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A long-standing discrepancy exists in studies of the radiated seismic energy.  Some 
studies find that the scaled energy - the ratio between seismic energy and seismic 
moment - varies systematically with earthquake size [Mayeda and Walter, 1996], while 
others find that it does not [Ide and Beroza, 2001]. The scaling of seismic energy is an 
important issue for both the physics of earthquake faulting and for strong ground motion 
prediction.  For earthquake physics, a break in scaling might be diagnostic of a 
characteristic length scale in the faulting process.  For strong ground motion prediction, 
if large earthquakes radiate seismic energy more efficiently than do small earthquakes, 
then they have the potential to generate more intense strong ground motion.  It is this 
latter issue that is important for the extreme ground motion project.  

Under this grant we have used an empirical Green's function (eGf) method on the 
seismic coda in order to investigate possible scaling of the radiated seismic energy with 
earthquake size.  We correct for path effects in the spectra of earthquakes using a stack 
of closely located, small earthquakes as an eGf (Figure 1). We apply this approach to 
four earthquake sequences in western North America that span a magnitude range from 
Mw 3.0 – Mw 7.1.  

The method requires earthquakes close enough together that they share common 
path effects.  We analyze four earthquake sequences from western North America: the 
Mw 7.1 1999 Hector Mine sequence; the Mw 6.0 2004 Parkfield earthquake sequence; 
the 2008 swarm near the Cerro Prieto geothermal field in Mexicali, Mexico with several 
events of Mw 5; and the Mw 6.0 2008 Wells, Nevada sequence (Figure 2). These four 
data sets include events with both a range of magnitude over which moment-dependent 
energy scaling has been observed previously, and a diversity of mechanisms.  For each 
sequence, at least 40 events occur in close proximity to one another, and are well 
recorded on broadband seismic networks.  We analyze Mw > 4 earthquakes individually, 
and groups of smaller events in a stacked aggregate [Prieto et al, 2004]. At close 
stations for the large events, instrument-response-corrected low-gain recordings are 
used; while for smaller events and at larger distances, instrument-response-corrected 
broadband high-gain recordings are used. We repeat the analysis at approximately 30 
stations for each data set, at distances ranging from several kilometers to 250 km.  The 
large number stations reduces the variability in the averaged measurements, and the 
range of distances allows us to assess the validity of the empirical Green’s function 
assumption.  
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Figure 1.  (a) Broadband coda seismogram and narrowband envelopes for three representative 
events at one station for schematic narrow pass-bands. Empirically derived starting and ending 
points of the envelope amplitude measurements are shown with stars. (b) Coda amplitude 
values at each frequency are average of the narrowband envelope over the windows i - viii 
between stars. Representative frequency bands are indicated by numerals i - viii; other 
frequencies not shown in (a) indicated by open circles. Other events shown in grey; coda 
amplitudes found in the same manner as for the other events. (c) Source spectra created  by 
flattening first the smallest event (Mw 3.0), then the left-most point of each larger event.  Spectra 
are adjusted up on a log scale to match the moments, while preserving spectral ratios. (d) 
Multiplication by ω yields moment rate source spectra. Spectra are extrapolated to high and low 
frequencies. Energy is calculated from the integral of the moment rate spectra.  
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Figure 2. Study areas and stations used in analysis. 

 
Our estimates of scaled energy are consistent with independent measurements, 

where available.  We find no dependence in individual seismic energy estimates on 
source-station distance (Figure 3), which validates the eGf approximation. Our energy 
estimates for the larger events compare with those made independently. We find that a 
constant scaled energy of 2.4 × 10-5 provides a reasonable fit to all the data, with no 
systematic variation of the scaled energy with seismic moment required (Figure 4). The 
empirical Green’s function requires few assumptions – just a sequence of closely 
spaced earthquakes – and we plan to apply it to a wider range of earthquake sizes in 
the future, and to link stress drop estimates to measures of ground motion intensity. 
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Figure 3.  Energy from the Mexicali data compared to station-to-event distance. Different 
symbols (black circle, grey circle, white square and black triangle) show energy estimates for 
increasing station-event distances. The different symbols for each are separated along the 
moment scale for visual clarity. The estimates show similar scatter and no distance dependence 
in the method. 
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Figure 4.  Scaled energy for all four data sets. a) Large symbols show mean value of scaled 
energy for each location and event. Grey error bars show 5% and 95% intervals on the inter-
station scatter. b) Large dark symbols indicate the average scaled energy for each data set 
overlain on plot from Ide and Beroza [2001]. Estimates from this study fall within the range of 
previous results. 
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