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Abstract--This study presents a comprehensive analysis of
lightning activity at a wind farm lightning observatory in
Croatia, where lightning strikes on a wind turbine are monitored
using synchronized current measurements, high-speed optical
recordings, and lightning location system (LLS) data. With the
recent launch of the Meteosat Third Generation (MTG)
Lightning Imager (LI) in July 2024, continuous optical radiance
data is also available. By leveraging precise timestamps, LI
radiance data is correlated with ground-based measurements.
During the period, the current measurement system detected
nine events serving as ground truth and, for some events, being
complemented by high-speed camera data for LLS and LI.
Ground-based equipment consistently validates each other in
stroke detection, and current measurements of continuing-type
currents are further corroborated by HS camera data and
extracted luminance profiles. The LI detected all nine flashes at
the instrumented WT. In every flash, LI detections preceded the
currents measured at the WT, suggesting that the leaders and
strokes were triggered by in-cloud lightning activity. LI also
confirmed the polarity of the involved lightning leaders, enabled
more precise quantification of flash parameters such as duration
and extension, and verified the presence of continuing currents.
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I. INTRODUCTION

he Croatian wind farm (WF) lightning observatory

monitors lightning activity in a wind farm using LLS data
and, since 2022, through a lightning current waveform
measurement system (LCWMS) installed on a single 3 MW
wind turbine in southern Croatia. The WF area is
characterized by medium to high winter lightning activity, as
indicated by meteorological data and LLS-based maps ([1]).
Before its installation, the LCWMS was tested in the high-
voltage laboratory at the Faculty of Electrical Engineering and
Computing, University of Zagreb [2]. In 2023, a high-speed
(HS) camera was also integrated into the system to validate
current measurements and provide additional insights into
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lightning flash attachment, channel evolution, and flash
progression. The camera was similarly tested in the high-
voltage laboratory prior to its deployment [3]. To date, current
waveforms have been recorded for about 200 lightning events,
with HS camera footage available for several dozens of these
events. Preliminary results from high-frequency (HF), which
is optimized to measure up to 1 MHz, and low-frequency (LF)
Rogowski coil, which is optimized to measure up to 10 kHz,
measurements were presented in [4]. In [4] recurring issues
were identified, including 2 MHz oscillations in HF sensor
recordings and DC offsets in LF sensor data. Regarding
camera recordings, some videos clearly show lightning
channels, while others are partially obscured due to cloudy or
misty conditions. Furthermore, in prior work [5] involving
LCWMS and HS camera measurements, several lightning
events were successfully correlated with LLS data.

This lightning observatory facility is unique in Europe as it
conducts long-term lightning observations on a WT in winter
lightning activity area. Comparable current measurement

studies have been conducted only in Japan, where
instrumented WTs have been wused. These include
investigations under the New Energy and Industrial

Technology Development Organization (NEDO) project [6],
studies carried out by Mitsubishi Heavy Industries, Ltd. (MHI)
[7], and research conducted at the Nikaho Kogen wind farm
(WF) by Electric Power Development Co., Ltd. (J-Power) and
the Central Research Institute of Electric Power Industry
(CRIEPI) [8]. In all the aforementioned investigations in
Japan, current measurements were performed using a single
Rogowski coil, installed at the base of the tower, often in
combination with one or more conventional-speed cameras,
across multiple wind farms and WTs.

Newer investigations on WTs include HS imaging
investigations of lightning on WTs [9], [10], combination of
HS imaging and current measurement [11], [12] and high-
speed imaging and ground-based sensors [13]. On tall towers,
HS optical observations have rich operational experience in
conjunction with measuring lightning currents and additional
lightning monitoring equipment such as local E-field, B-Field
sensors and X-ray sensors or large scale systems such as
national lightning location systems [14]-[25].

Significant efforts have also been made in space-based
observations of lightning [26], [27] and their applications in
power systems [28]. In [28] the authors discuss the use of
space-based optical lightning detection in several critical
areas, including the identification of initial continuous currents
(ICCs) at the onset of upward flashes, the detection of
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continuing currents (CCs) occurring in later stages, the
observation of upward-triggered lightning flashes (e.g.,
positive cloud-to-ground (CG) flashes that initiate upward
lightning), and the assessment of lightning exposure risks for
overhead transmission lines and the broader impact on power
systems. Since July 2024, the LI onboard the MTG satellite
has been providing continuous, real-time space-based
lightning detection by capturing optical signals from lightning
activity. The LI monitors lightning occurrence over Europe,
Africa, and South America from geostationary orbit. This
study integrates LI data with data from the Croatian WF
lightning observatory to cross-validate the measurements and
offer complementary perspectives on lightning phenomena.

