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Abstract: Extreme Meiyu struck Yangtze River Basin (YRB) from June to July 2020. The accumulated
precipitation in the middle and lower reaches of Yangtze River exceeded that of the same peroid in 1998 and
was the most accumulated precipitation since 1961. The Meiyu rainfall events this year were characterized
by long-time duration, short intervals and spatial overlapping with nocturnal rainfall peak. Accumulated

precipitation centers were obviously correlated with topographical features of Dabie Mountain, Wannan
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Mountain and mountainous territory in the west of Hubei Province. Analysis reveals that main rainbelt
swung significantly over YRB in June with quasi-stationary rainbelt along Yangtze River in July. Stagger-
ing of Meiyu front over YRB was correlated with persistence of strong blocking high pressure systems in
mid-high latitude zones of Asia and abnormal position of the Western Pacific subtropical high staging at
about 20°N during July with significant positive vapor flux anomaly beyond 36 over YRB. Due to the inter-
action of low-level southwest jet, upper-level westerly jet and upper-level easterly jet, displacement of low-
level convergence with upper-level divergence was conducive to intense precipitation along Meiyu front.
Heavy rainfall events on Meiyu front could be identified into two synoptic types. One type was quasi-sta-
tionary Meiyu front, and the other type featured mesoscale cyclogenesis on Meiyu frontal zone. The former
type was dominated by steady quasi-zonal upper-level flow, and staggered low-level wind shear zones with
quasi-stationary rainbelts. The other type of rainstorm events developed with distinct cyclonegenesis along
Meiyu front, and was accompanied by long-life mesoscale convective systems organized with complicated
meso-f scale convective rainbelt adjoining to low-level vortexes. Forecast verifications indicate that there is
high predictivity for the first type of heavy rain events, while the second type of Meiyu events has low pre-
dictivity and more uncertainty. Obvious forecast deviations tend to occur due to unrealistic positive feed-

back between over-intensified low-level vortex, precipitation latent heat releasing and low-level jet enhan-

cing in ECMWF-HR forecast.

Key words: Meiyu rainstorm, atmospheric circulation anomaly, forecast verification
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Fig. 1
elevation (colored) and distribution of the national
stations with precipitation beyond
1000 mm during June— July 2020
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Fig. 2 The average accumulated precipitation and anomaly percentage

over Yangtze River Basin from 1 June to 31 July during 1961 —2020
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Table 2 Precipitation statistics in Yangtze River Basin from June to July 2020 (unit: mm)

it [ 5% 3l X 355 3
6—7 H Bk ik iR oR A L1720 WKW 2161
6 H KK bt KA LRV 819 LRI 1071
7 BB K R K (E T 1130 WAL 1517
24 h BEK & BORAE PG54 (7T A9 H):375 YLV HBBHEAE L7 A 7 H) :538

105 110 115 120 125°E

%
36°N 1
9 400
34 300
200
3 100
150
30 no
H—50
8 —100
—=200
2% —=300
—400
24 T T T

T
106 108 110 112 114 116 118 120 122°E

Bl 3 2020 4F 6 H (a) X Il R B R 7K iR Cb) R K BE P 7 4 R (B, 20 €8 3 10> 300 90)

Fig. 3

(a) Monthly accumulated precipitation and (b) anomaly

percentage (colored, red dots of stations >>300%) in June 2020
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Fig. 4 Same as Fig. 3, but for July 2020
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Table 3 Statistics of severe precipitation events of national stations during June to July 2020
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Fig. 10 (a) Geopotential height at 500 hPa (contour, unit: gpm), wind at 850 hPa at 20:00 BT 5 and
CMORPH-QPE (colored) from 08:00 BT 5 to 08:00 BT 6 July (Dashed line is for horizontal shear
zone over the Yangtze River Basin); (b) geopotential height at 500 hPa (contour, unit: gpm),
wind at 925 hPa and composite reflectivity factor (colored) at 02:00 BT 6 July 2020
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Fig. 11 (a) Geopotential height at 500 hPa (contour, unit: gpm) and wind at 850 hPa at 20:00 BT and
CMORPH-QPE (colored) on 18 July 2020 (Thick solid line is for upper-level trough and thick dashed line
for low-level horizontal wind shear zone over Yangtze River Basin); (b) composite reflectivity factor (colored) ,
wind at 925 hPa at 20:00 BT 18 July 2020 (two mesoscale convective systems marked with boxes P1 and P2);
(c) time-longitude evolution of hourly accumulated precipitation (colored) from CMORPH-QPE and wind at
925 hPa averaged over Yangtze River Basin (Blue dashed lines show the trajectories of MCS-P1 and MCS-P2)
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Fig. 13 (a) Geopotential height at 500 hPa (contour, unit: gpm), wind at 850 hPa at 20:00 BT 8 and
CMORPH-QPE (colored) from 08:00 BT 8 to 08:00 BT 9 July 2020 (Thick solid line is for

upper-level trough and thick dashed line for low-level wind shear), and (b, ¢, d) accumulated

precipitation forecast (colored) during 08:00 BT 8 to 08:00 BT 9 July, with wind at

