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Abstract—The Singular Spectrum Analysis technique has been
applied to the amplitude of the first Schumann resonance
measured at the Sierra Nevada station (Spain) in order to obtain
the principal components of its time evolution. The results of
this study confirm the appearance of the annual and semiannual
components that have been pointed out for this resonance and
also reveal other components corresponding to 45 to 120 days
variations, which matches the variations of athmospheric waves
like the Madden-Julian oscillation and the Kelvin waves. A
preprocessing of the measurements is required since the station
has experienced some technical failures and there are thus some
gaps in the measured data. The application of the technique has
been made taking one data per month and one data per day,
and the results have been compared.

Index Terms—Schumann resonance, Singular Spectrum Anal-
ysis, Principal Components

I. INTRODUCTION

The electromagnetic cavity delimited by the surface of the
Earth and the lower ionosphere is continuously excited by
lightning events, which leads to the appearance of natural elec-
tromagnetic field waves. The Extremely Low Frequency (ELF)
component of these waves is called Schumann Resonance
(SR). This resonance was first predicted by W. O. Schumann
in 1952, and was first measured by Balser and Wagner in 1960
[1]. It has the interesting feature that it is a global phenomenon,
in the sense that the SR measured in a specific location of
the globe will provide information about the whole Earth-
ionosphere cavity, and not only about the area surrounding the
measurement station. The SR has relevant application to many
different scientific problems. Some examples are the study of
the biological impact of this resonance in heart cells [2] or in
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the evolution of hospital admissions [3], the inversion problem
that tries to find out the global thunderstorm distribution from
the SR measurements in different locations of the world [4],
or the predictions of earthquakes [5].

An ELF measurement station was designed and built in
Sierra Nevada, Spain (37◦02′N, 3◦19′W) to study this phe-
nomenon [6]. This station comprises two horizontal mag-
netometers in the North-South and East-West directions, re-
spectively, and has been calibrated to work in the band 6-
25 Hz, where the first three resonances can be found (in
the approximate frequencies of 8, 14 and 20 Hz). The first
recordings of the station date from March 2013, and there
have been some short periods of interruption since them.

Due to its global definition, any change in the ionosphere or
in the lightning distribution around the world may affect the
SR recordings and thus may be responsible for the variations
observed. It is convenient to separate the different scale
variations that are observed in a series of SR recordings for
a better understanding of the phenomenon and its relation
to other natural, atmospheric and environmental phenomena.
In particular, a study of the relation between the SR and
some well-known atmospheric waves like the Madden-Julian
oscillation or the Kelvin waves is currently being carried out
[7].

In order to obtain the principal components of the time
variations of the SR, the Singular Spectrum Analysis (SSA)
will be used. The origin of this technique is attributed to
Broomhead and King [8] and it has been described and applied
to many different problems since then [9]. The aim of the
SSA technique is the decomposition of an original series into
the sum of a small number of independent and interpretable
components [9].
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II. PREPROCESSING OF THE SR RECORDINGS

The raw horizontal magnetic field recordings are processed
in order to obtain the SR parameter values as explained in
[10] and [11]. The first step of the processing is to apply
the Welch method in order to obtain the amplitude spectra
of each 10-minute interval recording of raw data. The second
step is to perform a Lorentzian fit on the spectra to extract
the quantitative values of the parameters (amplitude, central
frequency and width) from the spectra, as shown in Fig. 1.
After this, one value of each parameter is available for every
interval of 10 minutes. The study of the regular variations and
the anomalous observations is usually the first step to correlate
the SR measurements with other phenomena. A description on
how this study is carried out with the Sierra Nevada recordings
can be found in [12].

7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0
Frequency (Hz)

0.10

0.15

0.20

0.25

0.30

Am
pl
itu

de
 (

pT √
H
z
)

p0   N-S: 0.3172
       E-W:0.2030
fp0  N-S 7.7812
       E-W:7.6562
p1   N-S: 0.2340
       E-W:0.1829
fp1  N-S 14.5
       E-W:14.156
p2   N-S 0.2052
       E-W:0.2098
fp2  N-S 20.656
       E-W:20.656
s0   N-S 1.2427
       E-W:1.3273
s1   N-S 1.4608
       E-W:1.5045
s2   N-S 1.6441
       E-W:1.8140

LORENTZIAN FIT, 2013-04-08 00:00
Spectra N-S
Spectra E-W
Lorentzian Fit N-S
Lorentzian Fit E-W

Fig. 1. Amplitude spectra of the NS and EW components of the horizontal
magnetic field recorded at the Sierra Nevada station from the 7th of April
2013 at 23:55:00 to the 8th of April 2013 at 00:05:00, together with the
Lorentzian fits. The value of the amplitudes (pi), central frequencies (fpi)
and widths (si) for this 10-minute interval are shown on the right.

