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Study of Hail Potential Forecast in Chengde Mountains
Based on Bayesian Method
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Abstract: A total of 184 hail weather cases in Chengde Mountains from April to September in 2000—2020
are analyzed by means of multi-source data including the hail observation, CINRAD/CB weather radar da-
ta, NCEP FNL reanalysis data, and NCEP-GFS forecasts. Firstly, the distribution characteristics and
forecast thresholds of relevant ambient parameters such as water vapor, thermal instability, dynamic lift
and characteristic height are analyzed in the form of box plots. Then, the initial optimal threshold values
are set according to the results of box plots. The hail labels are determined according to the hail observa-
tion records or composite reflectivity greater than or equal to 60 dBz from April to September in 2014 —
2020. The hail labels are matched to the grids of reanalysis data according to the principle of near location
and proximity time to construct the positive and negative sample dataset for feature parameter selection,
interval segmentation and probability calculation. Next, five models for 3, 6, 9, 12 and 24 h hail potential

forecast are established by the Bayesian method. The models are tested focusing on the weather processess
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from June to August during 2021 —2022. The results suggest that the Bayesian-based hail potential predic-

tion models have a certain feasibility in daily weather forecasting. The hit rates of all the models are above

90% , and the average critical success index is over 40. 3%. Differing from the traditional probability and

ingredient methods, the method can provide a better objective forecast of hail occurrence, which has a cer-

tain reference value for forecasting severe convective weather in mountainous areas. However, there are

some false alarms as the spatio-temporal scale of the reanalysis data is much larger than that of severe con-

vective weather, which needs to be improved in the future.

Key words: hail, potential forecast, ambient parameter, Bayesian method
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KBERIERSRKENEEARE KM, HE 4c 7]
UL 5 90 0 M VKB A1) ZH , —20H i fE 2713~
4705 m 1 5419~7957 m, 45 25 % ~75 Yo A or 3 [
I35k 3502~4081 m, 6400~ 7118 m, H1 {37 % 53
Jy 3841 m F 6852 m, BL T [ K KA RS-
YI{H 4300 m F1 7000 m(BEA= FAT /NG, 2013) 5 5
T H #8555 (2018) 15t i v B — ZL B B UK R <rh
fr%r 3099 m Fl 6304 m.3X Al GE 5 AR JE UK EL K/
BT BRI A D 25 ol A B T AR R

2.4 MWASEESVEHESE

ANTA) 3 13 3 B VK R AU 19 ] — 2 B b A 1
BFH 2R NI T AR Ma il Bk 21 ks

(R D py IR B E, KA DAL ZH, —20H . CIN
PLES 25 %6~ 75 %6 43 {r B3 B Ay 10 42 180 L » DIV 7o
DIV, #l BLI e B 75 %6 23 o7 BAE b 4R B {1 3L
NSRBI 25 Y6 B R AR B . 3k 2
AT PWAT., Qroo  Quso T 18 15 ¥ Bifi 5 H 73 386 18
1M e KIF /N5 H /.7 3.8 H ikl 5 s .
5—8 J1 RH i 130 {8t J2 JE 3 J5 8. 15 9 J (A
T 7H. 8T 8 A. 5 RHu s RHaso W47
65 Afmm 170 Hax H 38 mi% 626 ~13% ., RiK
PR X UK KA 700 hPa £/ X B () 225K & F
850 hPa, M # J7 AN B S 500 i 19 {6 O A 5 K1,
Abs; \CAPE Y5 A 0y i 338 35 55 38 KIg w7 H .
8 HIkFIEAE ; AT JTT R BIE 7 A 0 5K, 7 &
SH.6H.8 Amm,.Ja#& 5 A5 H CIN fii 4k
B —128~—18 ] « kg ', Ho 4 % E & 3 w5 F 3L
fb A 4y.7 A/, 5 H .6 A .8 A BLI #i 4l {8 4>
M<L—0.8C.<—0.2C.<—1.2C,ERAKKEL
TFAEBAE A EE 1 5 N DIV oo W DIV, TR [ {5 K
B 45 H UK RS B 582 2 7 A7 78 KRR % 48
BIFARE I — —XF B K & s SHy s Fl SBL 5 J] Wi 4l
B =12 m s ¥ & AP RRME,.8 H ¥
MBI =T me+s '\ =6m-s ', ZHFf—20H

