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ABSTRACT

This research focuses on tsunami wave modelling. The nature of tsunami
waves can be conditionally divided into three parts; generation, propagation and
inundation (or run-up). General patterns and important characteristics of tsunamis can
be predicted by various sets of governing equations and commonly used models which
include elastic wave, nonlinear shallow water and forced Korteweg de Vries (fKdV)
equations. In order to construct tsunami model, we divide this modelling into two
parts; the first part contains seismic (earthquake) wave that focuses on the nonlinear
elastic wave equation. The equation has been successfully applied to the tsunami
generation part and is shown to give suitable complex flow simulation of elastic wave
generation. The second part essentially deals with the nonlinear shallow water
equations which are often used to model tsunami propagation and sometimes even the
run-up part. This work specifically studies the properties of propagation of tsunamis.
Shallow water equations have become the choice model of operational tsunami
modelling for irrotational surface waves in the case of complex bottom elevation. The
run-up part basically deals with the KdV and fKdV equations for unidirectional
propagation and effects of external noise and damping terms for the studies of tsunami
run-up. Several test-cases are presented to verify propagation and run-up model. The
simulation algorithm of this research is based on the lattice Boltzmann method (LBM).
The aim of this research is to use the LBM to solve tsunami waves modelling. Several
problems for simulation of tsunami waves are generated with LBM. The appropriate
equilibrium distribution function is selected and extended to solve the related three-
dimensional problems and appropriate units are chosen and changed in accordance
with lattice Boltzmann simulations and stability of lattice Boltzmann models. These
models are solved and the solutions with different boundary conditions are analysed
to produce relevant patterns and behaviours, assumptions and approximations for
modelling tsunami and seismic waves. These analyses have been implemented via
accurate, robust and efficient LBM for solving the tsunami sets of equations under
complex geometry and irregular topography. The graphical output profiles are
generated by using Matlab version 2012.
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ABSTRAK

Kajian ini memberi tumpuan kepada model gelombang tsunami. Sifat
gelombang tsunami boleh dibahagikan kepada tiga bahagian mengikut syarat;
penjanaan, perambatan dan limpahan (atau run-up). Pola umum dan ciri-ciri penting
tsunami boleh diramalkan dengan pelbagai set persamaan utama dan model yang biasa
digunakan termasuk gelombang elastik, air cetek bukan linear dan persamaan
Korteweg de Vries paksaan (fKdV). Dalam usaha membina model tsunami,
pemodelan ini dibahagikan kepada dua bahagian; bahagian pertama mengandungi
gelombang seismik (gempa bumi) yang memberi tumpuan kepada persamaan
gelombang elastik bukan linear. Persamaan ini digunakan dengan jayanya untuk
bahagian penjanaan tsunami dan terbukti memberi simulasi aliran kompleks penjanaan
gelombang elastik yang sesuai. Bahagian kedua pada dasarnya adalah berkenaan
persamaan air cetek bukan linear yang sering digunakan untuk memodelkan
perambatan tsunami dan kadang kala juga bahagian limpahan. Kerja ini secara
khususnya mengkaji sifat-sifat perambatan tsunami. Persamaan air cetek telah
menjadi model pilihan dalam pemodelan operasi tsunami untuk gelombang permukaan
tak berputar dalam kes dongakan kompleks bawah. Bahagian limpahan pada dasarnya
berkaitan dengan persamaan fKdV untuk perambatan satu arah dan kesan bunyi luaran
serta terma redaman dalam kajian limpahan tsunami. Beberapa kes ujian dibentangkan
untuk mengesahkan model perambatan dan limpahan. Algoritma simulasi kajian ini
adalah berdasarkan kaedah kekisi Boltzmann. Tujuan kajian ini adalah untuk
menggunakan LBM dalam menyelesaikan pemodelan gelombang tsunami. Beberapa
masalah untuk simulasi gelombang tsunami dijana dengan LBM. Fungsi taburan
keseimbangan yang sesuai diambil dan dilanjutkan untuk menyelesaikan masalah tiga
dimensi yang berkaitan dan unit yang sesuai dipilih serta diubah mengikut simulasi
kekisi Boltzmann dan kestabilan model kekisi Boltzmann. Model ini diselesaikan dan
penyelesaian dengan syarat sempadan yang berbeza dianalisis bagi menghasilkan
corak yang relevan serta perilaku, andaian serta anggaran pemodelan gelombang
tsunami. Analisis ini dilaksanakan menerusi LBM yang jitu, teguh dan berkesan bagi
menyelesaikan set persamaan seismik dan tsunami di bawah geometri kompleks dan
topografi yang tidak teratur. Profil hasil grafik dijana dengan menggunakan Matlab
versi 2012.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Natural disasters have had and will always have a major impact on human
society. Earthquakes can ravage large areas and bring suffering and grief to many
people living in such regions. The question remains why and how do earthquakes
occur and which physical laws govern their behaviour? Although we know a lot more
today than only a hundred years ago, still there are many unanswered questions and

more work will be needed to better understand these phenomena.

From old times, tsunamis have caused tremendous damages to human race. In
2004, Indonesia and other countries surrounding Indian Ocean were damaged by
Sumatra tsunami. Tsunami is generally caused by the earthquakes generated by the
fault movement along the ocean trenches. Countries bordering oceans with such
trenches like Japan have high possibility to be attacked by the ocean earthquake
tsunami. Tsunamis exhibit a wide variety of diverse fluid dynamical features. General
patterns and significant characteristics of tsunamis can be forecasted by different sets
of governing equations. Firstly, the shallow water equation has been one important

and commonly used. Main characteristics of tsunamis can be predicted by shallow



water equations which depict the irrotational motion of an incompressible inviscid
fluid in the long wave limit. The shallow water equation describes propagation of
waves in weakly nonlinear and weakly dispersive media. Peregrine (1967) is derive
the some type shallow water equations for water of various depth, which can easily
define the nonlinear transformation of irregular, multidirectional waves in shallow
water. The depth-integrated equations for the conservation of mass and momentum
for an incompressible and inviscid fluid are characterized by shallow water. The
vertical velocity is assumed to vary linearly over the depth to reduce the 3D problem
to a 2D one. Secondly, Korteweg-de Vries (KdV) equation can predict the
characteristic of tsunamis. Tsunami propagation is often modelled by the (KdV)
equation and forced Korteweg-de Vries (fKdV) equation, a non-linear evolution
Partial Differential Equation (PDE). The most important characteristic of the KdV
equation is a special class of solutions called solitary waves or solitons, in which a
large number of physical applications are particularly significant for stable localized
waves. A simple example of a soliton is a tsunami wave. Although the solitary wave

is now well understood the theory behind it is still very active.

