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Abstract. In the framework of this paper, one-year of light- during winter and over the continental Europe over spring
ning data from the experimental network ZEUS operated byand summer.
the National Observatory of Athens is compared to collo- The Mediterranean area is covered by many national light-
cated data provided by the LINET detection network. Thening detection networks that present good location accuracy
area of comparison is limited to a part of Central-Westernbut limited geographical coverage. Today, lightning data
Europe, where LINET data exhibits the highest data quality,over broader areas is obtained by long-range detection sys-
permitting thus to be used as the validation dataset. The locatems such as the UK Meteorological Office Arrival Time Dif-
tion error of ZEUS was calculated to bé5.8 km, while the  ference (ATD) system (Keogh et al., 2006), the World Wide
detection efficiency was-25%, with a characteristic under- Lightning Location Network (WWLLN, Rodger et al., 2005)
detection during nighttime. Moreover, the analysis revealedas well as the National Observatory of Athens ZEUS detec-
that ZEUS is also capable to detect not only cloud-to-groundtiion system (Kotroni and Lagouvardos, 2008). Since high
but also intra-cloud strokes. Analysis of a specific case studyquality data provided by such systems are a prerequisite for
revealed that the spatial distribution of ZEUS was very closethe realization of a multitude of meteorological studies re-
to that of LINET, although the total number of strokes as lated to lightning, the performance assessment of these sys-
seen by ZEUS is much lower than the one from LINET. The tems is an important task.
overall analysis permitted to assess the main characteristics The aim of this paper is to exploit the capabilities of ZEUS
of ZEUS network, information considered of paramount im- lightning detection system to accurately detect lightning over
portance before the use of ZEUS data for a variety of obserEurope and the Mediterranean. A first inter-comparison
vational and modeling work. of ZEUS and UK ATD system (Kotroni and Lagouvardos,
2008) during the summer period of year 2006 showed that
ZEUS underestimates the nighttime and early morning ac-
tivity both over land and sea. During the rest of the day
ZEUS detects a larger number of lightning compared to ATD,
attributable to the increased detection efficiency of ZEUS
ompared to ATD. Since in this study ZEUS was compared
another long-range detection network with known limi-

1 Introduction

Lightning has received a lot of attention in the scientific lit-
erature, since it is associated with severe storms that ma

cause considerable damages to agriculture, electric powt i it the detecti ici dthe |
networks, property and life. The Mediterranean Sea pro-a'onS as It concerns the detection efliciency and the joca-

duces one of the major centers of electrical activity during thellon accuracy, a further comparison was necessary, tis time

Northern Hemisphere winter (Christian et al., 1999). A num- with LINET, which is able to detect cloud-to-cloud and intra-

ber of recent studies on lightning in the Mediterranean areCloud discharges (IC, hereafter), as well as cloud-to-ground

focusing on their spatiotemporal distribution (e.g. Altaratz (CG, hereatter) With_ a location accuracy of a few hundreds
et al., 2003; Katsanos et al., 2006), showing the prepon-Of meters. The period of comparison spans over one year

derance of lightning activity over the Mediterranean waters(’\lovember 2007-October 2008) and is I|m|te_d 0 centra_l and
southern Germany as well as parts of Austria and Switzer-

land, where the large number of deployed LINET sensors

Correspondence taK. Lagouvardos guarantees particularly high efficiency and accuracy (Betz et
BY (lagouvar@meteo.noa.gr) al., 2009).
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The verification of ZEUS lightning detection system is 2.2 LINET lightning detection network
considered as an important task, since lightning data are used
for a multitude of applications, such as continuous monitor-LINET network consists of~100sensors across 20 Eu-
ing of thunderstorm activity for the prompt protection of life ropean countries, with some 30sensors within Germany.
and property. Moreover, lightning data are recently used ad-INET station locations can be found dittps://www.
an additional tool for other meteorological applications, suchnowcast.de LINET exploits the VLF/LF regime and com-
as the improvement of satellite precipitation estimates, asbines the measurement of CG and IC discharges. IC strokes
similation of lightning data to mesoscale modeling, nowcast-are discriminated against CG strokes as long as the light-
ing of severe weather, etc. (Mansell et al., 2007; Pessi andling occurs withinr~120km from the nearest sensor. The
Businger, 2009). For that reason, the knowledge of the capadomain chosen for the comparison against ZEUS data guar-
bilities and the measurement limitations of a lightning detec-antees a network geometry that allows good IC identifica-
tion system are considered particularly important. tion. According to Betz et al. (2009), LINET offers an opti-
The subsequent part of the paper is organized as folimized location accuracy reaching an average value as small
lows: Sect. 2 presents the main characteristics of ZEUSAS~150 m, verified by strikes into towers of known position,
and LINET, while results of the comparison are discussedso that LINET data can be considered as a valuable “ground
in Sect. 3. Section 4 presents briefly a case study with signifiruth” dataset for the evaluation of ZEUS data.
icant lightning activity over the domain of comparison, while

the last section draws the concluding remarks of this work.
I W Heing S W 3 ZEUS and LINET data comparison

