
How to cite

Complete issue

More information about this article

Journal's webpage in redalyc.org

Scientific Information System Redalyc

Network of Scientific Journals from Latin America and the Caribbean, Spain and
Portugal

Project academic non-profit, developed under the open access initiative

DYNA
ISSN: 0012-7353
ISSN: 2346-2183

Universidad Nacional de Colombia

Poveda-Brossard, Viana; Diez-Zaldivar, Eduardo R.
Ambient seismic noise in Cuba: analysis of broadband seismic stations in the Cuban Seismic Network

DYNA, vol. 89, no. 220, 2022, January-March, pp. 145-153
Universidad Nacional de Colombia

DOI: https://doi.org/10.15446/dyna.v89n220.96966

Available in: https://www.redalyc.org/articulo.oa?id=49672695016

https://www.redalyc.org/comocitar.oa?id=49672695016
https://www.redalyc.org/fasciculo.oa?id=496&numero=72695
https://www.redalyc.org/articulo.oa?id=49672695016
https://www.redalyc.org/revista.oa?id=496
https://www.redalyc.org
https://www.redalyc.org/revista.oa?id=496
https://www.redalyc.org/articulo.oa?id=49672695016


© The author; licensee Universidad Nacional de Colombia. 
Revista DYNA, 89(220), pp. 145-153, January - March, 2022, ISSN 0012-7353 

DOI:  https://doi.org/10.15446/dyna.v89n220.96966 

Ambient seismic noise in Cuba: analysis of broadband seismic 
stations in the Cuban Seismic Network 

Viana Poveda-Brossard and Eduardo R. Diez-Zaldivar 

National Center for Seismological Research, Santiago de Cuba, Cuba, viana@cenais.cu, diez@cenais.cu 

Received: July 1st, 2021. Received in revised form: November 2nd, 2021. Accepted: January 24th, 2022. 

Abstract 
This paper analyses seismic noise from broadband seismic stations within the Cuban National Seismic Service, focusing on location 
sites, soil or rock quality at installation sites and the impact of various factors on the noise signature of these seismic stations. A brief 
technical description of deployed equipment is provided and the methodology for data selection and analysis is presented. The study 
provides annual performance assessment for each station, considering specific details for each particular case. Likewise, the effect of 
diurnal/nocturnal and seasonal variations on noise power spectral density (PSD) is analyzed. In addition, plotted graphs show the 
relationship between the occurrence of extreme weather events, such as hurricanes and cold fronts through Cuban eastern and western 
regions, respectively, and the increase of noise level, specifically for marine microseisms period band. Finally, the influence of 
instrumental variations in noise level of seismic stations is characterized. 

Keywords: seismic noise; power spectral density (PSD); probability density function (PDF). 

Análisis del ruido sísmico en estaciones de banda ancha del 
Servicio Sismológico Nacional Cubano 

Resumen 
En este trabajo se analiza el ruido sísmico de las estaciones de banda ancha del Servicio Sísmico Nacional de Cuba, centrándose en 
los lugares de ubicación, la calidad del suelo o de la roca en los lugares de instalación y el impacto de diversos factores en los niveles 
de ruido de las mismas. Se proporciona una breve descripción técnica de los equipos desplegados y se presenta la metodología para 
la selección y el análisis de los datos. El estudio proporciona una evaluación del nivel de ruido anual de cada estación, teniendo en 
cuenta detalles específicos para cada caso concreto. Asimismo, se analiza el efecto de las variaciones diurnas/nocturnas y estacionales 
en la densidad espectral de potencia (PSD) del ruido. Además, en los gráficos se muestra la relación entre la ocurrencia de eventos 
meteorológicos extremos, como huracanes y frentes fríos por las regiones oriental y occidental de Cuba, respectivamente, y el 
incremento del nivel de ruido, específicamente para la banda de periodo de microseísmos marinos. Finalmente, se caracteriza la 
influencia de las variaciones instrumentales en el nivel de ruido de las estaciones sísmicas. 

