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Summary
In 2008 we continued our efforts to expand and improve the SCEC Community Velocity
Model (CVM-H), which serves as the basis for efforts in 3D waveform tomography
(Chen et al., 2007) and numerical simulations of wave propagation (e.g., Komatitsch et
al., 2004; Minster et al., 2004; Graves et al., 2007). Inspired by a SCEC Unified
Structural Representation Workshop in 2007, this past year we made a number of
improvements to the model including expanding its geographic range, incorporating new
basin structures, and updating the underlying tomographic crust and upper mantle
models. These enhancements are intended to improve the technical quality of the SCEC
CVM-H and USR, and to facilitate their use in a wide range of SCEC activities including
strong ground motion prediction.

SCEC Community Velocity Model (CVM-H)
This past year’s efforts to improve the community velocity model (Plesch et al., 2008;
Süss and Shaw, 2003), were implemented in a new model version (CVM-H 5.5) released
at the 2008 annual meeting (Figure 1). Improvements to the CVM-H included:

1) new Vp, Vs, and density parameterizations within the Santa Maria basin and
Salton Trough (Lovely et al., 2006);

2) incorporation of updated Vp and Vs tomographic models (Hauksson, 2000) that
extend to a depth of 35 km. These new models were developed by Egill Hauksson
at Caltech using the sedimentary basin structures included in the current CVM-H
5.5.

3) incorporation of a new upper mantle teleseismic and surface wave model that
extends to a depth of 300 km. This new model was developed by Toshiro
Tanimoto at UCSB using Hauksson’s tomographic model as a starting point.

4) Implementation of a new bedrock geotechnical layer (GTL) based on the depth-
velocity relations of Boore & Joyner (1997). In this implementation, we used the
empirical velocity gradient to scale upwards from the base of the GTL (top of
basement), resulting in gradual vertical velocity gradients and lateral variations in
velocities at the surface.



Figure 1: Perspective view of CVM-H 5.5, 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. Vs is shown.

In addition, a series of enhancements were made to the structure of the CVM-H 5.5 and
the code that delivers the model. Most significantly, the CVM-H consists of separate Vp
and Vs models, whereas previous model versions consisted of only Vp with Vs and
density specified by fixed relations with Vp. We chose to develop separate Vp and Vs
models to more faithfully represent data that independently constrain these properties and
the nature of the upper mantle models. In addition, we substantially updated the C-code
that delivers the CVM-H. This code specifies Vp, Vs, and density values at arbitrary
points (x,y,z) defined by the user by locating the nearest neighbor grid point in the
appropriate CVM-H voxet. The new model version consists of high (250m) and medium
(1000m) resolutions voxets, or regular grids, defining both Vp and Vs structure (density
is derived using a scaling relationship from Vp). To support the needs of SCEC scientists
who employ the code to parameterize their computational grids, we enhanced the code to
deliver several additional functions. First, the code now provides the location, in addition
to the value, of the nearest neighbor grid point. This allows users to identify the locations
where the values were initially parameterized in the CVM-H, ensuring data integrity and
supporting the use of a variety of interpolation schemes that can be tailored to the users
application. A sample implementation of an interpolation routine that respects material
boundaries is provided. Second, the code now provides the depths (distances) from the
arbitrary points to the surfaces used to construct the CVM-H, namely the surface
topography/bathymetry, the top of crystalline basement, and the Moho. This information
is of particular value when using the CVM-H to guide the construction of computational
meshes.

Geotechnical layer
The geotechnical layer (GTL) is a description of the velocity structure in the shallow
subsurface, where low shear wave speeds, in particular, can have a significant impact on



strong ground motions. The previous generation SCEC CVM (Magistrale et al., 2000)
incorporates a GTL extending to a depth of 1000ft below ground level. Within this
interval, Vp and Vs are specified as a function of soil type and proximity to shallow
geotechnical borehole where velocities have been measured. In order to provide a similar
GTL in the current CVM-H 5.5, the upper few voxet cells of this model were
parameterized directly from the CVM model of Magistrale et al., (2002). However, this
approach is restrictive in that it limits the precision of the GTL to that of the voxet used in
the CVM-H. Thus, we are in the process of working with the SCEC CME group to
extract the portion of the CVM Fortran code used by Magistrale et al., (2002) that
delivers the GTL, and to make it available directly through the CME website. This will
ensure that the GTL can continue to be used as it has in the past (at unlimited precision
without introducing interpolation artifacts) yet in concert with the new CVM-H model.

In addition, this past year we implemented a new GTL for the CVM-H in the basement
areas. Based on your advice from SCEC colleagues,  we targeted a strategy for
completely replacing the GTL in basement areas using the generic Boore & Joyner
(1997) velocity profile, and providing a smooth transition to the underlying velocities.
We tested two basic approaches to this implementation. The first and most
straightforward approach was to implement the surface velocity specified in the generic
curve at the top of the GTL (generally around 50m below ground) and then use the
remainder of the thickness of the GTL (generally about 200m - 300m) to linearly
interpolate up to the velocity at the top of the basement rocks. This approach results in
rather steep velocity gradients with depth and an almost constant velocity close to the
surface. The second approach accounts for the differences in basement velocities as
sampled in the tomographic model. We started with the velocity at the base of the GTL
(or top of basement) and use the shape (gradient) of the generic curve to specify
velocities within the GTL. Note that this approach did not use the absolute values of the
generic curve. Instead, in this implementation we scaled the generic velocity profile in
the GTL according to the ratio of the velocity of the profile and the velocity of the
basement, at the depth at the top of the basement. This approach results in more gradual
velocity gradients and variable velocities at the surface.

Draft versions of these GTL implementations were made available to the SCEC
community, and based on feedback we proceeded to implement the second approach as
the basement GTL in the CVM-H 5.5. We anticipate that use of the new model in wave
propagation simulations will provide direct evaluations of the new bedrock GTL
implementation, and guide future improvements to the model.
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