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Causes of the Organizational Development for Short Convection in a

Warm Sector Convective Event
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Abstract: A warm sector severe convective event dominated by short-term heavy precipitation
occurred in southern Anhui early in the morning of 27 May, 2023. The train effect formed by a
number of north-south trend parallel meso-g scale short convections caused more than 100 mm
sudden local heavy precipitation in 2 hours. The humerical simulation of this event was carried out
by using WRF-EnKF, a rapid update assimilation system for service operation in Anhui
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Meteorological Observatory. The results show that the interaction between large-scale
environmental field and mesoscale convective system results in the increase of horizontal scale
and intensification of several short convections. In terms of dynamic action, after the occurrence
of convection, a meso-y scale cyclonic vortex formed between the short convection and the low
level jet core, causing the development of eastward convection. Meanwhile, the surface
convergence line formed between the outflow of thunderstorm and the environmental wind
triggers new convection in the south side of the short convection, making continuously
development linearly to the south for the short convection. In terms of environmental conditions,
multiple parallel low level jet cores provide favorable dynamic and thermal conditions for the
development of convection. Inverse secondary circulation in the middle and upper levels occurred
by the strong development of convection leads to the significant enhancement of atmospheric
instability on the south side and the development of convection leads to the strengthen of deep
vertical wind shear. The interaction between the convections causes the maintenance of the short
convection structure. Parallel convection forms parallel thunderstorm high pressure, and the
interaction between the outflow of adjacent thunderstorms leads to the formation of multiple
parallel positive and negative divergence pairs, thus bringing about multiple parallel zonal-vertical
circulations between adjacent convections in the vertical direction. This is conducive to the
maintenance and development of the structure of multiple short convections.

Key words: warm sector, short convection, low level jet, outflow of thunderstorm
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M X MM & i bl (PR AT R RE) S (1986) X Hemg i I I i B /K S H
FE A e ML T B 2 T O PO X B3 RS BT 2 g gL 0 e A7 AE , AN 208 2 R s 1k
e PRI X 3 B XA B SRR R RR R . KRS imia g5 . TR P RE
ZEREN, —HRAR RS ENE S ITER, BRERMILX, FIE I X 5 g
DR AR R (PVEIRSE, 20185 FKA4E, 2023; TRBEIASE, 2024). VFRMESE (2001)
LG ALES 11 RS R E) /1. #O 22 Fa bRt AT € B 4i it K, 850 hPa B4y
EIAF] 8—11 m = s VLG H LR A X AR A TRARAR AR & — o FAth 2% 8 AR AR 2 X I
DX 2 Y R A R R A R RUEARFHAE , X HCBEAT R 508, AR S IX R 7 bR HEARAE — e 22 5,
(B2 PG P S B AT Al A P f) — PR X B R 2R (fS2m %%, 2016; VEFSPESE, 2018;
=5, 2022). K2 2MEEHIZESEEE. S8, SRErRAi e 248 rREE5E, R
FasE REEACIT M4ERE, AF TR RYERS, A FEORFKAERE (FRERESE, 2019; £f
JEEE, 20205 BEEESE, 2022; k4%, 2023).

I DX 0P IAL AT W S P o ROBEXSRARFAE , U BLAIAR 2 2 0%, 32 380 AR SRt i k3l
o REEHLTE (B4 HAE, 2022) LA E 03] & 2 tim A A B 2507 T GRZE4E, 2019).
R 2Rt XM RS EA X, B EEAEESHORE, HSEMN N ItiEshdamk T —
AR BB IA P, I S R A LE A R T RN R G R e (K BB AT
3, 1985), LA SR I R KL WS Sl m) HUALRBIN AT R 30 0 080™ A IRk b R
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TR GAEART 2R TR AR A SN 58, I H B 2 151 25 A0S A e LB AR . (A
P, 19805 BXTAE, 2003; MREESE, 2013). BREAI SR K X H I S0 LR IR I SR
JI PR A RN TR HIT (R0 X6 I T 2 P X R R 5 ¥ — P L] CFEAS %%, 2018 (S
2, 2018; fHAETTEE, 2018; X RZE, 2023). tb4h, BEXAHRA ZMALER, HhL
AN B R AR Z M HES T B 51 G2 RN A2 e rp —Fh B B ZH AU 2, A R RO R S
R B 5IREE T B U RHE UM% (Bluestein et al, 1987; Doswell I1T et al, 1996;
Parker and Johnson, 2000; Moore et al, 2003; Zheng et al, 2013; Luo et al, 2014).

