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Abstract

Based on the conventional meteorological observation, MICAPS and EARS5 0.1° x 0.1° data, the cha-
racteristics of environmental fields such as weather system configuration, water vapor condition,
thermal instability and vertical wind shear of two hailstorms happened in western Guizhou on
January 6 and January 24, 2020 were analyzed to find out the physical mechanism of the occur-
rence of two hailstorms in winter. The results showed that the two hail processes were both af-
fected by the weather systems such as 500 hPa south branch trough, 700 hPa southwest jet and
200 hPa jet. In the process of “01.06”, the west of Guizhou was in the right rear of the entrance of
200hPa jet axis, and the south branch moved eastward out of Guizhou. In the process of “01.24”",
the west of Guizhou was in the left front of the exit of 200 hPa jet axis, and the south branch main-
tained less movement near 98°E. “01.06” was a air mass type hail in the south branch trough, and
“01.24” was an elevated thunderstorm type hail with cold air moving south and forming a cold mat.
The inversion layer during the hail process of “01.24” was more obvious and deeper than that of
“01.06”, but the atmospheric unstable energy during the hail process of “01.06” was more promi-
nent than that of “01.24”. 0 km~6 km vertical wind shear in “01.24” is higher than “01.06", and the
change of the vertical wind shear has obvious relationship with frontal moving, the hail drop zone
has a good corresponding relation with the position of vertical wind shear greater values, the hail
diameter size has a close relationship with the moisture and the stability of atmosphere, however,
the relationship with vertical wind shear is not as obvious as hail in spring and summer.

Keywords

Winter Hail, South Branch Trough Type, Elevated Thunderstorm Type, Water Vapor,
Unstable Energy, Vertical Wind Shear

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

IKERFMEREERIRREL AT, —FNF A EE, B FEEETEETG~S H),
HZEX A5t APGHIX[1], 15 P8 EH AL 5 52 (LKA, AR & 2254 500 m PAE,  JLvEE
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i 700 hPa I VG SEPUICZ SR DI E R AR, Boa T 50N ia b i 4E &, 0 BARRBR A Hh 7 i
FIMRHEXTR = B R e AR SE, AR R A iﬁ“%ﬁﬁﬂ? N PEEBUKE RS R A . (IR B 5N
AT EFIKE RS, MRMNNAEREHEDIRTES BIERAETE 2 AM[1], XERRE[12]
Rt EE X 2~3 JLAPOR . 4R IV A — 2 202046;2 1 H 6 HF1 24 H# Hlﬁ*‘ﬁﬁ’i?ﬁﬁfaﬁ—m
1 A K ERSATITRFEN. Fk, AT 2020 £ 1 AR E WIKE SRR A 5t B T
ZEENT, JIRGAREFIKE R IAT I B RE, ARG R AR TR TS 5 RS2 % .

2. ENERE

VKA FORRIEF S M P B (. X)W, . FIH MICAPS4 2 EARS 0.1° x 0.1° BT %k},
3BT 2020 4 1 H 6 H(FFK “01.06” , TEDHA 1 H 24 H(FFK “01.24” , TEIKERTEEHIRIR
GRCE . KIKFEME. A FRE . T R B XY IR E, R H IROKE RS R A EE
Bl

R IA4FE
3.1. XEZEFS

“01.067 KB RSITFEOLZ 1 KE 1(a)), IFET 11:06 HILER T, & 21:38 HIEE TR
HERIKE I K EAA 8 82 mm, DVETE. £V ER 15 mm MK, HKREEER 12 mm; L4
B 4 mm AR, HUGREMNHT . D SPIEAE SRR 5 mm.

“01.247 VKB R FELZE 2 24 1(b)), fFTF 12:37 HIEMAT B, T 20:05 HEIETEER,
HERUKE e K EAR TN 6.3 mm, DL B 10 mm ik, HOGEREEEMTFEER 8 mm; LK S
B 4 mm A, HUORFFX . ST PR RIS BT S mm.

