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Short Note

The Origin of Double-Frequency Microseism and Its Seasonal

Variability at King Sejong Station, Antarctica
by Won Sang Lee, Dong-Hoon Sheen, Sukyoung Yun, and Ki-Weon Seo

Abstract Korea Polar Research Institute has been operating a broadband seismic
station (KSJ1) at the King George Island (KGI), Antarctica, since 2001. Examining
ambient seismic noise levels using power spectral analysis for the period of 2006—
2008 at the KSJ1, we observed a seasonal pattern at a 4-10 s period. The amplitude
of double-frequency (DF) microseism reaches a peak in May. Correlation of the DF
energy and its predominant period with significant ocean-wave height and peak wave
period models from the WAVEWATCH III and polarization analysis consistently
indicate that ocean swell in the Drake Passage is a possible source to excite the
DF microseism at the KGI. We also found that the temporal variation of DF amplitude
is coincident with the seasonal change of ocean-acoustic ambient noise level around
the KGI, which implies that incorporating long-term seismic and hydroacoustic noise
information might give us an opportunity to figure out the characteristics of local

climate variation near the Antarctic Peninsula.

Introduction

Microseisms of periods between 2 and 20 s are recorded
almost anywhere in the world and vary in amplitude with the
season. In general, the microseisms show two predominant
peaks in the period range. A smaller amplitude, longer-period
peak near 8-20 s is attributed to the direct generation of
seismic waves by ocean swell at coasts. A higher-amplitude
peak, double-frequency (DF) microseism near 4-10 s is
generated by nonlinear ocean-wave interactions in shallow
regions of the oceans that result in a frequency doubling of
a standard water wave (Longuet-Higgins, 1950; Hasselmann,
1963). The DF microseism has been known to be excited
by ocean waves; thus, it is likely to show seasonal variations,
reflecting the vigor of ocean activities (Tanimoto, 2007), so
we are able to monitor the Earth’s near-surface environment
using the ambient noise analysis.

Identification of the source regions of the Earth’s hum,
which changes seasonally, has been successfully accom-
plished by several studies (e.g., Rhie and Romanowicz, 2004;
Bromirski and Gerstoft, 2009). In particular, Bromirski and
Gerstoft (2009) showed clear correlations between ocean
swell, infragravity (IG) waves and Earth’s hum by comparing
the hum-beam power and buoy and modeling significant wave
height. This comparison enabled them to conclude that domi-
nant source areas of the Earth’s hum are near coasts. Sheen
et al. (2009) examined seismic ambient noise recorded
by broadband seismographs installed in South Korea by
conducting the spectral analysis that calculates the power

spectral density (PSD) of seismic noise (McNamara and
Buland, 2004). They found the higher DF noise levels in
winter compared with those found in summer, which is con-
sistent with the previous results (e.g., McNamara and Buland,
2004). Recently, seasonal variations in body-wave noise have
also been reported, consistent with differences in storm activ-
ity between the northern and southern hemispheres (Koper
and de Foy, 2008); Gerstoft et al. (2008) showed that the
energy of body waves (P waves) is also observable in the
microseism spectrum from array analysis.

Although many authors have investigated seismic noise
in both the northern and southern hemispheres, there are only
a few studies regarding the secondary microseisms in
Antarctica (e.g., Hatherton, 1960; Stutzmann et al., 2009)
due to a dearth of seismic stations. In this study, we analyze
continuous seismic ambient noise recorded at the KSJ1
broadband seismic station, Antarctica, for the period of
2006-2008 and therefore determine the possible source re-
gion of the DF microseism, which is closely associated with
the ocean swell coming from the Drake Passage (DP), using a
spectral analysis method. We also show that the seasonal pat-
tern of ambient noise might be associated with local climate
variations such as a change in ice coverage in polar regions.

Data and Analysis

King Sejong station (KSS, 62.22° S/58.78° W) is located
at King George Island (KGI) in the South Shetland Islands
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about 100 km away from the northern Antarctic Peninsula
(Fig. 1). Korea Polar Research Institute (KOPRI) has been
operating a digital seismic station (KSJ1) since 2001. The
KSJ1 station consists of a three-component broadband
Streckeisen seismometer (STS-2).

To estimate the PSD of the seismic noise, we used a large
number of 1-day-long continuous three-component seismo-
grams during 2006-2008, with a 20 Hz sampling rate. Cal-
culation of PSDs was conducted by following the definitive
method of McNamara and Buland (2004). Then we con-
structed probability density functions (PDFs) from more than
40,000 of the PSDs to investigate the highest probability
noise level (mode) for each channel as a function of period.
In comparison with previous noise studies (e.g., Stutzman
et al., 2000), the method has a distinct advantage in that
it does not need to screen the continuous waveforms for quiet
time windows during the day. Using modes rather than high-
er energy levels gives us more reliable insights to determine
the characteristics of ambient noise because even damaging
earthquakes occurring near the station are just a small
portion of the background noise in terms of occurrence.

