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Abstract — The size and duration of lightning flashes are
examined. Data from the Ebro Valley Laboratory Lightning
Mapping Array is used as reference. Additional data from
the VLF/LF LINET network is included. In the analysis, each
flash is simplified by a confidence ellipse fitting most of the
detected sources. The major axis of the ellipse is adopted
as the flash length. Flash durations are computed too. The
analysis of 778 flashes results in a median flash length of
~14 km with a median duration of ~0.3 s. The results
presented, besides characterizing the storm activity, they
can be useful to define stroke grouping criteria, lightning
flash density calculations and lightning warning purposes.

1 - INTRODUCTION

Lightning is characterized by a large number of
parameters. Most of these parameters have been
obtained remotely by the measurement of associate
electromagnetic fields, optically and directly by means
instrumented towers and rockets. Despite of the efforts
to provide statistics of lightning parameters for many
decades, technological improvements can still help to
provide and update most of them.

Two basic parameters as flash duration and size are
addressed in this paper. Flash durations were treated by
Brook and Kitagawa [1] by means of electric field
measurements. In their work the total duration was
defined as ‘the time interval between the first burst of
pulse activity and the last detectable R- or K-change
pulse’. The analysis of 784 dischargers revealed a
median duration of 0.5 s which was twice as large as the
durations given by Bruce and Golde [2], Schonland [3]
and Pierce [4]. Later Ogawa and Brook [5] also found an
average duration of 0.5 s for cloud flashes.

Recently three-dimensional lightning mapping systems
have been used to calculate the total length of lightning
channels in order to estimate NOx per flash and other
lightning properties [6-7].

There are some fields in which knowing the flash size
and duration is very useful. For example, in lightning
protection applications, lightning flash characteristics are
necessary when addressing risk assessment. Lightning
flash data is generally obtained by operational lightning
location systems. Those systems mainly detect cloud-to-
ground (CG) strokes. In order to determine flash
properties and to obtain lightning flash densities, the
strokes need to be grouped into flashes. The grouping of
strokes is based on a space-time criterion [8]. To do so,
flash size and duration must be known. On the other
hand, many procedures of lightning warning use the

lightning distance as part of alarm decision [9]. In such
case it is important to know how large lightning flashes
are.

In this paper we present the statistics of flash duration
and size computed from the detections by the Lightning
Mapping Array operating in the Ebro Valley Laboratory
(north east of Spain). Moreover, the same analysis is
done for the detections of the VLF/LF LINET network
data.

2 - DATA

In 2011 a Lightning Mapping Array (LMA) system [10-11]
was deployed at the area of the Ebro Valley Laboratory
in the North East of Spain. The arrival times of impulsive
radiation events in the 60-66 MHz VHF band are
measured at six to twelve ground-based stations and are
used to determine the development of individual lightning
discharges in three-dimensional space and time.
Differences in the radiation and propagation
characteristics of negative and positive breakdown are
used to determine the polarity of the lightning channels
[10] and to infer the charge structure [12]. The same
area is covered by the European VLF/LF lightning
detection network LINET [13]. This network provides CG
stroke locations and intracloud (IC) emissions in VLF/LF.
The IC detections are located in altitude too. Figure 1
shows and example of the combined LMA and LINET
data of an individual flash.
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Figure 1- Example of an IC flash. Top: Height vs. time; Bot: side
and top projections. Detections are colored by time. LINET
detections are represented by *.

3 — FLASH COMPUTATION

Lightning flashes can show very complex leader
structures. In addition, the LMA data can be noisy too.
Then, to compute automatically the total size of a data
large sample can be tedious. A simple procedure to
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compute the size of a flash is presented in this paper.
The method fits the LMA sources of each individual flash
into an ellipse. As a result, the flash can be described
using three simple parameters: major axis, minor axis
and inclination of the ellipse. Figure 2 shows an
example.
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Figure 2- Flash fitted to an ellipse. The three parameters that
defines the ellipse are indicated.

The ellipse represents a confidence region defined by
certain standard deviation. By setting properly the
standard deviation, the confidence ellipse will enclose
most of the LMA sources that forms the flash structure
while scattered noisy sources will have less influence in
the fitting. Figure 3 displays the same flash fitted by
ellipses with 1.5 and 2 standard deviations.