II. INSTRUMENTATION AT WIND FARM LIGHTNING
OBSERVATORY AND MTG LI SPECIFICATIONS

Figure 1 illustrates the site map, showing the relative
positions and elevations of the substation with the HS camera
and WTG4, where the LCWMS is installed. The HS camera is
located at the substation. The substation is located at an
elevation of approximately 757 meters, while the wind WT
equipped with the lightning current waveform measurement
system is positioned on a hill 3.5 kilometers away at an
elevation of 1250 meters. The camera is set to be triggered by
the LCWMS system. The camera records with 24000 fps for
approximately 1 s.

Both the LF and HF sensors are Rogowski coils connected
to an integrator via a coaxial cable. The LF sensor was
installed to measure continuing-type currents, such as initial
ICCs, with an optimal measurement range of up to £12.5 kA.
However, the LF sensor is connected to a digitizer that
saturates at 10 volts. Given the sensor’s sensitivity coefficient
(0.6 mV/A), this corresponds to an approximate upper limit of
18 kA [2], which will be relevant for later analysis of results.
As for the HF sensor, it captures currents up to £250 kA [2],
although such high amplitudes are extremely rare in Croatia.
According to LLS data from the past few years, the average
stroke amplitude is lower than 10 kA. The HF sensor is used
to measure pulse-type currents.

The system has recorded approximately 200 lightning
events, the vast majority of which exhibit a clearly present
ICC, indicating that they are of the upward type. However,
there are several events in which an ICC does not appear to be
present, leading the authors to believe they may be of the
downward type. It must be noted, however, that without
absolute visual confirmation from the high-speed camera, it
cannot be claimed with 100% certainty that these events are
downward flashes, as the LF sensor may not have been able to
properly register the ICC in those cases.
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Fig. 1. Site map: 110/20 kV substation and WTG4

The LLS data is also available for the site. On a weekly
basis, registered lightning flashes in the WT area are spatially
correlated with specific WTs in the WF based on their
collection areas. The collection area is determined according
to the IEC standard [29] based on the effective structure
height. For all WTs in the WF, the maximum structure height,
when one blade is aligned with the tower, is 132 m, resulting
in a collection area with a radius of 400 m (3 x 132 m). When
a lightning flash registered by the LLS corresponds to a point
inside this radius, it is deemed that the lightning flash has hit
the WT.

In addition to information from the LLS, since July 4th, the
Lightning Imager (LI) onboard the 3rd generation of the
Meteosat (MTGQG) I1 satellite [33], [36] has been providing data
on the detection time, location, and intensity (narrowband at
777.4 nm) of optical emissions from lightning flashes. The LI
mainly detects the luminosity from lightning scaping from
clouds after scattering and absorption with cloud particles. So,
LI detects luminosity from total lightning: intra-cloud and CG.
The LI composite field-of-view of the four optical cameras
includes Africa, Europe, and part of the Atlantic Ocean, with a
spatial resolution of 4.5 km at the equator and ~7 km in
Croatia. LI sampling time (exposure time) is 1 ms. This work
uses LI level 2 group data, and correction for parallax and
photon travel has been applied. In this work, we use public LI
level 2 lightning groups (LGR) data. LI groups will be used to
provide a plan view (lat-lon) of the flashes as well as the time-
distance representation of flashes. Based on [35] and [31], the
time of occurrence of each LI group and its horizontal distance
to the location of the wind turbine (WTG4 is the reference, 0
km) will be plotted in the time-distance plot. As shown in [35]
and [31], the alignment of the points in the time-distance plot
is associated to negative or positive leader development
according to the slope (dashed lines, e.g. Figure 3b and 6b).
The slopes of the refence lines (dashed lines) correspond to
speed of typical negative leader propagation:1 X 10° ms~!
to 1 x 10°m s~! and of typical positive leader propagation:
2x10*ms™t

Additionally, from the LI groups of a flash, the integrated
optical radiance will be calculated by integrating the radiance
of all the groups during each 1 ms exposure frame [28]. The
integrated radiance will be compared with the measured



current and high-speed video measurements. In addition, the
integrated radiance is also used to intensify the presence of
continuous luminosity, which is commonly related to
continuing currents (e.g., [28]).

