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I. Project Overview 

A. Abstract 
In the box below, describe the project objectives, methodology, and results obtained and their significance. 
If this work is a continuation of a multi-year SCEC-funded project, please include major research findings 
for all previous years in the abstract. (Maximum 250 words.) 
 

The Collaboratory for the Study of Earthquake Predictability (CSEP) aims to develop a global cyber-
infrastructure for the independent evaluation of earthquake forecasting models and prediction algo-
rithms, both prospectively and retrospectively. CSEP thereby contributes to an objective and independ-
ent assessment of the predictive power of scientific hypotheses about earthquake occurrences.  
 
The 2022 CSEP workshop focused on four themes, each developed in a session: reviewing recent and 
ongoing CSEP activities around the globe; earthquake forecasting with machine learning; Operational 
Earthquake Forecasting (OEF) around the globe; and developing plans for the coming year. The work-
shop featured four sessions. The first session featured a primer on CSEP, with an overview of current 
capabilities, such as the community-based open source Python toolkit pyCSEP, the new design of float-
ing experiments and open testing centers, as well as talks that highlighted recent CSEP evaluations 
around the globe. The discussion gathered feedback on current CSEP activities and developed priori-
ties for the future. The second session focused on machine learning techniques for earthquake fore-
casting, and the development of benchmark exercises to compare these methods against traditional 
models. The third session comprised updates on OEF from the US and New Zealand, while the fourth 
session involved break-out group work that developed CSEP plans around the workshop’s themes.  

B. SCEC Annual Science Highlights 
Each year, the Science Planning Committee reviews and summarizes SCEC research accomplishments, 
and presents the results to the SCEC community and funding agencies. Rank (in order of preference) the 
sections in which you would like your project results to appear. Choose up to 3 working groups from below 
and re-order them according to your preference ranking. 
 

Collaboratory for the Study of Earthquake Predictability (CSEP) 
Earthquake Forecasting and Predictability (EFP) 
Working Group on California Earthquake Probabilities (WGCEP) 

C. Exemplary Figure 
Select one figure from your project report that best exemplifies the significance of the results. The figure 
may be used in the SCEC Annual Science Highlights and chosen for the cover of the Annual Meeting 
Proceedings Volume. In the box below, enter the figure number from the project report, figure caption and 
figure credits. 
 

n/a 

D. SCEC Science Priorities 
In the box below, please list (in rank order) the SCEC priorities this project has achieved. See 
https://www.scec.org/research/priorities for list of SCEC research priorities. For example: 6a, 6b, 6c 
 

5a, 5b, 1e 
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E. Intellectual Merit 
How does the project contribute to the overall intellectual merit of SCEC? For example: How does the 
research contribute to advancing knowledge and understanding in the field and, more specifically, SCEC 
research objectives? To what extent has the activity developed creative and original concepts?  
 

The results contribute to SCEC’s goal of understanding the predictability of earthquakes. New machine-learning 
techniques were presented that are promising and have the potential to improve the current state-of-the-art. Bench-
marks will help advertise the earthquake forecasting problem amongst the machine learning community. Recent 
CSEP activities are embedding open research principles, including reproducibility packages and open experiments.  
 
 
 F. Broader Impacts 

How does the project contribute to the broader impacts of SCEC as a whole? For example: How well has 
the activity promoted or supported teaching, training, and learning at your institution or across SCEC? If 
your project included a SCEC intern, what was his/her contribution? How has your project broadened the 
participation of underrepresented groups? To what extent has the project enhanced the infrastructure for 
research and education (e.g., facilities, instrumentation, networks, and partnerships)? What are some pos-
sible benefits of the activity to society? 
 

The predictability of earthquakes is of broad interest. Government agencies use seismic hazard models for building 
planning and other purposes, but the underlying hypotheses in source models remain debated. Our results contrib-
ute to this debate. SCEC-sponsored CSEP workshops are the global focal point for global CSEP collaborations 
and progress.  

