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Abstract: In this study, based on the rainfall measurements from weather stations over China and atmospheric reanalysis products from the
fifth—generation European Centre for Medium—Range Weather Forecasts (ECMWF) reanalysis (ERAS) during the period of 1979-2020, the
dynamic mechanisms and differences of persistent rainstorm (PRS) events and extreme intense rainfall (EIR) events over the Yangtze—Huai-
he Meiyu domain (YMD) are revealed from the perspective of potential vorticity (PV)—forced vertical motion. According to the improved defi-
nitions of PRS and EIR events, 24 PRS events and 24 EIR cases are identified over the YMD during the Meiyu period from 1979 to 2020.
Composite analyses for the two types of events demonstrate that the most intense rainband of PRS events is mainly located in the Yangtze Riv-
er and over the southern regions of it, while for the EIR, the most intense rainband is located in the Yangtze River and over the northern re-
gions of it. The PRS events are found to be closely related to tropical atmospheric intraseasonal oscillation, during which the upper—tropo-
spheric South Asian high extends more eastward, while the northwestern Pacific subtropical anticyclone in the lower and middle troposphere
shifts more westward. Thus, the dry and cold air with high—PV around the upper—tropospheric westerly jet located more southward latitudes
tends to intrude equatorward and downward, converging with the warm and moist air from the southwest in the lower and middle troposphere

to form Meiyu front. However, the EIR events are more dependent to a greater extent on the upper—tropospheric divergence on the southern
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side of the westerly jet located more northward latitudes and PV—forced downward—intruding cold air. The quantitative diagnoses of PV bud-

get for EIR events show that before and during the peak of intense rainfall, the net negative PV tendency in the upper troposphere is mainly

dominated by the negative vertical PV advection, while the positive PV tendency in the middle and lower troposphere is mainly caused by the

PV generation due to the vertically non—uniform diabatic heating and vertical PV advection. The vertical velocity decomposition of a typical

EIR event further demonstrates that the component of ascending velocity forced by the vertical increase of horizontal PV advection plays an

important role in triggering the EIR event.
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Table 1 The 24 persistent rainstorm events during the Mei—yu period from 1979 to 2020

P ARy JFRRESE Z5TRESE RRZERTE/d e Ay FEUf ] SRR RREEETR)/
1 1983  7H7H 7H9H 3 13 1999 624 H 7TH1H 8

2 1986  6H21H 6A23H 3 14 2000 7H13H THI15H 3

3 1987  7H2H 7TH4H 3 15 2003 7H7H THI11H 5

4 1989 7HI1H 7H3H 3 16 2006 6H30H TH2H 3

5 1991 7H1H 7H3H 3 17 2007 6J130H 7H2H 3

6 1993  7H3H 7HSH 3 18 2010 6H17H 6 H20H 4

7 1995 6H2H 6H26H 5 19 2011 6H5H 6H7H 3

8 1996 6H29H  7H3H 5 20 2012 7H16 H 7HI18H 3

9 199¢  7H14H 7H17H 4 21 2013 61271 6129 H 3

10 1997 TH8H 7H11H 4 22 2016 7H1H THS5H 5

11 1998 6HI13H 6HI17H 5 23 2017 6H30H TH2H 3

12 1998 6H24H 6H27H 4 24 2020 7HS5H 7H8H 4
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Ko 7K [ {228 TR K] 40 2 T ) 246 ) B, TR I A
R i 5 ek K S A S B G0 P A AR R . BT
B R GIH T 1979—2020 4 A& A= 1 24 YRR i 388 2 7K
HFE2), HER UM, RE R oK S-SRk
2 T S AR R[], B — 8 7 A4 H T
FILPRAES, BWRE IR 30 1 2= LR A
ZE5t,

