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Abstract

To explore the monitoring and early warning technologies for mixed severe convective weather in
plateau areas, this study systematically analyzes the mixed severe convective process (including
hail, thunderstorm gales, and a rare EF1 tornado) that occurred in Haidong City, Qinghai Province
on June 12, 2023, using multi-channel observation data from FY-4A satellite, data from the new-
generation Ledu X-band dual-polarization radar, and ground observation facts. The results show
that this severe convection was jointly triggered by upper-air short-wave trough, low-level thermal
low, and low-level shear line, with the “upper cold and lower warm” unstable stratification and suf-
ficient convective available potential energy (CAPE) providing favorable conditions. The overshoot-
ing top in the visible channel, the advancement of wedge-shaped moist area in the water vapor chan-
nel, and the cloud top brightness temperature (TBB) < 220 K in the infrared channel of FY-4A satel-
lite can effectively indicate the development of severe convection. The configuration of 30-meter
high range resolution and 1° elevation angle resolution of the Ledu X-band dual-polarization radar
successfully captured the “vault” echo structure of hail, as well as the tornado vortex signature (TVS)
and tornado debris signature (TDS) of the tornado. The hail fall area corresponds to the polarization
parameter combination of Zpr < 0 dB, CC < 0.94, and Kpr < 1°/km, while the tornado process is char-
acterized by the synergy of abnormally low CC values (0.75~0.83) and drastic Zpr fluctuations. The
synergistic observation of satellite and radar has constructed a full-dimensional monitoring system
of “macro cloud system-micro particles”, providing important technical support for the short-term
and imminent early warning of severe convective weather in plateau areas.
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2. BRFIFE

AW LR G 2 VR S s R i, HoRE s, S PR HE KRB
JE: T SRS R R S AR T AR A B R R IER AR . R FROKEEE R (R R 5 48,
PAK BB 4 9 I sE i B e k. 5 BRI AR S RAIE G s S ORISR VG 7 [ 5K ik 3k (52866)
2023 4E 6 F 12 H 08 If. 20 BHHRZS ¥, it 14 ih i SeR G BT IE ML 2 45 0 Hras . P
PEIEF] FY-4A 2388 UL GBI 1A] 22 38 15 min, ZF[A170 385 2 km), TR =THAEE(TBB). = HE
BDERESHE: REEIER AR X EBOURIREIA(ZX201), SHERIF. A2 4 5 S8
Zpr~ CC ZEXU AR S 20, 1 A WI/INT 5 min, REARS 4021 5806078 [0 38 4544 s RRE 34 %RR Al MICAPS4.5
ARG x USRS KRB SYEE S, FHTRITKRER RS

PR Z 75 R BoR: @l RAFEWE, &G s s in B S i E R e r 2, 24
500 hPa “Pifl—% " . 700 hPa V)L LS5 24004, FIH CAPE. |EXYIZEYIHE, BHZE T
PEEX AR DEEEERA Z@EENE, R G. KR, LAMNEE R = BRHE . KR HE 2
ST FAE 5, Bk EE E AT SR R AR RURIR S EUR RS IR IESS 5 (TVS), MEsR
Mo HTHEZS, $RTHR FHE S TERE .

3. BRI IES
3.1. TIEEUR

2023 6 H 12 H 12 i 40 432, 580 R4 B AL 2 g 2R 17, 12 B 40 43 SR A X G Hr 2 0 H
BUKE; 13 B 08 70~13 B 47 4y, EHBIE 6 N2 EEEKE; 13 i 20 43, HBHER I TWETE ILARM M

I EF1 s, ¥e:4910 4080, BEEE 3 km; 15 )5, 1hiE. RASH HIKE LA mEK, 16
N N B e

3.2, XEMERG

PEALIX BT R AIEAR L AT E 0l KR8 3 2%, Bl @A ik, (K2R P, fES
A2K[2]. AR TR P EE s, mE S EEAE . KERCE RSB LIk, K52
gig “ FR TR ARESM. T IR BN, WA MUALEE(CAPE)IA 1121.9 Jkg, 6 AHIEH
KYIZE 13.3 m/s, 0°CES5-20CEREE 2954 m, NUKE S LR HA RIS ME) f1440F.