G. Project Publications 
All publications and presentations of the work funded must be entered in the SCEC Publications database. 
Log in at http://www.scec.org/user/login and select the Publications button to enter the SCEC Publications 
System. Please either (a) update a publication record you previously submitted or (b) add new publication 
record(s) as needed. If you have any problems, please email web@scec.org for assistance. 
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II. Technical Report 
The technical report should describe the project objectives, methodology, and results obtained and their 
significance. If this work is a continuation of a multi-year SCEC-funded project, please include major re-
search findings for all previous years in the report. (Maximum 5 pages, 1-3 figures with captions, references 
and publications do not count against limit.) 

A. Project Objectives  
  
The objectives of this workshop were (1) review and feedback on the many recent and ongoing global 
CSEP activities, including the pyCSEP toolkit, new open science practices, and new testing methods, (2) 
assess the potential of machine-learning methods for earthquake forecasting and devise benchmark prob-
lems to facilitate cross-comparisons with traditional methods, (3) review the current status of OEF around 
the globe and (4) develop priorities and plans for the next year.  
 
This focused, by-application workshop brought together members of the global CSEP community, SCEC 
scientists and IT personal and USGS representatives. The program emphasized the CSEP nodes in Cali-
fornia, New Zealand, and Italy.  
 

B. Methodology 
 
This one-day workshop included sessions on the following topics: 

Session 1: Overview of Recent and Ongoing CSEP activities Welcome and Overview 
o Primer on CSEP and Current Capabilities 
o Are Regionally Calibrated Seismicity Models more Informative than Global Models? 

Insights from California, New Zealand, and Italy 
o Earthquake Forecast Testing Experiments in Italy: Results, Lessons and Prospects 
o Group discussion 

1. Community feedback on CSEP activities and plans 
2. Priorities for the “USGS bridge” period and a possible SCEC6 

Session 2: Earthquake Forecasting with Machine Learning 
o Neural network-based Temporal Earthquake Forecasts 
o Neural Point Processes and the 2016 Central Apennines Sequence 
o Group Discussion 

1. Community benchmark problems, datasets and forecasts 
2. A new ML-oriented community competition with CSEP benchmarks?  

Session 3: Operational Earthquake Forecasting around the Globe 
o Prospective testing of the USGS public aftershock forecasts following the M6.4 2020 SW 

Puerto Rico Earthquake 
o An Interactive Viewer to Improve Operational Aftershock Forecasts 
o Current State of New Zealand’s Operational Earthquake Forecasting 
o Group discussion 

1. How can CSEP best support OEF efforts in the US and globally? 
2. Identifying OEF models ready for model evaluation  
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Session 4: Developing Future Plans 

o Next steps for pyCSEP: dissemination, training, impact 
o Next steps for testing USGS and other OEF products 
o Developing benchmark problems, datasets, models for machine-learning models 
o Group Feedback and discussion 

C. Results 
 
Session 1: Overview of Recent and Ongoing CSEP activities 
 
Bill Savran: Primer on CSEP and Current Capabilities 
 
Bill provided a primer on CSEP, including who, what, how and why. He described the history of CSEP, the 
testing centers and achievements over the first ten-year phase. Learning from this first phase, he then 
described the benefits for the current modernised version of CSEP, including the community-based soft-
ware development and the open earthquake experiment format. The developer community is actively con-
tributing from over ten different institutions and so-called reproducibility packages provide all code, data, 
forecasts and anything else needed to fully reproduce the results of an evaluation. He then provided some 
highlights of publications that used pyCSEP.  
 
Questions concerned the role of the controlled environment and whether hypotheses could be fully speci-
fied in a floating experiment.   
 
Toño Bayona: Are regional earthquake forecasts more informative than global models? Insights 
from California, Italy and New Zealand.  
 
Regional models can use local or regional datasets to develop regionally calibrated forecasts, but global 
models offer greater testability against more large earthquakes, motivating a quantitative comparison 
of global and regional models within CSEP testing regions. Toño described a prospective test of multiple 
regional and global time-independent forecasts in the regions of California, Italy and New Zealand. GEAR1 
is competitive in all regions, but is outperformed by adaptive smoothing models in California and Italy, while 
it outperforms all models in NZ, including the NZSHM (see Fig. 1).  
 

