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Analysis on Mesoscale Convective System and Impact of
Low-Level Wind in a Meiyu Heavy Rainfall Event
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Abstract: By using the data of conventional observation and surface automatic station observation, FY-2D
and FY-2E satellite cloud images, NCEP 1°X1° FNL analysis data and EC 0. 25°X 0. 25° fine-grid model
data, the evolution features of mesoscale convective system (MCS), low tropospheric wind impact on MCS
development and vertical circulation structure of Meiyu front in a Meiyu heavy rainfall event that happened
during 15—18 June 2015 were studied in this paper. It was found that the local heavy rainfall in south of
Jiangsu Province was caused by emergence and downstream movement of a series of MCSs along synoptic-
scale Meiyu front and their strengthening through the positive vorticity belt in central Anhui and southern
Jiangsu. There was good agreement on locations between the heavy rainfall and low-level jet (LL]) core.
In vertical direction, the right side of high-level jet (HL]) was overlaid on the left-front side of LL] core

resulting in obvious coupling between the two systems. During the heavy rainfall, there was both strong
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vertical shear in low tropospheric horizontal wind and distinct inhomogeneous distribution of upward mo-
tion in southern Jiangsu which were favorable for the enhancement of vertical vorticity and development of
MCS. High vertical wind shear in low-troposphere was also helpful for merging water vapor from different
moisture sources along Meiyu front. The dry-cold air in the north of Meiyu front moved close to the front
zone through a northeast (northwest) track in low-level (middle-level) troposphere. And warm-moisture
air in the south of Meiyu front approached the front zone and went upward by a southwest way. As the
warm-moisture air particles approached Meiyu front zone, they turned to move eastward gradually and
flowed away quickly through the pumping effect of HL]J. There was cross-front motion for near surface air.
The vertical secondary circulation of Meiyu front was induced by strong high-level divergence and supple-
ment and circulation of mass during the moving process of atmosphere.
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Fig. 1 (a) Accumulated precipitation from 08:00 BT 15 June to 08:00 BT 18 June 2015
and temporal evolution of 1 h accumulated precipitation at (b) Changshu and

(¢) Wuxi Stations in southern Jiangsu Province
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Fig. 2 Conceptual graph of multi-scale and multi-height influencing systems

for 15—18 June 2016 Meiyu front heavy rainfall event

(Thick blue and green arrows indicate HLJ and LLJ, respectively; thick purple red arrow is

southeast monsoon; wind barb gives the 850 hPa observational wind field at 08:00 BT 17 June 2015;

purple red and red solid lines show South Asia high and subtropical anticyclone, respectively; black solid

line indicates 850 hPa pseudo-equivalent potential temperature; purple line with the red and blue markings

give the location of Meiyu front; and infrared cloud image at 08:00 BT 17 June 2015 is shaded)
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Fig. 3 MCSs impacting southern Jiangsu and their maximum 1 h precipitation amount
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Fig. 4 FY-2D and FY-2E satellite infrared cloud images from 02:00 BT to
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(The purple, green, yellow, purple red, sky blue, black and red circles in the
pictures indicate MCS4, MCS3, MCS6, MCS7, MCS2, MCS10 and MCSI1, respectively.
The red-dot circle in the figures from 08.:00 BT to 12:00 BT 17 June 2015 shows

the MCS developing from MCSI in southern Jiangsu, because this MCS did not depart

from MCSI totally, it is treated as a part of MCS1, not being given a new MCS number)



&1

T 5 A 4 - — UCHS T B R T A P RUBE U I AR 2 AR U 32 o 27

MCS & Bl FFAE S 7R o 0 VL 55 i 0 3 B T 52 i)
9 MCS 24975 22 300 350 F0 VT 90 7 30+ B 5 38 )
W, X 3R W] B ORI O R X H A A AT
MCS & & 34 5 1) BF 55 2 F. |8l Sa 45 ih 1 317 ~
33 N0 BE i 22 ) - ) AR 1. NI E L K
VLR U L IXAE AE W 4% IE IR B A7 (Pvor-zone 1,
Pvor-zone 2), 43 I M 113°E FiI 117°E 0] F iR sh
W 4% 1E I8 B2 45 %F v 5 MCS1 fil MCS2 (4387 MCS7
1 MCS10, R 7D i & e Fm FFR 3. W4%IE TR
JEEHT 1) R WE RS Bl 1Y) 1R A AH (] L O 38 7E 22 o AR
FIVL 75 F &8 B0 T % B 3 54 : Pvor-zone 1 7E 3% A~

