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Abstract

Infragravity waves can be observed at the 1000 m deep ocean bottom broadband
seismic station MOBB on stormy as well as quiet days. When compared to the energy of
the short-period ocean waves recorded at the local buoys, infragravity waves in the longer
than 20 s period band are found to be locally generated from shorter period waves. Two
types of modulation of the infragravity signal are observed. First, the entire infragravity
band signal is modulated in-phase with tides, which agrees with the theory of nonlinear
exchange of energy between the short-period waves and tidal currents. Second, a longer-
period modulation of the infragravity signal is observed and is best correlated with the
energy of the 14 s period ocean waves. This correlation indicates that the mechanism of
generation of double frequency microseisms and infragravity waves are likely strongly
related. Previously recorded data during the Oregon ULF/VLF experiment at 600 m

water depth also indicate that infragravity waves are locally generated.

Introduction

The Monterey ocean bottom broadband station (MOBB) is a collaborative effort
between the Monterey Bay Aquarium Research Institute (MBARI) and the Berkeley
Seismological Laboratory (BSL). The MOBB was installed in April 2002, 40 km
offshore in the Monterey Bay, at a water depth of 1000 m (McGill et al., 2002;
Uhrhammer et al., 2002; Romanowicz et al., 2003; Romanowicz et al., 2005). It is
located west of the San Gregorio Fault, one of the major, yet not well documented faults
of the San Andreas Fault System (Figure 1). The region is characterized by a very diverse
topography; a wide, gently sloping continental shelf is found to the north, a deep

Monterey underwater canyon is just south of MOBB, and a narrow shelf is present in



Monterey Bay and further to the south. The MOBB is a continuously operated broadband
seismic station and is considered the first step toward extending the Berkeley Digital
Seismic Network (BDSN) westward of the Pacific-North America plate boundary. It
follows from the experience gained previously during the temporary MOISE deployment,
which was located in the same area (Romanowicz et al., 1998; Stutzmann et al., 2001).

The MOBB comprises of a 3-component CMG-1T broadband seismometer buried
in the ocean floor, a recording and battery package, as well as a collocated differential
pressure gauge (DPG; Cox et al., 1984) and current meter, which measures ocean bottom
current speed and direction (Romanowicz et al., 2005). At present, the station is
autonomous and the data are on average retrieved every three months using the MBARI’s
remotely operated vehicle Ventana. The station will likely be connected to the MARS
cable (Monterey Accelerated Research System; http://www.mbari.org/mars), which will
allow the data to be retrieved continuously and in real time.

The MOBB as well as future BDSN ocean bottom stations will enable us to better
determine locations and mechanisms of offshore earthquakes, to learn more about the
crustal structure at the continental edge, as well as to better understand the plate-
boundary processes and therefore better constrain the seismic hazard along the west coast
of northern California. At the same time such permanent ocean bottom stations equipped
with broadband seismometers will provide us new information on the coupling between
the ocean and the solid earth.

The broadband seismometer installed at MOBB is sensitive over a wide frequency
range, from 50 Hz to 2.8 mHz (360 s). This enabled us to also observe the long-period

signal which is largely due to the ocean surface infragravity waves.



Infragravity waves

Infragravity waves are ocean surface waves with periods longer than the wind-
driven waves and the swell. Their wave amplitudes in the deep water are small (< 1 cm)
and they can be observed in the frequency band from 0.002 to 0.05 Hz. They were first
observed near the shore by Munk (1949) and Tucker (1950). The pressure fluctuations
from infragravity waves at the deep seafloor were first measured by Sutton et al. (1965),
and they were first observed at the sea surface in the open ocean by Snodgrass et al.
(1966). Although high correlations have been observed between infragravity and shorter
period ocean waves (wind waves and swell) energy (e.g. Munk, 1949; Tucker, 1950;
Elgar et al., 1992; Herbers et al., 1995a; and many others), the precise generation
mechanism for infragravity waves is still not completely understood.

In oceanography, infragravity waves are considered important for harbor
oscillations and nearshore processes, such as sediment transport. In seismology, pressure
fluctuations due to infragravity waves have been identified as an important source of
long-period noise at the ocean bottom (Webb et al., 1991; Webb, 1998). Infragravity
waves have recently also been proposed as a source of the Earth’s continuous free

oscillations (Rhie and Romanowicz, 2004; Tanimoto, 2005).