 
 
Fig 1. Prospective comparative student T-test (i.e., Rhoades et al., 2011) results for globally and regionally calibrated seismicity models for California, 
New Zealand, and Italy. We show Information Gains per Earthquake (IGPE) obtained by nineteen regional models over the Global Earthquake Activity 
Rate (GEAR1; Bird et al., 2015) model, along with their calculated 95% confidence intervals shown as bars. Green squares denote regional models that 
can be considered statistically more informative than GEAR1, blue triangles show regional models that can be considered as informative as GEAR1, and 
red circles display regional models that are less informative than GEAR1. A global forecast map showing M5.95+, d 70 km estimates of seismicity per m 
per year, originally provided by the GEAR1 model, is also shown. Source: Bayona et al., (in preparation). 
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Questions concerned the small sample size of target earthquakes and the potential of Bayesian methods; 
the performance of the updated NZSHM, and the potential for nested models.  
 
Pablo Iturrieta: CSEP Floating experiments in Italy and New Zealand 
 
Pablo presented more details about the concept and design of floating experiments. He then presented 
results from the Italian experiments, by using a range of different scores, and categorising forecasts ac-
cording to their implicit hypotheses visualised as a spiral. He then described the new Italian time-dependent 
experiments, as well as tests of the 2013 European Seismic hazard model (ESHM13), which comprises 
three source models components, including area sources, fault background sources and smoothed seis-
micity. His results suggest that the 2020 map, which was tested pseudo-prospectively, performed better 
than the 2013 map, meaning the forecast skill of the updated model should be better than the old model. 
He also presented preliminary results of tests of the NZ hazard source model.  
 
Questions were raised about how to reconcile the apparently different results from California (where 
smoothing short-term high quality catalogs led to better performance) and Italy (where smoothing long-
term catalogs performed better).  
 
 
Session 2: Earthquake Forecasting with Machine Learning 
 
Sam Stockman: Neural point processes and the Amatrice sequence 
 
Sam started with an introduction to neural point processes, as a flexible alternative to traditional seismicity 
point process models like ETAS. He presented synthetic tests to show that the neural net can learn the 
ETAS intensity function and fit unseen ETAS simulations. One advantage is the much faster calibration of 
neural point processes over ETAS. He then presented experiments with the Central Apennines sequence, 
which showed an improved performance of the neural net over ETAS. He interpreted much of the improved 
performance as a result of better modelling by the neural net to model incomplete (non Gutenberg-Richter) 
data. He ended with discussion points, namely (i) that ML models exist in the same framework as current 
models, (ii) the need for accessible benchmark models, (iii) the need for communicating forecasting goals.  
 
Questions concerned particular characteristics of benchmark datasets; the role of the spatial extent of the 
region; and the ability to simulate from the ML model.  
 
Kelian Dascher-Cousineau: Neural network-based Temporal Earthquake Forecasts 
 
Kelian presented a similar neural model suite for forecasting. One conclusion is that the proposed model 
RECAST is outperforming ETAS once the catalog history becomes very large. He used multiple catalogs 
to demonstrate this performance: San Jacinto, SCEDC, and QTM, demonstrating some robustness. He 
also presented results of 14-day forecast intervals, which uses sampling of the Weibull mixture distribution. 
RECAST more frequently performs better than ETAS in these tests. RECAST still generates some forecasts 
that capture RIdgecrest sequence 
 
Questions surrounded using RECAST as a benchmark; creating Kaggle competitions; the potential for pro-
spective testing; and testing on catalogs of past periods in which new earthquakes will be present due to 
ML methods detecting more events.  It was proposed to introduce a seismicity dataset into standard ML 
benchmark datasets on which new models are tried out.  
 