409 15 5tDev

03 035 04 045 05 055 06 065 07
LON (deg)

Figure 3- Ellipse fitting data containing 1.5 standard deviations
(left) and 2 standard deviations (right).
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The same procedure as described above has been
applied to LINET detections of individual flashes. Figure
4 plots a flash with LMA and LINET detections and their
fittings.
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Figure 4- LMA and LINET detections and their fitted ellipses with
a standard deviation of 1.5.

While the procedure has been automatized; in this work
each fitted flash has been manually validated in order to
reject uncertain cases.

4 — RESULTS

Firstly, the spatial extension of lightning flashes is
estimated by the distribution of the lengths of the major
axis of the ellipses. Figure 5 presents the distribution of a
778 flashes during two storms passing over the LMA
network.
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Figure 5- Distributions of flash lengths with LMA sources (left)
and LINET detections (right).

The flash length distribution by means of the LMA data
presents a median of ~14 km whereas by the
computation of LINET it results in ~2.2 km.

Secondly, the shape of the lightning flash can be
analyzed by means of the distribution of the major axis to
minor axis ratio. Figure 6 plots the distribution for the
LMA flashes.
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Figure 6- Distribution of the minor/major axis ratio for the LMA
flashes.

The ratio of minor to major axis has a median of 0.55,
indicating that lightning flashes are typically described by
an ellipse with its major axis doubling its minor axis.

Thirdly, flash durations are easily estimated by
computing the time differences between the first and the
last detections of the flash. Figure 7 depicts the
distributions of the flash durations obtained.
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Figure 7- Flash durations according to LMA (left) and LINET
(right).

The median and mean of the durations for the LMA
flashes are 0.33 s and 0.37 s, respectively. In the case of
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LINET, the median and mean durations are 35 ms and
0.13 s, respectively.

It is worthy to plot the flash length versus duration. Figure
8 displays the LMA flash length versus the duration.
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Figure 8- LMA flash length versus duration.

Finally, figure 9 displays the vertical extension of the
analyzed flashes. The vertical extension here is the
distance between the groups of the 10 % highest
sources and the 10 % lowest.

60+ ]

Frequency

1[I‘EIEI ZEIIEIEI 3[II[IEI 4EI‘EIEI SEII[I[I EEI‘EIEI 7Dhﬂ
Z(m)upper 10% - Z(m) lower 10 %
Figure 9- Vertical distribution of the flashes. The height
corresponds to the difference between the average altitude of
the 10 % highest and the 10 % lowest.

5 - DISCUSSION

Median length of lightning flashes computed by LMA
data resulted in ~14 km with maximum cases above 50
km whereas the median length by LINET is much shorter
(~2.2 km). However it is interesting to see how in this
case the maximum lengths are similar and higher than
50 km.

A similar behavior occurs with the durations, LMA
median and average durations are much higher than in
the case of LINET, but both present cases with maximum
durations above 1 second. The differences between both
networks are mainly due to the different lightning
processes that each network detects. The LMA
detections correspond to lightning leaders, specially
those negative, whereas LINET detects CG and IC
‘strokes’.

In order to provide more representative statistics, the
sample must include as much as different storm types
and conditions as possible. There are several factors
that can determine the flash size and duration. In the
same storm, flashes in the convective region tend to be
more compact whereas flashes in stratiform areas can
be very large. Dramatic differences between convective

and stratiform flashes can appear in mesoscale
convective systems (MCS). Then, it is desirable that the
sample includes a representation of small convective
storms, large storm systems and supercells. In addition
the reduced range of detection of the LMA systems
makes difficult to have all the storm life time in the range.
So that is limited to a small set of cases.

The information presented here has several implications.
First, the duration of the flashes and their size give
information related to the storm activity and extension. It
is shown in figure 8 how duration and size are related to
each other. Second, the statistics of size and durations
have implication in the calculation of lightning flash
densities and stroke grouping criteria, as changing these
parameters will have an effect on the number of flashes
and consequently in the flash densities. Current criteria
for grouping strokes are a maximum distance of 10 km
between strokes, a maximum duration of 1 s and a
maximum inter-stroke interval of 500 ms (e.g. [8]). The
elementary parameters presented here can also help to
decide a grid size when computing lightning flash
densities. Finally, the statistical knowledge of flash size
can be also used as reference for lightning warning
purposes where the distance between lightning
occurrence and the target to be warned provides some
lead time for preventive actions and to recover the non-
alarm status. The results indicate the convenience of
combining lightning and radar data. As previously
pointed in previous works [14], lightning in convective
cells tend to be frequent and compact but contrary,
lightning in stratiform regions can be very large but less
frequent.

