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ABSTRACT 
Tsunami Impacts and Mitigation Plans for the Khao Lak (Andaman Sea) 

Coastal Areas of Thailand. 

Somsak Wathanaprida 

School of Environmental Sciences, University of East Anglia, Norwich, NR4 7TJ, UK 

To build a tsunami-resilient coastal community it is fundamental to understand the 

characteristics of past tsunami patterns and likely impact of possible future events. The 

MOST model (Method of Splitting Tsunami) and ComMIT (Community Model 

Interface for Tsunami) were  used  to  model  patterns  of water  levels,  wave  speed 

and direction, and  inundation distances resulting from the 2004 Indian Ocean tsunami 

on the Khao Lak coast of Thailand. The model of the 2004 tsunami was calibrated 

against estimates of water depths made along the coast in early 2005; an Mw = 9.3 

earthquake in the model was found to best match observations. The model was verified 

against a variety of other evidence, including digital photographs and video clips taken 

on the day of the tsunami, mainly from two sites along the Khao Lak coast at Nang 

Thong and Bang Niang beaches, together with aerial surveys and a tide-gauge record. 

The timing and extent of water recession prior to the arrival of the first wave, the 

heights and number of the subsequent waves, and the inundation distances 

corresponded well providing confidence in the application of the MOST model to this 

coastal region.  

Historical evidence suggest that tsunami of the magnitude of 2004 are rare (200-700 y) 

so for mitigation planning in the Khao Lak area a smaller tsunamigenic-earthquake (Mw 

=8.4) was chosen (100-500 y). Sensitivity to the choice of Mw was also considered. The 

tsunami from such an event is similar in its character to the 2004 event, less extreme 

but still highly destructive, reaching the Khao Lak coast in ~ 2 h 20 min, and preceded 

by receding water levels. The third waves which arrives at 4 h 0 min after the 

earthquake is predicted to be the most destructive, resulting in inundation of 4.5-5.5 m 

depth and wave speeds of 6-8 m/s at the coastline. The mitigation plan and measures for 

Bang Niang and Nang Thong Beaches were developed based on the occurrence of such 

a Mw=8.4 event. 
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 Introduction Chapter 1

 

The 2004 Indian Ocean tsunami caused many casualties and led to the loss of numerous 

properties in different countries located around the Indian Ocean. The Andaman coast 

of Thailand was severely damaged and lives were lost there, partially due to the lack of 

public awareness of the phenomenon of the tsunami. As a result, it is necessary to 

supply local people and tourists with information on tsunamis and the action to be taken 

at the time, to ensure the security of the population in the future. Mitigation plans have 

proved to be one of the most effective ways to reduce the destruction and loss of life 

from most natural hazards, and this includes tsunamis and earthquakes.  To create an 

effective mitigation plan and protective measures for each natural hazard, it is vital to 

understand the causes and effects of that specific hazard first. To plan against tsunamis 

it is necessary to recognize the cause (usually a submarine earthquake) and understand 

the variable effects for different locations. Though many researchers have studied the 

2004 submarine earthquake which caused the 2004 Indian Ocean tsunami, the direct 

effects of that earthquake which caused the severe destruction along the Andaman coast 

of Thailand have not been investigated in detail. 

Numerical modelling is the best-known technique at present to simulate tsunami 

propagation and inundation following an underwater tectonic event. It can also be used 

to study the pattern of the wave that attacks any particular area. Numerical models have 

been developed to study tsunami propagation patterns and to devise proper mitigation 

plans and protective measures for tsunami-prone countries such as the USA, Australia 

and Japan, but adequate modelling has not been done for Thailand. In order to simulate 

the precise outcome that represents the actual tsunami, an accurate source position of 

the submarine earthquake, as well as detailed bathymetry and topography of the areas 

concerned, are needed as inputs to the numerical model. The resulting model output can 

then be analysed to generate mitigation plans, evacuation procedures and other 

protective measures. 

The objectives of this research are a) to simulate the 2004 tsunami from its source at the 

point of the earthquake, b) validate the model using the limited evidence available from 
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Khao Lak, on the Andaman coast of Thailand, and c) to create a mitigation plan and 

propose protective measures for the Khao Lak area, using the results from the 

predictive model to prepare for any future destructive tsunami event in the Khao Lak 

area. 
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 Tsunami Waves in the Indian Chapter 2

Ocean. 

 Tsunami Definition and General 2-1

Characteristics. 

Tsunami is a Japanese word meaning “harbour wave”. This word consists of two 

Japanese characters, “tsu” (harbour) and “nami” (wave). It refers to giant waves which 

attack coastlines. A tsunami comprises not a single wave but a series of ocean waves, 

usually generated by submarine earthquakes. Tsunami waves have long periods and 

wavelengths.  In the deep ocean, their heights may reach only a few metres above the 

sea surface. By contrast, when the waves reach shallow waters, the heights increase 

significantly, resulting in a rapid rise in sea level and flooding of low-lying coastal 

areas.  

The majority of tsunamis are the consequence of submarine earthquakes generated by 

seafloor displacement. However, a tsunami might occur as the result of volcanic 

activity, landslip occurring above or below the sea surface, underwater explosions, or 

meteorite impacts. A tsunami can be generated when the sea floor suddenly deforms 

and shifts the overlying water vertically. At the epicentre a magnitude of 7.5 or more on 

the Richter scale is enough to distort the seafloor causing the overlying water mass to 

shift upward, resulting in a long wave-length tsunami wave which may then travel for 

thousands of kilometres.  

In general, an earthquake generating tsunami occurs at a thrust fault, where an oceanic 

plate subducts under a continental plate. The oceanic plate moves down until the fault 

line cracks, causing an earthquake that lifts the seafloor. Consequently, the water mass 

above the earthquake zone is instantaneously displaced, moving upwards from its 

previous position and waves are formed which propagate on the sea surface as the mass 

of water is displaced. Only earthquakes that cause a tsunami larger than the result of the 

expected seismic waves and have larger amplitudes than the seismic waves that 

generate it are classified as tsunami earthquakes.  
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 Geological Settings Relating to Earthquakes 2-2

and Tsunamis in the Indian Ocean Region. 

  Geomorphologic Features of the Indian Ocean 2-2.1

The Indian Ocean is the third largest Ocean of the world (after the Pacific Ocean and 

Atlantic Ocean). The total area of the water body of the Indian Ocean is 68.556 million 

sq km, and it includes the Andaman Sea, the Arabian Sea, the Bay of Bengal, the Flores 

Sea, the Great Australian Bight, the Gulf of Aden, the Gulf of Oman, the Java Sea, the 

Mozambique Channel, the Persian Gulf, the Red Sea, the Savu Sea, the Strait of 

Malacca, the Timor Sea, and other tributary water bodies. It is fringed by Africa, Asia, 

Australia and the Southern Ocean. The coastline of the Indian Ocean stretches for 

66,526 km (Central Intelligence Agency, 2008). The Indian Ocean basin is supported 

by 2 main plates and 2 microplates: the Indian (India) Plate, the Australian (Australia) 

Plate, the Sunda Microplate and the Burma Microplate (Figure 2-1) (Berman, 2005). 

The Indian Plate was a part of the ancient Gondwanaland continent before it separated 

and became itself a major tectonic plate. The Indian Plate and the Australian Plate were 

separated by the Wharton ridge spreading centre (Figure 2-2). Approximately 40 

million years ago (Ma), the Indian Plate combined with the neighbouring Australian 

Plate to become the Indo-Australian Plate which supports the larger parts of the Indian 

Ocean basin (Shapiro et al., 2008).  

The Sunda Microplate and the Burma Microplate are situated in Southeast Asia and are 

part of the massive Eurasian Plate which stretches across Europe and Asia (Berman, 

2005). The Sunda Microplate (Figure 2-1) underlies  the South China Sea, the 

Andaman Sea, southern parts of Vietnam and Thailand along with Malaysia, the 

Indonesian islands of Borneo, Sumatra, Java, and part of the Celebes, plus the south-

western Philippines islands of Palawan and the Sulu Archipelago. The Burma 

Microplate is a small tectonic plate located between the Indo-Australian Plate and the 

Sunda Microplate, covering the Andaman Islands, the Nicobar Islands, and north-

western Sumatra (Figure 2-1 and Figure 2-3) (Bird, 2003).  Moreover, the Andaman 

Sea is divided from the main Indian Ocean by this Island Arc. 

 

http://en.wikipedia.org/wiki/Asia
http://en.wikipedia.org/wiki/Eurasian_Plate
http://en.wikipedia.org/wiki/South_China_Sea
http://en.wikipedia.org/wiki/Andaman_Sea
http://en.wikipedia.org/wiki/Vietnam
http://en.wikipedia.org/wiki/Thailand
http://en.wikipedia.org/wiki/Malaysia
http://en.wikipedia.org/wiki/Borneo
http://en.wikipedia.org/wiki/Sumatra
http://en.wikipedia.org/wiki/Java_%28island%29
http://en.wikipedia.org/wiki/Sulawesi
http://en.wikipedia.org/wiki/Philippines
http://en.wikipedia.org/wiki/Palawan
http://en.wikipedia.org/wiki/Sulu_Archipelago
http://en.wikipedia.org/wiki/Tectonic_plate
http://en.wikipedia.org/wiki/Andaman_Islands
http://en.wikipedia.org/wiki/Nicobar_Islands
http://en.wikipedia.org/wiki/Sumatra
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Figure 2-1 Oceanic plates which support the Indian Ocean basin and tectonic elements.  

[http://www.hgs.org/attachments/files/1015/The%20Great%20Sumatra-

Andaman%20Earthquake%20of%20December%2026,%202004%20Figure_1.jpg] 

  Plate Tectonics in the Indian Ocean 2-2.2

The Indian Plate, which underlies the Indian Ocean and the Bay of Bengal, and the 

Australian Plate started to merge 50-55 Ma, creating the Indo-Australian Plate. The 

Indo-Australian Plate is drifting north-east at an average speed of 6 cm/year and slides 

under the Burma Microplate which is part of the Eurasian Plate (Aitchison, 2005; 

Berman, 2005). The oblique motion between plates has resulted in microplates, for 

example the Burma Microplate and the Sunda Microplate which underlie significant 

portions of Southeast Asia (Banerjee et al., 2007; Engdahl et al., 2007; Gahalaut and 

Catherine, 2006; Karlsrude et al., 2005; Shapiro et al., 2008).  

68 mm/y 

59 mm/y 

61 mm/y 

65 mm/y 

http://www.hgs.org/attachments/files/1015/The%20Great%20Sumatra-Andaman%20Earthquake%20of%20December%2026,%202004%20Figure_1.jpg
http://www.hgs.org/attachments/files/1015/The%20Great%20Sumatra-Andaman%20Earthquake%20of%20December%2026,%202004%20Figure_1.jpg
http://en.wikipedia.org/wiki/Indian_Ocean
http://en.wikipedia.org/wiki/Bay_of_Bengal
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There are 3 main trenches where the Indo-Australian Plate is subducting beneath the 

Eurasian Plate: the Andaman Trench in the north, the Sunda Trench and the Java 

Trench in the south. The Sunda Trench is located in the north eastern part of the Indian 

Ocean.  It stretches from the Lesser Sunda Islands past Java, around the southern coast 

of Sumatra, and on to the Andaman Islands. The trench is bordered by the Burma and 

Sunda Microplates on the east, and the Indian Plate on the west (Figure 2-2) (Shapiro et 

al., 2008). The Sunda Trench and Java Trench also form the boundary between the 

Indian and Australian Plates and the Eurasian Plate. Subduction along these plate 

boundaries resulted in the 2004 Indian Ocean earthquake and the ensuing deadly 

tsunami of December 26, 2004 (Harinarayana and Hirata, 2005). The Sunda Trench is a 

very active fault zone. Earthquakes in this region are either caused by thrust-faulting, 

where the fault line slips at right angles to the trench; or by strike-slip faulting, where 

material to the east of the fault line slips along the direction of the trench.  

The Andaman Trench serves as a boundary between the Indian Plate and the Burma 

Microplate. It stretches from the Bay of Bengal to the west of the Sunda archipelago, 

covering the basin supporting the Andaman and Nicobar Islands (Figure 2-2). 

Moreover, the Andaman fault is a strike-slip fault and lies in the Andaman Sea, to the 

east of the Andaman and Nicobar Islands. The Andaman Sea is being broadened by sea 

floor spreading, occurring along undersea ridges. Engdahl et al. (2007) explained that 

the Sumatra fault system is transitioned by the Andaman back arc spreading centre fault 

complex and the west Andaman Fault (Figure 2-2). The Burma Microplate is known 

been seismically active across its whole area for the period from 1918 to 2005. Along 

the Andaman Trench, relative plate motion is parallel to the trench. Trench-normal 

convergence occurs at the Northern Andaman Island at a rate of around 14 mm/y.  

http://www.reference.com/browse/wiki/Indian_Ocean
http://www.reference.com/browse/wiki/Indian_Ocean
http://en.wikipedia.org/wiki/Lesser_Sunda_Islands
http://en.wikipedia.org/wiki/Java
http://en.wikipedia.org/wiki/Sumatra
http://en.wikipedia.org/wiki/Andaman_islands
http://www.reference.com/browse/wiki/Burma_Plate
http://www.reference.com/browse/wiki/Sunda_Plate
http://www.reference.com/browse/wiki/India_Plate
http://en.wikipedia.org/wiki/Indo-Australian_Plate
http://en.wikipedia.org/wiki/Eurasian_plate
http://www.reference.com/browse/wiki/2004_Indian_Ocean_earthquake
http://www.reference.com/go/http:/wikipedia.org/wiki/Tsunami%232004_-_Indian_Ocean_tsunami
http://en.wikipedia.org/wiki/Earthquake
http://en.wikipedia.org/wiki/Geologic_fault
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Figure 2-2  Geographical and geological features of the North East Indian Ocean showing 

the epicentre of the 2004 earthquake (red star), rapid slip zone (red box) and slow slip 

area (blue box). From Shapiro et al. (2008). 

  Subduction and Seafloor Spreading at the Andaman and 2-2.3

Sunda Trenches 

Strain built up at the subduction zone culminated in the 2004 submarine earthquake in 

the Indian Ocean. Ioualalen et al. (2007) reported that the relative movement between 

the Indian Plate and the Sunda Microplate is about 40 mm/y in a 20
o 

N direction. The 

movement between the Indian Plate and the Australian Plate is around 50 mm/y at an 

azimuth of 8
o 

N. The oblique subduction of the Indian Plate (part of the Indo-Australian 

Plate) under the Eurasian Plate causes westwardly decreasing trench-normal 

convergence at a rate of 74 mm/y along the central portion of the Java Trench. This is 

significantly faster than the 15 mm/y at the Andaman Trench plate boundary of the 

Burma Microplate, where it trends southward toward the Andaman Islands and the 
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Nicobar Islands. These faults formed in response to the relative oblique convergence 

between the Indian Plate and the Sunda Microplate.  The Andaman Trench has an 

oblique thrust motion with a convergence rate of 14 mm/y. The subduction rate of the 

Nicobar-Andaman subduction zone decreases from 48 mm/y in the south (the tip of the 

Sumatra Island) to 14 mm/y in the north (Grevemeyer and Tiwari, 2006; Shapiro et al., 

2008). Radha Krishna and Sanu (2002) reports that the rates of seismic deformation 

velocities for the Sunda subduction zone decrease northward from 5.2 to 0.65 mm/y 

near Nias island, off Sumatra, to 1.12 to 0.13 mm/y near the Great Nicobar Islands and 

to as little as 0.4 to 0.04 mm/y north of 8
◦ 

N along the Andaman–Nicobar Islands 

section.  

Karlsrude et al. (2005) reported that displacement occurs when the stress is released 

from the subduction zone. While the subducting plate is moving down and dragging the 

overlying plate in the locked fault mode, the stress is increasing until it reaches a point 

beyond the frictional strength. The overlying plate then bounces back, causing vertical 

displacement of the sea floor and thereby generating a tsunami along the subduction 

zone. The starting point of the 2004 rupture was the Sunda Trench where the warmest 

and thinnest lithosphere is to be found; the rupture then continued to the north towards 

the Andaman Trench.  

Shapiro et al. (2008) reported that active spreading in the back-arc beneath the 

Andaman Sea and anomalously strong strain partitioning along the oblique Sumatra-

Andaman subduction, is accommodated by strike-slip motion released along the 

transform Sumatra and Andaman faults that run parallel to the trench. Like all similarly 

large earthquakes, the December 26, 2004 event was caused by thrust-faulting. A 100 

km instantaneous rupture subsequently caused about 1,600 km of the interface to 

rupture, which moved the fault 15 m and lifted the sea floor several metres, thereby 

creating the great tsunami. Shapiro et al. (2008) reported that previous large 

earthquakes (magnitude > 9) have normally occurred at the highly active plate 

boundary where subduction is perpendicular to the trench. Oblique incidence of the 

Indian Plate and the Burma Microplate is found west of the Andaman Sea and thrust 

earthquakes are observed frequently along the Andaman-Nicobar Section of the Sunda 

Subduction.   

http://en.wikipedia.org/wiki/Tsunami
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 The History of Tsunamis in the Region of the 2-3

Indian Ocean  

The history of Indian Ocean tsunamis presented here is divided into 2 main sections, 

related to the main seismic zones: the Sumatra Section and the Andaman-Nicobar 

Section (Figure 2-1). Dominey-Howes et al. (2007) present a table summarizing the 

history of those tsunamis that occurred in the Indian Ocean from 326 B.C. until the 

Nias earthquake and tsunami of 28 March 2005 (Table 2-1).  The Richter magnitude 

scale or Local Magnitude scale (ML), which was used before the ‟70, has been replaced 

by the Moment Magnitude scale (M or Mw); both M and Mw symbols are used in this 

Chapter depending on that used in the original documents. Although the first known 

tsunami occurred in 326 B.C., the first scientifically-documented tsunami in this region 

occurred in the Sumatra section in 1797 (Figure 2-3). Following this, two more 

tsunamis are recorded for the 18
th

 century and eleven in the 19
th

 century, of which the 

1881 tsunami was the highest following an earthquake of > 8.7 on the Richter scale. In 

the 20
th

 century there were 6 large magnitude earthquakes and tsunamis of which the 

1974 event was the most serious. So far, two tsunamis have occurred in the 21
st
 

century. 

The Sumatra section has been the most vulnerable to earthquakes, followed by the 

Andaman-Nicobar section and then the Arakan (Figure 2-3) (Harry et al., 2007). The 

Sumatra subduction zone is one of the most active tectonic plate boundaries in the 

world (Figure 2-4). In the past 36 years, prior to the 2004 event, earthquakes with M > 

5 occurred 237 times along the Sumatra subduction zone. Seismic potential along the 

Java segment is low and only smaller earthquakes (M < 8.0) take place in this segment; 

Stein and Okal (Stein and Okal, 2005b) reported that prior to the 2004 Indian Ocean 

earthquake, the junction between the Indian Plate and the Sunda Microplate had not 

experienced a large earthquake in the past 150 years. Grevemeyer and Tiwari (2006) 

state that there was no historical record for any earthquake with magnitude (M) greater 

than 9.0 in either the Sumatra Section or the Andaman-Nicobar Section before the 2004 

earthquake. However, the historic earthquake record for the Sunda–Andaman 

Subduction zone suggests that the potential for great destructive megathrust 

earthquakes is much larger for the Sumatra Section than along the Java Section, 

especially for that part of the Sumatra Section situated north of the Sunda Subduction 
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along the Sumatra Fault. Major earthquakes occurred in southern Sumatra in 1797 

(M ~8.4), 1833 (M ~9.0), and in 1861 (M ~8.5) in Northern Sumatra (Figure 2-3). The 

2005 Nias earthquake ruptured in the same area as the 1861 event, and a smaller 

earthquake (M ~7.8) in 1907 (Figure 2-3).   

Borrero et al. (2006) reported that the 1797 earthquake had a magnitude between 8.4 - 

8.6 from 0.5
o 
S - 3.2

o 
S (~300 km) and an average slip of 6 m. The 1833 quake extended 

for ~320 km, from 2.1
o 

S - 5.0
o 

S; its slip was as high as 18 m and its magnitude 

between 8.6-8.9 (Borrero et al. 2006). However, data from uplifted coral data suggest 

that the 1833 earthquake ruptured for ~1000 km (Geist et al., 2006; Sinadinovski, 2006) 

and numerical modelling by Dominey-Howes et al. (2007), suggest that the slip was 9.8 

m (based on the uplift of coral atolls off Sumatra and a subduction width 200km). 

Chlieh et al. (2007) reported that the Nias segment of the Sunda subduction zone, 

situated between Simeulue Island and Batu Island, cracked in 1861. The earthquakes in 

1833 and 1861 are estimated to have generated tsunami waves 5-10 m high and to have 

caused massive damage to the populated areas along the southern coast of Indonesia. 

They might have had some effect on Sri Lanka and the Maldives, but would have had 

little impact on Thailand and the Bay of Bengal because the origins are located further 

southeast and most of the energy was dissipated into the open Indian Ocean (Bilham, 

2005; Sinadinovski, 2006). Consistent with the study of the uplift of coral atolls by 

Dominey-Howes et al. (2007) is that the 1833 earthquake produced a tsunami wave that 

attacked the west coast of Sumatra, southern India, Sri Lanka and the coast of Western 

Australia. Dominey-Howes et al. (2007) numerical model for the 1861 earthquake and 

tsunami and proposed that the 3.9 m slip generated only a local small tsunami that 

resulted in run-ups of several metres locally and damaged only the coast nearby. It is 

similar in magnitude to the 2005 Nias Islands tsunami. 

Although, the Sumatra Section has seen the most intense activity, it is the Andaman-

Nicobar Section which is the main focus of this research. Three major tsunamis 

occurred near the Andaman-Nicobar Section, two in 1881 and one in 1945 (Table 2-1). 

The first recorded earthquake for the Andaman Section was on 28 January 1679. This 

earthquake occurred near the middle and the Northern Andaman Islands. Its rupture 

area and magnitude were equal to those of the 1941 event (M ~ 7.7) (Table 2-1 and 
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Figure 2-3). However, Rajendran et al. (2007) indicate that the 1679 earthquake did not 

generate a tsunami because of its small vertical displacement.  

In 1881, an earthquake of magnitude 7.9 occurred near the Island of Car Nicobar in the 

Sumatra Section and the Andaman-Nicobar Section and generated a tsunami which 

affected the Andaman and Nicobar Islands, the coasts of India and Sri Lanka (Figure 

2-3) (Bilham, 2005; Ortiz and Bilham, 2003; Rajendran et al., 2007; Seno and Hirata, 

2007). Rajendran et al. (2007), citing Rogers (1883), state that the 1881 earthquake 

generated a tsunami with a height < 0.75 m at Car Nicobar Island, and that the tide 

gauge stations at Madras recorded a 0.25 m high wave. The small tsunami generated by 

an earthquake of Mw = 7.7 hit the west coast of the Andaman Islands on 26 June 1941 

(Figure 2-3) (Bilham, 2005) causing an uplift of ~ 1.50 m along the western part of the 

middle Andaman Island. Chlieh et al. (2007) reported that there is no historical record 

of any earthquake with Mw >8.0 occurring in the subduction zone between Sumatra and 

Myanmar.  
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Figure 2-3 Earthquake history in the North East Indian Ocean. From Chlieh et al.  (2007).  
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Figure 2-4 The Sumatra Subduction Zone, where the Indo-Australian Plate subducts 

beneath the Eurasian Plate. Area of Subduction is shown by wavy lines and dots. 

[http://today.caltech.edu/gps/sieh/sumatra_05jan2005_02.jpg] 
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Table 2-1 Tsunami history in the Indian Ocean region. From Dominey-Howes et al. 

(2007). 
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 The 2004 Indian Ocean Earthquake and 2-4

Tsunami 

On Sunday 26 December 2004, at 07:58:53 local time (00:58:53 UTC), a very strong 

earthquake of Mw = 9.3 occurred off the west coast of Northern Sumatra. The 2004 

earthquake was the first major earthquake recorded with the modern instruments 

developed during the sixties (Intergovernmental Oceanographic Commission, 2005). 

Ghobarah et al. (2006) stated that the 2004 earthquake is the second largest earthquake 

recorded instrumentally, the largest being the 1960 Chilean earthquake (Mw = 9.5). The 

epicentre of the earthquake (3.30
0 

N, 95.78
0
E) was 155 km from the west coast of 

Northern Sumatra, Indonesia, approximately 255 km south west of Banda Aceh, the 

capital city of the Aceh province, and about 640 km from Phuket Island on the 

Andaman coast of Thailand. The 2004 earthquake was uncommonly strong in the 

extent of its geographical deformation. Its rupture length along the subduction zone was 

extensive, with an estimated length of 1,200 - 1300 km, and an uplift of ~15 m. It is the 

longest rupture ever known to have been caused by one earthquake (Banerjee et al., 

2007; Chlieh et al., 2007). The slip distribution, rupture area and magnitude of the 2004 

Andaman-Sumatra earthquake has been estimated using different methods such as 

seismic waves, static offsets and a combination between seismic and geodetic data 

(Banerjee et al., 2007). Both seismic and geodetic data yield the same magnitude of the 

2004 earthquake. Purnachandra (2007) reported from Harvard University data that the 

2004 earthquake has a strike of 329
o
, dip 8

 o
 and a rake of 110

o
 degrees, indicating a 

thrust fault mechanism with a northwest-southeast trend. It was an event of „surprising 

complexity‟(Bilham, 2005). 

  Rupture zone of the 2004 Earthquake 2-4.1

The 2004 earthquake was associated with the subduction of the Indian Plate beneath the 

Burma Microplate (part of the Eurasian Plate). The quake was caused by the  release of 

tectonic strain built up by the subduction of both plates at the rate of between 59-68 

mm/y (Figure 2-1) (Gahalaut and Catherine, 2006; Liu, 2005; Subarya et al., 2006). 

Rupture resulting from the 2004 earthquake can be divided into 3 segments: the 

Andaman, the Nicobar and the Sumatran Segments (Ammon et al., 2005; Banerjee et 

al., 2007; Lay et al., 2005). It also involved the rupture of multiple segments running 

http://www.reference.com/browse/wiki/Subduction_zone
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from Myanmar to Northern Sumatra Island (Rajendran et al., 2007). Figure 2-5, Menke 

et al. (2006) shows a sketch of the Sumatra-Andaman island area of the 2004 rupture 

zone.  

Different authors describe the 2004 rupture in different ways. According to Subarya et 

al. (2006) the seismic moment for the earthquake was released between latitudes 2
o 

-10
o 

N which agrees with Neetu et al. (2005) who reported that the rupture extended up to 

600 km to the north-northwest of the epicentre (~9
o 

N). Chlieh et al. (2007) reported 

that there were 3 distinct peaks of released moment, viz. at 4
o 

N, 7
o 

N and 9
o 

N. Ishii et 

al. (2005) also reported that the release of energy occurred at 3
o 

N, 5
o 

N and 8
o 

- 10
o 

N 

with a minimum at 7
o 

N; the energy release ceased at 12
o 

N. Ammon et  al. (2005) 

reported that energy was released from 3 segments: at 4
o 

- 6
o 

N, 8
o 

- 10
o 

N and 12
o 

- 

13.75
o 

N. Pietrzak et al. (2007) used a numerical model to test which segments created 

the 2004 tsunami waves, in comparison to images of the tsunami wave propagation in 

the open ocean measured by the Jason-1 satellite; this implied that the rupture extended 

from 2.5
o 

to 13
o 

N, but with a minimum occurring at 5
o 

to 6
o 

N; the simulation 

suggested that the source of the 2004 tsunami might have originated from as far south 

as 2
o 

N but should not have extended beyond 14
o 

N, and correlated to offshore uplift of 

the Andaman Islands. Chlieh et al. (2007) reported that the rupture must have 

propagated as far as 15
0 

N. 

The section of largest slip occurred between 3
o 

and 5
o 

N (inverted from co-seismic GPS 

data) (Ishii et al., 2005; Pietrzak et al., 2007). The high tsunami amplitude experienced 

in Sri Lanka and India, which are perpendicular to the fault, supports the conclusion 

that rupture occurred on the north and north-trending segments (Bilek, 2007; Bilham, 

2005; Sinadinovski, 2006; Stein and Okal, 2005b; Stein and Okal, 2007; Vigny et al., 

2005) and is consistent with the large horizontal displacement observed in Thailand (8 

cm in Bangkok) and along the Malaysian peninsular (2 cm in Singapore to 17 cm in 

Langkawi Island). The rupture extended as far north as the Andaman sea; Jason-1 

satellite images show the tsunami propagating outwards from the northern length of slip 

between 8
o 

to 10
o 

N (from Katchell Island in the Nicobar to the Little Andaman Islands, 

centred at Car Nicobar Island). 
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Piatanesi and Lorito (2007) used tsunami waveforms, recorded by many tide gauges, to 

estimate the rupture process of the 2004 Indian Ocean earthquake. These results 

revealed that displacement was concentrated in 3 main sections: the southern part of the 

fault from the hypocenter to about 5
o 

N (slip ~ 10-30 m), the main slip located between 

6
o 

-11
o 

N (slip ~ 10 m) and the northernmost and deep part of the fault (slip ~ 20 m). 

This matches up with Ammon et al. (2005), Tanioka et al. (2006) and Hirata et al. 

(2006) with the exception of the northernmost section, for which they conclude that 

there is no evidence of any movement north of 12
o 

N. All assumptions show very large 

slip off Banda Aceh, and major slip between 7
o 

N
 -
11

o 
N. Furthermore, it is evident that 

the northern segment of the rupture between 9
o
-14

o 
N, around the Andaman Islands, 

demonstrates a slow slip mechanism. It is also possible that slow slip occurred for the 

first 50s at the epicentre of the Sumatra segment, located between 2
0
-
 
6

0 
N, but it was 

large rapid slip that still dominated in this portion. On the other hand, the Nicobar 

island segment showed moderately rapid slip followed by slower slip for about 1 h (see 

Slow Slip section). 

 

 

 

Figure 2-5 The 2004 rupture zone from Sumatra to the Andaman Island region which 

caused the 2004 tsunami. From Menke et al. (2006)). 
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  Characteristics of the 2004 Earthquake 2-4.2

The Sumatra-Andaman earthquake of 26 December 2004 started near a sharp bend in 

the trench Geist et al. (2007). Its hypocenter was situated north of Simeulue Island at a 

depth of 30 km (Figure 2-1, Figure 2-2 and Figure 2-4).  

The 2004 earthquake did not constitute a simple event but was surprisingly complex 

(Bilham, 2005). It occurred in two phases over an extended period of time, and 

included periods of both rapid slip and slow slip (Figure 2-2). The duration of high 

frequency energy radiation was approximately 500 s (Ni et al. (2005), and translated 

into a rupture zone length of 1,200 -1,300 km, the longest ever recorded, with average 

rupture speed ~2.5 km/s.  

 Rupture and Rupture Velocity  2-4.2.1

Kruger and Ohrnberger (2005) reported that the total rupture length was 1,150 km, and 

ruptured with an average rupture speed of 2.3-2.7 km/s, and had a total rupture period 

of at least 430 s (probably 450-480 s); the location of the seismic energy maximum did 

not move during the first 60 s. Later however, the rupture ran in the north-northwest 

direction for 600 km, before changing to the north direction for roughly 550 km and 

ending at the northern end of the Andaman Islands. Lay et al. (2005) state that low 

energy and slow rupture initially happened for the first 50 s, before rapid rupture of 

~2.5 km/s velocity occurred towards the Andaman Islands for 1300 km. The rapid 

rupture of the 2004 earthquake began on the southeast Sumatra section and caused 20 

m of vertical displacement there during the first 230 s.  Generally, longer-duration 

earthquakes may be indicative of slow rupture as it propagates in the low-rigidity 

materials found in shallow fault zones; this results in interference between the direct 

and reflected waves, and makes it complicated to confine the source mechanism using 

classical inversion methods (Bilek, 2007; Chlieh et al., 2007; Piatanesi and Lorito, 

2007). 

 Slow Slip 2-4.2.2

In the context of the 2004 earthquake „slow slip‟ is mainly used by authors to describe 

the slip that occurred in the period of up to one hour following the rupture (and initial 

rapid slip), rather than the after-slip, slow or silent slip that associated with large 
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earthquakes with timescales of days to a year. Slow slip is not included in the 

conventional estimations of seismic moment. For example, the 2004 earthquake was 

underestimated by the conventional method based on surface waves; the conventional 

method omitted slow slip as that is not detectable from the surface waves. Schwartz and 

Rokosky (2007) state that slow slip mechanisms can be observed in numerical 

simulations of the earthquake cycle. Bilham (2005) reported that the slow slip 

experienced in the 2004 earthquake is different from previous earthquakes and has 

changed the way seismologists assess past conservative seismic hazards and suggests 

that such conservative seismic forecasts may not suit future needs. 

Ammon et  al. (2005) reported that fault sliding began slowly for the first 40-60 s but 

then grew rapidly as large amounts of slip occurred off the west coast of Sumatra (3
o
N 

– 4
o
N) before spreading north-northwest at a speed of about 2.5 km/s along the 1200-

1300 km of the Andaman trough. The slip models they used, obtained from inversions 

of body and surface waves, show that slip gradually decreased to the north “suggesting  

a relationship between megathrust coupling and rupture velocity and/or slip rate. The results 

indicate that the fault was well-coupled in the south, somewhat less coupled in the central 

portion, and weakly coupled in the north of the rupture zone. The sub-ducting slab dip angle, 

age, and plate motion obliquity all increase from the southern (Sumatra) segment to northern 

(Andaman) segments of the rupture, perhaps contributing to reduction of interplate coupling as 

a function of distance northward. The reduction of slip just north of the Great Nicobar Island 

coincides with a northward rotation of the trench, and the rupture terminated in a region where 

the trench is parallel with the interpolate motion (or even extensional)” Ammon et al (2005). 

The slip in the models used by Ammon et al (2005) north of 8
o
N is too small to explain 

GPS displacements observed in the Nicobar Island (1-2 m vertical, 5 m horizontal) and 

the Andaman Island (1-2 m vertical, 3 m horizontal). They state that they need to 

increase the slip in the section north of 8
o
N by a factor of 2 to 3 but adding rapid slip of 

this magnitude considerably reduces the fit to the normal-mode amplitudes so they 

conclude most of this additional slip was probably slow and occurred at a time scale 

beyond the seismic band.  

Slow slip is supported by Lay et al (2005) and agrees with Stein and Okal (2005b), who 

also report that slow slip occurred over the northern part of the rupture zone, and that 

split modes are better fitted by a source with centroid at 7
o 
N rather than at the epicentre 
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at 3
o 

N where rupture started (Bilham, 2005; Liu, 2005; Stein and Okal, 2005b; Stein 

and Okal, 2007; Subarya et al., 2006; Synolakis et al., 2005). Lay et al (2005) state that 

the northern portion of the fault appears to have slipped 3 to 7 m more than accounted 

for by the seismic model, with a time scale of ~1 hour or longer. This slow slip 

occurred only along the Nicobar and Andaman Islands segments of the rupture zone, 

where the plate convergence is increasingly oblique and slip is strongly partitioned. 

They note that, with the low convergence rate of 14 mm/year in the region, it would 

take 700 years to accumulate 10 m of slip potential in the region, which is consistent 

with the lack of historical great events in the northern part of the subduction zone.  

Lay et al (2005) present a useful summary rupture diagram (their Figure 8) showing 

fast slip (seismic moment 6.5 x 10
22

 Nm) and slow slip (seismic moment 3.0 x 10
22

 

Nm) components showing that slow slip contributed nearly one third of the seismic 

moment. 

After the main shock, 31 earthquakes with magnitudes between 5.5-7.3 occurred in the 

following 48 h, with the seismicity shifting northward along the 1200 km long rupture 

zone (Sinadinovski (2006). Moreover, 125 aftershocks of M > 5.0 were triggered 

around the edge of the rupture over the following 3 week period but these aftershocks 

did not cause any further tsunamis. Vallee (2007) states that aftershock locations for the 

2004 earthquake were spread along 1300 km, and were the evidence of long and „slow‟ 

slip.  

Although there is agreement on the occurrence of slow slip there is disagreement as to 

its importance for the generation of the tsunami. Lay et al 2005 state that the northern 

third of the aftershock zone appears not to have produced rapid vertical ocean-bottom 

displacements capable of generating large tsunami waves and is consistent with satellite 

altimetry observations of the deep-water waves obtained from the fortuitous passage of 

two satellites over the Indian Ocean 2 to 3 hours after the rupture occurred. Bilham 

(2005) also believes that slip occurred too slowly in the last 5 min (rupture along the 

Andaman section) to generate either tsunamis or sizable 20-s surface waves, the 

amplitudes of which are used to assign a Richter magnitude for an earthquake. 

Stein and Okal (2005), on the other hand believe that the slow slip helped to excite the 

tsunami, as suggested by successful modelling of the wave from sea levels detected by 
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the Jason satellite, using a source that included the northern segment. Large tsunami 

amplitudes in Sri Lanka and India also support rupture on the northern, north-trending 

segment, because tsunami amplitudes are largest when perpendicular to the fault.  

(Seno and Hirata, 2007) also state the 2004 earthquake was characterised by slow slip 

and caused “unexpected tsunami waves larger than the seismic slip result alone would 

explain”. Geist et al. (2007) indicated that the generation of a tsunami depends on 

longer source process times than those provided by seismic  excitation. A tsunami can 

thus be generated from a small magnitude earthquake with long duration, for example 

the 1992 Nicaragua earthquake. Moreover, shallow earthquakes have longer-scale 

source intervals than deeper ones. Seno and Hirata (2007) suggested that the 2004 event 

is a hybrid event with longer source duration.  