The simulation algorithm of the Modelling of earthquake and tsunami in this
research work shall be based on the LBM. This method has been selected due to the
overall computational efficiency of the basic lattice Boltzmann algorithm, and its
capability to deal with complex geometries and topologies. The LBM is a mesoscopic
lattice simulation method. In the late 1980’s engineers and physicists were presented
the LBM. In many fields, lot of research work has been done, but the mathematical
background is remaining vague. It has been applied fruitfully in many research areas.
Fields of utilization of LBMs are the modelling and simulation of incompressible flows
in complex geometries, for instances the flow of blood in vessels, multiphase and multi
component fluids, free surface problems, moving boundaries, fluid-structure
interactions, chemical reactions, flow through porous media, suspension flows,
magneto-hydrodynamics, semiconductor simulations, non-Newtonian fluids, large
eddy and turbulence simulations in aerodynamics to mention but a few. The limiting
fluid-dynamic equations are determined by the scaling and the selection of the collision
operator, where several models are possible. For this purpose, LBMs are related to a

great diversity of various problems. Although LBMs are universally acclaimed for the



applicability to complex geometries and interfacial dynamics, intensive difficulties
become visible in the case of boundary conditions. To search expression in a
comparably simple explicit algorithm on uniform grids with only local interactions is
one of the advantages of lattice Boltzmann methods. The parallelization of the
algorithms for the speed-up of the computations is straightforward. The improvement
of differentiated quantities is a major advantage, without performing numerical

differentiations.

Historically, Lattice Boltzmann (LB) was derived from the lattice-gas
automata (LGA) in the 1990s, although the two methods are independent. The LGA
traces particle movements on a lattice, and can recover the Navier-Stokes equations,
thus simulating hydrodynamics. LGA is unconditionally stable and are very good to
simulate micro-flow with large intrinsic fluctuations. However, LGA exhibits strong
Galilean invariance (GI) violations, and they are limited to small Reynolds numbers.
To overcome these deficiencies, LB was developed. Instead of tracing the movement
of particles, LB traces the evolution of a density distribution function, which depends
on position and velocity. The velocity is discretized such that, in one time step, the
densities move to the neighbouring lattice sites to which their associated velocities
point. This movement is called streaming. Between streaming steps, collisions occur
at lattice sites and change the density distribution function. (Qian et al., 1993)
introduced Bhatnagar, Gross and Krook (BGK)’s single relaxation time approximation
to simplify the description of the collision. The system evolves by means of one
streaming and one collision per time step. The macroscopic physical quantities mass
and momentum are given by the velocity moments of the density distribution function.
Because the standard BGK model describes the collision of ideal gases, the standard
LB algorithm can only simulate ideal gas dynamics. To simulate non-ideal fluids, the
attractive or repulsive interaction among molecules, which is referred to as the non-
ideal interaction, should be included in the LB model. From the research carried out
on the application of LBM, much work has not been cited using LBM for modelling
of Tsunami and earthquake.



1.2 Statements of the Problem

Whenever a mathematical model is used to represent or predict the behaviour
of a real physical system there are two possible sources of error that should be carefully
distinguished. First, the set of equations assumed to govern the system will always
oversimplify the true physical system. Secondly, given the complexity of most
physical applications, the governing equations will rarely be exactly solved
analytically or numerically. Computations will only be estimates of solutions to the
already oversimplified system.

Tsunamis and earthquake exhibit a wide variety of diverse fluid dynamical
features and no single set of governing equations approximated by a numerical method
will ideally model all of the features. However, total models and significant features
of tsunamis can be foretold by diverse set of governing equations: elastic wave
equation, nonlinear shallow water equations and fKdV equation being important and

commonly used examples.

This research specifically studies the properties of tsunami waves. In particular
the study includes all these parts of the wave, generation, propagation and inundation.
Some of the problems that have been identified which are related to modelling of

earthquake and tsunami are listed below:

Seismic (Earthquake)

1. Nonlinearity of elastic wave equation

Tsunami (Hydrodynamics)

1. Nonlinearity of Shallow water equations

2. Korteweg-de vries (KdV) and forced Korteweg-de vries (fKdV) equation for
unidirectional propagation and effects of external noise and damping term

on the soliton solution of the fKdV equation.



Numerical method

1. Standard of Lattice Boltzmann method (LBM) for sets of equations in
order to handle tsunami and seismic waves and the stability and accuracy
of the method.

2. LBM for sophisticated geometry and irregular topography (the performance

of LBM method for complex geometry and irregular topography).

1.3 Objectives of the Study

The purpose of this research is to use the Lattice Boltzmann method (LBM) to
solve Seismic (Earthquake) and Tsunami waves modelling and to provide a more
accurate value of actual data. This work will evaluate, using accurate, robust and
efficient LBM numerical methods for solving the set of equations: elastic wave
equation, nonlinear shallow water equations and KdV and fKdV equations in order to

tsunami earthquake modelling.

The objectives are outlined below:

1. Tosolve and analyze the solutions of the governing equations with different
boundary conditions via LBM when they are used for seismic (earthquake)
and tsunami modeling.

2. Execute and enhance the Lattice Boltzmann Method for modelling seismic
wave propagation.

3. Execute and enhance the Lattice Boltzmann Method for modelling tsunami
wave propagation and inundation that are for compressible fluid flows and
incompressible fluid flows (fKdV - shallow water equations).

4. To find some patterns and physical models to understand behaviour,
assumptions and approximations for modelling tsunami and seismic wave

propagation.



5. To compare the numerical computations of LBM output with existing
methods for seismic (earthquake) and tsunami.

1.4 Scope of the Study

This study focuses on the three phases of tsunami and the numerical solutions
developed for the sets of equations by the use of lattice Boltzmann method. This aims
to investigate the implementation of the LBM formulation for the elastic wave, shallow

water waves and fKdV equations which are based on tsunami models.

In the first phase, this covers the generation process of the diffusion and non-
diffusion P-waves only. We apply LBM approach to its modelling to help understand
how tsunami occurs at the initial stage. The second and third phases deal respectively
with shallow water waves which are often used to model tsunami propagation, and
fKdV which is used to model tsunami inundation. More precisely, we discuss the
numerical discretization of the governing equations in the LBM framework on certain
specified geometries, e.g. oscillatory bottom, irregular bottom, etc. Zou and He,
boundaries are considered and their effects on the models are investigated. Owing to
the potential of LBM which include easy coding, excellent computational efficiency
for large data sets, we extend the standard of LBM for modelling of tsunami flows in
three dimensions, investigate the stability and accuracy of the method and its

performance in real computing environment.



1.5  Significance of the Study

Natural hazard can arise at any time in coastal areas around the world, for this
purpose tsunamis are significant to study. In an effort to gain a more complete
understanding of tsunamis and generate stronger warning systems, there are monitors
throughout the world's oceans to measure wave height and potential underwater
disturbances. The forecasting of earthquakes cannot be done, but foreseeing can be
possible. Understanding behaviour, assumptions and approximations made in physical
models is necessary. Forecasting of earthquakes cannot be done, but they have some
patterns and designs. Sometimes foreshocks precede quakes, though they look just
like ordinary quakes. But every major incident has a cluster of smaller aftershocks,
which follow well-known statistics and can be predicted. The numerical simulation of
physical phenomena serves as an alternative to classical solvers of partial differential
equations, however, the lattice Boltzmann method is used frequently. The LBM
preserves the sequence between the elaboration of a theory and the formulation of a
corresponding numerical model short and considered as a precious instrument in
fundamental research. Hence, LBM has been chosen to study the behaviour,
assumptions of earthquakes and Tsunami. The use of LBM to model earthquake and
tsunami will provide the opportunity to gain more understanding of the natural hazard
and also to generate stronger warning systems. In addition, this study provides the
opportunity to check the performance of LBM method for complex geometry and

irregular topography.



1.6 Thesis Outline

This thesis consists of seven chapters. The introductory Chapter 1 contains
discussion on the introduction, background of the problem, present work, problem
statement, objectives of research, scope of the study and significance of the study.

