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Abstract: The disastrous nature of severe convective weather and the need for its accurate
monitoring and forecasting have garnered widespread attention. This paper summarizes the main
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characteristics, environmens, formation mechanisms, and dual-polarization Doppler weather radar
observation features of various typical types of convective storms and severe convective weather.
It presents fundamental concepts and understanding, briefly outlines forecasting approaches and
monitoring techniques for severe convective weather, and provides prospects for future work. In
recent years, main advances include as follows. Gravity waves are an important type of trigger
mechanisms of nocturnal convective storms. The key formation mechanisms of severe convective
weather in low convective available potential energy environments with strong vertical wind shear
are on meso-y-scale vortices, which have been significantly understood. The sorting effect of
supercell updrafts on precipitation particles results in highly distinctive dual-polarization radar
signatures, and the signatuers such as Zpgr column, Zpg arc, Kpp foot have revealed more
charatericstics of microphysical processes and dynamical structure of supercells. Most bow echoes
in South China form through the merger of quasi-linear convective systems with. pre-existing
convective cells ahead of them. Mesovortices develop through multiple complex mechanisms. The
intensification of updrafts by meso-y-scale vortices such as mesocylones and mesovortices. is an
important aspect of heavy rainfall formation mechanism. The meso-y-scale vortices combined
with rear-inflow jets of bow echoes, plays a crucial role in extreme severe thunderstorm winds. A
great may convective storms producing short-duration heavy. rainfall -often exhibit hybrid
characteristics between continental and tropical maritime types, and-it has been found the heavier
the instaneous extreme rainfall intensity in South China, the more the’liquid and ice water content
in convective storms. Hail with diameters =5.0 cm re primarily generated by supercells, and their
growth rarely follows spiral trajectories or cyclic growth paths. Tornadogenesis hinges on the
formation, concentration, and intensification_ofnear-surface vertical vorticity. High-resolution
numerical forecasting and deep learning techniques-have significantly improved the accuracy of
severe convective weather monitoring; forecasting, and warning systems. Future efforts should
focus on the “about-100-m” fine-scale ‘mechanisms and super-high-resolution numerical models,
and deep learning models with fully -integrating physical laws for comprehensive severe
convective weather forecasting.

Key words: Severe convective weather, convective storms, supercells, quasi-linear convective
systems, tornadoes; mechanisms, deep learning
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SHORF AL R A HOG IR R ™ A AN 5 27K L KR 7 B R L (R A 7 R R RO
PERRO « ABERIZIR FEE RS A1/ h%,2012; 48 7K 655,2015b; Yu and Zheng, 2020)
SERRTE SO kg B BIE bR, AFRIEEZRIREAR, 58”7 88 RIRIZERA
Gy TR o BT AR AU 23 oA ROBE /N AR SRR SR TR LB R A iR R
PEC AN E MRS R, HORG EFRAR IR R AT M S v e

SRR S B ASATVE S, HAARRA S, B B 2R H ARRHE . % AT
AR AL TE B TN A AN SRR R SRR AR F AN ST, I AE SR AUBIE 7240 Ashley et al
(2019) . Brooks et al (2019) . Haberlie and Ashley (2019) . Allenetal (2020) . Taszarek
etal (2020) . Fengetal (2021) . Maetal (2021) . HIff /% (2022) . Lietal (2025) .
Tianetal (2024) &5, 1X LR R T UBEFFAE SR B ARZ SR SO LISt 1 221
AT S
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HEBRAAR A FERAELR E. KX =AFT, THEFMEFENRRIEAZ
K~ SRPEFE R, (HIRFKAAZESRA MRS WEA K4 (Chen et al, 2013; Meng et al, 2013; 4%
A% 2014; JUZAHIGI/NEL, 2015; Yang et al, 2017; Li et al, 2018; Feng et al, 2021; A A %%
2022; FRIEHEFIAS O, 2022) , 412020 42 H 14 H 17 i (B3R, RRED A, WdEE
B T RR U B A R AR 1) B KUK B WS B e K/ R & IA 30.7 mme Gk OG5, 2024)

SN I RS HUBR KR BB R R /K 2 (I A 1) B B A il 40, ML A ik B R SR # 1A%
i, BARRSWELE S IRR Y RAFMARESS, SRS TRUFRE. AH
HIE /A A FEREEE VIR, WEUREMEVIMES GRIEIERFEKE, 2022) . 51
SRR AM R ERERZ RIEMEAERRRE. Hik, FENSFEE R, RAES. 5%
P 5in KRB R EEZE (Yu and Zheng, 2020; #7K 6%, 2020) &2 EHH], LI
iR 5 R R AN 25 2R BT RS BT R LR A5 R, JEAT AN [ I 3803 W T 4 A T R D
NRTARAIAE o A5 T AT IO PRI BR ], A5 7R T BT I A A R RS A 38 2% A RHARF Ik 1 v
NP

BEE PRI RS, JUHE S A BRI, DR BUE R A ) kg, LB A ESE%
] (1 SRR R SO FE AN I 0 T T A T R R, AT AR B LA Tl ANt 20
TCVFE LI A 1) AR 22 50T I R R A B A R U415 (Brooks et al, 2019) « #E A 21 4,
H ] SR R A R A TR R TR A A TR 55 208 A IS A R R SE 3% (FR7k
J64%, 2010; Yu and Zheng, 20200 . 2005 FH4h, EHEKG O IR A E BRI HK
FRY SRR R R IATIR s E 2009 4F 3 H B 2GR H O AL T BRAA Trai i R 0l 55 Tkl
BF 72 BRI A0 AR, C S T e B SRR R A B TR A AN e
B E BRI O SSFIFAE , TERAERA 2 L 2 AT & R 4l /KPR D i & O kOB 5%, 2010;
2015b; Yu and Zheng, 2020; Zhang et al, 2020) ,{EHLEEAIRAGEREAN . TR H A RE 5
7 A2 7 9 A 75 SR PR HE R K I TR A7 A

RAAT/INEEE (2012; 20200  ghakia FIBEAHER (2012) | Fh4RFASE (2014) #BZRGui
G5 T AR R G I (R T TR0 TR gE Fe , AR 55 TR 23 A 7t o A SRAFAE A 0 — BE X it
RAFEAME AR B A T i) R AR SC IR AL S 5P 3R R, BONATH
RSB OO I KR B P A R A AR T R, 4 HEORT R AR A A AL BRI AR
FE FERAR S AE I ARAE . TERE AN SR WINRHEFA PRk R SR, I8
AR TAEJ7 ), AN B A K S BN IRAUR A 2, it — P8 Rz R A Rk 4h
FAAE 7T /KT RO TR B /) $2 A Sk itk

1 X RUREFEE S A & HL I

11 MRARFE RN

X AR T R B KR A R AR e BOB X TR TR E R, SR AT E il
T FIHB Tl A IX Le B A S A o H IR IRR TR R AT H VI 2 Bk R . B g AR
QLCS (MEZRIRXTR RS, MMM LR 2 A R SER A Kk il s R B & DA b ag
FERZ (0~6 km) HEE I (B iR H IS IR 2 E BRI &
ST A RALAE (CAPE) 3R53rR, /i fikah X277 4E (Chisholm and Renick, 1972; Markowski and
Richardson, 2010) , H & CAPE F=AERyas EFHAAEDE, Walae 5/ A xRS i
IREE A (0 rh ROBEVE AR A % 5 IR SR AR R ik o 3 R e B TRl 25 oI s oy

AR TR R SR R IR A OREIE . aie. VAR, B, &Ik 2.
ml A m R 25, {H 500 hPa UL S LA E & A QLCS T 80K Bl UK & Al 7 2 KA
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& EAFT RS KAENRAYE SOREN I RIES . Bt R GRAOLEE, 2021)
BHIHEFSIES SEREHER (Wen etal, 2024; FK 5%, 2025a)

MRS BIRE RIS HRE , SRXF RS0 LUK AE RS RE 44 T, g im R ARE

PRI CHEFRONGRIRIED) 20 N Wn LURAERVEERES &4, e ss KRR E A

CEPRCREIMmIE) 56T, SRR IEE KM EREZE. RILARIEER B IR A 5T
MARARKRZ NsRIRIE KM, Z2HEBRRN IKEERR; FraEiul. e “b ™7 k4
PSRRI R 2 N ST RIE A, 2 H I SR PRI B T RSB BRI R AU R AR B 5iRiE
T E. FEESE. IR ICEREV SR AR EHE R IKE SR UBHE KR %
T, FEX LR AR FTRR AT “ 007 5 T e 5= 2015 77 AR AR g 58 P 7K R
AR R R 8 T AR KV S A R, IS A AT IR “EEXIR” (Zheng et al, 2007,
HKOLEE, 2007; BEANEE, 2020)

XL AT R P 5 KRR R 15 R M08 1) S 5T 2 E 75 TE ORI X R Pl s B SR A AN R E
BEIRATARANRR 8 LA S RE S5 R o v L 3 A ol 5 XM v S b X, AR R e AR g Ut I
MRJZAKIR IR AT RS 4~6 g kg™ (T A%, 2014) , MNAIRIET 3 gkg™. JHlT mbg K R
SR B KIR SR A 3 T BRSSO, T W i /N IR T 5 Aty PR 2R TR T
R B KEE L 60 mm 2L CGH7KOBEE,2017; EH15¢5%, 2018; BEANAE,2020) .

KA SFATE, BIES) IATEGE  #F IAFEGE 3 RIS RS & AR 8 55 CFF
AOGEE,2024) o FEOFIRAER) I EE KRS . 75 E IS Bryan and Fritsch(2000)42 H
ST RGP AFAEE 6 KF ke B ——B4 A Fa e (MAULS, iz F e 2R % MCS

(R RER ARG KM B FHRFEE 2 BT B — MARAOIR A . SRR LR 3
BRI PRATEE, A BRI FRATEE MR AT E 2 FINARLE . B fl- LN AAS
TE 5 KA I DR = S I & VI O,

AR 25 KL FZE 85 ST E R A IA T E M O%, F I 2 AT A e e
FE NI FERART NI E B S AR TR BRI ARRGRI, KRR A T R
o aE BT E RV TT A 43 R TR R E R, SR I 77 R 2 iRE EE X
YA 77 [ B VA T3 AT 1), a2 v i 2 A AH R XU ) HXGEREER

AR 55 75 BN 98 G E 9 0~6 'km FEE X IIAS . K CAPE (e} HSLC) R334}
MK BFEWF (Schneider et al, 2006; Davis and Parker, 2014) & 335 E 42 HSLC 3%
W TR A AR . BRI UK S BRI R, I A T 3R [E 2 50% > EF2 LI AR
Wade and Parker(2021) 15 FH EU i BUAfIA HSLC PRI b (B 4% 5k = B i 3h sl <ULk
¥ s B, R HZE 3. 2005 4F 3 H 22 H A dr LKk 12 h 4w 58 QLCS FIHTSCATIA R 2020
2 A 14 HIRHEHEE B RVKE I AR AT & AR AR LA HSLC A . 7R8[ A =t A
TR AEAERMA HSLC s, o iade ERYIRA T 0~1 km KAUKJE (Clark, 2009) . &
EIRHME, e G2 R AL HSLC Mg, (HisE BRI FRFEALHR)Z
0~1km (McCaul, 1991; K #2455, 2015; KK L5E, 2025a) -

CAPE FIXJ I e (CIND & BRI IR AE AR5 R RIS T B 0 A RS 28
EHER . CAPE EA KIS RIS AL T ANASURE, CIN T iR FE AR A BB K IR ) 2R Ak SE U . 3o T
WIEEARAES — B FH B, 78 CAPE>0 U OL T, KA B 28K, CAPE Bk CAf
AKIGEE2017) ¢ — MR, BOK I E ERIE R A =7 « km™ 51 850 hPa 5 500 hPa i 2%
=25€ (Craven and Brooks, 2004; ##fi8% 2018;F 35 E%%, 2025) . i+5 CAPE 1 CIN 7%
BEIESIEUERIFREES B LA VKA R K B AR, H el
CAPE. {&ffi CIN (EFHI5E,2014; FBKOGE,2017)
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1.2 XFMR A&

X AR A AL BT F2E 2 . HE T /N RBEE AR, R 5o It R AT ) 3
R o FIR I A iR It AR 1) B B B SR A A2 R A 4R T S LR B2 (1R (Lock
and Houston, 2014) , filk 55T KAETE CIN B/NAIX IR fil &6 R E KA _EFHiEs)
HEXB msT EL, AF/NRIE ETHESD. KPR KR ETHE A T 0
TR fid R RN AERE, A )Tl I 50 fik R AN RIE F S AR T 5 IR 30 SR A F)
TER s BRI EASmE AR T IBIER . AR T X7 AE 1 ik & (Markowski and
Richardson, 20100 ; {H 53 % FRANFR i AH O (TR fish 2 388 5 LU 2 BRI ) o

T 2RI ) ik R PR 32 B K ASUIRE (925~700 hPa) [HFE & Y1482k (4 Wilson and
Roberts,2006; #7A8%,2014) « #iJE LA # /7% (Yu and Zheng, 2020; A7k G FRERAN, 2022) .
b T 2= AR T B 08, AL Jik T DA RSO IR M A7 R B i . 17 1L 2R — IR UK B A 7
KBRS FE AT/ NGB AE, 20160 5 KATHII AL A8 T 5 00, K Malid 742 A F)
TRATHRIAICLIE TR, B, BT 5 TR R i s 28t B8 th i Foqth &
GRS 29 (LLY) S EAE A il 53 im X (Haghi et al, 2019; Parsons etal, 2019) .
BFFN N R A PRE R MAUL 2 2645 59 1 _ETHSRUMA = 280 (Trieret al, 2017,
Gebauer et al, 2018; Shapiro et al, 2018; Zhang et al, 2019) + JuH BRI LLI Birs: it R
EFIEFE MAUL L EE Al S48, Ak, X FEREE R FMAUL JE SibLfil 5 Bryan
and Fritsch (2000) & 546 tH LI AN ] .

HORPESRIE BTS2 — i AR il & L (Trier,2003; Trier et al,2017; Shapiro et al,
2018) , nrp REEX L (MCV) 53 5IE B XV EAEH, /£ MCV NI T [H Y
SHREMCZE S ETHEsh; 51 LL) A 5 i =4 1) _ETHE st g - it 2 i
KA

H XA A R WL E D 5, RS SRR G R . R EE G LA E. T
4. HERHRUA BERE  JIERHR ki XD TERGE G2, gma L. KPX)
WG HFEPIEIRGR . R EAERE RN ESAEH; B EHAREIERA . e
WA I . MRS CAnHSEFISER D A 253 11 AR 5 000 & GO
FUBRAR, 20220 o J78 PRI R ik R H OGP 0 1 W ZENL, QAR 2 PR, anifg il XU
Kov AR B RN EFR R RS BER A 4, IS OFEHURI B N b 2 A o it
725 (BIAnAEA 22 7)< L3RR FE (R 7K~ B6 B2 DL R = 2 10 78 (B AR A 55 RS KO IR, 2022) ©
AR LT SR R BRI, BERNXIENE R TRAGEFEE
2 DG I XU 1) B A R AL 2 —, 8 79 0 2 /R i 22 S A R I 2 300 K 55 % P U Y
PE (Bluestein,2008) s 7=k (J7#H5255,2020; KB 6AFRAM, 2022) | Fik (5k—F%,2022)
b GRKIE%E, 2007) « BEIE (4245, 2021; AACFIERIN, 2022) ZEHhEl & T2k
BRI SR . o ER 2 TR AR RS DA R I FEAR DG, 4 TR & & 58 R Wi,
FL RN U HRAR AR S R SEREER (P9R55,2020) (FARIREARE. B, [EE
TP EIR A, (R T LR T B A % IR P 0T o 7 2 2 e

77k e R B A R DS A A R AR (AP R AP SR R D
A MR W8 R BEC I A FR S = AR (W i OO BFIRA, 2022) o 3B X Y)AZ
FEAE RS- LI E D (K-H 3D BT EN, EARERe K-H R E, 5T%
i HiaEEH R YRR E SR AR R RO FPATE, 274 K-H O BAMBHE
HAJW, HWRIAFE K-H BB BAE ] 2 Al AR X it 2 (Bluestein, 2008) . 2009
FEYL TR — PO A B XU T B B DAL 1R 3 7 28, S0 5250 G 2M BAE AR 138
ST (Suand Zhai, 2017) .
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To Y 55 Hh B2 R AR A 2R DA B RS R A FAAS R A = s (s
B AR F TR ZIE D, K EmA M, TAM TR EAR . AT
(2019) « FBAKIEEE (2020)  M#ask (2025) KRPLC AT HuTH 8 A 2 B T2 n s - A Ffd ot
R (1) 9 0 3 [R) R P Al & B s % 3 X %% . Bai et al (2019) & i 2009 4 6 H 3 Hlf
VR 7 A I [ BT B X 5 2 TR A8 A A ik R I X o M R B I — R A5 86 7 A X T X
T TV RS 1 T o RBE ¥ Y[R 2 ()38 iy 572 SRS IR, T DU R A TR XU (Luo
and Chen, 2015) . &2k fil R OH i AR 1) S8 5 L NI AS [ 7 1) S (0 7K 5~ Al R
B TR S5R A X BT ARS8 B LA R R, 20 S ok Erdhimiess 8 —5%
(Wilson et al, 1992) o 7K F-XHRAE T REAIRE R T R AR, — O DLEA b & e i
BaR S H A R Z AL EIER, WAl Refd Ao XS, 112025 4 8 H 6 HALHi 45

PRI AR o

2 BB R AL HI FNLE HHFE

AH 4 HURL AP . QLCS 5 T A A E 5 TR L], SRR T
o A AT A

2.1 BBk

B 2 AR — PR UERRES IR AL SR IR AR, AU A e o AR o R 2 A4 1Y
A iy Sz K T AR MR AR R T v B 3 IR KR TS i AR B ), R i 10—20 min
(American Meteorological Society, 2025) , ¥ 1 h, KA 8h, FEILFBRIEH [H
SIS MAE ). PABEE AN 2~10km, EEIREE 10°s &Y. Yuetal (2012) 4iit
Hh [ B I B R SRR A R L, R e P S B B P Y N 15~25 m - s TR ERE
WA (1~2) x107%s™. B TEE 4~7 kme