 Seafloor Displacement Heights 2-4.2.3

 Several methods have been used to estimate the uplift over the earthquake‟s rupture 

area. Vigny et al. (2005) pointed out from the seismic inversion and GPS records that 

the displacement of the 2004 earthquake was not homogeneous along the whole 

subduction zone but varies between 15-25 m, decreasing northward from the epicentre. 

Rhie et al. (2007) calculated the slip allocation of the 2004 Indian Ocean earthquake by 

joint inversion of tele-seismic and regional geodetic datasets and found that the large 

slip patch of the 2004 Indian Ocean earthquake was located at the 4
o
 N and that high 

slip region (> 10 m) did not extend beyond 10
o
 N. Chlieh et al. (2007) reported that 

high displacement occurred at 4
o
 N, 7

o
 N, 9

o
 N with a total seismic moment of 6.7-7.0 * 

10
22

 N m (Mw = 9.15). Banerjee et al. (2007) reported that the rupture distribution (Mw 

= 9.22) was estimated to be 15m along the southern Andaman Section, the Nicobar 

Section and the Northern Sumatra Section. Fujii and Satake (2007) developed a tsunami 

source model and used it to calculate the rupture distribution, based on tide gauge data 

and satellite images. They conclude that uplifts of up to 13-25 m occurred offshore of 

Sumatra Island and around 7 m for the Nicobar Island Section. The 2004 Indian Ocean 

Earthquake characteristics, including rupture length, rupture width, seafloor 

displacement height, seismic period and rupture velocity, are presented in Table 2-2. 

These factors were applied for simulating the 2004 tsunami modelling which affected 

the Andaman Coast of Thailand. 
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The 2004 Indian Ocean earthquake displacement shows that seafloor uplift occurred on 

the west side with large horizontal displacement in the southwest direction along the 

Sumatra Section, a lower horizontal displacement for the Nicobar Section and the 

smallest at the Andaman Section while sea bottom subsidence took place along the east 

side of the eruption area (Figure 2-6) (Pietrzak et al., 2007; Song et al., 2008). Kowalik, 

Knight et al. (2007) indicated that the fault plane is broken into 2 segments with 

maximum uplift of ~5.1 m and maximum subsidence of ~4.7 m (Bilham, 2005) also 

indicates that the 2004 earthquake generated up to 10 m of uplift and subsidence from 

the earthquake elastic rebound.  
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Sources Methodology Used Rupture 

length (km) 

Rupture  

width (km) 

Seafloor 

displacement 

height (m) 

Seismic 

period (s) 

Rupture  

velocity 

(km/s) 

Apply for 

Scenario 

# in Table 

5-1 

(Ammon et al., 2005) Broadband seismic waveforms (Seismic data from Global 

Seismic Network (inversion of body and surface wave)), 

Use short-period S wave and P wave. 

1200-1300 200 15-20 480-600 2.5-3.0 3, 4, 5 and 

6 

(Banerjee et al., 2005) Far-field GPS data   5    

(Bilham, 2005) GPS data (field measurements of uplifted or subsided coral 

heads) 
1200-1500 150 - 515-1320 -  

(Ishii et al. 2005) Hi-Net seismic array (from Japan as an antenna to map the 

progression of slip by monitoring the direction of high-

frequency radiation).  

1200 - - 480 2.8  

(Kruger and Ohrnberger, 2005) Seismological data from broadband seismic stations of the 

German Regional Seismic Network. 

1150 

(600+550) 

- - 430 

(450-480) 

2.3-2.7  

(Lay et al., 2005) Seismological analyses of the extensive, openly available 

seismogram data set from the international 

Federation of Digital Seismic Networks (FDSN) 

backbone network. 

1200 160-170 20 (Sumatra) 

<2 (Nicobar& 

Andaman) 

500 2.5 

(2.0-3.0) 

3,4,13, 

(Liu, 2005) Seismological data. - - 20 200 2.0 5-12 

(Ni et al., 2005) 

(Kanamori and Eeri, 2006) 

Seismological data (High-frequency seismic records 

obtained 

from the Global Seismic Network) 

1200-1300   500 2.5  

(Stein and Okal, 2005b), (Stein and 

Okal, 2007) 

Seismological data (an analysis of the Earth‟s normal modes 

0S2 , 0S3 and 0S4.) 

1200 200 12-15 - 2.5-3.0 1,2,3,4,15, 

16 

(Vigny et al., 2005) Geodetic data (Far-field GPS data (60 Global Positioning 

System (GPS) sites in southeast Asia)). (Geodetic Space 

Techniques) 

Divided rupture into 2 sections 

>1000 

650 (south) 

450 (north) 

- - > 600 

(240for 

north) 

3.7 (south) 

2.0 (north) 

 

(Gahalaut and Catherine, 2006) Global Positioning System (GPS) measurements of near -

field coseismic displacements (13 sites located in 
Andaman–Nicobar islands) 

1500 120-160 3.8-7.9 

(Andaman) 

11-15 (Nicobar) 

-  4,5,6,7,8,9,

10,12 

(Menke et al., 2006) Review - - Average=5 

Max > 30 

- 2.8 (south) 

2.1 (north) 

 

(Sinadinovski, 2006) Seismological data 1200 50 15  2.1 3 

(Tanioka et al., 2006) Rupture process was estimated using tsunami waveforms 
observed at 5 tide gauges and the co-seismic vertical 

deformation observed along the coast 

1200 - 23 m at Aceh 

coast 

21 m at 

Simeulue 

- 

 

 

 

Average = 

1.7 

 

5,6,7,8,9,10

,11,12,14 



24 

 

 

Table 2-2 Summary of sources and the characteristics deduced for the December 2004 earthquake. 

 

 

10-15 m at 

Little Andaman 

and Car Nicobar 

(Chlieh et al., 2007) Geodetic data (Near-field Global Positioning System (GPS)) 

estimation of vertical displacement derived from remote 

sensing using optical images (ASTER, SPOT, and IKONOS 
3 peaks : 4N, 7N, and 9 N, 

1500 < 150 - - 2.2-2.6  

(Seno and Hirata, 2007) Back projecting the wave front recorded on the sea surface 

height (SSH) by the satellite altimetry 
- - 20-40 

Max = 40 

- -  

(Vallee, 2007) Seismological data (Empirical green‟s function (EGF)) 1150-1200 - 20 m at Sumatra  

10 m at Nicobar  

580+-20 2.0-2.5 1,2,3,4,8,9,

10 

(Piatanesi and Lorito, 2007) Tide gauge data (nonlinear inversion method is used for 

retrieving slip distribution and the rupture velocity) 

 

1500 - South 50 N= 10  

Max=30 (Aceh) 
 6.5-11 0 N=10 

Northernmost 

11-14 0 N =20 

- 2.0-2.25 1,2,14 
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  Horizontal Movement and Vertical Movement Resulting 2-4.3

from the 2004 Earthquake                      

Song et al. (2008) disputes the tuned displacement of the Titov et  al. (2005) model on 

the grounds that it is overestimated by the GPS measurement and seismic inversion 

data. They use the horizontal impulse momentum for tsunami mechanism to achieve 

clarification. Song et al. (2008) state that it is not only the vertical dislocation of the 

seafloor in relation to the submarine earthquake that is the main source of tsunami 

generation, but that the horizontal impulse of the rupture was responsible for up to two 

thirds of the height of the tsunami detected from the satellite imagery over the open sea. 

A numerical model taking into account the additional horizontal effect yields a tsunami 

amplitude equal to that recorded by the Jason-1 satellite and the tide gauge data. 

Additionally, the kinetic energy of the tsunami was made up of approximately 30% 

from the vertically-forced tsunami height and 70% from the horizontally-forced 

tsunami. Vertical deformation alone is not enough to have generated the enormous 

2004 Indian Ocean tsunami. The horizontal impulse of the faulting along the 

continental slope generated kinetic energy 5 times larger than the energy derived from 

the vertical dislocation. The asymmetrical tsunami pattern of leading-elevation waves 

towards Sri Lanka as opposed to the leading-depression wave pattern toward the 

Andaman Sea coast of Thailand is further evidence of a horizontally forced mechanism.  

Because of the horizontal and vertical displacements, 2D shallow water theory is 

probably inadequate to represent the tsunami generation mechanism. Instead, the 

tsunami formation mechanism developed for 3D fault motions along continental slopes 

seems to be appropriate. Earthquake-tsunami models based on the seismically-inverted 

earthquake displacements and a 3D ocean model have been developed to cope with this 

horizontal component of displacement. Vertical and horizontal forcing induced by the 

quake can also be incorporated by treating the faulting along the continental slope as 

object movement in a fluid; the horizontal motion can, in fact, create greater tsunami 

heights and longer wavelengths than those induced by vertical uplift alone. The results 

of these analyses correlate very well with the leading wave heights recorded by Jason 

and Envisat satellites (Song et al., 2008). 
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Figure 2-6 The 2004 earthquake uplift and subduction areas. Arrows show the horizontal 

movement of the seafloor while the colour contours show subsidence on the east and uplift 

on the west side of subduction zone (Song et al., 2008). 

More evidence also shown by Vigny et al. (2005) estimated that Phuket Island had 

moved 34 m in 50 days following the Boxing Day earthquake, and Rajendran et al. 

(2007) reported that the South Indian Shield shifted eastward by 10-16 m; Car Nicobar 

Island was estimated to have moved 6.5 m in the southwest direction.   

Rajendran et al. (2007) reported that the 2004 earthquake caused a 0.5-1 m uplift of 

North Andaman Island. The western margin of South Andaman Island rose 

approximately 1-1.5 m above its pre-earthquake level, while the eastern part of the 
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island sank by more than 1 m. The Nicobar and Car Nicobar Islands, south of 10
o 

N, 

subsided by 1 - 3 m. Gahalaut and Catherine (2006) estimated that the co-seismic slip 

of the Andaman section was 3.8-7.9 m and 11-15 m for the Nicobar section, with 

vertical subsidence of approximately 0.5-2.8 m for the Andaman-Nicobar Islands. The 

overall horizontal displacement along the Andaman-Nicobar Islands is computed to be 

between 1.5-6.5m.  

  The Energy Released by the 2004 Indian Ocean 2-4.4

Earthquake. 

The Seismic Moment (M0) and the Moment Magnitude Scale (Mw) are used here to 

compare earthquake intensity.  The seismic moment is a measure of the size of an 

earthquake based on the area of fault rupture, the average slip, and the force that was 

required to overcome the friction holding the rocks offset by faulting together 

[http://earthquake.usgs.gov/learning/glossary.php?term=seismic%20momen]. The 

scalar seismic moment M0 is defined by the equation M0 = μAu, where 

 μ is the shear modulus of the rocks involved in the earthquake, typically 

30 gigaPascals 

 A is the area of the rupture along the geologic fault where the earthquake 

occurred, and 

 u is the average displacement. 

The 26 December 2004 Sumatra earthquake had a magnitude of 9.3 on the Richter scale 

and a Seismic Moment M0 of > 2 *10
23 

N m (Ghobarah et al., 2006). Bilek et al. (2007) 

indicated that the spectral amplitudes for the Sumatra-Andaman earthquake are smaller 

than those of the 1960 Chilean earthquake by a factor of 1.5 to 3.0.  

Initially, the M0 of the 2004 earthquake was estimated to be 3.57 *10
22 

N m (Mw =9.0) 

based on the surface wave in the first 300 s only (Liu, 2005) cited in (Ji, 2005). 

Subsequently Stein and Okal (2005b) and Stein and Okal (2007) reported that M0 was 

2.5 times bigger than previously reported, as large as 1.3 *10
23 

 N m (Mw =9.3) because 

the previous calculation had not accounted for the slow slip effect that was not initially 

observable from the surface waves. The 2004 Sumatra earthquake released energy of 

http://earthquake.usgs.gov/learning/glossary.php?termID=174
http://en.wikipedia.org/wiki/Shear_modulus
http://en.wikipedia.org/wiki/Giga
http://en.wikipedia.org/wiki/Giga
http://en.wikipedia.org/wiki/Geologic_fault
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4.3 *10
8 

J, equivalent to the total energy used by the US population over a period of 6 

months.  

 Future Earthquake Generated Tsunami in the 2-5

Indian Ocean Region. 

The 2004 Indian Ocean earthquake caused the mega-tsunami which devastated several 

countries around the Indian Ocean region, including the Andaman coast of Thailand. 

This raises the question as to when such a strong earthquake and mega-tsunami will 

impact the region again. If these events are going to happen, when and how they are 

going to occur? What significant subsequent effects will they have on the coast of 

Thailand?  

Though earthquake forecasting is not presently feasible, the potential for future 

earthquakes can be assessed from the seismic data and historical records of preceding 

earthquakes. Subarya et al. (2006) stated that the magnitude of an earthquake on a 

particular thrust increases linearly with the convergence rate and decreases linearly with 

the age of the subducting plate. Furthermore, the return period for an earthquake of a 

given magnitude is inversely related to the slip rate of the fault. Karlsrude et al. (2005) 

suggested that the recurrence period of the earthquake can be estimated from 1) the 

magnitude-frequency regression obtainable from available seismicity catalogues and 2) 

tectonic considerations. However, the tectonically-derived estimate is more accurate 

than that can be derived from the 36 years of earthquake records. From the 1964-1999 

seismological data of the Sumatra Trench, it can be inferred that the return period of the 

earthquake of Mw = 8.5 is 195 years, and for the Mw   = 9.3 is 1140 years. The 

seismicity is quite low for the Java Trench, for which the return period is approximately 

260 years for the Mw = 8.5 event. Peterson et al. (2007) suggest from their models that a 

large earthquake with Mw > 9.2 occurs every 256 years along the Sumatra Subduction 

Zone.  

Some parts of the active zone between the Indian Plate and the Sunda Microplate have 

not experienced a large earthquake in the past 150 years (Ioualalen et al., 2007; Stein 

and Okal, 2005b). Moreover, McCloskey et al. (2005) reported that the northern section 

of the Sumatra Section of the zone has not experienced a large earthquake in the past 

100 years.  
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The 2004 Indian Ocean earthquake was the result of the accretion of strain. The stresses 

caused by the 2004 Indian Ocean earthquake and the 2005 Nias earthquakes may 

spread further south, enhancing the earthquake hazard for the nearby fault segments in 

the near future (McCloskey et al., 2005). Moreover, Vigny et al. (2005) believe that the 

2004 earthquake shook only some of the Sunda Subduction Zone, causing stress 

increase on the adjacent segments further south on the Sumatra Trench and further 

north on the Arakan Trench in Myanmar.  

Subarya et al. (2006) suggested that the total seismic slip released by the 2004 

earthquake would result in a repetition of the event and that a tsunami would happen 

again in the next 230 to 600 years. However if 50% of the slip is aseismic, or taken up 

by smaller events, the return period would range from 460 to 1,200 years. Chlieh et al. 

(2007) estimated the return period of the earthquake equivalent to the 2004 event, if the 

stress of the 2004 earthquake was totally released, between 140-420 years. In addition, 

Borrero et al. (2006) studied paleo-seismic data for this region and concluded that great 

earthquakes recur approximately every 200 to 240 years along the Sunda Subduction 

Zone.  

The 2004 earthquake is considered to have increased the chance of seismic hazard on 

the nearby segments of the subduction zone, especially at the north end of the rupture. 

This research will focus on the north end of the 2004 rupture including the Arakan 

Section, the Andaman-Nicobar Section and the northern part of the Sumatra Section. 

  The Arakan Section 2-5.1

Prior to the 2004 event, there had been little concern about the subduction in the 

Northern Bay of Bengal and along the Myanmar coast (Figure 2-3) although the 

tectonic environment, the stress, the strain and the historical earthquake activity of the 

area are  indicators of a high seismic risk: a large mega-thrust earthquake and the 

succeeding tsunami wave generated off the coast of Myanmar would threaten a large 

population  (Cummins, 2007). For example, the 1762 tsunami following from a 

magnitude 8.5 earthquake on the Arakan fault was modelled using 10 m of uplift and 

subsidence, a 700 km length rupture (from Chittagong to Foul island) and a width of 

125 km where the seismogenic zone is extended offshore beneath the Bengal fan. A 
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recurrent earthquake of this magnitude would have severe effects on the population of 

Chittagong and the Northern Bay of Bengal (currently 60 million).  

Cummins (2007) also reported that the deformation front of the Arakan Section 

(Arakan Fault) is located at the Ramree islands (~20
o 

N), whilst the Chittagong-Tripura 

fold belt is an active feature related to the subduction of the India Plate beneath the 

Burma Microplate. For the Arakan Section, the extension of the seismogenic zone 

beneath the Bengal fan, about 200-300 km westward of this boundary, has major 

implications for earthquake and tsunami risk. Compared to the north of the Andaman-

Nicobar Section (Andaman Trench), the convergence of the Bay of Bengal rupture is 

less oblique and might yield shorter recurrent times (a few hundred years) for large 

thrust earthquakes.  

Moreover, much of the Bay of Bengal has 2-10 km of sediment covering the upper 

surface and is the world‟s largest submarine fan system. The Bengal fan insulates the 

underlying rocks; the thick sediments create thermal conditions that cause significant 

up-dip extension of the thermal regime required for seismogenesis. In addition, the 

entire 900 km length of this area, stretching from the northern end of the Andaman-

Nicobar Section to the northern tip of the Bay of Bengal, has the potential for 

generating tsunami earthquakes. The southern rupture extends to Foul Island (~17
o 

N), 

and reaches Ramree Island (~20
o 

N) and may extend to Chittagong at the northern end, 

where evidence was reported of 60 sq miles of submerged land. By locking the Arakan 

Section, the subduction zone could generate Mw = 8.5 earthquakes every 100 years, and 

an Mw = 9.0 event every 500 years. Moreover, due to the rapid rate of sedimentation in 

the Bay of Bengal, submarine landslides could also cause tsunamis in this part of the 

Indian Ocean (Cummins, 2007). 

  The Sumatra Section 2-5.2

Chlieh et al. (2007) reported that the subduction zone beneath the Sumatra Section has 

generated several major earthquakes in the past two hundred years, including the Mw 

8.5-9.0 tremor in 1797, the Mw ~8.5 event in 1861 at the Nias Segment, and the Mw 8.7 

earthquake on 28 March 2005 (Figure 2-3 and Table 2-1). Nalbant et al. (2005) 

reported that an earthquake similar to that in 1833 might happen every 230 years; 

however, there is no historical record of any strong earthquake in the section further 
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south. So, the chance of a great earthquake along the southern part of the 2004 rupture 

zone that could cause a great and dangerous tsunami still remains.  

For the southern end of the Sumatra Section, the Mw = 8.7 Nias earthquake in March 

2005 was triggered by the 2004 earthquake. Strain has been added on the transform 

faults behind the subduction, both along the Sumatra Fault and on the Sagiang Fault in 

Myanmar. The risk of significant earthquakes in the near future is therefore very high, 

as seismic strain has been released as a consequence of the major earthquakes recorded 

on both the Sumatra and the Sagiang Faults. Stress transfer has possibly been 

recognised as the activating factor for earthquakes on adjacent faults (Vigny et al., 

2005).  

The 2004 earthquake rupture did not progress immediately to the south-southeast along 

the Sumatra Fault, due to a barrier that blocked the rupture front, but the stress was 

transferred to the south increasing the stress on that section. This barrier broke 3 

months later with the Mw =8.7 earthquake of 28 March 2005 and arouses fears that a 

domino effect of highly-stressed plate boundaries to the south and east may follow 

(Bilham, 2005; Kruger and Ohrnberger, 2005; Stein and Okal, 2005b). This could take 

place as a megathrust event which may affect the northwest coast of Australia. Borrero 

et al. (2006) agrees with this conclusion when reporting that the section of Sumatra 

coast southeast of the 2004 subduction event is one of the most dangerous regions 

where a tsunami may strike in the near future. It is a densely populated region, with 

more than 1 million people, so that the risk of any future tsunami poses a great danger.  

Engdahl et al. (2007) reported that increased seismicity occurred at the northern end of 

the rupture limit of the 1797 and 1833 earthquake (around Siberut and Mentawai 

Islands) earthquakes as well as at the southern end of the 1861 event around Nias Island 

(Figure 2-3, Figure 2-4 and Table 2-1). Nalbant et al. (2005) suggests that the paleo-

seismological data gives an indication that the Mentawai segment of the boundary is a 

good candidate for triggering failure (Figure 2-3 and Figure 2-4). McCloskey et al. 

(2008) indicates that paleo-geodetic evidence reveals that the rupture beneath Siberut 

Island may give rise to a mega-earthquake for the Sumatra Section, as it has been 

locked since 1797 and is thus well advanced in its seismic cycle; no mega-earthquake 

has been generated beneath Siberut Island since 1797 (Figure 2-3).  (Figure 2-3) Dewey 
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et al. (2007) states that the 1833 rupture of the Sumatra Segment has remained dormant 

after the 2004 earthquake; this segment is seen as a candidate for a future great 

underthrust earthquake. According to the model simulations by McCloskey et al. 

(2008), the future rupture of the Mentawai segment (Figure 2-3 and Figure 2-4) may 

have less effect on the coast of Thailand, and the Indian coast than that of the 2004 

event, as the orientation of this segment will propagate most of the energy towards the 

southwest. Moreover, Sumatra and the adjacent Islands will obstruct tsunami waves 

propagating to the north and east.  

Karlsrude et al. (2005) suggest that it is possible that an Mw < 8.5 earthquake might 

occur along the Sunda Subduction in the next 50-100 years causing a tsunami to hit the 

Andaman coast of Thailand. An earthquake of this magnitude would produce a tsunami 

with run-up of 1.5-2.0 m above mean sea level along the Thai coasts (2.5-3.0 m wave 

height during high tide). An Mw > 9.0 earthquake similar to the 2004 event on the 

Sumatra Subduction Zone and a resulting mega-tsunami that damages the Thai 

Andaman coasts is not likely to happen within 400 years of the 2004 Indian Ocean 

earthquake and mega-tsunami, since the 2004 rupture covered the whole subduction 

area up to the Andaman Islands, and released the entire accumulated energy and stress. 

However, should it occur, it would be at high and undesirable risk to human life and 

property. 

Stein and Okal (2007) conclude that the real 2004 earthquake magnitude either Mw 

=9.3 or Mw =9.0 is not the most important issue. The important point is that the entire 

aftershock zone ruptured. Sinadinovski (2006) questions whether the entire stress on 

the plate boundary north of the Sumatra Section has been released or whether it is still 

accumulating, in which case it will be released at some future date by a megathrust 

earthquake, causing a subsequent significant tsunami. It can therefore be assumed that 

Thailand, Sri Lanka and the Bay of Bengal will be the main targets of future direct 

tsunami impact.  

This research is directed towards tsunamis that might affect the coast of Thailand. On 

the basis of the foregoing, the Andaman-Nicobar Section and the northern part of the 

Sumatra Section of the Sunda Subduction Zone are used in the model simulations. 
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  The Andaman-Nicobar Section 2-5.3

The 2004 Sumatra-Andaman earthquake is considered to have increased the chance of 

seismic hazard on the nearby segments of the 2004 subduction zone, especially at the 

north end of the rupture (Rajendran et al., 2007). They suggested from the historical 

data that the return period for large earthquakes in the Andaman Segment is at least 250 

years. If all the strain built up on the northern part of the Andaman-Nicobar Section has 

been released during the 2004 rupture, this section might be free of earthquakes and 

tsunamis for the next 400 years (Stein and Okal (2005b). On the other hand, the 

southern part of the 2004 rupture (the Sumatra Section) may be at risk of a significant 

earthquake and tsunami since the southern part of the rupture only partially slipped. 

Karlsrude et al. (2005) indicated that the likely source for a future tsunami on the 

Andaman coast of Thailand is a major shallow earthquake on the Andaman-Nicobar 

Section; they also concluded that a mega-thrust earthquake and tsunami are not likely to 

occur in the next few hundred years. As a result, the tsunami risk along the Thai coast 

in the next 50-100 years is likely to come from a Mw = 8.5 event occurring along a 

critical area of the Andaman-Nicobar Section.  

With the movement between the Indian Plate and the Sunda Microplate of about 40 

mm/y in a 20
o 

N direction and the movement between the Indian Plate and the 

Australian Plate of around 50 m/y in an 8
o 

N direction, the combined return period for a 

Mw  >8.5 is estimated to be 200 years for the Nicobar segment and 270 years for  the 

Andaman segment of the Andaman-Nicobar Section of the plate boundary (Ioualalen et 

al., 2007). For an average subduction rate of 30 mm/y the return period of Mw = 8.5 

would be 200 years for the Nicobar segment and 430 years for the Andaman segment 

(Karlsrude et al., 2005). This is in agreement with Pietrzak et al. (2007), where it is 

stated that for the north end of the 2004 rupture (the Andaman-Nicobar and Arakan 

Sections; offshore Myanmar and the Arakan Trench), elastic build up constitutes a 

significant component of the relative motion between the Indian Plate and the Sunda 

Microplate, so that it is likely that a Mw   = 8.5 quake will be generated over the period 

of 100 years and may result in a Mw   = 9.0 every 500 years. For Mw = 8.0, the return 

period is estimated to be 95 and 150 years for the Nicobar and Andaman segments of 

the Andaman-Nicobar Section, respectively, with a combined return period calculated 

to be 60 years (Karlsrude et al., 2005).  
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Table 2-3 Estimated Return Periods of Earthquake along the Andaman-Nicobar Section 

of the Sunda Subduction from various documents. 

 

  

Document Return Period of the Andaman-Nicobar Section (years) 

Overall Section Andaman Segment Nicobar Segment 

Rajendran et al. (2007) 
- 250 - 

Stein and Okal (2005) > 400 - - 

Ioualalen et al. 2007 - 270 

(Mw  > 8.5) 

200 

(Mw  > 8.5) 

Karlsrude et al. (2005) - 

60 (Mw  = 8.0) 

430 (Mw  = 8.5) 

150 (Mw  = 8.0) 

200 (Mw  = 8.5) 

95 (Mw  = 8.0) 

Pietrzak et al. (2007) - > 100 (Mw  = 8.5) 

> 500 (Mw  = 9.0) 

- 
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  The 2004 Indian Ocean Tsunami Chapter 3

Incident and its Consequences in Thailand 
The 2004 earthquake resulted in a rise in sea surface on the west side of the rupture, 

and a lowering of the sea surface on the east side (bipolar geometry). The wave crest 

radiated outwards to the west, whilst a wave trough (depression) spread out to the east. 

Along the eastern side of the rupture, the large depressions of the propagating tsunami 

wave travelled directly towards the Andaman coast of Thailand (Pietrzak et al., 2007) 

followed by crest which hit the Andaman coast of Thailand ~2 h after the earthquake, 

causing severe geomorphologic changes and destruction (Ghobarah et al., 2006; Kruger 

and Ohrnberger, 2005; Liu, 2005; Purnachandra, 2007; Subarya et al., 2006). 

 Topography and Tsunami Characteristics 3-1

Tsunami run-up heights along the coastal area of Thailand varied by almost a factor of 

three; the waves which hit Patong Beach broke very close to the shore in the form of a 

plunging breaker due to the steep offshore bathymetry and then broke into tongues of 

water which ran through the community after hitting the beach (Chatenoux and 

Peduzzi, 2007). Tsunami prone areas are far more likely to suffer damage where the 

waves can attack from two sides (Synolakis et al., 2005). In Thailand, the Namkhem 

Fishing Village was one of the most severely destroyed areas, as it was attacked by 

waves from the Pak Ko Canal to the north-northeast and from the beach to the west. 

The Pakarang Cape, situated south of Namkhem, was also attacked by waves from two 

directions; directly from the south and by the refraction wave from the north. At Phi Phi 

Island, a popular tourist spot, the tsunami struck twice due to the local geography. The 

island comprises two pocket beaches separated by a tombolo. The tsunami waves first 

hit the west side, then refracted and diffracted into the north-facing side before reaching 

the south-facing beaches (Ghobarah et al., 2006). Most of the fatalities resulted from 

the debris removed by the first wave and carried back by the second. From this, it is 

clear that it is vital to relate both the topography and the nearshore bathymetry of each 

coastal area to the consequences of the tsunami.  

It was very difficult to escape the tsunami waves that penetrated 3 km inland over the 

flat plain at Banda Aceh. In the Khao Lak coastal area of Thailand, the tsunami wave 
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penetrated 1.0-1.5 km inland, where it was held at the foot of the hill (Synolakis et al., 

2005). Ghobarah et al. (2006) pointed out that the surrounding topography of elevated 

ground and hills in the Khao Lak area, restrained the water level. This resulted in a 

tsunami-safe zone beyond 1.5 km inland. Before the 2004 tsunami, channels and stream 

openings along the coastline at Khao Lak were narrow and blocked by deposits of 

beach sand. After the tsunami the river channels and streams changed their planar form 

to a wedge shape. Stream openings also opened up to widths of 50–200 m. 

 Tsunami Wave Height and Speed 3-2

The tsunami waves, generated on 26 December 2004, arrived at high tide on the 

southwest coast of Thailand 1 h 30 min to 2 h after the initial earthquake. Ioualalen et 

al. (2007) reported that the first tsunami wave arrived at the coast of Thailand as a large 

depressed wave 1 h 45 min to 2 h after the initial tremors and caused a withdrawal of 

the sea at the coast. A resurgent bore followed, reaching up to 8 m in height. Data from 

the tide gauge at Tapaonoi Island, southwest of Phuket, confirmed that the tsunami 

reached the coast as a negative wave, with the sea level dropping to a level 

corresponding to normal low tide for 20 min. This was followed by 2 successive wave 

crests. Subsequently, the sea surface continued to oscillate for the rest of the day 

(Dalrymple and Kriebel, 2005). 

Tsunami wave heights along the mostly flat plain of the Andaman coasts of Thailand 

reached 5–8 m above mean sea level, with the maximum height at ~12-14 m  recorded 

at Khao Lak (Hori et al., 2007; Kelletat et al., 2007; Tsuji et al., 2006). The wave run-

up height at Namkhem Fishing Village was 7-8 m, at Pakarang Cape 5-7 m, and at 

Bang Niang Beach, it was 10-12 m (Thanawood et al., 2006). Kelletat et al. (2007) 

reported that the fourth wave to strike rose on top of the third wave and caused the 

maximum run-up height (in excess of 10m) at Khao Lak. Chaimanee and Tathong 

(2005) also reported a tsunami wave height at Khao Lak ranging from 6 to 10 m. The 

maximum run-up height was generally found closer to the shoreline and dropped as the 

waves moved further inland due to the friction caused by the vegetation and man-made 

structures. 

Across the Thai coastal area tsunami run-up varied by a factor of almost three, from 4 

m high at Nai Yang beach to approximately 11 m in the Khao Lak tourist region of 
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Phang-nga province. At Khao Lak the wave reached the roof of three-storey buildings, 

which is approximately 8 m in height (Ghobarah et al., 2006). Madsen and Fuhrman 

(2007) reported that the tsunami waves in 12 m water depth off Phuket Island (recorded 

by echo sounder onboard the Yacht Mercator off Naihan Bay, southwest Phuket) were 

composed of 3 main waves, the first of 6.6 m height, the second at 2.2 m and the third 

at 5.5 m, with wave periods of approximately 13-14 min.  

Dalrymple and Kriebel (2005) reported that the tsunami wave broke far offshore in the 

Khao Lak area, and reached the coast as a vertical wall of water at a high speed of 

around 11 to 17 m/s (40-60 km/h) while the tsunami speed in the nearshore zone of 

Phuket and Khao Lak areas of Thailand slowed to 5.5-11 m/s (20–40 km/h) when it 

reached the land (Ghobarah et al., 2006). Warnitchai (2005) reported that the tsunami 

flow depth at Khao Lak was approximately 7-8 m, with a wave velocity of around 6-8 

m/s, producing a dynamic pressure of 20-30 kN/m
2
.  

  Tsunami Effects and Devastation 3-3

  Natural Geomorphologic Changes 3-3.1

Tsunami action results in great changes to coastal areas, especially in terms of physical 

change to the coastal landscape and sedimentation.  The extent of the damage from the 

2004 tsunami varied with distance (Rajendran et al., 2007). Geomorphologic changes, 

for example beach erosion and the enlargement of stream openings, were observed 

along the Andaman coast of Thailand.  

Tsunami deposits ranging from 10 to 70 cm thick are to be found from the coast of 

India to the Andaman and Nicobar Islands. The characteristics of the 2004 tsunami 

sedimentary deposits provide useful recognition criteria for comparative historical 

events. Furthermore, scouring of the beaches and river banks, as well as deposits of 

sand and debris found inland provide evidence of the inundation pattern resulting from 

the tsunami pattern on land (Rajendran et al., 2007). Kelletat et al. (2007) point out that 

the tsunami wave washed out beach sediment and deposited it inland. These sediments 

are composed of quartz, feldspar and mica and covered the soil and grass. Heavy 

minerals are also found as stratified layers. Brown mud originating from the deep 

offshore zone was identified on land. Beach sand sediments along the Andaman coasts 
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of Thailand were removed by the tsunami waves and carried landward to be deposited 

in the inundation zone. In the Khao Lak area, beach sand and vegetation were eroded 

by the tsunami waves. Sediment in the tidal creeks and streams was flushed landwards 

by the incoming wave run-up, and then the receding wave later moved the sediments 

and floating debris back towards the sea. The seaward flow of the receding wave 

generally moved down the streams with high velocity. Later, sediment transported by 

these receding waves was deposited in the nearshore zone (Dalrymple and Kriebel, 

2005). 

Hori et al. (2007) concluded that some topographic features, notably scarps and slopes, 

controlled the distribution of the tsunami sediments in the Khao Lak area, as no tsunami 

sediments were deposited on the upper part of the slope below terraces and high 

ground. Tsunami sediment from the 2004 event covered the low-lying coastal plain of 

Khao Lak and extended more than 1 km inland. However, sediment thickness in this 

area did not clearly decrease landward as would normally occur in tsunami sediments 

deposition. Deposition of tsunami sediment further inland was halted by the steep slope 

and terrace scarp behind the coastal plain, resulting in large amounts of sediment being 

deposited along the front of these vertical hillsides. Thick sediments were also 

deposited in depression areas. Along one transect at Namkhem Fishing Village, fining-

upward sediment and multiple layer deposits were found as was to be expected. 

However, the basal sediment shows the fining landward characteristic, as the grain size 

of basal deposition was influenced by the power of the up-flow waves. Multiple wave 

action represented by layers of coarse-grained sediment overlain by fine-grained 

material was found in some locations (Hori et al., 2007). Mollusc shell fragments are 

commonly found in coarse-grained tsunami sediments in Khao Lak, suggesting that the 

sediments came from the beach and shallow sea bottom (Hori et al., 2007).  

Khao Lak is one of the most attractive tourist beaches in Thailand and long-term loss of 

the sand from the beaches is detrimental to the tourism industry. However, beaches 

along Khao Lak initially recovered within a month of the tsunami attack and now most 

beaches show no obvious damage from the tsunami. It can be inferred from this that 

nearshore and offshore sand is the significant source of the beach sand refilling the 

eroded beaches. Some re-deposited sediment may be transported from the tidal creeks 

and streams and carried back to be deposited on the beach after the tsunami event. 
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However, some parts of the beach along this area, for example the Pakarang Cape, 

located north of Khao Lak, were severely destroyed, and have taken a long time to 

recover (Dalrymple and Kriebel, 2005).  

The 2004 tsunami diminished soil and water quality and destroyed coral reefs, sea grass 

beds and beach forests along the Andaman coast of Thailand (Thanawood et al., 2006). 

Beach erosion and damage to coral reefs were reported in several areas. Agricultural 

land as well as groundwater and subsurface ponds were intruded by saltwater.  

  Loss of Life and Physical Damage to Property 3-3.2

The 2004 earthquake caused severe destruction to the countries located around the 

Indian Ocean. The earthquake itself caused severe damage to the areas adjacent to the 

epicentre, e.g. Sumatra and the neighbouring islands and also on distant islands and 

coastal zones around the Indian Ocean.  The earthquake damaged many structures in 

western and Northern Sumatra, the Andaman and Nicobar Islands of India. The shift of 

the ocean floor created a tsunami that affected 19 countries, causing more than 300,000 

deaths and destruction in 12 countries including Indonesia, Sri Lanka, India, Thailand, 

Somalia, the Maldives, Malaysia, Myanmar, Tanzania, the Seychelles, Bangladesh, and 

Kenya (Ghobarah et al., 2006; Liu, 2005). Compared to other tsunamis during the 

period 1992-1998, which resulted in 3,000 deaths (including the disastrous tsunami in 

Papua New Guinea in 1998 that caused 2,100 fatalities), the destructive power of the 26 

December 2004 tsunami was that of a mega-tsunami. The number of victims of the 

2004 tsunami is more than that of all other tsunami fatalities in the past 300 years 

combined (Synolakis et al., 2005). 

More than 230,000 were reported dead or missing in Indonesia, and there were more 

than 50,000 fatalities in Sri Lanka and India (Liu, 2005). In Thailand, there were 5,395 

deaths, with 2,822 missing and unaccounted for. The worst-affected part of the 

Andaman coast of Thailand was Phang-nga province (which includes Khao Lak) 

(Thanawood et al., 2006). At Khao Lak, there were 4224 fatalities with 5597 injured 

and 1733 missing people. The fatality to Thai nationals was almost equal to that foreign 

dead. In addition, there were approximately 5000-7000 of dead and missing Myanmar 

workers in Thailand (Jonathan et al., 2008).  
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In Khao Lak, the extensive damage and loss of life resulted from its low-lying coastal 

plane, which permitted the development of a high turbulent bore that travelled almost 

1.5 km land inwards (Dalrymple and Kriebel, 2005). Loss of life and the property 

damage in Khao Lak was exacerbated by the restriction caused by the surrounding 

elevated ground and hills that served to strengthen the receding tsunami wave 

(Thanawood et al., 2006). At Bang Niang Beach in Khao Lak, a 10-12 m tsunami wave 

inundated and destroyed beachfront hotels, resorts and infrastructures. More than 200 

guests, especially those tourists staying in ground-floor rooms of the seaside hotels and 

resorts adjacent to the beach, lost their lives.  

