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* Binzhou Meteorological Bureau of Shandong Province, Binzhou 251799

Abstract: Radar data features and hailstorm warning studies are conducted via differential
reflectivity (Zpr) and the cold layer composite differential reflectivity (Czprc) 0n the basis of three
hailstorm cases observed in Shandong Province in recent years. The results indicate that even
when the radar echo area is relatively small, a 3 dB Zpr column feature can be observed within the
cloud near the hailfall points in the Czprc map. The Zpr column feature appears 20-40 minutes
before the first hailfall time during a hail event, which is 10-20 minutes earlier than the traditional
way by using 45 dBz or 55 dBz reflectivity threshold, indicating its potential as an early warning
indicator for hailstorms. Weather radars of different wavelengths and scanning systems, including
X-band dual-polarization phased-array radar, S-band, and C-band radars, present the Zpr column
feature necessary for strong convective weather warnings in both the Czprc map and Zpg echo
area time—height plot. Additionally, the Zpg column feature on the Czprc map is closely situated
and surrounds the hailfall points in all three case studies. These Zpg column features are located
northwest of the hailfall points, which are in the mid-tropospheric upwind direction, and could

serve as a reference for hailfall locations prediction and warning. .

Keywords: dual-polarization radar, differential reflectivity, hail early warning
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O RF (Zpr) HERHEMM —Fh3E EAIRBIE SR, RN Zor EHEXFEX R
=W EFIREHZE 0T E LA Allingworth et al, 1987) . BB/ HIESEH) Zog EE XE T 5K
FR R A AEAI % (Kumjian and Ryzhkov, 2008; Snyder et al, 2015) , F7] - [X 43 Wy i Al vk
MIRL T (UnEEkvk ) (Bringi etal, 1991) , 1M Zpg M EXONTRELE 2] OC R E, BN
Ui RS IR B B A B R OGRS (Hall et al, 1980, 1984; Conway and Zrnié,
1993) . WHLULI | 3T F5 A R ( Brandes et al,, 1995) M A e #41L ( Tuttle et al, 1989; Kumjian
et al, 2014; llotoviz et al, 2016; van Lier-Walqui et al, 2016) 25411 Zpg FEAH LW OB, 32
Xt b H AR BRI A A YA S AR R R a3k T I ¥ R R AT PR Zog A PRI e

Zor FERTAE R 56 AT R TP DK R K X ) 2 22 7 T8 LI ARFAE (Snyder et al, 2015)
HEaA . mEMIARSESH S 8 B AOKE A VIFHOC (lotoviz et al, 2018; Snyder et
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al, 2017) o Zpg A A A v FERITHIARRCR 388 T~ S SR AR G B RIOK B 1 ) AR S0 5,
2023) o Zpr HEAMXAE SRR BRI 2 2200 bR I, AR XU I R e T K
HUsRIET A (Ren et al, 2024) , A By T8~ %HA BAK 20 I B 2k . 4k
(R T R I MR B ARG Zop AETERLIT I A VE 2 (FhERSE, 2023) o IXUEHFFERM Zpg
FEFEBRGT IR R AW L F5% A0 N Ty 8 45 )7 T 45 EL A 28 16 % AN

PG HE 2N R ST E S HE G, BN R R 0 A AN IR], AT R 2 )
oI B T B R AR 6, T S IR IE W B Zop H. AHELZ R, MIRFER SRS
KU AR, B s R e ), TR I SR A
5348 (Wu and Liu, 2014; Palmer et al, 2022; Kollias et al, 2022) , , JJ& 5@ i < W il 77
5T (Kuster et al, 2020; McKeown et al, 2020) . 411 Kuster et al (2019) {3 F PLis &
R REEE (AR TE] <2.3 min) , %735 Oklahoma MM 42 BRI T T Zor A1
(TR R RO VR T SRRAE, Fi H X L Zpg HEAFAEAR T T-20 T J2 5 28 R A% 00 H LR [R] 356 A
FIFERERARAT, AIUKES . RS SRR T 4+ B 2 I 1)

FUE R A R Bl S0 — AP R IA (Zhao et al, 2024) , {HZ&, FIFH Zog i
FROEEAT OKE TS 7 TR AFAEVF 2Pk . —J71i, RUAL (Kuster et al, 2019) A& 5 H
B, BUAARRIMX RS SUEE RAAEE 2 ER GRECSE, 20205 STH%, 2021
Briinss, 2022; X245, 2022; ERRE MR, 2022; BMFISE, 2024; FARDRGE,
2024; B L&, 2024; MiMEE%E, 2025; ROCHESE, 2025) , N AN EBANALS RIS 2L
WARBFIEZES, WIENN Zop HFHEHR S AR CEIE )%, 2022; XIS, 2022; LW
S5, 2023; FU5%E, 2023; FF KSR, 2023) o 70, HArREAFE XA RS E
IRV E = AR G EFR R B, A7 W ELE IR T3 B I A SR MR
IR Z (AL G U R U IA T R Gk i 7T

TS F I SERA 2 B TR A RIE B, HEShKE = R A& 7, AT IR
LRI =R B R RERIE I BB, 18 REV T2 W Zop AERFOL AU DA 595, JFES
A FEFRARGANR S R EIE, TR EEEE R K E T T

1 B\ ETE
11 BREMISEERE
AR BT = IR BB AT T R R IA AR 1 AR 1. = kid A2 500 hPa _Eili ZR¥4s
TOEAC IR, AR B2 00 AT B Ay e L 0 0 i i XA ) o SC e B R ) 2 D A i
1 R REBMIRFRIEROEIA

Table 1 Three hailstorm cases in Shangdong Province and radars used in this study
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Fig. 1 Study case hailfall location , radar

(b) 2024 ££ 5 f1 18 H PR FFEAMI

and surrounding terrain (colored)

(a) hailstorm case June 13, 2022, (b) May 18, 2024 dual hailstorm cases
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Fig. 3 Time-height evolution of echoarea for (a—c) Zy and (d—f) Zpz at Binzhou X-PAR in the case

1 on 13 June 2022
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Fig.4 (a—c) Z, and (d—f) Czpre atJining S-band Radar in the case 2 on 18 May 2024
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