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Abstract

Using the Doppler radar data of Zunyi City and the data of national basic stations and township re-
gional stations in Bozhou District, the causes of large hail weather were analyzed through mathe-
matical statistics, synoptic analysis and other methods. The results show that the large hail
weather process was caused by the combined influence of high-altitude troughs, low-level shear
and cold ground air; The entire atmosphere is dry and cold at the top and warm and humid at the
bottom, with a large temperature lapse rate and convective effective potential energy, and the
stratification is unstable. The vertical wind shear is strong. The central intensity of the large hail
radar echo is above 60 dBz, the maximum echo intensity occurs 24 minutes earlier than the hail
time, and the maximum echo top height is 12 minutes earlier than the hail time; the hail cloud top
is 12 to 15 km high, and the vertical development is strong; Hail occurs during periods of sharp
increase in vertically integrated liquid water content (VIL). The single radar echo PPI map of a
large hail convective storm has typical hail cloud echo characteristics such as low-level hook echo,
mid- and high-level echo overhang, and three-body scattering. In order to further provide
short-term hail forecast and warning services, in addition to paying attention to typical hail cloud
radar echo characteristics, the maximum echo intensity, vertical integrated liquid water content
(VIL), echo top height, hail alarm index and 45 dBz intensity The echo area is used as the basis for
judging the occurrence of hail. The research results of this article provide reference for the dis-
astrous weather warning and meteorological services of hail in Bozhou District.
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1. 51§

HEREENKERER S RET, SRILREAREMIX, WIPEA. [URSH, IKERTEMRL . ¥
SCHT R DAL S 4 B8, KZE LIRS B 5 BT A Bt B2 22 1), A mb 0 #Ais 2 XPERR I U X
FERHL RIS AN L TR AFAE, SBUKEZ KK . KIKERIEEANT 20~50 mm FUkE, RARE
MFRANERBIR DT, gaAol. fHT. 2. ST LA R R BrA R (1] i xd T K T F ot
FERPETHB R BE S IE V) TR, FAE 20 t4d 70 4E4R, E P AMEZ BIT B IKEREATRT7C[2] [3], Bk
J& T AE [P0 VK TE BB RGO AR R, 18 VS 2 R RIS T KISk s IR S AF. K
e HYIRGE R T 7% 25541 U8R 57 W = VIL SRR 9R0KE,  VIL HERIE A GE R U 5 0K )
KRR S, VIL BRI ar DU A g . R 88 S5 [S] BT FT 4 H 24 7 3[Rl A7 A2 rh IR 2 95 |1 X
(WER)AI i JR Bl 8 . dm R KB TIAR AL, = ARBI . A7 538 M3 X (BWER), KR I KIKE AL
W55 SR [6]HF TT Bt — IR AR IKE R S LB AR E = R T “BRIAL” G, MBIk E =
AR T IR M. ZESE[T]T SN R 7 A BAT 2 BRI RHIE B = AR R A S RO AR
FRIE, R I BRIGUKE AR R - BRI - PR - e - MR - BRI - BREES. R4, #EE
W T2 E M BOC RO PR ATT H0E 2z UM 5 18 BOREE 22 Y 6 0K R R LI R Ak
BEAT KR M AR L [8]-[21], —BVCAIKRE R TRART, KRB LR R, & EERTRIRERIEIR,
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B SETHRAKR S BRI B2, AARAEERRESKE &,

2023 %5 A 5 H, #MXMIRRER TSR, JFHA 10 AR R, &X3E 7 D2 EHHI
UKEL, SORKUKEEARIE 40 mm, M XA RIRICKER, HBIERRKN—RIKER . ASCEE T
PERORVKE RS REEAT 70T, 0T 387 S BRRCRAE, PR R, B D9 DR 8 e TR U A 55 2
W%, WIKE R FXN LI

