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ABSTRACT

Temporal and spatial distributions of cloud-to-ground (CG) lightning in Belgium are analyzed. Based on

data from the European Cooperation for Lightning Detection (EUCLID) network, spanning a period of

10 years between 2004 and 2013, mean CG flash densities vary between 0.3 km22 yr21 in the west up to

2.4 km22 yr21 toward the east of Belgium,with an average flash density of 0.7 km22 yr21. The same behavior is

found in terms of thunderstorm days and hours, where in the east most of the activity is observed, with a drop-

off toward the coast. The majority of lightning activity takes place in the summer months between May and

August, accounting for nearly 90% of the total activity. Furthermore, the thunderstorm season reaches its

highest activity in July in terms of CG detections, while the diurnal cycle peaks between 1500 and 1600 UTC.

A correlation is found between the estimated peak currents and altitude, with on average higher absolute

peak currents at lower elevations and vice versa. In addition, a cell tracking algorithm is applied to the data to

monitor the behavior of the individual cells. It is found that the lightning cells travel at an average speed of

about 25 kmh21, with a preferred northeasterly direction of movement. At last, CG flash rates are strongly

related to the cell area.

1. Introduction

Electrification has always grasped the interest and

fascination of people. Over decades now, continuous ef-

forts have further improved our understanding of this

natural phenomenon. Present-day advancements are

driven by the possibility to tackle unsolved questions

from different angles. This can be done for instance by

performing high-voltage experiments in laboratories

around the world, carrying out meteorological studies

related to the initiation of lightning with respect to

thunderstorm development, its effect on air chemistry, or

by direct and/or remote observations using high-speed

image processing and/or lightning location systems

(LLS). The outcome is not only relevant from a pure

scientific point of view, but is considered to be a valuable

input as well for engineers wanting to protect electronic

systems from the deleterious effects of lightning.

Lightning discharges are a combination of complex

physical processes, radiating nearly throughout the full

spectrum domain of electromagnetic fields, from the

very low frequencies (VLF) up to the very high fre-

quencies (VHF) and into the optical. Even X-ray

emission has been frequently detected in association

with rocket-triggered lightning (Dwyer et al. 2011). As

such, different detection and localization techniques are

best suited to handle particular radiation patterns linked

to a certain process in the formation of a lightning dis-

charge. For instance, present-day lightning mapping

arrays (LMA), using time-of-arrival (TOA) at VHF

frequencies, locate isolated pulses with a high degree of

accuracy thanks to time measurements with nanosecond

accuracy. Hence, detailed spatial and temporal mapping

of the development of the lightning channel is possible

in three dimensions within a limited radius of the net-

works’ center (Krehbiel et al. 1999; Rison et al. 1999,

2000). On the other hand, VLF/LF frequencies are best

suited to locate cloud-to-ground (CG) return strokes

(RS), using either direction finding (DF) and/or TOA

techniques over a more extended regional area, with

baselines between sensors much larger than is required

for LMA networks. In addition, a limited part of the

pulses produced by cloud flashes can be detected as well

in the VLF/LF range, albeit with considerable less lo-

cation accuracy and detection capability as compared to
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LMA. At even larger scales, long-range and global

lightning detection offer the possibility to cover regions

exhibiting limited detection coverage otherwise, such as

oceans, thanks to energy propagation in the Earth–

ionosphere waveguide. Some of the networks that make

use of these long-distance propagation characteristics

include the World Wide Lightning Location Network

(WWLLN; Jacobson et al. 2006), the Met Office Arrival

Time Difference network (ATDnet; Keogh et al. 2006),

and the Vaisala Global Lightning Dataset (GLD360;

Said et al. 2010, 2011). Likewise, lightningmapping from

space provides total lightning observations on a global

scale, based on the observed optical pulse at 777.4 nm.

