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1. INTRODUCTION

The occurrence ohultiple Cloudto-Ground (CG) flash incident is a manifestation of the com-
plex electric charge space configuration erigin the bottom layer of a thundercloud. Thus, if

we are able to evaluate the 3D location and the amount of the electric charge Q, involved in the
particular component of this lightning discharge, i.e., the return stroke or the continuing current
stage, fom our multistation Efield recordings on the ground (at least in four distant locations),
then it is possible to have an insight into how such electric structure of the particular thunder-
cloud region favorable for lightning initiation is built. Sometsiibese multiple CG flashes are
grouped in repeated episodes in short time intervals, e. g., from a few to several minutes, what
can inform us about the time changes of the electric charge space redistribution in this thunder-
cloud region. More detail ancegeral information on multiple CG flashes is given for example

in Table 1.1 in Rakov and Uman (20@3. 1, p. 7).

2. MEASUREMENT SET-UP AND RESULTS

The four Local Lightning Detection Network (LLDN) stations were located at different and
distant places in thé/arsaw region and were used to record tHeeld signatures of lightning
discharges during the field thunderstorm measurement campaign in 2018. This network config-
uration is shown in Fig. 1, and the exemplary general view of one LLDN statiovers ig

Fig. 2. Using only four of the LLDN stations we were able to fimelfour searched parameters,

i.e., three space coordinates x, y, z and the electric charge Q involved in the particular lightning
stroke. However, we cannot assess the errors of suchuteartsolution. In order to do error
evaluation we should use more than four LLDN stations for efigl& recordings and this was
impossible for us in the 2018 season campaign. The full error analysis of the best search solution
in the case when we havedsposal six LLDN stations located at different places in the War-
saw region is given by Baransitial.(2011). This paper also contains more detailed description

of our LLDN recording system performance and its calibration.
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Fig. 1. The locations of four LLDN stations in the Warsaw region during field thunderstorm measure-
mentcampaigrin 2018. The distances between particular LLDN stations are: LCONMi | a i - we k)
LLDN-F(IGF) 23 km, LLDNF(IGF) i LLDN-E(CBK) 9.4 km, LLDNE(CBK) i LLDN-B( $ wi der )
16km, LLDN-C( Mi | aiLLBNM-R() $ wi d e r Satedi@® napfrok Gnogle Earth.

Fig. 2. The general view of LLDI¥(IGF) station located at the roof of IG PAS building. The GPS
Garmin receiver and-Eeld antenna sensor mounted on tbe of the grey box with the A/D recorder
and the power supply buffer inside.
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The selected three exemplary incidents of multiple CG flashes retrieved from the thunder-
storm episode in the Warsaw region on 25 May 2018 are given in Figk.3a
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Fig. 3a.The Efield signatures of a multiple negative CG flash simultaneously recorded by four LLDN
stations. This CG flash was recorded at 11:00:30 UT and consisted of three return strokes ending with
continuing current stage, and lasted 0.21 s.
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Fig. 3b. The samas in Fig. 3a, except the time occurrence at 11:03:08 UT. This multiple CG flash
lasted 0.25 s.
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Fig. 3c. The same as in Fig. 3a, except the time occurrence at 11:04:04 UT and the flash multiplicity.
This multiple CG flash consisted of five return seelalso ending with continuing current stage, also
lasted 0.25 s.