FEAR LG Y 26% B AR Jvuds (Trapp et al, 2005a) , {HKZEHKIKE GH:
HAEIT 5 em UKEDD . 80% L F ¥ EF2 2R DA 1 56 4% 1) 5 0 36 R 21 447 A= (Markowski
and Richardson, 2009; Blaif etal, 2017; Allen et al, 2019) . {EHEVFE M2, BHIPEGH 2k
Bred vk, RN B8 (Dowell and Bluestein, 2002) , Fifn 2024 4 4 H 27
H, —/NEZPARLET N A = XX S5 & 7= A —A e ds, FEERIX =4 7 BAR
10 cm LA ERYEKUKEL; 2024 -7 A 5 H—ANE G ARAE L AR e T 5 Ja )R AR A 1 DA
H (HHi5255,2025) o WIURAR 2 FEORE B R (FF75H55,2023) FIfkmsa K RS,
be 1 2019 4 3 24 H T PHEE AR AT IR X 5 S GO0 51 3% 21 P 8 4 B A4 7= AR 114 60.3 m
ST SR T B (GGRUNHESE, 2019; 805 0 45,2021) , 3X 2 /S S50 S 2 i Ak
& MU= 2R 1) B ORI IR KU

B LR AR ] 43 SR 2 U 0 B | 55 [ 7K GRE 2 S R AR K EE 2 PR % — 2% (Doswell 111 and
Burgess, 1993) o MAFFE—RREEUN iR m BRI BB YL AR, W R AETE v Ui
SMEFME R BN AT, AR A s O RIS, 2015) o« AR TR YRR K R IR 5%
PR R TE B XYL FI5R ) CAPE, {HAN[FZEZY B I R AR I A AP AR 22 57, & A Y
B PR R AL ) CAPE BB H B/ ORIRIESE, 2015) 5 4 FF 53 Bk HE L A )
BT BRI PR KR S AR AR T 55 A R AR A T = E R CE S5 B
4.2025)

25 LR 2 AR 1) B S B RRE AR R [, S M A FE T N U= (FFD) ST
DUSL (RFD) AR S wiF ) o AR 0 f (00 o2 XU LK% i ) Nt s b FH<03E [X %5 (Lemon and
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Doswell 111,1979) , #H AT, — MR AR LEELA HH DN HFAE IR 2R (1% B i o B <m
4% RFD, 7ERS =ML (Doswell 111 and Burgess, 1993) ; 7E#2% ¥4k RFD L A Al
ReTE BT e 45 (Davies-Jones, 2015) o 55 P8 /K B ERAR I S S 26 Rl T A%, BfEKIX 5 |
FHRS B, TE RFD; BRI FEK B R E FRD X SRUAS B B (O EPIR L X o,
AR BRI A K T2, TRIARIE 2N B 78“S J2” (Doswell 111 and Burgess,
1993) , HERFFEKHE YR SR RS TRE (FEF55E,2025)

2 AR R ZAFAE H E P AU s (B R SR 1 AU THIRR, HIE LS RAURE
SR P B AR B IA G, KARTESRBL HSLC 13A5EH (Kulie and Lin, 1998; Clark, 2009) ;
o B AB LR Bk EAFAEARE A g (Bluestein, 2013; F 75 W14%, 2025) . ML BAKILE T
SEFFER R R IATE, ARSI BT R 5 SR AIRI A IR R . RS A B A
RZ A, HARER I A R B IOMER (Trapp, 1999) , X2 RN R O 21T
4 2 L )T RO IS

KU AR R IE RN — B Hor 1R AR B AR AN B D) 54 o TX BUR AR AL 3
Zpr (ERRZEET) # (F Zpp B Zor )« Zpr 6+ K pry (AR RED . Kpp (£
SRR K. Kpp £%5 (Ryzhkov et al, 2005; Kumjian and Ryzhkov, 2008; Remine et al,2008;
Kumijian et al, 2010; Wakimoto et al, 2018, 2020) . HZ ik Zpg FEFI Kpp #H40FK T 58 LTS
WX LG5, Zop FERRWAREK T BB K24k, o mya AR 7 B =R
(23 (B 50 AT s Zpr SR B RAR I RTK JR 358 Zor BE5RIX 3K, REF T RKAMME (0~3km) 5
3 L AT AR 75 16 AN (5] B AORL - 1R 45 SR, 345 X 87 112 T 1) P o N\ 3 — 000 ) S 5 26 1R
KEBEEIX ;s )2 Zpg AT p, IR HERAEE J AR s FU e Bt R0 X, XMz IX
BN 1E PR R B B0 = R AL 2 = FE Y Zor R XA ppy IR{E X (Van Den Broeke,
2016; F75W55,2025) « 1T Zpg A3 R 5 FE AN ] S it 1 22 BB 2% A BT =Um i 20 A,
[H G Zpr 1 E 22 30855 CAPE FRRAL =55 (15217 (Van Den Broeke, 2016) . Loeffler et al(2020)
R A e (B 2 AR Zpg VR Kpp A 4325 (Kumjian et al, 2010) 77 7] 5 R E #5380 77 [7] 5
PR IEAE, XREFE K SRR IR & EAAmEsE, AR T s A .

I B R AR 1R R ASE TR BOR Bl AR T o /E ) (Klemp and Wilhelmson, 1978;
Weisman and Klemp, 1984; Klemp, 1987; Davies-Jones et al,1990) . 2K SR )2 oA e
A TERAE TR, k2 B b T SRS P 858 7K1 0 52 B0 I 90 AR R A im s
Beo FEALEIR, RG] il S REM £ e AR 545 A [m] 2 B X D) AR R WS, 2 R T A8 Uik
BRI 55 AR S, R T 2o 48 I AU O % A AU o n SR8 2 A XUk
JE T AR 2 N B 2, R 23 73 B9 Ao R A RS I S XU

B AR Z T AR 2 MR LT, AR 58 2E R TR AL B 8 . A E NG
J2 HRASURE 1) TR S AR 2 ¥4 Tt BT BURE R A= BRI 7K S i B AR AR 358 K AU 2 T B A AR B UK P
T P ) ELHR AL AOA O, T H =38 Z (A W] e A AEAH BLAE R n] RE A7 AE AR B 7K~ 30 FEE 1)
HEEMIRMEN (Bluestein,2013) ; 1= 73 # BUE AT 78 38 I 3% BE 5 R (1) 7K ~F- il FE 2 B
M2 B K Z — (Schenkman et al, 2014; Roberts et al, 2016; Roberts and Xue, 2017; Roberts
et al, 2020) ; A7 =7 HHREUEBAT 7T R MICZ =i i) BLIRE 2R FAIREKF X
3 H V)T B 52 K - FE IR I FEHL 4% T )i (Coffer et al, 2023) 5 16 L4 =40 344
EREB TR, IR ZEH RN FFD iV R)Z R AUR A B MR 30 P A ) _E AR 2 1%
JZ2 HSBETE A SR, AT FE I A2 48 FFD 1 5 F Ak 22 i e Al B () B2.45 (Orf et al, 2017
Finley et al, 2023) .
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2.2 QLCS M3 EHK

2.2.1 QLCS

F[E QLCS 45 MCS ¥ (1) 32% (Ashley etal, 2019) , “F&R4EH 139 %, FE KA

ETEMIX . EE 21%M . 28%H K KA1 10%K E4A =5 cm I KUKE H QLCS FrE
(Ashley et al, 2019; Kuster et al, 2024) . *EJtH QLCS MY AEME i itk i A MATVKE K

NS SRR SRR PR K KR UBANEE,2020) - b QLCS & 53U i i [ /K KA i % %)
WMABEE, HHEAMW SR &5 T A e s fE KR E & KXRS (Maetal, 2021)

QLCS A MILA, Wi FEIRER (LS) « EBHEREH (TS) AT EREH (PS)

(Parker and Johnson, 2000) . RHEIR (BLEHE MR B (AATHESE,2019) « LE = FEK
A (Gallus et al, 2008; Li et al, 2021a; Ma et al, 2021) , ZRHEFIALEZR ZEL . weFE 1H/)5
4R (Schumacher and Johnson, 2005) , ZRAR[EI A (LEWP),, FREEKAAS
(PECS) , SIERIHEE.

MR G E 1 BRI =TSSR KA, QLCS it X n] AT 25 T AR AR X B A
X, XHEGRTAATINE S AR, LS A TS B 3 MR 24 00T Feif KBS X, 1
PS RUFNIRHERABELAS 1K XTI XA T R X . iX 4 QLCS #44S B R YL Al & 2 i
YeiE (Parker and Johnson, 2000; AfiT8:%%,2019) .

QLCS A Z ML J7 =, (Bluestein and Jain, 1985) , CIFE ALK J5 77 B4 TE A%
ALY R RN IR G ARSI O R I8 H VR i . T2 R i i 2
ALK DIEGIY A G 7 ¥ AR o Ao . B QLCS BT = LA
78 FE, AU TS B0 F, i —RIbENEmE, F¥EME 4.7h &7 QLCS K4
i SR #8461 7 XU QLCS (Mengiand Zhang, 2012; Meng et al, 2013) ; KV A1 i
DX HE R K QLCS ~FH44: i SEIA 7 hi CEWEDS FIAE DK, 2012) ; Cuietal (2023) KILAHEAL
) QLCS LM T L. HiLf L QLCS KT AR T LA L5, thin, Luoetal

(2014) 25 H 7 [EMEMEE R~ e M B /K QLCS MITERGERE, B4 T 58k xt
TR AR HES A AL IR A HEAE FE 4, 2007 4 7 A 7 HAL Rk QLCS RS 22 26 45 G
)45 G 2 T AR RHEF I I R, 485 R O — B LAk ) Rl 7 a1 #8831, FEIX AN
FARFE BN T ) [ A A PR A T BT B, AT R A QLCS (B 8H4%,2019)

QLCS Al AAEZ ML AT T o XT3 QLCS, [ QLCS JERAE 5 i HIPR S
) 35 [E K30 1) CAPE LA ARX 55 1 B XY EE N o B A R 7 ARl AR R
UKEL QLCS 5t P Rk 3R 55 26 A1 10 /2 ik T B XU T) A S5 CAPE, [Rltk, QLCS Sg itk
REFEY), RZ 5IPREE QLCS g sk K ek (Klimowski et al, 2004) 5t QLCS K J&
R RGEB R R, WAATESE (2019) . BH%E (2019) . VK & (2023) 5 2009
6 H 5 HAERMIXE QLCS S/ B B NBEILR 7“5 5 i e HR (ke
%,2012); Keene and Schumacher(2013) % t 11« 5 7 5 g B i A 45 ) 5 #4655 (2012)
AE, FRR SR R0 S TR T 54— % QLCS.

R B R 4R B QLCS H L A 4544 Houze et al (1989) 45 HAIAREAL, X /MEAY L s 2
BT 5 RIS AR . X R BRARE Y, AR M) B A IR I T A X S REAE 5
BN G EA AR, A LMEIIR S R RO AR AT 2 S B, {HYE QLCS
ANTR] R B BORIAS [) (14 A5 S v ] 7 7 B0 Ji5 5 00t » B Gn 2021 4F- 4 H 30 H s
RS R K KSR SE B, TR T — 2 i IR IZ sOR A K LAY 1) QLCS, #F
S 129 M\ 20:50 %2 21:40; % QLCS X fi A S A B 2 1n) RS R #2377 1] (R i 45 77 1o
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/2 0~6 km T E KDV MO iR (B 1, RAZRTEE RIS

20 km—2021/04/30 13:05 UTC - - - — — — — — 1

N, 202
NN AL
3

P 12021 4F 4 H 30 H 21:05 VL75 Bl L 1.5° (WA AMIEEH I 2 EAEIE, o5& B Bscdprs)
e ES S
Fig. 1 Reflectivity at 1.5 <elevation and vertical cross section (as shown in the upper left corner and along'the
position indicated by the white solid line) of the Nantong radar in Jiangsu at 21:05 BT 30 April 2021

QLCS MIZERFHLH 2 RS R W T M HE 2 0] 2 —. Rotunnowet al (1988) #2H T
HHTF QLCS KB it IR RKW  (Rotunno-Klemp-Weisman) Hi¢ (Weisman and
Rotunno, 2004) , WA\ Al i [ A RO 2 A0 15 2 B XD A8 7K ST 10 F 1 P 1 2 e A R RIRAS
Rotunno et al (1988) H MK /Z 2T 0~3 km Bt =&, Weisman and Rotunno (2004) f2&H!
RKW H ¢ (% 23R 153 BN D) AS il g 1] 0~5km BRI . RKW BHE— B AEE S, 1
A3 JR R %2 5 TR B R RN TR, B8R B AR A 5 55 1 RKW B [ 5t 2 A, 7638
1R 2 9% QLCS H it Sk B 2. [ 3 XD AR (1) B VIR 7 i), Hanf 1 fows, B2
BT R, 0t A BE 5 ) 3 EA DB B R U DT AR A A RKW 3R %A
Z R G NR AR (RID) P e 45 QLeS % JE K540 (Weisman and Rotunno, 2004) ;
AR RKW B T 7 TR AR KAy 58 QLCS M EEE, K25 QLCS
W22 RN ZE R ZE BRI E M 7ERH (Markowski and Richardson, 2010) . [Al i,
Weisman and Rotunno”(2004). fi tH RKW R 18 B AR P (P 3L A ] 2, At 4 B B X D) AR
SRR, FERAMLQLCS, RKW MR ff MR 1 K)Z M H X)X QLCS KRR
B R, HAA AT REfERE QLCS KENLEERI SN J71H . Mulholland etal (2021) @it
PAREE L. QLCS I, BRI B XIS JEER, nss EASR, b
JETE BRI TSR N 5515 2, R IR 2 EE XA EAFT QLCS EASR
WK JE; Bryan et al €2012) Ay RKW g H 2k QLCS S ER 2z —; Pk (2023)
INA RKW BB AT b R REF R ERE “BAANBE RS SHEEEVIZZ B RHEAEH,
KBNS E L2 E T QLCS Bahfifeih. Fith, KKFEH—LXT QLCS ERFHLHIHETIR
WL o

2.2.2 SHEENK

ST, WRRON TR, ATRGRAIRSLA AT DL d 20 B A by i O 7k [ g b 52
P TEEHIIRR NG, 2 BUFILRAE N — 37> 8K 7E QLCS 1 (Yu and Zheng, 2020) .
Fujita (1978) feff4th 1 “ IR X —48K, MmEZE 0 — N EE LR S T
AARR KR IECR LR 2NN, /25 1774 derecho 1 (B 2) , JFa™ 4%,
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FE 5 Bl R AR R SRR 5T, (AR 5 R R AR 255 T £ H
5Bl 1R AR E SR IR (Zhou A et al, 2020; 2023) . Johns and Hirt (1987) & Fi3E
[ 86%1IHEZ (5—9 A) W 5 EIM ™K derecho Z M4 & A4 7E 500 hPa i I JXBK 7t b S i
T3, T 40%f) 341 500 hPa Ay A ; 500 hPa ~F-14 Xi# ik 21 m <™, CAPE {# & 2600~6300
J+kg? (Przybylinski, 1995) . Burke and Schultz (2004) %iit % 325 H VA28 92%1 & T [H1 %
JEAF 500 hPa PG XK R, 0~5 km 3B XP)ASF# 23 m « s, CAPE {°F#% 1366
Je kgt 13 Ml CAPE KT 1000J « kg™, Wat/E4) 1/3 M &k A A4E HSLC Bt

5 T[] 1) R B A5 MR AL R A — A 20~120 km K 5 FEXHA 248 (Fujita, 1978) , 7£
PR 2~3 km AL 50 RID SEAR B S IR R RTZ, iAW E2PONET RO, 755
TR [l 385 (1 A ity 2 ) A SR RN R S SR E s 16 S i e AR A T i e sl R i e, |l T Hh 24
A AR BRI Ve S AR SO IR e 5R; ST R AR A sEIEH N 3—4 h (Weisman,
1993; Przybylinski, 1995; Weisman and Davis, 1998) ; H: it 75 B 45 # Bl _E 0% H ) QLCS
ZEFFEA Houze etal (1989) .

SRR A A ERIH AR 257 . Johns and Hirt (1987) $ = T [alik 43y ifadk B 7 %71
RPN, AR — R SRR, S ETA SRR 76%;: FAIRESE DA 5 R
W, At LEWP B QLCS. Przybylinski (1995) ¥ SR 5 NIUE, He-RK LA 5
FEIml, Hat & LEWP B QLCS ¢ Johns and Hirt (1987) 45 I FAIZY, 55 —FEUSR4AL)E
T Johns and Hirt (1987) ¢t BIRTEAY, 28 R E—R SRR ETF X7 CGRMD f714E
ZAIAE, IR R S R R P AR R, B USRE /DL, R SR KR
G AR R R T R B — 5 T IR

S B XIS A Ry CAPE B8R, =5 J1 B T A 1Y) 3 22 R 36 2 o I U 1T RIJ - Weisman
(1992; 1993) BT HEAAL A I, 12 AL EH RNRL SR S5 032 3 A1 71 /KP4 5 T i) <
BEEETE R, Ho T oo e i) e AF 235, = BIE M BT RT &R . X P 2R RA
FIT-HEIH AT AR AT, 75 RGURTE Y BURIE R EHI#8 . Grim et al (2009) & &
PEAS T RLR DURHLEINT RID T el 53tk 8 150 A0 SLERIACPFUEREEE (6Pg) i i ie
FEWBN IR (P I SREB R (OP) KRR IISEHE
(6Ps) 5 RIIESTEIIBIE RN BE, (0P Bk oK, e B FIIRIFHY B oPg Al 5Py 3L [F]
TUERE /D 70%. Meng et-al-(2012) i BUE BT 7L 1 — IR 54K QLCS BIJG 1 A%
FRALE, R I 25 77 X, Lx s e e st 8 T i, IR )2 5 7 AN A2 FH g B KRt R
VB PR (R 7KF i B T 3

55 T [l 5 i PR3 15 it i 2 T2 i DR 32 32 R PR AR G 7 A R VA VT B I A e 7K~ e B () 4
RhIE R SN 2 SR 2 A SR IR BRI, BPIRSE 2 B XD AR T B IR K ST i FE S 1 Tt
A EBURY NS NI R, 6 i e BT SR B E s WAt RTIR, BEER
BRI 7 A F 2 A e e e 3 5 s 5 PP 558 DX T 1) (0 1 FH A0 R 0 T T BT )
WH B, AT T ik e B 5% (Weisman and Davis, 1998) .

