20N BLIE, (2 KT X AVTHEX 0501 6 H 9 HAI 10 H AM.
Bl T I I B bR I R I R AR W R A R, LR PR3 RO PR R B B R 5, 1%
HESHSFEAM T H RN EBERRZ —.

6 F 24 HEIEIFES =0, 3T 6 H 25 HE 7 H 10 H A Fa 58 4E - 1E 20223 N,
TR PR35 PR TE A X R 55, VT R IR et o Bk Rt T AR A R
IR 7 ARA, Al BRI S, X YT e B 5 R R AR R AL
BORIES), SEBFKEFEANE, emuREE k. HE 7 A 28-31 H, BlmEZE/SkEEIL
62 26N LAk, BT RS SR PRIE R OnsE, B2 WA R VIR, FEsin
P A VLR IS N T 45 .

B BRI, 7K e A B S AR e T2 2020 HH BLHE SRR RN 1 — >
W T SEMEN AR RE ST 6 WAtA A B Bk 224k, R B H B
(PIAEXE IR G RE, LR AR A S ME R T AR g o . A b Fa RS . s K
I FE IR AE ERE AR A IR U X R R

3.2 EFH SMALKIIE

SRR T 5 X B W SR 1T ) A o8 A AR R R 2R N4 1) B BKYR A6 RS54
%, 2006; He et al, 2007). 2020 %F# [y B 18] 7 75 1 25 P FE SVA R, S RSB 2R HE
MR RN, JEHBLT 5 B s AL AR . B R SR — IR, 4
[ea) JRURAEL - Co AL 14T i RS T B s it N, — IR IR ) B HERE, 1 B 7KV X A T 48
] B AR FE T R (5D B — IR XA A O TS, FRAE FL G 78 37 28 ) X 5dehs A5
HI AR I H R) 1 % SN R FEFR AR T A RIMRZE SN 145 1F, HLIR /KSR 5 2 1m) KUBR B 1 50 55
XRLe J3— 7T, ARZS VU R SRR SRRV L, A B RB AT Fondis
A BRI A a2 R E B 7, MM T2 R b B KRR A R e RE &
T L 74 R S A 0 P T XU [ iAo B A i s 1 U AR 8 L DX P 7K PR L I X 3 g i 21
we (E5), brEghkke, (AR SRNATE R, R TR St
T SB35 . TR SR B AR N GE . e XORAR A0 S B R ST AR B AR
XFRE, AR E ARV HE — RNk, dRA LTt sl R Bk R, M5 B0 AV AE
VLA I )3, I HL 3 IR) 58 N9 ok A2 AT R A

3.3 BETM BRI R

e M 1R s A AR R SR G 1) FE A R o0, N T R ST o8 R P S SR K e B 2 N
M —ANRTEIE S GRREMPERES, 1999), AL & 23 76 X A m ra e o B s
FEARA 55 MR 9% 2 5535 . 2020 AFARF R I 45 0 B v i 2 SR AN S T R S PP ZE 3R
ARG NEAN—EL WA T 5 IKE eI EE 5 R38R fE , (HIEsh g A K,
B E (B 6). 1102122.5F P 23 78 XSt bR je 0 i J B 2R 7E 5 H N A
A6 H _ERARKBE NGRS AR, X6 N2 VT AR ALK VL XY 0 50 J5 R 46
B S5 7 X S e R R T 7 AR R e AE 37 240Nl 26228 N, AEMIXEa 2 = &5
G XSGR RN P I e R S RIS 5 7 s T XU I 0 2 g T A 2R B ) 2 ] ) [X 3k
MRS B B iR EL BRI T HRERE LS kR, MR R Rk v o
REIK IO R ER AL T 5 B B0 ) 22 o M U 140 22 T D) Ak o 2 1P XL s e (R i ST
o R R AL 2 R) B i 2SR DX, T e 2 7 XA ) — R R ) S5 o 5 5 A 7K it
FEEI R A T, 2 T R I ) ) ST e S R g T v s o 2 7 B AR 0 e o SR M R K
I 18] 76 VT AR 2 (0 BB U E 2 — . bAh, 500 KEIES A oK E Az H
AR (E 3AIE 4) xHOETTLUE &2 5 0 i s 1 db 4R A bl vy 2 76 XU 2 2
SEART- T L e O AR B AN VR i B K FE I R AR B 1~3 K, B AR R Z KRR %
R NEE BRI Z B D R A, )2 KRR R AR R IR AR T B B
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3.4 HELERH R RIS IS

