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Abstract  Shandong Artificially Triggering Lightning Experiment (SHATLE) has been conducted continuously
since the summer of 2005. During the six years from 2005 to 2010, twenty-two negative lightning flashes containing
eighty-eight return strokes were successfully triggered. Channel base currents, close electromagnetic fields, and
high-speed camera images were obtained simultaneously for some of the strokes. Based on directly measured cur-

rents for thirty-six return strokes, the geometric mean of return stroke peak current was about 12. 1 kA with a max-
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imum of 41. 6 kA and a minimum of 4. 4 kA, the half peak width of current varied from 1 to 68 pus, and the geomet-

ric mean values of 10%-90% risetime, charge transfer, and action integral were about 1. 9 s, 0. 86 C, and 2. 6 X

10*°A? « s, respectively. The surface electric field at 30 m away from the discharge channel caused

by a return stroke with peak current of 16. 5 kA reached 111. 9 kV/m. The geometric mean of

magnetic field at 60 m away from the discharge channel was about 52 yT. The peak current and

charge transfer of some large M components were comparable with those of return stroke. The

speed of upward positive leaders in the initial stage of triggered flashes was about 0. 96X 10° m/s.
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Table 2 Comparison of current waveform parameters obtained from the SHATLE 2005 — 2010 experiment with results from other

studies
LA/ kA

SLE FEARL f/MA FoRME JARIE pefidn2e JLTFE  brdfize dg o
SHATLE, 2005 -2010 (ZA&30) 36 4.4 41.6 14.3 9.2 12.1 0. 23
SHATLE, 2005 - 2009 (Yang et al., 2010a), %)% 3 48 5.8  45.7 16. 3 9.8 14.1 0.22
SHATLE, 2005 - 2008 GiXFH%. 2009) 21 6.6 41.6 17.2 10. 5 14. 6 0. 24
Camp Blanding, Florida, 1999 - 2004 (Schoene et al., 2009) 165 2.8 42.3 13.9 6.9 12. 2 0. 22
Camp Blanding, Florida, 1999 - 2000 (Schoene et al., 2003) 64 5.0 36. 8 16. 2 7.6 14.5 0.21
Camp Blanding, Florida, 1998 (Uman et al., 2000) 25 5.9 33.2 14. 8 7.0 13.5 0.19
Camp Blanding, Florida, 1997 (Crawford, 1998) 11 5.3 22.6 12. 8 5.6 11.7 0. 20
Camp Blanding, Florida, 1993 (Rakov et al., 1998) 37 5.3 44. 4 15.1 / 13.3 0. 23
KSC, Florida 1990 and Alabama 1991 (Fisher et al., 1993) 15 / / / / 12.0 0.28
France, Saint-Privat d’Allier 1986, 1990 — 1991 (Depasse, 1994) 54 4.5 49.9 11.0 5.6 / /
KSC, Florida 1985 -1991 (Depasse, 1994) 305 2.5 60. 0 14.3 9.0 / /

HLE 10%~90% b FHif ] /s

e FEAR JoME KM ARV drvefize U6 dREfize (g o
SHATLE, 2005 -2010 (ZA&30) 36 0.2 8.4 2.0 2.1 1.9 0. 47
SHATLE, 2005 - 2009 (Yang et al., 2010a) 43 )% i 27 0.4 8. 4 2.7 2.1 2.0 0. 34
SHATLE, 2005 - 2008 GiXFH%. 2009) 21 0.4 8.4 3 2.2 2.3 0. 33
Camp Blanding, Florida, 1999 - 2004 (Schoene et al., 2009) 81 0.2 5.7 1.2 0.8 0.9 0.32
KSC, Florida 1990, Alabama 1991 (Fisher et al., 1993) 43 / 2.9 / / 0. 37 0.29
France, Saint-Privat d’Allier 1990 - 1991 (Depasse, 1994) 37 0.25 4.9 1. 14 1.1 / /
Camp Blanding, Florida, 1997 (Crawford, 1998) 11 0.3 4.0 0.9 1.2 0.6 0. 39

R P F U 9/ s

S FEAR F/IME BoR(E FARTIE biefe JUTFAE b2 (g o
SHATLE, 2005 -2010 (ZA&30) 36 1 68 23.7 17.1 14. 8 0. 52
SHATLE 2005 - 2009 (Yang et al., 2010a) #4535 % 27 1 68 27 13.8 21.4 0.38
SHATLE, 2005 - 2008 GiXFH%. 2009) 21 1 68 26 16. 6 17 0.51
Camp Blanding, Florida, 1999 - 2004 (Schoene et al., 2009) 142 4 93 23 17 19 0. 30
France, Saint-Privat d’Allier 1990 - 1991 (Depasse, 1994) 24 14.7 103.2 49. 8 22.4 / /
KSC, Florida, 1990, Alabama 1991 (Fisher et al., 1993) 41 / / / / 18 0. 30
Camp Blanding, Florida, 1997 (Crawford, 1998) 11 6.5 100 35.7 24.6 29.4 0. 29

[\l 1 ms WEEFS R LA it/ C

T FEARL f/MA BoRME FARFIE Arifidn2e JURPPIME bz (g o
SHATLE, 2005 -2010 (A&30) 36 0.18 4.2 1.1 0.76 0. 86 0. 31
SHATLE, 2005 - 2009 (Yang et al., 2010a) fif4/% 27 0.3 4.2 1.2 0.7 1.1 0.22
SHATLE, 2005 - 2008 GEXFHZE, 2009) 21 0.3 4.2 1.4 0.8 1.2 0.21
Camp Blanding, Florida, 1999 - 2004 (Schoene et al.. 2009) 151 0.3 8.3 1.4 1.4 1.0 0. 35
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Fig. 4 Distributions of return stroke current waveform parameters: (a) Peak current; (b) total stroke duration; (c¢) half-peak widths; (d)

charge transfer within 1 ms; (e) interstroke interval; (f) action integral within 1 ms; (g) 10%-90% risetime (T-10); (h) 10%-90% front

steepness (S-10); (i) 30%-90% risetime (T-30); (j) 30%-90% front steepness (S-30)
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P06 R EBRG RGP A TS R HH 0902 19 EATIE

Fig. 6 The development of upward positive leaders of triggered

flash 0902 obtained from high-speed camera images
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Fig. 1 (a) Faraday cage surrounded by the rocket launchers; (b) Pearson coil in the Faraday cage; (c¢) shunt in the Faraday cage. The blue

box in (b) and (c) is a fiber optical transmitter unit
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Fig. 5 Waveforms of channel base currents and electric fields at 30 m for triggered flash 0902 (a) The second return stroke; (b) the fourth

return stroke



