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Seasonal lightning outage rate of 500 kV double-circuit 
balanced insulation lines in Japan from 1974 through 1980



Risk map of high-energy lightning 
for 120-m wind turbines.

(NEDO 2013)



Lightning flash density observed by JLDN (flashes/km2/0.5year)

Winter (Oct. 2003 to Mar. 2005) Summer (Apr. 2003 to Sep. 2004)



Takeuti et al.
• Hokuriku winter storms generally lower 

positive charge to earth.
• Upward flash started from an object 

lower than 15m in height.
• Hokuriku storms appear to exhibit a 

normal dipole structure (positive charge 
uppermost; only two data).

・ Feb. 1969     Fighter jet accident
・ 1972-1973    First observation by Takeuti et al.





Double Circuit Back-Flashover of 500 kV Line,  Winter    
(16:22  Feb. 26, 1995;  courtesy of Hokuriku Electric Power Co.)



地図

Lightning observation network in Fukui area

Frequency

ＶＨＦ 62MHz （Band width 2MHz）

ＦＡ（Fast antenna ） 320Hz～1.2MHz
ＳＡ（slow antenna） 0.02Hz～70kHz
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Location of positive charge neutralized by 
positive c-g flash in winter 

(by charge location method and VHF mapping)

date time Duration
[ms]

Ipeak
[kA]

zv
[km]

zv
[℃]

z
[km]

z
[℃]

Q [C]

2000/12/24 20:33 0.85 27 - - 1-2 -7 5-35
↑ ↑ 1.30 34 - - 1-2 -7 15-40

2000/12/24 3:21 0.35 19 - - 2-3 -14 10-20
2001/1/28 17:06 0.30 71 2.2 -14 2-3 -16 5-20
2001/1/28 17:04 0.35 35 1.6 -9 1-2 -9 10-30
2002/1/4 22:17 0.80 35 - - 3-4 -14 10-40
2002/1/5 1:07 0.35 88 - - 2-3 -13 25-75
2002/1/4 17:44 0.35 19 1.2 -1 1-3 -6 5-40
2002/1/5 1:09 1.00 19 1.4 -3 1 -4 25-30



Comparison of 6 LEMP with transmission-
line outages in winter recorded by GPS-
equipped relays

• Time coincidence  – One large LEMP 
within 10 ms. 

• Average range-normalized peak of 3 
negative LEMP was 87 V/m at 100km –
equivalent to about -290 kA of negative 
CG.

• Average peak of 3 positive LEMP was 94 
V/m – equivalent to +314 kA.



E-field waveform (-GC) 
associated with 

transmission-line fault 
at 50 km from FA in 

winter.
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Opposite polarity pulse

1999/12/06 12:14 (GMT)
Peak E  62 [V/m at 100km]
Dist.      50 [km]
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2000/08/02 10:27 (GMT)
Peak E   24[V/m at 100km]
Dist.    50[km]

E-field waveform (-CG) at 
50 km from FA observed 
in summer



+GC I
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2003/12/19 12:25
Ep(at 100 km) 64  [v/m]
Dist.         50  [km]

Example of e-field waveform (2)

(Ishii, M., Proc. 28th ICLP, Kanazawa, Vol. 1, pp.20-25，Sep. 2006)



Types of 53 LEMP simultaneously observed with 
transmission-line faults in winter in Hokuriku area

-GC(１８例）
36%

+GC(２９例）
58%

+CG(３例）
6%

+GC I  20 data

+GC II  9 data

(1998-2003)(3 data)

(18 data)

+GC (29 data)



A set of simultaneously recorded e-field waveforms at 
different stations
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Current observation system

Rogowski coils were installed at a height of 479 m of Tokyo Skytree(634m) 

・For low frequencies

250 kHz ~ 0.5 Hz

・For high frequencies

5 MHz  ~  1.5 kHz

 

497m

0 m

634 m

 

Coil for low-freq. : L 
Coils for high-freq. : H1,H2,H3 

Tower 
Structures 

H2 

H3 
H1 

L 

about 5.1m 

about 10m total length 
about 30.6m 
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Current waveform associated with a –GC stroke observed at 
Tokyo Skytree    (March 30, 2014 20:28:41.123)



t=0.5 ms

Tokyo Skytree   March 30, 2014       Followed by –GC stroke of -80 kA



Lightning research issues to be paid attention

Out of necessity in engineering, non-physical models of 
attachment have been employed in designing lightning 
protection of structures and electrical systems. These 
models are practical and useful, but they are empirical, so 
they sometimes produce inaccurate results at structures of 
novel design.

By the recent development of observation instruments 
such as digital high-speed cameras and LMA, combined 
with the knowledge on the frequent occurrence of 
lightning hits on tall structures, there will be more chances 
than before to observe detailed physical parameters 
related to lightning attachment, leading to development of 
practical semi-physical models that are useful in 
engineering purposes. 



Thank you


