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Fig. 1 Statistical results of hail occurrences by month (a) and by time of hour (b) in Hebei Province from 2019 to 2023
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Fig.2  Pie chart showing the distribution of hailstone diame-
ters in Hebei Province during 2019—2023. The numbers in

parentheses indicate the range of hail diameters (unit: mm)
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Fig. 5 Spatial variations of hail parameters at 15:36 on July 1, 2021
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The associated p-values are from the Kolmogorov-Smirnov test
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Table 2 Summary of hail identification information in Hebei on 9 June, 2025
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Table 3 Summary of hail identification information in Huai 'an and Dingzhou on June 18, 2025
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17:06 19. 11 22.89 41.48 2.76 60.5 EM 5 10. 51 17:10
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Research on multi-parameter comprehensive identification and
prediction index of hail based on ground-based radar
network: a case study in Hebei Province

Meng Lei', Yang Yuanjian', Wan Bingchen*, Chu Zhigang', Zhang Wenjie’,
Fan Junhong®*, Liu Yushan®, Zhou Shuang’
(1. School of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing 210044, Jiangsu, China;
2. Key Laboratory of Meteorology and Ecological Environment of Hebei Province, Shijiazhuang 050021, Hebei, China;
3. Hebei Meteorological Service Center, Shijiazhuang 050021, Hebei, China;
4. School of Artificial Intelligence (School of Future Technology) , Nanjing University of Information Science and Technology ,
Nanjing 210044, Jiangsu, China;
5. School of Geographical Sciences, Nanjing University of Information Science and Technology, Nanjing 210044, Jiangsu, China)

Abstract: Hailstorms are a major severe weather hazard in Hebei Province, which can cause severe economic
losses in a short period of time. This study computed the Maximum Expected Size of Hail (MESH) , Probability
of Hail (POH) , Probability of Severe Hail (POSH) , Vertical Integrated Liquid (VIL), and Vertical Integrated
Liquid Density (VILD) using 6-minute-interval three-dimensional reflectivity data from ground-based radar ob-
servation data from Hebei Province between 2019 and 2023. A total of 245 genuine hail events and 1373 non-hail
events were chosen as analysis samples based on radar data and hail observations from national stations in Hebei
Province. Five widely used hail identification factors were assessed for performance. Significant distributional
variations between hail and non-hail events were found for MESH, VIL, VILD and POSH using kernel density es-
timation methodology. POSH has the best hail detection performance among single parameters, according to the
skill score evaluation based on the confusion matrix. This is mostly because it efficiently filters out interference
from low reflectivity elements by taking into account both the 0 °C layer and —20 °C layer height information.
Multi-parameter combinations, on the other hand, show more stability since they more accurately capture the va-
riety of hail formation and complex meteorological conditions, which effectively lowers the likelihood of false
alarms. POSH>10%, VIL>14 kg*m~2, and VILD>1.2 g-m~3 were the three parameters that showed the best re-
sults. When compared to single-parameter methods, its Critical Success Index (CSI) increased by about 3%,
with higher accuracy being associated with the peak CSI. However, the accuracy of composite parameter-based
hail size prediction is constrained by the influence of mixed hydrometeor types, complicated scattering and atten-
uation events, variability in hail size distribution, and horizontal advection effects during hailstone fall. This
study suggests MESHra (range average) , an enhanced hail size algorithm. This approach successfully improves
the connection between hail size observations and forecasts by averaging the echo intensities surpassing 40 dBZ
across all height layers within a 9 km grid distance and recalculating MESH. The multi-parameter combination
identification method was applied to two hail events in Hebei Province in 2025 (June 9 and June 18), successful-
ly identifying all eight hail cases and providing advance warning of hail 6 to 60 minutes in advance. While the
conventional MESH model exhibited lower errors in forecasting large hail with diameters over 18 mm, the en-
hanced MESHra model showed lower errors in predicting small hail with diameters under 10 mm. In Hebei Prov-
ince, 85% of hailstones had a diameter of less than 10 mm between 2019 and 2023. For operational hail forecast-
ing in Hebei Province, the MESHTra hail prediction is therefore reasonably appropriate. However, the MESH fore-
cast is better suited for anticipating hail size when the atmosphere is favourable to huge hail.

Key words: hail identification; multi-parameter combination; identification indicators; critical success index;

hail size estimation



