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Introduction 

This SCEC funded research developed and implemented methods to improve southern California 
earthquake locations and focal mechanisms by applying waveform cross-correlation to the vast 
waveform archives of the Southern California Seismic Network (SCSN).  We also computed P 
and S spectra and used them to systematically estimate Brune stress drops for small earthquakes 
across southern California.  Much of this work was collaborative with Egill Hauksson at Caltech 
and is described in a separate report, although there was a great deal of overlap between the 
projects.  

SCEC funds partially supported graduate students German Prieto and Guoqing Lin and postdoc 
Jeanne Hardebeck and contributed to 18 research publications, which are listed at the end of this 
report.  Our main accomplishment has been systematically relocating earthquakes in southern 
California using waveform cross-correlation, resulting in two comprehensive catalogs of 
relocated earthquakes in southern California.  The catalogs and processing steps are described in 
two papers published in BSSA (Shearer et al., 2005; Hauksson and Shearer, 2005).  The catalogs 
are available online and at the SCEC Data Center and have already begun to be used by other 
SCEC researchers.  An extended and improved catalog derived from a new 3-D velocity model 
has recently been completed and submitted for publication. 

The second major product of this research has been development and application of a spectral 
stacking method to compute Brune-type stress drops for over 60,000 M 1 to 3.5 earthquakes in 
southern California (Shearer et al., 2006).  The results show spatially coherent patterns in 
earthquake source properties that have no obvious correlation with fault geometry or tectonic 
regime.  

Earthquake locations 

In 2005, we released two catalogs containing high-precision locations of over 300,000 events 
from 1984 to 2002.  These have already been used by a number of other researchers, leading to 
new results that would not have been possible with standard catalogs.  For example, Felzer and 
Brodsky (2006) showed that aftershock behavior from M 2–6 mainshocks favors a dynamic 
triggering model, Vidale and Shearer (2006) identified many distinctive characteristics of 
earthquake swarms in southern California, and Davidsen et al. (2006) found new statistical 
features of seismicity with unexpected scaling properties. 

In 2007 we will release a new version of our waveform cross-correlation catalog with the 
following improvements:  (1) We include events from 1981 to 2005, six years more than our 
previous catalog, (2) We compute many more cross-correlations for each event, (3) We solve for 
a new 3-D crustal velocity model (i.e., an update to the Hauksson (2000) model) and use it to 



improve absolute event locations, (4) We apply an improved relocation method for similar event 
clusters that is more robust than our previous algorithm, and (5) We include both absolute and 
relative location error estimates. 

Figure 1. A comparison among earthquake locations near the Salton Sea from the standard SCSN catalog, 
the SHLK catalog (Shearer et al, 2005) and our new catalog (Lin et al., 2007). Events within similar-event 
clusters that have been relocated by using waveform cross-correlation are shown in black.  Events in the 
SCSN catalog (and uncorrelated events in the other catalogs are colored by their year of occurrence). 

Some of these improvements are shown for earthquakes in the Imperial Valley in Figure 1.  The 
SHLK catalog, derived from 1984 to 2002 cross-correlation data, missed the 1981 West 
Moreland and 2005 Obsidian Buttes activity.  In addition, the increased number of cross-
correlation pairs and the improved location algorithm have produced a general sharpening of the 
seismicity features in the new catalog. 

Synthetic location tests 

As part of our program to develop improved earthquake location methods, we compared three 
relative earthquake location techniques using tests on synthetic data that simulate many of the 
statistical properties of real travel-time data (Lin and Shearer, 2005). The methods are: (1) the 
hypocentroidal decomposition method of Jordan and Sverdrup (1981), (2) the source-specific 
station term method (SSST) of Richards-Dinger and Shearer (2000), and (3) the modified 
double-difference method (DD) of Waldhauser and Ellsworth (2000). We generated a set of 
synthetic earthquakes, stations and arrival-time picks in half-space velocity models.   We 
simulated the effect of travel-time variations caused by random picking errors, station terms, and 
general three-dimensional velocity structure.  We implemented the algorithms with a common 
linearized approach and solved the systems using a conjugate gradient method.  For distributed 
seismicity, the DD and SSST algorithms both provided improved relative locations of comparable 
accuracy.  

Figure 2 shows results for one random realization of the 3-D velocity model.  All of the 
differential location methods yield comparable improvements in relative location accuracy, with a 
slight edge to a new approach that we term the “shrinking box” SSST method, in which the size 
of the SSST averaging box is gradually reduced with each iteration. In our implementation of 
these algorithms, the SSST method runs significantly faster than the DD method.  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2.  A comparison of location methods for a random 3-D velocity structure.   Black dots 
are true locations, red dots are computed locations, and black triangles are stations.  (a) Single 
event location; (b) DD location; (c) SSST location; (d) SSST shrinking box location. 
 
Locating quarries using remote sensing data 

�In Lin et al. (2006) we obtained absolute locations for 19 clusters of mining-induced seismicity in 
southern California by identifying quarries using remote sensing data, including optical imagery 
and differential Digital Elevation Models.  These seismicity clusters contain 16,574 events from 
the SCSN from 1984 to 2002, which are flagged as quarry blasts but without any ground-truth 
location constraints.  Using georeferenced air photos and satellite radar topography data, we 
identified the likely sources of these events as quarries that are clearly visible within 1 to 2 km of 
the seismically determined locations.  We then shifted the clusters to align with the air photo 
images, obtaining an estimated absolute location accuracy of about 200 m for the cluster 
centroids.  The improved locations of these explosions are helpful for constraining regional three-
dimensional velocity models. 

Earthquake stress drops for southern California 

We computed and saved P, S, and noise spectra from over 2 million seismograms from 1984 to 
2003 using a multitaper method applied to a 1.28 s signal window and a pre-arrival noise 
window. Next, we stacked the P spectra to isolate source, receiver, and propagation path 
contributions to the spectra. The advantage of the method is that it identifies and removes 
anomalies that are specific to certain sources or receivers. This is an important step because 
individual spectra tend to be noisy and irregular in shape and difficult to fit robustly with 
theoretical models.  However, by stacking thousands of spectra it is possible to obtain much more 
consistent results.  



   
Figure 3.  Estimated Brune-type stress drops for over 65,000 southern California earthquakes 
from 1989 to 2001. Results are colored in equal increments of log Δσ.   

Next, we stacked the source spectra within bins of different seismic moment and fit the resulting 
size-dependent source spectra simultaneously for the theoretical source model of Abercrombie 
(1995) and a single empirical Green’s function (EGF) for the complete dataset.   We obtained a 
good fit using an ω-2 model and a constant stress drop of Δσ = 1.6 MPa.  Next, we adapted our 
EGF method to correct each source spectrum for the response of 500 neighboring earthquakes.  In 
principle, this will correct for any near-source attenuation differences that could be biasing results 
between different regions.  Individual event stress drops, as obtained by fitting each EGF-
corrected source spectrum using the Aberbrombie (1995) model, are plotted in Figure 3.   These 
estimated stress drops exhibit spatially coherent patterns.  For example, Northridge aftershocks 
and events in the Imperial Valley have low average stress drops, whereas apparently high average 
stress drops are seen in the Big Bear region.  
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