Is the Madden—Julian Oscillation reliably

detectable in Schumann Resonances?

Ciaran D. Beggan | ] and Malgorzata A. Musur, British Geological Survey, UK

1. Induction Coil Data from the UK 3. Equatorial Rainfall and the MJO

g et e B Key POI nts @) (b) SN son o
O T [ The Madden-Julian Oscillation (MJO) is a quasi-periodic 150 150 B
11 @I @ (~30-90 days) eastward-moving atmospheric mode which : - e
- = primarily modifies rainfall patterns in the equatorial regions B P
el e i from Africa to the Pacific Ocean. 250 8 250 [
cooncy (e S S - It has been proposed that its signature is detectable = o
o e e 2 g 2 "B within the intensity variations of the Schumann Resonances i B e U
Above left; Example spectrograms from the north-south 5 [ (SR) due to changes in the location and magnitude of the rengtue O Fonditude 0
shoving the Sehumann Resanances. Nots the data areband. [ major lightning centres. B e =

pass filtered between 3 and 40 Hz. (a, b) winter: 19-Jan-2018 .5 | '

. . S : : : . o -
(c, d) summer: 19-Aug-2018. Time—longitude plots of daily-averaged equatorial rainfall in the latitude band +£10° for (a) 2013 and (b) 2015. The right-hand

panels indicate RMM phase and amplitudes and the RMM1 and RMM2 indices. Dashed white lines show the initiation of MJO

. USIng SIX yea rs Of IndUCtIOI‘l COII data reCOrded at the cyclg_s. White arrows iIIustrate_ the _eastward motion of the rainfall overfcir_ne._Note_the migration _ofthe heaviest rainfall tp the
Eskdalemuir Observatory in the UK, we investigate whether oo e se PP DRGECR oty P11 Cimellooy Prlec (GPOP) t Unversty of
the MJO is detectable in the first Schumann Resonance.

- We extract the frequency and intensity values from each

300 =
Right: Annual average of six years Time—Universal Time
plots of the intensity and the peak frequency of the first .|
Schumann Resonance (SR1) from the north—south coil (a, b) v Y EENETY . S
and the east—west coil (c, d). Note the sunrise terminator line Time (UT) Time (UT)
is visible in the east—west plots.

| Hz

7.8 7.9 8.0

4. Empirical Model Decomposition
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Empirical Mode Decomposition (EMD) is a data-based technique for identifying non-stationary, quasi-periodic signals in time-
series data. It produces a set of Intrinsic Mode Functions (IMFs) which contain signals for a particular frequency.

Above left: Plot of 40-days of the Australian Bureau of

Meteorology’s RMM Index, showing phase/location (boxes 1 T T
to 8) and relative intensity (-4 to 4) of the Madden Julian 1 10 100 The figures show the comparison of the Intrinsic Mode Functions (IMF) from the decomposition of the first Schumann

Oscillation (from: www.bom.gov.au/climate/mijo/) ened Gy Resonance (SR1) intensity (left) and frequency (right) with the RMM phase time-series. (a) SR1 intensity/frequency in the
north—south coil (blue) and east—west coil (red). (b, c) IMF curves for SR1 intensity/ frequency (blue, red) and RMM phase

Right: Lomb-Scargle periodograms of six years of data from Sep 2012 to Sep 2018 for (a) the RMM indices, (b) the intensity (grey). (d, e) IMF curves for SR1 intensity frequency (blue, red) and RMM1 (grey). (f) Southern Oscillation index; negative
variation and (c) the frequency variation of the first Schumann Resonances shown in the figure of Section 1. There is no values indicate EI Nifio periods. Pink highlighted regions indicate times when the IMFs beat in-phase.

obvious corresponding ~3 month peak in the (b) and (c) as compared to (a).

Highlighted regions are generally during La Nifia periods which we suggest is when the SR are most responsive to the relative
change in the source-receiver distance between Eskdalemuir and the motion of the main lightning centres.
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