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Problem



How can we as stress droppers best utilize simply synthetic data to resolve known parameters? 

Goals of Session:
Hear previous work - what have they done? What have we learned? 
What is missing? 

Step 1: Benchmark methods on simple synthetics to ensure consistency/accuracy between methods

Step 2: Address potential  causes of  uncertainty and trade-off in our current methods:
Source: Brune/Boatwright? Vary n? 1 or  2 corners? subevents? 
Path: homogeneous frequency independent Q? Depth dependent Q, Spatially (azimuthally) varying 

Q? Frequency dependent Q?
Site: high frequency attenuation (kappa0)? Frequency-dependent amplification and resonance? 

Other site variability - ensure realistic site uncertainty is included

Designing new data sets - need to focus on parts in stages
Start simple, gradually add a single type of complexity, then combine 
Start with a set of synthetic spectra.

(Long term: use sophisticated dynamic/kinematic models, including complexity of source, path and site)

Strategy to use Synthetics to Understand and 
Improve Source Characterization



Design individual Synthetic Data sets of kinematic source spectra to address problems in turn:

Question 1: If source, path, site are simple, how well can methods resolve the input values? 

Question 2: If source and site are relatively simple, what uncertainty/bias do you get from 
depth-dependent variation in attenuation?

Question 3: If path is simple, how does including source complexity affect uncertainty? 

Question 3: Site??? 

Question n: Allow everything to be complex!! 

Question n+1: use sophisticated dynamic/kinematic models, including complexity of source, path 
and site

Possible Implementation Plan



Ongoing/completed work

● Dino Bindi
● Jamie Neely
● Ian Vandevert
● Xiaowei Chen
● Chen Ji



Example of numerical experiment reproducing the geometry 
of an empirical data set to evaluate the GIT performance

Name: Dino Bindi 

Synthetic FASs were generated considering the same event location, event 
magnitude, station location, event-station combinations of the actual data set 
used for the spectral decomposition (GIT) (data and synthetics shared the 
same design matrix)



Name: Dino Bindi

Data geometry
~4100 events
~400000 FASs

Simulation schema

● Piecewise linear G(R)
● Q=Q(f)=Qof

ɑ

Source spectra

Attenuation 
Model
(the same for
all simulations)

Different scalings

Site effects



Results (example)
Name: Dino Bindi 

Synthetics

Recorded  data

https://doi.org/10.1785/0120200126

https://doi.org/10.1785/0120200126


Name: Jamie Neely, Sunny Park, Annemarie Baltay, Rachel Abercrombie

Stress drop estimation methods assume source simplicity

What impact does source complexity have?



Name: Jamie Neely, Sunny Park, Annemarie Baltay, Rachel Abercrombie



Name: Jamie Neely, Sunny Park, Annemarie Baltay, Rachel Abercrombie

Example Synthetics



Name: Jamie Neely, Sunny Park, Annemarie Baltay, Rachel Abercrombie

Example Synthetics



Name: Jamie Neely, Sunny Park, Annemarie Baltay, Rachel Abercrombie

What are we actually measuring?



Name: Jamie Neely, Sunny Park, Annemarie Baltay, Rachel Abercrombie

What are we actually measuring?

Estimate/Area-Weighted Avg. Estimate/Mo-Weighted Avg.



Name: Jamie Neely, Sunny Park, Annemarie Baltay, Rachel Abercrombie

How do frequency-band limitations impact estimates?



Name: Jamie Neely, Sunny Park, Annemarie Baltay, Rachel Abercrombie

How does magnitude distribution impact trends?

GR Mag. 
Dist.

Uniform Mag. 
Dist.



Name: Ian Vandevert, Peter Shearer, Wenyuan Fan



Name: Ian Vandevert, Peter Shearer, Wenyuan Fan



Improved approach for stress drop estimation and its application to an induced 
earthquake sequence in Oklahoma 
Chen and Abercrombie, GJI 2020

We use synthetic tests based on 
a joint spectral-fitting method to 
define the resolution limit of the 
corner frequency as a function 
of the maximum frequency of 
usable signal, for both individual 
spectra and the average from 
multiple stations. 

