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3. Nanjing University of information Science & Technology, Nanjing 210044, Jiangsu, China)
Abstract: Using Jinan S-band dual-polarization Doppler weather radar data, Zhanggiu sounding
and ground conventional meteorological observation data and disaster investigation, the
dual-polarization and microphysical structure characteristics of a supercell hail storm that
occurred in Zhangqiu, Jinan on July 9,2021,were analyzed. The results show that under the
background of cold vortex weather, strong vertical wind shear and strong convective available
potential energy are conducive to the formation and maintenance of supercell. The gust front is the

trigger mechanism of the storm and the long-term maintenance mechanism of

initial storm is triggered by the gust front and develops into a supercell thropgh

continuously excites new cells and merges with the main body, agd t
time. The strong divergence of storm top is one of the key factofs for t ng-term maintenance
of mesocyclone and the high height of storm top. In the su R e, there is a clear
inflow gap at the right rear of the storm bottom, and there is a differential reflectivity arc in front

of it, which is manifested as a small amount id particles or small wet ice particles. The

strong reflectivity factor area on the | W gap corresponds to small differential

reflectivity and small correlation hich is the hail falling area. In the vertical structure,

there is a deep bounded weak éc n the side of the strong updraft region, and a

differential reflectivity distributed’bglow the height of the 0<C layer. There is a differential
reflectivity column ou ak echo region and above it, and the height is higher,

containing &little larger liquid or melting small ice particles. The higher differential reflectivity

column indic at the updraft in the storm is strong and high, which is conducive to the

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

Key words: Supercell; Severe hail; Zpr column; Kpp column
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UREAE RN AR R R SR BRI B 2 —, BTSRRI AR IR . 2%
JUBE/N BER D3R5 T, R BRI 2om RVKE, HRER s AR, 2 R
HAAME AT RIS RA RN 2 0 B R A R MDA S DK R R TR Eh
T IR 2 B RIS R RS RO IR PR, eIk B X OB T TR
RS AT 70T, XF5EXT LR R = V) ERARHIE OB 78 52 2IPR S . H Seliga and Bringi (1976)
S XL iR 7 X B DR, SURR T B R I BOR AN 7838, AT AR 2R H ir

SW) SEfE ., bn] AR 3 22 70 [ 5 26 81~ (differential reflectivity/NZpr > %

(specific differential phase, Kpp). #HI<ZR % (correlation coefficient, ) G XU RIRS L,

FERETE S ARLFARAS . IRIUKE 2o 55 7 T AT B IO L A A7) M8
KEWFRY, AFEFRSTAARMSHIR Eﬁ%?@‘z N Eﬁ@%ﬁ%ﬁﬁ, K

MR B L EREIRFE (Dual-Polarization Radar Operations Coufse NVersion 1109) 1f& i, vk
B (EFUKE S W IR SV Zog 1E-2.0-690dB 2 1], VKB CC /INTFLERE, B IR
CC 7£ 0.70-0.96 Z [f]; Nii#[f) Zpr {H7E 0.0-5.0dB % [, CC{H>0.97; ¥z, Bl &
B CC Buh, HA<0.7, hohzi R

FEZIT, ERERUIT UETSE, 1997,

FEAR SR I 7 Creflectivity, Zy) - “F3)4% 18138 & (velocity, V) S & ik 55 (s;&/width,
/4

YRR AT ER TE, 2001, 2002; ZENRHEE)

y{ d Ryzhkdv, 2008 154118 4 5 37: (Straka et al, 2000; Ryzhkov
i |Z2F, 2007; Parketal, 2009; MF#E%%, 2018). P& FAARXURIREE

#e, 2021; AF) 5%, 2021) SEAURIR T — W FURAR . K G A SRR B IS WL
M, ERBEMLZED B Zpr I (Zpr>3dB), 7EXEEHE I Zpg 8L CC 3, BT 0°C
EE UL BB HE L Zor M (Zpr>1dB) Al Kpp i (Kpp>0.75Fkm),  Zpg A (175 5 /2 34 5]
REESRPERRARZ —, Kop FER BIA =& IS BGRIK, SRR X BT AR R &

