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 In October 2005, scientists involved with the
 SCOOBA passive seismic experiment deployed 15
 broadband ocean bottom seismographs (OBS) in the Gulf
 of California.  During the summer of 2007, it has been my
 task to use the principles of spectral analysis and
 correlation to remove what nonseismic-noise I could from
 the data set using digital filtration methods. The resulting
 time series of events recorded by stations in the Gulf of
 California region will be more useful for scientists studying
 the underlying structure of the region.

 As my example of this process, I use a mid-size
 event which began shortly after 10:00 A.M. on January
 11th, 2006 which originated in the state of Oregon and was
 recorded by receiving station S03 in the southern GOC. By
 first pulling out an 8-hour window of data preceding the
 event, considered ʻnoiseʼ, and then calculating the transfer
 functions between the vertical (z) and the other three
 components, one is able to correct the noise in z for the
 effects of the other three components in the spectral
 domain.  By next pulling out a 2-hour window of data
 beginning with the eventʼs arrival, one is able to follow a
 process similar to that used for vertical component noise
 correction in order to correct for the effect of noise on the
 vertical component record for the event in the spectral
 domain as well.  We then used the Fourier transform to
 translate the corrections made on vertical component data
 in the spectral domain into the time domain where one can
 see an improvement in the clarity of the eventʼs time
 series. 

INTRODUCTION 
 Progress in seismometer

 technology, including recent
 growth in recording capacity
 and endurance of instruments,
 has only recently allowed for
 semi-permanent installation of
 ocean bottom stations.  These
 sensors, which are located on
 or below the seafloor, record
 both seismic activity related to
 earthquakes and that caused by
 the sound of waves hitting the
 shore (microseisms), ocean
 currents, and deformation of the
 seafloor caused by long-period
 infragravity waves at the
 oceanʼs surface produced by
 the strong winds that
 accompany storms.  This noise
 limits the ability of seismologists
 to detect earthquakes within
 certain ranges of frequency due
 to high signal-to-noise ratios in
 some

RESULTS 

of the worldʼs oceans.  At the seafloor, the level of nonseismic-noise is typically much higher
than on land, most notably at frequencies below 1 Hz, meaning waves with periods longer
than 1 second (Crawford and Webb, 2000).  
Therefore, it is valuable for those who wish to study earthquakes to be able to determine

detection thresholds for long period body waves and surface waves. Using digital filtration
techniques, the deformation signal due to ocean noise can be estimated and the effective
noise level reduced so that earthquake data can be made more transparent for analysis. For
the GOC study, a particular focus is the recording of Rayleigh waves, which can be used to
map lateral variation in S-wave velocity structure. Rayleigh waves are well recorded on
vertical component seismometers in the 0.005-0.05 Hz band, and we would like to evaluate
the noise suppression techniques in this frequency band (Gaherty, 2002).
To do this, we

1)   Evaluate the spectral characteristics of a “noise” window – an 8-hour period with
 no significant earthquake activity anywhere in the world (Figure 2)

2)   Calculate transfer functions to relate effect of tilt and pressure on vertical
 component displacement (Figures 3 and 4)

3)   “Correct” vertical component noise for tilt and pressure to see how it works
 (Figure 5)

4)   Apply transfer function corrections to a vertical component record of an
 earthquake to reduce noise (Figures 6 and 7)

INTRODUCTION continued 

 While a certain proportional relationship is
 expected between vertical and horizontal tilt
 components, it is incorrect to assume that this motion
 is periodic with any regularity.  Instead, we calculate
 what coherence exists between each pair of
 components and at what frequencies. Since it is a
 challenge to distinguish frequencies which correspond
 to noise and those which contain seismic information, it
 is useful to calculate the power spectral density of an
 eventʼs time series, comparing each of its three
 orthogonal components and the pressure sensor in
 order to give an idea of what frequencies are present
 and at what relative magnitudes they were received.
 The power spectral density is estimated using the
 Fourier transform of the noise. The transform
 decomposes the time series into a continuous
 spectrum of its component frequencies, giving the
 relative contribution of distinct frequencies to the
 signal. 
Figure 4 shows the PSD for all four components. It
 shows two important features.  One is the
 microseismic peak near 0.1 Hz, which contains seismic
 information that is important to retain in final data.  This
 peak is the result of seafloor vibrations.  The other
 feature occurs below 0.01 Hz and is due to long period
 noise related to infragravity waves and tilt. It is this
 which we would like to remove, but first we must refer
 to coherence between components to find where it is
 strong in order to interpret how much of the signal is
 due to  pressure and how much is nonseismic.

Time Series of Noise  

Cross-Spectral Coherence of Noise  

 Within the Cross-Spectral
 Coherence calculations of the noise,
 one sees that the vertical and pressure
 components are highly correlated at
 frequencies at and to the right of 0.1
 Hz.  As mentioned earlier, this
 microseismic peak is due to seismic
-related vibrations of the seafloor, and is
 not considered noise due to tilt or
 pressure.  On other components, one
 sees relatively little coherence at this
 frequency.  At our other important
 feature, which occurs to the left of 0.01
 Hz, one sees relatively high coherence
 between all component pairs. PSD
 shows a peak at this frequency, and
 signal is especially strong for the two
 horizontal components and the
 pressure gauge.  At this frequency,
 correlation between the vertical and
 pressure is due largely to changes in
 pressure and compression of the
 seafloor in the vertical direction caused
 by long-period infragravity waves
 passing overhead of the seismometer. 
 The high degree of correlation between
 the vertical and

We were able to successfully
 reduce nonseismic-noise in our
 data via this process and thereby
 clean up the time series of our
 eventʼs vertical component (Fig.
 7).  This figure shows a P-wave
 arrival at 750 s, and a large
 amplitude Rayleigh wave at ~950
 s. Notice that the low-frequency
 (~100 s period) noise prior to the
 P-wave has been suppressed.
 This will improve scientistsʼ ability
 to accurately quantify the
 characteristics of the seismic
 phases. 

(G
aherty, 2002)

Definition of a transfer function: 
A linear relationship between an “input” function

 (say pressure) and an “output” function (say
 vertical displacement)

transfer function = coherence x ratio of power spectrum
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(Crawford and Webb, 2000)

each of the horizontals at 0.01 Hz is due to tilt caused by currents.  As expected, the two
 horizontals are strongly correlated to one another at this frequency as well.  As you will
 recall, it is at this frequency that we wanted to remove noise.  This reduction can be
 observed in both ʻZ Noiseʼ and ʻZ Eventʼ below 0.01 Hz.  Here we were able to correct for
 noise in the original 8-hour window, and then apply the transfer functions to reduce the
 magnitude of noise and increase the quality of data for the 2-hour record of the event.