The thunderstorm episode in the Warsaw region on 25 May 2018 was characterized by sig-
nificant and frequent initiations of multiple CG flashes. During the time interval from 11:00:30
to 11:1415 UT the LLDN stations detected 11 such CG flash incidents (sée Tab

The 3D location and electric charge amount of lightning stroke sources for the three consid-
ered multiple CG flashes during the thunderstorm episode in the Warsaw region 25 ay 201
are presented in Figs. 4.
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Fig. 4a. The (x, y, z, Q) parameters for three return strokes involved in the multiple CG flash recorded
at 11:00:30 UT; the first stroke indicated by red color, the second by magentaandidine third one

by blue color.These strokes discharged the total electric chargblob C in the thundercloud. The
small triangle with big letter B, C,,and F indicates the plane location of the particular LLDN station.
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Fig. 4b. The same as in Fig. 4a, except the time occw@rathe multiple CG flash at 11:03:08 UT.
Here, the three strokes discharged the total electric charge in the thundercloud €ualGo
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Fig. 4c. The same as in Fig. 4a, except the time occurrence at 11:04:04 UT and multiplicity of this CG
flash. Itconsists from 5 return strokes. The first stroke is indicated by red color, the second by magenta
color, the third by blue color, the fourth by cyan cobord the fifth one by green color. Here, these five
strokes discharged the total electric charg@éthundercloud equal @9.2 C.

Having the (X, y, z) parameters for each charge source that was involved in the particular
return stroke of the considered multiple CG flashes we can overlap them on the relevant in time
PCAPPI/plane return stroke positmand VCUT/vertical return stroke positions radar maps. In
this way we can distinguish such thundercloud regions where there were favorable conditions
for the development/initiation of the considered multiple CG flashes. These superpositions are
shown bebw in Figs.5a5c and Figs.G&c, respectively.

It is worth noting that all electric charge source locations of the considered return strokes
involved in multiple CG flashes overlapped on the PCAPPI and VCUT radar maps (see
Figs.5a 5¢ and Figs. G&c) arecollocated with the intense core of precipitation shaft at the
base of the thundercloud. It could mean that the large amount of negative electric charge in this
thundercloud layer is deposited on big highly charged cloud patrticles that later on are giving
gush rain at the ground. The most frequent occurrence of multiple CG flashes was recorded
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Fig. 5a. The plain locations of three return strokes from the multiple CG flash recorded at 11:00:30 UT
and overlapped on the PCAPPI radar map from 11:00 UT. ktay; data are taken from the meteoro-
logical radar (METEOR 1500C) at Legionowo station and operated by the INNRM
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Fig. 5b. The same as in Fig. 5a, except the time occurrence of multiple CG flash at 11:03:08 UT.
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Fig. 5¢c. The same as in Fig. Bxcept the time occurrence at 11:04:04 UT and multiplicity of this CG
flash.
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Fig. 6a. The height of the particular return stroke electric charge source of multiple CG flash recorded
at 11:00:30 UT and overlapped on the VCUT radar map from 11:00 UT. tHexdeight is equal to

1.5, 1.1 and 1.2 km, respectively. The radar data are taken from the meteorological radar (METEOR
1500C) at Legionowo station and operated by the IMRI.

duringthe thundercloud dissipation stage and lasted from 11:00 to 11:1I% tils time period
we were able to distinguish eleven such lightning discharge incidents using our LLDN data in
the posttime analysis. These CG flashes are listed together in Tab. 1. It is worth noting that
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Fig. 6b. The same as in Fig. 6a, excéat ime occurrence of multiple CG flash at 11:03:08 UT and
with the height of stroke sources at 1.0, 1.0 and 2.1 km, respectively.

Fig. 6¢c. The same as in Fig. 6a, except the time occurrence at 11:04:04 UT and multiplicity of this CG
flash. Here, the helg of stroke sources is equal 1.5, 1.1, 2.6, 1.2 and 1.2 km, respectively.

although we had not possibility of using the fifth redundant LLDN station allowing us for cal-
culation of errors of the searched quantities (X, y, z and Q), we can in the endh nwkse
assumption that for each return stroke we find its plane location as an independent observation
that should indicate similar plane coordinates, i.e., x and y for successive impacts in a multiple

CG discharge. Such a coarse assumption can of cootr$e extended to its z and Q compo-

nent. But,anayk ng t he values of o@d given in Tab. 1,
obtained the results are satisfactory and od