FHZE S & (LARFFRRH &) G mE KA RREE N — N T BT RS, B
K I 3 2t SR A S (1 R RS 5% (Tibaldi and Molteni, 1990) . YT #EMG A 1F 2 4230
HERNRGE RO A & ER R G0 AR =Y (R 2SF4E 548, 2009). 2020 4
MERTHATE], WO H e 2 BE 28 = IR Vs s A S, R DASRE Oowig L E CRERD) A1 7K1l
BHR (PERHD MEERIE, P syl i, SO S (B 7). A SR TR v i BH =
SO e AR AR, LSRR IR v BEL vy (AT R G I ) v A RH Y L Y e L 5 B K o B
T S /R L B g O B AR 7

X e £ H OO BE R AR 7 M AP 34 1) 500hPa v 34 15 B 3% b 3R I B 2
(E 8a). BRILH LM MBI “PIa—f” A, D3R DTG A SRE X i i A5
PEEA, HrRfkX R, E/REAITKERE, @rERR, AFTRETHE
A X AR E IR R R IR E . A S0Es R R sR K I B B R R
—, BRI T A R K BT L AR E R AR T (WS EEATT B, 2005). S 4k,
RAEHTHE I I P RAEIX, HAEX AL S BN RS, SRR R R EER, A7
KA SR, & 8b T HIFR E 45 ¥ 500hPa £ # m E I iE H AR, & nf LR Rt
AR INES) (KRIRESE, 2003). nJLLER], WWNHINA TS ZIRE MR 30°
N FEiX (EFRRARX), M5 IR S1KZ — R0 5E 1) 7 BRI K VR B
(E 5), HAEMRZI, Mg AT R X KR e sa K /2 (B 3). ki,
HTRAE IR RS T (B0 RILAE GEGHERE) MR SSAWE T,
PR SAEVIHE X AN S AT, 5 250 N 0 5 S O e

4. 5P sEpRxt e ar

Pk B3 3 AEETLMER B B T R E ke, o mlh 1954, 1991 AT 1998
TE, M 1951-2020 BRI A R THRROK E DI A (B 1) W PLEHIX 3 1
W PR AE . 26 2 25 7 1954, 1991, F1 1998 4F 3 /M R et Wl [X &4 1iF B ) B A L
X 3 FE S ERIMF N IAEE LU IR S AR, MG, I ZERpstmt A, FRKVaR),
HBsE R,

1954 FH R AT 20 thag Dok E O™ B — IR KL K E . X—FHW T
5 A 31 HEAMNKILX TG, 8 H 2 HME, MR N 1951 kI sk, X A
KILHE H RN, B2 BRWAREREN, 1L X AKX P R REKE 251
1A% 847.5 F1 811.5 mm , ¥4 1951 “ELISKREE —; VIWEXHENEN 621.2 mm , KT
1991 H 12020 4, HEAZE = (B L. W= BB, KL NS XN —
AL A S AR 58 2 WY, 22 W A O TV A i, HHh X % /K #4835 800 mm
BEERmMEZ 1500 L (B 9a). MERIHKIT. M &5 2 ANk o7 RIS Bk, AH4k
I KRS, BRAR T I B R A LR

