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Focal mechanism forecast

Forecasts of the focal mechanisms of future shallow (depth 0-70 km) earthquakes are
important for seismic hazard estimates and models of earthquake occurrence. In the new
forecasts we have improved the spatial resolution to 0.1_ and the latitude range from
pole to pole. The new results are described in Kagan (2018). Our focal mechanism
estimates require distance-weighted combinations of observed focal mechanisms within
1000 km of each grid point. Simultaneously we calculate an average rotation angle
between the forecasted mechanism and all the surrounding mechanisms, using the Kagan
and Jackson method proposed in 1994. This average angle reveals the level of tectonic
complexity of a region and indicates the accuracy of the prediction. Figure 1 displays
forecasted global focal mechanisms. To avoid the figure congestion, the mechanisms are
shown on a 5 deg. by 5 deg. grid, but they are calculated at 0.5 deg. spatial resolution.
We exclude from the display the areas where no earthquake was registered within 1000
km distance. Comparing these predicted mechanisms with their actual distribution
demonstrates that our forecast reasonably reproduces earthquake sources properties.
An advantage of the new forecast is that the prediction accuracy is evaluated.



Log, probability of earthquake occurrence, Mw > 5.8 eq/day*(100km)”

Figure 1: Global earthquake long-term focal mechanism forecast based on smoothed seismicity, latitude
range (90 S-90 N). Focal mechanisms are shown on 5 deg. by 5 deg_ grid.

Using the PDE catalog and lowering the magnitude threshold

Our published GEAR1 forecast is based on the GCMT catalog, with the magnitude
completeness threshold 5.8, includes an estimate of focal mechanisms of future
earthquakes and of the mechanism uncertainty. As described in Kagan (2018), we also
introduce here a new approach that circumvents the need for focal mechanisms. This
permits the use of the PDE catalog that reliably documents many smaller quakes with a
higher location accuracy. The result is a forecast at a higher spatial resolution and down
to a magnitude threshold 5.0. Such new forecasts can be prospectively tested within a
relatively short time, such as a few years or even months, because smaller events occur
with greater frequency. The forecast’s efficiency can be measured by its average
probability gains per earthquake compared to a reference forecast with spatially and
temporally uniform Poisson distribution. Given that the magnitude threshold is lower for
the PDE catalog, it shows more details since many more earthquakes were used in the
computation. The PDE forecast also shows a greater probability gain with respect to the
reference than does the GCMT forecast.

Forecast model testing

Peter Bird, a member of our team and first author of the GEAR1 model,
published the 2018 paper listed below. In it he applied statistical tests



published by Kagan in 2009. One of those tests measures the probability
gain, expressed as the logarithm in base 2 of a forecast likelihood, compared
to that of a spatially and temporally uniform reference forecast. A probability
gain of 2.0 implies that the likelihood of a test model is twice that of the
reference, for the same number of observed events. Table 1 shows results
for the GEAR1 composite model, the smoothed seismicity component of the
GEAR1 model, the latest (at publication) global tectonic strain rate map, and
an earlier, more basic tectonic map. As the table shows, all models show
significant improvement over the reference, the GEAR1 composite shows
more improvement than any of the single ingredient models, and the order
of the probability gains is the same for each test year.

Table 1
Kagan (2009) 11 (Success) of Four Forecasts over Three Years

Calendar Year 2014 2015 2016

Earthquake count, n 200 177 196
Long-term forecast model

GEAR1 4.3287 47270  4.4597

Smoothed seismicity 41163 4.4688 4.1911

SHIFT_GSRM2f 3.7043 41795  3.9251

SHIFT_GSRM 3.6666  4.1188  3.8074

GEAR(1, Global Earthquake Activity Rate model v.1; SHIFT, Seismic
Hazard Inferred from Tectonics; GSRM, Global
Strain Rate Map.

Since 1 October 2015, the GEAR1 model has undergone prospective evaluation within the
Collaboratory for the Study of Earthquake Predictability (CSEP) testing center, forecasting
Mw > 5.95 seismicity. Anne Strader, who obtained her PhD at UCLA during the period
funded by this project, is first author on the paper listed below (Strader et al., 2018). That
paper reports preliminary results of applying CSEP tests to the GEAR1 forecast. The
authors tested GEARI1 over the period 2015.10.01 to 2017.09.07. During the evaluation
period, observed earthquakes were consistent with the GEAR1 forecast and comparative
test results likewise support that GEAR1 is more informative than either of its components
alone. Based on a combination of retrospective and prospective testing, the tectonic
forecasts do not effectively anticipate observed spatial earthquake distribution, largely due
to over-localization of the model with respect to observed earthquake distributions.
However, because GEARI is based on optimizing performance over an 8-yr retrospective
period, a similar prospective time period will likely be necessary to conclusively validate
the model selection.
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