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Typical case study of Impact of a typical Eastward-Propagating
Mesoscale Convective System over the Second-Step terrain on its

downstream rainfall

Yang Ruyi', Zhang Yuanchun?, Sun Jianhua?, Mu Jianli?, Yu Tingzhao!
1. Public Meteorological Service Center, China Meteorological Administration, Beijing, China
2. Key Laboratory of Cloud-Precipitation Physics and Severe Storms, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029
Abstract A typical mesoscale convective system (MCS) over the second-step terrain that moved
eastward, merged with convection moving eastward from the eastern edge of the Tibetan Plateau (TP),
and influenced the downstream convection systems, had been studied using a numerical simulation.
The case occurred from June 29 to July 1, 2016, and resulted in heavy precipitation in the middle
reaches of the Yangtze River to the Yangtze-Huai River Basin. This simulation had successfully
reproduced the eastward movement of the MCSs over the second-step terrain and the merging with
convection moving eastward from the TP, which affected the downstream convective systems. The
results revealed the spatiotemporal distribution of precipitation over the middle and lower Yangtze
River. The evolution of the MCS is divided into four stages: the formation stage, the propagation stage,
the merging stage, and the weakening stage. Due to the cyclonic disturbance in the northeastern part of
the Southwest Vortex, the MCS formed in the western mountainous area over the second-step terrain.
After moving eastward out of the second-step terrain, the MCS merged with the eastward-propagating
convection from the eastern edge of the TP over the downstream areas, which promoted the strong
development of upward motion, enhanced the convergence in the lower layers, and induced a
mesoscale vortex in the lower troposphere. The mesoscale vortex and the merged convection gradually

coupled, triggering heavy rainfall in the eastern plains east of the second-step terrain.

Key words: the second-step terrain, eastward-propagating MCS, numerical simulation, impact

mechanism



59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

1 58

KITH FHE X 2 Bty R ER X, 108 W R A S F R X & 4t (mesoscale
convection systems, MCSs) #UJAH¢ (R4, 2006; R, 2008; sS4, 2008; Rk
&5, 2018) o BFFLRM, FIRACYLIRTIERR /K BT vl Te] b 536 ) 268 55 50 e JEUM! — T Ak A A 2R
AR R4 (Yasunari etal., 2006; Yuetal., 2007; #7%%, 2008; Yangetal., 2019; FmeI54%,
2020) . FHiEE R B REENR RGUA S, FIEARIRH RS SRR T, RBEET
X, JREE G AESREANUR R, SR T X aRK (CRESE, 2003;
Huetal, 2016; Euf4%, 2019; Maietal., 2021) o SR AR I A v 5 v Jo 3 4 78 g i
HAF IR TAE A e b i, ETT 20 R e X /K (RS AN B SCME, 2004; Fuetal., 2019) .
ETHISE (2011) ZREFIH TAELLANEim « H OS5 22 R SR ) Hr 2003 471 2007 S R I A
o SRR AR R R U X B K R R J I R, 4 SRR e SRR R 22 DU )| b 5, 76 R B FR R
FCE TR VTR TR, VO AR I i i B K . M A (2015) slid 3. 2 o i
FF4E A PR R BUE A IR AT 7075 58 e SR — IR AR B AL R G A SR IR AR I R, 45t i Ji
R AR i R o i e BERH R R 2R B IR R Gt 51 R I B /K BITRR T 8 9 i, Stk — 8 lin i 17
AR SR EE , TR RE RS . 3RS (20200 X — X E i E R MCS &85 il it sk
P51 D)1 Gt s fa K B SR EAT 17T, S5 SRR W R MCS 5 iU BRI K BT HE s B vl B
ol K RFEIK . BLAh, mR MCS AR RE R T B /KIS S5 M 3 UIAH ¢, 76— Ay 1| 43
TR ANZE 3B IR ¥ MPS (mountain-plain solenoid) FRFAER T, X 43 F8 0 s A i 42 e A
Rk, i pl™ B (3 Ei ok E (Bao etal., 2011; Sun and Zhang, 2012; Zhang et al., 2014) .

OIS T R AR A ZR 0 o AR L L KR ) B AR B 2R 8 AR RS 2 I R Tt
X BRI RS A BB (Zhang et al., 2022) . Yang et al. (2019) X} 2000~2016 4 5~8
A ZgIB AR MCS BT IRAIEER, JFSEH AR MCS fERITH T i X 51 & MK & 5%
X PR R L], 45 RRIKIT R IX 35% 1B KS M E K5 MCS M. KA
MCS £ 7 i i i LA XTI P2 P XU L IS SRS A R R 3 FALZL R g DA AN ]
YERF, 18] N RS AR thou VT rh R T X 2R A K R FEME - (Yang et al., 2020)