In chapter 2, literature reviews on current researches works are shown. Gives
an over view of previous work done by different researchers in the field of tsunami
and seismology and geophysics to mathematical modelling and coastal engineering. In
addition to that, mechanisms like the inundation, generation, and propagation of
tsunamis are presented. The Lattice Boltzmann methods of solution in general and as

applicable to these problems are rendered.

In chapter 3, the method of the current research LBM algorithms is stated.

In chapter 4, presents the mathematical derivation for elastic wave for the
generation of earthquake. The simulation algorithm for elastic wave equation for
tsunami wave modelling is the lattice Boltzmann and several test cases are presented
to verify generation model. The characteristics and LBM model of the wave are

discussed thoroughly.

In chapter 5, illustrates the mathematical derivation of shallow water wave for
the prorogation of tsunami. The simulation algorithm for shallow water wave equation
is the lattice Boltzmann and several test cases are presented to verify propagation

model. The characteristics and LBM model of the wave are discussed thoroughly.



In chapter 6, shows the mathematical derivation of KdV and fKdV for the
inundation of tsunami. The simulation algorithm for KdV and fKdV equations are the
lattice Boltzmann and several test cases are presented to verify inundation model. The

characteristics and LBM model of the wave are discussed thoroughly.

Finally, Chapter 7 presents the general conclusions of this research work and
recommendations for future works. It also highlights the problems considered and a

summary of the method used in solving the problem.



185

REFERENCES

Abadie, S., Morichon, D., Grilli, S., and Glockner, S. (2010). Numerical Simulation
of Waves Generated by Landslides using a Multiple fluid Navier-Stokes
Model. Coastal Engineering, 57(9), 779-794.

Abbott, M. and Minns, A. (1998). Computational Hydraulics. Ashgate Publishing.
Accelereyes, L. (2008). MATLAB GPU Computing from http:
Ilwww.accelereyes.com/.Accelereyes, L.

Aki, K. and Richards, P.G. (2002). Quantitative Seismology. (2t ed.) University
Science Books, Sausalito, CA.

Alcrudo, F. and Garcia-Navarro, P. (1993). A High-Resolution Godunov-Type
Scheme in Finite Volumes for the 2D Shallow-Water Equations. 16,489-505.

Alexander, F. J., H. Chen, S. Chen and G. D. Doolen. (1992). Lattice Boltzmann
Model for Compressible Fluids. Physical Review. 46(4), 1967-1970.

Ancona, MG. (1994). Fully-Lagrangian and Lattice-Boltzmann Methods for Solving
Systems of Conservation Equations. J.Comp.Phys. 115,107-20.

Annunziato, A., C. Best. (2006). The Tsunami Event Analyses And Models. JRC
Tsunami Model; http://tsunami.jrc.it/model; Joint Research Center, European
commission, January 2005, 42 .

Assier-Rzadkiewicz, S., Mariotti C., and Heinrich P. (1997). Numerical simulation of
submarine landslides and their hydraulic effects. J Wtrwy Port Coast Oc
Engng, 123(4), 149-157.

Auld, B. A. (1973). Acoustic fields and waves in solids. New York: Krieger Publ. Inter
science.

Ben, Menahem. and Rosenman, M. (1972). Amplitude Patterns of Tsunami Waves
from Submarine Earthquakes. J. Geophys. Res., 77(36)3097-3128.



186

Benzi. R.Succi, S.Vergassola, M. (1992). The Lattice Boltzmann Equation: Theory
and Applications. Physics Reports. 222,145-197.

Bermudez, A. and Vazquez, M.E. (1994). Upwind Methods For Hyperbolic
Conservation Laws With Source Terms. Computers and Fluids. 23, 1049 -
1071.

Bernard, E. N. (2005). The U. S. National Hazard Mitigation Program: A Successful
State-Federal Partnership, in (E. N. Bernard) Developing Tsunami Resilient
Communities, The National Tsunami Hazard Mitigation Program, Springer
Pub., Dordrecht. 5(24).

Beth, Geraghty. (2006). Comparative Numerical Modelling of Tsunami Propagation
Over Various Bathymetries, Department of Physics and Astronomy, University

of Canterbury.

Bettina, P. Allmann, Peter M. Shearer. (2007). A High-Frequency Secondary Event
during the 2004 Parkfield. Science .318, 1279.

Bhatnagar, Gross, Krook, Bhatnagar, Gross, and Krook, M. (1954). A Model for
Collision Processes in Gases. I. Small Amplitude Processes in Charged and
Neutral One-Component Systems. Physical Review. 94, 511.

Bhatnagar, P.L., Gross, E.P., and Krook, M. (1954). A Model for Collision Processes
in Gases. | Small Amplitude Processes in Charged and Neutral One-
Component Systems. Physical Review. 94, 511-525.

Bona, T. Colin, and D. Lannes. (2005). Long Wave Approximations for Water Waves.
Arch. Rational Mech. Anal. 178 (57), 373-410.

Boussinesq. (1872). Th”Eorie Des Ondes Et Des Remous Qui Se Propagent Le Long
D’un Canal Rectangulaire Horizontal, En Communiquant Au Liquide Contenu
Dans Ce Canal Des Vitesses Sensiblement Pareilles De La Surface Au Fond.
J. Math. Pures Appl. Journal de mathématiques pures et appliquées 2e série,
tome. 17(82.4), 55-108.

Brokesova, J. (2006). Asymptotic Ray Method in Seismology: A tutorial, Praha,
Matfyzpress.

Buick, J. M., Greated, C. A. and Campbell, D. M. (1998), Lattice BGK Simulation of
Sound Waves, Europhys. Lett. 43(3), 235 240.

Buick, J. M., Buckley, C. L. Greated, C. A. and Gilbert, J. (2000). Lattice Boltzmann

BGK Simulation of Non-Linear Sound Waves: The Development of a Shock



187

Front, J. Phys. A Math. Gen.33, 3917— 3928.

Carrier and Greenspan, H. P. (1958). Water Waves of Finite Amplitude on a Sloping
Beach. Journal of Fluid Mechanics. 2, 97-109.

Carrier, J. C., Deblois, G., Champigny, C., Levy, E., Giguere, V. Estrogen. (2004).
Related Receptor A (Erralpha) Is A Transcriptional Regulator Of
Apolipoprotein A-1V And Controls Lipid Handling In The Intestine. J Biol
Chem. 279(8), 52052.

Carrier. (1971). The dynamics of Tsunamis. Mathematical Problems in the
Geophysical Sciences. Lectures in Applied Mathematics. 13, 157-187.

Chen, S., Doolen, G D. (1998). Lattice Boltzmann method for fluid flows. Annual
Review of Fluid Mechanics, Annu Rev Fluid Mech. 30, 329 —364.

Chen, H., Chen, S. and Matthaeus, W. H. (1992). Recovery of the Navier-Stokes
Equations Using A Lattice-Gas Boltzmann Method. Physical Review A. 45(8),
R5339.

Chinnayya, A. and LeRoux, A. Y. A. (2003). New General Riemann Solver for the
Shallow Water Equations With Friction And Topography. Mathématiques
appliquées. 14(05), 663-700.

Chinnayya, A., LeRoux, A. Y., and Seguin, N. (2004). A Well-Balanced Numerical
Scheme For The Aproximation Of The Shallow Water Equations With
Topgraphy: The Resonance Phenomenon To Appear in Int. J. Finite Volume.
32(4), 479-513.