L 1954 45, 1991 SE SR B FE R TN AT 5055, HLEmE Rl mdL,
TEERETHEX .6 H 2 HELETKILXAM, 7 H 16 H 1M, MWK E N 444d,
HorAR VT X P28 Bt PR K EL B 766.4 mm , IEHES S — (B L. NZRISHE, £
AR ALZE RS FE /N, 22 R A O 1) TSR] S5V R X He A Ky A R IR
YL X B 7K 235 36 7F 600~800 mm , F4rHu X #E it 800 mm , #H FERIMMZE 1 f5LA
b, R X E T 2 % (& 9b) . VLVE—5 E 20 b [X B R 9 B R 1954 4F, &
T X 8 2R Kk o, KV IR B T Al % AR B Rt /K, WA ZK AL
Mk, 7 A 12 HARIIKAIIES] 4.83 m, B DI EKAL 0.18 my VLIRS KON
#HOORZAE, 1993). T (1993) il 7 1991 4E AW XA 1 d. 3d. 30d 1
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60 d AS[EIN B i ok Bt Bk B, 1% 1954 AEFA B %, B RIMHX 6-7 A E
THFRK R B 1954 4 (T —JC (1993) H[)% 1.2 f1% 1.3).

1998 4E B KT IR OB 7 AR T 1954 4R 14 iR sidy Kt 6 H 8 HiE %k
FILEE XN, 8 A 4 H HIME, W ZEFrSmf (B 50 d, Forby T m X PR /K 2153 783.8
mm , JIEHEZ S L, URT 1954 ;. KITXCFHME/KE AN 572.4 mm , 45
= (H1D. WNZESAE, ZWHE 1954 F1 1991 EmEg, 2 W F 006 TVLE A dbEs,
R K B 800 mm , BCHEAERIMIME 145 (& 9c). 1998 fEMERN fi i 3 M RFE &
ML T “JEME” (ETERESE, 1998), 6 H 11 HE 7 A 4 H A — B Bk 4E i,
FRER M g B K RSV A R IX, KRR ERPE W TR (D) SR B T
FEtEr. BE7E 7 H AR ar KK m A, R X I T 10 K
it 5 CHIEE SRR 7 H 16 HE 8 H 3 HE RIS —BUomEN KA, B “ B
ME” o MR EBRROK EERAERKIC S ERpX, HEMOREME, BUEMN 7 A FaRKIT
oy IR AAOEK A5 P b IX PR R A P E Y

CEERAE, 1954 LEMER (M2 Y B AR BT i oK, RREERT R, i AR B AR T
DL 4R Rt 57 . 1998 A Y It Al T YT ARt 3 Rk /K, (EL R [X 38 = AR KV R i AN
P, ¢ T REME Y B BRIk R E s 1991 R AR ImEE, PROK A
FRAETTE MU Xk, YIVESS /Mo X B R o HE 2 i 1954 4F, L. 2RI 9™ H.
AR TR = Mg N B B RN 77, 2020 AEARE RN 2R Y LK, 533 4 RN Y R 2 AR HR AR KT
PRSI A, BRI K T 1998 4, A KT 1954 4F 1) Rk
SEMFIN o FFSEI R E KRR 5 B0 I Ik H ™ B gty e, KV ol 1 7
H 2 HAI17 HFRRIE RIS K GRS hsuE; 7 H 14 HER EXIKALEKE 27.5 m, 525
IKOLERF, IA8RIHK IS hrdE; 7 H 6 HESBHR 77K SCuli 8 Z mioK £z 0.62 m, 12 F|3t
IKGw TS hriE . (BHEN 2SR G, BE 7 HIR IR 77t 9¢ 553 i i ok S 30 R Bl
A EARE, SRR RRIETREENE. 3135 )5 )E e M B A G iR BUR 5 4F
) (B AH L X WA 25% LA L o X — 5 TS 26 TR G5B 116 AR it R RS Ak 4 1 TR v
BRI R RE L 59— TH & B4 B 9080 Be KR e, “ VT =g T2 (%
PO R i X 2 BB AR A

5. NESTHR

RN 2 W) [ R 0 2R R b e ) — AN R, M T S b A R K R R Ui
i X s R R . 20205 HHEL T — ISR R A R, KRR AR BRI FE S 8
VLR RS L 307 R Rk 37 ¢ B o AR SR FH R 50 5000 H o B 8 (4 A R 00 R A ) 30 K<
IRVFR AT BERE, X 20204F F 8 SEARE Y 4R 1E A KR RS SR B IR R G 7 o IR 3 AT T 43
BT, N BFRFAE . SRR 25 Uy T 5 2020 LUK LA LRI Mg R 55 3 (w22 SR 30047 T )
W . BARSERT:

(1) 2020 AR 2PN M. BN, WXIERET. BiFWEX.
SEFFKIEFEZ R A, Hh RIT XAV X ) R oK B HE4 5 =, 430k T 1954
A 1991 4E, COBEIT 1998 4F, &R ILAY (AR SR MRS .