Figure 2 exhibits a statistical view of broadband PDFs
for the period of 20062008, and there is no significant
difference between the three components except for longer
periods of the east-west component. Two predominant peaks
show up around 5 and 10 s in period, which correspond to
secondary and primary microseisms, respectively. The stan-
dard high-noise model (HNM) and the low-noise model
(LNM) (Peterson, 1993) are indicated by the gray curves
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Figure 1.

Passage, Bransfield Strait, and Antarctic Peninsula, respectively.
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in Figure 2 and are used for direct comparison with the
PSD estimate in this study.

Seasonal Pattern of DF Microseism

In the PDF plot (Fig. 2) for KSJ1, we found two clear
microseism peaks with a higher probability of occurrence
near 5 and 10 s. Although the PDF can provide useful infor-
mation on spectral signature of seismic background noise at
the KGI, temporal change in the microseisms, especially the
DF microseism, is barely recognized from the plot.

Because our study region is quite remote from cultural
noise, we do not observe notable diurnal variation. To inves-
tigate the temporal variation of noise level, we read the
statistical mode from daily PSDs so we could build a power
spectrum with respect to time (Fig. 3). Interestingly, we
found an annual pattern that shorter-period energy becomes
weaker from July to September. This feature is prominent in
2007, whereas it seems to be rather transient in 2006 and
2008. It is coincident with the result from hydroacoustic
monitoring around the KGI (Matsumoto et al., 2008; Dziak
et al., 2010) that as the temperature drops to subfreezing and
sea ice coverage reaches its maximum, the acoustic noise
level declines to its seasonal minimum. This seasonal pattern
observed by long-term seismic and hydroacoustic methods
might be a good tool to monitor local climate change, such
as ice cover variation near the Antarctic Peninsula, which is
one of the fastest ice-melt regions in Antarctica. Stutzmann
et al. (2009) also reported similar observations at the station
DRYV located close to Antarctica and argued that the presence
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Location of KSJ1 installed at the King Sejong station in King George Island, Antarctica. DP, BS, and AP represent Drake
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PDF plots of BHE, BHN, and BHZ for KSJ1 during 2006-2008. Two predominant peaks show up around 5-s and 10-s periods,

corresponding to secondary and primary microseisms, respectively. HNM and LNM (gray curves) indicate the standard high-noise and

low-noise models (Peterson, 1993), respectively.

of sea ice in austral winter hampers the swell reflection along
the coast, causing fewer DF microseisms generated by
sources.

In an attempt to carefully examine the seasonal variabil-
ity of the DF microseism, we focused our interest on the
period range of 4-10 s. We first calculated daily modes at
each period and averaged them over the period band. There
was no significant difference between east-west, north—
south, and vertical components during the period of 2006—

2008. Then we carried out the test of a seasonal pattern
by deriving monthly averages over 3 yr, which shows an
obvious seasonal variation of the DF peak (Fig. 4a, red
curve). The DF energy gets to its seasonal maximum in
May and tends to be weaker afterward. Ringdal and Bungum
(1977) reported a pure sinusoidal pattern, which is one cycle
per year, in the long-period noise level from the spectral
analysis of NORSAR data for 3 yr. Rather than this, many
meteorological and/or climatological factors contain a rather
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Figure 3. Seismic noise amplitude variation for the broadband vertical component (BHZ) during the period of 2006-2008. One may

notice that shorter-period energy becomes weaker from July through September every year. Empty spaces in the plot indicate that data

are missing.
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(a) Comparison between the amplitude (red curve with error bars) of the observed DF microseism and significant wave heights

from the WW3 model in the DP (black curve). Correlation coefficient is 0.88. The curves show the seasonal maximum in May. (b) The peak
wave period of the ocean swell from the WW3 in the DP (black curve) and the predominant period of DF microseisms (red curve) are about

10 s and 5 s, respectively, as predicted by our theory.

broad spectrum from one to a few cycles/year components,
which show a similar seasonal pattern to that shown in
Figure 4. This might be due to a regional difference between
the northern and southern hemispheres. In the near future
we should compile more long-period seismic noise data
recorded by the other stations installed in Antarctica to find
out what causes this difference.