 
Session 3: Operational Earthquake Forecasting around the Globe 
 
Nicholas van der Elst: Prospective testing of the USGS public aftershock forecasts following the 
M6.4 2020 SW Puerto Rico Earthquake 
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Nicholas described the USGS operational forecasts issued during the Puerto Rico earthquake sequence, 
starting from Reasenberg-Jones forecasts that were updated and later superseded by ETAS forecasts. The 
tweaks to ETAS included a Bayesian prior, derived from past global sequences, a distinct productivity for 
primary and secondary aftershocks; a Omori c-value that scales with magnitude; a preclusion of supercriti-
cal parameters. He described some challenges, namely magnitude irregularities (duration magnitudes sat-
urate, so used the US magnitudes. The numbers of the RJ forecasts were too low, but ETAS forecasts 
captured the observed numbers. Retrospective ETAS tests show interesting deviations early on. Another 
testing challenge involved the evolving catalog, which was used to generate the forecasts. ETAS was closer 
to targets (of 2.5% rejection rates) than RJ, but a full distribution is needed to perform better tests. Nicholas 
also considered the power of these tests when discrete numbers are small.  
 
Gabe Paris: An Interactive Viewer to Improve Operational Aftershock Forecasts 
 
Gabe first described the current Reasenberg-Jones based Operational Aftershock Forecast (OAF) method 
of the USGS.  They then demonstrated the capabilities of an interactive OAF viewer, which enables a vis-
ualisation of forecasts as well as a comparison between forecast (number) distributions and observed num-
bers. Their work was recently published in SRL.  
 
Kenny Graham: Current state of New Zealand's OEF tool 
 
Kenny started by describing the OEF system, which is a hybrid forecast tool (HFT), which comprises 3 
models: a short-term STEP & ETAS model; a medium term EEPAS model; and a long-term smoothed 
seismicity and faults/strain model (decades to centuries). Until recently, the OEF tool required human input. 
Now they use a Docker container to enable all individual models on a single computing environment. He 
then described the GUI of the HFT. Timescales are over 30, 90 and 365 days. Users are mostly interested 
in medium and long-term. An API provides access to the catalog. Kenny next presented some example 
forecasts, including ground shaking. In a What Next session, he outlined next steps, including engagement 
with stakeholders, updating and parameterising the models, and revitalising the testing center.  
 
Questions involved testing of ground motion models; whether model source code was open-source; and 
the stakeholders of the OEF system.  
 
Session 4: Developing Future Plans 
 
The break-out groups organised around three themes:  

1. Next steps for pyCSEP: dissemination, training, impact.  
o A need was identified for a clear development road map 
o pyCSEP training workshops should be offered to OEF developers to understand capabili-

ties and opportunities 
o new features should be driven by the user community 

2. Next steps for testing USGS and other OEF products 
o Operational doesn’t need to mean automated, although automation helps users under-

stand the products and can avoid issues during an active sequence.  
o FASTETAS might be a candidate ready for CSEP testing.  
o Catalog issues and incompleteness were identified as issues that might affect testing.  
o Need for a common testing platform or environment in which OEF models from different 

regions can be compared.  
o A useful feature for pyCSEP would be a reference/benchmark ETAS model.  

3. Developing benchmark problems, datasets, models for machine-learning models 
o Participants identified a need for a hierarchy of benchmarks that would educate ML folks 

about the particularities of earthquake data.  
o A Kaggle competition was proposed.  
o Benchmarks should be very simple to lower the barrier for entry.  
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o A tutorial notebook should be published that shows what a benchmark model in Seismol-
ogy and ML look like and how to compare them.  

o Participants agreed to further meetings to follow up ML benchmarking.  

 

D. Significance 
  
The workshop brought together members from the SCEC, USGS, machine learning and global CSEP com-
munity to discuss a number of important topics in earthquake forecasting and model evaluation, including 
(1) the many recent and ongoing global CSEP activities, including the pyCSEP toolkit, new open science 
practices, and new testing methods, (2) the potential of machine-learning methods for earthquake forecast-
ing and benchmark problems to facilitate cross-comparisons with traditional methods, (3) the current status 
of OEF around the globe and (4) priorities and plans for the next year. The CSEP workshop at SCEC forms 
the focal point of the global CSEP collaboration and is a crucial venue for exchanging ideas and making 
progress towards the CSEP2 goals.  
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