PAEERIBIE 70K 2 86 T O S AR RS R R sk 59, 32 & — GO 5 R AL SUR T - M i il
AL i3 X T 45 9 T R A — LS AT T Ot TR fid A A0 UL 25 AR AS S T e s X
TERE TIRABEF (Zhang etal., 2022) . TIiEA —K I MCS 1ER 8 2 NfLIX 5, SR
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2016 4 6 A 29 H 20:00 BST (Beijing Standard Time) ~7 H 1 H 23:00 BST, KIT L £ ITiER
B IR A — GG ERCR s A A, g w1 B, Wb, VLIR5EA T, REAIAE 6
J130 H 22:00 BST ~7 H 1 H 22:00 BST #lifl, WIHEARA. @il LonRiess 2 i 24 /)
I RAAEKEIA B R A0 (50 mm) , JEHifEKE 250 mm (B 1) o s 12 B A
SR RFEREE R, WG R ATERET R AL IE U IR R R K IR MCS B e R AR B R &R
G5 T I L MCS & I JE 9 R AR K . ASCR H w2 MR BUE R, TT R — 2t e xR
A% 5 7 e S Ko S ] 5 e I 9 e DX B8R K PR R Je i R AT AR AL B AT 5T
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1 2016 46 H 30 H 22:00 BST~7 A 1 H 22:00 BST Ril-f#/K&E (HA2: mm) , LKEHENR
TG X I
Fig.1 Cumulative precipitation from 22:00 BST on June 30, 2016 to 22:00 BST on July 1, 2016 (unit:

mm), the purple dashed rectangle denotes the domain of the simulations.

2 BORLRIJTEE

AR SO 25 ] [ R BR55 TidR Hh L (National Centers for Environmental Prediction, %k NCEP)
ff) FNL 4Bk 47 %0kF ( Final Operational Global Analysis) JF IR/ HT, FHAE RN EUE B, 525
MIRIEE AL A, s 19%1S EZRCN 26 2, BHRSHERN 6 /N, 4350108
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02 BST. 08 BST. 14 BST. 20 BST xRt Fif 18 i 00 i, 06 fif. 12 1) o Bl fHHIFEK
ORR E E R ARAE B O B o E S I K 5 CMORPH T2 S 7K 7 it il & (138

I PR PR ER AR, 4% U HE %0 0.090.1° (LSS, 2013) o SRATAH BT (Black Body
Temperature, LA FfE#R TBB) JFfE MCS (R BIAUGEES, BERIET H A & AL FR AL 135 /N i
1k B %Rl Chttp://weather.is.kochi-u.ac.jp/archive-e.html) , iZ¥dE L4 4 NLANEIE, 735N
IRL. IR2. IR3. IR4, ASCfHH IRLMIE. £ TH=CUCHCM A3 7% (Lietal., 2012; Yang et
al., 2020 *J 2016 4 6 H 29 H~7 A 1 HKILiEM MCS #EATEE:, Hibidil: 1D mEIR
FEE T VR /& TBB<-52 THIE LA 2 ALK T4 T 5000km? BRI ZI TG I %15 2) FpB2t [a] K 145
T 3/hif; 3) TBB<-52 FIZELLA 25 HIA A 5 A2 5000km? FI Z1 04 2 141 78 T %1 o

3 MR

2016 4 6 /J 29 [ 23:00 BST 7E 758 [ AR Fl14 5t (1025, 30N Fifi) A Xz Hl (Co)
A (B 20), Z JEHRBH R E, 76 30 H 04:00 BST F3A P )1 5 % i 15 21 & 1458, T 07:00
BST iAFfsk (K 2c) , ZKSEARB 2 “ QL2 JEximes (30 H 12:00 BST) . “FJE, FH
AT T RIE AR AR CO B2 2 SR X 5 FE g 9. 30 H 22:00 BST, CO 7£ 4B LUK P
JE X R T AR P R AR o C2, IR FE B i v Lt (108, 30.5N i) i HLHr
Axb (CL - (Bl 2d) .« CLIERUSPREKRE, T 23:00 BST 44Uy REEXR R4t MCS1 (=
[ A £ 5000km?) (& 2e) . 7 A 1 H 04:00 BST, MCS1 A% AR X (& 2f) ,
FE# = 06:00 BST PR #% th i F B iifG 2k ke, 8 i) STl (115 M) xR
C2 &Jffaigsk (07:00 BST) (& 2g) , MM 1 i dbb X s FEAGS 5 o 0 J5 Xhim 4k 22 2R #8 5
Wi REHLIX, 1 H 17:00 BST f&, SRS (K 2i) , 23:00 BST R 2L 5
S
BT bR FE K R B AEAE 6 H 30 H~7 A 1 H, ARICFEES T ZJH I PR 2 R i
SR RG R JE T KRB KIS RE . Y5 MCS RS AEM /i, HoR e AR /% vl %1173 9 BU R
B BB (6 H 30 H 22:00 BST~7 H 1 H 03:00 BST) , #HiFE (7 H 1 H 04:00 BST~
06:00 BST) , &JFFrE (7 A 1 H 07:00 BST~16:00 BST) Alykggph et (7 H 1 H 17:00 BST~

23:00 BST) .
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Fig.2 The evolution process of MCS from June 29, 2016 to July 1, 2016 (cloud top temperature is
denoted by color shading, unit: <C). The blue line denotes the evolution of plateau convection, the
orange line represents the evolution of MCS over the second-step terrain, the orange line indicates the
evolution of merged MCS.