SR T O AEA 2 7R . Fujita (1978) 45 H (RS 5 TR [ TR g A . 4]
IR B R NS TR, f&aE A A= SR (B 2) 5 Klimowski et al (2004)
Guit ot T 273 AR E SRR FIEBGERE, KH =2, RN HESHSE (R A A
HAERD ZAXHRSEAR. QLCS, BHRPARTER, (HH A 45%. 40%. 15%. tHA 5TE
[ 3 B QLCS 5 H i 5 X H AR B 2 Fr AR & 9 2 Rl (Burke and Schultz, 2004; French and
Parker, 2014) . Zhou Aetal (2020) F1 Liuetal (2023) KIIEEFEIAAEH QLCS S5H AT
FIRHRLRAR A H R RS TR I 7R, ARG HIE 7 Nt Zhou Aetal (2023) i#— 4t
FEAEEE 5 KR 62% 4 QLCS 5 AT 7 XA AR & H IR AL 38% )& T4 80 5 R A1,
HA IR 5 B 2 7= A i B K RS
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’ﬁm/\mt JiE 4% sl

iy
=[v)

@2632mst J33+ms? e Uie e

Bl 2 5 TR [l 98 Tty B 20T B bR 3t A i i e LA T [X 3802 derecho SRMX FTFEAL B (I HE BB M7 2: 1)
[Squitieri et al(2025)2kx H Fujita(1978)]
Fig. 2 Near the bow-echo apex and to the south of the line-end mesovortex is where the derecho wind swath occurs
(delineated by theoretical wind reports). [Reproduced from Fujita (1978)] (Squitieri et al, 2025)

2.2.3 MRMRPEIPIRE

SRR AT AT A v H R0 i e, (H H A 28 B KR IR Z T Be A=
BRI . HHR e I B B gl 102 s, g T b AU, A sk — G b Ak
RIEAMNE B R RETIAHIG, 505 R K% P K (Weisman and Trapp, 2003;
Schenkman and Xue, 2016; Wang et al, 2023; #7455, 2023) . 2006 AR FYHA A VT 75— 2% QLCS
1) 7 A AR R (757555, 2019)

BT, ASE RO AR iE A e AR EANF], A — o EMME 41 Przybylinski (1995)
RGBT IR BE > 510 s Davis and Parker (2014) ZESR iR > 6x10° s, Tang et al

(2020) ERIHIRIEHRE >10° s, F/DH4E 18'min. Przybylinski (1995) f5GH H A
PJiE A4 5~15 km; Tang et al (2020) X i e BLAR R /ANE A 2 v o RBER 58 SURRHAE,
B 2~20 km.

KA 1 Hh 380 55 P i B XETIAR T )T T Bt ) % JE B A i S Hb i i T 595 110 2 L
AT AZ IS H () P 0 T 38 5 56 P2 95 VA R R EL R T ()R s Rk L SRR RS e X ) v il
AR T R e B A5 R R 25 (Atkins and Laurent, 2009a) . SaE kbR e tt,
TG PR AR AR R SRR . FREERTRI B K (Atkins et al,2004; Davis and Parker, 2014)

Davis and Parker (2014) it 34t 1 35 B0 43 i [X ¥4 2= 77 A e A AN ™= A 0 46 1) R 4
PR ES QLCS HHiRTIE /A ARFIE, R I Ly Jie v = AR R 1 A i 52 SF340°8 40 min, 3%
B RBITIN 30 ming PEA B QLCS Him e B A5 T 3R 4 QLCS HimiiE, 7£
P 28 5 3k 60 km S FEL Y, AR e 3 1) QLCS Hhi e T4 (¥ B 1k 42 Al B VI AR 20 1,510 s
i 4E %% QLCS.HITRE £ 8 1.1x107 st SR RT3 A [T Davis and Parker (2014) [¥17it%
JiEE SAhriE, Tang etal (20200 Giit 1 VLVEHLIX AR BEMIREAE, i e BLARIE H N 4~12 km,
EILR AR VIASE R A (1~4) x10° s, FEHUHE ™A I8 ite 0 I KU R8s R i e 40 A
T AL ARTIFD MCS RIS, MCS B EBRAEET H AR, R K.

Kuster et al (2024) 4g it .45 7 167 A QLCS it jig it XU I 75 18 WM AFAIE , FL 4540 95%
() R E (1) Kpp BB/ 56 T~ iR e T i, 32 350K R I 35 1) i e Y Z FMIRZ Kopp %582
DA B ARG 2 7 T8 B 1 5 X 3 1) i B 5 55

rF I e 1 T AL 45 2 A (Schenkman and Xue, 2016; Skow and Cogil, 2017; Kosiba et al,
2024; Kuster et al, 2024) , 4. O KFEHTMKIA M HRES 77 T UTR BT RRR
TR T KR, #% K R OURIR IR A2 A (Trapp and Weisman, 2003; Atkins and Laurent,
2009b) ; QRN AL (Kuster et al, 2024) ; @ ¥l ™ A FHAL I AT E B B IR
B AR AL (Atkins and Laurent, 2009b) ;5 @ HuTi BRI F T I 7K T30 B A1 1T 2 Hh i i
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TE R B B3R B SR JR. (Schenkman et al, 2012; Xu et al, 2015b; Parker et al, 2020) ; ® i
KPR EE T (Wheatley and Trapp, 2008; Flournoy and Coniglio, 2019) ; ® H/K U148
AFasE L (Przybylinski, 1995; Trapp, 1999; Conrad and Knupp, 2019) , FaJ it 7K Vi &
B RN 2R B3y (R /E IS 38 (Buckingham et al, 2025) o /K ViR % H1 F ylak T iRl 2 8
L7 AR A2 T G e T, A W = S B A A0 AT i e a8 A e U R 1R e
7 (Klemp, 1987; Trapp and Weisman, 2003)

3 EXTRRSIE F A FIAZ AL

3.1 FERTSEBEK

T s iR 4 7K M % R ) L 4 3 IR T A S 1 7 T —— R s AR 22 I (8] CDoswell 1Tt al, 1996;
AT/NG,2013) o R RN BEAR PR R . EHEEA B R R IREL . Figit, KA
I B R AT B /K & =28 mm S I PR K R SR AE L EE 564, TR 60 mm H23 J i g [
IKKARAEW T 464, TEE] 70 mm M2 R W 7K VA 26446 (Tian'et al, 2015; HAS &
&, 2022) , IEXBPRAIAREIRIE . MBIEIRIE, W5 KA AT g PEAY BT 12 3L IR 6] A 1 5 b
Ko XHRAEEN LTS B THRT CAPE [IRK/NL, 350 RIS B AFTE v R iR
e, XeeiE ey Tl 5h ) B nshaE BLiashAl, 8 e S B HIEE BRI, AR
MRS T K IR A] (A7 88,2013) , 412017 45 A 7 HT 7M. (Lietal, 2021b) . 2019 4
8 H 16 HILFH (M55, 2023) « 2021 47 H 20 Hin[FGHM (Wang et al, 2023) ¥ 7K
HE.

XU B AR RO, i B XTSRS MR ER AN 25 ) 28, IRk ke iy, (A
I, 2O I R K S R LAE 55 B DR R R (BTN ,2013) o B EE EA D) AR
L BRI R K AR AH G 7T R 2 A BT Hh i e B U, BRIk, A7)
B AR 2 J B o B 7K B4 B o 5ot P K AR Al 2012 4 7 H 21 HAE R (Air/h4i,2013)
2019 4 8 H 16 HILFH (M45%, 2023) %%,

oL T 5 B 7K R A K il 2R X BRI R AR P A (Lemon, 1977; AT/
01,2013) o KRERIRAER AR R AR 1 EEFETE . EEBIRRRN.
CAPE {i KX HE B AT ABH s FIPRE, & T 17 SCHR B AN “F X~ (Zheng et al, 2007) ,
X TR ER UKAH I A, PR A T BRI . AT IRV RO  R B R A T2 28 i K
BZAT R RO T E R R (E e & TR A IR R RS, CAPE o4&
FR=AN, R, KSR, Wil EAARN BORE S, HERREBEE R 45~50 dBz
FeAT, /NI RR AT%80 mm LA b 412017 £ 5 H 7 H 05:24—06:23 [P AR i K YRR T 1S
YA IR B R BN R (HIATACSE, 2018; Li et al, 2021b)

TR, REXMAFEN T ATR BB (8], U 2R A Y HA 0 A0 ) 58 K
JEF o s om B K ANME] CE 5245, 2020) « AEREER O M PR KT RE (Yu et al, 2022) 4%,
T LS AR RN /N PRI PR BLOR, (B H G 2 TR RE AL o X A Fig o B B oty N SR e 1
PR S AT R, BEE AR AE AR N, R R SR T g, A 2 MRS FIKOK & &,
RS2 RSFROR, WRBERE A= (Gao et al, 2023) o X 2021 4E#F 1 201.9 mm H 3 /N
FR B 1 R R R AE A B, 2 R BN BT 1 BLAR IR K, B o R T I B e, A
TP EE KR PR o (5kP74%, 2022)

PR K RS2 1A] (Doswell 11 et al, 1996; 2001; @i/ ,2013; PMEFA,2017) H5RARE
RGP IR ENE . SRR E RSN T 1) LA SARLETIZERN . S XT 7
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BrAE (RS R SIS, JE R RAER 5 SEORM /K. B, XA ER K2
JUZRRR . By sk . Gaoetal (2023) 4 g A Al ity I 5 (1) 6 XU ARRAE SR i R I,
b6 A R IR o, BE 22 fR B R R R R A

FII SRR S RN SR EY), N RFEKEMN N —E R LE T RWIEY, JUH
R OR 2 W S Bl o [ /K I A R G R SR PR K R AR, L A A e B SR PR K R AR, 2018 4F
8 H 30—31 H— kA dw A B ROBE SRR XA 51 R B4 R Wit — IR AR B 7K R R Tk
55,2020) M 2021 4F 7 H 20 HI R FSM R KRNI AR . H P B AT N 8 B X S 2
R 7R A X AN 56 A — 8, A8 B R X 21 A b e 3500 R0 PE e b X B e b X, R 5 B KR 2
TUHREON 3 (FREEE,2023) o FESRMEEE I XIS, 1R 2 B Pt oK i B X
FRBEE PR AR R SR K, (H TR KRR ) B A AERW.

Ui 1 125 U U 4 7~ R R R R 2R B L MR ARHAE . = 3 R4 (Zhao
et al, 2019; Kumjian et al, 2022) , A T Wrnh i K2 2 Kbl BUE 2 iy if iy, Retig it It
SE EATI B KBRS P o AATITIR , Zpg AN Kpp AH3RAE 1 RFi AR N 598 _ETHRAFAE, Li et
al (2025) 241 7 2021 4E 7 H 20 HAMHF=A: 201.9 mm /)N B 7K & A6 I XG0 XU R 2
IRWIVRFAE K IRAE W i 0 B 7K 0 IR EAFEAE Zor SOIVRHAE, 3XNRFAEA R T U iR o
Bk, H5 Zpg IRIGTE BRALH R 50 b SR B KR T3 T 43 i I 455

3.2 KikE

EER RS RAENL (American Meteorological Society, 2025) & X VKT N E
7> 5 mm PEAERFEK. M E (S EWMHTE KSR FoKE R e LERERE =2
mm G5, 2017) » —EEF5% (Kumjianetal, 2020) ¥ E 4% > 10 cm VKGR “ B
(giant) K%, I EL=15 cm FUKERN “HWEM”  (gargantuan) UK, FEE 99%H)
“CER” UKE HEg AR . Blair etal (2017) IS & BLSE E 90%[1 i 4 Ak 2>
PR EAR =5 em UK .

AT/N A (2020) Mg T B FIF R UKE A B4 F 2 K CAPE (BB K1Y
—30~-10°C (] CAPE, BH/INH-20~0CHIJEE) 58K 0~6 km MKEZE (=12m st A
SESRPE, =20 m s PR E K Y)AS) AIAE IR BRI 0°C 2 B MU (1975 (2.0~4.5 km) .
HE AR R SR ARG B & X B IR BT 2451 O ARO BRI AR B, 20210 o A [EKIHE
PHLIX BARVK B AIKAR, (BA R 2 KK RAE CEH%55, 2018; Liet al, 2018) . Hfi%4%
(2018) &I i VKRS 1 R AR A8 B — BN IX ISR B 2 /KR B KIY) CAPE FIEE
SRR E XD . HEBEENZ, KPR EESARKE, 0202248 A 6 Hi4 I
WRIKE (ROREREI 5 cm) MIURAEERIFGE EENE, TEXDIZEFT, 0~6 km
KR EZNZ 6 me-s™, i CAPE # K, #id 4000 J « kg™, TERIERE 0°CIEHE 2 5 km,
JBERIEE 0°CIZ4) 4.5 km, J& T 5T SCATIA Bk ip AER A ki e iR SR B 4 1, (H772E
B UK E B2 #8537 Markowski and Richardson (2010) AR A kb o ki R A< Ja B

BRIKEE RIS — « EREER” Ml “HARMKER” BIRKRERE (WET
£6.2022) o ZAERMIFEFT (Allen etal, 2020; Bh/ET55,2022) UERH, VKGRt F2
RH L REN, —8o NEFIRAEM, GRS A NS, BRNEKE. &
TR, BN Sz A K28R A T R R T . = I g T UKE =ik Fh
IR AR S AEVKE IR AR, VRN IR A B AN R T B3 i oA B AT i v K R AR K
AT KL RIVREE IS, ZUEE T RERCN “MBE 7 C(riming, RITHEK) , FESRAIERAR.

Yk T4 (2022) 1T Allenetal (2020) FFFRAT “HAFT” F1 “Pikid” Gimp ki K
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FARRITA VK s B A TS KA AR RIS, IFRN “HEVRIG K ” (accretion, BRI (Allen
et al, 2020) , JEMHZEHI BEWMIKE: MBI EIG K S UKEG K &Ry, =7
TEEE MR A KRG AUKE B R IEK B & IKE R R B KRR AL
—25°C (8-30°C) Z-10°CHIREXIEIN, A THEK. BEKAAIE K GREKEK
RRE—D) I, HA, arpiFmE g 2 A3 (Allen et al, 2020; Lin et al, 2025) .

KUKE T 1 BN I R SR OB G KIS TA] (Alllen et al, 2020) » HUA 4K E kL T-1EE
HIAKAE S R R ], A REseIl B K KUKEE K XA 10—
15 min B2 F K E; KEERE LTSRS E T e T TR g K Es ES
I T8 BEAAE B TR MoK B K8 . VKB T BB HR e T i o e Rk A%
BA AT LA T REIFFNN LT AT BIg e 20z 5Ug P K 545

(Allen et al, 2020; Lin et al, 2025) .

KUK 1 B 415 %775 T8 [R5 2 B SR [ 98 (55 dBz [ 5 M) Y 16 B e 3]
20°CEHRLE X N s FE LA D, AR B B 65 dBz DAL s el it K e I e 1 A1 55
I IX, B RARE R X, EEBRBEESEKE (VIL 38555 VILE B, =ik
B DA R SR R R TR B (BAESE, 2015; i/ bss, 2020)

T KUK (1) H B XU 7R IS R AE BRI 1 Zors MK one AVIK Kppe, THRIVRIKE
BB R 5 7A MLAFAE B 1R K2 5% (Kumjian and Ryzhkov, 2008; A1 4> 5145, 2020) . T
TUKE, Zpr RZ1N 0 dB, Kpp A2 0 BRAAME, T RUKE KT Kop 284 2 BELWIMER IS s X T
VKB, ERR AR N B A KR BN 05~1.0 cm (IR, Zpr £AKME, HA>1omiBE
) Zor fE-2 dB 5 2 dB 2 [f], H4%>0.8 cm & S B EHIEH Kpp AIEE, 1 C Al X B
TIAN) Kpp B AN GUE: RIS VKE AR pny 8% /T 0.95. 9K T BRI FE 2 K
B RAL R M R B A MK B VRS, Zor Al Kppgx H AU BE 0 oA IEMH (1% #%%5,2018)

BISCATIAR) 2022 4 8 A 6 H Filg KUKE /M, KRG H 7oKt 60 dBz. A &
EI SARBURFHE, Bl AR y RS IE (R B SERE) « =
JE I U e e A X B TR S, A Zor 11 Kpp R SEHFE, T 60 dBz XI5 2~3 km
B Zog 21 1~2 dB, {H 2~3 km & JEHIKpp Z18 ©km™, pr, 414 0.99, #H Kop A phy
HERPETEEER S, KE L T E .

KUK [RI AR vty 5 B 2 B R R XS s S5 E TN R R SIS, B2 MEEE A S
5 B R S A B A W X L R SAER B3 (Allen etal, 2020) . Blairetal (2017) &
REANAMIR I, 6 B RS R MR T 2 BRE MIKERS, (HiE 2485 A UK K 5
KER.

TE— SRRSO R O X 8k, B 2 5 e B bl b R 36 R R 2 NP A,
TR MR RS KEKE, MRIKEHRKERERZTIA 60 cm (Wallace et al, 2019;
Friedrich et al, 20190 2021 4% 4 H 28 H FF, = B WL i X @8 A R/ MK E &S,
WA T UK 2, BRKUKEEAR 2om KA, BORHERUSE T 20 cm.

=W BLVKE KL T AR B S B K B R AT BRI IE L T 2 T S8R R IKE
HEAR, G e P A KR VKR HE AR B R 1 Kop AT BT 7 ©km™ (Friedrich et al, 2019; Wallace
et al, 2020) , Wallace et al (2019) Ht—b &k 8 T H 4 T IEM M A58 A SRt TH bR
KB R AR T

2 http://www.chinanews.com/sh/2021/04-28/9466513.shtml
14
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33 FTHERMEREKR

N BRI AR IR AR AN A X, @ BRI . Fujita
and Byers (1977) 5 25 H I o B SCHRFR 2 8 2L LU BB R S T 5 8 N Bk 5%
BHRS R E 2%, Wilsonetal (1984) $EZ <4km. BABAKGEZE =10 m « s 4 EHR
T IEAR ) RGO 2 N T i, £S5 WIAE (2023) ¥ i B3 e SO B XU 58 R T
AT R R 10 km DUR (P 5EFEHUE L. B 58 K R ARFR R T T X, & 48 H I X
BAEHR ML P A AR B B AR X (Yu and Zheng, 2020) . Ny i E R
ATERRRMEZERR (Johns and Hirt, 1987; Przybylinski, 1995) , #xi kXK FEAIA F3
2 (Wakimoto,1985) .

