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Self-maintaining mechanism of a large-scale persistent heavy rainfall event
in Mei-yu period: case study of Yangtze River heavy rainfall in 2020
Jiao Ma' 2, Ke Wei'", Wen Chen!

1. Center for Monson System Research (CMSR), Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing

100029
2. University of Chinese Academy of Sciences, Beijing 100049

Abstract During the Mei-yu period in the Yangtze River Basin, the precipitation is usually
strong, persistent, and impacts a large region. It often leads to severe large-scale flood disasters.
The internal dynamic process of its persistency is worthy of further discussion. In this study, a
case study is conducted on the large-scale persistent rainfall event in the Yangtze River Basin
from July 5 to July 9, 2020, focusing on the interaction process between the latent heating and
the circulation system during the rainfall event using the WRF model. The results show that
an anticyclone anomaly is formed in the upper layers due to latent heating in the middle levels,
favoring the eastward extension of the South Asian High (SAH). The eastward-extending SAH
interacts with the Western Pacific Subtropical High (WPSH), resulting in WPSH westward
extension, which modulates the wind and water vapor fields at the lower levels, providing a
favorable background field for heavy rainfall. Under the center of the condensation latent
heating, a cyclone anomaly forms in the lower levels. This system helps to obstruct the
northward migration of WPSH, thereby forming a stable WPSH, which is beneficial to
maintaining the rainfall system in the Yangtze River Basin. The evolution of the East Asian
summer monsoon is characterized by apparent stagnation and northward jump, which is
dominated by the activity of WPSH. This study shows that the release of large-scale
condensation latent heat can help to form a more stable WPSH, which is beneficial to the Mei-
yu persistency and may provide a possible self-maintaining mechanism of stagnation of the
East Asian summer monsoon during the Mei-yu period.

Keywords: heavy rainfall, Mei-yu, latent heating, East Asian summer monsoon



49

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

1 58

VB RN AR A FA N A ) B B AE PG 4 X T AR AT 5 ORI 2 AN GO it
A B EENEN . A2 BRI RAE 3 B T G TE T AR b R B 55 3 5 b
FIARHBIX, B 2= IR AR 32 B0 T ML ER UK L FRIE KRR AR 8, 2 R34
BRA R R ) FEHGE (Rao, 1969; Li and Yanai, 1996; Bhide et al., 1997; Ishizaki and
Ueda, 2006). J&FAFAGE AT DL I - AH AR FH P A REAH S RS2 (Rao, 1969;
Subrahmanyam and Kumar, 2016, b K 75 SR il Al o v 4 R AU RO 3 2 52 1
(Nakamura et al., 2002; Chang and Guo, 2007; Steinfeld and Pfahl, 2019). %12 X [X i
BeE 7K 7= HE B B v FATE K TR RUBE b5 )T Jom i F v 2 G 000 9 3 0 s & ( SAHD Fl b 2
FRAN P 76 AT R AT 5 (WPSHD (Liu, 1998; XIZUREE, 1999a; XIZUREE, 1999b),
R EZERNMKEZER T (Jin et al., 2013; Steinfeld and Pfahl, 2019).

TEIRINHGE 2 e KRR GERE S 4EFFRIINGR  (Nasuno and Yamasaki, 2001; Sugimoto
and Ueno, 2010; Lietal., 2016). i, #R#E5H —REMAAFEHE, & XNAIEEER B X
TSI AR, & R P LS T AR O AT LS R . 1 5 s FE RN 25040, % B &
Mgt A EEMER (R4 %37, 1988; Yue et al., 2009; Li et al., 2013a; Li
etal., 2013b) FEHINFKT /N RBEWR e R R AN RR KI5, A ST & KU 1 1E %
BHLE] (Luo et al., 2006).