Power spectral density (PSD)

We first compared the power spectral density (PSD) at MOBB and three other
stations of the BDSN network (Figure 2). Station SAO is the closest land station (see
Figure 1), and station YBH is one of the quietest BDSN stations, located 560 km north of
MOBB. Results obtained for a quiet day (2002, day 143) and for a stormy day (2002, day

350) are shown for the vertical (top) and for one horizontal component (E-W, bottom).



Four hours of data (00-04 UTC) were used in the calculation. The quiet and the stormy
day were selected based on the spectral wave density (SWD) measured at the nearby
NOAA buoy 46042. There were no significant earthquakes recorded during the two time
periods.

The MOBB vertical component data on a quiet day show a noise ‘hump’ for
periods between 20 and 200 seconds that is not present in the land station data. The
observed peak at MOBB is even stronger and wider (periods 20-500 s) on a stormy day,
when it can also be observed at the Farallon Islands station FARB. On the other hand, the
noise at MOBB between 10 and 20 seconds is comparable to the quietest BDSN land
stations. The results also show that the noise observed at MOBB on a quiet day for
periods longer than 20 seconds is comparable to the noise observed at the island station
on a stormy day. The sharp short-period cutoff observed at 20 s in the spectrum for the
vertical MOBB component on a stormy day is determined by the water depth, since only
waves with wave numbers comparable or smaller than the inverse of the water depth can
generate pressure signal at the seafloor (Webb, 1998).

The results for the two horizontal components were similar and therefore only one
component (E-W) is shown in Figure 2. In this case there is no peak observed at MOBB
for periods longer than 20 seconds on a quiet day. On the stormy day, the increased noise
at MOBB is present again. The signal at the island station FARB is even stronger than at
MOBB and it extends all the way to 1000 seconds.

The shape of the noise spectra in the infragravity wave band measured at MOBB
is in agreement with observations from previous deployments in which seismometers
were buried under the ocean floor (Stephen et al., 2003; Araki et al., 2004), as well as

with theoretical predictions (Araki et al., 2004).



Generation of infragravity waves

We computed PSD for 1-hour long segments for all the available MOBB data
until July 2004 and compared the results to the SWD measured at the nearby NOAA
buoys. The SWD is computed at the buoys once every hour and it measures energy of the
ocean waves in m%/Hz in the 0.01 Hz wide frequency bins that cover 0.03 to 0.4 Hz
range. The location of the buoys considered is shown in Figure 3a. Comparison
spectrograms for a 7-day period (12/9-16/2003) are presented in Figure 3b. The
infragravity peak can be observed in the PSD plot for the vertical MOBB channel
throughout the 7-day period (Figure 3b, top panel). A rather sudden change of the
infragravity peak width is indicated with a black line. The second panel from top in
Figure 3b shows the SWD measured at the western most buoy 46059, and the panels
below the SWD at three other nearshore buoys ordered by longitude. The storm observed
on day 344 was approaching from the WNW direction, as the mean wave direction
corresponding to energy of the dominant period measured at buoy 46042 in the second
half of day 344 ranged from 280° to 295° from North. Increased energy of the 10-20 s
ocean waves on day 344 can therefore first be seen on buoy 46059, and last on buoy
46011. The arrival of these waves at buoy 46042 coincides with the increase of the
infragravity signal on MOBB. Buoy 46042 is the closest one to MOBB, located only 23
km to the W (see Figure 1). The fact that the arrival of the ocean waves coincides with
increase of the infragravity signal clearly tells us that the infragravity waves observed at
MOBB during this time period are locally generated. The same can generally be observed

throughout the deployment and for storms arriving from different azimuths.



The narrow peaks observed between 10 and 40 s in the second half of day 343 and
early on day 344 correspond to an Mw 6.2 Andreanof Islands (Aleutian Islands)
earthquake and to an Mw 6.8 earthquake in Taiwan. We also see a dispersed swell arrival
with 20-30 s periods between days 345 and 347. We followed the approach described in
Bromirski and Duennebier (2002) and inverted the dispersion trend to obtain the origin
time and distance to the swell source. We assumed a mean water depth of 4500 m along
the swell propagation path and obtained distance 4800 km and origin time 01 UTC on
day 343. By comparing the SWD from the buoys in the Pacific Ocean around the
calculated origin time, we matched the swell source to a strong storm observed at the
buoy 46072, located in the central Aleutians, 4233 km from MOBB. Similar dispersed
swell arrivals can often be observed at MOBB and most of the time their origin can be

traced to the northern or northeastern Pacific Ocean.