3 9 MCS A BARR R 2 () s R R AR . TR BE (6 A 30 H 23:00 BST)
XHfUETHE (500 hPa, [ 3a) 4 L BLPHE — B IIATUE S, DUIN/RI LR 52 21950 %2,
BUR A AR ALV 8 A 1 ) 3R E AR Jb = b X o 75 58 R AR 0 28 — O DO LR A R R
ABABR AR, PERCSFAERI A SR (PEREI ) PEfls 105° E M, B R IIX AL T
JELI R IR e 0 0 PG R, R BGRK S SR A TR A K . X 500 h
Pa A, ARSI Rt 2 O A RUZ IRJZ (700 hPa A1l 850 hPa, 4] 3e &l 3i) A
VORI AE ST, O TE AAR i [X 15 52 380 74 B IR 25 SO RS2, B0am B /R VU A R T A 2R
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BAKIE, HXHRAM C2 fEKILH FhIX E . # HFrE, 500 hPa LATrE s (K 3b) ,
MRZRE (700 hPa) PUrgkisthA 2<%, JFERARILM (113° E, 32.5° N i) Az
B CURTEDIAZ, B 3f) , 850 hPa EHT A AN B T aR AR & Ly, RN AR A K R S it
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A Ak S AR (R S W AT U (JE 3c) , WL 700 hPa AUk DI AR AR, 8 R AR R
Frigng (B 3g) o BEE T2 AR, 850 hPa LRI (IRIR AR FEES, MALE MY LR
Vi S AL A R R R A L (B 3k, JFTERR RERIE (EIRG) o WESH B, &
I G AR BRI IZ Tk 55, B8 500 hPa R A8 B By 55 (Bl 3d) , x4 it = T IR 1) o R i g ig
Wrog s (B 3h AT 3D, P IR Bk 99 B IH T .
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4, (RS54 , 500 hPa (F) « MHXHRE CEOBIR, #Ar: 10°%1) , ZEOFE AR S A
ZI MCS Az 700 hPa (1) = XU CEGPIRE, BA: msh , AER SRS Z)
MCS L E; 850 hPa Cfi) : HUE CREEGRIRE, #fi: 105%™ , KO ARSI Z]
MCS B & .

Fig.3 The synoptic weather pattern of MCS during formation (a, e, i), merging (b, f, j), propagating
(c, g, k) and weakening stage (d, h, I) : geopotential height (black line, unit: gpm) , wind field (blue
arrow), -52<C profile of TBB (purple lines), 500 hPa (left): relative vorticity (shading, unit: 10-5s1), red
dots denote the locations of MCS; 700 hPa (middle): wind speed (shading, unit: m s2), red dots denote
the locations of MCS; 850 hPa (right): divergence (shading, unit: 10-°s'), purple dots denote the

locations of MCS.
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41 JEEAKRESSHECE

KA REEME R WRF (V3.8) JT w7 R B E it i T35 e R A i (C0)
RIARFE R AT — I LLZSF AR (C2) (AR oM —ZO B PEER L ORI (CL) IR A —
SE R bR RO, ASEADS TR) AN i SRR R BT 4, RSN B 2016 41 6 H 29 H 20:00
BST~7 H 1 H 23:00 BST . K[ H Zhuki 5 2RI K )37« IR 5 55 FE AR 3 Hd 5 NECP
FNL FRor A BORL ) 73 38 6 /NIE, S [R) 09 1909 R, MRy, RIEHME S o
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and Lim, 2006), RRTM K48 5} 77 Z(Mlawer et al., 1997), Dudhia %7345 51 J5 2% (Chen and
Dudhia, 2001), Noah ffiith /7 %€(Chen and Dudhia, 2001), YSU i %)Z 7% (Hong et al., 2006).
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Fig.4 The synoptic circulations of simulation at 500 hPa (left): geopotential height (blue line, unit:
gpm), wind barb (full barb: 5 m s1) and relative vorticity (shading, unit: 103s%) ; 700 hPa (medium):
temperature (shading, unit: < ), wind barb (full barb: 4 m s, wind speeds greater than 16 ms™ are
denoted by red barb), geopotential height (black line, unit: gpm); 850 hPa (right): hourly precipitation
(color shading, unit: mm h), wind barb (full barb: 4 ms*,wind speeds greater than 12 m s are

denoted by blue barb), relative vorticity (purple line, unit: 10-4s?).

4.3 BEKGERXS

ARAE WL 73 47 ) AR, B AR b A3 S JOW IR AR B R R A : — & i SR AR BRI )
R T RMIE ARG ES, P 5 R R DA R DO SO e s e 52 PH R (IR 2R <
JRAEDE BN SN, — 2B VE AL XCORRAE R, R 88 MU 5 551 ROk e & R i, fEAYL PR
B OCHAWAE R ED P AERREK. Pt BUEE RIGIED AR, 56 —mBCOy 6 1 29
I 20:00 BST~30 H 22:00 BST, %5 By 6 4 30 H 22:00 BST~7 J1 1 [ 23:00 BST. ML
SR KT, B B K PR H PR S A I X (B PEEIL XD, L 50mm
AR B 7K rhvaC 73 A1 B DG A AL AL B, ABEH0M 45 SR A S 30 R 7 ) 20 A R A AN AR B B K oty , T T
kK LI A 2 (B 5a. b) o 58 I BRI RE KR E G 0R, MR ARRE, B 50mm [
e O LUR BRI A R i LRI X, 2R AR A, R B G GETE 22 B
AZFAL) BT 250 mm (K 5e. d) o REEE SRR E, BBl 22 ) L R T R 20 A A K ) S R
X, BEKGRFERS .



227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

40°N

40°N

PRSI
35°N 35°N

30°N - 30°N

25°N 25°N 1

20°N 20°N

= o
40°N 40°N N e
A,

L
g

3N 35°N -

30°N 9 3 . 30°N -

25°N

20°N

0 2 30 10 20
5 6 /J29 H 20:00 BST~30 H 22:00 BST ((a). (b)) #16 H 30 [ 22:00 BST~7 /J 1 [ 23:00
BST ((0). (d)) MZEMEAE (mm) @ (@. (c) E£i: (b). (d) BELR.
Fig.5 Cumulative precipitation (unit:mm) from 2000 BST on June 29, 2016 to 2200 BST on June 30,
2016 ((a)~ (b)) and from 2200 BST on June 30, 2016 to 2300 BST on July 1, 2016 ( (c). (d)): (a), (c)
observed precipitation; (b), (d) simulated precipitation.