TR T35 2 =R A A b, B 2R KU AR 5 % A2 5 BE K F4F (Richard et al.,
2015; Chen and Zhai, 2016; Chen et al., 2019). F&/K 7 B AMY 4EREFI ISR T 22 KW
i EANRERS (Rao, 1969), [FIRFE 2 XA 1R RE R A HHIER GRECR i
IGEIEE, 2006; BhF5HE4E, 20190 4 Ry I & A2 VG I 18] (1 B A RN, LK i
] RO AN m] 5 5 AR EL, DR A RS RS b DK L R 45 5 o 7 T8 TS 1 4 4 75
BRI A S AR 4 R S RN 18

2020 FAKTTIRIE A T H LT KA <M AP E T CE o MR X TS8R K
BN 753.9mm (FKOGEE, 20200, Hrr 7 A 5 H-7 H 9 HEKILH Rl X K #2
FRAEPEI AR . SRR, N Sl R X I8 5T R 140 2020 47 FiF f 5k (1 A T 22 R 3o
(BR#E, 202000 6 H, FIIH 3 /N BARFE KL 178.5mm, 24 /NEF R /KA 502mm;
6 /N RBEK R 309.4mm, 24 /N REBUEKE 436mm; 35X 24 /M R EIK
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§993.9mm, =uhiff) REAREKE AR 1 ik ORI id5% (Cuietal., 2021). AKX
KRR PE R KRR (0 9 T ARG, 7 B0 FLAEREHLHI AT IR NI B 18

PRIk, ASCRL 2020 4 B ZEK VLI IE0 58 K — OV B R I B K #2188
S BB AL 53 W7 ¥ 45 7 RO T B A FR R IR R GRS OB o SR 3 A 3 3
M BUE R DL SO ER evt, 58 = 70 T IR AR I B K S, 35 DU 38 43 B e G S 0l R0 R
TR AR I IR LE A5 Y, IR 5 Mg R RV R e R SR B K A 1 |
Bl B NE S AR EE I,

2 YORDTIE SRB T
2.1 HiE

I [ 7 B 58 4 P r [ 3t 17 K A 0.5°%0.5°%% s Bida S5 (DGPCOO GR I K &%, 2014;
B WKL, 2015), ZBHEERE g 1 b EHE & E G ul (2472 DME R R RWN
) IR ORE, I NECT R AR BORE LU AT BRI B v (5] X483 2% % 0 7K 2% IR ARG
FE [R50, DGPC e VL X A R P /K IR E AR RHAE A AR AP AR (F AR AN
21, 2018; FEF5E, 20200,

S A R 3RS TR 0 (ECMWED 88 FLAR 4 ER RS T2 B8l (ERAS)
WA IR B K IR IR A AKIR 4615 I UK E)) WRF (Weather Research and Forecast) 15
AT EUE A . %R AR ALK P2 26 0.25°X0.25°, I [/ BRI /N, SR H 38
B2 1979 EES AN AL R, WLLE iz iR A ERA-interim 7 H7
B . ERAS Bl O AR 2 1953 N B T [ I A0 38 A b DX e K S 0 23 B R B0 £
4l (Gevorgyan A, 2018; Varga et al., 2020; Yun et al., 2020) .

2.2 BEAAE PR GG B

WRF 0 i 36 [ [ O A RS B R . RESE . REBER RSB E.
P A By K R 2 5 B R S R A, |2 i B TR0 SO RO E R S TR, 12458
TN [ B /K RSP, A T3 FR)38 P 1% (Li et al., 2020; Ragi et al., 2020; Zhou et al., 2020).
ASCAE ] WRF BER MR 4.2 BRAS, WRF4.2 X2 AN H00 7 S 080T oot A1 5 #r

(Valmassoi et al., 2020
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W FE R X 35

Fig. 1 The nested mode grid domains with topography (shaded, units:m). The DO1grid resolution is 45km
and grid number is 100X 85. The D02 grid resolution is 15km and grid number is 208 X 169. And the D03
grid resolution is Skm with grid number of 442 X 388. The dotted box denotes the study area of the middle