Synthetic tests based on 
stacking analysis find that an 
improved stacking approach can 
recover the true input stress 
drop if the corner frequencies 
are within the resolution limit 
defined by joint spectral-fitting. 

Xiaowei Chen and Rachel Abercrombie

Fc measure/fc in

Input



Synthetic experiment for spectral ratio fitting
Step 1. Generate two synthetic Brune spectral: fc1 = 2.1 Hz, fc2 = 11.8 Hz. 

Similar results for “simultaneous fitting of fc1, fc2” or “fixed fc2”

Xiaowei Chen



Synthetic experiment for spectral ratio fitting
Step 2. Check the influence of fixed fc2. Jointly fitting fc1 and moment ratio.

Strong tradeoff between fc1 and moment ratio. Also, fc1 increases when “fixed fc2” increases

But somehow the “ratio” between “best-fitting fc1” and “fixed fc2” becomes stable when bandwidth is sufficient. 

Xiaowei Chen



Synthetic experiment for spectral ratio fitting
Step 3. Check the influence of noise on simultaneous fitting (fc1, fc2, moment ratio). 

fc1 scatter increases with increasing noise amplitude. 

When bandwidth is high, the scatter is small for both fc1 and fc2. 

Xiaowei Chen



Chen Ji



Chen Ji



Chen Ji



Chen Ji



S t a t e w i d e  C a l i f o r n i a  E a r t h q u a k e  C e n t e r

Proposed Community Synthetic Study

Name: Add your name! 

Question: How well can different methods separate source, path, site, all with 
known inputs?

Plan: Run relatively simple synthetics in which we can specifically control spectral 
stress drop, attenuation, site spectra, before moving on to larger dynamic, 

kinematic simulations

Implementation: Annemarie, Rachel, Peter, Dino, Elizabeth develop several sets of 
simplistic data, and test. Within next ~2 months, distribute to community. 

Mimic *new* empirical dataset in magnitude, location, station distribution?



S t a t e w i d e  C a l i f o r n i a  E a r t h q u a k e  C e n t e r

Sources: 
● 100 earthquakes
● Named EQID 0001 to 0100
● Source model (some complexity?)
● Exactly co-located sources
● M2 - 6, GR distribution
● Random fc from distribution (known 

only to developers)
● Moment magnitude given
● All have depth of 8km

 Records:
● 200 sps
● Given window length
● Time series, velocity in m/s 
● FAS. 

Initial runs: 
● 1D set up. 
● 100 earthquakes
● 30 stations
● All earthquakes at all stations
● Distance is prescribed for each station
● Single regional Q/velocity - given. 
● ? noise
● S waves

 Data format:
● Text format

Stations: 
● 30 stations
● Named A1 - A30
● Distances from 0-100, distributed as  R2

● For all: stlat = 0; stlo = R 
● Each station has a random “station 

term” (k0 + amplifications, known only 
to “developers”)

Question: How well can different methods 
separate source, path, site, all with known inputs? 



How can we as stress droppers best utilize simply synthetic data to resolve known parameters? 

Goals of Session:
Hear previous work - what have they done? What have we learned? 
What is missing? 

Step 1: Benchmark methods on simple synthetics to ensure consistency/accuracy between methods

Step 2: Address potential  causes of uncertainty and trade-off in our current methods:
Source: Brune/Boatwright? Vary n? 1 or  2 corners? subevents? 
Path: homogeneous frequency independent Q? Depth dependent Q, Spatially (azimuthally) varying 

Q? Frequency dependent Q?
Site: high frequency attenuation (kappa0)? Frequency-dependent amplification and resonance? 

Other site variability - ensure realistic site uncertainty is included

Designing new data sets - need to focus on parts in stages
Start simple, gradually add a single type of complexity, then combine 
Start with a set of synthetic spectra.

(Long term: use sophisticated dynamic/kinematic models, including complexity of source, path and site)

Strategy to use Synthetics to Understand and 
Improve Source Characterization



Design individual Synthetic Data sets of kinematic source spectra to address problems in turn:
First using very simple geometry, then repeat with geometry matching *new* empirical dataset
[New: Add Noise, Vary Frequency range, Vary M distribution]

Question 1: If source, path, site are simple, how well can methods resolve the input values? 