WIET AR, = IEE S T 53 derecho. Squitieri et al (2025) 1&2f#) derecho & XA,
B B KR, A R PB4k, FEBERE R S5 (=83 m s
FIFER, S hIksh ) MCS M2 (- 2)

T BN E B R R L L R, BB E B NYIAR, 1L HE B R |
XL A PR B T B AR S A O . @ LR T E UL EA IR TR R E ICE R
ABORIIRZ BT T 5 T RBON R A FXARE K TFEAET)Z (T-Inp KB 1
SIE V ERREEZ) I AREAFE RO EE B 580, RIS 2 55 0 XU 58 7 A
N FRRL (Wakimoto,1985) , AL, 55 S AT B2 AL SRR DTS -

Proctor (1988;1989) XJ AL T Bt FIBLL A I, T o Bt 1 2 /K I8 A4 Al
SN, HUGRUKE RS R ED, X 7R A XU B 1A DL 70 o 5 BE ST (Kuster et
al, 2016;Richter et al, 2014; Mahale et al, 2016;.F- 75 B%5,2023) 5 HAERFFIFAELE T T i %
WA EFHE (Proctor, 1989; Wakimoto et-al, 1994; Wilson and Wakimoto, 2001) , #4]
RINTE AR B 78 (PP FLA TR F s [l . s I RIT

FERHALE RS BAR E D6 T R Bk R4 B R 28 R A E 2 S B0 R TR G~
T, MUABE NMEVER, 72 MR AEBE R R B R R . 765 208 B BOR A B
o, IR SIS TR [l A ) R 0 o 2 B SO A AN D T B K R 28 7 EAE
H, SBCNITUEs) I BIEE, /& ARREARE IR (M K5%,2014) « FETEMRLE,
SR A KA B PR R 7 R AR ME AR P, PIRE SO E K E, 412020 49 H 12 HiE
PIRA R 2N FEe T TR EE . 2021 45 9 A 18 H Sr AL R A 1T o B 5 20t
HEiEE.

P KUK BB P K B R K 2 PR R R KR (EF58145,2023) , iXUEEEH# K
A% H RFD FE8. BT 774 KUK I LR A BRI CAPE 5 && B ER F FE =
RSN i 28 N Sl NI = e S v =0 S Tl 0 i /T L1 = T e 0 Y TG 1
UKL A4 B FLTR B 00 [ VTR & A RE - B 28 R0 T o R TR R G 8 (Richter et al, 2014;
Kuster et al, 2016; Mahale et al, 2016; T750%%,2023) , X2 KIKE RSB F FEBERAKS
B FEZERR, X SR 58 T 5 PR K BT AEBE A R R (S 7K 6 5%,2015b)

5T (Atkins et al, 2004, 2005; Xu et al, 2015a) 3 BH i e Xt 75 2 KR TE i B 24E
F o 78 55 TR T0 B Ao e B 23 T2 1 ie K X (1 2) , Wakimoto et al (2006) A JyiX
AR EE SRS R BB INZS, 1M Xuetal (2015a) A JYix 382 i 5 R R 724
TR e BRI ) v B B T T R, AR i B AR I ) S LR A B D iz Ak RI1D B 5 A = B
TFES

XL A I IR B S 1) g b i VR TR B L 2 2 M PE R (CEF5 A4S, 2023) , GFE
QLCS H 1 A A N A i B VR & nAE A (Mailler and Johns, 2000) , [ XU
HIV ) F i e A8 B (Trapp and Weisman, 2003) , i & 5 sh O 3L [F 7 B (Mahoney, 1988;
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Bernardet and Cotton, 1998; Childs et al, 2021) %5, 41~ &5 E /7N 3 ek om 3 B X ) A8 A
H K-H A g L [ S8R X

TR TR A (14 B ARAT A7 458 [0 S P B st 20 m = KB IX . SR, BE T2
PR A RoidEat 15 m s R VR A U B KU B AR (/N 5%%,2020)
XL R A UK B R R BT ) Zor 18 (Zpr #/MED (Kuster et al, 2016; Mahale et al,
2016) - L JZHIT I Kop #% (Kuster et al, 2021) J2& FI3R R o 2 3 2 Z XU 3% 75 I8 WL RFAE
H. Kpp #ZACFBE LB FR 7R 58 F i B AR AGBOR (Kuster et al, 2021) ; AT HTA, QLCS
Hh R AR R B A (1) R R i 1) Kpp A% FITTE B 3% 55 B 5 (Kuster et al, 2024) .

(a) T % (b) T B
Stationory Microburst Traveling Microburst
& B T
N, AR @
\_v e R, wiom wnos
) L)

K2 (a) % [51H Doswell (2003) 1 F1 (b) AR Tdidkim [HRHE Fujita (1985) £:il] ik
ARIRAY G765, 2016a)
Fig. 3 Ground airflow patterns of (a) a tornado and (b)different downbursts==(Zheng et al, 2016a)
(a) Adapted from Doswell (2003); (b) Adapted from Fujita (1985)

PAT RGOS LI XA SR HME LA 5S4 I I3 o SRR B R et . KUK SN RE
Wi R Ao BRI A 8 1298 R K T BT il [ AN 25 70 A7 S8 1 6 B2 T B (Fujita, 1978;
HAKIEEE, 2017 HKIEEE, 2018) , B FZRRAME I 7 Aok, N RS H
T KT EUR ERFAE [ B B & A F (Fujita, 1981;1992; Meng and Yao, 2014; Meng et al,
2016; FB/KG5E, 2016a; 2016b; 2021)¢, 4Tl 2, JeAsok FHARIEE N 4R O e E vE X
Y, BCRHUHIER T X7 B ERA R Sbs 3 SURRERE . WHDAEIIE I e R A 2
KRG T 1 VRO I ELZ B A5 A B, H2 om0 A, B 22 | o A
AES:, 2 R R R TN R NFRAL; (B9 848 Rt B R A R R L
(ARS8 5 3fE LLIX %) (FUjita, 1981; Ak %, 2016a) -

34 k%

T RNRAER, IR B BB R RS, g R XT3 140 m « 5™
(Davies-Jones et al,2001; Bluestein et al, 2015) . &K E WA RS R 10° s, & T H Ak
PAEH . KEIRFESH KRR 2 RIESOEEE X, Ha# e e L (American
Meteorological Society, 2025) #&, MihF I B IEH B HUIR = 2 i RS e 2=, Sl
FERS L A, H A I T e AR A B e, KT B A A e e K 5 BARTR
SR IEAEDAR I, HEEE AT, AR A BRI R R PRGBS R T
Wt . ZEF2 Yo As Ko AR R SR . AR A e B G 28 78 QLCS B
T [0 30 00 P40 P s JEE P DA A R R TR 5 V) AR 28 7 AR R W A 30 T 3 B = o A=
T E PR INIR M B (Wakimoto and Wilson, 1989; %7k Jt:4%,2015b; 2017;Yu and Zheng,
2020) .
[ il 10 P RAEL R A 1400 DS (Kosiba et al, 2024) , BP9 R4 Kk AE
232 Mg (Taszarek et al, 2020) ; o [ fe s K AE AT AR TS EATRRM, ~F-H4)44E A 21 100
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A (GEERMAT NG, 2015) o BHRZHOKAE T HEAFIE R X, 58006 e 13 5 2R
X HHZE 0, (Bluestein, 2000; Bosart et al, 2006) . ¥4 K@ F BT K, 1H 2016 4F
6 H 23 HE TR ERBEKIL 345 km, 2021 46 H 1 HE LG REHEK T 50
km. 2021 4 12 H 10 H&IE] CHHTE)D , SEER AR EF4 26 A0k 266.7 km, RF4E
i [E]3% 178 min,

WIHTATR, 2 26% 1 g SR P2 A et AH I 5 o A= e B 25 B aA K T~ 2000 m, I
P e B IR R T = 4 40% (Trapp et al, 2005a) o 5757545 (2013) RILFRILHL X 2
R AR A e AR KRB0 18%. Trapp etal (2005b) iitf3%3l, EEp4 79%H
PR CELAERISL AR R 2 SR AR 7242, 18% QLCS 74, HAR 3% FZ &
bl Py S AR . RS X R H SIS R RN 2 W, QLCS HEUEEHA —L
A G 7K OE%%5,2021) 5 o, Y758 50%01 e 46 H 2 5k XU R G0 B 4 k= A,
2) 30% b H QLCS A4 (1Rr754,2021)

— 5B HIXHR A UL AE S 3R 0~6 km T ELXUIAS . K46 TS & B CRaes RTRRLGHR B
BN IR AR AR IMKZE (0~1 km) TE BT84 (Brooks etal, 2003;Grams et al,
2012) A FT > EF2 Hh e B ISR . ARG S5 T O B 55 K< CAPE
5/ (McCaul, 1991; FUELESE, 2015) , WIFTHTIA, J&T2RMUUSEE HSLC 354 & A1)
SO K65, 2025a) , FEAZIAEEH B BB BAGIRZ AU A e ) B 2 77 A
TN EERS . WHTPNA, IR B IR N = REEINE R Z NS (Kulie
and Lin, 1998; Dowell and Bluestein, 2002; Clark, 2009; # %% 2025)

6B 2 B RSO AR DR R ST R I AR B AN aT b, GRS R R, 18w 5
B RS ENT ACHFT B (Markowski et al, 2002; #7k)6%%,2017; 2018; 2020) ,
TEIXANEFEH, FFD F1 RFD 1E H B A 1R A ZE R (Markowski and Richardson, 2009; Orf et al,
2017) . FFD JERRI H I SRR AR FH 7= A2 B 2K ST B2 A2 T R4 B 75 1R i e /N [
FERJR (Fischer etal, 2024) , 34k, ARZAMGIR FED I AR o3 BE i th A2 A= o
SRR EESRIE (Orf et al, 2017; Finley et al, 2023) . [ RFD Kk &8, #BHRIAAST
BB LTS, KT EEAE REDAI/ECEPIR 91 )% B I i iexs, RFD P24 [fr¥
RV B AR 7K B X 0 T et B2 E R (Markowski et al, 2008; Markowski and
Richardson, 2009; Mashiko et al, 2009; Marquis et al, 2012; Schenkman et al, 2014) .

Markowski and Richardson (2014) #1 Davies-Jones (2015) ¥ /< Jigfe %MK R4 A=
BB Fischer etal “(2024) MFEAS e te & FITE Lo AVUANBY B, 20 5l A Fh A€ TR s
R TR 7 A R 7K T 00 FE R T7 100 T8 RSGIe Hb 3 die Je / N B o e /N R Rl — A %o By
e 5 E R GG 7R R BEERE ] N O

B 1 BRI B I WLINRRAE LAAL, BRIk (Bl . A UhE s AU R R A TR ERFAE

(TVS) | Zpg FE"Zpr I8N Zpr 3855, FUTRIT R KT MR RS ERTEIRETZ—
(Rasmussen et al, 2006) ; XU{#RTEIEMM AT TDS TR L) 252 Wl 46 i) 8 2
&k#E (Ryzhkov et al, 2005) ; #ORGHTIA, Loeffler et al (2020) &AL A 0346 4% 4k
H Zpr IV Kop 2173 B 77 7] 5 RBR 3 77 [0 HET IEAS . 2021 4F 5 H 14 HILIM R A
JEB % FRLAAR BV REPIR RT3 X 380 BEAR ) Zprs  Zpr IAT Kpp /EAHEEBE G (Yuan et al, 2024)

QLCS WHimlig K Z AR R AN, TR B i ie b 38 TE 46 I v g o
FH5E . RRELN A, TR EMRE B IR NGRS R e &R (Fischer et al, 2024; Kosiba et
al, 2024) ; R PIREEEELL QLCS ) RN ML R P REVESE R, XA vim &1t b
FHACTUG 5 T AN 3 1 oF 3 B i B2 1 2 B AR R FH B2 (Atkins et al, 2005; Davis and
Parker, 2014) 5 WIFTFTIA, 7 A KB I i e 5 58 1) Kop B 142 1) 14 B2 15 95 (Kuster
etal, 2024) .
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Fp ] 28— OS82 R 2012 4 7 H 21 H AL 5 A E: 1 3 1) N X 5K R
T AT IR A (Meng and Yao, 2014) . 2016 4F 6 A 23 HIL B 5182 EF4 2 %
i, AL T REEAEK 345 km, B FHIEEL 2 km, &EL 41 km K
Jt4%, 2016b; Meng et al, 2018) , Fx i S HEERL R %l 42 m = s (Meng et al, 2018) . 2019
S£7 H 3 HUILTIHREAET TN EF4 v, 2 BR ARG BT A K T
XL Z R E AR BERARIX — A F Je 5 R B 2 1 24 AR AR [0 70 72 30 21 Je 6 T 1 X
B P AR T A KSR N YT AN, A RIS L EERR, TR T IR S,
o i A e S A 30 m e s DL OFSKOE%E,2020) . 2016 4F 6 H 5 HifFR B v
J& TR AL Bk 4 (EH WA/, 2019) . 2023 4F 6 H 1 HA R 5 FiZ 7 B8
Tt RAETESRA M S (ME5E, 2025)

FE SRR FHIEEEN. TEE A PRI & RS R F 2 2018 F 4K
FEFRAE LA T 10 AN (24985, 20200 , 2021 4F 7 H 11 HEESRMES L ER
A 134N kA (Wenetal, 2024) , 2024 4F 7 A 5 HEHESIEEA 1L AR RIHR A 13 Nkt

(HHi5255, 2025) . Wenetal (2024) XfLE/r#T 7 2018 4F & XUEE 5 Fl 2021 SR8 HES e
BRI, RN 2021 FEHAE 4 CAPE. 0~1 km KU FIRTIZHERE . 0~6 km T B X JAE Hl
Je G0k e S HEEHE K.

4 SEXTRRSTIR

P T AT TR PR BRI, ok I R AR R s dE =, AR I R T 43 ok A e A
WA, TR ITER R KRR (McNulty, 1995; #h4EFA%E, 2014; AT/ 54, 2020) . Fidkolk
Frt, JETANRI R AN i AR R SR AL R SRR . WAL, 256 R 2 Fhit
BIRIE AT i AR AT BRI AR N 51 B SGi R A Tl , 75 b el bk — D ey
FEI AN TR (Gk/NS4E 2019;5K V545, 2013; 5 4%, 2013; 47K 4%, 2025b) . E i Al
T FRAR 5 Jo A AT S0 2 00 DRI 2 2 2R B P s X S

BE TR BB TR 25 R, TR MR FUEE 1 22 Bl 2 i ) B 62 2 S s R R < A
FRIVRE IS TR [ 06 D U8 s B T AU SC4 HA T L2 2 T PR K R K YR A G ) B & . CAPE. 0°C
FEEE ARZREERTZ . REEYEELIAN, 87 ESE 850 hPa 5 500 hPa i % |
sARIETHR A F O AA RBLEE SR VKR TR 2 B TEESE 2 s Wi B ()58, 2017).
R U B B OV i 0 B AR O o I R RAR R A B B (e K B TR e
MR TREE) M, JREH “ ZBER” . “Time-lagged 4”7 . “ARIRIE” AL <A
RPUHLYE” 07 RTINS T s HE R BB A TR e ) (B 7k 64§, 2015a; 2015b;
2025b; Gallo et-al, 2019;/E ST FE AL 7Ok, 2019; 15245 2021)

TRPE 2 2] 5k BB 5T 1 BRI R A R B TR B 77 o A% B0 R S 0 Y R <R A
MR T VA, Gert o AT ) BE IR A S ISR BE o0 A, R BB o “ A0
ZERRIRE PG S AN R (B AR T V06 AN [R] A B 2 B S R A B ER LR s 5 S S
Z 1A B w22 55, H ShAE i as SR (i A5 AR, 2012; 1 W 915%,2015; H A& 5E,2024a;
2024b) , WA A ARG SCRMEN L RN I TERIREAR . IRE2E 27
TERRE LR G I FH A BRFN w5 40 3 28 X S B A P DA 2 22 VRO S50, 70 ol g F P o
T I SR B UK L VKR R R R R IR TR S R R SR R B AR TR AR B 0 e 4 7 1 B IR T
(Zhou et al,2019; 2022;2025; J& FE#E4,2021)

LI TR e 7 BT+ B AN T 5 0 Fe e B TR P K e o 55 R R P 6 T TR IR T R 4
(Warn-on-Forecast System) &8 T =0 #F R AU A Wk I TE KA 5%, DI mks. &
B AL P U e AT (7], B AT/ #5484 3 km (Heinselman et al, 2024) . 1 [E R
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TWRT 3km Al 1 km 2R L% CMA-meso B304, 22255 HF K T S EndD-Var (4
G UULEAR 7y FACSEROR I A R R I A A UME TR R4, 2024 SE i m KP4 %
A3 m, ARG IR BT R TR, ISR A — 1 e TR R