3.3. FY-4A D E =B ES T

TEWMEBERGET BN SHEGEREME, R, KIEHE. B o
WIFRERIIAE B, T LA Rkh 78 H I A R [3]. FY-4A # 1L R TR LA 15 238/ Uk i 6] 43 H 22
ZBIE T FITRMAE ST, SEBEMI T AVGRM R =AM KB SRB R E 44 A Ay, %8
TEFFEAN R

3.3.1. AI LY@ (ch2, 0.65 pm)$FHIE

AT DL T TE 0T 2 TH A5 A6 5 56 It e P OB : 12 BFF, LB G 0t IR SR ORT AL S (= TS B Y 5] L i
FHEMW, XHRPIAE): 13:00-13:15 (WLE 1(a), BAPRESIFNRTARGIRS R, BRI RS, TR
MZESH 50 km JIHE AT 2GS, EFEshmE): 13:38, HEE Ik E RN 2 WL b=
(R Bl ol 3~5 5%, mEREAE, EASR >20ms, S5KE. BEBEXEEYIE): 14 B 5L
K 1(b)), =iy 2. )R, ZTE% . By 5 SN e .

DOI: 10.12677/ccrl.2026.152033 278 SR TR


https://doi.org/10.12677/ccrl.2026.152033

KA F

(@) (b)

Figure 1. Visible satellite imagery of Channel 2 at 13:15 (a) and 14:30 (b) on June 12, 2023
1.2023 £ 6 A 12 H 13:15 (a), 14:30 (b) ch2 BEM AT M= E

3.3.2. K3KiBiE(ch9: 6.2 pm, ch10: 7.0 pm)SKLE

ch9 JHIE (R EKIK): 12 FATHE ILAAE R L - PR KR %, 13 MBS ARILE, ®2EK
VAR ch10 @IE(HRZEKIR): TRX A SR, BIRIX 1) FE HEHEGEE 30 km/h, HIREVIALL
[0, SR KEET); 1405, KEEXEEY KA, KRR DA E .

3.3.3. LI5MEE(ch12: 11.2 pm)ETRRB SO H

PR R b = BIPROE TR B, 2 TR FURRAAE 2 IR BT I 0 (R DG Bk (4] = iR B HedR R
STRBRIL: 12 I 40 7y, SR#ERiA L 2 = IR0HR 240 K (—33°C), XFR/MKE: 13:00~13:15, HEhHX 5
P22 220 K (—53°C, WIREHAR), =T 12 km CWHRZE TR, SRXAE S, XMNIKE. REER K
Ay 13 B 20 R AR (LA 2(a)), FEIR4ERF 227~228 K (GRXTRBIMEN): 15 BFOLE 2(b)), LFE.
RA =TSR 220~225 K, WM UKE SR %K 16 WG, SZEFIFFE 245 K Db, SR E 5.

(b)

Figure 2. Infrared satellite imagery of Channel 12 at 13:20 (a) and 15:00 (b) on June 12, 2023
2.2023 F£ 6 B 12 H 13:20 (a)s 15:00 (b) ch12 @IEHILI SN = E

3.4, XOB B EIA B R R T 4FHE

IRAHT— A X BBOR IR T AT 30 KAUREE B MR L U > R S e i L, A
BHE AR I R IR, A6 2 90T [ 5 FAAS A 45 R RSB AIE , Dy Jd Il PR SR 3 17 SR S .
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3.4.1. BRI TIE

YA IR G 2 R T — MR AR P B S S R R DR T, AR L U M R WK AT AE R REME )
KNS 11 B 15 43, HBIRAZ £ LIS 6 [919% (35~40 dBz); 11:40~12:00, [Fly%38 55 4 50 dBz DA _L;
12:02~12:30 (L1 3(a)), SRABIEHE £ 4ERF 55~60 dBz 5 [EI9, BT E 12 km (LA 3(b)), 12:40 H I 5~8
mm UKE; 12:30 J5, MDY SR 7 ) s mlgy, FE T 2 AR E £ — iy tHIL 55 dBz DL DX,
VIL Uff 25 g/kg, 51K 6 A 2BIKE RS 15 BHELE 3(d)), BB RMRE. RA, 4E5F 50~55
dBz, XN UKE SR GRMAEK; 16 FE R IRTSE 40 dBz LL T,

(©) (d

Figure 3. CR at 12:13 (a), 14:45 (c) and 15:00 (d); ET at 12:42 (b)
[& 3. 12:13 (a)\ 14:45 (c). 15:00 (d) CR, 12:42 (b) ET

3.4.2. KEEFEHSTHEEIR

S8R o B R 14 T A [0 JeB A A SR AR R 28 R A R 2 AR R TR A T TR K R [
i b, TE55 B X b7 A i el e, KRSV B [6] - SRVK BT V4 IX [l I “ SR 2544
IK)Z(0~3 km)[Hl 358 55~60 dBz, H1JZ(3~6 km)JE R 725 551513 X (BWER), =1/2(6~10 km) Bl F- X1
9, XA KUK ) B URIRFE .

