
the spectrum, to generate much higher resolution spectra.  We are extending the theory from a 
univariate to a generalized multivariate theory.  While the specific applications researched here 
are seismic, it is clear that there are other geophysical, scientific, and engineering applications 
that will benefit from the proposed studies.

We have studied the physics of the earthquake source using the data available from 
the Anza Seismic Network. Given the presence of large numbers of stations close to the very 
active San Jacinto Fault region we have been able to extract information about the earthquake 
source. We have analyzed the problem of uncertainties of the earthquake source spectrum 
using Empirical Green Functions. In order to remove the effects of the propagation of the 
seismic waves through the earth, it is necessary to use a small earthquake as an approximate 
Green function, and deconvolve it from the earthquake that we are interested in. But doing this 
introduces uncertainties and the deconvolved spectrum has larger variability. Using data from 
the aftershock sequence of the M5.1 2001 Anza Earthquake, we studied the errors associated 
with EGF methods and introduced techniques to estimate confidence intervals of source 
parameters and to reduce the uncertainties. 

The HPWREN program (http://hpwren.ucsd.edu) is creating a large-scale wireless 
high-performance data network that is being used for interdisciplinary research and education 
applications, as well as a research test bed for wireless technology systems in general. HPWREN 
provides wide area wireless Internet access throughout southernmost California including San 
Diego, Riverside, and Riverside counties and the offshore regions. Under UCSD’s HPWREN 
program, research is being conducted on building “last kilometer” wireless links and developing 
networking infrastructure to capture real-time data from multiple types of sensors from seismic 
networks, hydrological sensors, oceanographic sensors, video sensors as well as data from 
coastal radar and GPS. 

A key research project is the ROADNet program (http://roadnet.ucsd.edu) which is 
focused on developing the real-time cyberinfrastructure to acquire, process, distribute, and 
archive data from environmental, oceanographic, geophysical, and structural monitoring sensor 
nets, many of which are accessed through HPWREN. 
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with graduate student Jose Otero and colleague J. Berger, we have studied the implications of 
abandoning electronics (including electronic force feedback — long considered a requirement for 
success in building a seismometer).  We have found that the performance of the new seismometer is 
quite good and approaches that of the best observatory seismometers currently available.  Having 
been awarded a second National Science Foundation grant to pursue this research, refinements to the 
system are now being made and we plan to deploy several prototypes at seismic observatories here 
and abroad. 
 
Development of fiber optic strainmeters 
 The group is investigating a number of strainmeters that rely on optical fibers to sense 
deformation in Earth’s crust.  The most successful so far is a high-resolution (0.01 parts per billion), 
interferometric sensor, based on the same signal processing technology we use in the seismometer.  
In late 2004, the group installed several kilometer-long optical fibers in the SAFOD (San Andreas 
Fault Observatory at Depth) borehole near Parkfield, CA.  Short period signals are very promising — 
longer period signals are currently contaminated by thermal noise.  Efforts to improve this are 
underway. 
 

 

 
 
 

Figure 2.  An optical fiber 
is stretched between the 
surface and a depth of 855 
m in the SAFOD borehole 
near Park-field, California; 
its length is recorded 
interferometrically.  The 
2007 Peru M8 earthquake 
provided a valuable signal 
with which the strainmeter 
could be tested.  Because 
the waveform from the 
strain-meter looks very 
similar to that from a nearby 
seismometer, we know that 
coupling to the rock over its 
855 m length is good. 
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