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I.INTRODUCTION
This work is centred on the study of a heavy rdlifjpisode
that took place over the Biscay coast in Septemioé92
with special focus on the data obtained from ttditning
detection.

In September 162009, an aisled depression at high
levels crossed over the Basque Country following Nive
direction. In September {17t turned back and in September
18" it placed over the Basque Country, moving towahds t
south of France. This dynamic instability receivéte
contribution from humid air due to the North winad low
layers.

The rainfall in September f8affected mainly the
area of the village of Bermeo, in the Basque Country
seaside, close to Cape Matxitxako. The rainfallelhsfior
hours and left over 228.1 mm of precipitation, waitrer 50
mm registered in one hour. Other points in the Bisca
coastline were also affected by heavy precipitation

During this episode, total lightning detection was
performed using the two lightning detection netvgork
available in the Basque Country. These networks aare
LF/VHF network and the LF/VLF sensors of the Eurape
network Linet, each of them operating with four s@s in
the territory of the Basque Country.

The LF/VHF network reported 269 cloud-to-ground
(CG) lightning discharges in a 10 km radius areareénin
Bermeo. These locations were performed using the
combination of time of arrival (TOA) and magneticettion
finding (MDF) technologies in this network. 263 thfese
events were time-correlated with a precision of lasan one
millisecond to the detections performed by the UEFV
network sensors, which represents a high correldgeel.

The rainfall episode could be perfectly monitorgd b
the experts working in meteorological surveillahgeusing
different real-time information systems, such asativer
radars, satellite, the automatic weather staticwork and
the two lightning detection networks.

1. DESCRIPTION

This research is focused on the analysis of a heanyall
episode from the point of view of lightning detecti By the
end of the summer season, many thunderstorms ox@ss
the Basque Country, leaving certainly interestingsegés
for research purposes. These thunderstorms sonselfiaree
behind heavy rains and high levels of electrictivdg. This
is the case of the episode presented in this papggch
happened on September™B3009.

The heavy rainfall episode was due to an aisled
depression that crossed over the Basque Countryan th
previous days, returning to the coast of Biscay plading
over Cape Matxitxako on September "18009. The
thunderstorms lasted for many hours, leaving 228 ofim
precipitation.

g 100k MAX (dBZ)
13:02 / 18-sep-2009
Kapildui Offline

hist01.max

Clutter Filter: Doppler Num 8 to 9

‘Time sampling:38

PRF; 900 Hz /675 Hz

Range: 100 km

Height 2.000 km to
10.000 km

Hor Res: 0.250 kmypixel

Vert Res: 0.080 kmjpixel

Data: Radar Data

Rainbow® Gematronik

FIG. 1: MAX product provided by the ‘radar of Kapildon
September 182009 at 13:02 UTC.

Fig. 1 presents an example of the precipitation
detection performed by the weather radar of Kapildu
operated by the Basque Meteorology Agency
(EUSKALMET). The area indicated by the red circle
represents the location of the villages most adigédiy the
rainfall.

Apart from the analysis of the meteorological
conditions that lead to the formation of the heaainfall
episode over the coast of Biscay and the real time
monitoring of the episode using data from the auwtibn
weather station network and the weather radar ctnigd be
one of the first times when total lightning deteaticould be
performed in the Basque Country with the data of two
different lightning detection networks.

The electrical activity in the reduced area of the
Basque Country (~7000 Bncan be monitored with a small
number of sensors. However, this may lead to inaoies
due to the failure of one of the sensors in thevadt. Two
lightning detection networks were used in this egés The
first one, composed of four LF/VHF LS8000 sensors
(manufactured by Vaisala), began its operation dwetnber
2008 (Gaztelumendi et al. 2009) (Lopez et al. 20aay by
the time of the rainfall episode it was completeferative.
The second one consists on four LF/VLF Linet sen¢Betz
et al. 2005) that was setup between the monthsayf &hd
July of 2008. The redundancy introduced by the ges of
these two networks is a must for operative reasassjring
the availability of data even when one of the nekso
suffers from the failure of one or more sensors.

