After the Mainshocks:
Incorporating
Aftershocks into
Risk Assessment
Don’t underestimate your earthquake risk.

Introduction
Following a large earthquake event, it is important for (re)insurers to understand the heightened
seismic risks due to the possible aftershock sequences. Past experiences (e.g., the 2010–2011 New
Zealand earthquake sequence and the 2011 Tōhoku earthquake sequence) have shown us that
aftershocks can be as severe as, or sometimes more damaging than, the mainshock itself, depending
on the magnitude, the time elapsed since the mainshock and the location of the aftershocks.
Currently, these aftershock events tend to be neglected in traditional (re)insurance pricing, largely
because catastrophe modeling firms have typically explicitly excluded aftershocks in their traditional
earthquake models. This is primarily because vendor earthquake models were originally developed
using the traditional Probabilistic Seismic Hazard Analysis, closely following the parameters and
methodology adopted by the U.S. Geological Survey (USGS) national seismic hazard mapping project.
The drawback is that the USGS seismic hazard analysis aims to predict the long-term seismic hazard.
Although it considers the long-term time-dependent earthquake risks (e.g., the recurrence period of
a characteristic event), it neglects the short-term time-dependent seismic risk caused by aftershocks.
This paper aims to highlight the importance of considering aftershock risk, and to show how to
incorporate aftershocks into risk assessment and calculate the resulting financial impact on insured
and economic losses.

Methodology
At TMR we simulate the spatiotemporal seismicity patterns of earthquake sequences, including
aftershocks, by using the Epidemic Type Aftershock Sequence (ETAS) model, one of the most widely
used statistical models for description and forecasting of seismicity.
The ETAS model assumes that every event, regardless of whether it is a Poissonian background event
or an aftershock-triggered event, generates its own offspring independently. The expected number of
direct offspring is an increasing function of the magnitude of the “mother” event. The elapsed times
of the triggered events after the mother event follow Omori’s law (smaller earthquakes tend to follow
larger events and the aftershock rate will decay as a reciprocal of time after the mainshock). This is
what defines the productivity of aftershocks following a mainshock, and the magnitude distribution
of triggered events follows the Gutenberg-Richter law (the relationship between the earthquake
magnitude and annual frequency of exceedance). The spatial distribution of triggered events is typically
assumed to follow an inverse power law decay away from the mother event.
The ETAS model, in essence, reflects the fundamental observation that aftershocks tend to cluster near
and after a mainshock.
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Hypothetical Aftershock Scenarios in Northern California
The U.S. Geological Survey examined a hypothetical scenario (termed the HayWired Scenario) in which
a magnitude 7.0 mainshock occurred on the Hayward Fault with its epicenter in Oakland, California.
Aftershocks are also simulated following the large mainshock. By adopting the same approach, we
can simulate similar hypothetical but scientifically plausible scenarios, with an emphasis on the effects
of aftershocks.
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Figure 1. Two scenario simulations of aftershock sequences following a magnitude 7.0 mainshock on the Hayward Fault in
Oakland, California, using the ETAS model. Plots on the left (1a and 1c) show the spatial distribution of the aftershocks. Plots on
the right (1b and 1d) show the time series of aftershocks with quick rate decay after the mainshock and how they are clustered
over time following Omori’s law. The star symbols indicate the occurrence of large aftershocks (magnitude ≥ 5.0) that trigger a
prominent sequence of aftershocks of their own. The magnitude values of aftershocks can also be seen from figures 1b and 1d.
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Aftershock Loss Impact from Application to California
At TMR we use the latest Epidemic Type Aftershock Sequence parameter values from the U.S. Geological
Survey UCERF3-ETAS (Uniform California Earthquake Rupture Forecast v3) study for our aftershock
simulations. These aftershock simulations are based on a catastrophe risk model’s California Year
Event Table and Industry Exposure Database. The simulations show that the Aggregate Exceedance
Probability loss inflation caused by earthquake aftershocks goes from zero to approximately 30% in the
low return period (ranging from zero to 100 years) and is capped around 50% for return periods up to
1,000 years.
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Figure 2. The plot on the left (2a) shows the smoothed annual frequency of aftershocks for California when using a catastrophe
model’s stochastic catalog for the mainshocks. The plot on the right (2b) shows the potential industry loss impact, when
considering the mainshock alone and when aftershocks have been incorporated into risk assessment.
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Conclusion
The potential impact from aftershocks could have an adverse effect for the (re)insurance sector and
ultimately for societies, amplifying potential losses across a much larger exposed area. The aftershock
sequence could have its own clustering of events farther away from the mainshock, causing higher
potential losses – as seen in the 2010–2011 New Zealand earthquake sequence, when damaging
aftershocks clustered far away from the mainshock but closer to the main population region.
Neglecting the risks from spawning earthquakes could have undesired consequences: underestimating
risks, pricing and risk selection – and ultimately resulting in insufficient capital reserved to withstand
the financial impact from the full earthquake sequence. TMR has long been focused on its own view of
risks, aiming to understand, differentiate and more accurately quantify the risks than is possible with
the generic model view.
With TMR’s Epidemic Type Aftershock Sequence approach, the simulated aftershock sequences can be
incorporated more explicitly into a stochastic catalogue. TMR can then directly embed this stochastic
catalogue into its internal pricing platform to assess seismic risks with greater precision. Similarly,
when a large earthquake occurs, a conditional stochastic catalogue can be constructed to properly
reflect and quantify the heightened short-term seismic risk. This would help an underwriter or risk
manager to distinguish risks within the vicinity and properly assess and manage those risks.
TMR believes in improving science and understanding and in differentiating risks. Our company has
invested heavily in analytics and research both internally and externally, working with respected
academic institutions. With our advanced internal view of risks, TMR can ultimately deploy its capital
so that it meets risk appetite more effectively.
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forward-looking statements.
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