Modulation of infragravity signal

The PSD for the vertical MOBB component for a 10-day period (01/17-27/2004)
is shown in Figure 4b. As before, the strongest infragravity signal (days 18-20) coincides
with the increased energy of 10-20 s ocean waves as recorded at the local buoy 46042
(Figure 4f), although the arrival of the storm is not as sharp as in the previous example. In
addition, two types of modulation of the infragravity peak can be observed.

The high frequency modulation is best seen at the short-period end of the
infragravity peak (30-40 s periods) as well as throughout the entire infragravity band. It
can be observed for the entire 10-day period. In fact, modulation as described below is
observed throughout the deployment. This modulation clearly correlates with the

amplitude of the ocean tides at MOBB, shown in Figure 4a. Comparison of the PSD and



the tides shows that the infragravity waves have less energy at low tides. This can best be
seen for the strongest minima in tides that occur close to the beginning of each day for
this time period. Additional small modulation can also be seen, particularly at the short-
period end of the infragravity peak. It coincides with the second strongest tides minima
which occur close to the middle of the day for this time period.

Also observed is a low frequency modulation which is best seen at the long-
period end of the infragravity peak, presented in Figure 4c. This envelope was taken at
the PSD value of -136 dB. The infragravity peak extends to longest periods during days
18 and 19, and then again slightly increases between days 22 and 26. First we compare
this to the significant wave height measured at the local buoy 46042 (Figure 4d).
Significant wave height is the average of the highest 1/3 of all of the wave heights during
the 20-minute sampling period, calculated once every hour. The two agree well in the
first half of the 10-day period, but then significant wave height has a peak in the second
half of the day 25. Comparison with the SWD plot (Figure 4f) reveals that at that time
most of the wave energy was in the waves with periods shorter than 10 s. We therefore
looked at the correlation between the period of the long-period end of the infragravity
peak and the wave energy in individual frequency bins as observed at the local buoy. The
best correlation was observed with the ocean waves with 14.3 s period for which the
SWD is shown in Figure 4e and Figure 5b. Correlations between the long-period end of
the infragravity peak and SWD of the ocean waves at two other periods (12.5 s and 16.6
s) as well as the significant wave height are also shown in Figure 5. The correlation
coefficient between the period of the long-period end of the infragravity peak and the

SWD observed in the individual bins at buoy 46042, as a function of the SWD bin period,



is presented in Figure 5d, and confirms that the infragravity peak correlates the strongest

with the ocean wave energy at ~14 seconds.

Observation of infragravity signal during the Oregon ULF/VLF experiment

We have performed a similar analysis with the seismic and buoy data recorded
during the Oregon ULF/VLF temporary deployment in 1991 (Bromirski and Duennebier,
1995; Bromirski and Duennebier, 2002). In this experiment the seismic data were
recorded at the 3-component Guralp CMG-3 broadband seismometer, sensitive from 50
Hz to 0.01 Hz (100 s), that was buried in the ocean floor, about 48 km off the Oregon
coast (Figure 6). The water depth at this location was about 600 m. The locations of the
two closest NOAA buoys that had spectral wave density data available for the time
period of the experiment are shown in Figure 6. The closer buoy 46040 was located 68
km SSE of the seismometer location, at the water depth of 112 m, and about 20 km from
the coast. The deepwater buoy 46005 was located 493 km W of the seismometer location.

In Figure 7, the PSD at the Oregon ULF station for a 4-hour period on a quiet day
(1999, day 200, 07-11 UTC) is compared to the PSD on a stormy day (1999, day 205, 06-
10 UTC). There were no significant earthquakes recorded during the two time periods.
The results obtained for the vertical component show that the infragravity peak can be
observed in the PSD during both quiet and stormy periods. The vertical component data
on a quiet day show a noise ‘hump’ for periods between 16 and 115 seconds. The
observed peak is stronger on a stormy day. Since the noise level around the infragravity
peak is also much higher on a stormy day, the short- and long-period ends of the
infragravity peak are hidden and can not be directly compared to the ones observed on a

quiet day. The infragravity ‘hump’ can not be observed on either of the two horizontal



components, although results for only one are shown in Figure 7. This indicates that for
the horizontal components, noise sources other than infragravity waves are dominant at
periods longer than 10 s. Part of this noise is probably generated by slight movements of
the buried seismic package (Bromirski and Duennebier, 1995).

