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Key components of the project 
Earthquake forecasts 

This approach is based on a new Pattern Informatics method (PI), which quantifies variations in seismicity [Mogi, 1985; Turcotte, 1991; Lomnitz, 1994; Keilis-Borok, 2002; Scholz, 2002; Kanamori, 2003; Frankel, 1995; Kossobokov, et al., 2000; Rundle, et al., 2002; Tiampo, et al., 2002a; Tiampo, et al., 2002b; Rundle, et al., 2003]. The output is a map of areas in a seismogenic region ("hot spots") where earthquakes are likely to occur in a future forecast interval, typically a 10-year span. The method has been applied to California, to Japan, and on a worldwide basis. The hot spot map for California was published in 2002, and since then, 12 of the 14 earthquakes with magnitudes greater than five have occurred on the hot spots or within the margin of error. For California and Japan, the margin of error is ± 0.1o. For the world-wide map (Figure 1), the margin of error is ± 1o. On October 23, the M = 6.8 Niigata earthquake occurred. The world-wide map was presented on December 14 and 17 at the American Geophysical Union meeting in San Francisco. Subsequently, the December 23 M = 8.1 Macquarie Island event, and the December 26 M=9.0 Northern Sumatra event occurred, both on hotspots identified on the map. 

[image: image1.jpg]World-Wide Forecast Hotspot Map for Likely Locations of
Great Earthquakes M > 7.0 For the Decade 2000-2010





Figure 1. Map of the likely locations for large earthquakes (M > 7) over the decade January 1, 2000 - 2010. The map is constructed by analyzing the patterns of smaller earthquakes with M > 
5. The map was presented at the American Geophysical Union meeting on December 14, 2004. The green circles are all events having M > 7 through December 14, 2004. Subsequently, the M = 8.1 Macquarie Island earthquake occurred on December 23, 2004, followed by the M = 9.0 Sumatra earthquake on December 26. Both of these events are indicated by blue circles.  It can be seen that both of these large events fell on anomalies that had appeared earlier on the map. 

Virtual California is a code that utilizes the Monte Carlo method in order to generate simulated, realistic earthquakes on an arbitrary fault surface mesh. It uses topologically realistic networks of independent fault segments that are mediated by elastic interactions. These segments can be designed to represent fault systems spanning the region of California. This method would be utilized to perform a true statistical analysis by testing hundreds of scenarios with differing fault geometries and frictional properties. 


For this proposal, we propose to focus on 1) Improving the PI method, with the idea of forecasting likely locations for large submarine earthquakes capable of producing tsunamis; and 2) With these locations, we can then estimate maximum and minimum earthquakes from the size of the hotspot.  These data can then be used in codes that either compute the elastic wave field from a source originating at the hotspot location, or the tsunami wave field from the sub-oceanic hotspot location. 


With respect to improvements in the method, we will investigate the use of Molchan statistics to optimize the forecast methods, as well as better definitions of the geographic regions so as to optimize the statistics.  For the latter, we focus on a recent large earthquake in the region, and then choose the change interval that optimizes the forecast for that event, as judged by the likelihood test.  For the former, we plan to develop improved visual pattern statistics by using Molchan diagrams to choose the hotspot color bar-cutoff value. These Molchan diagrams plot the fraction of large earthquakes successfully forecast as a function of the fraction of the active area presented as colored spots.  The idea is to choose a color bar cutoff that produces the largest fraction of successful forecasts, as judge by a recent trial period, and the minimum number of false alarms. 


In addition, we plan to investigate additional schemes for producing hotspot maps, including new mappings that make explicit use of the idea of phase dynamics.  In this approach, we interpret the square root of the PI value as the phase of a complex exponential, consistent with the view of the earthquakes as an example of threshold phase dynamics.  The scale factor is the root-mean-square. Using this idea, we can then define a probability for large events in terms of the real part of the complex exponential.  Preliminary work with this function indicates that it performs substantially better at forecasting the future large event locations than the original PI method. 


The result of our research will be improved hotspot maps, together with forecast locations for the tsunami-genic events.  The software we develop will be ported to our SERVO web portal for use by interested parties. 


With respect to Virtual California and similar models, the present model for interacting fault segments involves only land-based vertical strike-slip faults. As part of this project we will extend these techniques to dipping faults on offshore subduction zones. For example, we can use GeoFEST to compute the stress and deformation Green's functions for the Cascadia subduction zone. Using these Green’s functions, we can then compute the probability of a tsunami-genic earthquake occurring there or in any subduction zone of interest. 
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