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1. INTRODUCTION 
 

Japanese Lightning Detection Network (JLDN) 
is a large-scale single lightning detection network 
operated by Franklin Japan Co. JLDN currently 
covers the whole area of Japan with 12 IMPACT-
ESP sensors and 17 LPATS-IV sensors. Baseline 
lengths between sensors are 200 to 300 km. The 
sensors observe waveforms of lightning electro-
magnetic impulses (LEMP) in a wide frequency 
band ranging from VLF to LF.  

JLDN discriminates LEMP from cloud-to-ground 
(CG) lightning strokes based on the characteristics 
of LEMP waveforms. Naturally misinterpretation 
occurs, and the probability of misinterpretation 
depends on the system parameters and the char-
acteristics of LEMP waveforms. 

It was reported that over 90% of registered small 
positive CG strokes of less than 10 kA actually 
were in-cloud discharges (IC) at the U.S. National 
Lightning Detection Network (NLDN) [1]. Charac-
teristics of LEMP waveforms, however, depend 
heavily on the polarity of CG strokes and on the 
season [2], therefore, it is important to confirm the 
performance of JLDN operating in a different re-
gion from North America. 

 
2. METHOD OF RESEARCH 

 
Electric field waveforms from lightning 

discharges over Fukui Plain have been observed 
by a network of five fast antennas (FA) and eight 
slow antennas (SA). Fukui Plain is on the coast of 
the Sea of Japan, where winter lightning is active. 
The size of the network is about 10 km x 15 km, as 
shown in Fig. 1. Lightning data are time-tagged by 
GPS clocks, and can easily be compared with the 
data observed by JLDN. Lightning discharges 
occurred within 15 km from the central station of 
the network are subject to analysis. 

By examining the electric field waveforms 
observed by FA and SA, LEMP of more than 95% 
in summer and more than 90% in winter are 
clearly classified as from CG or IC. LEMP from a 
subsequent stroke or not can also be 
discriminated from the waveform of LEMP. Return 
strokes in the same lightning flash creating new 

termination points on ground [3] show similar 
waveforms to first return strokes. Upward lightning, 
occasionally occurs in winter, produces a LEMP 
waveform different from those from CG.  

LEMP from corresponding 74 JLDN data labeled 
as “positive CG (+CG)” obtained during June-
September of 2000, 2001 and 2002 are examined 
for summer. Similarly 107 “negative CG (–CG)” 
data in the same period of 2001 are also examined. 
For lightning strokes of both polarities in winter, 
116 data from December 2001 to January 2002 
are examined. For these JLDN data, at least one 
IMPACT sensor participated in lightning location. 
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Fig. 1  Observation area on Fukui Plain. 
 
 
3. IDENTIFIED SOURCES OF LEMP 

 
Figure 2 shows the result of manual 

classification of LEMP of both polarities observed 
by JLDN in summer (June-September) and in 
winter (December-January). First strokes classified 
from FA data include those creating new 
termination points in a flash, and true first strokes 
preceded by a misinterpreted IC in a flash. 

In interpreting outputs from lightning location 
systems, it is a general practice to determine first 
strokes by grouping successive CG strokes within 
a certain time interval and distance. 0.5 s and 10 
km are typically chosen in grouping CG strokes. 



These ‘first’ strokes simply determined in this way 
are shown as ‘(first)’ in Fig. 2. It is pointed out that 
more than 30% of negative return strokes creating 
new termination points in summer are interpreted 
as subsequent strokes by this simple method of 
discrimination. This percentage corresponds to the 
proportion of negative CG flashes in summer 
having multiple termination points [3]. 
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(b) winter 

 
Fig. 2  Actual sources of LEMP observed by JLDN 
as CG strokes. 
 
 
Among the LEMP interpreted as from +CG, no 

waveforms having characteristics of subsequent 
strokes, such as smoothness or similarity to 
waveforms of preceding strokes, are found. This 
observation agrees to the experience that positive 
return strokes from the same flash had different 
terminations on ground [3]. 

Among the LEMP detected as +CG in summer, 
43% are IC. The second worst is for “–CG” in 
winter, and the percentage of misinterpretation is 
about 30%. This percentage is about 10% for   

“–CG” in summer. The rather high percentage of 
misinterpretation for –CG in winter is attributed to 
the narrowed peak-to-zero time, which is one of 
the waveform discrimination criteria, of the sensors 
in JLDN. 

