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Preface

The 9.0 Sumatra-Andaman earthquake was an undersea earthquake that occurred at 00:58:53 UTC
(07:58:53 local time) on December 26, 2004. As a typical reverse fault earthquake along a plate boundary,
the earthciuake generated a megatsunami that was amoﬁg the deadliest disasters in modern history, killing
over 200,000 people. Therefore, we call this disaster as the 2004 Indian Ocean tsunami. Various values
were given for the magnitude of the earthquake; iniﬁally reported as 8.1 by the USGS and recently ranging
from 9.0 to 9.3. This difference was due to lack of accurate and seismic wave records at near the seismic
zone as well ’as long rapture time of nearly ten minutes. The éal“chquake originated in the Indian Ocean just

north of Simeulue island, off the western coast of riorthern Sﬁmatra‘, Indonesia. The hypocenter of the main

earthquake was at 3.316’N, 95.854’E, some 160km ‘west of .Sumatra, at the depth of 30km (initially -

" reported as 10km) below MSL. This is the extreme western end of the Ring of Fire. The India Plate is part
of the great Indo-Australian Plate, which underlies the Indian Ocean and Bay of Bengal, and drifting
~ northeast at an average of 6 cm/year. The India Plate meets the Eurasian Plate at the Sunvdaf trench. As well
" as the sideways movement between the plates, the sea bed is estimated to have risen by several meters,
displacing an estimated 30 km’® of water and triggering devastating tsunami waves. The total energy
released by the earthquake in'the quian Ocean has been estimated as 4.3x10'® joules. This is équivalent to
100 gigatons of TNT. There was 10m movement lateraHy and 4 to 5 m vertically along the fault line. In the
south-north direction of the seismic zone; we have three segments (south, middle and north) which
generated last earthquake in 1861, 1881 and 1941 with the magnitude of near or more than 8 respectively.

In this time Three segments moved simultaneously..

The resulting tsunami devastated the shores of Indonesia, Sri. Lanka, India, Thailand, the ‘Maldi\’fes: and -

other countries with waves up to 48.9m. The westward propagated tsunamis were offensive (surging)
waves and hit Sri Lanka and India, and the eastward ones. were defensive: (recession) waves and invaded
Indonesia and Thailand. Tt caused serious damage and deaths as far as the east coast of Africa. Because the
1,200 km of fault line affected by the quake was in a nearly north-south orientation, the greatest strength of
the tsunami waves was in an east-west direction. Bangiadesh, which lies at the northern end of Bay of
Bengal, had very few casualties despite beimg a low-lying country relatively near the epic‘enter. It also
benefited from the fact that the earthquake proceeded more slowly in the northern rupture zone, greatly
reducing the energy of the western coast of India, and the western coast of Sri- Lanka also suffered
substantial impacts. If the north segment generates normal (not slow rupture) earthquake, estimated
tsunami height at Bangladesh will be more than 5 to 6m and kill more than one million people. . Because
of the distances involved, the tsunami took anywhere from fifteen minutes fo seven hours (for Somalié) to

reach the various coastlines.

The reported death toll from the earthquake, the tsunami and the resultant floods varies widely because of
confusion and conflicting reports, but could total to over 265,000 people with tens of thousands reported
missing, and over a million left homeless. Last ten years, urbanization has developed in Asian developing

countries- and especially,: so many people live in-close to coastal area in which flooding due fo heavy
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rainfall, storm surges and tsunamis are very popular. - Some relief : qgenmes report. that one-third of the
dead appear to be children. This is a result of the high pmpomon of children in the populatxon of many of
the affected regions and because children were the least able to resist bemg ove1001ne by the surging
watels. Oxfam went on to report that as many as four times more women than men were killed in some

regions because they were waiting on the beach for the fishermen to return and lookiﬁg after their children

in the houses. In addition to the large number of local residents, up to 9,000 foreign tourists enjoying the
- peak hohday travel season were among the dead or missing, espemally, Scandmav1ans We lost 36

Japanese people (24 in Thalland and 12 in Sri Lanka)

From 200,000 to 300,000 people are thought to have died as a result of the tsunami, and the count is not
yet complete. The true kdeaktlxl toll may‘ne‘ver‘bke known due to bodies having been swept out to sea. To
reduce human casualty? itis né’cessary to pfepare"integrated tsunami reduction systems including a tsunami
Warnihg syStem for the Indian Ocean. An effective tsunami warning systems in the Pacific Ocean was
established after the 1960 Chllean Tsunami and 26 countries located in the “Ring of Flre support
ﬁnanmally under UNESCO activities. '

We have just started learning the lessons from the Indian Ocean Tsunami Disaster. As the first step, we

tried to comprehend the impacts of tsunami disaster along the coastal zone of Indian Ocean, focusing on '

the following matters.

1)-Surveying tsunami impacts on coastal zones

1-1) Comprehensive analysis of the damage by the Indian Ocean tsunami disaster-

" We surveyed the tsunami impact on coastal zones, building GIS database of extent of inundation zone,
damage on structures, local tsuinami height, and current velocities, through the analysis of various data,
such as, satellite imageries, videos and photos taken by survivors; and numerical model results. *

1-2) Post tsunami field survey - '

“We deployed the post tsunami survey team to investigate the damage, measure the extent of tsunami

inundation zone, local tsunami run-up, and current velocities, and to collect eyewitness accounts.

2) Ethnological study to illustrate the cause of extensive tsunami casualties =~

Usihg the ethnological approach, we attempt to illustrate the cause of e‘xtensiVé'tsL 1 asualties and

extent of inundation zone, such as the physical aspects of the Indian Ocea et Then in




Chapter 6, we report the social impacts of tsunami disaster in Indonesia, Thailand, Sri Lanka, and India,
through the field investigation on the emergency response and relief activities. In the last chapter, Chapter
7, we introduce how we comprehended and disseminated lots of information, to'deVelop a sort of

“clearinghouse” and database through the internet to share the information and the survey results.

‘This resealch and ¢ survey results reported here are as the results of the contribution of not only the involved
researchers in our proJects but also lots of people 1nvolved in this tragrc disaster. We thank all the people
who helped us and contributed to achleve our 1esearch objectrves Also we hope thrs report w111 help to

reduce the Joss and damage of tsunaml dlsaste1 in the future This Tesear ch is ﬁnancrally supported by the

mmrstry of education, culture sports and technology of Japan
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Chapter 1 The 2004 December Northern Sumatla Ea1thquake and the Indian
Ocean Tsunamis A den i

1 1 An Overv1ew

'On December 26, 2004, 00:58 (UTC) 07 58 (Local Tnne Indone51a) a gteat eatthquake occuued off the

west coast of n01thern Sumatra, Indones1a The magnitude of this earthquake was 9.0 and thlS was the
fourth lar gest ear thquake in the world since 1900 The ealthquake occurted on the plate boundary that Indla
plate subducts beneath the ovemdmg Burma plate Fig. 1.1 shows the tectomc settmg of the northetn
Indlan Ocean () The mam shock occuned off the west coast of Sumatra Island and the aftetshocks
extended to the no1thwa1d as long as appr oxunately 1, OOO km long of rupture zone. o -

The tsunami accompanied with this ealthquake ptopagated in the entire Indian Ocean and caused
extensive and significant damage. The reported number of casualties are approxnnately 300,000 (230,000

killed in Indonesia by the earthquake and tsunami, at least more than 29,000 killed in Sri Lanka, more than

10,000 in India, more than 5,000 in Thaﬂand and 82 killed in Maldives by tsunamis ) and more than
22,000 are still missing.

Northeast Indian Ocean Region -
Tectoruc Settmg .

EXPLANRTION
Maih Shock.

76 Decemter 200¢

3
= Plafe Boundriés

& Volcanoss

Fig. 1.1 Tectonic setting of the Indian Ocean (USGS)
Fig. 1.2 shows the estimated tsunami travel time in the Indian Ocean ®. The tsunami attacked the coasts
of Thailand and Sri Lanka in 2 hours, Maldives within 4 hours, and east Africa m:lO hours. The tsunami

were observed at a great number of tidal stations in the Indian Ocean, and even in Antaretieé G




30°E  60°E CO0°E 120°E 150°E

Fig. 1.2 The computed tsunami travel time within the Indian Ocean (Computed and drawn by Kenji

Satake, AIST, Japan) ' &

1.2 Numerical Modkeli'nkg of Tsunami; , ;
Focusing on cdmprehending thekts'unami propagation characteristics in the Indian Ocean, the numerical
modeling of tsunami is performed by using TUNAMI code developed by Tohoku University, Japén ® The
model is based on the linear shallow water equations of spherical co-ordinate system. Fig. 1.3 shows the
computational domain and the sea bottom topography of the Indian Ocean. We use the 2 arc- nnnute grids
of bathymetry of ETOPOZ provided by the Natlonal Geophysxcal Data Center ‘

We assume that the sea bottom deformatron due to the earthquake pushes up / draws down the
overlying water, formmg the initial sea surface of tsunami. Table 2.1 1nd1cates ‘the fault parameters to
compute the sea bottom deformation. Strike is the azunuth of the fault plane (fault strike line) measured
from North, and dip is the azimuth:of the fault plane‘measured‘from the horiyzorrtal‘line. Slipkis the angle of
the fault slip direction measured from the horizeﬁtal iine The detailed deﬁnitions of the parameters are
indicated in the appendix of this chaptel Here, the rupture zone is divided mto the two subfaults We

apphed the theory of Okada (1985) to obtam the sea bottom defonnatlon( o




Table 1.1  Fault parameters to compute the initial sea surface profile of tsunami

Ist.segment | 2nd. segment
(Soﬁthem part) | (northemn part)
Strike, Dip, and Slip (degree) 329, 15, and 90 ' | 345,15, and 90
Land W (km) 500 and 150 : 400 and 150
Dislocation (1) , 1lm L 1lm
10km 10 km

Fault depth (km)

The 2004 Indian Ocean Tsunami
Initinl Sea Surface | ,

X

§

gtk

Syl

a .
Lae

Fig. 1.4 - Computed sea bottom deformation due to the 2004 December Su‘matra'e‘arthquake
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Fig. 1.4 shows the computed sea bottom deformation, i.e. the initial sea surface profile of tsunami. The

black dots indicate the distriEution of aftershocks. The tectonics of this r'ekgion suggests the thrust fault as
the focal mechanisni, generaﬁng the subsidence of the coast of northern Sumatra Island. The maximum
uplift of the sea bottom is ccomputed as 4.7 m , and maximum subsidence as 2.7 m.

