
Ann. Geophys., 27, 2599–2605, 2009
www.ann-geophys.net/27/2599/2009/
© Author(s) 2009. This work is distributed under
the Creative Commons Attribution 3.0 License.

Annales
Geophysicae

ELF and VLF signatures of sprites registered onboard the low
altitude satellite DEMETER
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Abstract. We report the observation of ELF and VLF
signature of sprites recorded on the low altitude satellite
DEMETER during thunderstorm activity. At an altitude of
∼700 km, waves observed on the E-field spectrograms at
mid-to-low latitudes during night time are mainly dominated
by up-going 0+ whistlers. During the night of 20 July 2007
two sprites have been observed around 20:10:08 UT from
the observatory located on the top of the mountainŚniėzka
in Poland (50◦44′09′′ N, 15◦44′21′′ E, 1603 m) and, ELF
and VLF data have been recorded by the satellite at about
1200 km from the region of thunderstorm activity. During
this event, the DEMETER instruments were switched in the
burst mode and it was possible to register the wave forms.
It is shown that the two sprites have been triggered by two
intense +CG lightning strokes (100 kA) occurring during the
same millisecond but not at the same location. Despite the
distance DEMETER has recorded at the same time intense
and unusual ELF and VLF emissions. It is shown that the
whistler wave propagates from the thunderstorm regions in
the Earth-ionosphere guide and enters in the ionosphere be-
low the satellite. They last several tens of milliseconds and
the intensity of the ELF waveform is close to 1 mV/m. A par-
ticularly intense proton whistler is also associated with these
emissions.
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1 Introduction

The purpose of this paper is to report ionospheric ELF/VLF
measurement performed onboard the satellite DEMETER
when it was at a distance around 1200 km from a sprite
event observed at the top ofŚniėzka mountain observatory
in Poland. Associated ELF and VLF radiation have been al-
ready measured on ground at the time of Transient Luminous
Events (TLEs). Bell et al. (1998) have used an ELF/VLF
receiving system to measure the magnetic field radiated by
positive cloud-to-ground discharges associated with sprites.
They found that ELF waveforms have pulses related to in-
tense continuing currents which transfer most of the positive
charge to ground during a period of∼1 ms following the first
return stroke. It has been shown by Reising et al. (1999) that
the ELF sferic energy is related to the number of sprites pro-
duced during a thunderstorm. Ohkubo et al. (2005) have in-
vestigated the relationship between the broadband ELF/VLF
waveform data and sprite events observed in Japan. They
showed that sferic clusters observed in the VLF range are
related to the generation of sprites.

DEMETER is devoted to the study of ionospheric pertur-
bations in relation with the seismic activity and the man-
made activity. Its payload consists of wave and particle anal-
ysers. A large part of the Electromagnetic (EM) waves ob-
served by DEMETER consists of whistlers mainly during
night time at low and mid latitudes (Parrot et al., 2008).

Section 2 briefly describes the wave experiment which is
a part of the scientific payload of DEMETER, the optical ex-
periment inŚniėzka observatory, and the lightning networks
used to characterize the strokes. Specific spectrograms and
waveforms with unusual signatures observed by DEMETER
are shown in Sect. 3. Section 4 is devoted to the interpretation
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Fig. 1. Picture taken by the camera installed in the observatory
at the top of theŚniėzka mountain (50◦44′09′′ N, 15◦44′21′′ E
1603 m) on 20 July 2007. Two sprites are clearly seen in this pic-
ture. At the time of registration (20:10:08 UT) the camera was ori-
ented in the north-north-west (333◦) direction, and the elevation
was 30◦ (Courtesy A. Odzimek).

of these data manifested in these events, while conclusions
are presented in Sect. 5.

2 The experiments

2.1 Demeter

DEMETER is a low-altitude satellite (710 km) launched in
June 2004 onto a polar and circular orbit which measures
electromagnetic waves all around the Earth except in the au-
roral zones (Parrot, 2006). In December 2005, the altitude of
the satellite was decreased to 660 km. The ELF/VLF range
for the electric field is from DC up to 20 kHz. There are two
scientific modes: a survey mode where spectra of one elec-
tric and one magnetic component are onboard computed up
to 20 kHz and a burst mode where, in addition to the onboard
computed spectra, waveforms of one electric and one mag-
netic field component are recorded up to 20 kHz. The burst
mode allows performing a spectral analysis with higher time
and frequency resolution. Details of the wave experiment can
be found in Parrot et al. (2006) and Berthelier et al. (2006).
During the burst mode, the waveforms of the six components
of the electromagnetic field are also recorded up to 1.25 kHz.
This allows performing a detailed wave propagation analysis
(Santolik et al., 2006).

