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Fig. 2 Ten minute-mean wind speed data of Qingdao buoy
station on April 2, 2015
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Fig. 4 Propagation effect of sea surface on the lightning vertical electric field in the time domain at distances of 1 km (a, b), 30 km
(c, d), 100 km (e, f), and 200 km (g, h) from the lightning channel
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Fig. 5 Propagation characteristics of sea surface on the lightning vertical electric field in the frequency domain at distances of
1 km (a, b), 30 km (c, d), 100 km (e, f), and 200 km (g, h) from the lightning channel
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Tab. 2 Time corresponding to the peak lightning electric
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Abstract: An improved two-dimensional fractal model was used to describe the rough sea surface, and based on
Barrick’s formulations and Wait’s formulations, this paper selected a lightning stroke to analyze the lightning elec-
tromagnetic field along the rough sea surface. Furthermore, the effects of the sea surface fluctuation on the
time-of-arrival (ToA)-based lightning location systems (LLS) were discussed. The results revealed that the sea sur-
face fluctuation had a significant effect on the wave shape and time delay of the electromagnetic fields propagating
along the rough sea surface, but had little effect on the magnitude of the electromagnetic fields. The rise time of the
wave shape became longer with an increase in the wave height. When the observation distance increased, the rise
times of the lightning vertical electric fields and magnetic fields became longer. The observed time delay caused by
the electromagnetic field propagation along the rough sea surface might impact the location accuracy of ToA-based
LLS. Affected by the sea surface, different lightning stroke points lead to different lightning location errors, and the

location error reached several to ten kilometers.
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