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Abstract: Based on the X-band phased array radar data, this work studied the impact mechanisms of the fine
characteristic on merger-formation bow echo and thunderstorm gusts which occurred under the background of
Northeast China Cold Vortex. The results show that: the thunderstorm gusts area in Liaoning province was located
in the southeast quadrant of the Northeast China Cold Vortex, and was influenced by low-level shear lines and
low-level jet streams. The beneficial environment conditions such as extreme temperature differences between
850hPa and 500hPa were conducive to the occurrence of thunderstorm gust. The relative humidity near the ground
at night was close to 70%, which was not conducive to the formation of strong cold pools. Therefore, there was no
bow-shaped pattern in squall lines and the thunderstorm gusts were very scattered at this time. Subsequently, the
squall line merged with the isolation storm. The shallow MVs generated at the merging height, and the rear-inflow
jet (R1J) had weakened. The micro downburst near MV created a strong cold pool near the ground. Under the joint
stretching effect of the rising airflow at the edge of the cold pool and the original rising airflow of the storm, the
MV was stretched and strengthened. Subsequently, the ZDR column formed over the MV, indicating the presence
of strong updrafts and prolonging the duration of thunderstorms and strong winds in this area. Although the storm
at the MV showed a bow-shaped pattern during this period, there were no thunderstorm gusts below the MV. When
the ration of MV weaken, there was a rapid decrease in the scale and concentration of precipitation particles within
the storm. The evaporation of precipitation led to the formation of stronger and larger cold pools on the ground,
and the development of RIJ below the MV. Although the MV with a bottom height higher than 2 km in this process
could not cause strong winds directly, the thermodynamic and microphysical processes of the storm were affected
by MV, leading to the concentration of thunderstorm winds in the strong cold pool and R1J below the MV. The
thunderstorm gusts were not caused by the strengthening of MV development, but rather the result of RIJ's
downward development and hydrometeor evaporation.

Keywords: mesovortex, merger-formation bow echo, thunderstorm gusts, Northeast China Cold Vortex, phased

array radar
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2021; FAZEFIRKOG, 2023; Taoetal, 2023) . IXEEHAF H S IREE S5, EHREEE
b LA TR A SR (Fujita, 1978; Schenkman and Xue, 2016; S#g#H4E, 2023; 4K
N, 2023; Xuetal, 2024a) o DAL, 75 EEINERNS ARALA AT 57 T SR 198 R sim A X
fIHLERRH 5 o

TR, R IR0 AT A A7 300 X 2% MR T AR 7 i, 5 R g 4 SR ot [ g
(Fujita, 1978; Bluestein and Parker, 1993; Burke and Schultz, 2004; Klimowski et al, 2004) .
W@ 2 AL Ry 20 M R AR RRT, 7% S B 2R AR AR — S A 18] B S 0N IR B
(Rear-inflow Jet, RIJ) , RIJZ#iHGEIF H N R MIE, 3058 HIIFE B F1F
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WA, HNEeT ey R ERE (JE3CA mesovortex, fRiFRA MV) , #HEL T
PR RGN IR EFE A A, SIREE AR MV SRR RS, O, K
ML 5 55 4% (Weisman et al, 2003; Trapp and Weisman, 2003; Atkins and Laurent, 2009a;
2009b; Schenkman and Xue, 2016; ##:5%, 2023) o MV AJ DLyt (7K1 I 4l %
KU (Trapp and Weisman, 2003) sl m i 2 ak (Atkins and Laurent,
2009b) , I Hiy I BEHEAE FH R G 7K T30 FE A AT B2 MV TR 290 B2 KR (Xu et al, 2015a;
2015b) . RIJ A1 MV 7] A st [m] 4 F R B o KRG (Atkins and Laurent, 2009a; Xu et
al, 2015b) .

