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Abstract: A local short-time rainstorm was affected by a rare precipitation system with 16
mesovortices (referred to as MV) in Fushun of Liaoning province on the night of August 4 2023.
The formation mechanism of MV and the observation characteristics of MV that produced heavy
precipitation were analyzed by multi-source data such as X-band phased array radar. Fushun was
influenced by the upper trough and shear line. The abundant water vapor and low lifting
condensation level was the favorable environmental conditions for short-time rainstarm. When the
angle between the convergence line and the isotherm line increased under the strong vertical wind
shear, total 16 MV were detected by X-band phased array radar. The average.duratiomof total MV
was 17 minutes, the average thickness and top height was 1.7 km and 3.5 km, respectively.~These
vortices are low-level shallow MV. There were up to 49 heavyqpre€ipitation stations which the
precipitation reached 10 mm within 5 minutes, with an average distanCetof only 6.2 km between
the heavy precipitation stations and MV. The number of heawvy precipitation‘which caused by the
first and fourth MV was 44 stations, accounting for 89% of all heawy,precipitation, so it belongs to
MV that produce heavy precipitation. Compared to other MV, "MV that produce heavy
precipitation had a longer lifetime and moving “distance, with stronger rotation intensity and
greater thickness. Two MV that produce heavy precipitation were both generated during the stage
where the boundary layer jet was significantly enhancediand the 0~1 km wind vector difference
exceeded 15 m*s™ and the surface temperature wasdarger than 28°C. In the early stage of MV that
produce heavy precipitation formation, the low-level rotation was the strongest which reaching the
standard of moderate intensity mesoscale/ cyclones, with vigorous storm development above.
There was no heavy/preCipitation near the MV that produce heavy precipitation at this time.
Subsequently, the rotational speed of the MV that produce heavy precipitation diminished, and the
storm height,rapidly decreased. And heavy precipitation occurred immediately near the MV that
produce heavy precipitation. There was a phenomenon of several weaker MV merging with MV
that produce heavy=precipitation, which was beneficial for the MV that produce heavy
precipitation sustainment. In conclusion, the evolution of the position and rotational intensity of
MV is the crucial for warning heavy rainfall.

Key words: Low-level meso-y -scale vortices (mesovortices), Short-time rainstorm, X-band

phased-array radar, Observational analysis, Environmental background
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VAR, RN RWAUR, 142012 45 7 H 21 HAbRL, 2017 45 H 7 HI ML 2021 4F
7 7 20 HABMI LI T RB SERAE B BOR R B (G170, 20125 Luo et al,
2016; Huangetal, 2019; Yinetal, 2020, 2022) . %G0B 50HRESD KN R ESD /7 id #2
AR, R R RNERFAE IR, ToIR RS AE TR 2 R AT TUE A TIOR3 A TR 2 2%
FR (R ML T FEATF 9T (Nielsen and Schumacher, 2018; 2020; Lietal, 2021; Wang et al,
2021)

