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Lightning return stroke current estimation by nonlinear least squares method applied to
the sferics
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When the electrical discharge is caused by lightning, a strong electromagnetic field pulse is generated and propagates.T!
lightning location (distance and direction from the observation site) and the information on the return stroke current, etc. can be
estimated by detecting and analyzing the incoming sferics.Especially, the current peak, polarity, risetime, duration of the curren
waveform, and the electric charge are estimated from the sferics, and these parameters give important information to investiga
the characteristics of the lightning.In addition, such information on the lightning current is very important to examine the gen-
eration mechanism and the characteristics of Transient Luminous Events that relate to the lightning discharge such as Sprite
Elves, and Blue Jets.

In the current estimation by using the electromagnetic field of the sferics, a model of the discharging current has conventionally
used the transmission line (TL) model.lt is assumed that the current pulse moves on the discharge channel at a constant speec
this study, we also use the TL model.For the TL model, the shape of the lightning current pulse becomes almost the same as th
of the direct electromagnetic pulse of the sferics.

There is a proportion between the peak of the discharging current and that of the observed electromagnetic field.Howeve
some physical values (for instance, return stroke velocity etc.) are difficult to know only by the electromagnetic field observa-
tion.In general, a return stroke velocity (unknown) is assumed as a well-known value (for instance, from 50 to 70 % of the light
speed).Thus, ambiguity appears in the estimated result of the peak of lightning current.

In this study, we have been investigating the technique for estimating the lightning current by using the observed electro.
magnetic field.In our technique, we have succeeded in obtaining information on the return stroke velocity that was impossible
to know only from the conventional electromagnetic field observation.Such information is obtained from the feature of the fre-
guency spectrum of the observed magnetic field.We have also found that it is possible to estimate the shape of the lightnin
current pulse by using a nonlinear least squares method applied to the observed magnetic field waveform.As a result, our meth
has shown that the error in the current moment peak estimation is less than 10 % for the observer’s horizontal distances from tt
lightning over 80 km.

In this presentation, we will report the details of our method of current estimation.We will also discuss the application of our
method to the actual sferic observation.

booobooooboboooboooobooboboboooobooboobobobooooooboobOobOoboooooboo
uboboooboobooboooboooooomoboobooooobooobooooobooooboooboobooooaon
goooooobooboboooboooooobobooooboooooboboboooboooobDobOobOoboboooOoo
gooobbooobobooboobobooobooooboooobooboobooobooooboboooboobOoobooo
ooooooooooooooooooooOTLEOOOOOOOOOOO0O0ODOOOOO0OO0oODOOObOOOOOOD
gboooboboooooboon

goboooooboooooooooooboboooobooboooooobooobOooooOoobOoobDbOobooDooobo
gooTLoooooboooooboobooobooboobobooboooobooboobobooooobDobooooDbOoDbo
obooboooooooooboboboobooooooooobOobooboboooooboOobOoboboboobooon
gboocooooobobobooooooobobobooobooooboobobooooooOooboOobOobooooon
boooooobooboboboboooooooboboboooooobooboobOoboboooboooooboOoobOon
cooooooooopogoooso7oodoooogooooooooogoooooooooooooooo
goooobooogo

obooooooobOoboboboboobooooooobooobooboooooooobooboboboobooooon
gboooooooboboboooooobooboboooooobobOoboboooboOoOoobOoboooooboon
ubbooooboobobooooooobooboboboooooooobooboboboooooooobobooooooon
ooooooooboboboooooooogooboboboooboooobooboboobooboobOoboboboooOoo
0000000000000 00008kmiD DI IODODODOODOOOOOOODODOD 1I00D0ODODODODOOOOOOO



gooooboo

gbooboobobooboobooboobboobooboobooboobbooboobooboobooboo
obooobOobooooboboooooboooooooDn