Chouet, B. (1988). Resonance of a Fluid-Driven Crack: Radiation Properties and
Implications for the Source of Long-Period Events and Harmonic Tremor, J.
Geophys. Res. 93(B5), 4375-4400.

Chouet, B. (2003). Volcano seismicity, Pure Appl. Geophys., 169, 739— 788. del
Valle-Garci’a, R., and F. J. Sa'nchez-Sesma (2003), Rayleigh waves modeling
using an elastic lattice model, Geophys. Res. Lett. 30(16), 1866.

Clayton, R. W. and Engquist, B. (1982). Absorbing Boundary Conditions for Wave-
Equation Migration, Geophysics. 45. 895-904.

Comer, R. P. (1980). Tsunami Height and Earthquake Magnitude: Theoretical Basis
of an Empirical Relation, Geophys. Res. Lett. 7, 445-448.

David, L. George. (2006). Finite Volume Methods and Adaptive Refinement for
Tsunami Propagation and Inundation, University of Washington.

Dawson, S. P., Chen, S. and Doolen, G. D. (1993). Lattice Boltzmann Computations



188

for Reaction-Diffusion Equations. Journal of Chemical Physics. 98(2), 1514-
1523.

Day, S.J., Watts, P., Grilli, S.T., Kirby, J.T. (2005). Mechanical models of the 1975
Kalapana, Hawaii Earthquake and Tsunami. Marine Geology .215 (1-2), 59—
92.

Del Valle-Garcia, R. and Sanchez-Sesma, F.J. (2003). Rayleigh Waves Modeling
Using An Elastic Lattice Model. Geophysical Research Letters 30D. Dutykh,
Th. Katsaounis and D. Mitsotakis.Finite Volume Methods for Unidirectional
Dispersive Wave Models.Article First Published Online: 21 MAY.

Dennis Ling, C.C. (2011), Mathematical modelling of seismic wave propagation.
Unpublished doctoral dissertation. Universiti Teknologi Malaysia. Johor
Bahru, Malaysia.

Dennis Ling, C.C., Aziz, Z.A., Faisal, S.Y. (2011). Bifurcation of rupture zone by the
nonlinear negative damping force. Applied Mathematics and Mechanics. 32
(3) 285-292.

Dutykh, D. (2008). Mathematical Modelling for Tsunami. tel-00194763, version 2 -
21 Jan 2008.

Dutykh, D. (2007). Comparison between Three-Dimensional Linear and Nonlinear
Tsunami Generation Models. Theor. Comput. Fluid Dyn. 21, 245 — 269.
Einfeldt, B., Munz, C. D., Roe,P. and Sjogreen, L. B. (1991). On Godunov-Type

Methods Near Low Densities. Academic Press Professional, Inc. 92, 273-295.

Eva, C. and Rabinovich, A.B. (1997). The February 23, 1887 Tsunami Recorded on
the Ligurian Coast, western Mediterranean. Geophysical Research Letters.24.

Feng, S. D., Mao, J. Y. and Zhang, Q. (2001). Lattice Boltzmann Equation Model in
the Coriolis Field. Chinese Physics. 10(12), 1103-1105.

Frandsen, J. B. (2006). Investigations of Wave Runup Using a Lbgkmodeling
Approach. In CMWR XVI Proc. XVI Intl. Conf. Comp.Meth.in Water Resoures,
Copenhagen, Denmark. 71, 1-33.

Frisch, U., d’Humiéres, D., Hasslacher, B., Lallemand, P., Pomeau, Y. and Rivet, P.P.
(1987). Lattice Gas Hydrodynamics in Two and Three Dimensionsm. Complex
System. 1, 649-707.

Frisch, U., B. Hasslacher and Y. Pomeau. (1986). Lattice-Gas Automata for the
Navier-Stokes Equation. Physical Review. 56(14), 1505.

Fritz, H.M. (2001). Initial Phase of Landslide Generated Impulse Waves. PhD thesis,


http://hal.archives-ouvertes.fr/hal-00113909/
http://hal.archives-ouvertes.fr/hal-00113909/
http://www.springerlink.com/content/l347v3212222/?p=c8d4e14ead7f49709d8d229e4dc29a37&pi=2

189

Swiss Federal Institute of Technology. Switzerland, Zurich.

G.W. Yan, Y.S. Chen, S.X. Hu. (1998). A Lattice Boltzmann Method for KdV
Equation. Acta Mech. Sin. 14 18-26.

Gallou™ T. et., J. M. H'erard and N, Seguin.(2003). Some Approximate Godunov
Schemes To Compute Shallow Water Equations With Topography. Computers
and Fluids.32, 479-513.

Garc'1a-Navarro, P. and V"azques-Cend”, M. E. (2000). On Numerical Treatment Of
The Source Terms In The Shallow Water Equations. Comput. Fluids. 29, 17—
45,

Geist, E. L., Titov, V., V, Areas D., Pollitz, F. F and Bilek, SL. (2007). Implications
of the 26 December 2004 Sumatra- Andaman Earthquake On Tsunami Forecast
And Assessment Models For Great Subduction-Zone Earthquakes, Bulletin of
the Seismological Society of America. 97, S249-S270.

Geist, E.L., Childs, J.R. and Scholl, D.W. (1988). The origin of summit basins on the
Aleutian Ridge: Implications for Block Rotation of an Arc Massif
(Pacific).Tectonics .7 (2), 327-341.

Ghidaoui, M. S., J. Q. Deng, W. G. Gray and K. Xu. (2001). A Boltzmann Based
Model For Open Channel Flows. International Journal for Numerical Methods
in Fluids. 35(4), 449-494.

Gisler, R., Weaver, C., Mader, and M. Gittings. (2006). Two- and Three-Dimensional
Simulations of Asteroid Ocean Impacts. Science of Tsunami Hazards. 21,1109.

Gitting, M. L. (1992). SAIC's Adaptive Grid Eulerian Code. Defense Nuclear Agency
Numerical Methods Symposium. 1, 28-30.

Gjevik, B., Pedersen, G., Dybesland, E., Harbitz, C.B., Miranda, P.M.A., Baptista,
M.A., Mendes-Victor, L., Heinrich, P., Roche, R. and Guesmia, M. (1997).
Modeling Tsunamis from Earthquake Sources near Gorringe Bank Southwest
of Portugal. Journal of Geophysical Research .102.

Goto, C. and N, Shuto. (1983). Numerical simulation of tsunami propagations and
run-up. In Tsunami-Their Science and Engineering. Edited by K. lida and T.
Iwasaki. Tokyo:Terra Scientific Publ. 439-451.

Grilli, S. T. and Watts, P. (1999). Modeling of waves generated by a moving
submerged body. Application to underwater landslides. Engineering Analysis
with Boundary Elements. 23, 645-656.

Grilli, S., Vogelmann, S., and Watts, P. (2002). Development of a 3D numerical wave



190

tank for modeling tsunami generation by underwater landslides. Engineering
Analysis with Boundary Elements. 26,301-313.

Grilli, S. Vogelmann, S., and P. Watts. (2005). Development Of A 3d Numerical Wave
Tank for Modeling Tsunami Generation by Underwater Landslides. Engng
Anal. Bound. Elem. 26(51), 301-313.