CAWFRIL, ERERWNES y FRERRIEARA X (Orlanski, 1975; Funk et al,
1999) o HLHIEEFEATI SRV 12 R g A XU R N TR R R A P AU S U JLIN 2 S, ( Browning
1964; Molleretal, 1994; fi/Nii%:, 2008; Kumjian and Ryzhkov, 2012) . i itHiHT 7T &
W, HELMIR RGE SR T, WAL LA Z 1 h, fod REUKE Ry TR E
#JiE (Weisman and Trapp, 2003; Trapp and Weisman, 2003; Atkins and Laukent, 2009a;
2009b; Schenkman and Xue, 2016; %55, 2023) , MNHRHREGnesovortex, MV) . &
MV HP A E T y R, (HR WA =485 TGRS MO IR 2 R (1) SE AL
WA GRS, 2021; ZES7T14%, 2023; FHILIRSE,|2024) . fE=4Eg5f 5,
AU E I IE 2~6 km &, A& A1 A A E N TR, 309 5 (Davies-Jones, 1984;
AT/NAE, 20205 ARZKOGAE, 2020) , MVSURSE PRI H BT 2~3 km DLR, &k
R RO AL TRE (Lilly, 1986a;_1986b; Atking and Laurent, 2009a; 2009b; Tang et al,
2020) . LETERGALHITTTH, 30 H R NI T [ 7K B 7 AR AR R N 9 TS
PN WA TE B L, BEJSE_E TG O 3 B4R T ek it — B n i, #Eme e
H/jig (Davies-Jones, 1984: Rotunng and“Klemp, 1985; fii/Nii%E, 2008) . iff MV 7
FSCHILA BN A2 2% , ) BERAE AR J 1 XU AN P YR ot v it HE U B i s ) R X2 S5 T
DRI R K Bt B K S UT A HL I i/ B (Trapp and Weisman, 2003) , tHATREZ
7 R A 1K IR E B B TR BT G (Atkins and Laurent, 2009b) . 534k,
RIS R R T NREIEOE . InsCZ e S, AR TE A MV, BEREIRZE BT
WEIRARVE ] FHER B (Yinetal, 2020; Zhang et al, 2022; Zeng and Wang, 2022) .
FHEE TR IEFRF AR AR, ARERN TR T RAULE . R TS| 2R MV
FOIEE IR, TR G i S m PR 2R TTRL, A et F HRS AR AE A ] Bk

LIS 2 R B0 A e BB B KIS TR RO B /K 9B, T KSR 5 ETHIEE) . = Rk
FEK AR (Doswell et al, 1996) . Wi MV I B FASMESSRI T EHEG, 25~
AR R TR LR, (AR LLTE MV I A R A (Lilly, 1986a; 1986b) o
Gb, SREVGERE T MV AT R 1 BT, BHR)Z I AR ik 22 b, N
B /KB E, RIS A BT AE R K AZ O DX R EE 22 HEBCR IR ACRE 7, @i e dhal R i<,

R FE7K R (Nielsen and Schumacher, 2018; 2020; Wang et al, 2021) . B DARERS B
3
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5 MV GK, EREMAKIIEARITA MV #7458 K (Zeng and Wang, 2022;
WE%E, 2023) o AT, BT HATED T AR K MV (TR RMV) IR P A 5 fE K
MV CFEIFR NMVO BLIAFAE (1565 ELBTE 78, RMV FRDARS 05 I 5 4 P 252 1 110 52 AL 47 7S B
it DAL 5% 9 S PO B2 T TR0 A BE AR

X P BT FE R SUBIABEAE 1 min fodq e /l—MAE, RO USRI A e /K I
S AN IR 25 1 2 )8 B 2 (Bringi et al, 2001; Siggia and Passarelli, 2004; 5k 8%, 2023;
KA, 2024) , AHRIEFESORMERPE SR B S, DL PDOLI 2) R B AR T MV 10k
YIESAE (XIBSPEE, 20165 HKEZEFIXIZES, 2022; Huf%, 2022; HENAESE, 2023; 1
WA, 2023) . 2023 4F 8 H 4 H, LT HRMUR AR RIS, I B2 R A TE TR
W X B BAHIEBE TR A 20 km G . ASCEET XU BOM TR MR 1A %5 2 IR RIS T AR Ik
HFRZ MV S E5H A L], %L RMV 5 NMV SIIAE 4 S50 551, N I £
B MV 1R 5 FYATLER PRI TR R EE o
1 BB

A 28 5B 2 PRI 1) 43 3522 5 min (4 [ SRS kL, ST K S Rl T
AR A ERAS For bkl (N 09508 1RN0.25° D, e Al R 1
FER RGBT IR BH S 1) XUSEZR B 1A B R b I BR LR, B HE 1 km
PAN S KRG 0~1 km R 2 o A8 I TRIADORVEL 16 30 748 9 B R a0 1) = 4 S
ORE, WSR2 550 6 ming JERH SC Z WK UL, B 6 ming JLFH X BB
HAERET L, BRI 1 mins

