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Abstract

The Guangdong Comprehensive Observation Experiment on Lightning Discharge (GCOELD) has been

conducted in Guangzhou Field Experiment Site for Lightning Research and Testing, Conghua, Guang-

dong, China from 2006 to 2010.

In the experiments, the acoustics, optics, electricity and magneticele-
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ments of the discharge process in triggered lightning are observed synthetically. The characteristics of in-
duced voltages produced by triggered lightning on power lines and signal lines of an automatic weather sta-
tion are measured and analyzed. The triggered lightning technique is also used to test the detection effi-
ciency and precision of lightning location system in Guangdong Province. The peak current of return stoke
(RS) ,the transferred charge within 1 ms after the RS beginning, the half-peak width and the 10%—90%
risetime for RS waveform are recorded and analyzed. The relationship between the luminosity of the light-
ning channel and the continuous current intensity during the initial stage and interval of the return strokes
for triggered lightning flashes is analyzed. The results reveal that, on the whole, luminosity of the air-ion-
ized part of lightning channel shows obvious positive correlation with current. Linear correlation exists be-
tween square root of integrated luminosity and current when the luminosity of lightning channel doesn’t
reach saturation in the high-speed images. However, the parameters in the fitting equation are slightly dis-
tinct for different processes. The 2D propagation speed of upward positive leader for the triggered light-

1

ning is about 104—105 m + s~ ', The speed of downward negative leader involved in altitude triggered
lightning is about 105 m * s™'. The information on the shape and velocity of the leader channel provided by
the high-speed camera records and the synchronous electrical field change data are used to calculate the
charge densities and current of upward positive leader for the triggered lightning. The results indicate
that, prior to disintegration of the wire,the charge densities of the upward positive leaders range from sev-
eral micro-coulombs to hundreds of micro-coulombs per meter, and the distribution of charge densityis
strongly skewed toward the upward positive leader tips. The calculated current in the upward positive lead-
ers ranges from less than one to dozens of amperes, and increases with the ongoing propagation of the lead-
er. The induced voltage pulse caused by the RS on the overhead power line appears as a positive peak ini-
tially and then declines sharply, followed by a negative peak, with a period of several microseconds be-
tween the positive and negative peaks. The maximum negative and positive peaks of the bipolar induced
voltages on the power line are —10. 31 kV and 4. 47 kV, respectively. The voltage associated with the
fast-changing pulses superposed on the continuous current following the return strokes can exceed 1 kV.
The waveform of voltage on the signal for wind speed shows the peak pulses resembled a “V” shape. The
results of the lightning location system in Guangdong report that the flash and stroke detection efficiency
are 92% and 45% for rocket-triggered lightning, respectively. The space location error ranges from 111 to
5250 m with a mean space location error of 759 m. The relative error between peak current estimated by

LLS and the direct measured current from the channel bottom of artificial triggered lightning is 16. 3%.

Key words: triggered lightning; return stroke current; induced voltage; detection efficiency



