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ABSTRACT: During the night of 01-02 September, 2009, sevEtals including 3 halos and 16 distinct
sprites were observed above a storm in north-wesWaditerranean Sea with a camera at Pic du Midi
(42.93° N, 0.14° E, 2877 m). Some of the spritesewespecially large with vertical and horizontal
extension estimated at about 70 km and 80 km, céispy. The TLE sequence lasted about one hour
during a storm which developed 9 hours earlier amathern Spain in a very unstable atmosphere (CAPE
at about 2000 J KO. The storm was characterized by a very circuteps and a size of about 250x250
km? (cloud top temperature lower than -30°C) whenTh&s were produced (0209-0307 UT). The cloud
to ground (CG) flash rate was large (45 Mione hour before the first TLE was detected amg kv (< 5
min™) during the TLE production. Over the 16 sprite rese 14 parent flashes were identified and their
average peak current was 87 kA, while the assatidtarge moment changes which could be determined,
ranged from 424 to 2088 C km. Most parent flashesewelearly located in the stratiform area of ttogrs

and were into line with the lines of sight of theEs. For some parent flashes which were locateseclto

the convective area, the TLEs lines of sight wdightly shifted and remained over the stratifornear
Different ELF/LF radiations produced during the lnous events have been analyzed. A specific sigaatu
with long duration signal (> 5 ms) was observedtia electric field in ELF range in the cases @&f Yiery
large sprites. Data from a VLF receiver shows thspeiation between large sprites and early VLFagign
perturbations.

1. INTRODUCTION

From several years and in the frame of Eurospritgnam, several campaigns for TLEsS observations are
organized in southern Europe. Numerous spritesosimet TLEs have been observed with video camerageab
thunderclouds which regularly develop during thenswer months from the beginning of May to mid-Segiem
[Soula et al., 2009; Neubert et al., 2008]. Thedgbcharacteristics of TLEs determined in othayigas of the
world are observed in the cases detected aboveastior southern and Central France, along the Meditean
coastline and above sea for the fall season. Gades allow distinguishing some relationships lestw sprite
type and delay of production after the parent C&sHl[van der Velde et al., 2006] and specificitéshe
lightning activity associated with sprite productiand CG flash sequences [Soula et al., 2010].
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In the present study, the occurrences and chaistaterof TLEs detected above a storm, are analyred
associated to data about the cloud structurejghtning flash activity, and the ELF/VLF radiatiori&he camera
system (Watec 902H with a 12mm f/0.8 lens and a ED¥1°) was located at the Pic du Midi (42.93°0\14°
E, 2877 m altitude). The cloud top temperaturespaoeided by the Meteosat satellite from EUMETSAdsed
on radiometer data in the thermal infrared band @R10.5 - 12.5 um. Data from the French metegio&d
radar network ARAMIS (24 C-band and S-band Doppéelars) provide the description of the structurghef
storms. CG lightning flash characteristics (timeooturrence, location, polarity, peak current) iaseied from
two complementary detection systems (Meteorage landt). Charge moment change (CMC) values are
determined from ELF signals recorded at the Széch&svan Geophysical Observatory near Nagycenk,
Hungary (NCK; 47.62°N, 16.72°E) (Satori et al., 8®Broadband LF radiations are provided by tweanas,
one in France at 500 km of distance and one in BaB) at 1280 km of distance.

2. CASE STUDY: STORM ON SEPTEMBER 2, 2009

2.1. Storm activity

The storm developed northern Spain during the expand moved eastward during the night in Gulf of
Lion, as illustrated in Figure 1a-b with the claiogh temperature issued from infrared radiometers{1@.5 pum)
of the Meteosat Second Generation (MSG). Figuraisplays the CG lightning flash density issued from
Meteorage data. Most of CG flashes are observédve been produced when the storm was locatedsegein
the Gulf of Lion. The CG flash density maximum i&@? within this area, where the storm was locatedrdyri
the occurrence of the TLEs observed from Pic duiNd@.93° N, 0.14° E, 2877 m altitude) of which the
location is indicated by a circle in Figure 1b. Tiheations of the 14 parent flashes of TLEs (trlarig Figure

1c) are all over sea.
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Figure 1. Cloud top temperature issued from MS@Ik&t (a) at 1900 UT on September 1, (b) at OUT50n
September 2. (¢) CG lightning flash density over whole storm lifetime averaged in 5 km x 5 km fgx&he
triangles indicate the location of the sprite-pafashes and the circle indicates the camerailmtat