Note, however, that in this case no distinction is made

between intracloud (IC) and CG discharges. Such ob-

servations have been done since the mid-1990s with the

Optical Transient Detector (OTD) and the Lightning

Imaging Sensor (LIS) on board the MicroLab-1 (now

known as Orbview-1) and the Tropical Rainfall Mea-

suring Mission (TRMM) satellites, respectively

(Boccippio et al. 2000; Thomas et al. 2000). The future of

spaceborne lightning detection is assured by the ongoing

development of the Geostationary Lightning Mapper

(GLM) and Lightning Imager (LI) on board the Geo-

stationary Operational Environmental Satellite-R

(GOES-R) and Meteosat Third Generation (MTG) sat-

ellites, respectively. Hence, it is clear that today’s re-

searchers have a range of possibilities at their disposal,

and can choose the method that best suits their research

purpose. For amore in-depth overview of the history and

techniques used in modern LLS, the interested reader is

referred to Cummins and Murphy (2009).

By now, most regional LLS provide information on

the spatial and temporal stroke and flash incidence,

polarity, and peak current. All of which can be used and

is relevant in terms of lightning protection systems, as

well as for weather forecasting and climatology appli-

cations. However, one must always keep in mind that

observations of a network do not necessarily represent

the absolute truth. Obviously, the performance of

a network depends on the position and type of sensors,

sensor outages, the method used to determine the

ground strike locations, topographic effects, and so on.

Hence, homogeneous performance over a large region is

almost never reached.

Many climatology studies based on ground-based LLS

already exist. The most well-documented LLS is that

of the U.S. National Lightning Detection Network

(NLDN), with numerous studies being published since

its deployment in 1989 (e.g., Orville 1991, 2001; Orville

and Silver 1997; Huffines and Orville 1999; Orville and

Huffines 1999; Orville et al. 2002; Zajac and Rutledge

2001; Orville 2008). Many regional climatology studies

on the European continent exist as well (e.g., Finke and

Hauf 1996; Schulz et al. 2005; Rivas Soriano et al. 2005;

Antonescu and Burcea 2010, Tuomi and Mäkelä 2008;
Santos et al. 2012; Mäkelä et al. 2014). Nevertheless,

a thorough investigation into the lightning properties in

Belgium has yet to be presented. To account for this lack

of information, the CG lightning activity between 2004

and 2013 is analyzed in terms of its temporal and spatial

occurrence over Belgium.

The lightning data used throughout this work are de-

scribed in section 2. Treatment of the data to produce

the temporal and spatial maps is included in section 3, as

well as a description of the thunderstorm tracker used

in the analysis. Section 4 is reserved to illustrate and

interpret the results, while section 5 concludes with

a summary.

2. Data

From 2001 onward several national meteorological

services (NMS) and commercial companies within

Europe joined forces to combine their respective oper-

ational LLS into the so-called European Cooperation

for Lightning Detection (EUCLID). This is possible,

since all of the individual sensors within the EUCLID

network operate over the same LF frequency range. As

such, the individual raw sensor data are sent in real time

to a single central processor, calculating the electrical

activity at any given moment. The use of a common

central processor ensures that the resulting data are as

consistent as possible throughout Europe, and is fre-

quently of higher quality opposed to a simple composite

of the individual LLS due to the implicit redundancy

produced by shared sensor information. The location of

EUCLID sensors in the neighborhood of Belgium are

depicted in Fig. 1.

The performance of EUCLID has been frequently

tested over the years in terms of its location accuracy

(LA), detection efficiency (DE), and peak current esti-

mation, made possible by comparing to direct lightning

measurements at the Gaisberg tower (GBT) in Austria

(Diendorfer et al. 2011) and/or to data obtained by

a mobile video and electric field recording system

(VFRS) taken at different locations (Schulz et al. 2014).

Most recent validation efforts employing theVFRS took

place at various locations in Austria from 2009 to 2012

(Schulz et al. 2012), in Belgium throughout August 2011

(Poelman et al. 2013), and during the Hydrological Cy-

cle in Mediterranean Experiment (HYMEX) in south-

ern France (Ducrocq et al. 2013) in 2012. Based on the

ground truth campaign in Belgium, most relevant for

this study, the median LA is 600m, whereas the DE for

negative strokes and flashes reaches 84% and 100%,
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respectively. Considering this excellent flash DE, no cor-

rection factor has been applied to the data in the course of

the paper. Last but not least, the EUCLID peak current

estimates have been compared to direct current measure-

ments to theGBT, fromwhich one can deduce that 80%of

the absolute peak current deviations are below 3.8 kA.