Table 1. Characteristic parameters (maximum values) of townships with hail occurrence

=1 IS L EEHIESEBEKRE)

S T T B AL T TIE j}i*%(g o
RAERX AR & 12:40 12:11 58 19
HMEREITRE. 6T2 13:08~13:47 12:58 55 17
HEEFHREL 13:08~13:47 13:07 57 38
EHRERESZ . RKilLg 13:08~13:47 13:41 56 23
fhEEEHE, HEZH 15:00 15:00 56 20
[RFNEAW 2 15:30 15:19 52 11
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(1) AERAIER =55 dBz HFfE: =10 7081, 10~30 7385 HELIKE

(2) VIL > 20 g/kg 8% VIL % £ >3 g/m®, NIKEMRIES

(3) BRMPEE 40~60 km XI5k, & &8F% >50dBz. VIL > 10 g/kg, THEZR 2 5~15 734

3.5. BT WmiRS B RIRFHES Hr

XU I R I G R 2 73 SN R R (Zor) « SR R E(CC)s ZE RS R (Kop) 5280, RENE A X 2>
PR A T IKESE), B ma il A B e B AR R A o {3 HTX 2 (1 2 vl DU iR
DS FEZA DB R HERR R, 1 A — 2 XA B/ RIS 5TIR, i€ M 1 28058, JF X s
PVEL R F N RE S B, 52 TR i 28 S A 7]

3.5.1. %ﬁ&%g%(lmz)ﬁmf

Zpr WL KRL T TR FHEC ], BRIZRL (WK E) Zor EHEE 0 dB, WERTEMHE Zor (8 IECGEF
0~5dB). AUGEFEF, BTE UKE KA X3 Zor (632 2 002 2 FAREEE, 4ERF7E-1.0~0.5dB [X[f]: 12:40
IRHIR T 2 KB RANE, Zor 0 X N—0.8~0.3 dB, S5 EIIX Zpr (1.5~3.0 dB)Z LA X EL; 13:13
BRI 2 KUKE R AR, Zor EKZE-1.0 dB, HAK Zpr X5 55 dBz S [FIEAZ O 5E A H A, RIS =
PLURVKE RN, WO & EOR s KE R B GRS JE 10~15 2381, Zpr (B RIFZE 1.0~2.0
dB, PIRIKER T RERA, =H WS .

3.5.2. HXRBU(COHFE

FHOR RE(CO)H T4 & 75 1A /K- 5 3 ELARA RIS 5 M AH DG, 7R 4l X 38, CC fEE H KT 0.98,
MM WAREVKED . TS AEBRIE AR P, CC S HBLHE M. EIKERTRAER 30 7080, Xt
N [X 3 CC {EAE 4G 8 T Fta%s, MHIEE 0.98 1225 [HI75 % 0.90~0.96; HENVKE KRB, CC {Hit
— BB Z 0.80~0.94, HHKIKEIEX M CCHERZILE 0.80~0.85, X & HTIKER TRARAMM . Ktz
DB, SEALE SHME RIEREK. 13:13 B F R H K E R (LK 4), CC H H BURE X
(0.88~0.94), SUKEE X AGHEXS B o

Figure 4. CC at 13:13
[& 4.13:13 CC

DOI: 10.12677/ccrl.2026.152033 281 SR TR


https://doi.org/10.12677/ccrl.2026.152033

KA %

3.5.3. E9EBEKor)FHE

72453 KRS 22 (Koop) S Bt 1D 2 [ AORE 08 FL TG 1) 22 40 AR R, L BSUME D/ A5 3 PR AR FEE RIDRE A% 5 1)
RO, KUK 8 KR (10 2 DU R X 5055, 38 5 4 X1 Kopp fEL7E 1°~5°/km XA, 19K 8 32 5 X381 Kop
EZET 1 /kmo fEARUGEFES, UKE R AE XIRT) Kop [EFRE 4ERFIE 0.2°~0.8 /km FURAA X (8], 5 &2 W
X 2.0°~4.5°/km ] Kpp [EE 8 &0 (I 5); 12 I 45 4355 2 UKE Feam i B, 5 B X 38 Kpp (H10CH
0.3°~0.5°/km, HE—DIAIFE T Z XK T LAKE N . T & EOARAR P B BEARAE

®s

Figure 5. Kpp at 13:07
& 5. 13:07 Kpp

3.5.4. KEWIRFIHE

LR A WU IR S B AL R (LR 2), AUGERE KR % X S AR 48 Zor <0 dB. CC <
0.94. Kpp < 1°/km, iZFIHE W AUKE R THIFREAACASE O SCH, AR 2 SR E AR K WU 1k 2 B 4t
TR TR R s

Table 2. Dual-polarization parameters (3.4° elevation angle) of townships with hail occurrence