Both luxury hotels and local fishing villages close to the seashore were destroyed. 

Tsunami waves washed away and destroyed many fishing boats. They demolished 

culture ponds along with aquaculture infrastructures and facilities  (Thanawood et al., 

2006). In contrast Dalrymple and Kriebel (2005) reported only minor building damage 

at Patong Beach, Thailand, where tsunami run-up was 2-3 m; only the beachfront 

structures were damaged and most places recovered within a week. The tsunami wave 

that hit Patong Beach broke very close to the shore as a plunging breaker due to the 

steep offshore bathymetry. Most of the major seaside buildings and infrastructures, for 

example Phuket airport, bridges and roads, survived the tsunami.  

The extent of building damage and the degree of devastation as a result of the tsunami 

was also dependent on construction type and strength of the buildings located in its 

path. Ghobarah et al. (2006) described the demolition of engineer-designed and non-

engineer-designed structures in the tsunami-affected areas of Thailand. The structures 

suffering the most damage on the coast of Thailand were wooden, residential houses 

with tile or corrugated steel sheet roofs. Non-engineer-designed buildings, such as 

wood-framed structures and straw houses, were totally destroyed by the 2004 tsunami 

in most areas. On the other hand, well-designed and reinforced concrete buildings with 

good foundations survived the tsunami waves; reinforced concrete hotel buildings, 

situated on the isthmus of Phi Phi Island, were not structurally damaged by the tsunami 

waves, as the building foundations were well-designed and strong enough to withstand 

the scour of the receding waves. However, most wooden structures in that area were 

absolutely devastated. Loss of support for the structural foundations was generally 
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observed in the areas where wave run-up exceeded 8 m, such as there at a three-story 

resort in Khao Lak.  
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  Numerical Modelling of Tsunami Chapter 4

Propagation and Inundation Forecasting. 
Tsunami waves are characteristically long waves, for which the wavelength is much 

longer, and the wave amplitude significantly less, than the water depth; they act as 

linear waves, except during the run-up process in the vicinity of the coast (Karlsrude et 

al., 2005; Segur, 2007). Therefore, a depth-averaged linear numerical model is used to 

study tsunami generation and propagation in deepwater. Non-linear wave interactions, 

wave breaking actions and energy dissipation are needed to predict the dynamics of 

tsunami waves in the nearshore area, and are necessary to obtain a deep understanding 

of the specific tsunami pattern (Geist et al., 2007). 

Tsunami propagation and inundation patterns and the degree of damage are the result of 

complex interactions between the moment release, the slip distribution, local and 

regional bathymetry (McCloskey et al. (2008). Tsunami modelling deals with the 

correlation of submarine earthquake ruptures, seafloor deformation, tsunami wave 

amplitude in the open ocean, tsunami wave propagation and inundation based on 

seafloor topography. Numerical modelling is one of the most significant tools to 

determine a trustworthy tsunami risk zone map, tsunami evacuation route maps, a 

tsunami safety shelter plot and tsunami mitigation plans for the future. There are 3 

major numerical tsunami models used for the simulation of tsunami propagation and 

inundation: Cornell Multi-grid Coupled Tsunami Model (COMCOT) developed at 

Cornell University, the Method Of Splitting Tsunami (MOST) the computational model 

developed originally by the University of Southern California,  and TSUNAMI N2, the 

model developed at Tohoku University (Liu, 2005).  

The TSUNAMI N2 model, which is now widely employed for simulation of tsunami 

patterns, was modified from the TUNAMI N2, developed by Shuto and Imamura. 

TUNAMI N2 is a model based on long wave theory by means of very small ratio of 

water depth to wavelength in shallow water (Singh et al., 2008). The model has the 

potential to simulate reflecting boundaries for fixed coastlines. In the open ocean 

boundaries, free outward passage of the wave can be calculated; the boundary between 

the wet and dry points is judged by the total depth (Imamura, 1996). Usha et al. (2006), 

citing Imamura (1996) and Koshimura and Mofjeld (2009), state that a finite difference 
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code of TUNAMI N2 was utilized to forecast tsunami propagation and inundation on 

dry land. The model provides includes the numerical code, with a manual, for 

developing hazard maps of each area incorporating with tsunami mitigation plan.  

The COMCOT model adopts the finite difference method to solve linear and non-linear 

shallow-water equations. It was used to generate tsunami propagation in the entire 

Indian Ocean; it is necessary to include the nearshore bathymetry and inland 

topography, since these factors are determinate for the direction of wave propagation 

and the flow pattern inland (Liu, 2005) as does the MOST model.  

The MOST model, the model used in this dissertation, is described below. 

  Wave Propagation Modelling 4-1

The tsunami wave is initiated by the disturbance of the ocean floor but, after the initial 

disturbance, the tsunami motion is governed by a linear wave equation. A practical 

model for this stage of the wave would be a linear wave equation with varying seawater 

depths. Geist et al. (2007) indicated that tsunami modelling begins with a limited data 

set for earthquake ruptures, primarily moment magnitudes and hypocentre locations.  

Fault geometry, average slip and rupture are additional source parameters needed for 

tsunami modelling and sub-fault parameterisations are needed to forecast tsunami 

heights and inundation patterns. Primary source parameterisation is then, when 

available, refined based on data from Deep ocean Assessment and Reporting of 

Tsunamis (DART) buoys. Following on from this stage, the refined source is used to 

recalculate the propagation.  

Geist et al. (2007) states that a tsunami forecasting system is composed of a pre-

computed propagation database supplemented by water level data assimilated in real 

time. Data, acquired from the DART stations, can be used as primary inputs. Sea level 

observations from DART are applied to estimate the slip distribution of the tsunami 

earthquake. Geist et al. (2007) also pointed out that the linear term is the most 

important component of the equation for computing vertical displacements and offshore 

tsunami amplitudes. Variable degrees of slip can be allocated to each unit source and 

several unit sources are combined to determine the tsunami wave field for an 

earthquake of any given magnitude and sub-fault slip distribution. Consequently, the 
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propagation database is calculated as a function of location and propagation time from a 

specific unit source. To calculate tsunami wave propagation in the open ocean, the 

linear wave equation splits into 2 sets of waves propagating in different directions. For 

the 2004 Indian Ocean tsunami, the negative leading wave propagated eastward 

towards Indonesia, Thailand, Myanmar and Malaysia. The first wave to reach India and 

Sri Lanka was a positive wave that flooded the coastal areas, and this was followed by a 

large negative wave. However, the positive volume and the negative volume were far 

enough apart in both time and position to be treated as two separate waves (Segur, 

2007). 

  Wave Inundation Modelling 4-2

A linear wave propagation model adequately describes the progress of the 2004 

tsunami wave propagation until it reaches the shallow coastal zone. There the tsunami 

wavelength becomes shortened and its amplitude increased as the tsunami wave 

changes shape. The linear model then fails, becoming infinite as the wave amplitude 

develops. In the near-shore non-linear terms becomes dominant, so a non-linear long-

wave model is used (Segur, 2007).  

The forecasting of the run-up height of a tsunami wave is strongly related to nearshore 

wave propagation effects. Reliable inundation modelling depends on the accuracy, 

availability and horizontal resolution of the nearshore bathymetry and coastal 

topography which, unfortunately, are not available for most coastal areas, especially in 

the tsunami-prone regions around the Indian Ocean. Small-scale variations in nearshore 

topography may yield great differences in the run-up pattern and turbulent dissipation 

in the shallow continental shelf zone during the tsunami wave propagation may affect 

tsunami run-up heights to different degrees. For example, the broad continental shelf 

and the complicated bathymetry of the Thailand and Myanmar coastlines have huge 

effects on the run-up and the propagation of tsunami waves in this region.  

Run-up prediction from numerical models is the most underdeveloped part of tsunami 

forecasting due to a) the lack of fine-resolution bathymetry and topography (10-50 m 

horizontal resolution), and b) accurate field measurements for validation. However, 

when such high quality data bathymetry and topography are available, MOST model 
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simulations are believed to be accurate enough to develop inundation maps and to assist 

in developing tsunami mitigation measures (Titov and Gonzalez, 1997). 

 MOST (Method Of Splitting Tsunami) 4-3

Numerical Model 

Titov and Gonzalez (1997) stated that real-time tsunami forecasting can work through a 

combination of data from tsunami detection buoys (DART) and the use of the Method 

Of Splitting Tsunami (MOST) numerical model. However for validation, the results of 

numerical modelling should be tested using (large-scale) laboratory modelling and field 

data (Liu, 2005; Synolakis et al., 2005). Tsunami inundation distance and run-up 

heights need to be compared with field measurements from the past tsunami events. 

The 2004 event provides an excellent opportunity to do this for the MOST model and 

waves along the Khao Lak coast. 

The MOST model is a hydrodynamic model used for simulating tsunamis generated by 

submarine earthquakes, replicating tsunami propagation across the open ocean and 

estimating tsunami inundation on land. The model is based on a finite difference 

numerical approximation to the non-linear shallow water wave equation. The MOST 

model uses the dislocation field from the seismic deformation model to initialize the 

hydrodynamic computations. It allows for the crustal deformation from the earthquake, 

and computes wave generation and inundation on dry land over the newly deformed 

bathymetry and topography (Borrero et al., 2006). MOST modelling is carried out in 

three phases: deformation, propagation and inundation. First, the initial deformation 

state is generated by simulating the seafloor uplift and subsidence ascribed to the 

seismic event. Uniform slip on one or several sub-faults is assumed to be the initial 

condition for tsunami propagation (Geist et al., 2007).  

The MOST model allows the rupture zone to be divided into sub-faults, each with its 

own distribution of vertical displacement (both positive and negative) across the fault 

(each sub-fault is 50km wide*100km long). However the model is limited in that it 

does not include any time dependence in displacement of the sub-faults; the model 

assumes all are displaced at the same moment. For the 2004 earthquake the total time 

for the rupture to propagate its northern end extremity was ~500 s. Slow slip in the hour 
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following the earthquake is also believed by several authors to have contributed to the 

severity of the tsunami. 

To simulate a tsunami scenario with the MOST model, all three phases need input data 

that includes 1) the size and distribution of seafloor displacement triggered by the 

seismic event (deformation phase), 2) gridded bathymetry data for the propagation 

phase and 3) gridded Digital Terrain Models (DTM) including bathymetry and 

topography of the coastal zone for the inundation phase (Borrero et al., 2006). To 

develop reliable outcomes from the MOST model, accurate detailed bathymetry and 

topography and precise earthquake event sources are essential inputs. 

  ComMIT (Community Model Interface for 4-4

Tsunami) 

ComMIT is a community interface for the MOST model, developed by PMEL/NOAA 

and funded by USAID. MOST and ComMIT are non-commercial models, available 

with source code and documentation free of charge, for use by the scientific 

community. It can be used to develop tsunami inundation maps for coastal 

communities. Scientists can access the modelling tools with an internet-enabled 

interface. This interface allows for sharing of databases and of model results. Tsunami 

models can be run for tsunami forecasting and hazard assessment, using data from local 

and remote databases. ComMIT provides an interface that permits users to select 

flexible input to the model and acts as a platform to show the output as a graphical user-

interface. ComMIT has been written in the Java programming language, using the 

Network Common Data Format (NetCDF) for model input, and can be run on MS 

WINDOWS, MAC OS and UNIX. Input parameters of the model are read from simple 

ASCII text (http://nctr.pmel.noaa.gov/model.html).  

  Numerical Tsunami Forecasts for the Indian 4-5

Ocean and the Thai Coast 

The MOST model has been used to simulate the tsunami pattern and to calculate 

tsunami heights and arrival times (e.g. Liu, 2005; Titov et al., 2005; Geist et al., 2007) 

for the 2004 Indian Ocean tsunami. The results show that there are some discrepancies 

between the numerical results and the tide-gauge data in both the arrival times and the 
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wave heights. The model predicts the correct phase of leading waves toward Sri Lanka 

when compared with data from Jason and Topex/Poseidon satellites‟ images, and the 

tide-gauge data of Sri Lanka and the Male (Maldives); wave heights at Colombo and 

Gan correspond very well to the measured data but are over-predicted at the Male. The 

arrival time of the leading waves was 10-20 min before those calculated using the 

model. The numerical results match very well with the tide gauge data when applying 

the low grid resolution (2 min) with the complexity at the Maldives (Liu, 2005; Titov et 

al., 2005).  

Geist et al. (2007) compared the wave heights from different tsunami prediction 

scenarios with the observed heights of the 2004 tsunami around the Indian Ocean. An 

earthquake of magnitude Mw 9.4 was used as the source for the wave propagation 

calculation. In most areas the modelled tsunami wave heights are equivalent to the 

observed mean regional and local tsunami run-up amplitudes, except for those in line 

with the main lines of propagation of the tsunami, for example Sri Lanka and Thailand, 

which were underestimated. It also underestimated the tremendous run-up at Banda 

Aceh, due to the unforeseen high slip along the southern part of the rupture zone; the 

Geist et al. (2007) study used ~ 9 m. When they used a higher slip (16 m) this resulted 

in the over-predicted of results everywhere, except for Banda Aceh.  

Geist et al. (2007) recommend that a small scale finite-difference grid is needed to 

compute numerical tsunami inundation models for specific sites. Also, Vallee (2007) 

suggests that the merging of different datasets is useful for the numerical modelling of 

tsunami inundation. Highly detailed bathymetry is also of significant value for the 

distant propagation since tsunami refraction, trapping and refocusing in the distant area 

also depend on the bathymetry of the source location. For instance, tsunami 

propagation towards the Seychelles and the Oman Islands was controlled by refraction, 

trapping and refocusing of the tsunami waves at the Maldives (Kowalik et al., 2007). 

Another reason for the discrepancies between modelled and observations can be the 

uncertainty in the fault-plane mechanism. The initial impact of the 2004 tsunami, using 

free-surface profiles based on a NOAA fault-plane mechanism, was overestimated 

especially on the Sri Lankan and eastern coasts of India. This was due to the excess 

energy computed by the NOAA fault-plane mechanism as well as the effect of the 
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spread of the rupture further north. Numerical modelling of the tsunami based on this 

mechanism would have predicted severe damage to the Sri Lankan and Indian coasts. 

By contrast, the simulations based on the USGS fault-plane mechanism considerably 

underestimated the tsunami amplitudes for both countries (Liu, 2005). 

Borrero et al. (2006) used the MOST model to study inundation areas and flow depths 

for the western Sumatra tsunamis in 1797 (Padang) and 1833 (Bengkulu), using a 

system of 3 nested, geophysical coordinated, rectangular grids. Regional scaled areas 

were modelled using 1200 m and 600 m coarser outer grids while the area of interest 

was modelled at 200 m resolution. Their results matched with the report that stated that 

a large vessel was carried roughly 1 km inland into the town, and a small boat that was 

carried further upstream. Both sources of the earthquakes and the presence of offshore 

Islands controlled the degree of severity, inundation distances and flow depths. 

Nonetheless, Borrero et al. (2006) suggests that finer grid spacing for better detail is 

needed to obtain estimates of inundation and operational inundation maps, as the 200 m 

grid resolution is too coarse. For example, 75 to 250 m resolution was used to produce 

inundation maps in California (Borrero et al., 2006).  

Karlsrude et al. (2005) proposed that numerical modelling for forecasting tsunamis for 

the Thai coast should start with the 2004 Indian Ocean tsunami (Mw = 9.3) as this can 

provide a seismological scaling reference. Their studies made use of a 3D depth-

averaged linear model for tsunami generation and propagation in deep water; a 2D 

Boussinesq model, including non-linear effects, was applied in the nearshore area. 

There was no inundation included; their shore-line was represented by a vertical, 

impermeable wall (no-flux boundary conditions), that provided a doubling of the 

surface elevation due to reflection see (Harbitz and Pedersen 1992). An important 

strength of the MOST model over that used by Karlsrude et al. (2005) is its inclusion of 

inundation and run-up.   

Karlsrude et al. (2005) simulated seven tsunami scenarios and predicted their impacts 

on the Thai Andaman coast. The seven scenarios sought a balance between the 

seismological data and the surveyed tsunami wave heights data, the first scenario being 

the 2004 event. The average rigidity on the rupture was assumed to be 40 GPa, which 

yielded a seismic moment of 1.10*10
23 

Nm; the slip seismic potential then decreases 
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gradually northward along the Nicobar-Andaman Subduction Zone. The other 6 

scenarios were used to consider what might happen in the future. They divided the 1360 

km rupture zone into 6 segments with various lengths ranging from 100 to 360 km, 

140-210 km widths and thrust heights from 4 to 18 m. Varying earthquake magnitudes 

were applied for the different segments, including Mw = 7.0, 7.5 and 8.5 between 

Sumatra and the Nicobar Islands, Mw = 8.5 and 7.5 between the Nicobar-Andaman 

Islands and Mw = 7.5 north of the Andaman Islands. These composite motions were 

used to generate seabed displacements and seabed displacements were converted to 

produce a smooth sea surface disturbance.  

For the inundation along the Andaman coast of Thailand,  Karlsrude et al. (2005) 

reported that the 3D simulation results are comparable to the observed tsunami run-up 

heights and time series for Patong Beach and Bang Niang Beach (4-6 m wave height at 

Patong Beach and 8-9 m wave height at Bang Niang Beach).  

For their Mw = 8.5 scenarios, a maximum surface elevation of 1-2 m is forecast along 

the Andaman coast of Thailand, considerably smaller than that of the Mw = 9.3 

scenario, and the waves at Bang Niang Beach for Mw = 8.5 did not break. Karlsrude et 

al. (2005) recommend that the Mw = 8.5 scenario, with maximum surface elevation of 

1.5-2.0 m above sea level should be implemented as a design basis for the short to 

medium term for Patong Beach, Bang Niang Beach and Namkhem Fishing Village.  

 



50 

 

 

 Regional Setting& Methodology Chapter 5

 Regional Setting 5-1

 General Location of Khao Lak, Phang-nga Province. 5-1.1

Thailand is situated in the Southeast Asian region, and judged to be a tectonically stable 

zone compared to the other countries in this area. The west coast of the Thai peninsular 

is composed of many islands, drowned valleys, steep cliffs, short and narrow beaches, 

and truncated headlands with small embayments. Steep-gradients and short rivers form 

floodplains of thin deposits of Quaternary sediment and narrow bays backed by 

crescent-shaped sand ridges are also found in the high energy coastal erosion regime of 

the west coast of Thailand (Dheeradilok, 1995; Sinsakul, 1992). Khao Lak is part of the 

west coast of the Thai peninsular and is one of the most famous tourist spots of the 

Andaman Sea coast of Thailand. It is located between 8
o 

38‟ N to 8
o 

50‟ N and 98
o 

13‟ 

E to 98
o 
17‟ E, and situated in Khukkhak sub-district, of Takua Pa district, in Phang-nga 

province (Figure 5-1 ). Khukkhak sub-district has an area of 147 km
2
 and encompasses 

7 villages - Bang Khaya, Thung Kamin, Pak Weep, Khukkhak, Bang Niang, Bang 

Niang Tai and Bang La-On (Sajjakul, 2005).  

The Khao Lak area is part of the Khao Lak- Lam Ru National Park which has its 

headquarters situated on the headland of Hin Chang headland, the southern-most part of 

the study area. The National Park has an area of 125 km
2
 and consists of tropical 

evergreen-forested hills, sea cliffs and beaches. The mountains of Khao Lak, Khao 

Bang Niang and Khao Buang San are located on the east side of Khao Lak. Freshwater 

lagoons are also found behind the sandy beaches in this area, especially in the low land 

behind Pakarang Cape and Khukkhak Beach. Headlands between bays, e.g Hin Chang 

headland, normally have steep cliffs and truncated rock spurs due to the effect of high-

energy wave action. 
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Figure 5-1  Study area of Khao Lak (red box on inset map) showing the main beaches and 

coastal features. 
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   Geological Setting 5-1.2

The Ranong and Klong Marui faults, with north & northeast-southwest strike-slip 

motions, are positioned on the Thai peninsular and are some of the main geological 

characteristics of the west coast of Thailand (Dheeradilok, 1995). In addition, the 

associated initial extrusion has resulted in a clockwise rotation of continental blocks in 

Southeast Asia. Both Ranong and Klong Marui faults are related to crustal movements. 

Igneous deposits dominate the geology of Khao Lak. Mountain ranges in Khao Lak 

consist of dome-shaped granite rocks. The granite rocks found in this region are rich in 

mica and were laid down between 60 and 140 million years ago during the Cretaceous 

period. These granite rocks yield tin deposits, which were mined in this region about 20 

years ago.  

The western coast of Thailand has been influenced by the Quaternary crustal 

movements. Quaternary sediment on the west coast of Thailand is formed by the short, 

steep-gradient, swift rivers which flow to the Andaman Sea and are usually deposited 

as thin layers at the head of the bays. The average thickness of Quaternary sediment on 

the Andaman coast is approximately 20 m. It is also composed of Pleistocene sediments 

which are mostly residual fluvial deposits of stiff clay, silt and coarse sands and 

gravels. The Pleistocene deposits overlay the Tertiary deposits or older rocks and are 

capped by intertidal Holocene silt sediments with intermittently interbedded beach sand 

(Sinsakul, 1992).  

Evidence of Holocene eustatic sea level fluctuations, such as shell remains found 5-10 

m above mean sea level (dated to 3530-5740 BP), is related to the tectonic uplift along 

the west coast of Thailand in the past 6000 years; it is also a source of heavy mineral 

deposits that are mined in this area (Dheeradilok, 1995; Sinsakul, 1992). The top soil is 

classified as loamy sandy acid soils. More acidic sandy mud is set in the lower layer. 

 Coastal Geomorphology of Khao Lak 5-1.3

The Andaman coast of Thailand consists of steep cliffs interspersed with narrow beach 

ridges mostly formed in embayments (Sinsakul, 1992). Khao Lak has a coastal plain, 

about 12 km long with sandy beaches situated on the west and mountainous ranges 

located on the east. There are four main streams running from the mountainous areas to 

coast: the Bang Niang, Pak Weeb, Pong and Kukkak canals. Natural changes to the 
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creeks and main canals, and the effects of reclamation and landlord alteration of land 

plots, have affected the water drainage of the whole area (Sajjakul, 2005).  

 Khao Lak extends from the rocky beach of Khao Lak Lam Ru National Park (near 

Bang La-On village) in the south to Pakarang Cape and Pak Weep Beach on the 

northern end. The study area (Figure 5-1 ) comprises Nang Thong Beach, which 

includes two main beaches at Bang Niang village and Bang La-On village: local people 

and tourists sometimes refer to these as Bang Niang Beach and Bang La-On or Nang 

Thong Beach. Khukkhak Beach is located north of the Bang Niang Beach, and is part 

of the study area. North of the Khukkhak Beach is the Pakarang Cape and the small 

beach between two hills named Pak Weep Beach, which are also incorporated in the 

study area. 

Pak Weep Beach is a small beach between two hills. Backshore of Pak Weep Beach is 

not particularly wide and consists of small hills and natural water ponds which are 

found sparsely in the whole area. Pak Weep canal is the main stream with its opening 

located at this beach. Pakarang Cape is a flat plain, the tip of which points to the North-

West. Coral reef patches are located around the cape. Casuarinas pines occur naturally, 

with coconut plantations at the backshore of Pakarang Cape. 

Khukkhak Beach is located between Pakarang cape and Bang Niang Beach. The coastal 

plain of Khukkhak beach is approximately 1.5-2.5 km wide, from the coastline to the 

low inclined hill, with distinct steep slopes in some part of the backshore. Sand dunes 

are normally found along the beach. Khukkhak Canal is the main stream that runs 

through this beach.  

Bang Niang Beach is a low gradient beach with a backshore area of a flat coastal plain. 

Casuarina pines and coconuts are the local flora of the area. Sand dunes are also found 

along the beach. Small creeks and natural swamps also originate in the backshore area. 

Pong canal and branches of Khukkhak canal run through and open at the beach.  Nang 

Thong Beach (or Bang La-On Beach and Sunset Beach) is a low gradient beach with 

some rocky outcrops appearing at the intertidal zone. The backshore of this beach is a 

narrow lowland strip extending to the main road and the mountain behind (Sajjakul, 

2005). 
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 Climate 5-1.4

The tropical monsoon pattern dominates Thailand‟s climate. Dry season dominates in 

the western coast of Thailand during November to May with high temperatures (27-

36
o
C) and low humidity; this is the most popular period for the tourists. In this season, 

there is a cool breeze and a calm sea state. The rainy season, the Southwest monsoon, 

starts in June and continues until October. August and September are the wettest 

months of the year with heavy showers although sunny intervals sometimes occur. 

Waves are highest during the Southwest monsoon season. Beaches are windswept and 

less scenic in this period. Beaches generally suffer from coastal erosion due to the 

monsoon waves. 

 Economic Development and Land Use. 5-1.5

The tin mining industry had an economic impact on the area from 100 until 20 years 

ago. The only traces of the tin mining industry are old mining pits that remain as 

irregular shaped ponds and mounds in this area. Tourism is now the main industry. 

According to the Provincial Office of Tourism, Recreation and Sports statistics, 

548,515 foreign tourists visited Phang-nga in 2007 (http://secretary.mots.go.th) and 

generated more than £45m income. In addition, more than 17000 visitors visit the Khao 

Lak_Lam Ru National Park annually. It is a favourite resort area, particularly for 

northern Europeans. Many hotels and resorts have been established in the area, 

especially along the four main beaches: Khukkhak Beach, Bang Niang Beach, Nang 

Thong Beach and Bang La-On beach.  

Beach forest dominates in Khao Lak coastal areas. Along the beach casuarinas, 

coconuts and pandans are present. Mangrove forests are frequency found around tidal 

flats, and occur as fringes to tidal creeks and accumulation flats. The west coast of 

Khao Lak is utilized for commerce and tourism while the residential areas are typically 

in the northern zone. Commercial and residential areas are also situated along the main 

road that lies between the beaches and the mountainous zones.  
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 Acquisition& Preparation of Detailed Data. 5-2

  Data Acquisition 5-2.1

The bathymetry of the nearshore area off the Khao Lak coast was surveyed using an 

Innomar SES-2000 Light parametric digital echo-sounder (Figure 5-2 and  Figure 5-3), 

an instrument designed for shallow water (5-200 m) and small area sediment surveys 

(up to 50 m penetration) with small beam-widths at low frequencies (3.5 -15 kHz) and 

accurate (0.02 m + 0.02 % of water depth) depth measurements with the high (100 kHz) 

frequency. The vessel speed was 5-7 km/h. Depths were calculated from time duration 

that wave travels using the speed of sound in water adjusted for temperature and 

salinity. Tide tables were used for correcting tide effects; this limited the accuracy of 

the final survey data – no local tide gauge was available. Depths were adjusted to mean 

sea level value. The survey accuracy was estimated to be ±0.5m.  

 

Figure 5-2 Conducting the bathymetric survey along the Andaman coast. 
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Figure 5-3 The Innovar SES-2000 Light digital parametric echo-sounder used for 

measuring the water depth of the study area. 

 

Detailed topography of the area around Bang Niang and Nang Thong Beaches was 

conducted using a two-frequency Real Time Kinematic (RTK) Differential Global 

Positioning System (RTK-DGPS) Model Leica GS 1200 (Figure 5-4). The coordinate 

system used for this survey is WGS 84 on a UTM grid and using mean sea level of the 

Andaman Sea of Thailand as the base of vertical height (vertical datum).  

The RTK-GPS system is composed of two parts: a base unit and a rover unit. The base 

unit, which serves as the reference, is mounted on a tribrach on a tripod leg and is set 

exactly over a known reference station. For this survey, reference stations constructed 

by the Royal Thai Survey Department, and the Department of Public Works and Town 

& Country Planning were used. Typically the locations of these reference station (WGS 

84) are known to a horizontal accuracy of better than ±0.05 m and a vertical accuracy 

of ±0.01m. The base unit sends signals which allow the rover units(s) to correct its 

position caused by small drifts in the orbit parameters of the GPS satellites. Normally 

the base unit used in this survey was placed not farther than 5 km from the rover to 

ensure the continuity of data gathering.  

The rover unit calculates its position using signals from the GPS satellites. 

Uninterrupted satellite signal reception, at both base and rover, are required from at 

least 4 satellites to ensure data accuracy. There were some problems in the Khao Lak 

area between 1.00-3.00 pm when <4 satellites were visible. A Compact Flash card was 
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used to store and transfer data for analysis. Leica Geo Office software was used for 

post-processing the data.  Data were viewed, edited and export and used to create the 

topography of the study areas for the modelling. 

An area of approximately 160 km
2 

(8 km wide and 20 km long) including the area of 

the nearshore of Bang Niang and Nang Thong Beaches and their vicinity was surveyed. 

Spacing of the marine survey‟s lines is approximately 500 m (Figure 5-5) with the 

survey tracked by GPS (±4 m horizontal accuracy). Spacing of the topographical 

surveys ranges from 5-10 m perpendicular to the coastline and approximately 40 m 

parallel to the coastline. (Figure 5-6). 

Surveyed bathymetric and topographic data acquired by both Innomar digital echo-

sounder and RTK-DGPS for this research is accurate, and its resolution is fine enough 

for the MOST/ComMIT model simulation. Mean sea level data measured by the 

Hydrographic Department of the Royal Thai Navy for each survey date were used for 

correcting tidal effects and adjusting both surveyed bathymetric data and topographic 

data to a common datum.  
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Figure 5-4 Leica System 1200, Real Time Kinematic GPS surveys for topographic data. 

Rover receiver, Base unit and Base station. 
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Figure 5-5  Bathymetric survey lines and topographic survey points of Khao Lak area.  
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Figure 5-6 Bathymetric survey lines and topographic survey points of Bang Niang and 

Nang Thong Beaches. 

  Preparation of data 5-1.1.1

To study the behaviour of the tsunami wave that inundates the beaches and the 

backshore areas, it is necessary to supply detailed topographic and bathymetric data of 
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the area concerned. It was necessary to integrate both topographic and bathymetric 

data, which were conducted by different instruments and recorded in different formats, 

into the same file and the vertical datum of both datasets had to be adjusted to 

correspond with the mean sea level of the Andaman Sea of Thailand. Data were 

transformed into NetCDF format to fit with MOST/ComMIT model (as Grid C) by 

using MathLab software. Detail of data preparation to suit the MOST/ComMIT model 

included:  

 Bathymetric data were adjusted using the Tide Tables of Hydrographic 

Department, Royal Thai Navy to mean sea level at the date, while topographic 

data, surveyed by using RTK-DGPS, was already set to mean sea level due to 

the reference base unit that set to the Andaman coast mean sea level. Then, both 

data set were merged together. Surfer software was used to produce the contour 

maps of both study area and detailed study area. Krigging method was used to 

interpolated data set to 40*40 m for stydy area and 20*20 m for detailed study 

area.  

 The two sets of high resolution topographic and bathymetric data of the study 

area of Khao Lak (Figure 5-7; 40 by 40 m interpolated resolution) and detailed 

study area of Bang Niang and Nang Thong Beaches (Figure 5-8; 20 by 20 m 

interpolated resolution) were prepared separately to be the inputs for the 

MOST/ComMit model for detailed grid C. Moreover, 1.0 m of tide was also 

added to the combined bathymetric and topographic data to replicate the high 

tide as it occurred on 26 December 2004 at the time of the tsunami.  

 Finally, topography and bathymetry were merged into one computational grid. 

Water depth is set to positive values while height above mean sea level is set 

into negative value to match with the requirement of the model. Data in UTM 

grid was transformed into Latitude and Longitude format (WGS 84) to match up 

with the MOST/ComMIT model requirement, and was interpolated to a regular 

grid.  
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 Points were checked and errors removed. Consistency between grid C dataset of 

bathymetry and topography and those of grid B was validated to match each 

other by overlaying their contours.  

 Two sets of nested computational grids of grid C for study area and detailed 

study area were verified by using Bathymetry Correction command of ComMIT 

model. The smoothing algorithm was applied to the computational grids to 

maintain model stability by reducing potential discontinuity due to single-node 

cells, for example the Islands (Venturato et al., 2007a). 

 Grid A and Grid B data was downloaded from ETOPO data to use in the 

simulation of tsunami waves by the MOST/ComMIT model in this research. 

 

 The Study Area 5-2.2

The wider study area (Figure 5-5 and Figure 5-7) is comprised of Khao Lak Lum Ru 

National Park, Nang Thong, Bang Niang and Kukkak Beaches, Pakarang Cape, and 

Pak Weep Beach, approximately 14 km in length. The detailed study area consists of 

the Nang Thong and Bang Niang Beaches, where many resorts and hotels are located 

(Figure 5-6 and Figure 5-8). Nang Thong and Bang Niang Beaches are sandy beaches, 

~5 km in length, with rock outcrops extruding in some spots of the intertidal zones. 

Water depth off the west coast of Phang-nga province, in front of the study area, 

decreases at the continental slope from 400 m depth ~250 km offshore to approximately 

100-200 m depth 160 km offshore, and then gradually decreases over the continental 

shelf to ~30 m depth 12 km offshore. In front of the Bang Niang and Nang Thong 

Beaches water depth is 18 m at 5-6 km offshore (Figure 5-7). Coral reef patches can be 

found just off the coast. Sinsakul (1992) cited the Royal Thai Hydrographic Department 

report that tidal category of the west coast of Thailand is described as a semi-diurnal 

type.  The tidal range of the west coast is approximately 2.5 m during the spring tide.  
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Figure 5-7 Depth and height of Khao Lak area.  
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Figure 5-8 Detailed bathymetry and topography of Bang Niang and Nang Thong Beaches. 
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  Methodology 5-3

 The MOST/ComMIT Model. 5-3.1

The numerical model used in this research is the MOST (Method of Spitting Tsunami) 

model with the ComMIT (Community Model Interface for Tsunami) for tsunami 

generation, open sea propagation and for the study of the inundation in nearshore and 

coastal zones. The MOST model was developed by Vasily Titov of NOAA/PMEL and 

Costas Synolakis of University of Southern California. This model is able to simulate 

three steps of tsunami progression: earthquake deformation, transoceanic propagation, 

and inundation on dry land. The model was developed under the supervision of the 

NOAA Centre for Tsunami Research (NCTR) to assist coastal communities in their 

efforts to evaluate the tsunami risk, and mitigate tsunami vulnerability, since the model 

can provide information about wave arrival time, wave height and inundation areas. 

Maximum tsunami wave height, water velocity and maximum inundation distance are 

the important factors about which vulnerable coastal communities requires information. 

In addition, tsunami wave characteristics, including wave series and wave arrival time, 

are also necessary for the community to mitigate the tsunami devastation (e.g. set up 

evacuation routes and position critical infrastructure) by emergency management and 

urban planning.  

The ComMIT model is a finite-difference, long-wave approximation model. It solves a 

long-wave approximation to the Navier-Stokes equation using the finite difference 

method for propagation modelling (> 50 m depth). Bottom friction is not included in 

the propagation model for the deep open sea but plays an important role for the 

inundation model in coastal areas. The equation switches to the shallow-water theory 

with bottom friction for computing wave inundation in shallow water and on-land 

flooding. The MOST model uses spherical coordinates with the Coriolis force and a 

numerical dispersion scheme (Dominey-Howes et al., 2007; Geist et al., 2007; 

Hamouda, 2006; Venturato et al., 2007a; Venturato et al., 2007b).  

  Model Setup 5-1.1.2

The MOST/ComMIT model allows for the use of three nested computational grids, 

with information flowing from the coarsest, smallest-scale grid (grid A) through a grid 

http://nctr.pmel.noaa.gov/most-pubs.html


66 

 

 

of intermediate resolution (grid B) to the finest large-scale grid C. Grid A is the 

spatially biggest digital elevation model (DEM) with coarsest resolution and has the 

greatest coverage. Fewer node points are needed to resolve tsunami wave patterns in 

the open ocean. Grid B is the intermediate DEM, and grid C is the finest resolution 

DEM grid with least coverage. As a tsunami wave travels across the shallow coastal 

areas, more node points are needed because of the shorter wavelengths (Venturato et 

al., 2004). The grid interaction among grid A, grid B and grid C interrelates by passing 

wave height and velocity interaction between nodes along their intersecting boundaries 

(Venturato et al., 2007a). 

The three computational grids used in this research to generate the tsunami generation 

at the subduction zone, the tsunami wave propagation across the Indian Ocean (the 

Andaman Sea) and the inundation on Khao Lak and Bang Niang and Nang Thong 

Beaches are shown in Figure 5-9. Grid A data was downloaded from 

http://sift.pmel.noaa.gov and has a lat-long resolution of 2 minutes while grid B was 

downloaded from the same source at 30 seconds resolution, both in NetCDF format. 

Grid C, the finest one, was developed from local topographic and bathymetric surveys 

by the author and the Department of Mineral Resources‟ staff to gain a high resolution 

grid which matches with the model requirement (more detail about grid C can be found 

in Data Acquisition and Preparation Section).  

 

 

http://sift.pmel.noaa.gov/
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Figure 5-9 Three nested grids used for studying tsunami generation, propagation and 

inundation of Khao Lak: Grid A; Green rectangular, Grid B; Yellow rectangular and 

Grid C; Red rectangular.  (Also shown in green is the rupture zone) 

 

5-1.1.2.1  Rupture sources (vertical seafloor displacement heights) 

To cover the entire width of Sunda Subduction in the case of the Indian Ocean rupture 

zone, 4 parallel sub-units were utilized; sub-unit „b‟ was located at the outer western 

side of the subduction zone, followed by sub-unit „a‟, sub-unit „z‟ and finally sub-unit 

„y‟ on the eastern side of the subduction (Figure 5-9). Each sub-unit can be selected or 

not-selected depending on earthquake characteristics. Several sets of horizontal units 

can be placed together to represent the ruptures of each earthquake (Figure 5-9). Sub-

units of the Sumatra section are represent by b1, a1, z1 and y1, sub-units of the lower 

Nicobar section represent by b2, a2, z2 and y2, the upper Nicobar section by b3, a3, z3 

and y3, and the Andaman section by b4, a4, z4 and y4 (Figure 5-10).  

b a 
z y 
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Figure 5-10 Subduction zone showing sub-units used for simulating the 2004 Indian Ocean 

Earthquake-generated tsunami by MOST/ComMIT model. 

