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SUMMARY. We report on the progress in Year 1 in 2021 of the Community Stress Drop 
Validation Technical Activity Group (TAG). The TAG seeks to understand the physical controls 
and methodological reasons for similarity or differences in estimates of earthquake stress drops, 
so that they can be used reliably by the earthquake science community. Under the TAG, many 
researchers from the community independently calculate and submit stress drop estimates using a 
consistent dataset of the 2019 Ridgecrest sequence of earthquakes. In Year 1, we put together 
and distributed this common data set of ~13,000 earthquakes recorded on ~100 stations from the 
2019 Ridgecrest sequence, and associated metadata. Following Workshop #1, we have identified  
a subset of 55 earthquakes for particular focus in the second year of the TAG.  In only one year, 
the TAG has gained huge momentum, with 117 members on the mailing list, 101 participants at 
Workshop #1, and 11 research groups submitting preliminary results. The TAG activities are 
three-fold: (1) Coordination of the study and generation and upkeep of a common dataset; (2) 
Analysis of the common dataset to estimate stress drops; and (3) Meta-analysis of the resulting 
stress drops to understand their correlation or why differences arise. As the TAG developed, it 
became clear it is also serving a real need in informing potential users of stress drop-type 
measurements what they should be careful about and how to understand published stress drop 
values, when incorporating them into their own work. 
 
1.  TAG MOTIVATION and ORGANIZATION.  
 Our models and understanding of the dynamics of earthquake rupture depend on 
estimates of earthquake source parameters. Stress drop, in theory, is the difference in stress 
before and after rupture; in practice it links the low-frequency estimates of seismic moment to 
the high-frequency radiated energy assuming simple Brune-type models (Brune, 1970; 
Madariaga, 1976). Stress drop is integral to understanding and modeling basic earthquake 
rupture kinematics and dynamics, is an essential input parameter into rupture and ground-motion 
simulations, and is a key parameter in empirical ground-motion studies to represent earthquake 
source physics. Understanding real variation in earthquake stress drop is inherent in identifying 
the factors that control earthquake rupture.  

For as long as stress drop has been measured, it has been a topic of debate, as stress drop 
estimates are rife with uncertainties and appear highly variable (Cotton et al., 2013). For 
individual earthquakes, stress drops estimated by different researchers or using different methods 
rarely agree (e.g., Abercrombie, 2013, 2014; Huang et al., 2017; Shearer et al., 2019; Pennington 
et al., 2020), implying that calculated uncertainties of at least some approaches must be 
significantly underestimated. On a larger scale, the jury is still out on whether stress drop scales 
with magnitude (e.g., Baltay et al., 2010; Malagnini et al., 2014; Bindi et al., 2020), depth (e.g., 
Trugman and Shearer, 2017; Abercrombie et al., 2020), or mechanism (e.g., Allmann and 
Shearer, 2009; Boyd et al., 2017). In order to resolve these basic trends, and for stress drop to be 
most reliably used both to understand rupture physics and in models and simulations, we need to 
understand the physical reasons for these disagreements.  
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 SCEC seeks to understand both the characteristics and uncertainty of earthquake stress 
drop as it relates to basic source physics, rupture modeling and ground motion prediction, and 
has a focus on collaborative stress drop studies under Seismology Research Priority 4.1.3: 
Collaborative Earthquake Stress Drop and Source Study. This TAG specifically meets this 
research priority. 
 The motivation for the SCEC Community Stress Drop Validation TAG is focused on 
understanding the nature and causes of discrepancies in earthquake stress drop, as well as where 
random and physical variability arises. In this context, the main goals for the TAG are to use a 
common data set of records from the 2019 Ridgecrest earthquake sequence (consisting of over 
12,000 events of M1 to M7.1) to address the questions:  

● How do differing methods and model assumptions affect stress drop estimates?  
● How do different researchers approach similar methods?  
● How do data quantity, quality, selection and processing affect stress drop estimates?  
● How do physical source (mechanism, depth, radiation pattern, directivity), path 

(geometrical spreading, attenuation), and site (soil conditions, site attenuation) features 
affect the estimates? 

● What measurements, and uncertainties, would be most useful for the broader community? 
The TAG itself has three main tasks: (1) Coordination of the TAG, which includes coordination, 
workshop organization, and development and distribution of a common waveform dataset; (2) 
Analysis of Ridgecrest stress drops by individual PIs; and, (3) Meta-analysis of the individual 
stress drops, to understand the sources of variability.  
 