and lower reaches of the Yangtze River.
AR R H PR KB KT 25mm FESL AT 13.9x10*km?, FHABHE K 1) B¢
IR A R 20% (EILAS, 2014), FRAKRERERRS: 5 Ko BT R U = 2 1k
B, BB 1 s . B TV FE O 2020 42 7 F 4 H 00 B (HEFEDD 2 2020
7 H 10 H 00 B CHHEFHE) . UG BESE I B0 TR R RGMIER, Bt #l
AR LH U5 noLH 5. LH XS Bcitansge 1, Hrh DO1 Al D02 X 38 i
Kain-Fritsch Bl Z 477 % . DO3 I T2 #Fium (B EE/NT 10km) ANME R 24
W 77% (Molinari and Dudek, 1992; Lietal., 2016). noLH {4 % I EE 2 $iik )5 & o
(RIS AR, [RIR SCPAR = S8 7 58, B OREA T b S0 VR TEONS T HR 3 1 52 Tl
FAh S 77 ZAAE ¥ B 5 LH K58 56 440 6] .
#F 1LH %7 Rk E &,
Table 1 Details of the LH experiment setup.

Domain DO1 D02 D03
TP H 5 100 X 85 208X 169 442X 388




123

124

125
126
127
128
129
130
131
132
133
134
135
136

137
138
139

1%
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TalA WA 7NN

RS HTT =
(pEvEE e S (LS
KR 257 %=
(SRL RN R G S
WHRIRZHATT =
Fili T i A 2 HA T &
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3 2020 4F 7 AFEHERWITE

3.1 fEKEE

2020 FEAEE R ZRRIRE AR NI [B] (5, I TR fh e, ARG, FEOKE K (Liu
et al., 2020; ZEZ T 2020; BRESE, 2020; XIZEZERTT I, 2020; #4544, 2020),
HE N ZEVT I 2 AR /K B 3 ik B 500mm LA b, MERNFRER A KA 62 K, Horpz
B EEES . WL PG ES ., TLPEAEER . WAL AR AR F /K Bk 3] 800-1200mm,  J&FS i [X £
ZIT 1400mm (5274, 2020). KIALERFITN AT LA NN BL: SE—BTBEN 6
12 H-6 A 25 H, KILHEACMFEK &R ERE: B A e H30 H-7 5 13 H,
KL r M K & 7 W 2 o 76 7 AR, Mg RTREE I 4E Rp2E KD AL AL S (Liu
et al., 2020). 5 MBSO O L IIE 7 A4 H7 Ao HM 7 A 15 H-7 A 19
H o 3 0% AT b Y AN VAT 8 3 P e i B /KO A (R IR5E, 20200 0 AR STRLADL AR 1
WHR 7 A5 H-7H 9 HIBEAKE R, WagEReERILh FF, FKERGM WK

TLIIEAL B 2TV 217HET UL

(a) DGPC (b) LH m (c) noLH
40°N - 40°N - 40°N -
S e
S
30°N - 30°N I {30°N -
20°N - 20°N - 20N -
* 1 . I . T 1 R * ] 1
110°E  120°E 110°E  120°E 110°E  120°E
[ n e | 1
50 100 150 250 500

Kl 22020 47 A 5 H-7 A 9 HA ERMX IR SR S EKECERAL: mm): (a) DGPC ##%, (b) LH

B8 (c) noLH 8. HE LR XA AT TR X 5K o
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Fig. 2 The accumulated precipitation (units: mm) from 5% to 9" July 2020: (a) DGPC, (b) LH simulation
and (c) noLH simulation. The dotted boxes denote the study area of the middle and lower reaches of the

Yangtze River.

7 A5 H-7 A9 HI R /K S, DGPC HETEMIAL AR pE il A —id R AL b
IKERMEH L, 5L B R E R R 53— LT 5 AR A6 AR SR i 22 77
A CH 22> AR H BEKE AT LUK IR AR 2 NP BL: 5 H-7 H K 4ERFEK
TLig (B 3al-3c1), FEKH OO T2 BUS TP 38 FAk LG AL R e 22 kb 8 H-
9 HFEKMKITIRIENE M s, o BRSIFNTASEN (B 3d1-3el).

—_— e

A

1) Jul.7 (d1) Jul.8 e1) Jul.9

...........

