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Abstract: To effectively utilize the characteristics of atmospheric electric field signals and improve the pre-
cision of lightning risk warning, using data from an atmospheric electric field instrument installed on a
500 m-height platform at the Guangzhou Tower within a 20 km (radius) range, this paper analyzes the full
day (00:00 BT —24.00 BT) data from 83 days with thunderstorm processes and 123 days with non-
thunderstorm processes corresponding to the instrument in 2021 and 2022, and then proposes a lightning
risk warning method combining time-frequency domain features and one-dimensional Morpho based on the
fusion of enhanced empirical wavelet transform and adaptive Savitzky-Golay (EEWT-ASG). This proposed
method uses the spectral width first-order backward difference and mean square error of time-frequency do-
main features as warning and judgment features for lightning and non-lightning processes, and energy

difference is used as a feature for judging the release of warnings. Through selecting samples for effectiveness
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testing in this article, the proposed lightning risk warning method achieves an accuracy (POD) of 77.11%

during thunderstorms, and also has the lowest false alarm ratio (40.00%) and highest critical success in-

dex (0.51) performance. Besides, an average warning lead time of 22. 27 min is achieved. During non-

thunderstorm processes, POD reaches 90. 24 %. Most warnings have a delay time of 0—40 min, with an

average delay time of 32 min. According to the comparison with previous algorithm models, the method

proposed in this paper for warning and relief can meet the needs of lightning risk warning in industries with

high lightning impact.

Key words: atmospheric electric field, lightning risk warning, enhanced empirical wavelet transform, adap-

tive Savitzky-Golay, one-dimensional Morpho
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Fig. 1 Schematic diagram of AOC

and WA of lightning risk warning
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Fig. 2 Atmospheric electric field signal recorded on 23 September 2020 with
the denoising results of EEWT-ASG

(a) original signal, (b) dynamic adjustment of the data window based on the

GUE-MSE scheme, (c¢) denoised signal, (d) noisy signal
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Table 1 Spectral bandwidth and statistical results of thunderstorm and

non-thunderstorm processes in 2021 —2022

2 T A W B FRAE F 1 FER ]
| ABuy | /mHz 5.51 0.02~14. 46
T T | ABuax | /mHz 225. 54 0~368. 28
N STD/(kV + m™ 1) 1.80 0.21~6.93
H | ABue | /mHz 7.19 0.99~14. 47
W G | AByax | /mHz 222,83 62.65~341. 84
STD/(kV + m™ 1) 5.73 0.22~59. 06
Rl | ABuve | /mHz 6.10 0.08~16.50
BOETER | ABmax | /mHz 212. 06 13.88~368. 28
STD/(kV + m™ 1) 1.55 0.22~5. 88
BRI A | ABuyg | /mHz 3.79 0~10. 89
Bl 4 5 | ABpmax | /mHz 137. 25 0~293. 49
STD/(kV + m™1) 1.59 0.18~6.77
| ABuvg | /mHz 0.01 0~2. 64
Bl SuN i | ABuax | /mHz 0.24 0~144. 30
STD/(kV + m™1) 0.06 0.01~4. 80
E(n, — 300,14, — 300) E(n, —300,n4, + 300)
E(n, —299,n4, — 300) E(n, —299,n4, + 300)
Diff = . . (5)

E(n, + 300,14, — 300) E(n,, 4+ 300,nq, + 300)

x2 MJE AEF EE5 EEWT-ASG B G E SR ENRBRRE
BBt Z %Kit (8L .dB)

Table 2 Statistical results of energy differences between warning and de-warning of

the original atmospheric electric field data and EEWT-ASG denoised data (unit: dB)

. TCUE EEWT-ASG
s A A0 T A
Diff 12. 96 5.33~38.08 12. 48 4.07~34.97
Diffax 27.86 17.01~57.07 27.82 17.79~52. 20
Diffin 1.91 0~16.72 2.07 0~17.48
Diff’ 13. 54 5. 86~30. 82 13. 80 5.52~28. 40
Diff’ 34. 36 20. 98~59. 54 37.39 25.06~54. 77
Diff’ in 0.75 0~5.68 1.03 0~9.13
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