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Abstract— Negative downward leaders that produced lightning
strokes to wind turbines are identified by means of the Lightning
Mapping Array data of the Ebro Valley Laboratory (NE Spain).
Four cases are analyzed together with weather radar imagery. All
flashes hitting wind turbines were originated in small convective
cells with moderate development. Notwithstanding the moderate
convection, all cases occurred under what can be called “out of
season conditions”, where the ‘‘charging zone’’ is located closer to
the ground and may favour downward leaders to tall structures.
Cloud charge structures showed negative region from 3 km to
more than 5 km with a low positive charge below (not always
detectable).
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I.

INTRODUCTION

Multi-megawatt wind turbines are tall structures prone to be
hit by lightning. In addition, they are peculiar tall objects with
rotating blades made of conductive composite material, usually,
in continuous rotation. As these distinctive features difficult
their protection against lightning, the interactions with lightning
deserves in-depth analysis.

II.

DATA

In the summer of 2011 the Ebro 3D Lightning Mapping
Array (ELMA) was installed on the north-east coast of Spain
(Fig. 1). The ELMA maps radio emissions of lightning channels
in three dimensions by the time-of-arrival (TOA) technique in
the very high frequency (VHF) range (e.g. [5]) from an array of
VHF remote sensors. Several large wind farms are present
within the range of the ELMA. This array has sensor-to-sensor
distances of only 5 to 20 kilometers and the wind farms of
interest are located less than 12 km from the network center.
Cloud-to-ground strokes are reported by the LINET VLF/LF
lightning detection network [6]. ‘La Miranda’ radar (LMI) more
described in [7], is a C-band radar of the Meteorological Service
of Catalonia (SMC) about 40 km north of the Ebro Delta
provided reflectivity fields of the thunderstorms causing the
lightning that affected the wind turbines.

In the recent years, the use of high resolution lightning
mapping systems and high-speed video provided relevant
information about the lightning environment related to wind
turbines. The first lightning mapping array (LMA) flashes
initiated by wind turbines were presented not long ago in [1] and
[2]. Additionally, in these references, long lasting corona
activities from rotatory parts of wind turbines were reported.
These particular corona emissions have been investigated later
by [3] confirming that corona discharges from wind turbines can
be produced even with low ambient electric fields.
Most of the optical observations of lightning to wind turbines
show upward lightning flashes (e.g. [1] and [4]). In this work we
present some examples of downward flashes where wind
turbines are involved. We use LMA, cloud-to-ground lightning
data and Doppler weather radar. Our objective is to identify the
common features of the thunderstorms that produced flashes
striking wind turbines.
Figure 1. Map showing the location of the ELMA sensors (crosses) and
weather radars (squares). Yellow shadowed area corresponds to the
location of the wind farms.

III.

METHODOLOGY

Episodes with lightning flashes involving wind turbines
were primarily identified by means of LINET cloud-to-ground
(CG) data. Clusters of CG are often observed around tall
structures [6] and the area with wind farms were monitored
looking for clusters of strokes around wind turbines within a
buffer of 150 m. For these identified strokes ELMA data was
inspected. The ELMA provides 3D view of the intracloud
detected sources. The located sources are mainly coming from
negative leaders moving through regions of positively charged
cloud particles, but weaker sources from positive leader traces
inside the negative charge region are often detected as well
(likely caused by negative recoil leaders, see for example [8]).
In order to distinguish negative and positive leader development
the 2D time-distance plot developed in [9] was used. To be sure
that the events involved negative downward leaders, we selected
those cases where the leader to ground can be identified.
Unfortunately, no optical records were available for the
analyzed events.
IV.

OBSERVATIONS

Figure 2. Case #1: a) LMA views of the detected sources. Upper graph
corresponds to height vs. time and under it the top (LAT vs. LON) and
side views (LAT and LON vs. height).

The radar image, which corresponds to the maximum
reflectivity product (dBZmax) shows that the flash started on a
small convective core with reflectivity within 35-45 dBZ (Fig.
3). The in-cloud leaders progressed towards the trailing
stratiform area. The Top-35 (height reached by 35 dBZ) was
aroud 7.0 km throughout the thunderstorm life-cycle.

On the following we present four representative cases.
A. Case #1 20111120 [04:37 UTC]
The LMA plot of this flash is shown in Fig. 2. The flash
started just above a wind turbine with a fast negative downward
leader originated at 3 km altitude producing two strokes
involving wind turbines. The first stroke produced a current of
-98 kA and involved the turbines at highest altitude (625 m) of
the area. The second stroke of – 7 kA occurred 23 ms after. The
flash shows low altitude positive leader development with
negative leader activity above. No leader activity was observed
above 6 km.
a)

b)

Figure 3. Maximum radar reflectivity (in dBZ) plot for case #1. The
blue square corresponds to the LMA initial point (intracloud
breakdown). White dots are the CG LINET strokes. Arrow points to the
wind turbines. In grey, the radar location.