18 H O8Ht}
18 H 021
17 H 200
17 H 141}
17 H O8I
17 H02it
16 H 200k

16 H 14f}
112 114 116 118 120 122°E

7 8 9 10 1112 14 1516 17 18 19

115°~119°E Z [a] 2 30 A B 58 14 1E 163 B {8 5 1] Pvor-
zone 2 W 7E 117°E Al 119°E 5 80 T I B 1Y KA
L. TEWKINEWEH T . MCS2 fl MCS1 78 % #(
Hh S A 5 p b DX 5 R TR B R . WY 119°E 2 B I
[ 31°~33°N - #4538 B 87w (] 5b) . % i, MCS2 Fll
MCS1 /) % J& , 1195 5 &8 % 2 ARZ 43 il 78 16 H
20 B AT 17 H 08—14 B 7 FE B I IE I B . XTI
JEARIZ B A R 8 1 2540 30 MCS 19 & Je 1 5t Je i
R 0 B . AR SCHE N R SONHIRZ KU X MCS2
F1 MCSI (I 6) 1 52 M i 4712 W 73 T

900
1000

16 H 208} 17 H 08It} 17 H 201 18 H 08It

0 2 4 6 8 10 12 14 16

B 5 (a)31°~33"N 290 B A 48 [a) -1 [A) 3 28, (b) W 119°E, 31°~ 33°N - 2834 i = B 40 A

Fig. 5

(a) Longitude-time evolution of 31°—33°N averaged vorticity and (b) vertical distribution of

31°—33°N averaged vorticity along 119°E
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mAERBEMAENRZPTRZRE S X LS
(B 12b) AR T Lz sh iy & (B 12a) , IR T
SEAE 17 R O ) T B S — o R R (AL
FEARK o AR 25 A ik 6 A R R DX A (B R TR % A
B BERH R . FEFETH RS, 850~500 hPa Z [a] i AH
24 KAE G X I AR 1 S000K BB S K )

X EE . B mALM 850 hPa £ 1R AH 24 7 IR A
(B HP O T8 28 AN I A B 1) s AR XL 5 4 T e
1) W 2 25 S AT IR

MR ) 28 1] -3 B3 (v, w) F (F 120) 8
T B ) 850~600 hPa Ay i i MUA UL » He 45 4 T b
94 b A 7E 58 IX S TE 5 A b T 38 B T #0m 1Y



32 A

% 943 %

Py Ttz gl fEiT = (850 hPa LLR) . B iH
PR AN Ay — 3500 g Pl R 1 3 ] XL 4 AT BT 122
2RV KU Ak Xof 1 o5 10 V7048 48 o 7 1) 7 i, DD A8 4%
T 00 Ay 94 e R A Ry 2R R R

SRy i — 25 43 A A T R T ) BRI 6 AL R AE L A
F NOAA ARL(Air Resources Laboratory) f) HY-
SPLIT ( Hybrid Single Particle Lagrangian Inte-
grated Trajectory Model) i £k £ {, (Stein et al,
2015;Rolph,2016) 115 1 A TR 4 P I AS [R] o5 ) 2

1500 bffff,:,;::;,@
16 H 1415} 16 H 20} 17 H 021k l7EIbSH~‘]‘

FEHEE/m

2SR B S (B 13) . FE AR I A R, X IR
JEMRJZ (1.5 F 3 km) B 25 000 i 2R b B A2 1)
DX AT o 11 R 92 2 (5 km) 1 28 A5 5 U9 s A
R A B VA RS Bl o A R I 99 2 0 A T
DX A ST I o RE AT B A B T R I R ORR AR R
(19 25 S AR T VU R B AR RS Bl BT R B AR P
JEARWT B TF o 24 5 3 2k 8 X B Ol M T = A S
AR AT B B T A8 Bl A A R TR B R
TE5 DXHE i P8 B A2 01 1 B X AR B 46 T

16 [ 1484 16 H 208} 17 F 028 17 H 08K

13 FMH NOAA ARL B HYSPLIT il £ #3153 19 25 < B i il s sl 4k
Ca) B TG A M 2 <0 A > (b)) 4 THT i 0 28 <00 A
O AR BT R I R L B 5 A [8] 510, 28 4% 3 7R W0 R B s oL B 19 AS T 8 B
BRI R BEAE R J5 (0 3 B8 s Bl P 45 )
Fig. 13 Air particle forward moving trajectory calculated through HYSPLIT trajectory model of
NOAA ARL for air particles in the (a) north side and (b) south side of Meiyu front