BN R R EE RS TR R (FSEX AR I I TR H AR R ik
T UL AC B 4 M DU AR B S AR SR JUAS /N I TR OH8 7k 655,2010; 2015b; & HREESE,
2025) o FETZUEMMBERL, SRR FH. MCS MIERMENRRTERESE N, S
HEITVERNL GEHLAS 2 21 J5 1%k BARMORAE TR 55 h B BLLF L FHAE,  {F S FH R FE 2 20 4
AR RilE 2R BORHR R A AN UL R 75 S RS T AR 3 1 SN2 IR CRZK O 4, 2010;
2013; 2015b; J& FENESE, 2025) . #ildn, #HksE (2018) A1 Zhang et al (2025) Z35ilfd Fs2
FE A BN Z B RFER S 2 38 X R I R BE 2 2 D5 iR g S 1 20 R AR Il A
Al MRS (2020;2022) . Sandmeel etal (2023) F1 Xie etal (2024) 435 FH A2 45
JiiE BENLARAR 7122 DA K BRI 2% 55 Transformer £z ARAH S5 A 107 V0 & 1B 2 Ak e
BIRAEE . R FT SR B B R AIIARFAE, AN [F) 2 2R BRI OR B 2 W 1R 1 7
ARIEFERFEEIF K CGHR7KOGEE, 2025b; Jil FRIESE, 2025) o TRBE 2% SRR B A il BT e 42 4t
e PR e AR T TS 2 TUREER A, JEEAS TR e O FREIESE, 2025) @ BARSE N 55
R SRAE A 2L T DU R 1 0—1 h KUK . 85 2 KR R M R e ol AR R
ProbSevere v2.0 (Cintineo et al, 2020) , {81 F 2 Y0 I AN SO T fiR S5 ictts , FHR 2 )
TiEER XTI SRFEK . UKEL TR R RAN I 46 5 Kb i N R e T AR I i
AR (U Lagerquist et al, 2020; Zhou K H et al, 2020; Schmidt et-al; 2023; Xiao et al, 2023;
Zhang et al, 2023; Liu et al, 2024; 2025) . HH AR,  H&T NowcastNet (Zhang et al,
2023) KRETHESZRATER “HE”7 REHHHREE V1.0, a7 mE. s
STRIVREE AL BB, 3% 10 min A2 AR 3. h MRS 2R R T A oK T, ELA AR B IR il
A& (Das et al, 2024; EANEE, 2025) , FERCT A G R 9 F 14 R AR I 3 Tl R4t SWAN
3.0, 1R ZEHF

5 ZIRMRE

BEAE RATRIR . A A FE R 22 il T 03] i Do) 1 2 1 DA S BB T . N R e A1)
R s R AR FH S K ORI B L A ERBRIR N, 255 2 IR TR TR B 2 5] Tl b
AREUFE R, TR I BTt . A SR TR 4 T X SR, B AR

(1) ARSCRE T HEAM MM, B4 TR RER K R E RS R 25
ARIRAIEHE ML, HSLC P55, B 55 G 200 A BAE SR AR R ALS], #2807
JROBE R T SR RS T B A A IR

(2) RGuas TG QLCS, = R [Rl A i Jie 1) = ZELEMRFE . 2 DIAH ORI
KA B T AL AU IR B 18 SRR AE 55 o B AR bR B KR 43
EAE R, 9 H AU 3R R TE WIS AE $E 7R T A8 2% LA B 2 AR EE R B ) S R REAE
TR AR e A AR 28 BL HSLC 3R 85 . RKW BEAS IRRE (1) Z 36 B XD A8 6 K I ] 4 5
QLCS MIEZM:, FHARETE MRS QLCS HIRJBNLEL. 5 IRII% FITE RS s B X 138
FiE CAPE MR E VAR, R 2HIE A EERFR; 1R 5T 60%H QLCS S5
T BRI G T e RID BRI XU i 38 B9 0 7K S50 B TR B U o B P B 3y, o
TRNESHE S RID. H iR e T AL A 2

SRR, BAE, WRUIEF, 2024, Jodnl 4R RIS A BUA TR R G —— BRI S 50581, 6 AL
KA AR R 43 T RN I TV AR A I 4% B 2024 AR RT3 7 B G 22 , bR DU
http://www.ium.cn:8000/now2/

19



762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791

792

793
794
795
796
797
798
799
800
801
802
803

(3)  SRFUSEPTT KR ETHE S B T8GR CAPE fH. USRI B
F IR REAE T o 7 AR R AN 538 B2 K R0 IR0 X AL A KR R P e B DA S A T =38 Z 1A
KA, HAE=5 om KIUKE T2 B R EAARA ), HE SRR CAPE S5 1AM th KUK E 1)
TE AL DKE T I BA — A B BT SRR P05, A a B BT R A Uit i
I, JLFASZ I OB e s B A KA s T AR KUK XU o 3 IR B A
MRORZE 5 s M ARORRT A e DX ) 38 20 3o YA A S AE LT AR AR PR UK HER o R I e o B
KIIERGEEZIEM, 5 R BZ NS R B T S SRR R R B R AR
R RNE B RFD 5. BB TR s I e 1 LR TR . RN ag; FRik
R AU R TVS. USSR 7% TDS 8552 Wil e 6 1) E 2R -

(4)  FERES TR R TR DR « PR e e, TR & 73 M B Tt
AR L 2 2 BOR T2 B 225 52T 17 9oRh AL R R S Tl U R A

SRS PR T AIRE AL DR AR T TR R IR 2 ORI BOMERRL, MV 55 SR T i 5 2 4 %

i~ R 2R A A7 TR I 205 AL FD 0 A, R OR 85 AT R e P s R 0 A iy
FELLN J5 TR NBIE T«

(1) X IRE AR fih A FR) R B 4 B AL TR — B 55 3 5T, 5 BN AN [RIFA 5 5 AR AN ]
I T X I 55 i A AL ) DS B I R E TE A B i e R v (4 3B 0 R AF AR RRAE 48 s T
AL AT AR 3 KBRS A AR S50 LA B R AL S AL T s R
W7t HSLC 553 B X DAL 55 CAPE S8R SR ARG AR 1 st it R A e LA o

(2) s QLCS HERFHLEI T FT, JEHE™ A 5mFE KR TH-QLCS 4ERFHLAE; IRA
IR SRS SUXER T v A REEATE KGN RBEAS A LE AL , T e 0 P A B S 1 (4 9o
RANTE AL TR AT 5 58 T ERNHIE I, A 9 ARG 2 A SO T B % AR T B
BU 5 B R LA rh b e (R G UL 5 SR S I . KUK E AR &
VKRB HERUE BB BN | B A 7 AR B B KRS R A e I R IR 3K B R
KBTI T35

(3) Bt DRIV GAGHIRMEE ATy JCH R R IR E LRGN ER I FE 77 Fid F¢ J2 0 I g
73, FREERALSE X AR AN 9 0 AT 2 W B (RRZERED B IR 7T KA JE
IR G AR B[R] A B AR RS 20 B PR 3, RN R R B0 S X i X =ORS A FA FD O v
HERBAETREOAR « R RS VB SRS AN BE TR BOR IR L 2 ST, e TH A it
PR A AR T2 A IR JE TR XL AU 28 70 A1 9 RN S 2 R R AE T E /7, SEA 5%
PR AINEA R R

275300

FIZ258, &% 55, Sueki K, 4, 2020. o [ #viiy Ui e 1) U Se THRFIE(2006~2018) [J]. 1 A
HiER B2, 50(5): 619-634. Bai L Q, Meng Z Y, Sueki K, et al, 2020. Climatology of tropical
cyclone tornadoes in China from 2006 to 2018[J]. Sci China Earth Sci, 63(1): 37-511 (in Chinese).

BT, AN, RS, A, 2021, 2019 A VIR R SRR AR e L O A TR A0
b T [3]. A%, 47(2): 230-241. Cai K L, Yu X D, Li C L, et al, 2021. Comparative analysis of
damage survey of microburst in Lingui of Guangxi and tornado in Zhanjiang of Guangdong in
2019[J]. Meteor Mon, 47(2): 230-241 (in Chinese).

G, WA, FAOE, 55, 2018, H [E I B 5 X IR OK S R AR I ) B B SR AE [J].
A%, 37(1): 185-196. Cao Y C, Tian F Y, Zheng Y G, et al, 2018. Statistical characteristics of
environmental parameters for hail over the two-step terrains of China[J]. Plateau Meteor, 37(1):
185-196 (in Chinese).

20



804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847

HHIEL, HKOE, B, 55, 2020. 2018 4 7 H 15—17 H b5t b s 5 F 7K o B = 20 A5 2 g
B KR AE 2> BT[] X %, 46(7): 885-897. Cao Y C, Zheng Y G, Sheng J, et al, 2020.
Characteristics of three types of convective storms during the Beijing extreme precipitation event
in 15-17 July 2018[J]. Meteor Mon, 46(7): 885-897 (in Chinese).

HHE, KO, BA, 45, 2021, T GRAPES_3 km U H i REME R TR B AR AL [I]. <
%, 47(9): 1047-1061. Cao Y C, Zheng Y G, Sheng J, et al, 2021. Severe convective wind and hail
probabilistic forecasting method based on outputs of GRAPES_3 km model[J]. Meteor Mon,
47(9): 1047-1061 (in Chinese).

HHSE, AKOE, FIREL, 5, 2025. 2024 7 H 5 HIL AR MG R FH IR A 5 v REERHEL].
S%. LR, Cao Y C, Zheng Y G, Zhou X M, et al, 2025. Damage survey and mesoscale
characteristics of the tornadoes in Heze of Shandong province on 5 July, 2024[J]. Meteor Mon (in
Chinese).

W, PR, T, &, 2012, — 5 I RE Y i AR A R R B R ARFAE 3 BT [J). LR TR, T0(4):
609-627. Dai J H, Tao L, Ding Y, et al, 2012. Case analysis of a large‘hail-producing severe
supercell ahead of a squall line[J]. Acta Meteor Sin, 70(4): 609-627 (in Chinese):

JUZEA, AT/, 2015, D I S A A RFIE[Y]. UK, 41(7): 793-805. Fan W J,.Yu X D, 2015.
Characteristics of spatial-temporal distribution of tornadoes in- China[J]- Meteor Mon, 41(7):
793-805 (in Chinese).

JsE, AN, BB, 20200 RACBERETL ST HTI]. KRS IR, -78(2): 260-276. Fang Z L,
Yu X D, Wang X M, 2020. Statistical analysis of drylines in Northeast China[J]. Acta Meteor Sin,
78(2): 260-276 (in Chinese).

), SRIRTE, REREE, 4, 2018. XUIWHR FE AT 7E AR i s R SO AR R A 3], S
%, 44(12): 1565-1574. Feng J Q, Zhang S S, Wu C F, et al, 2018. Application of dual polarization
weather radar products to severe convective weather in Fujian[J]. Meteor Mon, 44(12): 1565-1574
(in Chinese).

AATEE, MG, PR, 2019, VRIS X TORTEME L I AR FIHLEE[I]. R, 45(4): 483-495.
Gong Y D, Zheng Y G, Luo Q, 2019. Evolution and development mechanisms of an arc-shaped
strong squall line occurring along the south side of a cold vortex[J]. Meteor Mon, 45(4): 483-495
(in Chinese).

AN, B, HOR, S 2015, JUURKVKE KU AR 0 2 U B R AR R AED]. R 2R,
26(1): 57-65. Hu'S, Luo C, Zhang Y, et al, 2015. Doppler radar features of severe hailstorms in
Guangdong Province[J]. J Appl Meteor Sci, 26(1): 57-65 (in Chinese).

W, K, A6, 5F, 2013, ER B REERS IS ERBERE T %R R R
B ya Al SCHEEROR[J]. <A, 39(7): 901-910. Lan Y, Zhang T, Zheng Y G, et al, 2013. Advances
of mesoscale convective weather analysis in NMC Il: mesoscale nowcasting analysis and
supporting techniques[J]. Meteor Mon, 39(7): 901-910 (in Chinese).

WA, MR, EER, 45, 2012, T REEEER PO R SR 5R 0 RR 0 B TR
R[], A5 2A4R, 70(4): 752-765. Lei L, SunJ S, Wang G R, et al, 2012. An experimental study
of the summer convective weather categorical probability forecast based on the rapid updated
cycle system for the Beijing area (BJ-RUC)[J]. Acta Meteor Sin, 70(4): 752-765 (in Chinese).

B, AL, WRl, 2019. 2017 fFALSTILE— S L3R SRR B AE RILERLI]). SRR,
77(3): 371-386. Luo Q, Zheng Y G, Chen M, 2019. Evolution and development mechanisms of a
rare strong arc-shaped squall line that occurred in northern Beijing in 2017[J]. Acta Meteor Sin,
77(3): 371-386 (in Chinese).

21



848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891

BIR, MO, WRE, 2020, db5HT— V05 WA 8 A A SR I U A R A [0]. LR, 46(4):
478-489. Luo R, Zheng Y G, Chen M, 2020. Mechanism of a rare night sudden intense warming
event in Beijing and surrounding area[J]. Meteor Mon, 46(4): 478-489 (in Chinese).

A, A, KA, &, 2025, ImiE R PR KR VL ARSI AN BT[], A&,
51(4): 389-399, doi: 10.7519/j.issn.1000-0526.2025.032801. Sheng J, Jin R H, Zhang X W, et al,
2025. Verification and case evaluation of the “Fenglei” V1 meteorological nowcasting model[J].
Meteor Mon, 51(4): 389-399, doi: 10.7519/j.issn.1000-0526.2025.032801 (in Chinese).

A, BAH, hEE, %, 2014 REEZEAEEN&EHERFESII]. RER, 400):
1058-1065. Sheng J, Mao D Y, Shen XY, et al, 2014. Analysis on characteristics of elevated
thunderstorms behind cold fronts in China during spring[J]. Meteor Mon, 40(9): 1058-1065 (in
Chinese).

REAS, A, VOB, 2020, HEALRE S A S 5K R B IR G 3 A RFIE S IR B A 3]
S5 244K, 78(6): 877-898. Sheng J, Zheng Y G, Shen X Y, 2020. Climatology and environmental
conditions of two types of quasi-linear convective systems with extremely intense weather in
North China[J]. Acta Meteor Sin, 78(6): 877-898 (in Chinese).

INARFS, 2017, FGI 5 5 KR 2 MY 1) X ) 5 B R [J]. & WK 3, 36(6): 498-506. Sun J S, 2017.
Differences and relationship between flash heavy rain and heavy rainfall[J]- Torr Rain Dis, 36(6):
498-506 (in Chinese).

VAR, 2023. 5 B2 A0 K RURH O% [ 5 A28 T 25 45 14 FIFABY p2mad F2[J) A%, 49(1):1-11.
Sun J S, 2023. The pattern structure and thermodynamic and dynamic processes of severe storms
associated with linear convective gales[J]. Meteor Mon, 49(1):1-11 (in Chinese).

INARRS, BREME, FISLE, 4, 2014, SRXTVR IR B A SR 3 5 HoR T7 v ——r [ 5 iR S
WAk FMIM]. dbat: KR E AL, 282, Sun J'S, Dai J H, He L F, et al, 2014. The Basic
Principles and Methods of Convective Weather Forecasting: China Convective Weather
Forecasting Manual[M]. Beijing:"China Meteorological Press, 282 (in Chinese).

PNGEFS, PAAHAR, 2012, 3RXHAR Ao Hr S5 R s T AT [I]. R, 38(2): 164-173. Sun J
S, Tao Z 'Y, 2012. Some essential issues connected with severe convective weather analysis and
forecast[J]. Meteor Mon;38(2): 164-173(in Chinese).

JESCHE, KOG, 20190 R R ST [R] A HUE TR Y /)N R P 7K BRI ) S 4R 5 1T IEROR[J]. <
%, 45(3): 305-317. Tang W Y,"Zheng Y G, 2019. Improvement of hourly precipitation forecast
using a.time-lagged ensemble based on rapid refresh assimilation and forecast[J]. Meteor Mon,
45(3): 305-317 (in Chinese).

Ve, A, dREde, %, 2014, — IR 5 EREARFIE AT [I]. SRR, 72(2): 220-236. Tao
L, Yuan Z H, Dai"J H, et al, 2014. Analysis of the characteristics of a nocturnal bow echo[J]. Acta
Meteor Sin, 72(2): 220-236 (in Chinese).

AT, 5kANFe, EHase, 45, 2022, [ rpoI i 4R X = S8 3 R SR B 2 A ¥ R A B RFAIE
[]. ®EA %, 41(6): 1446-1459. Tian F Y, Zhang X L, Cao Y C, et al, 2022. Baseline
climatology of environmental parameters for three severe convective weather phenomena over
middle-low areas of China[J]. Plateau Meteor, 41(6): 1446-1459 (in Chinese).

WA A, Ak, BSHVE, 55, 2024a. FlA PR E i O 5 1) o 28 00 5 i 2 0 TR R
4 (QEIIFAE[I]. K4, 50(6): 649-660. Tian F Y, Zheng Y G, Jiancan Z X, et al, 2024a.
Forecasting system for short-term multi-category convective phenomena combining physical
understanding and fuzzy logic Part 11: Performance evaluation[J]. Meteor Mon, 50(6): 649-660 (in
Chinese).

22



892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935

HA A, ARG, FhEEse, &, 2024b. FlG P EE B AR 5012 B8 1Y) 43 S i ont It 20 U A B TR &R 4t
(D) RGHK[]. %, 50(5): 521-531. Tian F Y, Zheng Y G, Sun J H, et al, 2024b. Forecasting
system for short-term multi-category convective phenomena combining physical understanding
and fuzzy logic Part I: System construction[J]. Meteor Mon, 50(5): 521-531 (in Chinese).

WA A, Ak, sk/ANES, 45, 2018. 2017 455 A 7 HI M Wk s B KGR R G450 kR R 4 5
HLHI[]. 4, 44(4): 469-484. Tian F Y, Zheng Y G, Zhang X L, et al, 2018. Structure, triggering
and maintenance mechanism of convective systems during the Guangzhou extreme rainfall on 7
May 2017[J]. Meteor Mon, 44(4): 469-484 (in Chinese).

WAL, BRUE, BAE, % 2017. GBIT 35224-2017 Huf R MIMITE RAIARIS]. dbai: &
[E[ A5 H 4. Tu M H, Mao C Z, Feng D X, et al, 2017. GB/T 35224-2017 Specifications for
surface meteorological observation—weather phenomena[S]. Beijing: Standards Press of China
(in Chinese).

T2, G/, B2, G, 2021, FEEM XAl NIRRT ARHIE]. BSR4k, 32(5):
592-602. Wang J L, Yu X D, Tang X Z, et al, 2021. Characteristics of convection-triggering
drylines in the drainage area of Huanghe and Huaihe Rivers[J]. J Appl Meteor Sci, 32(5): 592-602
(in Chinese).

