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Ruhl and Neupane: EGF Spectral Ratios
We apply strict objective criteria to select potential Empirical Green’s 
functions (EGF) for 91 target events between M3.8 and M4.2. We fit 
azimuthally-averaged spectral ratios of both P- and S-waves using the 
Boatwright model to find corner frequency and perform a grid-search to 
estimate its uncertainties. We then calculate stress drop assuming a 
symmetrical circular source model (kp=0.32, ks=0.26; Kaneko & Shearer, 2015).
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Highlights: EGF Method
Selecting potential EGFs (25 max / target):

• hypocentral separation less than 2 estimated 
source dimension

• EGF ML 1-2.5 units smaller than target

Criteria Applied to Individual Ratios:
• magnitude-dependent time window
• magnitude-dependent filtering applied
• cross-correlation > 0.75
• SNR > 3 for both events
• bandwidth > 5 Hz

Criteria Applied for Stacking & Fitting:
• minimum of 3 ratios per station
• minimum of 3 stations per target
• fc2 bounds assuming stress drop 0.1 - 10 MPa
• require variances to increase around best-fit fc 

(i.e., parabola-shaped minimum)
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Fitting Example. (top) Waveforms for M4.0 target and M1.9 EGF event, 
(left-top) Amplitude spectra of events and pre-event noise, (left-bottom) 
Spectral ratio with grid-search fits, (right-top) Source time function, 
(right-middle) Variance percentage of grid-search around fc1, 
(right-bottom) trade-off between moment and fc2 during grid-search.
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Highlights: Example Results
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Liu and Huang: Spectral Ratios

We apply the spectral ratio method based on empirical Green’s function using 
the Brune source model (Liu et al, 2020) to the RidgeCrest dataset. We use a 
multi-moving window for smoothing the source spectra, and a bootstrapping 
method to quantify the uncertainty of corner frequency estimates. For M2.0-4.5 
events, we obtain P-wave and S-wave corner frequencies for 456 and 333 
events, respectively.
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Methods
1. Multi-moving window
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2. Bootstrapping

total window

single window

std = 0.014 std = 0.035

䋻 fit bootstrapped ratio by 50 
times, and calculate the 
standard deviation of 50 corner 
frequencies

Selection criteria:

䚔 Scaled with event magnitude: 
window length, 
frequency range for fitting, 
minimum station distance, 
magnitude difference ranges, 
maximum master-egf distance, 
minimum occurrence time difference

䚔 waveform snr > 3 for two frequency 
ranges

䚔 common stations >= 5
䚔 std(log10fc) < 0.03

䋻 final spectrum 
= ∑spectrum / 5



Results and Discussions
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P-wave corner frequency

P-wave stress drop

Dash lines: 5th - 95th percentile.

Predicted magnitude difference = 
0.72 * catalog magnitude difference 
+ b

Results:
䙜 The slope between 

predicted and catalog 
magnitude difference is 
similar to 0.74 in Trugman 
(2020) and 0.75 in Ross et 
al. (2016).

䙜 The estimated stress drops 
increase with magnitude 
using both P and S waves.

Δσ=7M0fc
3/16k3β3

kS = 0.26, kP = 0.38
β = 3600 m/s

Limitations:
The frequency bandwidth for 
fitting spectral ratio is ~50 Hz. 
䋻 possible underestimation for 
magnitude M2-3.5 events.



Emma Devin/Grace Parker/Annemarie Baltay: 
Generalized inversion

We use the generalized inversion technique (GIT) as in Andrews (1986), 
implemented as in Klimasewski et al. (2019) to obtain event and station 
spectra, constrain amplitudes using a reference event, and fit spectra to the 
Brune model to obtain corner frequencies.

