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Abstract—The Japanese Lightning Detection Network
(JLDN) started observing lightning discharges in 198 and grew
to cover the four main islands of Japan in 2000. Ightning
observed in 2015 was greatly different from Japan’stypical
years. The annual number of lightning strokes inhe analyzed
area in 2015 was 2,104,004. This is the lowest nioen of strokes
since 2002. In 2015, the number of lightning strads in July,
October and December was the lowest since the JLDbkgan
observations.
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l. INTRODUCTION

The Japanese Lightning Detection Network (JLDN)nea
and operated by Franklin Japan Corporation (FJ@pab
operation in 1998 and has covered the four maends of
Japan (Hokkaido, Honshu, Shikoku and Kyushu) si@@0.
FJC is currently working to replace the older semso the
network with new sensors. As of December 2015 JitieN
consists of six IMPACT-ESP,
LS7001 and ten TLS200 sensors.

The authors described the characteristics of lightnn
Japan observed by the JLDN for the decade from 29@010
at the 2012 ILMC [Sugita and Matsui, 2012]. There &wo
main  seasonal variations in lightning
characteristics. One is the tendency of the mgmtbmber of
lightning strokes to increase rapidly in July amdgb even
higher in August. The other is the frequent ocence of
lightning in winter on the coast of the Sea of Japapecially
in the Hokuriku region. However, lightning activiln 2015
varied greatly from the typical pattern. This papempares
the characteristics of lightning that occurred 012 in Japan
with the average values obtained covering 10 yezirs
historical data.
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. DATA

The authors analyzed lightning stroke data obsebyetthe
JLDN in 2015. Small discharges with peak currgatsging
from -2kA to 5kA are not counted in this paper.

All analyses were done in the region from 26.5°N to
48.5°N in latitude and from 126°E to 148°E in longie, and
the geographical plots in this paper are done withpatial
resolution of 0.2 degrees. All the lightning datsalyzed in
this paper are not flashes but strokes, becauseJitbN
outputs only stroke data. It should also be poimtetdthat the
influence of the changes of the JLDN configuratiord sensor
characteristics have not been considered.
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Fig. 1. JLDN Sensor Map as of December 2015. The circled BATS-IV
sensors, the stars are IMPACT-ESP sensors, thglkemare LS7001 sensors
and the diamonds are TLS200 sensors.

A. The Number of Lightning Strokes

Figure 2 shows the annual number of lightning stsok
from 2001 to 2015. The annual nhumber of lightretrgkes in
the analyzed area in 2015 was 2,104,004. Thikessécond
lowest value after 2002 and the number of strokes
approximately 800,000 lower than the mean annualbaun of
lightning strokes during the ten year period endimg2010,
2,932,332 [Sugita and Matsui, 2012]. As shown igufe 2,
the annual number of lightning strokes has tendedietrease
after peaking in 2012.

RESULTS

Figure 3 shows the monthly distribution of the nembf
lightning strokes in 2015 and the mean monthlyritistion of
lightning strokes from 2001 to 2010. As shown iguFe 3,
the monthly distribution of the number of lightnistrokes in
2015 is greatly different from the historic meafihe mean
monthly number of lightning strokes is approximatéd0,000
in July and 786,500 in August. However, the numbégr
lightning strokes in July 2015 was the lowest foattmonth
since the JLDN began observations. The numbeigbfning
strokes in July 2015 was 122,721. This is the finse that the
number of lightning strokes did not reach 200,00@ummer
and this value is less than 20% of the mean momtiigber of
lightning strokes in July. There were 551,941 tighg strokes
in August 2015. This value is 30% below the meamtimly
number of strokes in August. Although we know tighg
characteristics vary greatly from year to year, were
surprised at the low level of lightning activity flhe summer of
2015.

stationary for a long period of time. Another @ags that
three typhoons came to Japan one after anothesud¢land
rainy days were dominant on the Pacific side ofadapThe
convection resulting from solar heating which frequy
occurs in summer in the mountainous regions of Wapa
causes lightning strokes only occurred in limitegba in 2015.