Figures 3 and 4 show actual sources of LEMP 
dependent on the range-normalized signal 
strength, expressed by kA for convenience. Here a 
“negative LEMP” is defined as an electric field 
waveform having the same polarity as that from a 
negative return stroke. A “positive LEMP” has the 
opposite polarity in the electric field. ‘First stroke’ 
or ‘subsequent stroke’ in Fig. 3 is labeled in the 
same manner as Fig. 2; that is, determined by 
grouping strokes simply by the time interval and 
distance. For positive LEMP in Fig. 4, no such 
grouping is made because all the positive return 
strokes are regarded as first strokes. 

Figure 3 (a) and (b) are for LEMP observed in 
summer.  The proportion of first strokes creating 
new terminations among LEMP labeled as 
‘subsequent stroke’ decrease with increased 
range-normalized signal strength. Figure 3 (c) and 
(d) are for LEMP observed in winter. About a half 
of LEMP labeled as negative “first stroke” of 
smaller than 15 kA in winter are from IC, and an 
IMPACT sensor cannot reject them effectively. 

The other feature in winter is that a LEMP of a 
bipolar waveform having a large range-normalized 
signal strength are observed. Such LEMP have 
been observed simultaneously with severe 
transmission line faults, thus they are inferred to 
inject high currents into grounded objects. It is 
likely that such LEMP are generated by upward-
initiated lightning flashes. The authors termed 
such lightning strokes as GC (Ground-to-Cloud) 
strokes [4]. 

From Fig. 4, so-called ‘small positives’ in 
summer are revealed to be mostly IC. An IMPACT 
sensor does not effectively reject this kind of 
LEMP from IC, and the apparent distribution of the 
magnitude of peak current is substantially changed 
from a true one. 

 
4. CORRECTED CURRENT DISTRIBUTION 
 
Based on the result of preceding section, it is 

possible to correct apparent current distribution 
curves, if not quite precise. There will not be much 
change except for the peak current distribution of 
positive return strokes in summer. Figure 5 shows 
an example of correction for peak current 
distribution of +CG observed over the main four  
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(a) －CG in summer (first) strokes 
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(c) －CG in winter (first) strokes 

 
 
 
 
 
 
islands of Japan in August 2000. In performing 
correction, only 10% of LEMP observed in the +10 
kA range, and all of them over +35 kA are 
regarded as from real +CG. The proportion of +CG 
for those in the range from +10 kA to +30 kA is 
regarded to vary between 10 and 100% linearly. 
The total number of +CG strokes decreases to 
about 40%, and the median of current amplitude 
exceeds +30 kA, compared to +16 kA before 
correction. Similar correction applied to –CG in 
winter based on Fig. 3 (c)(d) resulted in only 7% 
reduction in the number and 3% increase of 
median current. 

 
5. CONCLUSIONS 

 
The performance of JLDN is evaluated by 

comparing its output with the corresponding  
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(b) －CG in summer (subsequent) strokes 
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(d) －CG in winter (subsequent) strokes 

 
 
 
 
 

 
lightning electric field waveforms observed on 
Fukui Plain in the winter thunderstorm area. The 
effective threshold level of a lightning detection 
network depends not only on the physical 
threshold of sensors, but also on the baseline 
lengths.  

A system having shorter baselines has an 
effectively lower threshold and tends to detect 
more in-cloud discharges, misinterpreting them as 
small positive CG strokes in summer. 

Most of the LEMP interpreted by JLDN as from 
positive return strokes in the 10 kA range in 
summer were from in-cloud discharges. It is 
concluded that most of the so-called ‘small 
positives’ among located lightning strokes by 
JLDN in summer are not positive return strokes. 

It is possible to estimate the true peak current 
distribution statistically from apparent current 

Fig. 3  Actual sources of negative LEMP dependent on range-
normalized signal strength in kA. 
 



distribution obtained by JLDN. At a distribution of 
positive return strokes in summer, the total number 
of return strokes decreases to about 40% and the 
median current increases to about twice. For 
current distributions of other seasons or for 
negative return strokes, not much correction is 
necessary. 

A negative ground flash, consisting of lightning 
strokes grouped by the time interval and distance 
between successive ones, contains return strokes 
creating new termination points. The number of 
termination points of negative strokes on the 
ground observed by JLDN in summer is about 1.3 
to 1.4 times of the number of negative cg flashes. 

Among the LEMP interpreted as from positive 
subsequent strokes based on the same grouping 
technique of lightning strokes observed by JLDN, 
no waveforms having the characteristics of 
subsequent strokes were found. They were either 
from in-cloud discharges or from positive first 
return strokes. 
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(a) +CG in Summer 
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(b) +CG in Winter 

 
Fig.4  Actual sources of positive LEMP dependent 

on range-normalized signal strength in kA.  
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Fig. 5  Observed and corrected cumulative fre-
quencfy distribution curves of peak current of +CG 
over Japan observed by JLDN in August 2000. 
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