Palabras clave: ruido sísmico; densidad espectral de potencia (PSD); función de densidad de probabilidades (PDF). 

1. Introduction

Over the last years, processing seismic noise signals
has gained greater significance as it has allowed not only 
to estimate seismic noise levels and their impact on seismic 
records― depending on noise sources― but also to assess 
broadband seismic stations performance in several local 
and regional networks.   

How to cite: Poveda-Brossard, V. and Diez-Zaldivar, E.R., Ambient seismic noise in Cuba: analysis of broadband seismic stations in the Cuban Seismic Network.. DYNA, 
89(220), pp. 145-153, January - March, 2022. 

In addition, noise models have been central for 
evaluating seismic station sites characteristics and design, 
as well as instrument design [1]. 

Up to date, no noise studies have been conducted for 
the Cuban seismic network, mainly because the network 
was initially composed of just a few broadband sensors 
after digital migration and real-time transmission in 2010 
[2].  
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Figure 1. Cuban seismic stations.  
Source: The authors 

 
 
Following that date, and considering that over the last 

five years the spatial coverage of the network has been 
expanded with additional broadband seismic stations, it 
has been deemed necessary to conduct a seismic noise 
study given the high sensitivity of seismometers over a 
broad frequency range and also because, in some cases, 
these instruments have been deployed at locations that had 
been selected for the installation of short-period sensors. 
This has resulted in noisy data thus hampering earthquake 
analyses and affecting seismic data quality, mainly for 
theoretical and applied studies.  

At present, the Cuban seismic network operated by 
CENAIS is made up of 19 stations equipped with short-
period and broadband seismometers, the majority of which 
have been deployed in the eastern part of the island owing 
to the high seismicity of this region [3]. Given the 
proximity to the main Cuban fault system, commonly 
known as the Septentrional-Oriente Fault Zone, 
accelerometers have also been installed in some of the 
stations to monitor strong earthquakes. 

For this study, a set of seismic stations has been chosen 
for the analysis of 2016 and 2018 available data. Stations 

are geographically located as shown in Fig. 1. Two full 
years data recording helped characterize seismic noise 
level and compare seismic station performances during 
both years. Only 11 stations were included in the study for 
both years (2016 and 2018). Short-period stations as well 
as some broadband stations have been ruled out of this 
study due to the unavailability of data resulting from 
communication issues or because instruments were out of 
order. 

All 11 seismic recording stations are surface stations 
which have been installed on shallow concrete slab vaults 
and built on different types of soils, depending on each 
location's geological features. Table 1 shows soil 
characteristics for each station. 

Deployed equipment includes broadband sensors, 
namely, BBVS-60s and BBVS-120s seismometers 
(Chinese technology, Geodevice), [4] and Trillium 
Compact 120s, Trillium 120PA, and Trillium 120P 
seismometers (Canadian technology, Nanometrics) [5]. 
Data were recorded using 24-bit resolution digital 
converters EDAS-24IP (Geodevice) [4], Taurus, and  

Centaur (Nanometrics) [5] with 100 Hz sampling 
frequency. 

Data selection criteria for noise level analysis included 
seismic signals of 3‒components (vertical, north-south, 
east-west) sensors installed in all seismic stations included 
in the study for the year 2016.  More specifically, signal 
data associated to the two weather seasons in Cuba (dry 
and rainy season) were used to estimate seismic noise 
levels during both weather seasons. Additionally, 24-hr 
daily time series were divided into 12 hrs to calculate noise 
levels considering variations between day and night time. 
Finally, signals of the two days when two weather events 
hit Cuba in 2016 were also taken into consideration to 
assess their impact on seismic records. Besides, 
uncalibrated sensors affected some stations′ performance.  

 
 

 
 
Table 1.  
Soil characteristics of the stations included in the study. 