FIRE, HAOE, R, 4, 2025, At )AL A BB R KRR RRAE R LRI AT O], UG AR,
83(5):1-16. Wang M H, Zheng Y G, Li D N, et al, 2025. Characteristics of daytime and nighttime
types of torrential precipitation processes in North China[J]. Acta Meteor Sin, 83 (5) : 1-16 (in
Chinese). TB% 75, #EF N, 2012, KILH R XM I IAZRR R BERHR R G ir 10 4HE%
TURFE[]]. A% 244K, 70(5): 909-923. Wang X F, Cui C G, 2012. Analysis of the linear mesoscale
convective systems during the Meiyu period in'the.middle and lower reaches of the Yangtze River.
Part I: organization mode features[J]. Acta Meteor Sin, 70(5): 909-923 (in Chinese).

FFHH, B, GG, 55, 2025, BRI AU ] SRR, 83(3): 813-832. Wang X
M, Tang H, Yu X D, et al, 2025./Advances in supercell storm research[J]. Acta Meteor Sin, 83(3):
813-832 (in Chinese).

EFEW], AT/, 2019, Bl IREUREE T A B RERT FE[]]. R AR, 77(3): 387-404. Wang
X M, Yu X D, 2019. A 'study on the physical process involved in the genesis of a severe tropical
tornado[J]. Acta Meteor Sin, 77(3): 387-404 (in Chinese).

FFHY, fr/hgh, SulEde AF, 20280 7T o B IAE LI A I W BUE T ST E R D], AR, 49(2):
129-145. Wang X M, Yu X D, Fei HY, et al, 2023. A review of downburst genesis mechanism and
warning[J]. Meteor Mon, 49(2): 129-145 (inChinese).

FF5, GG, R, 2014, B BB A LA FEAR B B [I]. AR, 40(4): 389-399.
Wang X M, Yu X:D, Zhou X G, 2014. Discussion on basical issues of thunderstorm potential
forecasting[J]. Meteor Mon, 40(4): 389-399 (in Chinese).

FRT7T7, BN, ERR A, 2019, —IREDHE R T RUEEN IR A G R 2 RO S5 K RFAE WL AT 7 [9].
G 2EHk, T77(5): 785-805. Wu F F, Yu X D, Wang H, et al, 2019. An observational study of
multi-scale structural features of MCC on the coast of the Yellow Sea[J]. Acta Meteor Sin, 77(5):
785-805 (in Chinese).

F77 75, A/, RGN, &, 2013, JRALHXGE 2 AR KR IR SR A 5 BB RRRIE[]]. AR
e, 71(2): 209-227. Wu F F, Yu X D, Zhang Z G, et al, 2013. A study of the environmental
conditions and radar echo characteristics of the supercell-storms in northern Jiangsu[J]. Acta
Meteor Sin, 71(2): 209-227 (in Chinese).

B, ZFEopag, EEM, %, 2020-11-13. — FPOR 5 iR BE AR AE B 8 IR B E L o E

23



936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979

202010861316.5[P]. Xiao Y J, Li Z H, Wang Z B, et al, 2020-11-13. Automatic identification
algorithm for tornado vortex characteristics: CN, 202010861316.5[P] (in Chinese).

HEE, TI5, FE, 55, 2022, U IRARTEH SRR EARS 2021 £ T 2R
RETHIBEI 0 M D], R #E, 41(2): 130-141. Xiao Y J, Wang J, Wang Z B, et al, 2022.
Analysis on the influence of fine detection technology of dual polarization weather radar on
recognition ability of two tornado storms in 2021[J]. Torr Rain Dis, 41(2): 130-141 (in Chinese).

VRS, O0GR, B, &%, 2023. ¥Rl SR AP IR — S TR R R K KRR AT [I]. AR
2#4%, 81(1):40-57. Xu C Y, Zhang L N, Xiao X, et al, 2023. Case analysis of damaging high
winds generated by bow echoes in the presence of a cold vortex over the North China Plain[J].
Acta Meteor Sin, 81(1):40-57 (in Chinese).

TRIF, KRR, PMVREIZE, 2021, VLIF RGN A MXERTEASRHIEN]. U5, 47(5): 517-528. Xu F,
Zheng Y'Y, Sun K'Y, 2021. Characteristics of spatio-temporal distribution and storm.morphologies
of tornadoes in Jiangsu Province[J]. Meteor Mon, 47(5): 517-528(in Chinese).

Wi, AKO6, Wi, &, 2017, [E SRR R R LR Ak 55 SO R R ] AR, 43(7):
845-855. Yang B, Zheng Y G, Lan Y, et al, 2017. Development and construction of the supporting
platform for national severe convective weather forecasting and service[J]: Meteor Mon, 43(7):
845-855 (in Chinese).

Wads, FKkot, 2T M, 55, 2023. 2019 428 H 16 H ik FHBK i F /K F5 4 AR v Hh RO e Jie I
FEFIHLFR S HTI]. 554, 81(1): 19-39. Yang L, Zheng Y G/ Yuan Z P, et al, 2023. The
low-level meso-y -scale vortices during the extreme rainfall in Shenyang on 16 August 2019:
Formatiom, merging, and rain-producing mechanisms[J]. Acta Meteor Sin, 81(1): 19-39 (in
Chinese).

g, AL, WL 4% 2025, 2023 4F 6 H 1 HIL T3 KRR M HE M. KRS,
Lo i, Yang L, Zheng Y G, Yuan C, et al, 2025. Environmental conditions and evolutionary
characteristics of the tornadic storms in-Liaoning Province on June 1 2023[J]. Chin J Atmos Sci
(in Chinese).

sk, #E, BRUIEF, 45, 2018. T SCRFIAEALA T 2RI ER]. MR R, 29(6):
680-689. Yang L, Han'F;.Chen M X, et al; 2018. Thunderstorm gale identification method based
on support vector machine[J]. J Appl Meteor Sci, 29(6): 680-689 (in Chinese).

whIET, FEE, Wk, 45,2022, UREIEEGLIRE XN TG LA N]. AR 4R, 80(6): 835-863.
Yao Z Y, Tu Q, An L, et al, 2022. Review of advances in hail formation process and hail
suppression research[J]. Acta Meteor Sin, 80(6): 835-863 (in Chinese).

AT/NEL, 2013, AR B K IR I TR S 5 7R D). BN R EE, 32(3): 202-209. Yu X D, 2013.
Nowcasting thinking and method of flash heavy rain[J]. Torr Rain Dis, 32(3): 202-209 (in
Chinese).

Ar/NGR, EFEW, BGH, 4, 20200 RS IEANRIGIT ERIM]. JE SR HRREL: 416. Yu X D,
Wang X M, Li W L, et al, 2020. Thunderstorm and Strong Convection Nowcasting[M]. Beijing:
China Meteorological Press: 416 (in Chinese).

AN, /NAL, EFFY, 20120 B SRR IR IE RABER R[] AR, 70(3):
311-337. Yu X D, Zhou X G, Wang X M, 2012. The advances in the nowcasting techniques on
thunderstorms and severe convection[J]. Acta Meteor Sin, 70(3): 311-337 (in Chinese).

BN, FRRL, EFS. A EA XA AT 3], RS A4, 2016, 74(6): 902-918.
Yu X D, Zhou X G, Wang X M. A preliminary case study of elevated convection in China[J]. Acta
Meteor Sin, 2016, 74(6): 902-918 (in Chinese).

24



980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023

WIS, TAER, REFYE, AF, 2015, T rh ROZHUE BRI 70 2K e iR RO EDT R[], R
%24, 73(5): 868-882. Zeng M J, Wang G C, Wu H Y, et al, 2015. Study of the forecasting
method for the classified severe convection weather based on a meso-scale numerical model[J].
Acta Meteor Sin, 73(5): 868-882 (in Chinese).

R, RS, EARIF, 2020. 2018 4 8 ] MR D SR AR R K S AR OV 2 A S ALERBT L[] K
S B, 44(4): 695-715. Zeng Z L, Chen Y, Wang D H, 2020. Observation and mechanism
analysis for a record-breaking heavy rainfall event over southern China in August 2018[J]. Chin J
Atmos Sci, 44(4): 695-715 (in Chinese).

AN, Adabny, BRYESS, 4, 2019, 18 BRI AR AR S oK AU FR) R 5 X 2 B AL 43 A [J]. R R K E,
38(4): 346-353. Zhai L P, Nong M S, Liang W L, et al, 2019. Analysis of the observations for a
supercell causing extreme gale in Lingui[J]. Torr Rain Dis, 38(4): 346-353 (in Chinese).

SAE I, ARG, 2022, FETFRE M) 19712010 4F A E KR F BAERER]. SRR,
80(1): 54-66. Zhang H J, Zheng Y G, 2022. Thunderstorm climatology over mainland China based
on hourly observations during 1971—2010[J]. Acta Meteor Sin, 80(1): 54-66 (in Chinese).

TV, W, BAHE, 55, 2018, ERZP REER SIS HRBERE 1 0 XAt R 35 8k
25 AR MG Bk 5 7= R R R G S R R [D]. A%, 39(7): 894-900. Zhang T,.Lan Y, Mao D
Y, et al, 2013. Advances of mesoscale convective weather analysis in- NMC I : Convective
weather environment analysis and supporting techniques[J]. Meteor-Mon, 39(7): 894-900 (in
Chinese).

TKANER, HAKOE, Bk, 2019, SRR R A AMBEREARIM]. Jb5 G R 522. Zhang X
L, Zheng Y G, Yang B, 2019. Severe Convection Weather Research and Forecasting
Technology[M]. Beijing: China Meteorological Press: 522 (in Chinese).

B, G, T, S, 2022, X SR TR Y AR SRR kR e AR FI ] R
#k, 80(1): 39-53. Zhang Y P, Yu X:D, Wang D, et al, 2022. The formation of typical dry lines in
Hetao and its role in triggering convection[J]. Acta Meteor Sin, 80(1): 39-53, doi:
10.11676/gxxb2022.009 (in Chinese).

TKHT, BAAT, AR, &, 2022. 2021 FEAMIT - 2074 v 5 W I I B RRAE A LT R O s P KA
M [I]. KSR, 46(4): 1002-1016. Zhang Z, Qi Y C, Li D H, et al, 2022. Raindrop size
distribution characteristics of the extreme rainstorm event in Zhengzhou 20 July, 2021 and its
impacts on radar quantitative precipitation estimation[J]. Chine J Atmos Sci, 46(4): 1002-1016 (in
Chinese).

Kot HHigE, B, 2025a. AR A S R IE AT R[] AR, 83(4):
990-1006. Zheng Y G, Cao Y C, Zhou X M, 2025a. Advances in research on environments,
formation mechanism, and damage survey of tornadoes[J]. Acta Meteor Sin, 83(4): 990-1006 (in
Chinese).

KK, BR, 2022, KRR IS BENIR JF AR Al ML ZRIAR [J]. AL RUR 4k (H AR
hR), 58(6): 1141-1152. Zheng Y G, Chen J, 2022. Review of atmospheric moist convection
categories and triggering mechanism of deep moist convection[J]. Acta Sci Naturalium Univ
Pekinensis, 58(6): 1141-1152 (in Chinese).

KO, EIRTE, BRI, 45, 2024, XHiRCER KSR E HLHI B IE R+ IR R[], R R FE, 43(3):
266-275. Zheng Y G, Huang Z Q, Chen J, et al, 2024. Some issues in studies on the atmospheric
instability of convective storms[J]. Torr Rain Dis, 43(3): 266-275 (in Chinese).

HKE, Wi, HHL%E, 4, 2020. 2019 4 7 H 3 HIL TR EF4 R A TR AF AR REIEF]
HLER[I]. 4, 46(5): 589-602. Zheng Y G, Lan Y, Cao Y C, et al, 2020. Environmental conditions,

25



1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067

evolution and mechanisms of the EF4 tornado in Kaiyuan of Liaoning Province on 3 July 2019[J].
Meteor Mon, 46(5): 589-602 (in Chinese).
AL, XIFEMN, skiERE, 2021, FERED R[] AR, 47(11): 1319-1335. Zheng Y G, Liu F
F, Zhang H J, 2021. Advances in tornado research in China[J]. Meteor Mon, 47(11): 1319-1335
(in Chinese).

K, MRESHEE, ARS8, 4, 2013, SRR TLEE NS REFE R[] R, 39(2): 234-240.
Zheng Y G, Lin Y J, Zhu W J, et al, 2013. Operational system of severe convective weather
comprehensive monitoring[J]. Meteor Mon, 39(2): 234-240 (in Chinesg).

ARG, AR, 2021, A IRFEIH EX RS B R ARRIE[T]. Al U5 4R, 37(5-6):
710-720. Zheng Y G, Song M M, 2021. Analysis of influence of cold vortexes on distribution of
convective high winds and hail in China[J]. J Trop Meteor, 37(5-6): 710-720 (in Chinese).

ke, BEHER, Ar/hh, 2017, SEXP R AR B — LB R ] AR, 43(6): 641-652. Zheng
Y G Tao Z Y, Yu X D, 2017. Some essential issues of severe convective weather forecasting[J].
Meteor Mon, 43(6): 641-652 (in Chinese).

O, AR, & H, 5, 2016a. “ARI7 B HEBIUISE AL X BRI HES 2 RE
FREHT[I]. 5, 42(1): 1-13. Zheng Y G, Tian F Y, Meng Z.Y, et al, 2016a. Survey and
multi-scale characteristics of wind damage caused by convective storms in.the surrounding area of
the capsizing accident of cruise ship “Dongfangzhixing”[J]. Meteor Mon, 42(1): 1-13 (in
Chinese).

KOG, BB, MILER, 2015a. EE NOAA XL & M T 0 2 [J]. 4, 41(5):
568-582. Zheng Y G, Xue M, Tao Z Y, 2015a. An overview of NOAA testbeds and spring
experiment in the United States[J]. Meteor.Mon;41(5): 598-612 (in Chinese).

KOG, Mk, FRERE, 45, 2025b. o i DN AR TEREOR R[], PR R R AR, 45(2): 1-13.
Zheng Y G, Yang Y, Zhou K H, et aly 2025b. Advances in monitoring, forecasting and early
warning technology of tornado[J]. J Marine Meteor, 45(2): 1-13 (in Chinese).

oL, KB, B, 4, 2007. H NCEP.BHBRMT AL ZE 0 M R Uk 5 [J]. dbaiK
AR (ESREBNER), 43(5): 600-608. Zheng Y G, Zhang C X, Chen J, et al, 2007. Climatic
background of warm-season convective weather in North China based on the NCEP analysis[J].
Acta Sci Nat Univ.Pekinensis, 43(5): 600-608 (in Chinese).

G, TkANEE, FIPRSE &, 20000 380 A R UKL N I 3 RO 55 BOR #E JR 5 B 0], A&,
36(7): 33-42. Zheng Y G, Zhang X L, Zhou Q L, et al, 2010. Review on severe convective weather
short-term forecasting and nowcasting[J]. Meteor Mon, 36(7): 33-42 (in Chinese).

KOG, JERRE, B, &, 2015b. XK AT I AR B BOR B [J]. R AR R, 26(6):
641-657. Zheng Y-G, Zhou K H, Sheng J, et al, 2015b. Advances in techniques of monitoring,
forecasting and warning of severe convective weather[J]. J Appl Meteor Sci, 26(6): 641-657 (in
Chinese).

K, ARICE], HATA, 2018. 2015 F<AR 7T 2 B RIPTSAFT 2016 4F BT EF4A 060 B
IREI LA GRS AERINLEE[]. R B RHHEE, 8(2): 44-54. Zheng Y G, Zhu W J, Tian F'Y, 2018.
Environmental conditions, structures, and mechanisms of convective storms of 2015 “Oriental
Star” capsizing event and 2016 Funing EF4 tornado[J]. Adv Meteor Sci Technol, 8(2): 44-54 (in
Chinese).

KOG, ARICE, Wk, 4 2016b. KOHFHbRHES 2016 4F 6 H 23 H B &M 11 [J]. T4,
42(11): 1289-1303. Zheng Y G, Zhu W J, Yao D, et al, 2016b. Wind speed scales and rating of the
intensity of the 23 June 2016 tornado in Funing County, Jiangsu Province[J]. Meteor Mon, 42(11):

26



1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111

1289-1303 (in Chinese).

MuRE, k&, LW, 5, 2015. G X EERIAEEE FMEIEREESEH L] TR, 41(8):
942-952. Zheng Y Y, Zhang B, Wang X H, et al, 2015. Analysis of typhoon tornado weather
background and radar echo structure[J]. Meteor Mon, 41(8): 942-952 (in Chinese).

JARRE, A0, Bk, &, 2025, SRR R EOUIE T PR B A3 AR B[], R4k, 83(3):
798-812. Zhou K H, Zheng Y G, Yang B, et al, 2025. Objective nowcasting of severe convective
weather: Technological progress and outlook. Acta Meteor Sin, 83(3):798-812 (in Chinese).

JE R, FRAKOL, T8, 2021, T FHIREE S > ey NWP A2 Y5 08I0 H0HE 1 P8 R 7 X8 I Foid 77
ED] AR5, 79(1): 1-14. Zhou K H, Zheng Y G, Wang T B, 2021. Very short-range
lightning forecasting with NWP and observation data: A deep learning approach[J]. Acta Meteor
Sin, 79(1): 1-14 (in Chinese).

GRS, HATA KO, 4%, 2023, v FE I 56 R0 2R R A STHRRFELI]. LR, 49(3): 267-278.
Zhou X M, Tian F Y, Zheng Y G, et al, 2023. Contribution of short-duration-heavy rainfall to
rainstorm in China[J]. Meteor Mon, 49(3): 267-278 (in Chinese).

Allen J T, Giammanco | M, Kumjian M R, et al, 2020. Understanding hail in the Earth system[J]. Rev

Geophys, 58(1): €2019RG000665.

American Meteorological Society, 2025. Glossary of Meteorology  [R/OL]. [2024-11-21].

https://glossary.ametsoc.org/wiki/.

Ashley W S, Haberlie A M, Strohm J, 2019. A climatology of quasi-linear convective systems and their
hazards in the United States[J]. Wea Forecasting, 34(6): 1605-1631.

Atkins N T, Arnott J M, Przybylinski R W, et al, 2004. Vortex structurerand evolution within bow
echoes. Part I: Single-Doppler and damage analysis.of the 29 June 1998 derecho[J]. Mon Wea Rev,
132(9): 2224-2242.