2% MV W 7T 545 L &1L A Schenkman and Xue, 2016) , HRHE X FT AL AR
90 1R 7 7 LA B A% T 3o PR /N RBEAS KU R AE , AR AN I 200 A AN A 4 i P L
FIWT R AEAE MVIECAT ANV b 1017 B % et 77 a), $REC MV IE A7 R DXtk pAy sk P A
WIS R R, T HAL T A BT MV IR RE . IR Z BAMIHAN MV
1B SR H FRIASEMFIE, UMEFR MV e b RGN TR, Wit
T Z) MV, T, O Tie sl e (R ) FEE.

R MV AERIETR, B MV HKUGE N MV Mo, ..o MV, G MV ZAERIF S .
5E L5 min BRKEFEE 10 mm RN K. IRIESRFR KR AR, THESRRE KL S
A MV FEES, i -5 59 Kl S B O ) MV AR FEUESE, 5Bk p T
LA MV I, 0L MV ISR K (Zeng and Wang, 2022; ##%%, 2023) . Kt
RN AR A R B i) MV 30U, BT G v AN MV 7 AR S K R

2 FEKSEOLEE ARG

2.1 &K
2023 4F 8 A 4 H 19:00—23:00 (Abxiht, FF)D , Pl X HBkE N Z WK< . #H,
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PR DX s HRMEL [ 2 S G0l I 0 SR /K & 29 Mk E) 50~99.9 mm. 14 il
100 mm (El 12> , Hrbg KREK HIUERRI T AR M X 28 64718 (131 mm) , BEKELIX
15 2 B T LE 15 km><10 km RIS 9 .

MIZ 5 min FEKERIEES (B 1) ATLLER], R W L AR B, H—
B HEAE 19:30—20:40, HIRFRFEAK 3 Ik, BEKEES. S BB KRIESE 58, &
H AL 20:45—21:40, Hh7E 20:55—21:00 &fi tH L 6 (RHRFEIK, AR IX 2 0% & #1185 K 5min
KA H] 12 mm. Bk, AUGEIFRE W Beom B oK i o BRI s B B8 — I B TR 5, AR
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Fig. 1 Distribution of precipitatiop’during,short-time rainstorm in Fushun on 4 August 2023
(a) total precipitation from 19:00.to 23:00 BT(¢color circle); (b) time series of 5-min precipitation at the station with
the maximum accumulated pregipitation and the number of stations  (dashed line, unit: number)  with 5-min

precipitation larger than 10 mm

2.2 RAJEHFEL S 5%

8 H 4 H 19:007=500 hPa (Kl 2a) , ZRAGHLIXAFTERNEAE, A T-0 B e Bk
SR JECHR s BRI R (BLR fRiIFREIE ) 588 dagpm £k C 4 db_E 330 7/ 4, 584 dagpm
LR T T R X, PR X A 4747 T 584 dagpm £ Ak Ft o 4 M AT R 1o 1 25 1 1 )
T MN8N, TERA RARE R G IATE A3 06 K E X . 850 hPa il 925 hPa (i),
RS liE O AL T RERTLF M, HR V)RR AE 4 HAA 278 — AR ALE ), s i 5
X, JFFRBEREE 77 N8R F. 54h, HESCmlvRl s (B 2b) , fELPHE T
WAEFEZR P 7E )« BN BLIHR G 4R, 1288 & 42 F R T I VRT VAT sl 1 B 2 ARGV 23 4058
IR, R n il R Bk R4
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unit: %) at 19:00 BT 4 August 2023; (b) the surface temperature (red solid line, unit: C){wi
s1) and terrain height (colored, unit: m) at 19:00 August 2023