Station name  
Network 

Code 
Station 
Code 

Coordinates Elevation 
Rock type 

Latitude (°) Longitude (°) (meters) 

Chivirico CW CHIV 19,97648 -76,415129 20 
Volcanic ash forming layers or 

stracts 
Río Carpintero CW RCC 19,995 -75,6965 128,4 Very hard igneous rocks 

Mar Verde CW MARV 20,005285 -75,906555 100  Igneous rocks (basalts) 
Holguín. CW HLG 20,920045 -76,236173 100 Igneous rocks (streamers) 

Nuevo Mundo CW NMDO 20,559826 -74,982677 50 Igneous rocks (streamers) 

Maisí CW MASC 20,1755 -74,2312 413,6 
Sedimentary Rock (carcified 

hard limestones) 
Las Mercedes CW LMGC 20,0646 -77,0045 162 Volcanic ash forming extracts 

Cascorro CW CCCC 21,1934 -77,4173 89.6 
Very hard igneous rocks 

(granodiorites) 

Manicaragua CW MGV 22,1194 -79,9796 205,4 
Metamorphic rocks weathered 

soil 
Camarioca CW CAMR 23,061738 -81,370859 57 Sedimentary Rocks  

Soroa CW SOR 22,7932 -83,0086 100 Sedimentary Rocks  

Source: The authors 
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Signal processing followed McNamara and Buland′s 
approach for noise studies [6], and the PQLX software 
(PASSCAL Quick Look eXtended) [7] was employed for 
noise power quantification and calculation of noise 
probability density for different band frequencies. Other 
researchers in earlier noise studies for regional and global 
networks [8-13] have successfully used this method to 
estimate ambient seismic noise. Therefore, this signal 
processing method is considered most suitable for this study. 

An earlier study for the Southern Alaska Lithosphere and 
Mantle Observation Network [14] used McNamara and 
Buland′s methodology for spectral analysis, using Modular 
Utility for STAtistical kNowledge Gathering (MUSTANG) 
to assess quality of seismic data through the Incorporated 
Research Institutions for Seismology (IRIS) website [15].  

A similar process was conducted with seismic data from 
all 11 stations of the Cuban network for the year 2018. 

 
2. Observational data 

 
First, 1-yr seismic traces for each station and their 

corresponding frequency responses by the measuring channel 
were selected. Second, data were processed using PQLX 
software for the calculation of the Power Spectral Density 
(PSD) and the Probability Density Function (PDF) for a 
statistical analysis of noise levels. 

Resulting seismic noise power levels were graphically 
plotted using the software. Peterson´s NLNM (New Low 
Noise Model) and NHNM (New High Noise Model) standard 
models [16] were used for comparison of the records to these 
standards in order to assess noise signals at different period 
intervals during which seismic signal is recorded. 

Also, with the plotted graph it was possible to estimate 
the noise probability occurrence through the calculation of 
the Probability Density Function. In addition, for a broader 
analysis, other parameters such as the statistical mode and 
curves representing the minimum tenth and ninetieth 
percentiles of noise occurrence are also plotted in the graphs. 

Recorded signals of earthquakes, power glitches and/or 
power consumption peaks are included in our processing 
because they are considered low-probability occurrence 
events. These signals are shown in the graphs as power 
spectral density curves with low probability of occurrence. 
Such events have no negative impact on noise levels [6].  

 
3. Results and discussion 

 
3.1. Annual noise behavior  

 
Datasets relevant for this study were selected and 

processed using the PQLX software. PSD and PDF curves 
were obtained for a 1-yr period at each station to determine 
period intervals with higher noise levels and probability 
levels of occurrence in time.   

It is important to note that data recorded at MARV (Mar 
Verde) station only include the months from September to 
December, provided that it was not previously installed.  

Figs. 2 and 3 show 2016 PSD curves for vertical 
components at 11 stations within the Cuban National Seismic 
Network (CW code), namely, RCC (Río Carpintero), NMDO 

(Nuevo Mundo), MGV (Manicaragua), MASC (Maisí), 
MARV (Mar Verde), LMGC (Las Mercedes), CHIV 
(Chivirico), HLG (Holguín), CCCC (Cascorro), SOR (Soroa) 
and CAMR (Camarioca) stations. As shown in Figs. 2 and 3, 
every station shows noise levels with low probability of 
occurrence during most of the time interval of interest, except 
for NMDO for periods < 1 s, MARV for periods >10 s, and 
LMGC, CHIV, HLG for periods <4 s, where the probability 
of occurrence of noise throughout the year is remarkably 
higher as compared to other band periods. However, seismic 
noise level is above -140 dB of acceleration power in almost 
all stations. 

