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Abstract: Using the Jinan S-band dual-polarization Doppler weather radar data, Zhangqiu sounding and
ground conventional meteorological observation data and disaster investigation, this article analyzes the du-
al-polarization and microphysical structure characteristics of a hail supercell storm that occurred in Zhangqiu,
Jinan on 9 July 2021. The results show that under the background of cold vortex weather, strong vertical
wind shear and strong convective available potential energy were conducive to the formation and mainte-
nance of supercell. The gust front was the trigger mechanism of the storm and the long-term maintenance
mechanism of the storm. The initial storm was triggered by the gust front and it developed into a supercell

through merging. In the mature stage, the intersection area between the west side of the storm and the
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gust front continuously excited new cells, which merged with the main body, thus the storm maintained
for a long time. The strong divergence of storm top was one of the key factors for the long-term mainte-
nance of mesocyclone and the high height of storm top. In the super-large hail stage, there existed a clear
inflow gap at the right rear of the storm bottom, and there was a differential reflectivity arc in front of it,
manifested as a small amount of large liquid particles or small wet ice particles. The strong reflectivity fac-
tor area on the left side of the inflow gap corresponded to small differential reflectivity and small correla-
tion coefficient, which was the hail falling area. In terms of the vertical structure, there was a deep bound-
ed weak echo zone on the side of the strong updraft area, and a differential reflectivity ring was distributed
below the height of the 0°C layer. There was a differential reflectivity column in the bounded weak echo
zone and above it, and the height was higher with a little larger liquid or melting small ice particles. The

higher differential reflectivity column indicates that the updraft in the storm is strong and high, which is

benefitical to the development and maintenance of the storm and the wet growth of hail particles.

Key words: supercell, severe hail, Zpz column, Kpp column

51 5

VKT A by it 0T it X2 A e 3] i % o B 1 7 ) =2
— B R R R R v TG A5 (] RUBE /S VIR
TR U HOE AR 2 em R VKA, H
W) BT SR e T U B SRR, KRR IA R
v S A BRI R A A W R T K R Y
PR T Be AR T B R 2 3% ) KRR s RS
— I 7K LR A R H 1 10 TG 3k i — 25 % R KR 1Y
TEAR A SE ST 534 X 5 % U XU 22 2= ) AR AL 1Y
WF5E 52 B BR % . A Seliga and Bringi(1976) 2 i} %L
e A Bk B S AR » B0 4R B 38 R0 B AR AN W
SE 35 AR DL B 4 H An W B SO R
(Zw) VP42 1) B (V) B o 2 335 58 (SW) %65 B
IEAT DL B 2% 4y SR (Zoe) s 22 53 MBS R
(Kpp) JHH R R (CO) Z5 XU Ik S 80 FEWF R = N AL
TS BN VKR = 55 J7 T A B0 1 T AN 1

KEHFERI AR MAFRHEN IR H
T ) X8 I A [i) 618 X A 4 2 80 TR ARL S 58 R A I B
ik AV A (Dual-Polarization Radar Operations
Course, Version 1100 HF5 H , k& (B IKE S5 W
WIHREYD W ZoE—2. 0~6.0 dB, 7KE& 1 CC /)
T ol B IR 22 1 CC £E 0. 70~0. 96 ; TR i 1Y
Zorfl7E 0. 0~5.0 dB,CC {5 >>0. 97 ) Z: P 2
BB REIRR R YN Zox (B0 F HKE Zor (6
JU IR B CC BN EEA/NT 0.7, a2 E A
XU A1 T 3K 0T 5 1 S A BT 1 R R PR AR KU TT e T 2
WFFE . 7 BB 5T ORI B 55, 1997 5 Vel A B ok
2001;2002; Z2WFE 45,2021 I S L4, 2021 s TR ik B2