Fig. 1.5 shows the snap shots of tsunami propagation 0, 30, 60, 120, 150, 180, and 210 minutes after the
eanhquake Also, Fig. 1.6 is the distribution of computed maximum tsunami height in the entire Indian
Ocean. The model results show that the tsunami energy was extended to the entne coasts of the Indian
Ocean. Especially, 51gn1ﬁcant tsunami attacked the coasts of northern Sumatra and Thailand, which are
close to the tsunami source region. Also the enelgy radiation pattern suggests that the tsunami had the
directivities to propagate westward and eastward, attackmg the coasts of Sri Lanka, and Maldives. Figs. 1. 7
1.8, and 1.9 are the computed local tsunami helghts along the coasts of northern Sumatra, Thailand, Sti
- Lanka, southern India, and Maldives. These results are quahtatlvely cons1stent w1th the 51gn1ﬁcance of

reported. tsunaml damage and casualties.
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Fig. 1.5 (continued) ~Snapshots of the modeled tsunami propaga
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1.3 Summary

From the preliminary numerical model ﬁms, we attemptéd to comprehend the propagation characteristics of
the 2004 December Indian Ocean tsunami. The mode! results are qualitatively consistent with the reported
damage. However, we have not known yet the detailed source mechanimﬁS; how significant tsunami along
the coast of the source region could be generated by the M9.0 earthquake, and the whole picture of tsunami
propagation characteristics and the tsunami risk within the Indian Ocean. Further investigations should be
carried out with the results of post tsunami survey, and the analysis of observed tsunami records, strong

ground motions, and measurement of crustal deformation of the source region.
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Chapter 2 Earthquake Tsunaml and Damage at Banda Aceh and the Envn ons in
Northern Sumatra

2.1 Introduction

At 00:58:53 GMT (07:58:53 local time at epicenter), December 26™ 2004, a great carthquake with
- moment magrritude M 9. O (USGS)” occurred off the west coast of northern Sumatra, Indonesia (3 307°E
95. 947°E) and generated a huge tsunann with tsunami magnitude M=9.1 (Abe 2005). Earthquake with
My29.0 had not occurred in thrs reglon at least for the past 200 years. The tsunami hit Banda Aceh, the
most devastated city in this event, in Indones1a near the tsunami source, Thalland about 500 km apart Sri
Lanka about 1200 km apart and southeast coast of India about 1500 km apart from the source (Fig. 2.1),
and heavrly damaged hves propertres and mfrastructures The figures of dead and mlssmg have reached
about. 181,700 and 51,400 respectrvely, as of Aprrl 8th 2005. Many people who hved on low-lyrng coastal
areas without refuge burldmgs and the lacks of tsunami knowledge and early tsunarm warnmg system -
would be partly responsible to this human loss:. ; o
_ This chapter reports the real state of the earthquake tsunami and damage at Banda Aceh and
the environs in the northern part of Sumatra in Indonesia surveyed from J anuary 20™ 2005 nearly 3 weeks
~ after the tsunami attack to J anuary 29th 2005. Problems to be solved from a v1ewpomt of damage |

estimation are also discussed.

2.2 Field Survey .

An irrternatioual tsunami ',surveykteam‘\yith k'eX}:re‘rts from Japan. (7 persth); Indonesia (6), the '
United States (2) and France (2) was formed, and surveye‘d Banda Aceh and the environs in the northern
part of Sumatra in Indonesia from 20-27™ January 2005 only 3 weeks after the tsunami generation.

Japanese members of the field survey in Indonesia are as follows:

Takanobu KAMATAKI (National Inst1tute of Advanced Industrial Science and Technology)
Hideo MATSUTOMI (Aklta Unrversrty)

Yoshikane MURAKAMI (Kansa1 Electric Power, co., inc.)

Yuichi NISHIMURA (Hokkardo Umversrty)

Tsutomu SAKAKIYAMA (Central Researeh Institute of Electrrc Power Industry)
Yuichiro TANIOKA (Hokkaido Umversrty)

Yoshinobu TSUJI (University of Tokyo)  Leader of the survey team




1 Fig.l2’. 2 Mapof Ache proﬁhéé i Tndonesia.

Major pomts of the field survey are:

1)
2)
3)

4)
5)
6)

COSCISH’HC crustal deformatmn

‘State of tsunami attack

Tsunami helghts and their dlstl 1but10n '

- Current ve10c1ty and ﬂu1d force of mundated flow (Matsutonn 1993)

Tsunami dep051t

Damage to buildings, coastal and harbor structures, oil storage tanks and so on.
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Survey areas are shown in Figs.7 and 8 (enlarged). The areas are Banda Aceli, Lhoknga on the west

coast, Sigli on the east coast, and both north and south coasts in Weh Island.

2.3 Earthquake tsunami and damage at Banda Aceh and the environs

2.3.1 Coseismic crustal deformatlon survey
The Sumatra—Andaman ealthquake on 26 December 2004 was the largest in the world since the

1964 great Alaska earthquake ‘The aftershock ‘area extended from noxthwest of Sumatra Island to

- Andaman Islands. The total length of the aftershock area is over 1200 km. The mechanism of the

earthquake according to the Harvard CMT catalog 1ndrcates thlust type faultmg (stnke—329° dip=8°,
rake=110°). This suggests that the earthquake was an underthrustmg plate boundary event due ‘to. the

- subduction of the Indian- Austrahan plate beneath the Eurasian plate

The teleseismic Waveform study by Ammon et al. (2005) shows that the rupture. expanded at a
speed of about 2.5 km/s toward the north northwest, extended 1200 to 1300 km along the Andaman trough.
They also suggested that the some slip in the'northern 400 t0.500 km of the aftershoek zone have occurred
on a time scale beyond the seismic band. Earth’s free oscillation study by Park et al. (2005) shows that the

seismic moment of the earthquake is 6.5%10% Nm (M 9.15) with a rupture duratton of 600 seconds. Lay

et al: (2005) also indicate that additional slow Sllp occurred i in the north over a fime scale of 50 minutes or



All of the above results suggest that unusual slow slip nature was a pai’t of the source process of the 2004
‘Sumatra-Andaman earthquake. However, the qualitative analysis of the slow slip nature using
kseismologicalk data is limited as shown by Ammon et al. (2005)‘.The crustal deformation and tskunami
waveform data are essential to study the slow source processes of the event and tsunami generation. ‘

Our international tsunami survey team began a 10-day long investigation in the Ache prdvince in
Indonesia from January 20, 2005. Coseismic crustal deformation data and tsunami waveforms data are also

collected during the survey (Fig. 2. 2).

2.3.1.1 Coseismic crustal deformation data and tsunami kwavetform data

In Banda Ache city, the geodetic survey has been conducted in 2002 by the local government in
order to construct the drainage system in the city. We could get those data from the local government.
Although the tsunami destroyed most of the‘structures near the coast, several survey points measured in
2002 was remained and re-measured durlng our survey The result shows that the sub31dence of 20- 60 cm
~occurred in Banda Ache City (Fig. 2. 2).

At Peukan Bada located at the west of the Banda Ache city, the rice field near the coast is
submerged after the earthquake as shown in Photo 2. 1. Because the rice field was originally above a high k
tide level, we ‘measured the ground level of the rice field from the high t}de level. It suggests that the

subsidence of more than 20cm occurred due to the earthquake.

Fig. 2. 3 Tsunami waveforms at Belawan (upper) and Sibolga (lower).




durmg the survey (Fig. 2. 3).

2.3.1.2 Ana1y31s :

international tsunami survey team in Indonesia.

earthquake might be smaller than our esnmates in this area.

roots of the trees from the high tide levels. It suggests that the subsidence of mo1e than 1.5m occurred

Tamoka et al. (2005) study the source process of the 2004 Sumatla-Andaman earthquake using the

I k : above COSCISlnIC crustal deformatlon data, tsunami waveforms observed at two tide gauges, and the data

Institute in India, the coseismic crustal deformation data in Simeulue Island observed by the other

At Lhok Nga and Lcupung located along the west coast of Ache p1ovmce some of the trees along

the coast are also submerged after the earthquake as shown i in Photo 2. 2. We measured ground levels at

there. The subsidence can be due to the erosion caused by tsunami. Therefore, the subsidence due to the

Analog tsunami waveforms recoxded at two tide gauges, Sibolga and Belawan was collected

collected by the other surveys. Additional data are the tsunami waveform observed at Colombo by the
National. Aquatic Resources Ageﬁcy in. Sri Lanka, tsunami waveforms observed at Port Blair and

Vishakhapatnam by the National Institute of ‘Ocean Technology and National Geophysical Research

The tsunami waveforms are numerlcally computed using the actual bathymetry The lmear long

sec x 20sec. The fault geometry 1s shown in Flg 2. 4. The sli

estimated by trial and error..