This is influenced by anthropic noise in the areas 
surrounding the stations. Additionally, the action of the wind 
over the abundant vegetation together with terrain 
irregularities of Cuban topography, also cause high-
frequency noise which, added to cultural noise, result in high 
noise power levels at short periods.  

Seismic noise generated by the action of the ocean is 
present all over the globe, although it is observed most 
strongly along the coast and is weaker near the middle of 
continents [17], and it is known as marine microseism noise. 
There are to two types of marine microseisms: primary 
microseisms and secondary microseisms.  

Primary ocean microseisms are generated in shallow waters or 
shallow waters in coastal regions, where wave energy is converted 
directly into seismic energy either through variations in vertical 
pressure or smashing surf on the shores [18]. 

Primary ocean microseisms have a period of about 10 to 
16 s, just as the water waves. Secondary microseisms, on the 
other hand, are generated by the superposition of ocean 
waves of equal period travelling in opposite directions, thus 
generating standing gravity waves of half the period [18]. 

In the intermediate period interval, marine microseisms 
occur mainly in the secondary peak, also with a high 
probability of occurrence. This is due to the influence of 
ocean waves affecting the entire Cuban archipelago. In 
addition, this is reported, to a greater or lesser extent, for all 
stations, except for MGV and CCCC stations. This may be 
associated with the geographical distribution of these 
stations, which are the most distant from the coast as 
compared to the rest of the stations studied.  

Furthermore, for the CAMR station, noise power levels are high 
at the period band when noise is produced by marine microseisms. 
Noise behavior at this station will be discussed further on. 

At long-period intervals (>20 s) PSD vertical components 
reach values similar to the NLNM standard in all stations, 
except for MGV and MARV stations. Particularly interesting 
are high values found for the MGV station which are above 
NHNM levels, thus confirming the behavior of signal 
recordings in the station. These records show a high low-
frequency component, possibly resulting from the presence 
of tunnels, or the functioning of some equipment in a military 
area very close to the station.  

Of all stations examined, CCCC stands out as a station 
with a good performance in terms of seismic noise level. 
Over the entire period range, a very low probability of 
occurrence of noise power distribution was observed. In 
addition, mode curve values were close to the NLNM 
standard, mostly below -140 dB. 
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Figure 2. PSD acceleration curves (Y axis) and PDF (color scale) for the 
vertical component of a) RCC, b) NMDO, c) MGV, d) MASC and e) MARV 
stations (annual variation).  
Source: The authors. 

 
 
This may be explained by the fact that CCCC station was 

built inside a tunnel, thus reducing background noise levels 
and protecting it from the effect of cultural noise, as the 
location is far away from human settlements, roads or 
industries. Unlike the rest of seismic stations, CCCC is the 
one located more distant from the coastline, which reduces 
ocean microseisms noise levels. 

After making this analysis and to determine average noise 
power levels for each station, monthly average power 
spectral density was estimated and plotted. Fig. 4 shows that 
these values are approximately between -120 dB and -145 
dB, except for SOR station in December, where PSD average 
value decreases drastically. 

As shown in Fig. 4, most of the stations' PSD values 
ranged between -135 dB and -140 dB (about 5 dB of 
difference), which suggests that yearly average power 
variation is not significant. However, this is not the case for 
CAMR and MGV stations. MGV exhibited values of -135 dB 
for the months from March to June. CCCC station showed 
values above -130 dB in March.  

Furthermore, PSD mode estimates for each station 
over the entire frequency band range were plotted, 
showing a similar behavior in almost all stations (Fig. 
5).  