2. RS

T k] 2 LS 2023 4E 5 H 5 HUKEAS E - MICAPS 2 Al [ 37 1A -t T 08 0 s - 0 5 R
RREHR SHAMERR TR, 8 X C B Z W R AR B @ 5. Z9852) B k. I FH ¥ i ik 5tk
FFE N X [ SR IEATE [ £ XU VRl B BE ST KA FEDITEE T B0 R B FE R R 2 R
Bl B IA [ P AR S HUR RS
3. RE=XAR

2023 4£ 5 J] 5 H 19~23 (AL sy, FE), 38 SRR X I 7SR IR A, B R X A1
BALBRHEL. BEIIX . REPAEAE 2, LT A SHIPIKRE R 1), HrPBIR. BB BLURIKE,
B RUKEL BARIE 40 mm; SEIGEFE I A AT I 5 B KRR, 3R X H B 41.2 mm/h fR 56 B 5 K
B AR R RGE 28.5 mis 4 M1 X N SVE B R GE il , BT R S R 5 BB M X R KRS 9 5 A2 K
R E AT R AT 2166.32 J5 T,

Table 1. Live statistics of hail weather in Bozhou District, Zunyi City
1 BYHHBMNXKERSEAGITR

R G X Rée BT Uy B[] Wee 425 TR ] K E A2 (mm) WA 525 (RL/m?)
JobpAH 20:50 20:53 5 25
Bibeae 20:50 20:53 25 50
BRI 20:56 21:06 40 50
FIEZ 21:35 21:39 10 40
WA 21:50 21:53 5 20
FIRX 22:15 22:22 5 30
Rl 22:18 22:28 5 50

4. WFERH

KRG BIIAREE %A 2 BT FIHE LS S 0B R 1R R R AR A KRB 2%
. 5 H 20 i 500 hPa =75 (4] 1)~, 500 hPa & S FE AT PU I AR AbER, BN X AT S SIS, 4%
PN AL T FE T PE R SO 700 hPa 32 P R Sz, AL T DU ARG, 3N X 32 17048 7 ) v me it
f5Hil; 850 hPa {1 oA T B PR, UIAAL TN X i AR, #8N X 2B 454 . 850 hPa 5 500 hPa
ImZEIAF 32°C, R HIEEEK, 500 hPa iR 3 g/kg, 700 hPa ELiE 11 g/kg, 850 hPa LLi 15 g/kg, %
2 ETRE, AR Tk AR E e E IR i B 3% X 2 BRE ], AR T AR R 4L
%, MR GEAT SN —2, AT SMRARBENZ N EHE R A LR ik 75 = B
A
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Figure 1. Weather circulation situation map at 20:00 on May 5, 2023
1.2023 £ 5 A 5 H 20 R ST RHHE

NFE PN DX b 88 14 PR3t AR e 50 1 B B ol () 4R 25 P Bk T 1 (] 2), 5 5 1 20 B s 52 LR\ 11 285
F, ARTHIVEREKRR, FEEK. SHPHAA 268 CAPE 7378 606.4 J/kg. 755 Jkg, ZHAMHINS
EEEIA T AT IRAS, PIANMESS 35 0°C )2 s B 5 km /45, —20°C 2 & AE 8 km /24, 0°C 2 & Fli—20°C
EREEE, HRTKERST 4. ER 0~3 km HEH X Y)AEA 13.1 m/s, 0~6 km B X TIAE K 24.5 mis;
SPHuG 0~3 km HEE X PIAE N 21.2 m/s, 0~6 km HE X YIAE N 33.9 m/s; MM IEITER 255 0~3 km A1 0~6 km
R E XTI RR, BRI EERYIE, GRTIKER W RRMYER:, WA R T 5 5K R4] [8].
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Figure 2. 20:00 sounding chart of Chongging Station and Guiyang Station on May 5, 2023
2.2023 £ 5 B 5 HEKuAFIFIPAL 20 BHR=