2 Data The comparison between ZEUS and LINET networks deals
exclusively with strokes, since the aim is to compare the very
2.1 ZEUS lightning detection network basic detection capabilities of two different systems. Table 1

gives an overview of the two analyzed dataset from both
ZEUS is a long-range lightning detection network with re- ZEUS and LINET networks. During the one-year verifica-
ceivers located at six sites over Europe (Birmingham in UK, tion period and over the study area, LINET and ZEUS sensed
Roskilde in Denmark, lasi in Romania, Athens in Greece, 4792 104 and 1 099 546 strokes, respectively. The time coin-
Larnaka in Cyprus and Lisbon in Portugal). The system wascident events withint1 ms are 770218. From the analysis
manufactured by Resolution Displays Inc. ZEUS receiversof the time coincident events it was evident that ZEUS can
record the radio noise (sferics) emitted by lightning strokesalso detect IC strokes, a fact considered very important for
in the very-low-frequency range (between 7-15kHz). Thethe detection of thunderstorm activity that is predominantly
VLF signal is preamplified at each receiver site and the sig-characterized by IC activity. A similar result was also found
nal is synchronized to GPS time. At each receiver site anon the analysis of WWLLN data over Florida (Jacobson et
identification algorithm is executed that detects a probableal., 2006). From Table 1 it is evident that the percentage of
sferics candidate, excluding weak signals and noise, and iC strokes relative to the total number of strokes sensed by
capable of capturing up to 70 sferics per second. Then, the INET is ~57%, while for the coincident strokes it is only
lightning location is retrieved at the central station of the ~35%, indicating thus that ZEUS detects IC with a reduced
network using the arrival time difference triangulation tech- efficiency compared to CG strokes.
nique. The arrival time difference values represent positions
between two stations with the same time difference, and theiB.1 Location error
intersection defines a sferic fix. ZEUS locating algorithm
requires a minimum of four receivers to record the sameFigure 1 presents the distribution of the location difference
event. Further details on ZEUS locating algorithm can beOf time-coincident strokes. Inspection of Fig. 1 as well as
found in Chronis and Anagnostou (2006). Real time ZEUSanalysis of the corresponding data reveals the following:
data over Europe and the Mediterranean Sea can be found at
http://mww.www.noa.gr/forecast/lightning.gifnaps are up-

dated every 15min). — 75% of the collocated strokes have an error less than

up to October 2008 are analyzed. Although ZEUS is an  than 18 km. Above this threshold, the number of strokes
experimental network, the data availability during this pe- diminishes very fast.

riod was quite high (97%), therefore, the 3% gaps within the

dataset are not expected to have significant impact on the re- — The mean error of the stroke locations amounts to
sults presented in the following. ~6.8km.

— The distribution peaks at a location difference of 5km.

Therefore, ZEUS provides measurements that present a small
location error, taking into account that it is a long-range
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detection system. For comparison, WWLLN system (at its F19- 2. ZE_US./_UNET d_e.teCtion efficiency for the 40 days with
the most significant activity over the study area. Solid black bars

conflgurqtlon in 2004) presented a Iocathn erro km denote daily data, while grey bars data for the period between
over Florida (Jacobson et al., 2006), while ATD presents 351-00-03:00 UTC
location error over Europe 020 km (Keogh et al., 2006). ' ' '

3.2 Detection efficiency Table 1. Events during the one-year period.

The efficiency of a lighting detection network to record the | |NET events 4792104
maximum possible number of strokes over an area is also zgus events 1099546

of great importance. This efficiency can be measured not LINET events per type (CG/IC) 2089892/2702212
only as the fraction of strokes seen by both systems but also Time-coincident events 770218

as the ability of one long range detection system as ZEUS Time-coincident events per type (CG/IC) 504 616/265 609
to locate thunderstorm activity even with reduced number of

strokes. This twofold approach of the problem is treated in

the following sections.

