


lightning, it would be possible to achieve 
the same detection efficiency as in 
summer. 

(3) The relationship between distance and 
detection efficiency for negative lightning 
in summer was in line with results reported 
after television camera observations in 
North America. 

(4) Applying the transmission line model, the 
first stroke of negative lightning calculated 
from the magnetic field signal strength 
obtained by the MDF system agreed well 
with the direct measurements taken in 
Europe of the first negative lightning stroke 
started by a downward leader. 

(5) In comparing MDF system outputs with 
actual measurements of lightning strike 
current, the difference was 15%, and the 
direction measurement error of the MDF 
sensor was less than 2.6 degrees (refer to 
Table 1). 

 
The MDF system offers the big advantage 

that lightning can be detected over a wide 
range.  The lightning positions near the Niigata 
area reported by the MDF system for one 
month in July (summer) and December 
(winter) 1984 are shown in Figure 2(4).  It 
shows that many lightning strikes occurred in 
the mountain area in summer.  Conversely, 
few lightning strikes occurred in the mountains 
in winter and some lightning occurred over the 
sea and along the coast.  Although the 
lightning detection efficiency of this system is 
reduced at a distance of 400km or more, some 
distant events were also detected.  The 
lightning locations reported on December 11, 
1983 are shown in Figure 3.  This shows the 
lightning generated with the passage of a cold 
front.  Lightning activity is seen while the cold 
front passes through the Sea of Japan, but not 
when it passes through the mountains.  When 
the front moves to the Pacific Ocean, lightning 
activity increases again.  This pattern is seen 
in winter, and it is caused by the thundercloud 
which progresses by the large differences in 
temperature of the warm sea and the cold air 
accompanying the cold front.  These results 
are in agreement with generally accepted 
meteorological theory. 

One problem associated with lightning 
direction measurements using an MDF system 
is the direction measurement error called Site 
Error.  The problem of directional error has 
been studied extensively and methods for 
implementing corrections have been 
developed(5)(6). 

 
(a) July, 1984 (summer) 
 

 
(b) December, 1984 (winter) 
Figure 2.  Lightning locations near the Niigata 
area observed by the MDF system in July 
1984 (summer) and December 1984 (winter)(4) 
 
 

 
 
Figure 3.  Lightning locations detected by the 
MDF system on December 11, 1983 
(Simultaneous locations over the Sea of Japan 
and the Pacific Ocean)(4) 
 
 
3. ELECTRIC POWER COMPANY MDF 
AND LPATS SYSTEMS 
 
 The electric power companies recognized 
the practical applications of accurate lightning 
detection and introduced LLS networks (MDF 
or LPATS systems) one after another for use 



in power equipment maintenance and the 
development of lightning-proof designs.  The 
LPATS or time of arrival (TOA) type LLS was 
first installed in Japan in 1989. At the time, 
each electric power company was using 
CIGRE type lightning discharge counters to 
observe lightning occurrences in their area.  
Those systems were gradually replaced by 
LLS networks.  By 1989, LLS systems owned 
by the nine Japanese electric power 
companies covered the main areas of Japan.  
The location of those LLS sensors in 1991 is 
shown in Figure 4 (7). 
 Although each electric power company 
LLS was operated independently, a system 
that collected the data from the networks was 
developed in 1999, and it became possible to 
record national lightning data continuously, 
and evaluate lightning frequency and 
characteristics without regional 
differences(8)(9)(10)(11).  A national Japan 
thunderstorm day map was created with data 
from the past decade (Figure 5).  Although this 
thunderstorm day map was almost equivalent 
to the conventional IKL map (Figure 6), the 
new lightning frequency map showed regional 
differences in much more detail, and it was 
concluded that the lightning frequency map 
obtained using the LLS was a more suitable 
tool for the design of power equipment than 
the conventional IKL map. 
 

