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Ocean microseisms are continuous seismic background oscillations produced through interactions
between the atmosphere, the oceanic waves and the Solid Earth. They dominate the ambient seismic
wavefield from 1 to 20 s and can be categorized as primary microseisms (PM), from 10 to 20 s, and
secondary microseisms (SM), from 1 to 10 s. The study of microseisms is important for understanding
their occurrence mechanisms and improving the ambient noise analyses of crustal structure.
Although the characteristics of microseisms are well documented for open oceanic regions with relatively
strong microseism sources, the characteristics of ocean microseisms around Cuba have not been explored
before. Moreover, microseism activity in semi-enclosed seas (e.g., the Caribbean Sea) has been analyzed
only to a limited extent. The current thesis contributes to addressing this research gap by analyzing
broadband seismic data in Cuba and neighboring regions in the years 2020 and 2021.

Chapter 1 of the thesis is an introduction into the topic of ocean microseisms and their generation
mechanism and explains the motivation of the study.

Chapter 2 presents the spectral characteristics of microseisms by using power spectral density (PSD)
estimations at 13 broadband seismic stations in Cuba. The most notable finding relates to the observation
of consistent, albeit relatively weak seasonal variations of microseism intensity. The results indicate a
slight increase of PSD levels during the dry season compared to the wet season. In addition, atmospheric
disturbances (hurricanes) are found to have only a limited effect on the PSDs.

Chapter 3 presents polarization analysis results obtained using data from 25 broadband seismic stations
in the Caribbean Sea region. The analysis focuses on both Rayleigh and P waves to investigate the
direction from which the SM energy is originating, at three period ranges: 1-2 s, 2—4 s, and 4-8 s. The
findings show different directional patterns among the analyzed stations, depending on their location,
wave type and wave frequency. For example, the Rayleigh waves at periods of 1-2 s show a strong
directionality of sources, while the direction changes with station location for the Rayleigh wave SM
sources, at periods in the range of 2-4 s. The P-wave SM sources at periods of 4-8 s show a strong
seasonality for most stations in Cuba, reflecting sources originating from the north and south,
corresponding to the local winter of the northern and southern hemispheres, respectively. To validate the
seasonal and directional variability of microseisms energy, the seismic noise for the Caribbean, estimated
from an ocean wave model, is compared with the results obtained in this study from the polarization
analysis. The polarization results show a good agreement with the model estimations.

Chapter 4 presents a new approach to locate the microseism sources based on their directionality
inferred from the polarization analysis and circular statistics. The new method is applied to locate
microseism sources excited by hurricane Isaias in 2020. The trajectory of the hurricane agrees with the
excited microseism sources at the beginning and end of the hurricane passage nearby Cuba.

Chapter 5 presents a general discussion of the main findings of the thesis, as well as directions for
future research. It also discusses in detail the uncertainties involved in the microseism source direction
estimation and the dispersion of backazimuth values determined by the polarization analysis relative to
the yearly mean values.

Chapter 6 presents concluding remarks on the performed analysis and the main results of the thesis.
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