2.2 Optical measurements

The camera was installed by a Leicester University team
in the meteorological observatory at the top of theŚniėzka
mountain in south-western part of Poland (50◦44′09′′ N,

Fig. 2. Map showing the orbit of DEMETER (black line). The
sign + indicates the position of DEMETER at the time of the opti-
cal observation performed atŚniėzka observatory (the sign o). The
two stars give the position of the parent lightning strokes. The dis-
tance between the location of the event and the satellite position was
around 1200 km.

15◦44′21′′ E, 1603 m) in the frame of the European program
SPARTAN Sprite-Watch. For the observations, it was a man-
ually operated system which consists of a monochrome Wa-
tec 902H LLTV camera, a Computar 16 mm F/1.4 lens, a
Pinnacle Dazzle DVD video capture device, a PFD Systems
KIWI-OSD video time inserter and a KIWI Garmin GPS re-
ceiver, a Manfrotto camera head, a Computar camera hous-
ing, and a Sonota Co UFO Capture V2 software installed on a
Toshiba Satellite Pro notebook computer. The exposure time
of the camera was 40 ms (A. Odzimek, private communica-
tion, 2008).
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Table 1. Parameters of the most intense lightning strokes observed by the EUCLID network close in time and space to the sprites shown in
Fig. 1. It must be noticed that L1, L4, L5 and L6 which are eastward are not detected by the LINET network.

Lightning Day Time Position (lat, long) Current (kA)

L1 20 Jul 2007 20:10:01 885 52.357600 22.064000 −81
L2 20 Jul 2007 20:10:08 666 51.449100 14.715100 101
L3 20 Jul 2007 20:10:08 666 51.375400 14.597900 107
L4 20 Jul 2007 20:10:08 829 51.749900 20.300600 −23
L5 20 Jul 2007 20:10:08 833 52.466900 22.606200 −79
L6 20 Jul 2007 20:10:08 834 51.066300 21.680100 −22
L7 20 Jul 2007 20:10:09 226 51.504100 14.427000 −35

2.3 The lightning networks

Two lightning detection networks were used to characterize
the lightning strokes in the region of thunderstorm activity:
The Munich University lightning detection network named
LINET (Betz et al., 2009) and the EUCLID (European Coop-
eration for Lightning Detection) network. EUCLID provides
interconnection of national lightning detecting networks with
the aim to identify and detect lightning all over the European
area (http://www.euclid.org/).

3 Observation of the events

On the night of 20/21 July 2007 during a strong thunder-
storm activity two sets of sprites were recorded by the cam-
era from the observatory on the top of theŚniėzka moun-
tain. The first set consisting of two sprites was recorded
around 20:10:08 UT, and the second one at 00:18:45 UT. In
the following, only the first set of sprites will be consid-
ered as the satellite DEMETER was very far at the time of
the second event. Figure 1 shows the photo of the sprites
recorded around 20:10:08 UT. These sprites were registered
when the camera was oriented to the north-north – west di-
rections (333◦) with an elevation of 30◦. As we can con-
sider that the average altitude of the bottom of the sprites is
55 km (Lyons, 1996), it means that the sprites were located
not farther than 100 km from the observatory. One can see
on the left part of the picture two sprites well developed and
an unidentified very weak luminosity in the middle. These
two sprites have been simultaneously captured which means
that they occur during a time interval shorter than the expo-
sure time of the camera (40 ms). The thunderstorm cloud
system was moving from the territory over Germany to the
east-south of Poland and to Czech Republic. Figure 2 shows
the orbit of the Demeter satellite (full line), the position of
the observatory (0) and the position of the satellite at the time
of this event (cross). The registration of the electromagnetic
emissions at the time of the observed sprites by DEMETER
was done when the satellite was in burst mode with a foot
point at about 1200 km.