Figure 2a displays the time series of the areahefdoud for several intervals of its top tempemtu
(histograms) and that of the minimum value of tloud top temperature (line). The storm developnutearly
exhibits two periods with a maximum of the totatararound 2100 and 0300 UT) preceded by minintheof
cloud top temperature (around 1800 and 0030 UTé. vidiue of the temperature is about -71°C for moithima
observed. Figure 2b displays the rates (histogramd)}he average peak currents (lines) for CGriglgtflashes
of both polarities, and for the same period. Theximam values of the CG flash rate are relativelyll we
synchronous to the minima of the cloud top tempeeaaround 1815 UT and 0100 UT) and precede hatpel
cloud extension. The second period of CG lightrangvity is much stronger with a maximum rate cltset5
min™ (~ 18 min' for the first period), although the size of theut is lower. The CG flashes produced during

2



XIV International Conference on Atmospheric Elegity, August 08-12, 2011, Rio de Janeiro, Brazil

this storm period when the storm is over sea leatthé largest densities as shown in Figure 1lc.rAfte CG
flash rate reach the maximum at 0110 UT, it de@=aapidly for both polarities and some CG flastesain
until 0310 UT with a significant increase of theeeage peak current of positive the CG flashes.
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Figure 2. Time series of: (a) minimum temperaturéhe cloud top and cloud area for several randedond
top temperatures. (b) rate and average peak cdmeboth polarities of CG lightning flashes.

2.2. Conditions of production and characteristics of sprites

The period of sprite production (0209-0307 UT) li®rs in comparison to the whole storm lifetime Gurs
during night conditions). During this period, th&Glash rate is low, the cloud area increases (@alhe that
with a top temperature between -60°C and -45°QJ,the average peak current for positive CG flashémrge.
Nine video events were triggered including 16 spewents, each one associated with a positive @¢h fl
detected. Five sprite events are multiple with Ba@prites separated of a few tens of second. Tépate of
carrot-type are associated with a halo, a majarftycases are carrot-type and most of them haveiptault
elements. The sprite images in Figure 3 displagethvideo frames of sprite including halo, carrad anlumn
sprites. Most of the parent CG flashes are locatgdof the main CG flash area as indicated in FKdle, i.e.
when the storm was in the most eastern part oéitba it covered. The distance of observation rafrges 280
km to 390 km. The parent CG flashes of the spiiteSigure 3 have peak currents and CMC of 153 left)|
216 kA and 1678 C km (middle), and 86 kA and 208Bn€C(right). Both sprites at left and right sidds=@yure
3 exhibit an exceptional size estimated at aboukiiOvertically (altitude from 30 km to 100 km) aB@ km
horizontally.

TR

Figure 3. Three frames (20 ms of resolution) fravo different sprite events at 0233 and 0307 UTluitiag
large carrots (left), halo with carrot and colummiddle), and large carrots (right).

2.3. ELF signalsassociated with sprites
LF broadband signals have been recorded for abrpaCG flashes. Figure 4 shows two examples oftridec
field radiated from two parent flashes of spritesarded in one video. The characteristics of themidlash of
the large sprite are a large CMC (2088 C km), atiratly high peak current (85 kA), a signal in theF range
with two peaks separated by a few ms which is déifgrent from the signal associated with the paf@ flash
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of the sprite with halo in frame 1. The latter Ba€MC of 1678 C km and a peak current of 216 k&ighal in
LF band has been recorded before the large spnitee(than 100 ms) and classified as intracloudcso(iC).
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Figure 4. Sprite event at 03h 07min 47s. a) Peatentiand CMC values of the CG flashes associatddthe
sprite event (2 +CG parent flashes) versus timd. foames from the video imagery at the times iatéid in a).
¢) Amplitude of the electric field radiated aftéret+CG flash parent of the sprite in frame 1 (tsQhie flash
occurrence). d) Same as c) for the +CG flash panfethie sprite in frame 4.

3. CONCLUSIONS
Large sprites have been observed during the etltedffetime of a storm when it was over sea andrat

very high CG lightning flash rate. The size of theyest events is about 70 km vertically and 80Hamzontally.
The cloud top has very cold temperature (~ -70%@) toerefore probably a large level of altitudeyezsally
during the maximums of the lightning activity. TGMC values determined for a few parent flashesstang,
especially for the parent flash of the largesttspnivhich is consistent with a high altitude of ttfearge or a
complex discharge process (continuous currentray thstance intracloud process).
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