Even though EUCLID is an evolving network ex-

panding gradually its boundaries and the amount and

type of sensors participating over the years, it can be

assumed that from 2004 onward the performance of the

network has been optimal within the region of interest

covering Belgium. A year-by-year analysis of the semi-

major axis of the 50% positional confidence ellipse

(SMA) and the average number of sensors used (ANSU)

in the calculation of a solution reveals that SMA de-

creases from 400m in 2004 to 100m in 2013 with a me-

dian value of 300m, while ANSU remains nearly stable

around 13 throughout the period. Hence, we opt to use

CG flash data from 2004 to 2013 in this study within the

domain restricted to latitude 408–528N and longitude 28–
78E as indicated by the dashed line in Fig. 1. The to-

pography within this area is plotted as well in this figure,

illustrating the difference in altitude between the west

and east of Belgium. An increase in height toward the

southeast of Belgium is noticed up to a maximum ele-

vation of about 700m.

3. Methodology

Initial CG stroke data are grouped into flashes by the

central processor based on a spatial and temporal clus-

tering technique, with individual strokes belonging to

a particular flash if Dt , 1.5 s and Dr , 10 km. In addi-

tion, a temporal interstroke criterion, Dtinterstroke, of 0.5 s

is used as well. These grouping criteria overlap well with

those used in other studies (e.g., Cummins et al. 1998;

Kuk et al. 2011), except for the more relaxed time cri-

terion, compared to a Dt of 1 s, which is traditionally

used. Since occasionally flashes are observed with a du-

ration exceeding 1 s (e.g., Poelman et al. 2013), the time

criterion used in this work is justified. The position and

peak current of the first RS are chosen as the position

and peak current of the CG flash. Note that positive

flashes with peak currents smaller than 10 kA are likely

to be misclassified as CG flashes when in fact those are

more likely to be of intracloud nature (Cummins et al.

1998; Wacker and Orville 1999a,b; Jerauld et al. 2005;

Orville et al. 2002; Cummins et al. 2006; Biagi et al. 2007;

Grant et al. 2012). Therefore, we opt to remove them

from the dataset. Geographical plots are presented with

a spatial resolution of 3 3 3km2, or it is explicitly stated

otherwise. Note that this adopted grid size is larger than

the assumed LA of EUCLID within Belgium and is,

hence, appropriate for this study. Spatial distribution

maps of, for example, the flash density or peak current are

then obtained by summing the relevant parameter and

dividing it by the amount of flashes observed per grid cell.

Besides the temporal and spatial analysis of the data,

results on the characteristics of the individual thunder-

storm cells are presented as well in terms of their speed,

direction of movement, and flash rate. For these purposes,

the Austrian Thunderstorm Nowcasting Tool (A-TNT) is

applied to the EUCLID dataset to identify, monitor, and

track distinct electrically active cells. A-TNT is a de-

velopment of the Central Institute for Meteorology and

Geodynamics (ZAMG) in Austria and primarily builds

upon the principles of tracking and monitoring of electri-

cally charged cells (ec-TRAM; Meyer et al. 2009, 2013a).

FIG. 1. (a) Location of some of the EUCLID sensors (dots) in and around Belgium at present and (b) the topography

of Belgium.
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In short, A-TNT ingests EUCLID flash data and sub-

sequently identifies electrically active regions. The con-

figuration parameters are set to a spatial resolution of 13
1km2. Every flash is then clustered to coherent areas by

using amaximum search radius of 4km. Lightning cells are

generated every 3min by mapping lightning data of the

previous 3.5min. These particular values have been se-

lected to remain as close aswhere possible to the ones used

inMeyer et al. (2013b), presenting results of total lightning

thunderstorm tracking in south Germany, in order for the

output to be compared. The incremental time step of 3min

limits the distance a particular cell traveled. Moreover,

since the accumulation intervals overlap by 30 s, active

lightning regions are supposed to overlap each other from

one time step to the next in the accumulated data, allowing

for a proper tracking of the cells. Individual cell parame-

ters are generated and archived each time step and include

the cell’s area, number of flashes per cell, position, and an

indicator for cell splitting and/or merging.

