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Comparative study of multiple mesoscale convective systems

during a heavy rainfall in eastern Gansu Province
YANG Lijie"" 2,LIU Weicheng?,LIU Xinyu?,JI Kang!, TAN Dan*,CAO Yanchao!
(1. Institute of Arid Meteorology,China Meteorological Administration/Gansu Key Laboratory of Arid Climatic
Change and Reducing Disaster/Key Laboratory of Arid Climatic Change,Lanzhou 730020,China;
2. Qingyang Meteorological Bureau ,Qingyang 745000,Gansu,China;
3. Jiuquan Meteorological Bureau, Jiuquan 735000,Gansu,China;

4. Lanzhou Central MEteorological Observatory,Lanzhou 730020,China)

Abstract:Based on the multi-source observation data and the ERAS reanalysis data, the differences of the
Mesoscale Convective Systems (MCS) during the heavy rainfall in the eastern Gansu Province from July 15 to 16,
2022 were analyzed.The results show that:(1)This process was successively caused by the quasi-stationary MCS-A
affecting southern Ningxia and northern Shaanxi, MCS-B affecting most of southeast Gansu, MCS-C developing
locally in eastern Longdong, Gansu and broken line MCS-D breaking in western Shaanxi, forming four
rainbands.(2)MCS-A occurred in the precipitation stage in the warm region (00-12 hours on the 15th), its rainband
1 had a small range, large cumulative rainfall, strong convection and stable change, and extreme heavy rain
occurred locally, which was the strongest process.The other three MCSs all occurred in baroclinic frontal
precipitation stage (13:00 on the 15th to 02:00 on the 16th), rain bands 2, 3 and 4 occurred in the stages of MCS-B
triggering, MCS-B merging with MCS-C and developing into a squall line, squall line fracture merging with
MCS-D and strengthening again, respectively. Rain bands 3 and 4 had higher precipitation intensity, while rain
band 2 was weaker. (3) The cloud top structure of MCS-A is a quasi-oval cloud developed in isolation, and the
convection structure at the middle and low levels is back-building established, indicating a significant train effect.
The cloud-top structure shows a banded mesoscale sustained stretching-type convective system merged from
MCS-B,MCS-C and MCS-D, and their mesoscale and lower convective structures all showed a trailing stratiform
pattern.(4)During the development of MCS-A, two persistent ground-based cold pools were observed to interact.
The initiation of MCS-A is linked to the outflow boundary from the downstream cold pool 2, as well as the

convergence, mesoscale frontogenesis, and subtle temperature and humidity perturbations induced by the blocking
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effect of upstream cold pool 1. Subsequently, this system is sustained over an extended period through a phase
equilibrium between the cold pool and lower-level vertical wind shear, fluctuations in low-level jet stream wind
velocity, and mutual cancellation of advection and propagation.(S)MCS-B was initiated by a 700hPa trough line,
and subsequently, as various types of surface convergence lines coalesced into a "triple point" amidst intensified
temperature and moisture disturbances, MCS-C and MCS-D were successively triggered. Their sustenance was
attributed to recurrent mergers, robust water vapor transport at mid-to-low levels, and the generation of cold air at
mid-to-upper levels.

Key words:meso-scale convective system; extremely heavy rainstorm; cold pool; vertical wind shear; low level

EGih, AERER B K E RN BURAE TG B AR H b Lk 40% 8 H 44, 2
019) , M 32 5w SARUAR I IX 22—, PRl G e sxof % R AT A 1) LA T — EL 2
G A 3 THI G (R R o A A B IR, 30 4 R 78 ) 2 b 5 17 S A0 £ o R i 2 R 4301
ROCHZESE, 2012; 405, 2020 , HBTIEZRRRAENBIR 2 BB R AE
Tl TR ESE, WAL 2 A AR

