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Development of a CPInterface (COMSOL-PyLith Interface) for Finite Source Inversion
using the Physics-based Green's Function Matrix
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Department of Geophysics, Kangwon National University, Chuncheon 24341, Republic of Korea
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ABSTRACT

Finite source inversion is performed with a Green's function matrix and geodetic coseismic displacement. Conventionally, the Green's
function matrix is constructed using the Okada model (Okada, 1985). However, for more realistic earthquake simulations, recent
research has widely adopted the physics-based model, which can consider various material properties such as elasticity, viscoelasticity,
and elastoplasticity. We used the physics-based software PyLith, which is suitable for earthquake modeling. However, the PyLith does
not provide a mesh generator, which makes it difficult to perform finite source inversions that require numerous subfaults and
observation points within the model. Therefore, in this study, we developed CPInterface (COMSOL-PyLith Interface) to improve the
convenience of finite source inversion by combining the processes of creating a numerical model including sub-faults and observation
points, simulating earthquake modeling, and constructing a Greens function matrix. CPInterface combines the grid generator of
COMSOL with PyLith to generate the Green's function matrix automatically. CPInterface controls model and fault information with
simple parameters. In addition, elastic subsurface anomalies and GPS observations can be placed flexibly in the model. CPInterface
is expected to enhance the accessibility of physics-based finite source inversions by automatically generating the Green's function matrix.
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COMSOL - PyLith interface (CPInterface)
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A1, 2 EANNA CPInterface= 2] 2F 2| 27], @5 HH
(Zol, Zol, T, AADh, S AHEY AAE wrgsto] v+
£ AR 4, 5 dAA /3 EF AR 8l shte] &
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#HE T4 FAF= (0, 0, 002 3] Urk(Fig. 3a9| &
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Create the JavaScript with the geometric information
of the domain, fault, and observation points.

<=

Generate the domain and mesh grid structure
with non-GUI COMSOL.

<=

Convert the COMSOL mesh file format (.mphtxt)
to the PyLith usable format (.mesh).

==

Perform forward earthquake slip modeling with PyLith.

<=

Construct the Green's function matrix
from the extracted surface displacements.

Fig. 1. Flow chart of the CPInterface.

saasEERSEsEsRREEEEARE Mode| Setup
domain size = [1080e3, 1 HE

5ize of Domain [X, ¥, 2]

fault_coor = [0, 8, 68e3] # Fault Center Coordinate [X, ¥, Z]
fault_heis! # Hegiht of Fault

fault_widsl # Width of Fault

X numsd # Number of sub-fault along Strike
y_num=1 # Number of sub-fault along Dip

strike angle=d
dip angle=:

Strike Angle
Dip Angle

GPS=np. loadtxt| station.txt') GPS station location file

Anomaly
anomaly = # "on" = anomaly / "off" = no anomaly
anomaly size = [ e3, I8 ! 1 # Size of Anomaly [X, Y, Z]
anomaly coor = [d, B, -13 1 # Anomaly Center Coordinate [X, Y, Z]

FEAREOERARRRERERRRARES Properties

domain density = 2700; anomaly density = # Density
domain nu = : anomaly nu - # Nu (Possion’s ratio)
domain E = Air9; anomaly E = #E (Young's modulus)

Fig. 2. The portion of the CPlnterface that adjusts the model
parameters such as size of domain, fault, and anomaly, angle of
strike and dip, and properties of anomaly and remaining materials.
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Fig. 3. Numerical model generation using CPlnterface: (a) create
the domain, (b) set the fault inside the model, (c¢) define the
observation points on the surface of the model, and (d) set the
subsurface elastic anomaly. (e and f) Top view of the surface with
fault plane and observation points.
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Fig. 4. Mesh structure of the model. (a) Visualization of the model using ParaView. The red box represents an elastic anomaly. (b) Tetrahedral
grid of the numerical model (c) Node distribution on a fault plane before (left) and after (right) applying mesh refinement.
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Fig. 5. Green’s function matrix of a model with anomaly (left
column), a model without anomaly (middle column), and the
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(middle row), and z (bottom row) directions.
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Fig. 6. (a) The model with the GPS stations (gray dots) and the fault plane. (b) Map view of the 2015 M,, 8.3 Illapel earthquake. The red
triangles indicate a GPS station that recorded the coseismic surface displacement.
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Fig. 7. The estimated slip distribution of the Illapel earthquake. The
red star indicates the location of the mainshock.
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Fig. 8. L-curve for selecting the optimal smoothing parameter
(yellow star).
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Data Availability Statement

B oA st CPInterface’=  https:/github.com/
GeoCoderMS/CPInterface o4 &1 4= Ql5Utt.
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