[image: image1.png]LIGHTNING LOCALIZATION IN
BELGIUM

Henri Malcorps and Michel Crabbé

For a highly industrialised country with a high poputa-
tion density, such as Belgium, lightning may have
important socio-economical consequences. It is not sur-
prising that, although we have aimost no real severe
thunderstorms in Belgium, it has been a subject for study
from the beginning of the establisnment of the meteoro-
logical division of the Observatory of Belgium.

1. Acoustic observation

The number of thunderstormdays, that is to say, the
number of days thunder is heard, has been observed at
the Observatory in Brussels, from 1833 on. The result of
these observations is given in table 1 (Sneyers, 1961).

The heterogenecusness becomes nevertheless less im-
portant if the thunderstormdays over the whole country
are considered. For this reason Sneyers (1961) studied
the series of thunderstormdays over the whoie of Belgium
from 1929 to 1960. This is an increasing series (Figure
2) mainly due to the low values of 1929 and those be-
tween 1940 and 1945,

The increase in 1930 corresponds to a reorganisation of
the observing network by which the number of observa-
tion points grew from 120 to 250. The decrease during
1940 to 1945 corresponds to a decrease in the number
of observation points during the war. Between 1938 and
1950 the number of observing stations grew to more than

. 300, apparently without influence on the observations,

which could mean that the optimum observing density
had been reached and that the observation radius of a
station is about 6 to 7 km.

Table 1 : The annual mean number of thunderstormdays for Brussels-Uccle

——— e

1833-1842 1843-1852 {853-1862

1863-1872 l 1873-1882 I 1883-1892

1893-1902

1901-1930

-_ e,

11,1 16,0 17,7 18,4

Between 1901 and 1930, thunderstorms were cbserved
at about 40 different locations in Belgium. The resuit of
these observations was published in 1947 by Poncelet
and Martin (RMI) (Figure 1).

Table 1 shows a progressive increase of the number of
thunderstormdays and figure 1 shows an irregular distri-
bution of the thunderstormdays with respect to the place.
The observation series are clearly heterogeneous. The
problems of the acoustic observations are well known,
the number of the observers changes as well as their
location, the observer is not always active under the
same circumstances, the distance within which thunder
may be heard is variable etc. Moreover, the same impor-
tance is accorded to a storm with only one lightning as to
one with 1000 grounddischarges.
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21,3 22,3 29,0 12,0

Sneyers also attempted to give some information about
the localization of thunderstorms in Belgium and their
seasonal variation. He divided the country into three
regions (Figure 1). Table 2 shows that most thun-
derstorms occur in region {1, and this is mainly due to the
summer thunderstorms; in winter there is no distinction
with respect to the different regions; in spring there are
less thunderstorms in region | near the coast and in
autumn there are more storms near the coast than in
region lIl. This is probably due to the effect of the sea on
the stability of the atmosphere, tending to increase the
stability near the coast in spring and the instability in
autumn. Bodeux (1989) tried to give more detailed infor-
mation by considering the number of thunderstormdays
per province.
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Figure 1 : Annuai mean numoer of thunderstormdays for the Belgian meteorological stations
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Figure 2 : Annual frequency of thunderstormdays over Belgium
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Table 2 : Mean frequency of thunderstormdays for the regions |, Il and lll as indicated in figure 1
(excluding the thunderstormdays over the whole country)

H P E A Année

T 1,7 4,0
11 t,8 8,6

ur 5 (,8 7,9

2. Electronic lightning observations

After the second World War, in order to circumvent the
difficuities of the acoustic observations, benefit was taken
from the electromagnetic energy emitted by lightning.
The lightning channel, which may have a length of a few
kilometres to several dozens of kilometres, is a VLF
emitter which surpasses easily all the other VLF emitters.
For groundlightning, the maximum of the energy spec-
trum is located at about 6 kHz. The direction in which
lightning occurs with respect to the observation site may
easily be determined by measuring the direction of the
magnetic component of the intercepted radiation.

Basically, in principal the localization of each individual
lightning may be determined if its direction is measured
at three non-collineair cbserving points.

In 1950 a single 25 kHz direction-finder was installed at
the RMI, but no useful data could be obtained from this
system. Mainly because of the lack of informatics to treat
the data and because a system with one single antenna
only permits the determination of the direction of the
storms. Even if three stations would have been installed,
at that time it would not have been impossible to synchro-
nise them sufficiently.

More recently (1981), mainly under impulse of one of the
important electricity distributors in Belgium, a network of
CIGRE-lightningcounters (Malcorps, Crabb, 1985) was
set up (Figure 3). The CIGRE-counter is a standard
instrument introduced at the "Conference internationale
des Grands Réseaux Electriques”.

