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[1] We report observations of infragravity waves in the period band 30–400 s at two buried broadband
ocean-bottom seismic stations, KEBB and KXBB, located off the coast of the Pacific Northwest, at a water
depth of �2370 m. When compared to the energy of short-period ocean waves recorded at local buoys, the
low-frequency seismic noise is found to be mainly generated when the short-period ocean waves reach the
coast, and not when the storm passes directly above the station. Two types of modulation of the
infragravity signal are observed. First, a longer-period modulation is observed and is best correlated with
the energy of the 14–16 s period ocean waves. Second, the entire infragravity band signal is modulated in
phase with tides. The results suggest that the infragravity waves originate from the nearshore region east of
buoy 46041, which lies off the coast of Washington State, and not from the nearshore regions farther to the
north that are closer to KEBB. Strong polarization of the KEBB horizontal motions in the NW–SE
direction also suggests that the infragravity waves arrive at KEBB from the SE direction. Since the
infragravity waves are not generated uniformly along the shore, modeling of their spatial variability prior
to the selection of new sites could help improve the quality of future ocean-bottom seismic deployments
and may also help understand processes at the origin of the Earth’s low-frequency hum.
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1. Introduction

[2] The primary reason for installing ocean-bottom
broadband seismic stations is to record earth-
quakes. Observations of nonseismic signals, like
infragravity waves, are often regarded as noise and
additional processing is needed to remove them. At
the same time, observations of infragravity waves
at the ocean-bottom broadband stations can be used
to study their generation and propagation.

[3] Infragravity waves are ocean surface waves
with periods longer than wind-driven waves and
swell. Their wave amplitudes in the deep water are
small (<1 cm) and their wave band stretches from
20 s period to tidal periods [Webb, 1998]. Infra-
gravity waves are generated by nonlinear interac-
tions between short-period ocean waves (periods
between 5 and 20 s) in the nearshore region
[Longuet-Higgins and Stewart, 1962; Herbers et
al., 1995a]. Since the sloping continental shelf acts
as a waveguide, the infragravity waves are typical-
ly about 40 dB more energetic over the shelf than
in the deep ocean [Webb, 2007a]. Part of the
infragravity energy leaks off the shelf and prop-
agates into deep water [Webb et al., 1991; Okihiro
et al., 1992]. At the ocean bottom these waves
couple into seismic waves via pressure fluctua-
tions. The transfer of energy into seismic waves
occurs mainly over the shallow shelf where the
infragravity waves are larger [Webb, 2007a]. Infra-
gravity waves were first observed near the shore by
Munk [1949] and Tucker [1950]. In oceanography,
infragravity waves are important for nearshore
processes such as sediment transport [Holman
and Bowen, 1982], currents in the surf zone
[Kobayashi and Karjadi, 1996], and oscillations
in harbors [Okihiro et al., 1993]. In seismology,
seafloor deformation under the pressure forcing
due to infragravity waves results in increased
long-period noise at the ocean bottom that can be
observed in the 20 to 500 s period band [Webb et
al., 1991; Webb, 1998].

[4] Ocean-bottom seismic stations are needed to
study offshore faults and seismicity, to improve
azimuthal coverage when studying tectonic pro-
cesses at the continental edge, as well as to obtain
more uniform global station coverage for the study

of the Earth’s interior. Carefully installed borehole
installations a few hundred meters below the sea-
floor may be the best approach to provide good
coupling with the ocean floor while avoiding the
long-period noise due to infragravity waves, but
they remain very expensive [Stephen et al., 2003].
The results from deployments so far showed that
more affordable shallow buried seismic installations
also provide good coupling with the ocean floor
sediments [e.g., Stephen et al., 2003; Duennebier
and Sutton, 2007], and that postprocessing can be
used to remove part of the long-period seismic noise
as well as signal-generated noise to significantly
improve the quality of seismic observations [Webb
and Crawford, 1999; Crawford and Webb, 2000;
Dolenc et al., 2007].

[5] Since the infragravity waves result in long-
period seismic noise, they are often considered to
be an unavoidable nuisance for seismic observa-
tions. However, the ever present long-period seis-
mic noise can also be viewed as a passive source
and used to determine the density and elastic
parameters of the oceanic crust and upper mantle
[e.g., Crawford et al., 1991, 1998]. In addition,
recent studies showed that continuously excited
normal modes of the Earth are due to excitation
sources that lie under the oceans [Rhie and
Romanowicz, 2004; Tanimoto, 2005], and that
Earth’s ‘‘hum’’ is driven by infragravity waves over
thecontinental shelves[RhieandRomanowicz,2006;
Webb, 2007a]. Webb [2007b] further suggested
that infragravity waves interacting over the deep
ocean basins also contribute to the Earth’s ‘‘hum.’’
Understanding the nature and characteristics of the
coupling between infragravity waves and the solid
earth is therefore important not only for the studies of
the generation and dissipation of infragravity waves,
but also for the study of the Earth’s ‘‘hum’’ and Earth
structure using nonseismic sources.

2. Ocean-Bottom Broadband Seismic
Stations Endeavour (KEBB) and
Explorer (KXBB)

[6] Ocean-bottom broadband stations KEBB
(47.96 N, 129.12 W) and KXBB (49.50 N,
129.00 W) were deployed as part of a 3-year
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