  

  Simulation of the 2004 Tsunami 5-3.2

The 2004 tsunamigenic earthquake deformation was simulated in the MOST/ComMIT model 

by varying the slip of the earthquake sources referenced by various concerned documents 

(Table 5-2). The MOST/ComMIT model was set up to represent different rupture scenarios 

suggested by various authors. The slip of the Sunda subduction related to the 2004 Indian 

Ocean earthquake is divided into 3 sections: Sumatra section, Nicobar section and Andaman 

Section with the Nicobar section itself divided into 2 subsections (Figure 5-10). 16 scenarios 

relating to different estimated earthquake characteristics of the 2004 earthquake from Table 
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1-1 were considered by varying the rupture heights of the sub-units. Details of 16 scenarios 

simulated were as follows:  

 Scenario 1 and 2 5-1.1.3

According to Plafker (1997) and Synolakis et al. (2005)  tsunami run-up, by the Plafker rule, 

is never higher than twice the slip so rupture heights were selected depending upon the run-

up on the areas perpendicular to those specific coastlines. Moreover, Lay et al. (2005) and 

Vallee (2007) stated that the vertical displacement height of the 2004 earthquake at Sumatra 

Section was approximately 20 m. Scenario 1 assumed that the run up height of Sumatra 

coasts varied from 16-32 m so 8-16 m slip was used. Gahalaut et al. (2006) suggested that the 

slip height of the Nicobar Section was 11-15 m.  For the Nicobar section the tsunami run up 

height was ~20 m so 8-10 m of rupture were used for this section. For Scenario 2 ruptures of 

9-17 m were selected for Sumatra section and 8.5-9 m for the Nocobar section. Both 

scenarios have an Mw of 9.4 (Figure 5-11). 

 

 

Figure 5-11 Vertical seafloor displacement heights of scenario2 

 Scenario 3, 4, 5 and 6  5-1.1.4

According to Gahalaut et al. (2006) and Lay et al. (Lay et al., 2005) high slip of 20 m 

occurred along the Sumatra section and decreased to 2m height at the Andaman section. In 
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addition the Nicobar section slip height was approximately 10 m (Gahalaut and Catherine, 

2006; Vallee, 2007). Scenario 3 set the rupture height of the Sumatra section to 16 m (since 

the highest tsunami wave height at Sumatra coast was approximately 32 m), 8 m for the 

Nicobar section (16 m wave height occurred at Pakarang Cape of Thailand), and 3 m for the 

Andaman section (6 m tsunami wave height occurred along Myanmar‟s coast). To match up 

with the average of the slip height of 15 m for the whole rupture, slip height of Sumatra 

Section of 14 m was applied for scenario 4 (Ammon, 2006; Sinadinovski, 2006; Stein and 

Okal, 2005b; Stein and Okal, 2007). In Scenario 4 rupture height was increased to 11 m for 

the Nicobar Section according to (Gahalaut and Catherine, 2006; Piatanesi and Lorito, 2007; 

Tanioka et al., 2006). Scenario 5 has rupture heights of 17, 14 and 4 m for the Sumatra, 

Nicobar and Andaman sections. Scenario 5 is similar to scenarios 3 and 4 but with slightly 

increased slip height of 14m along the Nicobar Section to 14 m (Gahalaut et al. (2006). The 

Mw of all these three scenarios are 9.3. Scenario 6 considers the most extreme case with 18 m 

of rupture along the Sumatra section, and 12 m and 8 m for the Nicobar and Andaman 

sections; with these very high rupture values, the Mw of Scenario 6 was 9.5. The scenario 6 

applied high slip along the Sumatra Section (Lay et al., 2005; Piatanesi and Lorito, 2007; 

Tanioka et al., 2006; Vallee, 2007) to represent vertical displacement of 18 m.  Then, 12 m of 

slip height of the Nicobar Section, and 8 m of slip height of the Andaman Section were 

derived from Gahalaut et al. (2006) and Tanioka et al (2006).Scenario 7, 8, 9 and 10 

Song et al. (2008) concluded that vertical deformation was not enough to generate the 

enormous 2004 Indian Ocean tsunami; it was not just the vertical dislocation of the seafloor, 

but the horizontal impulse of the slip of the 2004 earthquake that made up two thirds of the 

satellite-observed tsunami height. The horizontal impulse of the faulting continental slope 

generated kinetic energy 5 times higher than that associated with the vertical dislocation. The 

asymmetrical tsunami pattern of leading-elevation waves toward Sri Lanka against that of 

leading-depression waves toward the Andaman Sea coast of Thailand is evidence of a 

horizontally-forced mechanism.  

Song et al. (2008) state that the 2004 earthquake displacement shows the seafloor uplift 

occurred on the west side with high horizontal displacement to the north-west direction at the 

Sumatra section, with lower horizontal displacement for the Nicobar section and the smallest 

at the Andaman section. Sea bottom subsidence took place along the east side of the eruption 

area (Song et al., 2008). Two-dimension shallow water theory might not be adequate to 
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represent the tsunami generation mechanism and 3-D motions of faulting continental slopes, 

which generate near-bottom water movement, might be necessary. Titov et al. (2005) divided 

the 2004 ruptures into 4 segments and set slip values for 21, 13, 17 and 2 m over each 

segment to recreate the seafloor deformation but Song et al. (2008) disputed the tuned 

displacements of Titov et al. (2005) model stating they over-estimated the GPS measurement 

and seismic inversion data. Inclusion of the horizontal impulse momentum may be necessary 

for tsunami mechanism clarification(Gahalaut and Catherine, 2006). 

The following scenarios represent different characteristics of the 2004 event by varying the 

rupture heights to mimic horizontal rupture effects because the model could not directly input 

horizontal displacement of the sea-bed. 

 Scenario 7, 8, 9 and 10 5-1.1.5

In these four scenarios low slip height was used in the 2 central rectangular sub-units, and 

higher slip height in the 2 outer rectangular sub-units. Slip height of the Sumatra section 

(which had the highest the vertical displacement) varies from 10 m (Piatanesi and Lorito, 

2007) to 20-23 m (Lay et al., 2005; Vallee, 2007). Therefore, slip height of this section of 

approximately 16-18 m were applied to simulate the tsunami with horizontal displacement 

effect for scenarios 7, 8 and 9.  Scenario 7 used 18 m at the outer and 16 m at central sub-

units of the Sumatra section, 14 m and 12m were applied to the outer and central sub-units of 

the Nicobar section and 8m and 6m to the Andaman section. Gahalaut et al.(2006) and  

Tanioka et al. (2006) reported that the Nicobar Section‟s slip heights are 11-15m and  10-15m 

respectively so slip heights of 12-14 m were applied to simulate the effect of horizontal 

displacement for the Nicobar Section for scenarios 7 and 9. Moreover, For, Slip heights of 6-

8 m were used for the Andaman Section (Gahalaut et al.(2006). The Mw of Scenario 7 is 9.5.  

A slip height of 10 m of the Nicobar Section is reported in Vallee (2007) so scenario 8 uses 

12 m and 10 m for the Nicobar section rupture heights. Scenario 9 is similar to scenario 7, 

except 5 m and 3 m were applied to the Andaman section (Gahalaut et al.(2006) and a 

slightly decreased slip height of the Sumatra Section from 16-18 m to 15-17 m according to 

varied slip height range presented in Lay et al. (2005), Piatanesi and Lorito (2007) and  

Vallee (2007). Scenario 10 has 17 m and 15 m for the Sumatra section, from Lay et al. (2005) 

and 12 m and 10 m for the Nicobar section (Vallee, 2007) and 8m and 6 m for the Andaman 

section (Gahalaut and Catherine, 2006). The Mw of scenarios 8, 9 and 10 were 9.4.  
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 Scenario 11, 12 and 13 5-1.1.6

Slip heights varied as in the previous scenario but is higher in the two western sub-units than 

in the eastern sub-units. For the Sumatra Section, slip heights vary between 10 and 23 m (Lay 

et al., 2005; Piatanesi and Lorito, 2007; Vallee, 2007). Slip heights of 14-18 m were selected 

for tsunami wave simulation of scenario 11 and 12, and those of 16-18 m were chosen for 

Scenario 14.  For The Nicobar Section, slip heights of 8-12 m were selected for scenario 11 

1and 12 according to Gahalaut et al.(2006), Tanioka et al (2006) and Vallee, 2007. In 

Scenario 11, rupture heights of the Sumatra section were set to 18 m for the two western sub-

units and 14 m for the eastern sub-units, 12m and 8 m, and 5 m and 3 m for the Nicobar and 

Andaman sections respectively. To compare the effect of friction coefficient, scenario 12 was 

set to the similar rupture heights as Scenario 11 but the friction coefficient was set to 0.0009 

instead of 0.0003. The Mw of both Scenarios 11 and 12 are equal to 9.4.  In scenario 13 the 

slip height of the Nicobar and Andaman Sections was set to low values to test the effect of a 

smaller earthquake; the slip heights were reduced to 14m and 12 m along the Sumatra 

section, to 8m and 5m for the Nicobar section and 5 m and 2 m for the Andaman section, 

yielding an Mw of 9.3.  

 Scenario 14 5-1.1.7

According to Pietrzak et al. (2007), the largest region of slip was situated between 3
o 

to 5
o 

N 

(along the Sumatra section; inverted from co-seismic GPS data) but may have extended 

northwards to about 6
o 

N. Another patch in the north between 8
o 

N to 10
o 

N (along the 

Andaman section) shows a high degree of rupture. This corresponds to the Jason-1 images 

that the tsunami propagated outwards from the northern patch of slip between 8
o 

to 10
o 

N. A 

zone of lower slip was between 7
o 

to 8
o 

N. Slip heights of this section were derived from  

Vallee (2007) and Tanioka et al., (2006), who reported that slip heights of the Sumatra 

Section was 20 m and the Nicobar Section was approximately 10-15 m. These slip heights 

were integrated with Pietrzak et al. (2007) who reported the different slip height of different 

sections. Therefore, Scenario 14 was set up to represent estimated rupture heights from 

Pietrzak et al. (2007); slip heights were highest in the Sumatra section, lowest in Nicobar 

section; slip heights were again higher in the western sub-units and lower in the east (Sumatra 

18m and 16m, the upper part of the Nicobar section and the Andaman section 12 m and 10 m, 
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the lower part of the Nicobar section 6 m and 4 m, and 10 m for the 2 eastern ones). Mw was 

9.4.  

 Scenario 15 and 16  5-1.1.8

Finally, according to Ioualalen et al.(2007), the average rupture of the 2004 earthquake was 

about 10 m of uplift  and up to ~6 m of subsidence over the 1200-1300 km of the Andaman-

Sunda trench. Bilham (2005) stated that the 2004 earthquake generated up to 10 m of uplift 

and subsidence from the earthquake elastic rebound. Furthermore, Kowalik et al. (2007) 

indicated that the fault plane is broken into 2 segments and that the maximum uplift is 5.1 m 

with the maximum subsidence roughly 4.7 m. The following two scenarios were conducted to 

simulate the deformation relating to both uplift and subsidence effects by setting rupture 

heights for uplift motion as positive values, and subsidence as negative values. 

In scenarios 15 and 16, slip height has the highest uplift in the Nicobar segment, lowest in 

Andaman segment, positive (uplift) in the west and negative (subsidence) in the east. For the 

Sumatra section, the rupture height (Scenario 15) was set to 12 m in the west and -6m in the 

east, and rupture heights of 6 m and -2 m for the lower Nicobar section. The Andaman 

section and the upper Nicobar sections were set to 8 m and -4 m. Scenario 16 is similar but 

has a higher Mw than Scenario 15, 9.3 compared to 9.2  
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Sources Scenarios 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

(Ammon et al., 2005)  

slip=15-20 m width 200 km 

   Apply 14 

m for 

Sumatra 

Section  

            

(Bilham, 2005) 

Uplift =10m, 

subsidence=10m 

               Apply + 

16m slip 

height 

and – 

7m of 

Nicobar 

(Lay et al., 2005) 

Slip =20m (Sumatra) 

<2m (Nicobar& Andaman) 

Width =160-170km 

Apply 

max slip 

height of 

16 m for 

Sumatra 

section 

Apply 

max slip 

height of 

17 m for 

Sumatra 

section 

Apply 

slip 

height of 

16 m for 

Sumatra 

Section 

and 3 m 

for 

Andama

n 

Section 

Apply 

slip of 3 

m for 

Andama

n 

Section 

Apply 

slip 

height of 

17 m for 

Sumatra 

section 

and 4 m 

for 

Andama

n 

Section 

Apply 

slip 

height of 

18 m for 

Sumatra 

section 

Apply 

slip 

height of 

16-18 m 

for 

Sumatra 

section 

Apply 

slip 

height of 

16-18 m 

for 

Sumatra 

section 

Apply 

slip 

height of 

16-18 m 

for 

Sumatra 

section 

Apply 

slip 

height of 

15-17 m 

for 

Sumatra 

section 

Apply 

max slip 

height of 

18 m for 

Sumatra 

section 

Apply 

slip 

height of 

14-18m 

for 

Sumatra 

section 

 Apply 

slip 

height of 

16-18m 

for 

Sumatra 

section 

  

(Stein and Okal, 2005b),  

(Stein and Okal, 2007) 

Slip=12-15m width=200km 

- - - Apply 

14 m for 

Sumatra 

Section 

            

 

 

 

 

(Gahalaut and Catherine, 

2006) 

Slip=3.8-7.9m (Andaman) 

11-15m (Nicobar) 

Width=120-160km 

   Apply 

slip 

height of 

11 m for 

Nicobar 

Section 

Apply 

slip 

height of 

14 m for 

Nicobar 

Section 

Apply 

slip 

height of 

12 m for 

Nicobar 

Section 

Apply 

slip 

height of 

12-14m 

for 

Nicobar 

Section, 

and 6-8 

m for 

Andama

n 

Section 

Apply 6-

8 m for 

Andama

n 

Section 

Apply 

slip 

height of 

12-14m 

for 

Nicobar 

Section, 

and 3-5 

m for 

Andama

n 

Section 

Apply 6-

8 m for 

Andama

n 

Section 

Apply 

slip 

height of 

12-14m 

for 

Nicobar 

Section, 

and 3-5 

m for 

Andama

n 

Section 

Apply 

slip 

height of 

12-14m 

for 

Nicobar 

Section, 

and 3-5 

m for 

Andama

n 

Section 
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(Sinadinovski, 2006) 

Slip=15m 

Width=50km 

- - - Apply 

14 m for 

Sumatra 

Section 

            

(Tanioka et al., 2006) 

Slip =23 m at Aceh coast 

21 m at Simeulue 

10-15 m at Little Andaman 

and Car Nicobar 

Apply 

slip 

height of 

8-10 m 

for 

Nicobar 

Section 

Apply 

slip 

height of 

6-9 m 

for 

Nicobar 

Section 

Apply 

slip 

height of 

8 m for 

Nicobar 

Section 

Apply 

slip 

height of 

11 m for 

Nicobar 

Section 

 Apply 

slip 

height of 

12 m for 

Nicobar 

Section 

Apply 

slip 

height of 

12-14m 

for 

Nicobar 

Section, 

 Apply 

slip 

height of 

12-14m 

for 

Nicobar 

Section, 

       

(Ioualalen et al., 2007) 

Uplift =10m, 

subsidence=6m 

              Apply + 

12m slip 

height 

and – 

6m for 

Sumatra 

Apply + 

12m slip 

height 

and – 

6m for 

Sumatra 

(Kowalik et al., 2007)  

Uplift =5.1m, 

subsidence=4.7m 

              Apply + 

6m slip 

height 

and – 

2m for 

Nicobar

and + 

8mand - 

4m for 

Andama

n 

Apply+8

m and  -

4m for 

Andama

n 

(Pietrzak et al., 2007) 

3-5
0
 N=high slip, 8-10

0
 

N=high slip 
7-8

0
 N=low slip 

 

             Apply 

slip 

height of 

16-18 m 

for 

Sumatra, 

4-6 m 

for 

Lower 

Nicobar 

and 10-

12 m for 

Upper 

Nicobar 

and 
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Table 5-1 slip height Detail according to various documents used for simulation of tsunami wave by using MOST/ComMIT model in 16 scenarios.  

Andama

n 

Sexrions

. 

(Piatanesi and Lorito, 2007) 

slip= 10m at South 5
0
 N 

Max=30 (Aceh) 

=10m at 6.5-11 
0
 N= 

=20m at Northernmost 11-

14 
0
 N  

Apply 

min slip 

height of 

8 m for 

Sumatra 

section 

 Apply 

min slip 

height of 

9 m for 

Sumatra 

section 

- Apply 

slip 

height of 

11 m for 

Nicobar 

Section 

      Apply 

min slip 

height of 

14 m for 

Sumatra 

section 

 Apply 

height of 

12-14 m 

for 

Sumatra 

section 

   

(Vallee, 2007) 

Slip=20 m at Sumatra  

10 m at Nicobar 

Apply 

slip 

height of 

8-10 m 

for 

Nicobar 

Section 

    Apply 

slip 

height of 

17 m for 

Sumatra 

Section 

 Apply 

slip 

height of 

16-18 m 

for 

Sumatra 

section  

Apply 

slip 

height of 

16-18 m 

for 

Sumatra 

section 

and 10-

12m for 

Nicobar 

Section 

Apply 

slip 

height of 

16-18 m 

for 

Sumatra 

section 

Apply 

10-12m 

for 

Nicobar 

Section 
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Table 5-2 Eruption sources for model calculation for the 16 different scenarios. 

 

 

          

Scene 

Slip along sub-faults(m) Mw 

Sumatra Section Nicobar Section Andaman Section 

 b1 a1 z1 y1 b2 a2 z2 y2 b3 a3 z3 y3 b4 a4 z4 y4  

1 8-

16 

8-

16 

8-

16 

8-

16 

10 10 10 10 8-

9 

8-

9 

8-

9 

8-

9 

- - - - 9.4 

2 9-

17 

9-

17 

9-

17 

9-

17 

8.5-

9 

8.5-

9 

8.5-

9 

8.5-

9 

6-

8.5 

6-

8.5 

6-

8.5 

6-

8.5 

- - - - 9.4 

3 16 16 16 16 8 8 8 8 3 3 3 3 3 3 3 3 9.3 

4 14 14 14 14 11 11 11 11 3 3 3 3 3 3 3 3 9.3 

5 17 17 17 17 14 14 14 14 14 14 14 14 4 4 4 4 9.3 

6 18 18 18 18 12 12 12 12 12 12 12 12 8 8 8 8 9.5 

7 18 16 16 18 14 12 12 14 14 12 12 14 8 6 6 8 9.5 

8 18 16 16 18 12 10 10 12 12 10 10 12 8 6 6 8 9.4 

9 18 16 16 18 14 12 12 14 14 12 12 14 5 3 3 5 9.4 

10 17 15 15 17 12 10 10 12 12 10 10 12 8 6 6 8 9.4 

11 18 18 14 14 12 12 8 8 12 12 8 8 5 5 3 3 9.4 

12 18 18 14 14 12 12 8 8 12 12 8 8 5 5 3 3 9.4 

13 14 14 12 12 8 8 5 5 8 8 5 5 5 5 2 2 9.3 

14 18 18 16 16 6 6 4 4 12 12 10 10 12 12 10 10 9.4 

15 12 12 -6 -6 6 6 -2 -2 8 8 -4 -4 8 8 -4 -4 9.2 

16 12 12 -6 -6 16 16 -7 -7 8 8 -4 -4 8 8 -4 -4 9.3 
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 Comparison of Model Outcomes Chapter 6

and the 2004 Tsunami Surveyed Data 

 Comparison of Maximum Tsunami Wave 6-1

Heights from Modelling and Surveyed Data  

 

Siripong, et al. (2005) measured tsunami run-up along the Andaman coast of Thailand, 

including Bang Niang Beach, using GPS and Total Station systems. Run-up heights 

were adjusted for tidal correction to match up with the Mean Sea Level (MSL) of the 

Andaman‟s coast. Jarusiri and Choowong (2005) conducted a survey of the tsunami 

disaster areas of Thailand and created a diagram showing tsunami heights (above 

ground level) along Bang Niang Beach which can be used to compare with the model 

outcomes of this research. Matsutomi et al. (2005) surveyed tsunami effects along the 

west coast of Thailand, especially in Phang-Nga and Phuket. Khao Lak was one of the 

main areas of interest. Traces on the ground and on buildings were used for estimating 

inundation and run-up of tsunami waves at Khao Lak and Phuket. Tide tables for 

Phuket were used for tidal corrections. Maximum tsunami wave heights, inundation 

distances, inundation area, cross section profiles of the wave, tsunami arrival time and 

wave interval from the model were compared to surveyed data. 

Results generated by the ComMIT model for the 16 „rupture scenarios‟ were compared 

with surveyed data from the 18 locations where observations had been made by 

Siripong, et al. (2005),  Jarusiri and Choowong (2005) and Matsutomi et al. (2005) 

using NCBrowse software. Tsunami maximum wave heights from the surveyed data, 

and those from the model are plotted along the coastline of Khao Lak. These results are 

shown in Figure 6-1 to Figure 6-5.    

As the exact form of the 2004 earthquake rupture pattern was uncertain a number of 

different model scenarios were set-up and their outcomes compared to the observations. 

Scenarios 1 and 2, which vary their rupture heights by using half of the tsunami wave 

heights of the area perpendicular to the rupture, yield low tsunami wave heights when 

compared to the surveyed data, using either a low or a high friction coefficient (Figure 

6-1).  According to Scenarios 3, 4, 5 and 6, whose rupture heights vary by dividing 
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their ruptures into 3 sections, with each block in the same section having the same 

uplifts, also produce tsunami wave heights that are lower than those recorded by the 

surveys, especially for the northern part of the study area. However, the model 

outcomes are generally consistent with the surveyed data at Bang Niang and Nang 

Thong Beaches, except for Scenario 5.  

In Scenarios 7, 8, 9 and 10 (Figure 6-3), the earthquake rupture is simulated using 

higher uplift of the two middle blocks and lower uplift of the two outer blocks. 

Scenario 7, which represents Mw = 9.5 earthquake rupture, yields tsunami waves which 

are too high, especially along the Bang Niang and Nang Thong Beaches compared to 

the surveyed data (Figure 6-3). Scenario 9 (Mw = 9.4) has higher uplift for the Nicobar 

Section also predicts higher wave than those observed from the surveys. Scenario 8 

(also Mw = 9.4) has moderate rupture height at the Nicobar Section and predicts 

tsunami wave heights in general agreement with the surveyed results.  

Scenarios 11, 12 and 13 (Figure 6-4) were generated by varying the rupture heights by 

placing higher uplift for the two western blocks and lower uplift for the two eastern 

blocks. Scenario 13 (Mw = 9.3), using the lowest rupture heights with the greatest 

friction coefficient, resulted in a tsunami which is too low. Scenario 12 with a moderate   

rupture (Mw = 9.4) but with high friction coefficient also yields a tsunami wave which 

is too low. Scenario 11, with moderate slip and low friction coefficient, yields the 

optimal tsunami wave height, in general agreement with the surveyed data. Scenarios 

15 and 16 (Figure 6-5) predicts a tsunami wave crest that reaches the Thailand coast 

before the trough, which is the opposite of the real situation of the 2004 tsunami so 

Scenarios 15 and 16 were discarded from our further consideration.  
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Figure 6-1 Comparison of tsunami wave maximum height of scenarios 1 and 2 with surveyed data.  
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Figure 6-2 Comparison of tsunami maximum wave height from scenarios 3, 4, 5 and 6 with surveyed data.  
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Figure 6-3 Comparison of tsunami maximum wave height from scenarios 7, 8, 9 and 10 with surveyed data.  
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Figure 6-4 Comparison of tsunami maximum wave height from scenarios 11, 12, and 13 with surveyed data.  
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Figure 6-5 Comparison of tsunami maximum wave height from scenarios 14, 15, and 16 with surveyed data.  
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Apart from the direct tsunami wave height comparison, linear regression between the 

model results and the surveyed data of maximum wave heights for the same locations 

were can be used to objectively assess the degree to which the model explains the 

patterns of observations. The R
2
 value (where R is the correlation coefficient) measures 

the proportion of the variance explained by the model. Comparison between the linear 

regression lines of the maximum modelled and observed tsunami wave height of 14 

(excluding 15 and 16) scenarios for the observations of Siripong et al. (2005) and 

Matsutomi et al. (2005), and the combined data, are shown in Figure 6-6, Figure 6-7 

and Figure 6-8. In addition, the R
2
 values for the linear regressions between maximum 

wave heights predicted by the model and by the surveys of Matsutomi et al. (2005) and 

Siripong, et al. (2005) individually, and the R
2
 of the combined data, are shown in 

Table 6-1.  

The model Scenario 11 shows the best overall agreement (R
2
 = 0.514) with the surveys; 

Scenario 3 has the highest R
2
 (0.976) in comparison to Siripong, et al. (2005) but is 

poor in comparison to Matsutomi et al. (2005) (R
2
 = 0.140). In terms of the absolute 

height predictions none of the Scenarios predict the higher (>12m) waves observed by 

Siripong, et al. (2005) although Scenario 11 is one of the best predictors. Scenario 11 

was therefore selected for use as the prototype model for the 2004 Indian Ocean 

tsunami and future tsunami simulations in the region can be implied that scenario 11 

from the model, which represents the idea of horizontal movement and high uplift on 

the west side of the rupture, yields wave heights that correspond to the surveyed 

maximum wave height, and should be selected to use as a prototype for the 2004 Indian 

Ocean tsunami and future tsunami simulations. It corresponds to  Lay et al. (2005), who 

divided the 2004 rupture into 3 segments: a 420 km Sumatra segment, a 325 km 

Nicobar segment and a 570 km Andaman segment. In addition, the Sumatra segment 

had large rapid slip, and the Nicobar and Andaman Segments had a slow slip of around 

5 m. Also, two to three times of slip is required for the northern part of the 2004 

eruption (the Andaman Segment). Moreover, the uplift occurred on the west side and 

the submerged happened on the east side of Nicobar and Andaman Islands. 
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Figure 6-6 Linear regression lines of modelled maximum tsunami wave heights of 14 

scenarios against the surveyed data by Siripong, et al. (2005). Also shown is the one-to-one 

line (black).  
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Figure 6-7 Linear regression lines of modelled maximum tsunami wave heights of 14 

scenarios against the surveyed data by Matsutomi (2005). Also shown is the one-to-one 

line (black).  
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Figure 6-8 Linear regression lines of modelled maximum tsunami wave heights of 14 

scenarios against the combined surveyed data by Matsutomi (2005) and Siripong, et al. 

(2005). Also shown is the one-to-one line (black).  

 

Table 6-1 R
2
 values for the linear regression of predicted against observed (Matsutomi et 

al. (2005) and Siripong et al. (2005) tsunami wave heights for 14 rupture scenarios 

 Scenario Model compared to 
Siripong, 2005 R

2
 

Model compared to 
Matsutomi, 2005 R

2
 

Model  R
2
 compared to 

combined surveyed data 

1 0.218 0.183 0.085 

2 0.236 0.007 0.002 

3 0.976 0.14 0.372 

4 0.892 0.133 0.325 

5 0.628 0.244 0.28 

6 0.826 0.223 0.363 

7 0.783 0.382 0.463 

8 0.739 0.256 0.406 

9 0.704 0.217 0.267 

10 0.826 0.351 0.424 

11 0.747 0.464 0.514 

12 0.32 0.497 0.117 

13 0.172 0.094 0.032 

14 0.822 0.414 0.35 
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 Comparison of Modelled Tsunami Profiles of 6-2

Scenario 11 with Surveyed Data   

Model outcomes from Scenario 11 were compared to the cross section profiles 

surveyed by Siripong, et al. (2005), Jarusiri and Choowong (2005) and  Hori et al. 

(2007). From the modelling, the maximum height of the tsunami wave that inundated 

Bang La-on Beach (part of Nang Thong Beach) is shown in Figure 6-9. The whole area 

was inundated by the tsunami wave run up reaching +8-10 m (above MSL). The 

inundation wave height at Bang La-on Beach from Siripong, et al. (2005) were 

extracted and plotted to compare with the model results along the same profile (Figure 

6-9). The tsunami wave heights along the Bang La-on Beach profile peaks at +10 m 

above MSL at 120 m from the shoreline (water depth 7.5 m) in good agreement with 

the +9.6 m  surveyed by Siripong, et al. (2005) (Figure 6-9). However, the model yields 

a lower wave height than that surveyed by Siripong et al. (2005), close to the beach. 

Both sets of data show a drop in tsunami wave height to +8 m above MSL at ~160 m 

from the shoreline.  

In Figure 6-10, model outcomes are compared to Siripong, et al. (2005) and  Jarusiri 

and Choowong (2005) data of the same profile of Nang Thong Beach. Tsunami wave 

height from the model shows an approximately uniform wave along the profile (+7-8 m 

MSL) from the coastline to 1200 m inland. In contrast, data from Siripong, et al. (2005) 

show a maximum of +12 m at the coastline and 200 m, dropping to approximately 8.2 

m at 300 m  and 1100 m from the shore. Data from the Jarusiri and Choowong (2005) 

survey shows a pattern of lower waves than Siripong, et al.(2005). The Jarusiri and 

Choowong (2005)  survey, estimated waves of ~10-11 m high at the beach, and 

dropped to almost reach approximately 4 m above sea level before it rose up again at 

350 m inland, and the overall wave height was only 3-6 m for 400-800 m from the 

coastline.  Mean sea level adjustment and poorly defined location of the Jarusiri and 

Choowong (2005) survey location may have resulted in the discrepancy between the 

two surveys.  

Figure 6-11 shows a comparison of the wave heights from model outcomes along a 

cross section with wave heights at specific points surveyed by Hori et al. (2007). Both 

sets of data yield comparable wave pattern, particularly in the nearshore area. Both 
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yield a wave of ~7-8 m above MSL high 200 m inland but the wave height 700 m 

inland from the survey is 1-2 m lower than that indicated by the model. 

 

 

Figure 6-9 Comparison of tsunami wave height at Bang La-on beach along the same cross 

section line with Siripong, et al. (2005) 
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Figure 6-10 Comparison of tsunami wave heights at Nang Thong Beach along the same 

cross section line as Siripong, et al. (2005) and Jarusiri and Choowong (2005). 

 

 

Figure 6-11 Comparison of tsunami wave heights across Bang Niang Beach through the 

specific points surveyed by Hori et al. (2007) 
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 Comparison of Tsunami Inundation Area from 6-3

the Model with Surveyed Inundation Area of the 

2004 Indian Ocean Tsunami.  

Inundation distance and area are the other significant parameters used for validating the 

model results with the surveyed data to evaluate the accuracy of the model. Inundation 

area of Khao Lak (from Khao Lak National Park to Namkhem Fishing Village) 

inundated by the 2004 tsunami was derived from aerial photos of the area taken shortly 

after the event incorporating with the 2004 tsunami inundation data conducted by the 

Department of Mineral Resources of Thailand staff (Figure 6-12). At Namkhem 

Fishing Village, the aerial photos show that the inundation area covered the low-lying 

plain along the banks of the Pak Ko Canal but the model misses the inundation along 

the canal banks (Figure 6-12: A) probably  because of the absence of  reliable 

bathymetry of the canal and topography along both sides of the canal. So, for 

simulating flooding and inundation along the canal due to a future tsunami it will be 

necessary to produce a more accuracy bathymetry and topography of this area. The lack 

of the detailed topography along the Pak Ko embankment also resulted in a smaller 

inundation area for the backshore and less inundation along the west side of the canal 

than the actual occurred. Inundation areas at Tabtawan Beach and Bang Sak Beach 

compare well with the aerial photos.  

The area which shows distinctly differences between the model and surveyed is Pak 

Weeb Beach, located north of Pakarang Cape. Pak Weeb Beach is situated between two 

hills and the model does not predict well in this region of complex topography (Figure 

6-12: B); the model predicted that the inundation area covered the Pak Weeb Beach 

although this area was not flooded during the 2004 tsunami. For the future research, 

more detailed topographic data of the slightly high altitude should be included to ensure 

more reliable inundation map for mitigation.  

In general, the inundation area from the model compares well with the aerial photo data 

of Khukkhak Beach, Bang Niang Beach and Nang Thong Beach; however, the 

inundation area from the model slightly floods beyond that of the survey, except for the 

southern part of the detailed study area (backshore of Nang Thong Beach and Sunset 

Beach) (Figure 6-13). This might be the effect of wave reflection and refraction from 
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nearby coastal areas and adjacent islands and capes that cause complex wave pattern for 

the southern part of Nang Thong Beach, which the model cannot completely simulate. 

Also, the headland of the Khao Lak National Park (Hinchang Cape) partly blocks the 

wave that travels from the southwest in the model simulation, resulting in less effect of 

the wave on the southern part of Nang Thong Beach.  
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Figure 6-12 Comparison of tsunami inundation area of Khao Lak from model with real 

inundation from the surveyed data of the 2004 tsunami. 
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Figure 6-13 Comparison of tsunami inundation area simulated by model vs. real 

inundation area from surveyed data of Bang Niang and  Nang Thong Beaches. 
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 Effects of Tide on Tsunami Wave Height and 6-4

Inundation Distance 

Tide plays an important role in controlling both tsunami height and inundation distance 

and is a significant factor which influences the tsunami intensity. The inundation 

distance of the model, which includes +1 m tide effect (Figure 6-14), is 200-600 m 

further inland than those where the tidal effects have been excluded (Figure 6-15). The 

maximum tsunami wave height in specific areas also changes; maximum heights of the 

tsunami wave with +1 m tide are approximately 1.0-1.5 m higher than those without 

tidal effect. Inclusion of the high tide in the model, resulted in more reliable results 

when compared to the surveyed data (Figure 6-13), bathymetric and topographic data of 

Bang Niang and Nang Thong Beaches were adjusted by adding 1 m tide to represent 

the effects of high tide and were used as inputs for the MOST model to study the 

differences of effects of high tide influences.  
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Figure 6-14 Inundation area and maximum wave height of tsunami wave along the Bang 

Niang Beach and Nang Thong Beach with 1.0 m tide. 
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Figure 6-15 Inundation area and maximum wave height of tsunami wave along the Bang 

Niang Beach and Nang Thong Beach without tidal effects. 
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 Comparison of Tsunami Arrival Time from the 6-5

Model and Tide Gauge Records of Kuraburi. 

The Tsunami waves reached different regions of the Andaman coast of Thailand at 

different times and with different patterns. Tsunami wave characteristics at Kuraburi 

tide gauge station (Figure 6-16) shows a similar pattern of wave characteristics as those 

computed by the model for Bang Niang Beach but with different arrival times. The 

wave trough arrived at the Kuraburi tide gauge station before the wave crest (Tsuji et 

al., 2006) which corresponds to the model. The tide gauge recorded at least 5 

significant wave crests reaching the station which is again comparable to the model 

result (Figure 6-16). At Kuraburi, the third wave is the maximum one; also, the third 

wave is the highest from the model, especially at Bang Niang Beach. Rabinovich and 

Thomson (2007) reported that the first 3 tsunami waves, recorded by tide gauge station 

at Kuraburi, had a similar height of 1.35-1.4; the model also shows that the 

characteristics of the first 3 wave crests were similar, ranging  from 5 to 6 m high at the 

shoreline.  

Tsuji et al. (2006) reported that the first trough arrived at the Kuraburi tide gauge 

station at 10.32 am (+2h 34 min after the earthquake) indicated by 0 in Figure 6-16. 

The water level continued to drop and reached the maximum regression at 10.58 am 

(+3h 00 min). First wave crest arrived at the station at 11.12 am (+3h 14 min) indicated 

by 1 in Figure 6-16. The maximum tsunami height (expressed as deviation freom the 

expected astronomical tide at Kuraburi) was recorded at 14.28 (+6h 30 min) for 1.40 m 

(indicated by 5 in Figure 6-16). The period between the wave crests was approximately 

40 min. However, the arrival time recorded at this tide gauge appeared not to be 

consistent due to an instrumental error. Rabinovich and Thomson (2007) state that tide 

gauge at Kuraburi is an analogue device which is designed for measuring tides, not for 

the shorter wave-length tsunami wave. The arrival time recorded by the tide gauge at 

Kuraburi station seems to be not reliable due to timing errors. Tsuji et al. (2006) state 

that the tide gauge arrival time was shifted 12 min in advance of the exact time. After 

correcting the time by 12 min the arrival time of the first trough, the first crest and the 

fifth wave reached the station at +2 h 22 min, +3 h 2 min and +6 h 18 min. However, 

the model shows the first wave crest arrives at Khao Lak at 2 h 27 min, which is 

supported by many independent observations and time-stamped photographs taken 
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around Khoa Lak. The patterns of the wave arrival from the model and the tide gauge 

data are broadly consistent and helpful for the study of wave pattern.  

 

Figure 6-16 Tide gauge data from Kuraburi Naval station, Phang-nga province, north of 

the study area.  

                                          

                                                               Time from earthquake begin rupture (h) 

 

Figure 6-17 Tsunami wave height vs. arrival time at Bang Niang Beach computed from 

the MOST model and the ComMIT interface of the 2004 Indian Ocean tsunami.
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 The 2004 Indian Ocean Tsunami Chapter 7

Wave Pattern at Khao Lak: Model Simulation 
Numerical modelling is a fundamental tool for understanding past tsunami events and 

simulating future tsunamis. This research uses the MOST model with the ComMIT 

interface to simulate the tsunami wave propagation from the 2004 Indian Ocean 

earthquake. Also, the tsunami from a possible future earthquake in the Indian Ocean 

which might cause significant effects to the coastal areas of Thailand is used as a source 

to consider the mitigation needed to protect the coastal population. 