In order to apply the SSA technique on the time series of
the first resonance amplitude values, it is needed to fill the
data gaps that appear as a consequence of technical failures
of the Sierra Nevada measurement station. These gaps may
last for 10 minutes (only one missing value) or for several
weeks (even up to 10 weeks) for serious failures, as shown
in Fig. 2a. The percentage of time intervals for which there
are no recordings is approximately 5%. In order to fill these
gaps, we take into consideration the data both in a similar
date and at a similar hour to the missing data. The closer a
recording is to a missing interval, the more it will be taken
into account for the prediction. The relative importance that
will be given for the close recordings to predict the value of a
missing interval is shown in Fig. 3. The filled time series for
the first SR amplitude is shown in Fig. 2b.

III. APPLICATION OF THE SINGULAR SPECTRUM
ANALYSIS TO THE TIME SERIES OF THE FIRST SR

AMPLITUDE

The length of the data series used to extract the principal
components is 5 years (from 1 March 2013 to 28 February
2018). The application of the SSA technique will be made

first taking one sample per month, and secondly taking one
sample per day. When taking one sample per month, the total
number of samples of the series is T = 60, and when taking
one sample per day, it is T = 1826.

Following the notation of [9], the time series of the first SR
amplitude will be denoted Y = (y1, ..., yT ), and a number of
K series X1, ..., XK will be obtained by lagging the vector
Y , Xi = (yi, yi+1, ..., yi+L−1), for i ∈ {1, ...,K}, where the
condition K = T −L+1 is satisfied. In our case, L = 24 and
K = 37 have been established when taking one sample per
month, while L = 730 and K = 1097 when taking one sample
per day. We must consider the matrix X = [X1, ..., XK ]:

X =


y1 y2 y3 · · · yK
y2 y3 y4 · · · yK+1

...
...

...
. . .

...
yL yL+1 yL+2 · · · yK+L−1


In order to obtain the principal components, we need to apply
the Singular Value Decomposition (SVD) to the matrix X ,
which allows us to obtain the eigenvalues of the matrix XXT ,
denoted by λ1, ..., λL, and the corresponding system of or-
thonormal eigenvectors, U1, ..., UL, as well as the eigenvectors
of XTX , denoted by V1, ..., VL, which satisfy

Vi = XTUi/
√
λi (1)

The eigenvectors can be grouped taking into account that some
of them may describe a variation of the same frequency and
thus they may correspond to the same principal component.
In our application of the SSA technique we will find that
most of the eigenvectors can be grouped in pairs to form the
principal components. In order to discover the most appropiate
grouping, the correlation among the contributions to the global
signal by each different principal component, shown in Fig.
4, must be taken into account as explained in [9]. If two
components have a very strong correlation, it means that their
combination forms a principal component.

Let λi1 , Ui1 and λi2 , Ui2 be two eigenvalues and two
eigenvectors that describe a variation of the same frequency
and form, thus, a principal component together. Then, the
contribution of this principal component to the global signal
will be

Xi1,i2 =
√
λi1Ui1V

T
i1 +

√
λi2Ui2V

T
i2 (2)

The sum of the contributions of all the principal components
will be equal to the original signal.

The normalized contribution of each principal component
to the global time series of the first SR amplitude in the NS
direction is shown in Fig. 5, when only one time sample is
considered for each month of recordings, and in Fig. 6, when
one time sample is considered for each day of recordings.

The Fast Fourier Transform of the principal components
reveals the frequency content of each one of the principal
components. It can be seen in Fig. 7 and in Fig. 8 when taking
one sample per month and one sample per day, respectively.
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Fig. 2. (a.) Original time series of the values of the first SR amplitude for the NS sensor. The data gaps are in dark blue. Some of them last for less than one
hour (we can observe them around the day 1400) and others last for approximately 40 days (between the days 1460 and 1500 approximately). (b.) Filled time
series of the values of the first SR amplitude for the NS sensor. The result of the filling can be considered acceptable as the observed evolution is compatible
with the evolution observed in the original data.
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Fig. 3. Relevance given to each interval when the central value of the mesh
must be filled. When a gap is short (less than 5 days) the intervals within
a period of 4 days before or after the value to estimate are by far the most
relevant values. For long gaps, more distant intervals have to be considered
due to the lack of close intervals.

IV. RESULTS

When taking only one sample per month, as seen in Fig.
5, we can clearly observe that the components 1, 6 and 7
do not show an oscillation of the first SR amplitude, but an
interannual trend. Also, the components 2 and 3, 4 and 5, 8 and
10, 11 and 12, and 13 and 14 can be grouped as they represent
an oscillation of the same frequency and they show a very
strong correlation. The eigenvalues for the first components
can be seen in Fig. 9.

