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Abstract The size of hails directly affects the severity degree of weather disasters. To meet the need of hail size identification,
based on statistical data of hails detected by two S-band dual-polarization radars in Jinan and Qingdao, a hail dataset is trained first,
and the probability distributions of radar horizontal reflectance factor (Zy), differential reflectance (Zpg) and correlation coefficient
(CC) for small, large and giant hails are then obtained. Finally, the hail size discrimination model (HSDM) based on Bayesian method
is developed and verified by two supercell storm processes. The study yields the following results. (1) The results obtained from
HSDM are consistent with the real situation and agree with the analysis of the scattering and polarization parameters characteristics
of different size hails and dynamic and microphysical characteristics for supercell hail storm. (2) Horizontal and vertical distribution
characteristics of hail size agree with the precipitation particles filtering mechanisms and the hail growth mechanism of supercell
storm. Large hails and giant hails are mainly located in strong echo area near the front side of the V-shaped groove. On the lower side
of the suspension echo of supercell, small hails are found. Large hails and giant hails are mainly generated in the high reflectance area
with large gradient above the weak echo area and then fall along the strong echo wall, but smaller hails fall on the side far away from
the updraft. (3) Small hails near the updraft are mainly distributed in the Zpi column, Kpp column and between them, large hails and
giant hails are mainly located on the other side of the Kpp column away from the Zpz column. The landing concentration of heavy
hails can be determined comprehensively by combining the identification results at the height below 2 km.

Key words Bayesian method, Dual polarization radar, Hail size discrimination model, Giant hail
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OE KB R/NELIER A B0 PR A O R, AT UK KNI TR, BT R T S P S Dl BB R Tk B vk
Gt s B R AR, SREBUNKEL . RUKAD L R R UK 1 8 IR AT R 8 R - (Zy) 25 93 U 3R (Zg) FIAR G R B (CC) M E 2R 43
A7, kg 8 LT 01 $r 7 125 19 9K 8 R /N 3L 1) 4K 8 ( Hail size discrimination model, HSDM) , 4 J& 7 F ¥ 4> #8 4 2014 5 3 o P2 R 47 356
TE. BFFERM.: (1) BRGNS 3 5 5w &, S0 VKB KB AT & R TR R S KB U R | IR AR 2 i 4 i SO S e 2 3
J1 5O BRI 0T o (2) VKB /N K ST 4 A R AT 5 3 A3 A R AE A 8 G A B R R KR T I R ML R UK A L
il o RUKED . 4 R UKL 35 40 A 70 S AT 0N VR 0 i 1] 30 X5 8 S B A R O AR /N UKL, 5 IR X o R A
TR AT H X R E A R VK | R VKR I VR R U R b, N UK PRI B L TR — MR YE . (3) TR LI K E 8
Gy HiTE Zog B\ Kpp BB Z 0] X3, KUK B4 K VK 32 B F 38 B Zpg A1 Kpp A2 55 — M. FT 45 A8 2 km (&5 B 194 31 45

SEA I W B UK RS Y MR R
X
REZEDES P412.25

1 5 5

VKR I 2 F 56 U R AR5 ] R A — A R 2R
ZRF,HHNRA AT W= &2 R B Rk
UKL K/ B 3 77 A R CF B RR B, e B
L 2 om B K UKED R R AE P it AR KA 3, 20K
T | PR E SOCTEX R . VK R/ TE | T
2 (4 HE 5, Johns 55 (1992) 3K S R 2 Bob i K vk &L
JE H B AR XU BE B 7 AR Fraile 55 (2001) A5
I R KR R AR A A R I B K ) DR R A s
] ol B vy ) X2 & J@ 5 B, Ryzhkov 55 (2005) K&
Zrnié% (2010) F1| H K2 45 74 43 OC 47 A 40 41K 9]
W AT 55 [l Xm0 = PRI R A1 A5 ] W K K A
FER T RENE o S/C WP ST AR LR HAR# i 3 cm
14 VK 85 3E # MU (Féral, et al, 2003), {H 32 3% %
T 5 5 e B T SR PR A . H AT 55 b XU R
B 3% B fi i H A AR 2 T VK 8 375 HDA (hail
detection algorithm; Witt, et al, 1998) 2 fi 11T &
ST I VKT E 2 | 7 UK B A 238 B XU BRI 7 A 1 B
KEE VKA KN, BT 322 58 T 5w 4 5 35 1Y [nl i
5 85 K UK S 3l e R BE A B 45 S 80K 1%, HDA X vk
B R/IMETHIT R (A 754, 2007), Rl vk
AR AR e ARG B 2 38 ok [ 2 5t 32 O 5559 , i 4555
B ICER A RV, TS KT 1R 58 /N T 55 dBz
I AN 5 73 B 5% T MOKEL (Strak, et al, 2000)

