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From Earthquake Physics to Numerical Simulation



Why Computational 

Seismology?



Can we Describe nature? How?



Temperature change 

modeling



Tsunami Simulation

Grenoble basin simulation

Makran Tsunami simulation



Earthquake  Simulation

Grenoble basin simulation









Lu=f Governing equation

Boundary condition, B.C.

Initial condition, I.C.



Is Governing equation unique?
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NO!



Tsunami simulation



Navier-Stokes

Nonlinear Shallow Water Equations (NLSWE)

Boussinesq

Linear Shallow Water Equations (NLSWE)

Tsunami wave propagation Governing equation
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From Analytical to Numerical Solutions

Simple & Homogeneous Medium
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From Analytical to Numerical Solutions

Simple & Homogeneous Medium Complex Earth Model



Governing equation

Lu f



1D Wave equation
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1D Wave equation
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What does numerical solution do?

Lu=f partial differential equations



What does numerical solution do?

Lu=f partial differential equations

Algebraic equations

Numerical 
methods



Two Numerical Approaches for Solving PDEs
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Two Numerical Approaches for Solving PDEs
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Different numerical methods

Domain Methods

Finite Difference Method, Finite Element Method, 

Fourier Pseudospectral Method, Spectral Element Method, 

Discontinuous Galerkin Method, Meshless methods, etc.



Different numerical methods

Domain Methods

Boundary Integral Equation Method, Boundary Element Method, 

Discrete Wavenumber Method, Aki–Larner Method, etc.
Boundary Methods

Finite Difference Method, Finite Element Method, 

Fourier Pseudospectral Method, Spectral Element Method, 

Discontinuous Galerkin Method, Meshless methods, etc.



Different numerical methods

Domain Methods

Finite Difference Method, Finite Element Method, Fourier 

Pseudospectral Method, Spectral Element Method, 

Discontinuous Galerkin Method, Meshless methods, etc.

Boundary Integral Equation Method, Boundary Element Method, 

Discrete Wavenumber Method, Aki–Larner Method, etc.
Boundary Methods



FD seismic wave propagation modeling Governing equation
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FD seismic wave propagation modeling Governing equations
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FD seismic wave propagation modeling Discritization
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FD seismic wave propagation modeling Challenges

(Levander 1988)Stress imaging 



FD seismic wave propagation modeling Challenges

(Levander 1988)Stress imaging 

(Kristek et al. 2002)AFDA 
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FD seismic wave propagation modeling Challenges

Kristek et al. (2010)



FD seismic wave propagation modeling Challenges



FD seismic wave propagation modeling Challenges



EXAMPLE



Model Example

18

0 wM 1.65 10 Nm (M 6.1)  



Layer Thickness(km) Vp (km/s) Vs(km/s) density(gr/cm3)

1 2 4.8 2.6 2.3

2 2.8 5.5 3.1 2.5

3 13.2 6.2 3.6 2.7

4 6 6.8 3.8 2.8

5 inf 8 4.62 3.2

Earth Layer Seismic Velocity Model Example
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Simulation results for stations 1,2,3 Example



Simulation results for stations 4,5,6 Example



Simulation results for stations 7,8,9 Example
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