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Outline
• Research problem:
To compute the probabilities for the occurrence of the largest 
expected events (earthquakes) during a future time interval.

• Two approaches:
Extreme value distribution;

Bayesian predictive distribution.

• Application to the 2019 Ridgecrest, California, 
earthquake sequence.
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Earthquake/Aftershock Forecasting
• Use the information from the early events in the 
interval [T0, Te] to forecast the magnitudes of the 
largest expected event in [Te, Te + ∆T]:
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Two Approaches for Forecasting
• Using the extreme value theory and point estimates for 
the earthquake rate and the frequency-magnitude 
statistics (Reasenberg and Jones, 1989).

• Using the Bayesian approach combined with the 
Markov Chain Monte Carlo sampling of the posterior 
distribution to compute the Bayesian predictive 
distribution for the magnitude of the largest expected 
earthquake (Shcherbakov, et al., Nat. Comm., 2019; Shcherbakov, JGR, 

2021). 4



The July 2019 Ridgecrest, California, 
Earthquake Sequence
• Earthquake 
epicentres.

• The focal 
mechanisms of the 
M7.1 (06/07/20) 
mainshock and 
M6.4 (04/07/20) 
foreshock (Shcherbakov, 

JGR, 2021). 5



Earthquake Rate Models
• The Omori-Utsu model (Utsu, 1961):

• The compound Omori model (Ogata, 1984):

• The Epidemic Type Aftershock Sequence (ETAS) model 
(Ogata, 1988):
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Earthquake Magnitude Distribution
• A left-truncated exponential distribution for the 
earthquake magnitudes:

• Gutenberg-Richter scaling and b-value:
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Extreme value distribution
• Consider a non-homogeneous Poisson process.

• The extreme value distribution for the largest expected 
earthquake in the interval [Te, Te + ∆T] to be greater 
than m (Reasenberg and Jones, 1989; Shcherbakov et al., 2018, 2019):

where                                        is the productivity.
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Bayesian Predictive Distribution
• The Bayesian predictive distribution for the largest 
expected earthquake in the interval [Te, Te + ∆T] to be 
greater than m (Shcherbakov, et al., Nature Comm., 2019):

where                   is past seismicity during [T0, Te].
PEV(mex > m) – is the extreme value distribution.
p(θ,ω|S) – is the posterior distribution for the model parameters: 
{θ,ω}.
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The 2019 Ridgecrest Sequence
• MCMC sampling 
of the posterior 
distribution 
(Shcherbakov, JGR, 2021).

• Posterior 
distribution of 
the ETAS 
parameters.
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The 2019 Ridgecrest Sequence
• The extreme 
value and 
Bayesian 
predictive 
distributions 
(Shcherbakov, JGR, 

2021):

• ∆T = 7 days.
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The 2019 Ridgecrest Sequence
• Probabilities 
for the largest 
expected 
earthquakes 
to be above   
m ≥ 4.5, 5.0, 
6.1, 6.4, 7.1 
(Shcherbakov, JGR, 

2021):
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Forecast Verification: (N-, M-, R-, T-
tests, Bayesian p-value)
• The observed 
and forecasted 
numbers of 
earthquakes 
(N-test). 

• ∆T = 7 days.
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Conclusions
• An approach based on the Bayesian methods and 
extreme value theory is implemented to constrain the 
magnitudes of the largest expected earthquakes to 
occur during a specified future time interval.

• The Bayesian approach allows to incorporate the model 
uncertainties into the computation of probabilities.

• The 2019 Ridgecrest earthquake sequences was 
analyzed to illustrate the method (Shcherbakov, JGR, 2021).
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