Table 1. The hailstorm in western Guizhou on January 06, 2020
F 1. “2020.01.06” SMNFEERFEEHR

R 25 Hh 1 2% (°E) b HIIH.H) BB T LR N R (1) 2 49) K B 1% (mm)
HM 104.5 01.06 11:06 5
A 105.8 01.06 13:06 4
%X 104.9 01.06 15:00 5
e 105.8 01.06 15:28 6
Kg 105.6 01.06 15:49 8
P 106.3 01.06 16:08 5
HT 105.8 010.6 17:24 15

R 105.2 01.06 17:39 12
[ 105.9 01.06 17:43 7
& 106.2 01.06 21:35 15
JFER 106.9 01.06 21:04 4
B 106.6 01.06 21:38 5
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Table 2. The hailstorm in western Guizhou on January 24, 2020
F2. “2020.01.24" HMAIEEIER

R 2 by 4% (E) FMEHYIA.B) [ 25 F AR I Ta] (12 430) % K E 42 (mm)
A 105.3 01.24 12:37 10
MY 104.9 01.24 13:01 7
L 106.1 01.24 14:50 4
I 105.2 01.24 16:42 8
[lig3 105.9 01.24 18:00 5
H 104.5 01.24 18:03 5
SEHI 106.3 01.24 19:08 5
2 105.5 01.24 19:34 6
Ky 105.6 01.24 19:37 5
PiES 105.6 01.24 20:05 8

29°N- (a) 29°N

28°N- 28°N

27°N- ¢ 27°N-*

26°N-| 26°N |

25°N| 25°N -

T T T T T T T T T T T T
104°E 105°E 106°E  107°E 108°E 109°E 104E 105°E  106°E  107°E  108°E  109°E
e x<5 e 55x<10 10<x<15 ex >15 ex<5 e 5<x<10 10<x<15

Figure 1. Distribution of hail fall in western Guizhou on January 06, 2020 (a) and January 24, 2020 (b) (solid circle, diame-
ter unit: mm)
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3.2. s Haite

HUNRE R G BN R AU B g s, HAERMA A G BRI R IR AEVIHER, &
ZRARGHIFEMAE L. B, BRI T EM 2 B vk E i R 1A ok R FLER B A5 v
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3.2.1. FEERHHK

“01.06” VKB FE KA FT (K 2(2) & & 4), 500 hPa (KA T 54 - Hlt, 15 SE A 2 5 SR 45 88—
RS SR SF N, B AT 20°N~30°N, 100°E~105°E 2 [a], 54k 5 S Hlimi i v s < i s 700
hPa 7 V1A T Bk vt 5 H R S AL 2L —a5, WS REDIE 34, SUNG TR - i
DI R A, Az G > 20 nvs (MTE R BRIR SR, HS AT 200 hPa @28 SR DX A . BE

DOI: 10.12677/ccrl.2023.124066 642 SR AR


https://doi.org/10.12677/ccrl.2023.124066

P

R R SO R A LA R V1A NS ) AR RS 31, 53 08 e R I AT PN, R0 7 e BRI A
AT N TR RS T 25°N ML, &R P B KR A AR E (K 2(b)), KBRS BKRE
(F Do HE20)FE M, mEM SR SRR P B INESON T, DIARgER D3, StM B2 RTiE
BRI SR 4ERE DA, KERAMZ AR, 21:00 ZEKERSBREW - FFH - B3X—w & 1),
HIE 2(d)% th, 500 hPa FEHRIE ARFE 510, StIH 125 17U R IR SOtk 95 % B <At S/ P oK
BRAEER . MK 238FTLLE 1, 200 hPa B SHIAL T AR - BRI RIS - WALl —2k, SiMAat T
TRRMALRAET, BASRAKEBEN, HSOEBONRE, R RARME R G4 LR,
HAMTARMBERAHIE, “F NSRRI ARG T AR dtar s, TR vl m S
KRIEAEHIAIT, I RRFRE BRI BRI, IR TURE R AR EERRIZ IS, il AR E R R
FER TN KA A R E AR, RS REAREE 1208 X BIMERRE — 2. Bk, “01.06”
VKB AR T 7 SO RS A MERE R, 500 hPa M 1A 3 5 UK B V4 XA B X LK R
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Figure 2. 200 hPa jet stream (shadow), 500 hPa geopotential height (solid black line, unit: dagpm) and 700 hPa wind field
(weather vane, unit: m/s) at 08:00 (a), 14:00 (b), 20:00 (c) and 08:00 (d) on January 06, 2020

