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Abstract. This study involved an analysis of seismic data acquired in
the surrounding area of the Belarusian Antarctic research station “Mount
Vechernyaya” in February, 2023 to identify a possible relationship be-
tween the seismic noises and local meteorological parameters. Probability
density functions of power spectral densities histograms were constructed
using the ObsPy framework based on the source seismograms. Separate
power spectral densities were also extracted for each time window for the
more detailed analysis. In addition to the main peak of the secondary
microseisms, some noticeable peaks can be identified in the range of
0.5-1.0 Hz on individual spectral power density graphs at certain time
intervals. These peaks can be attributed to the so-called high-frequency
microseisms that are often due to the coastal zone waves. The intensity
of these peaks shows a significant correlation with the northward wind
speed projection, with the correlation coefficient reaching its maximum
at a time shift of 14 hours and can reach 0.51 for the horizontal compo-
nents and 0.45 for the vertical component. The conducted polarization
analysis shows the dominance of Rayleigh waves in the wave pattern of
oscillations in the range of 0.5-1.0 Hz.
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1 Introduction

Traditionally, tectonic sources are of greatest importance in seismology along
with controllable anthropogenic sources, primarily explosions, used in explo-
ration seismology. Meanwhile, at any point on Earth, seismic signals are contin-
uously observed in waveform records, caused by the interaction of the Earth’s
surface with the hydrosphere, atmosphere and cryosphere [18], and usually hav-
ing relatively small amplitudes. The existence of such signals, in particular, of
seismic background noise, also known as microseisms, has been known since since
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the beginning of the era of instrumental seismic observations, it was also then
that the relationship between the intensity of seismic noise and such meteorolog-
ical parameters as wind speed and baric tendency was first discovered [24]. How-
ever, the environmental seismology, which is using such signals, haven’t received
enough development until the recent time, when it became possible to conduct
processing of large amount of continuous data, and cross-correlation methods
have emerged that make it possible to obtain information about the mechani-
cal properties of the media in which recorded microseismic vibrations propagate
[18]. In addition, in recent years a number of publications have emerged, in which
the usage of microseisms is proposed for the environmental monitoring, for ex-
ample, sea storm activity and significant wave height estimation, or for sea ice
monitoring in the conditions of Antarctica [7,9,8,1].

In the context of microseismic noise research the Antarctica region is of spe-
cific interest, because low level of anthropogenic noise simplifies observations,
and in March-April, when a sea ice cover is on its minimum and storm activity
is high, microseisms can reach extremal high intensity [29,12]. The Republic of
Belarus is among the countries with its own seasonal Antarctic research stations.
The Belarusian Antarctic research station, called Mount Vechernyaya, is situ-
ated in the eastern part of the Antarctic continent on Enderby Land, on the
coast of the Cosmonaut Sea. Since 2023, the Belarusian Antarctic research sta-
tion has been conducting seasonal seismological observations, primarily aimed at
recording regional and local events, including those of cryoseismic origin. The ob-
servations have recorded and processed distant, regional, and local earthquakes,
as well as microevents. The Belarusian Antarctic research station also includes a
meteorological station, so its equipment allows studying the possible relationship
between microseisms and local meteorological parameters.

2 Source data

In this study, data acquired in February 2023 near the Belarusian Antarctic re-
search station were used to identify the main types of microseismic processes and
analyze their temporal variations and potential relationships with meteorologi-
cal parameters. The seismic data included three-component waveform recordings
from a seismic station located in close proximity to the Antarctic station and
consisting of a Delta-03M digitizer and two seismometer-velocimeters: a 1-second
Lennartz LE-3Dlite sensor and a 20-second Lennartz LE-3D/20s sensor [19]. The
sensors were installed at a bedrock outcrop in a natural shelter, a fissure in the
rock covered with a tent to minimize wind interference. Since the primary inter-
est in this study was microseismic noise of natural origin, and therefore primarily
located in the frequency range below 1 Hz, data from a 20-second sensor was
mainly used for further analysis. Data from a meteorological station located
at the Belarusian Antarctic research station were also available for the entire
observation period. These data included continuous measurements of meteoro-
logical parameters potentially associated with microseisms, such as wind speed
and direction, atmospheric pressure at the station level, and air temperature.
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3 Methodology

The standard method for characterizing microseismic noise levels is to calculate
the power spectral density (PSD), which is typically expressed in units of ac-
celeration [21,2]. The power spectral density of seismic noise across the Earth’s
surface can vary within a certain range, the upper and lower levels of which can
be described using seismic noise models. The most commonly used are the new
low-level and new high-level noise models (NLNM and NHNM) [21, 20, 25].