Scenario 11 is consistent with the post-tsunami field surveys of maximum run-up made 

by Siripong et al. (2005) and Matsutomi et al. (2005) and was selected to represent the 

2004 Indian Ocean tsunami event which reached the Andaman coast of Thailand from 

the beginning of the earthquake and tsunami generation to 5 h after the earthquake.  

 The 2004 Indian Ocean tsunami wave 7-1

propagation from the model 

The 2004 tsunami wave was mainly generated at the subduction zone near the Nicobar 

and Andaman Islands as a depressed wave but also propagated from the adjacent 

sources areas, which contributed to the overall pattern of wave propagation along the 

Thai coast.  

The tsunami wave propagates as a long wave. The height of the tsunami waves in the 

open ocean is around 0.5-1.5 m. The first trough of the wave reaches the Similan and 

Miang Islands (~70 km west of Phang-Nga) 1 h 12 min after the earthquake (henceforth 

+1 h 12 min); the water recedes for 16 min before the first run-up wave arrives at the 

beach. The sea level drops as much as 7 m on the west coast of the Similan Islands 

during the first trough. The first tsunami wave crest inundates the Similan Island for 10 

min with a maximum height of 6-9 m. A second recession occurs before the second 

wave floods the Islands for 16 min with the maximum run-up height of 2.5 m. 

Intermittent flooding of the Islands then occurs for another hour before a high wave 

crest, reflected back from the Phang-Nga coast, attacks the east coast of the island, 3 h 

after the earthquake. This 2-3.25 m high wave overwhelms the Islands for 32 min. The 
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irregular occurrences of recession and flooding continues to occur over the Islands for 

more than 7 h after the earthquake with decreasing height and severity.  

The tsunami wave reaches the Surin Islands at +1 h 40 min. The maximum sea level 

drop was between 5-7 m for about 20 min before the first crest reaches the beach on the 

west side of the Islands at +2 h 8 min. The first wave crest moves around the Islands 

from the west to the east; with a wave run up of 2-5 m inundating the Island for 

approximately 20 min. Recession and inundation then occurs irregularly for a further 5 

h due to incoming waves and reflected waves from the mainland and the adjacent 

Islands. A reflected wave from the small Tasai Island, located to the south, generated a 

3 - 4 m high wave crest that attacks the southwest and southern part of the Surin Islands 

4 h after the earthquake.  
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 Nearshore Tsunami Propagation and 7-2

Inundation along Khao Lak’s Coast. 

 The first wave trough and crest 7-2.1

According to the model, the first tsunami wave arrives at the nearshore zone of Khao 

Lak from the southwest as a depression wave (a trough) at +1 h 36 min  resulting in a 

sea level drop.
 
The tsunami draw-down begins between +1 h 45 min and +1 h 50 min. 

and results in the exposure of the seafloor in the subtidal area (Figure 7-1). At + 2h 8 

min, sea level drops to ~1 m below MSL at the tip of Pakarang Cape; maximum draw-

down (5-6 m) for the area occurs around +2 h 22 min, resulting in the maximum 

exposure of the subtidal area (Figure 7-2); rock outcrops along the Nang Thong Beach 

(Figure 7-2) and coral patches along the Pakarang Cape are exposed. Also, the distinct 

Pah Island, situated at the mouth of Pak Koh Canal, is completely exposed and visibly 

emerges in the model scene (Figure 7-1). The seabed in the nearshore stays exposed for 

more than 20 min before the first crest arrives).  

In the model the seafloor emerges up to 10 km from the shoreline (+2 h 22 min), the 

coral patches around the Pakarang Cape and the rock outcrops along the Nang Thong 

Beach become totally exposed. This is consistent with the real situation of the 2004 

Indian Ocean tsunami which reached the Khao Lak area at 10.11 am local time, (+2 h 

13 min); rock outcrops which are entirely submerged even during low tides were 

exposed (Figure 7-2 and Figure 7-3) and can be compare to the model results from +2 h 

3 min to +2 h 22 min.  
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Figure 7-1 (+2 h 18 min) First tsunami trough causes the sea level to recede along the 

Khao Lak coast. Rock outcrops and coral patches, also island bases emerge. The first 

tsunami wave crest arrives from the west as a series of breaking waves and from the 

south-west as a single steep-faced crest  
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Figure 7-2 (top) View of Khao Lak area. This picture was taken from the Khao Lak 

National Park, in the south of the study area; it shows the drawdown of seawater due to 

the first tsunami wave trough that reached the area at 10.11 am (+ 2 h 13 min). 

Submerged rock outcrops which are never normally exposed come into view (Captured 

from video: http://www.radarheinrich.de/tsunamiarchiv/videos14/thailand/sunset-beach-

tsunami-original.wmv). 

 

Figure 7-3 Khao Lak area in ‘normal conditions, November 2008 during a low tide.   

http://www.radarheinrich.de/tsunamiarchiv/videos14/thailand/sunset-beach-tsunami-original.wmv
http://www.radarheinrich.de/tsunamiarchiv/videos14/thailand/sunset-beach-tsunami-original.wmv
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From the model, the first tsunami wave crest to reach the Khao Lak coast, approaches 

the shore from an orientation of 245-260
o 

(Figure 7-1). Firstly, small consecutive 

breaking tsunami waves occur at 15 m water depth (confirmed by the photograph of the 

exposed nearshore and a series of white breaking waves in the background (Figure 7-4). 

The white breaking waves occurs between +2 h 18 min and +2 h 22 min, reaching the 

coral patches around Pakarang Cape, the emergent Pah Island and the exposed rock 

outcrops along the Nang Thong Beach. To the south, the crest of the first tsunami wave 

hits the rocky beach and headland of the Khao Lak National Park Headquarters, 

arriving from the southwest without the occurrence of the small consecutive breaking 

tsunami waves. 

 
 

Figure 7-4 The first wave trough reached the Khao Lak at around 10.11 am of 26 

December 2004. On the horizon the first of the series of breaking waves (Figure 7-1) can 

be seen approaching the coast. 

(This picture is part of a sequence of six pictures was taken by Mr and Mrs John and Jackie Knill of North 

Vancouver, Canada, who were on a beach at Khao Lak resort just before 10:11 a.m. on 26th December 2004. They 

saw the tsunami coming and took a series of pictures that are among the most impressive photographs to come out of 

the disaster. Their camera was found later, washed up on a beach among other debris. Its chip still contained the 

couple's last pictures. Mr and Mrs Knill died seconds after their last picture. Their bodies were found and identified: 

http://www.tsunamis.com/john-knill-jackie-knill-tsunami.html) 

 

The tsunami wave first arrives from the west-southwest, peaking at about 14 m in 

height. The tsunami wave first inundates Pakarang Cape at +2 h 27 min and reaches 

Khukkhak Beach 2 min later; it reaches Nang Thong and Bang Niang Beaches 3-4 min 

later (+2 h 31 min after the earthquake).  

http://www.tsunamis.com/john-knill-jackie-knill-tsunami.html
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As a result of offshore bathymetry and local geomorphology of Khao Lak coastal 

region, the headlands, capes and small pocket beaches act as a barrier to the 

propagation of the tsunami wave and result in the reflection and refraction of the 

incoming waves in various directions; the incoming waves interact and flood the Khao 

Lak area for approximately 25 min. (Figure 7-1, Figure 7-5 and Figure 7-6). Most of 

Pakarang Cape is totally flooded as waves inundate the Cape initially from the west but 

also  from the southwest (Figure 7-5). Another set of waves from the west refracts 

southward to attack the Cape from the north-northwest. Namkhem Fishing Village, 

Khukkhak Beach and Nang Thong Beach also are entirety submerged by the first wave 

(Figure 7-6); the model suggests that the crest of the incoming wave is > 9 m above 

MSL, especially in the area between Nang Thong Beach and the Khukkhak Beach 

where two sets of waves collide (~ 10-14 m) (see Chapter 3 Section 3-2 where the wave 

heights have been compared to those predicted by the model).  

 

Figure 7-5 (+ 2 h 30 min) First tsunami crest has started to inundate the southern part of 

Khao Lak , from the National Park Headquarters to Pakarang Cape while the northern 

part of the Khao Lak coast is still exposed in the initial trough.  
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Figure 7-6 (+ 2 h 47 min) The whole of the Khao Lak coast is totally flooded by first 

tsunami wave including Pakarang Cape where waves inundate from both the north-west 

and south-west.  

 The Second and Subsequent Waves 7-2.2

The behaviour of the second wave is different in the southern area, (Khao Lak National 

Park Headquarters to Pakarang Cape) from the northern area (Pakarang Cape to 

Namkhem Fishing Village). The second trough arrives at the southern area from the 

south-west while the beaches in the northern area, including the Pak Koh Canal, are 

still flooding from the first wave set (Figure 7-7: +2 h 55 min).  

The second recession occurs at the rocky beach of Khao Lak National Park 

Headquarters for a short period of time (Figure 7-7). Between the Nang Thong Beach 

and the Pakarang Cape the water recedes for ~20 min (+ 2 h 53 min to + 3 h 13 min): it 

occurs around 20 minutes later in the northern area (+3 h 10 min to +3 h 40 min - 

Figure 7-9).  
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Figure 7-7 (+ 2h 55 min) Second tsunami crest attacking Khao Lak   

 

The second wave crest reaches the rocky beach in front of Khao Lak National Park 

Headquarters at +2 h 55 min (Figure 7-7) and propagates northwards reaching the south 

side of Pakarang Cape at +3 h 9 min and Nang Thong and Bang Niang Beaches 4 

minutes later(Figure 7-8). The largest waves occur when a wave crest from Khukkhak 

Beach collides with a crest from the Bang Niang Beach. The wave propogates 

northwards reaching Krung Nui Cape at +3 h 13 min (Figure 7-9). Another wave crest 

from west reaches Krung Nui Cape at +3 h 38 min; the inundation of the coast north of 

Pakarang Cape continues for 24 min until + 4 h 2 min.  
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Figure 7-8 (+ 3 h 13 min) Second tsunami wave crest attacks Khao Lak at 3 h 13 min. 

 

A third tsunami wave hits the area located south of Pakarang Cape at + 4 h 7 min 

inundating the area for 40 min, although the wave height is less than 1 m. Tsunami 

waves continue to attack the Khao Lak area for several more hours, with the similar 

behaviour but with decreasing wave height and wave destruction. Waves continue to 

reflect and refract from the nearby coast and the adjacent islands generating recession 

and run-up over the region. The model shows that 5 sets of tsunami waves flood Khao 

Lak region in the 6 h after the earthquake, decreasing in height with time (the third 

wave crest is the highest one from the model). Wave inundation periods of each wave 

set are approximately 15-30 min; however, the fourth inundation period is the longest 

one that lasts for about 40 min.  
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Figure 7-9 (+ 3 h 18 min) Two second tsunami wave crest, approaching from different 

directions collide at Nang Thong Beach and cause the high magnitude of run up level. 
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  Detail of Tsunami Wave Behaviour of the 7-3

Model at Nang Thong and Bang Niang Beaches and 

Comparison with the Tsunami Observations. 

 First wave recession along Nang Thong and Bang Niang 7-3.1

Beaches 

The tsunami wave had very severe effects on the Nang Thong and Bang Niang Beaches 

and the other tourist beaches between the Khao Lak National Park Headquarters and 

Pakarang Cape. Water recession initially occurred at these beaches at + 1 h 50 min. Sea 

level 5 km offshore drops more than 5 m below MSL; 3 km offshore it drops between 

2.5 - 3 m at +2 h 12 min. Rock outcrops located along the shoreline emerge from the 

sea (Figure 7-10 and Figure 7-11 as white patches) and were easily seen by tourists as 

shown in Figure 7-12. The model shows water drained from nearshore zone with flow 

rates of between 2 - 6 m/s (Figure 7-11 +2 h 12 min). Water is also drawn from canals 

and lagoons alongside the beach with outflow rates of up to 2 m/s. The direction of the 

water recession due to the wave trough initially occurs obliquely to the beach then 

changes to be perpendicular to the beach. Flow speeds increase to 2 - 4 m/s at 1.5 km 

offshore.  

 

 

 

 

 

 

 

Figure 7-10 3-D diagram of the simulated 2004 Indian Ocean first tsunami wave trough 

which approaches the coastal area of Bang Niang and Nang Thong Beaches viewed from 

the southwest, covering the same area as Figure 7-11. The lower (blue shades) surface is 

the offshore bathymetry (colour contours every 2 m) and the upper (partially 

transparent) surface is the instantaneous water level with current vectors superimposed. 

Brighter colours are the onshore topography.  

Emerged underwater rock outcrop 
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Figure 7-11 (+ 2 h 12 min) Sea level recession and the depth-averaged water current 

speeds caused by the arrival of the first tsunami wave trough at Bang Niang and Nang 

Thong Beaches. The alongshore distance is ~ 6 km, on-offshore ~ 6 km 

 

The wave recession predicted by the MOST model was compared with those that 

actually occurred using pictures taken by a Thai photographer from the Khao Lak 

National Park scenic view point, to provide a qualitatively evaluation of the modelled 

tsunami pattern. From the view point (Lat. 8.63
o
 N and Long. 98.24

o
 E) it could be seen 

that rock outcrops emerged from the intertidal and subtidal zone of Nang Thong and 

Bang Niang Beaches (Figure 7-12). Underwater rock outcrops were clearly seen during 

this period before the first tsunami crest reached the shoreline; the typical state of the 

same area in shown in Figure 7-13. There is also clear qualitative correspondence 

between the model results (Figure 7-14 and Figure 7-15) and those shown in a video 

record of underwater rock outcrops (between 300-1000 m offshore) at the same site 

which had never before been seen, and were exposed during the first tsunami wave 

recession.  

At +2 h 20 min (Figure 7-14 and Figure 7-15), the water recession reaches its greatest 

extent (between 4 and 7 m below MSL - Figure 7-16 and Figure 7-17). This 

corresponds to the wave recession images in Figure 7-15 and Figure 7-18.  
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Figure 7-12 Water level recession resulting from the first tsunami wave trough that 

impacted the Khao Lak area. This image was taken from the scenic view point 

near the National Park Headquarters showing the exposed rocks and seabed 

resulting from the seawater drawn down on 26 December 2004 (time unknown) 

(http://www.radarheinrich.de). 

 

Figure 7-13 Khao Lak area in November 2008 during a normal low tide. This image is of 

the same area as Figure 7-12. 

 

http://www.radarheinrich.de/
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 The behaviour of the first wave crest. 7-3.2

When the first tsunami wave crest reaches the offshore area of Bang Niang Beach and 

Nang Thong Beach the wave speed is very high at the front of the incoming wave crest 

(Figure 7-14), travelling at a speed of 6 - 12 m/s. The tsunami wave approaches the 

shoreline with an angle of almost 90
o
, flooding the exposed sea-bed and the underwater 

rock outcrops. In Figure 7-15, Figure 7-16 and Figure 7-17, multiple wave crests are 

found from the modelling, especially in the area in front of Nang Thong Beach. About 

2 km offshore, the maximum height of the wave crest reaches 7 m at Bang Niang Beach 

and 8.5 m at Nang Thong Beach as the waves move into shallower water and shoaling 

effects intensify (Figure 7-16 and Figure 7-17, +2 h 20 min) which correspond to 

Figure 7-19. Later multiple waves represented by consecutive wave crests reach Nang 

Thong Beach (Figure 7-19 and Figure 7-20 +2 h 25 min). These correspond to the 

multiple wave crests seen in Figure 7-1 and Figure 7-5. However, most of these wave 

crests merge before reaching the land producing the very high wave which attacked 

Nang Thong Beach. 
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Figure 7-14 (+ 2 h 20 min) 3-D diagram of the simulated 2004 Indian Ocean first tsunami 

wave crest approaching the coastal area of Bang Niang and Nang Thong Beaches and 

viewed from the south. Alongshore distance is ~6 km, cross-shore ~6 km. The lower 

surface (blue shades) is the offshore bathymetry (colour contours every 2 m). The upper 

surface (partially transparent) is the instantaneous water level with current vectors 

superimposed; pinks and reds are the highest water levels. Brighter colours are the 

onshore topography.   

 

Figure 7-15 (+2 h 20 min) The wave trough continues to cause water regression close to 

the shore. At the same time the wave crest is approaching the coastline as a wall of water 

with multiple breaking crests. The white patch in the centre of the image is an exposed 

rock outcrop. 
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Figure 7-16 Cross section diagram of the first wave trough and wave crest at Bang Niang 

Beach +2h 20 min. The wave is moving from right to left. 
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Figure 7-17 Cross section diagram of the first wave trough and wave crest at Nang Thong 

Beach +2h 20 min. The wave is moving from right to left. 
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Figure 7-18 Tsunami Recession at Nang Thong Beach 10.20 am (+2h 22 min) 

(http://www.radarheinrich.de/wbblite/thread.php?threadid=2844) 

 

At + 2 h 25 min (Figure 7-19 and Figure 7-20), the crest of the first tsunami wave, 

approaching from the west and the southwest, has almost reached the coastline. The 

two waves merge, resulting in enhanced effects to Nang Thong and Bang Niang 

Beaches. Wave speeds along Nang Thong Beach range between 6-12 m/s but are 

greatest for the southern part of Nang Thong Beach (8-12 m/s). These high waves speed 

at Nang Thong Beach might be the most important factor that caused the severe 

damage of the area. Wave speeds at Bang Niang Beach are smaller than those at Nang 

Thong Beach (4-8 m/s) possibly as a result of the rock outcrops situated in front of 

Bang Niang Beach, blocking and dissipating energy from the tsunami wave travelling 

from the southwest, resulting in diminished wave power. However, the speed of the 

wave which attacks part of Bang Niang Beach located north of the Pong canal is as 

high (8 m/s) as that at Nang Thong Beach.  

Rock outcrops, both underwater and emerged ones, may play an important role in 

controlling wave behaviour and severity of the tsunami wave. Fewer underwater rock 

outcrops located in front of Nang Thong Beach might result in the more severe 

destruction by tsunami waves at Nang Thong Beach which had no rock outcrops in 

front of it to provide protection to the beach and backshore of the southern section. 

Mukdara Beach Resort, which was destroyed by the tsunami waves, has no natural 

http://www.radarheinrich.de/wbblite/thread.php?threadid=2844
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barriers, such as underwater rock outcrops, to provide protection from waves 

approaching from the southwest.  

Headlands and nearshore bathymetry also play an important role in altering wave 

direction and wave power. The Hinchang Headland, located south of Nang Thong 

Beach, has significant effects on wave propagation and inundation of Nang Thong 

Beach. It partly blocked the tsunami approaching from the southwest, and the wave 

refracted and diffracted around the headland before combining with the wave from the 

west. 
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Figure 7-19 (+2 h 25 min) 3-D diagram of simulated first tsunami wave crest to attack the 

coastal area of Bang Niang and Nang Thong Beaches looking north. Area, scale and 

colour contours are the same as Figure 7-10 and Figure 7-14. The tsunami wave 

approaches from two directions (west and southwest) producing very high water levels 

where they interact – see the red areas to the south along Nang Thong Beach.  

 

Figure 7-20 (+2 h 25 min) Simulated tsunami first wave crests reaching Bang Niang and 

Nang Thong Beaches from the west and from the southwest around the Pakarang Cape 

Headland, combining to produced the highest and fastest wave crests along the southern 

part of Nang Thong Beach. 
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 Comparing tsunami wave pattern at Sunset Beach and 7-3.3

south of Nang Thong Beach                          

To verify the model predictions of wave heights, directions, speed and timings for the 

2004 tsunami, the major sources of evidence are photographic images, video clips and 

interview reports, which have been collected and analyzed for comparison of the 

observed wave patterns and characteristics with those from the model. Photographs and 

video clip taken from Sunset Resort and Palm Beach Resort on Sunset Beach (a small 

pocket beach located south of Nang Thong Beach; sometimes recognized as part of 

Nang Thong Beach) and Nang Thong Beach, located in the south of the study area, 

show clearly the wave pattern of the first tsunami wave on 26 December 2004. From 

the model results shown in Figure 7-1, the first wave crest attacks Sunset Beach before 

reaching Nang Thong and Bang Niang Beaches, with a high degree of wave power. The 

tsunami waves approached the Sunset and southern Nang Thong Beaches with 6-12 m/s 

wave speed before inundating the coastline with a 5.5 m high wave (their speeds has 

dropped to 2-6 m/s at this point –see Figure 7-21, Figure 7-22 and Figure 7-23). This 

corresponds to evidence from an image in Figure 7-24 and a video clip in Figure 7-25 

taken from a restaurant overlooking the Sunset and Nang Thong Beaches, which shows 

the tsunami wave crest reaching Sunset Beach. Time-stamped photographs taken from 

both Nang Thong Beach and Sunset Beach Figure 7-24 and Figure 7-26 to Figure 7-31 

show similar arrival times (between 10.25-10.29 am, +2 h 27 min to +2 h 31 min; 

Figure 7-24, Figure 7-26 and Figure 7-29). The first wave from the model (Figure 7-1 

and Figure 7-22) which initially hits south of Nang Thong Beach is very similar to the 

wave pattern reached at the front of Sunset Resort in Figure 7-24 and another view of 

the same wave crest in Figure 7-25. The first wave in the model reaches the coastline at 

+2 h 27 min (Figure 7-22 and cross section profile in Figure 7-23) a few minutes earlier 

than the times of the photographs. The reason for this delay might be the time of 

propagation of rupture activity along the subduction because the rupture was not 

synchronous along the fault. The rupture of the northern part of the subduction occurred 

between 3-8 min (200-480s) from the beginning of the earthquake. However, the 

present version of the MOST model cannot represent the time delay of along the 

subduction; it can simulate a single synchronous event only. 
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A video recorded by a Thai hotel owner shows that the wave crest started to shoal while 

approached the rocky cliffs and moved like a straight wall before hitting the beach; the 

model also shows the wave approaching perpendicular to the beach as a wall and later 

moving to southeast and northeast (Figure 7-22). The rock outcrops, located in front of 

the Khao Lak and Khao Lak Seaview Resorts on Sunset Beach, are the examples of the 

large barriers that enhanced wave breaking (Figure 7-27) and reduced wave inundation 

inland.  

 

 

  

 

 

 

 

 

 

 

 

 

Figure 7-21 3-D diagram of the first tsunami crest attacks Bang Niang Beach and Nang 

Thong Beach at +2 h 27 min after the quake. 
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Figure 7-22 Simulated first 2004 Indian Ocean tsunami wave crests attacks Bang Niang 

Beach and Nang Thong Beach at +2 h 27 min, while the second tsunami wave closely 

follows the first one.  

 

Figure 7-23 Cross section diagram of first wave trough and wave crest at Nang Thong 

Beach +2h 27 min 
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Figure 7-24 The first wave crest arriving at Sunset Beach (a small pocket beach, and 

considered to be part of Nang Thong Beach) 

(Sunset Resort, Sunset Beach, Thailand, December 26, 2004, 10:29: AM (+2 h 31 min) Some of these people died 15 

seconds later, all other people on this picture were injured; http://www.radarheinrich.de/tsunamiarchives/ 

tsunami2004.html). 

http://www.radarheinrich.de/
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Figure 7-25 Top view of first wave crest that reached Sunset Beach, a small beach close to 

the Khao Lak National Park taken from a headland (seen to the left in Figure 7-24; 

http://www.radarheinrich.de/wbblite/thread.php?threadid=322).  

 

Figure 7-26 First tsunami wave crest reached Nang Thong Beach after 10.25 am (+2h 27 

min) (http://www.radarheinrich.de/wbblite/thread.php?threadid=2844). 

http://www.radarheinrich.de/wbblite/thread.php?threadid=322
http://www.radarheinrich.de/wbblite/thread.php?threadid=2844
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Figure 7-27 Breaking of the tsunami wave around rocks outcrops at Sunset Beach (Right), 

and wave receding following by the first tsunami wave crest was going to reach Bang 

Niang Beach (on Top Left) (http://www.radarheinrich.de/tsunamiarchiv/videos14/pc-dvd-

ui/videos/thailand-tsunami.html). 

 

Figure 7-28 Typical Sunset Beach, Nang Thong Beach and Bang Niang Beach in 

November 2008 during low tide (compare to the tsunami event which attacked the same 

area on 26 December 2004 in previous figure). 

http://www.radarheinrich.de/tsunamiarchiv/videos14/pc-dvd-ui/videos/thailand-tsunami.html
http://www.radarheinrich.de/tsunamiarchiv/videos14/pc-dvd-ui/videos/thailand-tsunami.html
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Figure 7-29 High tsunami crest reached Sunset Beach, Khao Lak on 26 December 2004 at 

10.29 am (+2 h 31 min) (http://news.bbc.co.uk/2/hi/in_pictures/4293123.stm). 

  

Figure 7-30 Sunset Beach in November 2008 during low tide (Left), showing flat beach 

with few rock outcrop compared to the day tsunami attacked this beach in December 

2004 (Right: (http://www.radarheinrich.de/wbblite/thread.php?threadid=1689)). 

http://www.radarheinrich.de/wbblite/thread.php?threadid=1689
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Figure 7-31 Breaking of tsunami wave on the shore of Sunset Beach 

(http://news.bbc.co.uk/2/hi/in_pictures/4293123.stm). 

The other area showing some correlation between model results and photographic 

records of the tsunami is at Palm Beach Resort on Sunset Beach. Three consecutive 

pictures (Figure 7-32, Figure 7-33 and Figure 7-34 ) taken by a tourist, show the actual 

pattern of the tsunami wave that struck Sunset Beach and compare well with the model 

predictions at +2 h 20 min (Figure 7-15), at +2 h 25 min (Figure 7-20) and at +2 h 27 

min (Figure 7-22). Following the drop in water levels at Palm Beach Resort, the wave 

crest approached the beach, increasing in height due to shoaling, as the wave moved 

into shallower water and over the rock outcrops towards land (Figure 7-32). Multiple 

crests surged together resulting in high wall of water that flooded the beach and 

inundated farther inland (Figure 7-33 and Figure 7-34).  

Underwater rock outcrops are easily seen from both Figure 7-15 (+2 h 20 min) and the 

first picture (Figure 7-32) due to water recession due to arrival of the wave trough. 

According to the model water level drops 3-5 m below MSL. A small wave crest 

estimated to be not more than 3 m high can be seen in Figure 7-32, followed by a high 

wall of second wave crest (Figure 7-33). From the model, wave speed is very high in 

this zone. It could be as fast as 12 m/s. The model also shows that the wave crest height 
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at the shoreline (Figure 7-23 + 2 h 27 min) exceeded 5 m; the wave photographed in 

Figure 7-34 is consistent with the height predicted by the model.  

 

Figure 7-32 First tsunami wave recession in front of Palm Beach Resort, Sunset Beach, 

Khao Lak. First small wave crest followed by the second huge wave can be seen from this 

view (http://ourworld.worldlearning.org) 

 

Figure 7-33 Surging of tsunami waves caused high wave crest reached the area in front of 

Palm Beach Resort (http://ourworld.worldlearning.org). 

http://ourworld.worldlearning.org/
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Figure 7-34 Inundation due to the tsunami wave which attacked Palm Beach Resort on 26 

December 2004 (http://ourworld.worldlearning.org). 

 

 Comparing Tsunami Wave Pattern at Nang Thong Beach. 7-3.4

Video and photos show a multiple breaking tsunami wave, rather than a single crest 

(Figure 7-32, Figure 7-35 and Figure 7-36) approaching the coastline of Nang Thong 

and Bang Niang, and confirms the multiple crest predicted by the model  (Figure 7-1, 

Figure 7-15, Figure 7-16 and Figure 7-17).  The video record shows considerable wave 

breaking due to rock outcrops. The wave crest elevation increases from 2-3 m (red 

colour in Figure 7-37) to 5-6 m (yellow colour) as it approaches the beach. Wave 

propagation, surging and recession are shown in a video clip of the nearshore area 

while appearing in the model as a gyre (Figure 7-38, Figure 7-40 and Figure 7-42); the 

gyre was caused due to the combination of receding water from the first tsunami and 

the incoming second wave. The model shows the first wave approaching Nang Thong 

Beach from two directions (Figure 7-37) but no evidence of such wave behaviour has 

been found from video and photographic images to support this. 

The first wave crest approaching the area was detected from a photograph (Figure 7-35) 

time-stamped 10.17 am (+2h 19 min). The model shows the first tsunami wave crest 

http://ourworld.worldlearning.org/
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reaches the coastline of Nang Thong and Bang Niang Beaches at +2 h 27 min (Figure 

7-22) while the images in Figure 7-24, Figure 7-25 and Figure 7-26 show the first crest 

reached the coastline at Nang Thong Beach at 10.25-10:29 am local time (+2h 27 min 

to +2h 31 min). The arrival time from the model is approximately 4 minutes ahead of 

that of camera recorded of arrival time. The model predicts that the first tsunami wave 

has a speed of 6-12 m/s as it reaches the shore. The wave comes from two directions, 

the southwest and the northwest and attacks the centre part of Nang Thong Beach with 

that high degree of wave velocity as seen in Figure7-21 and Figure 7-22. The incoming  

wave from the southwest has a height of 2 m with its velocity of 4-12 m/s. Later, as the 

northwest wave arrives, its height increases to 6-10 m above MSL (Figure 7-23) its 

speed decreases to 2-6 m/s as it moves inland (which correspond to Figure 7-36. It took 

about 4 minutes for the water to reach its peak height at the shoreline. The peak wave 

height of approximately 10 m occurred south of Nang Thong Beach (at Country Side 

Resort; Figure 7-37). The tsunami heights surveyed along the Khao Lak coast by 

Matsutomi et al. (2005) and Siripong et al. (2005) were between 8.3-9.9 m. which is in 

close agreeable with the model. Along the northern section of Bang Niang Beach, wave 

crest speed was around 8 m/s; it reached the nearshore zone from the northwest with a 

height of 4-6 m. 

  

Figure 7-35 The first wave crest approaching the coastal of Khao Lak. 
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Figure 7-36 The first wave crest shoaling as it approaches land after the first recession 

(http://www.radarheinrich.de/wbblite/thread.php?threadid=364). 

 

Figure 7-37 Detailed diagram of wave speed and direction that attacks Nang Thong Beach 

at +2 h 27 min. 

 

At +2 h 30 min, the first wave crest reaches the nearshore of Nang Thong and Bang 

Niang Beaches. Sea level rises up and increases its height to approximately 4-6 m while 
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reaches the area within 1.5 km from the beaches. After the first wave inundated, the 

first wave rundown flows parallel to the coast in 2 opposite directions; then, merges 

together and acts as a current at the centre of the area with its run down velocity of as 

high as 8-12 m/s (Figure 7-38). Then, the tsunami wave crests creat the high wave run 

up of around 3-5 m in height at the coastline (Figure 7-39).  The model suggests that 

the second wave crest height was 1-4 m at ~2 km offshore but increased to 7.0-8.5 m 

(Figure 7-16 and Figure 7-17) at the shoreline due to shoaling and combining with the 

first wave run down. The second wave crest reached the shoreline at +2 h 35 min 

(Figure 7-40 and Figure 7-41). Wave velocity of the second tsunami wave is of the 

order of 2-6 m/s and its run up direction was from both northwest and southwest 

(Figure 7-22). It is corresponding to the interviews and video clips which state that the 

second wave to reach the area was the highest one to hit the Nang Thong and Bang 

Niang Beaches (approximately 4.5-9.8 m (with an unusual maximum wave height = 

15.7 m).  
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Figure 7-38 Tsunami wave from the model attacks Bang Niang and Nang Thong Beaches 

at +2h 30 min (10.32 am).  

 

Figure 7-39 Cross section diagram of tsunami wave at Nang Thong Beach +2h 30 min 
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Figure 7-40 Tsunami waves from the model attacks Bang Niang and Nang Thong Beaches 

at +2h 35 min (10.33 am).  

 

Figure 7-41 Cross section diagram of tsunami wave at Bang Niang Beach +2h 35 min 
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According to the model, the third wave reaches the centre part of the Bang Niang and 

Nang Thong Beaches at +2 h 46 min (Figure 7-42); the wave height is between 2 -5 m 

at the coastline, and inundates the whole area back to 1 km with 2-3 m of water (Figure 

7-43). Unfortunately it is difficult to find evidence to validate the model predictions for 

the second and the subsequent waves. Most evidence is found for comparison to the 

first wave‟s actions than of the second and the later waves, except some video footage.  

The maximum inundation distance and area occur as the third wave surges into the 

recession of the second wave (Figure 7-42). The inundation distance of the third wave 

reaches beyond the main road ~1.5 km from the shore (Figure 7-42, + 2h 46 min). This 

is consistent with the surveyed data of inundation distance of the 2004 tsunami, except 

at Sunset Beach where the inundation distance from the model is slightly shorter than 

that of the surveys. While the third wave was still flooding the area the fourth wave 

(+3h 16 m), inundates the whole of Khao Lak including Bang Niang and Nang Thong 

Beaches. The wave speed is quite slow, < 2 m/s. Recession due to the trough ahead of 

the fifth wave trough occurs around + 3 h 29 min causing sea level drop by 2-7 m. 

Around 4 h after the rupture, while the seawater still floods the area, the fifth wave 

crest arrives and inundates the backshore. 
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Figure 7-42 +2h 46 min, The maximum inundation distance and area were due the 

combined effects of the second wave run down and the third wave run up.  

 

Figure 7-43 Cross section diagram of tsunami wave at Bang Niang Beach +2h 46 min 
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According to the model, the tsunami wave came from southwest and moved to the 

northeast at Nang Thong Beach (Figure 7-44). The police patrol boat was moved ~2.6 

km away from its original site to a location 1.25 km from the coastline, in a northeast 

direction (Figure 7-44 and Figure 7-45) in a direction corresponding to the wave 

direction from the model. A set of images of police patrol boats, taken from Nang 

Thong Beach, can also be compared to the tsunami wave direction and offshore wave 

height predicted by the model (Figure 7-46 to Figure 7-50). Two police patrol boats 

were moored offshore of Nang Thong Beach on 26 December 2004. One patrol boat 

was sunk but the other was transported 2.6 km landward by the tsunami wave. Draw-

down effects resulting from the wave trough arrival can be seen from the first scene 

(Figure 7-46 and Figure 7-47).  

The offshore tsunami wave high can also be estimated. The first wave crest that reached 

the offshore Nang Thong Beach is higher than the police patrol boats which are ~5-6 m 

high (Figure 7-47 and Figure 7-50). The breaking wave is about 1/3 higher than the 

police patrol boats and estimated at roughly 8-9 m (Figure 7-48 and Figure 7-50). This 

agrees with the offshore tsunami wave heights displayed in Figure 7-16 and Figure 

7-17. From these pictures, the first tsunami wave crest reached the offshore Nang 

Thong Beach as a broad wall of water (Figure 7-48). Figure 7-49 and Figure 7-50 show 

the wave simultaneously impacting the police patrol boats.  
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Figure 7-44 Path of Police patrol boat transported by the tsunami on 26 December 2004 at 

offshore Nang Thong Beach. 

 

Figure 7-45 Comparison of wave direction in front of Nang Thong Beach and map 

showing the direction moved of the police patrol boat by the tsunami wave 

(www.khaolakmap.com).  
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Figure 7-46 First wave crest approaching nearshore Nang Thong Beach before reaching 

the two police patrol boats.  
 (http://www.radarheinrich.de/wbblite/thread.php?threadid=2844). 

 

Figure 7-47 First tsunami wave at nearshore Nang Thong Beach was as high as police 

patrol boats heights (http://www.radarheinrich.de/wbblite/thread.php?threadid=321). 

http://www.radarheinrich.de/wbblite/thread.php?threadid=2844
http://www.radarheinrich.de/wbblite/thread.php?threadid=321
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Figure 7-48 First tsunami wave trough reached offshore Nang Thong Beach causing water 

drawn down, while the first wave crest broke at the underwater rock outcrops resulting in 

high breaking waves (http://www.radarheinrich.de/wbblite/thread.php?threadid=321). 

 

Figure 7-49 First tsunami wave crest reaching Nang Thong Beach and attacking the two 

Police patrol boats, causing one to sink; the other was transported 2.6 km away 

(http://www.radarheinrich.de/wbblite/thread.php?threadid=321). 

http://www.radarheinrich.de/wbblite/thread.php?threadid=321
http://www.radarheinrich.de/wbblite/thread.php?threadid=321
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Figure 7-50 Estimated height of first tsunami wave crest which reached and broke at 

nearshore Nang Thong Beach (http://www.radarheinrich.de/ wbblite/ thread. 

php?threadid=2844). 

 

Figure 7-51 Police patrol boat Number 813 was transported by tsunami wave. This image 

was taken 1 week after the 2004 tsunami event. 

 

http://www.radarheinrich.de/%20wbblite/%20thread.%20php?threadid=2844
http://www.radarheinrich.de/%20wbblite/%20thread.%20php?threadid=2844
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Figure 7-52  Police patrol boat was moved 2.6 km from its mooring and stranded 1.25 km 

from the coastline due to the high energy tsunami wave that attacked Khao Lak on 26 

December 2004. The height of police patrol boat is about 5 m. 