2. HIKEM L ERRIRSEG.4MH)

E2:! Zpr/dB Kopp/(°/km) Cc
KX LR Z -1~0.5 0 0.86~0.92
HEEFEIRE., 672 -1~0.2 0.2~0.6 0.94~0.96
R E PR, T -1~0.5 0~0.2 0.88~0.94
HYRERFEZ, KL g -1~0.8 0.4~0.8 0.8~0.93
R DM, BEZH —3~1 0.5~2.4 0.85~0.97
RAMB A2 —0.7~0.5 0.3~0.7 0.95

3.6. ZEHE X B IATR DRIV RFFHES Hr

13 I 08 7 ELBI RS [ TBREUA A EF 1 6 R, ARHR X B BOWU i I B 1400 He A RE S 5l &5
B IA T LRI S XU ARS B, TEMTR e A v R B R RHE(TDS) 5 & i iR E(TVS), A
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3.6.1. ZEWERHHE(TDS)

e RHIE(TDS) 2 s filid 5, 58RI W) KIS s PORE T G R AR AORL - 72 7 18 XL
2 & LS E RN . 5 TAR EF1 e M, H TDS EXURIRS & _ER Iy W2 e w8 4
KAF(COPER 0.75~0.83 HMRAE X AWK 6), 0 1 XIS FEIREE 0.1 2253 [ # K F(Zor) £ -0.5~1.0
dB HIRIZIB5h, TR 1.5dB; Z M E(Koe) N 0.5~1.2°/km FIMKIEZE Y, T WX S50KEE XK Kop
B2, ZFMSERE A TFHESAN . MHERKOEZEAD, HITRI RS et A a8 &

G, AR A o B 5 P ) (1 B

.

Figure 6. CC at 12:50
[& 6. 12:50 CC

Figure 7. SRM at 13:01
[ 7. 13:01 SRM
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3.6.2. BERIEFFAE(TVS)

e TR AL e PR R AE TR IR AR 1) g T BT R B AR B, R B/ IN R IE GG BEXS, Sk 158
XTI ARS8 R s AR RS A, SR IRBI BN R AIAZ D AR R . R 12 1 50 70, FITTIRER 3~5 km &8 JE 5
S th /N R IE PG EXS, 3 72 (3K 28 m/s,  IEARGHJEE XK REAN 2 km, 75 & Je G i e i /N RS
SEBEFRFE; 13 I 01 73 e Bt (L IE] 7), Z3 BN FREE 13 km )R, EEEEE - PHE 32
nvs, HJEd OS5 E7E X e 2E G 13 0 10 0 BB mMISH B, B ZE I 2 20 mv/s, ek h

3.6.3. WRIFSES TVS Bt EI4HE

TVS 5 TDS B XEEES, TVS EMMNE, Zor WEIIREIE K. CC FP R, —HNTHEKX
TR Tt 45 R ) A 1
4. &5ig

AR A s I R R v S R IS MR AR VAR 2L R, ¢ BRI ATRE )R
gh. TR XA B BE(CAPE & 1121.9 Jkg) & 51 B AY)AZ(SHR6 = 13.3 m/s) NH AL 1A R 1I# )
R J156A%, 0°CIE5-20°C |2 1 B 2 MUK E T i T R AF A5 .

FY-4A T Z@EH0E n A SR s sk e nl WOGIEIE 1) b 2 T R f R X, /Ky
(TR TG DX A S K VR AIE SRR, Z0AMEIE 2 TSl < 220 K2 i B E 2 kR &, =
& [F) AT SR SRR 25 1A AT A 9 B A R

SRR XU BOSUm AR B AR 1R 1 2 R R L (30 SKEE RS A2 100 A 43 1% 20) i Dy 412 215000 JAE R kS 4
M. VKERREED “S@E” MK Zor <0dB. CC <0.94. Kpp < 17/km FIRIESEUAE; G
FEMIZ I AN R SR BE RS TVS FRAEGEE ZHIA 32 m/s)5 CC RHRAE(0.75~0.83) Zpr I ZLIEh1
TDS FHE, & B 2SR A A2 A R AR OB

P& HOE T AR DX ) 5 IR T FR bR . UK BT PR A& O % > 55 dBz (& FEIX I > 50
dBz). VIL>20 g/kg GEEEIX I >10 g/kg)HITE; ETERKYE TVS 5 TDS BthFREIM, 456 A=
TR S, SR IR T

PRESHEEMHFEMAET “EW s R - BT Mg Nk R, FY-4A T R4 R
BA5S, X BEAURIRTE SRR AS R SR THEA, S8 SG6H AR 7 & X G i K A )
e DB 285 5 PR FE
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