Grilli, S.T., J.C. Harris, T. Tajalibakhsh, J.T. Kirby, F. Shi., T.L.Masterlark and C.
Kyriakopoulos. (2012). Numerical Simulation Ofthe 2011 Tohoku Tsunami:
Comparison with Field Observations and sensitivity To Model Parameters.
Proc. 22nd Offshore and Polar.

Guangwu, Yan., and Jianying, Zhang. (2009). A Higher-Order Moment Method Of
The Lattice Boltzmann Model For The Korteweg-De Vries Equation.
Mathematics and Computers in Simulation. 79, 1554-1565.

Gunstensen, A. K., D. H. Rothman, S. Zaleski and G. Zanetti (1991). Lattice
Boltzmann Model of Immiscible Fluids. Physical Review. 43(8), 4320.

Guo, Z., H. Liu, L.-S. Luo and K. Xu. (2008). A Comparative Study of the LBE and
GKS Methods for 2D near Incompressible Laminar Flows. Journal of
Computational Physics. 227(10), 4955-4976.

Hammack. (1973). A Note On Tsunamis: Their Generation and Propagation in an
Ocean of Uniform Depth. Journal of Fluid Mechanics. 60,769-799.

Harbitz, C., Pedersen, G., and Gjevik, B. (1994). Numerical Simulations of Slide
Generated Water Waves. Journal of Hydraulic Engineering, ASCE.119 (12),
15-23.

He, X., S. Chen and G. D, Doolen. (1998 (a)). A Novel Thermal Model for the Lattice
Boltzmann Method in Incompressible Limit, Academic Press Professional, Inc.
146, 282-300.

He, X., X. Shan and G. D, Doolen (1998 (b)). Discrete Boltzmann Equation Model for
Nonideal Gases. Physical Review E. 57(1), R13-R16.

Heinrich, P., A. Piatanesi, E. A. Okal, and H. Herbert. (2000). Near Field Modelling
of the July 17, 1992 Tsunami in Papua New Guinea, Geophysical Research
Letters. 27(19), 3037-3040.

Heinrich, P., Piatanesi, A., and Hebert, H. (2001). Numerical Modelling of Tsunami
Generation and Propagation from Submarine Slumps: The 1998 Papua New

Guinea Events. Geophysical Journal International. 145(1), 97-111.



191

Higuera, F.J., Jiménez, J. Boltzmann (1989). Approach to Lattice Gas Simulations.
Europhysics Letters. 9, 663-668.

Hoover, W. G., W. T, Arhurst, and R. J, Olness (1974), Two-Dimensional Studies Of
Crystal Stability And Fluid Viscosity, J. Chem. Phys. 60, 4043-4047.

Horrillo, J. J. (2006). Numerical Methods for Tsunami Calculation Using Full Navier-
Stokes Equations And The Volume Of Fluid Method. PhD thesis, University of
Alaska, Fairbanks, Alaska.

Huang, W. and M, Spaulding. (1995). 3D Model of Estuarine Circulation and Water
Quality Induced by Surface Discharges. Journal of Hydraulic Engineering.
121(4), 300-311.

Imamura, F. and Imteaz, M. M. A. (1995). Long Waves In Two-Layers: Governing
Equations And Numerical Model. Science of Tsunami Hazards. 14, 13-28.

Imteaz, M. A. and Imamura, F. (2001). A Non-Linear Numerical Model For Stratied
Tsunami Waves And Its Application. Science of Tsunami Hazards. 19,150-
159.

Inamuro, T., M. Yoshino and F, Ogino. (1999). Lattice Boltzmann Simulation Of
Flows In A Three-Dimensional Porous Structure. International Journal for
Numerical Methods in Fluids. 29(7), 737-748.

Jiang, L. and LeBlond, P. H. (1992). The Coupling Of A Submarine Slide And The
Surface Waves Which It Generates. Journal of Geophysical Research. 97 (C8),
12731-12744.

Jiang, L. and LeBlond, P. H. (1993). Numerical Modeling Of An Underwater Bingham
Plastic Mudslide And The Waves Which It Generates. Journal of Geophysical
Research. 98 (C6), 10303-10317.

Jinsong, Xie. (2007). Numerical Modeling Of Tsunami Waves, Phd thesis, Department
of Civil Engineering University of Ottawa Ottawa, Canada K IN 6N5 May,
2007.

Kajiura. (1963). the Leading Wave of Tsunami. Bull. Earthquake Res. Inst., Tokyo
Univ.41 (3, 36), 535-571.

Kajiura. (1970). Tsunami Source, Energy and the Directivity of Wave Radiation. Bull.
Earthquake Research Institute. 48(67). 835-869.

Kang, Q. H., D. X. Zhang and S. Y. Chen. (2002 (a). Unified Lattice Boltzmann
Method for Flow In Multiscale Porous Media. Physical Review E. 66(5).

Kang, Q. J., D. X.Zhang, S. Y. Chen and X. Y. He. (2002(b)). Lattice Boltzmann



192

simulation of chemical dissolution in porous media. Physical Review. 65 (3),
(2002)036318.

Komatitsch, D. & Vilotte, J. P. (1998). The Spectral Element Method: An Efficient
Tool to Simulate the Seismic Response of 2D and 3D Geological Structures,
Bulletin of the Seismological Society Of America. 88, 368-392.

Korteweg, and G. de Vries. (1895) On the Change of Form of Long Waves Advancing
in a Rectangular Canal, and On a New Type of Long Stationary Waves. Phil.
Mag. 39(5), 422-443.

Kowalik, Z., Horrillo, J. J., and Kornkven, E. (2005a). In Yeh, H., Liu, P. L.-F., and
Synolakis, C., editors, Advanced Numerical Models For Simulating Tsunami
Waves And Runup, Chapter Tsunami Generation And Runup Due To 2D
Landslide, pages 269-272.World Scientic Publishing Co., New Jersey.

Kowalik, Z., Horrillo, J. J., and Kornkven, E. (2005b). In Yeh, H., Liu, P. L.-F., and
Synolakis, C., editors, Advanced Numerical Models for Simulating Tsunami
Waves and Runup, Chapter Tsunami Runup onto a Plane Beach, pages 231-
236. World Scientic Publishing Co., New Jersey.

Kurganov, and D. Levy. (2002). Central Upwind Schemes for the St. Venant System.
Mathematical Modelling and Numerical Analysis. 36, 397—425.

LAI, HuiLin., MA, ChangFeng. (2007). A Higher Order Lattice BGK Model for
Simulating Some Nonlinear Partial Differential Equations. School of
Mathematics and Computer Science, Fujian Normal University, Fuzhou
350007, China.

Lallemand, P. and L. S, Luo. (2000). Theory of the Lattice Boltzmann Method:
Dispersion, Dissipation, Isotropy, Galilean invariance, and stability. Physical
Review. 61(6), 6546-6562.

Lax, P. D. and Wendroff, B. (1960). Systems of Conservation Laws. Comm. Pure
Appl. Math. 13, 217-237.

Lay, H., Kanamori, C. J., Ammon, M., Nettles, S., N. Ward., R. C, Aster., S. L, Beck.,
S. L, Bilek., M. R, Brudzinski., R. Butler., H. R, DeShon., G. Ekstrom., K.
Satake., and S. Sipkin. (2005). The great Sumatra-Andaman Earthquake of 26
December 2004. Science. 308, 1127-1133.

