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Abstract: Disaster reduction concerns the minimisation of the consequences of a tsunami attack, in terms of 
minimisation of losses of lives, damage to property, business and infrastructure. This requires tsunami modelling 
and simulation of the local effects of the tsunami, mainly the difficult region of the last 100 m water depth to the 
beach and beyond. It requires the inclusion of turbulent flow and of details of the local seabed, beach, bay area 
and the local built environment. Perhaps the most difficult aspect is the modelling of the water including all 
material, such as sand, rock, coral and detritus which is picked up and deposited during the arrival, presence and 
departure of the tsunami. As open ocean tsunami wave simulation is already complex and difficult the local 
tsunami effects will be even more, thus requiring large parallel computing facilities. 
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INTRODUCTION 
 
Much more evidence and data have been acquired 
since one of the author previously reported on the 
possibilities for modelling and simulation to be used 
to propose methods to minimise the effects of future 
tsunami in Phuket and the other areas of Thailand 
affected by the events of 26 December 2004 
[Zobel, 2005]. This has lead to greater understanding 
of the events which took place in the Indian Ocean 
and its border countries, in relation to plate 
tectonics, the subduction zones, and the sequence of 
earthquakes which gave rise to the tsunami which 
caused so much injury, loss of life and devastation 
[USGS 2005]. 
From a better understanding of the events and 
processes it might be expected that specific disaster 
reduction techniques could emerge, relevant to 
Thailand's coastlines and other vulnerable areas 
round the world.  
 
THE 26/12/2004 INDIAN OCEAN TSUNAMI 
 
On 26 December 2004 at 07:59 local Thai time a 
powerful magnitude Mw 9.3 earthquake occurred at 
the interface of the Indian and Burma Plates and was 
caused by the stress release that developed as the 
Indian Plates subducts under the Burma Plate with  

 

 
Figure 1: The 26 December 2004 Earthquake and 
the Geological and Tectonic Structures (from 
USGS 2005; Credit: U.S. Geological Survey, 
Department of the Interior/USGS; 
www.usgs.gov). 
 
an annual rate of about 60 mm. The epicentre was 
near the island chain West off Sumatra Island 
(Figure 1). To the West of this island chain is the 



R. ZOBEL et al.: MODELLING AND SIMULATION OF THE IMPACT OF TSUNAMI WAVES 
 

I.J. of SIMULATION Vol. 7 No 4-5                                                         ISSN 1473-804x online, 1473-8031 print 41

deep Sunda trench, the surface expression of the 
subduction zone at the interception of the Indian-
Australian Plate and the European-Asian Plate 
[USGS 2005]. 
 
The island chain is extending further North with the 
Nicobar and Andaman Islands. The Andaman Sea 
appears as a shallow area between this island chain 
and the mainland of Thailand and Myanmar 
(Burma), but with complex sea bottom topography 
(Figure 1 and 2). 
 

 
 
Figure 2: The Tsunami at 09:45 local time, 
Thailand, on 26 Dec 2004 [Ward 2005]. The 
Earthquake occurred at 07:59 Local Thai Time; 
Numbers are Wave Heights in (m); Red/Lighter 
Grey - Wave Crest; Blue/Darker Grey - Wave 
Trough. 
 
West of the subduction zone the Indian Ocean is 
mainly deep water, except the N-S Ninety-East 
Ridge, and the mid-ocean ridge much further to the 
West (Figure 2). 
 
The earthquake on 26 December 2004 resulted in a 
sudden uplift of parts of the ocean bottom triggering 
a tsunami, which had a devastating effect on the 
coastlines around the Indian Ocean with huge losses 
of lives and livelihoods [USGS, 2005]. The tsunami 
wave height, at the point in time when the tsunami 
arrived in Phuket and Sri Lanka, is shown in a 
simulation snapshot illustrated in Figure 2. 
 