Figure 3 represents these ELF/VLF data recorded by
DEMETER during the event between 20:10:08.274 and
20:10:09.298 UT. Figure 3a shows the wave form of the VLF
signal whereas Fig. 3b presents the corresponding spectro-
gram of this wave form. Figure 3c and d displays the same
plots for the ELF range. Many whistlers can be observed in
Fig. 3b but two of them are particularly strong as it can be
also seen with the waveform shown in Fig. 3a. They start at
∼20:10:08.666 and∼20:10:08.817 UT. These two whistlers
are also detected in the ELF range (Fig. 3c and d) with a delay
due to the dispersion (20:10:08.703 and 20:10:08.874 UT).
This dispersion is induced by wave propagation time which
is longer at lower frequencies. They are associated to proton
whistlers, the first one being very intense. Looking to the
ELF waveform and the intensity of the ELF spectrogram it
can be seen that the first whistler is much stronger than the
second whereas it is the opposite in the VLF range. The time
variation of the waveform of the first whistler (in VLF and in
ELF) is not usual as its intensity does not monotonously de-
crease. In fact the ELF waveform shown in Fig. 3c displays
four different wave packets. The second is uncommon and
the third can be associated with the proton whistler as it can
be seen on the spectrogram in Fig. 3d.

Checking now the lightning occurrence in the zone where
the two sprites have been observed with the networks,
LINET indicates that there is a strong stroke (105 kA) at
20:10:08.666 UT located at lat = 51.37◦ and long = 14.59◦.
At the same location and at the same time, EUCLID (see Ta-
ble 1) confirms the presence of this strong stroke (L2 with
107 kA) but gives another strong stroke (L3 with 101 kA) at
the same time (same ms) but at a slightly different location
(lat = 51.45◦ and long = 14.71◦). The distance between these
two strokes L2 and L3 is∼12 km. The distance between the
observatory and the strokes is∼110 km. Their positions are
displayed in Fig. 2 (stars). Both strokes were CG (cloud-
ground) with positive discharge. The whistler which is ob-
served at∼20:10:08.817 UT in Fig. 3a must correspond to
the lightning stroke L4, L5, or L6 due to uncertainty in the
time accuracy of DEMETER which is 10 ms. But consider-
ing the intensity of the current it is most probably due to L5.
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Fig. 3. ELF/VLF data from the electric field experiment onboard the DEMETER satellite gathered during the time of the sprite registration:
(a) wave form of the VLF signal, horizontal axis – time (UT), vertical axis – value of the electric field inµV/m , (b) spectrogram of the
signal shown in (a), horizontal axis – time, vertical axis – frequency, the intensity is color-coded according to the scale on the right,(c) wave
form of the ELF signal,(d) Spectrogram of the ELF signal shown in (c). The discussion is given in the text.

The fact that one can distinguish three peaks in the wave-
form cannot be attributed to the three lightning strokes L4,
L5, L6 because their time of occurrence is too close. It is
most probably due to the whistler wave of L5 reaching the
spacecraft after slightly different propagation paths. The last
wave packet in Fig. 3a must correspond to L7 in Table 1.

4 Analysis of the event

During the time interval of interest there is no other strong
lightning strokes recorded by the networks. Despite the fact
that the photo of the sprites is localized in time with an ac-
curacy of only one second (20:10:08 UT), it is therefore pos-
sible from lightning networks to determine more precisely
the time when the sprites must occur. Considering the ac-
curacy of the time onboard DEMETER and the propagation
time of the wave between the location of the strokes and
the satellite which must not exceed 10 ms, it could be able

to correlate the waveform as well as the spectrogram of the
ELF/VLF signal shown in Fig. 3 with the time of the thunder-
storm discharges shown in Table 1. The low altitude satellite
DEMETER is able to catch whistler signatures at such dis-
tance (1200 km) as it was shown by Fiser et al. (2009). Then,
there is no doubt that the strong lightning observed on ground
at 20:10:08.666 UT and onboard the satellite at the same time
has triggered the sprites observed in Fig. 1. The point is that
there are two lightning strokes detected by the network EU-
CLID at 20:10:08.666 UT during the same millisecond and
that two sprites are simultaneously observed. The time de-
lay between the two sprites may be 40 ms but the lightning
networks indicate that there is no strong stroke able to trig-
ger a sprite between 20:10:08.666 and 20:10:08.706 UT in
this area. Could it be possible that each lightning triggers
a sprite? Although it is known that sprites could occur at a
distance up to 50 km from the parent lightning (Lyons, 1996;
Wescott et al., 2001), the geometry of the observations in-
dicates that the two sprites occur close to the positions of
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Fig. 4. Analysis of the propagation of the ELF signal during the event as function of the time. From the top to the bottom, the first
panel shows the spectrum of the magnetic field variations (sum of the 3 components), the second panel displays the ellipticity of magnetic
field polarization – value of 1 means right-hand circularly polarized waves, linear polarization gives 0, and−1 means left-hand circular
polarization, the third panel is the sense of polarisation of the waves, the fourth panel indicates the angle between the wave vector and the
Earth’s magnetic field calculated by the SVD technique (Santolik et al., 2003), and the bottom panel represents the Poynting vector. Empty
areas in the four bottom panels correspond to magnetic power-spectral densities below 10−6 nT2 Hz−1. The geomagnetic latitude and the
Magnetic Local Time (MLT) are displayed at the bottom of the figure. The discussion of the results is given in the text.

