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Fig. 2 The variation trend of spatial charge polarity
reversal lattice points with lightning order

under different induction control multiples
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(a)the average cumulative amount of induced charges of the intra-cloud flash channel,

(b) the average length of the intra-cloud flash channel,

(c) the frequency of intra-cloud flash
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Ratio of intra-cloud flash of channel lengths to total intra-cloud flash

under different induction control multiples

(a)channel lengths of the intra-cloud flash at 1—321 grid points,

(b)channel lengths of the intra-cloud flash at 1—42 grid points
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Effects of Channel-induced Charge on Discharge Activity Characteristics
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Abstract

In order to explore effects of different polarity charge implantation method on the discharge of thun-
derstorm clouds in the charge-replacement scheme after lightning discharge, a batch of sensitive experi-
ments are implemented by changing the channel-induced charge to simulate a typical thunderstorm case in
Nanjing, based on existing three-dimensional (3-D) thunderstorm cloud electrification and discharge pat-
terns. Eeffects of thunderstorm cloud discharge are discussed from the perspective of space charge struc-
ture after discharge, lightning channel length, lightning frequency and type. Simulations show that the a-
mount of induced charge by the lightning channel has a significant effect on the spatial charge structure dis-
tribution and the length of the intra-cloud flash channel. As the amount of induced charge in the channel
increases, the number of lattice points where the polarity of the space charge is reversed before and after
discharge increases, and the space charge structure becomes more complex, which in turn increases the in-
tra-cloud flash with a shorter length of the lightning channel. The space charge structure is disordered,
and it becomes more difficult for a wide range of identical-polar charge stacks to form during the develop-
ment process. Meanwhile, it is also difficult for the lightning channel to pass through charge stack with
the same polarity during the propagation process, and therefore the intra-cloud flash channel is limited to a
pair of smaller heteropolar charge stacks. Eventually, the frequency of intra-cloud flashes that leads to
shorter lightning channel lengths increases. The total amount of channel induced charge accumulation un-
der different induction control multiples can be considered approximately the same within the error toler-
ance. The frequency of intra-cloud flashes is negatively correlated with the average cumulative amount of
channel charges in different lightning channel induced charges: When the average cumulative amount of
channel induced charges increases, the frequency of intra-cloud flashes will decrease. The change of the in-
duced charge amount in the channel makes the charge distribution of the space charge region unbalanced.
The frequency and type of the cloud-to-ground flash are affected by many factors, and the changing pattern
is not obvious. Therefore, the channel-induced charge amount has little correlation with the frequency and

type of cloud-to-ground flashes.

Key words: channel-induced charge; charge structure; intra-cloud flash channel length; lightning frequency



