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Status of project/background

MOBB comprises a 3 component broadband seismic system and auxiliary sensors (DPG, current-meter) installed 40km off-shore in Monterey Bay, with currently autonomous battery power and data recording package mounted inside a trawl-resistant structure. The latter package is exchanged every 3 months with the help of the ROV Ventana. The  seismometer package is buried under the sea-floor. The system has been in place since April 2002. The plan is to connect the sensor package to the MARS cable by the end of 2005, which will alleviate the need for frequent Ventana/Point Lobos trips, will

contribute the data continuously and in real-time to the Northern California Earthquake Data Center (NCEDC) and the associated earthquake monitoring system, and,

last but not least, represent a pilot demonstration experiment essential to the success of future efforts to deploy deep sea seismometers on cabled networks. 

The MOBB experiment can be viewed as part of an extensive pilot program effort in the international seismological community to try and fill gaps in the distribution of land-based broadband seismic stations for regional and global studies of tectonics and deep earth structure. The seafloor environment represents significant challenges both technologically (power supply, data retrieval) and in achieving data of comparable quality as can be obtained on land. Such efforts have been going on for over 15 years

(Purdy and Dziewonski, 1988), and have received a push recently in the US (e.g. ORION meeting, January 2004, Detrick et al., 2003). Significant progress has been made during that time period in documenting how to avoid the high levels of background

noise generated by ocean waves in the seismic band (5Hz to 300+ sec). It has been shown that to provide useable data, especially on the horizontal components, seismic broadband instruments need to be buried under the seafloor, or installed in boreholes. Not all boreholes are successful, however, since it is a challenge to achieve adequate coupling between the sensor and the rock. 

In central and northern California, we face a unique situation as the North American/Pacific plate boundary runs along shore, and the distribution of seismic stations is squewed to the east side, providing inadequate coverage on the west to address such issues as the level of activity of off-shore major faults such as the San Gregorio, or the nature of the transition in structure from continent to ocean, associated with the plate boundary.

 
While much work has been done on long period seismic noise on the seafloor,

there is a scarcity of data from continental slope depths or in regions with strong currents. The Monterey area is an important one for seismic hazard (the San Gregorio fault, capable of M6+ earthquakes runs just east of the MOBB installation) and the offshore data provide better constraints on the source mechanism of some seismic events on the western side of the plate boundary, when used in conjunction with data from the on-shore broadband stations of the Berkeley Digital Seismic Network (Figure 1). This type of environment is on the other hand rather typical of what might be encountered in a "Webfoot" setting, as has been proposed at the Ocean Mantle Dynamics Workshop in Sept'02 (OMD, 2003), which would involve the installation of 50+ broadband stations off-shore California to complement on-shore networks, in the context of the systematic study of the north

American continent, as initiated by the USArray component of the Earthscope program. The lessons learnt from MOBB will guide the design of such more extended efforts.

Finally, as mentioned previously, the MOBB experiment is an essential pilot experiment in anticipation of future cabled ocean floor networks - it has already served to develop standards for underwater connections using the ROV, which have been emulated in Japan and recently for the deployment of 2 (soon 3) similar systems on the Juan de Fuca plate, as part of the KECK project. It has also served to develop standards for the preparation of the instrumentation for deep sea deployment, again applied recently and successfully to the KECK broadband sensors. 

The connection to the MARS cable will serve as part of the testbed for Neptune.

This past year, several problems with the instrumentation have been faced.

The most significant one has been the failure of the North component

of the seismometer package. This necessitated retrieving the seismic

package from the seafloor (June 2004) for repair by the manufacturer, 

replacing it temporarily by one of the KECK systems which was available at the time, and which was swapped again for the repaired original instrument in early

July. This successful endeavor provided an opportunity to demonstrate the servicing capabilities of the ROV and the viability of maintaining such

a complex system on the seafloor (and in particular with the complications

of the necessary burial of the seismometer package) for long periods of 

time. Paul to add something about interleaving....
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Figure 1: Location of the MOBB site with respect to the site of a previous temporary deployment (MOIS, Romanowicz et al., 1998), the major faults in the area, the seismicity and the closest broadband stations of the Berkeley Digital Seismic Network.

Station FARB is located on the Farallon Islands, the only islands off-shore in northern California.

Results to date

The MOBB data analysis is being performed at UC Berkeley by graduate student David Dolenc, under the supervision of Professor Barbara Romanowicz (see http://eps.berkeley.edu/). Its focus, until now, has been primarily in 1) reducing the signal generated noise due to reverberation in the soft sediments beneath the station, and 2) analyzing the noise data in the infragravity wave band (20-200sec) which happens to be the waveband of interest for the observation of seismic surface waves.