III. RESULTS

In this section flashes to WTG4 are analyzed between July
20 and October 5, 2024. This period corresponds to the first
public LI data streaming. Nine lightning events on WTG4
were detected during this period, including downward
negative flashes, positive upward flashes containing only ICC,
negative upward flashes containing only ICC, and upward
positive flashes containing both ICC and pulse-type currents.

On July 20, 2024, three flashes containing downward
negative CG strokes were recorded at WTG4. These flashes
occurred at 10:00:49.844, 10:01:27.240, and 10:01:51.920 UT.
The first flash consisted of a single stroke, the second
comprised eight strokes, and the third included five strokes.
For the first two flashes, the camera data is available, however
there is no clear view of the channel because of the poor
visibility conditions. For this specific case, it seems that cloud
cover or fog is blocking the view across the entire frame.
However, during the times of strokes, there are global changes
in brightness across the entire screen. The luminance profiles
were calculated by determining the average pixel intensity of
each frame and properly timestamping it. These luminance
profiles serve only to temporally confirm the LLS and LF/HF
sensor measurements.

Figure 2 illustrates the LF and HF sensor current
measurement as well as HS camera luminance profile
overlapping together for the first negative CG flash that
contained single stroke and occurred at 10:00:49.844 UT.
The vertical dashed line represents the time of stroke that LLS
detected in the collection area of WTG4. The LLS registered a
peak current of 24 kA, while the HF sensor measured ~37 kA.
Note that the LF sensor saturates at 18 kA. In the figure, the
extracted luminance has been scaled down by a specific factor
to facilitate easier comparison with the current waveform. The
scaling factor was chosen based on the maximum amplitude of
the LF sensor current and the maximum luminosity value to
clearly indicate their temporal correlation visually. Each data
source for the stroke that hit the WT aligns within a
millisecond.

The camera also captured luminance from nearby lightning
activity, as shown in the figure. In this particular case, the LLS
located nearby lightning activity outside the WT collection
area, indicating that the associated strokes struck the nearby
soil. Additionally, this activity was not captured by the
LCWMS, which serves as the ground truth.

Similar observations apply to the other two negative CG
flashes, both of which contained multiple strokes. For each
stroke in these two events, which the authors believe to be
downward flashes, LF and HF sensor and LLS-detected
strokes correlated within an about a millisecond. In the case of
the second flash, which started around 10:01:27.240 and
contained eight strokes, the LLS did not detect two of them.
Additionally, two detected strokes were located just outside

the WT collection area and were classified as cloud-to-cloud
discharges. As in the first analyzed case, there is no clear view
of the lightning channel. However, the extracted luminosity
profile suggests that only the first three strokes can be
identified, and they overlap with those captured by the LF and
HF sensor. For the third flash event, which started around
10:01:51.920, both the LF and HF sensor detected five stroke
events that also correlated well with the LLS strokes.
However, the LLS located two of these strokes outside the WT
collection area and classified them as cloud-to-cloud
discharges. In this case, no HS camera footage is available, as
the memory buffer was full due to consecutive camera
triggers.

Figure 3 presents the LI detections of the first flash at
10:00:49.844 UT. The locations of the LI groups in Figure 3a
show two distinct clusters. One is close to WTG4 (black
circle), and the other is ~25 km to the south. The time-distance
plot in Figure 3b displays the time and distance sequence of
the LI groups in the flash.
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Fig. 2. Flash on 20/07/2024 at 10:00:49.844 UT. Measured lightning current
by the LF (blue) and HF (black) sensors at WTG4, HS camera luminance
profile scaled (orange) and CG stroke LLS detection (vertical dashed line).
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Fig. 3. Flash on 20/07/2024 at 10:00:49.844 UT. a) Location of the LI groups.
The wind turbine is represented as a black filled circle). b) Time distance plot.
The location of WTG4 is the distance origin (0 km) whereas the time 0 s
corresponds to the lightning current measurement at the same wind turbine.
Red and black dots correspond to the LI groups detected before the current
measured before and after at the wind turbine, respectively. The dashed lines
are references for speed for typical negative leader propagation: 1 X
10°ms™ to 1 X 10°m st and for typical positive leader propagation:
2x10*ms™.




In this plot, the location of WTG4 is set as the spatial origin,
and the time 0 s corresponds to the time of the measured
stroke current. The time-distance plot reveals that the LI
groups close to WTG4 occurred -0.5 s before with some
activity between -0.5 s and the stroke time (0 s) at ~25 km
(south cluster). At the time of the stroke, no LI groups were
detected. About 0.5 s after the stroke, LI detections occurred
in the south cluster ~25 km.