Liu, P.L., R, Y. B. Cho., S. B. Yoon and S. N. Seo. (1995). Numerical Simulation of
the 1960 Chilean Tsunami Propagation and Inundation at Hilo, Hawaii. In

Tsunami Progress in Prediction, Disaster Prevention and Warning, edited by



193

Y. Tsuchiya and N. Shuto. Netherlands: Kluwer Academic Publisher.

Liu. and A, Orfila. (2004). Viscous Effects on Transient Long-Wave Propagation. J.
Fluid Mech. 520 (3-92), 171-193.

Liu. and J.A, Liggett. (1983). Applications of Boundary Element Methods to Problems
of Water Waves. Chapter 3, pages 37-67. 37.

Liu, G. Simarro, J. Vandever, and A. Orfila. (2008). Experimental and Numerical
Investigation of Viscous Effects on Solitary Wave Propagation in a Wave
Tank. Coastal Engineering. 53(192), 181-190.

Liu, P. L.-F., Wu, T.-R., Raichlen, F., Synolakis, C. E., and Borrero, J. C. (2005). Run-
up and Rundown Generated by Three-Dimensional Sliding Masses. Journal of
Fluid Mechanics. 536,107-144.

Liu, Y.S. Park, and E.A, Cowen. (2008). Boundary Layer Flow and Bed Shear Stress
under a Solitary Wave. J. Fluid Mech. 574(178), 449-463.

Lovely, P., J, Shaw., Q, Liu., and J, Tromp. (2006). A structural model of the Salton
Trough and its implications for seismic hazard. Bull. Seismol. Soc. Am. 96,
1882-1896.

Luo, L. (1997). Symmetry Breaking of flowin 2-D Symmetric Channels: Simulations
By Lattice Boltzmann Method. Int. IMod. Phys. C. 8(4), 859-867.

Mader, C. and Gittings, M. L. (2002). Modeling the 1958 Lituya Bay Mega-Tsunami.
Science of Tsunami Hazards. 20(5), 241-250.

Mader, C. and Gittings, M. L. (2003). Dynamics of Water Cavity Generation. Science
of Tsunami Hazards. 21(2), 91-101.

Majda, A. (1984). Compressible Fluid and Systems of Conservation Laws in Several
Space Variables, New York: Springer-Verlag.

Martinez, D. O., W. H, Matthaeus., S, Chen and D. C, Montgomery. (1994).
Comparison of Spectral Method and Lattice Boltzmann Simulations of Two-
Dimensional Hydrodynamics. Physics of Fluids. 6(3), 1285-1298.

Massaioli, F. and G, Amati. (2002). Achieving High Performance in a LBM Code
using OpenMP. Fourth European Workshop on Open MP, Roma.

McNamara, G. R. and Zanetti, G. (1988). Use of the Boltzmann Equation to Simulate
Lattice-Gas Automata. Physical Review Letters. 61(20), 2332-2335.

Messina et al. (1991) Stimulation of In Vitro Murine Lymphocyte Proliferation By
Bacterial DNA. The Journal of Immunology. vol. 147.

Mohamad, A.A. (2011). Lattice Boltzmann Method, Spring London. ISBN:



194

0857294547- 178 pages.

Monaghan, J. J. and Kos, A. (2000). Scott Russell's Wave Generator. Physics of Fluids.
12(3), 622-630.

Monaghan (1994). Simulating Free Surface Flows With SPH. Physica D. 110, 399-
406, XXiX.

Morrissey, M. M., and B. A, Chouet. (1997). A Numerical Investigation Of Choked
Flow Dynamics And Its Application To The Triggering Of Long-Period Events
at Redoubt Volcano, Alaska, J. Geophys. Res. 102 (B4), 7965 — 7983.

Murty, T., Nirupama, N., Nistor, I. and Rao, A.D. (2005). Conceptual Differences
Between Thepacific, Atlantic And Arctic Tsunamis Warning Systems for
Canada, Science of Tsunami Hazards. 23(3), 39-51.

Murty, T, Rao, A.D, Nirupama, N., and Nistor, I. (2006b), Tsunami Warning Systems
For The Hyperbolic (Pacific), Parabolic (Atlantic) And Elliptic (Indian)
Oceans, Journal of Industry Geophysical Union.10 (2), 69-78.

Murty, T, Rao, A.D., Nirupama, N., and Nistor, I. (2006a). Numerical Modelling
Concepts For Tsunami Warning Systems. Current Science.90 (8), 1073-1081.

Murty, T., Nirupama, N., Nistor, I. and Hamdi, S. (2006). Why The Atlantic Camiot
Generally Generate Trans-Oceanic Tsunamis. ISET Journal Of Earthquake
Technology. 42(4), 130-155.

Musgrave, M. J P 1970 Crystal acoustics (San Francisco: Holden Day) NOAA. (1988).
National Oceanic and Atmospheric Administration (NOAA) Product
Information Catalog - ETOPO5 Earth Topography 5-minute digital model.
Technical report, U.S. Department of Commerce, Washington, D.C.

NOAA. National Oceanic and Atmospheric Administration (NOAA). (1988). Product
Information Catalog - ETOPOS5 Earth Topography 5-Minute Digital Model.
Technical report, U.S. Department of Commerce, Washington D.C., USA. 171
pages.

NVIDIA. (2008). NVIDIA CUDA Programming Guide 2.0. Retrieved 01 December
2009, from http://developer.download.nvidia.com.

O'Brien, Gareth S., Bean, Christopher J., (2004a), A 3D Discrete Numerical Elastic
Lattice Method For Seismic Wave Propagation In Heterogeneous Media With
Topography, Geophys. Res. Lett. 31(14).

O'Brien, G. S., Bean, C. J., (2004b). A Discrete Numerical Method For Modeling

Volcanic Earthquake Source Mechanisms, J. Geophys. Res.109.



195

O'Brien, G. S. (2008). Discrete Visco-Elastic Lattice Methods for Seismic Wave
Propagation, Geophys. Res. Lett. 35, L02302.

O'Brien, G.S., Bean, C.J. and Tapamo, H. (2009). Dispersion Analysis and
Computational Efficiency Of Elastic Lattice Methods For Seismic Wave
Propagation, Computers & Geosciences. 35, 1768-1775.

Okada, Y. (1988). Surface Deformation Due To Shear and Tensile Faults in a Half-
Space. Bulletin of the Seismological Society of America. 75, 1135-1154.

P. Dellar. (2001). Bulk and Shear Viscosities in Lattice Boltzmann equations, Physical
Review. 64(3), 031203.

Pelayo, A. M., and D. A. Wiens. (1992). Tsunami Earthquakes: Slow Thrustfaulting
Events In The Accretionary Wedge, J. Geophys. Res. 97(15), 321-15.

Per a, Madsen., Hemming a, Scha” ffer. (2010). Analytical Solutions for Tsunami
Runup on a Plane Beach: Single Waves, N-Waves and Transient Waves. J.
Fluid Mech. 645. 27-57.

Peregrine, D.H. (1972). Equations For Water Waves And The Approximations Behind
Them. In Meyer, R.E. Waves on Beaches and Resulting Sediment Transport.
Academic Press. 95-122.

Peregrine. (1966).Calculations of the Development of An Undual Bore. J. Fluid
Mech., 25(3), 321-330.

Peregrine. (1967). Long Waves On A Beach. J. Fluid Mech. 27(57, 83, 106, 119), 815—
827.

Peregrine. (1972) Waves on Beaches and Resulting Sediment Transport, chapter
Equations for water waves and the approximation behind them, pages 95-121.
Academic Press, New York, 1972. 99.