4. Results and analysis

a. Temporal statistics

Figure 2a displays the temporal distribution of the CG

flash counts for the years 2004–13 within the Belgian

borders. As expected, the number of CG flashes expe-

riences a natural variability over the years, with an ob-

served minimum of about 14 000 flashes in 2010 and

increasing up to a maximum of approximately 30 000

flashes in 2008. Annual variations are found as well

in other parts of the globe, and are attributed to the

change in mesoscale and synoptic conditions influencing

convective development of thunderstorms. Given the

aforementioned behavior of SMA and ANSU, we be-

lieve these yearly variations in flash counts are not at-

tributed to performance variations of the network. Note

that it is not unlikely for a single day to dominate the

total number of CG flashes detected during an entire

thunderstorm season, especially over a region with the

size of Belgium with an area of roughly 30 600 km2.

The distribution of the mean monthly flash count is

shown in Fig. 2b. It is found that nearly 90% of the

electrical activity occurs during May–August, with

a peak in July. On the other hand, the winter months

account only for one percent of the observed lightning

activity in Belgium, due to the different synoptic

weather conditions compared to the summer months.

This is expected since in Belgium solar radiation augments

fromApril onward and reaches amaximum in July (Royal

Meteorological Institute of Belgium 2014, personal

communication). Consequently, the impinging solar

FIG. 2. (a) Annual cloud-to-ground flash counts, (b) mean monthly cloud-to-ground flash counts, (c) mean diurnal

flash counts, and (d) mean monthly polarity distribution, based on 2004–13 EUCLID data.
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radiation heats the air near the ground, causing moist air

masses to rise. This, in its turn, induces the onset of

convective development. While this latter mechanism is

almost absent during winter, storms during this season

are mostly initiated by the movement of cold fronts.

In Fig. 2c the distribution of the diurnal flash count is

indicated with a time resolution of 15min and expressed

in terms of percentage of the total CG flash activity.

Note that in Belgium local time is UTC 11 and 12 h in

winter and summer, respectively. A minimum is ob-

served during themorning hours, accompanied by a steady

increase from 1100 UTC onward up to the maximum

point in the afternoon at about 1500–1600 UTC. This is

then followed by a decrease in activity until the morning

hours, interrupted by a second moderate peak around

2100 UTC. Such a secondary maximum has been ob-

served as well by Finke and Hauf (1996) in southern

Germany and is believed to be caused by long-lasting

storms propagating from their southwesterly source

areas in easterly direction. About 55% of the activity

takes place between 1200 and 1900 UTC. The lower

observed activity in the morning hours is inherent to the

reduced occurrence of convective development due to

solar heating of the ground and/or the atmospheric

boundary layer, which begins at 1100 UTC. Neverthe-

less, a small peak is detected around 0500 UTC. An in-

vestigation into the cause of this peak reveals that it

primarily stems from maximum one or two frontal

thunderstorms per year. The overall diurnal behavior of

CG flash counts overlaps well with those in surrounding

countries in Europe (e.g., Finke and Hauf 1996; Schulz

et al. 2005; Antonescu and Burcea 2010; Mäkelä et al.
2014) or for instance in Brazil (Pinto et al. 1999b).

Figure 2d shows the mean polarity distribution in Bel-

gium for the individual months. Overall, 14% of the ob-

served flashes are positive ones and this is slightly higher

than what has been observed for instance in Austria

(Schulz et al. 2005). The observed increase of positive

flashes during thewinter could be related to the decreased

height of winter thunderstorms, lowering the upper pos-

itive charge of the cloud (Pinto et al. 1999a). The relative

low percentage of positive flashes during January and

February is believed to be an artifact of the low CG flash

counts. Omitting January and February, this behavior is

similar to other national reports in European countries

(Schulz et al. 2005; Antonescu and Burcea 2010).

b. Spatial statistics

Figure 3a reveals the spatial distribution of the mean

annual flash density Ng (km22 yr21) derived from

215 000 CG flashes. Values range between 0.3 km22 yr21

in thewestern part of Belgium and 2.5 km22 yr21 located

at the border betweenBelgium andGermany. Themean

flash density is 0.7 km22 yr21 and is in line with previous

values based on the observations from an LLS employ-

ing Surveillance et Alerte Foudre par Interferometrie

Radioelectrique (SAFIR) sensors (Poelman et al. 2012).