2.1. CIGRE lightningcounters

The lightningcounters detect the electric field emitted in
the VLF or ELF region by lightning. Each time this electric
field rises above a given threshold, an electronic counter
is increased by one unit. The value of the counter is read
each morning by the observer and transmitted to the RMI.

From the range within which these instruments detect

lightning and the efficiency by which they discriminate
groundlightning from cloudlightning, the number of
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7,6 4,9 - 18,2
13,1 5,0 28,5
3,3 3,2 21,2

ground-discharges per sguare kilometre within a given
period of time may be calculated. The aim of this instru-
mentis not the real time monitoring of a thunderstorm but
to get some climatological information about the geogra-
phical and temporal distribution of lightning impacts to the
ground.

A network of CIGRE-counters was set-up progressively
in Belgium, it took until 89 before a network covering the
whole of Belgium could be obtained. The observations
obtained from the first installed stations (St. Katelijne
Waver, Maidegem and Mons) all show an important va-
riation with respect to time (Figure 4). In this figure a
thunderstorm year starts each time with the data of May.
A maximum was attained in 82-83 and since 91-92 the
values are increasing again. The stations of Mons and
Maldegem couid not be maintained after 91-92. for this
reason the data of Dourbes and Adegem were given.

2.2. Real time lightning focation

Although the knowledge about the geographical distribu-
tion of thunderstorm and lightning over Belgium has im-
portant applications, such as the risk assessment by the
implantation of lightning sensitive installations, it has only
a limited value for prevention of disasters due to severe
thunderstorms.

Aithough there is no hope of ever being able to prevent
ail the consequences of thunderstorms, it is however
possible to avoid much of its hurt or at least to attenuate
it, thanks to a warning given in time.

The difficuity lies in the fact that thunderstorms are very
local phenomena which appear suddenly and don't last
very long.

That is why in August 92 the RM! has installed a system
that allows the localization of each lightningimpact over
Belgium in real time with an accuracy of about 1 kilome-
tre. Moreaver, it gives a lot of information on the electrical
properties of each lightning to the ground.

This system is called "SAFIR" (Systéme d'Alerte Foudre

par Interférométrie Radioelectrique). it has been cons-
tructed by the French firm "Dimensions”, under the li-
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Figure 4 : Variation of the number of lighting strokes per kilo-
meter square and per year, as obtained from the
CIGRE-network
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cense of the ONERA (Office National d'Etude et de Re-
cherches Aérospatiales). SAFIR localizes the lightning
channel by the VHF-waves it emits (110-118 MHz). This
localization occurs every 150 micro-seconds, so that the
channel trajectory can be followed. It is thereby possible
to follow the discharges in or between clouds as well as
those to the ground.

The localization itself can be calculated through the de-
termination of the direction at different places of waves
that are emitted at the same time, and this by a set of
interferometric antennas. These antennas are installed
at the production centre of "Antwerpse Waterwerken”
(Antwerp Hydraulic Constructions) at Oelegem, at the
dam of La Gileppe, that belongs to the "Ministere Wailon
de I'Equipement et des Transports” and at the Geophy-
sics Centre of RMI at Dourbes. These three antennas are
connected by phene to the data processing system situa-
ted at the RMI.
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Lighting localization in Belgium

The complete Belgian territory as well as a zone of about
100 kilometres along the French and the Netherlands
border are covered (Figure 5).

50 lightningimpacts per second can be detected, the
evolution of the lightning activity can be followed in real
time thanks to the recording on a map of each impact.
The number of impacts per square kilometre can be
calculated according to any given time.

2.2.1. Some results

Confrontation of the localization data with individual
strokes for which the impact point was accurately known,
showed that the accuracy is of the order of 2 km.

An interesting case was for example that of an impact on
a pylon of a 150kV line, near Balen (Figure 6).

Discrimination between cloud and groundlightning is

made on the maps that ilfustrate the time evolution of the
storms. As expected, only one third or less of all lightning
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Figure 5 : Detection zone covered by the SAFIR system

is directed to the ground. However there are exceptions,
like the thunderstorm of 28 July 94, which was aimost
exclusively composed of groundlightning.

The integrated density of groundlightning was computed
for 1993 and until August 1994 (Figures 7a and 7b).
These figures show that the lightningactivity in 1994 was
more than two times that of 1993.

There are two main zones of high activity which dominate
above all others and are found back in both years : the
first one is located in the south of Belgium with Bouillon
in its centre, the second starts above the plateau of
Limburg and Liége and propagates into North Brabant
and Limburg of the Netherlands. Moreover, in 93 a zone
of high activity is also found above the Sambre-Meuse
valley, Mons, Brussels, and between Dendermonde and
Antwerp.

In 94 these zones of higher activity stiil exist, but are
strongly weakened, two new regions developed : south
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of Brabant and the region from Gent-Tournai to the coast.
Further analyses shows that for both years, as expected,
most lightning activity occurs during summer, compare
figures 7b and 8, which gives the lightningactivity in func-
tion of the seasons.