L FFTA, RO R T A (R A R R A R RS R, M T2
PURIES ], SRR, fei, ZATSANEEM, BEEREEA, MUREEREIAELR, NKEZH
R T KIS AR B P AFE S R L) 5 e R T[] AR T UK B 5 KRR B [22]
5. BIXBIESHES

K385 5 HHRMIXUKE AR SRR TR, 2 R £ BT 2 SR PR A . RN BR(A) B 7Y
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) 2R W S F2 Bl % 42, 20:50~20:53 7E e PFE A AR FL, 20:56~21:06 7EEL) HIFE . MR HA4K(B)
VG A A4, 21:35~21:39 “F1FE 2 %%, 21:50~21:53 M EFHIAE, 22:15~22:22 FIMX P& . X
X BAR(C) S EUR I I/IMNKE RA, FFERE 22:18~22:28.

Figure 3. Hail path and occurrence time in Bozhou District on May 5, 2023 (A is the
location and time of hail occurrence)
3. #EMX 2023 £ 5 A 5 HAEBRERLEE(ARKE L EME KATE)

5.1. FIAFREWFFIEST

DN BB L RV SR OKRL ) R IS TR AR AR, AR o I XU B A R Ui B F s Td  FE J PR TR X Y [, A
I3 AT X X B (A) R (B) (1) T I RIRAFAE . ] 4 i MR BRLAR (A) T I S HURFE o X It S [ 3 fe K
SR 2708 61.5 dBz, R TS A 16.3 km: FEEIHIE] (20:0 £ 21:6)f K IRIPHRIE . HEAR RS KE
= (VIL) AR T (TOPS) 35 R 3Kt By, For i Kl it FE AR X A 2%, T EAR MRS K B E(VIL)
PRI R, FOmIAH) 56.5 kg'm 2, VIL BI85 —AMAR AN R IR S, X 55 %23 45 ik “5
47 5 B R B B B T S5 T VL BRI 5 (AT (], B R 2285/ 7 — 35 e KBl 8 5 B Hh B [ L B
LI ARG 24 min, FOKRI% T = b B A IR AT 12 mine SEiH A B, Xt R SR (A) [ 95 ) AR 05k 5
N 60~62 dBz; F&EHARIVKE IR EIEEIY > 4 ming KE =5 12~15 km, EEREIEE. EERSRES
KER(VIL) 2P, X 5A0-F ST T 0KE 2 313 3R R R P — 3 [25] . BEEVKE = AT
KA, EIk AR ETY R, BRI GRS, 2 X B P R B 45 dBz 15
[ T A > 360km?.

PR AR FAR(B) Bk = i 8 (U & 5) o, SR Bl s 63 dBz, R Tk 13.9 km: S K [RIJ
R J5E R 5 A [ v T v R BN 1) 2 LU PR B S TR BT 13 mine TTLAE ), PR IAIE(21:35 & 22:30), IELFXf
8 5 A ] 98 5 B R o EL AR 0TS K S B (VIL) I “v” B0 A, HRRIE N — =R E A A K S R(VIL 2
BBt R ARHERRAFAE B A R X RS A ] B, BN SR IX PR B SCER A 17 km A, fr/ A
[241F8 H Bk FRHE X A 1S B i 40 km DAY I 3 BLAR S K & B (VIL) E SO AR AN . B RESK
FR(VIL)ES IR, MXE, FEBE(TOPS) AR A K. AGit KM, VKE = B O
46~63 dBz; [FEMAMVKEIREFEEIY <4 min; KE =T 8~12 km. FEEMHESKE E(VIL)ERIY 2
%, WORIAT] 435 kgm 2, EWBIMEK, X548 A UKE = [ AR R BRE HE — B[25] . BEE
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Figure 4. Convective storm cell (A) radar product parameters
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Figure 5. Convective storm cell (B) radar product parameters
El 5. IRIRMRRIKB)EE~BEH

