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Introduction
Anderson (2010) developed a list of 246 earthquakes identified by the criteria
that peak acceleration exceeded 500 cm/s2 or peak velocity exceeded 50 cm/s on
at least one component. Accelerograms which met this threshold were termed
“exceptional” in the sense meaning “uncommon” or “rare”. Dewey and Boore
(SCEC poster) showed results of a global stress parameter they had calculated.
The question addressed in this proposal was whether earthquakes in the Ander-
son (2010) database tend to have a higher stress parameter than average.

Procedure
The events in the Anderson (2010) database were correlated with events in the
Dewey and Boore (DB) database. A total of 59 matching events were found in
common. The number is much smaller than 246 accelerograms because many of
the exceptional records were obtained at multiple stations in a single earthquake.
For each matching event, the DB database was searched for events within one
degree of the epicenter of the matching event. The mean and the standard
deviation of the log of the stress parameters of all of the events meeting this
criterion were determined, and the matching event was compared.

Results
A map of the locations of matching events is shown in Figure 1. Most matching
events are in California, Japan, or the Middle East.

Designate by Ek the set of 59 events which are present in the DB database.
Let τk be the stress parameter of event k. Assume there are Nk events within
1 degree of Ek. Let τik be the stress parameter of the ith event within 1 degree
of event k. Define the mean of the log of these stress parameters as

lnT k =
1

Nk

Nk∑
i=1

ln τik (1)

where K = 59 is the number of matching events. The difference dk between the
stress parameter of the kth exceptional event and this average is

dk = ln τk − lnT k (2)
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Let

dk =
1

K

K∑
k=1

dk (3)

be the mean residual. Figure 2 shows dk for the 59 events. The red line on
Figure 2 is drawn at dk = 0.32. Thus, on average, the stress parameter in
events causing the exceptional motion are about exp dk = 1.37 times larger
than the regional average. The difference dk is smaller than the average for 19
of the 59 events.

Let the standard deviation of the log of stress parameters in the region
around event k be sk. Figure 3 shows the normalized residuals

δk =
dk
sk

(4)

for the 59 events. The mean of these normalized residuals is δk = 0.36, and is
also shown on Figure 3.

On Figure 1, events with high and low values of dk are plotted with different
colors. There is no spatial pattern with obvious significance.

Conclusions
From these results, it appears that the stress parameters of events that cause
exceptional ground motions are higher than the average stress parameters of
other events in the region. The implication is that teleseismic recordings of
earthquakes that have a higher stress parameter may be correlated with higher
ground motions in the vicinity of the epicenter. A paper exploring these results
and their implications in more detail is in preparation.
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Figure 1: Map with locations of the 59 matching events. Events with dk > 0
are plotted in red, and events with dk < 0 are plotted in blue.

Figure 2: Residual stress parameters of the 59 matching events.
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Figure 3: Residual stress parameters of the 59 matching events, normalized by
an estimate of the local standard deviation of the stress parameters.
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