
The preliminary analysis performed have demostrated that the magnetotelluric site measured in Las Cañadas Caldera (Tenerife) it 
is clearly affected by anthropogenic noise at frequencies lower than 50 Hz.

The effect of the blackout on the electromagnetic field is clearly identifiable on the signal, as shown by the previous spectrograms. 
Moreover, the analysis reveals a clear polarization angle of the electromagnetic signal before the blackout, providing information 
about the source of noise. Finally, the phase tensor shows that the true geoelectrical dimensionality could be hidden by the 
electromagnetic noise.

The results obtained in this first stage of the study shows that the data acquired during the blackout could provide valuable 
information about the effect of the electromagnetic noise in the MT responses. Future woks will be focused on performing a deeper 
analysis of the signal in order to try to better quantifying the anthropic noise.

6. Conclusions
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In order to study in detail the behaviour of the electromagnetic signal we applied the wavelet analysis developed by Escalas et al., 
(2013). In this work the polarization angle is defined as the angle formed with the semi-major axis with the EW direction using an 
ellipse which helps to determine the direction of the data polarity.

I 

Electric field: In figure 4A there is a remarkable polarized signal for 50 Hz with a polarization angle of 85º that remains constant for 
the entire spectra, while for most of the recording there is a clear polarization angle of ≈ 14º for the range of 1-32 Hz. In figure 4B the 
blackout strikes are recorded in the electric field as a signal with a random polarity, which is the expected for natural 
electromagnetic variations. There are three principle polarization angles: one peak at 141º (> 10 Hz), and two peaks at ≈ 50º and 
14º (both < 10 Hz). It seems that around 13.00 h some sort of electromagnetic noise source was temporarily activated in the area, 
affecting the lower frequencies. In figure 4C the electric system began to recover slowly and the signal of 50 Hz starts to appear 
varying its polarization angle. Furthermore, the polarization angles of 141º and ≈ 50º also vary but slightly. 

Magnetic field: in figure 5A there is a polarized signal that extends the entire interval at a frequency of 50 Hz, identical to the one 
mentioned above, but with a polarization angle of 172º. There is also a large peak for the range 1-10 Hz with a polarization angle of 
60-70º. However, in figure 5B during the blackout the signal linearly polarized for 50 Hz with an angle of 172º disappears. The peak 
located at first in the range of 1-10 Hz focuses now on a peak with a polarization angle of 62º for frequencies > 1 Hz. Finally, in 
figure 5C the large peak previously mentioned varies smoothly to a peak with a polarization angle of 42º for most of the 
represented frequency range. Like in the electric field, the signal at 50 Hz starts to appear with a varying polarization angle. 

3. Analysis of the polarization angle

0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

1.5

0.5

0

1 1

0

0.5

1.5

1

0

0.5

1.5

% % %

5:00 5:30 6:00 13:00 14:00 15:00 16:00 17:00 18:00

A B C

Figure 5. Polarization angle spectrograms and their respective histograms for a sampling rate of 64 Hz: A) Graphics of the previous hours before the blackout; B) Graphics of the 
beginning of the blackout; and C) Graphics during the blackout.
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Figure 4. Polarization angle spectrograms and their respective histograms for a sampling rate of 64 Hz: A) Graphics of the previous hours before the blackout; B) Graphics of the 
beginning of the blackout; and C) Graphics during the blackout.
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4. Phase tensor

The Phase Tensor  is a technique used to evaluate the 
dimensionality and the geoelectrical direction of the MT 
data (Caldwell et al., 2004). Figure 6 shows the phase 
tensor at different time windows computed with the 
MTpy (Krieger and Peacock, 2014). 

The mid range of frequencies (≈ 10 Hz to 6-7 s) reveals 
a linear shape until it reaches the blackout. This means 
that the electric field is linearly polarized. 

There is a sharp change on the phase tensor behavior 
during the blackout time window (12:00 to 18:00 h; Fig. 
6). This points out the effect of the electromagnetic 
noise on the MT data analysis, such as a possible 
misinterpretation of the geoelectrical dimensionality. 
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Figure 6. Temporal evolution of the phase tensor for different frequencies.
The impedance tensor is a complex matrix (2x2) that relates the horizontal components of the electric and magnetic field for a given 
frequency, and it is expressed by the apparent resistivity (ρ ) and the phase (ϕ ). We have considered data from two different days at the aij ij

same site to represent this tensor: 1) the blackout day; and 2) a reference day recorded . (04/10/2019)

Firstly, the apparent resistivity (ρ ) shows that the highest and lowest frequencies remain similar for both days . However, there is aij (Fig. X)
a radical difference for the mid-range of frequencies (≈ 20-0.07 Hz) with an important decrease of one or two magnitude orders of 
resistivity . (Fig. X) The phase (ϕ ) remains mostly identical. ¿algo más de la phase?ij

5. Impedance tensor
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Figure X. Temporal evolution of the resistivity 
deviation for different frequencies.
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Figure X. Apparent resistivity and phase curves for the blackout (black 
and green curves) and a reference day (red and blue lines). The squared 

and circular dots represent the components Zyx and Zxy of the impedance 
tensor, respectively.
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Figure 3. Spectrograms for the horizontal electric (Ex and Ey) and magnetic (Hx and Hy) components.

2. Spectrogram

The spectrogram reveals the temporal evolution of the frequency content of the signal energy. Only the four horizontal components (Ex, Ey, Hx 
and Hy) are shown because the event was better reflected in their time series.

Figure 3 shows the 
spectrograms for a sample 
frequency of 64 Hz and for a 
total of 3 days. The  absence 
of electromagnetic noise is 
especially visible on the E-W 
electric component (Ey), where 
there is a clear decrease of the 
power during the blackout.

1. Introduction

On 29 September 2019, at 13:11:38 (local time) a blackout occurred in the volcanic island of Tenerife (Canary Islands) (Fig. 1). The island electric 
power system was suddenly shut down in an overpopulated area, representing an interesting opportunity to measure the natural electromagnetic field 
free of anthropogenic noise. As part of a volcano monitoring project that INVOLCAN is currently performing in the center of the island, a 
magnetotelluric (MT) station was recording continuously during this event. Therefore, the acquired data allows us to compare the electromagnetic 
field before and during the blackout.  

MT is a passive geophysical method that measures the natural variations of the electromagnetic field to infer the geoelectrical structure of the 
−3 3

subsurface. Thus, the five components (Ex, Ey, Hx, Hy and Hz) of the electromagnetic field were recorded with a broadband MT (10  to 10  s)  

Figure 1. Location of the magnetotelluric site affected by the blackout.
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Figure 2. Time series of the electric and magnetic components for a sampling rate of 256 Hz in the 
beginning of the blackout. On the left side, the scale in milivolts for each component. On the right side, 

two electric (Ex and Ey) and three magnetic (Hx, Hy and Hz) components. The rectangular shapes mean: 1) 
Yellow, before the blackout; 2) Red,  transients at the onset of the blackout; 3) Green, during the blackout. 
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evaluation of the effect of the blackout on the measured electromagnetic
signals, especially in the frequency range of 256-0.05 Hz.

The goal of the present work is to show the preliminary results of the 
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