The use of the LF/VHF network allows the
monitoring of both CG events and intra-cloud (IC) VHF
radiation sources. The number of these sources is
overwhelming in order to be graphically represented
although they were monitored online, as they prevideful
information about the different stages of the themstbrms:
initiation, mature stage and decay.
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The data available by the Linet network consists of
CG impacts and IC events, with an estimation of their
altitude. For the research purposes of this wdr,attention
has been driven into the temporal correlations eetwthe
CG impacts detected by the two networks.

[11.RESULTS
For the analysis of the lightning detections duritige
episode under study, a circular area of 10 km sadias set
with centre in the village of Bermeo, which was aidahe
most affected by the rainfalls in that day.
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FIG. 2: CG impacts around Bermeo as detected bylLEH¥HF
network.

Fig. 2 depicts the CG lightning impacts detectedhsy LF
part of the LF/VHF network. The total number of CG
impacts represented in the selected area in tloimirpi is
269.

These events have been compared to the events
detected by the Linet network. The criteria appliedthis
comparison has been as follows. An event is timeetated
if the time difference between the data reportedheytwo
networks is lees than or equal to one millisecond.

The study of the time correlations shows that 263 o
of 269 are correlated with Linet events. This igeay high
correlation level between the events detected &y EVHF
network and those detected by the LF/VLF sensors.

The following picture presents the distributiontioé
pairs of time correlated events close to the wilaof
Bermeo.

FIG. 3: Pairs of time correlated events close toiz®

Correlated pairs are named with a number that
assigned accordingly to the time when the evenpéagd.

Considering the 263 correlated events, we can report
the following statistics:
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FIG. 4: Distribution of positive and negative CGeats detected by
the two networks

The percent of positive impacts detected by the VLF
network is a little far from the normal values ofgacts with
this polarity taking into account the warm seasonttie
latitudes of the Basque Country. It should be cldsethe
distribution given by the LF network, as presernite#ig. 4.

It must be remarked that the VLF network events are
both CG and IC. Therefore, LF CG events are time
correlated with VLF ICs and CGs. About the 25% of the
events detected by the VLF network are IC. This is
interesting from the point of view of the two diféat
detection technologies in use. A time correlatednémay
be detected as IC and CG respectively by the differen
networks, being the IC a cloud precursor to the @@aict
detected by the LF network.

Another interesting data that can be outlined & th
confidence area of the CG events detected by the LF
network. This parameter represents the most prebatsda
in which the lightning impact may have happenedisit
given in terms of the semi-major and semi-minorsaxkan
elliptical area. The median value of the semi-majxis for
the CG events in the study area is one kilometrectwh
remains acceptable in terms of quality and witlpees to
the geometry of the network.

As it has been related before, most of the elestric
activity affected the specific coastline of Biscalpse to
Cape Matxitxako and the village of Bermeo. One of the
LF/VHF sensor sites is located at Cape Matxitxakbe T
electrical activity at the site was strong, andaasesult of
this episode a major failure in the GPS systemtdweclose
lightning impact led to the failure of the LF subsm.

[11. CONCLUSIONS
In this paper a heavy rainfall episode over thestad the
Basque Country. The attention has been focused on
lightning detection.
Two different lightning detection netwerwith three
technologies were used for total lightning detettio

4 Previous to this series of thunderstorms, otherersev

weather episodes had been monitored using the LF/VH
network. That is the case, for example, of the Klau
cyclogenesis (Gaztelumendi et al. 2009). The thistdiems
over the Biscay coastline lasted for hours, and rtat260
cloud to ground lightning impacts were detected &nee
correlated between the two networks.
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The level of correlation acquired, otlez 97% of the
total number of CG impacts registered by the LF
subnetwork, represents a very good quality in the
measurements and, therefore, shows that the ligitni
detection networks installed in the Basque Countrjopm
very well.

These networks have provided a new pointiew
for meteorologists, people working in weather sillagce
and researchers in the Basque Country. Together thvith
real time information available from the automatieather
station network and other information systems, sastihe
weather radar, they provide a complete dataset of
thunderstorms. Severe weather episodes such asnihe
related in this paper could be monitored usingligtgning
detection networks.

The information made available by thetwwoeks
allows a perfect monitoring of the evolution of
thunderstorms in the Basque Country.
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