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Fig. 9. Polariza�on methodology used in this study 
(Schimmel et al., 2011).  
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Fig. 1. CBRU - CCAS cross-correla�on showing the bimodal distribu�on of frequencies. 

Fig. 6. Different frequency ranges used across the spectrum and the results obtained with the 
polariza�on analysis for each of these ranges.

Fig. 7. Results obtained from the polariza�on analysis 
plo�ed on a polar graph. 

Fig. 8. Energy pa�erns over one month for each frequency range show 
a notable similarity between PM and LPSM, while SPSM shows a 

different pa�ern.

Fig. 5. a) Amplitude a�enua�on along the two profiles:
parallel (upper panel) and orthogonal (lower panel) to the

coast. b) Zoom of the parallel profile, showing back-
azimuths of Rayleigh waves for different �me periods.

Fig. 3. Amplitude spectrum over four years for the CBRU permanent sta�on.  

Fig. 2. Typical spectrogram at the CBRU 
permanent sta�on.   
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For this analysis, we divide the spectrum into three different frequency 
ranges: Primary Microseism (0.05 - 0.1 Hz), LPSM (0.1 - 0.25 Hz), and SPSM 
(0.25 - 0.5 Hz). We then apply a Rayleigh-wave polariza�on method, as 
described by Schimmel et al. (2011), to each of these frequency ranges. The 
results are normalized based on the number of signals obtained and are 
plo�ed as a func�on of back azimuth (BAZ) and �me. The outcomes are 
consistent across all four years analyzed.
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The results obtained from the 
polariza�on analysis suggest the 
presence of dis�nct seismic sources for 
PM and LPSM, both poin�ng toward the 
North Atlan�c Ocean, and a separate 
source for SPSM, oriented toward the 
Mediterranean Sea. This interpreta�on 
is further supported by the different 
energy pa�erns observed across the 
frequency ranges: PM and LPSM share a 
similar energy pa�ern, whereas SPSM 
exhibits a clearly dis�nct one.
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Within the EPYSIM project, we deploy two different 
broadband profiles: one parallel and the other orthogonal 
to the coast. Figure 5 shows the amplitude evolu�on along 
these two sta�on profiles.

We observe stronger amplitude a�enua�on along the 
profile parallel to the coast, compared to the orthogonal 
one. By analyzing specific �me periods along the parallel 
profile, we iden�fy several intervals where the a�enua�on 
pa�ern is reversed. We perform a Rayleigh-wave 
polariza�on analysis during these intervals and find that the 
back-azimuth, which points in the direc�on of the noise 
sources, changes significantly for these two dis�nct 
pa�erns.  
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We observe the spli�ng of the secondary microseism into LPSM and SPSM throughout four 
different years, with stronger amplitudes during the Northern Hemisphere winter. Using only 
cross-correla�ons, we are able to study these seasonal varia�ons independently for LPSM and 
SPSM by considering the causal and acausal parts, respec�vely. By using monthly stacks for 
each year, we observe seasonal varia�ons in both amplitude and frequency. Amplitude 
increases during the winter months for LPSM, while SPSM does not show any significant 
amplitude varia�on. Furthermore, LPSM and SPSM exhibit an increase in the frequency of the 
maximum amplitude during the summer months.          

Fig. 4. Maximum amplitude (a) and their corresponding frequencies (b) for the causal and acausal part of the cross-
correla�ons, divided into monthly stacks over four years. 

While performing cross-correla�ons of 
seismic noise recordings from the 
permanent sta�ons in NE Iberia, we 
observe a clear bimodal distribu�on of 
frequencies between the causal and 
acausal part.

The typical noise spectrograms of the 
permanent sta�ons show a spli�ng of 
the secondary microseism into the 
Long-Period Secondary Microseism 
(LPSM) and the Short-Period Secondary 
Microseism (SPSM). 

- We iden�fy a dis�nct pa�ern in the seasonal varia�ons through cross-correla�on analysis: the 
LPSM source shows an increase in amplitude during the winter months, whereas the SPSM 
source does not exhibit any significant amplitude change.

- We observe stronger amplitude a�enua�on along the profile parallel to the coast compared to 
the orthogonal one. Addi�onally, we iden�fy �me periods in which this a�enua�on pa�ern is 
reversed and associated with completely different back-azimuths, sugges�ng that SPSM sources 
in the Mediterranean Sea are both well-defined and dynamic.

- Polariza�on analysis reveals the presence of dis�nct seismic sources for PM and LPSM on the 
one hand, and SPSM on the other. This interpreta�on is further supported by the observed 
energy pa�erns: PM and LPSM display similar behavior, clearly dis�nct from that of SPSM. We 
also extend this analysis to sta�ons distributed across the Mediterranean Sea and observe 
consistent results throughout the region.
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