B (Bringi etal, 1996; Hubbertetal, 1998; Loneyetal, 2002; Romine etal, 2008; 175

JORIEE K, 2021). Hall et al (1980, 1984) i 5¢id it XUk £ i) KA 8 AWM E] Zor
FERIAFAE . Kumjian and Ryzhkov (2008) I8t 78 HH 2% FRAAR XUl 75 1k [ R AR IE R BH - il
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R <Ak (forward-flank downdraft, FFD) & #FF-m H Zpr #2305 0, HETIA Zog 5
X RP Zpg 3K, £E TSRS I U153 (rear-flank downdraft, RFD)TE1E Zpg i+ Kpp 1
A1 CC ¥ Kumijian etal (2014) JEidxf 42 MRG0 HT, WONERERKERIEET, Zor
A AP o L S S 26 DR P A -20°C 7 B X — FR b LA T KR AT, WT4RA0 10-20 43k
SHVKEHEAT T . 5 (2018) FIF S I BORURAIR T 12 0f 4 5 8 2 S s IR AT SRR
AL S HT, 32 B0 KR ORI A VKB X LA KT SO 3 TR 1780 28 40 IO 3R IR AR R
MY ATV SR T TR A S 80T MR R BN R R . MO (20200 XPRFIBEEE SRR S &R S W
B e X WL TR, FIF Ko “Z5TH” (CC /NF— 2 BIER Kop AT HD 47T
Zy AT PAESL = P KUK X . BSOS (20200 I FH XU 3 8
T Zop HEAT TR EFHRRMAEAE . SRS (2021) 4Kk #E 1L AR
ﬁﬁ%&\ﬁ%ﬁﬁfﬁﬁzé&m%%%*ﬁ,éﬁﬁ%%ﬁﬂiiﬁﬁﬁw J L DG 1“0 28
G

LEHR A, TR <04 éﬁ@ftj:%ﬁ%i&jz ?% e AT
(2021 FIRTS S WECURIRE A — R R MU T bl 75 2 st

PR A% JE A2 1) b SR B 2 22 03 B S AR B, TR KUK R K e - B
PR SA UMW IR A 7 AR i T A T AR X B K &) 23 3877 dh - Chydrometeor
ik, SR AT KUK SRR A F 7

R B P A SEOLBERE, X 2021 4R 7 A 9
H R AR 5 R KUK MK A7 4 MNEELGMAARRERRE PR SR

BEAT WURIR 2 B R AL 70T PEAIIIRHZ SR AR KB U i3Ik 2 B T S R ) 3l T LR 2= 2
LRI RN N / - B I SUAIR 08 BERHR THRE R U RE 1R 5% .

classification, HC), {H¥&A KUKE IR E

ARHT RS CINRAD/SA

\

2 KA\ R AR

21 REZLR

2021 £ 7 H 9 H N o b I — OB A R A, PKELRREERT (]2 1he & X
LB R ILAERE 14:30 FFaabe, BORKVKEBEAEE] 68mm A4 (B 1), +a% R, &
PR RIKE S 5 e SCHA O /NS R 14:45 FFARRE, VKEE AR 30mm; 35 3k
15:15 FFUH P, VKE IR EAE 50mm 2245 R 30mm), 14:30-15:30 ARFRIKE I B -
Dreg ik, o R LOKE AL E WK 1a, AR RS R IA S R %) 75km, 14:13-14:48 i F
Jish, W 1b ik (14:02-14:59), REEIIECANEE.
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K] 22021 47 A 9 H 08 i} 200hPa (a). 500hPa (b) #i1850hPa (¢) RSJEHA K il T-logp K (d) CHL
SLERELR, ROSLAONE L, ATy, KRR X RGE, R R SR SR
Fig.2 Synoptic chart at 200hPa (a),500 hPa (b),850 hPa (c) and T-logp Diagram at Zhanggiu Station (d) at 08: 00
BT 9 July 2021 (Rough solid line is trough line, black solid line is contour line, red number is temperature, wind

pole is wind direction and wind speed, rough arrow solid line is jet axis )

