
Graves and Pitarka Method 

• Based on Sept 26 meeting, is the output of the BBP consistent with the expectations from your method? Is 
there anything in the simulations that stand out as problematic? 

 
The results shown at the Sept 26 meeting are basically consistent with my expectations of the performance of 
the GP2010 methodology. 
 
My primary concern for these results is that the Magnitude/Area scaling used for some of the validation events 
did not follow the Leonard (2010) relation, which is the recommendation when using the GP2010 methodology 
(with slight modifications as described in the attached summary).  This is of particular concern for the Mw 6.94 
Loma Prieta case, which used a fault length of 40 km and fault width of 17.5 km.  Based on Leonard (2010), the 
dimensions should be length=40 km and width=22 km for this magnitude.  Additionally, the Landers simulation 
constrained the fault width to be 19 km, which according to the GP2010 recommendations should extend to 22 
km (with a slight reduction in fault length from 84 to 76 km). 
 
The impact of modifying the validation ruptures to more closely follow the recommend scaling will be to 
reduce the level of longer period motions in the simulations. 
 
We are currently running validations using ruptures constrained to more closely fit the recommended scaling 
relations. 
 
Note that there are other possible factors that could affect the mid-longer period radiation in the simulations in 
addition to the rupture width discussed above.  These include slip functions with very long tails (still coseismic, 
but not yet creep) and off-fault damage/plasticity which might reduce the short-mid period radiated energy. 



Graves and Pitarka Method 
• Can the model be applied to both surface and buried ruptures? 

– Are the Green’s functions adequately sampling the shallow depth? 
– How is the source modified in the top few kilometers of the crust (e.g. rise time, rupture velocity,  

etc…)?  
– If the prescribed rupture plane is mostly/fully within this shallow zone, do the modifications still 

apply? 
 

The GP2010 model can be applied to both surface and buried ruptures. 
 
Due to numerical limitations, the Green’s functions cannot be computed for depth=0 or distance=0.  In our 
current implementation, the minimum GF depth and distance is set to 100 m.  If the simulation model needs a 
GF for d<100m or R<100m, it will default to the minimum value.  For the T > 1 sec bandwidth that the GFs are 
used, this approximation has little effect. 
 
One of the key attributes of the GP2010 methodology is the depth scaling of certain rupture parameters within 
5 km of the ground surface. In this shallow zone, the average rise time is scaled by a factor of 2 and the average 
rupture velocity is scaled by a factor of 0.7 relative to their default values.  Since corner frequency is tied to 
rupture velocity in GP2010, the corner frequency is also reduced in this zone.  Note that GP2010 also scales 
these parameters by local slip so that the exact value at a given point on the fault can be quite variable. Details 
are given in Graves and Pitarka (2010). 
 
The above modifications are applied even if the entire fault lies within this shallow zone. 
 
We are currently testing the inclusion of a similar “weak” zone along the bottom edge of the fault similar to 
that used by Graves et al (2011). 



Graves and Pitarka Method 
• Is there anything intrinsic to the method that would preclude using it to simulate small magnitudes 

(M~5.5) 
– Is there a model resolution limit on the kinematic representations of the sub-faults? 
– Given the specification of the sub-fault dimension, is there an effective bandwidth that we should be 

aware of?  
 

The smallest magnitude events for which the method has been tested is about 5.5.  There is nothing intrinsic to 
the method that should preclude it from being applied to events of this size. 
 
The GP2010 method can extrapolate the kinematic scaling relations to smaller magnitude events; however, our 
knowledge of the shorter length scale features of kinematic rupture parameters is rather limited.  Additionally, 
effects due to crustal velocity complexities can be relatively accentuated for smaller sources, and these will not 
be captured using the current Platform implementation with 1D GFs. 
 
For active tectonic regions, the effective bandwidth of the simulations (f<20 Hz) is not dependent on the 
magnitude of the simulated event. 
 
One feature of the GP method for higher frequencies (f > 1 Hz) is the summation of multiple ray paths (direct 
and Moho reflected in current implementation) to obtain the total response.  For smaller magnitude events 
(M~5.5 or smaller), the down-going ray can appear as a discrete (small amplitude) wave packet in the time 
series following the direct arrivals, which might look a bit odd.  However, this arrival is real and is usually 
masked in actual records by scattering effects and arrivals from other ray paths not considered in our current 
model.  Since the amplitude of all these later arrivals is quite small, there is no significant impact on the 
predicted ground motion levels. 



Graves and Pitarka Method 

• Is there anything intrinsic to the method that would preclude using it to simulate very large magnitudes 
(M~8.0) 

– Are there constraints on the use of the magnitude-area relationship that you apply for your 
simulation method?  

– Are there implications that arise from specifications of a minimum rupture width for large 
magnitudes? 

 
The largest magnitude crustal events that I feel comfortable simulating with GP2010 are about M8. 
 
The Leonard (2010) magnitude-area relation as modified for use in GP2010 would set the maximum rupture 
width at 22 km for these types of events (assuming vertical SS).  But this is really just an educated guess, as 
there is little information to constrain how deep ruptures extend into the crust for these very rare, large 
magnitude events.  It is certainly conceivable that M8 SS events (which might have rupture lengths of >400 km) 
might also have some type of coseismic displacement that extends deeper into the crust.  This would definitely 
have an impact on the nature of the longer period motions.  The impact on shorter period motions in GP2010 
would be much less significant since this bandwidth is really most sensitive to the nature of rupture closest to 
the site. 
 
 



Graves and Pitarka Method 

• Are there any limits in how close to the fault the ground motion simulations may be used? 
 

There are no specific limits in the sense of parameter choices that are not allowed.  For numerical reasons, 
there are issues with computing the response at depth=0 and/or range=0.  This is handled within the codes by 
setting a minimum depth and distance for the computed GFs. 
 
These restrictions have little if any effect on the computed responses for magnitude above 5 or so (fault 
dimensions of a few kms).  More details of the specific low- and high-frequency cases are outlined below. 
 
The full response for a finite-fault rupture is computed by dividing the fault into subfaults and summing the 
responses from all the individual subfaults.  By definition in GP2010, the GF response for each subfault is 
represented as the radiation from a point located at the center of the subfault. 
 
For the low-frequency portion (f<1 Hz), the subfault size is typically ~100m, and the current minimum depth 
and distance for the GFs is 100 m.  For surface rupturing events, the shallowest subfault center is about 50 m, 
so these GFs will be approximated by the d=100m GFs. 
 
For the high-frequency portion (f>1 Hz), the subfault size is typically 1-2 km, and the computed response for 
the center point of the subfault for distance attenuation, although the stochastic phasing is designed to 
represent the complexities of rupture across the entire subfault. 



Graves and Pitarka Method 

• How is kappa incorporated into the simulations?  
 
For GP2010, Kappa is only applied to the high-frequency portion of the computed response.  This is done using 
an operator of the form exp(-pi*kappa*f) based Anderson and Hough (1984), which is applied to the Fourier 
amplitude spectrum of the subfault radiation.  For active tectonic regions, GP2010 uses a kappa of 0.04 s for all 
sites.  For stable tectonic regions, GP2010 recommends using kappa of 0.005 s. 



Graves and Pitarka Method 
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