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The Working Group on Southern California Earthquake Potential, now known as the Re-
gional Earthquake Likelihood Models (RELM) project, is putting together several specific,
testable models of earthquake occurrence for southern California. These models will be
based on past earthquakes, geological fault information, geodetic strain rate, and estimates
of incremental stress from past earthquakes. All models will be formulated in terms of a-
value, b-value, and corner magnitude values given on a dense grid in longitude and latitude.
UCLA’s role in this project is to provide an earthquake catalog, to provide a strain rate
map based on the SCEC Crustal Motion Model, to provide specific earthquake poten-
tial models based on past earthquakes and geodetic deformation, and to provide testing
procedures for comparing models with seismicity.

We have held several Working Group meetings and defined the parameters of the earth-
quake catalog and fault data bases, and we have compiled the historic part of the catalog.
The catalog will begin in 1850; report all known earthquakes above magnitude 4.5 in the
southern California area covered by the seismic network; include estimates of strike, dip,
and rake; have a quantitative description of completeness magnitude thresholds vs. time;
and have estimates of magnitude and location uncertainty. Each event will be describable
in terms of one or more dislocation patches. Fault surfaces for earthquakes larger than
6.5 will be decomposed into several “subfaults” or dislocation patches, with central loca-
tion dimensions, strike, rake, dip, and slip for all patches, such that the sum of the patch
moments equals to earthquake moment.

We have determined that the maximum horizontal shear strain rate is correlated with
earthquake occurrence better than other components. We have provided a gridded map of
maximum horizontal shear strain rate for use in constructing earthquake potential models.
We are working now to separate total strain rate into secular and episodic components.
We have constructed two earthquake potential models, based on geodetic strain rate and
past seismicity, respectively. We have the strain model retrospectively against past earth-
quake occurrence. If the strain rate were independent of time, this would be a quasi-
prospective test, in that the strain rate before the earthquakes would be the same we
observe now. In fact, the earthquakes may have affected the strain rate, and a true
prospective test against future earthquakes is needed. The past seismicity model has been
tested prospectively in subduction zones of the western Pacific, but not for southern Cal-
ifornia. Figure 1 shows the earthquakes rate estimated from the two models. In spite of
the fact that they were derived from completely independent data, the models agree in
most respects. They both predict that future earthquakes are more likely in the Brawley
seismic zone near the southern end of the San Andreas, and in the region near the Landers
and Hector Mine Earthquakes.

We have also examined the relationship between fault length and earthquake magnitude,
a necessary ingredient for getting earthquake probabilities from observed fault geometry
and slip rate. Based on work by Wells and Coppersmith (1994), most earthquake source



models assume that the moment of the largest earthquake that can occur on a fault depends
monotonically on fault dimension (either length or area). This relationship works well
when dimension is measured by the estimated rupture area after an earthquake. We tried
it out for California earthquakes using fault lengths estimated before the earthquake, and
found no significant correlation. Thus the relationship between the fault geometry we can
determine now, and the size limits for future earthquakes, is very poorly understood.
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FIGURE CAPTION:

Fig. 1. California earthquake forecasts. Color tones show the probability of earthquake
occurrence per unit area. White circles show locations of earthquakes. (a) Forecast
based on geodetically observed maximum shear strain rate, and epicenters of earth-
quakes since 1950. (b) 1989 “Pseudo-forecast” based on previous earthquake catalog
and tested on later catalog, and moment centroids of earthquakes from 1989 to 1999
inclusive.
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