Figure 4 depicts the Ll-integrated optical radiance of the
flash and the measured current at WTG4. Note that LI does
not contain any detections at the time of the measured current
despite the stroke amplitude being approximately 37 kA, as
measured by the HF sensor, and approximately 24 kA, as
reported by the LLS. A LI detection is found 15 ms before at
~25 km (Figure S2b in the Supporting Information).
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Fig. 4. Flash on 20/07/2024 at 10:00:49.844 UT. Measured lightning current
by the LF (blue) and HF (black) sensors at WTG4, integrated LI optical
radiance (red), and CG stroke LLS detection (vertical dashed line).

A similar pattern is found in the other two flashes occurring
during the same day in Figures S3-S6 in the Supporting
Information.

On August 3 and August 19, 2024, the measured currents
of the flashes at WTG4 presented only negative ICC from
upward positive leaders. These two cases present some
common features which will be described next. For both cases,
LF sensor and HS camera data are available. Figure 5 shows
the August 3 negative ICC current measurement, with the
scaled luminosity profile overlapped. According to the LF
sensor, the flash started on August 3 around 00:47:20.440 UT,
reached approximately 74 amps, and lasted about 160 ms.
Figure 5 also includes an HS camera frame where the
lightning channel is visible. For the August 19 lightning flash,
which occurred around 10:55:32.330 UT and lasted about 100
ms with a peak amplitude of 60 amps, no visible lightning
channel is present in the HS camera frames. However, the
luminosity profile is extracted and more or less overlaps with
the LF sensor current (not shown here). As expected, the LLS
system is blind to flashes that lack pulse-type currents, such as
strokes. Consequently, no data are available for either August
case within the collection area of WTG4 at that time.
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Fig. 5. Flash on 03/08/2024 at 00:47:20.437 UT. Measured lightning current

by the LF (blue) sensor at WTG4 and HS camera luminance profile scaled

(orange) with HS camera frame containing visible lightning channel.

LI groups of August 3, 2024 at 00:47:20.437 UT flash are
shown Figure 6. According to Figure 6b, the flash started at
~70 km from WTG4 and propagated towards the wind turbine.
The LI groups (in red) before the current measured at WTG4
suggest slow negative leader propagation at ~1 X 105 m s~!
for the LI groups between -0.5 s to -0.2 s and fast negative
leader development ~ 1 X 10m s~ for the LI groups
between -0.1 s to the time of the upward leader at WTG4. See
caption in Fig. 3 and Fig. S7 (supporting information) for the
interpretation of the leader speeds based on the slopes (dashed
lines) in the time-distance plots.
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Fig. 6. Flash on 03/08/2024 at 00:47:20.437 UT. Refer to Figure 3 for
explanation

Figure 7 presents the LI optical radiance and the measured
current. Note that LI provided detections until the measured
ICC peaked. These detections correspond to the ones that
extend to ~65 km between 0 s and ~0.1 s in Figure 6b. After
0.2 s, corresponding to the time the ICC vanishes, positive
leader development at the wind turbine location is identified in
the LI groups from 0.2 to ~0.6 s in Figure 6b. The plots for the
flash on August 19, 2024 (Figures S9-S10 in Supporting
Information) suggest a similar pattern to the described flash.
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Two upward positive flash events that only contained ICC,
associated with upward negative leaders, from WTG4 were
measured on September 13, 2024. Only LF sensor data are
available for both cases, and no accompanying camera video
is available. Additionally, there are no HF current sensor or
LLS records, as expected. According to the LF sensor data, the
first flash started around 02:49:42.334 UT, lasted
approximately 150 ms, and reached a peak current of about
481 A. The second flash occurred at 02:53:16.838 UT, lasted
around 70 ms, and had a peak amplitude of 1.29 kA.

Figures 8 and 9 present the LI detections associated with
the flash at 02:53:16.838 UT. The flash started -0.2 s before
the current measured at WTG4, producing continuous LI
groups (red dots) from a horizontal distance of ~15 km
(WTG4 as reference) propagating at positive leader speed
(Figure 8b, Figure 9 and Figure S13 in the supporting
information). Some negative leader development can also be
identified from the LI groups (red) approaching the turbine
before the inception of the leader at WTG4.
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Fig. 8. Flash on 13/09/2024 at 02:53:16.838 UT. Refer to Figure 3 for
explanation.