40°E

35
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] T
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P 1 BT o AR HE R (1991—2020 4F )i SCAHAR i
R K BEL (B2 B mm - ) A9 25 [ 43 A
2L HEF RV R WD DX (YMD, 110°—122.5°F,
28°—34°N), i & I e AT AN EAT, T[]
Fig.1 The spatial distribution of thresholds (shaded, unit: mm-d™)
determined by the latest climate standard period (1991-2020)
for classifying the extreme intense rainfall
The red rectangle represents the Yangtze—Huaihe Mei—yu domain (YMD,
110°-122.5°E, 28°-34°N). The Yangtze and Yellow Rivers are

shown by blue curves, same hereafter

3 FrartE R AR IR 3R fE vk SR IR A

& 2 25 th 1979—2020 4F- M AR 22k 2 B H 5
e i 9 A K H B B A o 7K 3R IR 2 XU 1) 45 [)
i o FEFFLEEZE I 1] (& 2a), YT HEARF N (X 521125 5
PR A 55 et DI AR 52 . M 850 hPa XK 19 %5
[E] 4345 A WL, o B #A F BER 2S R BEAE R VT R L LA
A HL XA A, P AR KT LA T 8 45 1o A IR 0 A
M, Hodp ek H AR 3t 40 mm-d™ (8 2a). (HAE,
% i 588 ok 7 0 TR A 0 8 A TRV R DA i X
(P&l 2b) , 3 2 PR kg A R DX b 38 A 7 AP 2 G g X5 i
FA) i 2 A2 6] 4 5 S P B0 AR [IX (] 2b). B UL, B
AR R BAAE B 25

Shy e 7N B RRHT I 28 1 22 5, TR 3 4 R S
S TRT R it 588 88 7K =42 93 1) 6 B R J2 A [ S22 1k
() IR 25 40 S W 1 22 5% o X F el ok i
(Pl 3a), X 9L J2 1 2 040 P O e A A ST 9 5 8 XL )
B R G, Horp ot KA T 75 8 e B g il L (H 2
o FE 2 AR 43 BH 1) AR PR, Fo 1250 dagpm 4
[ A R L < S VAR Rl 11 o N 2 S el K o OB 5
T o VL WEAR R DA G Ak A e I e R b P XU P
AU XU B0 PR S o K Rl v 2 RO 8 g g
VB b 88 W ke KRR btz 8, fieik b T R
11 -0.3 Pa-s™ (& 3d), H- 4 3 AR 4 P me O A5 45 KA
IR (B 3g), NI 77 A 2 W (B 2a) . (EAS R E,
FEXT 2 HAIRUZ , P8 R 0 P (588 dagpm 55 R 2k 1Y
PYARE ST 110°E) A5, BB R L A6 XUZE VT ifE A
T DR PR) B8 7 A 58 K I 28 [ L B8 5 7K 9B B, AT
TE 30°N B 3 & B 26 [ 45 IR %) 4 R 21X, 40 700 hPa
S5 T b T N A 2 B 28 e R I AR X (R



126 B

HE

F43%

2 1979—2020 FE g HH 24 R tRumoE pE K B

Table 2 24 extreme intense rainfall events during the Mei—yu period from 1979 to 2020

FTS A F& 7K i [ FT S A [ 7 ]
1 1979 6H4H 13 1998 7H22H
2 1979 7H15H 14 2003 6H25H
3 1982 7H30H 15 2003 7HS5H
4 1983 7H7H 16 2005 THI19H
5 1984 6H13H 17 2008 7H22H
6 1984 6H14H 18 2010 7H?24H
7 1989 6H7H 19 2015 6H27H
8 1991 6H14H 20 2016 7H1H
9 1991 7HG6H 21 2018 6A18H
10 1994 6H10H 22 2020 6H27H
11 1996 6H30H 23 2020 7H7H
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Fig.2 Composite rainfall rate field (shaded, unit: mm-+d™) and 850 hPa wind field (vector, unit: m+s™) for (a) persistent rainstorm events and

(b) extreme intense rainfall events during the Mei—yu period from1979 to 2020 (The white stippling indicates

the composite rainfall anomalies being statistically significant at the 0.1 significance level)
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Fig.3 Composite distribution of the (a—c) 200 hPa potential vorticity (shaded, unit: PVU, 1 PVU=10"°-K-m®-s™'-kg™), geopotential height (black contour, unit:

dagpm) and wind (vector, unit: m+s™) fields, (d-f) 500 hPa vertical velocity (unit: Pa-s™), geopotential height (black contour, unit: dagpm) and wind