Peregrine. (2003). Water-wave impact on walls. Annu. Rev. Fluid Mech. 35(123), 23—
43, 2003.

Peter, D., Lax and Burton Wendroff. (1973). Calculus with Applications and
Computing, with S. Burnstein and A. Lax, Springer-Verlag, New York. Lax.
Hyperbolic Systems of Conservation Laws and the Mathematical Theory of
Shock Waves. SIAM, Philadelphia, Penn. 138.

Peter, D. Komatitsch., Y, Luo., R, Martin., N, Le Goff., E, Casarotti., P, Le Loher., F,
Magnoni., Q, Liu., C. Blitz, T. Nissen-Meyer, P. Basini, and J. Tromp. (2011).
Forward and Adjoint Simulations of Seismic Wave Propagation on Fully
Unstructured Hexahedral Meshes. Geophys. J. Int. 186(2):721-7309.


http://www.ams.org/mathscinet/search/authors.html?authorName=Lax%2C%20Peter%20D.
http://www.ams.org/mathscinet/search/authors.html?authorName=Wendroff%2C%20Burton

196

Piatanesi, A., Tinti, S., and Maramai, A. (1997). Numerical Simulations of the 1627
Gargano Tsunami (Southern Italy) to Locate the Earthquake Source,
Perspective on Tsunami Hazard Reduction: Observation, Theory and
Planning, G.T. Hebenstreit (Ed.), Kluwer Academic Publishers, Dordrecht,
The Netherlands, 115-131.

Piatanesi, A., Tinti, S., and Pagnoni, G. (2001). Tsunami Waveform Inversion by
Numerical Finite-Elements Green’s Functions, Nat. Haz. Earth Syst. Sci. 1,
187-194.

Podyapolsky. (1968).The Generation of Linear Gravitational Waves in the Ocean by
Seismic Sources in the Crust. Izvestiya, Earth Physics, Akademia Nauk SSSR.
1(3), 4-12.

Pullin, D. 1. (1980). Direct Simulation Methods for Compressible Inviscid Ideal-Gas
Flow. Journal of Computational Physics. 34, 231-244.

Qian, Y. H. (1993). Simulating Thermohydrodynamics with Lattice BGK Models,
Plenum Press.8, 231-242.

Qiaojie, Li., Zong, Ji., Zhoushun, Zheng., Hongjuan, Liu. (2011). Numerical Solution
of Nonlinear Klein-Gordon Equation Using Lattice Boltzmann Method.
Applied Mathematics. 2, 1479-1485.

Quirk, J. J. (1998). A Contribution to the Great Riemann Solver Debate. Methods
Fluids.18, 555-574.

Ramshaw, I. et al. (1997). DNA Vaccines for the Treatment of Autoimmune Disease;
Immunology and Cell Biology .75, 409-413.

Reider, MB., Sterling, JD.(1995). Accuracy of Discrete-Velocity BGK Models for the
Simulation of the Incompressible Navier-Stokes Equations. Comput. Fluids.
24,459-67.

Reitz, R. D. (1981). One-dimensional Compressible Gas Dynamics Calculations using
the Boltzmann Equation. J. Comput. Phys. 40(2). 108-123.

Rivera, A., G. Ro,H.L. Van Epps,T. Simpson, I. Leiner, D.B. Sant’ Angelo, E.G. Pamer
. (2006). Innate Immune Activation and CD4+ T Cell Priming During
Respiratory Fungal Infection. Immunity. 25, 665-675.

Roberts, T. W. (1990). The Behavior of Flux Difference Splitting Schemes Near Slowly
Moving Shock Waves, Academic Press Professional, Inc. 90, 141-160.

S, Neetu., I, Suresh., R, Shankar., D, Shankar., S.S.C, Shenoi., S.R. Shetye., D.
Sundar., and B. Nagarajan.,(2005). Comment on The Great Sumatra-Andaman



197

Earthquake of 26 December 2004. Science. 310 (3), 1431a-1431b.

Sabatier. (1986). Encyclopedia of Fluid Mechanics, Chapter Formation of Waves By
Ground Motion. Gulf Publishing Company. 3, 723-759.

Salmon, R. (1999(a)). The Lattice Boltzmann Method as A Basis For Ocean
Circulation Modeling. Journal of Marine Research. 57, 503-35.

Salmon, R. (1999b). The Lattice Boltzmann Solutions of the Three Dimensional
Planetary Geostrophic Equations. Journal of Marine Research. 57, 847-84.

Satake, K. (1984). Volcanic Origin of the 1741 Oshima-Oshima Tsunami in the Japan
Sea. Earth. Planets and Space. 59 (5), 381-390.

Schwaiger, H.F. and Higman, B. (2007). Lagrangian Hydrocode Simulations of the
1958 Lituya Bay Tsunamigenic Rockslide. Geochemistry Geophysics
Geosystems 8.

Shan, X. and G. Doolen. (1995). Multi-component lattice-Boltzmann model with
interparticle interaction. Journal of statics physics. 81(1), 379-393.

Skordos, PA. (1993).Initial and Boundary Conditions for the Lattice Boltzmann
Method Phys.Rev.E. 48(42).4823-4842.

Stein and M. Wysession. (2003) An Introduction to Seismology, Earthquakes and
Earth Structure, 2003, Blackwell Publishing, Oxford, 498.

Steketee. (1958). On Volterra’s Dislocation in a Semi-Infinite Elastic Medium. Can.
J. Phys., 36(4,5), 192-205.

Sterling, J. D., Chen, S., (1996). Stability Analysis of Lattice Boltzmann Models,
Journal of Computational Physics.123 (16), 196-206.

Stewart RR, Gaiser JE, Brown JR and Lawton DC. (2002). Converted-Wave Seismic
Exploration: Methods, Geophysics. 67, 1348-1363.

Stewart RR, Gaiser JE, Brown JR and LawtoN DC. (2003). Converted-wave Seismic
Exploration: Applications, Geophysics. 68, 40-57.

Su, M., K. Xu and M. S. Ghidaoui. (1999). Low-Speed Flow Simulation by the Gas-
Kinetic Scheme, Academic Press Professional, Inc. 150, 17-39.

Succi, S. (2001). The Lattice Boltzmann Equation for Fluid Dynamics and Beyond.
Oxford University Press, Oxford.

Sukop, M.C. and Thorne, D.T. (2006). Lattice Boltzmann Modeling. Springer, Berlin.

Synolakis, C.E. (1986). The Runup of Long Waves. Ph.D. Thesis, California Institute
of Technology, Pasadena, California. 91125, 228.

Synolakis, C.E. (1987). The Runup of Solitary Waves. J. Fluid Mech. 185, 523-545.



198

Synolakis and Bernard E.N. (2006). Tsunami Science Before and Beyond Boxing Day
2004. Phil. Trans. R. Soc. A, 364(36, 47, 69.), 2231-2265.

Synolakis, Burak Uslu,José C. Borrero,Lori A. Dengler and Costas E (2007). Tsunami
Inundation at Crescent City, California Generated by Earthquakes Along the
Cascadia Subduction Zone.Atrticle first published online: 19 OCT 2007.

Tanioka, Y. (1999). Analysis of the Far-Field Tsunamis Generated by the 1998 Papua
New Guinea Earthquake. Geophysical Research Letters 26.

