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INTRODUCTION 
The main problem addresses by this project is how to connect the moment rate 

from the observed seismicity to its long-term predictions based on geodetic and 
geological information. During this year we continued developing statistical methods, 
theoretical and numerical, targeted at solving this problem, following the research line 
initiated in previous PIs’ SCEC2006 and SCEC2007 projects. The point of departure for 
this year of research was the observation that catalog-based estimations of regional 
moment release are very unstable and can be improved by geodetic and geological 
information. Recently, important progress has been made in comparing seismic and 
geodetic seismic moment rates on a regional level, mainly due to the proliferation of 
geodetic velocity estimates. The present project brought together the expertise in both 
geodetic velocity and strain rate analysis (at Nevada Seismological Laboratory) and 
statistical modeling of seismic moment rate (at UNR and UCLA). The project has 
resulted in solid results and tangible products that will be used in building a better 
generation of hazard assessment and forecasting techniques.   

PROBLEM CONSIDERED 
It has been shown that the geodetic and seismological estimations of moment 

release may differ significantly on a regional level: the ratio between the observed and 
geodetically predicted moment releases varies from 0.1 to 100 [e.g., Kreemer et al., 2000, 
2002; Shen-Tu et al., 1998; Meade and Hager, 2005; Bird and Kagan, 2004; McCaffrey, 
1997; Frolich, 2007]. Such discrepancies can be explained by the heavy-tailed 
distribution of seismic moment [Zaliapin et al., 2005a,b; 2006; 2007]. In particular, our 
SCEC 2006/2007 projects have established that there exist three regimes that characterize 
the relationship between historical seismic moment release and the long-term rate. The 
most common is moment deficit, where the total observed moment release is much less 
than its long-term (tectonic) average. The second most common is irregular release, 
where observations vary substantially around the long-term average. A final regime is 
regular (linear) release, which can only be observed for large regions and long time 
intervals. Realization of one or another regime is controlled by two parameters: the 
number N of observed earthquakes and the range mc-mt of magnitudes considered. This 
year of research focused on applying these findings to the SAF-GB region on a broad 
range of spatial and temporal scales. 

STUDENT TRAINING 
A graduate student, Renee Torres, from Department of Mathematics and Statistics 

at UNR, was supported by this project. She was involved in testing the project 
hypotheses, data collection and analysis, and statistical numerical experiments.  

RESULTS/PRODUCTS 
The project has resulted in 

1. Strain model for the entire SAF-Great Basin system with a resolution of 0.15° by 
0.15°. This model can be used for high-precision geodetic estimation of long-term 
seismic moment release. 

2. A statistical model for short-term seismic moment release. When combined with 
the results of SCEC 2006 and SCEC 2007 project, this model can explain the 
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seismic moment release in regions with area from 100,000 km2 down to 200 km2 
and time intervals from 100 years to years. 

Next we give a detailed description of the project results.  

Geodetic estimations of long-term moment rate  
The project has produced a most detailed map of the strain rates for the SAF-GB 

system (Fig. 1), which served as the ultimate source of information about the long-term 
seismic moment release. The map’s resolution (0.15° by 0.15°) allowed us to perform the 
moment release analysis within very small spatial regions. The strain rate model is 
mainly constrained by geodetic velocities obtained from: 1) all continuous GPS stations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Strain rate model developed in the project. 
Contour plot of the second invariant of strain rate model reflecting secular deformation 
constrained by GPS velocities and Quaternary fault slip rates (used faults shown by thin 
lines). 
in the area, including PBO, BARD, SCIGN, CORS, and BARGEN, 2) UNR's semi-
continuously operating network in western Nevada and eastern California, and 3) 
campaign measurements from the USGS and others [e.g., Hammond and Thatcher, 2004; 
Williams et al., 2006] and SCEC’s Crustal Velocity Map [Shen et al., 2003]. The 
geodetic data is supplemented with fault slip rate data from USGS's Fault and Fold 



 SCEC 2008 project report -4 

Database, which particularly adds important constraints on the strain rate distribution in 
slowly deforming regions (which also have the least geodetic coverage). 

Seismological estimations of moment release 
The distribution of earthquake moments M can be approximated by the pure 

Pareto distribution, which corresponds to the Gutenberg-Richter [1941] law for 
magnitudes [Anderson, 1979; Molnar, 1979; Ben-Zion, 2003]: 

N(M) ∝ M −α, α ≈ 2/3.                                                     (1) 
Simple considerations of the finiteness of the seismic moment flux or deformational 
energy available for earthquake generation [Knopoff and Kagan, 1977] require the pure 
Pareto relation (1) to be modified for large seismic moments. This can be done adding an 
exponential taper: 

( ) 1 exp ,t t
t

c

M M M
N M M M

M M

α  − ∝ − ≤ < ∞  
   

                            (2) 

where Mc is the corner moment – a parameter that primarily controls the distribution in 
the upper ranges of M [Vere-Jones et al., 2001; Kagan and Schoenberg, 2001; Kagan, 
2002a,b], and Mt is the lower moment threshold.  

The practical necessity of the tapered Pareto distribution is illustrated in Fig. 2 
that compares the long-term moment distribution predictions based on Normal, Pure 
Pareto, and tapered Pareto distributions and the observed world-wide seismic moment 
release during 1976-2008 according to the NIEC catalog. 
 

 
Figure 2: Alternative models for seismic moment release. 

The tapered Pareto model correctly accounts for short-term and long-term moment 
release (the left-most panel). The pure Pareto model overestimated the long-term release 
(middle panel), and the classical Normal model underestimates the short-term release. 
 

The validity of a moment release model is based on the seismic coupling ratio 
χ that is defined as the ratio between the observed and predicted moments. Under this 
study’s approach, the predicted moment is the geodetic long-term moment release 
according to our strain model. The currently accepted probabilistic approximation to the 
long-term release is given by the expected moment according to the tapered Pareto 
distribution (2). This gives, for a fixed N:   
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It has been shown by the PIs during previous SCEC projects that the approximation (3) is 
very close for large regions and long time-intervals. This year investigation has shown 
though that this approximation overestimates the moment release in small regions, which 
is illustrated in Fig. 3 

 
 

Figure 3: Problems with the currently accepted moment release model. 
The currently accepted model for moment release gives wrong estimations within small 
regions. Each point in the figure corresponds to an observed regional seismic coupling; 
shades depict the model (3) predictions. Different panels correspond to different divisions 
of the SAF-GB region into smaller subregions.   
 

To account for this discrepancy, we suggest a modified model that takes into 
account the fact that the observed number N of earthquakes in a region is also random 
and obeys a heavy-tailed discrete distribution. This leads to 
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where N is a random variable. The distribution of N is chosen based on the observed 
seismicity within the SAF-GB region. The results of this modified model are illustrated in 
Fig. 4  
 
 
 
 
 
 
 
 

Figure 4: An improved model of seismic moment release. 
The figure shows the approximation of seismic coupling for the same data as in Fig. 3 
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