REBEFI®R 200547 H4a48% 64

15

14fal -’ By ~ wa~ I L e B > pow 23 B ST R - \]
13:—.—‘\\\,-/,—‘\\.- MR W I RIS 3 e P s s e ra N M
|2 [ E——— -.? N . N
1] — D o A T SN A S R e N .
10 Pl e I LT = ol i ///'«.-‘/ Vs wrona [ 2N P e aseaa]
£ OharailliiE S > * £ > - Lrsssesterf o))~ R ERN VY PRIV EEY P ]
< gETT = o SO - e L » 2omonsesl /\:.—./—-// __.,-/_._///.\,;,-77 ]
b A T L~ = o » # » 4008 -»-/ keeetmrr f S S NN p e /,',-4,..
%JI@ GF = =~ — - ~EEEEEEES s - -l// s\ :r"'-——r'—-\ll\\'~-'/!/// /’-—-—-
L T - ..~.\+-~.~./// NN S N /,,‘-
4 = = = & =+ N > PR hoe = = .~ ~"// v-\—".\.\\\\\\,-*// PN
b =+ » - ~ - T L T S b e N\ - \—-// B N NN2NNr e //;-~-
2 T \ N - . - e s sNNwss=V et R A . NV
(])M... '..\..I...,;.:.,.,. m...l ....... }, ...... o
122.15°E  122.22°E  122.28°E  122.35°E122.14°E  122.23°E  122.32°E 121.87°E 121.98°E 122.08°E 122.18°E 10
32.85°N  32.80°N  32.75°N  32.70°N 32.46°N 32.37°N 32.28°N 32.14°N  32.03°N  31.92°N  31.82°N
Bt AR Entai: 8
15
14|bl b2 b3 6
13
12 4
11
10 2
g 9
8
7 0
IE 6
5 -2
4
3 -4
2
1
0 -6
120.70°E 120.77°E 120.84°E 120.91°E 120.99°E 121.08°E 121.16°E 121.25°E 121.45°E 121.53°E 121.62°E 121.70°E -8
32.90°N 32.81°N 32.72°N 32.62°N 32.60°N 32.52°N 32.44°N 32.35°N 32.35°N 32.26°N 32.18°N 32.10°N
2 b 2o o
15
14|cl c2 c3
13
12
11
10
£ 9
=< 8
=7
e 6
5
4
3
2
1
0
120.40°E  12047°E  120.53°E 120.88°E 120.96°E 121.04°E 121.12°E 121.40°E 121.46°E 121.52°E 121.58°E
32.95°N  32.86°N 32.78°N 32.60°N 32.53°N 3245°N 32.38°N 32.40°N 32.32°N 32.23°N  32.14°N
LI Etail s (el s -

30 m/s

E 12 2021 4F 4 H 30 H 12 B} %1)bl) c1&) 12 B 30 43%2) b2) c2&) 13 B} Y%a3) b3) c3&H 4Ll Al Tt 3 1l J& V8H 52" BN ! C &A1 X3
O AN m- s TR BRI 10 (5 &R B Yal, a3&MG JrZE %bl, b3&Lin X' Y%el, c3&WSM6 &
Fig.12 Vertical profiles of perturbation temperature ¥%haded" units! ‘C & and wind field %rrows" units! m- s™'' vertical velocity

amplified by a factor of 10& at %@1"b1"c1&1200 UTC" %@2"b2"c2&1230 UTC"and %@3"b3"c3&1300 UTC on April 30"

2021"for %al, a3& MG scheme" %b1,

2N UUANTE I sE T UCRHI( 12 B 30 53 i AR
B B &l 1202&" fRJZ (19 ¥ b K AF X A9 1 i K 25
B A7 A A B G I A A 5 A ¥ e R B TR
ULV Tt e LA 3 T A XU g b S ] TR
TATERE" BEI P 2 A7 AL 5 0 MR B A" I e il
L IR 2] T8 T LA " I R A A 5 A 7 X (
13 1F #E AT BB B %451 1203 &" ¥ 3t 11 [ A1 56 12 A%
AN IR L H B I 0 9 ) 8 0 R rp L B 3
JEARZ S C R EL T RSl AR R UL R