& 2.2020 £ 1 B 6 H 08: 00 (a)\ 14:00 (b)\ 20:00 (c)F1 7 H 08:00 (d) 200 hPa 2R (BAFS). 500 hPa (U= E (EE L
%, B{I: dagpm)H 700 hPa RUH(XIEAR, BAL: m/s)

“01.247 VKESFEEAERT(E 3(a) )24 5), 500 hPa NFHE A, mZAEAE 95°E i, 700 hPa ik
WOVERLFEK - )1, M TARR TR AN, AR U1 A il R UK E Xt RS 3RAE T 3 7
HHBMAET 16 m/s MITERE S H . B RS INRZANS R %, 1GR3 K, AR T EEIZ3) 0
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KIE, ARMUIARLERE /DB, ST LS RGERTTE 12 m/s (1 3(b), RN RRELXKE RS E K
AR 2). BE 3()EH, FESCRETE R AR SR, &Rk E AR SR, VAR RS R R BN P EE, SN v
b2 XU R Uk S 2 2 m/s,  FRER VG RG REE NTEAL A, 20:00 FTfE, VKEOR SN AR RS, RIVKEVE
XAE M - R0 - vi=F - P03 2). HE 3(A)FEH, s, UL RBILRE TN AR ILE
= WAL TG ALEE, S PGS A P R SR N PR AL, SN PR IR E RS B 3 AT LR

200 hPa [ 2L T BN - =/ - 1 AR PEIR—2k, SoMPE AT s S il i D e wi gy, BoA
FURARHOMIRAE o BTN, S — B2 R )R 1 e SRS A VS R BRI SR, KSR AR AN I ) 5
bk, RN KRESE —EATARERE, FI, RN SRS R RGN, B XN,

ETHEsh NG, N2 5 200 hPa & 25 S A R, X 5 R E AN S 1318 7210 i 4L 8 S KB T L) — 2

R, “01.24” VKA FR)E T 28R B AP L.
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Figure 3. 200 hPa jet stream (shadow), 500 hPa geopotential height (solid black line, unit: dagpm) and 700 hPa wind field
(weather vane, unit: m/s) at 08:00 (a), 14:00 (b), 20:00 (c) and 08:00 (d) on January 24, 2020

3.2020 £ 1 A 24 H 08:00 (a), 14:00 (b), 20:00 (c)FA 25 B 08:00 (d) 200 hPa 2R (BASS). 500 hPa S E(EE
Scek, B{I: dagpm)Fl 700 hPa KUIF(R KR, BAI: m/s)

i 4. B 5 REEE, “01.067 SEMERERIXRZENEAEX, T5FE SRR BRI S
RIS, AR EREERERA B, SBONUREARE, FRRR 8535 G oo K i A i L
Y, SINsERHIRRAREE, AP SEA R T “01.247 w28 H BB, 1L R TG 95
W RN, BARAKAAARERERVDN, H “ LT R KRR, M A 2S00 T K vE iR
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Figure 4. Meso-scale system and Guiyang station 08:00 T_Inp on January 06, 2020
&l 4.2020 5 1 A 06 H 08:00 #/\RE R4t & 2R 08:00 T_Inp
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Figure 5. Meso-scale system and Guiyang station 08:00 T Inp on January 24, 2020
& 5.2020 £ 1 B 24 B 08:00 FRERZK R HEEZHME T Inp