 

 

 

 
 
Figure 3: Sequence from the Top to Bottom 
illustrating the Development of an Earthquake 
triggering a Tsunami at a Subduction Zone 
[Atwater et al, 1999; Credit: U.S. Geological 
Survey, Department of the Interior/USGS; 
www.usgs.gov]. During the Subduction Process 
both Plates get stuck but the Subducting Plate 
moves on continuously. The Overriding Plate got 
deformed until the Stress got so high that it was 
released in an Earthquake and by this the 
Crustal Deformation triggered a Tsunami. 
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TSUNAMI WAVE INITIATION 
 
Only very few earthquakes trigger a tsunami, even 
when they occur at a subduction zone, as 
earthquakes are much more frequent than tsunamis. 
However, if the normal subduction process of 
around 60 mm/year at the Sunda Subduction Zone 
gets stuck for a significant length of time, for 
example 100 years, then the resulting sudden 
adjustment - a big earthquake - may produce a 
tsunami, as shown in Figure 3. 
Such a tsunami in the deep ocean will normally have 
long wavelengths and low heights. As the wave 
approaches the shore its wavelength decreases and 
its height increases, because it is a full-depth wave 
or a so called shallow-water wave, not a surface 
wave, which normally occurs [Bryant, 2001].  
The tsunami wave travels at a velocity approaching 
800 km/hour in the deep ocean. The water itself does 
not, of course, travel at this speed, although near the 
coast it does travel much faster than a surface wave. 
 
On 26 December 2004 the resulting tsunami 
continued to propagate around the world, way 
beyond the Indian Ocean as shown in Figure 4. Of 
course, its amplitude gradually decreases, and 
reflections and refractions also occur.  
 

 
 
Figure 4: World Wide Spread of the Tsunami 
Hours Later [NOAA, 2005; Credit: U.S. National 
Oceanic & Atmospheric Administration (NOAA), 
U.S. Department of Commerce, www.noaa.gov]. 
 
Shown in Figure 5, is the sequence of earthquakes, 
initiated by the first rupture to the West of Aceh, 
Sumatra. The rupture then travelled North, at an 
average speed of 2.5 km/s over a distance of around 
1,150 km in the first 8 minutes [Krueger and 
Ohrnberger, 2005]. During this rupture process 
seismological data revealed two peaks of energy 
release, which can be seen as a source of two 
tsunamis, but only minutes apart from each other. 
The first tsunami hit Banda Aceh directly, whereas 
the second scored a direct hit at Kao Lak, Phang 
Nga, North of Phuket, on the Western coast of 
Thailand. It is here that most of the casualties 
occurred in Thailand. 
 

Before and during the 26 December 2004 earthquake 
the area along the subduction zone was subjected to 
crustal deformation processes as illustrated in 
Figure 4, with vertical and horizontal movement, as 
verified by GPS measurements and sea level 
observations [Bilham et al, 2005; Vigny et al, 2005]. 
Prior to the event, the land has risen, because the 
ocean plate in the subduction zone has been locked 
and the increasing stress pushed up the land (slow 
distortion in Figure 3) 
During the earthquake the stress released and the 
overriding plate moved to the West, leaving an area 
of subsidence in the East. It is this subsidence that 
resulted in the sea draining away from the beaches 
observed on the beaches of Phuket and Phang Nga in 
Thailand prior to the arrival of the tsunami. After 
this area of subsidence was filled, the tsunami 
arrived and caused the casualties and destruction on 
the low-lying coastal areas.  
 

 
Figure 5: The ~1,150 km long Rupture Spread 
with ~2.5 km/s from S to N in about 500 sec, 
showing two Major Seismic Energy Releases 
[Reprinted by permission from Macmillan 
Publishers Ltd: Nature, Krueger and 
Ohrnberger, Vol. 436, 937-939, copyright 2005]. 
 