WA
2.3 JKIR. AFaE X IE HY)AR

PRMGTHE X ()i VR M4 23k, BRABKM CAPE. KiRJTTH, KA ATFE/KE
#1925 hPa LLIE4) ik 2] 70 mm #1185 g+ TSR E kR 26°C, UL E S
2 e Ik [ H R B e B K R ZKVA SR ang and Zheng, 2024) . H&EHHXIE
FEXR R, Tt A 115 B ARG FEAL 94%, 7% & M 551F
B9, UL ERHEA R R < FK CPMRFR, 2017)

ANKRETT I, XHRARYLRE CAP
850 hPa A1 247 N THAERBIRR R, B PR T A%
A XA , TERR RE AR AR THER, 484 0 U EUE Bik-10<10° s

M ER o3BT gk IR B2k R (B 3a) , I A fkEe X, 925 hPa
PR, A mes™, i 850 hPa % 500 hPa Jyfi it X, b SCHRE B3 fl R Fl g 2 e o
AL FAHE B, A R T 500 hPa H IR KR X, L F XA E A R TR BUAR &2 . Frll 0~6
km AR 22378 18 mes™ DL, 35 5158 3 B XU A2 (b7 #E (Markowski and Richardson, 2010) .
0~1 km REEZFE 8~10 mes™, & MNIEFIRIKZETE B . MM BH XUEE LR ik %
ESRE (E3b) , 1km BURXGHTE 20:20 FH4h LS S RIS, wiik 15 mes™, IAFIK
22 ARME (Duand Chen, 2019; Zhang and Meng, 2019) , #3553 0~1 km XK &
ZEHPEIMPLER, BiRiAs 18 mes™. 45 b, 7ESREN Y B 2R BIEIE IR 4 T K R SE
GHRFAERT, TOEA 78RR B CAPE. BUKAT CIN FlsaHE H R IIAE, KR
IRES S5 A R T R T R I 18 s o P 28 R R o
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Fig. 3 (a) The skew T-Inp diagram in Fushun at 19:00 BT 4 August 2023; (b) the wind profile evolution“(barb,
left coordinate axis), the maximum wind speed below 1 km (blue line, right coordinate axis, unit:mss?) and the 0
—1 km wind vector difference (blue line, right coordinate axis, unit: m*s)" “frofa@ 9:30—21:30 BT 4 August
2023
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3.1 MUE I B RHE

M 21:00 #hPH SC T i S S 5 DT S WL (Pl dady, 7ESLPH . BRIBURIZRIS Hh X 77 75 7% 2%
WIREE, ZRBEKHCNRIGE R, AR 45 dBz (K FEHHE 80 km. KZEIRE Kl
T5 b ] ZRE AR RS (0 77 T 2 50, SR K RE K . TEMLFEIRG, ZORREBE ST mmfEm, A
WA AL AR FT A, FICAT R AAB & IF IR AR T, RIAEAE S5 AR SR I RFAE . AR
(1 2 L5 R IE SRR CBAD ) S i IR 21 60 dBz, B[l A HILFE 5 km LR, B
B AT R K RLBCRFAE , 8 T~ SR R r i e B K, /K R M (Vittale and Ryan,
2013; FM4kMA | 2017; Luoetal, 2020) .

(B A YOSRE T P B K AN SR AR BRI &R, 1XAE DT B 1A K
W B (Zengetal, 2021; #7a%%, 2023) , XAl fE 5 FHAMCAN AR EE K. F
125 R R TE YRR R 43 SR R IC LS5 SR RIAH OG0 S 4, %of BRI 220 X 9 BEAR % B TR Ik (1A 4c,
4d) 1 SC HIEMEIM BN S S B 7 BT, BEAK RS T X BB BT IA I IE AR JT 1),
R IR S, TO I B K R G AR R BRFAE o ERGAE 23T R /K R SR I S S 2% IR R
fIERT, SC Tk Wil 2 8k [ S 2 R 75 B A5, 75 BANSRA 70 X ik B2 B ik I o 26
PR 7= i IR T IR
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Fig.4 Radar reflectivity at 0.5° elevation angle ( a rtical cross section (b, d) observed by SC radar