55 B 4 B IR R L, SO iR B IR B 25 93
BRI F(Zpr) - X RE(CC) F RS A2 0K
A HRIBAB RO H U R 35 1 H K
¥y 43 258 5 1: (hydrometeor classification algorithm,
HCA; Park, et al, 2009) 1] DL 51 4 62 $5 vK & 55 vk
BRI AR G A ABTE NI 10 FhK B, Xk &

VUS07 3, BURIR S 5, O R/NRBIERY, R ke

MBS EERTIA 95% (Heinselman, et al, 2006) . Wu
85(2018) 5EF BR U B 35 1 LI B0 XF HCA Bk if
17 7 A AL AR R T, & B HCA X T & IR & X
) TR ) 235 SR s W T ek TR RN KRS ) A SR I . 9 A
SCAE(2020) K B =AU 137 (TBSS) HAFTE Zog
KAH X1 i I 48 A A Bl T 3R 00 8 25 v i) KUK .
75745 (20212, 2021b) 43 BT T 1A P U KBS XL
T S AGRRAE, e 8055 0 0138 . 5 0 S R AR 1)
JC7E SRR AT AR S U0 K KL i 40, RUER IR 5
S AL AR ] 0 52 Zoe SE X AT HE 7R R R
KE(EAE =S cm) WAETLE .

AT Z BRI E KNGS R
BT T REMTIE . REEFF(2022) 4% T 2019,
2020 4F & A TE LR MUK B A, BEHE T/NKES . K
UKL | R UK B TE A [7) e B2 2 1) XUfh 9 2 4 4 A
E; WA ST A (2021 AT 773 Sode S BB
XU A1 T 35 0000 F KBS B, 43 A T /N DK R R ok
B IR SHCRIE X Zop AR R EE . Kaltenboeck
A (2013) 0 M 1 22 3 A SC [ A s i f] By S Al C
e B I T 38 BRI 0 VKBS BUHE , IR T B AR 2.
4 F110 cm VKB W IR S V- Y B L, #6578 1T
AU Bl AL S 1 R W 25 R, R N A VKRS Rl Ak
i 22 5 K. Ryzhkov % (2013a) F J 7 4 B T
—4E(1D) . —4E(2D) = BRI T VK 1Y Im AR e Pk,
P T S, C X BB iR = VKL . b+ K
/N Ak B I TR 4k 3% i XU 2R 5L % (NSSL) &
J& T UK & iR )% ¥ HSDA (hail size discrimination
algorithm), 73 6 1> = & )2 386 T RO 32 5 1 1 1) T
NF2.5em, KT 2.5 cm H/MFoET 5 em UK
F 5 cm iX 3 Z8VK%E (Ryzhkov, et al, 2013b); Ortega
25 (2016) fi 1 3000 Z A FEE S BT HSDA BIA %%