Winter is the season with the lowest activity, this activity
was mainly due to a thunderstorm on 26 and 27 January.
Spring activity of 94 was more important than the autumn
activity of 93. In contrast of what might be expected
during autumn the activity near the coast was less than
in the Ardennes. The reason for this might be that the
detectionrange of SAFIR is limited to only a few kilome-
tres above the sea.
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Figure 6 : Localization of lightning on a pylon (centre of the map) near to Balen : the radius of the circle is 10 km, each line is a
cloud lightning, the small circles are discharges to the soil, the colours relate to the timescale at the right of the map.

During the summer of 94 there were mainly four important
storms :on 4, 14 and 31 July and on 7 August (Figure 9).
The thunderstorm of 4 July was responsible for the zone
of high activity in the Flanders and partly that of Limburg,
the storm of 14 July for the region Limburg and the
Ardennes, while the storm of 31 July was mainly active
in the south of Brabant (Jodoigne). In August only the
activity in the region of the Gaume and the Ardennes was
important, the thunderstorm of 7 August doubled the
fightning density in this region.
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Figure 7a : Geographical
distribution of the number of
lighitning impacts to the
ground per square kilometer
in 93

Figure 7b : Geographical
distribution of the number of
lightning impacts to the ground
per square kilometer from
January to August 94

Lighting localization in Belgium
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Figure 8 : Geographical distribution of the number of lightning impacts to the ground per square kilometer for different seasons

t
I

a : autumn 93 b : winter 94

C :spring 94 d : summer 94
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Figure 9 : Geographical distribution of the number of lightning impacts to the ground per square kilometer on :

c: 31 July
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It is out of the scope of this paper to study the origin of
the different thunderstorms, but the main phenomena
which determine the geographical distribution of lightning
activity may easily be understood. Most of the thun-
derstorms attain Belgium from the south-west, this is
illustrated by the south-west orientation of the thun-
derstorms in the Ardennes and Limburg. There is clearly
an influence of the oreography, the south-west current
is lifted by the orgography of the Ardennes, even minor
variations such as those near to Ronse and Mons have
an impact. The origin of the active zone in the north-east
of Belgium and extending into the Netherlands may pro-
bably be found in the nature of the sail. It is sandy, but
there are also extensive zones of morass. Some of these
morasses are indicated on the maps by a small cross and
two letters.

2.2.2. Comparison with the resulits of lightning-
counters

In 94, CIGRE as well as SAFIR data were available.
Figures 7b and 10 show that the maximum in Gaume and
Flanders is roughly found back by the CIGRE counters.
Those of the south of Brabant and Limburg are not found
back. On figure 3 one may see that the region of south
Brabant is just out of the detection range of the counters
of Uccle, Scry, Ransberg and Dourbes. The active zone
of North Brabant in the Netherlands falls out of the range
of Koersel.
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Figure 10 : Lightning density as obtainec from the CIGRE
network for the period of 1 January to 31 August 94

Although the country is almost completely covered by the
lightning counters, due to the local character of the thun-
derstorms, the geographical distribution of the lightning
activity may hardly be found back.
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2.2.3. Electrical parameters

Figure 11 gives the distribution of the peak current of the
return strokes for a thunderstorm on 16 May 94. About
6% of all the discharges were positive. For positive as
well as for negative strokes the maximum frequency is
found between 20 and 30 kA, but currents of 190 kA were
observed. From the cumulative frequency distribution it
appears that for the positive strokes the higher currents
are relatively more important.

2.2.4. Conclusions

There is a long term variation in the yearly lightning
activity, this activity increased between 91 and 94 with a
factor of ten.

There are local zones were the groundlightning is almost
10 times higher than at other places.

The geographical distribution of the lightning activity in
93 and 94 was determined by only a few thunderstorms,
the amount of data available to draw conclusions about
the lightning climatology is certainly insufficient.

The number of thunderstormdays is not a good indicator
for the lightningactivity and doesn’t allow to discover the
regions with high activity.

The data of the network of lightning counters allows us
to have a better idea of the geographical distribution of
the lightning activity, but heavy thunderstorms in less
good covered zones may easily escape the observing
network completely.

3. Future Plans

During some heavy thunderstorms at the site of Dourbes
the modem of this station was blocked for some time. For
this reason, data in the zone between Oelegem and the
Gileppe might be lost. the results obtained in this zone
must be used with some precautions. The reliability of
the system will be improved by the use of dedicated
telephone lines and the installation of a fourth antenna.
in this way at the same time the detection region will be
extended to the west and over the North-sea.

In the future the correct functioning of the system will be
checked furtherly by controlling the accuracy of the loca-
lization of the impact of ground-flashes and current meas-
urements.