1) Signal generated noise

Signal generated noise is unavoidable in near coast ocean-floor settings

 such as Monterey Bay, where a thick pile of relatively unconsolidated

 sediments underlies the seafloor. Typically, the ringing is very apparent

in the frequency band 0.03-0.3 Hz in the P-wave coda.  The ringing is narrow-band and disappears at frequencies lower than 0.1 Hz. We have

experimented with several ways of eliminating this signal-generated noise by post-processing (Dolenc and Romanowicz, 2004a). One way is by designing an

"observational" transfer-function, using data from near-by land stations that do not show the ringing (Figure 2, panel c). Another way, is through direct modelling

of the ringing effect (Figure 2, panel d), by computing theoretical transfer functions based on simple sediment layer models (e.g. Uhrhammer et al., 2003) that can be obtained from local studies (e.g. Begnaud et al., 2000).
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Figure 2: Comparison of vertical component records at stations FARB, JRSC, MOBB

and SAO for the deep Kurile Island earthquake of 11/17/2002 (Mw = 7.3; depth = 459 km; distance to MOBB = 65o). The data are shown in two pass-bands : 0.03-0.1 Hz and 0.03-0.3 Hz to emphasize the narrow-band character of the ringing in the MOBB P wave data. Clearly visible in the lower frequency band are the P, pP and sP arrivals.

Raw vertical component data (P wave and depth phases) observed on the vertical component at stations MOBB (a) and FARB (b) for the 11/17/2002 deep Kurile Island earthquake. Clearly seen is the ringing due to the soft sediment layer in Monterey Bay. (c) MOBB data after removal of the transfer function constructed using FARB data. (d) MOBB data after removal of the theoretical transfer function constructed for a crustal model with a 350 m thick sedimentary layer with Vp = 0.314 km/s, Vs = 0.196 km/s, density = 1.3 g/cm3 (Dolenc et al., 2004)

2) Noise in the infragravity wave band

Infragravity waves are an important source of background noise at periods longer than 20 seconds. Long-period background noise can partially be removed by post-processing (Crawford and Webb, 2000; Stutzmann et al., 2001), using auxiliary DPG data to deconvolve the correlated signal. At the same time, observations of infragravity waves can help us better understand their generation from short-period waves. We investigated correlations between the infragravity waves recorded at MOBB and the short-period ocean wave data recorded at nearby ocean buoys. We have found that the noise in the infragravity band correlates well with the wave-height at the closest ocean buoy (Buoy 46042 in Monterey Bay) and less so with more distant buoys, suggesting in particular that the infragravity waves observed at MOBB are generated by

non-linear interactions of ocean waves relatively close to the shore. Also,

the width of the band of increased seismic noise at low frequencies (20-200 sec)

fluctuates in a manner correlated with local storm activity (Figure 3).

This finding (Dolenc and Romanowicz, 2004b) is encouraging as it indicates that MOBB data can be used in an unexpected application: that of improving our understanding of the generation of infragravity waves in the ocean.
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Figure 3: Spectragrams comparing the variation as a function of time and wave period of (top) the long period seismic noise at MOBB (vertical component) and the wave-height as recorded at buoy 46042 just west of the MOBB site, over a seven day period in December 2003. The amplitude of the waves in the period range 10-20 sec correlates well with the amplitude of the seismic noise in the bandpass 20-100sec. More remarkably, the long period limit of the band of strong seismic noise fluctuates in sync with the storm activity as recorded by the waves (Dolenc and Romanowicz, 2004)
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Plans for 2005

Engineering/technology development

We plan to develop the necessary hardware and software

to be able to connect the MOBB sensors to the MARS cable in Fall 2005

(Paul to complete)

   [Enter text here]   
Field programs

   [Enter text here]   
Data reduction and analysis

We will continue to acquire and analyze data from the MOBB sensors, with the specific focus of utilizing the accumulating collection of DPG data to correct the long period noise in MOBB in the 20-200 sec band. The DPG was not installed until January 2003. Because of numerous problems encountered with the recording of these data, they have only started being useful in Spring '04 (???), which has hindered our ability to

develop a robust procedure for deconvolving the correlated noise from the seismic data. However, this should be feasible with the data acquired over the next year. Once this procedure is in place, we will process all available data and document the improvement in signal to noise ratio for the study of both regional and teleseismic earthquakes, and, if appropriate, start analyzing the regional data for a structural model of the crust across the ocean continent transition. 

We have already compiled such noise statistics before corrections, for a period of 1.5 years of data.  In the event that a borehole station is eventually installed and connected to the MARS cable, these statistics (before and after correction) will be 

valuable to determine whether or not the borehole instruments are quieter than the MOBB ones. Note that the seismometer characteristics in the borehole will be very similar to those of MOBB, so that differences in measured noise will be directly relatable to environmental variables.

We will also continue to explore the more general question of generation of infragravity waves.

Data are made available to the community "on-line" through the Northern California Earthquake Data Center.
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