700

b3& Lin scheme"and %1,

c3& WSM6 scheme

DX 1 5 B A P i T 2 (

XFF MG J5 %" 12 i & 12a1&H1 2 1 IE 4L 3 i
TR /N AR AR B B G (12 B 30 4318 )2 B B
R (E TR 6 T 13 BF Z 48 /i M i) I 2 B0 IE (19 4
Bl (S P MG J7 SN0 ¥4 it R
INF A A 5 S X 0T e R A WS T A5 21
T Y 5 A X O X R 5 B 5 DA i T R
AC 1 A /B A 8 it 174 5 R TR T B S B E v
PR EE 121k ( WSM6 5 Z2 45 3 A B B AR A% 41



ZEEWT A ¢ 8 — YO AR R i A R R AR UL 32 W 23

T AR A v It LA 5 (] 95 O ) RO AT R Ve
T H I, TG [0 30 B A T A o — 2 A i

Lok, Lin J7 B 00 3 BA45 0 A A T
Xt LAY A 5 A A e Rk Y S DL A A
HEoW R, ESHRIN AEREHE, LR
TE SR AR X AR )2 A7 1R 3R R 13 X, b Tz 3l 5 2O fF
A K R, AR T I s8 X R AR E L FRAFAEK
TRBES R 1 T UUHE BUAR T, 380 e O R K A
TE AT Be AR 2 AP AE TR IRV 1 0, Jim M A7 AE b2
1 BRI SN 5 )| B30 VTS i 11 R B AN
e BRSNS TR T3z 2l i 45 T XU A R X ] 5%
AR 13 I AR T Y B, AU 5, O 7 AT
2 22 TR T T I X U AR

5 iRt

2021 4F 4 J 30 HILJp Ml R4 T — Ok
B B9 58 1 R R Ao e o AR 30 552 B 9L A 2
Pkl 2w T HINA T R RSSO
TE A PF AN G5 (8] 9 RRAE 5 2R )5 A WREVAL 1 %L
(EAE O A B HEAT 3 Bl B S8R 1 70 B R
BEBEALL, X B0 A aod 7 o R 2R 19 K - S5 4 T T4
Ha, BRI R X B S8 ) JEE D, 4835 1 AN [
SR T RBAROCR 3R LT 458

1) YR Mt 7 52 31 o 25 TR R AR B v& T 1
VA 5 K R I AU F #) 3 [ 1 T, 28 RA A 5 0 R 5 46
BANT Dy <00 e W T 2 RO 9 = 1T 2 4
P45 v e 5 S R S R A A AR g b X Ak
FTARERBOREX, PR FFAEATRE R RM,
AT EJR T NIRRT E 2 4 5 )2 B AR
JEFE/N AFAE—E WA RATERMES A
Th ARG RE J2 5 R A D 78 2% R KU 7™ A i fit
TAHME IR

2) BB i B 1 5 3K R T 5 5 R XUAE
12— 13 W21 1 % s TR B 3 B B 12 1
9 18 3 DX O A7 22 A 5 [ 30 B A 2 R 4 7 % [
e, % 115 1) A% Bl A T [ A I Sl AR PG AE 1]
(495 13, F 12 1F 30 73 B ARl , 5[] 35
FAAESV” RUER T, 0 I 32 3 0 By 2 A i 0 I R

2 % L ik ( References)

13 W 5 I [l 43, 5 S IR oy Ak S2 85 8 .

3) X LA [7] (0 B 05 58 B AU 25 ARk B, MG
T ZE N AR St A KU IR 3 B 57 R Y A R 0 R0 SR 5 e
0L 14 5% A i T B KUl 44,47 mo- 7', Lin 7 A
WSM6 J7 %8 1% 45 155 01 HY 71 95 b X B4 K3 TR K KL
Lin J5 G X2 A9 1) 18 48 5 78 DA K T B 45 #4500 %
SR A B s BT K 23.55 m - s R
PURWIE-13.21 m - 7', MG J5 E X 2 1k m
FEPIAETE — E WIS 1, WSM6 J7 2 % A5 B2 481 4 B
7 LA ]