When compared to the result obtained with the MOBB data, the short-period end
of the infragravity peak observed for the vertical component data extends to shorter
periods. This is expected as the Oregon ULF station was located at only 600 m water

depth. The pressure signal at the seafloor of depth H is related to the surface wave height
¢ by

P

bottom

= pg¢ /cosh(kH) = P, e (1)

urface
where k is the wave number and p is water density. Assuming that the pressure
fluctuations are caused by freely traveling surface gravity waves the dispersion relation
can be used to determine the wave number
o’ = gk tanh(kH) (2)

where o is angular frequency of the ocean gravity wave. For water depth at MOBB
H=1000 m and @ = 2z /20s, which corresponds to the observed short-period cutoff
period at MOBB, we obtain the value for the product of the wave number and water
depth kH=10.1. Using equation (2) for water depth H=600 m and kH=10.1 from the
above MOBB example, we obtain the expected short-period cutoff period for the Oregon
experiment to be 15.5 s. This agrees well with the observed short-period cutoff value of
16 s.

The seismic data from the Oregon experiment are noisier than the MOBB data
presented above, but the infragravity signal can still easily be observed during the 7-day
deployment period (7/19-26/1991; Figure 8a). The SWD recorded at the two buoys is
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shown in Figure 8d,e. The signal recorded at the local buoy 46040 is again better
correlated with the seismic PSD. The increased infragravity signal observed between
days 204 and 206 matches the arrival of the 10-20 s ocean waves as recorded on the local
buoy 46040.

The low frequency modulation of the infragravity peak can again be seen at the
long-period end of the infragravity peak, presented in Figure 8b. The envelope was taken
at the PSD value of -136 dB. The hours that had increased noise throughout the 10-200 s
period band were not used in the calculation. The correlation between the period of the
long-period end of the infragravity peak and the wave energy in individual frequency
bins as observed at the local buoy 46040 is presented in Figure 9. The best correlation
was observed with the ocean waves with 12.5 s period for which the SWD is shown in
Figure 8c and Figure 9b. Correlations between the long-period end of the infragravity
peak and SWD of the ocean waves at two other periods (11.1 s and 14.3 s) are shown in
Figure 9a,c. The correlation coefficient between the period of the long-period end of the
infragravity peak and the SWD observed in the individual bins at buoy 46040, as a
function of the SWD bin period, is presented in Figure 9d, and confirms that the

infragravity peak correlates the strongest with the ocean wave energy at ~12.5 seconds.

Discussion
Tidal modulation of the infragravity signal

The fact that the observed modulated infragravity signal is weakest at low tides is
just the opposite from what one would expect from hydrodynamic filtering. The term
‘hydrodynamic filtering’ is often used to describe that the pressure signal from the ocean

waves decays exponentially with water depth, depending on the wave number of the
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waves (Kinsman, 1984). Since only waves with wave numbers comparable or smaller
than the inverse of the water depth can generate pressure fluctuations at the seafloor, one
would expect that the higher water column above MOBB at high tides would shield it
against pressure signal from the higher frequency infragravity waves, which would result
in weaker signal. What we observe is just the opposite which indicates that the tides must
play an important role in the generation of the infragravity waves rather than just
weakening the pressure signal at the ocean bottom.

Previous studies of the nonlinear interaction between short-period waves and
currents (Longuet-Higgins and Stewart, 1960, 1961, 1964) found that the energy
variations of the short-period waves correspond to work done by the currents against the
radiation stress of the short-period waves. The magnitude of the energy exchange
between the short-period waves and tidal current depends on the pattern of the tidal
currents, but in simple situations, the energy of the short-period waves is in phase with
the tidal elevations (Longuet-Higgins and Stewart, 1964). This agrees with our
observations. At the moment, currents are not measured at the nearby NOAA buoys, but
the currents observed at the ocean bottom at MOBB clearly show the tidal pattern (Figure
9 in Romanowicz et al., 2005; Uhrhammer et al., 2003). In our future work we plan to
model the wave-current interaction in the region to better understand the underlying
processes.