 

3.2  Diurnal and nocturnal variations of PSDs  
 
In this section, we analyze how day and night time 

variations affect noise levels at each seismic station during 
2016. Figs 6, 7, and 8, show power values for noise signals 
obtained from the data representing day time hours (6:00 am 
- 6:59 pm). Graphs on the right represent night hours (7:00 
pm - 5:59 am). 

Data suggest, as is the usual case, that anthropic activity 
generates noise peaks during daytime hours for high-
frequency components in the frequency band of interest. 

 

 
Figure 3. PSD acceleration curves (Y axis) and PDF (color scale) to the 
vertical component f) LMGC, g) CHIV, h) HLG, i) CCCC, j) SOR and k) 
CAMR stations (annual variation).  
Source: The authors. 

 
 

 
Figure 4. Monthly variation of average PSDs in decibels (Y axis), year 2016.  
Source: The authors. 
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Figure 5.  PSD mode curves for all stations analyzed, year 2016 (Y axis:) in 
the frequency domain (X axis).  
Source: The authors. 

 
 

 
Figure 6. PSD acceleration curves (Y axis) and PDF (color scale) for the 
vertical component of a) RCC, b) NMDO and c) MGV stations (day/night 
variation).  
Source: The authors. 

 
 
This is not the case of NMDO station, which did not show 

significant day/night variations of noise power, precisely 
because the station is located near Nuevo Mundo dam, just 5 
km from a large area where mining is carried out 24 hours a 
day.  

It can also be concluded that during the night, short period 
noise is less likely to occur as compared to day time for the 
same period band (<1 s). 

In contrast, marine microseisms and low frequencies 
bands show no significant day/night variation. Microseism 
peaks keep almost the same amplitude and probability of 
occurrence because they depend on atmospheric conditions 
on the sea and the natural movement of the Earth.  

At long-period bands, HLG and CAMR are the only 
stations showing some kind of variation between both 
schedules (daytime and night time), probably due to specific 
local conditions. The other stations exhibit little variation. 

 
Figure 7. PSD acceleration curves (Y axis) and PDF (color scale) for the 
vertical component of the d) MASC, e) MARV, f) LMGC, and h) CHIV 
stations (day/night variation).  
Source: The authors. 

 
 

3.3. Effect of seasonal changes (rain and dry periods) 
 
According to the Instituto Meteorológico de Cuba (Cuban 

Meteorology Institute), Cuba has a warm tropical climate 
with average annual temperatures ranging 22-28 degrees 
Celsius for most of the country.  

Seasons can be broadly divided into a dry season (from 
November to April) and a wet season (from May to October) [19]. 

During the dry season, completely clear days are more 
frequent, although average temperature is slightly lower. Due 
to Cuba′s proximity to North America, cold fronts with heavy 
rains, rough seas, and gusts are not unusual in this season, 
although they are not as frequent [19]. 

In the rainy season, average temperatures, rainfall and humidity 
rates rise. Precipitations (1,400 – 1,600 mm) might seem high, but 
they are only the result of strong and short-lived showers [19]. 

Based on these characteristics of Cuban climate, PSD and 
PDF values for the stations in this study in both seasons were 
computed to observe the impact of seasonal variations on 
noise levels behaviors for each case.   

Analysis of PSD values (Figs 9, 10, and 11) for the 
stations evaluated in this study, suggest that seasonal 
variations do not significantly affect noise power levels. 
PSDs showed similar values both for the dry and the rainy 
season. Only MGV station exhibits a slight difference during 
long-period bands, but it remains practically the same. There 
are also some non-relevant differences in the probability of 
occurrence of noise, as shown in the graphs between both 
times of the year.  
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Figure 8. PSD acceleration curves (Y axis) and PDF (color scale) for the vertical component 
of the h) HLG, i) CCCC, j) SOR, and k) CAMR stations (day/night variation).  
Source: The authors. 