To the West of the subduction zone, no such 
draining occurs, leading to the tsunami wave 
arriving in Sri Lanka, and other Western areas of the 
Indian Ocean, without warning. This draining 
feature has been historically observed by the Sea 
Gypsy people in Phang Nga Bay, leading to their 
rapid movement to higher land and consequent 
avoidance of death and injury. The effects of the sea 
draining away and then returning is shown in a 
generic simulation of such events as illustrated in 
two snap shots from the simulation shown in Figures 
6 and 7 [Aoki, 2003]. 
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Figure 6 shows a simulated situation after sea 
draining has occurred from a beach area, as observed 
on 26 December 2004 at Patong Beach, Phuket, 
Thailand. Figure 7, from the same generic 
simulation, shows the subsequent inundation in the 
built environment immediately behind the beach 
areas. 
 

 
 
Figure 6: Sea Draining Simulation of Beach Area 
[Aoki, 2003]. 
 

 
 
Figure 7: Inundation Simulation of Beach Area 
[Aoki, 2003]. 
 
DESIGNING FOR TSUNAMI 
 
Much work has been done to define actions and 
preparation to minimise the effects of future 
tsunami. In this respect, some seven principles have 
been established by a consortium of professional 
organisations to mitigate the effects on of future 
tsunami on vulnerable coastal communities around 
the world [NTHMP, 2001]. Such principles may also 
be adapted to other natural and man-made disaster 
situations, such as flooding, earthquakes, mudslides, 
volcanic eruptions, major explosions, fires and 
pollution. They provide guidance for governments 
and local authorities, management of major 
organisations, emergency services, police, and 
advisory bodies. 
 

The Seven Principles: 
 
Principle 1: Know your community’s tsunami risk: 

hazard, vulnerability, and exposure 
Principle 2: Avoid new development in tsunami run-

up areas to minimize future tsunami 
losses 

Principle 3: Locate and configure new development 
that occurs in tsunami run-up areas to 
minimize future tsunami losses 

Principle 4: Design and construct new buildings to 
minimize tsunami damage 

Principle 5: Protect existing development from 
tsunami losses through redevelopment, 
retrofit, and land reuse plans and 
projects 

Principle 6: Take special precautions in locating and 
designing infrastructure and critical 
facilities to minimize tsunami damage 

Principle 7: Plan for evacuation 
 
Actions planned and taken in respect of these 
principles do, of course, cost money, but save money 
by avoidance and/or minimisation of the effects of 
such disasters. Both political and financial issues 
commonly prevent appropriate preparations being in 
place before the disaster (Figure 8). Risk assessment 
is an important issue here, and so is the use of 
simulation, using computers and/or physical practise 
of evacuation and other measures. 
The regions of interest and the required modelling 
and consequent simulation are shown in detail in 
Figure 8 and 9. It is divided into Deep Ocean, 
Shallow Ocean, beach areas and associated land 
areas liable to inundation. Further details concerning 
the difficult problem areas which require significant 
research work are high-lighted in Figure 9. 
Perhaps the most difficult modelling problem 
concerns the collection of sand, rock and coral from 
the sea floor and beach areas within bays, and its 
subsequent re-deposition on the sea floor. The latter 
includes the removal and creation of small islands 
and re-shaping of the coast.  
Thus, it is necessary to determine the conditions 
under which solid matter with various characteristics 
is picked up from the sea floor and beaches by 
tsunami waves. Further, it needs to be determined 
under which dynamic and gravity conditions the 
various classes of such solids are released to the 
surrounding water elements for return to the ocean 
floor. 
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Figure 8: Relationship between Tsunami Development, Propagation and Impact, the Parameters, which 
affect this and General Methods and Measures to Minimize the Impact of a Tsunami. 
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Figure 9: Modelling and Simulation of the Local Scale (Water Depth less than 100 m) Tsunami 
Propagation and the Local Scale Impact and the Factors Affecting them. 