B MCS i i AR 75 v N Br BORZR A i 2050 EUASE DL 55 W00 328 /N s B K A i 0 (I
6) » XL B (6 A 30 H 23:00 BST) , HEULEF /K-S MM B 7K 22 [R] 7 A R AIE RS A— B, 4
FEALT SMACES . RIS LA h i S5 X, Rl K o B g o (1] 6as ). XA H —
ZATEHT B (7 7 1 H 06:00 BST) , BRILIFALHR A ZRALHS, AR K W] B 10 20 i S 0 Fie 7K
Ry ERT 73 A e RO AT IR0 A S5 WIN BN — B, (B3 KB S Bl P 2 82 (1 6¢y d). —Zi3tiE
REXHin S TR RS E B (7 H 1 H 11:00 BST) , FRorAareidt, 22 sl X ke
KL A RS R B K O AR 5 SR R EE W £ R SR AL . BT 5 5
WX AR PG R PR A (B 6 o XHALRSSET B (7 /3 1 H 23:00 BST) , 5 Z BB Be bk 5
HAEG, BTSRRI B Sk ss, H 3B T 2 Bb Al . TL 5 b B i S AL K g At X, (EAE
PR /K AR 5 o i L X RO o i o, 72 R VU FL oK (&1 69 h) o BVACRTE, FR/KIRLINLGS SR AL
SEREMI L T Gt R AR A R R 2N B BB K (I 23 A RS AL, 7T 0T 72 — e
XA R U K P B R



245
246

247

248

249

250

251

38N

36°N

34°N

32°N

30°N

28°N

26°N

2016-06-30 21:00 (b)

5 7 T e

2016-06-30_21:00

Vs

38°N

36°N

34°N

32°N

30°N

2N s S 4 ¢ SO
26N . L L ¥ | b T L ¥
agon (&) _ 2016-07-01 07:00 (B 2016-07-01_07:00

e
p—

36°N

34°N

32°N

30°N

Lr

26°N = i “— z | i — f;
sgon (&) 2016-07-01 23:00 () 2016-07-01 23:00
S I ) - T = R / N

Z _ ‘

36°N |
34°N
32°N
30°N

28°N

26°N

110°E

115°E 120°E 105°E 110°E

115°E 120°E

L [TTEEN [TTas

2.6 8.1 16 20 25

K6 MCS KJE&APr BACRIEN 2B KR CRAL: mm) , SEil (2D 5 B CHILD .

Fig.6 Hourly precipitation at representative moments of four stages in MCS lifetime: observation

(left); simulation (right).

4.4 ZZHTERHRAR BRI T WA R R R R R R

S SO AR . RATE SRR EE AT B Y, AR s B 1 R B K L
Feo BB (B 3) ATRAEH, BRI AXRAR )G, 52 EREHRASE K



252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

JE T BT 0TI R 6 JF Ja A SRR, AT AE — Rt T2 2R B F A VI v T I X 366 j ot B
Ko (EBUEA SRR REGR, = TR, BEEE Rp RH Z TR E<-56" C M=
MR MCS YR el AR i (- 7)) o IR R TR <-66° C HYIRAILIR, 2016 £ 6 H 29 H
22:00 BST {EF MR AR ML (102.5F, 29N ML) AR aBIER, WEAKRERE,
£ 30 [ 07:00 BST F3A DY )1 25 % 458, 30 [ 18:00 BST ZJa, Xz HIAE — 2t LU 4R
(13T J5 2 X R R 2R P [ 3 = €2 (B 7) 30 H 21:00 BST, HJR A b X i I H I = T
TN T-52° CHIML (CL) , BEJERr8A MG, 2 /NrfE (B 30 H 23:00 BST) AL
5000km?, E[iEF] MCS JE R ZI bR, MCSL M (B 7a) o WX RS REEN5E, 1 H
03:00 BST = Tl B £-82° C LLF (B 7¢) , JRMIZARM H 4, 07:00 BST &2 &
X 5 TR ERNR (C2) & JF Ja sm a9, Ak AR BRIV T X (18 7e) o K€% 18:00
BST, XfiitiRfZlLykss, 22:00 BST, =HEI+r%F#, BTHT (B 7D o HREE R
A I PR RS RS AR : — X RAE s AR AT S, A8 22 — I LR S X%
BRI s A B AR TG VE R L X TR, AR Y 5 5 S S IR, AR
R FEEATT A R X o J T EIRBNAE R, A SCRE T —JIE MCS A2 Bun YA RN LEE,
e — 2T MCS M A R BRI 70 T U B (6 30 H 21:00 BST~7 H 1 H 03:00 BST),
kB (7 4 1 H 04:00 BST~06:00 BST) , &JFFrE (7 H 1 H 07:00 BST~17:00 BST) Al
IS B (7 7 1 H 18:00 BST~23:00 BST) . 58l MCS [ Jeid #Exf bl LI — gt e
MCS filt AR, TR BRSO G 1 /N s LI AIREL ) MCS T2 55 1 1) 2388 th — st #%
I Btg LRI R 58 420 MCS #8 T J5 5 N0 iRt & JF 1Y 9, BZE 3 MCS KR 5 I
B, A TP BORF SR AV B IS 1 /s 5 & FEH B RE, B MCS B9 55 B BOT 4A I 211
TR L /N o ZE ERTA, BEGE R MCS DUANE BRI 2> 5 N B AR — S, PR IR R AR
PLGE FIRNMIT T — T AL R AE BB B AR i R ol 1 AR 58 1 T o 9 AR ey e A 14 75
AL