850 hPa and geopotential height at 500 hPa (coutour, unit: dagpm) valid at 20:00 BT 8 July from
ECMWEF-HR forecast initiateal at (b) 20:00 BT 7, (¢) 20:00 BT 6, (d) 20:00 BT 5 July 2020

ARG TR A B R R P 5 T RE R )
Uy 25 0 S X B A R X AR i 2 ) 5 i 4T 98 o 2
PE— L5

6 it

AR SO 22 P00 A 20 A BERE L BLE5 T 2020 4F
67 F 3 [ T T i i DX S A R O A A
il 022 20 Hr 7 AR K 2R G0 4 I R R, i o 7K AR
HA

(12020 4F 6—7 A KL A liF o X K i 72
2 () b R o 225 () R A g 5 U R i R X
IR BT AR 22 1~ 2 A 2RO 1 X A g /g 1
DX YL PG AL B 45 b Jsy 8 4t IX i 22 3 % LA SR B K R

A 5 R L g g L XA SR P L X TR R A A
FEREMK. 6 HAZUBSMER KSR E.7 A L
AR T T A B RE A K R I VLM X K R R
58, RF LI TR] 1 o AROM S B g o R A K AR
RIS L 07 IR i i e 7K 5 38 de i » 3 I g 7K 344 i 5
iRz B I i e R A O

(2)6—7 H RS W AR 23 W P
25 5 A F5 RS E B ZETE 3, vh 25 B 3 X 208 25 TG 3
PEA T 5 0 B A YEREAE 20°N Zi A,
A 5 IR AU R B 2 b Bk S B g b O e A
A GRS HERFAE VLA W 3 DX R OR A 0
1P T 3t XK P A AR TR AR TR T i X R R
IKPCEEEIRE] 30 VL A F T B S B K G A
FEARZS VU R SO =S P B TR AR B i = 3R



1426 A

% 5 46 45

TAE RS S VL E 3 DR A 4 RS S K
A S IR B HRE

(3) RAE I A T 48 2% T A1) 43 Ay o e Ak 5 2%
IR = R T N eI o 1| e - T = I g )
59 Y0 1 A1 Y0 5 AT LA E VL UE V) AE £ FUE 25 94 1) 1
o RUNE R A 2 TN A I A A Vo B U
SR R AL A 5 A TR AT I68 1 B 1 K A i s e
RBEXS ARG I HA T 220 B ROEE X It W A
YLLRLEH . TR 30 2 W 57 — 2 W /K Ao B vl AR P
A2 1 o T AR 2 R T O R LA R SN
25 53 B 22 B AE EC B0 B4 b A8 A BRI 20
RGP K ] AR B 2R IE B, 2 300 2
Rif K TAR M 22

2020 4 6—7 VL Ui b DA S A R OR S
A B R 2% A A 452 1 A T R A K A R 0 AR R
AT TR R g R RN R AR R R RN RUEE ) AL
il HL B F1H AR fh R AE X M R T A R ) 5 ) A
AT AT AR 22 [0) 7 22 IR AT

S %k

T MR A MR, 45 2007, 7R A R R 48 119 R A% 2 I 5%
[J]. REPBF4¥,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).

G, HE T L B IR L 26, 2006, 2003 4F 7 A 3—4 H ET IO
B T AR RN AR 35 AL 3 A [0 ], R AR, 30(3) + 475-490. Jiao
M Y,Bi B G,Bao Y Y, et al, 2006. Thermal and dynamical
structure of heavy rainstorm in the Huaihe River Basin during
3—4 July 2003[J]. Chin J Atmos Sci,30(3):475-490 (in Chi-
nese).

X 2525, T —1L, 2020, 2020 48 8 58 A5 7 45 AE B R B 40 A7 LT ], <
% ,46(11):1393-1404. Liu Y Y, Ding Y H, 2020. Characteris-
tics and possible causes for the extreme Meiyu in 2020[ ] ]. Me-
teor Mon,46(11) :1393-1404 (in Chinese).

