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Geophysical signals in the 3-50 Hz ELF band

Overview 2. Geomagnetic activity and seasonal occurrence

The British Geological Survey have been operating
two high-frequency induction coil magnetometers
(100 Hz cadence) at their observatory in
Eskdalemuir (Scottish Borders) [54.3°N; 3.2°W]
since Jun 2012 [Fig. 1]. They have an approximate
sensitivity of 0.07 pT at 0.1—50 Hz. The
geophysical signals within the dataset encompass
the Schumann Resonances (SR) generated by
energy from equatorial lightning refracting in the
Earth-ionosphere cavity [Ref. 1], the lonospheric
Alfvén Resonances (IAR) of the upper ionosphere
cavity and magnetospheric pulsations (0.001-10

Using five years of observations, the occurrence of IAR, IAR interacting with SR, and
pulsation events are correlated with Dst and Kp which are indicators of geomagnetic
activity (Fig. 3, top and second rows). We also note the occurrence with calendar
month and the occurrence as a percentage of the number of days per month (third
and bottom panels).
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1. Schumann Resonances and IAR
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To create daily spectrograms, we divide the raw data into 100-second vear

windows, bandpass between 3-40 Hz, compute 864 individual Welch
periodograms, and take the logarithm for display purposes. Figure 2
(top) shows an example spectrogram for the period beginning at 12:00
UT on the 2nd December 2013. In the bottom panel we have selected
three time periods and averaged over fifty minutes of data per

3. Examples of global and local lightning activity

Figure 4 (top) shows examples of the lightning activity from the ‘raw’ data. Q-bursts
are large lightning strikes somewhere on the globe which occur on average every two
minutes. They are believed to be the source of gamma rays detected in space.
periodogram to show the IAR and SR [c.f. Ref. 2]. Local lightning storms can produce strikes with magnetic fields of ~400 pT at
Eskdalemuir Note that a 70 nT strike was reported from a storm in France in 2014

Schumann Resonances (Martin Fullerkrug, Univ. Bath, pers. comm.).
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Key points

* Schumann and Ionospheric Alfvén Resonances are readily detected in induction coil measurements
* The SR are continuous and have typical amplitudes of ~5 pT, occupying frequencies from 3-40 Hz
* The IAR appear at local night time under geomagnetically quiet conditions and have amplitudes of 0.5 pT
* Global lightning Q-bursts can be >200 pT and local lightning strikes even larger
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