 
 

 
Figure 9. PSD acceleration curves (Y axis) and PDF (color scale) for the vertical 
component of a) RCC, b) NMDO and c) MGV stations (seasonal variation). 
Source: The authors 

 
 

3.3.1. Impact of extreme weather events on seasonal noise 
level (Mathew Tropical Storm)  

 
Hurricane Matthew was the only tropical storm that 

directly impacted Cuba in 2016. This tropical storm made 
landfall in Eastern Cuba on October 4, during evening hours 

(7 pm - 8 pm), near Punta Caleta, Guantánamo province, as 
strong category 4 hurricane in the Saffir-Simpson scale. It 
had sustained winds of 220-230 km per hour and heavy 
rainfalls, according to the Cuban Meteorology Institute 
reports [16]. 

The map on Fig. 12 shows Matthew′s path map. 
Represented with blue stars are the seismic stations closest to 
Mathew’s route (RCC, MARV and NMDO), which were 
operating that night and of which there is available data. 

Hurricane Matthew impacted these stations by increasing 
noise power levels above -140 dB between the periods 0.1 – 
20 s. In addition, marine microseisms noise power climbed 
primarily due to rising waves and sea levels throughout the 
south and northwest coast of Cuba′s eastern region, resulting 
in PSDs that reached Peterson′s NHNM standard curve. 

Fig. 13 is a plot of PSDs and probability estimates (PDFs) 
for the vertical component of RCC, NMDO, and MARV 
stations during October 4 and 5, 2016. The arrows indicate 
the peak of noise power observed. 

Likewise, Fig.13 shows a high noise probability of 
occurrence (over 30% for MARV at longer range of periods) 
and PSDs close or equal to Peterson's NHNM. 

 

 
Figure 10. PSD acceleration curves (Y axis) and PDF (color scale) for the 
vertical component of d) MASC, e) LMGC, f) CHIV and g) HLG stations 
(seasonal variation).  
Source: The authors. 

 
 
Similarly, Fig. 14 is a spectrogram of the 3-component 

signals (HHN, HHE, and HHZ) for the MARV station. Graphs 
clearly show an increase of noise levels between 0.1s -10s on 
Julian day 280, which corresponds to October 4, 2016. 
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Figure 11. PSD acceleration curves (Y axis) and PDF (color scale) for the 
vertical component of h) CCCC, i) SOR and j) CAMR stations (seasonal 
variation),  
Source: The authors. 

 
 

 
Figure 12.  Matthew hurricane path map.  
Source: INSMET, 2019. 

 
Figure 13. PSD acceleration curves (Y axis) and PDF (color scale) for the vertical 
component of a) RCC, b) MARV and c) NMDO stations affected by hurricane 
Matthew (black arrows indicate maximum noise peaks due to marine microseisms).  
Source: The authors.  

 
 
In the area indicated with a red oval, an increase in PSD 

level is observed at night and early in the morning when the 
Matthew hurricane occurred. This result is consistent with 
previous estimates of noise probability occurrence. 

 
3.3.2. Influence of cold fronts on seasonal noise levels 

 
On a synoptic scale, major weather events during the first 

months of 2016 included the presence of winter weather systems, 
such as cold fronts, the emergence of cold air at low latitudes and 
short-wave troughs in the lower and middle troposphere [16]. 

The influence of cold fronts on seismic noise was similar 
to that observed for the tropical storm referred to above, as in 
the case of a cold front that affected western Cuba on 
February 24, 2016. Fig. 15 plots PDFs for SOR and CAMR 
stations located nearest the western tip of the country. 

 

 
Figure 14. Spectrogram for MARV station during Matthew hurricane, from 
top to bottom, a) HHE (East/West component), b) HHN (North/South 
component) and c) HHZ (Vertical Z component). PSD of acceleration (color 
scale), Julian days (X axis).  
Source: The authors.  
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Figure 15. PSD acceleration curves (Y axis) and PDF (color scale) for the 
vertical component of a) SOR and b) CAMR stations affected by a cold front. 
(Black arrows indicate maximum noise peaks due to marine microseisms).  
Source: The authors. 

 
 
In both cases, PSD levels and noise probability 

occurrence increase, not only at microseism peak but also at 
periods in the range of 20 - 100 s, when noise is likely to 
occur due to abrupt temperature and atmospheric pressure 
variations that generate thermal disturbances and sensors 
drifts, in addition to the tilt effect caused by an additional 
signal component defined by trigonometric relationships. 