 

 Comparing Tsunami Wave Pattern at Bang Niang Beach. 7-3.5

At Bang Niang Beach, the wave pattern from the modelling can be compared to 

photographs taken from Mukdara Beach Resort. Mukdara Beach Resort is located at the 

southern end of Bang Niang Beach, north of the Bang Niang Canal. The resort was 

totally flooded during the tsunami period. At +2 h 27 min (Figure 7-53), the model 

shows a tsunami wave approaching Bang Niang Beach; at the Mukdara Beach Resort 

itself, the tsunami wave was 4-6 m above MSL, its velocity was 4-6 m/s and it 

approached from the southwest (Figure 7-54). Time-stamped photographs show the 

first wave overwhelmed the ground floor of the hotel at 10.29 am, +2h 31 min (Figure 

7-55). Water 1-2 m deep flooded the ground floor of the resort (compare to model 

outcomes in Figure 7-39). The resort is situated about 3-4 m above mean sea level, so 

first wave which initially overwhelmed the ground floor of the resort is ~4-6 above 

MSL which corresponds well with predictions from the model. Water depth increased 

more than 2 m in the next 3 minutes reaching ~4 m at 10.32 am (Figure 7-58), ~7 m 

above MSL with many kinds of floating debris drifting everywhere. Five minutes later 
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water had inundated the main building of Mukdara Beach Resort to a depth > 5 m. This 

photographic evidence is also consistent with the survey data from Siripong et al. 

(2005) and Matsutomi et al. (2005).  

Later, the wave from southwest merges with the wave arriving from the west 

inundating the whole of Bang Niang Beach to depths of 2-5 m high (Figure 7-62 and 

Figure 7-63; +2 h 46 min) before starting to draw back to the sea. The tsunami wave 

inundation distance is 1.6 km inland. Inland the speed of the run-down is < 2m/s but 

this increases to 4-8 m/s at the coastline. Wave run-down direction is generally to the 

west, perpendicular to the shoreline. The model shows a gyre (Figure 7-62) caused by 

the combination of the first wave‟s draw-down and the second wave‟s run-up wave. 



144 

 

 

 

Figure 7-53 Diagram of wave speed and direction of the first tsunami wave to attach Bang 

Niang Beach at +2 h 27 min. The blue oval shows the location of Mukdara Beach Resort 

 

Figure 7-54 Detailed diagram of wave pattern around Mukdara Beach Resort at +2 h 27 

min.  Wave speeds are ~4-6 m/s, heights are 4-6 m above MSL and the wave approaches 

Mukdara Beach Resort from the southwest. 
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Figure 7-55 First wave reached Mukdara Beach Resort at +2h 31 min (10:29 am) 

(http://www.radarheinrich.de/wbblite/thread.php?threadid=3178). 

 

 

Figure 7-56 The flooded buildings and small road has now been replaced by the corridor 

to the conference hall but the green water tower still remains and appears in the both 

pictures.  

http://www.radarheinrich.de/wbblite/thread.php?threadid=3178
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Figure 7-57 Detailed diagram of tsunami wave which inundates the Mukdara Beach 

Resort area, Bang Niang Beach at +2 h 35 min.  

 

Figure 7-58 Photograph taken at 10.32 am on 24 December 2004 (+2h 34 min) of the first 

wave overwhelming Mukdara Beach Resort. Water depth from the known height of 

buildings is estimated to be 3.7 m (http://www.radarheinrich.de/wbblite/ 

thread.php?threadid=3178). 
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Figure 7-59 This building is approximately 5 m high and was almost submerged by the 

first tsunami wave that attacked Nang Thong Beach. 

 

Figure 7-60 Water depth due to the tsunami wave was approximately 3 m above the 

ground floor at 10.37 am on 26 December 2004 and rising rapidly 

(http://www.radarheinrich.de/wbblite/ thread.php?threadid=3178). 

 

http://www.radarheinrich.de/wbblite/%20thread.php?threadid=3178
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Figure 7-61 This wall was underwater during the first tsunami wave attacked on 10.37 am 

of 26 December 2004.  
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Figure 7-62 Inundation due to the wave from the southwest merging with the wave from 

the west at Bang Niang Beach and  Nang Thong Beach at +2 h 46 min. 

 

Figure 7-63 The wave that totally flooded Mukdara Beach Resort (Bang Niang Beach) 

starts to draw back  (+2 h 46 min). 
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At 10.59 am exactly 3 hours after the earthquake, the model shows that the water levels 

offshore have receded prior to the arrival of the next wave (Figure 7-64 and Figure 

7-65) The waters which inundated the shoreline are running back to the sea (~2-4 m/s) 

although there is still considerable water around the Mukdara Beach Resort. The model 

shows much of the water in this area returning to the sea by flowing north or south 

towards the Pong and Bang Niang canals where flow speeds were very high (~6-8 m/s) 

(Figure 7-64). Scars remaining on the canal banks provide evidence of this rapid retreat 

of water. New channel openings formed in the Pong Canal due to the high speed and 

power of the run-down flows, breaking through its existing shore-paralleled banks. 

The model results of flow back through the canals are supported by a photograph taken 

at the Mukdara Beach Resort at 10:59 am (Figure 7-66) looking towards the sea, which 

shows relatively calm, debris-laden water over the Resort, with depths of 1-2 m, but no 

indication of flow back to the sea across the Resort. The next incoming wave can also 

be seen from Figure 7-66.  

 

 

Figure 7-64 Wave retreating at +3 h 00 min (10:58 am).  
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Figure 7-65 Detailed diagram of water height, speed and direction around Mukdara 

Beach Resort at 3 h 00 min. 
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Figure 7-66 Mukdara Beach Resort looking seaward at 10.59 am (3 h 01 min) 

(http://www.radarheinrich.de/wbblite/thread.php?threadid=3178). 

 

 

Figure 7-67 Mukdara Beach Resort in November 2008 taken from the same location as 

figure above. 

 

http://www.radarheinrich.de/wbblite/thread.php?threadid=3178
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A set of images taken from the Khao Lak Orchid Hotel can also be used to compare the 

modelled wave patterns with the tsunami that actually occurred. Khao Lak Orchid 

Hotel is located on Bang Niang Beach, north of the Pong Canal entrance, 200 m from 

the beach. The northern branch of the Pong Canal runs parallel to the beach behind the 

hotel. The hotel buildings are about 3-4 m above mean sea level. There are patches of 

Casuarina trees along the beach in front of the hotel. According to the hotel owner, the 

first crest only reached the swimming pool which located ~200 m from the shoreline 

and was about 3-4 m high; it slowly overwhelmed the front garden and the small road 

in front of the hotel. On the other hand, shortly after this a second crest (part of the first 

tsunami wave) came from the canal opening, located south of the hotel, inundating the 

hotel from the rear and flooding the hotel to a depth of 7 m. From the model, the 

tsunami wave behaves in a similar way, except for the inundation distance. In Figure 

7-68, a wave crest first approaches from the west-northwest and is ~3-5 m high (above 

MSL, ~1 m above ground level) reaching the front of the Khao Lak Orchid Hotel and 

the canal behind the hotel (Figure 7-69); the inundation in the model is further than the 

actual inundation. The model shows a second crest, with the water reaching 5-6 m 

above MSL (~2-3 m above ground), inundating the hotel with flow speeds of 2-4 m/s 

(Figure 7-70). This agrees with the hotel owner who stated that the “second wave” 

inundated the hotel to about 3-4 m above the basement (~6-7 m above mean sea level; 

Figure 7-71). However, in the model it is difficult to distinguish between the effects of 

the first and the second crests because the waves arrive within a few minutes of each 

other and surge together creating the high wave flooding.  
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Figure 7-68 First wave crest reaches beyond the swimming pool and the buildings of Khao 

Lak Orchid Hotel to the canal behind the hotel.  

 

Figure 7-69 Swimming pool in front of the Khao Lak Orchid Hotel 
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Figure 7-70 A second wave crest came from the canal entrance, flooding from south to 

north, passing the rear of the hotel without reaching a height that would flood the 2
nd

 

story of the hotel.  

 

Figure 7-71 Khao Lak Orchid Resort was flooded by the tsunami to the floor of the 2
nd

 

story buildings which is approximately 6-7 m high.  



156 

 

 

The model results and the various lines of evidence collected at the time of 2004 

tsunami show an encouraging, although not precise, degree of correspondence. It shows 

that the model captures most of the features of the observed waves and allows an 

understanding of how the wave inundated the nearshore region, including wave period, 

wave height, wave speed, wave direction and wave inundation distance, and gave 

sufficient confidence in the MOST model to allow it to be used to model future tsunami 

scenarios from which tsunami mitigation plans can be created to minimize tsunami 

impacts.  

  Vulnerability of the Khao Lak Area to Tsunami 7-4

Generated by Earthquakes in the Future.  

Khao Lak is one of the most important resort areas along the Andaman coast of 

Thailand. Many luxurious resorts and hotels have been re-established in this area 

(rebuilt along the beach-front after the 2004 tsunami) and generate important income 

for the local people so the safety and well-being of both tourists and local population 

are important to ensure the security of the tourism industry, especially for Bang Niang 

Beach and Nang Thong Beach. The wave characteristics from the model will be used to 

develop the mitigation plans and measures for providing a safer environment for the 

community. 

To prepare for a potential tsunami that might affect Khao Lak in the future, the tsunami 

history of the area and earthquake sources of possible tsunami that might occur in the 

future along the Sumatra and Nicobar sections of the Sumatra Subduction zone must be 

considered. According to Section 2-5, a great earthquake of Mw between 8.5 and 9.0 is 

likely to occur along the Nicobar section of Sunda subduction in the next 100-500 

years. However, it is impossible to forecast earthquakes with present technology. The 

1960 Chilean earthquake, Mw = 9.5 which is the highest magnitude earthquake on 

record, caused a mega-tsunami resulting in severe destruction after which it was 

believed the fault would be inactive for several hundred years but another great 

earthquake (Mw = 8.8) and tsunami occurred again in February 2010.  

Earthquake magnitude is known to correlate, or „scale‟, with rupture parameters such as 

length and displacement (Henry and Das, 2001; Wells and Coppersmith, 1994). Wells 

and Coppersmith (1994) compiled source parameters (seismic moment, subsurface 
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rupture length, down-dip rupture width & average surface displacement) from 421 

historical earthquakes between 1857 and 1993 including 50 thrust and 20 normal 

earthquakes in range 2x10
16

 N m < M0 < 3x10
20

 N m, and developed empirical 

relationships with the objective of being able to predict the expected value of a 

dependant parameter from an observed parameter. They found no significant difference 

(at 95%) between their regression constants depending on tectonic setting.  

Henry and Das (2001) used data from Wells and Coppersmith (1994) but extended the 

range to include many of the large dip-slip earthquakes that have occurred since 1977. 

They showed that the ratio of rupture length to rupture width increases systematically 

with length for lengths>40 km and slip to be proportional to rupture length over range 

10
17

 N m < M0 < 3x10
21

 N m, and that seismic moment scaled approximately as L
3
 

supporting Romanowitz (1994) who stated that the 
3

0 LM   relationship extended to 

the largest scale events. 

 Figure 7-72 shows a plot of rupture length L (km) against Seismic Moment M0 (10
20

 N 

m) of all the dip-slip thrust earthquakes with Mw>7.5, taken from Table 1 in Henry and 

Das (2001) which includes those from Wells and Coppersmith (1994), with the addition 

of our 2004 and the 2005 Nias earthquake. The line solid is the best fit line  

  )/log(37.058.5)/log( NmMkmL w  

from Henry and Das (2001), valid for M0 < 3*10
21

 N m, but which fits the five largest 

events very well. The Wells and Coppersmith (1994) correlation (dashed line) is also 

shown. For the selection of a tsunamigenic earthquake to use for the design of 

mitigation measured to protect the Khao Lak coast the relationships for dip-slip 

earthquakes suggested by Henry and Das (2001) are used. The solid dot on Figure 7-72 

shows the event finally selected. 
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Figure 7-72 The relationship between rupture length and seismic moment Mo for dip-slip 

earthquakes with Mw > 7.5 taken from Henry and Das (2001) with the addition of the 

2004 Indian Ocean and the 2005 Nias events. The solid line is the best-fit correlation from 

Henry and Das (2001); the dashed line is from Wells and Coppersmith (1994). The solid 

dot is the Mw = 8.4 event selected for the mitigation scenario.   

 

The vulnerability of the Khao Lak area to tsunamis generated by earthquakes of 

different magnitudes is summarized in Table 7-1. The rupture parameters in Table 7-1 

were generated using the regression equations for dip-slip earthquakes in Henry and 

Das (2001). The tsunami wave parameters were generated using the MOST model 

using the closest values for rupture lengths and rupture widths permitted by the model 

for a rupture along the Nicobar section of the fault  (Figure 7-73); the tsunami wave 

heights were for position close to the shoreline near Bang Niang and Nang Thong 

beaches.  
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Magnitude 

Mw 

Seismic 

Moment 

(1020 N m) 

Rupture 

Length 

(km) 

Rupture 

Width (km) 

Average 

Displace-

ment (m) 

Max Wave 

height 

(m) 

Inundation 

Area 

(km2) 

Inundation 

distance 

(km) 

8.0 11.2 162 54 4.3 0.7 1.33 0.10 

8.2 22.4 209 69 5.1 1.4 1.54 0.11 

8.4 44.7 269 90 6.2 10.3 5.89 1.60 

8.6 89.1 348 116 7.4 20.3 7.19 1.93 

8.8 177 449 150 8.8 12.2 6.05 1.52 

9.0 355 580 193 10.5 10.7 6.21 1.62 

Table 7-1 Maximum tsunami wave height, inundation area and distance at Khao Lak 

from the MOST model, for earthquakes of magnitudes between 8.0 and 9.0 centred on the 

Nicobar section of the fault. Rupture length, width and displacement (slip) are from the 

regression equations in Henry and Das (2001)   

 

The earthquake selected for the mitigation was magnitude 8.4 although there was very 

little difference between the heights (10.3-12.2 m) and inundation areas (5.9-6.2 km
2
) 

of the tsunami resulting from 8.4, 8.8 and 9.0 earthquakes. This was chosen as the 

forecast scenario for tsunami mitigation, and for the development of tsunami resilience 

for the communities of Bang Niang and Nang Thong Beaches, because it produced 

significant tsunami effect on the Khao Lak coast and would not have too long a return 

period. 

The very large wave (>20 m) near Khao Lak by an Mw = 8.6 earthquake predicted by 

the MOST model appears to be due to the interaction between the third wave crest and 

the water drawing back to the sea after the second wave, but this does indicate the 

considerable uncertainty likely to be associated with the details of a future tsunami.  

The sensitivity of the model to the location the earthquake hypocentre was tested by 

moving the hypocentre of hypothetical Mw = 8.4 earthquake north or south by 100km. 

The waves differed in detail but the wave height and inundation distances were similar.   
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Figure 7-73 Sections along the Nicobar section of the fault used to generate the Mw = 8.4 

tsunami, shaded green, using the MOST model; each box is 100 km x 50 km. The green 

box is Grid B, and the blue box, centred on Khao Lak is Grid C.  
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 Tsunami Mitigation  Chapter 8
 

The loss of life and property due to natural disasters, including tsunamis, is increasing, 

not because the disasters occur more often but due to the pressures of human 

population. New settlement in the coastal risk areas increases the vulnerability of 

coastal communities. A recent UN report stated that three-quarters of the world‟s 

population will reside in coastal cities (Intergovernmental Oceanographic Commission, 

2005).  

Harinarayana and Hirata (2005) state that the key issue in natural hazard mitigation is 

preparation. Many communities do not realise the necessity of adopting preparatory 

measures and having mitigation plans until the hazard occurs. The probability of a 

tsunami is high in some areas of the world, such as countries along the Pacific Rim, 

especially Japan, where significant tsunamis occur on a decadal scale. As a result, 

research documents and the technology needed for tsunami alleviation are in an 

advanced state of development in this region. On the other hand, the risk of a powerful 

tsunami in the Indian Ocean region was thought to be very low before 2004, much 

lower than that in the Pacific Ocean, where many tsunamis have occurred there in the 

recent past. Of the 63 tsunamis events in the Indian Ocean since 1750, listed by the 

National Geographic Data Centre, only 8 were classified as major events. Thailand had 

never been hit by a tsunami in its recorded history and the 2004 tsunami in southern 

Thailand was the first such tragedy to have happened there (Dalrymple and Kriebel, 

2005; Thanawood et al., 2006). Consequently, prior to the 26 December 2004 event, the 

tsunami was an unknown and unforeseen hazard for the Thai people. Thailand was 

unprepared for such a catastrophe and no mitigation plans existed to reduce the effects 

of a major tsunami on the people who lived along the Thai coast. Conversely, as 

mentioned in Bernard et al. (2006), tsunamis happen at least once a year somewhere in 

the world and living near the coast means living with the risk of this geo-hazard.  

Synolakis et al. (2005) state that tsunami hazard mitigation involves  three components, 

detection, forecasting and emergency preparedness. Direct tsunami detection data can 

be obtained from tsunameters; buoys to detect tsunami in real time are currently 

deployed across the Pacific, and now in the Indian Ocean. For tsunami forecasting, not 
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only numerical models, but also a trustworthy database of inundation is needed for 

verification and planning the mitigation programmes. Furthermore, as reported in 

Rajendran et al. (2007), the 2004 Sumatra-Andaman earthquake and tsunami were the 

first events to have occurred in the era of broadband seismometry and space-based 

geodesy. Geist et al. (2007) suggested that the availability of a global network of 

broadband seismic stations, regional GPS, post-tsunami surveys and tide gauge data, 

led to a better understanding of subduction mechanisms. These data can also be used to 

reconstruct the evolution of the Sumatra-Andaman tsunami from the earthquake that led 

to it, and this, in turn has brought about an improved understanding of tsunami patterns.  

 Tsunami Mitigation at Policy Level 8-1

To assist in the achievement of a full capacity tsunami mitigation scheme, the United 

States Agency International Development (2007) reviewed the disaster management in 

Thailand and concluded that a collection of policies, laws, institutional frameworks and 

clear guidelines needed to be put in place, including the integration of the technical, 

socio-economic and ecosystem background required for decision-making. However, 

without public participation the formulation of an appropriate policy might cause 

subsequent problems. For example in Sri Lanka, the short-term policy issued by the Sri 

Lankan government prohibiting reconstruction in the coastal buffer zone (100-200 m 

from the sea), resulted in a slow recovery after the 2004 tsunami. Another example 

involved fishermen, who were relocated 2 km from the sea and could not continue 

fishing. The main reason for these problems was a lack of a public consultation in the 

formulation of processes to be implemented. From these examples it can be seen that it 

is essential to understand the local people and the work they do in the different areas 

and pay more attention to community involvement (Ingram et al., 2006).  Comparable 

problems also occurred in Thailand. The slow recovery of Phi Phi Island and Namkhem 

Fishing Village can be ascribed to similar reasons. Effective policy should balance the 

sustainable usage of natural resources and human needs. Public and political support 

can be built up by emphasising the comparative losses to communities that have no 

risk-reduction plans and policies compared to those communities with effective 

measures in place to strengthen the community preparedness (Eisner, 2001). 

Rittichainuwat (2006) recommended that government should have clear strategies 

backed up by sufficient funding. The lack of practical policies and adequate funding 
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tends to block the recovery process in the tsunami-affected area and prevent 

reconstruction in the tsunami safe zone.  

After a disaster, governments immediately take charge of the tasks of rescuing victims, 

building temporary shelters and rebuilding damaged infrastructure. In such a situation it 

is difficult to institute policies to cope with the long-term vulnerability. Ingram et al. 

(2006) state that policies such as the relocation of local communities and the institution 

of buffer zones result in reducing exposure for the short term but are not easy to 

implement and sustain in the longer-term.. In Thailand, even though the government 

and the military provided financial and logistical support for the local community to 

build new houses in a tsunami safe zones, the local people insisted on rebuilding their 

houses on their own land located in the tsunami risk area (United States Agency 

International Development., 2007). Eisner (2001) points out that a disaster such as a 

tsunami yields the opportunity to minimise future losses by offering the opportunity to 

reshape existing, unsuitable patterns of development. The introduction of a coastal 

buffer zone and setback policies, will then guarantee safety for the people who reside 

along the coast. The main strategy for reducing tsunami impact for the long-term is 

therefore a policy of adaptation but such reactive policies need to be in agreement with 

the prevailing socio-economic, environmental and political conditions.  

Government agencies are responsible for developing emergency policies and strategies 

to meet the needs of communities, including raising the awareness of the people, 

developing a warning system, reducing false alarms, and providing evacuation maps 

(Jonientz-Trisler et al., 2005). Eisner (2001) recommended that local governments or 

communities select a group of specialists to assist them, including researchers, 

architects, and geotechnical, coastal and structural engineers from local academic 

institutions, government agencies, and professional associations. Bernard et al. (2006) 

recommended that policy makers address three strategies to reduce tsunami impacts:  

1. awakening the realisation that tsunamis constitute a potential hazard that faces the 

communities,  

2. setting up scientific standards for tsunami forecasting and  

3. maintaining public awareness of the tsunami phenomenon by developing regular 

community activities such as training, exercises, research and development.  
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In Thailand, it is the lack of a comprehensive policy framework that gives rise to a 

deficiency of cooperation among the stakeholders. National and local agencies need to 

develop well-integrated strategies instead of working in isolation, and the skills of 

national and local officers in charge of these services must be applied to develop an 

effective early warning system (United States Agency International Development., 

2007). Sonak et al.  state that the level of implementation is as significant as the 

policies themselves in achieving the optimal results, and policies should be reviewed 

periodically to allow for the effects of changes in the local demography and economic 

developments in the community. 

 The Concept of Tsunami Community 8-2

Resilience 

 Resilience is defined as the ability to absorb (withstand), adapt and recover from losses 

(Berkes, 2007). Tsunami-ready communities are those that have tsunami response plans 

and conduct occasional tsunami drills. Jonientz-Trisler et al. (2005) suggested three 

components relating to building a tsunami-resilient community, viz. hazard assessment, 

warning guidance and mitigation.  

Scientists conducting active research and modelling are responsible for hazard 

assessment and proposing warning guidance to suit the community. Tsunami prone 

areas must be identified and warning information should be given to the local 

population. For mitigation, an emergency manager applies the available science and 

technology to create plans and education products; it should be noted that social 

scientists are helpful in providing input for delivering right message to motivate the 

populace. Pomeroy et al. (2006) recommended rehabilitation livelihood principles to 

avoid the mistakes of the 2004 tsunami. Firstly, it is necessary to understand the 

diversity of the coastal population. Secondly, to build up the involvement of the 

community, and thirdly to create long-term plans to build up sustainable, resilient 

communities based on the recognised vulnerabilities.  

Community resilience begins with tsunami hazard assessment by determining the 

sources and impacts of potential tsunami. Numerical modelling can be used to estimate 

the effects of potential future tsunami.  The risk of a future tsunami disaster is a 

function of the forecaste hazards and the scale of the vulnerability of the local 
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population residing in the danger zone. Risk assessment is carried out by making an 

integrated assessment of the vulnerability of the comunity to the potential hazards, the 

infrastructure and economic activity in the area, and the level of local preparedness 

(risk = hazard*vulnerability). Annaka et al. (2007) use the Probabilistic Tsunami 

Hazard Analysis (PTHA) method for estimating tsunami risk for the Japanese coasts. 

PTHA represents the relationship between the predictable tsunami height and the 

probability of this being exceeded. This method comprises a tsunami source model to 

generate an estimation of tsunami height, which is used for quantitative tsunami risk 

assessment. Logic-trees are created for tsunami sources induced by earthquakes and the 

resulting tsunami height estimations. The estimated preparedness of the community, 

based on the risk assessment outcome, is then applied to reduce susceptibility.  

From Jonientz-Trisler et al. (2005) point of view, a tsunami-resilient community is a 

community that has action plans, products and policies to reduce the impacts of  

tsunami hazards. In a resilient community, such tsunami preparedness plans will have 

been publicised and practiced by the population. For the safety of life and property 

during and after a devastating tsunami, part of the preparedness must be the education 

of the public about tsunami waves. The plans should be regularly updated to improve 

the resilience level for the future, by adapting them to incorporate the lessons learnt 

from recent tsunamis both in and outside the area. Wood and US Geological Survey 

(2007) stated that the greater resilience the community achieves, the lower the 

community vulnerability to disaster. The tsunami-ready community that has an 

educational program, a frequent evacuation drill and a practical post-disaster recovery 

plan, is more capable of efficient response and has a shorter recovery period than the 

community without such practical measures in place.  

Historical records of tsunamis, both local tsunami and distant, are the first information 

that should be collated for evaluating tsunami risk in an area. It is then necessary to 

understand the tsunami wave patterns, including the number of waves, wave heights, 

arrival times and inundation distances anticipated. Knowledge of aspects of plate 

tectonics and seismology are necessary to forecast the future occurrence of mega-

earthquakes and tsunamis; Potential future seismic events and tsunami-triggering 

scenarios should be identified together with an estimation of tsunami run-up heights 

under different seismic conditions. Tsunami reduction measures, such as physical 
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barriers, vertical land reclamation, new building codes and land use planning, should be 

implemented. Knowledge of tsunami prediction is necessary for decision makers at all 

levels from the regional to the global scale since it is essential to bring together the 

knowledge of geology, oceanography, engineering and architecture to create the 

tsunami-safe area with proper mitigation measures (Dalrymple and Kriebel, 2005). 

Mitigation involves sustained measures to reduce long-term tsunami risk. The 

mitigation issue is mainly concerned with coastal land use planning, the maintenance of 

the environment and ecological stability such as mangrove and beach forest 

enrichment, the protection of sand dunes and the setting up of buffer zones. Building 

regulations for protecting critical facilities and infrastructures are also part of 

mitigation. Tsunami-resistance should be considered when drawing up legislation for 

building codes, building design and construction practices (National Science and 

Technology Council, 2005; Thanawood et al., 2006; Wood and Geological Survey 

(U.S.), 2007). The design and layout of buildings have to be considered as they will 

affect evacuation and recovery plans as well as controlling resistance to destruction. 

Systematic coastal zone management, including land-use planning and coastal zoning is 

a practical means of reducing loss from potential tsunamis (Siripong et al., 2005).  

Coastal zone management and the restoration of ecosystems need to be balanced with 

coastal development projects (Srinivas and Nakagawa, 2008). The environmental 

implications for any disaster preparedness concept to reduce tsunami vulnerability are 

significant, as the deterioration of environmental conditions, such as deforestation or 

dune removal, may serve to increase the impacts of the disaster. Sand dunes, mangrove 

forests and coral reefs act as barriers to reduce the power of the tsunami waves. After 

the tsunami, these natural forms of protection can recover relatively quickly and 

provide continued protection for the coast, whereas the reduction of ecosystems as a 

consequence of coastal development may reduce such resilience. Coastal reforestation 

will result in an increase in the forests‟ ability to protect the coastal areas from erosion 

due to storm surges and enhance its capability to absorb wave energy.  Buffer zones 

and no-build (set back) areas will ensure the security of the tsunami affected zones.  
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 Tsunami Warning Systems and Emergency Planning 8-2.1

Rittichainuwat (2006) reported from her surveys of tourists in Phuket, Khao Lak, Krabi 

and Phi Phi Islands that western tourists were concerned about the lack of an adequate 

tsunami warning system and that the Thai government must install such a system to 

meet international standards. Injury and loss of life from the tsunami wave can be 

reduced if people are warned that a tsunami is approaching. For that reason, complete 

area coverage and built-in redundancy in the warning system are important for 

improving the standards of safety. However, due to the differences between coastal 

communities, no complete warning and evacuation systems has been devised that can 

suit all coastal communities (Oregon Emergency Management and Oregon Department 

of Geology and Mineral Industries, 2001).  

For Khao Lak the probability of a „distant‟ tsunami is greater than that of a „local‟ 

tsunami as the likely earthquake source is the Sunda Subduction zone. Effective 

forecasting is therefore essential for the design of a warning system, with the added 

requirement for recognising and discarding false alarms.  Oregon Emergency 

Management and Oregon Department of Geology and Mineral Industries (2001) 

reported that due to the slow rate of subduction, earthquakes generating devastating 

tsunamis tend to occur along short segments and for these it is difficult to issue a 

warning, due to the subdued response of the coastal landmass. It is therefore essential 

that the warning system should include the recording of seismic signals and have the 

critical ability to assess the likelihood of tsunami generation.  

However, with a view to increasing public confidence and reducing the number of false 

alarms, tsunami warnings cannot depend upon seismic data alone. Stein and Okal 

(2007) reported that the Pacific Tsunami Warning Centre first estimated the magnitude 

of the 26 Dec 2004 earthquake using long-period body waves and concluded that the 

magnitude of the earthquake was Mw = 8.0, with little possibility of tsunami generation. 

45 minutes later, the magnitude estimate was increased to Mw = 8.5 and an ocean-wide 

tsunami became possible. Four hours later, the earthquake magnitude was re-calculated, 

using longer-period surface waves, and yielded Mw = 9.0 with the very high risk of a 

tsunami. By that time, Indonesian, Thai and Sri Lankan coasts had already been 

devastated. As a result of this, Stein and Okal (2007) suggested that the traditional 

measures of earthquake size, determined shortly after major seismic activity, are 
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inadequate for issuing tsunami warnings. Although, an earthquake with Mw < 8.0 may 

be too small to generate a far-field tsunami the hazard to nearby coasts can still be 

large. It is a serious difficulty in the process of tsunami warning to decide whether a 

warning should be issued or not, or whether to cancel it if the tsunami forecasting 

system is unreliable.  

Seismic sensors, seismographic networks, sea level observing networks and deep sea 

pressure sensors are real-time instruments that can assist in the early identification of 

tsunami (Intergovernmental Oceanographic Commission, 2005). Real time sea-bottom 

pressure recorders (tsunameters) incorporated with the DART system can be used to 

detect a tsunami in the deep ocean before it reaches the coastal and to bring about more 

reliable tsunami prediction. Networks of these instruments serve have improved both 

the „tsunami approaching‟ prediction and provided additional information to reduce 

false alarms (Bernard et al., 2006; Jonientz-Trisler et al., 2005). Synolakis et al. (2005) 

stated that the best means of alleviating the next Indian Ocean tsunami disaster is the 

combination of a trustworthy prediction of the tsunami using the network of real-time 

deep ocean buoys and public education.  

Synolakis et al. (2005) state that seismic observations and tide gauge data may not 

sufficient for tsunami prediction as some tide gauges will not show high frequency 

content as they are designed to measure tides at periods much longer than those of 

tsunami waves (Piatanesi and Lorito, 2007). An effective but costly way is to deploy an 

ocean bottom crustal deformation monitoring system together with a offshore direct 

tsunami observation system. For the Thai coast, digital tide gauges (with a frequency 

response high enough to record tsunami effects) deployed on Miang Island or the 

Similan Islands is one of the most cost-effective methods for tsunami detection and will 

give up to one hours warning of a tsunami event impacting the mainland coast of 

Thailand. Mexico are installing a system to detect and monitor tsunami waves using 

high-frequency sea-level tsunami gauges operating continuously with 1 min interval 

recording. These tsunami gauges are to be installed every 200 km along the Mexican 

Pacific coast (Farreras et al., 2007).  

Rittichainuwat (2006) recommended that any official tsunami warning system should 

be enhanced e.g. by supplementary systems installed by the hotels and communicating 
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directly with the individual guestrooms. These would serve to build the confidence of 

the guests that all is being done to ensure their safety. These measures could even be 

supported by periodic drills and rehearsals of tsunami evacuation. However, the 

warning system is not only dependent on technology, but also relates to organisation 

and management. A successful warning system needs to reach all groups of people and 

to inform them what they need to do. After this, it becomes a question of how the 

population responds to the warnings.  

The other crucially important measure to be incorporated within the tsunami warning 

system is an integrated emergency preparedness plan. The availability of emergency 

responses could have saved a large number of people along the Indian Ocean coasts 

from the fatal outcome of the 2004 tsunami. Many of the Indian and Sri Lankan people 

who live along the coasts could have been saved if the warning had been issued on 26 

December, after the tsunami hit the Andaman and Nicobar Islands i.e. approximately 2 

hours before hitting the Indian mainland and Sri Lanka. Fortunately, some hotels in 

Phuket, Thailand, evacuated their guests to the upper floors immediately after feeling 

the earthquake and some sailors at the Langkawi Island yacht harbour in Malaysia 

sailed their yachts offshore after a short-wave radio report that a big wave had hit Aceh, 

Indonesia. Many hotels in southern Sri Lanka were warned by a sister hotel of the 

approach of a freak wave from the east. These fortunate hotels and some of their 

neighbours evacuated their guests to a higher floor after the first wave hit (Synolakis et 

al., 2005).  

Most deadly tsunamigenic events reach the coastal communities within 30 minutes to 1 

hour of the triggering earthquake. Synolakis et al. (2005) suggest that 15 minutes 

warning is enough time for evacuation in places such as the Maldives. After Malle 

Island had been struck, the Ministry of Atolls of the Maldives warned the outer islands 

15 minutes before the tsunami arrived, and saved many villagers who had enough time 

to evacuate to the centres of the islands. In the event that the local people feel the 

earthquake strongly enough to disrupt normal or everyday activities, it can be presumed 

that sea level might change, and that evacuation should takes place immediately from 

the low-lying areas and the beaches. For this to happen it is necessary for both the local 

residents and visitors to know something of the geophysical history of the area. 

Importantly, they should know how to evacuate without delay to high ground inland or 
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to a higher floor in an engineered building which has survived the earthquake. For 

sensitive places such as schools, it is crucial that evacuation drills be repeated regularly.  

The National Disaster Warning Centre of Thailand, established in May 2005, receives 

and analyses hazard observation data and issues warnings through warning towers, 

radio and television channels and approximately 20 million mobile phones in Thailand. 

Approximately 80 warning towers have been installed along the coastline of Thailand. 

These towers receive warning signals from satellites and broadcast warning message in 

five languages. Sirens and loudspeakers operated by the local administration officials 

are incorporated into the warning system; the next step iis for local radio broadcasting 

stations to receive the warning signal directly via the Asia Star Satellite (United States 

Agency International Development., 2007). 

 Coastal Zoning and Land Use Planning. 8-2.2

Tsunami risks can be mitigated by minimising the exposure of people and property 

through land use planning (Eisner, 2001). Hence, development must be controlled in 

tsunami-affected zones. Sonak et al.  stated that coastal zone management and 

development should be integrated with environmental and social services to fill the gap 

between the sciences and other disciplines.  

To assure the safety of communities from tsunami risk, it is necessary to identify 

tsunami risk areas, to generate evacuation maps and evacuation routes, and to identify 

tsunami-safe zones (Bernard et al., 2006). Human vulnerability is the highest priority in 

mitigating the effects of a tsunami, with the reduction on the economic impact a 

secondary priority. A trustworthy scientific organisation should be responsible for 

setting the scientific standards for tsunami prediction and it should be the task of 

national or local government agencies to produce inundation and evacuation maps to 

suit each specific community. 

To achieve a trustworthy level of tsunami forecasting, Harinarayana and Hirata (2005) 

propose that detailed seafloor bathymetry and shallow subsurface structure surveys be 

carried out using high resolution mapping devices, especially near the possible sources 

of potential tsunamigenic earthquakes. Detailed bathymetric and topographic data are 

needed for numerical modelling computations designed to study tsunami wave 

propagation in the open sea and inundation in the nearshore zones. As tidal effects can 
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change the inundation patterns tsunami risk maps should ideally indicate the risk as a 

function of tidal conditions for the areas concerned. If a tsunami occurs during high 

tide, the effect of the wave is likely to be worse than that at low tide. The average high 

tide along the Thai Andaman coast is normally +1.0 m MSL, and +1.5 m MSL at spring 

tides. Karlsrude et al. (2005) recommended that the risk management measures to be 

implemented for the next 50-100 years should be designed using a maximum level of 

+3.0 to +3.5 m MSL (1.5 - 2.0 m for the tsunami wave plus 1.5 m due to possible high 

tide). To protect vulnerable communities from mega-tsunami over the next 100-200 

years need further investigation but, meanwhile, the design maximum level for such an 

occurrence should be considered to be 5-10 m above mean sea level. Sensitive 

buildings, such as schools and hospitals, should be located outside these tsunami risk 

zones.  

Geographical Information Systems (GIS) and indicator-based computer decision 

support tools play an important role in the assessment of hazard vulnerability and are 

utilised in the preparation of risk maps (Dominey-Howes and Papathoma, 2007). GIS-

based evacuation maps were developed by integrating tsunami modelling output with 

geographical data (Jonientz-Trisler et al., 2005). Wood and US Geological Survey 

(2007) reported that GIS is being used to identify tsunami-prone areas of the Oregon 

coastal zones. GIS can also be used to combine data on socio-economic conditions 

(distribution of developed land, human populations, economic assets and locations of 

critical facilities) with data on tsunami inundation zones.  

At present, there is no complete set of tsunami risk maps and related information for the 

tsunami-affected areas of Thailand. As a consequence, land use planning and coastal 

zone management frameworks are incomplete. For example, roads and highways 

construction groups do not take disaster risk reduction into account. Significantly, 

setback policy has not been implemented for the reconstruction in the tsunami-affected 

areas after the 2004 tsunami event due to a lack of law enforcement. The setback policy 

initially proposed for reconstruction in the coastal zones was 100 m; this was then 

reduced to 50 m and again to 30 m but finally no setback has been enforced. Neither 

were the guidelines for land use and reconstruction in the tsunami-affected area put 

forward by United States Agency International Development (2007) put into effect. For 

Bang Niang Sub-district Administrative Office, there are some local regulations issued 
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by the office to enforce for zoning and building codes. The regulations are referenced 

by the Department of Public Works and Town & Country Planning.  

Escape routes should be well marked and easily accessible (Karlsrude et al., 2005). 

Evacuation routes should lead to a safe place or area where evacuation shelters are 

available. These safe areas can be natural (elevated land) or man-made shelters. These 

safe places should be accessible and lie within 500 m of the shoreline. Evacuation 

routes should also indicate the locations of vertical evacuation shelters in the event that 

the horizontal safe zones are too distant. Vertical evacuation to the higher floors of 

strong buildings also becomes crucial for shelter if the warning time is short 

(Dalrymple and Kriebel, 2005). Eisner (2001) suggested that vertical evacuation is also 

essential in densely populated zones where horizontal evacuation is limited by road 

capacity. Buildings of 2-3 stories and more are most appropriate for vertical evacuation. 