4) NI K V- 250 5k B, K P b R 26 [ 3 47
(E 7 2 i, 10N A7 A6 JE FT AR IR, 5 I A7 76 B 3 1%
JE B AT R R T R 2 I R 2 b T R R R B
b THT A7 TE SR V2 L, R = R A TR PR RV A R I
A A BE 5 AR HE R W 3l IR VA A e B G ) A A
N AN T V7 P S P 3 o

5) DB Ze i 1 B 45 49 ok B, 0 I AR b s K2
A RERE, TS SR B KRS B
TR KR R T B AR R G 6 2 RS il & i
KRG e 5 T 2 1 T B A e R R bt i, )2
FEAET 2B A NS T UURTR , 2 R T 2500 v i
KRKA

ZE L RT IR AR SO VL5 el — K R 2R R R
PEAT T BB, A5 20 0 R KR L 5 A A 4508
FHE , 17— 258 B AS 6] 2 8004k O %6 R XU 72
BRI ADL A S 1T A A S % 12 28 KA A B B AU F 5
RS . WS BT %8 i T35 T $odk B Bk
ENNDN Y R S NI T 52 ) = a2 | K
X, Lin J5 %8 /2 WRF 152 85 00 52 2% F ki 24 1 B
S AR R A, Lin 7 &5 WSM6 #i
ST B R AR R BB, 1 AE $A B g 45+ T
J7 1 Lin J5 €8 R 3% . ARSI RAE F— IR K
A F R AR KK S 12, 0 55 45 3] 1 S B0 ek
T LR 2 AR 56 0E 5 J5 SR 5 o — 2 B
SR [ 455 3K 7K O 0 B 40 5 0 B RVAe sl R
o AR P RS UL 1 S i 5 ) B e (E A5 X BT
weRE, A R A R SRR AT

Bluestein H B,Jain M H, 1985.Formation of mesoscale lines of pirecipitation: severe squall lines in Oklahoma during the spring[J].J Atmos Sci,42
(16) :1711-1732.DOI:10. 1175/1520-0469 ( 1985) 042<1711 ;: fomlop>2. 0.co;2.

Bryan G H,Morrison H,2012.Sensitivity of a simulated squall line to horizontal resolution and parameterization of microphysics[ J].Mon Wea Rev,

140(1) :202-225.DOI;10. 1175/mwr-d-11-00046. 1.

BRI, 2RI, 220022, 1988 AL L M LR R 40 () 254 5 WU RFAE [ I ] KSR, 12(2) :191-199,226.  Cai Z Y,Li H Z,Li H A, 1988. Structure
and evolution characteristics of squall line system in North China[ J].Chin J Atmos Sci, 12 (2): 191-199, 226. DOI. 10. 3878/j. issn. 1006-

9895.1988. 02. 11.(in Chinese) .

701



REBEFIL 2025077 H48% HaW

Chen S H,Sun W Y,2002.A one-dimensional time dependent cloud model[ J].J Meteor Soc Japan,80( 1) :99-118.DOI;10. 2151/jms;j.80. 99.

Chen Z Y, Zhao P G,Xiao H,et al.,2025.Effect of cloud microphysical processes on surface wind of a squall line in South China[ J].Atmos Res,315:
107828.DOI:10. 1016/j.atmosres.2024. 107828.

T, 2N, 2544 ST, 5, 1982 30 B £k & A= A F IS [T ) KRB 4,6(1) . 18-27. Ding Y H,Li H Z,Zhang M L, et al.,1982.A study on
the genesis conditions of squall-line in China[J].Chin J Atmos Sci,6(1) :18-27.DOI.10. 3878/j.issn.1006-9895. 1982. 01. 03.(in Chinese).
Gallus W A, Snook N A, Johnson E V,2008.Spring and summer severe weather reports over the midwest as a function of convective mode : a prelimina-

ry study[J].Wea Forecasting,23(1) :101.DOI;10. 1175/2007W AF2006120. 1.

WL, AT/, £ L2023 0 FRBEKVE BRI B R R 2 B R R AR IE[ V] .04 ,49(7) :790-804.  Gao F,Yu X D, Wang X M,2023.
Doppler radar characteristics of wide-range damaging thunderstorm gales in Shandong Province[ J].Meteor Mon,49(7) :790-804.DOI. 10. 7519/j.
issn.1000-0526. 2023. 032801. (in Chinese) .

