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Introduction 

The placement of stations in a CTBT hydroacoustic moni- 
toring network is controlled, in large part, by the presence of 
bathymetric features or land masses that block propagation. 
In the absence of blocking features, propagation is very effi- 
cient in the SOFAR channel, allowing surveillance over large 
basins with hydrophone networks that are sparse compared 
to seismic networks. Blockage can be estimated from theo- 
retical calculations of acoustic attenuation. However, some 
measurement of blockage is desirable, since not all parame- 
ters required for attenuation calculations are known every- 
where with complete certainty. In addition, acoustic 
modeling that correctly accounts for bottom interactions and 
diffractions around complex bathymetric structures is still a 
subject of active research. 

While calibration of attenuation with controlled sources is 
best, it is also prohibitively expensive [Munk et al., 19941. 
This fact motivated us to look for sources of opportunity. 
The T phases generated by undersea earthquakes are known 
to be sensitive to interruptions of the SOFAR channel 
[Walker, McCreery, and Hiyoshi; 19921. Earthquakes 
along ridges may illuminate regions of interest to define 
blockage areas. Figure 1 shows a collection of earthquake 
epicenters along the East Pacific Ridge and the Pacific-Ant- 
arctic Ridge. Great circle paths extending from these source 
locations to the San Nicolas Is. SOSUS arrays are color coded 
to illustrate which events produced observable T phases (red) 



9 and which did not (black) at the receivers, based on visual 
interpretation of filtered beam data. Some of the observa- 
tions are shown in Figure 2, which displays beam data 
around the expected T phase arrival times at the receiver. No 
T phases are observed for events with great circle paths tra- 
versing the Tasman Sea or the Campbell Plateau and the 
Chatham Rise, suggesting strong attenuation in these 
regions. These observations are consistent with the failure of 
the Heard Island transmissions to be detected through the 
Tasman Sea [Forbes, 19941. 

The pattern of T phase attenuation may be useful to assess 
the actual coverage of a CTBT network, once the network 
has been in operation for a few years. However, both attenu- 
ation along the path (bathymetric shadowing and other prop- 
agation effects) and coupling at the source affect signal 
strength at the receiver. A technique to assess coverage, even 
crudely, must account for the uncertainty in coupling (which 
is large, Johnson and Northrop [1966] ). 



Distinguishing Coupling and Path Effects 

To resolve the ambiguity between path and source effects, a 
second hydroacoustic station near the source to determine 
coupling would be ideal. Lacking such data for our study 
area, we propose to quantify T phase coupling for shallow 
ridge earthquakes with an empirical probabilistic model. We 
assume that the coupling mechanisms for such events are 
similar on ridges worldwide and will result in similar distri- 
butions of signal strength in the absence of path attenuation. 
We will use the following model for signal strength (energy in 
decibels) measured at the receiver: 

1OlogE = a mb - 10.4 * logA + 201Ogc + 2010gP + p 
: USGS reported earthquake magnitude mb 

A: event - receiver distance, in correction for cylindrical 
spreading and 

2010g C : source amplitude coupling factor (dB) 
20logP : path amplitude factor (a), which accounts for 
blockage 
a and p: model parameters to be estimated 

intrinsic seawater attenuation 

We propose to treat the coupling factor as a random variable, 
and to estimate its distribution along with the model scaling 
parameters a and p, using a population of events with free 



acoustic paths (zero path attenuation factor, 20logP) to the 
receivers near San Nicolas Island. 
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Coupling calibration from events with presumed free acoustic paths 

We will use the resulting calibration to estimate the attenua- 
tion factor (and the reliability of the estimate) along paths 
suspected to be blocked or partially blocked. 



Choice of Events for Calibration and Map- 
ping 

Figure 3 shows the locations of the seismic events which 
have occurred since we began recording at San Nicolas Is. in 
April, 1993. We intend to divide these events into two popu- 
lations, a calibration population selected from events in the 
southeast Pacific (red) and an attenuation mapping popula- 
tion (black). We currently are searching the events indicated 
in red for those with free acoustic paths to the San Nicolas Is. 
arrays. An example of the procedure we use is shown in Fig- 
ure 4. The figure (4a) shows a ray path between the event 
epicenter and the receiver, which accounts for earth flatten- 
ing and horizontal refraction due to lateral changes in sound 
velocity (refracted geodesic). The bathymetric profile and 
sound velocity profile (4b) are examined for features that 
might lead to blockage. If none are found, the event T phase 
(4c) is included in the subset of events used to construct the 
empirical coupling relation. 

Other factors may complicate the calibration process. The 
T phase may exhibit a radiation pattern. We intend to exam- 
ine azimuthal dependence, with observations of some of the 
events at both San Nicolas Is. and Wake Is. stations. Addi- 
tional factors that may effect coupling (earthquake focal 
depth, depth of the SOFAR axis, water column depth) may 
be estimated from USGS locations. These estimates will be 
uncertain due to the inaccuracy of seismic locations in the 
oceans. 



Conclusion 

Our initial examination of T phase amplitudes (Figure 1) 
suggests that T phases can be used to map blockage or other 
strong path attenuation. We are undertaking a quantitative 
study to verify or reject this conclusion. The principal diffi- 
culty to be surmounted is the ambiguity between source cou- 
pling and path attenuation. We are attempting to quantify 
coupling with a probabilistic model, which would permit us 
to estimate attenuation and to quantify the reliability of the 
estimate. 
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Figure la. Great circle paths in red indicate observation of a T-phase 
at SNI; black indicates no T-phase was observed. Green stars mark 
earthquakes used in plotting the section in Figure 2. 
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Bathymetry map of the southern Pacific Ocean 
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Figure lb. Shallow bathymetric features in the Tasman Sea and east of New 
Zealand may contribute to acoustic blockage of the energy from the earthquakes 
marked in Figures l a  and 2. The prominent ridge structures are sites of earth- 
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Figure 2. 'Record section' of data segments around the expected T-phase arrival 
times for the earthquakes indicated by green stars in Figure 1. 
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Figure 3. Map of selected earthquake locations that have occurred while we 
have been collecting data at San Nicolas Is. Hydroacoustic recording sites at 
SNI and Wake Is. are marked in green. Red indicates earthquakes from 
which we will select a 'calibration' subset of events with free acoustic paths. 



Figure 4a. 
We are collecting events 
along the East Pacific 
Ridge and the Pacific- 
Antarctic Ridge to 
calibrate the relation 
between earthquake 
magnitude and T phase 
energy. The calibration 
events must have a 

San Nicolas Is. 
free acoustic path to 0 
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[credit: ATOC software, Shaun Leach] 
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Map of Sound Speed and Bathymetry along Refracted Geodesic Path 
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Figure 4b. 
This figure shows the bathymetry (water depth) and sound velocity along the 
path shown in figure 4a. This path appears to be free of features that would 
block acoustic propagation. 
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Figure 4c. Beamformed T phase from earthquake 930510, mb 5.1, on 
the Pacific-Antarctic Ridge (Figure 4a) recorded at San Nicolas Is. 
Energy from this earthquake has presumably experienced little to no 
attenuation along its path to SNI. 

Distance to SNI 9500 km 

600 seconds 