Question 2: If source and site are relatively simple, what uncertainty/bias do you get from 
depth-dependent variation in attenuation?

Question 3: If path is simple, how does including source complexity affect uncertainty? 

Question 4: Site??? 

Question n: Allow everything to be complex!! 

Question n+1: use sophisticated dynamic/kinematic models, including complexity of source, path and 
site

Possible Implementation Plan



Dino’s group contributions 

D. Bindi
GFZ-Potsdam

A. Oth (ECGS),  M. Picozzi (OGS), D. Spallarossa (UniGe)
+ ………………………



Dino’s group contributions 



Simulation
logic-tree 

Source (Brune-like) Propagation Site term

Dino’s group contributions 



FAS = Source Propagation Site +noise   
(correlated noise)

Summary of the 
FAS simulations

Dino’s group contributions 







Example of preliminary results

Dino’s group contributions 
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Dino’s group contributions 

More is coming…..soon!

Feel free to contact us if you are interested to 
participate (dino.bindi@gfz.de)



S t a t e w i d e  C a l i f o r n i a  E a r t h q u a k e  C e n t e r

2:55 pm Pacific: Wrap up

Thanks for coming! 
Review (including Introduction) 

 

ALL LINKS FOR TODAY: https://tinyurl.com/49m7w4ys

https://www.scec.org/events/2026-community-stress-drop-validation-workshop/

https://tinyurl.com/49m7w4ys


Choosing a Northern California Data set for 
a second Community comparison

Bay Area with different subsets (regional, large magnitudes…)



Step 1: Likely Causes and How Bad is it? 

Rachel Abercrombie: Intro thoughts and Summary

First Community 
Validation 
experiment - 



43

2019 Ridgecrest Earthquake Study

Rachel Abercrombie: Intro thoughts and Summary

https://seismica.library.mcgill.ca/articl
e/view/1009



BSSA 2025: Special Issue + 1

Rachel Abercrombie: Intro thoughts and Summary

https://docs.google.com/document/d/1tiDZ2F8pc6kkBN22zY3tcVBw2T7NMZsLQkQ7XpOWXF0/edit?tab=t.0

Abercrombie and Baltay: Magnitude, Depth, and Methodological Variations of 
Spectral Stress Drop Within the SCEC/USGS Community Stress Drop 
Validation Study Using the 2019 Ridgecrest Earthquake Sequence 
BSSA 2025 https://doi.org/10.1785/0120250056 

Contact Authors, or 
rea@bu.edu for 
access if you need it

https://doi.org/10.1785/0120250056
mailto:rea@bu.edu


Abercrombie, Baltay et al. 2025
Overview of Community Study

Rachel Abercrombie: Intro thoughts and Summary

56 estimates from 20 independent groups - A lot 
of scatter

Much systematic and random variation, 
error bars do not overlap

All Events submitted

Direct Comparison of 
8 sample events



Maybe we should use stronger quality control? 
Only include very best constrained estimates

Rachel Abercrombie: Intro thoughts and Summary

Scatter Decreased - removes less 
well constrained values?



Effect of different kappa values

Ji et al. 
2024

Shearer et al. 2024
DIFFERENCE between 
values for different studies

Submitted Results: Absolute Values kappa ~ 
0.015 - 0.06 s

Difference between Values 
Δkappa ~ 0.01 - 0.04 s

Ahn et 
al. 2025

Calderoni & 
Abercrombie 2024

Site and Path attenuation



Site Effect: Amplification, Resonance, Attenuation 

Rachel Abercrombie: Intro thoughts and Summary

Shearer et al. 2024

Abercrombie 1995, 1997 - 
Cajon Pass Deep Borehole



Trade Off between attenuation 
and source varying with source 
depth
Abercrombie & Baltay (2025), 
also Abercrombie et al. (JGR 
2021). 
Dino Bindi will present new 
synthetic results later. 

Over-simplified  Attenuation Structure
D

ep
th
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m
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Assumption of Simple Source Model

Rachel Abercrombie: Intro thoughts and Summary

Even small earthquakes are often NOT simple circular sources e.g. Pennington et al. 
BSSA 2022, GJI 2023; Abercrombie et al. GRL 2020 and many more



Cochran et al. 2025: Simple Source models  do 
not converge for complex spectra 

Rachel Abercrombie: Intro thoughts and Summary

Some is likely real source variation. Some from 
inaccurate path and site correction to make 
“source spectra” ?