ZRFEELOLX Ay, PEIE R 2 A O XANE R X, 7K R 43t L A 4R
SRR DOSR IR X (BRIASE, 2016). 2023 455 H 27 Hug/R, A0 G p I 2s 2R R i
R BIRE R ZR R, 2RO L X R 3 BIVR VL R  [X R A T — IR DA 5 P 7Kk o R
AR R, 2 5 PATHEB R R T B8 25 280 S0 F R I I Jey s g 4K, 3 h SR BeaK
iKY 1564.7 mm, HA 1 h 40 min RUFE/KEAF] 123, 2 mmo A EZFE GRS T
R O 2 R AL SV R (K I RE I 2

1 BR 5k

SR R 1A TR 02 W00 23 A SO R SR (IR0 SR TR /K R /N B k), il B K g e 1]
FE 5 min BEED MM XM (. WAL, HRHNSEHIZ 5 nin 50RD. RARK
I P A TR BN TR TR RE (ERAS, 7K HEEE N 0.25 7X0.25 ) 2 Hrimshii
RAREMIRE 5. FIHZEE 78 SWBREZEHRTEL (B, HIR, GHE. 2K,
R B3 310D BoRhE T EAS %R SWAN(Severe Weather Automatic Nowcasting System)
RGHATH BN AL SRR R 98364 6 min, JKSFAMHERA 0.01 X0.01 ) 404
ST I R 1) TR A AR AE

KBRS G N A7 I8 TR 2% 5 |k 0 s 588 [F 46 R 48 WRE-EnKF ] e /C s oot it
KA FEIAT BUE BN . BBy WRFVA. 3. 3 JRA, R 2 JZHE, ¥R HN 9 kn
A3 km, #& S HIN 229X 217 A1 289X 289, FH J7IH 50 )=, T 50 hPa (& 1),
B AP FE K Thompson et al (2008) ZEUL T X, ZHEHEE T /KK =K.
W 0K BRI SR A AR IR R RS FRA YSU BT R e %
iEH Grell MRS HANTT % BRHAMRHCR 5 475 Je TR A IR & - R/R I8 AL R4t
(PSU-EnKF), R E 5HMMEE (2019; 2023) I E —F. o FEs FH R doe 2023
5 26 H 200 bxint, TRED MR TR, RAENS R IAR R R F ik R K
GPS 7KV T I 2 UL I AR 25 5 St B RHZ B 36 NG TR R (1 P38 34 1 AT 6
HEATARSY, LIS 9 5 A 26 H 20 BFE 27 H 02 i, TR B 27 H 03—19 B . 4
S BT IR XN IR S 22 2R D0 R AR R R A A8, R L PR R U] 23 %64 10 mine
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Fig.1 Domain setting of the WRF model
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. 26 H 20 B, Z@asiT 584 5 588 dagpm 2 [A] [V ELPG RS, A 5 B s,
850 hPa fI& = IR FAL T/ PG AL g s —WHE AR —7 (& 2a). 27 H 02 B, BE% 850
hPa 625 BRI R B ALHE, SUR TG ENE B M X, SR 18m . s, PGS
VLR AR PE AL 25 R 8 A AR YD AR ZR AR E , DAl m I 1 iz X A R AL 4k R R (1] 2b)s
BEET, 925 hPa ZBPERIMMA KT 14 me s @RS 2, Wil aa K
R ZUER A X, RS S BRI SR IR VR A T 1 [l i b i X ik (B 2000 k4, %2
PR A E M TR (R ARB O RTHE, DA ZR KA 2, HIAE R PR 2 v 222 B8P 8 4 245 (i A K XU v
TR A Fp R LTI A 2Rk RF, X AT e SRR B B R IR 6 (B 2d). Z5 b, ki
P — R M2 B 338 0 5 sk ii ROl R
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ZK i BT/ (105 m-2 + hPa-1 - 8-5)

e Ela. b g iAo R s B d PR LR A, R IE
Kl 22023 4E5 H (a) 26 H 20 i (b) 27 H 02 i 500 hPa ¥y (B, 850 hPa A (D,
(c) 27 H 02 1 925 hPa /KITHERE GHED. X7 (R, (b 27 H 04 WPl Uk G GSHE
28). HuIE 10 m K35 (KD
Fig.2 Geopotential height(black contour) at 500 hPa and wind(barb) at 850 hPa at 20:00 on 26 May, 2023(a) and
02:00 on 27 May(b).
Water vapor flux divergence(colored) and wind(barb) at 925 hPa at 02:00 on 27 May(c).
Sea level pressure(blue contour) and wind(barb) of 10 meters at 04:00 on 27 May(d)
2.2 LRMREREE
MSBLIEIR ) R i A R A 27 H 03 I, K0 L X BT R AL AT — 2 P AL 2R R aE 17