EEEFRKRERRE =T, FREMA RS (Mesoscale Convective System, MCS)
DR ) B 7 A B R I — L) 32 6T« MCS S 4 R 2 AR R AT 4L SV L R [ R
W AR, 2ERE=100km. ZEdr 82 =3 /M (Schumacher et al,2020) . HETA %
SE MR MCS JBE T 3 B E LUR = AN 5T 1MCS KA R JE IR SRR EE 4%
TG, MR EERE DS GERRBESE, 2022) , BRITRIE RS, FIXE. UL AR
(72248, 2023) . R SUNGERKE) (BB, 2018) . K24 G m/Z4EHL. 700hPa E
PR CBESE, 2016) , KARHEMMR. F#EEX VI K (Laing and Fritsch, 2000)
FRETRANSE BB, 2022) , XiEPIREFRBRK S GRIISE, 20200 4. 2.
fil R AEFFAIL 20 AT . MCS JEBH At PEXUEE. FEG 2R, DIARZR. X6 T (hEass,
2022; 1RIESE, 2024) | ARF SRR FIE /) (Schumacher and Johnson, 2008) 5fil’A,
ZJE B R TR E XA, A 5 5 NI (Chen et al.,2015; HZSFH, 2018) 5zh /11EH
Z ] (R B e S EU R 2 AT A ] 4ERF . Rotunno et al. (1988) #2H | RKW it
LR SR 2 A W RTAR J2 20 58 XU D7) 7% 43 e ik 8 1 RN 5 79 4 FH = A 1) 87K T3 B AR
KV P S A AR A SRR o AT vl SR8 o S VIR AT AH 2 L P 7K
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JEERH P ) fo A R T REZR IR R AN AR, 15 KA _ETH@ Sh B RHT AR T REZR 4E 75 o 122118
HAT 2 TR SOOI R G R AL (BRIREE, 2019; FRIESE, 20200 o 3.MCS )
LK 5T ZR . Parker and Johnson (20000 FJF 5 7 3% 2 75 ik ¥ R PKE 25 [ v 4 1
AARMCS 738 TRBEZEIR (TS) B SEFER (LS) B ~HATEIR (PS) B=3K. Z )5,
Schumacher and Johnson (2006) #&Hi T 5z 5 i & A% i R /K SAF W9 2 MCS IR 4544,
B “F 422k /0ERE 0k 7 (training line/adjoing stratiform, TL/AS) Al “#i# L5 MESL” (b
ackbuilding,BB) . Gallus et al. (2008) NIARHE 75k [l 454 324k, $RH T N TEHE) 9
Tt MCS 733875 58, 048 3 RPARANR (CBAARTR . SARTERIBE L) | 5 MR &R
gt (5. REAEREERE., BT ERE., P EIR. BERED MEHEZM R4, I
TRHBZR . R Z IR T 2R R 5 iy R R K

T [ 2 % MCS (¥R 78 E B2 v AE R SRR AE AN A R 4E R WL T, % JL S5 s 142
P> H R BEEPERIT AR ISR (EBRESAESE, 2012; Zheng et al.,2013) ,
i1 PG A 2 X R FE MR TR RE o 2022 4F 7 H 15-16 H, HIlARHAE LA MCS [HEEI T,
FEAE T — R R, 3 S T i BOR AT 50 4T LSRR SRR, A TR R A S
Ho ARSCRAER B SGR Y, RX L MCS 737l i 44 9 MCS-A. MCS-B. MCS-C 1 MCS-
D, FIFHZ WM ZRAT ERAS B8, W T ENEREDS . SHRAE. ik 4Rl
BT, BEMAEX PG ILE T R X MCS BB WA UK T IR, A4
JE ¥ TAESR LKA .
1 BRI
1.1 Bk