Using power spectral density to study microseisms raises the following prob-
lem: any seismic event — man-made interference or a tectonic earthquake — dis-
torts and exceeds the intensity of the microseismic noise spectrum. This problem
could be solved by identifying quiet intervals (with minimal amplitude) in wave-
form records, as is done, for example, when calculating HVSR [5]. However,
microseisms form a quasi-stationary background noise with variations within
hours and throughout the year. Therefore, manually identifying quiet intervals
in continuous data over a period of several months is a very labor-intensive task.
In this regard, in 2004, McNamara and Buland proposed an approach called
the probability power spectral density (PPSD) or probability density function
of the power spectral density (PDF PSD), which allows calculating the PSD for
large volumes of continuous data [20]. The original continuous waveform record
is divided into relatively long-time windows, typically one hour or more in du-
ration, with an overlap of up to 50 percent. Then, for each time window, the
power spectral density is calculated using the Welch method and significant am-
plitude smoothing is performed with a smoothing window width of one octave
in frequency [20,30]. The obtained spectral power densities for time windows
are then divided into intervals by frequency and spectral amplitude, and a two-
dimensional histogram is constructed using these values, showing the probability
density distribution of the power spectral density for the continuous recording
under study, with quasi-stationary microseismic noise dominating on the his-
togram over relatively unlikely seismic events [20].

Probability spectral power density histograms were obtained for all three
components of the original seismograms for February 2023; calculations were
performed using the ObsPy framework [6,22,17,28]. In addition to the stan-
dard calculation parameters proposed in the original paper by McNamara and
Buland, with a 50 percent time window overlap and an octave-wide amplitude
smoothing window with a frequency resolution of 0.125 octaves, optimized pa-
rameters were also used [20]. The probability spectral power density method is
most often used to estimate the overall noise level at seismic stations as one of
the quality control indicators of seismic data [2]. In this application, the highly
smoothed power spectral density curves, which are in good agreement with the
shape of the NLNM and NHLM model curves, provide comprehensive informa-
tion on the seismic noise level, and the relatively low frequency resolution of
0.125 octaves means fewer Fourier transform points and a faster calculation pro-
cess. However, when using this method for detailed microseismic analysis, the
low frequency resolution and significant amplitude smoothing make it impossible
to distinguish between potential narrow spectral peaks of microseisms and, for
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example, the fine structure of secondary microseismic peaks [2,15]. Therefore,
optimized parameters were selected for the PPSD calculations. These parametrs
included a time window overlap reduced to 33 percent to more accurately dis-
tinguish potential temporal variations, an amplitude smoothing window reduced
to 0.1 octaves in frequency, and an increased frequency resolution of 0.0125 oc-
taves. These parameters allow to obtain a spectral picture of the fine structure
of microseismic peaks, while the spectra remain sufficiently smoothed for visual
and numerical analysis.

Although the PPSD calculation does not require the identification of quiet
sections of the record, culling out time windows containing earthquakes can be
useful in analysis of time series containing power spectral density values to re-
move intensive short-term bursts in the power spectral density caused by a seis-
mic event [2]. An algorithm for filtering out time windows containing recorded
teleseismic events is described. This algorithm is based on the fact that surface
waves from distant strong earthquakes (M>5) form broad and intense spectral
bursts at frequencies below 0.03 Hz [2,4]. Since such events are relatively un-
likely against a background of microseismic noise, a criterion can be introduced
according to which a spectral curve lying 95 percent above the 80-th percentile
of the probability density function of the power spectral density at frequencies
below 0.03 Hz most likely represents the spectral curve of a teleseismic event and
should be rejected [4]. Since seismic observations at the Belarusian Antarctic re-
search station used a 20-second sensor with significant hardware noise at low
frequencies, using such parameters for culling was impossible. However, strong
earthquakes have a very characteristic spectral pattern in the frequency range
from 0.05 to 0.1 Hz. Therefore, the implementation of the time window culling
algorithm was tested. Rejection occurred if the spectral curve lay 70 percent
above the 85-th percentile of the probability density function of the spectral
power density in the range from 0.05 to 0.1 Hz.

