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[.INTRODUCTION

Besides weather radars, lightning location system
(LLS) is one of the most efficient tools to pinpbithe
location of thunderstorms and to estimate theierisity.
Traditionally LLS, operated typically by the natain
meteorological services, covers areas critical ighthing
like airports or the area of the country. Howeube LLS
may also have a global coverage like Vaisala’'s ateer
Global Lightning Dataset GLD360. A global LLS has
several practical benefits in storm detection. tFéfsall, the
large detection area makes possible to detect dratudms
at the further range than national LLS. It can as@e an
early warning of approaching severe weather wagreehe
national weather radar network or LLS. Typicallyeather
radars in operational weather radar networks have
measurement ranges of 250 km. This is specifithkycase
in cold climates, where precipitation occurs in rallw
layer limiting the detection range. The situatisndifferent
in the tropics, where the height of the tropopacae be
more than 15 km and deep convection with thundersto
can reach extreme altitudes. The combination dfttigng
and radar data tells more about the type, sevarnty life
cycle of the phenomena compared to the measuresoeet
with a single instrument.

In this paper we compare GLD360 measurement to
NORDLIS lightning detection network situated in
Scandinavia showing the GLD360 performance in resrth
Europe, i.e., at the boundary region of the GLD86tection
area. The results indicate that although the GLD360
detection efficiency is lower than the NORDLIS netko
(which also detects cloud flashes), GLD360 stilbyides
usable lightning data even at high latitudes. Weo al
introduce new way of enlarging severe storm deiacthat
can applied anywhere in the world based on GLD3&@ d
set and weather radar data. The case studies shaw t
combined GLD360 lightning and radar data could gipeo
an hour or more of lead time beyond the range aflave
weather radar measurements.

I1. COMPARISON OF GLD360, NORDLISAND
WEATHER RADAR

An example of how a wide-coverage LLS
complements severe weather detection of both acalpi
national weather radar network (here the Finnish
Meteorological Institutes, FMI) and a smaller-cages LLS
is shown in Fig 1. The efficient detection areahaf weather
radar network is shown with light-grey colour, ahe dark
grey colour indicates the coverage of the NORDLISSLL

FIG. 1: GLD360 lightning locations on July 21, 20The color bar
on the left shows the UTC hour of the lightning\att. The light-
grey color indicates the FMI weather radar coverage the dark-
grey color the coverage of the NORDLIS LLS. A tat662980
located flashes on the area.

The GLD360 area of detection covers both of thease a
beyond, as can be seen from the located flashdsllgn21,
2011. It shows clearly the benefit of severe weaathe
observations from multiple sources. When measuring
precipitation the weather radar data is the mdstrimative
source of data, but relatively small coverage dussallow
the detection of storms until they arrive closewgioto the
network i.e. less than 250 km from the nearestrradhis
case. A national-scale LLS provides data from gdearea,
but still the efficient area of detection is lindteHowever, if
we combine the data set from a global lightningatam
system like GLD360 (Demetriades 2009), we can noonit
severe storms way before they arrive to the mosit@rea.
Actually the detection area is unlimited, but treewrence
of lightning is of course needed.

Validating the accuracy of the GLD360 data, we
have compared it against the data from the NORDLLS L
(Tuomi 2008). The NORDLIS data includes three
categories: (i) first cloud-to-ground (CG) strokesually
termed as flashes), (ii) all CG strokes, and il) events.
The category (iii) contains also cloud flashes,dnse they
are also detected by NORDLIS to some degree. In this
comparison we have used only category (i) data of
NORDLIS. Also, we have filtered from the NORDLIS data
all positive flashes with peak current below 10 lb&cause
their nature (i.e., whether they are cloud or gtbflashes)
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is not always clear. We also tested 15 kA limit fioe peak
current and it gives almost the same results.
comparative data set contains lightning locatiotadeom a
total 0f97 days (May 5 — August 9 201IWe must note that all
the comparisons in this study are relative to NORBLI
NORDLIS performance is considered to be better & it
efficient coverage area, because the sensors gésndiigh

and the sensors baselines much smaller than thbse o
GLD360. However, like any other LLS, the NORDLIS
detection efficiency is not 100%.

The

[1l. RESULTSAND CONCLUSIONS

a) Relative Detection Efficiency

The relative detection efficiency (RDE) of GLD360
has been calculated by dividing the number of GLID36
lightning locations by the number of NORDLIS firsteke
lightning locations from the same area. The ared tere is
narrowed to 59-70°N, 21-31°E to ensure that the NORD
data is as homogenous as possible. We have alsdated
the GLD360 RDE on day-to-day basis, to show theydail
variation during the study period.

The total number of GLD360 and NORDLIS first-
stroke lightning locations from the study period154336
and 197695, respectively. This leads to a GLD360 RDE
78%. However, the day-to-day variation is largey(R): for
some days the GLD360 RDE is close to 100%, but gahise
low as a few percent and above 100% also exist. The
variation is most likely due to some combination of
individual storms characteristics, hourly depenaeraf
storm occurrence, and current sensor redundancthen
region. Additional GLD360 sensors are currentlinge
installed in the region to improve redundancy.
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FIG. 2: Day-today variation of the GLD360 relative detec
efficiency (RDE) May 5 - Augus9, 2011. Blue bars indicate
number of NORDLIS first strokes (values in the lgfaxis), re
indicate GLD360 RDE (percentages, second y-axis).

b) Hour-to-hour variation

Figure 3 shows the hour-to-hour variation of lodate
GLD360 and NORDLIS events. The same features are
visible for both networks, i.e., most of the evests located
on average at 12 UTC (15 local time), which is simpl
related to the occurrence of most of the stornthiattime.
The GLD360 hourly RDE (yellow) shows mostly only sam
minor variation, but a larger drop is at 8-9 UTCeTeason
for this needs to be explored further and may depem
sample size during this time period and/or charigethe
earth-ionosphere waveguide as a function of timelayf.
The mean RDE is 78%.