T PNER, SO AR, SF 2022 M0 2k 45 1 5R B IR Z F R R BRI XD B U B ST [T ] ORI E AR, 45(6) 1 938-947. Gao Y Q,
Sun L,Ma X L,et al.,2022.The sensitivity of the structure and strength of squall line to low-level humidity and environmental vertical wind shear
[J].Trans Atmos Sci,45(6) :938-947.DOI; 10. 13878/j.cnki.dgkxxb.20191014001. (in Chinese) .

Hart R E,Grumm R H,2001.Using normalized climatological anomalies to rank synoptic-scale events objectively[ J].Mon Wea Rev,129(9) ;2426.
DOI:10. 1175/1520-0493 (2001 ) 1292426 : UNCATR>2. 0.CO ;2.

Hong S Y,Lim K S,Lee Y H,et al.,2010.Evaluation of the WRF double-moment 6-class microphysics scheme for precipitating convection[ J].Adv
Meteor,2010( 1) :707253.DOI.10. 1155/2010/707253.

Hong S Y,Lim J,2022.The WRF single-moment 6-class microphysics scheme (WSM6) [ J].Asia-Pac J Atmos Sci,42(2) ;:129-151.

Johnson R H,Hamilton P J,1988.The relationship of surface pressure features to the precipitation and airflow structure of an intense midlatitude squall
line[ J].Mon Wea Rev,116(7) ;:1444-1473.DOI.10. 1175/1520-0493 (1988 ) 116< 1444 . trospf>2. 0.c0;2.

A, PRI, 2 3,45, 20133 — AU R AUH B RCE MR AU RE 1 0B B ARk R R [T].0%,39(3) :265-280. Li B,Gu Q T,Li R Y,etal.,
2013.Analyses on disastrous weather monitoring capability of CINRAD and future development[ J].Meteor Mon,39(3) :265-280.DOI: 10. 7519/j.
issn.1000-0526. 2013. 3. 001. (in Chinese) .

ZERR UL, SR, 45,2023 RUBE X IR SR TR X 2 28 KA B L s w43 BT [T ] <5 B4 ,43(4) :485-494. Li S, Huang J P, Shi
X K,et al.,2023.Impacts of different model tops on the simulation of wind for the upper-level with satellite data assimilation[ J].J Meteor Sci,43
(4) :485-494.DOI;10. 12306/2021jms.0062. (in Chinese) .

M e XA , BB B, 55,2018, PY — YRS T Y M DX Rk Ay P RUBE A0 [ 0] R W5 S5 0,39 (1) :38-45,155. Lin Q L,Deng Y Q, Chen
M L,et al.,2018.A mesoscale analysis on a warm-sector squall line in front of the trough occurred in Guangxi[ J].J Meteor Res Appl,39(1) :38-
45,155.(in Chinese) .

Liu L,Ran L K,Sun X G,2015.Analysis of the structure and propagation of a simulated squall line on 14 June 2009[ J].Adv Atmos Sci,32(8) :1049-
1062.DOI: 10. 1007/500376-014-4100-9.

X T e, 502 R, 20129 T RXUR AR AL 3 45 8 2 285 4 R A 19 > 91 23 T SR 58 [T ] KB4 ,36(6) 1 1150-1164.  Liu X E,Guo X L,2012.A-
nalysis and numerical simulation research on severe surface wind formation mechanism and structural characteristics of a squall line case[ J].Chin J
Atmos Sci,36(6) :1150-1164.DOI; 10. 3878/j.issn.1006-9895. 2012. 11212.(in Chinese) .

BV, A3, XV 45,2023 WRF B i LRNAS [7 0 31 2 B0 0 RAERB L — R e R B py 22 R 40 A [T ] BB 5 Q080 (10) :26-29. La L,
Yang H L,Liu Y,et al.,2023.Difference analysis of several different microphysical parameterization schemes in WRF model in simulating a squall
line[ J].Sci Technol Innov( 10) :26-29.DOI; 10. 15913/j.cnki.kjycx.2023. 10. 008. (in Chinese) .