4 Results and discussion

4.1 Power spectral densities calculation

After calculating the power spectral density with standard and optimized pa-
rameters histograms of the probability density function of the power spectral
density, presented in figures la and 1b, were obtained. It can be seen that the
shape of the power spectral density curves obtained with the parameters given in
McNamara and Buland, 2004 [20] (figure 1b) closely resembles the shape of the
curves of the NLNM and NHNM models. Meanwhile, calculating the probability
density of the power spectra with a reduced amplitude smoothing window and
increased frequency resolution reflects more features of the microseismic noise
spectrum.

First of all, it is noticeable that the peak of secondary microseisms, located in
the range from 0.1 to 0.4 Hz, can split into several separate spectral peaks [27].
For a short time, extremely high values of the spectral power density were also
observed in this range, with a peak maximum of approximately 0.12 Hz. The
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Fig.1: (a) Histogram of the probability density function of the power spectral
density obtained with the optimized calculation parameters. (b) Histogram of
the probability density function of the power spectral density obtained with the
calculation parameters according to McNamara and Buland, 2004 [20].
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splitting of the secondary microseism peak is usually associated with the presence
of several separate oceanic regions in which secondary microseisms are generated
due to wave-wave interaction. Moreover, these regions can be significantly distant
from each other and can even be located in different places in the water area
[15,27].

The peak of primary microseisms, located in the range of 0.05-0.07 Hz [27], is
barely visible in the histograms. This is likely due to the fact that at frequencies
below 0.03 Hz, the minimum level of the recorded microseismic signal (MLBN),
defined as the first percentile of the spectral power density distribution, is due
to the self-noise of the seismic sensor (figure 2), despite the fact that the sensor’s
amplitude-frequency response should be capable of recording the peak of primary
microseisms [19].
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Fig. 2: The level of seismic sensor and digitizer self-noise, as well as the minimum
level of background seismic noise (MLBN).

An attempt to filter out time windows containing strong earthquakes proved
ineffective, as the 0.05 to 0.1 Hz range used for culling was too narrow and did not
allow for reliable differentiation between teleseismic event waves and extremely
intense primary microseisms. Since further analysis was conducted primarily in
the high-frequency region above 0.35 Hz, the main source of spectral bursts in
this region, which are undesirable for microseismic research, are body waves,
which are not identified by this approach.
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For a detailed analysis of the temporal variations of microseisms, individ-
ual graphs of the spectral power density for sequential hourly time windows
were examined. The graphs show that the transition from one intense peak of
secondary microseisms to another separated peak of lower intensity can occur
within a single day, which may indicate the development of non-stationarity in
the regions of secondary microseism generation (figures 3a, 3b). Moreover, at
the end of the analysed period, pronounced peaks are observed in the spectra,
which are localized quite accurately in the frequency range of 0.5-1.0 Hz (figures
3c, 3d). The large amplitude of the spectral peaks in the frequency range from
0.35 to 1.0 Hz gives reason to assume that they are caused by the occurrence of
high-frequency microseisms [27,31]. High-frequency microseisms are caused by
the interference of sea waves at a relatively short distance from the shore and
are usually correlated with the wind speed at the point of their recording [27,
31,11]. The appearance of spectral peaks with similar intensity and frequency
characteristics has been noted at seismic stations surrounding Lake Issyk-Kul
[26]. Similar microseisms have been observed at Issyk-Kul during storms on the
lake and are presumably caused by the formation of standing waves on the water
during storm activity [26].
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Fig. 3: Spectral curves of seismic noise for individual sequential time windows
during the day.
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Fig.4: (a) Comparison of the integrated spectral intensity of the vertical com-
ponent and the northward wind speed projection with a 14-hour shift. (b) Com-
parison of the integrated spectral intensity of the horizontal N-S component and
the northward wind speed projection with a 14-hour shift. (¢) Comparison of the
integrated spectral intensity of the horizontal E-W component and the north-
ward wind speed projection with a 14-hour shift.
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Meteorological observations were conducted at the Belarusian Antarctic re-
search station, and a possible relationship between local meteorological param-
eters and the intensity of high-frequency microseisms was investigated. Wind
speed, atmospheric pressure, and temperature, averaged over the same time
windows in which the spectral analysis was performed, were used for compari-
son. The intensity of high-frequency microseisms for all three components of the
record was expressed as an integrated spectral power in the range of 0.35-1.0
Hz. The Pearson correlation coefficient was used to compare the degree of re-
lationship between time series. The comparison revealed no correlation with air
temperature (Pearson correlation coefficient of 0.06), as well as an insignificant
negative correlation with atmospheric pressure (correlation coefficient of -0.28).
Correlation with wind speed was also insignificant, with a correlation coefficient
of 0.11. Such a low correlation coefficient may be due to the not taking wind
direction into account. The observed peaks are presumably high-frequency mi-
croseisms, the source of which is the interference of waves on the water surface.
In turn, large wind wave heights are achieved under the condition that the wind
speed remains constant for a period of time, allowing the waves on the water
surface to gain height [32]. This suggests that, to accurately compare wind speed
with microseism intensity, wind direction must be taken into account, which can
be achieved by calculating the northward projection of wind speed.