TN, FARIEISE ] DL REZe A7 XA FE 1T (Finley et al, 2001; Klimowski et al,
2003) , WHAE IR SAREIPE (Zhou etal, 2020; Liuetal, 2023) , K5 [HIGEE
[E 4225 )72 < (Wolf, 1998; LaPentaetal, 2005; French and Parker, 2012; 2014) .
VTEEAE, EEA A TR SR E R X A AL SR RS R, & 28 5 R Il 1 o L2 v
TEMBL AR, R 223 il B0 30 & K RUFIRE K. (Zhou et al, 2023) o fE&IFIdHE
HRID 255, B BTS2 inag, RS AE 55 3 B AT AR 35T F 2T R MV (Zhou et al,
2020; Liuetal, 2023; Xuetal, 2024b) « MV JERUG AT LIE 2 3 B /K FHit B B8 5 ) vt
SEAIHREE IS REFER RID FIN5E (Zhou etal, 2020) ; thexiG LR R, fi
HIFHA R H A EM R S (Livetal, 2023) , RALE MV L HIUCREM, K54
SR R S WMEh RHE R 2 5. ML FEMmA SARE:, & 978 SR E hF 2
HEIMEILRE (Zhouetal, 2023) , 5 ZEHE @ HER AWM ZRLA BEWFTE MV, RIJ F
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I -

FRAERE R AT IS BEE 1 min Z P S C—/MAE, RIS I W7 (18 0000 281578 X (R RS 20 45 1)

(XZF45, 2016) o 2023 4F 7 H 6 HIE, EARIWIRERT, LTHIN 7 hEaiFNs
WRIETIHE ) B BRI FR o ASSCRIHERBE X P B PEER IE Bk, THRE RGBS MV
FEANFRAE S E AEE SoIREE R . RID FIHL AT sz, DUESRT RIS R N &I S
UNEN R YNGR IR
2. TR E

A1 FH o B 28] i PR R ) 3 %A 5 miin 1) B B/ R BB, SIRGHIA X I8 B 3R Gk
BIBEBE Y 6 km, AR TSR I SEHURTH T RS . EAh, SEEULBH R AR AT (2023 4
7 H 7 H01:000 bxtirt, FRED KEZIREGTEEHTIE ERAS [70 81 BRHLH T 2 AH %
RigE, SIERRARRENHE S E . N T XARIGIRE S DA RAGA I 2 KRR
BRRAEZE ¢, FE T M@ AU A0 (20230 BFFEHWCEE ) 2017—2021 475 B KR, 2K
KRAAET F 1—15 HARILAR IR R R IR E B ANFEA (51t 1190 Mo, Stz
FRRAEES B FIER T 2, HEARYGERRE R X Y E Gt a5 R b2 O,
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Passarelli, 2004) , FIFRAHEAFHI X B BAHPEMET AMMEAE . 556, BFRERAG
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1 3Bk B MR 5 /0N, e 8 B L S R AE AR WL D ARFALE

Z:7% R B S HAR S MV BT S5 R 8Y (Schenkman and Xue, 2016) , AR
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B DX 35 PR S P B S (M B R B, T MV IR . RN SN % M
I MV IE. FUR KR ELZ E CPIEEL 5 km) $MER S LFEES RN THME, Y
R MV eFE A R I E B RHE, G A Z] MV B RE . i KiEe s RE (&mRe)
SR BT MV R 00 S A G —Anite, FTLAASCS LA MV BFFEARL (B
A, 2023) , ZHEPRRERME (Yu et al, 2012) SRHIK MV Jeks #2105 5. AR
TN 2 MV S5 KT T BE T EE AL, e B 3l Rk BORHEE B 5 km 20 FR 3R 0 A% 55 L,
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EF) 10 oo BpZEFIRAKE (2023) BRFEZRILA RS RN 1 h P98 2R XA ZAETE 10
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#1 7 [ 01:00—02:00. 02:00—03:00 i #& KRk ¥k 43 il imyik 59 ASFl 51 Ay, AR H AR KT
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M7 H 01:00—03:00 % 5 min 75 &R Xk I I [E]E A2 18 7] DL 3 (& 1), 3 5 min
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Fig.1 Distribution of thunderstorm gusts in Liaoning from 0:00 to 4:00 on 7 July 2023 (a) ; time series of 5-min
thunderstorm gusts number from 1:00 to 3:00 on 7 July 2023 (b)

3.2 RAJEH

7 H 6 H 500 hPa RAEHER (B 2a) , RILARHONINIEA NS, Soh B
Pl i #5751 %y 564 dagpm, LTI TARAEATRM AR, AXRE ETHEshX. 5ok, &
WS R T A, FEA L, O N-12°C (EE