Atkins N T, Bouchard C S, Przybylinski-R W, et al, 2005. Damaging surface wind mechanisms within
the 10 June 2003 Saint Louis bow-echo during BAMEX[J]. Mon Wea Rev, 133(8): 2275-2296.

Atkins N T, Laurent M S, 2009a. Bow echo ‘mesovortices. Part I: Processes that influence their
damaging potential[J]. Mon Wea Rev, 137(5): 1497-1513.

Atkins N T, Laurent M S,-2009b. Bow echo mesovortices. Part Il: Their genesis[J]. Mon Wea Reyv,
137(5): 1514-1532.

Bai L Q, Meng Z Y, Huang Y P, et-al, 2019. Convection initiation resulting from the interaction
between a quasi-stationary dryline and intersecting gust fronts: A case study[J]. J Geophys Res
Atmos, 124(5): 2379-2396.

Bernardet L R, Cotton W R, 1998. Multiscale evolution of a derecho-producing mesoscale convective
system[J]. Mon Wea:Rev, 126(11): 2991-3015.

Blair S F, Laflin J M, Cavanaugh D E, et al, 2017. High-resolution hail observations: implications for
NWS warning operations[J]. Wea Forecasting, 32(3): 1101-1119.

Bluestein H B, Jain M H, 1985. Formation of mesoscale lines of precipitation: severe squall lines in

Oklahoma during the spring[J]. J Atmos Sci, 42(16): 1711-1732.

Bluestein H B, 2000. A tornadic supercell over elevated, complex terrain: The Divide, Colorado, storm
of 12 July 1996[J]. Mon Wea Rev, 128(3): 795-809.

Bluestein H B, 2008. Surface boundaries of the southern plains: Their role in the initiation of
convective storms[M]//Bosart L F, Bluestein H B. Synoptic-Dynamic Meteorology and Weather
Analysis and Forecasting. Boston: American Meteorological Society: 5-33.

Bluestein H B, 2013. Severe Convective Storms and Tornadoes: Observations and Dynamics[M].

27



1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155

Heidelberg: Springer.

Bluestein H B, Snyder J C, Houser J B, 2015. A multiscale overview of the EI Reno, Oklahoma,
tornadic supercell of 31 May 2013[J]. Wea Forecasting, 30(3): 525-552.

Bosart L F, Seimon A, LaPenta K D, et al, 2006. Supercell tornadogenesis over complex terrain: The
Great Barrington, Massachusetts, tornado on 29 May 1995[J]. Wea Forecasting, 21(6): 897-922.

Brooks H E, Doswell 111 C A, Zhang X L, et al, 2019. A century of progress in severe convective storm
research and forecasting[J]. Meteor Monogr, 59(1): 18.1-18.41.

Brooks H E, Lee J W, Craven J P, 2003. The spatial distribution of severe thunderstorm and tornado
environments from global reanalysis data[J]. Atmos Res, 67-68: 73-94.

Bryan G H, Rotunno R, Weisman M L, 2012. What is RKW theory?[C]//26th Conf. on Severe Local
Storms. Nashville, TN: Amer Meteor Soc.

Bryan G H, Fritsch J M, 2000. Moist absolute instability: the sixth static stability state[J]. Bull Amer
Meteor Soc, 81(6): 1207-1230.

Buckingham T J, Schultz D M, Markowski P M, et al, 2025. Two archetypes of tornadic.quasi-linear
convective systems in the United Kingdom: Relevance of horizontal shearing instability to
vortexgenesis and maintenance[J]. Quart J Royal Meteor Soc, 151(770): e4967.

Burke P C, Schultz D M, 2004. A 4-yr climatology of cold-season bow echoees over the continental
United States[J]. Wea Forecasting, 19(6): 1061-1074.

Chen J, Zheng Y G, Zhang X L, et al, 2013. Distribution and diurnal-variation of warm-season
short-duration heavy rainfall in relation to the MCSs in China[J]. Acta Meteor Sin, 27(6):
868-888.

Childs S J, Schumacher R S, Adams-Selin R D, 2021. High-resolution observations of a destructive
macroburst[J]. Mon Wea Rev, 149(9): 2875-2896.

Chisholm A J, Renick J H, 1972. The kinematics of multicell and supercell Alberta hailstorms[R].
Edmonton, Canada: Research Council of Alberta Hail Studies: 24-31.

Cintineo J L, Pavolonis M J, SieglaffJd M; et.al, 2020. NOAA ProbSevere v2. 0—ProbHail, ProbWind,
and ProbTor[J]. Wea Forecasting, 35(4): 1523-1543.

Clark M R, 2009. The southern England tornadoes of 30 December 2006: case study of a tornadic
storm in a low CAPE,high shear environment[J]. Atmos Res, 93(1-3): 50-65.

Coffer B E, Parker M D, Peters J Myet al, 2023. Supercell low-level mesocyclones: origins of inflow
and vorticity[J]. Mon Wea Rev, 151(9): 2205-2232.

Conrad D M, Knupp K R, 2019. Doppler radar observations of horizontal shearing instability in
quasi-linear convective systems[J]. Mon Wea Rev, 147(4): 1297-1318.

Craven J P, Brooks H*E, 2004. Baseline climatology of sounding derived parameters associated with
deep moist convection[J]. Natl Wea Dig, 28: 13-24.

Cui X 'Y, Chen M X, Song L Y, et al, 2023. Statistical analysis of quasi-linear convective systems over
the Beijing-Tianjin-Hebei region during the warm season[J]. Atmos Res, 289: 106777.

Das P, Posch A, Barber N, et al, 2024. Hybrid physics-Al outperforms numerical weather prediction for

extreme precipitation nowcasting[J]. npj Clim Atmos Sci, 7(1): 282.

Davies-Jones R, Burgess D W, Foster M, 1990. Test of helicity as a tornado forecast
parameter[C]//Preprints 16th Conference on Severe Local Storms. Kananaskis Park: Amer Meteor
Soc: 588-592.

Davies-Jones R, Trapp R J, Bluestein H B, 2001. Tornadoes and tornadic storms[M]//Doswell 111 C A.
Severe Convective Storms. Boston: American Meteorological Society: 167-221.

28



1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199

Davies-Jones R, 2015. A review of supercell and tornado dynamics[J]. Atmos Res, 158-159: 274-291.

Davis J M, Parker M D, 2014. Radar climatology of tornadic and nontornadic vortices in high-shear,
low-CAPE environments in the mid-Atlantic and southeastern United States[J]. Wea Forecasting,
29(4): 828-853.

Doswell 111 C A, 2001. Severe convective storms—an overview[J]. Meteor Monogr, 28(50): 1-26.

Doswell 111 C A, 2003. Comments on "Extraction of geopotential height and temperature structure from
profiler and rawinsonde winds." [J]. Mon Wea Rev, 131(7), 1502-1503.

Doswell 11l C A, Brooks H E, Maddox R A, 1996. Flash flood forecasting: an ingredients-based
methodology[J]. Wea Forecasting, 11(4): 560-581.

Doswell 11l C A, Burgess D W, 1993. Tornadoes and toraadic storms: a review of conceptual
models[M]//The Tornado: Its Structure, Dynamics, Prediction, and Hazards. Washington:
American Geophysical Union: 161-172.

Dowell D C, Bluestein H B, 2002. The 8 June 1995 McLean, Texas, Storm. Part I:'Observations of
cyclic tornadogenesis[J]. Mon Wea Rev, 130(11): 2626-2648.

Feng Z, Leung L R, Liu N N, et al, 2021. A global high-resolution mesoscale convective system
database using satellite-derived cloud tops, surface precipitation, and tracking[J]. J. Geophys Res
Atmos, 126(8): €2020JD034202.

Finley C A, Elmore M, Orf L, et al, 2023. Impact of the streamwise/vorticity current on low-level
mesocyclone development in a simulated supercell[J]. Geophys Res/Lett;, 50(1): €2022GL100005.

Fischer J, Dahl J M L, Coffer B E, et al, 2024. Supercell tornadogenesis: recent progress in our state of
understanding[J]. Bull Amer Meteor Soc, 105(7): E1084-E1097.

Flournoy M D, Coniglio M C, 2019. Origins of vorticity in a simulated tornadic mesovortex observed
during PECAN on 6 July 2015[J]. Mon Wea Rev, 147(1): 107-134.

French A J, Parker M D, 2014. Numerical:simulations of bow echo formation following a squall
line-supercell merger[J]. Mon Wea Rev, 142(12): 4791-4822.

Friedrich K, Wallace R, Meier B; et al;, 20197 CHAT: the colorado hail accumulation from

thunderstorms project[J]. Bull Amer Meteor Sac, 100(3): 459-471.
Fujita T T, 1978. Manual of-downburst identification for project Nimrod[R]. SMRP Research 156.
Fujita T T, 1981. Tornadoes and.downbursts in the context of generalized planetary scales[J]. J Atmos
Sci, 38(8): 1511-1534.

Fujita T T, 1985. The downburst: microburst and macroburst[R]. Chicago: University of Chicago: 122.

Fujita T T, 1992. The mystery of severe storms[R]. Chicago: University of Chicago: 298.

Fujita T T, Byers H-R, 1977. Spearhead echo and downburst in the crash of an airliner[J]. Mon Wea
Rev, 105(2): 129-146.

Gallo B T, Clark A J, Smith B T, et al, 2019. Incorporating UH occurrence time to ensemble-derived
tornado probabilities[J]. Wea Forecasting, 34(1): 151-164.

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 preliminary study[J]. Wea Forecasting, 23(1):
101-113.

Gao Y Y, Li M X, Luo Y L, et al, 2023. How do the convective and microphysical characteristics of
extreme precipitation over the Pearl River Delta at monsoon coast vary with increasing rainfall
extremity?[J]. Geophys Res Lett, 50(19): e2023GL104625.

Gebauer J G, Shapiro A, Fedorovich E, et al, 2018. Convection initiation caused by heterogeneous
low-level jets over the Great Plains[J]. Mon Wea Rev, 146(8): 2615-2637.

29



1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243

Grams J S, Thompson R L, Snively D V, et al, 2012. A climatology and comparison of parameters for
significant tornado events in the United States[J]. Wea Forecasting, 27(1): 106-123.

Grim J A, Rauber R M, McFarquhar G M, et al, 2009. Development and forcing of the rear inflow jet
in a rapidly developing and decaying squall line during BAMEX[J]. Mon Wea Rev, 137(4):
1206-1229.

Haberlie A M, Ashley W S, 2019. A radar-based climatology of mesoscale convective systems in the
United States[J]. J Climate, 32(5): 1591-1606.

Haghi K R, Geerts B, Chipilski H G, et al, 2019. Bore-ing into nocturnal convection[J]. Bull Amer
Meteor Soc, 100(6): 1103-1121.

Heinselman P L, Burke P C, Wicker L J, et al, 2024. Warn-on-forecast system: from vision to reality[J].
Wea Forecasting, 39(1): 75-95.

Houze Jr R A, Rutledge S A, Biggerstaff M 1, et al, 1989. Interpretation of Doppler weather radar
displays of midlatitude mesoscale convective systems[J]. Bull Amer Meteor Soc,70(6): 608-619.

Johns R H, Hirt W D, 1987. Derechos: widespread convectively induced. windstorms[J].. Wea
Forecasting, 2(1): 32-49.

Keene K M, Schumacher R S, 2013. The bow and arrow mesoscale convective structure[J]. Mon Wea
Rev, 141(5): 1648-1672.

Klemp J B, Wilhelmson R B, 1978. Simulations of right- and left-moving sterms produced through
storm splitting[J]. J Atmos Sci, 35(6): 1097-1110.

Klemp J B, 1987. Dynamics of tornadic thunderstorms[J]. Ann Rev Fluid Mech, 19: 369-402.

Klimowski B A, Hjelmfelt M R, Bunkers M J, 2004. Radar observations of the early evolution of bow
echoes[J]. Wea Forecasting, 19(4): 727-734.

Kosiba K A, Lyza AW, Trapp R J, et al, 2024. The propagation, evolution, and rotation in linear storms
(PERILS) project[J]. Bull Amer Meteor:Soc, 105(10): E1768-E1799.

Kulie M S, Lin Y L, 1998. The structure and evolution of a numerically simulated high-precipitation
supercell thunderstorm[J]. Mon Wea-Rev; 126(8): 2090-2116.

Kumjian M R, Gutierrez R, Soderholm J'S; et al, 2020. Gargantuan hail in Argentina[J]. Bull Amer
Meteor Soc, 101(8): E1241-E1258.

Kumjian M R, Prat:O P, Reimel K J, et al,/2022. Dual-polarization radar fingerprints of precipitation
physics: a review[J]. Remote Sens; 14(15): 3706.

Kumjian M R, Ryzhkov A V, 2008. Polarimetric signatures in supercell thunderstorms[J]. J Appl
Meteor Climatol, 47(7): 1940-1961.

Kumjian M R, Ryzhkov AV, Melnikov V M, et al, 2010. Rapid-scan super-resolution observations of a
cyclic supercell with a dual-polarization WSR-88D[J]. Mon Wea Rev, 138(10): 3762-3786.

Kuster C M, Bowers B R, Carlin J T, et al, 2021. Using Kpp cores as a downburst precursor signature[J].
Wea Forecasting, 36(4): 1183-1198.

Kuster C M, Heinselman P L, Schuur T J, 2016. Rapid-update radar observations of downbursts
occurring within an intense multicell thunderstorm on 14 June 2011[J]. Wea Forecasting, 31(3):
827-851.

Kuster C M, Sherburn K D, Mahale V N, et al, 2024. Radar signatures associated with quasi-linear
convective system mesovortices[J]. Wea Forecasting, 39(8): 1143-1161.

Lagerquist R, McGovern A, Homeyer C R, et al, 2020. Deep learning on three-dimensional multiscale
data for next-hour tornado prediction[J]. Mon Wea Rev, 148(7): 2837-2861.

Lemon L R, 1977. New severe thunderstorm radar identification techniques and warning criteria: A

30



1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287

preliminary report[R]. NOAA Tech Memo, NWS-NSSFC 1: 60.

Lemon L R, Doswell IIl C A, 1979. Severe thunderstorm evolution and mesocyclone structure as
related to tornadogenesis[J]. Mon Wea Rev, 107(9): 1184-1197.

Li HR, Yin J F, Kumjian M, 2024. Zpr backwards arc: Evidence of multi-directional size sorting in the
storm producing 201.9 mm hourly rainfall[J]. Geophys Res Lett, 51(10): €2024GL109192.

Li J F, Geiss A, Feng Z, et al, 2025. A derecho climatology (2004-2021) in the United States based on
machine learning identification of bow echoes[J]. Earth Syst Sci Data, 17(8): 3721-3740.

Li M X, Luo Y L, Zhang D L, et al, 2021a. Analysis of a record-breaking rainfall event associated with
a monsoon coastal megacity of South China using multisource data[J]. IEEE Trans Geosci Remote
Sens, 59(8): 6404-6414.

Li S, Meng Z Y, Wu N G, 2021b. A preliminary study on the organizational modes of mesoscale
convective systems associated with warm-sector heavy rainfall in South China[J]. J.Geophys Res
Atmos, 126(16): e2021JD034587.

Li X F, Zhang Q H, Zou T, et al, 2018. Climatology of hail frequency and size in China, 1980—-2015[J].
J Appl Meteor Climatol, 57(4): 875-887.

Lin X Y, Zhang H F, Li X F, et al, 2025. Isotopic analysis for tracing vertical growth:trajectories of
hailstones[J]. Adv Atmos Sci, 42(6): 1195-1211.

Liu Q Q, Xu X, Zhao K, et al, 2023. A merger-formation bow echo caused by low-level mesovortex in
South China[J]. J Geophys Res Atmos, 128(8): €2022JD037954.

Liu Y Q, Yang L, Chen M X, et al, 2024. A deep learning approach for forecasting thunderstorm gusts
in the Beijing-Tianjin-Hebei region[J]. Adv Atmos Sci, 41(7): 1342-1363.

Liu Y Q, Yang L, Chen M X, et al, 2025. TG-net: A-physically interpretable deep learning forecasting
model for thunderstorm gusts[J]. J Meteor Res, 39(1): 59-78.

Lock N A, Houston A L, 2014. Empirical examination of the factors regulating thunderstorm
initiation[J]. Mon Wea Rev, 142(1): 240-258.

Loeffler S D, Kumjian M R, Jurewicz M,-et-al, 2020: Differentiating between tornadic and nontornadic
supercells using polarimetric radar signatures of hydrometeor size sorting[J]. Geophys Res Lett,
47(12): e2020GL088242.

Luo Y L, Chen Y<R X, 2015. Investigation of the predictability and physical mechanisms of an
extreme-rainfall-producing mesoscale convective system along the Meiyu front in East China: An
ensemble ‘approach[J]. J Geophys Res Atmos, 120(20): 10593-10618.

Luo Y L, Gong Y, Zhang D L, 2014. Initiation and organizational modes of an extreme-rain-producing
mesoscale. convective system along a mei-yu front in East China[J]. Mon Wea Rev, 142(1):
203-221.

Ma R Y, Sun J H, Yang X L, 2021. A 7-yr climatology of the initiation, decay, and morphology of
severe convective storms during the warm season over North China[J]. Mon Wea Rev, 149(8):
2599-2612.

Mahale V N, Zhang G F, Xue M, 2016. Characterization of the 14 June 2011 Norman, Oklahoma,
downburst through dual-polarization radar observations and hydrometeor classification[J]. J Appl
Meteor Climatol, 55(12): 2635-2655.

Mahoney W P, 1988. Gust front characteristics and the kinematics associated with interacting
thunderstorm outflows[J]. Mon Wea Rev, 116(7): 1474-1492.

Markowski P M, Richardson Y P, 2009. Tornadogenesis: Our current understanding, forecasting
considerations, and questions to guide future research[J]. Atmos Res, 93(1-3): 3-10.

31



1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331

Markowski P M, Richardson Y P, 2010. Mesoscale Meteorology in Midlatitudes[M]. Chichester: John
Wiley & Sons, Ltd: 245-260.

Markowski P M, Richardson Y P, Bryan G,2014. The origins of vortex sheets in a simulated supercell
thunderstorm. Mon Wea Rev, 142(11): 3944-3954.

