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Figure: Branching Model Structure Figure: Expected Aftershock Productivity

Omori-Utsy Law:
(1) = (t+c) P
(here: c=0.01, p=1)
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Figure: Spatial Decay of Aftershock Rates Figure: Temporal Decay of Aftershock Rates
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Bias 1: Isotropic Spatial Kernel?

Event Locations till one day after Mw7.1 mainshock
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Figure: Infinite Isotropic Spatial Kernel Figure: 2019 Ridgecrest Aftershock Locations

% Aftershocks occur along typically elongate rupture planes [?]

% As a consequence of this bias, events at the endpoints of the
mainshock rupture may not be identified as direct aftershocks
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Bias 2: Infinite Spatial Kernel?

Event Locations till one day after Mw7.1 mainshock
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Figure: Infinite Isotropic Spatial Kernel Figure: 2019 Ridgecrest Aftershock Locations

. Aftershocks occur in a locally restricted area around the mainshock

. As a consequence of this bias, the aftershock productivity of small
events is overestimated at the cost of large earthquakes
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Bias 3: Short-Term Aftershock Incompleteness
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Figure: Power Law Decay of Aftershock
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Figure: Short-Term Aftershock

Incompleteness

& Overlapping coda waves hinder records of early aftershocks

% As a consequence of this bias, the Omori-Utsu law is misfitted and
the aftershock productivity of strong earthquakes underestimated
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Solving Three Biases at Once

1) A generalized, anisotropic and locally restricted spatial kernel

F (@, Y|raniso < B) ~ (1 + Tpemsfttl )=
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2) Incorporate rate-dependent short-term aftershock
incompleteness into the ETAS intensity function
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Forecasting the 2019 Ridgecrest Sequence
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Figure: Spatial Forecast of Aftershocks of Figure: Spatial Forecast of Aftershocks of
M6.4 Foreshock M7.1 Mainshock

. The anisotropic kernel provides very good forecasts of the aftershock
clouds of both Ridgecrest events
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Forecasting the 2019 Ridgecrest Sequence
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Figure: 10,000 Forecasts of the Number of
Aftershocks Triggered by the M6.4 Foreshock
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Thank you very much...

... | am happy to discuss your feedback and questions :)

Further Information

Email: Christian.Grimm@stat.uni-muenchen.de

Matlab Source Code Available at:
https://github.com/ChrGrimm /ETASanisotropic

Publication:

Grimm, C., Hainzl, S., Kaser, M., Kiichenhoff, H., 2022. Solving three major biases of the ETAS
model to improve forecasts of the 2019 Ridgecrest sequence. Stochastic Environmental
Research and Risk Assessment
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