the two lightning strokes. It has been already shown that the
sprites and the lightning are at nearly the same distance from
the observatory (100–110 km) and in the same direction. If
we consider that the altitude extension of a sprite is, in aver-
age, of the order of 50 km, Fig. 1 indicates that the distance

between these two sprites is close to 10 km which is approxi-
mately the distance between the two strokes. Therefore there
is a large probability that both lightning strokes L2 and L3
trigger a sprite.
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L1

Fig. 5. VLF wave form from the electric field experiment onboard
the DEMETER satellite gathered at the time of L1 (see Table 1).

Coming back to Fig. 3c, it is shown that the first ELF wave
packet which corresponds to the two lightning strokes has
very high maximum amplitude close to 1 mV/m. It is fol-
lowed by another wave packet which can be attributed to the
sprites and which is similar to broadband sferic cluster ob-
served on ground at Nançay (France) by Van der Velde et
al. (2006). This wave packet is also similar to the secondary
ELF perturbations observed by Ohkubo et al. (2005). The
third ELF wave packet is related to the strong proton whistler
which is associated to the parent lightning L2 and L3 of the
sprites. The fourth one can be attributed to L5. Figure 4 gives
the results of the analysis of the ELF signal propagation. The
upper panel presents the spectrum of the magnetic field fluc-
tuations. The next two panels give the information on the
polarization of the waves which is in agreement with polar-
ization of the electron whistlers. As usual, the ion whistlers
have opposite polarization as it is seen in the diagram. The
next two panels show the direction of the propagation. The
fourth panel gives the angle between the magnetic field and
the wave vector. We see that this angle is close to the 180◦

which means that the wave propagation is opposite to the
magnetic field direction and for the North Hemisphere that
the wave is coming from a region below satellite. This infor-
mation is confirmed in the bottom panel where the Poynting
vector is presented. Its negative value also indicates that the
origin of the waves is below the satellite orbit. It means that
the lightning wave first propagates in the Earth–ionosphere
guide and then enters in the ionosphere in a region below the
satellite. In order to compare with another whistler recorded
by DEMETER but without an associated sprite, Fig. 5 shows
the VLF waveforms associated with L1 in Table 1. This
lightning stroke occurs a few seconds before L2 and L3 in
a location not very far from L2 and L3. One can observe a
classical decrease of the amplitude of the waveforms in VLF
range which is very different from the variations shown in
Fig. 3a for L2 and L3.

5 Conclusions

The observations discussed in this paper are one of the first in
situ registrations of the electromagnetic effects of the sprites
in the ionosphere. In spite of the quite distant position of
the satellite Demeter relative to the events the recorded ef-
fects are clearly distinguished and strong. The two sprites
observed on ground by the camera installed on the top of
the mountainŚniėzka are associated with intense thunder-
storm activity. It has been shown that these two sprites can
be attributed to two +CG lightning strokes registered by the
network EUCLID. These two strokes have large current in-
tensity of the order of 100 kA. But the available information
were not enough to estimate the charge moment change al-
though it is important to characterize the parent lightning
of sprites. At the same time, Demeter registered very in-
tense emissions in VLF and ELF range (whistlers and pro-
ton whistlers). It is shown that these emissions are different
from the ones recorded at the time of classical whistlers be-
cause they do not monotonously decrease and they last sev-
eral tens of milliseconds after the occurrence of the parent
lightning. Due to this timing, the persistence of wave ac-
tivity is attributed to the electrostatic discharge in the sprite.
This is particularly true for the ELF waves. In the past, it
has been shown (Bell et al., 1998; Reising et al., 1999) that
strong ELF sferic energy could be an indicator of a sprite.
Cummer et al. (1998) have shown that currents associated to
sprite exhibit a second peak simultaneous in time with sprite
luminosity. They suggest that the ELF radiation is produced
by this current. For this event, the ELF wave intensity is
close to 1 mV/m and an intense proton whistler is observed.
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