FXN B, 2022 ; Kumjian, 2013a;2013b) | 48 4% B4k
B~ A (Kumjian and Ryzhkov, 2008) | 4 v il 5%
(Straka et al,2000; Ryzhkov et al, 2005 ; # {& &% Fll
X B, 2007 ; Park et al, 2009 4 £ %, 2018; F jit
%5,20165 B ML4E,2023a52023b) | 85 B A UL 1R 4
fif (Hubbert et al, 1998 ; K % 45, 2001 ; T 25 78 45
2019 ; E N 45,2021 ; {4 S04, 2021 ; BT 45, 20225
#2255, 2018 f] 15 55 55 . 2022)  Zo FEARRAE (A F5 )
5,202 AFSUEAS T — S BOR . K PR
PR Al e B 325 W00 i B A6 XU AR )2 55t B Zow IR
(Zpr >3 dB) , £ X2 2 B Zog 8l CC 37, 30
BOCERmEL ¥ B Z it (Zr>1 dB) #lI
Koo (Kpp=>0. 75° « k') o Zo B Y 185 B2 2 340 591) XL
Fom RN Z — . Kop MR BIA 35 5 19 W25 1T 8008
UK R T JEE R U b T A0 AR Y UL i BE (Bringi
et al, 1996 ; Kumjian and Ryzhkov, 2009; Hubbert
et al, 1998 ; Loney et al,2002; Romine et al,2008; -]
T FEE K ME,2021), Hall et al(1980;1984) 1|/ 4%
T 3 Ui i 22 35 8 SR AR AR WL B Zow B B A TE
Kumjian and Ryzhkov(2008) i@ i B 57 i 9 B4 XL
i 91 B 8 [l 8 R 0k 2% B O R 30 AU A AR
e B Zop 35 0, FATOAT Zow W9 = (B DX RD Zog 9K, 78
RGN DURRAEAE Zor KE L Kpp HE AT CC
#, Kumjian et al(2014) i@ i3 %} 42 A~ KB B F 1T
SIHT TN TR B R R AR Zoe RV S L L
S Z8 I 5 A% 3 — 20 C i Bk — FR bR B AT B R4
F R AT 2T 10~20 min XfyKE AT, F L4
(2018) I I S i BBt #1735 Xof 42 o 200 4 1A JXI 2
HEAT XA 9 e AE A7 5 2 W EDRL 7 1 R i Uk
X LA 7K B 5 26 R L 22 40 B S 3R R AIG A R



%24 BT — YR VKR AR A XL U Jik 2 AR AL 20 A 197

RO AR T IR A S8 T MR T R
MRS EF (2020) %5 A [F) 388 B2 58 X6 3 = 3R S U B AUfit I
s I 4 B 2 L A Kop 25 10 7 (CC /N F— 5
5 (B B K op SO D $EBE Z (85 0T LAE L 2 )
KUK E X . WA ST (2020) ] F AL £ 32 803 15 K37
S RAE T Zog B0 H T4 R B TSR W AF
1. FEARFIAE (2021 M5 11 25 1 R B B =~
K BT 2S AR 1) B = 4E XS b e
W E BT HELL R A B I RE 0 745 R
BELAB TR0 LM KRB E K B
FIREVEHIALEE . A5 MR 2D FHE S S
U B SUp B TR 5 X — YRR 2 1 SR PR S B R AT 4%
BT o A5 1A 2 5 B %6 TR 7 A 0 42 ) b 4n 2% o B
35 2550 UG R R 7 U X AT AR S R R VK 3R
BRI . ELAR SA WU PR s 7= S R T 3 TR
R EL K EE W) 43 2 i (HO) L H A K VKR 1
U B 75 B P T I K VKBS U I 4 AE 9

A HE T 5 B CINRAD/SAD XU 4k 15 ik %
REL g A MR SR, X 2021 4F 7 A9 H RAETE
TR R UK 1 K 77 i 6 2 o R X8 DA 2 L 245 4 A
ANFEEEZRORZE PZE R 37 SR Ik S i R AR
A3 s LAY X 12 25 8 2% B X 2 U i S i T R
14 8l 1 BILT R 2= 4 45 R A B R AR Sy it —
A 4 1 R S I R TR 9 R4 TH UK I T BE )
#Zit5 %,

1 R LR 5

1.1 XFZ:R

20210 7 H 9 H TR rE & I ) 30— RO o
ST R, VKB RFLLBT M 29 1 h, 3 e XN A
EAR AR 14:30(bmt i, F D JF iR B e Kk
BHEHAMAE 68 mm A4 (- 1la), T4 FE W, 538K
UKL S g (rp A N R R A [ % 0T W B R 0 A
S JRy R [ bR AL B D45, 2012) 5 5 3
A L NSO 14.45 PR E . IKEHE N
30 mm; & i A B 15:15 R FEE . KB I KR J 2
29 50 mm Ze A7 (AR 2 30 mm) ,14:30—15:30
R RVKEL N BL. RS 7ROk AR A MUK L
DL 1a, RCZBE 2S5 3K 45 2 75 km, 14:13-—14.48
o] {7 J7 1] % 2l . UL & 1b oy gl 48 (14 02—
14:59) WS BB 2212

T R K VK ED 1 R XU R AR A s R A 4 b,

J& T 7 i R AR XU TR PR 3 el 2R 1R XL
). BOBPPRTE B A% 3h 218 H RS G, 1
I T BT R (14.53—15: 26, I T 1%
9C) B RMK5:16 Kk E] 23.1 m+ s D HIH
BF R A 7K (15:00—16:00, 7K 54 20. 2 mm) ,