 
3.3.3 Instrumental variations 

 
Analysis of seismic noise recorded in the stations is useful 

for detecting and evaluating signal changes caused, among 
other factors, by glitches and incorrect configuration of the 
equipment. Signal processing before and after such changes 
allowed to determine whether deployed sensors and digitizers 
had been selected optimally; if there were no errors in their 
frequency response, to check if the installation of instruments 
was correct; and to check that there were no excessive 
deviations due to the tilt effect or other technical issues. 

Fig. 16 is a plot of PSD values for CAMR station. It 
shows high noise levels after station installation with some 
gain in the digitizer and considering the sensitivity of the 
installed seismometer. The yellow arrows indicate the 
corresponding PSD values where an increase of up to about 
15 dB in noise level was observed (above Peterson´s NHNM 
standard curve), thus being inadmissible from the 
seismological point of view. The black arrows indicate PSD 
values associated with a subsequent decrease in the gain of 
the Centaur digitizer. 

 
3.3.4 PSD Statistical Mode for 2018 

 
For every station horizontal component during 2018, we 

computed statistical mode of PSD of acceleration. The result 
showed similar behavior in almost every station, except for 
CCCC station. At high frequencies, the behavior of the mode 
reaches the lowest PSD values at CCCC station. In the range 
of marine microseisms almost all stations exhibited the same 
noise level, although the highest values were obtained for 
CAMR station for the period band 0.9–2.2 s. In the low-
frequency range, the station with the highest noise level is 
MARV, above -155 dB. Low PSD mode values are found for 
HLG, LMGC, NMDO, CAMR, and RCC stations. 

 
Figure 16. PSD acceleration curves (Y axis) and PDF (color scale) for HHN, 
HHE, and HHZ channels of CAMR. 
Source: The authors. 

 
 
Also, 2016 and 2018 mode values for the vertical 

component for all seismic station were compared. The 
analysis suggests that almost every station exhibited the same 
noise level behavior in both years for the entire frequency 
range where seismic signals are registered. However, MGV 
station shows a better performance at the low-frequency band 
in 2018. By contrast, MARV and CHIV stations had a noise 
level increase at low frequencies for that same year. 

 
4. Conclusions 

 
Noise occurrence probabilities vary distinctively across 

the range of period bands for each station, due to noise 
characteristics at different frequency bands. Overall, 
however, probability of occurrence is not too high at almost 
all stations over the entire period studied.  

In addition, despite the high values of noise power 
spectral density, the curves obtained in all stations fall within 
the range established by Peterson's models, hence it can be 
concluded that all the sites exhibit an acceptable noise level 
in compliance with seismology permissible standards.  

However, practice has shown that daily earthquakes 
analysis, like in the case of MARV and CAMR stations, 
might be cumbersome if low-energy earthquakes are 
analyzed. 

It was found that marine microseisms peaks are clearly 
observed in PSD curves at all stations included in the study, 
provided that Cuba is an archipelago and all seismic station 
sites are relatively close to the coast. For the Cuban seismic 
network, the values obtained are in the range of about 2 – 20 
seconds. 

The study confirmed that cultural noise for periods 
shorter than 1 s at the seismic stations, is produced by man 
activity in the surrounding areas and by the influence of the 
wind over the vegetation and topographic irregularities.  

It was found that cultural noise is the type of noise that 
most negatively affects earthquake analysis in the Cuban 
seismic network, since low-magnitude local earthquakes 
signals occur in the period band 0.05 – 1 s. The network 
detects mainly this type of earthquakes. 

Similarly, this research concluded that highest noise 
power level variations occur during daytime as human 
activity is more frequent during daylight hours. 

It was found that seasonal variations (rainy and dry 
seasons) do not significantly affect changes in noise power 
signals and that weather events (hurricane and cold fronts) 
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increase noise levels, mainly in marine microseisms.  
Noise power of acceleration levels were similar for 2016 

and 2018, for most stations. 
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