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Table 1.  The general characteristics of the positive triggered lightning discharge and the associated leader propagation.
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Fig. 1. The evolution of radar echo and atmospheric electric field during the thunderstorm on July 29, 2019.
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Fig. 2. Synchronous channel base current, electric field

change at distance of 60 m, and magnetic field change at

distance 970 m, for the triggered lightning 1909.
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Fig. 3. (a) A still image of the triggered lightning 1901, as captured by the V711 high-speed camera; (b) evolution of the two-dimen-

sional partial speeds of 6 upward negative leaders. The first points of the curves in the figure indicate the initiating heights of the

associated upward negative leaders. Note that the overlapping characteristics of the black curve at the 500-540 m height are due to

the leader’s horizontal and even downward propagation there.
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Fig. 4. Six consecutive optical images of the upward negative leader in rocket-triggered positive lightning flash, with a temporal res-

olution of 11.1 ps. Note that the top panel gives the original images, and the bottom panel gives the reverse color version of the

images.
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Fig. 5. Ten consecutive optical images (reverse color) of upward negative leader in rocket-triggered positive lightning flash, with a

temporal resolution of 11.1 ps.
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Fig. 6. The step length distribution diagram of a total of
132 steps in the upward negative leaders of lightning flashes
1901, 1907, and 1908.
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Fig. 7. (a) The synchronous channel base current, electric field change, magnetic field change and channel luminosity, for the up-

ward negative leader in the triggered lightning flash 1907; (b) the channel evolution of the leader, as captured by the high speed

video camera with temporal resolution of 11.11 ps. Note: 1-27 in Figure (a) and Figure (b) represent the number of camera frames.
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Fig. 8. (a) The synchronous channel base current, electric field change, magnetic field change and channel luminosity, for the up-

ward negative leader in the triggered lightning flash 1908; (b) the channel evolution of the leader, as captured by the high speed

video camera with temporal resolution of 11.11 ps. Note: 1-27 in Figure (a) and Figure (b) represent the number of camera frames.
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The parameters of impulsive current waveform and the channel evolution during initial stepwise development of

the upward negative leaders in triggered lightning flashes 1907 and 1908.
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% 118.5 uC/m.
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Characteristics of rocket-triggered positive lightning
flashes and propagation properties of their
initial upward negative leaders”
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Abstract

Twelve lightning flashes are successfully triggered under the positive atmospheric electric field condition.
The discharge properties of the flashes, and the propagation characteristics and mechanism of the involving
upward negative leaders are investigated. When lightning flashes are triggered, the average ground atmospheric
electric field is around 5 kV/m, with a maximum value exceeding 13 kV/m. Except for one special event
showing a discharge polarity reversal (from positive to negative) and producing multiple negative return strokes,
none of the remaining 11 triggered lightning flashes involves the subsequent return stroke process. The
discharge currents of these flashes are generally of the order of several hundred amperes. The successfully
triggered lightning flashes start with the initiation and the upward propagation of negative stepped leaders, of
which the average two-dimensional velocity is 1.85 x 10° m/s. For a total of 132 steps captured by the high-
speed video camera, the step lengths range from 0.8 m to 8.7 m, with an average of 3.9 m. During the initial
stage of the upward negative stepped leader, the current and electromagnetic field present a significant
impulsive feature. The mean value of pulse interval, current peak, charge transfer, half-peak-width and current
rise time Tgo _goy are 17.9 us, 81A, 364 pC, 3.1 ps, and 0.9 ps, respectively. The equivalent linear charge
density of a single step is 118.5 nC/m. The branching of the leader channel generally takes place together with
the stepping process in two ways: the first way is to implement the multiple connections of clustering space
stems/space leaders to the leader head within an individual step cycle, and the corresponding current waveform
presents a multi-peak structure, with a peak interval of about 2—3 us (up to 6—7 us); the second way is to
reactivate those previously extinguished space stems/space leaders and to connect them to the lateral surface of

the channel.

Keywords: rocket-triggered lightning, positive flash, upward negative leader, stepping, branching
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