17 Independent groups fit provided 
“source spectra” with Brune-style 
source model. Variation can reach 
an order of magnitude.



Cochran et al. 2025: Simple Source models  do 
not converge for complex spectra 

Rachel Abercrombie: Intro thoughts and Summary

Some is likely real source variation. Some from 
inaccurate path and site correction to make 
“source spectra” ?

17 Independent groups fit provided 
“source spectra” with Brune-style 
source model. Variation can reach 
an order of magnitude.

Special Issue - papers addressing 
source complexity/heterogeneous 
rupture include:

Son and Chaves, 2024
Shimmoto & Miyake, 2024
Chu et al., 2024
Neely et al., 2024
Abercrombie, Chen & Huang, 2025



Two Corners - More free parameters so fit 
data better. 
But how well constrained?
How do they scale? Are smaller 
earthquakes less “complex”, or resolution 
issue? 

Two Corners? Crack v Pulse? Sub-events?

Denolle & Shearer, 2016 Ji & Archuleta, 2021 Shimmoto, 2025



Crack v Pulse - Kano et al. 2025 JGR
✔ Crack-like rupture: Local slip continues until the rupture reaches 

the fault edge. 

✔ Pulse-like rupture [Heaton, 1990]:

Local slip duration is shorter than the total rupture duration (and 
duration expected from stopping phases produced at the fault edge).

✔ Large EQs are typically pulse-like [e.g., Melgar and Hayes, 2017].

✔ Small EQs are often assumed to be crack-like. 

✔ If the self-similarity holds between small and large EQs, do most                    
small EQs exhibit pulse-like behavior?

Note: The reasons behind pulse-like rupture are still debated                    
(e.g., enhanced velocity-weakening friction, stopping phases, fault 
heterogeneities, etc)

Main result: Pulse-like ruptures better 
match observed seismic energy 
patterns than crack-like ruptures.

Fit Results of Yoshida 
& Kanamori 2023



Abercrombie and Baltay 2025

Better agreement between 
relative values after removing 
systematic offsets and large 
scale (Mag. and depth) trends.

All studies show similar spatial 
variation - there is some real 
signal within the noise. 

But there is some real variation if only we can 
decrease the random and systematic uncertainties



We have a problem
Source is more complicated than simple models
Earth structure & attenuation are more 
complicated than assumed in most inversions
Site effects - amplification & attenuation are 
complicated and significant

Data are limited - resolution very variable 
depending on quantity and quality of recordings 
and quantity & magnitude of earthquakes

Towards a Solution? 
A follow-up comparison:
Are method developments following initial 
comparison helping??

Synthetic experiments:
Design carefully to isolate each issue at a time 
to quantify and explore
Consider alternative approaches for different 
goals

High frequency ground motions v. source 
physics
Regions with higher/lower quantity/quality of 
recording

Summary of Current Status

Rachel Abercrombie: Intro thoughts and Summary



S t a t e w i d e  C a l i f o r n i a  E a r t h q u a k e  C e n t e r

INVITED TALKS on 
NEW AND ONGOING WORK

Gian Maria Bocchini: Earthquake Stress Drop values delineate spatial variations in 
maximum shear stress in the Japanese forearc lithosphere

Sara Beth Cebry: Source parameters from fully constrained laboratory 
earthquakes

Hilary Chang: Microearthquake stress drop and attenuation from borehole DAS 
at Cape Modern

Mariano Supino: Bedretto micro-earthquakes

Keisuke Yoshida: HiNET Source time functions from repeating earthquakes off Tohoku



SCEC new TAG Letter of Intent (LOI) submitted

● Ideas sprouted from in-person discussions at SCEC AM
● (now) LOI is reviewed by SCEC
● (spring 2026) We write a longer (5-page?) TAG proposal
● More folks always welcome to join as key participants 

Five Pillars for new TAG (proposed): 
1. New empirical data set. The community will discuss and 

decide on a new focus region for comparative study, likely 
in northern California at the funded January 2026 virtual 
workshop.