¢) Relative location accuracy
To study the relative location accuracy (RLA) of

GLD360 compared to NORDLIS, we have studied a subset
of temporally matched events (time difference betwe
GLD360 and NORDLIS first stroke at most 1 ms). listh
comparison we have used only the most accurate and
reliable NORDLIS first strokes (estimated location
uncertainty below 500 m). The total number of commo
events decreases to 23945, but is still statisical
representative. However, the results are not s$tifaigvard

to interpret, because we do not have exact infaomatbout

the NORDLIS absolute location accuracy.
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FIG. 3: The hourly distribiion of located GLD360 events &
NORDLIS first strokes. Blue: NORDLIS, red: GLD36@ellow:
GLD360 hourly RDE (triangles) and its mean valuerigonta
line).

In Figure 4 we have plotted all the GLD360
temporally matched events (red) relative to the
corresponding NORDLIS first strokes (origin). Thésean
interesting Southwest-Northeast oriented patterichv is
most likely caused by a systematic error producgdime
sensor covering the region. A combination of (Bnitfying
and removing this systematic sensor error and dditianal
sensor installations in the region will improve dtion
accuracy in the NORDLIS region. However, the mean
(median) location difference is good 9.4 km (7.5 kAbout
5% of GLD360 events are within 1 km, 15% with 2 km,
37% within 5 km, and 90% with 16 km.
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FIG. 4 Spatial differences of temporally matched GLD3g&d!

and NORDLIS (origin) lightning locations
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d) GLD360 Overall Performancein Scandinavia

Finally, we show how the performance of GLD360
varies regionally, and vice versa, how the NORDLIS
performance varies relative to GLD360. In Figunee&have
calculated the relative detection efficiency of GAD (as in
Section a) in 10 km x 10 km squares in the whold&RBQIS
coverage area. However, in this comparison we heeel
all the NORDLIS events, i.e., including also subseglCG
strokes and cloud flashes. This way we can determin
especially the outer boundaries of the NORDLIS cager
area.

As is seen in Figure 5, there is a sharp bounidary
the NORDLIS performance: for example, at the eastern
border of Finland and in southern Sweden, the GlID36
RDE jumps above 100%, indicating that GLD360 is
detecting more events. Figure 5 clearly showstti@msmall-
or medium-coverage LLS such as NORDLIS, is efficient
especially inside the network coverage area, b th
efficiency drops rapidly when approaching the nekwo
boundaries.
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FIG. 5 The relative detectio.h\ éfficiency (percentagdsizaD36C
versus all NORDLIS events in 10 km x 10 km squéires May 5-
August 9 2011. Purple color indicates RDE above2d00

€) GLD360 Combined with Weather radar data

Finally we show an example of the combination of
weather radar and GLD360 data. In Fig. 6 on lefigbas
shown the storm situation indicated in red 3 hdefore the
radar is detecting the storm first time. At firdte cluster of
GLD360-detected strokes is not accompanied by radar
returns outside the 450-km range on the bottonhefleft
panel in Fig. 6, but then the storm moves over iaaand
Lithuania within radar range as seen in Fig. 6ightrpanel.

As a result, GLD360 data provides lead time for
thunderstorms of interest within the radar's ranigethis
case three hours. Also additional strokes in o#terms
were apparent in these 15-minute time segmentseSin
lightning does not always directly correspond widdar
reflectivity, the thunderstorm lifecycle and threat
information from the combined dataset is greatanthkither
dataset shown separately. The GLD360 as a glotal sta
can be applied like this anywhere in the world.

f) Conclusions

We have shown some performance characteristics of
the Vaisala global lightning detection system (GBEDR
The performance analysis has been made relativihdo

NORDLIS lightning location system, situated in thethern
Europe (Norway, Sweden, Finland, Estonia). NORDILSS i
considered to be a stable and well-performing systeo
that its data can be considered as a ground utiei study.

ot
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FIG. 6: Reflectivity measured by Vaisala WRM200 thea radar
combined with the lightning strokes of 15 minutexuamulation
indicated in red measured by GLD360. The first ckate of the
storm approaching Scandinavia was detected by HiZ360 in the
bottom of the left panel. In right panel, 3 houfte@vards, storm
reaches the radar coverege.

The overall performance of GLD360 based on the
NORDLIS comparison is giving the similar results
compared to the comparison with National Lightning
Detection Network (NLDN) data in USA. The detection
efficiency of ground flashes is better than 70%haigh
there is some day-to-day variation, and locatiotugscy is
5 to 10 km. This comparison on the northern locati®
showing that GLD360 has nearly uniform performance
globally. If the performance is checked against all
NORDLIS events (i.e., including all CG strokes andud
flashes), the efficiency drops, which is not a &S
because NORDLIS or any other local network detects a
large number of weak events which in practice canhe
detected with a global network with sensor bassliogé
thousands of kilometres.

Our results suggest that GLD360 is especially usefu
for providing lightning location data outside otthoverage
of the national lightning location network giving one
timeliness for the detection severe weather. Alspareas
to which it is not practical or feasible to impleme small-
scale LLS network, GLD360 is capable of providing
efficient lightning location data.
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