(a, b) and X-band phased array radar (c, at 21:00 BT on 4 August 2023

3.2 MV L ARFE

PAEERRFFEIESE X )
2022) , Rk
R P
[EpYA P FARL CERIIE) I %0 SC 87 A M B S R R 7 B (FEImg ) , ix it
MV ik 7 Ff M E AL, SC AR B 4~ MV (& 5d, 5e) , WMF] MV
IANEUDT X P BARTERE T IE, [ SC T I AIIS[a] 73 #2604 6 min, 4F MV S (4L 1
WEE 7 TE X ik BoAE s o TR A R ISE Rl P, ] A1 AR 1 T3 JBE ) o BT Bk R 5
BRI MV RS AIALIUIARAE .

DA AR o I B N B B 2 A MV, 0 2017 4E 5 H 7 HT AR B (Zeng and
Wang, 2022) #2019 4F 8 H 16 HILFHEN BW (##&5%, 2023) 4 Hlils) 5 4~ 2 4>
MV. ARUGEFES, FERCRREREN H I 2 1 MV, 759 E B 8 e . X —
T AT REARA BT X PR BARISFETR A HE i m, Reie LB RSN A B AR, oAk
WMV, 55— S AR UGS BB A AR T 24 MV AR RO 4EREA G,
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it MV {53
EREEES
(K 6a) ,
2012) . F4h, JJEEELE 1.7 km, “FIT0E 3.5 km, BUONERE K MV, 28 E, &
PP ZA MV RO THZRINR RGN . R RIEAE 1 h, T KAURER
MV, DL_EFFEFIEE 0 B R h iR AEANE] (Browning, 1964; Moller et al, 1994; 7
/NERSE, 2008; Kumjian and Ryzhkov, 2012) .
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TEFTE MV ARG AR, MV 2 XA B 204 49 DGRk K. 454K L rTRLER], R
ZEHI MV FHES, FPAERATHE S HRmkEK. 540, @K s MV [FEE e
0.5~18 km (F& 6b) , “FHEEACH 6.2 km, “FiMV [ BEAR 2, DL 0000 2 52 1 B i
K AT MV BT

S TR MV PSRRI, SEES A MV P2 AR K, 430508 MV
MV« MVs. MVg Rl MVig. o™ M A-MMGZ) 5177 AL 340K 24 TR, 20 Ik, B mTH
fitt MV, 5 BT 58 B8 7K U E) 89% . RIMPKE MV, it MV, A RMV, T H 4 MV Fjo NMV
3.3RMV 5 NMV SIEFAE S 7] 5

% 14 HHEAN RMVAS NN A . 6 TR0 18], NMV RE4ER (78 4~23 min
JEE A, PR 9 min, 10 MV AT MV, A4 52359004 78 min A1 74 min, B RMV [ #F4:
IS IE) 2 NMVA 8 £ syt fE i shiid 1 h (19 MV 5 FTE MV 9T 20 HEN 12.5%, & T
TLHEM X [ SE T4 €5%; Tang et al, 2020) , Z5&RTCOMADL, AUGIREAL MV (#
M Z, T EK TR MV 1) & R s .

NMV & FFEME A 1.5 km, 1T MV R MV, 53508 2.3 km AT 4.8 km, Bl RMV
¥ ) FE bR I NMV R PRI . NMV R B0 eS8 () THIfEAR 7.4 mes™, #RikH]
AR EEE SR (Yuetal, 2012) , T MV A1 MV, BB OR HEEE S 7 il 17.8 mes™ Al
18.8 mes™, /AL T 2019 4F 8 7 16 HILPHRWILE (&%, 2023) , {Hifi 2017 4E 5
H 7 HIMZEWEFE (Zhang et al, 2022) , HiAF| A 2550 B S e e 38 (Yu et al,
2012) .