TG iy
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wave equations with the Coriolis force are solved using finite-difference calculations on a staggered grid
system. The grid spacing for the Indian Ocean is lmm X Imm Near the t1de gauges, the grid spacing is 20

distribution andthe rupture velocity are
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Photo 2. 3 A clock found near the Great Mosque‘loc‘ated in the central part of Banda Aceh.

‘2 3.1.3 Results

One of the best results Wthh can explam the above data is shown in Fig. 2. 5. The rupture

velocities at the southern part and northem part are 3 km/s and 15 km/s, respectively. It indicates that the
northern part was a slow rupture.  The largest slip of ‘301ﬂWask"é‘s’t{imated on the subfault located off the west
-coast of Ache province. The large tsunaml at the west coast of the Ache province was probably due to this
large slip on the subfault. The total seismic moment is 6.6x10%2 Nm which is snmlar to the other results
estimated: from the se1smolog1ca1 studles (Ammon etal., 2005, Park etal, 2005) The observed subsidences
at Banda Ache (20-60 cm), Peukan Bada (>20 cm), Lhok Nga and Leupung (>1 5 m), are well explamed
by this result as shown in F1g 2. 6

2 32 State of tsunami attack

v According to eyew1tnesses at Ulee Lheue in Band Aceh located at * in Fig. 2. 8, the first

tsunami reached shore 15-20 minutes after the earthquake, the time interval between the first and second

tsunamis was 15-20 minutes, and the first was bigger than the second. The eyewitness that the first was

bigger than the second is the same as that in Khao Lak and Phuket Island in southern Thailand (Matsutomi
et al., 2005). ‘

Weh L

i 0
2 -
< 0
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<

(L%I}’K[ﬁ!m‘ [unung
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[

1.) (.) 0
Lsunam huwhl(m)




north coas
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tsunamt hmcrhi(m) ‘ ' il rr0a
Fig. 2. 8 Survey areas and tsunami (run-up) height distribution (enlarged).

Origin time of the earthciuakewas nearly 07:59 on December 26™ 2004. If waveform is assumed
to be a trigonometric function, the fastest and latest arrival times of the second tsunami are estimated as.
follows: , i

The fastest éase: 07:59 + 15 minutes + 15minutes + 15/4 minutes = 08:33

- The latest case:07:59 + 20 minutes + 20minutes + 20/4 minutes = 08:44

The video of inundated flow taken at the Putri (Photo 6) located at about 1.5 km inland from the
shore shows the scene from 08:50:23 (Sakakiyama et al., 2005). As the inundated flow in the video seems
to be the peak period of the second tsunami, it may be judged that the eyewitnesses are fairly sure.

A clock shown in Photo 3 was found at about 4 km inland from the shore, the central part of

Banda Aceh. It indicates 08:12. Whether the clock was right is not clear.

2.3.3 Tsunami heights and their distribution ,

Tsunami (run-up) heights in Banda Aceh and the environs are shown in Figs. 7 and 8. These are
corrected to ones above sea level at the time of tsunami attack.

The maximum height of tsunami was measured at Leupung, located on the west coast of northern
tip of Sumatra, near Banda Aceh and reached more than 30 m. Roughly speaking, tsunami heights in other
coasts were 15-30 m on the west coast, 6-12. m-on the Banda Aceh coast; about 6 m on the Krueng Raya
coast where 3 oil tanks floated out, about 5 m on the Sigii coast. The tsunami heights in Weh Island were
* 3-6 m on the north coast directly facing the tsunami source and about 3 m on the opposite side of the coast.
The tsunami height on the Banda Aceh coast is lower than half of that on the west coast. Eveli

within the Banda Aceh coast, the tsunami height reduces by half from 12 m at Ulee Lheue to 6 m at about




8 km apart northeast. One of the reasons seems to be that there is archipelago between Lhoknga and Banda
Aceh (Fig. 2. 8). " : ‘ . .
The tsunami advanced about 4 km mland in Banda Aceh Wlthm 2 3 km from the shorehne

houses except for stlongly-bullt remforced conc1ete ones with brick walls (Photo 4), which seemed to be

partially damaged by the earthqua ke befo1e the tsunalm attack, wele completely swept away or destroyed
by the tsunaml Inundatxon depth (Photo 4) and estunated cunent velomty at a distance of about 0.9 km
inland from the shoreline were nearly 5mand 8 m/s, respectlvely The tsunami height reduced from 12 m
at Ulee Lheue to about 5 m (mundatlon depth is 1.6 m. See Photo 9) at the Great Mosque located in the
central part of Banda Aceh.

Location of asperity in the focal regxon of the earthquake is not. well known (Yagi, 2005) The
huge tsunamis at the west coast in northern Sumatra and Khao Lak in southern Thailand (Matsutomi et al.,
2005) would have much effect on determmmg the focal process of earthquake, the initial waveform of

tsunami in the source region and soon.

2. 3 4 Current velocity and ﬂUId force of 1nundated flow -

Data on mundatlon depths and current Velocmes in heavﬂy affected areas were energetlcally
collected to discuss the strength and criterion for destruction of buildings, which would be useful, for
example, to estﬁnate tsunami damage and to build refuge buildings.

* Figures 9(a) and 9(b) show the relation between the inundation depth % and the current velocity ,
where the subscripts f'and r distinguish between the front and rear sides of structiire such as house. They
are nondimensionalized by the gravitational acceleration g and the nearest tsunami (run-up) height R. The
filled circles and triangles are data collected from this tsunami, and the opened circles are data collected
from past tsunamis. The solid lines in Figures 9(a) and 9(b) are Equations (1) and (2) for two different
values of F, and envelopes for the field data (Matsutomi and lizuka, 1998). '

@

where C, (=0.8-0.9) is the velocity coefficient and F.(= ul\gh, ) the Froude number. From the ﬁgures it
is clear that the data from this tsunami has the same ‘tendency as that from the past tsunamis.
Photos 4-6 show examples of variation of the mundatlon depth, current velocity. and'so*on due to

the dxstance from shorehne The Judgments of deg1ee of damage to houses are based on the criterion of

destr U.C’[lOll defined by Matsutomi and Shuto (1994)
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weER):

(b) Case used 111undat10n depth on the rear side

- Fig. 2.9 Relatlon between nondlmensmnahzed 1nundat10n depth and current veloc1ty

These are all examples at low-lying coastal area in.Banda Aceh. The distance, inlymdationa depth, current
velocity and drag force F(dominant force (Matsutorm et al.; 2004)) per unit area are (0.9 km, 4.9 m, 7.7
m/s, 6.2 tf/m’ (6. 1x10*Pa)), (1.3 km, 4.0 m, 5.2 m/s, 2. 9 tf/m (2 8><10 Pa)) and (1. 5 km, 39 m, 5.8 m/s,
3.5 th/m® (3.4x10% Pa)), respectlvely The current ve1001ty and dlag force are estimated by the following

equations:

©)
4)

where P is the den51ty of seawatex CD (—2) the d Qefﬁcient, a the unit area and ¢ the flow rate per unit

The current Veloc1ty was estlmated by ISir unami es le on a hﬂl (Photo 7). The current
velocity of about 16 m/s and drag f01ce of about 26 9 tf/m (2 6><105 Pa) were estimated in front of a
cement factory at-Leupung. Traces on a hill seem to be useful to estimate the current velocity in huge

tsunami.




2.3.5 Tsunami deposit survey n

The Sumatra-Andaman earthquake on 26 December 2004 was'theﬂlargest in the world since the
1964 great Alaska earthquake, Recently, tsunami deposit study became important for estimating recurrence
intervals of great earthquakes or identifying tsunami inundation area (Atwater, 1987, Nanayama et al.,
2004, etc). The tsunami déposit sUrvey_of the"Sumatra—Andéman carthquake will provide a variable

opportunity to compare the distribution of tsunami deposits with tsunami heights or inundation area.

Photo 4 Partially damaged family house located at a distance of about 0.9 km inland from the shoreline in

Banda Aceh. Left side is shore and right side inland. Numerals indicate inundation depths.

Photo 5 Partially damaged family »hoUse,lo‘cated: at a distance of about 1.3 km inland from the shoreline in

Banda Aceh.  Left side is shore and right side inland. Numierals indicate inundation depths.

N

Photo 6 Partially damage family house lo

ATl

cated at a distance of about 1.5 km inland fr n’,yftkl'iké shoreline in

i

- Banda Aceh. Left side is shore and right side inland. Numerals indicate inu 1datio depths.



n the west coast of northern tip of Sumatra.

o

- The maximum tsunami height of nearly 35 m was measured near here.

Photo 9 Tsunami deposits, sands, in the trenches along the sufvey line at Lhok Ngé;




2.3.5.1 Tsunami deposit
“In the tsunami inundation area, we found a large amount of debris of houses or‘other constructions

destroyed by the tsunann In addmon to those, we found coral stones dralneters of more than 1m, carried

by the tsunami from the ocean (Photo 8) and a Ial ge amount of sa d beach Those are called
“Tsunami deposits”, k -

The detaiiy krstnbutrons of tsunann deposrts sands are surveyed along three lines from beach to

inland. Those surv yhnes are located at hok Nga and Leupung Along the hnes several trenches are
made to observe the structure of the tsunam1 deposrts sands and measure tlncknesses of sand layers

(Photo 9). The drstance between tr enches is about 100 50 m.