(1D SR AT E B X052 Th i O Eicdts F T B KR e ROBERFAE 70 B, SRV TR
KET =T (2 KA PRSI H 0 (Buropean Centre for Medium-Rang Wea
ther Forecasts, ECMWF) M2 Fif{ 4Bk K. (ERAS) 0.25°%0.25°% 1h F-7r i FH - 3R iR
A IR HT, B KT Climate Data Store M3 Chttps:/cds.climate.copernicus.eu) ;
(3) WH FY-4A 1k TR b [ PR R AR 24 BARIRE (TBB) H T MCS &= T4 #4734,
B KPR T Kz T2 R BB IR 45 W9 Chttp://satellite.nsmc.org.cn/Portal Site/Default.aspx) ;
(4) KHH4E SWAN HiEHEE BRIl CINRAD/CD. Bl CINRAD/CA B £ 3 #K
AFEIBTRVH T MCS FEA1X 45 A0 R R 4EREHLI 00T, Bl RIE T 220 R & IR
BTSSR TSR (5) RAAUR CHLEEHIZIZ/T% (Shuttle Radar Topogr
aphy Mission,SRTM) DEM 90m = #2504 Al T HUBRHE AT (B 1a) , Hdli R T Hh B 4=
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SCH R PSR L 2000 22 1 B S B o T R 55 X sl R 28K B 15 9 GS(2019)3082 b
AEL I, B
1.2 77k

AR H 7R 24 T 25 b DX ) B T B8R P /K 5 b vl (B R 4%, 2017) , A SR MY 5 =20mm-h!
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73 et Hest Uk CA 23 B B 7K SRR R A

XA ¥4 i E R AL 1 R 7 PR 28 R VA 0 B AR PR Bty 4 4 AU IX 3, 3 ek i R it
A% B TS B LA B EERUR R SME R, HRTVREL L At (B REED  (Weckwerth and
Parsons, 2006) , il FHE R GLIA. KA Jake etal. (2019) 77 ETHEAL, A

AW

B=g %= S
0,

XA, B EIAML, FAL mes?, A LUE <-0.1m-s2 FIYE A 2 A b sa AR g AR S
W, AL mes?; 0, NREALIR, BT K; 0, B MCS BRI H AR S P 4H LT X I 1
50km*50km 77 % X4 K K- e il o S Ag . (LB 10 than e rhie) , BAr K.

K HI RKW FLit (Rotunno et al,1988) 4341 MCS [4ERENLE], ¥t il S g™ ok i [ - 5
AR (BRESE, 20200 -

—-A8 Ap _, AP

C? =2gTH=2gT =
p p (2)

Ref, CRAIID I R, B0 ms's AO AAIBIIMEIAEE, A6 °C: H A%
MR, AL m; AP RN BA R AR B, S Pas T p TRV A
HOTH 2 S HPF R B, AN kgmS.

T R P IGE Skm DL 3 ER)AS TR LR () R R R AR 22 A BE R (i
T, 20200 5 ASCEEF T RO S5 R R L 0-3km 2 B XIEHEAT T, A
T

Uo_sim = \/( Usp — ”2m)2 + vy, — Vzm)2
(3

KA, 1y, o Vyp, 2B Sk B HOLE LRI LA, 1y, Pl vy, 5 BIHGHATT 2m 926



139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

a] WANZE A X, B ALE0 mes o

2 RESEREARE =
2.1 RAMGR

202247 H 14 H 20 Bf-16 H 08 B C(Jbsthy, TED , HIRNAREHI T — oKt
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20kmx20km, ZHEFIDRE (8 3a-d) , RUIHZAFPRERGPMEE . GKBEKER
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2.2 BRI

PRV AR L B 220 36 VIS SR B 7K, =30mm-he! (50 I SR PR K B 214 35K 5 B
97%, A 40 25X =50mm-ht A S R N o P KARAE CRTZNR, 20130, AT DR KRR
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Iy 23 I /N R A R R B 258 70mm