(2) MR T T RIX Z A8 KSR AR AL P B E, ARIEE
ZUESUR R AR, AN AP A RISE . R AR RS . SRR KIS RE I & AR
YRR S HE XA R A AR I IR R R o MER A RIS KR 32 7 6 kAL AT R i
BB EARAL IR, AU OB IR G R IR fw o, S 80 W Ik = VIR Ik, M
FFUGRm, 10 A = RARIE AT &N, B B AR R e, HARREER E)Ks E— Ik
ooy JE R WS . TV LVERE R A5 . 520608, & IRERR ARG NERD I 5 K &
IsRIIS AR, BEER)Z V4 R SR R W inssE, ma ORAE o0 Je B ST R B AR e
{EA5IR A 7K IRSE — R UOINss . 84 Ltigsh k E A&, M S8 R AU AETL
eI I (B s, OF BN AR A . deah, e IR R s AR B “w
B 8, PHER RGNS, RIWIERICEEER, WS8R, &b am
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(5 RILEEZRRIA T SAWE T, ELHE XIS R B IRA BRIE S EAL, X
& T BN I 56 B S I ) A 3R

(3) B XHHFR IR 250 A WA IE M EBCR FEE S R B, S A
R FR) 5 o R AR 5 T 1954 4F, TismT 1991 A1 1998 4F . H T34 fige T 0 v 1 228 A1
Bf7 AU K BE T BIFE A B VLA B 1 5 25 1 o 0 R B R PRI

FEIG AR, [EHH RS WA 1954, 1991 F1 1998 4, —Lbscit KA &R
GRS REAE 5 A A7 AE — E WA ALLYE o A RROTE P i 46 B SRR 0 S IR “ P —
7 R, R AT SIEBRE CT I, 1993); £ %S v KA AL B i NEa e,
FBoILHBAHE (EEE%, 1992), FlErmdui BEshth BN CBEYL LA R E#E,
2005). FEEE B, IR LRI A A SR AR R RO I R S AERUE IR G RAE (B
IRANT —IC, 1996; BVLEAMEZELE, 2005), s &AM/ 0K 4T, Bgs T
AEDRAE R T B R SRR HE I (& 10). MR SRMERT ) R BRI A 4 D, A
R ZE S R BIAGTH X P 75 R E S RS SR LA R IR KR mER
FRL VG EIR . 7H A B AR TP 74 2R AL B 2 B F2 E 7E 20226 N Al 37 240N Ju [,
] B Hp i R VA 2SS R AR IR 0 AR AR 2 R I, X R VT v sk AR 5 P /K ik R 11
FEARFA B R KSR R R R B3 SR IRGRHAE, (i om fE K 2
R AERNYERE, MRS A R FILHERSE B i N . (R, KRAERE IR EN
VRZET RRE Fp A — o = AR R ml A A A5 5 OV, AT AE AR HR A TR R R
ARARFAE AR A J5 RS -SRI I — N

Bt A ARSI 0 7085 2 IBTE M B BRI R IE T 2095 4 219 2020 4 MEFR A B4 7K 57 B
DI = Bk, Rk aiint !

SRR

T, miE, 2020. 20194E B F= AWK IR SO R E R[], AR, 46(1):
129-137. Ding T, Gao H, 2020. Atmospheric circulation in East Asia in summer 2019 and its
influence on climate of China[J]. Meteor Mon, 46(1): 129-137 (in Chinese).