RAEFAE . FT W75 6k B ok RNRGIIE S

PEFEAT T 40k S B ek 56 3% , JFIER] HSDA R REIL T
HHTIZ1TH HDA

DLt 17 23 28 28 R AL G AL A% 2% > 1 — P ] SR AT
B, PR SCHTRA ) o 2R SR, AR vk U ) T A
B TR Z N A B A (2021) flH 2019 4F TR
S b B AU i T s 08I S A, SR DL 3 7 s ek
T VKA R B L, 5 R ARUH IR VKR R ) BBk
HDA #H L, DUt 8775 v AT LA 316 45 W e 85 78 A 1Y
VK X3 . Marzano % (2008) I JH DU i 7 ik, &
T C U BB 4 B 3k R0 SR IE 9 T IX 43 oK RTR
B SR 73 2248 AR ; Marzban 55 (2001) 56 T
UKL T 35 LB R AR AR B AR PR, JF & T S UK 8 K
INFIPK AT KN 53 28 %) DU JBir b 22 W 2 Bk . H AT
DS BB IR IS TR OKE KN R, A
rh Bk B 22 S i B U A B A 4R AL 55 B 1T,
K& FE T g it o A i oK RN R I T B 5
fithh o SCr R FH L AR T S 0L i T 3 e O 0 s B, fef
FH DU 8 07 ek 28 T UK AL K /N 43 ZE I AR A (hail
size discrimination model, HSDM ), 3118 1 ¥ 4~ i
TR R 2 B [ ok R A UKL K /N 43 S U 45 R
TTROCRBIE

2 EEARHISRIA

2.1 DUIMERAEERE Y

DU 307 43 2 B8 02 45 Bl 43 2 28 v A3 R A DR R
e /IS T 4 5 AR A5 0 O 38 KU B/
43 2 f o 0 28 DB R 3 2 B X 4 1 2 56 48 %
FFE DUt 34 2035 R 30 %, B2 2R T
B RHER, BEPE B 5 KR B AR 1 A %
Xt 5 BT JE 2%

DU 307 5 B AR AR B A — B AR R, SR
ALK, HEAREEHBEEEZMET kA
HIMER, S0 BAESE A © RESMET kKA HHE
R, DL B AR 2 TSGR A

P(A|B) = P(B|A)P(A) /P(B) ¢))
K, 4. BRHHEHLFEM, PABZET M BERER,
AW RN P(BIAECEF A KA, B W5 A
Ry P(A)E A BIERAER, P(B)R B AR,

Xt A WA DAL =R 04 B0 DL i T A B A
SO, R A, B, C =4, N

P(A|B,C)=P(BIA)P(A)P(C|A,B)/(P(B)P(C|B)) (2)
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2.2 DMENRANKEXRNREIE
VKL R /NG 25 BUE B A FRIE S80S % B R
(GB/T 27957—2011) e R 26 7545 (2022) I WF 58 45
F, BVKE RN A /ANKE (H AR <2.0 em) . KUK
F(Secm>HAE =2 cm) ., FERIKE(EHL =5 cm)
3K M ARRIES B K RN T (Z,) . 25
ST H R F (Zo) FIAH S REL(CC) o RIS G5
R Y, HeF AN EE DL 3 W o 2 2 R ST AR
UKL K/ 25 00 S5 A0 R S35 3 mT DL iRy
P(Zy, Zpr, CCIY) =P(Zu|Y)P(Zpr|Y)P(CCIY)/
P(Zy,Zpr,CC) (3
BE Y=0, 1, 2 73 5RER I K45 R /MK (SH) |
KvKE (LH) | $ KVKE (GH), 20 (3) 40 BF 4B HH 45,
L 3 28 KE AR A R IR
P(Y =0|Zy, Zpr, CC) o« P(Zy|Y = 0)e
P(ZprlY = 0)P(CCJY = 0) 4

P(Y =1|Zy, Zog, CC) o< P(Zy|Y = 1)e
P(ZelY = DP(CCJY = 1) (5)
P(Y =2|ZH,ZDR,CC) & P(ZH|Y = 2)'
P(Zr|Y = 2)P(CCJY = 2) (6)
2.3 KEMMRAE L HCA BN
TEVKE K /ANRSB Z 8, 1 65T Park 55(2009)
B K B 4R ) B v HCA 0 H vk G X B, HCA R
FHAOR 2 58 58, A =0

6
ZWi.inFiVj
D= @)

6
D w0,
j=1

Ko, i K EEW A A, D, hy 5 R R A, fe K AE X
N2 RIME iR A5 5. PR SRR R AL, VR A
FES 1 Zy. Zor. CCL ZE TR (Kpp) KT
SUHL . LS, W, MR N, O, M B EE
K, ELK UL SCHk (Park, et al, 2009) .