Another effect that the tides have on the generation of the infragravity waves is
through different topography that is brought into play at the same water depth during
different tide heights. A study by Herbers et al. (1995b) observed that the energy levels of
the free infragravity waves on the shelf depend on the surrounding topography. They

suggested that the shelf topography is important to the propagation and trapping of free
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infragravity motions and that generation and reflection of free infragravity waves is
sensitive to the shoreline morphology. In our case the topography around MOBB is very
complex (see Figure 1) and it is possible that already a small water depth change can
significantly perturb the conditions for generation and reflection of infragravity waves.
Our observations seem to agree with observations by Herbers et al. (1995b), as we record
stronger infragravity signal at high tides, when the shelf is slightly wider. Since MOBB is
located close to the edge of the shelf our results suggest that at high tides infragravity
waves are more efficiently generated on the shelf and/or can more efficiently leak from

the shelf into the deeper water.

Short-period (12-14 s) ocean wave energy modulation of the infragravity signal

The modulation of the long-period end of the observed infragravity peak during a
10-day stormy period at MOBB is best correlated with the energy of the 14.3 s period
ocean waves. A similar result can be obtained for other stormy periods at MOBB.
Analysis of the data recorded during the Oregon ULF/VLF experiment shows best
correlation with the energy of the slightly shorter, 12.5 s period ocean waves. The data
from the Oregon experiment only span over a 7-day period in which the energy of the
ocean waves was significantly lower than during the time period used for MOBB. Also,
the sensor used in the Oregon experiment had a shorter long-period corner frequency. We
believe that for a better understanding of the influence of the water depth and regional
topography on the observed correlation between the period of the ocean waves and the
period of the long-period end of the infragravity peak, data from stations deployed
simultaneously and in a relative proximity of each other, as well as equipped with

seismometers sensitive to longer than 100 s periods, should be used. Nevertheless, the
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results from both deployments are telling us that the modulation of the short-period (12-
14 s) ocean wave energy can be observed in the infragravity signal as well. This suggests
that the short-period ocean waves are essential for the generation of the infragravity
waves. It is interesting to note that the same period ocean waves are also the source of the
microseisms noise, observed at the double frequency, at 6-7 seconds. This suggests that
the generation mechanisms of infragravity waves and double frequency microseisms are
closely related, and originate from the non-linear interaction of ~14 s ocean waves, as

already well documented for the microseisms (e.g. Longuet-Higgins, 1950).

Conclusions

The primary reason for installing ocean bottom broadband seismic stations is to
record earthquakes. Any other signal is often regarded as noise and additional processing
is required to remove it (Dolenc et al., 2005a; Dolenc et al., 2005b). At the same time
observations of non-seismic signals, like infragravity waves, can help us learn more about
their generation and propagation. Such observations can also enable us to better
understand the coupling between the ocean and the solid earth and learn more about the
earth structure using non-seismic sources.

Infragravity waves can be observed at the permanent ocean bottom broadband
seismic station MOBB on stormy as well as quiet days. When compared to the energy of
the short-period ocean waves recorded at the local buoys, infragravity waves in the longer
than 20 s period band are found to be locally generated from shorter period waves
(Dolenc and Romanowicz, 2004). Two types of modulation of the infragravity signal are
observed. First, the entire infragravity band is modulated in-phase with tides. This agrees

with the theory of nonlinear exchange of energy between the short-period waves and tidal
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currents. Second, the modulation of the long-period end of the observed infragravity peak
is best correlated with the energy of the 14.3 s period ocean waves, suggesting a close
relation of infragravity wave generation to that of double frequency microseisms, which
have maximum energy at 6-7 s. Analysis of the data recorded during the Oregon
ULF/VLF experiment also indicates that infragravity waves are locally generated. In this
case, the modulation of the long-period end of the observed infragravity peak is best
correlated with the energy of the 12.5 s period ocean waves. To better understand the
influence of the water depth and regional topography on the observed correlation between
the long-period modulation of the infragravity peak and period of the ocean waves it
would be important to use data from stations deployed simultaneously in a relative
proximity of each other.

To better understand the coupling between the ocean and the solid earth it will be
important to compare observations from different broadband ocean bottom stations and
nearby buoys. In addition to the results presented in this paper we have done a
preliminary investigation of the data recorded at the station KEBB, located offshore
Washington, at the 2376 m water depth. Station KEBB is part of the NEPTUNE project
whose goal is to establish a regional ocean observatory in the northeast Pacific Ocean.
Preliminary results confirmed that infragravity waves observed at station KEBB were
generated near the coast. A more detailed analysis of the KEBB data will be the subject

of a future study.
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Figure Captions

Figure 1.

