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Tsunami Generation 
 
The interplate fault in a subduction zone has been responsible for most of the largest tsunamis in the 20th 
century. For most of interplate fault ruptures, the resulting seafloor displacement can be estimated based 
on the dislocation theory, using the linear elastic theory (e.g., Mansinha and Smylie 1971). Several 
parameters defining the geometry and strength of the fault rupture need to be specified. First of all, the 
mean fault slip, D is calculated from the seismic moment, M0 as follows: 
 0M DSm=  (1) 
where S is the rupture area and m is the rigidity of the earth at the source. The seismic moment is 
determined from the seismic data recorded worldwide and is usually reported as the Harvard CMT 
solution. The rupture area is estimated from the aftershock data. For a rough estimation the fault plane can 
be approximated as a rectangle with length L and width W. The aspect ratio L/W could vary from 2 to 8. 
To find the static displacement of the seafloor, we need to assign the focal depth d, measuring the depth 
of the upper rim of the fault plane, the dip angled , and the slip angle l  of the dislocation on the fault 
plane measured from the horizontal axis. The closed form expressions for vertical seafloor displacement 
caused by a uniform slip on a rectangular fault can be found in Mansinha and Smylie (1971). This upward 
push is impulsive; it occurs very quickly, in a few seconds. The ocean water surface responds 
immediately to the upward movement of the seafloor and the ocean surface profile usually mimics the 
seafloor displacement. 
 
For more realistic fault models, non-uniform stress-strength fields (i.e., faults with various kinds of 
barriers, asperities, etc.) are expected so that the actual seafloor displacement may be very complicated 
compared with the smooth seafloor displacement computed from the mean dislocation field on the fault. 
Although several numerical models have considered geometrically complex faults, complex slip 
distributions, and elastic layers of variable thickness, they are not yet disseminated in tsunami research 
(Geist 1998). One of the reasons is that our knowledge in source parameters, inhomogeneity and non-
uniform slip distribution is too incomplete to justify using such a complex model.  
 
Tsunami Propagation 
 
Numerical simulations of the hydrodynamic processes describing tsunami propagation have made great 
progress in the last forty years. This progress is made possible by the advancement of seismology and by 
the fast development of the high-speed computer. Several tsunami models are being used in the National 
Tsunami Hazard Mitigation Program, sponsored by the National Oceanic and Atmospheric 
Administration (NOAA), to produce tsunami inundation and evacuation maps for the states of Alaska, 
California, Hawaii, Oregon and Washington. These computational models include the MOST (Method Of 
Splitting Tsunami), which was developed originally by researchers at the University of Southern 
California (Titov and Synolakis 1998), the COMCOT (Cornell Multi-grid Coupled Tsunami Model), 
which was developed by researchers at Cornell University (Liu et al. 1995), and the TSUNAMI2, which 
was developed at Tohoko University in Japan (Imamura et al. 1988, Imamura 1996). All three models 
solve the same nonlinear shallow-water (NSW) equations with different finite-difference algorithms. 
There are many other existing computational tsunami models, including the finite element model, which 
is known as ADCIRC (Priest et al. 1997).       
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For a given source region condition (e.g. the initial free surface profile), these existing models can 
simulate tsunami propagation over a long distance with a fairly high accuracy. In comparison with many 
historical tsunami events and large-scale laboratory experiments, there are strong evidences that these 
models can estimate reasonably well the arrival time and the magnitude of the tsunami at a targeted 
coastal region, provided, again, that the source region information and the bathymetry data are accurate. 
However, these models commonly lack of the capability of simulating dispersive waves, which could be 
the dominating features in the landslide generated tsunamis.  Fortunately, several high-order depth-
integrated wave hydrodynamics models (aka Boussinesq-type models) are available for simulating 
nonlinear and weakly dispersive waves, e.g., CULWAVE (Cornell University Long and Intermediate 
Wave Modeling Package) (Lynett and Liu 2002) and FUNWAVE (Kennedy et al. 2000). Lynett, et al. 
(2003) has applied CULWAVE to the 1998 PNG tsunami and has obtained results agreeing with field 
survey data reasonably well.  Needless to say, the Boussinesq-type models require higher spatial and 
temporal resolutions, and therefore, they are more time consuming.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Being depth-integrated and two-dimensional horizontal (2DH), NSW equation models and Boussinesq-
type models lack the capability of simulating the details of many coastal effects, such as the interaction 
between tsunami and coastal structures, which could be either stationary or movable.  At present, coastal 
infrastructures are parameterized as the bottom roughness in the 2DH models. Although satisfactory 
results can be achieved by adjusting the roughness parameter (e.g., see Figure 1 for the inundation in Hilo 
bay during the 1960 Chilean tsunami, Liu et al. (1994) ), these models can not provide adequate 
information for wave forces acting on coastal structures, nor can they estimate the bottom stress, which is 
essential in determining sediment erosion and deposition.       

Figure 1.  Inundation in Hilo Bay during the 1960 Chilean tsunami 
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Tsunami Forces on Structure 

 
To address tsunami coastal effects, particularly tsunami forces acting on a structure, several two-
dimensional and three-dimensional computational models, based on Navier-Stokes equations, have been 
developed with various degrees of success. For example, a 2D computational model, nicknamed 
COBRAS (Cornell Breaking waves and Structures model), has been developed by researchers at Cornell 
University. This model is capable of describing the interactions between breaking waves and a structure 
that is either surface piercing or submerged. In Figure 2 snapshots of numerical results of the surface 
profiles and the velocity fields for a wave train breaking upon a caisson breakwater that is protected by a 
thick layer of concrete units (Tetrapods) and supported by a rubble mound. Experiments, measuring the 
velocity field and free surface profiles in the vicinity of the breakwater as well as the pressures on the 
vertical face and the bottom of the caisson are conducted (Sakakiyama and Liu 2001). The COBRAS is 
able to simulate the experiments accurately (Hsu et al. 2002).  
   
A 3D unstructured finite volume model, TRUCHAS, originally developed by a research team at the Los 
Alamos National Laboratory for incompressible interfacial flows, has also been modified as a tool for 
tsunami-structure interaction. This model employs the two-step projection method for solving the Navier-
Stokes equations and uses the Volume of Fluid Method (VOF) to track the free surface location. The 
k e- turbulence closure model as well as the LES model has been implemented. As an example, Figure 3 
shows a 3D simulation of a wall of water (bore) impinging on a vertical square column. Initially, water of 
30-cm deep was impounded behind a gate and the other side was kept "almost" empty (less than 0.5 cm 
deep). A 12-cm by 12-cm square column was placed upright at a distance of 50 cm away from the gate; 
there was a wall at 58-cm downstream from the column. The overall agreement between numerical results 
and experimental measurements is very good. 

 

 
Figure 2 Snap shots of free surface profiles and        
              velocity fields during one wave cycle.  
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Moving Objects and Fluid-Structure Interaction 
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Several commercially available numerical 3D codes have promising potentials for predicting 
fluid-structure interaction with a free fluid surface and flexible structures (e.g., AcuSolve 
(http://www.acusim.com/), FEMLAB (http://www.comsol.com/), FLUENT 
(http://www.fluent.com/), etc.). It remains to be seen how these codes may be improved and 
possible adopted to analyze tsunami related fluid-structure interaction problems. The 
assumptions and techniques employed in each model to handle the time and force scaling effects 
and the Elerian/Lagrangian fluid-structure interface need to be examined.  
 
 
 
 
 
 
 

 Figure 3. Snapshots of free surface profiles for a bore impinging on a square cylinder. 
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Fig 4. The motion of a submarine mass slide including fluid-structure interaction effects. 
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