2.3.5.2 Results .

The maximum thickness of the tsunalnl dep051ts sands we. observed along the three lines, is
about 70 cm. The most of them are beach-sands including shells and corals. The np—up clasts from the
orlglnal soil deposits, dlameters of a few mm, are also found in the tsunami deposits. The tsunami deposits
can be separated into several units, and there are the structures indicating that the upper unit eroded the
lower unit (Photo 9). This suggests that the tsunami deposits are created by tsunami waves which

deposited sands and eroded sands repeatedly. The normal graded structure i1 side a umt is also found in the

2.4 Problems from a viewpoint of damage estimatio

_Initial tsunami waveform and on-offshore tsunami are big problems to be solved. Examples of the
problems except for dynamlc analysis of tsunami generanon and detectlon of initial waveform in source
regron are as follows k -

1) Is it poss1ble to estunate this great earthquake with Mw——9 0 w1th the co ntional jﬁnlethod

developed by the Headquarters for Earthquake Research Promotion in Japan Mat‘kSUton,ﬁ et al.,
S o e k , k -

Improvement of the present tsunann arning system to cope with gr'at‘ e

tsunam1s (see Chapter 4)

Refinement of the cnteuon for k' estruction of burldmgs and mﬂ ence of gro : 10S10 on"thein
- (Matsutomi et al., 2005) - ‘

Generalization of rnethod of estnnatlng current velomty (Photos 4 6).

Method of cstlmatmg current velocity by use of a hill (Photo 7).
Increase of destructive force and current ve]ocrty of inundated flow with ﬂoatrng bodles.‘

Effect of coastal forest on reducing tsunami energy.
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The problem 6) is discussed in the following section. In the problem 7) governing equations for
inundated flow in vegetated area, similarity law for trunk and effect of coastal forest based on' reports of
past tsunamis and laboratory experiments have been discussed, but there still remain a lot of problems to

be solved, for example, similarity law ‘for' foliage and soon.

2.5 A simple theory of inundated ﬂoyvkvwith floating bodies

Inundated flows with floating bodies suchk as debris, driftwoods, ear55 bikes and boats were
videotaped at Banda Aceh and drew our éttention So-did collision force of such floating bodies. These
would be also ploblems to be solved lmmedlately Matsutmm (1999) took up unpulswe force due to
collision of driftwoods and developed a simple method of estimating it.

This section, in connection with the above nnpulswe force, presents a sunple theory for estimating
moving velocity of floating bodies, i.e., current'velocity of inundated flow with floating bodies. The theory
adopts the conventional bore theory regarding the floating bodies as a fluid. Although the applicability of -

the theory may be low, it seems to show a way to analysis of inundated flow with floating bodies.

2.5.1 Theory
- Let us'consider a steady bore withkdebris, oil and so on, and regard-those as a fluid with the same
density as those in the downstream region of the bore. :
‘ R

Oll Debrls and 50 on

pu[*‘ (/jf p(,)e ”0 =0

(03178 Debns and S0 omn.

Y /

Fig. 2. 10 A simplified model of inundated flow with floating bodies and definition of symbols.

‘The model is shown in Fig. 2. 10. This figure is the case that the density of seawater is greater than that of
the hypothetical fluid in"the downstream region. As the vertical pressure distribution in:the upstream
region of the bore depends on the vertical distribution of the floating bodies, current velocity and bore
propagation velocity also depend on that of the floating bodies. In this model, the floating bodies are
swallowed up in the bore with maintaining their distribution in the downstream region, and then seawater

gets into their void.

2.5.1.1 Continuity equation

The mass conservation law based on this model is as follows:

[{po + (,0 = Po )e}ho + ,0(/72 - hy )](w — ) = {po“"‘ (pj P )é}]ioa’




where py is the density of floating bodies, prthe density of void part in the downstream region (zero in case
of air), e the void l;atio‘ of floating bodies in the downstrealnl'egi011, h the water depth in the upstream
region; i, the current Velocity in the upstream 1'egi011, g the thicknesé of floating bodies layer in both the
upstream and downstream regions, uo (=0) the current velocity'in the dewnstream region, @ the bore (or
front) propagation velocity. |

The density in {} on the right hand side of Equation (5) is the mean‘density of the hypothetical
fluid in the downstream reglon When po—p,——p, Equation (5) results in the mass ‘conservation law of ideal

bore.

2.5:1.2 Momentum equation ;

Assuming the hydrostatic pressure distribution, the momentum conservation law is as follows:

[{pc +(p ,oo)e}ho + plh, - ~h )](co =1, )u2 pelh, - 11‘0)7'/2 ;
+{os +(o- oy elghs, - 021 - e)po (o+p gtz (®

The hydrostatlc pressure on the downstream side is taken into account in Equatlon (6). This i 1s ‘reasonable
for real fluid such as oil, but there is room for reconsideration for debris and s0 on. If the hydrostatic
pressure is ignored, the current Ve1001ty and front propagatlon veloc:lty become larger than those in the
case taken into account.

When P00, Equatlon (6) results in the momentum conservation law of 1dea1 bore
2.5.1.3 Current Veloc1ty and front propagatlon velocity of inundated flow s

Equations (5) and (6) lead to the following current veloc1ty U and front propagation velocity @:
[ 2. B } + 2 [h 1) 4 G
kuz = £ po Po ho w ) ; (7)
! {1-&- ——-—1 e}
[1—-’?—) }ho+h Shel 1}3 (1-&]e+-’f£—1 i
0 P hy
; 5 :
__.__(ﬁl-'lj { ( ]}”2 1{2(1 i (/’ "’f) ~
20 A Po

h,—] om : - éln.—-—!?.-&m

Pip=08 : . //
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: 22mk
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Fig. 2. 11 Examples of moving velocity of floating bodies (;‘ CUrrentfvelocity)‘. ‘




Inundation depth = 1.6m
‘urrent velocity = 3.2m

Photo 10 Inundated flow with floating bodies (just in front of the Great Mosque in Banda Aceh).

2.5.2 Example of solution : ‘ ,

The moving velocity of floating bodies seems to be almost the same as the curreﬁt,velocity ina
steady state. Examples of the solution of u, are shown in Fig. 2.'11. The conditions on ‘h},ﬁ polpand pfp
were determined by the yideo»picture (Photo 10) taken just in front of the Great Mosque located in the
central part of Banda Aceh and surveying the length and height of buildings in the video picture. The

dotted line in the figure denotes the moving velocity of floating bodies (=5.2 m/s) estimated by analyzing

the video picture (Sakakiyama et al., 2005). The Froude number of this flow is about 1.3. Circle (o),
triangle (A) and square (m) denote the current velocities estimated by the ideal bore theory for 7;=0.4, 0.6
and 0.8 m, respectively. The figure indicates that the present theory gives larger current velocity compared
with that of inundated flow without floating bodies. As the densities of floating bodies and void part
decrease, and as void ratio increases, the front propagation velocity increases in the present theory.
Fig. 2. 11 denotes that when /,=0.4 m, the theory can’t explain the moving velocity of 5.2 m/s, but
‘when #¢=0.6 and 0.8 m, the theory is possible to explain the velocity with e=0.35 and 0.52, respectively.
As pp and hg are unknown in the Banda Aceh case, it is difficult to discuss further. Judging from the video
picture, sy seems to be more than 0.4 m. Therefore, it may be concluded that the present theory is useful. It

will be necessary to compare the theory with experimental results.
2.6 Summary

The main results in this section are:
1) The rupture velocities at the southern part and northern part of the focal region were 3 km/s'and 1.5
km/s, respectively. The largest slip of 30 m was estimated on the subfault located off the west coast
- 'of Ache province. The total seismic moment of 6.6x10% Nm wasestimate'd.
The observed subsidences were 0.2-0.6 m at Banda Aceh, >0.2 m at Peukan Bada, >1.5 m at Lhok
Nga and Leupung, and these were wellexplairied‘by the proposed focal process.
Rbughly speaking,‘ tsunami heights were 15:30 m on the west coast; 6-12 m on the Banda Aceh

coast, about 6 m on the Krueng Raya coast, about 5 m on the Sigli coast and 3-6 m in Weh Island.
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4)  The distance from shoreline, inundation depth, estimated eurreut velocity and estimated drac force
per unit area in Banda Aceh were (0.9 km, 4.9 m, 7.1 m/s 6.2 tf/m* (6 1><10 Pa)), (1.3 km, 4.0 m,
5.2 m/s, 2.9 tf/m? (2 8x10%] Pa)) and (1 5 ki, 3.9 m, 5.8 mJs, 35 tf/m” ;(3 4x10* Pa)); respectively.
: ‘ ’2,6><‘1‘0‘ Pa))in front of the

 The estimated cunent Velomty and drag fmce wele (16

~cement factory at Leupung and (3 6m/s, 1.3 tf/m (1 3><10 a)) |

5) . The maximum th1ckness of the tst‘ ami dep051ts was about 0 7 m. ,The tsunaml deposits could be

separated mto several unlts and were meated by repeated tsunaun waves ‘The normal graded
structure 1n51de a un1t was also found n the most of the umts -

6) Several problems from a v1ewpomt of damage estlma’aon wele pomted out A snnple theory for the

inundated ﬂow thh ﬂoatmg bodles was presented
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Chapter 3 Fleld Survey Report on the 2004 Indlan Ocean Tsunann in the
Southwestern Coast of Sri Lanka

3.1 Introduction

' The huge earthquake with the magnitude 9.0 took place at the northwest offshore of Sumatra Island in

December 26,2004, This earthquake generated the tsunami and caused the catastrophic disasters in all
coastal area in the Indian Ocean. - To investigate the damage which expanded to wide area the field survey
is carried out in the each suffered countries under the international cooperation. This survey team is the
part of the international survey mission, ITST(International Tsunami Survey Team), and the team Survéyed
the situation of tsunami 1uﬁ;ups ’and,the‘damage~at'theksouthwest coast of Sri Laﬁka,in 4th to 6th January,
2005. ' i ‘

Sri Lanka is located 1,700km far from the epicenter and the tsunami source, so no one felt the ground
shake. ' The ‘characteristic‘o‘f this tsunami is a so-called Oceanic /distant’Tsunaﬁmi, and the tsunami attacked
all coast in Sri Lanka around 2 hours after the earthquake. . Sri Lanka ‘(Populatibn:»19,238,575; Total
Area: : 65,610 sq km, Coastline: 1,340 km ) is an oval island where it is close to the Indian Continent, and
the sea bottom is connected from the deep ocean with the coast by the steep slope. Itisa place the

tsunami behaves as the boundary wave and‘waé influenced by the‘reflection'and diffraction wave. -+

- The confirmed number of casualties exceeds 30,000, and it reaches more than 40,000 if the number of
missing is added. It is important to clarify the reason why the number of the death toll increased so high.
Furthermore, the tsunami caused the"damage for the traffic/transportation facilities and infrastructures such

as trains, railways, roads, ports and so on. Investigation of the damage conditions is also essential.