2. Simulations/Synthetics. Produce simulated datasets that 
match the earthquake magnitudes, locations, and station 
distribution of the empirical dataset to test model resolution 
and isolate sources of tradeoffs and uncertainties.

3. Ridgecrest Study. Continue analysis to understand the 
large variability still apparent in the published results, 
including comparisons with GMM methods and detailed 
models of regional structure. Use additional data (e.g., 
nodal arrays, DAS) to improve constraints.

4. Site response. Study site response and kappa to clarify 
trade-offs between amplification and attenuation with 
source spectral features. Ambiguity in correcting for 
near-surface effects was identified as a major source of 
discrepancies in the original Ridgecrest comparative study.

5. Other/novel estimates of source parameters. Examine 
band-limited energy, time-domain approaches, 
magnitude-related properties, and any connection of 
spectral Δσ to other physical parameters, specifically other 
“stress parameter” measurements.



SCEC in-person workshop

● Awarded $20,000 to hold an in-person workshop! 
● In-person 1-day workshop at USGS Moffett Field, CA with hybrid option. 
● Planning for ~50 people. 
● Award will cover travel for participants: 2 nights lodging for ~25 people and 

airfare for ~8 (will consider need-based) 

When??? We want your input. 

May 11-15; June 22-26; June 29-July 1

August 12 - September 3

https://forms.gle/YeGshCvf6Hjio4ur5



Summary
VOTE for your preferred dataset! 

https://forms.gle/f857XgwPRtQwWQsJA

region M range # EQs f range Depth # of Sensors comments Science implications

Geysers
Small area

0-5 23 M>4 since 2009
Thousands of small

4.5 Hz phones 2-4km 32 in 20x10 km Are any large events clipped? 
summer/winter attenuation 
varies?

Fluid-driven effects, several stress 
drop studies

SPE
Small area

M<3 Short duration High f < 1km Very dense close-in 
recording

Known sources, aftershocks of 
explosions

Very specific focused study. 

Lake Almanor M<5.7 57 > M2.5 with nodals Nodals + a few 
BB, SM

crustal. ~2 - 10 
km

Little for 10 years (2 in 25 
km); dense for 2 months

34 station Nodal deployment Hazard implications for dams

Calaveras larger 
area

M<5 Since 2000: 6 M4.5+; 
1869 M2/5+

Similar to 
Ridgecrest

crustal. 81 in study area, Spacing 
~10 km

Similar scale and recording to 
Ridgecrest?

Hazard in the bay area, spatial 
variations

Parkfield medium 
area (small within 
HRSN)

M1-6 5000+ Surface: 1-20, 
HRSN 1-60Hz. 

crustal.
~2 - 12km

Dense surface, and 
shallow borehole. Very 
short term deep SAFOD

Very well studied.
DAS, SAFOD borehole. 
Comparison with 

What is causing spatial variations? 
What is stress drop for small EQs? 
Temporal changes following M6

Nevada
Medium scale

M2+ 
catalogued

Monte Cristo- lots of 
EQs, 9 Mile, Antelope 
Valley, Parker Butte, 
Reno-Carson area

Similar to 
Ridgecrest

Sparse, big azimuthal 
gaps, short nodal 
deployment for Monte 
Cristo

Novel! Not well studied. Station 
coverage is sparse. May need 
relocations? No previous
Best coverage probably 
Reno/Carson area

Could test limits of methods! 

Site measurements available for 
Reno/Carson

Bay Area
(large area)

<6 (Napa) ~800>M3, 55>M4 since 
2003

Similar to 
Ridgecrest, 
Hayward borehole 
4-55 Hz

crustal Lots, approx 10 km? Velocity and attenuation models 
exist, good geology. 
Could focus on Hayward area? 
(borehole)

Seismic hazard to Bay Area. 

San Ramon (small, 
within Bay area)

< 4.4 ~250+ since 2000 M2+ Quite dense Why ongoing clusters? Why move 
around? 

https://forms.gle/f857XgwPRtQwWQsJA


Choosing a Northern California Data set for 
a second Community comparison

Bay Area with different subsets (regional, large magnitudes…)