3.2.2. iEMbEIR S

1E “01.06” IKERSEFEF, 6 H 08:00 (K 6(a)), TRMPGHEE 850 hPa fl #5 sl il JF Z BT A, Hig
1513 ghkg Zidi, AT —AEIRAS, 850 hPa i EAE 10°CLL I, Tigsos00)7E 24°C~26°CZ[A], YIBLETEDR
NPEAE—7t7, RSN TR R TR AT ERA, IR N RV A 2 I fid & ANARE g B3 R T
RAEXTRKRA: 14:00 (] 6(b)), SN FGHS 850 hPa EF 2 14 CLL L, TisosontmZE 26°C~28C, g
WRZ 15 glkg fihn, RAJBEEAFEE DREL N 5, wrd KUIE K, 52 78840 T 0 e X203 19 22 il . 20:00 (]
6(c)), WEFE 16C, HIEHEY K, TgsosonIt % 28°C~30C, LIRS 10 ghkg A4, KA T8
WELEARTAERES. EEATSE TN, MR T(SSO-SOO)B%ﬁ 20°C~22°C, LLRFERE S g/kg A, VKA
RKAGEHRIE 6(d). MR, SHMPEE 6 H 08:00 & 20:00, 850 hPa 25— H AFK, M2 K E
HE B8 1) BIC s (g ), 30 R SRS, VIR 12 h B 3 - B2 ) /e 4% 3 2 /5 8K
JBEE - SRPHALES - H—r, KRABZEAFE —BEEMSE, N5 PU3A W BR8P B 3R A A
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Figure 6. The 850 hPa temperature at 08:00 (a), 14:00 (b), 20:00 (c) and 08:00 (d) on January 06, 2020 (red dotted line, unit:
°C), Tiss0-s00) (black solid line, unit: “C), 850 hPa wind field (weather vanes, unit: m /s), 850 hPa specific humidity (shadow,
unit: g/kg)

& 6.2020 & 1 A 6 H 08: 00 (a)\ 14:00 (b)\ 20:00 (c)FA 7 H 08:00 (d) 850hPa SR(ELBEL, B4 C)v Tisso-s00) (B2
Lk, BAI: 'C). 850 hPa XIA(MEER, BA{L: m/s). 850 hPatbiB(BAES, BAL: gke)

“01.24”7 RASERNEHTHIEHIAE “01.06”7 BAARE, BE 7 B H, SMZHRIKRERE FAT
SR, B IEARZALRIER], 850 hPa ML FE R AE 8°C AN, MRIE/K UL RE Ik B B KT 45 Ab A4,
Wi B AE BN TU L %%, JEmPERsh. HE 7(a)EH, SEINTEER Tigso.sofE 22~26°CZIA], LLIRN 3 g/kg~T7
g/kg, RFTMIGH S TA, AFRERETT. 14:00 (K 7(b))s Tgsoso0 t 5 24~28°C, L 7 g/kg K4,
I HA A TR T IR, AR T KE R TR EME AR ERE . EmILREE T, #%
SRS TR T [R5 3), 4°C2£J£§U%J"‘[@%B’ T(ssosoo)%ZB%ﬁ 18~22°C, [EINfELiEPEZ 3 g/kg~6 g/kg,
RSN TER LA ge BRI (E 7(c). B 7()FEH, 4CLOIERIZFARE - ARl - ) v
J6HES, SEMIVEHEE Tisso.s004EFFIE 18°C~20°C, LLIRFEZE 3 g/kg, RMTW2 k. HILAA, “01.24”7
R, SRR LRI . IR Tigso-soo I EA L THEREIR AL AR T AR ER RN, H
Bt 850 hPa — EL5Z AR bR v 8 4% i, R BERUAIC, R il R AN Fe e Be B R 0™ A2 ook i R AR 1A H)
%At
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Figure 7. The 850 hPa temperature at 08:00 (a), 14:00 (b), 20:00 (c) and 08:00 (d) on January 24, 2020 (red dotted line, unit:
°C), Tigs0-s00) (black solid line, unit: “C), 850 hPa wind field (weather vanes, unit: m/s), 850 hPa specific humidity (shadow,
unit: g/kg)

& 7.2020 £ 1 A 24 H 08:00 (a), 14: 00 (b). 20: 00 (c)F 7 B 08: 00 (d) 850 hPa SIR(AI BEELE, #BAL: C)\ Tisso-s500)
(FBfX%k, B{I: C). 850 hPa KA EHFR, Bfi: m/s). 850 hPa LLIR(FA%S, Bfi: gkg)

