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Abstract Abnormal heavy precipitation during the Meiyu period (June-July) in 2020 brings great
economic property losses and human casualties to the middle and lower reaches of the Yangtze
River, and the length and intensity of precipitation in this Meiyu period are far exceeded the
historical average. Using daily NCEP/NCAR reanalysis data and CPC global daily precipitation
data, the features of heavy precipitation and its relationship with baroclinic Rossby wave in the
upper troposphere is investigated in this paper. The results show that the total precipitation and
precipitation anomalies in the middle and lower reaches of the Yangtze River are located in the
southern part of Anhui Province, and there are seven consecutive precipitation processes. In the
middle and lower reaches of the Yangtze River, there is convergence in the middle and lower
troposphere accompanied by dispersion in the upper troposphere, and there is strong anomalous
upward motion over the region, which is favorable to the development of anomalous heavy
precipitation. At the same time, water vapor is transported from the Bay of Bengal and the South
China Sea to the middle and lower reaches of the Yangtze River, which provides sufficient water
vapor for the occurrence of heavy precipitation. When the standardized time series of daily
precipitation in this region were analyzed by using wavelets, significant cycles of 2-4 day and
6-14 day are found. The Rossby fluctuations shown by high frequency (2-14 day) perturbations
exhibit a downstream dispersion in the upper troposphere, with fluctuations originating near Lake
Baikal. The propagation process of the fluctuations downstream shown by the wave disturbance
energy and flux is more consistent with that of the wave packet. The wave disturbances
originating near the Mediterranean Sea and Lake Baikal, respectively, can disperse eastward or
southeastward to the middle and lower reaches of the Yangtze River. The energy transmitted to the
middle and lower reaches of the Yangtze River favors the intensification of the disturbance in this
region and thus the occurrence and maintenance of heavy precipitation. The above results improve
the understanding of the causes of the super-long "violent Meiyu" in 2020 and may provide clues
for effective prediction of similar events.
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Fig.1 (a) Total precipitation (contours, unit: mm) and precipitation anomalies (shaded, unit: mm) in eastern China
during the Meiyu period of 2020, with the thick blue solid line for the Yangtze River and Yellow River; (b)
anomalous meridional circulation (streamlines), anomalous geopotential height (contours, unit: m), and anomalous
vertical velocity (shaded, unit: 102 Pa/s) in vertical profiles; (c) water vapor flux dispersion (shaded, unit: 10°
Kag/s) and its radiative dispersion component (arrows, unit: Kg/(m-s)) and rotational component (streamlines, unit:
Kg/(m-s)) for the whole-layer integral. The orange rectangular boxes in (a) and (c) are the selected study areas in
this paper.
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Fig.2 The time series of (a) the regional average of daily precipitation (left Y-axis, unit: mm) and the position of
the ridge of the western Pacific paramount (right Y-axis, blue solid line) in the middle and lower reaches of the
Yangtze River during the Meiyu period of 2020, where (a) the red solid line in (a) indicates the three-point
sliding average, and the black bar is the extreme day of each process; (b) the distribution of the difference
between the extreme day and its precipitation of the previous day (unit: mm/d). The orange rectangular box is the
research range selected in this paper.
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Table.1 Dates of 7 extremes of precipitation and the corresponding amount precipitation in the middle and lower
reaches of the Yangtze River, as well as the ridge location of the Western Pacific Subtropical High

WIF 3 Bk Cmm) FLALE (ND
1 6 H2H 26.97 20.7
2 6 H 15 H 29.75 25.2
3 6 H21H 34.14 213
4 6 127 H 32.68 236
5 7H5H 54.45 24.9
6 7H18 H 67.70 25.6
7 7H 26 H 30.77 26.7
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Fig.3 The anomalous circulations at (a) 850hPa, (b) 500hPa, (c) 300hPa, and (d) the circulation at 300hPa during
Meiyu period of 2020. Shown in (a, b, c) are the divergence (shaded, unit: 10%s?), rotational component
(streamlines, unit: m/s), divergent component (arrows, unit: m/s) of the anomalous winds. Shown in (d) are the
latitudinal wind (shaded, unit: m/s), the meridional wind (contours, unit: m/s), the arrow is the flow field (unit:

m/s), and the yellow dashed line is the westerly jet-stream axis.