The continuous luminosity of the flash before the initiation
of the upward negative leader at WTG4 is clearly seen in
Figure 9. The luminosity (red signal in Figure 9) remains
almost continuous from the beginning of the flash until the
current is measured at the wind turbine (blue signal in Figure
7). The same is observed in the flash at 02:49:42.334 UTC
(Figures S12-S13 in the Supporting Information).
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Fig. 9. Flash on 13/09/2024 at 02:53:16.838 UT. Measured lightning current
by the LF (blue) sensor at WTG4 and integrated LI optical radiance (red).

Two upward positive flashes to WTG4 were observed on
October 5, 2024. The first flash occurred at 14:59:31.633 UT
(a single return stroke), while the second occurred a couple of
minutes later at 15:03:16.207 UT (two return strokes). The
provided timings correspond to the first return stroke of each
flash. For both events, HS camera recordings captured visible
lightning channels, including the upward leader development.
Figure 10 presents the LF and HF sensor current
measurements, and the HS camera luminance profile overlaid
for the first flash at 14:59:31.633 UT. A vertical dashed line
marks the return stroke timing detected by the LLS within the
WTGH4 collection area. The LLS registered a peak current of
113.9 kA, while the HF sensor recorded a peak current of
approximately 200 kA. Notably, the ICC duration was
extremely short, lasting around 2 ms, with no no-current
period observed between the ICC and return strokes in the LF
sensor data. The HS camera confirms this as an upward flash,
as shown in Figure 11, which illustrates several
nonconsecutive frames of upward leader development.
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Fig. 10. Flash 05/10/2024 at 14:59:31.633 UT. Measured lightning current by
the LF (blue) and HF (black) sensors at WTG4, HS camera luminance profile
scaled (orange) and CG stroke LLS detection (vertical dashed line).
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Fig. 11 Flash 05/10/2024 at 14:59:31.633 UT. HS camera frames show the
upward leader development, which initiated at approximately 14:59:31.631.

Figures 12 and 13 correspond to the LI detections of the
first flash. Both flashes started with LI groups (red dots in
Figure 12b and S17b) detected at ~4 km a few milliseconds
before the wind turbine current measurement. In the case of
the flash in Figure 12, the LI groups (black dots in Figure 12b)
just after the current started at 0 s until 50 ms suggest the
presence of negative leader propagation that might be related
to the channel connected to the wind turbine and supplying
some continuing current as seen in the current waveform
(Figure 13).

The currents of the two positive upward flashes on October
5, 2024, started with large peak current strokes of ~200 kA
(Figure 13) and ~90 kA (Figure S18) accompanied by LI
optical radiance pulses. In the case of the flash in Figure S18,
a subsequent positive stroke was not detected by the LI
According to the HF current sensor, the subsequent positive
stroke contained an amplitude of ~30 kA.
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Fig. 12. Flash on 05/10/2024 at 14:59:31.633 UT. Refer to Figure 3 for
explanation.
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Fig. 13. Flash on 05/10/2024 at 14:59:31.633 UT. Measured lightning current
by the LF (blue) and HF (black) sensors at WTG4, integrated LI optical
radiance (red), and CG stroke LLS detection (vertical dashed line).

IV. DISCUSSION ASSOCIATED WITH LI

LI detected the nine measured flashes to WTG4 from July
20 to October 5, 2024. In general, LI detected groups before
and after the currents were measured at the WT. The detection
of LI groups before the currents measured at the WTs
indicates that some in-cloud leader development triggers all
the leaders and strokes at the WT. This is consistent with [30-
31], where self-initiated lightning flashes are favored during
winter-type thunderstorms because of their lower altitudes of
the charge regions compared to more convective storms.

The three cases of downward negative -CG strokes at
WTG4 on July 20, 2024, were preceded by some LI groups
detected at the location of the WT between -0.5 s to -2 s
before the strokes. In the three cases, a second cluster of LI
groups is detected at a distance beyond ~20 km from the WT.
LI did not report the strokes to the WT, although some peak
current reached several tens of kA. The lack of LI detections
at the time of the strokes might be due to a low initiation
altitude of those -CG strokes (e.g., at the low positive charge
region of the thundercloud). In addition, the flash occurred
during the daytime, during which the detection efficiency of
space-based optical lightning detectors was reduced due to the
background intensity [32], [33].

