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Finding new natural VLF
emissions in the 5-39 kHz.

Ground-based VLF
emission in 5–39 kHz
frequency range is not well
explored. VLF emissions
such as chorus and QP are
observed < 5 kHz.

Some reasons for limiting
the exploration are:
1. Sferics obscure VLF waves

New digital process can remove strongest sferics
2. Freq > 16 kHz mostly used by navigation transmitters (Tx)

Some Tx have been dismantled or operate sporadically

RX INSTRUMENTATION

GC:  +67.74°, 27.24°
L-value: ∼ 5.5
Sen: ~10−14 𝑛𝑇2/𝐻𝑧
Sampling freq.: 78 kHz

THE BANDED STRUCTURE EVENTS (BS)
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LOCAL GEOMACNETIC VIEW

•Observation: Local evening. 
Not during the whole night. 
After 00 MLT precipitating e-
•No observation by Demeter. 

Poor frequency resolution
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REMOVING STRONGEST SFERICS

DISCUSSION

1. HF VLF BS emissions are 
formed in the 
magnetosphere, as in the 
case of structured auroral 
hiss (Titova et al., 2007)

2. HF VLF BS emissions are 
formed inside the EIW 
when lightning emission 
(sferics, tweeks, 
preliminary breakdown) 
propagates many 
kilometers to the receiver 
(Macotela et al., 2019)

•Location: high lat
•Geo activity: AE < 200 nT

Before substorms
•Duration: 5 - 90 min
•Occurrence time: 19-01 MLT
•Band separation: 250-2000 Hz 
•No observation by DMSP sat.

HYPOTHESIS OUR FINDINGS

• Raw data on
2017 Dec 10
starting at 19:00
UTC

• Cut out: 15% of
strongest sferics
and Tx signals
• Structures are

observed
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Waveform: EW aerial Waveform: EW aerial

No solar cycle dependence

200-1200 Hz 
band 

separation

BS occur before substorms

Day of year

WINTER SUMMER
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Minutes from 19 UTC on 11 Feb 2022
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Minutes from 21 UTC on 02 Jun 2022
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Map displaying lightning location for the event duration (color coded) 
and energy (symbol size). Pink contours show the distance around KAN
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BS event on 09 Dec 2013BS event on 22 Nov 2006

Minutes from 19 UTC Minutes from 20 UTC
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0 = middle time of the event

More BS are observed during winter than during summer  

When BS are observed, lightning occur > 6 Mm from receiver

When analysing 1-hr
magnetic field
spectrograms, in the
0–39 kHz freq.
range, several strip
elements varying in
time and freq. are at
times observed. We
call these events
banded structures
(BS)