Figure 2 presents the detection efficiency of ZEUS (ex-not considered as very important for lightning occurring over
pressed in percent with respect to LINET strokes) for the|and. It can be however a shortcoming for the study of light-
40days of the most intense lightning activity over the areaning over the sea, where lighting activity does not show any
(black bars). Since the study area is over a continental aregjear day/night preference. The reason for this behavior of
the majority of these 40 days occurred during summer (allzEUS system is not very clear, a possible explanation could
cases, except one, occurred from May to September 2008he the fact that thunderstorm activity over remote areas as
As can be seen, the detection efficiency varies from day-to-gouth America during their local day hours (night hours in
day, with a mean efficiency of25% for these forty days. Europe) may produce stronger signal than the strokes over
Extending the estimation of the mean location efficiency Eyrope leading thus to underestimation of the number of
throughout the year, this number remains the same. strokes detected over Europe during the night hours.

As stated in the introduction, Kotroni and Lagouvar-
dos (2008) have performed a comparison of ZEUS and ATD
lightning detection system for a 3-month summer period4 The 30 May 2008 case-study
and concluded that during the night-time (especially between _ . . . .

21:00 and 03:00 UTC) ZEUS presents a tendency to underI_t should be interesting at this stage to investigate more

detect lightning. For that purpose, the calculation of the de_closely one case study and for that purpose the day with the

tection efficiency was repeated for the ZEUS data, but nov\)argest number of strokes, as detected by LINET, namely

only for the period of the day between 21:00 and 03:00 UTCOn 30 May 2008, was Se'eCteg' D”r:]”g this da]}" a low-
(grey bars in Fig. 2). Itis clear that ZEUS efficiency drops for pressure system moving ove_r_t e southern part of Germany
all days during nighttime, with a mean detection efficiency of created the necessary instability for the onset of severe thun-

. . b derstorms in the area. LINET detected during the day more
~9%. However, since during these nighttime hours, the num- - i
ber of strokes (as sensed by LINET) is limited (only 11% than 390 000 strokes, witkv75 000 strokes within one hour

of the total daily number of strokes), this under-detection (17:00-18:00 UTC). During the same day, ZEUS detected

of strokes by ZEUS, although a deficiency of the system, is96 000 strokes, with-15 000 strokes during the same hour.
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Fig. 3a. LINET strokes, plotted every hour over the analyzed area. Fig. 3b. As in Fig. 3a but for ZEUS strokes.

Figure 3 shows the hourly _distribution of lightning, as 14ye 2.2x2 contingency table.
sensed by each network. Two important results are revealed
by inspection of this figure: (a) ZEUS, as expected, clearly
underestimates the number of strokes each hour, with about
24% of detection efficiency during the period of maximum Yes No
lightning intensity (14:00-19:00 UTC), (b) the spatial distri-  gyent observed by ZEUS &5 A B
bution of lightning, as sensed by the two networks, reveals No C D
that the major centers of lightning activity appear similar,
with great overlap in time and space.

As discussed earlier in the beginning of Sect. 3.2, the de-
tection efficiency can be also seen not only as a simple frac-
tion of strokes detected (24% for this case) but also as the _ False Alarm Ratio, FAR=B/(A+B)
ability of ZEUS to detect at least one lightning related to a
thunderstorm. For that purpose, the study area (a rectangle Application of the aforementioned calculations led to a
box from 7 E to 15 E and from 46 N to 51.5 N) has been POD of 0.90 and a FAR of 0.11, results that can be con-
divided in square boxes (sized 0x0.1°, each box approx- sidered as very satisfactory, showing the ability of ZEUS to
imately corresponds to an area o75kn?). Therefore, a  detect the areas associated with lightning activity with a very
grid of 81x56 grid boxes was created and the total numberhigh probability of detection. Therefore, although ZEUS de-
of lightning, as sensed by each network, was counted withirtects in total 24% of LINET strokes, it can provide a very
each one of the 4536 grid boxes. Further,@Zontingency  good spatial distribution of the areas affected by lightning,
table was created, as shown in Table 2, where LINET strokeslelineating thus efficiently the areas affected by thunder-
are considered as the ground truth and ZEUS data as the vestorm activity. This finding is considered as an asset of a
ifying dataset. In Table 2, A is the number of grid boxes for long-range detection system for many applications (thunder-
which LINET and ZEUS observed at least one stroke (hits),storm monitoring, assimilation of lighting data in mesoscale
B is the number of grid boxes for which ZEUS detected at models, etc.) for which the spatial distribution of lightning
least one stroke but LINET did not (false alarm), C is the occurrence is required.
number of grid boxes with at least one stroke detected by
LINET but not from ZEUS (misses) and D is the number of
boxes where neither LINET nor ZEUS detected strokes (cor5 Concluding remarks
rect negatives).

From A, B, C and D given in Table 2, the following clas- N the frame of this paper, the comparison of one-year light-

Event observed by LINET

sical scores can be calculated, namely: ning data provided by ZEUS lightning detection network
against collocated LINET data was explored. The compar-
— Probability Of Detection, POD=A/(A+C) ison was performed over an area comprising Central and
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