B. Case #2 20111120 [04:45 UTC]
This flash affected the same turbine as in the case #1 but 8
minutes later. This flash is shown in Fig. 4. The time distance
plot in Fig. 4 reveals the presence of positive leaders at altitudes
between 3-5 km and negative leaders developing to ground and
at altitudes 2-3 km. These leaders indicate a negative charge
region at 3-5 km and some positive charge below. At 324.9 s
(Fig. 4a) a negative leader progressed to ground and produced
three strokes of -17 kA, -11 kA and – 11 kA. About 300 ms after,
a negative cloud leader just above the CG locations travelled
outwards to about 10 km at low levels.

that triggered a sprite (see [11]) located at about 13 km. After
that, a new breakdown occurred close to the turbine where
suddenly a negative leader progressed towards the turbine
(t=264.6 s in Fig. 6a) producing 9 strokes.
The time vs. distance plot in Fig. 5b clearly shows a negative
leader progressing from about 50 km passing 5 km close to the
turbine location. After the negative leader had passed, positive
breakdown occurred and suddenly a negative leader was
directed towards a wind turbine. The leader sequence suggest
that the first leader development related to the intense +CG flash
initiated new leader breakdown at the wind turbine area.
The radar image in Fig. 6 shows the negative leader starting
at the bottom of the image, in the border of a convective cell with
maximum reflectivity around 45 dBZ, but the wind turbine hit
by lightning is under a stratriform area with lower reflectivity,
not reaching the 30 dBZ.

a)

a)

b)
b)

Figure 4. Case #2: a) LMA flash and b) time vs. distance plot.

Regarding the radar reflectivity field, this flash was
originated in the same thunderstorm cell as case #1, eight
minutes later, in similar conditions as the previous case study.
The temperature at the altitude of 700 hPa was –4ºC indicating
that this case cannot be classified as winter lightning assuming
the criteria in [10].

C. Case #3: 20121117 [17:34 UTC]
This case (Fig. 5) corresponds to a complex flash originated
about 50 km away from the involved wind turbine. Before
striking the turbine, at t=264.34 s (Fig. 5a), an intense +CG
stroke (+52 kA) followed by continuing current (1900 C·km)

Figure 5. Case #3: a) LMA flash and b) time vs. distance plot.

Figure 7. Case #4: a) LMA flash and b) time vs. distance plot.

Regarding radar imagery, here the leader initiates in the rear
edge of a convective cell and hits a turbine which is under the
same cell. Compared to precedent cases, maximum reflectivity
is slightly higher, but the vertical development is rather similar,
with the Top-35 reaching 6.0 to 7.0 km. The radio sounding at
1800 UTC revealed a temperature of -4 ºC at 700 hPa which is
similar to the previous cases.
V.
Figure 6. Analogous to Fig 3, but for for Case #3 at 17:36 UT.

The radio sounding of 1800 UTC showed a temperature of
-3 ºC at 700 hPa, so this case cannot be classified as winter
lightning according [10].

D. Case #4: 20120403
According to Fig. 7, leader activity kept below 6 km with
remarkable positive leader development (different from case
#3). A negative leader to ground started at the beginning of the
flash and ended with a -18 kA stroke to a turbine located at the
highest hill (640 m) of the area.
a)

b)

DISCUSSION AND CONCLUSIONS

In all the four cases the highest wind turbines at the area
(farm or hills) were the ones affected by negative downward
leaders. In the LMA data we can distinguish a negative leader
from a low level of the cloud progressing towards the turbine. In
all the cases the return strokes currents were of negative polarity.
Significant charging allowing lighting production occurs
only where graupel, ice crystals and supercooled droplets coexist. This region is referred to as the ‘‘charging zone’’ and its
vertical extent is limited [12]. The upper boundary of the
charging zone typically lies between the -15ºC and -30ºC
isotherms. As a result of this dependence of the electrification
processes on temperature, cloud charges are located closer to
the ground in winter.

and August, according to the last ten years average. 83% of
lightning occur from June to September, and 94% from May to
October. The months of the present case studies, April and
November, account 3.7% and 1.3% of the annual activity,
respectively. Therefore, the storms analysed here can be
considered “out of season”. Regarding risk assessment, even if
downward lightning to wind turbines can be more common in
relation to deep convective situations, results suggest that “out
of season” thunderstorms, showing limited vertical extent, may
also be a threat to wind turbines.
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