7 J1 9 H 08 521 R 4t 97405, 200hPa Ll 78 & e LAPHALERS J5 PE AL <X (K 28, &
Pl 200hPa i/ 4-49°C, KUK 16m/s, JKH 2689 ,  EEIA HA & (1 S e
PIELRERR RS, = BRI A . (5 ik 20 BB IRIEEEZ) 5°C) 5 500hPa Fl
FERE R VAL RIX, 500hPa 18 /5 I EAE N (B 2b) , 2 [l AR

IRAHIRAAL) + IKJZE 850hPa £ LI AR PE A B SRR IX,  f
JE ETF (&l 20 WG T 5°C) 5 i b, R AL TRl

W) o EETW. TERENELRLE, HERAIAR b5 T

 LRRAE (B
SRR IR

M —D Tk, ARERRE AR R R — PR, R T omx g A . WIRE K (B 2d)
AN, RZEHE, ANEEREEM, M8 0°CIZLL N A M BHRIL T T4, A
231 Il N P e 024 S

MY E (R 1) "Ll
i ZE#E1T 30°C, BA AR A 30°C, LI 4-6.3°C, 0~6km I H X J) 4 (SHR)
K F 20.4m/s, F T LAV MR B 7 A 3 A RE o A B i 14 I bR B2 RN R R EEAT AT OE,
S RALRE (C 9/33 1K 3 4550 0 kg™, DA B TR E (O T, R
NG (2014) EFRFUKE R R R . AT T ERIREE 0°C)2, TRER
Efff e R UK R = =, JCHOR R = b R AR 2 K Rl
WEREER RIS IKRE RN EERE S TMEER 72—, BRRIEE 02 mEENK
BRI E R B, HUKE R ZES, VKB A AT REAE N V& BT BT ARG . =i A
(2018) AN 3.0-3.9km HJUKE AL 2 i AL & -~ JE i X 5 oK 8 A A ) B B0E B A s
7 79 H 08 i & RS s Bk 092 m AR (3.7km) , HT-Hu i i BLUKE -

850 hPa 5 500 hPa iZ 7 (AT) #®K,

*1 MMEYREE

Table 1 The environmental physical parameters calculated by sounding data of Zhangqiu

CAPE/CIN 925hPa Lig/ 0°C(iE3k SHR(0-6)/(0-3)
H i R K/A°C) AT/(°C) LI/(°C)
I (kg™ (gkgh 0°C)/-10°C/-20°C I(ms™)




J2i(km)

20210709 08 30 29.3 -6.3 2334.6/0 14.1 4.3(3.7)/6.0/7.4 20.4/17.8
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157 3 XUBTHARARIE

158 3.1 N EET

159 P 3 7 KRR R B BORIRE BB BEAL & OB R CR ARSI, A5l BB A <
160 13:50-14:13 NRFE K JEM B, STRBAARH A &K I N 1A g13:50 & 7

161 JLEAH 2 AR, AT B A R K A, AR A DB
162 B RBHI (Zpr HEFIEL Tkm), 7E 14:13 Wi &3F, HHBIH A
163 JFUGHINSRIKE . 13:50-14:13 FURSEAR 407 550, #5201d g 25kM hs
164 R AR B 14:13-17:23 CHRAUIRGEREIN BO 1242 2 g 641, 14742-14:59 Al 15:28-15:45
165  JEMIRILE G IR AR RE . 14:42, f’@éﬁiﬁiﬁk%ﬁaﬂ 7 Rl ek BT R
166 AR C, H Zpr HEmIEL Tkm, FERVEN T EMKHLE] . 2 F R MC KR, 1 14:59 &
167  IF, BHZJEHBL 2 A, R FE A D U8 HATIHRD. B sk
168
169
170
171
172
173
174
175 BARRIE, %85I, SEUNERMIERI RN EPE AR, KRB, 4L e
176 .o 14:13-17:23 PRI BOAREE A IE R 7 102 8), B3l B LR B4 40km.