3.2 Field Survey

3.2.1 Measuring Tsunami Trace Heights :

The team investigated the coast in the southwest p’al't from Colombo to Galle cities in order = to
measure the tsunami trace/runup heights, to inspect the damage, and to correct the information of the
tsunami. Table 1 shows the tsunami trace information on the ih{/estigated points after tidal correction. All
data on the table 1 are reliable, in ;whicl‘_'l tfacyesy of the tsunami are clear. And Fig. 1 shows the distribution of
tsunami heights of the trace at the whole investigation areas. Here, H, shows the height (m) of traces on
the mean sea level, and Dy, shows the distance (m) from the shore line to the measured point. The range of
the astronomical tide at this region is about 0.7m. Skihce the coastal area on the land is éo flat and the
inundation area is so wide, it is rather difficult to reach the end of runup. We could mostiy measure the:

heights of tsunami traces on the tree and wall of damaged houses.

Table 1 Tsunami trace information on ‘investiga‘t‘ed points

Location’ HV m) | Dh‘(m) Position of trace Survey time

Koggala Airport Ro‘of ofa hoﬁsé 11‘:30; 05, Jan

Dodanduwa

Kahawa

Exterior wall of a House

| Palm tree

‘Beruwala Fishery Harbour

; Paiyagala Station

Interior wall of a building

Interior wall of a house

at second floor

16:35, 05, Jan

10:02, 06, Jan

13:10, 06, Jan

14.:40,’0“6‘,, Jan.

Moratuwa Beach

Exterior wall of a house

17:10, 04, Jan
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Fig.yl Distribution of Tsunami Tiace Heights in southwest Sri Lanka

From these table and ﬁgure 1t is obv10us that the tsunaml trace helghts were 6 m at the Galle port and
10 m at the Kahawa dlstnct Wthh is located 90km in the south of Colombo At the Beruwala district
Wthh is located 53km in the south of Colombo, though the tsunami trace helghts was about 5 m, it was
only 2.5m 1ns1de of the. ﬁshmg port, suggestmg the effect of the wave-break and sea wall here to reduce the
tsunami attack. Details about this phenomenon"are descrlbed in 3.3.2. It is indicated that the typical
tsunami tracic"heighjtf s along the ooast in the southwest of Sri Lanka was about 5m by the field SUrvey,

except for two points; Koggala airport and Kahawa.

3.2.2 Tsunami Arrival Time and attacks

There are sevefal places where the number of tsunami attacks were two or three according to the
eyewitnesses as shown in Fig. 2. The arrival time of the tsunami at the Galle port was estimated to be
9:25'AM in Sri Lankan time, and it is post at the Galle port office. - At other districts, the arrival time of
the first tsunami was estimated by the eyewitnesses to be 9:30AM at the Moratuwa district, 9:45 AM at the
Kahawa and the Beruwala district. The occurrence time of the earthquake was 6:58 in Sri Lankan time, so

that the tsunami reach the west coast of Sri Lanka two and a half hours after the generation. ~ However, the
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second or third tsunami wave were reported to be the maximum at many places, for instance testified
arrival time was 10:30 at the Kahawa district, 11:05 at the Moratuwa district. - We can say that the second. -
wave:is surely ' larger than the first wave and the duration time, the wave period, was estimated to be 30

minutes or more.

1. Galle face green 2. Dehiwela
18t 9:15~9:30 | 15t 9:45
¢ 2nd 10:00~10:15 2nd 11:45

%

3. Mt. Lavinia o
31 32 .33
e 1st8:45 1st9:45 1st945
- Moratuwa™" " nd 9:45 2nd 10:15 2nd 11:35

10. Galle Fort
) " ooan | 12, Matara
1st9:00~9:30 1 45t 95
2nd 9:25
3rd 9:40

13. Tangalla
1st 8:45~9:15
2nd 772

3rd 9:20

11. Talpe
7?7 9:45

Fig.2 Estimated arrival time of tsunami and the attacks ( including the report by Inoue, TITEC)

3.2.3 Overview of the tsunami damage

There are a lot of houses made of bricks with plaster wall and wooden houses along the coast. Most of
the damaged houses were classified into these kinds of structure. On the other hand, the damage on the
structure made of a concrete seems to be slight. The detail discussion on the damage of the houses should
be necessary with the infoimation of the structure, location and angles of them and inundation, numbef of

attacks and direction of tsunamis. The following are the summary of the field investigation at the main

areas in this survey.

a) Koggala:

Koggala where the airport is located is placed 10km in east of Galle. And its averaged altitude is only
3.6m and the distance from the beach is 100m; where many trees were damaged by seawater. The measured
heights are about 9 m as shown in,Photok 1. Becausey the flat land cyontinues inland, the inundation area
was so large. The tsunami trace of 15cm height was found on the exterior wall of the house located 300m

from the shoreline. The chain link fence that existed in the distance of 200m from the shore was crushed
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as shown in Photo 2, suggesting powerful wave force acting on the wall..

|  200m far from the shoreline

-




b) Coasts around Galle:

In the coastal area, there are two types of houses where the heights. of tsunami traces on the walls. were
different.. For the first house, the tsunami inundation height on the ground was largely 2.6m and the trace
zh’eights were\ 4.8 m, where the brick house at the front facmg the coast had been completely destloyed as
shown i m Photo 3. On the othe1 hand the tsunami inundation helghts on the se : nd typed:house was only
0.6 m and trace helght was 3 2 m where a house at the sea side Wasdanr ed but barely 1emamed as shown

in Photo 4. The 1nundat1on/trace~herghts of a tsunani are mﬂuence by' he srtuatron such as ex1sted

house/burldmg/green on the coast, so that we should carefully report this

important to obtam the distribution of tsunaml heights on the land i m orde1 to 1ook at the effects
In the Galle Fort surrounded by the wall of 5-6 m high and constructed 400 Yyears ago, the mundatron
area is smal] where the burldmgs were not damaged. = Tsunami ﬂood power was reduced by the seawalls

By contrast anew central area in Galle is located 2-3 m above the sea le vel at the behmd of the Fort ThlS

is reported that he tsunarm separated at the Foft could meet at the centri rea and mundate k




OS2,

Photo 3 Tsunami inundation level(upper) and  Photo 4 Tsunami inundation level(Llpper) and

destroyed beachfront house (lower) barely damaged beachfront house (lower)




c) Galle Port: :
The tsunami traces were found on the wall of the storage shed and of the office building that are located
at the entrance of the inland. The trace heigh’t from the mean sea level was 5m and 6m respectively.
Though big destruction was not seen onkthe'breakwater the quay was destroyed as shown in Photo 5 and
the services at the port was not available when we visited after the tsunami attack.  The huge dredger Shlp

was moved on the quay as - shown in Photo 6.

‘Damage of the quay at the Galle Port.




d) Dodanduwa:. ;
In Dodanduwa which is 12 km in north of Galle. There is bridge constructed at the river mouth, which
is made of concrete and seemed to have been built recently. The concrete handrail of the bridge, which

thickness is about 20cm had broken and the height was 3.9m, was pa1t1a11y damaged as shown in Photo 7.

It is explalned fror1 the‘ "tuatlon‘that a ‘broken fishing boat as shown i in Photo 8 has been scattexed that
duftmg debns colhded T hepeople at this village told us that some of them were washed away by the
tsunami ﬂood thoug they evacuated through the bridge. Two persons who had taken the motorcycle on

“the brldge were also washed away by the tsunami.

Photo 7 | Dalnaged eoncrete hand;aﬂ in he‘ - Photo 8 Broken ﬁshin§ boats at Doidanduwa

e)ﬁKahawa“:

i Detaila a’re‘ described in section 3 4.



) Ambalangoda: ,

In Ambalangoda which is about 80km in south ofColo‘mbo,’the tsunami-trace was found at 4.7m high
-on the exterior wall:inside of the inundated house. = The erosion prevention countermeasure has been taken
along the coast with the rubble stones of about 500kg in weight as shown in Photo 9.. It seems that the
houses in seafront were not destroyed because of the rubble revetments. However, the foundation of the
railroad line in the inland behind the village was severely scoured by the tsunami that p1opagated 1nto the

river, as shown in Photo 10. Itis suggested that the horizontal vortex fonned after passmg the ri e1 mouth

‘Photo 9 k Erosion pre\kfentikone countermeasure Photo 10 Scouring damage on the foﬁndattion
with ruhble stones , e L of railway at Ambalangoda :
'g) Beruwala Fishery Harbour:

At the Beruwala dlstnct which is located 53km in south of Colombo the tsunami. trace ‘height outside
the fishery harbor exceeds 4 m, though it was only 2.3m from the sea. The houseshad not been destroyed
behind the ﬁshmg port as shown in Photo 11,1t is thought that the tsunaml power was reduced by the
breakwaters at the harbor A lot of ﬁshmg boats were washed away from the harbor by the sunami back

current, and were drlfted by the followmg tsunaml attack to the northern coast as shown in Photo 12.