P2 MV A4 RS sh A7 E 22 5 . A 5a fio, RMV IR EEAR BT HRIIE 47K X
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AR TIOR, A TR R K R AR T BN, Beh PR RS i, 43Jilik 3] 55 km #1
60 km (& 1) . 1fifE 14 4~ NMV 1, FH 10 MR TR KX, 3 TE 2~12.3 km,
SFEIME 5.5 km, [FIRTHAE T REK BRI BE. R 1B R E ], HE MV B R
BNo Li b, T NMV, RMV BHEEKMA a8 BB amsmriei: e, &

H A 73T RMV GERFALAE] R JE AL

£1 BHAHRMV (MVy. MV 53EEFK (NMV) BIULIRAE
Table 1 The observational characteristics of RMV(MV; , MV,) and the average of no heavy precipitation

MV(NMV)
FHE NMV P MV, MV,
FREEIF A Cmin) 9.0 78 74
JEE (km) 1.5 23 48
BORHEREHEE (mes™) 7.4 17.8 1838
AR (km) 55 55 60
BNEE (mes™) 11.9 115 \425

3.4 FEFEK A RMV (RS 4038 AR R E
A iy SRR FEORTRER NMV S R AR S PR L 10RE A BT R

59, DRI B2 G R R A TP MEAL 45 dBz. 1ff RMV i T B A3 st e b, [A]
BB AR O s ETHiEE), SECOL B AT AR ITR R T  E L #) 48 dBz LA L, AR
F RMV FHE H BT S B K o

M 2 X B2 I 7 1A BEASIRMV e 6 3 52 RS2 I ()3 A8 (8] 7a~7d) AT BA
KIL, RMV BHIA R TR 1428m B, 2 2SR MV, B85 7542 BRI T 20
e, RMV B LURARHE: — e R iR g o, B LR b B, i
B P IAE 17 mes™ DU BN B ep i B b AR A e e AR e (Yuetal, 2012) , el ik
FEAL T REBEIIRE 1~27km: 2O “ 1 N B Dol B RIS, SRRk
F) 2.5 km F42 km, F1CA B TR IR SR K IHE MV [ JEEEAH 2 (Zhang etal, 2022; #
5, 2023) 5 [FdZ iR 2 HR R B TR U T (R AR, 2008 KRGS, 2020) o

£ RMV Jie#% s Be, 3 77 3 km LA EARAESR I (& 7e, 7f) . @HH] 40 dBz 1)
[e0] 304 P e i v B SRR AE SR (Zipser etal, 2006) , BREYEL, KT 40 dBz H Rl
RER] 9 km, X AR XA HA B TR (Liu and Zipser, 2015) , 9 km Ab3f45 5 &
N-20°C, B MV 2 B RE NAEE K AR T L AR B SR Z e 35 1 RMV TR
SR TR, B SEOL 7 IR R M SR MBEAORIT, (HR BT SIRBE S S HX
BeRE AR, FTLL RMV PRIE A MR K. BES, RMV eSS, FoAEm ETigs)
YRR FENRTS, ToVE s H BT BRI, BT RMV B2 (R KCRL 7 T i S, Rtk
MV |25 [B] A7 AR DR T R B 5, 30 RMV B B 2 R K 1 5 Al 7 B
RMV JF3SA G T, HAF AL e B s VESG I I R