MK, B P &, 4, 2018 WRE B3R 6l 5 2 B ik U 58 Y 3% 19 B4I BB 0 A 96 e 4R ik 4 [ ] R AR 242441, 41(6) :731-742. Mei Q,Zhi X F,
Wang J,2018. Verification and consensus experiments of rainstorm forecasting using different cloud parameterization schemes in WRF model[ J].
Trans Atmos Sci,41(6) :731-742.DOI. 10. 13878/j.cnki.dgkxxb.20180306002. ( in Chinese) .

Meng Z Y,Yan D C,Zhang Y J,2013.General features of squall lines in East China[ J].Mon Wea Rev,141(5) :1629-1647.DOI;10. 1175/MWR-D-
12-00208. 1.

Morrison H, Gettelman A, 2008. A new two-moment bulk stratiform cloud microphysics scheme in the community atmosphere model, version 3
(CAM3) .part I:description and numerical tests[ J].J Climate,21(15) :3642-3659.DOI:10. 1175/2008;jcli2105. 1.

Morrison H, Thompson G, Tatarskii V,2009.Impact of cloud microphysics on the development of trailing stratiform precipitation in a simulated squall
line ; comparison of one- and two-moment schemes[ J].Mon Wea Rev,137(3) :991-1007.DOI; 10. 1175/2008 mwr2556. 1.

AR, 192 5, 2007 WRE S 2 (000 07 56 0 9 e K B 1 3500 [0 RHAE 455 8 CRR2 #0BF) (23):17-20. Niu J L, Yan Z H,2007. Impacts of
microphysical schemes in WRF model on heavy rainfall prediction[J].Sci Technol Inf ( Sci Educ Res) (23) :17-20.DOI; 10. 3969/j.issn.1001-
9960. 2007. 23. 011.(in Chinese) .

Pz 4t 7 FU L, TR HT 55 L 55, 2019 AN R AU 31 07 ZE %0 & R R T (2015) B /K sEma ) BE AR B9 [T ] RSB ,43 (1) :202-220.  Pang Q Y, Ping F,
Shen X Y,et al.,2019.A comparative study of effects of different microphysics schemes on precipitation simulation for Typhoon Mujigae(2015)
[J].Chin J Atmos Sci,43( 1) :202-220.(in Chinese).

Rotunno R,Klemp J B, Weisman M L,1988.A theory for strong, long-lived squall lines[ J].J Atmos Sci,45(3) :463-485.DOI:10. 1175/1520-0469
(1988)0450463 ; ATFSLL>2. 0.CO;2.

Schmidt J M, Cotton W R,1989.A high plains squall line associated with severe surface winds[J].J Atmos Sci,46(3) :281-302.DOI:10. 1175/1520-
0469(1989)046<0281 ;ahpsla>2. 0.co;2.

FFE 1981 M RS AT E S5 E [ T] . s S B9 ,4(1) :1-7.  Shou S W,1981.Some characteristic features of stratification prior
to severe convective storms[ J].J Nanjing Inst Meteor,4( 1) ;1-7.DOI; 10. 13878/j.cnki.dqkxxb.1981. 01. 001.(in Chinese).

FFLRC, i B, AR, 45,2009 . RBERS B A M ALt m & HH B AL . 157-158. Shou S W,Li S S,Shou Y X, et al.,2009.Mesoscale
atmospheric dynamics[ M ].Beijing : Higher Education Press:157-158.(in Chinese) .

VAR R, X SR, 2014 7K Y50 B i 0 I 2k 2H 2 295 0 0588 BE 52 o (9 B 136 [ 7). KRR 22,38 (4) 0 742-755. Sun J H, Zheng L L, Zhao S
X,2014.Impact of moisture on the organizational mode and intensity of squall lines determined through numerical experiments[ J].Chin J Atmos

702



ZEEWT A ¢ 8 — YO AR R i A R R AR UL 32 W 23

Sci,38(4) :742-755.(in Chinese) .

Sun Y T,Zhou Z M,Gao Q J,et al.,2023.Evaluating simulated microphysics of stratiform and convective precipitation in a squall line event using po-
larimetric radar observations[ J ] .Remote Sens,15(6) :1507.DOI:10. 3390/1s15061507.

EWH XU, F A5 AE, 45,2024 WRF 582X [R) 3 B 7 58 00 9 1 1o J R 2 — UK K G R AL 28 5 I 00 20 R [ 0] U b2, 44 (4) 1 766-774.
Wang L X,Liu N,Wang Q H,et al.,2024.A preliminary study on the simulation differences of a summer precipitation process by different micro-
physics schemes of WRF model in Qinghai Plateau[ J].J Meteor Sci,44(4) :766-774.(in Chinese).