Photo 11 Barley damaged ho‘usesy behind the Photo 12 Drifted fishing boats at the north coast

Beruwala fishing harbour Y L of Beruwala fishing harbour
41 o




h) Paiyagala: ;
InPaiyagala which is 48km in north of Kahawa, there is a tsunami trace which is about 6m above the
mean sea level, it is 4.2m far from the shore in the inundation level. Only a part of house such as windows

and doors in the houses made of concrete were damaged as shown in Photo 13.

’ i) Panadura:

The Panadura distric’t 25km in south of Colombo is located between the river and the sea. It is

indicated that the damage was caused by both of the tsunami runing up the river Va‘n‘d" the ‘ove'rtOppéd

tsunami from the coast. The impact of tsunami, especially lift force, was able to destroy the concrete floor

and roof as shown in Photo 14.




3.3 - Discussion

3.3.1 Train Damaged at Kahawa -

At Kahawa, a nine-car train was damaged, killing about 1,500 of its 'passengérs. This train happened to

have stopped while passing this point when the first wave of the fsunami struck. The first wave submerged
 the land to a depth of about 1m, not causing any damage. The land along the shoreline is a little lower than

the coast road (Fig. 3), so water brought by the first wave was retained there.

) Y -  swepttrain
road SN R ' :

; — ; 3 railWay;

= 1 64m f, B
; ; B — : |

188m

Fig. 3 Cross section of the damaged area, Kahawa, where the train was washed away

The residents of the district saw the disaster and began to flee inland. Some of them escaped into the
stopped train. Generally railway cars are stronger and higher than automobiles etc., the residents probab}y
thought they were safe. This would bé why not only passengers but also residents were died in the train cars.
But the second wave that struck 30 to 40 minutes layer, about 15 minutes accofding “to other witnesses,

engulfed the train shown in-Photo 15:

Photo 15. View of the Qvertumed Railway Train .-

e e e S e e T




The traces of the second tsunami revealed submersion depth of about 5 m, and locally up to 10 m. The
railway cars were not severely damaged, but were filled with sea water that drowned almost all the
passengers and residents who could not escape frontinside. It is a tragedy caused by the tsunami that struck
in an instant. People started to evacuate after the first tsunami, but lost their lives by fleeing to a dangerous
place, which is inside of the train. Actually, there is school building left about 50m from the railway, which
issurvived after the tsunami attack. It was important to evacuate to such a building. When a tsunami strikes,
in prmmple people should evacuate to a high refuge instead of a place far from the shorehne In a district

where ﬂat ground spreads inland, a usable evaeuatlon site such asa school or burldmg must be prepared in

advance agamst the tsunaml attack

3 3 2 Port and Shore Protectlon Facilities -

Thedama ges of ﬁshmg ports in Beruwala and Hlkkadua and of the harbor in Galle were inve‘stigated

In the ﬁshmg ports there. are breakwaters with a narrow. port entrance, ‘and the quaysand seawalls are

constructed which Would contrlbute to the damage reductlon Therefore there was the drfference about the
tsunami inundation height between the inside and outside the port. However, the breakwater was not
transformed 1tself but damaged some, and the many ﬁshmg boats were ‘washed away from the harbor and
were stranded. '

In this case,:heights of the rubble revetment was not high enough to protect the area against the tsunami
flood by dissipating the energy.  The rubble revetment was destroyed along the coast and heavy rubble
stones were moved ten-odd meters at the place where the flood velocity of the tsundmi could be large.

At the Galle Port, the height of tsunami trace was about 5.m, and there were damage on the quay, the
scouring of the quay foundation by undertow, the lifted large-scale work shin and the inundated harbors
buildings in the fi | ~ The function and services at the harbor stop' though fishin port and harbors

has not been d‘rnaged‘ ‘ 1thrc tastrophrc And the 1nﬂuence and 1mpact on not nly chabilitation and

transportatxon is caused by ]
was caused by a strong flc ‘,of one direction ¢ ntmumg for long perlod tlme

Alot of scouung at the root of vegetatron were also seen in the coast '

1ation, and it

caused the scourmg damage on the 1allway foundatlon as shown m Phot 0] le was 2m in

depth, 200m or more in length, and about 20m in width. ~There was no damag by g if the ground

is coated with asphalt or concrete.




3.3.4 Human Suffering ) ,

In the southwest part of Sri Lanka where this survey was done, there are places where the land
resembles reservoirs and where it slopes gently downward. The severity of the human loss was increased
bccausé there are few tall buildings or other evacuation sites at this region. And the people of Sri Lanka
know nothing about tsunami, having never had any experience of this phénomenon’. No ground qﬁake, 1no
tsunami information and no safety area against tsunamis are one of the main reasons why the casualties
exceed 40,000 in Sri Lanké. Table 2 Shows’ the number of ‘deaths, injured, missing and displaced people
in each area. ; il

Almost- 4,000 pebple died in the Galle region. It is a place where private homes are concentrated

behind a roadway running close to-the shoreline, and much of this land is lower than the road. Many of
these buildings were totally destroyed because they were old and made of bricks; and therefore, not strong.
Because it is a tourist region, the many fatalities were a result of the largeﬁnumber of peoplé attracted to the

region.

o Table 2 Human damage in Sri _Lanka as of February 2005

|- District; .| Deaths | Injured | Missing Displaced =
Colombo = |76 e . i 16,139 ‘
Gampaha i A sl : Sk B 132,000
Kalutara ; SR T 48 e 37,595

Galle =+ S ~ ‘ e -1 120,000

Matara, ' S ‘ : ' s 141,900
Hambantota ‘ : : , 27,351

| Ampara = .

[ Mullaitive . Ew lisw . s
Batticaloa | . - . e
Killinochchi | 560 - T .
Jaffna : '
‘P:uttlam

Vavuniya

Total T . ﬂ 838,088




3.4 Summary

The detailed height of tsunami traces and state of tsunami‘damage caused by the Sumatra Offshore

Earthiquake Tsunami in southwest: Sri Lanka were. stuched. The study revealed that the average tsunami

Theight was about 5 m, and that the highest tsunami was the second tsunami that arrived about 30 minutes

after the first tsunami. = ‘ |

The principal damage;caused by the tsunami were (1) inundation of the land far inland on flat low coastline

land, (2) total destruction of most wooden and brick buildings and partial destruction of buildings made of
cconcrete, (3) ships washed out to sea or grounded on the land, and (4) superétructureS damaged by scouring
of the quay walls and ground. It was confirmed that breakwaters and similar port and harbor structures

reduced the tsunami..

We wish to express our gratitude to Ichizono Toshiro (councilor and manager of the Colombo office) of
Japan Port Consultants Ltd. and to Tatsumi Masahiro (Director of the Sri Lanka office) of Wakachiku
Construction for their assistance with this survey. We also appreciate for r collaboration to exchange the
1nformat10n and data with the experts in Sr1 Lanka Prof. Samantha Hetti rachch1 Coastal Engineering and
’ Management Unlver51ty of Moratuwa Dr. Saman Smaraw1ckrama Coastal Englneermg and Management
University of Moratuwa, Dr.Nimal leayaratna Senior Lecturer, Umversny of Ruhuna,

This study was camed out as part of Overall Clarlﬁcatlon of Tsunam1 Damage by the Sumatra Offshore
~ Earthquake that 1s an emergency dlsaster survey ﬁnanced by a science and technofogy research sub51dy In

conclusmn we offer our prayers for the souls of the v1ct1ms of thls terrlble dlsaster

Photo 16 Meeting after the field survey to report the results and to exchange the infor:ilatlon on the tsunami

by the participation of experts from Sri Lanka and Japan
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Chaptel 4 Field Survey and Numerical Snnulatron on the 2004 Off Sumatra
Earthquake Tsunanu in Tharland

4.1  Intr oductron
On December 26, 2004 at 07 59 am (UTC 00 59 am, J ST 09 59 am), a grant earthquake was occurred off

E

3

the west coast of northern Sumatra, Indouesra Its epicenter is shown in Fi igs. 4 1 and 4.2 shows that the : : %
H

seismic activity in this region has been very high as the Pacific Rim.

Its magnitude had been reported by some institutes as shown in Table 4 1. The West Coast Alaska
Tsunami Warning Center and the Pacific Tsunami Warning Center issued 8.0 within fifteen minutes after
the earthquake. The ntagnitude 9.0 which is wellyéknown nowadays were reported nineteen hours later.
These revised magmtudes however, don't mean their failures, but indicate difficulty to analyze such a giant
earthquake in a moment by the leading sersmologrsts even. This is the fourth largest earthquake in the world
since 1900 as shown in Fig. 4 3 and Table 4.2. An another earthquake which was occurred in this region
three months later is also the seventh largest event \

The giant earthquake generated a huge tsunaml which is the third largest event since 1900 as shown
Table 4.3. This tsunami attacked many countries in the Indran Ocean. In theextrernely Iarge areas except
Indonesra Andaman Islands and Nrcobar Islands shown in Frg 4.4, the tsunaml exclusively caused their
extensive damages This is the greatest tsunarm disaster in history..

The tsunami attacked the southeast coast of Thailand where is about 500 km far from the epicenter.