(vector, unit: m+s™) fields, (g—i) vertically—integrated (1 000-300 hPa) moisture flux divergence (unit: kg-m™+s™), 700 hPa meridional gradient of

equivalent temperature (amaranthine contour, unit: 10 K+m™) and wind (vector, unit: m-s™') fields for (a, d, g) persistent rainstorm events

during Mei—yu period, (b, e, h) extreme rainfall events and (c, f, i) differences between the two types of events from1979 to 2020

The white stippling indicates the region where the color—shaded variables are statistically significant at the 0.1 significance level, only the wind

vectors statistically significant at the 0.1 significance level are shown, same hereafter. The Tibetan Plateau

with terrain altitude greater than 3 000 m is outlined by the thick green line
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Fig.4 Meridional cross sections of composite potential vorticity (shaded, unit: PVU, 1 PVU=10"+K+m’+s™ -kg™), equivalent potential temperature

(black contour, unit: K), specific humidity (green contour, unit: g+kg™), meridional—-vertical circulation (vector) of meridional wind (unit: m+s™)

and vertical motion (=50 x Pa+s™) averaged over (110°~122.5°E) for (a) persistent rainstorm events, (b) extreme intense

rainfall events and (c) differences between the two types of events during Mei—yu period from 1979 to 2020

The 2 PVU contours are highlighted by thick purple curves in Fig.4a and Fig.4b. The thick black lines marked along the

abscissa represent the meridional range (28°-34°N) of the YMD, same hereafter
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Fig.5 Same as Fig.4, but for (a—c) composite divergence (shaded, unit: 10°s™") and absolute vorticity (black contour, unit: 10°s™)
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Fig.6 Same as Fig.4, but for (a—c¢) composite potential temperature (shaded, unit: K), zonal wind

(black contour, unit: m+s™'), and meridional wind (green contour, unit: m+s™)
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Fig.7 Meridional cross sections of composite differences between (a, d) 1 d before and 2 d before, (b,e) between during and 1 d before, (c, f) between 1 d after
and during of the occurrence of persistent rainstorm events in terms of potential vorticity (shaded, unit: PVU), equivalent potential temperature
(black contour, unit: K), specific humidity (green contour, unit: g+kg™) and meridional—vertical circulation (vector) of meridional wind
(unit: m+s™) and vertical motion (=50 x Pa-s™) of averaged over (110°~122.5°E) for (a—c) persistent rainstorm events,

(d—f) extreme intense rainfall events during Mei—yu period from 1979 to 2020
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Fig.8 Meridional cross sections of composite (a, f, k) local potential vorticity (PV) tendency (shaded, unit: 107 PVU-s™") and PV (black contour, unit: PVU),
(b, g, 1) forcing term of horizontal PV advection (shaded, unit: 107 PVU+s™") and PV (black contour, unit: PVU), (c, h, m) vertical PV advection (shaded,

unit: 107 PVU+s™) and vertical velocity (black contour, unit: Pa+s™), (d, i, n) horizontal diabatic heating (shaded, unit: 107 PVU+s™) and PV (black contour,

unit: PVU), (e, j, o) vertical diabatic heating (shaded, unit: 107 PVU+s™) and vertical velocity (black contour, unit: Pa+s™) averaged over

(110-122.5°E) for (a—e) 1 d before, (f=j) during and (k—o) 1 d after the occurrence of extreme intense rainfall events
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Fig.9 Meridional cross sections of (a, e, i) vertical velocity (shaded, unit: Pa+s™), (b, f, i) vertical velocity component caused by isentropic surface displacement

(@, shaded, unit: Pa+s™), (c, g, k) vertical velocity component of air parcel sliding along an isentropic surface ( g, shaded, unit: Pa+s™) and (d, h, 1) vertical

velocity component related to non—adiabatic heating of the atmosphere (,,, shaded, unit: Pa+s™) recalculated based on the Eq.(2) and Eq.(3)
averaged over (110°=122.5°E) on (a—d) 4 Jun, (e=h) 5 Jun, and (i-1) 6 Jun 2003

Black contours in Fig.9a, Fig.9¢, Fig.9i denote the ERA5—provided vertical velocity (unit: Pa+s™), while the black contours in

Fig.9¢, Fig.9g, Fig.9k represent potential vorticity (unit: PVU)
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