It appears that the observed flash density in Belgium is

rather moderate when compared to what is found in

certain areas in the United States, Brazil, or other re-

gions in the world with values easily exceeding the

highest density in Belgium by a few factors or more, but

is still considerably higher than what is generally ob-

served in, for instance, northern Europe (Mäkelä et al.
2014). It is clearly visible that the spatial distribution

follows the orography, with the highest values found in

elevated terrain. This is not surprising since variations in

the surrounding terrain are known to influence the onset

of convection and thus the development of thunder-

storms (Orville 1965; Kottmeier et al. 2008; Hagen et al.

2011; Cummins 2014). In the case of Belgium, evidence

of the latter is further strengthened by the results as

discussed at the end of this section, showing that the

initiation of lightning cells is more likely to occur in

regions with elevated terrain.

In Fig. 3b the spatial distribution of multiplicity of

negative flashes in Belgium is plotted. The term multi-

plicity is used here to indicate the total number of

strokes per flash and depends strongly on the stroke DE

and adopted algorithm to group strokes into flashes.

While the overall stroke DE of EUCLID is 84% in

Belgium, this becomes 75% for strokes with absolute

peak currents greater than 5 kA and increases to 90%

for those with absolute peak currents over 15 kA

(Poelman et al. 2013). A mean multiplicity of 2.1 and 1.3

for negative and positive flashes are found, respectively.

The latter is in line with the values found fromother LLS

(Schulz et al. 2005), but is an underestimation when

compared to ground truth recordings. For instance,

based on ground truth recordings in Belgium, Poelman

et al. (2013) found a mean multiplicity for negative

flashes of 3.7, while similar multiplicities are found in

comparable ground truth studies at different regions

(e.g., Schulz et al. 2010; Saba et al. 2006; Rakov and

Uman 1990). Of the negative flashes, 55% are single

stroke flashes, whereas this value increases to 83% in

case of positive flashes. Likewise, the high percentage of

single stroke negative flashes is an overestimation with

respect to ground truth observations, reporting in gen-

eral values between 20% and 40% (Fleenor et al. 2009;

Biagi et al. 2007; Poelman et al. 2013). One flash has

been observed with a maximum multiplicity of 25, often

related to upward lightning. Although some local vari-

ations are visible exhibiting higher multiplicity values in

Fig. 3b, no clear trend is noticeable favoring one area

with increased multiplicity compared to another.
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Figures 3c and 3d display the distribution of the

arithmetic mean of estimated peak current magnitudes

in negative and positive flashes, respectively. Mean (me-

dian) peak currents are218 (213) kAand133 (121) kA

for negative and positive flashes, respectively. Besides the

fact that in general positive RS tend to have higher ab-

solute peak currents compared to negative RS, the rel-

ative high mean and/or median peak currents for

positive flashes could be slightly influenced by the cutoff

at 10 kA as well. In any case, the latter reported values

agree fairly well with those reported by other LLS (e.g.,

Pinto et al. 1999a; Antonescu and Burcea 2010). One

notices that toward the coastal region, the overall ab-

solute flash amplitude increases, with a slight tendency

of lower amplitude discharges in the southeast of Bel-

gium, indicating a link between peak current and to-

pography. Assuming a constant height of the bottom of

clouds, an enhanced electric field between the cloud and

terrain is induced with increasing altitude, facilitating

the onset of discharges confined to regions of the cloud

with smaller quantities of charge as would be the case

otherwise. This trend is quantified in Fig. 4, in which as

a function of height, and binning in 50-m altitude steps, the

mean peak current for negative and positive flashes is

plotted. At sea level, the mean negative peak current

for flashes is about219 kA and this decreases to216 kA

for heights between 650 and 700m. On the other side, for

positive flashes the mean peak current decreases from 33

kA at sea level toward 20 kA for the highest regions in

Belgium. However, the large variation in peak currents

per altitude results in major standard deviation values, as

plotted in the case for the negative peak currents. Never-

theless, Fig. 4 displays some dependency between altitude

and peak current, even for the limited range of altitudes

present within Belgium. This dependency between peak

current and altitude has been demonstrated previously

in Brazil by Pinto et al. (1999a) as well, with a clear

change in the estimated peak currents around 1000m.

