
Final Report to Southern California Earthquake Center 
regarding a subcontract to UCLA 

(funded by California Earthquake Authority), 
nominally for the year 2007.02-2008.01 

Project title: NeoKinema models of neotectonics in California and the West 

Principal 
investigator: 

Peter Bird 
pbird@ess.ucla.edu 

Institutional 
affiliation: 

Department of Earth and Space Sciences 
University of California 
Los Angeles, CA  90095-1567 

Amount of request: $16,000 

Project period: Planning-Committee year 2007; contract period February 1, 2007 to June 
30, 2010 

SCEC Proposal 
categories: 

B. Integration and Theory 
A. Data Gathering and Products 

SCEC Science 
objectives: 

C. Improve and develop community products ... that can be used in 
system-level models for the forecasting of seismic hazard. 

A3. Develop a system-level deformation ... model. 
A1. Define slip rates ... of southern San Andreas fault system... 

SCEC Special 
Projects: 

Working Group on California Earthquake Probabilities (WGCEP) 

Signatures: 
 

Peter Bird, PI  25 February 2008 
 
 
. 



 1

Administrative History 

Although funds for this project come from CEA, the project was approved by the SCEC 
Planning Committee, Program Director, and other officials in the usual way for program year 
2007.  I was asked to rewrite the original proposal to SCEC as a proposal for a subcontract from 
CEA, but I did not actually do so until September 2007.  Additional delays in paperwork 
occurred at both USC and UCLA.  The signed Award Synopsis and Purchase Order were not 
received at UCLA until the current month, February 2008. 

We now understand that ending of January 2008 was not an important deadline for the 
expenditure of funds, because (1) this subcontract has a termination date in 2010; and (2) it is 
structured as a firm-fixed-price subcontract.  This means that most expenditures (primarily for 
GRE support of student William Kurt Rucker and Lab Assistant support of student Tracy Howe) 
will be in the future. 

However, I always understood that timely progress toward our scientific goals was important to 
SCEC, and in particular to the WGCEP.  The latter might wish to have these results complete 
(and preferably published) as part of the groundwork for a possible proposal to CEA for future 
Unified California Earthquake Rupture Forecasts based on new technologies.  Therefore, I 
personally performed the work reported during the past few months, in an attempt to stay close 
to the original scientific schedule. 

Technical Description: Work Performed, and Remaining 
Abstract. 
Our kinematic finite-element code (NeoKinema, now at version 2.2) implements an iterative 
weighted least-squares technique to find the long-term-average velocity field of the Earth 
surface, subject to constraints of known fault traces and dips, long-term geologic slip rates, short-
term geodetic velocities, stress directions, and plate-tectonic velocity boundary conditions.  We 
have used it to create a suite of (very similar) neotectonic models of California and other western 
states, using SCEC data bases (WGCEP Fault Models 2.1 & 2.2 based on the CFM, geologic slip 
rates from statistical analysis of the PaleoSites data base, the 2006 Crustal Motion Model, and 
latest geodetic solutions from EarthScope/PBO).  Epistemic uncertainty of the NeoKinema 
output long-term slip rates can be estimated by comparing results of multiple runs with different 
weights, different Euler poles, and different fault-trace models.  Output slip rates (and anelastic 
strain rates between faults) will benefit the WGCEP as they prepare Uniform California 
Earthquake Rupture Forecast versions 3+.  In addition, we have computed long-term seismicity 
forecasts by the SHIFT method, for comparison with UCERF 2 & 3. 

Completed work. 
Our primary data product is a suite of (very similar) NeoKinema models of the long-term-
average view of neotectonics in California and the West, based on new SCEC data sets.   (The 
reason for modeling the whole western U.S. region was that otherwise the velocity boundary 
conditions arbitrarily selected along the California state borders and coastlines would be a 
serious source of error.) 

1. We replaced our fault traces, names, and segmentation in California with those from Fault 
Model 2.1 (or 2.2) of the WGCEP 2008 report, which were in turn based on a geographic 
extension to northern California of the CFM-R (Community Fault Model-Rectilinear).  We 



 2

merged these with our existing fault traces outside California, taking care not to omit or double-
count faults which cross the state borders. 

2. We clarified dip directions and senses-of-slip for these California faults.  In the process, we 
discovered that many dip directions reported by the FaultSectionApp online tool (also activated 
by SCEC-VDO) disagreed with the dip directions visually displayed by SCEC-VDO.  Through 
correspondance with Chris Wills, Sue Perry, and Vipin Gupta we got the incorrect directions 
fixed in FaultSectionApp. 

3. We add fault traces within the deforming Gorda/Juan de Fuca plate from Chaytor et al. 
[2004]. 

4. We adjusted nodes and elements in our F-E grid GCN8p9.feg to maintain narrow element 
“corridors” ~4 km wide around fast-moving faults in California.  We extended this grid east of 
the Rio Grande rift. 

5. We replaced manual (subjective) estimates of median and standard deviation for input 
geologic offset rates with objective quantitative estimates from our code Slippery, as follows: 

-Offset rates within California from automated analysis of data in the PaleoSites data 
base (Table 2 of Bird [2007; Geosphere]). 