3 M EVKE R/ AL (HSDM)

3.1 MEERBIGHESE

it 2019—2020 4F55 & . B g M9 &R S 95 B i
P B T UL T R P A I R B RD L MR L K R,
R H1 5 3 ) A B i 3% S R B L I 5 v X I
0.5 A 101 38t , ff R A b B 30 o 5 1] 3042 >, LA
Tk A1 AZ O HU I LA 45 dBz R BIEXT JE 5 km
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TN Z, (TR R, X AN R i B el 5
1K [ 95 5 BE 1) 45 A B2 AT B BR, AT 33 01k E
FF o 0 T W OO B, SRS FEBCRT ) 4%
1A A1 3% B4 e A s B2 00t 3 AR I G S
B, 785 ke DCOSUA A KR RN - 2R 4, LU
) A e R PR A AR DA G IX SR R R/ 33 A4
VKR S F A P A | R I8 e e R s i o 2 )
A DL AT 1, JHE v i G2 1 A 3 B TR K 190 ke
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1B 2= 93 76 B9 3R BY

XFGE T LA B TR IR E A S (1 2), B T
UKL I R A K T O A R 8. RS % BE RO IR
SRR AL, SR L& RST ka2 m ik )2 5
Zy (B K (F 2a), I H 3 B0KE 50 X M AF TR 3K
A FEUKEL I K 60 dBz L - A9 5 8] 35k v B 6 K
70 dBz LA b (s ml g R E AR 2. VKE Ze E
BAETLE 0 dB 245 (& 2b), 0°C 534k DL /iy 11
HFEEREKRIKE ., FFRUKE; 0°C IR LT b
25 T RS VKRS il A JEE 48 R R A B 25 B K, Zok
SHEZW K, FE2 dBEABS B RIKENA
Kaltenboeck &5 (2013) W5 45 R, K& CCE E
FAEPLE 0.8—0.995( [ 2¢), Mk L RKE . FEk
UKL CC R/, BT 52 BR A A A K Z 228 4R 55
HZEEm, /N 0.9 8 CC EE NRALZE LT ik
UKL . FRR VKA .

HR R 3 /78 f M S o3 A RR AR, AT DL AR BS54 A
K 3R T 3N AR MRS, W LLE
F0C HIRL L, F(F 3a,), /NKETE 45—60 dBz
BAT8 KRR, 78 61—64 dBz I 4% F R ] UK A
e, KUK TE 62— 71 dBz H A & KRR, 4 K
VKA FEHIAE 65 dBz UL b, 1 0°C HIRL LT
(El 3a,), /NKEAE 60—66 dBz HA & KHEFR, K
VKB A AE 65—75 dBz, fH1E 66.5 dBz LA -1}
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Fig. 2 Scatter distribution features with height of Zy, Zpg , CC for 3 kinds of hailstones (black color scale represents small hails,

blue color scale represents large hails, red color scale represents very large hails, dot scale represents below 0°C layer, and the five-star scale

represents above 0°C layer; 0°C refers to wet bulb 0°C)
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R KUK B KME R X (0] 8 5, R 4iE Kaltenboeck
A5 (2013) WAL LI, BAR 4—6 cm @l fk VK 2L 1Y
S W Bt Z,, W A5 VKB 3G K/, T UK E A BLARR K
F 5 om B HEE Z,, R /IMEL, B KO RO 15 Z,
B2 VIR 3G AR /0N, T B K VK X It T A7 A
KUKE R B P, KUK il & 385 Z,,, 0L aT i
PR R VKL X Z,, /D T 8055 TR UKL Zy AL

TE 0°C %R DL 1 (K 3b,), Zog 7E T(E I 45 Ff
ST VKB #R T REAF e, (H 2R R VKR B R VKB A R
K, Aydin FE(1990) Wil & BLE 42 KT 1.2 cm )
VKB 274 /N T 0.5 dB 1 Zg, IXFE7R T B VK&
TE LT GAE T 0 2 B HCn), KON 2
B RKUKE ) Zpr IR T1{E (Kaltenboeck, et al, 2013 );
FERVKE B R VKA 4y 9 4E 0.2 dB & 0.4 dB ik El| i