LR EFTR, FOIESE T “01.067 VKELRSUEREF, BTN PERAHALE NG EEIX, {H 850 hPa fiiklEiE
A NIMRERE, SECHRERE, [RERED. SEREE, 85 7 KSZEARE, ik 200 hPa
A2 500 hPa HIRE MRS AE. 700 hPa A 7H R S, HKE SRIRMEEAFEREE, =2 2RI
YER T3 BB SR B, m SR AT AR B0 SO T KA AR E 1, T 5 8K R UK
“01.247 KERSITFEH, HAAHA N 200 hPa F 2 23S LEM 500 hPa 78 [, £:FE 700 hPa 43Ik
WV RV X e PE R S . BARA 2R Fa, “01.247 IKE SRR RS A REfe = L “01.06”7
VKB FERI/N, {H2, BT ma 500 hPa b RS SO AT DS At J= o BE 3K, LS PG 4k T 23 2t
H X e (A BREE B AE A, AR TR EIS 3K, FFE 0N 700 hPa. 850 hPa (1A A D) A2,
I BT A RS IR THER, BRI 0 €01.067 K, BT RESR AL € E MRS . (HIE KL
“01.24” VKRR EASFHMELL “01.067 Bk, T HRUKE FEHIAE “01.067 KELEF, &£
A ZR KR BRI KNS KA T E Re B I KA B VIR R

3.3. YRR
MRS AFEN RS T IKES, BRSTR TR RRIZER LR KRS Diag B %M.
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BT 26t T BRI A T UK E I K A Rk F(12]

3.3.1. IKREH

M8 HH, “01.067 KERAILFEH, LRIKERAERNEZEEE, SMPEHE 850 hPa G
BRIKIRE S, WCPBPIRZAS KL, DL 08:00 HEATARER . 22t 35 — 77 (K1 /KA B B 5% -60 g/(s-cm’hPa)
Tl K (K 8(a)), BEET . SVPUKERKEAR)Y 15 mme 245N P8 35 7K A3 B i o i 1) e 7 s IE R
10 g/(s-cm’-hPa) e A7 1, R B S0 P S0 /KISAR & FE MAREL, TKE R ELE R (K 8(d). HE 8 BT
i, 850 hPa S/KIE A H O AL g R, SN PUERIK G X 5K A O BA R, HIKEHAE
KANGKER GRS RIFRE R, ik, “01.067 vKETHE, 850 hPa AR Fil, HAKKES T OE
UKL T X B L EAR RN BT IR0 2R &R o

HE 9 FE, “01.24”7 yREEET, S/HPEHS 850 hPa KIKAR A MR . JEHEBIELL “01.06” VKEL
RN, HEA R EARES 0. WPRPRASRE, BL 14:00 257655 76—l 17K V08 S 5% -30
g/(s-em’-hPa) i K(1E 9(b)), FEUREVIAERFE P K E R A EANE IR0 10 mm. “01.24” &
R B RBEEARKVRER A AR “01.067 SEITERE G 2, HUKE T X355 850 hPa /KIRFE & i N AL AHRT Y .

i ERR,  “01.067 SHEMEREE KRG 4L “01.247 MR BREEL, ok 1 ME2, X
PP B B R UK B R ELAR L 2R T R R OK B R R, X 5 0 TS S [ 1448 tH 40 B B RIS BRI BN —
o PR, ATARHE 850 hPa /KM & U 7 KA W vk B X LB AR K.

30N 30N
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Figure 8. The 850 hPa water vapor flux divergence field at 08:00 (a), 14:00 (b), 20:00 (c) and 08:00 (d) on January 06, 2020
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Figure 9. The 850 hPa water vapor flux divergence field at 08:00 (a), 14:00 (b), 20:00 (c) and 08:00 (d) on January 24, 2020
(unit: g/(s-cm*hPa))
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AW FRB15], TESRATRRSIEENH, KK e A A T g g, 37155 il R 6 i Je w
& RERS A B EE H . BRSO AR B E IR O) K 85 SR ETREU(TT) ¥ IR EL(ST)~
XA R RE(CAPE) XTRIRE (Te) %, 312508 0 km~6 km JEJE P -F35 X P)7F (Shear) . KA X IR
B2 e i (SREH), 98 K< B EEU(SWEAT) & Bh I F# A 434 1850 3).

Table 3. The reference index for the occurrence of severe convective weather

3. BIRRSKENSEIER

AREIR

ARETRE

K f8% =30°C
WIKfsg Sr<-1C
CAPE XA ALEE > 400 J/kg
1C(Bsegsy — Osespy) > 0°C
Tgso = Tsp0 = 25C
B TT>50C

A AL X A2 B2iiE BF (SREH) > 70 m/s?