Markowski P M, Richardson Y P, Rasmussen E, et al, 2008. Vortex lines within low-level
mesocyclones obtained from pseudo-dual-Doppler radar observations[J]. Mon Wea Rev, 136(9):
3513-3535.

Markowski P M, Straka J M, Rasmussen E N, 2002. Direct surface thermodynamic observations within
the rear-flank downdrafts of nontornadic and tornadic supercells[J]. Mon Wea Rev, 130(7):
1692-1721.

Marquis J, Richardson Y, Markowski P, et al, 2012. Tornado maintenance investigated with
high-resolution dual-Doppler and EnKF analysis[J]. Mon Wea Rev, 140(1): 3-27.

Mashiko W, Niino H, Kato T, 2009. Numerical simulation of tornadogenesis in an_outer-rainband
minisupercell of Typhoon Shanshan on 17 September 2006[J]. Mon. Wea Rev, 137(12):
4238-4260.

McCaul Jr E W, 1991. Buoyancy and shear characteristics of hurricane-tornado environments[J]. Mon
Wea Rev, 119(8): 1954-1978.

McNulty R P, 1995. Severe and convective weather: a central region forecasting challenge[J]. Wea
Forecasting, 10(2): 187-202.

Meng Z Y, Bai L Q, Zhang M R, et al, 2018. The deadliest tornado (EF4) in the past 40 years in
China[J]. Wea Forecasting, 33(3): 693-713.

Meng Z Y, Yao D, 2014. Damage survey, radar,.and environment analyses on the first-ever documented
tornado in Beijing during the heavy rainfall event of 21 July 2012[J]. Wea Forecasting, 29(3):
702-724.

Meng Z Y, Yao D, Bai L Q, et al, 2016..Wind estimation around the shipwreck of Oriental Star based
on field damage surveys and radar observations[J]. Sci Bull, 61(4): 330-337.

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.

Meng Z Y, Zhang F Q,Markowski P, et al,”2012. A modeling study on the development of a bowing
structure and associated rear inflow within a squall line over South China[J]. J Atmos Sci, 69(4):
1182-1207.

Meng Z Y, Zhang Y J, 2012. On the squall lines preceding landfalling tropical cyclones in China[J].
Mon Wea Rev;-140(2): 445-470.

Miller D J, Johns R"H; 2000. A detailed look at extreme wind damage in derecho events[C]//20th
Conference on Severe Local Storms. Orlando, United States: American Meteorology Society.
Mulholland J P, Peters J M, Morrison H, 2021. How does vertical wind shear influence entrainment in

squall lines?[J]. J Atmos Sci, 78(6): 1931-1946,

Orf L, Wilhelmson R, Lee B, et al, 2017. Evolution of a long-track violent tornado within a simulated
supercell[J]. Bull Amer Meteor Soc, 98(1): 45-68.

Parker M D, Borchardt B S, Miller R L, et al, 2020. Simulated evolution and severe wind production
by the 25-26 June 2015 nocturnal MCS from PECAN[J]. Mon Wea Rev, 148(1): 183-2009.

Parker M D, Johnson R H, 2000. Organizational modes of midlatitude mesoscale convective systems[J].
Mon Wea Rev, 128(10): 3413-3436.

Parsons D B, Haghi K R, Halbert K T, et al, 2019. The potential role of atmospheric bores and gravity

32



1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375

waves in the initiation and maintenance of nocturnal convection over the Southern Great Plains[J].
J Atmos Sci, 76(1): 43-68.

Proctor F H, 1988. Numerical simulations of an isolated microburst. Part I: Dynamics and structure[J].
J Atmos Sci, 45(21): 3137-3160.

Proctor F H, 1989. Numerical simulations of an isolated microburst. Part 1I: Sensitivity experiments[J].
J Atmos Sci, 46(14): 2143-2165.

Przybylinski R W, 1995. The bow echo: observations, numerical simulations, and severe weather
detection methods[J]. Wea Forecasting, 10(2): 203-218.

Rasmussen E N, Straka J M, Gilmore M S, et al, 2006. A preliminary survey of rear-flank descending
reflectivity cores in supercell storms[J]. Wea Forecasting, 21(6): 923-938.

Richter H, Peter J, Collis S, 2014. Analysis of a destructive wind storm on 16 November 2008 in
Brisbane, Australia[J]. Mon Wea Rev, 142(9): 3038-3060.

Roberts B, Xue M, 2017. The role of surface drag in mesocyclone intensification leading to
tornadogenesis within an idealized supercell simulation[J]. J Atmos Sci, 74(9): 3055-3077.

Roberts B, Xue M, Dawson D T, et al, 2020. The effect of surface drag strength on mesocyclone
intensification and tornadogenesis in idealized supercell simulations[J].“J Atmos Sci, 77(5):
1699-1721.

Roberts B, Xue M, Schenkman A D, et al, 2016. The role of surface drag in tornadogenesis within an
idealized supercell simulation[J]. J Atmos Sci, 73(9): 3371-3395.

Romine G S, Burgess D W, Wilhelmson R B, 2008. A dual-polarization-radar-based assessment of the
8 May 2003 Oklahoma City area tornadic supercell[J]. Mon Wea Rev, 136(8): 2849-2870.

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.

Ryzhkov AV, Schuur T J, Burgess D W, et al, 2005. Polarimetric tornado detection[J]. J Appl Meteor,
44(5): 557-570.

Sandmel T N, Smith B R, Reinhart A'E, etal,;,.2023:The tornado probability algorithm: A probabilistic
machine learning tornadic circulation detection algorithm[J]. Wea Forecasting, 38(3): 445-466.

Schenkman A D, Xue M, 2016. Bow-echo mesovortices: a review[J]. Atmos Res, 170: 1-13.

Schenkman A D, Xue M, Hu.M, 2014. Tornadogenesis in a high-resolution simulation of the 8 May
2003 Oklahoma City supercell[J]=J Atmos Sci, 71(1): 130-154.

Schenkman /A D, Xue M, Shapiro A, 2012. Tornadogenesis in a simulated mesovortex within a
mesoscale convective system[J]. J Atmos Sci, 69(11): 3372-3390.

Schmidt T G, McGovern A, Allen J T, et al, 2023. 1-2 hour hail nowcasting using time-resolving
3-dimensional UNets[C]//22nd Conference on Artificial Intelligence for Environmental Science.
Denver: American Meteorological Society.

Schneider R S, Dean AR, Weiss S J, et al, 2006. Analysis of estimated environments for 2004 and 2005
severe convective storm reports[C]//23rd Conference on Severe Local Storms. Boston: American
Meteorological Society.

Schumacher R S, Johnson R H, 2005. Organization and environmental properties of
extreme-rain-producing mesoscale convective systems[J]. Mon Wea Rev, 133(4): 961-976.

Shapiro A, Fedorovich E, Gebauer J G, 2018. Mesoscale ascent in nocturnal low-level jets[J]. J Atmos
Sci, 75(5): 1403-1427.

Skow K D, Cogil C, 2017. A high-resolution aerial survey and radar analysis of quasi-linear convective
system surface vortex damage paths from 31 August 2014[J]. Wea Forecast, 32(2): 441-467.

33



1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419

Squitieri B J, Wade AR, Jirak I L, 2025. On a modified definition of a derecho. Part I: Construction of
the definition and quantitative criteria for identifying future derechos over the contiguous United
States[J]. Bull Amer Meteor Soc, 106(1): E84-E110.

Su T, Zhai G Q, 2017. The role of convectively generated gravity waves on convective initiation: a case
study[J]. Mon Wea Rev, 145(1): 335-359.

Tang Y, Xu X, Xue M, et al, 2020. Characteristics of low-level meso-y-scale vortices in the warm
season over East China[J]. Atmos Res, 235: 104768.

Taszarek M, Allen J T, Groenemeijer P, et al, 2020. Severe convective storms across Europe and the
United States. Part I: Climatology of lightning, large hail, severe wind, and tornadoes[J]. J Climate,
33(23): 10239-10261.

Tian F Y, Zhang X L, Sun J H, et al, 2024. Climatology and pre-convection environmental conditions
of dry and wet thunderstorm high winds over eastern China[J]. Theor Appl Climatol, 155(2):
1493-1506

Tian F Y, Zheng Y G, Zhang T, et al, 2015. Statistical characteristics of environmental parameters for
warm season short-duration heavy rainfall over central and eastern China[J]. J Meteor Res,.29(3):
370-384.

Trapp R J, 1999. Observations of nontornadic low-level mesocyclones and attendant tornadogenesis
failure during VORTEX[J]. Mon Wea Rev, 127(7): 1693-1705.

Trapp R J, Stumpf G J, Manross K L, 2005a. A reassessment of the, percentage of tornadic
mesocyclones[J]. Wea Forecasting, 20(4): 680-687.

Trapp R J, Tessendorf S A, Godfrey E S, et al, 2005b. Tornadoes from squall lines and bow echoes.

Part I: climatological distribution[J]. Wea Farecasting, 20(1): 23-34.

Trapp R J, Weisman M L, 2003. Low-level mesovortices within squall lines and bow echoes. Part II:
their genesis and implications[J]. Mon Wea Rev, 131(11): 2804-2823.

Trier S B, 2003. Convective Storms. | Convective Initiation[M]//Holton J R. Encyclopedia of
Atmospheric Sciences. AcademiC Press:.560-570. Trier S B, Wilson J W, Ahijevych D A, et al,
2017. Mesoscale vertical motions near nocturnal convection initiation in PECAN[J]. Mon Wea
Rev, 145(8): 2919-2941.

Van Den Broeke M’ S; 2016. Polarimetric’ variability of classic supercell storms as a function of
environment[J]. J Appl Meteor Climatol, 55(9): 1907-1925.

Wade AR, Parker M D, 2021. Dynamics of simulated high-shear, low-CAPE supercells[J]. J Atmos Sci,
78(5): 1389-1410, doi: 10.1175/JAS-D-20-0117.1.

Wakimoto R M, 1985. Forecasting dry microburst activity over the high plains[J]. Mon Wea Rev,
113(7): 1131-1143; doi: 10.1175/1520-0493(1985)113<1131:FDMAOT>2.0.CO;2.

Wakimoto R M, Kessinger C J, Kingsmill D E, 1994. Kinematic, thermodynamic, and visual structure
of low-reflectivity microbursts[J]. Mon Wea Rev, 122: 72-92.

Wakimoto R M, Murphey H V, Davis C A, et al, 2006. High winds generated by bow echoes.Part 1I:
the relationship between the mesovortices and damaging straight-line winds[J]. Mon Wea Reyv,
134(10): 2813-2829.

Wakimoto R M, Wienhoff Z, Bluestein H B, et al, 2018. The Dodge City tornadoes on 24 May 2016:
Damage survey, photogrammetric analysis combined with mobile polarimetric radar data[J]. Mon
Wea Rev, 146(11): 3735-3771.

Wakimoto R M, Wienhoff Z, Bluestein H B, et al, 2020. Mobile radar observations of the evolving
debris field compared with a damage survey of the Shawnee, Oklahoma, Tornado of 19 May

34



1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463

2013[J]. Mon Wea Rev, 148(5): 1779-1803.

Wakimoto R M, Wilson J W, 1989. Non-Supercell Tornadoes. Monthly Weather Review, 117,
1113-1140.

Wallace R, Friedrich K, Deierling W, et al, 2020. The lightning and dual-polarization radar
characteristics of three hail-accumulating thunderstorms[J]. Wea Forecasting, 35(4): 1583-1603.
Wallace R, Friedrich K, Kalina E A, et al, 2019. Using operational radar to identify deep hail

accumulations from thunderstorms[J]. Wea Forecasting, 34(1): 133-150.

Wang X M, Zheng Y G, Fan L M, et al, 2023. The key mesoscale systems and mesoscale vortices of the
Henan extreme precipitation in 2021[J]. Sustainability, 15(6): 4875.

Weisman M L, 1992. The role of convectively generated rear-inflow jets in the evolution of long-lived
mesoconvective systems[J]. J Atmos Sci, 49(19): 1826-1847.

Weisman M L, 1993. The genesis of severe, long-lived bow echoes[J]. J Atmos Sci, 50(4): 645-670.

Weisman M L, Davis C A, 1998. Mechanisms for the generation of mesoscale’ vortices within
quasi-linear convective systems[J]. J Atmos Sci, 55(16): 2603-2622.

Weisman M L, Klemp J B, 1984. The structure and classification of numerically simulated convective
stormsin directionally varying wind shears[J]. Mon Wea Rev, 112(12): 2479<2498.

Weisman M L, Rotunno R, 2004. ““A theory for strong long-lived squall lines” revisited[J]. J Atmos Sci,
61(4): 361-382.

Weisman M L, Trapp R J, 2003. Low-level mesovortices within squall-lines and bow echoes. Part I:
overview and dependence on environmental shear[J]. Mon Wea Rev, 131(11): 2779-2803.

Wen J Y, Meng Z Y, Bai L Q, et al, 2024. A comparison between the only two documented tornado
outbreak events in China: tropical cyclone versus extratropical cyclone environments[J]. Wea
Forecasting, 39(4): 613-638.

Wheatley D M, Trapp R J, 2008. The effect of mesoscale heterogeneity on the genesis and structure of
mesovortices within quasi-linearconvective systems[J]. Mon Wea Rev, 136(11): 4220-4241.
Wilson J W, Foote G B, Crook N Ay et al;~1992."The role of boundary-layer convergence zones and
horizontal rolls in the_initiation of thunderstorms: a case study[J]. Mon Wea Rev, 120(9):

1785-1815.

Wilson J W, Roberts R D; Kessinger. C, et al, 1984. Microburst wind structure and evaluation of
Doppler radar for airport wind shear detection[J]. J Climate Appl Meteor, 23(6): 898-915.

Wilson J W,.Roberts R D, 2006. Summary of convective storm initiation and evolution during IHOP:
Observational and modeling perspective[J]. Mon Wea Rev, 134(1): 23-47.

Wilson J W, Wakimoto R M, 2001. The discovery of the downburst: T.T.Fujita's contribution[J]. Bull
Amer Meteor Soc;-82(1): 49-62.

Xiao H X, Wang Y Q, Zheng Y, et al, 2023. Convective-gust nowcasting based on radar reflectivity and
a deep learning algorithm[J]. Geosci Model Dev, 16(12): 3611-3628.

Xie J 'Y, Zhou K H, Chen H N, et al, 2024. Multi-task learning for tornado identification using Doppler
radar data[J]. Geophys Res Lett, 51(11): €2024GL108809.

Xu X, Xue M, Wang Y, 2015a. Mesovortices within the 8 May 2009 bow echo over the central United
States: analyses of the characteristics and evolution based on Doppler radar observations and a
high-resolution model simulation[J]. Mon Wea Rev, 143(6): 2266-2290.

Xu X, Xue M, Wang Y, 2015b. The genesis of mesovortices within a real-data simulation of a bow
echo system[J]. J Atmos Sci, 72(5): 1963-1986.

Yang X L, Sun J H, Zheng Y G, 2017. A 5-yr climatology of severe convective wind events over

35



1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502

China[J]. Wea Forecasting, 32(4): 1289-1299.

YuS T Luo Y L, Wu C, et al, 2022. Convective and microphysical characteristics of extreme
precipitation revealed by multisource observations over the Pearl River Delta at monsoon coast[J].
Geophys Res Lett, 49(2): e2021GL097043.

Yu X D, Wang X M, Zhao J, et al, 2012. Investigation of supercells in China: Environmental and storm
characteristics[C]//Proceedings of the 26th Conference on Severe Local Storms. Nashville:
American Meteorological Society.

Yu X D, Zheng Y G, 2020. Advances in severe convection research and operation in China[J]. J Meteor
Res, 34(2): 189-217.

Yuan C, Bai Y, Sun P F, et al, 2024. Microphysical insights into a tornadic supercell from
dual-polarization radar observations in Jiangsu, China on 14 May 2021[J]. J Meteor Res, 38(2):
303-320.

Zhang M R, Meng Z Y, Huang Y P, et al, 2019. The mechanism and predictability. of an elevated
convection initiation event in a weak-lifting environment in central-eastern China[J]. Mon Wea
Rev, 147(5): 1823-1841.

Zhang X L, Sun J H, Zheng Y G, et al, 2020. Progress in severe convective weather. forecasting in
China since the 1950s[J]. J Meteor Res, 34(4): 699-719,.

Zhang X W, Zheng Y G, Zhang H D, et al, 2025. TGNet: Intelligent identification of thunderstorm wind
gusts using multimodal fusion[J]. Adv Atmos Sci, 42(1): 146-164.

Zhang Y C, Long M S, Chen K Y, et al, 2023. Skilful nowcasting of extreme precipitation with
NowecastNet[J]. Nature, 619(7970): 526-532.

Zhao K, Huang H, Wang M J, et al, 2019. Recent-progress in dual-polarization radar research and
applications in China[J]. Adv Atmos Sci, 36(9): 961-974.

Zheng Y G, Chen J, Chen M X, et al, 2007. Statistic characteristics and weather significance of infrared
TBB during May-August in Beijing and.its'vicinity[J]. Chin Sci Bull, 52(24): 3428-3435.

Zhou A, Zhao K, Lee W C, et al, 2020./\VDRASand polarimetric radar investigation of a bow echo
formation after a squall line merged with a preline convective cell[J]. J Geophys Res Atmos,
125(7): €2019JD031719.

Zhou A, Zhao K, Xu X;et.al, 2023. A climatological study on the two types of bow echoes over South
China[J]. J Geophys Res Atmos;128(18): €2023JD038720.

Zhou K H, Sun J S, Zheng Y G, et al, 2022. Quantitative precipitation forecast experiment based on
basic NWP variables using deep learning[J]. Adv Atmos Sci, 39(9): 1472-1486.

Zhou K H, ZhengY-G, Dong W S, et al, 2020. A deep learning network for cloud-to-ground lightning
nowcasting with multisource data[J]. J Atmos Ocean Technol, 37(5): 927-942.

Zhou K H, Zheng Y G, Li B, et al, 2019. Forecasting different types of convective weather: A deep
learning approach[J]. J Meteor Res, 33(5): 797-809.

Zhou K H, Zheng Y G, Yang B, et al, 2025. Objective nowcasting of severe convective weather:
Technological progress and outlook[J]. J Meteor Res, 39(3): 724-740.

36