AR RV AE, KUK F/NUKEE 1Y Zp B8R MR R Y 7
0.3—0.6 dB. 7£ 0°C SR LLF (& 3b,), Zpg FE7
1B B R UK S 0 IR 8 8 K, R R VKA Zo FETE
0.1—0.7 dB, KVKE EZEF-0.5—1.2 dB, /MKE I
AKTF 0dB.

Bl & VKA K, 3 R VKE B KR 1Y CC fH &
A SRR/, FE 0C AF R DL L (& 3¢y) 43 il
0.995. 0.990, 0.985; 7£ 0°C ZEI £k L F (& 3c,) MY
I3 BEAR, R R VKB B R 0.925, (HAETE 5 RIKEL
AT B — A3 R AMESR CCMH, 1T fE A8 I 4 K vk
L XA & A R VKR IR B 2 B R UK NI B 0°C 45
T2 LA il b JBE 3 A /0N 6 i TR 365 i o
3.3 WHWEIMEGZEKERNMRAIER

i g D1 Sy 7 12 KR R /N TR AR AL g R A
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(K 4) o 5T gt Bl i vk 82 85080 4, 2
FEER TR B B A AR S BORE, 43 PR 1R BE 2 Ak
AP L SEI A S AR SRS AR AT T U A
BRI A, L T K EEY) 4y 25551 HCA(Park, et
al, 2009) | HI =X (7) ) 5 VKL X 3 B Jm B T 7 3k
) 3 A FEAE 2, 7R UK X IRy 36 F X (4) —(6) 315
3R VKE MR, BT REE R A KN, SR X
o 45 FOR U o8 45 1, IR 45 G A8 IE
HEER, BIUNIR 7, KT 2.5 dB, W4F R yKE s & K
UKELE R/ INUKAE o

BTSSR 7 T

v

DL 0°C SR MRy 2 IR 7,
Zor CC HEHII AR

v

B SRR S S AR

v

T HCA #5E VK XI5,

v

TISMMFESE 7,
Zprs CC

v

FET DU BT 3 FT UK
BER(EIF RN, S5 5L
WE ST EE R

4 DU 05 R v R/ NS A ) B i
Fig.4 Specific process of hail size discrimination model
by Bayesian method

4 AE 2 UCHLRY 2 PR B o AR R A O]

PEHL 20204E 6 H 1 HA1 2021457 H 9 H &4
TE 1L ZR B 9 R 0 S A B R o R, S A 8 g 1)
AR, H v T R B RS Ok B R i Ml AR A B
N TR RSIVAETF R BEE MG NET
4.1 X5E=

20204F 6 H 1 H (Jb 3B, T [F) K& 2021 4
719 H R 2] AR S 43 b DX 300 3 % 3 R
L W ROKE R AR E . 20204F 6 1 H KA
A R BT ot v 2 1 [ R U B A% 3.1 em YK
UKL, B A B K UL ) B 3 em B KIKE, W
TR XA HAAR 2 em PL_E I RIKE, i KKE BE
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K6 cm, 2021457 H 9 HBY kMR SR, &
Fr ] G2 3k O8I0 ) VKRS fe K B AR GA 3 om, BB BIRIX
LI 3 K 8 B K ELAR I 6.8 cm. T Y 4 B XL
B ARASH IR AL 5 om YRR UKED, M T vk E B0k
EARTIE LT AR K E K E .
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Fig. 5 Zy (a. 0.5° c. 1.5°, h. 2.4%levation angle), Zpg (d), Doppler velocity (e), CC (f) and Kpp (g) at 1.5%levation angle,
and the classification results from HSDM (b. 0.5°, h. 1.5°, j. 2.4°, k. 3.4°, 1. 4.3°, m. 5.9°, n. 9.8°, 0. 14.5%levation angle ) at 17:07

BT 1 June 2020, Jinan radar
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