Such condition need to be applied to each element of 
sea, for each time interval in the water wave 
simulation. Perhaps the debris and detritus may be 
modelled by means of inclusion of a random 

distribution of matter of various sizes, masses and 
densities. Additionally, the sea bottom material has a 
potential damping capacity, whether it is clay or 
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porous sand like material [Dean and Dalrymple, 
1992].  
 
MODELLING AND SIMULATION 
 
Tsunami waves in the open ocean can be 
characterized as gravity driven shallow water waves 
or additionally as long waves [e.g. Mader, 2004]. 
Modelling and simulation of these waves is possible, 
for example using the two-dimensional Navier 
Stokes equations with some additional techniques to 
solve the time dependencies [e.g. Mader, 2004]. 
 
Therefore, the modelling and simulation of the 
tsunami impact on the beach and coastlines also 
requires inclusions in the Navier-Stokes equations 
representing the solid particles with appropriate 
mass and size distribution, in addition to other 
attributes such as surface roughness, shape and 
density. Further, it may be appropriate to include 
debris and detritus collected from the beach areas 
subsequent to inundation of the land. 
 

 
 
Figure 10: Pieces from the Coral Reefs, now at 
the Beach in Phang Nga after the 26 Dec 2004 
Tsunami. The Size of the bigger ones is about 1 m 
in Diameter, resulting in a Weight of about 
1,000 kg or more.  
 
For example, after the Tsunami on 26 Dec 2004 big 
pieces from the offshore coral reefs in about 1-3 km 
distance were found at the beach in Phang Nga, 
probably because the second tsunami hit and 
released directly the energy towards this coastline 
(see Figure 10). However, the question remains 
about the mode of transportation and therefore about 
the energy of the tsunami at this particular beach. 
 
But when the tsunami hit the coast the two-
dimensional deep-water flow system becomes more 
complex, including three-dimensional flow and 
turbulence. This requires inclusion in the Navier 
Stokes equations representing the turbulence. 
Further, the turbulence has an impact on the flow 

system and on transport properties of sediment and 
other particles.  
 
Modelling of Sea Waves 
 
This subject is complex and concerns the general 
Navier-Stokes three-dimensional (3-D) partial 
differential equations for viscous, compressible flow 
as follows: 
 
• Eulerian Conservation of Mass: 

 ( ∂⁄∂t + U .∇ ) ρ = − ρ ∇ .U , 
 
where U is the particle velocity, and ρ is the water 
density  

 ∇ = ∂⁄∂x i + ∂⁄∂y j + ∂⁄∂z k , 
 
where i, j, k are unit vectors and 
 

 U . = Ux i + Uy j + Uz k 
 
Conservation of mass is of fundamental importance 
to most systems. In this context the mass balance 
must include all mass arriving in a given 3-D 
volume and all mass leaving that volume during a 
computational time period, in addition to the mass 
already present in that volume prior to that time 
period.  
 
The problem with material, such as sand, coral and 
rock, being removed from the sea bed by the 
tsunami wave is that this mass is now added to the 
water layer adjacent to the sea bed from which it is 
removed. A similar problem occurs when this 
material is released from the water back to the sea 
bed or beach area.  
 
Conservation of mass is maintained overall between 
acquisition and deposition, but in between, mass is 
acquired or deposited. This disturbs the water mass 
balanced, but has only a negligible effect on the 
mass of the planet. Nevertheless, the mass balance 
equation must be modified to accommodate this 
problem. 
 
• Eulerian Conservation of Momentum: 

 ρ(∂⁄∂ t + U . ∇ ) U = −∇ 
.σ + ρg 

 
 σ  = δijP - Sij , 
 
where P is the water pressure, g is the gravitational 
constant, and Sij are the total viscosity deviators (e.g. 
Sx = qx – q), where q is the viscosity).  
 
Conservation of momentum is a second fundamental 
consideration in that the systems sum of the products 
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of individual mass elements and their velocity must 
remain constant. 
 
