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Abstract: Interim Report  
 
Earthquakes of similar moment often radiate very different amounts of high-frequency 

radiation, and quantifying this variation and resolving its causes are vital to understanding the 
underlying rupture physics and producing reliable ground motion prediction equations (GMPEs). 
These energy variations are commonly modeled in terms of earthquake stress drop, a 
fundamental source parameter implicit in many of the science goals of SCEC5, but challenging 
to measure. During our SCEC collaboration, the PIs have investigated the origins of the large 
uncertainties and scatter in stress-drop estimates by comparing different approaches to analysis 
of P-wave spectra from small to moderate earthquakes in Southern California. We have gained 
an understanding of the limitations of the methods and how they can be improved, most recently 
identifying biases in the calculation of the spectra and the correction for path attenuation. One of 
our insights is that stress-drop estimates rely heavily on certain modeling assumptions, which are 
difficult to verify from observations even with high-quality regional network data. Thus, we 
favor measures of high-frequency radiation that are closer to the data and rely less on specific 
theoretical rupture models or poorly-constrained empirical corrections.  

 
 

Progress to date: 
 
Because funding for this project was only recently received, we have filed an extension 

request and plan to complete the work in the coming year.  We have, however, recently 
submitted a paper (Shearer, Abercrombie, & Trugman, 2022) that introduces a new approach for 
spectral analyses of small to moderate earthquakes and applied it to over 70,000 southern 
California earthquakes (see Figure 1).  We will build on these results as we examine questions 
such as the possible depth or moment dependence of earthquake stress drop. 
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Figure 1.  Stress-drop estimates for 28,378 M 2 to 4 earthquakes in southern California from 
1996 to 2019. Each earthquake has at least 10 M ≤ 1.6 calibration events (assumed to have Brune 
fc = 30 Hz) within 5 km in horizontal distance and 2 km in depth; thus results are only obtained 
in regions of relatively dense seismicity. Higher stress drops are plotted in blue, lower stress 
drops in red. Surface fault traces are plotted.  
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