The cases of current events with only negative ICC related
to upward positive leaders from WTG4 (August 2024 cases)
can correspond to the lightning-triggered upward lightning
(LTUL) case [34,28]. In these flashes, LI groups likely from
in-cloud leaders propagating at negative leader speed towards
the WT were found before measuring the currents. These are
consistent with the LTUL mechanism in [34,28], where
negative leaders remove positive charge aloft the WT,
favoring the inception of upward positive leaders from the tall
object. In the presented cases, large peaks of luminosity are
found during the ICC corresponding to LI groups distant to the
WT (LI groups in Figures 6 and S9 and integrated radiance in
Figures 7 and S10).

Interestingly, the positive ICC current measurements at WTG4
on September 13 showed a similar pattern in the LI luminosity



signals. The positive ICC by negative upward leaders from the
WT is preceded by a long period (>100 ms) of continuous LI
detections. The continuous detections of LI groups have been
associated with in-cloud positive leader development (Figure
8) that would favor the exposure of the WT to more intense
negative electric fields due to the reduction of negative charge
in the cloud [37]. The cloud top temperature analysis in Figure
S19 in section S2 (Supporting Information) suggested that the
WT was under a convective cell instead of a stratiform cloud.

In the two positive upward flashes on October 5, 2024, LI
reported groups <20 ms before the positive +CG strokes at
distances <5 km. The existence of previous in-cloud activity is
supported by an increase in brightness seen in the high-speed
video frames before the initiation of the upward leader. The
time-distance analysis in the flash in Figure 12 suggests that
after the +CG stroke, fast negative leader development in the
cloud for ~15 ms is consistent with the duration of the visible
channel after the stroke in the high-speed video. The cloud top
temperature analysis in Figure S20 in section S2 (Supporting
Information) indicates that the WT was under a stratiform
region with a cloud top at ~6.4 km. In such a case, the
stratiform region might have been positively charged, and
some in-cloud breakdown favored triggering the upward
negative leader from the WT [30].

V. CONCLUSIONS

This paper analyzes multiple lightning events on a WT
during the summer and autumn of 2024. Based on onsite-
measured waveforms, the lightning flashes were classified into
four categories: downward negative flashes, positive upward
flashes containing only ICC, negative upward flashes
containing only ICC, and upward positive flashes containing
both ICC and pulse-type currents.

The flashes were analyzed using data from LF and HF
sensors installed locally (Rogowski coils and integrators), a
high-speed camera operating at 24000 fps, LLS, and LI.
Current measurements from HF and LF sensors, along with
high-speed camera data, serve as the ground truth for both
LLS and LI. All ground-based equipment is independently
synchronized, and their measurements consistently temporally
validate one another. CG strokes detected in current
measurements are confirmed by LLS data in the area and by
HS camera data. Continuing-type currents are corroborated by
luminance profiles extracted from the camera data and from
camera frames of leaders.

The LI has demonstrated the detection of the nine
investigated flashes to the instrumented WT. In all the flashes,
despite being of different types, we found preceding LI
detections to the currents measured at the WT, suggesting that
the leaders and strokes to the WT were triggered by in-cloud
lightning activity. LI data allows us to identify the triggering
modes of the different flashes. In the case of downward
negative flashes, we found preceding LI detections at the
location of the WT -0.5 s to -2 s before the strokes at the WT.
In the case of measured negative ICC-only events, LI
detections suggested that the upward leaders were initiated by
approaching in-cloud negative, whereas in the cases of

positive ICC-only, they were preceded by abundant LI
detections presumably related to positive leader development
in convective cores. In the rare cases of positive upward
flashes with intense stroke currents, LI has shown some
lightning activity shortly before initiating the upward positive
leader from the turbine. Moreover, LI has detected some
groups suggesting the propagation of negative leaders that
might be related to the continuing current just after the
positive stroke.

Optical space-based detection of lightning has been able to
complement in-situ current measurements and LLS CG stroke
data, enabling the identification of the polarity of the involved
lightning leaders, the mode of triggering of the flash at the
WT, better quantification of general parameters of the flash
such as duration and extension; and the identification of the
presence of continuing currents. On the contrary, we found
that the LI failed on the detection at the time of some CG
strokes. In future work, LI imager data could also be utilized
for:

e fault correlation on overhead lines caused by
lightning flashes, in conjunction with detection from
the LLS data;

e cstimation of lightning flash density along overhead
line route;

e correlation with monitoring systems for recording
overvoltages and transients in power system to
confirm lightning caused overvoltages;

e identification of continuing currents which allows
extending the lightning risk assessment to the
contribution of energetic flashes - this can be
important for selecting surge arresters® charge and
energy capabilities.
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