T T
110°E 120°E
Jul.7

110°E 120°E
b3) Jul.6
=T i
=
A '
L '
*
- d
110°E 120°E 110°E 120°E 110°E 120°E 110°E 120°E 110°E 120°E
5 25 50 75 100

K 32020 47 A 5 H-2020 £ 7 A 9 HIHFEKE (FA2: mm): DGPC MIM¥HE (al-el), LH ik
% (a2-€2) FlnoLH 4% (a3-e3). RELk Xy AMF 78 KE X 45

Fig. 3 Daily precipitation (units: mm) from 5% to 9™ July 2020 for DGPC(al-el), LH (a2-e3) and noLH (a3-
e3) simulations. The dotted boxes denote the study area of the middle and lower reaches of the Yangtze

River.
3.2 HWMARGEE

£ 2020 FHERIEE, 6 HMHRAHE LA s 2 0UH A, 10 7 AN 2 RkiEs), 7
A 0GR s %, Wiktof TREILTT (0845 45%,20200. WPSH K4 T H
PR EERER, kAL THOH-TH 13 AM7A17H-7H29H, 7H3
H-7H4H.7H6H-7H7HAEMKNMeEZERE AT —E,20200. 7 HIEK
VLA R X H BB B K VOB AR, A AE NI - R 2 B R R 1) T 2% K TOE
18, EAEAb AR (8T8 AR R I AR P VLR S VAR 4 (R4, 2020,
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f£7 H 5 H-7 A 9 HEsaKd RS : /2 SAH R, s cuRgm g, &
JZ WPSH Fif; ARACBEILAFTERED, PHrgHDXONERAE (B dal-dc); KILHECHS
FAEE X, HHTZHX 0 THES) (& 4a2-4b2) . B K08 78 B ik 2T
T F AR X 3 (B 4a3-4e3), fHAFKIT 0 M L DL X o EL IR A X (1] 4a2-
4e2), NBEK RS TR EMKIR. 8 H-9 H SAH PR, M2, WPSH A&
iR (K 4d1-4el), (KRBT Pz T s) (B 4d2-4e2) . AKIRIFZE A
F B o I s - g 2 B KRR TE, KILREOKRE GRS (B 4d3-4e3).
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42020 4 7 A 5 H-7 3 9 HRFIARKITIHBCE . “al-el” Jy 500hPa 55K L3 51
(R, $A47: dagpm), PHARFEEEIFGET S K (500hPa, 588dagpm #if0SEZR), msiXE (K
&, 200hPa, U >32m-s') MIEGW &k (200hPa, 1252dagpm ZL85E4%). “a2-e2” 4 850hPa (1)Ll
By CGEEE, B3 kgke) M. “a3-e3” A 850hPa KVHEHE CHERK, H4L: x107s
L (kgkg')) FI/KRIERE (KE=0.05QUV; H47:QUV; 1IQUV=1x (m's!)-(kg-kg')). KIFFEXIEA
AHIF TRV X I
Fig. 4 Configuration of the atmospheric circulation and water vapor transports from 5% to 9% July 2020.
al-el: geopotential height at 500hPa (shaded, units: dagpm), WPSH (blue lines, 500hPa, 588dagpm), the
high-level jet at 200hPa (vector, U > 32m-s!) and SAH (red lines, 200hPa, 1252dagpm). a2-¢2: specific
humidity (contour, units: kg-kg™') and streamlines at 850hPa. a3-e3: divergence of water vapor flux (contour,
units: 107 s (kg-kg!)) and water vapor flux (vector=0.05QUYV; units: QUV; 1QUV=1x (m-s™!)-( kg kg
1) at 850hPa. The boxes denote the study area of the middle and lower reaches of the Yangtze River.
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3e2). LH I I FRAES ERAS 0 BRI U IE AR — B, I 5 M I
EHRFERT R, PR BB BURFAE LA 2 o 76 LH ARG EE b, 5 H-7 H SAH %1,
o 2 LR ) BE DR, HLARYL s b2 A e ot O s A (&1 5a1-5¢1): WPSH P44, 110°E,
30°N iR ARIRAFE (Bl 6b1), REARFERE TRERE, HEKILRE -S5HE
& (B 7al-7c1). 8 H-9 H SAH PHiB, &P AR (& 5d1-5¢1); WPSH &Ik,
[FI G AR (B 6d1-6e1); KR FEER B &AL, /KiKfEE X Wik (K 7d1-
7el).
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&, U>32m-sD) &: LH i35 (al-e1) Fl noLH {5 (a2-€2) . & B2 (R 524k 4 SAH (1258dagpm) .
KT T X IO AR 78 % X 3