It is clear that the components 2-3 show the annual variation,
and the components 4-5 show the semiannual variation of the
series, as previous studies had found [1]. Their contribution
to the global series is the 1%. In addition to them, the rest of
the components show other scale variations. The component 9
and the components 11 and 12 show a variation with a period
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Fig. 4. Correlation among the different principal components obtained. This
plot shows that the components which correspond to the a same frequency
(or period) of variation are grouped in pairs (2 and 3, 4 and 5, 8 and 10, 11
and 12, 13 and 14).

close to 4 months (120 days), and the components 13 and 14
show a variation with a period in the range 75-100 days, also
near 8 months.

When taking one sample per day, similar results are ob-
served, with the differences that the time resolution is higher
and the grouping of the contributions of the eigenvectors
is slightly different. The frequency content of the principal
components is show in Fig. 7 and in Fig. 8, and it confirms
these observations.
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Fig. 5. Principal components obtained for the time series of the first SR
amplitude in the NS direction, when only one sample per month is considered
for the time series. X-axis scale is in months. Components 1 and 6-7 do not
show any oscillation, but they are interannual trends. The component 2-3
show the annual component and the component 4-5 show the semiannual
component. The rest of the components show minor scale variations.

0 200 400 600 800
0.036

0.037

0.038
Components 1. Contr = 98.1628 %

0 200 400 600 800
-0.1

0

0.1
Components 2, 3. Contr = 0.93021 %

0 200 400 600 800
-0.1

0

0.1
Components 4, 5. Contr = 0.078133 %

0 200 400 600 800
-0.1

0

0.1
Components 6. Contr = 0.027542 %

0 200 400 600 800
-0.2

0

0.2
Components 7, 8, 11, 12. Contr = 0.050182 %

0 200 400 600 800
-0.2

0

0.2
Components 9, 10. Contr = 0.025477 %

0 200 400 600 800
-0.1

0

0.1
Components 13. Contr = 0.010458 %

PRINCIPAL COMPONENTS
WHEN TAKING 1 SAMPLE PER DAY

0 200 400 600 800
-0.1

0

0.1
Components 14. Contr = 0.0092983 %

Fig. 6. Principal components obtained for the time series of the first SR
amplitude in the NS direction, when one sample per day is considered for
the time series. X-axis scale is in days. Components 1 and 6 do not show
any oscillation. The component 2-3 show the annual component and the
component 4-5 show the semiannual component. The rest of the components
show minor scale variations. The result is very similar to the previous one
shown in Fig. 5.

0 10 20 30
0

0.02

0.04
Components 1. Contr = 98.8638 %

0 10 20 30
0

5
Components 2, 3. Contr = 0.92034 %

0 10 20 30
0

5
Components 4, 5. Contr = 0.071269 %

0 10 20 30
0

2

4
Components 6, 7. Contr = 0.041356 %

0 10 20 30
0

5
Components 8, 10. Contr = 0.020911 %

0 10 20 30
0

2

4
Components 9. Contr = 0.01013 %

0 10 20 30
0

5
Components 11, 12. Contr = 0.019295 %

FDFT OF PRINCIPAL COMPONENTS
TAKING 1 SAMPLE PER MONTH

0 10 20 30
0

2

4
Components 13, 14. Contr = 0.014772 %

Fig. 7. Fast Fourier Transform of the principal components obtained for the
time series of the first SR amplitude in the NS direction, when only one
sample per month is considered for the time series. X-axis is period (the
inverse of the frequency), and the unit is months. The component 2-3 has a
clear content for the 12 month period, whereas the component 4-5 has a clear
content for the 6 month period. The rest of the components show periods of
2-4 months, and also of 8 months.
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Fig. 8. Fast Fourier Transform of the principal components obtained for the
time series of the first SR amplitude in the NS direction, when only one sample
per day is considered for the time series. X-axis is period (the inverse of the
frequency), and the unit is days. Again, the component 2-3 has a clear content
for the 12 month period, whereas the component 4-5 has a clear content for
the 6 month period. The components with minor contributions for periods of
2-4 appear as in the previous case shown in Fig. 7.
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Fig. 9. Eigenvalues λ1, ..., λL obtained for the XXT matrix when taking
1 sample per month for the time series. The eigenvalues show the realtive
importance of the contribution of each eigenvalue Ui to the global series.

V. CONCLUSIONS

1) The SSA technique has achieved a good separation
of the original first SR amplitude (NS direction) time
series into smaller components that represent more in-
terpretable variations in different time scales.

2) An annual and a semiannual component have been
identified in the time series, as it had been reported
in previous studies. Also, other less energetic principal
components have been found with periods between 2
and 4 months, which could match the evolution of some
atmospheric waves like the Madden-Julian oscillation
and the Kelvin waves.

3) Similar qualitative results have been found when apply-
ing SSA to a series with 1 time sample per month, and
to a series with 1 time sample per day. The time and
frequency resolutions are higher when taking 1 sample
per day.

4) The preprocessing of the data series, filling the gaps of
data that may appear due to technical failures, is required
to apply SSA. The preprocess used in this work has
given an acceptable result as the evolution observed in
the filled data is clearly expectable from the original data
series.
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