The number of lightning strokes was very low in te@imas
well as summer. The number of lightning strokeB@tember
2015 was 16,289 and this value is approximately 20%he
mean monthly number of lightning strokes in DecembEhe
Japan Meteorological Agency reported that the winte
monsoon was weaker than normal and sustained gedbd
extremely warm days persisted in December 2015immgus
monthly mean temperatures to be significantly aboesnal
all over Japan [Japan Meteorological Agency, 2016his is
the reason that winter lightning did not occur iokdriku as
frequently as usual. In 2015, July, October andeb#er had
the lowest number of lightning strokes since th®NLbegan
observations.

On the other hand, the number of lightning strake&pril,
June and September exceeded the mean values. isThis
because of fronts that stayed longer and areaswoptessure
that frequently passed through and around Japan.
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Fig. 2. The annual number of lightning strokes from 2002045
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Fig. 3. The monthly distribution of lightning strokes. Thars represent the
number of strokes in 2015. The line representatiegage value of ten years

One of the causes of the reduced number of lightningata from 2001 to 2010.

strokes in July 2015 was the Baiu front that remdin



B. Lightning Frequency

Figure 4 shows the annual lightning stroke freqyeimc
2015. It is important to note that, unlike flashnsgiéy maps,
each map is a plot of the number of lightning stokn a 0.2
degree grid.

It is clear that the light blue region where thenfer of
lightning strokes was less than 100 has spread lyitte
comparison to the map of mean annual lightning<esshown
in Figure 5 that we introduced in our earlier pgj8rgita and
Matsui, 2012]. This shows the lightning activitasvwery low
in 2015. The number of lightning strokes was highinly
around the southwestern islands of Japan wherésfsiayed
longer and areas of low pressure frequently padsedgh.

The maximum number of lightning strokes in the 0.2

degree grid was 4,831 around the Tokara IslandsreTtvere
only three squares in the grid where the numbdigbfning
strokes exceeded 4,000. The number of lightningkes in
mountainous regions where thunderstorms usuallyurocc

frequently in summer was not so high in 2015.
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Fig. 4. The distribution of annual lightning strokes in 2 @egree grid in
2015
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Fig. 5. The distribution of mean annual lightning strokesi0.2 degree grid
for the years from 2001 to 2010.(from Sugita andMia2012)
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Fig. 6. The distribution of annual thunderstorm days in.Z2 degree grid in
2015
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Fig. 7. The distribution of mean annual thunderstorm days i0.2 degree
grid for the years from 2001 to 2010. (from Sugitel Matsui, 2012)

C. Thunderstorm Days

Figure 6 shows the annual thunderstorm days inOtBe
degree grid in 2015. In the same way as with ligigtn
frequency, it is clear that the pattern of the tlenstorm day
distribution is quite different from the map of mea
thunderstorm days in Figure 7 that introduced in earlier
paper [Sugita and Matsui, 2012].

The number of thunderstorm days was higher in ¢igén
over the southern sea of Kyushu than it was overctiast of
the Sea of Japan which is famous for its wintdmthgng. This
indicates that fronts and low pressure areas vgtitriing were
located on the sea south of Kyushu more frequéhélg usual.

The maximum number of thunderstorm days was 55én t
region of the Tokara Islands.

On the other hand, the number of thunderstorm dapst so
high on the coast of the Sea of Japan in 2015, eMigitning
usually occurs frequently in winter. In the Hokuritegion, the
maximum number of thunderstorm days was only 320h5.
This value is significantly lower than the maximummean
number of thunderstorm days in this region, 42 [Bugnd
Matsui, 2012]. Also the number of thunderstormsdayer the
sea east of Kanto was not so high in response dolaw
frequency of lightning occurrences in winter in 301

IV. CONCLUSION

The characteristics of lightning occurring in 2G@5Japan
were greatly different from usual, reflecting thdluence of
abnormal weather. Excluding the region over treesmith of
Kyushu, not only the lightning activity but alsaetprobability
of lightning occurrence was very low in 2015 in dap In
summer, thunderstorms caused by convection regultom
solar heating did not occur as frequently as usna2015
because cloudy and rainy days were dominant orP#uific
side of Japan. In winter, thunderstorms did notuocas
frequently as usual in Hokuriku because the wimensoon
was weaker than normal and extremely warm daysspeds

The authors would like to continue to describe the
characteristics of lightning in Japan in future grp
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