11



=1

m-s m's
5 19 5 19
‘m'
17 * 17
4 4 'mn.
15 s, reretarsset®’ 15
g fades = . o
22 - 13 33 PRt R e 13
E gt + = * aad
el ‘ k) b’ e (rreestiete ‘
=P 5 Soarbrs serstt ST . 11 'GZ ahed R 11
==} | - = PO RPUOrrpeeee d + eetrets
i el SR ettt A 9 L LR AR S S X s o 9
1 St s e Tt FHbbgprat i R B st 7 1 e errpnese erioten 4T HIE IS0 - os sre ;
28:40 20:50 21:00 21:10 21:20 21:30 21:40 21:50 22:00 3 28:40 20:50  21:00  21:10 21:20 21:30 21:40 21:50 22:00 5
Time/BT Time/BT
(a) (b)
25 46 10 25 . .96 910
—— MVl i —— MV ]S minBE K BT 10 mm 3% —— MV i e MV IS ] S minBEACRE T 10 man 3850
18 X 18 ¥
20 =5 20 é
£ 14 gé T 14 E
2 o & £1° 2
g 154 B{ I 2 151 B Z
: S A
> \/1 12 = 2 B {2 = =
Z 104 L\r B > 10+ &
<42 £ = 42 =&
g8 E
w w
% SN 5 S P : : : i 1 X P
20:00 20:15 20:30 20:45 21:00 21:15 21:30 21:45 20:45 21:00 21:15 21:30 21:45 22:00
/BT e [f)/BT
() §:9)
Bz Bz,
16 65 16 65
14 o 14 &0
= | 8
b | » 12 »
4s 4s
_E 10 - a0 E 10 a0
| 35 = 35
5 gt .
20 20
4 15 4 15
5 10 5 10
|| ' [ — '
20:18 20:24 20:30 20:36 20:42 20:48 20:54 21:06 21:12 21:18 21:24 21:30 20:48 20:54 21:00 21:06 21:12 21:18 21:24 21:30 21:36 21:42 21:48 21:54
Time /BT Time /BT
(e) ("

(c, d) ERuRNiEHe

K7 20234 8 J1 4 HIGMRL 2 MLl ARMV [ (a, b) AN[A B e i i
B AR, / (e, £ EAHA R B RE A
(aye, e) MVy, (b, d, ) MV,
Fig.7 Time series of (@, b) rotation speed of two RMVs at different heights, (c, d) maximum rotational speed
and thickness ofitWo RMVs and heavy precipitation near two RMVs, (e, f) composite reflectivity over two RMVs

during the short-term rainstorm in Fushun on August 4, 2023.
(a,c,e) MVY, (b, d, f)y MV4

4 MV A AN ZEREN LA

4.1 MV [

B ARG RE HBLZ MV (1R ], HR4E ERAS B4 BRI 1 7 BA AT 0~1 km
KRR B2 F] 8~10 mes™, HRA TR BRI MV H24E 7RI o RS %440 (/b
AR, 20200 o Si4h, EOCRBFINARGLEEIAMEE), A MV AR TIZESL .

21:00, EEEALT LT X B (& 8a) , HIEAIFEA 19:00 (& 2b) A4
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FE RN TR, TR L 28°C, SE ST REIAMX, EaRTEBA T %
B X N o SZREKEE, 4R A LM ARBAEE AR, R TR 26°CLATF. LA 25°CHI
26°CEEIRANG, TLFA T X AR B TR —7 (AR 2 P9I B R B E W), faa 2R 2
S A4 19:00 B INOK , 3% R R R A 4 0 A S AR B A R S 22 . O F LIRS,

UGS EE Ay R RN GRS, 2022) , Hifaask L]
R B AR — M s, e R T BZ > MV (Dahl, 2015; Zeng and Wang, 2022) ,

ARYUGEFEBIESE A BAFA SR, 2 MV B RIILIX S, B#ET, 0 X S A AR
XKL MV (R4EFE
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(c)
e K a S OEL I A L
K8 2023 4F 8 f 4 Fw(a) 21:00 IR (FMELL, Fhi: Cs D . K (FiR, HfL: mest) AR
A GEE, BA: m) o A RMV KT MV EEh#E CEERZ) « (b)) MV, (©) MV,
Fig.8 (a) The surface temperature (red solid line, unit: °C), wind Carrow, unit: mss™®) and terrain height
(colored, unit: m) at 21:00 BT on August 4 2023; the movement paths of two RMVs and nearby MVs: (b) MV1,
(c) MV4

