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Summary 
This research project focused on continuing efforts to develop and improve the SCEC 
Community Velocity Model (CVM-H), which serves a variety of efforts by the SCEC Focus 
Areas and Disciplinary Groups. This past year saw the release of a new version of the SCEC 
Community Velocity Model (CVM-H 6.2) (Figure 1) that included results from 3D tomographic 
waveform inversions (Tape et al, 2009) and a number of other upgrades that were deemed 
priorities by the USR working group. These enhancements help improve the technical quality of 
the SCEC CVM-H and USR, and will facilitate their use in a range of SCEC activities including 
strong ground motion prediction, seismology, and seismic hazard assessment.  
 

 
Figure 1: Perspective view of CVM-H 6.2, which includes basin structures embedded in 
a tomographic model that extends to 35 km depth, which is underlain by a teleseismic 
surface wave model that extends to a depth of 300km. This latest release of the model 
includes included results from 3D tomographic waveform inversions (Tape et al, 2009). 
Vs is shown. 

 
Next generation Community Velocity Model (CVM-H) 
The latest release of the CVM-H (6.2) is an important milestone for SCEC, as it represents the 
integration of various model components, including fully 3D waveform tomographic results  
(Plesch et al., 2009). The CVM-H consists of basin structures defined using high-quality industry 
seismic reflection profiles and tens of thousands of direct velocity measurements from boreholes 
(Plesch et al., 2009; Süss and Shaw, 2003). These basin structures were then used to develop 
travel time tomographic models of the crust (after Hauksson, 2000) extending to a depth of 35 



km. This model was then used to perform a series of 3D adjoint tomographic inversions that 
highlight areas of the model that were responsible for mismatches between observed and 
synthetic waveforms (Tape et al, 2009). Sixteen tomographic iterations, requiring 6800 wavefield 
simulations, yielded perturbations to the starting model that have been incorporated in the latest 
model release (Figure 2). CVM-H 6.2 also incorporates a new Moho surface (Yan and Clayton, 
2007) and a series of other upgrades to the basement geotechnical layer and the Vp-density 
scaling relationship. 
 

 
Figure 2: Vs depth slices through the CVM-H 5.5 (left) and the 6.2 (right models). Version 6.2 
includes 3D adjoint tomographic results (Tape et al., 2009), which induced changes in the 
background tomographic model of up to ± 30%. 

 
Comparisons of observed and synthetic waveforms for recent earthquakes in southern California 
have demonstrated that the SCEC Community Velocity Models (Magistrale et al., 2000; Süss and 
Shaw, 2003; Plesch et al., 2009), including the CVM-H, perform much better than simple 1-D 
velocity models (e.g., Komatitsch et al., 2004; Chen et al., 2007; Mayhew and Olsen, 2009). 
Furthermore, new 3D waveform tomographic inversion methods have been developed that offer a 
comprehensive way to evaluate and iteratively improve velocity models. The study of Chen et al. 
(2007), for example, used recordings of P and S waveforms from 67 earthquakes recorded on 
2000 seismograms to obtain an improved 3D model for the Los Angeles basin region with a 
single, Hessian-based iteration. Tape et al. (2009, 2010) subsequently used recordings of all 
measurable body waves and surface waves from 143 earthquakes recorded on 27,000 
seismograms to obtain an improved 3D model of southern California after 16 iterations of a 
gradient-based inversion. The final model contained strong perturbations (±30%) from the SCEC 
CVM-H (version 2), especially in regions lacking coverage by detailed industry data sets (Süss 
and Shaw, 2003). Such strong perturbations resulted in dramatically improved fits to full-length 
three component waveforms (Figure 3) (Tape et al., 2009, 2010), and have been incorporated into 
the latest release of the model (version 6.2).  
  
 
 



 
Figure 3: The influence of 3D velocity structure on the seismic wavefield based on 
the 3D adjoint tomographic analysis of Tape et al., (2009, 2010). (a) Cross section 
of the final 3D Vs crustal model (m16), containing the path from event 14179736 
(I; Mw 5.0, depth 4.9 km), beneath the Salton trough, to station LAF.CI (∇; 
distance 263.5 km), within the Los Angeles basin. (b, left column) Data (black) and 
1D synthetics (red). (b, right column) Data (black) and 3D synthetics for model 
m16 (red). The seismograms are bandpass filtered over the period range6–30 s. Z, 
vertical component, R, radial component, T, transverse component.  