(3 indicates the initial position of the air particles and different color of trajectory indicates

different initial heights of air particles, shown in the vertical moving trajectory below)

i b T 2 LR U A R R R S B0 o A R
A TR 0 o 30 V2 AR 9 98 2 AU ZR L AR o
DXHE I 0 3L V2 R 2 B U R R ) P I A
e R 00 0 O R AR Y P R SR 5] R A
TR, B DRI L 2 O B IR X X R R AR
F1% 2 U e D T A R B DX 1) AR RS B R T B
TE R 25 SR IR AR AR R AR . BR Tk
Mo TG J2 25 SO ™ AT A T B b A R R
{1 H A R A5 B A 1) B e aE B i X
FW] L T FLR A B0 R O R A R D 2R
JoE 5 B Bl 3 B TS T IR R R AT R R
JEEAR ARG AU 30 5 1 A9 A I . o 2 i I 5 0
AR JZ B V) AS 2 B 45 1 LA S e IX e 1 T iz
el =) | I N W SR € 2 R R RN DN L)
18 B T 28 s Bl i A v R P A SR A

6 45 i

HE B KR SIE R, — R 5 MCS 15 1N 55
KRB BRICP T X AEAR 2 A R X7 2 A
FAR b 2 7 V5 0 1 Je M58 [ K o A SO
ARG LI B ), M T ) 2 sl i 2 00 B kL L FY-2D,
FY-2E T2 Z= K L} NCEP 1°X 1°fy FNL 43 #7 % Bt
TR H o 40 ) 4 A 250 4k 58 % O oK 2 B 2o AR 2R A T
T LW 43 b« B AR TR W VL5 R S L X MCS i
ENEE 2R 2 K X MCS % J 1 5% 1 L B
T T A I A R ARAE L A B DA E AR

(DRIRFEMREMNA L 7 4> MCS ¢ )5 (8¢
R B A L & 8 3 1) R i 2, HLTE 28 B0 3 ) T
i B BN DT & 1) I 0 B AR R T DR 1 A L 1 AR
TV A R K, SR K R VLS R AL T



&1

1 T 45 - — YR T B 28 T A R RUBE X I R 8 S A2 K3 2 o 23 A 33

38 h, He R/NE I 3 20 mm 9 IR A7 R 7K
B 68. 400, 30K W B 7K 5 B2 i ) 0 58 5 17 B
TR BT BT A A DX R A K H B

(2) M3 B g M) 850 hPa fIk 28 2y h A h R
JE2RATTE . SRR K S 20 B BV A AT
FETE H 5 b LA A A T X AT S AR S s A
AHIFAHE M. M WA EHA R A AT
MCS % J& 3 . 78 V1 95 mg &6 . 35 b 1 s AR K2
700 hPa 34T Sy PG PR > L JRGGHE 726 8 48 i 1 B
ML X A A A T XY AR L BB YT 9 e R
18 B R K5 ) b 3 AR AR 5, S 30T R Y
G5 A MCS 1) & . o, X 2% 2 i
LX) A AT I A [ Y5 3t 4 7 95 7 A TR A R T X
B N e [ Sy i A K B2 A D I K PR A A

(3) A1 TR 58 0% T 110 2 T 405 A0 R 3 AR AIE 8 L 8
e R R R W EO I W = (A = Bl | - 2
JZ )2 AR S PG AL AR B X R Bl . A R 0T
SV VU T AR 1) R IXCRE AT L 2 R B R R X 3 M
T2 25 A P A T B B AR IR A A5 AR L AE
TR R B W 1 AR T A AT Y R AE
PR ARG . MR A AR SR TR Y I R )
R AL A 32 S i 2 R B
Je7s R aa gl ad A A B A D 7S R 35 A 45

2% 3k

T 10,1993, 1991 4 4K VT 9 07 7% 38k 4557 2 1 R K 2% W9 F 8 LML b
3% L L 1-255.

WA B L XB L0, 45,2011, 2008 4E 7 22 H R 4% 76 B 2 I 4% K
& W S BT LT B E9CE . 30(3):210-217.

7= S, P W5 L4, 2014, MERR i = R BB oY T 3L R
By mi[T]. RAFREF,38(4) . 719-726.

TR, T ARAT A, 2014, B A AR T 2010 45 g TRST 0 IG 2 T
BsEmL]]. K4 .40(1) :86-93.

BN B U L 452008, MERTHE ST & 9103 « TTRE R R W A
13 43 BT LT ). K55 34(8) 1 45-50.

BPFFELH LA, L2014 B S RIS IR L E RS
[J]. RABH.38(4)  700-718.