T i, 1993, 1991V LHER IR S e R BT [M]. dbat: G kit 255. Ding Y
H, 1993. Study on the Persistent Heavy Rainfall in the Yagtze-Huaihe River Basin in 1991[M].
Beijing: China Meteorological Press: 255 (in Chinese).

T L, MMRAS, PV, AF, 2007, ZRIEHERY RGEHI R A-AURAIE L] KR, 31(6):
1082-1101. Ding Y H, Liu J J, Sun 'Y, et al, 2007. A study of the synoptic-climatology of the
Meiyu system in East Asia[J]. Chin J Atmos Sci, 31(6): 1082-1101 (in Chinese).

B, s, ARIEE], 2013, JT 304 VLIERN X M RY S P /K ) 2% 18] 2 BUSRHE[T]. RIS
R 224), 24(5): 554-564. Hu J G, Zhou B, Xu H M, 2013. Characteristics of multi-patterns of
precipitation over the Yangtze-Huaihe Basins during Meiyu season in recent 30 years[J]. J
Appl Meteor Sci, 24(5): 554-564 (in Chinese).

TORME, IR TLL, EMSR, 5%, 1998. 19984F B K VLI URE RV B RFAIE o . e R AR I [J]

A SIS, 3(4): 300-313. Huang R H, Xu Y H, Wang P F, et al, 1998. The features of
the catastrophic flood over the Changjiang river basin during the summer of 1998 and cause
exploration[J]. Clim Environ Res, 3(4): 300-313 (in Chinese).

ek, e RE, 2013, 21 28 VL R I AR R AR ORT AR AR AR 0 T 9], LR, 39(9):
1139-1144. Jiang W, Gao H, 2013. New features of Meiyu over middle-lower reaches of
Yangtze River in the 21st Century and the possible causes[J]. Meteor Mon, 39(9): 1139-1144
(in Chinese).

BIZEAE, 1993, 19544, 1991 KTyt i57 xf Lh[J]. K FE 2%, 8(2): 68-73. Ju X S, 1993

Comparison of flood and waterlogging in the Yangtze river reachers between 1954 and
1991[J]. J Catastrophol, 8(2): 68-73 (in Chinese).

ZRERAR, 1991, KAMRAIRZ[M]. dbat: KZE Mtk Li C Y, 1991. The Atmospheric

8



Low-Frequency Oscillation[M]. Beijing: China Meteorological Press (in Chinese).

FEAR, EAEG, AL, 45, 2004, ARIEE ZEXIES) S AR S 2 70 XS A B AL BE R R
R[], KSR, 28(5): 641-658. Li C Y, Wang Z T, Lin S Z, et al, 2004. The
relationship between East Asian summer monsoon activity and northward jump of the upper
westerly jet location[J]. Chin J Atmos Sci, 28(5): 641-658 (in Chinese).

e, T, i, 45, 2010. VLVEX MR R FEAR I AT 0], RAREFEE, 34(2):
418-428. Liang P, Ding Y H, He J H, et al, 2010. A study of determination index of regional
Meiyu over the Yangtze-Huaihe Basin[J]. Chin J Atmos Sci, 34(2): 418-428 (in Chinese).
K2, (T4, AR, 55, 2006. JZZE XX KA T T R[], A R
%, 22(2): 138-146. Liu Y Y, He J H, Liang J Y, et al, 2006. Features of moisture transport in
seasonal transition over Asian - Australian monsoon regions[J]. J Trop Meteor, 22(2): 138-146
(in Chinese).

ReEzs, YR, WEF5, A5, 20120 H RUEE PO ORF e ) AT e 45 20 3 5 B 9]
NSRS, 23(4): 414-423. Liu Y'Y, Li W J, Ai W X, et al, 2012. Reconstruction and
application of the monthly western Pacific subtropical high indices[J]. J Appl Meteor Sci,
23(4): 414-423 (in Chinese).