5.2. KB = HETIABIEFES 4

(% 6(a)) Vi L FIEHA RO E T B, 75 4.3 04 &, XX EE B (A) 19:33 #M X B S 40
PRI UG R I, A1 e KR 32 dBz, B JG AW R Nt M vE R 2l ; 19:50 K2 58 [F1 3 FFih ek, v
FERINGIR . AMREE 2B, 45 dBz ¥R [l 2 B s LA R 21 Skm (i, B RAEAR; 20:42 M 2.4°M1 5
B EI R =AREUR AT, FFEE 29 min. AN SCEE[S]RR FU R tH =AU LR AE 52 4.5~5.0 km HIH,
FREEET [)IA 30 min, X A R TR AEE KUK . SEBLIEIR 8 min Jo, 37N X AR R P 1R 1 PF
B . 20:59 Bk M 0.5°400 47 H BARRIR 119 (1) 6(b)) . fi S it 26 PR -3 3 18 1] 20:59 (1] 6(c)) 55 dBz (15
[l B R R 8 km LA F, [l B TR, Ui 5 R K RFIKE RA[3] [4]: MEeE[26]F ik
B 5 7 S 2R TR 7 [ ol B T ARG R A A A BT AR R I (1] 6(d)) kA, 20:24 HE X A it
DX BRI R AR R RO X 3, 723 21:28, K XGE X FFLE 64 min, K XGE 28 mis, 20:59 fEARES £ #iA
H e, IR AR ) B B (15 6(e)) T LA, EICE R RS ER e ST E, AR T X
MoRA, R4 21:03 HEL 10 2% KJX(28.5 m/s).

XA FAR(B)S H 5 H 20:53 FEA M T B BT 4 A F AL R AR 2= %At [ml e , e K a1 5 B2 40.5 dBz,
b JE AR R I EE IR R PG R 2l 21:16 BEASEM X PUHE, 21:34 {102 58 [ T ahEetth, M XU B A
PER BB M X TUEEF IE £ —5, 45 dBz KSR [ A R E 240 km? i A7, H. 45 dBz F 5 1] ok 3 B o 15
RIEE] O km [, EEHEEIEE; 2157 JFHGHE B MBS, FRELmt (B 4ERF 24 min, R X5
AR (B) FE RS B X — 17, FIX I I R K R OK LR F X PR % i B 52 B Ak i X
AR [ 5 500 PEE ek 55 o AN SIS b AT, 21234 HITHIE 1 (K 6()) 45 dBz 5% [ 38 5 Bk B 3 10 km,
HEg RS, BE ETHEshiE, GFTHRE.
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Figure 6. Zunyi radar product echo chart on May 5, 2023
[ 6.2023 £ 5 A 5 B8 X Eik = mEKE
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IR T 2 8RR TR, X 2023 455 A 5 Hs AT X H IR KUK E R SRR AT o0 b, &=
ST TR IA ELE P SRR, SRR VKB TE R, #3 PR & .

1) SRR X SR KUK E RS BUE B oAl . s VAR R A T 8 A 2R 10 R AT, Hh
T AT HASZ PR3], BB m, 2R ERNREM, BEEECRE R, HRZEERTIER, HFFIK
AN B R AR I

2) NHIE R PR P UK I B, R 28 i A 38 e 58 AR e A [ T vy ) L () 22 L P B B[R] 2 T 13 mains
TIA B L BRELE 46~63 dBz; HEEA D MA/KEZ(VIL) SN E; IKE =Tl 8~12 km; HHEH R
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560 J HH RS 1 B B B ) (B $ 0 24 min, - 552K [l 100 LG PR BT [RI2 AT 12 ming VK =Tl 12~15 km, T
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3) XK AR UK E R TR R <4in, H 45 dBz HISREREA <300 km?, % EEHAE <20 mm ik
By RUKEREIRFRY >4in, H 45 dBz fFIs& R HA > 360 km?, FIEAHIRKIKE Fibr.

4) AZIRUK LI TR0 R B T IR [ 38 ] 1 B SR B K (R R A, RZ RN, o 2 [
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