276
277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

(a) 2016-06-30_23:00  (d) 2016-07-01_14:00

2016-07-01_05:00 _ (8)

T T T T
105°F 110°E 1S°E 120

260N = N . +
105°E 10°E 11S°E 0°E 105°E 11I0°E [} IV'I
2016-07-01_00:00 _ (€) \2016 07-01 07 00 o (W) 2016X07 01_18:00

2\016 07-01_10:00

K7 B iR R AR R Z TR (AL T .
Fig.7 The simulated evolution of convection over the second-step terrain identified by the cloud top

temperature (unit: <C).

4.4.1 FERRMB: (6 A 30 H 21:00 BST~7 A 1 H 03:00 BST)

6 30 H 21:00 BST, B wHifi /e — P65 (30° N, 109° E i) fik, %
J& % 23:00 BST, *Hi41£Em MCSL (B 7a) . 7 1 H 03:00 BST, MCS1 £ 2t I %%
e —L R e (B 7¢) . 454 850 hPa KUz 7r A, iR A: T Pa ra I B b FEAE, 6 AR
P A 2R UK OB D03 o b T2 8] P R IR S K B g, XU de
TERC (B 8ab; K 7a) o BEAE D ZRBMERIAR, VUM IRRAREKE, MCSL WA AR, 1 H
03:00 BST, il 78 pa Gt (1) i o0 AR B 22 Ot H X (18] 8e),  MICS1 7% & 2 AR it
X (K70 . ZAh, MCSL Az F P8 R (K 43 3 e VAR X 4, P g
AR IR0 LT AH R BE AR 4 AL IR K B X, AR R R Sk R 47 1) e B S5 KR 2k (] 8e,f).
B S EA A AR R E R (B 92) WATBIE H, MCSL IR 1E 109° E Bz, PEilxS
MECZ 1-2 km FAAEIRERAEX .7 H 1 H 03:00 BST, X & & nag, 5 e sh SR FE 2] 5 km
Ph b, JKSPJ ) A 110-111° E 208 (K 9¢) .

g, gz MCS1

700 hPa X3z #l1 850 hPa



294
295

296

297

298

299

300

301

302

303

304

305

306

307

(a) 2016-07-01 01:00  (b) 2016-07-01_01:00 (<) 2016-07-01 01:0

14%E 116°E HSE

2016-07-01_03:00

102°E 14°E 106°E 108°E 1I0°E 1I2°E 1I4°E 1I6°E 1IS°E

2016-07-01_03:00

102°F 104E 10°E 108°F LI0E 1I2PE IWPE 116 LISE IO W6E IE NCE IFE IWE  UGE NPE NOE 1 e s
[ I [ I ] ] I T [— |
10 11 12 13 14 0.5 2.6 8.1 16 20 338 342 346 350 354 358 362

K8 XM B P RIEIA Y, 700 hPa CZEMD « L CEEGBIR, $fi. T, Xg O
H: Amst, KHEKT 16 mst L tabrth) , frfhmE CRESELD ; 850 hPa (i) « iF
ANIFFEAK CRERIRE, AL mmh™) , K7 OACH: 4ms?, KUK T 12 m st AE bRt
XTI CRESMEL, B 104D 5 925hPa (D = MIXMALE CEEME, #i: K,
Wiz ORF: 4ms?, KiEKT 16 ms ARl , HUE CRESEZL, $h: 1057 .

Fig.8 The synoptic weather pattern for formation stages of MCS at 700 hPa (left): temperature
(shading, unit: < ), wind barb (full barb: 4 m s, wind speeds greater than 16 m s are denoted by red
barb), geopotential height (black line, unit: gpm); 850 hPa (medium): hourly precipitation (color
shading, unit: mm ), wind barb (full barb: 4 m s, wind speeds greater than 12 m s are denoted by
blue barb), relative vorticity (purple line, unit: 10-s?); 925 hPa (right): equivalent potential
temperature (color shading, unit: K), wind barb (full barb: 4 m s, wind speeds greater than 16 m s

are denoted by blue barb) and divergence (purple line, unit: 10-5s%).



308
309

310

311

312

313

314

315

316

317

318

2016-07-01_03:00

%
4
e
v —
N -
T e
~ N ———
3 Y ~ =~
g o=
2 RE o
= N
g A iy n
X
1 g
\ -
VN
7 Z
35
) ) -
’
’
110 111 112

N
/7 -
2, g
A =]
i
7
E . -‘ :\ -t
: . TR A
- 3 -
H ; =
/;:, 5~
/ .
¥ i - ol
A AN
q L4 I~L—~4
A\ 3
X . 2 " " LA N " LI
109 110 111 112 113 109 110 111 112 113 109 110 111 112 113
(2) 2016-07-01_07:00 (h) 2016-07-01_09:00 (i) 2016-07-01_10:00
] Tz -
AN
s Pk = 5 % 5 ) -
" o VAHU 2
" — ~ f{‘
4 By q 4 [ 2N 4 N
! N
= ','r S . 4. ~ ' A~
£, s 7 N ki I 3 VI 2
& "N 7 H > \
2 .,’\ .l.l 8 N 3 ‘:‘ ~ (£
2 Hr 72 ” gt P ~ Py A -Ws
. W i - v = “ -
4 f ,l
7 - ~
1 \/ 1 /7 1 e
o - + N2 7 & w
- .t g - N v
7 ’ -
0 . o 0 A A3 0 : e
109 112 115 118 109 112 115 118 109 112 115 118
Lonitude (degree E) Lonitude (degree E) Lonitude (degree E)
I T T .