Because the area has worldwide resorts like Phuket Island and the tsunami arrived at the cdast around a high

T T S e e T e e S e

tide shown in Fig. 4. 5,2 fearful disaster happened there. 5, 400 people were ‘killed and 3,100 people are
missing due to the tsunaml in Tharland To study this drsaster a field survey was carried out from December
30, 2004 to January 3 2005 in the southeast coast of Tharland Further, a numerical snnulatlon has been

conducted to 1nvest1gate the source mechanism of the tsunarm In thls chapter those results are reported
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Table 4.1 A history. of reported magnitude of the earthquake

Institute Magnittlde'*I, “Issued time (UTC) - Time after the event 3
WCATWC MB80 | 12/26200401:14 | 0015
PTWC | MB80 | 12/26200401:14 | 0015
PTWC M85 | 12/26/200402:04 | 01:05
WCATWC M85 | 12260200402:09 |  0L10
USGS M85 | 12/260200402:17 |  OLI8
USGS Mw82 | 1226020040223 | 0124
Harvard Univ. | Mw89 | 12/26200405:26 | 0427
Harvard Univ. | Mw9.0 | 12/26/200420:02 |  19:03
WCATWC M0 | 1272720041534 | 3635
PTWC | M9.0 | 122720041535 | 3636

*1 "M" means that atype of magnltude was not shown in the e- maﬂ

*2 In the case of 1o 1ssued time shown in the e—maﬂ the posted tune mformed by the mstltutes SMTP

server is used. ; i e
*3The origin time of the earthquake is assumed as 12/26/2004 00:59 UTC by USGS.

Fig. 4.3 Largest earthquakes in the world since 1900 (USGS, 2005)




Table 4.2 Lalgest ealthquakes in the world since 1900 (USGS, 2005)
‘ e Magmt o o ~
~ Locat1on - - Date UTC i ~Coordinates
o ude. | 0 !

Chile | 19600522 | 95 | 3824S | 73.05W

Prince William Souhd,'
Alaska - : o ;
Andreanof Islands, Alaska | 19570309 | 9.1 | 51.56N | 17539 W
Off the West Coast of ‘

‘Northern Sumatra '

19640328 | 92 | 61.02N | 14765W

20041226 | 9.0 | 330N | 9578E

Kamchatka =~ | 19521104 | 90 |5276N | 160.06E
| Offthe Coast of Ecuador | 19060131 | 88 | 10N | 815W
Northern Sumatra, Indonesia | 20050328 | 87 | 2.08N | 97.01E
Northern Sumatra, Indonesia | 20050328 | 87 | 208N | 97.01E
| Kamchatka | 19230203 | 85 | 540N | 161.0E
Tonga L 19170626 | 85 | 1508 | 173.0W

Table 4.3 Largest tsunamis in the World since 1900 (Abe, 2005)
. Earthquake - ‘:‘Date UTIC | Mt ’

. ','Chlle . fdoosy 4

- }Aleuuans | 1%60401 |93

_ matra Indonesw. 2004 12 % (9.
5 |Kamchake | 19521104 |90
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Fig. 4.5 The tidal change and an arrival time of the tsunami in Phuket




4.2 = Field Survey

4.2.1 = Period and Team Membels of F1eld Su1vey o ,
Our field survey team cons1sted of the followmg membels and the survey had been conducted from
December 30, 2004 to J. anuaxy 3, 2005 In the afternoon of I anualy 3, we hold a press conference and

reponed the p1ehmmary results of our ﬁeld suwey by the Thaﬂand 0overmnent request.

[JAPAN] : ; ‘ ;
Hideo Matsutomi (Aklta U111ver51ty) | Readercf shfvey teain

Tomoyuki Takahashi (Aklta Umversuy) , S
Tetsuya Hiraishi (Pon and Alrport Research Instxtute)
Masafumi Matsuyama (Central Research Instltute of Electnc Power Industry)
Kenji Harada (Disaster Reductlon and Human Renovatlon Inst1tut1on)

Sittichai Nakusakul (Yokok ama Natmnal Un1ver51ty)

[THAILAND]
Seree Supaftid (Ransit Univeféi%y) o
Mongkonkorn Srivichai (Rang'sitUniversity)
Suchart Limkatanyu (Prince of Songkhla University)
Danupon Tonnayopas (Prince of Songkhla University)
Pruittikorn Smithmaitrie (Prince of Songkhla Universikty)’
Jareerat Sakulrat (Prince of Songkhla University)
Wattana Kanbua (Thai Meterolcgical Depaftment) :
Chaitawat SiWabqwon (Ministy of Interior, Thai)
Sittiporn Phetdee (Ministy of Interior, Thai)
Warlsatha Janchoowong (Ministy of Interior, Thai)
Suchaya Suttiwandkul (Ministy of Interior, Thai)




- :Photo 1 PresS~c‘onfe nce on

422 Ob_yectlve of Freld Survey k k .
The general objectlve of field survey on dlsaster is to clear damages and to study therr factors A magnitude
of damage is a result of a balance between factors on the srde of drsaster and factors on the human side. In

tsunami drsasters the former factors nnply tsunamr height, velocrty, hydrauhc power etc and the latter
factors imply preparedness, countermeasure educatro evacuatlon etc. Many field surveys are desired to
investigate factors on both sides. Our ﬁeld survey however was carrred out Just 4 days after the disaster,
and it was a phase of rescue, relief and rehabrhtatron operatrons We would need interviews with the
authorities concerned and collectmg ofﬁcral docume tsto study the factors on the human side, but we were
afraid of retardmg those operations. Further, there was a hrgh possrbrhty of tsunami traces disappearing -
immediately because of the tourist places , (When we arrlved“at phuket rdebrrs was removed and business
was opened actually in a small damaged b \ach as shown in Frg 4 2. ) Therefore we mamly investigated
damages and their factors on the side of tsunarm drsaster as follows.

- Situation of tsunami arrival (a number of waves, the largest wave, depressron or elevation of the
leading wave, etc.)

- Tsunami herght (run—up helght and mundated depth)

-Inundated area

- Construction damage

- Velocity and hydraulic power

- Energy dissipation capability of vegetatron




Photo 4.2 A small damaged beach in Phuket opened a business on Dec. 30, four days after the disaster

423  Field Surveyed Region
Our field survey was conducted in the southwest coast of Thailand shown in Fig. 4.6. There are Khao Lak,

Phuket Island and Phi Phi Islands: The 1nvest1gated coastline was about 140 km long.

Pii Phi ls.

Fig. 4.6 Field survey region
4.2.4  Implement of Field Survey k
We made two or three survey groups, and investigated in the noﬂh and the south reglons respectively. As
transportations in the field, rented cars were used in Khao Lak and Phuket Island, and a high-speed boat
provided by the Port Authority of Thailand is used to Phi Phi Islands.
We carried out the measurement of tsunami traces and the hearing on 1651dents as shown in Figs. 4.3

and 4.4. As the tsunami traces, driftage and debris, inundated lines on wall, Wlthered plants, etc. were
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probed as shown in Fig. 4.7. We took not only one trace but some traces to compr ehend the typlcal tsunami
helght in the region. When a helght of the trace was low, we confirmed it by hearmgs on residents. For the
accurate measurement of tsunann helght and dlstance from shme we used the Laser Dlstancemeter and the

optic prism.

Because of the different tide lev l‘s;wh’c{:nftkhé tsunami arrived and the measurement was carried out,

the measured tsunami hel‘g‘hts,Were correct db "théfiyuéthod as shown in F;g 4.8. The tsunami arrival times

are assumed uniformly as at 10:00 am in loca time.

. Phbtd 43 Thékmé‘asur‘emen‘t on tsunami height with the laser distance meter

Photo 4.4 A hearing on the resident




Damage

i

Run-up height = 9.6m above sea level
Run-up distance = 300m from shore

®

Fig 4.7 Examples of sunami :tace discrimination
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4.2.5  Results of Fleld vaey . - o
The measured tsunami he1ghts in Khao Lak, Phuket Island and Phl Phi Islands are shown in Flg 4.9, These
tsunami heights have been corrected f01 the tlde level d1ffel ence described in st kt‘10n 4.2.4. The typical
tsunami he1ghts are 6 to 10 m in Khao Lak 3to6min the west ‘oast 3 m in th 5011t11 coast and 2 m in the
east coast of Phuket Island and 4 to 6 m m Ph1 Phi Islands .
In the following:sectiohs; the ts' mi attack d Kh 0 Lak Phuket Island and Ph1 Phi Islands are

examined respectively.

- gast coat

west coast  Phuket sl

Phuket Isl.

" Measured heigntim)

Pm?et isl

ad héﬁghi{éx} ~

F‘l’lg Philsl | 5 ¢

Meas

" ‘Fig’. ~4.9~M¢asu‘red tsunami heights

(1) Khao Lak

The largest tsunam1 in Tha1land attacked thls area. Some tsunanru helghts ‘were further th ) 10 m and the

inundated depthg,s was 4 to 7 m in the south of Khao Lak. Photo 4.5 shows that the tsunarm nundated the
third floor of a hotel. The tsunami heights in Khao Lak were much highef than Phuket Island. The reason for
this difference seems to be an effect of local bathymetry off Khao Lak (Suzuka, 2005) and a generation of
the soliton fission. Some photos and video tapes suggested there was the soliton ﬁss1on Photo 4.6 and 4.7,
for examples, show two lines of the wave breaking at a short interval. ,

The velocities were 6 to 8 m/s and the drag forces were 3.8 t0 6.7 tf/m® 3.7t 6.6x 10° Pa) in the

inundated area estimated from the inundated depths in the south of Khao Lak (Matsutomi et al., 2005). This

- area was a new tourist place and there were many hotels and cottages. Tho,se ‘cottages and two-storied

houses close to shore were totally damaged. In the mid-area of the inun’dation‘, their walls and pillars were
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partially flushed away. The two-storied houses consisted of floors and pillars made of the reinforced
concrete, and walls made of the buck mortar, but their roofs were made of the tinplate and the brick: Photo
4.8 was taken the damages in the tounst place from shore.