X225, BRUNGE, 2019. 20194 % 2=k [ 4 205 7 o e Ak S AT Re R 7 A [3]. A4,
45(10): 1483-1493. Liu Y Y, Chen L J, 2019. Features and possible causes for the spring
climate anomalies in 2019[J]. Meteor Mon, 45(10): 1483-1493 (in Chinese).

ffi 7R, T i, 1996. 1991 VLIERF KB M 5 R WK URSR % [J]. TR, 54(6):
730-736. Lu E, Ding Y H, 1996. Low frequency oscillation in East Asia during the 1991
excessively heavy rain over Changjiang-Huaihe river basin[J]. Acta Meteor Sin, 54(6):
730-736 (in Chinese).

BILE, REHE, 2005, 1991 LM 5 &I @ SRR Z 0], AR5k, 63(5):
762-770. Mao J Y, Wu G X, 2005. Intraseasonal variability in the Yangtze-Huaihe river
rainfall and subtropical high during the 1991 Meiyu period[J]. Acta Meteor Sin, 63(5):
762-770 (in Chinese).

S, e RAE, 2009, 20084 Hf [ 5 R RN BSR40 i 9] = AR, 28(12):
1326-1334. Niu R Y, Jin R H, 2009. Causes analysis of large scale circulation of abnormal
characteristics in Meiyu period of 2008[J]. Plateau Metor., 28(12): 1326-1334. (in Chinese)

Vs s, S LE, BRIBERE, 1958. ZR VAR ]S ML 2 KR Z AR 5¢ A& [J].
G EAR, 29(2): 119-134. Dao S Y, Zhao Y J, Chen X M, 1958. The relationship between
May-YUin Far East and the behaviour of circulation over Asia[J]. Acta Meteor Sin, 29(2):
119-134 (in Chinese).

M e, T4, 2006. i85 2= ORCPEE R FAGET s R I PR AEBk[3]. BG4, 17(5):
513-525. Tao S Y, Wei J, 2006. The westward, northward advance of the subtropical high over
the west Pacific in summer[J]. J Appl Meteor Sci, 17(5): 513-525 (in Chinese).

TG, mEH, A, 1992, FRMEMZEAR TR KR A(R), 20:
267-294. Wang Z T, Huang Z M, Hu Z W, 1992. A study on characteristics of East Asian
circulation in wet and dry Meiyu season[J]. Atmos. Sci (Taiwan), 20: 267-294 (in Chinese).
FPE, R, 2010, SRARFRISWOANTN VA B2RRIM]. JE5T AR TR 232-237.
Wu H B, Wu L, 2010. Methods for Diagnosing and Forecasting Climate Variability[M]. 2nd
ed. Beijing: China Meteorological Press: 232-237 (in Chinese).

H 2%, 2007, H VLR GE KSR SRR 7 B R ([D]. MRt FMatE R TR
Xia Y, 2007. Role of the low frequency oscillations in the heavy rainfall processes in the
Yangtze-Huaihe River valley during boreal summer[D]. Nanjing: Nanjing University of
Information Science & Technology (in Chinese).

BowcHes, O, B E, &%, 2015, RAEXUR IR & 0T Fe i e [0]. KR AR,
38(6): 855-864. Yang S Y, Wu B Y, Hu J G, et al, 2015. Research progress of quasi-biweekly
oscillation of atmosphere[J]. Trans Atmos Sci, 38(6): 855-864 (in Chinese).

9



kT, T Eok, 2005, 20034 HAF-¥4 25 S TGSl S HOGHERY B K 7R FH 3], RAR
2%, 29(6): 973-985. Yao X P, Yu Y B, 2005. Activity of dry cold air and its impacts on Meiyu
rain during 2003 Meiyu period[J]. Chin J Atmos Sci, 29(6): 973-985 (in Chinese).

FEUE, EWIE, RARE, 5, 2012 VLMY KR Jb ORI AR 200 5 R SERUE R
[J]. #AF G 244R, 28(4): 517-526. Yin Z C, Wang Y F, Yuan D M, et al, 2012. The
north-south anti-phase distribution of rainfall in Meiyu periods and its relationship with
QBWO in atmosphere[J]. J Trop Meteor, 28(4): 517-526 (in Chinese).