Studies about lightning climatology will be continued and
the methods for forecasting thunderstorms improved.
The relations between the electrical parameters of the
lightning and the thermodynamic properties of the atmos-
phere will be studied.

Finally the operational and commercial exploitation of the
system will be improved.
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Figure 11 : Distribution of the peak current in return strokes
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om de onweders boven Belgie te lokaliseren

e voorbije maanden hebben de

onweders in ons land weer lelijk
huis gehouden. Vernielde huizen,
enorme waterschade of door hagel
beschadigde oogst, ontredderde
verschillende van onze landgenoten;
erger nog, sommigen verloren het
leven tengevolge van dit noodweer.

Alhoewel er geen hoop bestaat om al
de nefaste gevolgen van de onweders
uit te sluiten, kan heel wat leed
voorkomen, of tenminste verzacht
worden, door er tijdig voor te
waarschuwen. De moeilijkheid is
echter dat onweders zeer lokale
fenomenen zijn, met een Kkorte
levensduur. Ze kunnen plots opduiken
en gemakkelijk door de mazen van
een klassiek meteorologisch waar-
nemingsnet glippen. Daarom zijn ze
moeilijk te bestuderen en dus ook
moeilijk te voorspellen.

Het KMI legt zich reeds sedert meer
dan tien jaar toe op het ontwikkelen

Laborelec en de Faculté
Polytechnique de Mons werd hiermee
een waarnemingsnet opgezet dat
gans Belgié overlapt. Dit netwerk biedt
bijzonder interessante informatie voor
klimatologische toepassingen. Maar
gezien het systeem niet in reéle tijd
werkt, is het ongeschikt voor het
voorspellen van onweders. Ook zijn de
lokalisatiemogelijkheden te beperkt.

in augustus heeft het KMl daarom een
systeem geinstalleerd dat toelaat om
in reéle tijd iedere bliksemninsiag boven
Belgié te lokaliseren, met een
nauwkeurigheid van ongeveer 1 km.
Bovendien wordt nog een hele hoop
informatie  afgeleid  over  de
eigenschappen van iedere bliksem
naar de aarde.

Het systeem kreeg de naam “SAFIR”
(Systeme d’alerte foudre par
interférométrie radioélectrique) en
wordt door de Franse firma
“Dimensions” gebouwd, onder licentie

van nieuwe methodes wvoor het
waarnemen van onweders. Aldus
werd in het begin van de jaren tachtig
een elektronische bliksemteller
ontwikkeld, die in een straal van
enkele tientallen kilometer alle
blikseminslagen naar de grond
registreert. In samenwerking met
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van het ONERA (Office National
d’Etude et de Recherches
Aérospatiales). SAFIR lokaliseert het
bliksemkanaal door middel van de
uitgestraalde VHF-golven (110-118
MHz). Deze lokalisatie gebeurt om de
100 microseconden, zodat de baan
van het kanaal nauwkeurig kan

gevolgd worden. Hierdoor is het
mogeliik om zowel wolk-wolk als
wolk-aarde ontladingen te volgen. De
lokalisatie zelf gebeurt door, vanop
verschillende plaatsen, gelijktijdig de

richting van de uitgestraalde golven te
bepalen. Hiervoor gebruiki men drie
interferometrische antennes.

Een dergelijk systeem werd reeds
opgesteld in het “Centre d’Essais des
Landes” te Biscarosse (Frankrijk), het
Ruimtecentrum van de ESA in Kourou,
in de omgeving van Parijs door
Meteo-France en in Japan. De versie
door het KMI geinstalleerd is wel
deze met de meeste mogelijkheden.

De antennes van de installatie van het
KMI  bevinden zich in het
productiecentrum van de “Antwerpse
Waterwerken” te Oelegem, op de
afdamming van de Gileppe, die
afhangt van het “Ministére Wallon de
I'Equipement et des Transports”, enin
het Geofysisch Centrum van het KMi
te Dourbes. Ze zijn per telefoon met
het centrale verwerkingssysteem op
het KMI te Ukkel verbonden.

Gans het Belgische grondgebied,
evenals een zone van bijna 100 km
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grens, wordt erdoor bestreken. Over
het grootste gedeelte van deze zone is
de nauwkeurigheid van de lokalisatie
beter dan 2km.

Er kunnen vijftig blikseminslagen per
seconde gedetecteerd worden. De
evolutie van de bliksemactiviteit kan in
reéle tijd gevolgd worden door het
aangeven op een kaart van iedere
individuele inslag, of het aantal
inslagen per vierkante kilometer
binnen een gegeven tijdspanne.

Gebruikers die activiteiten uitvoeren
die gevoelig ziin voor de bliksem
kunnen automatisch verwittigd worden
indien er gevaar dreigt.











