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Abstract: Based on/the ERA5«eanalysis data in June from 1979 to 2016 and moist
thermodynamic advection parameter, thermal helicity, divergence flux, moisture
divergence flux.and the thermodynamic wave-activity density as five comprehensive
factors were selected by nuclear density estimation to construct the probability
prediction model of regional persistent rainstorm in Hunan. Threat Score (TS) method
as the test standard to establish the optimal factor and weight combination. The results

show that the average TS of independent samples from 2017 to 2019 reaches 29.9,
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which was a positive skill compared with European Centre for Medium-Range
Weather Forecasts fine grid (with an average TS score of 22.4%). During the two
regional persistent rainstorm operational experiment in 2021 and 2022 flood season,
the rainstorm forecast 24 hours in advance is superior to the ECMWF, CMA-GFS
large-scale model and CMA-SH, CMA-GD regional mesoscale model,which has a
strong ability to forecast the regional persistent rainstorm in Hunan.

Key words: nuclear density estimation; Probabilistic forecasting; Regional persistent

Rainstorm; Hunan
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Fig.1 Box plots of each comprehensiveifactorfor precipitation stations of different levels during regional
persistent rainstormevents,in’Juneé from 1979 to 2016 in Hunan Province
(@) moist thermodynamic advection parametér, (b thermal helicity, (¢) divergence flux, (d) moisture divergence

flux, (e) thermodynamic wave activity density
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Fig.2 Cumulative probability density diagram (a~e) of each comprehensive factor and (f) correlation coefficient
of each comprehensive factor and cumulative probability density for different levels of rainfall in Hunan in each
June from 1979 to 2016
(a) moist thermodynamic advection parameter, (b) thermal helicity, (c) divergence flux, (d) moisture

divergence flux, (e) thermodynamic wave activity density
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Table 1 Optimal forecast factor weights and forecast effects of regional persistentrainstorms in‘Hunan

e TSPM%  RHIIFRSH RIIEEE B KRR AR

80% 18.68 0.0 0.0 0.0 1.0 0.0
75% 20.92 0.0 0.0 0.0 1.0 0.0
70% 23.08 0.0 0.0 0.0 8 0.2
65% 24.46 0.0 0.1 0.0 9 0.0
60% 25.50 0.0 0.1 0.0 0.3 0.6
55% 26.41 0.1 0.2 0.0 0.7 0.0
50% 27.17 0.1 0.2 0.0 0.4 0.3
45% 27.83 0.2 0.7 0.0 0.0 0.1
40% 27.93 0.1 0.6 0.0 0.1 0.2
35% 27.53 0.2 0.3 0.0 0.3 0.2
30% 26.79 0.3 0.5 0.0 0.1 0.1
25% 25.60 0.5 0.4 0.0 0.0 0.1
20% 2451 0.6 0.1 0.0 0.0 0.3
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Fig.3 The (a)TS scores, (b)aceuracy rate, (¢ )miss rate, (d) false alarm rate of rainstorm for the regional persistent
rainstorm probabilistic predictionPmodel and EGMWEF fine mesh numerical forecast for the future 12h in each June
from 2017 to 2019
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