169 (@ (®) ©

A
-
-

100 3 106°E 106°E 108°E
v%ff/glsz 2— -2 0 * IRy R K Y/ mm * IR B K A/ mm
gl (-] Pyl I -
170 SR =T 0.1102550100250 SH A =T 0110255010020
171 1 HR AL () « 2022 4E 7 A 15-16 ABEX K (b.15 F 00-12 ) FAVESAE (.15 A 13-16 H 02 1) MrELf%
172 KB 25 1) 43 A
173 Figl. The spatial distribution of eastern Gansu terrain(a),precipitation in stage of warm zone (b.00:00-12:00 on 15) and
174 frontal(c.13:00 on 15-02:00 on 16) July ,2022
175
176 @ (b) ©
36°M ’ oM B6°N
34°M 34°M B4°N]
177 106°E 108°E 106°E 108°E 106°E 108°E
178 (@ © (0
&
36°M 36°N 36°M
34°Nq 34°NA 34°NH
179 106°E T08°F 106°E TO8°E 106°E 108°E

180 (@ (b ®



181
182

183
184
185
186
187
188

189
190
191
192

193

194

195

196

197

198

199

200

201

202

36°N 36°MN

34°Nq 34°MN

106°E 108°E _106°E 108°E 106°E 108°E
AR E/mm

0.1102550100250
i w13 %
B2 202247 A 15-16 HERXFEKBTBE (2.01-03 B b.04-06 BF; c.07-09 ;5 d.10-12 B FIRHUEBERR KB (e.13-15 i
£16-18 if; g.19-21 Bf; h.22 Bf-16 H 00 iF; i.16 H 01-03 i) FHE AT 3 F /K ATV H93% 3h i8R
Fig2.The evolution of the rain band and short time heavy precipitation frequency by 3 hours in stage of warm zone precipitati

on(a.01:00-03:00;b.04:00-06:00;¢.07:00-09:00,d.10:00-12:00) and baroclinic frontogenic precipitation(e.13:00-15:00;f.16:00-18:00;g.1

9:00-21:00;h.22:00,15th-00:00,16th;i.01:00-03:00,16th) on July 15-16,2022

(a) (b)

90 20-30mmh 5 30-S0mmh I SOmm b =+ 5N

36°Nq

IR IR

34°NA
[

1
IIIII ! T
"

| | | I | | |
I L L T L L L L L L L L L L e

P23 4567 89 010 RB W I 11’9002 n8011
b}

106°E 108°E
K3 2022 457 A 15 H 01 16 H 02 IR 52 FK KA MG (a) AN L (b) 156
Fig3.The spatial distribution (a)and hourly changes(b) of short-time heavy precipitation from 01:00 15th to 02:00 16th, July, 20
22

PAESrHr el DUE W7 1 YE /N e, B BN E R, MY SRR, XhavEss HAR
WP REERHIE ;s FIAT 2-4 M2 R AN PERY, bRy 3. 4 WOCHR IR SR B HR, 1
2 B89, I E g bl B2 R A IR
2.3 KRBT 5 KA B RHIE

7 H 14 H 20 1, 500hPa (&l 4a) &l 2 pitE—H TS, THXIEAL T ILsE AL,
AR DUR 738 A B FR) e s 5 i A 0 78 AP P ) B4y e I A T AR s ) RS 1) 28 I
BRI BRI, AR T BRI T 4ERF . Rl 588dagpm H U 2 102° E ik

FANEII AR AL 5 700hPa (] 4c) 7 B AL AR DA D) A8 2R W S PR A 174 T JXU S 25 JAt 2 A T
IR RS AR CPEIE ) AR 2R B RS ] 1 Pk X it A AR AR E e B, KRR R
SRRV RE X BRI L XA — H4ERFE 15 H 14 1), % 500nPa (B 4b) Elsss 4



203

204

205
206
207
208
209
210
211

212

213

214

B, IEIUHEE S A, P9 R IS e S P R 2R R HERE, A4S 700hPa (1 4d) ki
P12 Hum e (B 4e) ARG Z (EINE) , 3G T 58 —Fr B amfEK .

