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Abstract. In previous work (Williams and Wallace, 2015) we used Green’s functions generated with the 
PyLith finite element code (Aagaard et al., 2013) to examine the effects of material heterogeneity on geo-
detic inversions of slow slip events (SSEs) along the Hikurangi Margin, New Zealand. We are extending 
this work to include interseismic coupling models for the North Island of New Zealand. For both of these 
projects we have used PyLith to generate Green’s functions and Defnode (McCaffrey, 1995; 2002) to per-
form geodetic inversions. We have developed a workflow that allows us to perform the necessary tasks in 
a semi-automated way. 
 The most difficult task is mesh generation. We have developed Python scripts to create geometry for 
use with the Trelis meshing package, using nodal information from Defnode. Additional scripts generate 
an initial mesh, impose a user- defined sizing function, and create a refined mesh suitable for generating 
Green’s functions. We generate Green’s functions with PyLith, and integrate them to provide the Green’s 
functions required by Defnode. Once the Defnode Green’s functions have been generated we use anoth-
er script to launch many Defnode inversions in parallel. We are still improving our workflow, and once it is 
finished it will be publicly available. Our initial research has shown that using material properties from a 
seismic velocity model can have significant effects on predicted SSE slip distributions, and the same is 
likely true for interseismic coupling models. The workflow that we are developing should allow others to 
explore these effects in other regions. 
 
Intellectual Merit. This project is relevant to SCEC’s goal of constraining fault slip with geodetic data. It 
provides a method for using several of SCEC’s other projects, such as the CFM, the CVM, and the Com-
munity Geodetic Model, to provide more accurate interpretations of coseismic and interseismic fault slip. 
It also makes use of the PyLith finite element code, which has received support from SCEC in the past, 
as well as the DEFNODE geodetic inversion code. 
 
Broader Impacts. The workflow developed as part of this project will be made publicly available, and 
should thus help other scientists to make use of more realistic elastic properties and include topographic 
effects in their own research. The resulting improved slip distributions should enhance our seismic hazard 
capabilities. 
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Exemplary Figure. Last figure on bottom left in the poster pasted into this document. This figure repre-
sents the integration procedure used to go from PyLith-generated Green’s functions to Green’s function 
suitable for use with DEFNODE. 
 

  

Development of a Workflow for Using PyLith-Generated Green’s Functions with the Defnode Geodetic Inversion Code
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Problem DescriptionAbstract
In previous work (Williams and Wallace, 2015) we used Green’s 
functions generated with the PyLith finite element code 
(Aagaard et al., 2013) to examine the effects of material 
heterogeneity on geodetic inversions of slow slip events (SSEs) 
along the Hikurangi Margin, New Zealand. We are extending this 
work to include interseismic coupling models for the North Island 
of New Zealand. For both of these projects we have used PyLith 
to generate Green’s functions and Defnode (McCaffrey, 1995; 
2002) to perform geodetic inversions. We have developed a 
workflow that allows us to perform the necessary tasks in a 
semi-automated way. We describe the current state of our 
workflow for both SSE and interseismic coupling inversions.

The most difficult task is mesh generation. We have developed 
Python scripts to create geometry for use with the Trelis 
meshing package, using nodal information from Defnode. 
Additional scripts generate an initial mesh, impose a user-
defined sizing function, and create a refined mesh suitable for 
generating Green’s functions. We describe the process of 
generating Green’s functions with PyLith, and the integration 
procedure to provide the Green’s functions required by Defnode. 
Once the Defnode Green’s functions have been generated we 
use another script to launch many Defnode inversions in 
parallel. We are still improving our workflow, and once it is 
finished it will be publicly available. Our initial research has 
shown that using material properties from a seismic velocity 
model can have significant effects on predicted SSE slip 
distributions, and the same is likely to be true for interseismic 
coupling models. The workflow that we are developing should 
allow others to explore these effects in other regions.

Defnode/TDefnode for Geodetic Inversions

Defnode uses a fairly coarse quadrilateral mesh to discretize faults (orange lines above left), 
and Green's functions are computed for the vertices (nodes) of the mesh. A bilinear slip 
distribution is used on smaller Okada sub-patches within each larger quadrilateral patch. We 
create a mesh for PyLith that exactly matches the Defnode coarse mesh, using triangular 
elements instead of Okada rectangles. We then compute the responses at cGPS sites (red 
squares) for each node on the PyLith fault mesh, and sum these for each Defnode node 
(using a bilinear slip variation) to approximate the Defnode Green's functions. The problem is 
more complex for interseismic coupling models (above right), since it is necessary to create 
meshes for all the faults in the block model (20+ faults for the North Island of New Zealand). 
Since meshing is the most difficult part of setting up the problem, we have developed a semi-
automated workflow to assist with this task.

Workflow

Defnode (McCaffrey, 1995; 2002) 
and Tdefnode (McCaffrey, 2009) 
are used to invert geodetic 
observations to infer block 
rotations and interseismic locking 
or coseismic fault slip. At left is an 
example that shows the 
interseismic coupling in color 
contours and cumulative slow slip 
in green contours.

Effects of Material Heterogeneity

Using PyLith (Aagaard et al., 2013) in conjunction with 
Defnode and a New Zealand-wide seismic velocity model 
(Eberhart-Phillips et al., 2010), we found that including 
material property variations provides significantly 
different slip estimates for slow slip events along the 
Hikurangi Margin (Williams and Wallace, 2015). We 
anticipate that these same effects will alter the 
interseismic coupling picture provided by Defnode (top 
left), which assumes an elastic half-space. We are 
therefore trying to develop a workflow that simplifies the  
process of coupling Defnode/TDefnode with PyLith.
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We use Trelis (www.csimsoft.com) for our meshing and geometry definition tasks. We first 
define a geometry corresponding to a Defnode .nod file using one of two methods, 
depending on the type of fault. Once the fault geometry is generated we then embed it 
within a larger volume representing our solution domain. We then define an initial mesh 
using simple Trelis internal mesh sizing abilities.

Using an external Python script, we add size 
information to the initial mesh using a combination 
of radial basis function (RBF) and ellipsoidal sizing 
functions, and then create a new mesh using this 
information.

We use PyLith's built-in Green's function generation capability and 
then use a Python script to perform the necessary coordinate 
transformations and integrations to provide Defnode Green's 
functions. Another Python script can then be used to run multiple 
Defnode instances in parallel, if necessary.
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