
J. Bór 1, Y. Hobara 2, G. Sátori 1,
M. Hayakawa 3, and H.D. Betz 4

Central European TLE observations from Hungary in 2007

Workshop on Coupling of Thunderstorms and
Lightning Discharges to Near-Earth Space

23 – 27 June 2008, Corsica, Corte

1Geodetic and Geophysical Research Institute of the HAS, Sopron, Hungary, H-9401, PoB. 5. e-mail: jbor@ggki.hu, 2The University 
of Sheffield, Sheffield, United Kingdom, 3The University of Electro-Communications, Tokyo, Japan, 4 Physics Department, University 

of Munich, D-85748 Garching

Portable Observation System
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Location of observations

Central Europe,

Sopron, Hungary,

roof of the

Geodetic and Geophysical

Research Institute (GGKI), 

[16.58E, 47.68N]

~231m above average sea level GGKI
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Field of view is 42º

Real time monitoring of active thunderstorms was aided
by LINET lightning detection network

LINET stations

Measured lightning

parameters:

- Coordinates

- IC / CG distinction

- Height of IC flashes

- Polarity

- Peak current



Real time monitoring of active thunderstorms was aided
by LINET lightning detection network

1 hour time range, 10 minute resolution

Refreshed in every 10 minutes.

Observations between 20. July – 14. August, 2007.
Over 100 TLE on 6 succesful days.

July 20. : 6 TLEs

July 21. : 61 TLEs

July 23. : 1 TLE

July 30. : 22 TLEs

Aug. 02. : 1 TLE

Aug. 10. : 10 TLEs

500 km



Examples of observed TLEs:

Sprites occurred in a vast variety of shapes includ ing carrot, column, tree, 
wishbone, and jellyfish (either solo or in groups) o ver Germany, Austria, Poland, 

Czech Republic, Romania and Hungary.

Examples of observed TLEs:
Trees=>Carrots (2007.08.10. 20:48:18.687 UTC)

Visible for 5 frames (100ms)

Associated lightning : +CG at 20:48:18.681 UTC
Peak Current: +23.4 kA

Sprite delay time: 6 +/- 10 ms
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Halo+Column
Visible for 1+2 frames (20+40ms)
Associated lightning : +? at 23:09:25.401 UTC
Peak Current: +131.8 kA
Sprite delay time: 5 +/- 10 ms

Dancer at 23:09:25.576 UTC
Visible for 6 frames (120ms)
Associated lightning :

+? at 23:09:25.566 UTC
Peak Current: +76.1 kA
Sprite delay time: 10 +/- 10 ms

Examples of observed TLEs:
Halo + Column + Dancer (2007.07.30. 23:09:25.406 UTC)
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Visible for 4 frames (80ms)
No lightning could be associated.

Nearest detected flashes:
+? at 22:11:02.737 UTC, Imax 8.5 kA, TLE at -7580ms

+CG at 22:11:10.518 UTC, Imax 12.5 kA, TLE at +201ms
-CF  at 22:11:10.519 UTC, Imax -6.5 kA, TLE at +202ms

Examples of observed TLEs:
Jet (+ Starter?) (2007.07.20. 22:11:10.317 UTC)
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Flash to TLE assignment

A TLE causing flash

• usually just prevails sprite halos and ELVES while prevail s sprites by at
most 100-200ms in most cases

=> checked by comparing the GPS time stamps of captured ima ges
and detection times of lightning flashes

• occurs within a range of 50km from the TLE (for sprites see Wescott et 
al., JGR, vol 106, pp10467-10477, 2001)

=> checked by comparing TLE location estimates and lightn ing
coordinates

• is usually (but not always!) associated with intense tran sient signals
(Schumann resonance transients) in the ELF
(3Hz-3kHz) radiowave band

=> checked by comparing ELF records
from NCK station, Hungary
and lightning times
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Unambiguous lightning flash to TLE assignment
Two columns (2007.07.21. 22:21:15.201 UTC)
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Lightning flash to TLE assignment
Halo+Carrot (2007.07.21. 22:44:54.366 UTC)
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Unusual lightning flash to TLE assignment
One short column (2007.08.10. 20:16:29.573 UTC)
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TLE delay times from the causative flashes vs. Peak curren ts
of associated flashes (89 flashes are plotted)

sprite only

sprite + halo
(same flash)

halo only

Probability of a delay time to fall within the error bar of a  
measurement (calculated from 92 delay time measurements)



Sprite delay times of different types of events
(Unambiguous types, morphing events or events showing mor e types were not plotted)

Carrot sprites

Column sprites

Wishbones

Charge moment change estimates from far field ELF 
transients recorded at Moshiri station (142.3E, 44.4N), Japan

8.58Mm on great circle path

MSR

GGKI



Charge moment change estimates from far field ELF 
transients recorded at Moshiri station (142.3E, 44.4N), Japan

All (51)

7.20. (4) 7.21. (33) 7.23. (1)

8.10. (7)8.02. (0)7.30. (6)

Peak at ~800 Ckm

range: 387-1484Ckm

Selection of flashes which did not produce TLEs

Geometry: 50 km TLE displacement was
reckonned in.

Area inside which flashes are considered at
18 degrees camera elevation. (The figure
was created assuming idealistic viewing
conditions. Ground objects may shorten the
maximum viewing distance.)



Comparison of TLE associated flashes and non TLE 
associated flashes – Peak current statistics

50 km TLE 
displacement
was expected

Comparison of TLE associated flashes and non TLE 
associated flashes – Peak current statistics

07.20.

07.21.

07.23.

07.30.

08.02.

08.10.

50 km TLE 
displacement
was expected



Comparison of TLE associated flashes and non TLE 
associated flashes – Cloud flash heights

50 km TLE 
displacement
was expected

Perspectives of further research

• detailed analysis of ELF/Schumann resonance transients f rom TLE 
producing thunderstorms

=> comparison of near and far ELF field results recorded a t NCK
station, Hungary, MSR station, Japan and more ELF rec ording
stations worldwide

• investigation of relations between time evolution of storm s and TLE 
production

• detailed analysis of TLE producing lightning flashes and c omparison
with non TLE causing flashes

=> utilization of data from more lightning detection syste ms which
work in different frequency ranges while covering the same a rea
(e.g. LINET/VLF, EUCLID/VHF,LF)

• more observations with improved tecnology
=> upgrading to remotely controlled system is on the way
=> extending the time of observation campaigns
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