Comparison with WW3

The seasonality of the amplitude of Earth’s hum has
been explained as the result of atmosphere-ocean-seafloor
coupling (Rhie and Romanowicz, 2004), which shows that
the northern hemisphere is strong in the winter season,
whereas in the summer season, Earth’s hum peaks in the
southern hemisphere. Recently Bromirski and Gerstoft
(2009) showed that the source of Earth’s hum is coastal and
revealed seasonal variation as well. As the intensity of the IG
wave, in general, depends on swell amplitudes, a number of
studies suggest that a distinct relation exists between wave
height (Hs) and hum excitation levels, both seasonally and
longer term. This is also true of the DF microseism (Sheen
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Figure 5.

generate IG waves.

et al., 2009). Sheen et al. (2009) indicated that the season-
ality of the DF peak in South Korea is clear and found that
several anomalous DF peaks are closely associated with the
occurrence of typhoons that likely force the higher amplitude
of Hs in the study region.

Ocean wave predictions are performed using the
National Oceanic and Atmospheric Administration wave
model WAVEWATCH III (WW3; Tolman, 2009). Significant
wave height, widely used for correlation with long-
period seismic noise, could be simply extracted from the
WW3 (see the Data and Resources section). We collected
and averaged the Hs data for a specific region, regarded as
a wide enough area to effectively generate IG waves in the DP
(Fig. 5). As one may notice in Figure 4a, there is apparent
correlation between the DF observation and Hs with the peak
cross-correlation coefficient (R,, = 0.88) at zero lag. Both
of them exhibit clear seasonal variability, having a seasonal
peak in May. This tells us that the DP could be a possible
contributor to the generation of the DF microseism at KGI.
To validate our hypothesis, we examined peak wave period
(Tp) provided by the WW3. Figure 4b represents monthly
predominant periods of the DF (red curve) obtained by
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Sampling region (inside the red box) for collecting and averaging the Hs data in the DP, regarded as an area to effectively
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modes and monthly Tp (black curve). The comparison
between our observation and Tp clearly explains the DF
(half-period) relationship between secondary microseisms
(~5 s) and peak wave periods of ocean swell (~10 s), as the
theory predicted (Longuet-Higgins, 1950; Hasselmann,
1963). The results appear to confirm that ocean waves in the
DP collide and generate pressure at the ocean bottom and that
the pressure change generates seismic waves, which in turn,
generates the DF microseism recorded at the KSJ1.

In addition to comparison with the WW3 model, we
conducted polarization analysis (Jurkevics, 1988) for the
three-component data to estimate source direction of the
primary and secondary microseisms. We then performed a
4-hr moving average of the calculated back-azimuths with
an interval of 2 hr. According to the Hs information based
on the WW3 in the DP, a source region that shows the max-
imum amplitude of Hs varies temporally but mostly lies be-
tween the tip of South America and the Antarctic Peninsula
(Stutzmann et al., 2009). Figure 6 shows polarization direc-
tions of both primary (red) and secondary (blue) microseisms
at KSJ1. Even though we need to use multiple seismic sta-
tions in order to better resolve the locations of microseism
generation (e.g., Friedrich et al., 1998; Kedar et al., 2008),
directional analysis using a single station may still give us
an insight into figuring out the source directions of
microseisms. From the results of correlation with the WW3
model and polarization analysis, we can infer that the IG
wave coming from the DP would be a principal contributor
to the generation of DF microseism at KGI.

SOUTH

Figure 6. Direction of the microseism sources for KSJ1 during
2006-2008. Red and blue bars indicate the source directions of
primary and secondary microseisms, respectively. We normalized
the maximum number of occurrence for both microseisms as 1.
The most abundant direction is northwest, and there is no significant
seasonal variation.
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Conclusions

Substantial advances in seismograph technology allow
us to consistently observe the Earth’s continuous oscillation
everywhere in the world. The DF microseism has been
known to be excited by ocean waves; thus, it is likely to show
seasonal variations. Examining the ambient seismic-noise
level at KSJ1, we found a seasonal pattern in the period
of 4-10 s. The amplitude of the DF microseism reaches
its seasonal maximum in May. Correlation of the DF peaks
with significant ocean-wave height and peak wave period
models indicates that the ocean swell in the DP is a possible
source of excitement of the DF microseism at KGI. In addi-
tion to the spectral investigation, a polarization analysis has
also shown that the source location of primary and secondary
microseisms is mostly toward the DP. Comparing with the
seasonal change of sea-ice coverage and the hydroacoustic
ambient-noise level gives us an opportunity to link local
climate change to the long-term variation of seismic ambient
noise in polar regions.

Data and Resources

Seismograms used in this study were collected by
KOPRI and are not yet released to public. The hindcast
WW3 model can be downloaded from http://polar.ncep
.noaa.gov/waves/index2.shtml (last accessed October 2009).
Some plots were made using the Generic Mapping Tools ver-
sion 4.3.1 (http://www.soest.hawaii.edu/gmt, last accessed
October 2009; Wessel and Smith, 2008).
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