Presented by: Emma Devin
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Generalized Inversion Technique (GIT) (Andrews, 1986) 
Using a subset of 12 events of M3.28 - M4.9 from the full dataset, and 
only records from stations with 3 or more records (to later be expanded 
to include more events from the full dataset): 

1. Filter (band pass), detrend (linear), apply instrument corrections.

2. Compute velocity power spectra (in m) using multitaper quadratic fft.

3. Correct records for geometrical spreading assuming a 1/R distance 
scaling. 

4. Invert to find station and event spectra using GIT (all stations and 
events used in inversion; trade-offs possible).

5. Find constraint event (most Brune-like): 

where ᷎=3500m/s, ᷟ=5e6Pa, U=0.63, ᷝ=2750kg/m3, fc=᷎(ᷟ/8.47*M0)
⅓ 

and apply it to all spectra. The use of an event as constraint is not 
typical for this method, and it is as of yet unknown how this will affect 
results. Future work will include using a station instead and comparing 
results. 
  

6. Fit Brune model to constrained event spectra using nonlinear least 
squares to fit corner frequency and moment.  Corner frequency then 
used to obtain stress drop. Same constants used as in step 4; starting 
value for fc from formula, and starting value for moment simply catalog 
moment.
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Figure 1: (a) Record spectra for all records. (b) Event and 
station spectra.  (c) Constraint event, function, and the result of 
applying constraint function on constraint event.
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GIT Results for Ridgecrest 
Notes on our preliminary results: 

• no significant bias seems to be present in 
modelling of moment (Fig. 2d)

• perhaps some bias in modelling of corner 
frequency (Fig. 2e)

• best fit moments and corner frequencies 
seem to fall in a reasonable stress drop 
range (~1-10MPa)

Next Steps
• expand our dataset to include more events 

from the Ridgecrest sequence
• experiment with a station as constraint
• refine analysis of uncertainty in our 

estimates
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Validation Study TAG. Southern California   Earthquake Center Annual Meeting, Poster 195.
[3] Bayless, J. and Abrahamson, N.A. (2019). Summary of the BA18   ground䇲motion model for Fourier   
amplitude spectra for crustal   earthquakes in California. Bull. Seismol. Soc. Am., 109, 2088-2105.
[4] Brune, J. N. (1970). Tectonic stress and the spectra of seismic shear waves from Earthquakes. J. Geophys.   
Res., 75, 4997-5009.
[5] Klimasewski, A., Sahakian, V., Baltay, A., Boatwright, J., Fletcher, J. B.,   Baker, L. M. (2019). ᶜ0 and   
broadband site spectra in Southern California from source model-constrained inversion. Bull.   Seismol. Soc. 
Am., 109, 1878-1889. 
[6] Prieto, G.A., Parker, R.L. and Vernon III, F.L. (2009). A Fortran 90 library for multitaper spectrum   analysis. 
Comput. Geosci., 35, 1701-1710. 
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Figure 2: (a-c) Example plots of event spectra fit with the Brune model.  Starting model curve is shown in 
dotted grey, and best fit model is shown in red.  (d) One-to-one plot of best fit moment to catalogue 
moment. (e) One-to-one plot of best fit corner frequency to theoretical corner frequency. (f) Best fit 
moment vs. best fit corner frequency, and theoretical relations for stress drops of 1MPa and 10MPa.  
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Bill Ellsworth: Filtered Amplitudes
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Highlights: Method
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We measure the peak amplitude of the shear wave 
displacement after filtering by a 1-octave, 3-pole Butterworth 
filter.  Pre-event noise on the left, seismogram on the right
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Pre-event noise                     Filtered seismograms

Before correction After correction



Highlights: Results
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Left: Comparison between Trugman’s seismic moment measurements and those 
determined in this study.  Right: Comparison between catalog !

 
 and determined 

in this study from the calibrated seismic moments.
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Bindi et al: Generalized inversion/Spectral 
Decomposition

We apply a spectral decomposition approach (Castro et al., BSSA, 1990) to 
isolate repeated source, propagation and site effects without imposing any 
a-priori functional forms. A reference site condition is assumed to break the 
trade-off between source and site terms. Alternative source models are fit to the 
source spectra in a post-decomposition step. Presented by: D. Bindi
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Method and previous results

• A data set with high degree of redundancy is 
used to factorize the FAS into non-parametric 
(a) propagation P (b) site Z and (c) source S 
terms (Figure 1):  
LogFASij(f)=LogSi(f)+LogP(Rij;f)+LogZj(f)