2. YEAR-1 COORDINATION EFFORTS.  
 In 2021, co-PIs Abercrombie and Baltay created the TAG website, created a mailing list 
(now with 117 members), held a chat session at the SSA 2021 meeting and a larger meet-up at 
the SCEC 2021 Annual Meeting (attended by 42), and hosted the first workshop in November 
2021, attended by over 100 people from many countries on five continents. Baltay and 
Abercrombie also gave an invited overview of the TAG to the SCEC Dynamic Rupture 
Workshop in December 2021, and presented posters about the TAG at the 2021 SSA Annual 
Meeting and the 2021 SCEC Annual Meeting. Taira presented a talk at SSJ in October (in 
Japanese). Baltay and Abercrombie convened a 2021 AGU session “Community Stress Drop 
Validation, Focused on the 2019 Ridgecrest Earthquake Sequence” with 13 submitted papers, 
including a presentation by Abercrombie. As the TAG developed, it became clear it is also 
serving a real need in informing potential users of stress drop-type measurements what they 
should be careful about and how to understand published stress drop values, when incorporating 
them into their own work. This inter-community communication aspect of the TAG was given 
focus at the Workshop where invited speakers from user communities introduced and discussed 
their interests and needs from observationalists.  
 
3. YEAR-1 DATASET DEVELOPMENT. 

With inputs from the TAG members, co-PI Taira generated, distributed, and updated a 
common waveform database based on a two-week subset of the relocated SCSN catalog of 
Trugman (2020), using all earthquakes of M >1 and larger which occurred in the Ridgecrest 
vicinity. This includes three components for nearly 13,000 earthquakes, recorded on 98 local and 
temporary stations at distances up to 1-degree. Taira also created a database of P- and S-wave 
phase picks for every record with two methods: the first set are from SCEDC, but are not 
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available for all events or stations; the second are theoretical travel time calculations using a 1D 
velocity model. We also include Vs30 (time-averaged shear-wave velocity in the upper 30m) for 
each station, and a Ridgecrest-are 1D velocity model for those wanting depth-dependent rupture 
velocity correction, created by Malcom White by combining models from Lin et al. (2007),  
Zhang and Lin (2014) and White et al. (2021). This dataset and all associated metadata is hosted 
at a Southern California Earthquake Data Center (SCEDC) website and accessible to anyone to 
easily download with a few clicks, as well as the batched subset of 55 events, discussed below.  

 
Figure 1. Preliminary submitted stress drop results from 11 research groups (legend), vs catalog 
magnitude. Generalized Inversion Technique (GIT)/ Spectral Decomposition (SD) methods are shown 
with diamond symbols; empirical Green’s function (eGf) spectral ratio methods shown in dots; eGf finite 
fault in stars; and other methods in triangles. 
 
4. YEAR-1 RESEARCH.  

In 2021, SCEC funded co-PI Ruhl within the TAG and seven related proposals (21017 - 
Trugman; 21032 - Chen; 21045 - Dreger/Taira; 21055- Fan; 21082 - Abercrombie/Shearer; 
21167 - Ellsworth; 21169 - Wu/Chen). Leading up to Workshop #1 in November 2021, 11 
research groups submitted initial results from this dataset, some with multiple methods for a total 
of 14 preliminary results (Figure 1). Several different methods were used, including (1) Spectral 
Decomposition / Generalized Inversion - Inverting a set of spectra simultaneously to distinguish 
source, site, and path effects, then model source spectra; (2) Spectral Ratios/eGf frequency 
domain - Co-located eGf event used to isolate source from path and site effects, then model 
source spectra: frequency domain; (3) Source time functions/eGf time domain - Co-located eGf 
event used to isolate source from path and site effects, then model source time functions: time 
domain; and, (4) Other – Arias intensity; filtered amplitudes, single station. Additionally, there 
were many research groups who were unable to submit preliminary initial results for the 
workshop due to the short timeline and who intend to submit results to the 2022 Workshops. 

Co-PI Ruhl participated in quality control and preparation of the dataset before it went 
public and processed the data into Matlab files for empirical Green’s function (EGF) analysis. 
Ruhl and student Neupane further developed codes for EGF spectral ratio analysis by 
incorporating azimuthal averaging (per-station stacking prior to full stack) before fitting to for 
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corner frequency. Ruhl and Neupane calculated stress drops for ~50 events using P-waves and S-
waves, independently, and contributed this preliminary data set to the TAG Workshop #1. They 
have continued to estimate stress drops to explore the depth dependence of Ridgecrest 
earthquakes by comparing with other published studies (Trugman, 2020; Bindi et al., 2020); 
preliminary results suggest that our method better accounts for attenuation and reduces the depth 
dependence (i.e., slope in Figure 2). These results helped guide the selection of the 55 focus 
events that all groups will compare. 