Nt =2 TR R, F 7 G REREH (day0, & 1) KILHET)E 4 R
Wi AT A T . TERRAE H TS DY K 1) 850hPa & it BE P37 AT LAE Hi: 7E day-4 B,
Box-A % SUiRMEIAFLE ], 1E Box-A FIPUILMIA —UiRMEIAI, 12X _Fas 20N



A (B 4a) ; 7E day-3 # day-2 B, Box-A Z et idaEsm], b2 BN PEIL R B RAL X

(K 4b At 4c) , AURRMEFR RO PERSIRSS: (E day-1 I, Box-A ZZ2HCoir T-SEEE R B I
RAHEER T E], B F BRI (B 4d) ; 7E day0 B, Box-A mafll sz H T E
P PR S SREPE IR AL IR, JEA 32 e (67 T A0 22 IR (1) SUREPE IR IR MR, S SUREFR AT Hr
ORI HAHCE g sadtih, FR, SRR O R R E, £ Box-A 7
TEAETEIL A PE g KA & (& 4e) 3 7E day+1 Al day+2 I, Box-A Zdutfr T E %L
PSR, s R BN TR R (B 4F A1 4g) , SRS O B A% 5 £F day+3
i, Box-A SZ A T B ) S IR R, ML akekm R, B EE R ARIER
(Kl 4h) ; 7£ day+4 I, Box-A S2HCoir T s M i S U e ], b N fw
KR (B 4D .



20°E 40°E 60°E 80°E 100°E 120°E 140°E 20°E 40°E 60°E 80°E 100°E 120°E 140°E

s N~ -
aon {&y] i (s
\vx_ T

20°N ?5 4-&'7":-» J _‘ '1’

20°E 40°E 60°E 80°E 100°E 120°E
= e .

40°N . 3 M P -

- 4 \|‘ / 5 T -
W KN At ORI

20°E 40°E BO°E 80°E 100°E 120°E 140°E 20°E 40°E B0°E 80°E 100°E 120°E 140°E
T0°N ; -

L
SN FET

40°N 2
diy 76/ e
N ] e C] v
) (N2 (€A ; ' :
20°N \ ‘W'%‘ % & 7
RN T
10°N - o b 2 e B
20°E 40°E B0°E 80°E 100°E 120°E 140°E 20°E 40°E 60°E 80°E 100°E 120°E 140°E
TO°N S
© RS T 7
) (-. Cf?i;
& S~ Z
50°N N f—(_.&\.: \.—-\\)\ @
40N ‘;;5;' N'f il (__- : _j}’ 7% \ -(fgr‘
B e AL a5,
30°N '\'\ &‘";.y 3 . ; A
] A YRS ES))
" ISWS T IRTRER)
20°E 40°E 60°E 80°E 100°E 120°E 140°E

] [ [
25 -20 115 110 -5 0 5 10 15 20 25 30 35 40 45

K 4 $REH RS 4 K 850hPa L& T3 (g, . mis) FMIFEKEETI, (B8, A mm)

Fig.4 Composites of circulation anomalies (streamlines, unit: m/s) and precipitation anomalies (shaded, unit: mm)

over 850hPa at 4 days before and after the extreme day
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Fig.5 Composites of circulation anomalies (streamlines, unit: m/s) and divergence anomalies of the wind filed
(shaded, unit: 1/s) over 300hPa at 4 days before and after the extreme day
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middle and lower reaches of the Yangtze River (a, the shaded area in the figure is the power spectrum value, and
the dotted area is the red noise test passing the 0.1 confidence level, with boundary effects at the grid lines), the
time-averaged power spectrum (b, the red dotted line in the figure is the red noise test), and the power spectrum of
the 300hPa high-frequency meridional wind field over [30R - 60RI] (c). The horizontal axis in (c) is the number

of waves and the vertical axis is the power spectrum value
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Contour intervals of correlations for both ' and Y/, are 0.1. The correlation coefficient of 0.3 is found to

be the value at 90% confidence level using a t-test. The solid green line is the positive correlation, the dashed

brown line is the negative correlation, and the solid black dot is the base point.
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