(RIHPIRIF AT XU R IR 2 > 2 BRI X8 I I XA (7] 2R R 7 T/ A% 20, i x
AL TEA S (18] 3a); 28R KGR A FEARFE LR T aZii 70 R EP 7, HT#E8 04
I JE LRV VL A T X R R AR 1 (B 3d), JE RS 2 ik W2 B M5 & 9F T 04:18 7E
HERHR R XL 2 (& 3e), WIZRRX 0+ 04:42 (& 3f) A1 05 B (K 3g) RiJe
RIEF|ER, HoLyRfER 50 dBz, KEEFE 30 km A4 MJE, FXHRAERBEREREPA
Wrg s, 06 AT S LR HZBETE K (B 37), FXIR 1 RLYERF 2 h, FXNR 2 KA4ERF
1 h 40 mino
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Fig.3 Observational composite reflectivity(colored) at 03:00(a), 03:18(b), 03:42(c), 04:00(d), 04:18(e), 04:42(f),
05:00(g), 05:18(h), 05:42(i), 06:00(j) on 27 May, 2023
2.3 SEHLREIK
27 H 03—06 I, sSihtsmbE KA T IO X R =L X, Ridb-AReEE

A RS>, A 24 100 mm BA BB FEK ALy, B KBEZK AR O B FE B R 2R ARk 154, 7 mm (&
4a). 27 H 04—05 I XSGR sty B[R]0 Bk e it B, SEHEL 3 A
SN, RN K EIER 64. 5 mm (B 4b). Bh4h, M 03—06 K ZF4E355K 5 min FE/K
(i A (B 4c) ATEAEH: 5 min i 5 mm (FE/KEEHTE 27 H 03 Bf—04 B 40 47,
Rt FKEIAF] 123. 2 mne 5 min FE/KEXELEN, 55— RIEE HILE 03:30 HifE, X%
10. 8 mm, 5EFFZKFE L H 2 PAR K A BRI UG R, I 22 B XU A FHT 0 IR AR 4 it
HI M JE (B 3b~3c); T IRIEEIAE 04:30 A5, 1A% 9. 7 mm, EFFE/KFEEHEXR
2 g (B 3e~3f); 04:40 ZJa, BEEPIFANRKIARRE, Lol mFEKIZHRES. hit
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Fig.4 Observational cumulative precipitation (colored) from 03:00 to 06:00(a) and 04:00 to 05:00(b) on 27 May,
2023.

Time series of 5-minute precipitation at Niuji station from 03:00 to 06:00 on 27 May, 2023(c)
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27 H 03—06 B, WRF-EnKF A1) 50 mm LA_F B KA XS A 8L, (5 R 7E 7] 5 Sl
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Fig.5 Simulated cumulative precipitation (colored) from 03:00 to 06:00(a) and 04:00 to 05:00(b) on 27 May, 2023.
Specific humidity(colored) and wind(barb) at 850 hPa of reanalysis(c) and simulation(d) at 05:00 on 27 May, 2023
3.1.2 FHE R AHIEA L

A I AR 5 e B AR — 3. 27 H 03 B, KA X 2 VLR AR A H PE b -2 g
FE AR I, AR B BRI E 2 A2 R (B 6a); KL IX P AL g 4>
Z BRI AL B EEARB MR AL SRR, For A RIS 04 B A J& B XS 1 (& 6D,
JEHRE B RIS AT 04: 20 TERUEATIR 21 6e), P SR AL 18] (14 PH B A0 S L B Ji /)N
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Fig.6 Max reflectivity(colored) simulated by WRF-EnKF at 03:00(a), 03:20(b), 03:40(c), 04:00(d), 04:20(e),
04:40(f), 05:00(g), 05:20(h), 05:40(i), 06:00(j) on 27 May, 2023
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Fig.7 Reflectivity(red contour), wind speed(colored), wind(barb) (a, ¢, €) and reflectivity(red contour),

0. (colored), wind(barb) (b, d, f) simulated by WRF-EnKF at 850 hPa at 03:00(a, b), 04:00(c, d), 05:00(e, f) on 27
May, 2023.

Vertical distribution of horizontal wind field inverted by Chizhou wind profile radar from 20:00 on 26 May to
08:00 on 27 May(g)
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