01 0 01 05 1 2
Kl9 XHAEM (av by o B (d. e. © FIEIF (g hy D BB 30.1N Y B i Kl :
EEEE CEANE, B msh) , BASAR (SRESEL, BhA: K, HHRE (EE
2k, RARHERT 050%™ fiREfE) , SRITERE (RE=MATE) .
Fig.9 Height-longitudinal cross sections along 30.1 N during formation (a, b, c), propagating (d, e, f)
and merging (g, h, i) stages of MCS: vertical velocity (shading, unit: m s), pseudo equivalent potential
temperature (green line, unit: K), relative vorticity (greater than 0.5 10*s?, blue line), location of

MCS (green triangle).
4.4.2 BHME (7 A 1 H 04:00 BST~06:00 BST)

7 H 1 H 04:00 BST~06:00 BST, MCS1 AR f5iZifs Hih e, i KiLd Rt XA
W C2 (ERAEBMAITED FaEdisy (B 7d) o XS, =208 40 b w5 X



319

320

321

322

323

324

325

326

327

328

329

330

331
332

333

DY IR S B, 5 PR K IR S DX T g (B 10b,e) » B 7 H 1 H 04:00 BST, 700 hPa I,
T DR AT A U X P R A SR R R R A, MR RIA TR AL, o BT A R A
MR EE X (B 10a. d) ; 850 hPa I, PHmMKIRTE RS E#TLES (& 100, e) ;
925 hPa X7 b tH 378 B AT ZR AL I DR 3, 15 1 T 0PI iR R R 3 o, B THig shsm 2k Je
MZRZE (925 hPa) ARG IEIER, — B AR M 30N M Il 1 Ukeslvl4e (K 10c, £ .
HEEHIH (& 9f) , 06:00 BST Mike th — Lk AR IX, # HEH MCS1 5 R A xt
Wit C2 JFaR-& I, WA AL TR SR AL 5 (K 10d. e) .

SRR BUHEE, XRZETE (500 hPa) 513G s A AT Z LB EX R AR,
FZRE MY (B 4b) o XJRZKZ, 700 hPa @) PR B B o8, MO AKMEX (16 ms?t
PAED @A et A sa e Gk, A A TRt dbdmis (& 10a. d) . [AF, 850 hPa
b A TR ZR B O AR SR T R G 5, SRR R A AN A R B AR AIE A R TR K AR
# (K 10b. e o Kk, SRR RZ IR RIE A AR T Z R B AEXRZ R 1Y .

2016-07-01_04:00 _ (b) 2016-07-01_04:00  (¢) 2016-07-01_04:00
o AN~ g BRI

<R '\g.r((\)‘

34°N ~
32°N 4
30°N

f
2N F I ¢ /R

102°E I04°E 106°E  108°E 2E °E H6°E 1S°E

. 2016-07-01_06:00
' - ‘ i NI R ES ey 53]
o RSSO o ] s - -

34°N o

30°N

28°N

26°N

102°E IM°E  106°E  108°E  110°E  112°E 114°E  116°E  1IS°E I0E 106E 108°E 1O°E LPE L4E 116°E LISE 110°E NrE N4E HN6E HISE

L I I I T
10 11 12 13 14 05 26 8.1 16 20 338 342 346 350 354 358 362

K10 [AE 8, (HAXTREE B .

Fig.10 As in Fig.8, but for propagating stage of MCS.
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Fig.12 Asin Fig.8, but for merging stage of MCS.
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38

N

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

5 & 5iTie

ARCERER T ZRMTE RS R AR A IR, RN R IR R G AR, ISR BRI
T T VT IE R I X A OGPk AR . b R 42T 2016 4 6 H 29 H 22:00 BST~7
J 1 H 23:00 BST, &R ARMMATLIRG, 2 ¥ LR G EHENRAE NiFH RO E, —
FIE XS RGBT VU R AR AR AL EE, AR S 5 S OO R & 0, 2 K et
SR, SEME R R R X R A R K, VT i X S R

R HER AR RN (WRFV3.8) JFREUE RS, BEaCHI a6 i 7 46 A N 3 i A
R GRLBEM AT J5 , A T R I T e IR AR S = R R XA IR R
TR G IR RIS R, BT 220 ) T o T Ui X R K RIS 23 0 AR AL - 32 ZEHAG LR 4518

o JE R FR TR AR 8 2 T G T AR S AR AT R U X S T R B R . RN, £EPE RS G
ARG RIS XN, TR V0 50 L A R . TS IR AR KR, FE &t
PURPOANB B, 1) B (6 H 30 H 23:00 BST) , T AR KR AL <iehzh, —%
MO AR T R AR P R L s O R, =R H R (7 1 H 03:00 BST) ARF8 3 — e
RIEAFIFHIRARE. 20 BHIE (1 H 04:00~06:00 BST) , K EMN5E 5 1 = Hi A
XPRIZEAL R . 3) SIFRT B, N CA FHOIR CEJF R AR 2 = R AR B0
FEAF Ja 1B AL AR R IS 32 B 1A) 1Y 98 R AR 25 SO A, 1 — 2 R R B = 4. 1 H 07:00 BST,
ZIEE AR R e IR R, 5 TR RO BRI = B 5T & IF R R —
RIEMsR, HEsh LI s ke, (IE4R G, MIMERRZCZ TR REZRE, e

SHAEFE R, SIEKITH P X oEpEK. 4) WM, 1 H 17:00 BST J&, SHiARBEE
bR, T REEWR REFE ARG EAE 114° E T, SREEWIRIRGS, 21:00 BST J5HAT &R -
23:00 BST, XfyfitRig s =W 1.

