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Fig. 1 Topography and distribution of meteorological stations

in the Longdong Loess Plateau
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Fig. 4 Boxplots of moisture parameters for three hail weather types over the Longdong Loess Plateau
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Fig. 5 Boxplots of thermal and instability energy parameters for three hail weather types over the Longdong Loess Plateau

25

(@
20 |

15

10

0~6 kmIE B X HIAE/(m*s™)

4500
4000
3500
3000

CIZ&EE/m

= 2500

2000
1500

234 HKEZHE EHEMO CEM-20 CZEE R
PR VKR I S B R, R R A IR TS OB R K vk
B, e BE ek v KRS I 3 M T A e AR R A AT A
B30, Ti-20 CH 0 C22 Al 1 J5 B /N A A A Fa

®)

1

1

1

I

II

1T

—20 CEFEE/m

KIS B A REPEREA Y o Ho 1) A A5 BSORN S B AT 7 e I (&
2500
(@ 35 ® 5 _(c)
2000
_ 30+
Tbn 50 -
=
é%, 1500 o 25+ H &)
ﬁﬁ 1000 | T 20f o
ES
2 40 b
500 151
10} 351
0 C 1 1 1 1 1 1 1 1 1
I I il I I 11 I il 11
24 0 20
@ © ®
2t =2
o 41
@ . 15+
o or o
Tkl B B
= = 8 |
=) S S 10 -
S 16l = -10} =
Ip 8 S
[+
> " -2} =
<=
g S
7 ~14 1 I
12t 16l
10 1 1 1 _18 1 1 1 O 1 1 1
I I il I I I I il il
5 Bl A 4 3 2Rk KA ARGE RE i S B 2k F

8500 - (©) e 5000 @
8000 - B
% 4500 |
- g
7500 "
000l H O 4000
&
6500 | o 3500
1K
G0N0 © 3000
5500 °
1 1 1 2500 1 1 1

I

Il

1T

Il

11

Ko BleARs tm )it 3 KGR RS IS EUIR)Z 5 JE S BAR 2 K]

Fig. 6 Boxplots of dynamic parameters and special layer height parameters for three hail weather types over

the Longdong Loess Plateau
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Tab. 3 Potential forecast thresholds of physical

parameters for hail weather in the Longdong Loess Plateau

LY/PLivy At Y il PEAL A
Qnol(g-kg™) =51 =52 =48
RH00/% =57 =53 =42
K/C =23 =22 =19
TT/C =44 =44 =44
T+s/°C =16.5 =16.8 =17.7
SHR/(m-s™) =77 =9.0 =9.1
Hy/m 2585~3126 2910~3408 2813~3651
H20/m 6766~7420 7070~7559 6808~7409
AH/m <4400 <4270 <4183

242 TR RAER EFXF 2024 4F4—9 H E ARy
21 dvKEL LR AP 2 (POD) (2S5 ik (FAR) I
Il S B Ty 4 £ (CST X T A8 19 o] R PR R TR 56
(%£4),21 dUKE IR P RFEIRE R4 d, KA 7 d,
PEALATTY 10 do A3 T TR SR AG 50, K i 76 7
WA e, POD 15 3] T 88% , HLyk J2& i db < it Y
75% ,ARAE R A1 60% PG AL I BUAF A8 25 R 4%
IR, SR B T 33% , v fE SR B T PE AL AR A4S
H YA KA B e M 5817, Ja SR ot i ik
% HFEAR R Rl — 2 At b, B AR2S $10R
A Ay R AR, B TR R L & T
5—6 H M 2024 4 4 F Bl A< % I AF B 0 <l I 5
HRFRRIG S & R, H4 A Faje s <amk,
AR R UKE 5 IR AR 75% , R EWE , %
I B2 M 12 28 Y TR O R AR A . UK T A T
BFRAT 2024 4F VKRS TR A S A A PR IAE T 78%
2R 25% , I SN IIHEEL 62% , FHRACR AT

F4 KEMR R

Tab. 4 Verification of hail forecast performance

R SRR EFIRYHE R %
2024 4EUKE 78 25 62
A 60 0 60
AR 7 88 22 70
[l i 75 33 55

%

w
1

F FH 2012—2023 4F- g A< vKE I 55 8L J2 ERAS
TR BT PRI B 2R 0 A e R K RS AT A, O
X PR S B AT X A AR AR B
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Meteorological classification and physical parameter characteristics
of hail in the Longdong Loess Plateau

ZHANG Kexin', ZHU Baizhen', GOU Shang’, ZHANG Hongfen',
HE Min’, WANG Juan'

(1. Qingyang Meteorological Bureau, Qingyang 745000, Gansu, China; 2. Lanzhou Central Meteorological
Observatory, Lanzhou 730020, Gansu, China; 3. Baiyin Meteorological Bureau, Baiyin 730900, Gansu, China)

Abstract: Using conventional meteorological observation data, hail observation data, and the European Centre
for Medium-Range Weather Forecasts ERAS reanalysis dataset, the K-means clustering method was applied to
classify the synoptic patterns of 53 hail events in the Longdong Loess Plateau from 2012 to 2023. Meanwhile, the
characteristic features and threshold values of key physical parameters for different hail types were summarized.
The results show that: (1) The large-scale circulation associated with hail events in Longdong can be categorized
into three types: low-trough type (20.8%), low-vortex type (22.6%), and northwest airflow type (56.6%). The
700 hPa shear line and surface convergence line correspond well with the hail occurrence areas for all types.
(2) The low-trough type mainly occurs in late spring and early summer (May-June); the low-vortex type mainly
occurs in summer (June- August); and the northwest airflow type occurs from April to October, with the highest
frequency in June (37%). (3) Diagnostic analysis of physical parameters indicates significant differences in envi-
ronmental field characteristics among the three hail types. The low-trough type is characterized by strong stratifi-
cation instability and weak shear, with a large K-index and a low special-layer height. The low-vortex type is
characterized by high energy and moderate shear, with large Convective Available Potential Energy, abundant
low-level moisture, and a high special-layer height. The northwest airflow type is characterized by low energy
and strong shear, with dry stratification in the middle and lower levels, an average 0—6 km vertical wind shear >
12 m+s™', and thin thickness of the 0 “C and —20 C layers. (4) Nine parameters were selected to establish forecast
thresholds for hail in Longdong. Validation results indicate that these thresholds have practical reference value
and can provide quantitative reference indicators for hail potential forecasting in the region.

Keywords: hail; synoptic classification; environmental parameters; forecast thresholds; Longdong Loess Pla-

teau
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