R2 ABLULURAERSHESHTBEAE

Table 2 Forecast thresholds of ambient parameters for hail in Chengde Mountains

ELiCA 51 6 J 7H 8 J1 9 H 1—9
PWAT/mm =14 =21 =25 =25 =19 =21
RHzo0/ % =46 >53 >57 >55 =56 >53
RHgs0/ % =47 =42 =44 =49 =143 =44
Qioo/(g = kg™ 1) =3 =3 =6 =5 =4 =4
Qss0/(g = kg™ 1) =5 =6 =8 =8 =6 =6
KI/C =25 =28 =32 =32 =27 >28
ATgs/ C =29 =29 =27 =29 =28 =28
TT/C =51 =49 =48 =50 =49 =49
A/C =0.7 =>—2.0 =>-2.3 =>—0.7 =>—4.0 =—2.0
Afss/ C =1 =1 =3 =5 =2 =2
DAL/ C 6~13 6~14 6~14 7~10 §~13 6~13
CAPE/(J » kg1 =76 =72 =257 =235 =60 =130
CIN/(J « kg™ —128~—18 —59~—4 —18~—2 —48~0 —42~—3 —58~—3
DIVsg/ 1075 57! <0.4 <1.2 <0.8 <2.0 <1.0 <1.1
DIVgs,/ 1075 71 <1.8 <1.1 <1.2 <1.2 <1.0 <1.1
BLI/C <—0.8 <—0.2 <0 <—1.2 <0.7 <—0.3
SHo~3/ (me«s 1) =7 =5 =4 =5 =6 =5
SHo—s/(m s 1) >12 =8 =9 =7 =9 =9
SBL/(m + s™1) =12 =9 >3 =6 =11 =
ZH/m 2904~3563 3547~3984 4003~4409 3811~4196 3284~3724 3502~4081
—20H/m 5467 ~6408 6520~7007 7079~7646 6913~7251 6156~6653 6400~7118
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I AV B AR 3 Bl 3 ) oy 3t 398 22 50 9 KR /N B e 5
Hi/N T A k5

3 MEATHIE K IR L A i RO PR A

3.1 #BEHE

MRAE 1.3 35 42 BB B2k L 3 A Zr K48
R B OE SRR A TR F IR 1L 1 T R R
e, 450 S D0 20 AR 9 1 28 A fE - (1D &%
{BL 25 105 08 J5 45 30 (9 DKL FE AR B0RN T UK B AR A B
A PR 7T 5 (2) i 18 J5 75 20 A VKB FE A 2
AT UK AN 5 (3) i 1k J5 15 B (1 JC VK B REAR
ANREA & SO KA. SR L B T AR A A B 4
RATF B B AT FF 21 DIHBESHUr 3
L B KR (PWAT ,RHyo0  RHiso s Qro0 + Qs ) F T)
K#h 73 (KI.ATg . TT. A, Abgs . DAL, CAPE, CIN,
DIV, DIV, \BLI.SH,_; .SH,_; .SBL) . ¥: 5% )2 &
JE(ZH, —20H) , AP —DHSEL U =428
2R 5 0 O B0HE S BB HE A7 41 6 s — A B fE ) B
5 2 B A5 B4 VKR AR A TN TG VKB RE AR 5 e B B AR
B A 1 s o R AT 0 AN T R I 2 0 4

B ARG E AT =24 C Qo =2.4 g = kg ',
ZHZ=2713 m ZHALA N fe kS 20 (B 2% A e g
THEA KRG REAS 259 4> JCIKR B REA 387 4. So il
# P(y=1)=0.4,P(y=0)=0.6,