Building size, access and the available facilities, are factors determining the capacity of 

vertical shelters. A list of buildings to be used as vertical shelters in case of emergency 

should be made public, to both the local population and tourists. 

It was not only the power of the tsunami itself which created the casualties and damage, 

but also the floating debris carried by the swirling waters. Debris carried by the 

incoming and receding waves was a major cause of destruction (Dalrymple and 

Kriebel, 2005). The first wave demolished buildings and produced debris which was 

supplemented by cars and other unfixed objects for the subsequent waves to use for 

further demolition. To minimise such consequences it is necessary to locate potential 

debris-producing objects and structures such as parking lots, wooden buildings etc., as 

far landward as possible (Dalrymple and Kriebel, 2005).  

In the long-term, new construction must be able to withstand tsunami forces. Critical 

facilities such as hospitals and schools, and basic infrastructure such as main roads and 

bridges should be relocated to safe areas (National Science and Technology Council, 

2005). Wood and US Geological Survey (2007) reported that fatalities in Indonesia 

were high for children under 5 years of age and for senior citizens over 65 years of age; 

they suggest that facilities for the dependent population, such as care homes, child care 

centres and emergency-services facilities (police station and fire station) and medical 

facilities (hospitals and physician offices), should be also be located wellclear of the 
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anticipated tsunami inundation zones. Hospitals and physicians‟ offices make up an 

essential part of the emergency services, as they are vital to the handling of casualties 

during and after a disaster. As a result, it is an important requirement that medical 

facilities are located in  safe zones that are still easy to access in the event that roads are 

blocked by evacuating crowds or debris from the disaster. Further infrastructure that 

needs to be relocated outside the hazard zones include the basic services such as 

electricity and water supply facilities (Wood and Geological Survey (U.S.), 2007). 

Eisner (2001) noted that critical infrastructures will need to be up and operating as soon 

as possible after the disaster, and in case of damage must be repaired at once.. 

Moreover, Eisner (2001) recommended that critical facility buildings should be 

designed to withstand an increased force level, suggesting 15-50 % above the 

calculated standard. Public venues such as national parks,  and museums, that are 

widely used during the daytime, need special measures to protect employees and 

visitors. Tourists and visitors may dominate the population in coastal tsunami risk areas 

during the daytime. Generally speaking, tourists, visitors and seasonal or temporary 

employees will be among the people who know least about tsunami waves and 

evacuation procedures. Farreras et al. (2007) also recommended that the relocation of 

railway tracks and roads further inland will help to minimise fatalities and loss of 

property.  

Standard tsunami evacuation signage, for example hazard zone signs, evacuation routes 

and education signs, are significant tools that need to be incorporated into a practical 

evacuation plan. For example, the State of Washington has placed warning and 

evacuation signs in popular locations and tsunami inundation maps of the area have 

been put on display in prominent positions (Johnston et al., 2005). Signs should be clear 

enough and make sense to both residents and visitors. They should not mislead the 

people by directing them to safe places far away from their current position. 

  Standards for Building Regulations 8-2.3

Building regulations constitute one of the main aspects affecting the degree of 

destruction resulting from tsunami waves. A building engineered to high standards is 

able to withstand a strong tsunami wave. It is remarkable that places of worship are 

constructed to a higher standard than many residential buildings, and remain standing 

after the tsunami, for example churches and Buddhist temples in Sri Lanka and 
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mosques in Banda Aceh, Indonesia (Synolakis et al., 2005). Harinarayana and Hirata 

(2005) also noted that if a high magnitude earthquake occurs in a country with poorly-

prepared building codes of construction, the casualties are likely to be considerably 

greater than by a similar event happening in a well-prepared country. Lack of attention 

to the building regulations generally results in poor construction. The degree of 

destruction by tsunami waves can be limited by issuing and enforcing suitable 

standards and construction codes, designed for the particular area. All available 

knowledge concerning potential tsunami waves, for example, wave speed direction and 

height, as well as land use planning decisions need to be pooled in developing 

appropriate building standards. New developments should be encouraged in the 

tsunami-safe zone, and infrastructures in the high-risk tsunami areas should be actively 

discouraged. All buildings in the inundation zone must be designed to withstand the 

force of the tsunami waves; tsunami-resistant building design standards should be 

implemented in the tsunami affected communities.  

If building is permitted in the zones most prone to the potential of high tsunami waves 

open-plan buildings, especially for the first (ground) floor, and buildings on elevated 

land should be encouraged. For example, the Safe Islands concept was planned by the 

Government of the Maldives to set up communal high buildings and buffer stocks of 

provisions in specially constructed zones located on higher ground (National Science 

and Technology Council, 2005). Eisner (2001) recommended 4 ways to reduce risk 

when developing a construction project in a tsunami affected area: avoiding risk by 

raising the land and structures above the flood level or placing infrastructure on higher 

land; slowing the wave by using the friction provided by forests, slopes and berms; 

steering the wave by diverting the wave away from densely populated zone; and 

blocking the wave by building hard structures to obstruct and reflect the wave forces.  

Most houses and small buildings in southern Thailand are built on shallow spread 

footings embedded less than 1 m below ground level. As a result, scouring is one of the 

main factors causing most non-engineered buildings to collapse in the flood zone. 

Collapse of such buildings can be avoided by putting in well-designed and deeper 

foundations in the tsunami-prone areas. Large buildings, piers and harbour structures 

should have scour-resistant foundations and all structures should incorporate proper 

anchoring to the foundations (Dalrymple and Kriebel, 2005).  
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Siripong, et al. (2005) divided the areas flooded by the 2004 tsunami in Thailand into 3 

zones; the flood zone, the wave-attacked zone and the zone most-strongly attacked by 

the wave. Buildings in the wave-attacked zone need to be specially designed to 

withstand the high-speed water velocities and flooding; buildings in the zone most-

strongly attacked by the wave need even more advanced design construction to tolerate 

the impacts of high-speed breaking waves. More consideration should be given to the 

population density in each building, the height of the building, and the evacuation 

shelter it provides. Phuket and the Phang-nga provinces of Thai coast are major tourist 

destinations and it is impractical to prohibit local people from living and working in 

these tourist spots so it is important to build a safe environment for them. Experience 

gained from the severe destruction caused by the 2004 tsunami underlines the need for 

better-engineered building design. Dalrymple and Kriebel (2005) suggest that buildings 

with flow-through lower floors are suitable for the tourist beaches of southwest 

Thailand; they use less valuable land and can reduce the loss of life since well-

designed, flow-through buildings experience lower hydrodynamic forces. Debris is 

dangerous for people and buildings, so car parks and heavy items should be placed on 

the inland sides of buildings (Dalrymple and Kriebel, 2005). Karlsrude et al. (2005) 

advised that constructionin the tsunami risk zones of Khao Lak should be located on 

elevated ground or on land raised for new construction. Eisner (2001) suggested that no 

infill houses should be built in the tsunami risk zone, and that buildings should have 

ample spacing between them. Warnitchai (2005) recommended that infill masonry is 

used on the ground floor of buildings these should  be constructed of weak panels 

which are easily ripped off by the waves, although it must be noted that debris 

generated by these panels may cause subsequent damage elsewhere.  

Further studies are needed on the design of resilient structures that can withstand 

tsunami waves. Findings should be verified by laboratory experiments and field 

surveys. The dynamic factors of tsunami flooding, such as flow velocities, friction, 

drawdown velocity and strain acceleration are also in need of further study. The output 

from this research can then be used to create procedures and guidelines for design, 

planning and construction in tsunami-affected areas (Bernard et al., 2006). A guidance 

document entitled “Designing for tsunamis”, developed by the State of California is one 
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of the guidelines illustrating planning, site development and construction configuration 

approaches which mitigate the effects of tsunamis.  

The Department of Public Works and Town & Country Planning of Thailand had 

formed a committee to investigate the damaged buildings in tsunami affected zones, 

and to provide engineering and architectural advice for renovation and reconstruction. 

In 2005 the Department issued Coastal Planning Regulations for Phang-nga province. 

No residential building higher than 7 m and larger than 90 m
2  

or non-residential flat-

roofed buildings higher than 7 m and larger than 150 m
2
 are permitted closer than 75 m 

to the coastline. No building must be situated within 30 m of the coastline. No building 

construction higher than 12m, factory, entertainment building, transportation station, 

market, gas and petrol station, religious building, school, hospital, warehouse and 

hazardous warehouse in the area located 225 m from the coastline (Department of 

Public Works and Town & Country Planning, 2005). Standard manuscripts for 

designing buildings and evacuation shelters in intermediate tsunami-affected areas were 

issued in 2008 (Department of Public Works and Town & Country Planning, 2008). 

 Tsunami Protection 8-2.4

 Natural Protection 8-2.4.1

Environmental degradation can result in natural disasters being more catastrophic. 

Managing natural resources cleverly will help to secure the land against the worst 

hazards for the next generation. The degree of devastation from a tsunami will vary 

from area to area due to the presence of natural barriers such as sand dunes, mangroves, 

coral reefs, sea grass and coastal vegetation.  

8-2.4.1.1 Beach Forests and Mangrove Forests. 

Coastal areas that have trees experience less damage than the areas without this natural 

protection as the trees can reduce both wave amplitude and wave energy (Danielsen et 

al., 2005). Sonak et al.  quoted a UNEP report that undisturbed coastal forests in the 

Maldives, composed of a high diversity of plant species, were the most resilient to the 

tsunami forces. Mangroves provide a bioshielding effect, and are able to dissipate the 

wave energy and decrease the rate of water flow. However, Alongi (2008) argued that it 

is difficult to assess the ability of mangroves to protect against tsunamis as mangrove 
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forests are normally located in naturally shelter zones such as enclosed bays, lagoons 

and estuaries and are not located on the open coast. The protection against tsunamis 

provided by mangroves may therefore be overstated and distract from the main effort 

put into mitigation. To date there is no statistical evidence or scientific data to prove or 

disprove the ability of mangroves to reduce the loss of life from tsunami waves. 

However, it can be shown that mangroves reduce the damage to buildings located 

behind them. Cochard et al. (2008) supported the notion that it is difficult to compare 

the capabilities of different ecosystems to withstand tsunami waves across different 

areas due to the high level of inconsistency in wave speed and energy along the various 

zones.  

At present, climate change might cause a loss of 10-15 % of mangrove forests. Rising 

sea level together with the same rate of sediment deposition will decrease the mangrove 

area by 1-2% each year (Alongi, 2008). These factors are aggravated by coastal 

development projects which destroy the natural ecosystems and result in an overall loss 

of their resilience (Srinivas and Nakagawa, 2008). Williams (2005) stated that tourist 

and industrial developments, including aquaculture farms, enhanced the tsunami impact 

and hasten environmental degradation. With reduced natural protection, severe damage 

resulted along the Indian, Sri Lankan and Indonesian coasts during the 2004 tsunami.  

Located in the proper areas, mangrove and beach forests, can act as the first line of 

defence in the reduction of the tsunami wave intensity (Dalrymple and Kriebel, 2005; 

Thanawood et al., 2006). Tanaka et al. (2007) recognised that trees are also important 

for increasing the drag coefficient, trapping floating debris and providing vertical 

shelter. The effectiveneness of coastal vegetation depends on its density, size and 

species composition (Cochard et al., 2008; Danielsen et al., 2005; Tanaka et al., 2007). 

Cochard et al. (2008) recommended that detailed spatial and hydro-dynamic analyses of 

the effects of a tsunami wave on vegetation are required before hazard vegetation 

interaction measures are included on the risk maps, with factors such as stand size, 

density, species composition, structure and homogeneity being verified against tsunami 

patterns. Sonak et al.  reported that casuarinas trees along the coast of Nagapattinam 

Town in India reduced the loss of life, injuries and damage due to the 2004 tsunami 

(areas of the Thai coast have dense casuarinas forests). Danielsen, et al. (2005) reported 

that casuarinas plantations protected the villages of Cuddalore located behind them. 
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The degree of removal of the vegetation by the tsunami waves depends on the species 

and sizes of the trees, substrate characteristics and the wave character. Sparse forest is 

not useful as a buffer zone.  

At least 100 m of mangrove forests is required to reduce the wave energy (Danielsen et 

al., 2005). Siripong et al. (2005) recommended that, to achieve the best protection, the 

variety and the density of flora in both beach forests and mangrove swamps is obtained 

by copying nature; introducing multiple species to reduce and dissipate the wave 

energy. Tanaka et al. (2007) reported that casuarinas trees provided the best protection 

against tsunami waves < 10 m high, with small sized trees grown in dense patches 

being most resilient as these trees are not broken by the waves. However, a mixture of 

small and large trees could provide added protection since small casuarinas serve to 

reduce the wave speed whilst the large trees trap floating debris. Alongi (2008) reported 

that the combination of rhizophora and pandanus species also provides effective 

protection. Rhizophora trees, which are found in mangrove forests, play an important 

role for protection against waves < 5 m high due to their characteristic branch structures 

that do not get broken, and their complex aerial root systems. Moreover, the wave 

energy can be reduced by up to 50% within a 150 m belt of rhizophora-dominated 

forest.  

It can therefore be concluded that the conservation and replanting of mangrove forests 

and trees in the mudflats and lagoon areas will provide some protection for 

communities from future tsunami (Danielsen et al., 2005) and it is therefore proposed 

that beach forest and mangrove restoration is implemented along the Andaman coasts 

of Thailand to protect the backshore zone.  

8-2.4.1.2 Sand dunes 

In many locations, sand dunes have proved to provide valuable protection for the 

backshore against tsunami attack. The dunes act as natural barriers against the incoming 

waves, e.g. limiting tsunami penetration during the 1994 East Java and the 1996 Peru 

tsunamis (Synolakis et al., 2005; Thanawood et al., 2006). Sonak et al.  reported that 

the presence of sand dunes at Pulicat Lake fishing village in India reduced the effect of 

the 2004 tsunami waves.  Umitsu et al.  (2007) pointed out that some backshore areas 

of Banda Aceh were protected in 2004 by sand dunes andrecognised that beach ridges 
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and natural levees prevented the tsunami from penetrating further inland. In Sri Lanka, 

the hotels located behind modified sand dunes suffered far greater damages than those 

situated behind natural sand dunes (Synolakis et al., 2005).  

Unfortunately, most sand dunes along the Thai coast have been removed for the 

construction of hotels, beach resorts, roads and footpaths (Thanawood et al., 2006). 

They were cleared to improve the appearance of the seafront. This was not the case for 

Karon Beach, located in Phuket province, which was one of the beaches least damaged 

in 2004. Here there are long, wide, elevated and vegetated sand dunes along the beach 

front. Commercial and residential buildings established behind these sand dunes, were 

largely safe from the tsunami waves. The dunes reduced the wave speed, so there was 

less structural damage in this area; slow flooding occurred from the tsunami that 

overtopped the dunes (Dalrymple and Kriebel, 2005). On the other hand, sand spits, 

located between the beaches and lagoons, are one of the areas prone to greatest 

destruction, augmented by a lack of escape routes due to blockage, caused by the 

overflow of waves over the sand spits. Rivers, canals and tidal creeks are also 

susceptible to tsunami destruction as they act as channels that funnel the tsunami wave 

and convey it further inland. Siripong et al. (2005) recommended that evacuation routes 

and shelters should be located far from any river or canal. 

8-2.4.1.3 Sea grass beds. 

Sea grass beds, acting as a wave buffer, constitute another important ecosystem that 

reduces tsunami impact by helping to reduce wave height by increasing bed friction. 

The effectiveness of wave attenuation by the sea grass depends on the characteristics of 

the sea grass itself (length, density and flexibility of the sea grass blades). Sea grass 

blades as high as the water depth tend to dissipate more wave energy (Cochard et al., 

2008). 

8-2.4.1.4 Coral reefs 

Dominey-Howes and Papathoma (2007) reported that fringing reefs around coral 

islands can help to shield them from a tsunami wave, for example at Guraidhoo Island 

in Maldives which sustained a wave +3.4 m above MSL. By contrast, narrow intertidal 

zones without a continuously protecting reef, combined with poor building 

construction, resulted in severe destruction. Ingram et al. (2006) supported this 
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conclusion and reported that communities located behind reefs degraded by coral 

mining, sustained more damage and casualties than the areas with healthy coral reef 

protection. However, Chatenoux and Peduzzi (2007) reported that tsunami-affected 

areas of the Indian coast located behind coral reefs were more affected experiencing a 

wider area of flooding due to thereefs, located in shallow water with a shallow slope, 

continuing inland and this helping to increase the wave height and consequently, high 

wave intensity. The bathymetry of the area without coral is generally deep and steep 

which can block the tsunami wave, resulting in a shorter inundation distance inland. 

Chatenoux and Peduzzi (2007) citing the United Nations Environmental Programme 

(2005) reported that fringing reefs also resulted in higher levels of damage for the area 

sheltered by them as the fringing reef can induce a channelling effect, which allows the 

tsunami waves to break closer to the shore. Cochard et al. (2008) state that closed and 

unbroken coral reefs can provide some protection but discontinuous reefs may cause 

channelling effects and cause greater destruction. This may have occurred at Pakarang 

Cape (or Coral Cape), located north of Bang Niang Beach, which suffered severe 

destruction which is surrounded by patches of degraded coral. Areas behind coral reefs 

are not necessarily safe from tsunami waves and it is not recommended that critical 

facilities and high occupancy buildings be located in zones behind the coral reefs.  

 Man-made Protection 8-2.4.2

Artificial barriers such as sea walls and breakwaters are alternative options for 

protecting the backshore. In Thailand, the low sea wall along Patong Beach played a 

significant role in protecting the buildings behind it, deflecting some of the momentum 

of the wave upwards and reducing the wave forces impacting on the buildings along the 

backshore. The end result was that only 0.5 km of flooding occurred with little 

destruction. However, because the sea wall along Patong Beach has spaced openings 

for pedestrian access, building destruction and scour on the beach relating to these 

openings. The receding wave flowing seawards via these openings caused additional 

damage and scouring. A pedestrian crossover (over the seawall) instead of the opening 

in the seawall would have decreased the damage considerably. Conversely, the high 

wall at the northern end of Patong Beach created some devastation. This non-vertical 

seaward facing wall acted as a ramp for a run-up jet that launched a mass of water onto 

the buildings located behind it. A vertical sea wall on the beach face served to protect 
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the runway at Phuket International Airport, and school buildings and playgrounds at 

Kamala Beach, Phuket, were also protected by a vertical sea wall. These examples 

demonstrate that vertical or concave seaward facing walls of proper design can provide 

suitable protection for the backshore zones (Dalrymple and Kriebel, 2005). 

Seawalls can be of benefit for some tsunami risk areas, but it is essential that the 

position and form of such a potential barrier be thoroughly investigated, as seawalls can 

be a costly. This was demonstrated on Okushiri Island, Japan, where a 4.5 m high 

seawall was built to protect the Aonae peninsula. Tsunami waves overtopped this wall 

in 1993 and the wall also acted as a channel which concentrated the tsunami waves into 

a densely populated part of the town, though it did protect the low population zone; the 

ultimate value of that wall is still being debated (Dalrymple and Kriebel, 2005; 

Synolakis et al., 2005). Apart from the high cost of construction, a wall can also block 

the view of the sea, which is an important consideration for attracting tourists. This is 

particularly important for the Andaman coasts of Thailand. Even so, many countries 

along the Indian Ocean, including Thailand are trying to decide whether the building of 

sea walls is an effective way of reducing losses from future tsunamis, and if so, what 

type of structure to build.  

In areas facing a threat from high tsunami waves, seawalls and offshore breakwaters 

can be used to reduce wave speed and wave height and to alter wave direction. Vertical 

reinforced retaining walls, which are flexible structures, can be used to protect the 

backshore areas from a tsunami (Srivastava and Babu (2009), though it is necessary to 

study the hydrodynamic forces on the structure to decide on the best design. Flexible 

structures have the advantage of absorbing the kinetic energy of the waves, but they 

should be designed to prevent scouring and undercutting if the structure is to remain 

secure. Wave breaking, wave reflection and beach grain-size distribution of the area are 

all considerations affecting the geotechnical and hydraulic design. A successful 

example is the reinforced concrete seawall and tetrapods surrounding the Male coast, 

which helped to reduce the impact of the 2004 tsunami. Silva et al. (2000) suggest that 

underwater breakwaters may be able to control tsunami waves by absorbing, reflecting 

and dissipating the wave energy. Similarly, permeable breakwaters would reduce the 

reflected tsunami wave by virtue of their porosity.  
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Along the Phang-nga coast, which used to be a tin mining area, an artificial hill 

resulting from the dumping of mine tailings acted as a vertical shelter, providing a safe 

place for the local people who were familiar with the area. Long et al. (2007) state that 

ground elevation is the main factor in reducing the effects of the tsunami, and 

protecting the backshore; this may be as a result of man-made barriers such as high 

road embankments, artificial sand dunes or other earth works, or natural features.  

Geosynthetics can also play a role in the protection and mitigation scenario. To 

improve the safety of the Andaman coast of Thailand, Long et al. (2007) recommended 

the use of geotextiles for building artificial sand dunes and hills to reduce the impact of 

the tsunami and to offer vertical shelter. Geotubes or geobags, filled with sand, silty 

sand and clay, can be used to build artificial sand dunes;piles of geosynthetics can be 

integrated into the building of artificial hills or escape mountains for vertical 

evacuation. Long et al. (2007) recommend these be built in pyramidal shapes of 30 m 

by 50 m dimension and 3-5 m high. The escape mountain has the advantage of being 

more easily accessible than the vertical tower as it can be reached from any direction. 

Geotextiles could be used to re-enforce embankments to give added resistance against 

failure and erosion.  

Man-made structures for tsunami protection can be costly and have disadvantages as 

well as advantages; they can block the view from tourist hotels, alter the environmental 

conditions along the coastline and make it difficult for fishermen to moor their boats. 

Softer choices such as the replanting of mangrove and beach forests, discussed above, 

may have advantages for many areas and, although these cannot guarantee 100% 

protection from future tsunamis, they would serve to reduce some impacts and provide 

more beautiful scenic views to benefit the tourist business.  

 Public Knowledge 8-2.5

Bernard et al. (2006) stated that communities that are aware of the tsunami hazard and 

the tsunami‟s physical indicators suffer a substantially decreased loss of life. Public 

knowledge and awareness are critical components that need to be built into mitigating 

the effects of a tsunami. Emergency preparedness requires an understanding of the 

tsunami characteristics and patterns in order to provide the necessary information to the 

public. The best way to mitigate the effects of the next tsunami is to combine real-time 
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tsunami forecasting with public education (Synolakis et al., 2005). The lack of a 

tsunami warning system around the Indian Ocean rim and the lack of knowledge about 

precautionary behavioural response, such as recognising the implication of a rapid and 

unusual sea level retreat before the approach of the tsunami crest, were examples of the 

poor state of public awareness that led to the massive loss of life as a result of the 2004 

tsunami.  

Several thousand visitors from European countries lost their lives in Thailand due to 

their inadequate knowledge of the dangers of tsunamis, they waited and watched the 

seawater receding instead of evacuating to higher ground. Visitors to the Thai coast 

from countries where tsunamis are unknown need to be made aware of the risks and 

hazards of tsunami waves. The coastal community should be informed of the dangers of 

tsunamis and earthquakes, of the tell-tale precursors of a tsunami, of the available 

evacuation routes and of the details of existing warning systems.  

The National Science and Technology Council (2005) state that the impact of a severe 

tsunami is aggravated by lack of public awareness, effective warning arrangements and 

the implementation of mitigation measures. The community should receive information 

based on scientific knowledge and applied engineering aspects affecting the area. 

Jonientz-Trisler et al. (2005) proposed the use of various materials, such as bookmarks, 

magnets and emergency contact cards to educate the children and the public at large in 

the tsunami-threatened community. Booklets and brochures with information on the 

characteristics of a tsunami, evacuation route maps and shelter locations, should be 

produced and placed in hotels, in the community, across businesses and in public 

venues. 

The local community is the key to the effective implementation of tsunami mitigation 

strategies and should be the first priority group to prepare for the hazards. The 

experience gained from a past tsunami event will only be passed on through one or two 

generations and the society may lose its knowledge of tsunami  as memories fade away 

and conscious awareness vanishes (Intergovernmental Oceanographic Commission, 

2005). The social memory of natural hazards, such as a tsunami is probably limited to 

not more than 20 years and social memory is crucial to the reduction of fatalities in the 

next event. Stein and Okal (2007) proposed that the long return period of tsunami 
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events in the Indian Ocean regions, induces loss to the cultural memory. The mitigation 

strategy must be put into action for the long-term to reduce the tsunami susceptibility of 

people. Research concerning the understanding of people about tsunami hazards in the 

State of Washington and reported in Johnston, et al. (2005), concluded that visitors and 

tourists are less aware of tsunami hazard than residents, but students in general prove to 

have a good awareness of tsunami impacts (Johnston et al., 2005). This confirms the 

necessary of raising the awareness of tourists to the Andaman coast of Thailand, and 

that an education program on tsunami hazards for students in school would be 

beneficial in transferring tsunami knowledge .  

An important consideration in the design of tsunami mitigation procedures for tourist 

areas relates to the fear of negative impacts on the economy. However, tsunami 

warning systems and clearly-defined evacuation measures can boost the tourists‟ 

confidence and encourage them to come back. Similarly, the media is important for 

distributing positive messages to tourists, for example, information on the measures 

being taken for their safety. However, the most important issue is that local residents 

themselves have confidence in the tsunami mitigation procedures prepared for the 

community. Significantly, the key to the success of most tsunami mitigation measures 

depends on the involvement and participation of the local community (Sonak et al.    
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 Tsunami Impact Reduction Chapter 9

Schemes for Bang Niang and Nang Thong 

Beaches, Khao Lak. 
This chapter will focus on the integration of tsunami impact alleviation strategies, the 

principles needed to formulate tsunami mitigation plans and measures for the Bang 

Niang and Nang Thong communities, and the application of these principles to improve 

the safety of these communities.   

1. The first component to achieving these goals is to understand the nature of 

physical tsunami impact on the area. These relate to the geographical 

characteristics of the areas including the topography of intertidal and 

backshore zones and the bathymetry of nearshore and offshore areas. 

Numerical modelling  plays an important role in understanding tsunami 

inundation patterns. Wave height, wave direction, estimated arrival time and 

inundation distances/areas are the main factors needed for creating tsunami 

mitigation plan.   

2. The second component is to understand community vulnerability and build a 

tsunami-safe community. Several tools need to be applied including a tsunami 

warning system, tsunami-related zoning, and building construction codes.   

3. The third component is to conserve natural environments that help to reduce 

tsunami impact such as sand dunes and coastal forests.  

4. The fourth component is to strengthen the Local Administrative offices, e.g. 

Bang Niang Sub-district Administrative Office, who are responsibility for 

tsunami impact reduction and coordination.  

 Component 1: Understanding the Pattern of 9-1

Tsunami waves at Bang Niang and Nang Thong 

Beaches 

To create reliable mitigation plans and measures to mitigate tsunami impacts, it is first 

necessary to understand the nature of the tsunami risk. The 2004 earthquake with Mw = 

9.3 caused severe destruction to the Andaman coast of Thailand, especially the Khao 

Lak area; however, the likelihood of such a high magnitude earthquake happening 
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again is between 400-600 years (Section 2-5) (Pietrzak et al., 2007; Stein and Okal, 

2005a; Stein and Okal, 2005b). A tsunami affecting the Andaman coast of Thailand 

might also occur due to a smaller tectonic event on the Andaman-Nicobar Section or 

the Northern Sumatra Section of the Sunda subduction zone. An earthquake of Mw 

between 8.5 to 9.0 may occur, with dramatic consequences for the Andaman coast of 

Thailand, within the next 100-500 years (see Section 2-5.2 and 2-5.3). Several kinds of 

tools can be applied to increase the understanding of the effects of a tsunami generated 

by a „smaller‟ earthquake and the vulnerability of the coastal communities to such a 

tsunami.   

 Tool 1: Tsunami Modelling for Prediction of Tsunami 9-1.1

Pattern at Bang Niang and Nang Thong Beaches. 

 Selected source of potential earthquake eruption that might 9-1.1.1

cause tsunami impact to Khao Lak. 

Numerical simulation is essential to obtain realistic information on tsunami wave 

characteristics such as inundation distance, wave height, wave direction and wave 

speed, and to provide inputs for the definition of reliable tsunami mitigation plans and 

protective measures for Bang Niang and Nang Thong Beaches. These characteristics 

are the basic input for defining building regulations, evacuation routes and emergency 

plans.  

An earthquake event with Mw = 8.4 occurring along the Northern Sumatra and 

Andaman-Nicobar sections of the zone, with larger slip for the two western rectangular 

components and lower slip for the two eastern rectangular components, was simulated 

using the MOST model with the ComMIT interface (see Section 7-4 for choice of Mw 

and sensitivity to Mw). The tsunami wave generated by such an earthquake would be 

characterised by a depressed wave propagating from the epicentre towards the Thai 

coast as a receding wave from the west-southwest arriving approximately 2 h 20 min 

later. Water levels in the nearshore would drop to 1.4-1.5 m below MSL, causing a 

dried-out the sea bed to become exposed for approximately 2 km offshore before the 

wave crest arrives.  
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 Tsunami pattern at Bang Niang and Nang Thong Beaches. 9-1.1.2

According to the modelling, the first wave crest to reach the nearshore of Khao Lak (at 

+2 h 26 min) would have a wave height of just 0.4 m and inundate the nearshore area 

of Bang Ninag and Nang Thong Beaches for 24 min. The second wave trough arrives at 

the beach and would cause water recession to 0.5 m below MSL for 20 minutes. The 

first significant wave (the second wave crest) would reach Bang Niang and Nang 

Thong Beaches between +3 h 20 min  and +3 h 33 min (Figure 9-1)  and would be 

approximately 2 -3 m above MSL. Both beaches are flooded for 200-600 m inland. The 

third wave crest is largest (+4 h 0 min; Figure 9-2) Nang Thong Beach and the southern 

part of Bang Niang Beach would be confronted by waves up of between 4.5-5.5 m. The 

northern part of Bang Niang Beach would face higher waves (5.0 m above MSL, Figure 

9-3) than the southern part (4.7 m above MSL at the shore and 3.0 m inland in  

Figure 9-4).The northernmost part of Bang Niang Beach would also face a higher 

waves due to the wave flooding through the northern branch of the Pong Canal. On the 

other hand, the southernmost part of Bang Niang Beach would experience smaller 

effects of tsunami wave due to its „high‟local topography (Figure 9-5).  Inundation 

would reach 300-350 m inland around Nang Thong Beach with high wave of  5.5-6.0 m 

high above MSL at +4h 0 min ;Figure 2 6). The most endangered areas from this 

potential tsunami wave would be around the canal that runs parallel to the coastline and 

the Pong Canal itself, due to the wave flooding through the northern branch of the Pong 

Canal (Figure 9-2). North of the canal (close to Khao Lak Orchid Resort), where the 

topography is higher than 2 m above MSL, the effect would be smaller.  

In addition, the community must be aware that the first wave might not be the highest 

and the most dangerous one that affect the area. According to the model the third wave 

crest, which reacehes Bang Niang and Nang Thong Beaches at +4 h 0 min, is the one 

that cause more severe destruction than the first wave. Evacuation plan and measures 

should be issued in consistent with the detailed tsunami wave pattern of each specific 

areas. However, tsunami wave patterns (wave heights, wave periods, and inundation 

distance etc.) normally rely on earthquake sources which cause tsunami wave; but, the 

general patterns of tsunami wave should be similar.  
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Figure 9-1 The first tsunami wave crest approaching the coastline of Khao Lak at + 3h 20 

min. Water at the crest of wave moves shorewards at ~2 m/s 
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Figure 9-2 The wave crest reaches Bang Niang and Nang Thong Beaches  at +4 h 0 min. 
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Figure 9-3 Cross-Section profile of wave inundation between A and A’ (see Figure 9-2) at 

north of Bang Niang Beach +4h 0 min. 
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Figure 9-4 Cross-Section profile of wave inundation between B and B’ at Bang Niang 

Beach (across Pong Canal) +4h 0 min. 
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Figure 9-5 Cross-Section profile of wave inundation between C and C’ at Bang Niang 

Beach +4h 0 min. 
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Figure 9-6 Cross-Section profile of wave inundation between D and D’ at Nang Thong 

Beach +4h 0 min. 

 

The inundation area of the tsunami associated with this possible Mw = 8.4 earthquake 

gives generally a similar pattern to that of the 2004 tsunami. However the maximum 

inundation distance is approximately half that of the 2004 event in some areas such as 

at the southernmost part of Nang Thong Beach (Figure 9-7). Bang Niang Beach 

experiences the most severe impacts; the inundation area is about 70% of that of the 

2004 tsunami. Tsunami waves of 4-5 m above MSL would reach the main road, located 

approximately 1.2 km from the shoreline, and the areas adjacent to the Pong and the 

Bang Niang Canals. The maximum inundation of the coastal area at Bang Niang Beach 

would occur at +4 h 0 min (Figure 9-2). It is therefore necessary to design evacuation 

maps and prepare coastal land use plans to allow for the maximum inundation and the 

highest waves that would occur, especially the northern area of Pong Canal which 

would experience the severest wave effects. The wave speed in the Pong and Chong 

Fah Canals could be as fast as 6-10 m/s due to channelling effects (it would typically be 

2-4m/s elsewhere). The estimated inundation area is shown in Figure 9-7. Sensitive 
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units such as the hospital and schools as well as tsunami shelters should be located 

outside the inundation area.   

 Tool 2: Classification of the Tsunami-Affected Zones. 9-1.2

The tsunami-affected area of Bang Niang and Nang Thong Beaches can be divided into 

two zones: a “severely-affected” zone and “forecast-inundation” area (Figure 9-7) 

which can be used for the development of land-use planning and building codes of 

construction for the area. The severely-affected zone is characterized by wave heights 

of 4.5-5.5 m above MSL (3-5 m above ground level) at the coast and wave speeds of 2-

4 m/s. This is broadly in agreement with the damage classification diagram of 

Silpakorn University (2006) shown in Figure 9-8. The severely-affected zone (Figure 

9-7) is comparable to the area severely and moderately damaged by the 2004 tsunami in 

Figure 9-8. Eisner (2001) and the Oregon Emergency Management and Oregon 

Department of Geology and Mineral Industries (2001) consider the advancing turbulent 

front of the tsunami wave to be the most destructive part of the wave; this turbulent 

front results in a high water speeds and highly energetic conditions from which it would 

be difficult to escape and is therefore a very dangerous region (the severely-affected 

zone). 

The area along Bang Niang Beach, Nang Thong Beach and Bang Niang Canal banks, 

including the resorts and hotels, should therefore be designated as a zone that would be 

severely-affected by the tsunami.  
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Figure 9-7 Estimated wave speeds and wave directions for the simulated tsunami that 

would reach Bang Niang and Nang Thong Beaches at +4h 0 min after the earthquake. 

The most vulnerable area would be at Bang Niang Beach, between the Bang Niang and 

Pong Canals, where the highest wave speeds and wave heights would be encountered.  
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                                           Few buildings were damaged by the 2004 Tsunami 

                                         Buildings were moderately damaged by the 2004 Tsunami                                    

                                         Buildings were severely damaged by the 2004 Tsunami 

 

Figure 9-8 Building damage from the 2004 tsunami waves that attacked Nang Thong 

Beach. (Modified from (Silpakorn University, 2006)).  
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  Component 2: Building Resilience of the Bang 9-2

Niang and Nang Thong Beach Communities. 

Tsunami „community resilience‟ is a concept developed through the integration of 

various strategies, plans, principles and measures, which are operative from the policy 

level to the implementation level, for building a long-term tsunami-safe community. 

Community vulnerability to both natural and technical disasters is a function of human 

action and customs. For a natural disaster, the level of risk is determined by the level of 

vulnerability combined with the degree of probability and intensity scales for each 

hazard. Risk reduction involves activities to reduce the vulnerability and minimise the 

sources of hazard. For people living in an area prone to natural hazards, the safety of 

buildings through the reduction of vulnerability is a key factor.  

 Tool 3: Tsunami Warning Systems and Evacuation Plans. 9-2.1

In the case of a submarine earthquake occurring along the Sunda subduction with the 

potential for the generation of tsunami waves, the first warning would come from the 

global seismic network of the earthquake itself. The Meteorological Department of 

Thailand and the Thai National Disaster Warning Centre receive the seismic signals, 

analyze them and issue an earthquake report, and then wait for the tsunami prediction 

from agencies such as the USGS and NOAA; a warning could be issued at much as 1.5 

h before any tsunami wave reached the Thai coast (Table 9-1).  

The first direct evidence of a tsunami wave would come from a DART
®
 (Deep-ocean 

Assessment and Reporting of Tsunamis) buoy (Gonzalez et al, 1998) that was deployed 

by Thailand Meteorological Department (TMD) in conjunction with National Disaster 

Warning Centre at 8.905
o
 N 88.540

o
 E (station 23401) which is ~1020 km from Khao 

Lak (Figure 9-9) in deep water on the far side of the subduction zone. DART buoys 

were originally developed by NOAA for the US National Tsunami Hazard Mitigation 

Project to maintain and improve early detection and enhanced warning of tsunamis 

(http://www.ndbc.noaa.gov/dart/dart.shtml)    However, this DART buoy went adrift in 

April 2010 and is no longer providing water column or tsunami event data.  The buoy 

will be restored into service when it can be recovered (http://www.ndbc.noaa.gov/ 

http://www.ndbc.noaa.gov/dart/dart.shtml
http://www.ndbc.noaa.gov/%20station_page%20.php?station=23401
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station_page .php?station=23401). If the buoy is able to operate, it can detect a tsunami 

wave ~ 1.5 h before the wave reaches the Khao Lak area (Table 9-1).  