What is required here, in relation to sea bed material 
being removed or deposited, is modification of the 
velocity of the water in the layer adjacent to the sea 
bed to accommodate the additional mass acquired or 
released by the water. As with the water/air 
boundary, there are some boundary effect 
difficulties. 
 
• Eulerian Conservation of Energy: 

 ρ(∂⁄∂ t + U . ∇ ) I = −σ  : ∇ U+ λ∇2 T , 

where  σ  : ∇ U =σji ∂Ui/∂Xj   
 
I is the internal energy, and λ is a real viscosity 
coefficient. 
 
Conservation of energy is a little trickier. However, 
it must be remembered that energy is only 
transferred from one form to another and is 
consequently not lost. 
In relation to the problem of acquisition or release of 
sea floor material, both kinetic energy (1/2ρv2) and 
potential energy (ρgz) related to the mass of this 
material must be considered. Here ρ may be density 
or a single or collection of discrete masses as in 
Figure 10. 
 
Simplification 
 
This set of equations may be simplified by assuming 
the flow is incompressible (ρ = ρ0). This is 
reasonable for shallow water modelling. 
 
Viscosity is an important consideration since it 
affects both conservation of momentum and 
conservation of energy, but not conservation of 
mass. For the situation where particulates such as 
sand, gravel, rock and coral may be picked up and 
deposited at the water/seabed interface, viscosity is 
clearly likely to affect the dynamics of the transport 
of such material, in addition to its collection and 
deposition.  
In addition, since it is clear from the video evidence 
from the tsunami at Patong Beach in Phuket, that 
modelling and simulation should be capable of 
properly reproducing both the chaotic flows and 
whirlpools clearly observable during the later stages 
of the sea state in the bay area, it is at least necessary 
to include effects of both viscosity and shearing 
forces at some stages of the research study and its 
evaluation. 
 
Having said this, it is possible to simplify the model 
by using the conservation of energy equation 
without viscosity. Further, it is possible to simplify 
the model by using the conservation of momentum 

equation without viscosity, or with viscosity, but 
either with or without shearing forces. These 
simplifications considerably reduce the 
computational load, but full simulations must also be 
done to verify (or not) the results using the 
simplified models. 
Further details and a full discussion may found in 
Mader [Mader, 2004]. 
 
In computational terms, each of these equation sets 
must be converted into finite difference equations 
before solutions may be computed digitally. In order 
to do this, assumptions must be made in relation to 
the most appropriate form for the representation of 
differential terms to achieve an acceptable accuracy 
of result. To represent such a large volume of water, 
it is necessary to carefully consider the spatial 
resolution, which needs to be adequate to represent 
the spatial frequencies, or wavelengths of the 
expected sea waves, but also needs to minimise the 
computational cost. This is always an awkward 
compromise.  
 
The temporal aspects must also be considered in 
terms of minimum acceptable sample rate in this 
respect. It is important to appreciate that for these 
systems, such as water wave systems, the 
consequences of having relatively low damping 
needs to be considered in relation to the convergence 
of the solutions. In relation to the shallow water 
simulations, these aspects also need to be carefully 
looked at, since in shallow water the wavelength 
becomes considerably shorter and the wave height 
considerably larger. In addition the volume under 
consideration becomes much smaller. 
 
In relation to spatial grids, there needs to be a trade 
off in spatial resolution in relation to the area under 
consideration. Consider the modelling of the Hilo, 
Hawaii tsunamis. First a 20 minute of arc grid was 
appropriate for ocean level modelling. For the more 
local situation of island chains, a 5 minute of arc 
grid was needed, and for bays, beaches and harbours 
a 100 m, or less, grid was required, as described in 
Mader [Mader, 2004]. However, the 100 m grid was 
inadequate to resolve the local effects of topography 
or friction for individual locations. 
 