Fig. 5 The daily divergence (contour, units: x107s") and high-level jet (vector, U >32m-s™!) at 200hPa from
5™ to 9t July 2020 for LH (al-el) and noLH (a2-e2) simulations. The black solid lines present the SAH
(200hPa, 1258dagpm). The boxes denote the study area of the middle and lower reaches of the Yangtze

River.
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Fig. 6 The geopotential height (shaded, units: dagpm) at 500hPa and the streamlines at 850hPa from 5% to
9% July 2020 for LH (al-el) and noLH (a2-e2) simulations. The boxes denote the study area of the middle

and lower reaches of the Yangtze River.

120°E 110°E 120°E 110°E

(a1) Jul.5

(b1) Jul.6 (c1) Jul.7 (d1) Jul.8 (e1) Jul.9

40°N

30°N 4

20°N 4

40°N 4

30°N 4

20°N 4

T
100°E 110°E 120°E 130°E
(a2) Jul.5

T T
100°E 110°E 120°E 130°E
(b2) Jul.6

(c2) Jul.7

T v
100°E 110°E 120°E 130°E
(d2) Jul.8

T
100°E 110°E 120°E 130°E
(e2) Jul.9

40°N

30°N 4

20°N 4

T T T
100°E 110°E 120°E 130°E

T T y
100°E 110°E 120°E 130°E

T T T
100°E 110°E 120°E 130°E

T T T
100°E 110°E 120°E 130°E

|

I

|

I

7 -6 5 -4 3

-2

-1

0

1

2

3

4 5 6 4 8

T T L
100°E 110°E 120°E 130°E

Bl 72020 47 H 5 H-7 H 9 HIYIE] 850hPa /KVTEERE (HE, FA0:x107s"(kg'kg™)) FIZKIA
jHE (KE=0.1QUV; H47:QUV; 1QUV=1x (m-s")-(kg-kg")) : LH i3 (al-el) Al noLH 4 (a2-
€2)o KITIE XSO AT FEIVE X

Fig. 7 The water vapor flux (vector=0.1QUYV; units: QUV; 1QUV=1x (m-s™!)-(kg-kg')) and its divergence
(shaded, units:x1077 s7'-(kg-kg")) at 850hPa from 5" to 9% July 2020 for LH (al-el) and noLH (a2-e2)

simulations. The boxes denote the study area of the middle and lower reaches of the Yangtze River.

5 BRRGEIE PRI PR R
51 BEERERKERE
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Fig. 8 (a) the accumulated precipitation (contours, units: mm) and condensation latent heat (shading, units:
K) during 5%-9" July 2020 for LH simulation. The accumulated condensation latent heat (shading, units: K)
along 115°E (b) over 5™ - 9 July 2020. The boxes in Fig.8a denote the study area of the middle and lower
reaches of the Yangtze River, the dot in Fig.8b is the latitude (30°N) of the maximum process precipitation.
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and noLH (b) simulations and their differences (c) from 5™ to 9™ July 2020.
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Fig. 10 The daily geopotential height (contour, units: dagpm) and wind differences (vector, units: m-s™') at
200 hPa (al-e1) and 500 hPa (a2-¢2) between LH and noLH simulations from 5% to 9% July 2020. The boxes

denote the study area of the middle and lower reaches of the Yangtze River.
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Fig. 11 Self-maintain mechanism of heavy rainfall system in the Mei-yu rainbelt. The red and blue circles
are the anti-cyclonic anomaly in the higher levels and cyclonic anomaly in the lower levels, respectively.
SAH denotes the South Asian High, and WPSH is the Western Pacific Subtropical High.
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