850 hPa (& 2a) , ZRILATRIHAFEM RMYIARL, FEEmEIMX, il 7T
DI L AR MIBRIR SR , ARZ WA ERAS F-40 11 ¥ R4 SR KARZ XA B 12 m =5
17 RURANMUA R T it KR L il AR T Insal2 = B AT .

e
o+
0
0 A
[Tk
“
0 51
BD_“"' 0 S
== "
B 2
50 0 3
§ oo |+ 0
qoN JCM y = —
105E 110E 115E 120E 125E 130E 135E
(a) (b

E: B 2ada e ERNEHETTXALE .
K2 202347 H (a) 6 H 20:00500nhPa fi 348 (S5{HLZk, #.47: dagpm) . 850 hPa Xz (JRUHFF) Al
MBS GEE, $467: %) 5 (b) 7 H 01:00 7EFH T-InP &



158
159
160

161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

185
186
187

188
189

Fig. 2 Geopotential height (solid line, interval: 4 dagpm) at 500 hPa, relative humidity (shading, unit: %)
and wind (barb) at 850 hPa at 20: 00 BT 6 July 2023 (a) ; skew T-InP diagram in Shenyang at 1:00 BT 7 July
2023 (b)

3.3 /KiK. e X IR B Y] AR

KAZLETTTH, TEFH AR 2IRHNERE 2550, 850 hPa il 21°C. T Hh ) il 7E
RN FEIR &, AN 25°C, &5 850 hPa T E 21Xy 4°C, T ihl ke iR E 45 . B2
850 hPa 55 500 hPa f£7E W] . f¥)« 1y T IR iR B2 =4, I 21k %] 33.5°C (R 1, HHIK
B, SRR L EIA S 2.6 A~ 0 o B H PRAELIE T LaxHE L 5] 25 4> o BIATHLN
BRI (PVESE, 2012) , FrUAAR UGS RER A B AT FE B SR K ) AN AR e 2 AT
1 ERAR YIS TR Wy 14 1 42 L DR o A T TR SR ) AR E A T BIX I TR KRS
B2 8 (Doswell 111 and Evans, 2003; Coniglio et al, 2012) . XFh/Z245, CAPE
4399 2020 3 kg™, FUTRHRAE Kb Ak F] 1446 J kg™, 24 LL EPIANS EX#T 1000 J kg™
Bf, JEEAFRTEBRRRSWHI BERMKN, 2023) .

KIRJTIH, SR 850—700 hPa st KAHXHREN 52.2%, [HZTE(R Stk KR MfE
FIF, KATTFKE PWV N 39.3mm, 925hPa tLiEly 14 g < kg™, DL R0 /KiK S EnE
TAMERS EE 2R RUR A F5 B KIR 6 (&R KOk, 2023) o 534k, 500—400
hPa i IAHXS J AN LCL 22 i il i ARAH R B2 23 71 68.2% 1 69.1%. H TR AR AH R i B2 B
GRIT PR, S0 M T T R S A, BT DAJS SO Mt R B, AR Vit RE 45 s PR A o
10 R B M A AR AR IR A4 o

P B AT, 0—6 km Al 0—1 km MK HIER] 18 m « sTRI 13 m » s, AF| T
ST B ROV AR dE, AR T RRIGERE AR, E T K SRR R A IR A — sy
R g, @ DU y RELRE (Weisman and Klemp, 1982; Trapp and
Weisman, 2003; Atkins and Laurent, 2009a; 2009b) .

L5 LA B AW, ARG R b TR A TE A 8 TLE S S5 AN K T IR A R B, 3k AR
FEAE DIAE R R 7 K KL FE At Bl (Adams-Selin and Johnson, 2010; 2013; Mg
&%, 2010; FMEZE, 2023) , {HZ BA 36 B X Y)48 | #id 1000 J <kg™ ff) CAPE A1 DCAPE,
JuHE A M ¥ 850 hPa &5 500 hPa i B 7, A A T T LK AR iy st 1) XU I3 A 7 28 K XL 58
.

®1 202347 7 H 1 RTLMHIAES BN R AL i H 2K R A B 26 g vk 45 SRt
Tablel Comparison between environmental conditions in Shenyang at 1:00 BT on 7 July 2023 and thunderstorm
gusts in Northeast China
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