40°N
30°N
20°N —
80°E 90°E 100°E  110°E  120°E 80°E 90°E 100°E  110°E  120°E
(©) (d)
L 1 1 1 L L
P Y Yy 3 Ty S S > T > >
400N—\? \”\“‘—\\‘1\1—“\"\]‘\ 40°N \\\
—\
=
38°N 38°N ] N
36°N 36°N
34°N 34°N -1
° T T T 32°N =
102°E 104°E 106°E 108°E 102°E 104°E 106°E 108°E

40°N

35°N

F{\#6:4 1R 15035 12\ 1420-1620
— =gmm

E3-1
i o1 [{Y{ %) MICAPS4. 6
105°E 110°E

B4 202247 H 14 H 20 1§ (ae) M115 H 141 (b,d) 500hPa (a,b) . 700hPa (c,d) FFMIEH (HHLNmEY, #i7: da
gpm; KKK, Bfr: mes'; BEEAARRLEYIASZ) & 15 H 08 IF-16 H 02 I i A %8 3 /NG (e,D For b
RO ED
Fig4.The circulation situation of 500hPa (a,b) ,700hPa (c,d) at 20:00 on July 14, 2022(a,c) and 14:00 on July 15, 2022(b,d)(contour is
geopotential height,Uuit:dagpm;wind vector is wind,Unit:m-s"';the brown line represents the trough line or shear line),

3-hour movement of surface cold front from 08-20 on 15th (e,D indicates the location of the surface low-pressure center)

T PR B H 7 48 o P K 350 R A A DRIH T 858 P e B2 T B 12 g U ) s )l 8 7 %
BT IAERE, RIS G R R AEAE S RE . =il R, (HAE AR B BARAE B2 2
5o 14 H 20 B (B 5a) , 800hPa Py If 2 52 100 R A F) T A Fe € e & SR AR A &L



215

216

217

218

219

220

221
222

223
224

225
226

227

228

229

230

231

232

233

234

235

236

237

238

239

i BE(Convective Available Potential Energy,CAPE) N 877.73)-kg™! H 241K 2 IRFEZA:, 700hPa
EU YR AR B 55 572 2 A 12g kg Rl 1.7°C . 35 Tk 4G =1 B A7 (Lifting condensation level, LCL)
FE B EE (Level of free Converction,LFC) 1% T 800hPa, T THIRGRMIB 146 T
BPR BB . BE 2 2 R AL 4km BONIRE, AR T @K (Fr/his, 20200 . #)
T15H 148 (Es5b) , MREFRRETATSARBAMIBES M aE BENE, BaER
FE 8 K4 4.4km, 700hPa HLi (10g-kg!) M CAPE (743.021-kg') AP FBE, LCL Al

LFC WIS THi, SR 5 (92 1 4 ] 5480

(a) (®)
200 T < T &\ 200 T
A ‘\ \ ‘\ CAPE=877.73 1 kg™t p CAPE =743.02 kg2
W \ CIN=-18.92)-kg~*
Qe N LCL_P=808.03 hPa /
) N . LCL T=1947 °C %
Yy & by LFC_P=752.62 hPa E
300 4 ‘.\\ AT A " |LFCTT=17.06 °C 3 ! 300 “-._,!
0 N % T A
B 5 X 1 s ]
(9 . ey \ s I
“9 \\ 5 \\ Ll /I I ke \
o 4001 % X X ¥ 1 o 400 - "7’\
o . \‘ N 7 1 a
< > / 1 = i
14 N N p % N 1 4 H N,
¥ 500N LN - ' L N— I 500
R, b, h3 Y \ ' ,r 1
3 . b3 T
600 4 N i \ N I 1 ] ]
N7 LAV AN 7t 7T 600 N~
» N SN A l\)ﬂ{,
700 4 KON R, 700 4 /
X 7 AN : A ST N y
x 7%\ L4
B0O{ N A N A A u_’ S Ay 800, vy
) )' '/I i i ’// \\ /’ ‘L/I : b 2| ? ’i Jl . l, . IJJ
900 Fi Ny w43 ?\\/3\”- A T i L A 9001 g =
1000 [N \ A A N N ] V) /i N 1000 . !
-20 -10 0 10 20 30 40 50 -20 50
BE/C