The correlation between the spectral power of microseisms and the projected
wind speed is more significant: the correlation coefficient is 0.32 for the vertical
component of oscillations and 0.34 for the horizontal component. To test for
a possible time shift, which could potentially be caused by the time required
for sufficiently high waves to develop on the water under the influence of wind
and/or the time required for travelling waves to propagate to the region of their
interference with waves coming from a different direction, a cross-correlation be-
tween the projected wind speed and the integrated spectral power of microseisms
was calculated. The calculation results show that the maximum correlation is
achieved with a time delay of approximately 14 hours, and the correlation coeffi-
cient reaches values of 0.45 for the vertical component and 0.51 for the horizontal
E-W component (figures 4a, 4c). Furthermore, the time series graphs show a clear
correspondence between the local minima of the wind speed projection and the
integrated spectral power of microseisms.

4.2 Polarization analysis

A three-component polarization analysis was also performed on the analysed
waveform records to estimate the azimuth of the potential source of the recorded
secondary microseisms. Polarization analysis was performed using two methods:
orthogonal distance regression for particle trajectories (ODR) [28] and eigenvalue
decomposition of the covariance matrix [10]. In addition to the azimuth value,
the orthogonal matrix decomposition method also yielded parameters for the
degree of rectilinearity [23] and planarity of oscillations [13].
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The source material for both methods was continuous three-component records
from February 26 to 28, 2023, when peaks of high-frequency secondary micro-
seisms were observed and the frequency domain in the 0.5-1.0 Hz range was
virtually free of seismic events. Polarization analysis was performed only in the
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time domain for hourly windows over the course of all three days. The seismo-
grams were pre-filtered in the 0.5 to 1.0 Hz range to remove the instrumental
response. Calculations using both the ODR method and the covariance matrix
decomposition revealed a predominant azimuth value of approximately 180 de-
grees, indicating that waves in this frequency range originated from the north,
where the water surface is located relative to the microseismic recording site
(figure 5). The resulting azimuth values of 0 degrees in this case can also be
explained by the opposite uncertainty arising in the case of elliptical retrograde
motion [16].

The rectilinearity values for the waves corresponding to the observed micro-
seismic peak range from 0.20 to 0.30 (figure 6a), and the planarity value, which
characterizes the motion of particles in one plane, ranges from 0.68 to 0.8 (figure
6b). This type of motion with low rectilinearity and high planarity is often char-
acteristic of elliptical motion [14]. Combined with the possible uncertainty in de-
termining the azimuth, these factors suggest that Rayleigh waves predominate
in the observed high-frequency peaks. The publications showed that Rayleigh
waves predominate in the wave pattern of secondary microseisms at distances of
up to 2000 km [3].

5 Conclusions

At the Belarusian Antarctic research station, the spectral density curves of the
microseismic background show intense peaks in the 0.5-1.0 Hz range. These peaks
are high-frequency microseisms, caused by wave interaction in the waters during
strong winds at a relatively short distance from the shore.

It should be noted that seismic noise in the 0.35-1.0 Hz range at the Belaru-
sian Antarctic research station correlates quite well with the northward projec-
tion of local wind speed. With a time shift of 14 hours, the correlation coefficient
reaches 0.45 for the vertical component of seismic vibrations and 0.51 for the
horizontal component.

A polarization analysis shows that the seismic waves causing the high-frequency
microseismic peak in the 0.5-1.0 Hz range propagate northward from the waters
toward the recording seismic station. Moreover, the wave pattern of the oscilla-
tions is dominated by Rayleigh waves, which is typical of secondary microseisms
caused by wave interference in offshore waters.