 
Targeting further improvements to the basin models 
Despite these improvements of the 3D model for southern California, there are several notable 
regions that demand further enhancements. The most conspicuous regions that need further 
development are the San Joaquin basin and the Santa Maria basin. Thus, we have also engaged 
this past year in a series of efforts to improve these basin representations. Specifically, we focused 
our efforts on the San Joaquin basin, which constitutes the southern part of the Central Valley and 
represents the largest onshore basin in California. Home to the city of Bakersfield (pop. 780,000), 
the basin also represents the heart of California’s agriculture industry. To improve the basin 
representation in this region, we have assembled a database of industry seismic reflection and 
well bore data that define the geometry of the basin, as well as the velocity and density structure 
of the sedimentary sections. The San Joaquin basin has been a center for oil and gas exploration 
and production for nearly a century, resulting in the availability of hundreds of deep petroleum 
wells with electric logs that constrain compressional wave velocities and densities. In addition, 
there are thousands of line kilometers of high-resolution seismic reflection data that define basin 
geometry and provide additional constraints on Vp structure through stacking velocities. This past 



year, we assembled and analyzed a large amount of this data, including 250 wells with sonic logs 
and more than 500 wells with basement tops. We also analyzed more than 1,200 km of industry 
seismic reflection profiles with stacking velocities. All of data have been digitized (a labor-
intensive task in the case of the sonic logs) and georeferenced with a GIS application. We used 
the well tops and seismic data to construct a triangulated surface representation of the top 
basement surface, extending the results of Wentworth et al., (1995). The basement surface, along 
with topography, defines the volume of low velocity sediments that comprise the basin (Figure 4). 
These surfaces will be directly incorporated into the CVM-H, and will define the region within 
which sediment velocities will be parameterized using sonic logs and stacking velocities. 
Preliminary analysis of these velocity data shows that Vp increases with depth in a roughly linear 
fashion, as expected, but there are major lateral variations in velocity that reflect the presence of 
folds and faults as well as stratigraphic facies variations. We plan to evaluate a number of 
approaches for interpolating these velocity structures within the basin, including kriging 
techniques and functions that relate velocity, depth, basin depth and sediment type (e.g., Suess 
and Shaw, 2003; Lovely et al., 2006). We will evaluate these interpolations by their ability to 
predict sediment velocities in well logs withheld from the initial database, and by evaluating 
time-depth correlations between well tops and seismic reflection data. The end result will be an 
improved 3D velocity model of the basin that will be incorporated into the CVM-H and made 
available to the SCEC community. The new models can be evaluated by comparing simulated and 
observed waveforms from recent earthquakes.  
 

 
Figure 4: Perspective view of several San Joaquin basin model components, including depth 
contours on the top basement horizon, wells with sonic logs, and geologic sections that 
incorporate results from seismic reflection profile and local velocity models. 

 
 
Model delivery and implementation 
The ultimate goal of making improvements to the components of the Unified Structural 
Representation is to deliver more accurate models to SCEC scientists pursuing efforts in fault 
system modeling, strong ground motion prediction, and seismic hazards assessment. In the case 
of the community velocity models, a major challenge is to facilitate their use in developing the 



large-scale computational meshes and grids that are used for numerical simulations of seismic 
wave propagation. These tasks are made increasingly more difficult as the sizes of the models and 
grids, and the target frequencies of the simulations, increase. To help address these challenges, we 
have collaborated with the SCEC Community Modeling Environment (CME) team, led by Phil 
Maechling, to develop new representations and means of delivering the CVM-H that will better 
facilitate their use. In this context, we have developed a new website for the SCEC CVM-H, 
which includes a substantially updated user manual. The user manual provides a direct tutorial, 
with sample data sets, demonstrating how to use the code that accesses the model, and to deliver 
the results in ways that facilitate populating computational meshes and grids with and without 
topography (http://structure.harvard.edu/cvm-h).  
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