B, VL, W, 55, 2022 K [ 10 BE 2 B0k 7 58 00 3 [ 3b 07 — ORI 48 5 Rl A Y BUE RS F 52 [ 0] R AR, 46 (3) :599-620.
Wang S C,Ping F,Meng X F,et al.,2022.Numerical simulation of a large-scale snowstorm process in northern China using different cloud micro-
physical parameterization schemes[J].Chin J Atmos Sci,46(3) :599-620.(in Chinese) .

FICE R R, SF, 2018 PSS H & B B J5 5808 B 2 0 W /K AR B RLRE 0 mo ke B IS8 [ 0] KRR 22 4k, 41(6) :721-730. Wang
W J,Zhu B,Yang S Y,et al.,2018.Comparison and analysis of strong precipitation simulation capability of Morrison and Milbrandt-Yau two-mo-
ment cloud micro-physical schemes[ J].Trans Atmos Sci,41(6) ;721-730.DOI;10. 13878/j.cnki.dqkxxb.20171112005. (in Chinese) .

Wu D,Ma L,Hu T T,et al.,2023.Impacts of microphysical parameterizations on banded convective system in convection-permitting simulation:a case
study[ J].Front Earth Sci,11:1149518.DOI;10. 3389/feart.2023. 1149518.

SUMFTE, FNARAR | R F B, 55,2023 — YR X I 2o i AN [ 28 R KR S 00 A X R R R AT [T ] AR R, 81(2) :205-217. Wu H Y,
Sun J S,Mu R Q,et al.,2023.Analysis of extreme convective gusts caused by two types of weather storms during a strong convection event[ J].
Acta Meteor Sinica,81(2) :205-217.DOI;10. 11676/qxxb2023. 20220050. (in Chinese) .

T BERE, SEHE S, B WIS, 45, 2013 7T 5 4 X P R SRR AR K A R I AR AE A3 AT [ 0] R R4 40,36 (1) :47-59. Yu G K,Wu H Y, Zeng M J, et
al.,2013.Characteristic analysis of two severe squall line processes in Jiangsu area[ J].Trans Atmos Sci, 36 (1) :47-59.DOI: 10. 13878/j. cnki.
dqkxxb.2013. 01. 006.(in Chinese) .

AT/ SR /NN, E 75 ], 2012 75 5% 5 8 0 G I O R A TR B R SR [ T] A4 2 4, 70(3) :311-337. Yu X D, Zhou X G,Wang X M,2012.Ad-
vances in nowcasting techniques for thunderstorms and severe convection [ J]. Acta Meteor Sinica, 70 ( 3): 311-337. DOI; 10. 11i676/
qxxb2012. 030.(in Chinese) .

Zhang D L,Gao K,Parsons D B, 1989.Numerical simulation of an intense squall line during 10—11 June 1985 PRE-STORM.Part [ :model verifica-
tion[ J].Mon Wea Rev,117(5) :960-994.DOI:10. 1175/1520-0493 ( 1989) 117<0960 : nsoais>2. 0.co;2.

BRI ZE, TR, FRHRSN Iy - PR ) 5e A, 45,2020, — MG LR N MV's LS 1] A 30 % 187 K KU S8 M i BRI 5 [ ] AR 2 41, 43 (4)
640-651. Zhao X J,Ding Z Y, Abduweli Ablikim,et al.,2020.A simulation study on the influence of MVs and rear inflow in a squall line on the
formation of strong wind near ground[ J].Trans Atmos Sci,43(4) :640-651.DOI; 10. 13878/j.cnki.dqkxxb.20170704002. (in Chinese) .

G A, BRI, 5 2 I, 45,2006 5 T8 R RE it 4 R 1 90T Ja0 R KR I LR AR AR 4 BT (] R A4 ,25(4) 2 716-722. Zhou H F,Qiu M
Y,Zhang A M, et al.,2006.Analysis on short-time forecast of severe convection weather based on stability and energy indexes[ J ] .Plateau Meteor,
25(4) :716-722.(in Chinese).