T NBC 553k g A e 2 H4% s 4k 2 1)
FHRPEBR I 22 50 73 2R 45 R L R I L FEARRIE S5
P LA U =Am: (D&ES RS IKEXR
AR AH R S BI04y B R SCAR UL A T R R
TREAHOC R BB R & 5 (2) R % MICAPS 4.7
RSAS $23 FU A v RS BT 9 W B S 800 () R %
KR T 58 A R B R I S R AL
RHgso Qo « KIL AT . A Afy; . DAL, CAPE, CIN,
BLI.SHo-s \ZH 4§ 12 DMEIES KO AR 46 - 2%
T 2. 1~2.3 WO e R A SR 2 ool 5 A
DX ]« <55 5 % 4M i B (1 XD V45 5 %4 B <<a<<
55 250043 LKL (2 XD V58 2500 A L Bl <o <<%
75 %6 A3 K3 X IRD) V5 75 00 43 A << <5 95%
O g (4 K] Lo =45 95 % 2 fr B (5 K a8
BAKEAEA G S VIR MR, A X E A
B 0.4 R (5) R (6) 4T Laplace % i F- 1 4b
L 5 1B A S HON A X SRR (R 3D,

K3 FESHERBEFEEE

Table 3 Conditional probabilities of each interval of selected parameters
4325 [XJE] RHgso Qss0 KI ATgs A Alss DAL  CAPE CIN BLI SHo—s ZH
1 0. 004 0.004 0.019 0. 049 0. 045 0.008 0.011 0. 004 0.027 0.015 0.011 0.011
el 2 0.201 0.144 0.186 0.341 0.299 0. 265 0.242 0.273 0.110 0.242 0. 383 0.155
7K 3 0.470  0.455 0.530 0.470  0.451 0.398 0.413 0.583  0.652 0.511 0.432  0.424
i 4 0.322 0.371 0.261 0.136  0.193 0.311 0.299  0.136 0.121 0.208 0.152 0.326
5 0. 004 0.027 0. 004 0. 004 0.011 0.019 0.034 0. 004 0.091 0.023 0.023 0.083
1 0.003 0.020 0.418 0.143 0. 365 0.107 0.003 0.003 0.020 0.003 0.003 0.023
i 2 0.531 0.554  0.380 0.347 0.418  0.645 0.110 0.872 0.074 0.013  0.319 0. 286
7K 3 0. 370 0.314 0.191 0.352 0.179 0.202 0. 247 0.115 0.321 0.107 0.411 0.355
s 4 0.092 0.105 0. 008 0.153 0.036 0.038 0.482 0.008 0. 247 0.518 0.242 0.212
5 0. 005 0.008 0.003 0. 005 0.003 0. 008 0.158 0.003 0.337 0. 360 0.026 0.125

3.2 FiREEENITY

FIH NCEP-GFS & H 4 3% 3 h fi 4 58 kit
AR X 20212022 4F 6—8 H & H% L xF R 1
12 MREERR S 80 19 5] 3.6.9.12.24 h I8 Fil 4
5 2 S A0 B 1 R SRR AS B3 ) Ry 35.868.,41272,
42162.,42721.,42 871, ¥ & 4% 1R IE S B VT B 1)
DX ) 2% 1A ABE 3R A e 5 R 2 (8) R X (9) , 15 B 4%

MUKE TR BIP(y=1)>P (y=0) BRA 1K E .
P(y=0)>P(y=1 4R LK% .
AR T IR VE E M 1 (Begueria, 2006) X
VKB WA 25 R AT K I DA L PPAG 2L ANk 4 Fs .
£4 BREEHETHER
Table 4 Evaluation elements of confusion matrix
S oI JE vk B A VK

SEHLTCVKE TN FP
SEHLA VK FN TP
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% 550 %

K56 15 b 4035 fiy 7P R (POD) |, 25 i R (FAR) |
Tl (MARD It $4 i 2 45 %5 (CSD R o 4% 1 5
J5 53w W (10) ~50(14)

POD = TP/(TP+ FN) X 100% (10)
FAR = FP/(FP+ TN) X 100% (1D
MAR = FN/(TP+FN) X 100%  (12)
CSI = TP/(TP+FP+FN) X 100% (13)
R R = TP/(TP+FP) X 100%  (14)

AN (] B 255 9T 4 A 30 45 A (3% 5) mT UL A DL
Wy RS A 3.6.9.12.24 h WL vk & il POD
SR 96. 0% .92. 9% .93, 8%.90. 8% M191. 7%,
Sk 93. 0%, -1 CSI 2k 40. 3%, FAR 43 A 78
52. 1% ~55. 4% B AR WU R BT BRI O L 3% ik
TEVKE R AR BA — & AT 74k, /] Lo R 7
LU DX KR R AR i A 4t A e I 3 i AL T
PEFF S