INAEHA L 2005, AU T X B 25 30 B2 0T I FE AR 5 AE BB LML B 5%
[J]. KRB .29(3) 1 445-452,

P o BRME R, 1957, W Kkl B 245 KM EWII]. KL%
#2,28(3) :234-247.

EHL TR, %. 2012, 2007 4 7 H 79 F I I R M
WA RRAE AT L], BB . 32(1) 145-52.

Tk AU L o BE L A5 2011, — UM Y B R R R T Sk R 40 AT R A A
ILI]. K %.37(7) :827-8317.

WRE L ENE . 2013, — I Lrh RS &
I RE R R 2L R AT LT ], AR AR . 71(2) : 228-238.

K 2006, HMF e B RORE X I AR G5 TR AR 5 25 19 BUE AR 4 LD .
N

SKRANESY B R L SRIBR L 2004, MRS B L = 2R BT KRR,
28(2) :187-205.

SRANES  RAE AL 2, 2014, Mg TR B b R I R B K R G R R A
(1], REF2E.38(4) . 770-781,

XS L K SR L PR L 2007, 2007 AR T AT JoR Uk A% 9 R R R
JE R GURHE ) 20 B 1], S 5 FRBEWE ST, 12(6) : 713-727.

XA 2011, A TR B AT 5| R 2 T A R ROBE R O R G R A R RS R Y
WEFELT ). KRR 35(1) : 81-94.

UG INERZE L R 55 2014, M R B I R AR W 2 RUBE PR IR g 4
Brl1]. <4 .40(5) :570-579.

HRIRG BRI B [ L AL 2007, M R B Y ML B 25 4 2 RE R 22 RUBEE
FRAELT]. B2, 65(5) : 760-772.

RO S B B B, 46, 2008, A R e 1 R SORBE B 9 £ 3k I HE R
AE LT ALR R 2 BRI . 44(1) 1 157-164.

JE AR ERE R AF 55201 1. JRAL 7R F8 — UM F B O 4% T 3 R 1Y
ZRIEFHEL]. R4 37(4) :432-438.

AERIRL 1934, R RN P E Z LT ] R R, 1(D) 127,

RELHR  MER G - AR 5, 2012, RAERIEAN A (M db st . |
L WAL, 108-116.

Chen Q,1982. The instability of the gravity-inertia wave and its rela-
tion to low-level jet and heavy rainfall[J]. ] Meteor Soc Japan,
60:1041-1057.

Chen G T J,Wang C C,Liu C S,2003. Potential vorticity diagnostics
of a Meiyu front case[ J]. Mon Wea Rev,131(131):2680-2695.

Chou L. C,Chang C P, Williams R T,2009. A numerical simulation of
the Meiyu front and the associated low level jet[ J]. Mon Wea
Rev,118(7):1408-1428.

Hsu W R,Sun W Y,1994. A numerical study of a low-level jet and
its accompanying secondary circulation in a Mei-yu system[]].
Mon Wea Rev.122(2) :324-340.

Jiang J Y.Ni Y Q,2004. Diagnostic study on the structural charac-
teristics of a typical Meiyu front system and its maintenance
mechanism[ J]. Adv Atmos Sci,21(5) ;802-813.

Ninomiya K, Murakami T, 1987. The early summer rainy season
(Baiu) over Japan// Chang C P, Krishnamurti T N. Monsoon
Meteorology[ M. Oxford; Oxford University Press:93-121.

Rolph G D.2016. Real-time Environmental Applications and Display
system (READY) [EB/OLJ]. NOAA Air Resources Laborato-
ry,College Park,MD. http: / www. ready. noaa. gov

Sampe T, Xie S P, 2010. Large-scale dynamics of the Meiyu-Baiu
rainband; environmental forcing by the westerly jet[J]. J Cli-
mate,23(1):113-134.

Stein A F,Draxler R R,Rolph G D,et al,2015. NOAA’s HYSPLIT
atmospheric transport and dispersion modeling system[ ] ]. Bull
Amer Meteor Soc,96:2059-2077. http: // dx. doi. org/10. 1175/
BAMS—D—14—00110. 1

Tao S Y,Chen L X,1987. A review of recent research on the East A-
sia summer monsoon in China// Chang C P,Krishnamurti T N.
Monsoon Meteorology[ M]. Oxford: Oxford University Press:
60-92.

Yamada H, Geng B, Reddy K K, et al, 2003. Three-dimensional
structure of a mesoscale convective system in a Baiu-frontal de-
pression generated in the downstream region of the Yangtze

River[J]. ] Meteor Soc Japan,81(5):1243-1271.