The wave profile at the transition from ocean to 
island chain was used as input to the island chain 
model and similarly from island chain to harbour 
model. In the deep ocean, tsunami waves are of the 
order of 1m high with period of several thousand 
seconds (length of 100 km or more). In shallow 
water the height may increases and the period 
decreases. There may also be more than one wave. 
 
In relation to temporal grids, for deep water 
modelling, a time step of perhaps 10 s is adequate 
for wave periods of 1000 s to 4000 s. However, for 
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inundation of buildings, a time step of around 0.2 s 
is needed, this to be coupled with a spatial resolution 
of around 10 m. 
 
Some Problems 
 
It is not surprising that the difficulty of such 
modelling and simulation has not yet been 
sufficiently seriously considered, in spite of the 
obvious need of this to support the proposed 
principles for tsunami disaster mitigation. But 
recently efforts in these directions are made as the 
importance of local scale tsunami impact modelling 
for disaster reduction is better recognized in relation 
to global tsunami modelling for warning purposes 
[Liu et al, 1991; Carrier et al, 2003; Liu 2006]. Fore 
example, George [2005] used an adaptive mesh 
refinement where interested regions, like coastlines, 
can have smaller grid sizes than the open ocean 
global scale grid. The global scale grid is needed for 
the source-propagation modelling, but the more 
important areas for the tsunami impact are the 
coastlines, where then the main computational 
energy is going (see Figure 11). 
 
In relation to the problems associated with the solids 
picked up form the sea bed and subsequently 
deposited back on the sea bed or on the beach areas, 
it is necessary to consider the modifications to the 
Navier-Stokes equations, particularly in relation to 
the density, ρ, to which must be added terms related 
to this additional material. In this respect the 
material type, size, distribution, shape, and surface 
roughness must be considered. Perhaps this means 
that studies with individual examples should be 
carried out and evaluated, with actual tests on the 
real materials in a water testing laboratory under 
realistic conditions are required for validation of the 
simulation models.  
 
Subsequently, a composite mix of likely materials 
could be included in the simulations for evaluating 
designs for buildings, roads, services and other 
structures in relation to disaster mitigation. 
 
Further, investigations of the shape and constitution 
of the sea bed, beach and bay on the resulting run-
up, inundation and subsequent chaotic motion and 
possible whirlpools and tide rips may also be 
undertaken. 
 

 
 
Figure 11: Adaptive Mesh Refinement Modelling 
of the 26 Dec 2004 Indian Ocean Tsunami [from 
George, 2005]. The more important Near Shore 
Areas have smaller Grid Size than the Open 
Ocean Areas. Red/Lighter Grey - Wave Crest; 
Blue/Darker Grey - Wave Trough. 
 
The results from the work on the modelling and 
simulation of the shallow seas (<100 m depth) to the 
beaches then becomes the input to the considerations 
of the design of the built environment at the beaches 
and the area affected behind the beaches to minimise 
the effects on the buildings, facilities and businesses. 
This then allows for rapid recovery of the 
consequences of tsunami attacks with minimum cost 
and time penalties. This is especially important 
during the peak tourist season in Phuket and other 
tourist destinations in Thailand. 
 
FUTURE RESEARCH PLAN 
 
It is clear that a number of objectives are required to 
progress this project. The first is to establish from 
existing publications what has been achieved in the 
areas of: 
 
1. Modelling of turbulent water waves with 

suspended particles of sand and other related 
solids. 

2. Modelling of turbulent water waves picking up 
solids from the sea bed and depositing such 
solids, plus the resulting modification of small 
islands and the sea bed close to the shore. 

3. Application of the results of the modelling and 
simulation to selected individual beaches in order 
to understand the consequences of the tsunami to 
the built environment, properties, businesses, 
roads, utilities, etc. 

4. As a result of the modelling and simulation 
research, to make proposals for new methods of 
construction for buildings, roads, the built 
environment and its social consequences for 
disaster reduction (i.e. the consequences for 
future disasters). These should embody the 
Seven Principles for disaster mitigation. 