T R R AR A B LB AT 7T, 387 1 — Ik Gt AR U R AR 5 5 R
ARAEXS WA I 0, VAR ARE T R, DAL T i i 28 Ge N e /K R B R A
JENLER, XTHCVL T R X A RO RGN K K iR et — 2 S H = Lo T A UIET
— UM BB AT R I, AR T 22 AN SR F 12— b T X R AR 8 B LIS W P K
FIEENLEIREAT IR AR R o AN, A SCHIBUE BN R B0 40T MCS AR il B A X & R
A, AR T B FAEL RIS IR IO BL T, GG X I (0 il R A AR [ B e L



411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

e E PN

PLHE, W, TUEEE, 55, 2013, op [E XN B K B RS A B B TE A [J]. KRR,
36(1): 37-46. Shen Yan, Pan Yang, Yu Jingjing, et al.2013. Quality assessment of hourly merged
precipitation product over China [J]. Trans Atmos Sci (in Chinese), 36(1): 37-46.
doi: 10.13878/j.cnki.dgkxxb.2013.01.005

T, 8, Wi, . 2020, HiEmEARBE AR [0 BWKE, 39(5): 433-441.
Wang Xiaofang, Li Chao, Yang Hao, et al. 2020. Research progress on east-moving cloud clusters from
the Qinghai-Tibet Plateau [J]. Torrential Rain and Disasters (' in Chinese), 39(5): 433-441.
doi: 10.3969/j.issn.1004-9045.2020.05.001

E45F, EBETT, E/ANE, F. 2019, T Rz BRI R S o RBEXHR R S G iR ALE
[3]. KA EF2E, 43(5): 1019-1040.  Wang Jingyu, Wang Xiaofang, Wang Xiaokang, et al. 2019.
Statistical Characteristics of Eastward Propagation of Cloud Clusters from the Tibetan Plateau and
Mesoscale Convective Systems Embedded in These Cloud Clusters [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 43(5): 1019-1040.
doi:10.3878/j.issn.1006-9895.1812.18167

DR, AW, PR, 4 2020, —XERARFE MCS 5N R G 1 F O 7 A s K A
FIWETT [9]. KA R}, 44(6): 1275-1290. Tang Huan, Fu Shenming, Sun Jianhua, et al. 2020.
Investigation of Severe Precipitation Event Caused by an Eastward-Propagating MCS Originating
from the Tibetan Plateau and a Downstream Southwest Vortex [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 44(6): 1275-1290. doi:10.3878/j.issn.1006-9895.1911.19206

P, MRIE, ATEZR, 4. 2003, E AR E LR REYEM BUFE [J]. #ar R
#, 19(1): 61-65. Shan Yin, Lin Hui, Fu Weici, et al. 2003. The Features of MCS during its
Initiation over Tibetan Plateau in Summer [J]. Journal of Tropical Meteorology, 19(1): 61-65. doi:
10.3969/j.issn.1004-4965.2003.01.008

IR, Phate, BOEME, 5. 2010, MR I R i R AR RS KU AR G R T LR SRR K BRI AT ).
K 5244, 69(4): 581-600. Fu Shenming, Sun Jianhua, Zhao Sixiong, et al. 2011. A study of the
impacts of the eastwards propagation of convective cloud systems over the Tibetan Plateau on the
rainfall of the Yangtze-Huai River basin [J]. Acta Meteorologica Sinica, 69(4): 581-600.

doi: 10.11676/gxxb2011.051


http://dx.chinadoi.cn/10.3969/j.issn.1004-9045.2020.05.001

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

MG, B, £k, 5. 2015, M in#h 5 m JEURIR AR R GoAH BAE FH ) — Ao
T[], KAFF¥, 39(1): 125-136. Tian Shanru, Duan Anmin, Wang Zigian, et al. 2015.
Interaction of surface heating, the Tibetan Plateau vortex, and a convective system: A case study
[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 39 (1): 125-136.
doi:10.3878/j.issn.1006-9895.1404.13311

b, VBT, 2/ M. 2018, — M TR R TR T 2 RO BE B LR T RIBIE ST NLSERR R [9].
KAEE, 42 (5): 1119-1132. Sha Sha, Shen Xinyong, Li Xiaofan, et al. 2018. The study of
multi-scale energy interactions during a Meiyu front rainstorm. Part Il: Practical application [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 42 (5): 1119-1132.
doi:10.3878/j.issn.1006-9895.1710.17196

JAHEG. 2008, , BRI R ZE T (0604) 1A FIRF R F: /T o RUZE S5 4 2 S 8 SR B SRk [J].
KA B, 32(6): 1289-1308.  Zhou Haiguang. 2008. 3D structure of the heavy rainfall caused
by BILIS (0604) with doppler radar data [J]. Chinese Journal o f Atmospheric Sciences (in
Chinese), 32 (6): 1289-1308. doi:10.3878/j.issn.1006-9895.2008.06.05

