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Introduction to the SCEC Community Stress Drop Validation TAG

contact: abaltay@usgs.gov

Stress drop is a fundamental earthquake source parameter that in theory relates the average slip on a 
fault to rupture area, and in practice inherently indicates how energetic the earthquake is. Many 
SCEC research goals require a closer understanding of stress; one method of querying stress hetero-
geneity and its relationship to controlling physical factors is through the estimation of earthquake 
stress drop. However, stress drops are notoriously variable and difficult to measure, and estimates by 
different researchers, using different methods or datasets, have yielded highly inconsistent values. 
Thus, this SCEC Technical Activity Group (TAG) has been formed to understand the physical controls 
and methodological reasons for variance in stress drops, so that they can be used reliably by the 
earthquake science community.

Research Priorities:  1. How do differing methods and model assumptions affect stress drop esti-
mates? How do different researchers approach similar methods?
2. How does data quantity, quality, selection and processing affect stress drop estimates? 
3. How do physical source (mechanism, depth, radiation pattern, directivity), path (geometrical 
spreading, attenuation), and site (soil conditions, site attenuation) features affect the estimates?

Goal: Determine the most appropriate method for estimating stress drop for a given situation. At the 
conclusion of the TAG, we hope to provide guidance on best practices for estimating stress drop and 
its real uncertainties, and assessing reliability of published measurements. This will allow future stud-
ies of source physics and ground motion to be guided by reliable stress drop measurements.

Benchmark Exercise: The first benchmark exercise is strict. Participants are asked to use only the 
earthquakes and waveforms provided in the common dataset, so that we can more easily compare 
methods. You do not need to use all of the data, just do not to add any other data. 

Optional Exercise: The second component is optional and open ended. Participants may add events 
or waveforms to ensure your method works best. Please provide a description on how these results 
may differ from the benchmark exercise. 

Community Stress Drop Validation TAG Get Involved! Find out more! 
Are you generally interested in this effort? Want to join our mailing 
list? Do you already have stress drop results you’re willing to share? 
Do you want to start estimating stress drops? Want to be involved 
in the “meta-analysis” comparing different studies?

Any and all are invited to join!  

Save the Date! 
SCEC (virtual) workshop: November 4

https://www.scec.org/research/stress-drop-validation
TAG Website

Join the mailing list! 
https://listserv.usgs.gov/mailman/listinfo/

stressdrop-validation

Chat at SCEC!
Leave us ideas, suggestions, criticism in the chat below
Meet us HERE in Zoom Wednesday 9/15 8am-9am PT 

email Annemarie abaltay@usgs.gov 
or Rachel rea@bu.edu
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Ridgecrest Data SetRidgecrest Data Set

 
Catalog: 
• ~13,000 earthquakes of M1+ over two weeks: July 4 to July 17, 2019. 
• M7.1, M6.4, 3 M5, and 86 M4 events, from catalog of Trugman (2020).
• Two-week window chosen to avoid introducing selection biases, yet retain 
a set of earthquakes sufficient for the wide variety of expected analyses. 
• Unlikely for any individual contributor to analyze all the earthquakes, 
but we expect enough overlap from different groups/approaches. 
Waveform Data: 
• ~100 local and regional stations within 1-degree (~110km). 
• Broadband, accelerometer and geophone instruments (nodals excluded); 
horizontal and vertical components. 
• Record length proportional to M: 
M1 15s before OT to 60s after; M6+ 90s before OT to 310s after.
• Waveforms are in mseed format, directly download as .tar file
Meta Data: 
• Earthquake catalog with SCSN magnitudes. Relocations from Trugman (2020)
• P- and S-wave phase picks for each waveform
• Vs30 estimates at all stations
• obspy Python script used to download the data for specific uses
• Simple 1D velocity model for those wanting depth-dependent rupture velocity 
correction (provided by Malcom White, MIT, by combining and discretizing the 

07/04
07/05

07/06
07/07

07/08
07/09

07/10
07/11

07/12
07/13

07/14
07/15

07/16
07/17

07/18

Date

1

2

3

4

5

6

7

8
SC

SN
 C

at
al

og
 M

ag
ni

tu
de

Magnitude distribution of events
Total number = 12943

5270

3822

2065

974
49922259 27 2 1 1 0 1

1 2 3 4 5 6 7
SCSN Catalog Magnitude

0

1000

2000

3000

4000

5000

6000

N
um

be
r o

f e
ar

th
qu

ak
es

1 2 3 4 5 6 7 8
SCSN Catalog Magnitude

-5

0

5

10

15

20

D
ep

th
 (k

m
)

Ridgecrest 
area

Recording stations (from Rekoske et al, 2020)

 117.7 W  117.6 W  117.5 W  117.4 W

 35.6 N  

 35.7 N  

 35.8 N  

 35.9 N  

 36.0 N  

1

2

3

4

5

6

7

SC
SN

 C
at

al
og

 M
ag

ni
tu

de

Map of events over two-week period

https://scedc.caltech.edu/data/
stressdrop-ridgecrest.html

Shared, public dataset now available for download! 

models from Lin 
et al. (2007; 25% 
weighting), Zhang 
and Lin (2014; 
25% weight) and 
White et al. (2021; 
50% weight).)

Inverting seismic 
data for Earthquake 

Source and 
Attenuation 

Structure Source Path Site
??

??

Seismogram

Both problems need better estimates of uncertainty 
and variability

Simplistic assumptions and 
typical data - do NOT over-interpret 
results. 

Extrapolation 
more biased 
by trade-offs  
than 
interpolation

BUT data 
inadequate to 
resolve fully 

complex 
problem…

…How do we 
provide end users 

with reliable 
numbers?

Trade-offs and 
uncertainties from 

forcing the real earth 
into simple models

Biased outcomes

Studies using different 
assumptions disagree 

Need modeling including source & path 
complexity and excellent data to 
investigate energy balance and dynamics

Okubo et al., 2019Abercrombie & 
Rice 2005

Depends on BOTH the problem we are trying to solve, AND 
the quantity and quality of data. 

Small earthquakes are 
complex when data are 
good enough to observe

circular 
source

1D (or constant) 
attenuation 

structure

known – ideally

Ye et al., 2016

Qs model

Simple Models... 
Source

Path + Site Instrument

... but real Earth is far more complex! 
source complexity

path inhomogeneity 
in real earth

What do we do? 

Source 
Physics

Estimates of ground 
motion for hazard
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