Based on the individual CG detections in the 10-yr

dataset, the related spatial distributions in terms of

FIG. 3. Spatial distribution of (a) mean annual flash density (km22 yr21), (b) multiplicity of negative flashes,

(c) arithmetic mean peak current (kA) from first strokes in negative, and (d) in positive flashes, based on 2004–13

EUCLID data.
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thunderstorm days Td and hours Th are plotted in Fig. 5.

Here Td and Th can be considered as robust represen-

tations of the actual lightning activity. This is true since it

tends to normalize the temporal variations in flash DE

that might be present in the data (Bourscheidt et al.

2012). Bourscheidt et al. (2012) conducted a comparison

of Td obtained through human observations and LLS

data. They found that the least-biased agreement be-

tween the two datasets was found when selecting a ra-

dius of 8 km. Therefore, Td and Th presented in this

study are obtained by looking in a radius of 8 km around

each grid cell centroid whether lightning has been

observed during a day and/or hour. If this is the case,

thenTd and/orTh increase by one.We find thatTd varies

between 8 and 21 days in Belgium, with an average of

16 storm days per year. The majority of thunderstorm

days are located in the east of Belgium and drops off

toward the west. Not surprisingly, the spatial pattern of

Td resembles the one found for Ng in Fig. 3a. The same

behavior is found for Th, with values ranking between 14

and 38 h, with an average of 26 h of lightning activity

averaged over 10 years. Note that with a larger (lower)

adopted sound travel radius Td and Th will increase

(decrease) accordingly.

c. Cell tracking

In the following, the characteristics of the individual

cells are further explored in more detail. A better

knowledge of the properties of thunderstorm cells not

only gives more insight into the physics of such systems,

but can be beneficial for instance for nowcasting or

lightning protection purposes. As mentioned earlier,

A-TNT is applied to the EUCLID dataset within the

domain restricted to latitude 498–528N and longitude 28–
78E, as depicted in Fig. 1. For the analysis, we have

chosen to extract solely those cells with a minimum

lifetime of 15min andwhich are neither truncated by the

domain margins nor originating from cell splitting or

disappearing in a cell merging process. As a result,

a total of 6585 complete cell tracks and 46 000 individual

cell entries are used in the analysis, bringing the mean

lifetime of the cells up to about 21min, comparable to

the mean lifetime of the cells in Meyer et al. (2013b).

The number of individual cell entries as a function of

area is depicted in Fig. 6a. It is seen that the cells’ area

peaks between 65 and 110 km2, with a mean and median

area of 140 and 95 km2, respectively. The distribution of

FIG. 4. Distribution of the mean peak current of negative (black)

and positive (gray) flashes as a function of height in steps of 50m in

Belgium. In addition, the 61 standard deviation is plotted as well.

FIG. 5. Spatial distribution of mean thunderstorm (a) days and (b) hours per year, based on 2004–13 EUCLID data

and adopting a sound travel radius of 8 km.
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the mean speed of the cells is visualized in Fig. 6b. The

mean speed rises sharply and peaks around 25 kmh21,

followed by a steady drop toward higher values. Amean

and median velocity of 31 and 27 kmh21 is found, re-

spectively. Only 10% of the cells have velocities ex-

ceeding 50 kmh21.