 
Figure 2. Comparison of 
Ruhl and Neupane’s total of 
99 P-wave and 121 S-wave 
results with the published 
estimates of Bindi et al., 
(2020) and Trugman 
(2020).  
 

 
 
 
 
 
 
 

 
Meta-analysis of preliminary results: The common dataset was made available on the 

website in late spring 2021, and prior to Workshop #1, all were invited to analyze the data and 
provide estimates of stress drop, corner frequency, or other similar source parameters. We 
received submissions of preliminary, initial results from 11 research groups (14 submissions 
when counting that some researchers submitted two methods). Prior to the workshop, 
Abercrombie and Baltay performed a preliminary meta-analysis of the individual results. As the 
submitted results were themselves very preliminary (due to time constraints), we did not attempt 
a more complete analysis of the type we plan for the later, improved results. The 11 groups who 
are led by: Ian Vandevert, Dino Bindi, Xiaowei Chen, Emma Devin, Bill Ellsworth, Killian 
Kemna, Meichen Liu, Christine Ruhl, Oliver Boyd, Haoran Meng and Doug Dreger.  

Direct comparison of the reported stress drops reveals considerable scatter, which was 
not surprising, but perhaps some stronger correlation between results using similar methods 
(Figure 1, 2). Some of this disagreement is from different magnitudes and different models for 
stress drop, so we next focused on the corner frequencies. We found a set of 22 events that were 
analyzed by at least 8 methods, and considered the corner frequency scatter between the methods 
for those groups, finding that the scatter between the methods is much more than that between 
events. Initial results also indicate that the estimated moment magnitudes have large 
disagreement in some cases, so we need to focus on how magnitude is estimated as well.  

A main goal of this initial analysis was to guide the TAG on how to proceed over the next 
year. One idea was to identify some events to focus on, to narrow the scope from the 13,000 
events in the common data set. To that end, we identified a subset of 55 events (Figure 3) that 
span a range of depths and magnitudes and form several clusters along strike, and contain the 
originally identified 22 events. The list of this subset was shared with the mailing list in early 
2022, and will be the focus for the workshops in 2022.  



Report for SCEC Award 21083: A TAG for the Community Stress Drop Validation Study 
 

5 

5. 2021 WORKSHOP #1 SUMMARY.  
Workshop #1 “Stress Drop Validation – Planning and Preliminary Results” was held as a 

Zoom meeting on November 4, 2021. Anyone currently working on, or interested in, the science 
questions noted above and/or learning about Ridgecrest earthquake studies was encouraged to 
apply to participate, especially researchers and young investigators. We received 132 
registrations, and 101 participants from 14 countries on 5 continents (for more details, see Baltay 
and Abercrombie 2021, Workshop Report). We worked to ensure a diverse group of speakers and 
moderators, prioritizing early-career researchers and gender equity. We were glad to see many 
student participants looking to understand the problems and meet the community as they begin 
work in this field. Prior to the workshop, we solicited preliminary results estimating stress drop 
using the common dataset, and used those results in the workshop to start discussion. As one 
overarching goal for the workshop was simply to get people together, get them talking and build 
(and maintain) project momentum, we experimented with formats in different sessions, built in 
lots of time for discussion and breakout rooms, and had fewer long talks. Moderators and 
breakout room leads took notes in a shared Google doc, and from that and the live discussions 
we were able to retain lots of feedback, and some future directions for the TAG. The presentation 
of the methods and initial results at Workshop #1 got participants engaged, helped guide 
discussion, and generally led to several forward paths. There were several consistent topics of 
discussion: how to calibrate and obtain real systematic and random uncertainties in existing 
methods, and active discussion with different users to help develop new methods of measuring 
more useful measurements. 

 
Figure 3. Subset of 55 events for focus. (left) Map view of selected events colored by depth and sized by 
magnitude, with gray dots showing the entire catalog of ~13,000 events. (right) Magnitude vs. date plot 
colored by depth with histogram of magnitude distribution.  
 
6. PLANS FOR YEAR 2.  

Looking ahead to the second year of the TAG, we hope to hold two workshops, the first 
virtually in late spring or early summer, and the second in-person at the September SCEC 
Annual Meeting 2022. In anticipation of those workshops, we distributed the list and batched 
waveforms of the selected 55 events on which to focus. We plan to host virtual-meetups 
approximately monthly, as well as in-person at meetings, such as the April 2022 SSA Annual 
Meeting. Baltay will give a talk about the TAG at the SSA Annual Meeting as well as virtually at 
the JpGU Annual Meeting, in a Source Processes session that Abercrombie is co-convening. The 
PIs are also preparing an article for Eos about the TAG, and continuing to encourage new 
researchers to join the TAG!  
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