Tappin, D. R., P. Watts, G. M. McMurtry, Y. Lafoy, and T. Matsumoto, The
Sissano,Papua.

(2001). New Guinea tsunami of July 1998 - Offshore Evidence on the Source
Mechanism, Marine Geology, 175(1-4), 1-23.

Thomsen, L. (1999). Converted-wave Reflection Seismology Over Inhomogeneous
Anisotropic Media: Geophysics. 64, 678-690.

Tinti, S., Pagnoni, G., Zaniboni, F. (2006). The Landslides and Tsunamis of the 30th
of December, 2002 in Stromboli Analysed through Numerical Simulations.
Bulletin of Volcanology. 68, 462-479.

Titov and C. E. Synolakis. (1998). Numerical Modeling of Tidal Wave Runup. J.
Waterway, Port, Coastal, and Ocean Engineering. 124 (37, 47, 49, 69), 157—
171.

Titov, Vasily. (2006). The Global Reach of the 26 December 2004 Sumatra Tsunami.
Science. 309, 2045.

Todorovska and M. D. Trifunac. (2001). Generation of Tsunamis by a Slowly
Spreading Uplift of the Seafloor. Soil Dynamics and Earthquake Engineering.
21(2, 3)151-167.

Todorovska, A. Hayir, and M.D. (2002). Trifunac. A Note on Tsunami Amplitudes
above Submarine Slides and Slumps. Soil Dynamics and Earthquake
Engineering. 22(3, 44), 129-141.

Toomey, A., and C. J. Bean. (2000). Numerical Simulation of Seismic Waves using a
Discrete Particle Scheme, Geophys. J. Int. 141, 595-604.

Toomey, A., C. J. Bean, and O. Scotti. (2002). Fracture Properties from Seismic
Data—A Numerical Investigation, Geophys. Res. Lett. 29(4), 1050.

Toro, E. F. (2001). Shock Capturing Methods for Free Surface Shallow Flows. John
Wiley and Sons, Chichester, United Kingdom.

Tuck. (1974). Models for Predicting Tsunami Propagation. In L.S. Hwang and Tetra



199

Tech Inc. Y.K. Lee, editors, NSF Workshop on Tsunamis, California, pages
43-109.

Vazquez-Cendon, ME. (1999). Improved Treatment Of Source Terms In The Upwind
Schemes For Shallow Water Equations In The Channels With Irregular
Geometry. Journal of Computational Physics. 148, 497 — 526.

Villeneuve and S.B. Savage. (1993). Nonlinear, Dispersive, Shallow-Water Waves
Developed by a Moving Bed. J. Hydraulic Res. 31(37), 249-266.

Virieux, J. (1986). P-SV Wave Propagation in Heterogeneous Media, Velocity-Stress
Finite Difference Method, Geophysics. 51,889-901.

Ward, S. N. (1980). Relationships of Tsunami Generation And An Earthquake Source,
J. Phys. Earth. 28, 441-474.

Watts, P, Waythomans, C.F. (2003). Theoretical Analysis of Tsunami Generation by
Pyroclastic Flows. Journal of Geophysical Research. 108, 2563.

Watts, P. (2000). Tsunami Features of Solid Block Underwater Landslides, Journal of
Waterway, Port, Coastal And Ocean Engineering. 124 (3), 144-152.

Watts, P., (2002), TOPICS V1.2, (A Component of Geowave), Courtesy Of Applied
Fluids.

Watts, P., Grilli, S.T., Tappin, D.R., Fryer, G.J. (2005). Tsunami Generation by
Submarine Mass Failure. Il: Predictive Equations and Case Studies. Journal of
Waterway, Port, Coastal and Ocean Engineering .131 (6), 298-310.

Welander, P. (1954). On the Temperature Jump in a Rarefied Gas. Ark.Fys. 7,507.

Wolf-Gladrow, D. A. (2000). Lattice Gas Cellular Automata And Lattice Boltzmann
Models: An Introduction. Berlin, Springer.

Xie, Jinsong., Nistor I., Murty Tad (2007), Tsunami Risk for Western Canada and
Numerical Modeling of the Cascadia Fault Tsunami, 18th Canadian
Hydrotechnical Conference & Symposium, Winnipeg, Manitoba, August 22-
24th , 2007.

Xie, Jinsong., Nistor, loan., Murty, Tad and Shukla, T. (2007), Numerical Modeling
Of The 2004 Indian Ocean Tsunami. A Review, International Journal of
Ecology & Development, the special issue of the Mathematical Modeling of
Earth System Sciences.

Xu, K., L. Martinelli and A. Jameson. (1995). Gas-Kinetic Finite Volume Methods,
Flux-Vector Splitting, And Artificial Diffusion. J. Comput. Phys. 120 (1), 48-
65.



200

Xu, K., C. Kim., L. Martinelli and A. Jameson. (1996). BGK-Based Schemes for the
Simulation of Compressible Flow, Taylor & Francis. 7, 213 - 235.

Xu, K. (1997). BGK-Based Scheme For Multicomponent Flow Calculations,
Academic Press Professional, Inc. 134, 122-133.

Y, Okada. (1992). Internal Deformation Due To Shear and Tensile Faults In A Half-
Space. Bull. Seism. Soc. Am., 75:1135-1154, Bulletin of the Seismological
Society of America. 82 (2), 1018-1040, April 1992.

Yoon, T. H. and S. K. Kang. (2002). Finite Volume Model for Two-Dimensional
Shallow Water Flows on Unstructured Grids. Journal of Hydraulic
Engineering. 130 (7), 678-688.

Yun, Zhai. (2003). Video Scene Segmentation Using Markov Chain Monte Carlo,
IEEE Transactions on Multimedia.

Zelt. (1991). The Run-Up of Nonbreaking and Breaking Solitary Waves. Coastal
Engineering. 15(85), 205-246.

Zhao, Jun-Xiao., Guo, Bo-Ling. (2009). Analytic Solutions to Forced KdV Equation.
Journal of Chinese Physical Society and IOP Publishing Ltd. 279-283.
Zhong, L., S. Feng., D. Lou and S. Gao. (2006). Wind-Driven, Double-Gyre, Ocean
Circulation In A Reduced-Gravity, 2.5-Layer, Lattice Boltzmann Model.

Advances in Atmospheric Sciences. 23(4): 561-78.

Zhou, J. G. (2002). A Lattice Boltzmann Model For The Shallow Water Equations.
Computer Methods in Applied Mechanics and Engineering. 191(32), 3527-
3539.

Zhou, J. G. (2002). A Lattice Boltzmann Model for the Shallow Water Equations with
Turbulence Modeling. International Journal of Modern Physics C:
Computational Physics & Physical Computation. 13(8), 1135.

Zhou, J. G. (2004). A Lattice Boltzmann Model For The Shallow Water Equations.
Computer Methods in Applied Mechanics and Engineering. 191(32), 3527-
3539.

Zhou, J. G. (2007). Lattice Boltzmann Simulations of Discontinuous Flows.
International Journal of Modern Physics C: Computational Physics &
Physical Computation. 18(1), 1-14.

Zou, Q. and X. He (1997). On Pressure And Velocity Boundary Conditions For The
Lattice Boltzmann BGK Model. Physics Of Fluids. 9(6), 1591-1598.



	SaraZerganiPFS2015ABS
	SaraZerganiPFS2015TOC
	SaraZerganiPFS2015CHAP1
	SaraZerganiPFS2015REF



