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Abstract: The Meiyu frontal heavy rainfall is a heavy precipitation phenomenon of China’s Yangtze River
Basin and the East Asian Region. Conducting integrative field experiments on Meiyu frontal heavy rainfall
to thoroughly study the thermodynamic and dynamic processes, moisture transport, microphysical struc-
ture, and their evolution mechanisms has important scientific value. In summer, over 40 % of the moisture
for precipitation in the Yangtze River Basin originate from the Indian Ocean and the Bay of Bengal in South
Asia. Moreover, there is also a moisture pathway from the Qinghai-Xizang Plateau, and more than 60% of
the precipitation are closely related to the plateau and weather systems on its eastern side. Therefore, the
observational study of the South Asian moisture transport pathway to the Yangtze River Basin and of the
vertical structural evolution of eastward-moving plateau cloud clusters is very important. To this end, the

Wuhan Institute of Heavy Rain of China Meteorological Administration conducted in-depth studies on the
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mechanism for moisture to be transported from South Asia and the southern slope of Qinghai-Xizang Plat-
eau into the Yangtze River Basin, on the mechanism how eastward-moving plateau cloud clusters affect
Meiyu frontal heavy rainfall, and on the frontal structure of the Meiyu frontal surface, cloud microphysical
processes, and the upstream to downstream effects of the Meiyu frontal system. They have established a
field experiment system for heavy rainfall spanning from moisture source regions and plateau-system source
areas to the middle and lower reaches of Yangtze River, and carried out a series of field experiments,
which include observation of Meiyu frontal surface and mesoscale systems of heavy rainfall, observation of
typical orographic heavy rainfall, observation of the vertical structure of eastward-moving plateau cloud
clusters, observation of the characteristics and evolution of the moisture channel in the Yarlung Zangbo

Grand Canyon, and tracking observation of extreme heavy rainfall systems. The research results can pro-

vide useful references for organizing similar experiments in the future.

Key words: Meiyu frontal heavy rainfall, integrative field experiment, water vapor, observation

51 5

2026 A AR H W EEZ A H AR,
WIH K7, — B LR WD AE B X S5 K b &5
HHMAPEREN . S, 2R K EF LHATE
PKE T ARKEMN I LB HARM 87% , L
IKBIR UL ¥5 U FE B 4 U B R & 742 (United
Nations Office for Disaster Risk Reduction (UNDRR) ,
2019) ., FEH AR R S0 [ R S48 B A 110 3
2024 AR ESRICF i Hoh 8 Y2 h B i 2 7 5
s DR MBI 50 2 T B LAY AR K [ K 7 9 IR Y
SIS 7] KT N S W P A B R A TR S U S R
K2R MIHL X Z — AR TR O H 2 4 i 8D R
Bl 22 T 5 & b 87 3 48 I R B AL 2 R RN
B i IV 7 22 At o T I B AR R L B 1991
1998 4, 2003 4, 2007 4, 2011 4, 2016 4F,
2020 4F 2021 4 2 A7 473 A 9 S5 66 7K 0 A R 5 )
CT 30,1993 B 15 35 4, 2004 ; £ B 05 %, 20115 5K
FALE, 20205471545 ,2022)

A TR A R 9 VI U B T Y R R K R AU
%o 1 B4R E N AT X A R R A O B IR
P4 TN R I A R Bl A 0 TR 4 25 3 FORS 4
K T+ A T A % TR A TR K Pt A A W 9 e (5 e
AN JE 75 B, 20055 Zhang et al, 2011; 2 WV 1y 4%,
2020) o AHH iy X R R R A TA R T R AR R
T A 5 e 7K OB TR & R R KR R A = BF 55 3
fIE 2= B BARRAE 55 05 ISP TE R A R - 288U
1 = S0k 7 ZE T0E G b 3R 5K SE R K i AR Y
Wy BRI L R 2 T B R I E R E T

HBE I AR T CRE O AE,2014)

A R B R AR S JL AP AN [] R R SR Ge Al AR T
MER. TE DR F L RERIN — 50K RE
ARECT TORHDIR 22 X 2 P8 R I 1) Sy AT
=3 AR H P B G 24 SE i = (TR
JEARD AR T B P e vy X, RID v RUBBE X 9 &R 4
(MCS) , J& 7 £ 4 [ 7K 19 B # & 4t (Ninomiya and
Akiyama,1992; B FF 5225 ,2006) . & B LI A% 43
Bt T B X L ik A AR T A K 2 45 4 0 40 3 ok AR
Y TR A B9 5 5K i it R b T AR TR RS 0L L DA
S BB = i B . i 255 0
v 28 WL I 235 3%, K45 M 9 B3 UK 25 ] 5 10 2 WL
FREAR S AT A BE SR B b = FRE K Y K e R
BUH B3 2 G 38 ) A B R A7 1) 0 R it L B
LR R 2 LI 25 SR I A A R X R €
B S8, 32 B R i HE A R . BN AR 2 0
Xz B KRB AN il e 45 R = W), A R 2
AR PRI B A (0 306 5 WL o A B8 A R4S WL Y 5
BRZE W il 1Y S A T A YRR 2R 3 (Jensen
et al,2016;Luo et al,2017;Zhao et al,2019; T —7I_
&5 .2020;Cui et al,2021a),

