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Abstract

This paper presents an experimental evaluation of the performance of the Catalan Lightning
Location Network (XDDE). The XDDE covers the Catalan region of Spain (North-Eastern) and is
composed by three VHF interferometers SAFIR type. For the experimental evaluation, electric
and magnetic fields as well video recordings were recorded during several thunderstorms. The
experimental detection efficiency resulted in average values of 92.4 % for 2004 and 90.55 % for
2005. The evaluation of the flashes located in a range of 10 km from the measurement point
compared with the predicted total electric field change resulted in agreement of 70 % to 95.5 %.
The flash multiplicity determined from electric field signatures and magnetic field derivative
signals agreed in a 30 %. Regarding polarities of return stroke currents, a 21 % of the Cloud-to-
Ground (CG) flashes presented both polarities. Finally video recordings confirmed the previous
values of efficiency, accuracy and multiplicity.

1. Introduction

The Catalan Lightning Location Network (XDDE) is operated by the Catalan Meteorological
Service (Meteocat). This network is composed by three VHF interferometers type SAFIR
(Surveillance et d’Alerte Foudre par Interferometrie Radioelectrique) which is described by
Richard (1992). The XDDE network covers the Catalan region (North-Eastern) of Spain and its
theoretical accuracy is presented in Figure 1.
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Figure 1. a) Catalan region (North-Eastern Spain); and
b) XDDE sensor locations and theoretical accuracy plot. Source:VAISALA, INC.

Several works presented evaluations of different lightning location networks in different
countries. The National Lightning Detection Network in U.S. (NLDN) and its predecessors have
been several times evaluated in different ways, among other works [Maier and Jafferis (1985),
MacGorman and Rust (1985), Mach et al. (1986), MacGorman and Taylor (1989), Orville
(1991), Maier et al. (1995), Brook et al. (1989), Lopez et al. (1992), Cummins et al. (1995,1996,



1998), Idone et al.(1998a,b)]. The Austrian lightning location network has been also several
times evaluated, i.e. [Diendorfer et al. (1998a,b)]

Only few works presented studies related to the evaluation of SAFIR networks. Kawasaky
(1994) evaluated a network located in Japan which was composed by three interferometers
network. The analysis was done by comparing meteorological radar data and lightning locations
and by a special event where a lightning struck a power transmission tower. Kawasaky
concluded with the capabilities of this network in providing lightning warnings. Other work by
Loboda et al. (2004) compared the Central European Lightning Detection Network (CELDN)
with a nine sensor SAFIR 3000 network in Poland. In this work they found agreement in the
general characteristics of lightning but CG activities and multiplicity were significantly different in
some regions. Finally, they found strong dependence of the performance of both networks due
to its configuration.

Hehoe and Krider (2004) presented an evaluation from video tape recordings the region
near Tucson (Arizona). They found a flash detection efficiency about 95 % and a stroke
detection efficiency of 78 %. In previous studies at the same region Parker and Krider (2003)
found lower flash and stroke efficiencies with values of 71 % and 41 % respectively.

This paper presents a method to evaluate the performance of the XDDE lightning location
network. Several experimental measurement field campaigns have been carried out during
summers 2004 and 2005. In these campaigns lightning caused electric and magnetic fields
have been measured at different distances from lightning flashes. Digital video has been also
recorded during the experimental measurements.

2. Mobile measurement station

The measurement equipment was arranged for mobile operation. A field mill and two flat
plate antennas were employed for measuring electric fields while, for magnetic fields, two
perpendicular loops were employed. Data from the field mill was recorded in a computer. The
signals from antennas were digitized and recorded by a four channel digitizer. All data was time
synchronized by a GPS receiver. For video recordings, a common 25 frames per second digital
video camera was employed. Only a wide-angle lenses and optical filter lenses were adapted to
the camera in order to have a wide field of view and to attenuate image saturations during night
recordings. Figure 2 shows the measurement station diagram.
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Figure 2. Experimental measurement station diagram.
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3. Evaluation methodology

Four techniques were employed in order to evaluate some aspects of the network
performance: i) experimental detection efficiency; ii) 10 km range location quality; iii) stroke
discrimination; and iv) video analysis.

3.1 Experimental detection efficiency

Detection efficiency of a lightning location network is a common parameter employed in
order to characterize the network performance within a certain region. The detection efficiency



of the XDDE was evaluated by comparing electric field changes due to lightning flashes in the
quasi-static electric field and XDDE detections. In this analysis Intra-Cloud (IC) flashes and
Cloud-to-Ground (CG) flashes were not distinguished.

3.2 10 km range location quality

Flashes occurred in a range of 10 km from the measurement site have been analyzed. The
analysis consists on the comparison between the quasi-static electric field change due to a
lightning flash and the distance determined by the XDDE. Predicted electric field changes were
obtained from Montanya (2004) .Four different situations were considered: i) A flash located into
the range that produced a consistent electric field change; ii) A flash located into the 10 km
range and produced an abnormally low electric field change; and iii) A flash located into the
range but not produced an appreciable electric field change. Figure 3 schematizes the three
considered situations.
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Figure 3. 10 km range location analysis: a) flashes located within 10 km that produced a predicted electric

field change AE; b) flashes located within 10 km that produced a very low electric field change AE; and c)
flashes located within 10 km that not produced an appreciable electric field change AE.