4.2 RMV [ insage
2 RMV [ 4EFRR ] T 58 . BERERE 588 ? > RMV T 20:15—20:45 HA I 7ETL FH
RS, IR IE R LB 2 A e BT B, 0~1 km MR R ZEIA 15 mest UL (K 3b)
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KTEESG MV 51 299 MESHIER 38K (> 75 mmeh™) KARFFME (4 mes™
(Nielsen and Schumacher, 2020) fl “5+7” %/ (Lietal, 2021) , #nH 3 ) =E BL XA )28
R TR G REK., SREZFEMRK MV (Weisman and Trapp, 2003; Wheatley and Trapp,
2008; Atkins and Laurent, 2009a; 2009b; Tangetal, 2020) . #H4h, FEER RMV K
B HBLBRFE K, 21:00 JLPH LT A 28°C, B34 TR K X 1) 26°C, [Kli RMV
AR B NMV AERIX S GRITGR K XD TSR e, Rt g ma s
T RMV BeE s, 41, 42amdRas aUmint, 2 B4 5 15 mes™ L LR
BRI, AERIXIREE E R AFR T B, DA R TAEPL P B iy SRR 9 B 5
I RMV. 4 |25 0~1 km KU ZE /N E] 15 mes™ LR, TEBHEA FZERK RMV .

F4h, BIA RMV B ahidfEd, 778 NMV 5 RMV 2L 8% . Wl 8b. 8¢ fiiw, It
A 3N NMV 5 MV, 5T, 240 NMV 5 MV, ST A X i BOM 2 B4R A A g e b
ATLVER (EE , X8 NMV £S5 RMV J5, &AS5 RMV &9, CATET7CIESLES MV
PEAR (K09 5 AT LS B R, AT RS MV 4R 2 g2 (Finley et al, 2001; Fi/h
s, 2008) o UL ARSI MV S RMV 1, TR RMV/BEGS 4ERRIN R K i
S FE DR B PG I SRR o
5 w5k

ARSCERXS 2023 42 8 H 4 H LM X AT AR, R R X U BOR 2 R R ak BORL0T T
ZA MV PR IR BRI S R, 1931 L) Raqit:

(D ARUEGSEHE, Pl X f77500/hPa = S k. 584 dagpm k4t #t, 850 hPa
AT VIR LTI, S AR S ) By il IR R R THEE S = B, AR T
Iy 2 W R A

(2) ARUFR FE B E K. BA MR ORAE M ZOR AR S8, X B

FIA MR Z AR ILZIAE 16 > MV, METEH I MV FR-EJE, 724 49 YGRFK, 5
B K3t i 5 MV HJBE B 7E 0.5~18 km YA, ~FIYEEE N 6.2 km, F1 MV IR 2.

(3) MV FM V77 A2 5 7K 1R R BT R Pk B 89%. IX > RMV ZEILFH T
XA, B ATy s A 3N B AR SR e 0 SRR AE . RMIV BB T i 1= A 58
EFIEF), WRARGRE R R, (HRIFEATERERMREK. 2 RMV e85, HhiE
A BERFE K, DRI RMV (07 2 R A o P (1 A 2 412 T ) i A /K ) D

(4) I AL E A 3% 0~6 km  ELX I, FEIHEX 0~1 km B XY AEF] 8~10 m
s, MMEIETEAERR AL, MRS ERASIRL NI AN, RELE MV. i RMV 4
J8F 0~1 km KB 2 Fik 15 mes™ R[5 B 5k 28°C I B, FIIFEAEZ A MV I
RMV (IS, X4 FIF RMV RRE2 R T K

ARSCHET XU BORR R R Tk SR H i E B 7T MV AR 2 AT T 0
Fio ML TR REHIX, ARIGHX X i Bob e Tk i g v BRI S, %X
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