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Who is operational earthquake 
forecasting for?

• Audience/stakeholders: 

• Public: what to expect/what’s normal? 

• Emergency Response: situational awareness. Aid in rescue decisions 

• FEMA, lifelines: Triage, where to park the trucks, realistic scenarios. 

• Scientists: prospective testing of earthquake models.



Over what time frame is an aftershock forecast useful?
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• Reasenberg and Jones (1989) - Omori’s law. Productivity-magnitude scaling. Gutenberg-Richter magnitudes. 
• California Generic model only (no automatic tuning) 
• Text-based forecast posted as a link somewhere on USGS event page 
• Earthquake Science Center has been asked to ‘Operationalize’ (automate) forecasts for M5+ earthquakes in US.

Current state of operational earthquake 
forecasting at the USGS

Omori 1900, Utsu et al., 1995
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R&J is bad for operational earthquake forecasting. Ex: 
2015 M7.8 & M7.3 Nepal earthquakes

• Reasenberg and Jones forecast ‘breaks’ if there is a big 
aftershock. 

• Current solution: ad-hoc “double” forecast (triple, quadruple?)  

• Better solution: Epidemic-Type model…
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• Basic rule of the epidemic model: Every earthquake, including aftershocks, 
triggers more earthquakes. 

•  Aftershock sequence is always a sum of contributions.

ETAS: Epidemic-type aftershock sequence

• Big aftershocks are like new outbreaks in 
an epidemic 

• About 50% of aftershocks are secondary

Tertiary
aftershocks

and so on…

Mainshock
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Aftershocks
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aftershock

ETAS is what you would come up with if you had to automate Reasenberg & Jones



R&J averages over secondary 
triggering

ETAS has rate spikes at large 
aftershocks

n=10 
n=3

ETAS localizes hazard in time (and space) 
compared to R&J
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No magnitude forecasting in sight (aside from G-R)

Helmstetter and Sornette, 2003

“mainshock” magnitude is independent 
of foreshock numbers
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Aftershocks follow G-R, with no distinction 
between aftershocks/foreshocks

Earthquakes probably don’t know how big 
they’re going to get until they get there
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Forecasts must always include caveats about low probability high-impact events.
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Global forecasts: regionalized generic models



Bayesian model updating for sequence-
specific forecasts
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Parametric Forecast: Advantages 
• Model can be trained on relatively few data once the statistical laws are devised. 
• The statistical laws themselves are fascinating. 

Disadvantages 
• Parametric models can be “over-tuned.” (though using a prior helps tremendously) 

• Aleatory variability has to be assumed/modeled.  
• Some percentage of sequences just don’t fit the idealized model

What’s next: Beyond parametric models
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• Almost model free: just define similarity.
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Construct forecast from previous similar sequences.

Target sequence

Similar sequences
All past sequences

Alternative: Similarity-based forecasting

Advantages: no surprises. Forecast distribution is distribution of real sequences. 

Disadvantages: lots of data needed to sample complete distribution.



• Similarity defined from event count. 

• Forecast distribution is non-Poissonian: 

• Poisson forecast: 0-8 aftershocks 

• Similarity forecast: 0-23 aftershocks (no surprises) 

• In practice, combine strengths through ensemble modeling. 

• Other possibilities for defining similarity

Similarity-based forecasting

Poisson 
(R&J)

Similarity forecast

Example: M7 earthquake with 6 M5+ aftershocks in the first day



Epidemic-type forecasts can zero in 
on aftershock hot-spots.

2015 Nepal Earthquake2015 M7.8 and 7.3 Nepal
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2015 Nepal Earthquake

• The aftershock hazard map evolves with time…

Epidemic-type forecasts can zero in 
on aftershock hot-spots.



• Large aftershocks change the hazard landscape…

Epidemic-type forecasts can zero in 
on aftershock hot-spots.

2015 Nepal Earthquake



2015 Nepal Earthquake

• Aftershock hazard continues to be elevated…

Epidemic-type forecasts can zero in 
on aftershock hot-spots.



Moving from spatial rate to spatial hazard 
• GMPEs and local topographic slope as proxy for Vs30 for site amplification (probabilistic ShakeMap)

Without site effects With site effects



What’s in the pipeline at the USGS?

• Automatic epidemic-type forecasts 
for M5+ in the United States. 

• A summary ‘pin’ on the USGS event 
page. 

• Scenarios, Magnitude-probability 
tables. 

• Spatial forecasts? 
• Depends on user interest and 

programmatic support…



In the meantime… Aftershock Forecasting software.
Funded by US-AID OFDA, available soon as an OpenSHA app www.opensha.org/apps

http://www.opensha.org/apps




The next step: Beyond point-process forecasting: 
Combining the epidemic model with a fault network.

Field et al., 2018

With faults Without faults

UCERF3-ETAS



Are characteristic faults more 
susceptible to triggering?

• Characteristic fault: High geologic slip rate compared to instrumentally observed activity (“Sleeping giant”). 
• Assumed to make up the activity deficit in large ‘characteristic’ earthquakes 
• Translates to: higher probability that any given event on that fault is a foreshock.

Bombay beach swarm
(9/26/16)
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Are characteristic faults more 
susceptible to triggering?

Bombay beach swarm
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Productivity of characteristic faults



Does fault proximity affect productivity?
• Proximity to faults does not appear to affect aftershock 

productivity or foreshock rates 
• Proximity to faults does not even affect the b-value/MFD  
• Either:  

• the near-fault effect is only evident at the largest magnitudes 
• or there’s no such thing as an ‘off-fault’ earthquake.
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Conclusion
• Coming soon: automatic Epidemic-type aftershock forecasts for all M5+ 

earthquakes in the US. 

• Map products in development. Looking to identify potential users and build 
programmatic (and programming) support. 

• Continuing research into the effect of faults on the forecast model. 

• Standalone software for generating maps and advisories available soon as an 
openSHA app.