177 R AR U I 2 B R R S S R F 30-40dBz i A7, #EAT BRI Zpr £, T CC Bk,
178  Kpp BN, HrA SR TSR GE S, & VR KR SR T
179 SENBEB RS K I B 2 2 5 SRR B TSR A AR ] P I, P L EEH,

180 SEUXNFEFL HB TS . 500hPa & Frff 2= il KU KGR 70 A2 298°  10.5m/s, LIF &
181  RAS UL KR XG> & 324° . 9.2m/s, 5l SR IRET . BT A B O B XU T ) 5 R XU
182 AILIXHH, AE W FA1ERE
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EE DRI RT . 13:56 S KRR EFHER K (&K 51dBZ) , Zpr HEmEHE
W GEF)105km) , BT I R,

(a)

CNILkg m'y
DEZANIR)

Hesght(km)
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\
d\z; 0 2 T T T 1 RS A K

F, AL kmy WEELN 0°CEREEE, AL km)Alrh e

ZDREjE_I%—):E’ $1ﬁ: km;7’£7‘j KDP*}E
ZHEAT (b, B e AR pr: km; b2y AT S, AL kmy ARt 2R

RNERHL, A mis; SR 4ON KB TUR AR IR 2E, A m/s)

r evolution (the red curve is the DBZM,unit: dBz; the blue curve is C-VIL, unit: kg/ m?; the
green curve is the HT, Unit: km; the purple curve is the TOP,unit: km; the red dashed line is the height of Zpg
columns, unit: km ; the purple dashed line is the height of Kpp columns, unit: km; the blue dashed line is the height
of 0°C layer, unit: km) and the evolution of mesocyclone parameters (b, the black curve is the base height of
mesocyclone, unit : km ; the blue curve is mesocyclone top high, unit : km ; the brown curve is the maximum
rotation speed of the mesocyclone, unit : m/s ; the green curve is the maximum radial velocity difference of the

storm top, unit: m/s).
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ST AR IR F T — 8% (2022) F4uil 40 ir i g o i A SR TR B - (1 38
ms*t A, ZHAEBmst AL,

R BE (14:13—17:23, & 4a) DBZM. C-VIL. HT. TOP. Zpg HAl Kpp H:F
FESEHE 43 5915 66.2dBz. 82.7kg/m?. 3.7km. 12.3km. 11.0km F1 8.7km. R EE i 4k +F
F 65 dBz BA b, KRBT mERrrE 12 km @bl b, TR B BRES S K B4R
LA, Zop #EmBELERFTE 11 km (FRBERFE-47°CIE, Kop M FEAE 8.7K
) M.

HE RSB B (14:30—15:30 7 HH L 50mm oK &R B, B ZM. T. TOP.
Zor FERT Kpp A 781 T 948 43 )y 65.5dBz. 85.8kg/m*. lk . Y8k, 11.4km 1 9.1km.
KRR O EIE S T 0°CE B E, Zor K5 4E R 76 I 5 1S 48502 , Kop HEIETE

-33°CIR NI, ER TR K AR [P 38 B2 Z2 K1 B 58.8m/s, i s oge W 2 KT = IR B, HE
R BOX R TR i o P ) S Ao, SEA

ke

80.0 kg/m?

13 i B _EAFAE 55 dBz BA B aREE (EmGD TR R
: ONBRIEH T, AFBT % (AFH MM, 2021 AFH
2021) Ji 43 AT IR L 2R AR UK S R 20 B A X iR Y B R S i 2 R 7
T Lo R i K R R R TP 4 65.50Bz, R/ SEOLIK FH R, HEMIA
VKB B FE AR H R B 2 —, 5578 77 iR K B8 s i R 5 (RS0 5%, 2020, 2021)
KPR TS @K TR AR R R, KR TN O B i, 36 “HhIRAE” R 58 b7+
TR B S 4ERE, T o U 2 5 1 A e P i e a2 e S KUK G, AN e e S B e
Zop FERIRBEDR T2 —.