These facts, taken together, allow us to conclude that the appearance of
intense peaks in the 0.5-1.0 Hz range on the spectral curves of seismic noise may
be due to the wave-wave interaction of strong wind waves.

References

1. Anthony, R.E., Aster, R.C., McGrath, D.: Links between atmosphere, ocean, and
cryosphere from two decades of microseism observations on the antarctic penin-
sula. Journal of Geophysical Research: Earth Surface 122(1), 153-166 (2017).
https://doi.org/10.1002/2016JF004098



12

10.

11.

12.

13.

14.

15.

D. Sidoryk, A. Aronov

. Anthony, R.E., Ringler, A.T., Wilson, D.C., Bahavar, M., Koper, K.D.: How pro-

cessing methodologies can distort and bias power spectral density estimates of
seismic background noise. Seismological Research Letters 91(3), 1694-1706 (2020).
https://doi.org/10.1785/0220190212

Ardhuin, F.: Ocean waves in geosciences, vol. 3. Lab-
oratoire d’Oc “eanographie Physique et Spatiale, Brest,
France (2024). https://doi.org/10.13140/RG.2.2.16019.78888 /12,

https://github.com/ardhuin/waves _in_geosciences

Aster, R.C., McNamara, D.E., Bromirski, P.D.: Global trends in ex-
tremal microseism intensity. Geophysical Research Letters 37(14) (2010).
https://doi.org/10.1029/2010GL043472

Bard, P.Y., Acerra, C., Aguacil, G., Anastasiadis, A., Atakan, K., Azzara, R.,
Basili, R., Bertrand, E., Bettig, B., Blarel, F., Bonnefoy-Claudet, S., Paola, B.,
Borges, A., Sgrensen, M., Bourjot, L., Cadet, H., Cara, F., Caserta, A., Chatelain,
J.L., Zacharopoulos, S.: Guidelines for the implementation of the h/v spectral ra-
tio technique on ambient vibrations measurements, processing and interpretation.
Bulletin of Earthquake Engineering 6, 1-2 (03 2008)

Beyreuther, M., Barsch, R., Krischer, L., Megies, T., Behr, Y., Wassermann, J.:
Obspy: A python toolbox for seismology. Seismological Research Letters 81(3),
530-533 (2010). https://doi.org/10.1785/gssrl.81.3.530

Borzi, A.M., Minio, V., De Plaen, R., Lecocq, T., Cannavo, F., Ciraolo, G.,
D’Amico, S., Re, C.L., Monaco, C., Picone, M., et al.: Long-term analysis of
microseism during extreme weather events: Medicanes and common storms in
the mediterranean sea. Science of the Total Environment 915, 169989 (2024).
https://doi.org/10.1016 /j.scitotenv.2024.169989

Cannata, A., Cannavo, F., Moschella, S., Gresta, S., Spina, L.: Exploring the link
between microseism and sea ice in antarctica by using machine learning. Scientific
reports 9(1), 13050 (2019). https://doi.org/10.1038/s41598-019-49586-z

Ferretti, G., Barani, S., Scafidi, D., Capello, M., Cutroneo, L., Vagge, G., Besio,
G.: Near real-time monitoring of significant sea wave height through microseism
recordings: An application in the ligurian sea (italy). Ocean & Coastal Management
165, 185-194 (2018). https://doi.org/10.1016/j.0cecoaman.2018.08.023

Flinn, E.: Signal analysis using rectilinearity and direction of particle motion. Pro-
ceedings of the IEEE 53(12), 1874-1876 (1965)

Gimbert, F., Tsai, V.C.: Predicting short-period, wind-wave-generated seismic
noise in coastal regions. Earth and Planetary Science Letters 426, 280—292 (2015).
https://doi.org/10.1016/j.epsl.2015.06.017

Grob, M., Maggi, A., Stutzmann, E.: Observations of the seasonality of the antarc-
tic microseismic signal, and its association to sea ice variability. Geophysical Re-
search Letters 38(11) (2011). https://doi.org/10.1029/2011GL047525

Jurkevics, A.: Polarization analysis of three-component array data. Bulletin of the
seismological society of America 78(5), 1725-1743 (1988)

Kazemnia Kakhki, M., Mokhtari, A., Mansur, W.J., Del Gaudio,
V.: Three-component high-resolution seismic time—frequency polariza-
tion filter. Geophysical Journal International 236(1), 270-289 (2024).
https://doi.org/10.1093/gji/ggad407