RS R WA 5E BT LA T PR i 2%
TR X g I e 47 8 v i e 8 /K 3 1] T O Je i %
15 AR RS 2 TAT S T A I A 2 T A TR B R T A L
T ek AR LA M TR B R 8 b U SO ML B R A T R
AT WA ST T KRR Sk L B 3R 8 it L %
RV T i ) 2 T B AR R g A R o AR SORE B X
T 5 2 W T R 1) B A RE e RS H AR ST
SEAR A A1 Ry AR TR S O AT VRN A 4



%3

B OGS M T A 2 T P AR 2 1 i S S 259

gt His

TE T 98 55 J5 R b 52 e L 79 R 2R X3 (] A
T M R R TR R R R VT R AR O X 3k T R A
PR 7K R I G (P RF 5. 1980) . AHCHFF R B
B2 KT e B K i A2 60 %0 DL B 5 R R R AR
M2 Ge A BN R  HAFAE — 30k B 95 3 e Bt 19 7K
V5iE 18 (Yang H et al,2019; Yu et al, 2007 ; B F} 5
85,2006 o PRI e Jart 7K 9 ] K VI A Ja i % Y
LI % 125 Ji7 2 % 2 AT e 24 ) i 728 g U 00 9F s -
SYEEL, A HUE A KL i R R A YOG B
Wz —EFIESE. 2002 B EFE.2012) AEKIT
T i b T 1 G B A T i R TR A 00 3 2 A
HWEBEFEME . O, B R T & S 8
AR K 5 5 2R 40 U5 L B A VT R T i A AR R
ZWAFRB AR A D, B 2010 46, SRIH#
T RFEIZAR R AL BUTT T8 T — 2 5] A °R 45 22 7 B
HhREE LA - (1) Mg 9 45 45 T A0 R b R R
S0 00 55 5 (2) MY 1Ly 2R FROUE DN 58 5 (3) 8 i AR
B8 23 WA 3 255 F WL I a3 5 (4) 8 A R bk 25 7K IR
T T R IR A AR UL G5 5 (5) A v % RN AR 40 1 R
PURIILBE Wi

AR R R [ 5 e T A A R R R R 1) AR
B S5AREM A RRE L & O B AE S5 15
S ARIBC, 430 2R AR AE K U 2% AIRE R GE R TR A
W 22 KU ZR G0 &8 X 0 Jmy 1 b JE AR B AR D A

36°N
34
0
30
28

26

24
88 91 94 97 100 103

0 30 200 500 1000

R K 5 2 GO 3R B OC 28 55 07 1D BR AR X 0 57
SUMTHE IRHR CI&T 2 o 36 [R] D TR 1 A 1 458 28 19 rp /) R
JEMLBEIA TR I DX IR (A 2t S %

1.1 EWEEEMEAPREZZANRE

VT J A T 00 T Sk e RN 4B R A R bR
R FA 3t A A L 1) 74 2 mAIRI0 © 2  F  UE 5F
Z RUE FR g8 (LU PR 2 RO R G0 AR 7
JR) b H T AH HAE Y 45 S (Wang et al, 2014 ; Chen
et al,2017; Fu et al,2017b; Guan et al,2020), H
PN BB 28 AL LA B RH B Y R AR e 2 I AE B SCHR (Cui
et al,2021a),

MR B KOS 2 REE R R R G AR BAE Y 45
B Hod = 4y 2 0t F2 i 8 2 /E H (Johnson et al,
2007;Chen et al,2019) . X4 VLI 380 R 1 19 40 U8
2 TRE ) 2 TR X i 2 AT 1) 22 O 45 4 R A 3l ) R AE
HEAT (e B 25 43 B 23 R B 0 UL I o A5 32 T BN I
2 VT B RRAE B 8T DA 0 5 2 F 90 VI U g T 4
TR A o PRI IR, AR R R TR AR R R RUBE AR e WL
DT R H AR Dy« 8 ) i Rl DR G W
I TRAME MR B = Z P /N ROBE (8 7K - 1 3 25
A 5 OO ) B AR P R o R D R S K R A R R
195G 2 5 488 7~ Al T B T 2 O 800 AR Hh K IR R B
A VR T S MR R ) U 2 A v A% K B 1 B A
ARNE 8 S T R ALE 5 B IRECE A X = 3 B 2 0 fk
T3 G B AT 5 P D0 A 3R A5 el T T A T 4 R K 99
= S BT %

i SRR N

T T T
106 109 112 115

T
118 121°E

2000 4000 5000 8848 m

TE < (28 TE 3R i O 3 o7 PR = A AR 1 3t B UL U i 1~ 5 p R
WS 1~5 UL DX B0 7 HE AR AT 2 X 38k 5 I8 € AR M 4 R 2

LT KOV I g 5 2R e 5t 30 4 VI o O 01 A I A % T AR 24 X IR 1R R R B
Fig.1 Schematic diagram of Integrative Meiyu Frontal Heavy Rainfall Experiment (IMFRE) from

the water vapor and plateau-system source areas to the middle and lower reaches of Yangtze River
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Fig.3 Schematic diagram of terrain, mountains,
and major weather systems affecting Meiyu frontal

heavy rainfall in the middle reaches of Yangtze River

Interconnection diagram of various experiments of IMFRE
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Fig. 4 Schematic diagram of observation experiment design for Meiyu frontal surface and

mesoscale systems of heavy rainfall
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Fig. 6 Layout of observation experiment for typical mountain heavy rainfall

(a) Shennongjia gradient observation, (b) Hengshan gradient observation, (¢) Dahongshan gradient observation
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Fig. 7 Intensive observation area for integrative observation of eastward-moving plateau cloud clusters
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Schematic diagram of tracking observation experiment design for extreme heavy rainfall systems
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