5. To generalise these results and techniques to 
other coastal regions of Thailand, the Indian 
Ocean and other Ocean coastal margins. 
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Modelling the tsunami near the coastline and also 
including suspended solids as the main task requires 
a sufficient amount of computing resources, either 
with one supercomputer or connecting several 
smaller ones together, which is easier to achieve. 
Further, this research is designed as an 
interdisciplinary approach, bringing computer 
engineers and scientists together with simulation 
experts, geophysicists, hydraulics engineers, disaster 
managers and local planners, reflecting the different 
facets of this work and to ensure that the scientific 
results will reach the people. 
 
Frameworks for Computer Simulation and 
Modelling 
 
According to the large scale of proposed work in the 
project, the computer simulation and modelling is 
likely to involve a number of distributed and 
networked computers. There are two existing 
approaches for interoperating the collection of 
computers, namely parallel computing and 
distributed computing. The parallel and distributed 
systems allow pooling of resources, including CPU 
cycles, data storage, input/output devices, and 
services.  
 
Parallel computing is focusing on using and 
synchronized networked computers to compute a 
large piece of work that can be divided into small 
dependent tasks. The frameworks for the parallel 
computing include Grid Computing and Cluster 
Computing. Grid computing allows the 
virtualization of distributed computing and data 
resources such as processing, network bandwidth 
and storage capacity to create a single virtual 
computer, granting seamless access to grid users and 
applications [Baker, et al, 2002].  
 
Cluster computing concerns building a high 
performance scalable computing system from a 
collection of small computing systems and high 
speed interconnection network. Parallel 
programming involves Message Passing Interface 
[MPI] and Parallel Virtual Machines [PVM]. 
 
On the other hand, distributed computing is 
performing a collaborated task in a distributed 
system which is a collection of independent 
interconnected computers that each usually 
computes different and independent tasks. 
 
This allows integrated applications which can share 
resources. High Level Architecture (HLA) is an 
IEEE distributed interactive simulation framework 
that enables reusability, interoperability and also 
synchronization of multiple time-management-
scheme simulation applications. The HLA provides 
an approach for constructing large-scale distributed 
simulations that involve human-in-the-loop. Main 

applications using HLA include networked games, 
virtual reality and decision support systems 
[Straβburger, 2001].  
 
The combination of the two simulation paradigms, 
high performance computing and distributed 
interactive simulation is probably the answer to the 
aim of the research project and integration of 
multidiscipline applications and researchers [Kuhl et 
al, 2000]. 
 
CONCLUSIONS 
 
To assist with the planning and preparedness for 
future tsunami it has become clear that that there are 
many issues. These may be financial, political, 
scientific, engineering and plain common sense.  
 
We now have warning systems in place in various 
locations around the Indian Ocean and especially in 
Phuket and Phang Nga, which will undoubtedly 
reduce the number of fatalities and injuries in future 
tsunami events. It is also clear from new geo-
physical evidence, that it is highly likely that there 
will be more activity from the subduction zone 
between the Indian/Australian Plate and the 
European/Asian Plate, and that some of this activity 
will give rise to tsunami of unpredictable severity 
and timing. 
 
Although it is possible reduce the human 
consequences in areas where escape to higher 
ground is feasible after warnings, where there is no 
higher ground, as in Phang Nga and Aceh, such 
escape is not available without prior artificial refuge 
construction. In any event, the human suffering is 
extended after the events over long periods of time 
in relation to the consequences of the destruction of 
businesses and domestic and commercial buildings 
and facilities. 
 
The aim of this paper is to highlight the possibilities 
and difficulties in using modelling and simulation to 
assist with planning for disaster mitigation in this 
respect. However, it is clear that the difficulties, in 
successfully modelling and simulating the local 
scale scenarios, present very serious problems and 
challenges to the simulation community. 
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