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Two key source parameters have high variability



Fit a source model:

Zero-frequency 
level is proportional 

to 𝑀0
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Fit a source model:
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level is proportional 

to 𝑀0

Estimate parameters:
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Stress drop from 𝑀0 and 𝑓𝑐 estimation
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Isolating source spectra with spectral decomposition
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Motivation for this work

1. How can we improve the accuracy of seismic moment and corner frequency 
estimates?

2. How can we obtain consistent moment and stress drop estimates using both 
P-waves and S-waves?
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P- and S-wave spectral decomposition comparison

Moment comparison

Larger events have 
less agreement



Moment comparison Stress drop comparison

Larger events have 
less agreement

P- and S-wave spectral decomposition comparison
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Compute spectra using the 
following:

1. Filter entire seismogram using 
many different narrow bandpass 
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amplitude inside the time window 
of interest

3. Assemble a spectrum from 
these maximum amplitudes and 
correct for passband width

𝑑𝑖𝑗 ≈ 𝑒𝑖 + 𝑠𝑗 + 𝑡𝑘(𝑖,𝑗) + 𝑟𝑖,𝑗Decomposition

Lower frequency 
limit
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Real earthquake example, 
lower low-frequency limit

Reliable spectrum with lower low-frequency limit

Spectral method

Amplitude method

Vertically shifted for illustration
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Amplitude decomposition improves 𝑀0 estimates

• Theoretical change in slope is 
apparent, though not exactly 2/3

• Larger moment magnitude events 
follow this trend

• Lower frequency limit = higher accuracy 

in 𝑀0 estimation

Slope = 0.74

Slope = 1.08



Conclusion

• Amplitude method is reliable to lower frequencies than spectral decomposition

• Good moment agreement between methods so far, possibly better estimation 
with amplitude method

• We are adjusting methods to get better consistency between P-wave and S-
wave spectral decomposition, and S-wave amplitude decomposition to reduce 
source parameter uncertainty
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