&S5 2021—2022 F 6—8 ARBURKERSARMATAMM KL LER (B %)
Table 5 Test results of hail forecasts with different lead times in Chengde Mountains

from June to August during 2021 —2022 (unit: %)

T AR B 5% POD FAR MAR CSI MRTES
3h 96.0 52.1 4.0 30.7 31.1
6 h 92.9 52.9 7.1 43.8 45.4
9h 93.8 52.9 6.2 43.5 44. 8
12 h 90.8 53. 4 9.2 41.7 43.6
24 h 91.7 55.4 8.3 41.7 43.4
-1 93.0 53.3 7.0 40. 3 41.7

4 APk g

4.1 202246 A 10 B4l

2022 % 6 1 10 H .52 88 2 = H 2, Ak fiE i
ZWHBKE RS- KIKEEHR 2 em, e KIEHE
JEBE IR 10 em, JEAEA 58T L LA A R XU R e 5 o
Ko AN 14:00 JEat4R = Bk & (& i) . CAPE {1k
$955.4] « kg '.CIN }0]J kg '.KI}N30.2C,
FRTHERCH —6.6C, TT #id 50 C . KB Z 45
ANFETE )2 3] 500 hPa AR B KU 1 e % Ay
MPE R R B2 R 15 m » s 'R B PSR E . A
I F 5 X 3 R AR & A e RE s ZH Ry 3910 ma N A
JV B T ol R G R 4R I TS R AR . RIS kL FY-
AN T WL = B 8w, 15:15 24 (B 5a) . % i = &
BERKERILT . ERaE AFEERE, EXIr
FREFEORW B VR, A R WA R AR ) AR R
BT RGH A B =B 55 17:45 A4 (B 5b) B #
B A BB R R B A AR R X R
# ERAE T A B, B b 2 T I 52 25 4 L X
Ui B B [ O d R SR R GA 65 dBz (8] 5e)
HLF 08, 55 dBz 5% Ml % & JE 3 8 km (& 5d).

BB EA AT R 6 h 2 A, Hod i R g
Xof AL AR AN T A A 4 B R SR AR R B0 T MR OR
ST I K AL

FIFH DL 3 % 10 H 17:00 8 %8 = F A
BB B KB R A AT U, K 58 45 ROk B
(l 6a~6¢) , #E1T 3.6.12 h B 25035 AT 4 500 A& 4 1Ly
X ) VK8 RS, POD #8100 %,

4.2 2021 &7 81844

2021 4E 7 B 1 H N B TH] 52 ¥ 08 5 ) o 7K
L 1 TS LI KL A B K Lk
T A T 1T Xl AR L W 5 K A K
VKB 2.5 cm, A 15:00 BN 45 ok FH (& D,
POD #¢5 » $21 3.6.12 h B &TE— it

4.3 2021 &£ 8 A 16 HA G

2021 4F 8 A 16 H 5 BI6% ML . 32 ¥ 1 2 i L 7K
(EZ NN ST A SN LN /NG R N T DU PN
Ao B Kl M B B R UKL BAR N 0.8 em. %A
4t 2R (& 8) ST PI A2 BL, POD 85 . ST 3.
6,12 h IR 19 POD 3k 8826 LA b, [k thy I
-7 7 YA AE VR R ORI B —E 9 Al ATk
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Fig. 5 (a, b) FY-4A visible cloud image, (c¢) composite reflectivity factor of Chengde Radar,

(d) vertical cross-section of composite reflectivity factor along the white line in Fig. 5¢ on 10 June 2022
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Fig. 6 Hail potential forecast results in Chengde Mountoins at 17:00 BT 10 June 2022 by the Bayesian method
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Fig. 7 Hail potential forecast results in Chengde Mountoins at 15:;00 BT 1 July 2021 by the Bayesian method
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Fig. 8 Hail potential forecast results in Chengde Mountoins at 15:00 BT 16 August 2021

by the Bayesian method
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AR SCHE R 1 XS B0 vk R BHE . NCEP FNL
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