IhEEAE A L 2003, 1998 45 B 754K VL U8 43U A 9 40 0 3 ¥ A% fr) Bk
PERIF) ], SR S5 3BTRS, 8(3) :291-306. Sun J H, Zhao S X,
2003. A study of special circulation during Meiyu season of the
Yangtze River Basin in 1998 J]. Clim Environ Res,8(3):291-
306(in Chinese).

P 7 5 - 1980. i [E 2 2 W9 [ M. dbat: Bh2% M pdk - 120-125. Tao S
Y,1980. China Heavy Rainfalll M. Beijing: Science Press: 120-
125(in Chinese).

TR BRI DY L 452020, 2020 4F 67 H YL o liE b XA R
OB R K R S M AE L) ], K% 46 (11) :1405-1414, Zhang F
H,Chen T,Zhang F,et al,2020. Extreme features of severe pre-
cipitation in Meiyu period over the middle and lower reaches of

Yangtze River Basin in June — July 2020[]]. Meteor Mon, 46

(11):1405-1414(in Chinese).

SRR 2o B 1 3 5 KGR L 2003, BT 25K VT 30 38058 °R 3 95 9 1 R AR
13 4[], KA. 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[ ] ]. Chin J Atmos Sci, 27 (6);:1018-1030
(in Chinese).

TRANES B L SRIBUR, 2004, M TR B B = 2RI KRR,
28(2):187-205. Zhang X L, Tao S Y.Zhang S L, 2004. Three
types of heavy rainstorms associated with the Meiyu front[ ]].
Chin J Atmos Sci,28(2) :187-205(in Chinese).

WAL PR B L RS0, 45,2007, KAF R BEAN B 4 4 BRIM.
JEHT R4 MR 356-358. Zhu Q G, Lin J R,Shou S W et al,
2007. Principle of Synoptic Meteorology [ M ]. 4th ed. Beijing:
China Meteorological Press:356-358(in Chinese).

Chen G T J,Wang C C,Lin L F,2006. A diagnostic study of a retrea-
ting Mei-Yu f{ront and the accompanying low-level jet formation
and intensification[ ] ]. Mon Wea Rev,134(3) :874-896.

Chen G X,Sha W M, Iwasaki T,et al,2017. Diurnal cycle of a heavy
rainfall corridor over East Asia[ ] ]. Mon Wea Rev, 145 (8) .
3365-3389.

Chen T G, Chang C,1980. The structure and vorticity budget of an
early summer monsoon trough (Mei-Yu) over southeastern Chi-
na and Japan[]]. Mon Wea Rev,108(7):942-953.

Fu S M,Sun J H,Luo Y L,et al,2017. Formation of long-lived sum-
mertime mesoscale vortices over central East China: semi-ideal-
ized simulations based on a 14-year vortex statistic[J]. ] Atmos
Sci, 74(12) :3955-3979.

Guan P Y,Chen G X,Zeng W X, et al, 2020. Corridors of Mei-Yu-
season rainfall over eastern China[J]. J Climate, 33(7):2603-
2626.

Luo Y L, Gong Y, Zhang D L, 2014. Initiation and organizational
modes of an extreme-rain-producing mesoscale convective sys-
tem along a Mei-Yu front in East China[ J]. Mon Wea Rev,142
(1):203-221.

Shen Y, Xiong A Y,Wang Y,et al,2010. Performance of high-resolu-
tion satellite precipitation products over Chinal[J]. ] Geophys
Res,115(D2) . D02114.

Trier S B, Parsons D B, Matejka T J,1990. Observations of a sub-
tropical cold front in a region of complex terrain[J]. Mon Wea
Rev,118(12) :2449-2470.

Yu R C,Xu Y P,Zhou T J,et al,2007. Relation between rainfall du-
ration and diurnal variation in the warm season precipitation
over central eastern China [ J]. Geophys Res Lett, 34 (13);
LL13703.

Zhou T J.Yu R C,2005. Atmospheric water vapor transport associ-
ated with typical anomalous summer rainfall patterns in China
[J].] Geophys Res,110(D8) : D08104.

Zsoter E,Buizza R, Richardson D,2009. “Jumpiness” of the ECMWF
and Met Office EPS control and ensemble-mean forecasts[ J].

Mon Wea Rev,137(11) :3823-3836.