H T RIS R, B TA PRI B 1) A TR K T SE bR fE . DR IE 9.9 E R I b
EPRIE Py R 13km fi AT, 14690 T BEE, AR 9.9 A I E] 1 30dBz PA_E [KIHHE
YEJI T FY-2H 7E 14:30. 15:00 F1 15:30 #3013 i) 2= T3 (black body temperature,

& 2021; -

¥7E 70 dBz UL I,
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4 T ool 9 H A B XU IR S5 A R ik

MO 14 B 30 232 5 HH I ERIKEL, JEHN 14 B 31 435 B A WL 50 JHEAT 0 #r o SR X
REKSIRE T RBETEE . Zog HEEER Kop #1255y 68dBz. 13.3km. 9.5km
1 7.8km, Zpp MEmiERGS, 1E-37°CIZ mE, [FRF 8.6km =% (-30°CJZ2) f#1E 65 dBz LA |
SRR T, R TR N FAELER 58 EFHSIRX .
4.1 BEEMFHE

Sa—d 7l /2 14:31 BF B XU I 7 12 /KR4 B S R B 2

B A S OB TR BT, 00T A2 A PR 5 00 Q0 L, gt
region, 4 FLEEINIC) s, L MR E I 50, $:é;%<

20 [ AT KT B2y 7 R 08 IR ER 0°c)%<3.7kn1 (T8

Kl FEE 4, M.
-10°CJZ(6.0km)
F1-20°C (7.4km) 2.

ATLAEH, KM (A, T 2 BWER, HIF 754 60dBz /47
948 [ P T . BWER AR 9P ) R 5 el g 35, 60 d PIHBILE] 9.4 km (& 52) , >60 dBz

, WK SRR 20 AR T E

0°C )2 i 5 W b B IR 1) 22 43 I %6 R 7. (Kumijian etal, 2014; 757 4%, 2021) . 0°C
Jz e BE UL SRR X [l Zpg IR0, B Zpg 5, PEAICN ETHSIRAI Zpr KMEIX, 7R
g 12138 58 A DKAERCT T B2 31 0°CJ2 v FE T4 HH IR B A RAY,, H 3R PRIV WL 1 /N P
AR DIRL T o

ZE 43 RS R 3 BT L3R B N AFAE Kpp>0.75Fkm [ RAE X B Kpp £, THHS 7.9km,
H T -20°CIE R EE (B 50) o Zprtt5 Kop 40 B, Zpr HEFE 55dBz 3 EIKFE M, Kpp it (7£

60dBz [ AL AAPYMD) A7 Zop HEAIARM, Zog AETH AR T Kop AETHHT .
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Fig. 6 Base reflectivity at horizontal polarization Z (a, unit: dBz), base velocity V (b, unit: m/s), differential
reflectivity Zpg (c, unit: dB), correlation coefficient CC (d), specific differential phase Kpp (e, unit: 7km) ,
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Fig. 7 Base reflectivity at horizontal polarization Zy, (a, unit: dBz), base velocity V (b, unit: m/s), differential
reflectivity Zpg (c, unit: dB), correlation coefficient CC (d), specific differential phase Kpp (e, unit: 7km) ,
hydrometeor classification (f) at 4.3 <elevation from the Jinan radar at 14:31 BT 9 July 2021, white circle is

mesocyclone, black solid line is the bounded weak echo area, blue solid line and blue dotted line are 50dBz and
60dBz isoline of Z, respectively(a-f)
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Fig.8 Polarization characteristics of supercell of Zhanggiu super hail in Jinan

(a) bottom level, (b) middle level, (c) vertical structure
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