Hhhlh, BEHE, e, 2006, —RAERBEATIRIX BN B R RGEMERHEM a7t [J].
KA FFEE, 30(5): 988-1008.  Xia Rudi, Zhao Sixiong, Sun Jianhua. 2006. A Study of
Circumstances of Meso B Scale Systems of Strong Heavy Rainfall in Warm Sector Ahead of
Fronts in South China [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 30(5): 988-1008.
doi: 10.3878/j.issn.1006-9895.2006.05.26

B, IRAETE, BF. 2018, EFEH SRR ALK B &IRBIRE R0 D] AR R,
76(6): 944-954. Hu Liang, Xu Xiangde, Zhao Ping. 2018. A study of the meteorological
background of convective systems over the Tibetan Plateau [J]. Acta Meteorologica Sinica, 76(6):
944-954. doi: 10.16032/j.issn.1004-4965.2003.01.008

ST, PR, RN, 2008, T RE R GHUERI S W IT [J]. KAREE, 32(4):
854-866. Gao Shouting, , Sun Jianhua, , Cui Xiaopeng. 2008., Numerical simulation and
dynamic analysis of mesoscale torrential rain systems [J]. Chinese Journal o f Atmospheric
Sciences (in Chinese), 32(4):854-866. doi: 10.3878/j.issn.1006-9895.2008.04.13

Yang R Y, Zhang Y C, Sun J H, et al. 2019. The characteristics and classification of

eastward-propagating mesoscale convective systems generated over the second-step terrain in the



469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

Yangtze River Valley [J]. Atmos. Sci. Lett., 20:e874. doi: 10.1002/asl.874

Jun L, Wang B, W D H. 2012. The characteristics of mesoscale convective systems (MCSs) over East
Asia in warm seasons [J]. Atmos. Oceanic. Sci. Lett., 5(2): 102-107.
doi: 10.1080/16742834.2012.11446973

Yang R Y, Zhang Y C, Sun J H, et al. 2020. The comparison of statistical features and synoptic
circulations between the eastward-propagating and quasi-stationary MCSs during the warm season
around the second-step terrain along the middle reaches of the Yangtze River [J]. Sci. China. Earth.
Sci., 63: 1209-1222. doi: 10.1007/s11430-018-9385-3

Zhang Y C, Sun J H, Fu S M. 2014. Impacts of diurnal variation of mountain-plain solenoid
circulations on precipitation and vortices east of the Tibetan Plateau during the mei-yu season [J].
Adv. Atmos. Sci., 31(1): 139-153. doi: 10.1007/s00376-013-2052-0

Sun J H, Zhang F Q. 2012. Impacts of mountain-plains solenoid on diurnal variations of rainfalls along
the Mei-yu front over the East China plains [J]. Mon. Wea. Rev., 140: 379-397.
doi: 10.1175/mwr-d-11-00041.1

Bao X H, Zhang F Q, Sun J H. 2011. Diurnal variations of warm-season precipitation east of the
Tibetan Plateau over China [J]. Mon. Wea. Rev., 139(9): 2790-2810. doi:
10.1175/mwr-d-11-00006.1

Hu L, Deng D F, Gao S T, et al. 2016. The seasonal variation of Tibetan convective systems: Satellite
Observation: Seasonal change of Tibetan CS [J]. J Geophys Res: Atmospheres, 121(10):
5512-5525. doi: 10.1002/2015jd024390

Fu S M, Mai Z, Sun J H, et al. 2019. Impacts of convective activity over the Tibetan Plateau on plateau
vortex, southwest vortex, and downstream precipitation [J]. J Atmos Sci, 76: 3803-3830.
doi: 10.1175/jas-d-18-0331.1

Yasunari T, Miwa T. 2006. Convective Cloud Systems over the Tibetan Plateau and Their Impact on
Meso-Scale Disturbances in the Meiyu/Baiu Frontal Zone [J]. J METEOROL SOC JPN, 84(4):
783-803. doi: 10.2151/jmsj.84.783

Li J, Wang B, Wang D H. 2012. The characteristics of mesoscale convective systems (MCSs) over East
Asia in warm seasons [J]. Atmos. Oceanic. Sci. Lett., 5: 102-107.

doi: 10.1080/16742834.2012.11446973


https://doi.org/10.1080/16742834.2012.11446973
https://doi.org/10.1007/s11430-018-9385-3
https://doi.org/10.1007/s00376-013-2052-0
https://doi.org/10.1175/mwr-d-11-00041.1
https://doi.org/10.1175/mwr-d-11-00006.1
https://doi.org/10.1002/2015jd024390
https://doi.org/10.1175/jas-d-18-0331.1
https://doi.org/10.2151/jmsj.84.783
https://doi.org/10.1080/16742834.2012.11446973

498

499

500

501

502

503

504

Yu R C, Zhou T J, Xiong AY, et al. 2007. Diurnal variations of summer precipitation over contiguous
China [J]. Geophys Res Lett, 34: L01704. doi: 10.1029/2006g1028129

Zhang Y C, Sun J H, Yang R Y, et al. 2022. Initiation and evolution of long-lived eastward propagating
mesoscale convective systems over the second-step terrain along Yangtze-Huaihe River Valley [J].
Adv. Atmos. Sci., 39(5): 763—-781.

doi: 10.1007/s00376-022-1303-3


https://doi.org/10.1029/2006gl028129
https://doi.org/10.1007/s00376-022-1303-3

