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Abstract 
 
The award was for travel to the SCEC annual meeting only. Our associated activities included four main 
objectives: 1) Collaboration with the CSEP team in conducting and analyzing an experiment to retrospec-
tively test forecasting models based on Coulomb stress calculations using data from the Canterbury 
earthquake sequence in the New Zealand CSEP testing center, and to subsequently test the models pro-
spectively on future New Zealand earthquakes; 2) Preparation of software to demonstrate the efficient 
calculation of likelihood based consistency tests in CSEP experiments, so that efficient versions of these 
tests can be implemented in the CSEP testing centers; 3) Providing methods for generating optimal hy-
brid earthquake forecasting models that can be made available to the wider research community. This 
includes hybridization of existing CSEP-compatible earthquake-rate forecasting models, and/or alarm-
type forecasting models, or gridded data of seismicity-related variables, to produce new models with im-
proved information value; 4) Participation in international CSEP activities, including the design of future 
experiments, and preparation of new models for testing in the CSEP framework. This also included partic-
ipation by David Rhoades and Annemarie Christophersen in the CSEP workshop held at 2015 SCEC An-
nual Meeting. 
 
Research Highlight 
 
We derived a set of multiplicative hybrid earthquake likelihood models which combine earthquake and 
fault data for the New Zealand CSEP testing region. In these models, the cell rates in a spatially uniform 
baseline model were scaled using selected subsets of five covariates (predictive variables). The covari-
ates were derived from the magnitudes and locations of past earthquakes, the location of the boundary 
between the Australian and Pacific plates and the location and slip rate of mapped faults (Table 1). The 
hybrid model parameters were optimized for earthquakes of magnitude 5 and greater over the period 
1987-2006, and tested on earthquakes from the period 2007 – 2014. No updating of models was under-
taken during the fitting or testing period. In the tests we considered two cases of the earthquake-based 
covariates: using all data prior to 1987 and 2007, respectively. Hybrids containing the earthquake-based 
covariates performed better in the latter case.  The most informative hybrid models in the fitting and test-
ing period are comprised of three and four covariates, respectively, including both earthquake- and fault-
based variables. Proximity to mapped faults is overall the most informative individual covariate. The re-
sults can be used to improve earthquake source modeling for seismic hazard analysis. 
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Exemplary Figure 

 
 

Figure 1. Information gain per earthquake of multiplicative hybrid models relative to baseline SUP model in the 
testing period 2007-2014 in the New Zealand CSEP testing region. (Left) PPE and HBG models as at 1986, (Right) 
PPE and HBG models updated to 2006.  
Explanation of terms: SUP: Stationary uniform Poisson; FLT: Fault in cell PPI: Proximity to plate interface; HBG: 
NZ national seismic hazard model background; PPE: proximity to past earthquakes; PMF: Proximity to mapped 
faults. 
 
 
Intellectual Merit 
 
The activities in this project are directly relevant to the SCEC objectives for earthquake forecasting and 
predictability and development of the CSEP project, including the development of improved forecasting 
models and testing methods, and the use of hybrid methods to improve forecasting. Our activities are not 
solely focused on New Zealand, but rather on the general problems of earthquake forecasting and the 
common international CSEP methodology. Therefore there are substantial benefits for California resulting 
from our work.   
 
 
Broader Impacts 
 
The collaborative CSEP project is making major advances to the development and testing of earthquake 
forecasting models on all time scales. Our contributions are a significant component of the overall interna-
tional collaboration, from which all parties derive mutual benefits. The Canterbury earthquakes have pro-
vided a useful data set on which to retrospectively test a range of models, which can subsequently be 
applied more generally in California and other regional testing centers. 
 
Presentations and Publications 
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The following presentations were made at the SCEC 2015 annual meeting and associated workshops. 
D. Rhoades, A. Christophersen and M. Gerstenberger. Earthquake likelihood models derived from multi-
plicative combinations of fault and earthquake based variables. SCEC2015 poster. 
 
A. Christophersen, D. Rhoades and H. Colella. How does  strain rate relate to the precursory time in the 
EEPAS model? Results from RSQSim synthetic catalogs. SCEC2015 poster. 
 
D. Rhoades, Christophersen, M. Gerstenberger & D. Harte. Current CSEP and OEf ACTIVITIES IN New 
Zealand.  CSEP workshop, 12 September 2015. Oral presentation. 
 
D.Rhoades. Non-Poisson models in CSEP? Contribution to Panel discussion on Epistemic Unsertainties 
in CSEP.  CSEP workshop, 12 September 2015. 
 
D. Rhoades and A. Christophersen. Comments on CISM. CISM workshop, 13 September 2015. 
 
In addition, the following SCEC publication was submitted. 
 
D.Rhoades, M. Liukis, A. Christophersen, M. Gerstenberger. Retrospective tests of hybrid operational 
earthquake forecasting models for Canterbury. Geophysical Journal International. Accepted October 
2015. 
 
 