JE G, AL, 5145, 48, 2021 — YR MG T 8 B8 T 3 R AR 0004 = Bt 3 S B U R T [ ] R URH,45(6) :1292-1312. Zhou Z M, Cui
C G,Hu Y,et al.,2021.Sensitivity of microphysical parameterization on the numerical simulation of a Meiyu front heavy rainfall process[ J].Chin
J Atmos Sci,45(6) :1292-1312.(in Chinese) .

RULAR MR E, 40, %, 2007 KA FETREAN 7 7 [ M ].4 M JE 5t . A4 M4t : 401-412. Zhu Q G,Lin J R, Shou S W et al.,2007.Synoptic
principles and methods[ M ].4th ed.Beijing : China Meteorological Press:401-412.(in Chinese) .

- ARTICLE -
Numerical simulation and diagnostic analysis of a squall line wind event in
Nantong , China
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Abstract Squall lines are a common form of severe convective weather, characterized by their abrupt onset,
short duration, and localized spatial extent.Due to the limitations of conventional observational networks in captu-
ring their detailed structural and dynamic characteristics, high-resolution numerical simulations are essential for in-
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depth analysis.In mesoscale modeling , microphysics parameterization schemes exert a significant influence on the
vertical distribution of temperature and humidity , making them a key factor in accurately reproducing extreme
weather events. Therefore, evaluating the performance and mechanisms of different microphysics schemes under
specific convective scenarios is critical for improving forecasting and early warning capabilities. Located in the
East Asian monsoon region,Jiangsu Province frequently experiences severe convective weather in spring.On April
30,2021 ,a squall line associated with a severe convective event impacted Nantong, Jiangsu, producing extreme
surface winds,including a gust of 47.9 m - s~'( Beaufort scale 15) in Tongzhou Bay.This study investigates the
event using observational and reanalysis data,along with numerical simulations conducted with the Weather Re-
search and Forecasting ( WRF) model employing three microphysics schemes:Lin, Morrison-Gettelman ( MG) ,
and WSM6.The analysis focuses on the synoptic environment, structural characteristics,and physical mechanisms
associated with the extreme winds and provides a comparative evaluation of the simulation performance.The re-
sults indicate the following:1) The squall line developed under the influence of a deep upper-level cold vortex
and a strong surface warm-moist low-pressure system,with instability and energy accumulation evident aloft. The
system followed a broken-areal development pattern,evolving through initiation , maturity , and dissipation between
1200 and 1300 UTC.Radar observations revealed a bow echo and a V-notch signature.2) The Lin scheme most
accurately simulated the life cycle and vertical structure of the squall line, with maximum updrafts of 23.55
m - s~ and downdrafts of —13.21 m + s~'.The MG scheme showed a temporal lag in simulating convective cell
evolution, while the WSM6 scheme failed to reproduce a distinct squall-line echo.However,the MG scheme per-
formed best in capturing the intensity and spatial distribution of extreme surface winds, successfully reproducing a
maximum gust of 44. 47 m - s”' consistent with observations.The Lin and WSM6 schemes showed comparable o-
verall performance,with the Lin scheme providing a more realistic thermodynamic structures.3) At the surface,a
mesoscale system comprising a rear-wake low , thunderstorm high,and pre-squall mesolow was identified near the
squall line.These features,along with cold pool outflows, strong pressure gradients, and cold frontal passage, col-
lectively contributed to the formation of damaging surface gusts.4) Vertically,the convective system was charac-
terized by upper-level divergence,low-level convergence,a mid-level warm layer,and a cold lower layer.Intense
updrafts and latent heat release ahead of the squall line,in conjunction with strong vertical wind shear, created a
favorable environment for the development of severe surface winds.

This study provides insights into the dynamic and thermodynamic processes driving squall-line-induced dam-
aging winds and assesses the capability of different microphysics schemes in simulating such events.The findings
contribute to the advancement of numerical modeling of convective systems and offer reference values for future
research.However,as the conclusions are based on a single case study, further validation using multiple events is
required.Future work will examine the effects of model horizontal and vertical resolution on the simulation of gust
front dynamics and associated thermodynamic processes.

Keywords thunderstorm winds;squall line; numerical simulation; microphysics parameterization schemes; me-
soscale dynamics
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