 
 
Figure 4.  Location of Japanese LLS sensors 
in 1991(7) 
 

 
 
Figure 5. Lightning stroke frequency map 
created using the electric power company LLS 
network data in the summer, 2000(11) 
 
 

 
 
Figure 6. The conventional IKL map(11) 
 
 
 In the meantime, system evaluations were 
performed in parallel with lightning 
observations.   Detection equipment 
improvement and replacement and network 
expansion resulted in improved location 
accuracy and system reliability.  The IMPACT 
sensor that combined MDF and TOA 
technology was introduced for the first time in 
1994, and it was confirmed that it provided 
improved location accuracy(12)(13).  Moreover, 
the IMPACT sensor made it possible to detect 



the lightning location of every stroke.  
Comparisons of the current values for every 
stroke revealed that 37% of multi stroke 
lightning had subsequent strokes with bigger 
current values than the first stroke.  It was also 
reported that the value defining the 50% 
confidence ellipse improved from 2.21km to 
0.85km when MDF sensors were replaced 
with IMPACT sensors in 1998.(14)  The 
locations of the LLS sensors in 2005 is shown 
in Figure 7(a).  Many of the MDF systems 
were updated to IMPACT, and the LPATS 
networks were also replaced with IMPACT 
sensor systems. 
 An example of a typical IMPACT sensor 
installation in Japan is shown in Figure 8(15).  
The sensor is installed on a cabinet containing 
a communication device and a power unit.  
Lightning data is transmitted directly to a 
central processing unit. 
 
 

 
 
Figure 7(a).  Location of Japanese LLS 
sensors in 2005 (Electric Power Companies) 

(14) 
 
 
 

 
 
Figure 7(b).  Location of Japanese LLS 
sensors in 2005 (Weather Company) (16) 
 
 

 
 

Figure 8. A typical IMPACT Sensor installation 
(15) 

 
4. WEATHER COMPANY IMPACT AND 
LPATS SYSTEMS 
 
 A weather company introduced the first 
LPATS-III sensors in Japan in 1988.  The 
location of those five sensors in 1991 is shown 
in Figure 4.  Another weather company started 
network construction in 1991.  By improving its 
sensors and expanding its network, that 
company completed a wide area system that 
covered all of Japan in 1999.  This system 
consists of 12 IMPACT sensors and 17 



LPATS-IV sensors.  The location of those 
sensors in 2005 is shown in Figure 7(b)(16).  
This system can detect lightning over a wide 
range, not only in Japan but also in the 
surrounding areas as shown in the observation 
example in Figures 9(17)(18).  Data from the 
network is provided in real time to general 
users and is used in the development of 
statistical materials such as a lightning density 
maps.(19) 
 

 
Figure 9. Lightning discharges detected by the 
JLDN on August 6, 2003. The color of symbols 
varies every 6 hours from blue to green to 
yellow and to red. (18) 
 
 
5. SAFIR AND LDAR 
 
 Among other LLS systems in Japan, 
SAFIR and LDAR networks have also been 
installed.  The main purpose of these systems 
is to locate the source of lightning discharge 
by detecting the electromagnetic signals in the 
VHF band.  SAFIR sensors were installed 
firstly in 1992 as part of a joint university and 
electric power company research project(20).  A 
national SAFIR network consisting of about 30 
sensors was installed by a government 
organization in 2000.  The application of this 
network is limited and lightning data and 
information regarding system performance 
have not been made available, but a 
photograph of a network sensor and an 
example of the data generated by the SAFIR 
network are introduced on a government web 
site(21).    An electric power company installed 
the first commercial version LDAR network 
(LDAR II) in Japan in 2000(22). 

5. CONCLUSION 
 
 Twenty years or more have passed since 
the first MDF system was introduced in Japan.   
Since that time, the electric power companies 
have covered the whole country with their 
independent networks, a private weather 
company has installed a mixed wide area 
network covering the entire nation, and a 
government organization has installed a 
national network of SAFIR sensors.  There are 
more than one hundred lightning sensors 
currently operating in Japan.  Also, it should 
be noted that all of the main commercial 
lightning location systems, MDF, LPATS, 
IMPACT, SAFIR, and LDAR have been 
deployed in Japan. 
 Japan is not a country with a particularly 
large number of thunderstorms, but the power 
and communication systems are built in very 
dense networks and damage caused by 
lightning is very serious.  Winter lightning 
occurs frequently resulting in damage to 
equipment.  Focusing their energy on lightning 
research has proven to be very valuable for 
the electric power industry in Japan and the 
installation of new LLS equipment and 
upgrades is expected to continue in the future.  
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