Koper, K.D., Burlacu, R.: The fine structure of double-frequency microseisms
recorded by seismometers in north america. Journal of Geophysical Research: Solid
Earth 120(3), 1677-1691 (2015). https://doi.org/10.1002/2014JB011820



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

Relationship between Meteorological Parameters and Microseisms 13

Koper, K.D., Hawley, V.L.: Frequency dependent polarization analysis of ambient
seismic noise recorded at a broadband seismometer in the central united states.
Earthquake Science 23(5), 439-447 (2010). https://doi.org/10.1007/s11589-010-
0743-5

Krischer, L., Megies, T., Barsch, R., Beyreuther, M., Lecocq, T., Cau-
dron, C., Wassermann, J.: Obspy: A bridge for seismology into the scientific
python ecosystem. Computational Science & Discovery 8(1), 014003 (2015).
https://doi.org/10.1088,/1749-4699/8/1/014003

Larose, E., Carriére, S., Voisin, C., Bottelin, P., Baillet, L., Guéguen, P., Walter, F.,
Jongmans, D., Guillier, B., Garambois, S., et al.: Environmental seismology: What
can we learn on earth surface processes with ambient noise? Journal of Applied
Geophysics 116, 62-74 (2015). https://doi.org/10.1016/j.jappgeo.2015.02.001
Lennartz electronic GmbH, Bismarckstrasse 136 D-72072 Tiibingen: LE-xD Seis-
mometer Family (2016), document number: 990-0073

McNamara, D.E., Buland, R.P.: Ambient noise levels in the continental united
states. Bulletin of the seismological society of America 94(4), 1517-1527 (2004).
https://doi.org/10.1785/012003001

McNamara, D.E., Boaz, R.: Seismic noise analysis system using power spectral den-
sity probability density functions: A stand-alone software package. US Geological
Survey Reston, Virginia (2006)

Megies, T., Beyreuther, M., Barsch, R., Krischer, L., Wassermann, J.: Obspy—what
can it do for data centers and observatories? Annals of Geophysics 54(1), 47-58
(2011). https://doi.org/10.4401/ag-4838

Montalbetti, J.F., Kanasewich, E.R.: Enhancement of teleseismic body phases with
a polarization filter. Geophysical Journal International 21(2), 119-129 (1970)
Nakata, N., Gualtieri, L., Fichtner, A.: Seismic ambient noise. Cambridge Univer-
sity Press (2019)

Peterson, J.R.: Observations and modeling of seismic background noise. Tech. rep.,
US Geological Survey (1993). https://doi.org/10.3133/0fr93322

Sokolova, I.N., Mikhailova, N.N.: O kharakteristikakh seismicheskogo shuma
na periodakh, blizkikh k 1.7 s, po dannym stantsii Severnogo Tian’-Shania
[Characteristics of seismic noise at periods near 1.7s according to data of
stations located in Northern Tien-Shan|. Vestnik NIATS RK 33(1) (2008),
https://kndc.kz/kndc/docs/publication/2008 2.pdf, in Russian

Tanimoto, T., Anderson, A.: Seismic noise between 0.003 hz and 1.0 hz and
its classification. Progress in Earth and Planetary Science 10(1), 56 (2023).
https://doi.org/10.1186/s40645-023-00587-7

Team, T.0.D.: Obspy 1.4.2 (Apr 2025). https://doi.org/10.5281/zenodo.15309143
Turner, R.J., Gal, M., Hemer, M.A., Reading, A.M.: Impacts of the cryosphere
and atmosphere on observed microseisms generated in the southern ocean.
Journal of Geophysical Research: Earth Surface 125(2), €2019JF005354 (2020).
https://doi.org/10.1029/2019JF005354

Welch, P.: The use of fast fourier transform for the estimation of power spectra: A
method based on time averaging over short, modified periodograms. IEEE Trans-
actions on audio and electroacoustics 15(2), 70-73 (1967)

Xiao, H., Tanimoto, T., Spica, Z.J., Gaite, B., Ruiz-Barajas, S., Pan, M., Viens,
L.: Locating the precise sources of high-frequency microseisms using distributed
acoustic sensing. Geophysical Research Letters 49(17), e2022GL099292 (2022).
https://doi.org/10.1029,/2022GL099292

Young, I.R.: Wind generated ocean waves, vol. 2. Elsevier (1999)