KRz, Btr S, 1999, B 2P0 AR m ALk A W AT 7S 0], 374k, 57(5):
539-548. Zhang Q Y, Tao S Y, 1999. The study of the sudden northward jump of the
subtropical high over the western Pacific[J]. Acta Meteor Sin, 57(5): 539-548 (in Chinese).
SRRz, BREE, SRR, 2003, HZKULTIBER G R FH 1R URFA]. KAF
%, 27(6): 1018-1030. Zhang Q Y, Tao S Y, Zhang S L, 2003. The persistent heavy rainfall
over the Yangtze River valley and its associations with the circulations over East Asian during
summer[J]. Chin J Atmos Sci, 27(6): 1018-1030 (in Chinese).

HEAS SR, 2017, GB/T 33671-2017 MR IEIUAEHFR[S]. dbnt: H E AR H ficdt. China
Meteorological Administration, 2017. GB/T 33671-2017 Meiyu monitoring indices[S].
Beijing: Standards Press of China (in Chinese).

Ding Y H, 1992. Summer monsoon rainfalls in China[J]. J Meteor Soc Jpn, 70(1B): 373-396.
Ding Y H, 2004. Seasonal march of the east-asian summer monsoon[M]//Chang C P. East
Asian Monsoon. Hackensack: World Scientific: 564.

He J H, Sun C H, Liu Y'Y, et al, 2007. Seasonal transition features of large-scale moisture
transport in the asian-australian monsoon region[J]. Adv Atmos Sci, 24(1): 1-14.

Huang B Y, Thorne P W, Banzon V F, et al, 2017. Extended reconstructed sea surface
temperature, version 5 (ERSSTV5): upgrades, validations, and intercomparisons[J]. J Climate,
30(20): 8179-8205.

Kalnay E, Kanamitsu M, Kistler R, et al, 1996. The NCEP/NCAR 40-Year reanalysis
project[J]. Bull Amer Meteor Soc, 77(3): 437-472.

Liu Y Y, Liang P, Sun Y, 2019. The Asian Summer Monsoon: Characteristics, Variability,
Teleconnections and Projection[M]. Cambridge, MA: Elsevier: 237.

Ninomiya K, Murakami T, 1987. The early summer rainy season (Baiu) over
Japan[M]//Chang C P, Krishnamurti T N. Monsoon Meteorology. New York: Oxford
University Press: 93-121.

Oh T H, Kwon W T, Ryoo S B, 1997. Review of the researches on Changma and future
observational study (Kormex)[J]. Adv Atmos Sci, 14(2): 207-222.

Qian W H, Lee D K, 2000. Seasonal march of Asian summer monsoon[J]. Int J Climatol,
20(11): 1371-1386.

Saito N, 1995. Quasi-stationary waves in mid-latitudes and Baiu in Japan[J]. J Meteor Soc
Jpn, 63: 983-995.

Tao SY, Chen L X, 1987. A review of recent research on the East Asian summer monsoon in
China[M]//Chang C P, Krishnamurti T N. Monsoon Meteorology. London: Oxford University
Press: 60-92.

Tibaldi S, Molteni F, 1990. On the operational predictability of blocking[J]. Tellus A:
Dynamic Meteorology and Oceanography, 42(3): 343-365.

Vincent D G, Fink A, Schrage J M, et al, 1998. High- and low-frequency intraseasonal
variance of OLR on annual and ENSO timescales[J]. J Climate, 11(5): 968-986.

10



% 12020 A IS S
Table 1 Observation information of the Meiyu in 2020

X 5% ANHGRFTE] AR [A] HEFRd R E/mm

L X 2020 6 H1H 7H11H 40 615.6
(-7d) (+3d) (+10d) (68.5%)

Sy 6 H8H 7H8H 30 365.4

KILX 2020 6 H9H 7H31H 52 753.9
(-5d) (+18d) (+23d) (153.2%)

SfEFy 6 H14H  7HI13H 29 297.7

TLHERX 2020 6 H1I0H 8H2H 53 659.0
(-11d) (+18d) (+29d) (149.2%)

SfEr 6 H21H  7HI15H 24 264.4

e FE S ERE VIR EE S E R, AMERTHIIE (50 BRI B (R .
Note: the values in brackets refer to the anomaly or anomaly percentage, and the

positive/negative days mean later/earlier onset and retreat of Meiyu than normal.