Bl5 202247 514 H20 0 (a) M7 515 H 148 (b.7E 08 B EEAt_ BRI 14 BRI AUEITIES H) i@k T-InP &
Fig.5 T-InP diagram of Kongtong Station at 20:00 (a) on July 14 and 14:00 (b.on the basis of 08:00, the ground temperature

and pressure were revised by 14:00 ) on July 15, 2022

3 REXNRRARE

HI T =AM s MCS RATEM R RAE SR HEARN, N SO EAIE AR,
5 MCS-A BEATXF AT .
3.1 =g
3.1.1 MCS-A

15 1 00:00 fifja (B 6a) , JREATTHALERZ S ithyh REEHR = BI9IAE, 2 2 /)
o R T B T YRR R T B b FUBE MCS-A, A T H b XU 1R RABL PG 345 0t 2~ 141 B R e (1B
6b ). EALE 03:15 V4 faivid k e g se (EIBE) , 03:19-03:49 J-& 40 1) TBB K ORI &
AbREZE-T0°CUA T, 52 FLFE MR B 5K 45 2 AN ol fC L BRI 5B 7K . 04:00 (18] 6¢) MCS-A &
e yho R JE iR Rk R, KRz e (& 6d-f , TBB<-70°CI## =t
T mikJE T, SRk xR, BT 08:15 (B 6d) , kL H A H xR =
C RIEHRF, HT 10:45 5 MCS-A &9F (Bl 6e) , MfFImMEKRREL, THRNA#MKI)



240  MCS-B JFUAERRR . 12:00(E 60)LLJG, MCS-A HEFE B Rk55, B XK T 4558

241 3.1.2 MCS-B. MCS-C. MCS-D

242 13:00 (M) , FREHH B R MCS-B LA N JRFH 5 Py, 78 5 A 040 74 w1
243 [FUETE T RFEESE A 2 BE T REM R B . R R FE#IE, 2 15:00 (&
244 6g) T K Al AR AL - 7 R 0K AR TR ROBE R SR B RN R R 4t B (Persistent Elongated
245  Convective System, PECS) (845, 2012) . 2 J5, PECS-B KHliJy [ (1) 75 w0 5 J 7€
246 P HE VU TEIA BN S B IHEN, R, H1E TBB<-70°CH#
247 HROIRANL T AR B ETEE (& 8g-1) , 52 i H I A4S HE I 22 b A I R PR K . 20:15
248 LA (& 8g) , PECS-B Bl N4~ B o RE 1) MCS-C. MCS-D, Hi# 4k 22521 3 Bl
249 ZRFARHR, A HBWIR M PRBH T AR AR . AR IR S, X PN MCS 7EHETIUHTAE
250 MR ARIMAEET, T 22:00 (& 8 HiJ5 FHAG I ERIE K I, 52 H S B 4R 1 ) 4
251  HFSRMOKBEIENZ (B 3b) . 16 H 02 K (KBS LU, =5 ok i ks 3+ i3 Hike

252 HIRAREK KRG T4
253

41
49 -49
-58 -58
-69 -69
-84 -84
=T e i
102°E  104°E  106°E  108°E  110°E 102°E  104°E  106°E  108°E  110°E 102°FE 104°E 106°E  108°E  110°E
254 o Vidid 7
40°N
23 -3
22 22
28 38°N 28
34 34
41 = -4
TN
49 49
.58 5, -58
34°N el
-69 -69
-84 -84
s spe 32N i C
102°E  104°E 106°E  108°E  110°E 102°E 104°E 106°E  108°E  110°E 102°E  104°E 106°E  108°E  110°E
256 @ 3 7R