3.3 Stroke discrimination

Electric field changes related to each flash were measured by two flat-plate antennas.
Derivative magnetic fields were also measured by two magnetic loops. Both signals were
digitized by a high speed digitizer and time synchronized by a GPS receiver. Then return stroke
field changes were analyzed for each recorded flash and compared with the multiplicity and
polarity resolved by the XDDE.

3.4 Analysis form video recordings

Video recordings of 67 flashes were studied. For each flash the azimuth of the recorded
flash was compared with the direction and location obtained by the XDDE. For CG flashes, the
multiplicity was also compared.

4., Results and discussion

A total of 1848 and 1088 flashes corresponding, respectively, to the 2004 and 2005
campaigns, were analyzed. The experimental detection efficiency for these flashes is evaluated
and presented in figure 4. For both years, the detection efficiency ranged from 82.92 % to 98.7
% and the mean detection efficiency for 2004 and 2005 were 92.4 % and 90.55 %, respectively.
The detection efficiency analysis of the U.S. National Lightning Detection Network (NLDN)
performed by Kehoe and Krider [2004] near Tucson (Arizona) was 95 %. Thus, the efficiency of



the XDDE could be compared with the efficiency of the U.S. NLDN although the difference in
the number of sensors (3 sensors for the XDDE versus more than 100 sensors for the NLDN).
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Figure 4. a) and b) are the experimental detection efficiency results for 2004 and 2005
campaigns, respectively.

The percentage of flashes presumably well located within al0 km range is displayed in
figure 5.
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Figure 5. 10 km range most probable location analysis for: a) 2004; and b) 2005 campaigns.
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From the 10 km range analysis (figure 5), 6.8 % flashes not produced an appreciable
electric field change. In other point of view, a 6.8 % of the flashes were not well located by the
XDDE or were not detected. In the previous analysis both CG and IC flashes were taken in to
account.

Comparisons of CG flashes between electric field signatures and XDDE detections were
made in order to evaluate the multiplicity assigned by the network. For 2004 campaign a total of
87 CG flashes were analyzed while for 2005 campaign only 20 CG flashes were considered.
Results for 2004 are presented in Figure 6, nearly a 30 % of the measured flashes agreed in the
number of strokes while a 43.6 % completely disagreed. A 9.2 % of flashes presented both
polarities and 17.2 % were not detected.
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Figure 6. Multiplicity analysis for 2004 campaign.



The analysis of 2005 presented similar values, a 35 % of the flashes were coincident in
number of strokes while a 45 % not agreed. In the evaluation of Kehoe and Krider [2004], found
a stroke detection efficiency near Tucson (Arizona) of 78 %. Then a 45 % of stroke detection
efficiency for the XDDE with only three sensors apparently is not bad at all.

Digital video were also recorded during both campaigns. For 2004, 18 flashes were
recorded and analyzed while for 2005 a total of 49 flashes were available. Figure 7 shows a
video frame of a flash that was located 7.7 km from the measurement site.
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Figure 7. Video frame of a CG flash recorded on August 20, 2005 at 15:28:19 UT.

Video analysis denoted that a 44 % of CG flash locations agreed with video recordings. In
less proportion, around 20 % the stroke number agreed. Regarding IC flashes, approximately a
90 % of the flash locations were consistent with the observations.

The analysis of the XDDE during these two years denoted a high proportion of flashes with
positive and negative polarities. For 2005 campaign a 59 % of the CG flashes were classified as
negative, a 20 % as positive and 21 % as bipolar. Similar results were found in 2004 return
stroke currents. CG flashes are discriminated by the Low Frequency (LF) electric field antennas
in the SAFIR sensors. Also LF electric field is employed to determine the polarity of each return
stroke. Probably noise from nearby broadcast radios in the range of few MHz could perturb
lightning electric field waveforms and produces confusions in the polarity discrimination.

Conclusion

This paper presented an experimental evaluation of the performance of the XDDE network.
The XDDE is composed by three VHF interferometers type SAFIR. In other hand, an
electrostatic field mill, two flat-plate antennas, two magnetic loop antennas and a digital video
camera were setup for a portable operation. The comparison of different aspects is summarized
as follows:

e The detection efficiency shows average values higher than 90 % and not lower than
82.92 %. These values are comparable with detection efficiency of larger lightning
location networks.

e The analysis of locations within a range of 10 km from the measurement point denoted
that more than 70 % (mean value of 84 % for two years) of the flashes are presumably
well located within this range.

e Video analysis for IC flashes shows similar results as the analysis of 10 km range. But
regarding CG flash locations only a 44 % of flashes seemed to be well located.

o Multiplicity agreed in an approximately 30 % in the comparison between electric field
signatures and XDDE strokes; and a 20 % when video recordings were considered.

e During the analysis of XDDE locations for these two campaigns, we conclude that IC
flashes were well located in a high percentage. Sometimes, some CG location related
to a particular IC event is located in other active cell. Additionally, possible noise in the
LF electric field antennas of the SAFIR system due to broadcast radios could introduce
errors in the CG location and characterization.
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