Figure 6c illustrates the distribution of the storm cells’

direction averaged over 128 intervals. It is computed

using the direction of movement between the first and

last recorded position of the cell within the dedicated

domain. A northeast direction is favored and is in

agreement with the dominant wind direction during

convective situations over Belgium. It is worth noting

that the distributions of velocity and movement of di-

rection found in this study overlap well with the results

presented in Goudenhoofdt and Delobbe (2013), in-

vestigating the convective storm characteristics in

Belgium from volumetric weather radar observations

spanning a 10-yr period with the use of the Thunderstorm

Identification, Tracking, Analysis, and Nowcasting

(TITAN) tool. They reported a prevalence of the

northeast direction of movement of the storms, with

about half of the storm tracks exhibiting speeds below

30 kmh21, with a probability of only 5% to exceed

60 kmh21.

Figure 6d plots the flash rate per cell on logarithmic

scale normalized to 1-min intervals as a function of cell

area, based on the CG flashes of EUCLID (dots). In

addition, the statistical correlation function of CG

flashes as presented in Meyer et al. (2013b) is plotted as

a solid line. The latter is retrieved after applying

a thunderstorm tracker onto stroke lightning location

data over a region in south Germany. Stroke correlation

functions were retrieved and subsequently transformed

FIG. 6. (a) Number statistics of cell entries used for the analysis presented in (b)–(d). (b) Mean speed of cells.

(c) Mean direction of cells. (d) Mean number of cloud-to-ground flash rates per lightning cell on logarithmic scale

averaged over 5 km2 cell area intervals based onEUCLIDdata (dots). In addition, the respective correlation function

(solid line) from Meyer et al. (2013b) is added for comparison purposes.
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into flash correlation functions. They noticed a break at

170 km2 in the discharge characteristics, marking the

point where storms develop into more complex struc-

tures. The flash rates per minute in this study follow

closely the ones in Meyer et al. (2013b).

Based upon the cell entries, a density distribution plot

of the start positions can be computed. This is done in

Fig. 7, with values ranging from zero to one, adopting

a spatial resolution of 103 10 km2. The maximum value

is attributed to the location where most of the storms

originate. It appears that the distribution of the initia-

tion of convective storms follows the same pattern as

Ng in Fig. 3a, with increased values toward the southeast

of Belgium. Hence, orography can be accounted for

this observed pattern.

5. Summary

Because of the variable nature of lightning occurrence

from year to year, reliable insights into the lightning

activity and parameters can only be achievedwhen based

on large amounts of data. In this work, a total of 215 000

CG flashes recorded between 2004 and 2013 are used to

analyze the spatial and temporal characteristics in Bel-

gium. In addition, a thunderstorm tracker is applied to

the EUCLID lightning dataset to examine some of the

dynamic and physical properties of the electrified cells.

It is found that the lightning activity primarily takes place

during the summer months between May and August, ac-

counting for about 90% of the total observed lightning ac-

tivity in Belgium. The thunderstorm season reaches its

peaks in July. This is not surprising since solar heating of the

ground, being the driving force of convective development,

is most intense during this period. Moreover, the percent-

age of positiveCGflashes decreases during the summer.As

regards the diurnal flash counts, those are the lowest during

the morning hours, followed by a continuous increase from

1100 up to 1500–1600 UTC. Afterward, a gradual drop

brings the flash counts back to the observed level at dawn.

The topography of Belgium accounts for the spatial

patterns observed in terms of flash density, peak current

estimates, and thunderstorm days and/or hours. For in-

stance, flash density enhancements are visible toward the

east of Belgium for regions above 300m in comparison

with the lower-lying areas toward the center and the coast.

In addition, the geographical spread of Td and Th mirrors

the behavior ofNg, since the computations are based upon

the CG detections and an assumed sound travel radius.

On the contrary, it is found that higher elevations favor

flashes with a reduced observed absolute peak current.

After applying a thunderstorm tracker to the lightning

dataset, the characteristics of the individual cells are ana-

lyzed based on a total of 6585 complete cell tracks, or

46 000 individual cell entries. The mean speed of the

lightning cells is about 25kmh21, while only a minority of

those reaching velocities exceeding 50kmh21 or more.

The lightning cells favor a northeast direction, in accor-

dance with the leading wind direction over Belgium.

Moreover, flash rates per minute as a function of cell area

follow the behavior found previously in Meyer et al.

(2013b), with an observed change in behavior for cells

larger than 170km2.
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