• The linear system is solved in a least-squares 
sense assuming some constraints to break 
trade-offs (non uniqueness) and to regularize 
solutions;

• In particular, we constrain the average site 
amplification for a set of selected stations 
(green, Figure 1b) to an a-priori spectral 
function (yellow, Figure 1b).
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Figure 1 (a) Spectral attenuation term (b) Site amplifications 
(c) Source spectra d) Source parameters scaling 
(Bindi et al., 2020, Local and Moment Magnitude Analysis in the Ridgecrest Region, 
California: Impact on Interevent Ground-Motion Variability, BSSA)
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Method and outlook

• We already applied this decomposition 
approach to Ridgecrest but using a different 
data set (Bindi et al., 2020, 2021, BSSA)

• We repeat the decomposition by considering 
the data set prepared for the benchmark 
focusing on aspects such as:

䙘 fit the decomposed non-parametric source 
spectra to more general source models 
(e.g. using the genetic algorithm approach 
applied by Picozzi et al, 2017, Figure 2)

䙘 further investigate depth-dependencies of 
source parameters (Figure 3);

䙘 study epistemic uncertainties connected to 
the applied a-priori constraints

Southern California Earthquake Center 20

Figure 2. Picozzi et al (2017), Accurate estimation of seismic source 
parameters of induced seismicity by a combined approach of generalized 
inversion and genetic algorithm: Application to The Geysers geothermal area, 
California, JGR
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Figure 3. Bindi et al (2021), 
Stress Drop Derived from 
Spectral Analysis Considering 
the Hypocentral Depth in the 
Attenuation Model: Application 
to the Ridgecrest Region, 
California, BSSA



Oliver Boyd: Spectral Ratio
We use a spectral ratio method for pairs of 
events recorded at common stations. Multi-taper 
spectral estimates are measured on the 
tangential component of ground motion 
acceleration using time windows that include the 
coda. Noise is estimated from pre-event time 
series and subtracted from spectra containing 
both signal and noise. Corner frequencies and 
moments for all earthquakes in a cluster are 
solved simultaneously assuming a Brune model.

Recent collaborators: 
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Previous Work: Method and Results
Previous effort to evaluate stress drop for 60 
mainshocks across the U.S. to evaluate regional 
variations.
Oliver S. Boyd, Daniel E. McNamara, Stephen Hartzell, George Choy; Influence of Lithostatic Stress 
on Earthquake Stress Drops in North America. Bulletin of the Seismological Society of America 2017; 
107 (2): 856–868. doi: https://doi.org/10.1785/0120160219.
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Figures 2, 9, and 10 from Boyd et al. (2017). (a) Mainshocks used in
analysis. (b) Relationship between stress drop and focal depth. (c)
Relationship between focal mechanism and stress drop.
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(a)

(b) (c)• Events within 10 km of mainshock.
• Signal time windows 1 minute before to 3 

minutes after the expected arrival of a 
shear wave with 3.5 km/s moveout.

• Noise time windows using 10 minutes of 
data prior to origin time.

• Stations up to 5 degrees distant in the 
CEUS and 3 degrees in the WUS.

• Results exhibit apparent moment, focal 
mechanism, and depth dependence.



Ridgecrest: Method and Results
Ridgecrest Analysis for one cluster
• Events within 5 km of large event 

(ev#38450263, M5.36; 56 events > M3).
• Signal time windows defined by significant 

duration (Kempton and Stewart) for a shear 
wave with 3.5 km/s moveout. A quarter of this 
value is added to either side of the window for 
a cos taper. (up to ~30 seconds)

• Noise time windows using data prior to the 
expected P-wave arrival (up to 90 seconds).

• Stations up to 1 degree distant.
• Stress drops on average are a factor of 2

greater than 2017 analysis with 1/4 of the 
standard deviation.

• Results consistent with 2017 analysis and 
exhibit apparent moment and depth 
dependence.
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(a) Ridgecrest earthquakes (black dots), studied large event (green star),
and stations (blue triangles). (b) Corner frequency versus moment (gray
circles—2017, magenta circles—Ridgecrest); and stress drop versus
depth (c) and moment (d). Blue lines in (c) and (d) are from 2017 study.
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