6 — CONCLUSIONS

In this paper elemental lightning flash characteristics like
size and duration of a CG flash have been presented,
based on data from modern lightning mapping systems.
The analysis has been done using flash detections
recorded by the Ebro Valley Lightning Mapping Array
(LMA) and the VLF/LF European network LINET. The
LMA provides a wide range of sources per flash that
allows distinguishing the detailed flash structure. In order
to simplify the flash geometry and reduce the effect of
noise, confidence ellipses are proposed as a simple
method to characterize the spatial extension of a flash.
The same method has been applied to the LINET
detections.

In this work, the results obtained from a sample of 778
flashes are presented. To sum up, the median length of
a flash is about 14 km while its duration is 0.33 s. In the
sample, the maximum flash length is over 50 km with
maximum duration over 1 second. Even though these
values do not correspond to an extensive analysis of
data, they can be taken into account when strokes are
grouped into flashes and lightning flash densities. That is
the case when data from operational grade lightning
location systems are used.

Future work will include radar data in order to check the
relationship between size of flashes and the extensions
of the radar reflectivity fields. Besides, time evolution of
both can provide very valuable information for storm
characterization and warning purposes. Moreover, CG
and IC flashes will be distinguished in the analysis.

Session|- P2-9



8 - REFERENCES

[1] Brook, M., and N. Kitagawa, “Some aspects of lightning
activity and related meteorological conditions”, J. Geophys.
Res., 65(4), 1203—1210, doi:10.1029/JZ065i004p01203, 1960

[2] Bruce, C. E. R., and R. H. Golde, “The lightning discharge”,
J. Inst. Elect. Engrs. London, 88, 487-505, 1941.

[3] Schonland, B. J. F., “The lightning discharge”, Handbuch der
Physik, 22, Springer Verlag, Berlin, 576-628, 1956.

[4] Pierce, E. T., “Electrostatic field-changes due to lightning
discharges”, Q.J.R. Meteorol. Soc., 81:211-228.
doi: 10.1002/qj.49708134808, 1955

[5] Ogawa, T., and M. Brook, “The mechanism of the intracloud
lightning discharge”, J. Geophys. Res., 69(24), 5141-5150,
doi:10.1029/JZ069i024p05141, 1964

[6] Thomas, R.J, P. Krehbiel, W. Rison, and E. Burning,
“Lightning Flash Length Estimation from Lightning Mapping
Array Measurements”, 6th Conf. on the Meteorol. App. of
Lightning Data Proceedings, Austin (TX), US, January, 2013

[7] Eric C. Bruning and R. J. Thomas, P. R. Krehbiel, and W.
Rison, “Fractal-based lightning channel length estimation from
convex-hull flash areas for DC3 Lightning Mapping Array data”,
6th Conf. on the Meteorol. App. of Lightning Data Proceedings,
Austin (TX), US, January, 2013

[8] Rakov, V. A., G. R. Huffines, “Return-Stroke Multiplicity of
Negative Cloud-to-Ground Lightning Flashes”, J. Appl. Meteor.,
42, 1455-1462, 2003

[9] EN-50536:2011, Protection against lightning - Thunderstorm
warning systems.

[10] W. Rison, R. J. Thomas, P. R. Krehbiel, T. Hamlin, J.
Harlin, A GPS-based three-dimensional lightning mapping
system: Initial observations in central New Mexico. Geophys.
Res. Lett. 26, 3573-3576, 1999

[11] Krehbiel, P.R., Riousset, J.A., Pasko, V.P., Thomas, R.J.,
Rison, W., Stanley M.A. & Edens H.E., “Upward electrical
discharges from thunderstorms”, Nature Geoscience, 1, 233 —
237, 2008

[12] L. M. Colemanet al., “Effects of charge and electrostatic
potential on lightning propagation”, J. Geophys. Res., 108,
4298, 2003

[13] Betz, H.-D., K. Schmidt, P. Oettinger, and M. Wirz,
“Lightning detection with 3-D discrimination of intracloud and
cloud-to-ground discharges”, Geophys. Res. Lett., 31, L11108,
doi:10.1029/2004GL019821, 2004

[14] E.C. Bruning, and D. R. MacGorman, “Theory and
Observations of Controls on Lightning Flash Size Spectra,” J.
Atmos. Sci., 70, 4012-4029, 2013.

Main author

Name: Joan Montanya

Address: Colon 1, 08222 Terrassa (Barcelona), Spain
Phone: +34 937 398 071

E-mail: montanya@ee.upc.edu

Session |- P2-10