%2 1954, 1991 Fl 1998 4= [{IHF N IEAE 5.
Table 2 Basic information of the Meiyu in 1954, 1991, and 1998

4y X35 AMERR] AR MWHd O W OB
/mm
TLFE X 6 H5H 8 H1H 57 847.5
1954 KAT X 5H31H 8H2H 63 811.5
TLHEIX 6 H24H 7H30H 36 621.2
L X 6 H5H 6 H22H 17 137.5
1991 KAT X 6 H2H 7H 16 H 44 555.9
TLHEIX 6 H8H 7H 16 H 38 766.4
L X 6 H8H 8H2H 55 783.8
1998 KAT X 6 H11H 8H4H 54 572.4
TLHEIX 6 H25H 8H4H 40 370.5
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Fig. 1 The accumulated rainfall (blue bars) and length of the Meiyu period (green
lines) from 1951 to 2020 in (a) Jiangnan area; (b) middle and lower reaches of

Yangtze River valley, (c) Huaihe valley, respectively. (The red bars denote the year of

2020.)
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Fig. 2 Distributions of (a) the accumulated rainfall and (b) corresponding rainfall

anomaly percentage rate in the Meiyu period of 2020.

110-122.5E mean precipitation (unit:mm)
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Fig. 3 Time-latitude cross section of daily rainfall (mm) along 1102122.5<E (the red
dashed rectangles indicate the three Meiyu subregions, including the Jiangnan area

(28<230N), middle and lower reaches of the Yangtze River valley (30232N), and

the Huaihe valley (32234 N)).
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Fig. 4 Daily variation of the ridgeline of the western Pacific subtropical high along
110<=130E in the Meiyu period of 2020 (the red line denotes the climatic mean, and the
green bold arrows represent the northward uplift of the subtropical high. The grey shading is

the quasi-biweekly oscillation component which is bass-filtered by 10-20 days).
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Fig. 5 Time-latitude cross section of the 850hPa meridional wind (contours, >1 ms™) and
southwesterly wind (vectors, ms™) along 1102122.5F, and divergence of the vertically
integrated water vapor transport from surface to 300hPa (shading, 10° kg-m?s™) in the
Meiyu period of 2020. (The number at the top of figure indicate five establishment and

strengthening processes of the low-level southerly centers)
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Fig. 6 Time-latitude cross section of the geopotential height (black dashed lines, gpm),
zonal wind (thin blue solid lines, m s™), and horizontal divergence (shading, 10° -s™)
along 110<2122.5<E at 200 hPa level in the Meiyu period of 2020 (the red solid line is

the ridgeline of South Asian high. The number at the top of figure indicate five

strengthening processes of the East Asian upper-level westerly jet)
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Fig. 7 Time-longitude cross section of blocking strength (gpm) in mid-high latitude at
500 hPa level in northern hemisphere (The red dashed lines denote the Ural region,

the green dashed lines denote the Baikal region, and the blue dashed lines denote the

Okhotsk region)
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Fig. 8 Distribution of (a) the averaged geopotential height (contours) and
corresponding anomalies (shading), (b) variation of 500-hPa geopotential height along
110<122.5E during the Meiyu period of 2020

(In Fig.8a,the red lines are the climate mean 5880 and 5860 isolines, and the green bold lines
represent the low troughs; In Fig.8b,the isoline of 5840 represents the latitude position of the cold
air in the eastern China, and the number at the top of figure indicate five cold air processes over

the earstern China)
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Fig. 9 Distributions of the rainfall anomaly percentage rate in the Meiyu period of

(2)1954, (b)1991, and (c)1998, respectively
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Fig. 10 Schematic diagram of atmospheric circulation conditions for the formation of

super Meiyu.
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