AR LI<-3C
Oseqg0 > 325C
TETE AR B FE 2 (Osespo — Ose wi) > 0°C
R Y45 (250 hPa~850 hPa) > (2.5~34.5 x 10) m/s
HAYIAE Shear > 30m/s
Tgso — Tdgso<4°C

RS BTEE(SWEAT) 300 A 47
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Table 4. Element distribution of each index, 0°C layer and —20°C layer during the two hail processes of Weining and
Guiyang sounding stations in 2020.01

F 4. BT REERZEE “2020.01” FRKEITRESFIREER. OCE. 20CEMNEEZNH

BT SLEH
AR 068 E)IO 26() :|(E)|0 28% O(E)| 5401 :()Eé 068 EO 260 :%lo gg :OE(l) ;Aol :EO
Tg/'C 8.9 13.1 1.3 0.4 13.9 22.9 4.7 2.3
T7/°C - - - - 47.8 53.4 36.7 27.1
K/'C - - - - 359 309 17.4 12.1
YA —0.72 0.61 2.82 3.89 —-0.47 2.2 10.5 16.5
0°CJZ = /km 3.47 3.64 235 - 3.7 3.89 3.13 1.3
—20°C )= i B /km - 6.0 5.8 5.8 6.9 6.1 6.1 6.4
SWEAT - - - - 366.6 442.2 93 79.7
SSI 264.8 249.9 258.4 257.8 277.2 282 267.3 241.9
- - - - - 850 810 760
15 JZ/mPa
- - - - - 830 770 700
CAPE/J/kg 122 24.9 1 8 242.5 260.9 2.7 41.6
"CAPE/J/kg 758 - 176.4 - 405.3 - 166.5 -

TE: R -7 RoRBdRE

SN PUEE LA T R A, NIRRT T s =T 850 hPa, FTLL, K FREK.
TT $640. SWEAT $RHSE L HAF HOLEE 4), ERMERRIKERLEF, 0C. —20C 2 e s
SE R = MA WK AN E R, SMNEEZEN 0CERELE 4.5 km i 426 R TG &
M, FE, 20CES5 0CREZMMERES/N, FRnx—EMEERENERA, KOEARE, B
AR T VK= A9,

HE 4 FH, “01.067 KERSHEEF, B Mot HRT T 0°CZR S, B 3.5 km &4, —20C
JEIEETE 6.0 km~7.0 km Z[f];  “01.24” JKEFEF, BT RIS HERZS 5 0°C 2 @ A%, B 3 km
KA, 20:000CERE R 1.3km, 20CEFE 6.0km /4. HMAT R, &% 0CERHERK, NiEM
ZHEEF. HEN 0CEmERAMATIKERB KA £, 0CEE20CEZRMEELLEEIK,
E AR RS, XHR ILESERIKE RS D, BERBNMIFEERKZ —.

7 4 6T UUE H, BA RIS IR, TR B T iR 0 SR DR, B Sl AR )
JZ, TS B A PR UK B AR T A R 2 L, R R SR R 24 . N T FIWT S R R
XA B BRIS IR ZE N CAPE EAIREM, HE xR 2 PO T (83T IECCAPE 1), PIKE KA 2
BIRAAE AR 2 21:00 B J5, Bk, 1T1E 20:00 B CAPE {5 HIR XA K, #5024 K 1 B i R SRACE: 08:00
SEMHR A A, KIEIT IE)G, SR CAPE BH 4L, 1T IEJG “01.06” S F M &t fE
BT, $tBH 08:00 CAPE 7> A 758 J/kg. 405.3 Jkg, “01.24” mAd SR EEEHE T, BT, 5t
08:00 CAPE {H 73715 176.4 J/kg 166.5 J/kg. HHULAT W, “01.06” FEEATE T SFHES E25 /) CAPE {4
AL “01.24” % 581.6 T/kg. 238.8 J/kg, M “01.06”7 UKEREFEH, S0 P68 4 F B i)
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Figure 10. Weining T Inp diagram of ERAS at 08:00 on January 06 and 24, 2020
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Figure 12. The vertical sections of wind field in Qinglong on January 06 and 24, 2020
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Figure 13. The vertical sections of wind field in Pingba on January 06 and 24, 2020
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