Locations of the MOBB (yellow) and the BDSN seismic stations (blue) shown against
the seafloor and land topography. Background seismicity (ANSS catalog, 1968-2004,
M3.5+) is shown in black. Locations of the NOAA buoys closest to the MOBB are
shown in red. Fault lines from the California Division of Mines and Geology database are

shown in red as well.

Figure 2.

Comparison of the PSD at the stations MOBB, FARB, SAO, and YBH calculated for a
quiet day (2002, day 143) and for a stormy day (2002, day 350). Results obtained for the
vertical (top) and for the horizontal components (E-W, bottom) are shown. The USGS

high- and low-noise model for land stations are shown in black (Peterson, 1993).

Figure 3.

(a) The location of some of the NOAA buoys closest to the MOBB. Red color indicates
buoys with data available for the time period presented in Figure 3b.

(b) The PSD for the vertical MOBB channel as a function of period and time (top).
Bottom panels show the SWD calculated at 4 buoys. The vertical line indicates a sudden

change of the infragravity peak width.

Figure 4.

(a) Theoretical ocean tide at the MOBB location.
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(b) The PSD for the vertical MOBB channel as a function of period and time. White lines
indicate hours with some missing data.

(c) The envelope of the infragravity peak presented in (b), taken at the long-period end, at
the PSD value of -136 dB.

(d) The significant wave height at the buoy 46042.

(e) The SWD in the 14.3 s period bin at the buoy 46042.

(F) The SWD at the buoy 46042.

Figure 5.

(a-c) The period of the long-period end of the infragravity peak as a function of the SWD
observed at buoy 46042 in the 12.5, 14.3, and 16.6 s period bins.

(d) The correlation coefficient between the period of the long-period end of the
infragravity peak and the SWD observed in the individual bins at buoy 46042, as a
function of the SWD bin period.

(e) The period of the long-period end of the infragravity peak as a function of the
significant wave height as observed at the buoy 46042.

Gray lines show best linear fits to the data.

Figure 6.
The location of the Oregon ULF station and the two closest NOAA buoys that had
spectral wave density data available for the time period of the Oregon ULF/VLF

experiment.

Figure 7.
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Comparison of the PSD at the Oregon ULF station for a quiet day (1999, day 200, 07-11
UTC) and for a stormy day (1999, day 205, 06-10 UTC). Results obtained for the vertical
(black) and for the horizontal component that was rotated 176.3° from North (gray) are
shown. The USGS high- and low-noise model for land stations are shown as thin black

lines (Peterson, 1993).

Figure 8.

(@) The PSD for the Oregon ULF vertical channel as a function of period and time. White
lines indicate hours with some missing data.

(b) The envelope of the infragravity peak presented in (a), taken at the long-period end, at
the PSD value of -136 dB.

(c) The SWD in the 12.5 s period bin at the buoy 46040.

(d) The SWD at the buoy 46040.

(e) The SWD at the buoy 46005.

Figure 9.

(a-c) The period of the long-period end of the infragravity peak as a function of the SWD
observed at buoy 46040 in the 11.1, 12.5, and 14.3 s period bins. Gray lines show best
linear fits to the data.

(d) The correlation coefficient between the period of the long-period end of the
infragravity peak and the SWD observed in the individual bins at buoy 46040, as a

function of the SWD bin period.
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Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 1

, O SORE
() t O km
A %w*‘% -\ |.\‘E) "\‘ f 1
ks !116813 \ \ v A mpBTR  BDSN stations m
O\ s> %, NOAAbuoys @

38° 00N

37° 30N

37° 00N

36° 30N

36° 00'N
123° 30'W 123° 00'W 122° 30'W 122° 00'W 121° 30'W
O N N s
| | | | | | | |
-3750 -3125 -2500 -1875 -1250 -625 0 625 1250 1875 2500
Topography (m)




Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 2
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Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 3a
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Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 3b
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Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 4
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Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 5
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Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 6
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Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 7
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Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 8
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Observations of Infragravity Waves at the Monterey Ocean Bottom Broadband Station (MOBB) - FIG. 9
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