Digital tide gauges, which can detect unusual changes in water level, have been 

installed on the Miang and Similan Islands (~67 km offshore) by the Royal Thai Navy 

(Figure 9-9) and are automatically transmitting their data to the National Disaster 

Warning Centre in Bangkok. These gauges can provide 45 minutes to 1 hour warning 

prior to the tsunami wave reaching Khao Lak (Table 9-1) or cancelling any false alarm 

previously issued. Further digital tide gauges should be installed along the Andaman 

Coast at 200 km intervals to provide warning of the recession of the water ahead of the 

first wave crest and directly connected to sirens on the Warning Towers that have been 

installed by the government. However, these systems must be maintained in good 

working order to ensure transmission of early warnings of an impending disaster to the 

public and tsunami drills should be conducted at regular intervals. Additional tsunami 

warning information should be installed in hotels‟ rooms in tsunami risk zone to 

increase tourists‟ confidence.  

Instruments Activities Warning Period  

Seismic signal Global system; not known 

if event is tsunamigenic 

~2h 30 min 

DART buoy (8.9
o
N 88.5

o
E) 

1020 km from Khao Lak 

First indication that a 

tsunami will reach the coast 

of Thailand, issue warning 

~1h 15 min-1h 30 min 

Digital tide gauge 

(Offshore Islands) 

Miang and Similan Islands 

Automatic  National 

Warning tide gauge 

45 min- 1 h 

Water levels recede at 

shoreline ahead of crest  

Needs local observers < 30 mins 

Table 9-1 Estimated tsunami warning period at Khao Lak from various methods 

 

http://www.ndbc.noaa.gov/%20station_page%20.php?station=23401
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Figure 9-9 Location of DART buoy (8.905 N 88.540 E) and digital tide gauge at Miang 

Island relative to the Sunda subduction zone and the coast of Khao Lak, with estimated 

distances and tsunami travel times. 

 

The essential requirement for reducing tsunami loss is the „tsunami warning period 

awareness‟, ensuring that local people and visitors know what to do when a tsunami 

warning is issued. The speed of the first wave as it approaches the shoreline at Bang 

Niang and Nang Thong Beaches is generally faster than a human can run (1.5-5 m/s), 

and higher speeds still would still occur at the canal openings (Figure 9-1 and Figure 

9-2). If an earthquake is felt and the seawater regression occurs, evacuation plans 

should provide enough time for everyone to escape to safe zones: this depends on the 

reliability, effectiveness and the practical planning that has been put in place ahead of 

the event. There is a maximum of only 30 minutes between the moment when the water 

levels start to fall and the first wave crest reaching the coastline so, with the safe areas 

approximately 1.5 km from the shoreline, tsunami mitigation plans should include the 

construction of vertical man-made shelters to ensure the security of all those living, 

working and visiting the area.  

Khao Lak Miang Island 

510 km, ~ 1 h 

510 km, ~ 1h 50 min-2 h 15 min  

440 km, ~ 1h 20 min-1h 45 min  67 km, 

~ 30-45 

min 
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In addition, the community must be aware that the first wave might not be the highest 

and the most dangerous one that affect the area. According to the model the third wave 

crest, which reacehes Bang Niang and Nang Thong Beaches at +4 h 0 min, is the one 

that cause more severe destruction than the first wave. Evacuation plan and measures 

should be issued in consistent with the detailed tsunami wave pattern of each specific 

areas. However, tsunami wave patterns (wave heights, wave periods, and inundation 

distance etc.) normally rely on earthquake sources which cause tsunami wave; but, the 

general patterns of tsunami wave should be similar.  

 Tool 4: Coastal Zoning and Land Use Planning for 9-2.2

Tsunami Mitigation. 

 Tsunami Affected Zone and Tsunami Safe Zone 5-1.1.9

Khao Lak suffered severe damage from the 2004 tsunami due to its low-lying coastal 

plains, bounded by high hills on the eastern side. Again, modelling of the inundation 

area was used to obtain an estimated „safe zone‟, beyond the severely-affected zone and 

the forecast-inundation areas. The extent of the flooding by the simulated tsunami 

generally covers the entire backshore area to a line almost to the main road.  

To minimize the impact of a tsunami wave on the community, the construction of 

buildings of a poor standard should be prohibited in the severely-affected zone. For 

Bang Niang and Nang Thong Beaches, single storey building construction on low land 

is no longer considered suitable. Not only is there the risk of such structures themselves 

collapsing and generating considerable debris with the resultant loss of life, but also 

they lack the capacity for any escape vertically. 

Recently, roads have been constructed perpendicular to the coastline in this area but 

these roads are narrow. More roads should be built perpendicular to the shoreline for 

use as evacuation routes; they should be constructed as wide as possible and reach the 

safe zone in the shortest distance. A high-standard, elevated road could be built parallel 

to the shore, close to the beach, to act as an embankment to reduce the power of the 

tsunami and assist evacuation but this would be unacceptable from a tourist amenity 

view-point; hotels are unlikely to accept their sea-view and beach access being spoilt by 

an elevated road however beneficial in the long-term.   
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Signs displaying tsunami hazard areas, tsunami evacuation routes and information 

about tsunamis should be placed in this zone to encourage tsunami awareness. The 

location of sensitive buildings such as hospitals and schools should be restricted to the 

„safe zones‟. The coastal zoning of Bang Niang and Nang Thong Beaches, relating to 

tsunami-affected zones, should be put into effect by enforcing regulation issued by 

Bang Niang Sub-district Administrative Office.  

One successful example of tsunami mitigation is the Oregon coastal area, which 

utilized a GIS-based tool to create tsunami evacuation maps for each community under 

the supervision of Oregon Department of Emergency Management. In addition, Oregon 

coastal communities receive tsunami warnings from NOAA weather radio, and local 

officials can issue a warning by sounding 3-minute siren signals for evacuation. 

(http://www.oregongeology.com/ sub/earthquakes/ Coastal/Tsubrochures.htm). 

A hazard related to the sea level recession is the strong currents that occurs in some 

areas, for example near canal openings to the sea (Figure 9-1). The water currents could 

be as fast as 4-6 m/s, and flow perpendicular to the shoreline, so the sea level drop and 

the receding water will be dangerous for anyone in the water as they would transport 

swimmers to the offshore area with resulting loss of life. Boats moored inshore may 

also be carried offshore by the receding wave and could be brought back to the shore 

again by the next wave crest as floating debris, which would make the wave more 

dangerous than it would otherwise be. To prevent more unnecessary damage it is 

therefore advisable to review the nearshore areas for their suitability as mooring places 

for small boats (fishing and tourist). Most importantly, to reduce the drawdown impact 

and rip-current-like effects, piers and mooring points should not be located in the areas 

close to canal openings. 

The model predicts that a second tsunami crest would reach the area at +3h 20 min, 

after the second trough and associated water recession. The draw-down between the 

first and second waves (also the second and the third waves), would be one of the most 

dangerous periods of the tsunami as it would carry seawards floating debris from the 

previous wave, creating the possibility that this would enhance the destruction of 

buildings that survived the initial wave. Any boats left stranded on the seafloor after the 

http://www.oregongeology.com/%20sub/earthquakes/%20Coastal/Tsubrochures.htm
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regression of the water may prove difficult to refloat and a later wave could swamp 

them.  

 Set Back Policy  5-1.1.10

For Bang Niang and Nang Thong Beaches, which are attractive tourist beaches, it is 

essential that land use planning is properly considered and enforced for the safety of the 

population. A setback policy should be implemented that secures open space of at least 

50 m from the shoreline and well positioned artificial sand dunes should be constructed 

to reduce the wave forces and alternatively to act as vertical shelter for those unable to 

reach the safe zone. The planting of beach forests should be encouraged along the 

beaches, with Casuarinas of different size intermingled with Pandanus shrubs (Tanaka 

et al., 2007). However, enforcement will not be easy as this zone is important for 

businesses supplying tourists. Stricter codes of construction, based on the results of 

scientific research, should therefore be issued for the buildings in this area.  

 Breakwaters and Seawalls to Reduce Tsunami Impact. 5-1.1.11

Seawalls and breakwaters might be used as protective measures to reduce some of the 

tsunami devastation, but underwater structures might be better suited to the area as they 

do not block the view at these popular tourist beaches. A well-designed seawall located 

along the front of Bang Niang Beach would benefit the hotels located along the beach 

as well as sheltering the canal openings for the mooring of tourist and fishing boats. 

However, the proper design of the structure is very important as the area is densely 

populated and highly commercial. The pros and cons of building a seawall in the Khao 

Lak area are still debated among scientists, engineers, local administration officers and 

local people. Therefore it is will be necessary to conduct studies to determine the most 

appropriate designs for a seawall to reduce tsunami wave effects while minimising 

impacts on the tourist industry and the life-style of local fisherman.  

 Evacuation Shelters  5-1.1.12

Evacuation shelters should be located outside the inundation area, ideally in the safe 

zone on the landward side main road, except for an area behind Sunset Beach, where 

the topography is high enough to offer safety from the waves. Where these evacuation 

shelters are too far away from the beach or access is limited by lack of transportation, 
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vertical shelters are essential for the safety of the coastal population. Vertical 

evacuation shelters should be constructed along the beaches in locations that are too far 

from the high ground.  Shelters should be higher than 12 m and strong enough to 

withstand a wave at least 6 m high with a speed of 8 m/s. Buildings of a high-standard 

of construction, at least 3-stories in height, can also be used for evacuation purposes 

(Figure 9-10). Vertical shelters should be built at intervals of 1 km along both beaches 

so shelters are accessible within 500m.  

 Tool 5: Recommendation for Building Code of 9-2.3

Construction. 

It is recognized that high-speed waves cause scouring of building foundations, 

sometimes resulting in structural collapse and destruction. Buildings located near the 

canal openings and facing strong wave action should be constructed to withstand such 

strong waves by positioning them perpendicular to the coastline, with an elevated 

ground floor and proper wall types as required by the appropriate building regulations, 

as stipulated under the land use planning directives for the area. When comparing the 

severely-affected area and predicted-inundation area (Figure 9-7) with the map showing 

the scale of damage to the buildings of Nang Thong Beach in Figure 9-8, it can be seen 

that the area close to the headland is protected by the headland itself and should 

experience less destruction than areas facing the direct force of the tsunami wave. This 

illustrates how the specific conditions applicable to each area need to be taken into 

account when setting out an appropriate mitigation plan. The important factors to be 

considered in defining the building regulations for Bang Niang and Nang Thong 

Beaches are the wave speed and direction, the wave height and the inundation depth. 

Bang Niang Beach, especially the area between the Bang Niang and the Pong Canals, is 

likely to be the area most at risk (Figure 9-7). At present, there are more than 30 luxury 

seaside resorts in this area. Fortunately, many are 3-4 storey high hotels and the resort 

buildings are built of reinforced concrete so would provide secure vertical shelters. 

However, the building regulations for the zone within 300 m of the shoreline should be 

strengthened to cope with the high waves and immense wave power that the area could 

be subjected to.  
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Although larger hotels and resort complexes located close to the beach normally 

comprise a number of high, reinforced concrete buildings (3-4 stories), medium-sized 

resorts are often composed of 1-2 story concrete buildings while the smaller resorts 

generally consist of small, detached bungalows and are much more vulnerable to 

tsunami impacts. If possible, the first floor of the building should be elevated above the 

maximum wave height in the area. For Bang Niang and Nang Thong Beaches, the first 

floor of the buildings located at the beach should be 3-5 m or more above MSL. 

Alternatively the elevation of the land could be raised locally, which lifts the first floor 

by the same amount. Buildings that let the water flow through the first floor can reduce 

the wave impact and help to ensure the safety of their occupants (Figure 9-10). First 

floor walls should be constructed of low resistance materials to permit the wave to 

destroy it easily, leaving the first floor as a free space to let the wave flow through; as a 

result, the whole building should remain as a safe shelter for vertical evacuation. The 

material type selected for the construction of the first floor should also be chosen to 

produce the least quantity of debris (a main contributor to fatalities and property 

damage), in an effort to reduce the impact of debris flow.  

While structures with pile footings should be encouraged, (non-engineered) wooden 

houses and structures built on shallow spread footings should be prohibited in the zones 

most highly prone to damage from a future tsunami. Engineered buildings with deep 

scour-resistant foundations should be encouraged along the coast, especially in severely 

tsunami-affected areas. 
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Figure 9-10 Elevated and flow through first floored building designs for Khao Lak by 

architects at Silpakorn University. The top floor is also designed for use as a vertical 

shelter. (Silpakorn University, 2006). 

 

  Component 3: Conservation of the Natural 9-3

Environment 

 Tool 6 Restoring Beach Forest and Sand Dunes along 9-3.1

Bang Niang and Nang Thong Beaches. 

The ecological and environmental integrity of the coastal area needs to be maintained to 

reduce some impacts of potential tsunami in the future. Beach forests and mangrove 

forests should be considered as a means of reducing the tsunami‟s power. Ecology 

needs to be balanced with coastal development projects. For example, beach forests, 

which naturally reside along Bang Niang and Nang Thong Beaches, are the wise way to 

reduce tsunami impacts (Chapter 8 Section 8-2.4.1.1). Not only are trees and bushes in 

beach forests able to reduce wave energy and wave height by acting as shock absorbers, 

they also trap floating debris and can act as vertical shelters. It will be of benefit to the 
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area to have a 50-m wide belt of Casuarinas of various sizes, interspersed with 

Pandanus shrubs, to increase the protection capacity. A 100-150 m wide of beach forest 

belt is even more effective, but this is unfeasible along Bang Niang and Nang Thong 

Beaches because most of the area is composed of hotel buildings and owned by private 

sector. In addition, property values in this area are very high, and the local government 

does not have any law or regulation to enforce a setback policy on the existing business 

sector.  

Sand dunes have proved to protect the backshore areas in several locations from the 

worst effects of a devastating tsunami (Long et al., 2007). Unfortunately, sand dunes 

along Bang Niang and Nang Thong Beaches are not as high and stable as those of 

Karon Beach in Phuket. Some hotels buildings and roads are now located on sand 

dunes or the areas that used to be sand dunes. Some sand dunes were removed to 

improve the sea views from hotels and tourist resorts. It terms of reducing both tsunami 

impact and coastal erosion, the reconstruction of sand dunes is one of the finest ways to 

protect the backshore areas. (Long et al., 2007). Approximately 3-5 m high dunes built 

from geo-textiles not only shield the area from potential tsunami wave effects, but also 

protect the area from coastal erosion in the monsoon season and could act as vertical 

shelter.  

  Component 4: Strengthening Local 9-4

Administrator and Community Responsibility and 

Cooperation among stakeholders. 

A tsunami-resilient community for Bang Niang and Nang Thong Beaches can only be 

achieved with the cooperation of all stakeholders, including the central government, 

local administrative officers, researchers from the regional academic institutions and, 

most importantly, the local people. 

 Tool 7: Policy Formulation and Enforcement. 9-4.1

It is vital that the central and local government continue to recognise the economic 

importance of the beaches along the Khao Lak coast to tourist-related commerce. It is 

not only major hotel chains and resorts that are the beneficiaries; the beaches also 

provide income for local business and job opportunities for both local people and 
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seasonal employees. The government should therefore have a clear policy and provide 

an adequate budget to shape the area into a tsunami-safe community while maintaining 

its attraction as a major tourist destination. 

Under the leadership of the Bang Niang Sub-district Administration Office for 

example, a group of experts is needed to act as an advisory committee to the local 

government. This should comprise researchers who study the effects of tsunamis (both 

in science and the social sciences) from the local university and representatives from 

government agencies and professional associations, to provide information and work 

with the community to formulate policies, strategies, plans and protective measures to 

reduce the effects of a future tsunami. Geologists and marine scientists can play 

important roles in refining simulated tsunami-forecasting models for the understanding 

of the tsunami pattern along the coast. This would provide data for the mapping of 

evacuation routes and the positioning of evacuation shelters. GIS-based risk and 

evacuation maps need to be prepared and made available to the public and situation 

should be re-appraised every few years to include the geographical changes and new 

developments. Coastal engineers and structural engineers should play significant roles 

in formulating improved building regulations and clear construction guidelines should 

be provided for Bang Niang and Nang Thong Beaches. It should then be the task of the 

social scientist to communicate the preparations to the people in the community. Most 

significantly, all stakeholders should exchange data and integrate them into a coastal 

management plan.  

Integration of technical, socio-economic and ecosystem factors into the public 

involvement process is also required. Laws and regulations should be carefully devised 

and enforced by both the central government for general purpose of protecting the 

coastal environment, and by the local administrative office (Bang Niang Subdistrict 

Administrative Office) to reduce tsunami impacts along Bang Niang and Nang Thong 

Beaches. The policies, regulations, institution frameworks and guidelines needed for 

Khao Lak communities should comprised of: 

 Maps showing tsunami risk areas, tsunami safe zones, evacuation routes, 

location of evacuation shelters; these must be issued and well publicised. 
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 Construction zoning maps, buildings regulation for sensitive buildings and 

for the protection of critical facilities, codes of construction and 

construction practices, including tsunami resistant design guidelines 

should be made available.  

 New construction in severely-affected and forecast-inundation zones must 

comply with the policies and regulations laid down, and must be strictly 

enforced by the local Administrative Office  

However, if the impact of the tsunami on the people and the buildings is to be reduced, 

the most important issue facing the community at Bang Niang and Nang Thong 

Beaches is the achievement of the full cooperation of the local community.  

 Tool 8: Tsunami Knowledge Distribution for the 9-4.2

Community. 

To increase the general resilience of the population it is necessary to learn to live with 

the hazard, to increase the range of knowledge about it, to nurture the ecological and 

social diversity and to create opportunities for self-help (Berkes, 2007). To live with 

change and the uncertainties of natural hazards, e.g. the tsunami risk along the 

Andaman coast of Thailand, it is necessary that reliable mitigation plans and measures 

be prepared and made available to the public. The more the local community 

understands about tsunamis the greater the benefit to the local people and tourists, and 

the more secure community will become.  

The vibration caused by the earthquake and the sudden drop in sea level due to the 

receding wave should immediately be recognised by the local population as signs of an 

impending tsunami attack and of the imminent danger. Leaflets and booklets describing 

the tsunami phenomenon, giving details of the signs of a imminent tsunami attack 

should be distributed to the local people and tourists. Tsunami-related signage, such as 

evacuation routes or direction to the closest vertical shelter, should be erected on along 

all in tsunami-affected areas. Tsunami information documents, notice board and 

brochures should be placed in hotels and resort guest rooms. Bookmarks, magnets and 

other souvenirs should be dispersed or put up for sale to increase tsunami awareness.   

Bernard et al. (2007) stated that education is the most important issue amongst tsunami 

mitigation activities. One of the most successful ways to raise the tsunami awareness of 
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the population and all stakeholders in general, and how to respond, is through tsunami-

education programmes at school, especially at the primary school level. In Japan, Ohta 

et al. (2005) reported that tsunami mitigation education in primary schools was put into 

action in 1937 to bring knowledge of disaster mitigation and rehabilitation measures to 

children and help Japanese people to behave properly when facing tsunami waves. 

Furthermore, education on tsunami and other natural hazards was integrated into 

mainstream science curricular within both public and private schools to increase 

disaster awareness in the community.  

An Intergovernmental Oceanographic Commission (IOC) report in 2006 stated that it is 

vital to integrate tsunami risk into national education programmes and develop 

handbooks for teachers and textbooks for primary and secondary school children 

(Bernard et al., 2007). In addition, the IOC recommended numerous means to 

strengthen tsunami awareness and preparedness in schools including, such as increased 

knowledge of tsunami character and risks, identifying areas in danger, and developing 

disaster response plans for safer schools. Well-prepared tsunami evacuation procedures 

for every school should be provided, and tsunami drills should be performed regularly. 

Furthermore, public awareness campaigns such as the development of an Early 

Warning Day is to be encouraged in schools. The Early Warning Day brings all 

stakeholder in the community together to raise awareness of all aspects of tsumai-

preparedness, using educational materials such as. board games, to reach out to the 

children. 

The U.S. Tsunami Hazard Mitigation Program (NTHMP) has developed tsunami 

educational products, which include knowledge concerning local science, history, eye-

witness accounts and Native American oral history (Bernard et al., 2007). In Mexico, 

Farreras et al. (2007) also recommend the use of printed material for children and 

adults, such as a booklet called Fasciculo on Tsunamis and other brochures to instruct 

the public. Schools in Japan have various activities relating to tsunami mitigation; a 

special course in disaster mitigation is run at Maiko High School while regular courses 

in disaster prevention and life saving are presented at Kitakyushu City University. 

Disaster imagination games conducted at schools encourage students to estimate the 

extent of tsunami flooding, to draw evacuation maps and find out the location of 

evacuation shelters (http://www.gdrc.org/uem/disasters/japan-disaster.html#five). 

http://www.gdrc.org/uem/disasters/japan-disaster.html#five
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Ohta et al. (2005) recommended that people who live in the coastal zones should be 

given more information about tsunami, especially after the tsunami disaster in 2004. 

The Oregon outreach program, which conducted surveys on local residents, businesses, 

visitors, and children, about public tsunami awareness and preparedness actions before 

and after the 2004 Indian Ocean tsunami, found out that the 2004 event had an 

educational effect on the population of Oregon State, especially increasing the 

understanding of tsunami warning signs and evacuation routes. In addition, door to 

door visiting programs by volunteers yielded perspectives on tsunami awareness and 

preparedness (Bernard et al., 2007). 

In case of Khao Lak today, schools are no longer located in the areas flooded in 2004 

but it is still vital for the children to know more about tsunami, and to transfer their 

knowledge to their parents. Tsunami mitigation programmes should be conducted at 

schools, including for example special courses by visiting scientists, and activities 

which encourage students to draw up evacuation maps, identifying evacuation routes 

and shelters. Tsunami signage which has been placed along both beaches and roads 

leading to the shelters should be clearly explained to children at schools. 

 Tool 9: Encouraging More Research and Technology 9-4.3

Development for Tsunami Impact Alleviation. 

More research and technology development should be considered in several areas to 

reduce the impact of tsunami on the Khao Lak coast and the other areas affecting by 

tsunami waves. The following activities need to be undertaken: 

 Research on engineering aspects of building design, to increase their 

ability to withstand the impacts of tsunami waves. 

 Research on the advantages and disadvantages of different underwater 

breakwaters and seawalls, to provide reliable information for decision 

makers; hydrodynamic conditions of the area need to be analyzed. 

Seawalls and breakwaters need to be studied, using both numerical 

modelling and laboratory experiments; to identify the most appropriate 

designs and materials for this region of Thailand  

 Research on the human response to tsunami waves to understand human 

behaviour under hazardous conditions. Research should also be conducted 
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on human response to warning signals, to evacuation procedures and  

evacuation drills, and to the post-tsunami recovery process. 

  



210 

 

 

 

 Discussion and Conclusions Chapter 10

 

1. Historical evidence (Chapter 2) of tectonic activity along the Sunda subduction 

zone suggests that the December 2004 Indian Ocean mega-tsunami cannot be 

considered as an isolated event and may re-occur with a return period of 500-

600 years. However, it should be noted that these time-scales are based on few 

historical data; the difficulties in predicting such rare events are illustrated by 

the recent (Feb 2010) rupture along the Chilean coast - this region had 

previously slipped in 1960 (Mw ~ 9.5, the largest earthquake ever recorded). 

Rupture events of a lesser magnitude (Mw of 9.0 or less) could occur more 

frequently along the Sunda Subduction and it is necessary to have effective 

plans for the response to a future tsunami.  

2. To assess the effects of a future tsunami on the Khao Lak coast it is necessary to 

have a numerical model that considers a) the generation of the tsunami wave at 

source from the rupture characteristics, b) the propagation of the waves across 

the ocean and into shallow water and c) the subsequent inundation of the shore 

by the waves. The MOST/ComMIT model includes these components. Its 

effectiveness for the Andaman coast of Thailand was tested using the 2004 

tsunami. By modelling the rupture as  three individual segments (Nicobar, 

Andaman and Sumatra), each with four blocks with different uplift or 

subsidence characteristics, the MOST/ComMIT model was able to produce 

tsunami waves of the correct height, period, inundation distances in comparison 

to post-tsunami surveys by Siripong, Sojisuporn et al. (2005) and Matsutomi, 

Satake et al. (2005), and photographic and interview evidence from those who 

actually experienced the tsunami first-hand. 

3. The MOST/ComMIT model considers only vertical displacement of the sea bed 

for the generation of the tsunami but around 5 times as much energy is believed 

to have been associated with the horizontal displacement than the vertical (Song 

et al., 2008). This was accounted for by assigning a larger value of Mw in the 

model (9.4 as opposed to the actual seismic value of 9.2-9.3); Geist, Titov et al. 



211 

 

 

(2007) showed that a Mw = 9.2-9.3 produced a good correspondence to the 

tsunami for the Indonesian coast around Banda Ache but less good for the Thai 

coast.  

4. The tsunami propagated towards Sri Lanka (westward) with a crest leading 

whereas it propagated with a leading trough towards Thailand and Indonesia; 

this was included in the model by varying the uplift of the blocks across the 

sections.  

5. It is assumed that any future tsunamis will have the same propagation 

characteristics because of similar subduction processes. However, although 

considerable survey work has been conducted along the Sumatra section e.g. the 

survey by the British Royal Navy‟s HMS Scott (Peplow, 2005), less is known 

about the Nicobar and Andaman sections because this area is in Indian 

territorial waters; the Indian Government have not allowed international 

scientific surveys of the area and no surveys conducted by the Indian Navy have 

been released (Giles, 2006). 

6. The MOST/ComMIT model also assumes that the rupture occurs 

simultaneously along the whole subduction zone; it does not have the ability to 

model a slip that propagates slowly along the rupture. The 2004 rupture of the 

Sunda subduction started at 7:58 am local time on the Sumatra section and 

propagated northwards taking approximately 8-10 minutes to reach its most 

northerly extent on the Nicobar section. The timing of the arrival of the tsunami 

waves along the Khao Lak coastline was about 4 minutes earlier than recorded 

by observers on the ground probably due to the simplification in the model of 

„instantaneous‟ slip along the whole subduction.  

7. The 2004 tsunami wave speed and direction calculated from the model are in 

good agreement with evidence of the tsunami pictures and videos taken on 26 

December, and are able to provide tsunami wave pattern information needed for 

future mitigation. The subduction scenario that produced results that were most 

highly-correlated to the surveyed data from for the 2004 tsunami wave was then 

used in the MOST/ComMIT model for predicting the inundation area, 

maximum wave heights and tsunami arrival time of a possible future event and 

adapted to create tsunami risk maps and for planning mitigation measures for 

reducing the tsunami impacts in the future.  
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8. The 2004 Indian Ocean tsunami, simulated by the model, shows water recession 

prior to the arrival of the first wave occurring along the coastline at +2h 20 min, 

and resulting in a sea level drop of 3-5 m at 2 km offshore, followed by multiple 

wave crests reached the near-shore zone. The maximum wave heights of 7-9 m 

with 6-12 m/s speed reached Bang Niang and Nang Thong beaches at +2h 

27min, causing severe destruction. The direction of wave approach (from the 

southwest) and inundation distances, compared well with the movement of a 

police patrol boat moored offshore of Nang Thong Beach and deposited 2.6 km 

away inland. In addition, the modelled tsunami inundation area corresponds 

well with that observed from aerial surveys.  

9. Photographic evidence shows that normally-submerged rock outcrops are 

exposed during the wave recession and cause wave breaking and locally-

enhanced wave heights when the crest arrives. The rocks appear to provide 

some protection to the local shoreline e.g. outcrops located in front of Bang 

Niang Beach play a major role in dissipating tsunami wave energy, locally 

increasing wave heights over the outcrops but reducing wave speed and heights 

in areas located behind the outcrops. Therefore, inclusion of accurate nearshore 

bathymetry such as the location and heights of rock outcrops as essential if the 

tsunami wave impacts are to be correctly modelled. The surveys conducted by 

the author of the near-shore bathymetry were particularly important in providing 

accurate data for modelling. The availability of such accurate near-shore data 

need to be carefully considered when using models for the prediction of the 

impacts of future tsunami.  

10. The areas close to the headland are protected from the tsunami wave and suffer 

less damage than the nearby unprotected beaches because headlands partly 

block and diminish tsunami wave energy. In addition, wave reflection from 

headlands, islands and nearby beaches plays an important role in tsunami wave 

pattern alteration. 

11. Tide plays a significant role in the effect of tsunami waves on the coastline. If 

the tsunami occurs during high tide along the Andaman coast of Thailand, the 

modelled wave heights are 1-1.5 m higher and inundation distances 200-600 m 

greater than those occurring at MSL. For planning purposes it is therefore 
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advisable to run the model under high-tide conditions to ensure that impacts are 

not under-estimated. 

12. The simulated tsunami wave patterns by MOST/ComMIT model provides 

confidence that this model can be used to assess the possible impact of future 

tsunami likely to be generated from other sections of the Sunda Subduction, and 

can be utilized to create risk maps and guide mitigation measures to reduce the 

tsunami impacts in the future. 

13. Sensitivity tests were conducted of earthquakes of various magnitudes (Mw = 

8.0, 8.2, 8.4, 8.6 and 9.0) along the Andaman-Nicobar section which might 

cause tsunami effects to Khao Lak. The rupture lengths and widths of these  

earthquakes were scaled using the results of Henry and Das (2001) and Wells 

and Coppersmith (1994). Earthquakes of magnitudes Mw = 8.4, 8.8 and 9.0 

result in tsunami waves of similar maximum heights at Khao Lak (10.3, 12.2 

and 10.7 respectively) and cause similar pattern and severity of destruction 

around Khao Lak, and to affect the similar areas (5.9-6.2 km
2
). An Mw = 8.6 

tsunamigenic earthquake results in an unusually large maximum wave heights 

of 20.3 m and inundates ~7.2 km
2
. So, the Mw =8.4 earthquake was selected to 

generate a future tsunami for mitigation purposes (allowing for the increased 

effect of the horizontal component of the rupture). Seismic events of between 

8.5-8.9 are estimated by Karlsrude, Bungum et al. (2005), Pietrzak, Socquet et 

al (2007) and Ioualalen, Asavanant et al. (2007) to have a return period of 100-

430 years.  

14. The physical patterns of the tsunami waves that would inundate Khao Lak is 

one of the most important issues that needs to be understood before developing 

mitigation plans and measures for tsunami resilience of Bang Niang and Nang 

Thong Beach communities. According to the model of the future Mw=8.4 event, 

the first wave trough will reach Khao Lak coast +2 h 20 min after the 

earthquake, and will cause water to drop 0.4-0.5 m below MSL. The first wave 

crest to attackNang Thong and Bang Niang Beaches occurs at + 2h 26 min, will 

shoal and cause a (relatively small) wave of 0.4 m above MSL, travelling with a 

speed of 4-6 m/s at the coastline, to inundate the area for 24 min. The second 

wave crest is more significant and reaches both beaches at +3 h 20 min to +3 h 

33 min, inundating the area to approximately 2 - 3 m above MSL. Significantly, 
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the third wave crest which reaches both beaches at +4 h 0 min and causes 4.5-

5.5 m flooding above MSL is largest and need to be considered for mitigation.  

15. The coastal areas around Nang Thong and Bang Niang Beaches were classified 

into either a) highly affected zones or b) inundation zones based on the wave 

speed and wave height (Above mean sea level).  

16. Coastal zoning of Bang Niang and Nang Thong Beaches, relating to tsunami-

affected zones, should be created by a group of experts and put into effect by 

enforcing regulation issued by Bang Niang Sub-district Administrative Office. 

The severely-affected zone should be carefully managed by issuing the 

appropriate coastal management plan, formulating building codes of 

construction and encouraging engineered tsunami-suitable construction. 

Moreover, sensitive buildings should be built outside the highly affected zone.  

17. Only buildings designed to withstand the impact of the tsunami waves should be 

constructed in the highly-affected areas. At least 3 stories of elevated reinforced 

concrete building with wave flow-through on the first floor are recommended 

for buildings in the highly-affected areas. The first floor should be elevated or 

the land level should be raised to 5 m above MSL. The core structure of the 

building should be able to survive high wave velocities of 8 m/s; however, the 

first floor walls should be built with low resistant materials which would 

withstand 4-6 m/s velocity of tsunami wave, and produce less floating debris, to 

ensure the integrity of the entire building. 

18. The evacuation process of this area should take no longer than 30 minutes. The 

tsunami waves will continue to affect this area for more than 4 hours after the 

earthquake, during which time it will not be safe for the rescue operations to 

take place. More evacuation shelters both man-made and natural, such as 

artificial sand dunes, should be established in the areas that are difficult to reach 

or far away from the elevated evacuation shelters.  

19. Tsunami detection instruments such as digital tide gauges with their capability 

to identify any unusual patterns associated with a tsunami wave have already 

been installed along the Thai coast; these need to be maintained and their 

signals linked to use for issuing tsunami warning and to cancel the false alarms. 

20. Natural protection, for example combinations of beach trees and shrubs planting 

in conjunction with sand dunes protection, would be an advantage for reducing 
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the tsunami destruction for the area. Mixture of various sizes of Casuarinas with 

beach shrubs such as Pandanus species could be planted on the backshore and 

(man-made) sand dunes. Moreover, artificial dunes might be used as vertical 

shelters in some areas. 

21. It is important to realize that Bang Niang and Nang Thong Beaches are 

important tourist business spots that bring considerable economic and 

developmental benefits to the local and regional communities. So, a multi-

disciplinary approach to tsunami mitigation, with advanced technology and 

research issues, is needed to provide tsunami knowledge to the coastal 

communities, both local and tourist e.g. ensuring knowledge of how to respond 

when a tsunami warning is issues, provision of tsunami evacuation maps, 

appropriate signs and measures. Significantly, the distribution of tsunami 

knowledge to the community and implementation of building regulations are 

crucial to alleviating the worst effects of a future tsunami and establishing a 

tsunami resilient community for the future. 

 Limitation of the Study 10-1

 

1. Source of submarine earthquakes and rupture characteristics of the Andaman-

Nicobar sections of the Sunda Subduction are the major factors used for 

simulating tsunami wave modelling and for studying the patterns of tsunami 

waves which affect the coast of Thailand (Khao Lak); however, few data on the 

rupture characteristics and changes of sea bed due to the 2004 earthquake were 

available. Simulations of potential tsunami by modelling would undoubtedly 

yield more accurate outcomes if we had a better understanding of these tsunami 

sources along the Andaman-Nicobar sections than we achieved up until now. 

2. Return periods of the tsunamis affecting the Andaman coast of Thailand, 

especially the rare mega-tsunamis, are quite uncertain at present (and tend to 

become more uncertain as the estimated return period increases). Because the 

return period is an important parameter for the planning of tsunami mitigation, it 

is necessary to integrate return periods of tsunamis of various magnitudes into 

decision making for tsunami mitigation. Tsunami mitigation measures along the 

Khao Lak should be prioritized to take account of events with the shorter 
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tsunami return period that might occur along the coastal areas of Thailand and 

the Indian Ocean rim region. 

3. A tsunami model which is able to simulate tsunami waves generated by the 

rupture zone that includes the time taken for the rupture to propagate along the 

fault would yield more precise tsunami arrival times and wave crest interval 

than the current version of the MOST/COMmit model which has the rupture 

occurring at one moment. 

4. A tsunami model that specifically includes the horizontal movement of 

submarine earthquake and deals with various „beam‟ shapes of the tsunami 

wave from the eruption sources, especially towards the Thai and Myanmar 

coasts, might provide more accurate and realistic tsunami pattern that reach 

Khao Lak and the other area along the Andaman Thai coast. 

 

 Future Research 10-2

 

1. Tsunami simulation of the different areas along the Andaman coast of Thailand, 

and possibly in the future for the Gulf coast of Thailand, should be conducted. 

Initially, it should be extended to nearby areas of Khao Lak to study the 

correlation of the tsunami waves in adjoining locations, and to bring more 

understanding of tsunami pattern that will help for creating the mitigation plan 

of Khao Lak that relates to neighbouring zones e.g. the allocation of evacuation 

shelters‟ sites and the evacuation route to the nearby areas. Therefore, detailed 

topographic and bathymetric surveys of these areas need to be conducted, to 

ensure an accurate understanding of the inundation on land by potential tsunami 

waves.  

2. Simulation of modelled tsunami wave by the other models e.g. TUNAMI and 

COMCOT for the same seismic condition and bathymetric data should be 

carried out for studying tsunami pattern at Khao Lak. Model outcomes from 

various models should be compared and analyzed to identify the advantages and 

disadvantages of each model outcome, and adjustments made to the mitigation 

plans. 
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3. Application of the outcomes of this research to the development of practical 

tsunami mitigation plans by all stakeholders should be persuaded e.g. wave 

speed and wave direction data, generated by this research, could be used for 

designing tsunami-safe buildings along the Khao Lak coast. Tsunami wave 

heights (above ground level) data are necessary for the arrangement of vertical 

shelters locations in the area. Further tsunami-related research studies in the 

areas of coastal engineering and coastal management should be encouraged and 

results of these research studies applied to the benefit of associated scientific 

components. 

4. The scientific data generated in this thesis was for the support of local 

communities, and public participation in the exploitation of these research 

outcomes should be encouraged and integrated with other related information. 

The recommendations on tsunami mitigation made here, together with other 

documentation and preparations, must be distributed to all stakeholders to 

strengthen their understanding of tsunami knowledge. Tsunami education for 

students, seasonal workers and tourists is also essential for supporting the 

building of tsunami resilient community. Moreover, research topics concerning 

social sciences approaches e.g. the evaluation of transfer process of tsunami 

knowledge to local communities and students in school, should be promoted. 
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