-Offset rates outside California from automated analysis of my own compilation of 
published offsets (Table 1 of Bird [2007; Geosphere]). 

6. We merged the 2006 all-California geodetic velocity model of Shen, King, Wang, & Agnew 
with the latest velocity solution from EarthScope’s Plate Boundary Observatory in other western 
states.  All velocities are in the reference frame of stable eastern North America plate.  PBO 
velocities were selected by requiring a standard error of less than 3 mm/a, and also excluding 
velocities from within Yellowstone, plus 3 other velocities which are obvious outliers due to 
non-tectonic motions (e.g., landslides).  We created a piecewise linear “fence” to separate the 
spatial footprints of the two solutions, so the artificial straining due to subtle reference-frame 
issues would be minimized. 

7. We used a utility program to exclude geodetic benchmarks less than ~2 km from fast-slipping 
faults (>1 mm/a heave rate) to prevent aliasing problems due to limited F-E grid resolution. 

8. We computed a large set of NeoKinema velocity/slip/strain-rate models of the whole western-
U.S. orogen, constrained at the edges by known velocities of rigid plates (rigid Pacific plate 
beyond the California continental borderland, and rigid North America plate east of Colorado 
and north of Montana).  Euler poles for the rigid plates in this first set were from NUVEL-1A of 
DeMets et al. [1994].  Sub-tasks included: 

-Bootstrap determination of the uncertainty in the a priori stiffness of continuum elements, 
achieved by iteration of the whole solution 3~4 times, with the current RMS continuum 
strain-rate used as the new parameter µ each time.  The result was that an RMS 
continuum strain-rate of 5×10-16 /s was the lowest achievable (among models which 
also fit other datasets); we use this empirical value for parameter µ. 

-Multiple (45) calculations on a grid defined by spaced values of the two weighting 
parameters 0L  and 0A .  Trial values were evenly spaced on logarithmic scales, with a 
factor-of-two between adjacent rows and columns.  We tested value of 0L  from 1.25 
km to 320 km (8 steps), and values of 0A  from 2×108 m2 to 32×108 m2 (4 steps).  Using 
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the results, we defined acceptable models as those with RMS (“N2”) measures of 
nondimensional prediction errors less than 2.0 for each of the 3 datasets (geologic offset 
rates, geodetic velocities, and interpolated stress directions).  We found 10 acceptable 
models in this set.  The best model in the set was GCN2008028, in which all N2 errors 
are roughly equal at 1.75 or less.  The attached figures illustrate various aspects of this 
current best model  (For reference, an ideal model computed in an ideal world with no 
conceptual errors, systematic errors, or numerical errors, and with correct error 
measures reported in each dataset, would return N2 scores of 1.0.) 

Work Remaining. 

9. Alternative-pole calculations, using the optimum 0L = 20 km and 0A = 16×108 m2, but using 
one of several alternative Euler poles to define Pacific/North America relative motion for the 
velocity boundary conditions. 

10. Computations in which we use WGCEP Fault Model 2.2 traces and rates (from Table 2 of 
Bird [2007]) in California in place of Fault Model 2.1 traces and rates. 

11. Models in which faults that slip the “wrong way” in the preferred model(s) are omitted.  
(There are not many of these; however, some otherwise good models have left-slip on the 
Nacimiento fault adjacent to the right-slip San Andreas fault, and detachment-style extension on 
some faults in the Santa Barbara Channel adjacent to the reverse-slipping Red Mountain fault.) 

12. Models in which the full covariance matrix of the 2006 Crustal Motion Model for California 
are used in the inversion.  (This extends the run time of any model from about 3 hours to about 5 
days.  However, the effect is likely to be small, as inspection of the covariance matrix shows it to 
be quasi-block-diagonal already.) 

13. Coding of a utility program to merge the fault offset rates from all “acceptable” models 
(currently 10, but likely more in future) into one table, as a measure of epistemic uncertainty. 

14. Application of our code Long_Term_Seismicity, which uses the SHIFT model [Bird & Liu, 
2007] to convert neotectonic motions to long-term-average seismicity, based on the global 
calibration of Bird & Kagan [2004].  This forecast will be in the form of high-resolution maps of 
epicenter rate (earthquakes/m2/s) for any desired magnitude, not a forecast of discrete rupture 
surfaces.  It will replace the preliminary forecast of Bird & Liu [2007]. 

15. Preparation and submission of a manuscript to Journal of Geophysical Research-Solid Earth. 
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Figure 1.  Long-term-average (anelastic) velocity field of the current best model, GCN2008028.  
Color “contour interval” 1.2 mm/a; relative to stable eastern North America plate. 
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Figure 2.  Fault heave rates of the current best model, GCN2008028.  Width of colored ribbon is 
proportional to long-term-average heave rate.  Color of ribbon shows sense of offset. 
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Figure 3.  Close-up view of Bay-area fault heave rates in the current best model, GCN2008028. 
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Figure 4.  Close-up view of SCEC-area fault heave rates in the current best model, 
GCN2008028. 
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Figure 5.  Continuum strain-rates in the current best model, GCN2008028.  These rates are 
anelastic by definition, and potentially a source of seismicity.  This part of the strain-rate field 
may be expressed as distributed faulting, but does not include the faults seen in Figures 2~4. 

 