L2 REEESHESY

79 H 08:00 50 R GE KV i, 200 hPa [l 4R
LAV AR ZEAE )5 PE A X (& 2, 7 23 200 hPa
TREERH —49C R H 16 m » s ', K] K 268°) , B
WA B b 9 2008 X R 5 A B A I B R B R 2 B
B . (FE B0 2000 FEJEME E 25 5°C) 3500 hPa Ml
850 hPa INARHA L TERE 5 P AL S X . 500 hPa £
Jei B A B /N (B 2b) v 2 B AN B i (5 o
20:00 S IG A B AR 46D s fIKJZ 850 hPa 7E 1L 75 P4
A TR DX A e R 25°C (8 200 AR Z IR EE b
Th(E el 20:00 Sl THm 5°C) s Hum b I R4 T
TR AT LA KO (KBS . B2 TR
J2 1% 1) i G B i A AR E M RE R R A
R S AR E SR — 2 T SRR AR B R
i R 2P K A TR A . IR 2d
A 2 BO% , AR AE 1 0R L PR BT I i A
OCZUTAHMBIEE T THIML AR T N2
1R

M EYHEGRE DATLLEE .7 A 9 H 08:00
850 hPa & 500 hPa i 22 (AT) % K, #3E 30°C, A
AT AT E s K F8 508 30 CL 3 THES(LD 2
—6.3C,0~6 km 3 F X Y] 4 (SHR) ;5 5] 20. 4 m »
s LR E AL RN A S iRy TR
14200 b 190 Yk J3 0 8% a0 B2 2E A7 37 0F % I A S Ar
fie (CAPE) H1 2334. 6 ] « kg ' 34 K %] 4550 ] -
kg ™", Uk W B & i TR R T L R A RE g — 2P
B, AT /NEL (20140 X vKE Bl Ak 2 v BE A A
BT FERIEE 0C2, MBERIEE 0 C )2 0] o i
7 VKR RAL 2 i B 0 H o 0 i R R AR AR B
T 25 VKRS Rl )2 e BE Y IR DR E VKR R/
HEBRESEMEZERNFZ— BRIEE 0°)2 &
VE S VKRS Rl A 2 10 30 AL e 32 S UK Ak J2 B e e
UKE A AT REAE T VK B Hb 2 R Al k. R R AT A
(2018)iAH 3. 0~3. 9 km 14 VK & Rl 1k 2 =5 i &
P it XS K R A b ARGE L s . T H 9 H
08:00 & Fr #4825 ul W Bk 0°J2 i3 LA (3. 7 km) , )
T i A BKE



198 A

% 5550 %

38.5°N T

37.0

34.0

114.0 115.5 117.0 118.5 120.0 121.5 123.0°E

36.88°N

(b)

36.51

117.33 117.84°E

BT Ca) AR DG UL 35 4 il i 40 A1 K
(b) M2 Bl e 42

Fig.1 (a) Distribution of related observation

equipment sites and (b) storm
tracking information (STD)

45°N
(a)

40

35

30
110 115 120 125 130°E

45 N e R EEEER
(c)

40

35

30

110 115 120 125 130°E

p/hPa

2 NFREAL

K5t
f

FAIE

2.1 RREE

P 3 XU A R B B R HE % o BE 4 4 B i R v
AR L5 0 [ P R A

13:50—14: 13 Sy X2 & J'é By Br . % i 5 4K
A EB IR RIS R, 13:50 = e g AL
A Z AR B AT A= el Y AR A Y B XU
K HAR AR B & B RN, KR B R R (Zk
HEEY 7 km). 78 14: 13 & & 3F. B 8o
S0 TE R R e Bk, 14 30 FF 4R OB BR UK A5
13:50—14: 13 FUARFEA ] fiws A5 J7 0] %6 31y , 7% 2l 3 J&E
A1 25 kmeh!,

SR BB B 142 1317 23 CHp <5 4 4% By
BOFEAELZ R AT, 14:42—14.59 1 15.28—15:45
R A IR R B, 1442, PR KR
5 2 DRV 5 2 X35 BT 108 6 3 iR C H Zo
FERGEEZY 7 ke, BRIV O 2l R LHT . Z 5 BRAR
C KRR T 14:59 MBI BIZIEHMA 2 AR

45°N

(b))

40

35

110 115 120

—_
(S8
[

130°E

g.ﬂwmr [LOFCEC T

=20 —-10 O 10 20 30
T/C

T S I 2, R0 S22k O 26 R 28 (AR < dagpm) » 21 (K0T Rl CRRA  C  IXUTa) AT iy U i) XU S L Sk S 2 i el o

& 2

2021 4E 7 1 9 H 08:00(a)200 hPa, (b)500 hPa F1(c)850 hPa R TE# K (d) & K3 T-lnp &

Fig.2 Synoptic chart at (a) 200 hPa, (b) 500 hPa, (¢) 850 hPa and (d) T-lnp diagram
at Zhanggiu Station at 08:00 BT 9 July 2021



5 2 39 BT — YR VKR AR A XL U Jik 2 AR AL 20 A 199

F1 202157 H9H08:00REYES
Table 1 Environmental physical parameters calculated by sounding data of Zhangqiu Station at 08:00 BT 9 July 2021
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