257 (2 (b o



258
259
260
261
262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

i B 360 4o
& 3N & 3N & 3N
34°N 34°N saon fert
L
32°N wc o 32°N a poe 329N A -
102°E  104°E 106°E  108°E  110°E 102°E  104°E 106°E  108°E  110°E 102°E  104°E  106°E  108°E  110°E
2R 2R G

e 202247 A 15 HHRAH FY-4A T2 TBB (Hifir: °C) HHEHHZE
(a.00:00;b.02:00;¢.04:00;d.08:15;¢.10:45;f.12:00;2.15:00;h.20:15;1,22:00)
Fig6. The evolution of TBB(unit: °C) characteristics of FY-4A satellite in eastern Gansu Province, July 15,

2022(a.00:00;b.02:00:c.04:00:d.08: 155 10:45;1. 12:00.15:00:h.20:1531,22:00)
3.2 HHRE XS LA H
3.2.1 MCS-A

MR Tk [ AL (B 7D, MCS-A BRI JEVL 4-5 /NSEON AT, REZTNT 3 %X
fik K. I AE: 14 H 23 0-15 H ol i (B 7a) , EARIG-FERE FLZIRI I A
AU AL B A4 B C A DR BH T 8 R A0 7S A 1L T 0 ok A ) A AR 32 P R AU 51 5 T B A AN
RIEI R ZORXAR A T 15 H 00:36(1& 7o) JF IR MR KB RI X, H 8 50dBz Pk
Ry, Y EAT TN RE R AR A B IS D SZHEEma I 1 3 3 7y ik (0 A
I 3R 7K . 02:16 (] 7¢) LUG [ B &8 530 1 A S8R T 2 2k rg AL e i) “ R R i 7,
AW s K R W X R A 23N . 03-04 I (8] 7d) A e ELRIIRR C kAL L 19
T 04:20 (& 7¢) 5ZFIBACIFTE MCS-A . SLB B s B il 1] 5~ 4% 07 ) AR — S0f
BTN AR . 08-00 I (B 76) , 7 B A A R B8 A2 I AR M +h T8 1 OB — %8
TR 12 B LA (B 7g) » MCS-A I8 55T O IZET# H .
3.2.1 MCS-B. MCS-C. MCS-D

09-10 If MCS-B 7T B ARMIFMaf &k (B 70 , 3T 12 B LU (& 7g) K e 2 B
THGE N T B R S HNAZ AL, HRHR AL T IR = [ s U 558 % 2R (Trailing
Stratiform,TS) JEa. ZJa MCS-B YRR, (EHL ATy A A TRk, Berg. HFg—
i AW W ZOR AT R AR AR« #hTE, AR PR BUK BN LS, T B BN AN
WRES, WA 2 BI PR AETELLET B, F T 15:24 (B 7h) , B ES MCS-B dLBUAN /2 30km (1 R FH
T FP 2R3 SO R I B Al R S PR R G 5T T 16:12 (8 71D KRB BN F AL
TS 4 MCS-C. MCS-B Al MCS-C #£ 16:30 Hil J7 & plic M R af #y J il R Je i o, 21 7
17:18 (1 7)) RIER A7 R 500km HIREL:, XA A FEARILIEAE, 9 a1 1A 17 55 W
i3 B AT — 2 (B 1) o 19 B LLE, MEZLWrRMm AbPIB, 7EFL T8 2 W 2R 70 A i TS

3
22
28
34
41
49
58
69
-84
wfir:



285

286

287

288
289

290
291

292
293

294
295

I MCS-D JF&f % . MCS-D T 20:00 (& 7k) §iJ5 S5RLICE G HE HH xRk R, Jf
KU A SR EIRETES (B T7D o 2 G REILBE T A A, =4 TWH 4. 16
Hor:12 (Er&) LUfE, MZLRESAERE, HlN AR 5EFEKES

(®)

©

38°N 38N 1'\ (/ 38N 4\ (( .
. o | Ay o b >
36°N 36°N | A ;ﬁi% 36°N [ ot g :
3
- al P
34°N 34°N 2l 34°N
Vg KN 5 "
= - v & iz
s . . ®
T RN T
106°E 108°E 106°E 108°E 106°E  108°E
(d) (e) ®
38°N Q('\ (( -4 38N Z'\ (/ 38°N
s ¢
36°N { 36N 2 A 36N R PSS
v S d
®
34°N § 34°N 34°N % - il
L3 . 1 :
-5 Y Y u oy ]
e . . . =
106°E 108°E 106°E 108°E 106°E 108°E
(h) ()
38°N 38N
36N g Zo0p Nigs 36°N |
34°N ?X 340N |- T
5 |
e . U
) = (]
106°E 108°E 106°E 108°E 106°E  108°E
() (k) @

dBZ

dBZ



296
297
298
299
300
301
302
303

304
305
306
307

308

309

310

311

312

313

314

315

316

317

s ¥ 7 =
NI S Al . | * b 7.2
38°N Rusat, 9? £ S, S 38°N [Lg% 38°N |
¥ . et i d LN
=4 ‘ s “:\‘},. & %
- ‘ t). “: b ., B 50
36°N % v iy S 36°N L 36°N | “
. o )
3
e D A ) 5 ‘I » = 2
340N |4 - mS £ | 34°N |, =5 ¢ wg| 34N L2 DENNE G o
i g o7 it po @\ <
v 5z
- \/ﬂ\m\*s\ ] el e e (] Py ..
106°E  108°E 106°E  108°E 106°E  108°E

B 7 2022 4E7 A 14-15 HE RN A FEEA SR E (a.14 H 23:36; b.15 H 00:36; ¢.02:12; d.03:30;e.04:48; £.09:30; g.12:18;
h.15:24; i.16:12; j.17:18; k.20:00; 1.22:00) #EZE(HAL: dBz)
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403 Tablel.The 3hour change of surface cold pool 2 and vertical wind shear at low level from 20:00 on 14 to 11:00 on 15,July,2022
I ] Ap/hPa  Tw/°C  pllkg-m™)  Clm-s™) Uy /(m-s™  ClUyy,,
14 H 20 i 0.3 17 1.208 7.05 10.6 0.66
14 H 23 B 0.5 18 1.204 9.11 10.1 0.90
15 H 02 B 0.5 18 1.204 9.11 9.9 0.92
15 H 05 i 0.1 17 1.208 4.98 11.3 0.36
15 H 08 i 0.1 18 1.204 4.08 11.5 0.35
15 H 11 0.2 20 1.195 5.79 8.5 0.66
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Figl13. Conceptual model of heavy precipitation induced by MCS-A (a), MCS-B and MCS-C (b) merging phase
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Tablel.The 3hour change of surface cold pool 1 and vertical wind shear at low level from 14:00 to 20:00 on 15,July,2022

| Ap/hPa  T2m/'C  pltkg-m™) Cl(m-s™) Uygapn /(5™ ClUy m
15 H 14 B} 0.5 19 1.218 9.06 7.8 1.16
15 H 17 &} 0.8 18 1.204 11.53 10.2 1.13

15 H 20 B 1.7 17 1.208 16.78 14.4 1.41
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Fig14. The zonal profile of potential pseudo-equivalent temperature(red line,unit:K),frontogenetic function(blue
line,unit:K-(3h)'-(100km)™"),vertical velocity(black line,unit:Pa-s™") and water vapor flux (color shaded,unit:g-cm™-hPa"'-s")along

Gucheng station (yellow line) at 13:00(a),17:00(b)and 20:00(c) on July 15, 2022
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