Accmdmg to some hearmgs on the 1es1dents the 1ead1ng wave pxoduced an mmal depressmn and the
second wave was largest These w1tnesses were also obtamed in the west coast of Phuket Island and
coincident with a tide 1ecord in the south coast of Phuket Island d1splayed m the next subsect1on Because
there was subsidence in a east area of the tsunaml source and Tha1land locates theeastward the
leading-depression was reasonable The reason for the largest second wave seems to be a resonance effect
and plural asperities of the fault plane Flg 4 10 by Yamanaka (2005) 1nd1cates that there were two large
asperities in the north (aspenty C) and the south (aspenty B) areas

- The effect of an energy dlss1pat10n of tsunami due to vegetatlon could be conﬁrmed in Khao Lak
(Matsutomi et al., 2005) F1gs 4.9 and 4, 10 show vegetatzons facmg sea and houses at the back of the
vegetations. A distance of both places was about 150 m along the coast and the place in photo 4.10 located

the north. These vegetation decreased inundated depths from 4.9 m to 4.6m.

Photo 4.5 The tsunami inundated the‘ third floor ‘of a hotel (left b"uild" g in ph‘oto)m Khao Lak
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280 320
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Fig. 4.10 Source rupture proéessofthe earthquake (Yamé.naka, 2005)




 (b) A house at the back of the vegetation

Photo 4.9 An exa‘mplé of ene'rgyk‘dissipation of tsunami due to vegetation in Khao Lak




- (b) A house at the back of the vegetation

Photo 4.10 An eXample of energy dissipation of tsunami due to vegetation in Khao Lak

(2) Phuket Island i
Fig. 4.11 shows a distribution of measured tsunami heights in Phuket Island. The tsunami heights became
lower from the west coast, the south éoast to the east coast.

In Patong beach of the west coast, the most popular tourist place in Phuket, the tsunami heights were
5to 6 m and the inundated depths was about 2 m. The velocities were 3 to 4 m/s and the drag forces were
0.9 to 1.7 tf/m* (0.9 to 1.7 x 10* Pa) in the inundated area estimated from the inundated depths (Matsutomi
et al., 2005). In the casé of the inundated depth of about 2 m, Japanese wooden houses show 'very heavy
damage" as much as "substantial to heavy damége". In Patong beach, however, there were many houses

built of brick and "substantial to heavy damage" was predominated as shown in Photo 4.11.
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In Karon beach of the west coast, the coastal road whlch laid on the hi gher place than shore, acted as
seawall and plotected a hotcl behmd as shown in Photo 4 12. At the southem place in same Karon beach,
there was not higher road and hotels were damaged ; ‘ '

In the east coast whexe is at the bacl of Phuket Island to the tsunami source the tsunami height was
. about 2 m. In ariver mouth 1fnany boats were damaged as shown in Photo 4.13. Fofrunately, concrete bridge

piers had no damage The tsunami p opagated antlclockwlsé around Phuket Island as Okushm Island in the

Photo 4.11 The broken wall of a house built of brick in Pator
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L ‘Photo 4, 1~2,Thcfhigh‘tdad~ réduCe‘d ‘th,é‘ts'un‘ami as seawall in the Karon Beach
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e Fgtimated

Fig. 4.12 Tide record in the south of Phuket

(3) Phi Phi Isiands ;
Phi Phi Islands had a beau‘aﬁﬂ coral reef and were popular as scuba diving spots. The 1slands consist of Phi

Phi Don Island and Phi Phi Le Island as shown in Fig. 4.13. The coast of Phi Phi Le Island is bluff and

nobody had lived there. In Phi Phi Don Island, there were many hotels and cottages, thus the tsunami

damage was occurred in this 1sland
A shape of Phi Phi Don Island is similar to "H" and there are two bays in the north coast and the south

coast as shown in Photo 4.14. Photo 4.15 shows the north bay which is shallow and had a beautlful beach,

Photo 4.16 shows the south bay which is deep and had a port -
The north bay is opened to the northwestward, thus it was faced to the tsunami coming ’direcﬁ(jn. The

measured tsunami height in this beach was 5.8 m. On the other hand, the south bay is opened to the




southeastward. It was a opposite direction to the tsunaml plopagatmg Further, Ph1 Phi Le Island locates to

cover the port of Phi Phi Don Island The measmed tsunami height, however, was 4, 6 m in this port. It

‘mdzcated that the tsunaml plopagated around the 1slands

According to some w1tnesses reported the tsunaml came from nox“ch and south, and totally flushed the

central area away. The ground level‘was about 2 m above sea level but there were many cottages and hotels.

Therefore, the tsunami waves‘ﬁonl north and south destroyed the area as shown in Photo 4.17.

1

Tsunami height

nd level: 2m

ami height

Photo 4.14 The north and the south bays of Phi Phi Don Is.




 Photo 4.16 The south bay which was used as a port in Phi Phi Don Is.







4.3 Numerical Simulation’ .

43.1 ming e s d ‘memcal scheme

itude and latitude, the M

espectively, & is sea

of inear momentum in the

A and @directions are, respectively,

oM, _gh oy _
ot  Rcos@0oA

N, )
'riolis eoefﬁcient (f =2wsin @, w:angular velocity), g is /
gravitational acceleratlon The“ bove thr quatlons are solved numerically for the unknowns M, N, and 7,
using the staggered-gr d leap ﬁog nulnerleal scheme (Goto and Ogawa 1982)’ We used the 2 minutes
digital bathymetry data pubhshed Smlth nd Sandwell (1997) We resample this data and produced fine grid
bathymetry data for nul“encal s1mu1at10n Range of computatlon area is in the reglon of 70E-105E and
5S-23N, which is shown F1g 4, 14 The grid 1ze consists of 3 x3 mlnutes gnds (area a) in the whole, and 1

x 1 minute (area b, c), and 20 X 20 seconds (area d, e, f) in Table 4. 4

70 80 90 100E

Fig. 4.14 Computation area and nesting system




Table 4.4 Parameters of computation area and nesting system

_area | Gridsize Longitude “latitude”
2 | 3min | 70E | 105E | 5S | 23N
Imin | 77E | 85E | 5N | I2N
Imin | 9B | 100B | 0 | 15
20sec | 7958 | 82E | 575N | 10N
20sec | 945E | 97E | 4N | 65N
20sec | 97.5E | 100E | 75N | 10N

4.3.2 . Tsunami.Source Model . ’

For the present 'humeriéal simulations, thé; initial yfault‘ displacément was inférfed: from oykne of the two -
Harvard CMT solutions (Table 4.5). Two fault models assumed to cover distributionk‘o"f aftershocks, and
these sizes are similar, SOOkm x 200k1n The resulting sea ﬂodr;defonhétion was computed by the
theoretical method (Mansinha and Smylie, 1971) (Fig. 4.15). Then crustal rigidity is 4x10”" dyne/cm?. In
numerical kck:‘omputation, dynamic fault parameters are poﬁsidered. That isk, Séa bottom deformation starts at

the point of main shock, and radiates at rates of rapture velocity 2.5km/s. Rise time at the each point is 0.1

T R e . e e o e e e o e e e e

second. Time for crustal deformation is about 400 seconds, because length of whole faults area is larger than
1000km. “ | ‘ ‘ o

i

Table 4.5 Fault parainétérs

c . | south | north
‘Lkm) | 500| 500
W(km) 200| 200
depth(km) | 28.6| 286
Strike 329 360|
Dip g8
Slip [ 110|110
Dislocation(m) 5.0 5.0
Mo(dyne cm) 4.0%10%

~ 10M

Fig. 4.15 Sea b‘ott'om'de‘forma'ytidﬁ, gap among contour lines is 0.5m.




433  Results of numerical Simulation .

Fig. 4.16 shows distributions of measured ‘a‘nd; calculated tsunami heights“along coast: of ‘Thailand.

Maximum calculated height in Phuket Island is about 6m and similar to measured one. At Khao Lak,

maxmlum calculated he1ght is about 8m, and measuled one is larger a little, which ranges from 9 to 10m.

However calculated result describes dlfference between heights in Phuket and at Khao Lak as shown in

measured distribution. Therefore both results are harmonious, and kthls_mdlcates total energy of two fault

models is acceptable for ktsku‘nkami heights in Thailand.
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kse 'es‘ output by calculanon along shore =

Fig. 4.16 also shows time series output along the coast of Thailand. Tsunami ‘ar‘rikved at the southern part of

Phuket Island at first. It took a half and an hour to propagate from tsunami source. - Water surface

descended firstly and ascended after half an hour.

‘Tsunami arrival ran to the north direction along the

coast of Thailand. Witness conﬁrms thlS feature on tsunami arrival time. Tsunami arrival time at Khao

Lak is an hour later than one in Phuket Island Maximum helght is recorded by the second or later ascent

wave at four points.  Especially maximum height at fl 9 appeared after a half and four hours of earthquake

“occurrence.

Fig. 4.17 shows distributions of measured and calculated tsunami heights in Sumatla Island. Along the

northern coast of Banda Ache, tsunann height by calculatlon is maxnnum 4m and decreases with moving to

the west. Calculated heights ranges from 40 % to 50% of measured ones. Along the western coast of

northern Sumatra, tsunami height is maxnnum 10m, and about Sm at the same coast region of measurement.

Measured heights are much larger than calculated ones. The reason for the d1ffe1ence between calculated
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and measured results is uniformity of two assumed fault models. That is, real fault movement has plural

asperities, and it caused giant tsunami, which attacked to the west coast of northern Sumatra Island.

measured north coast

tsunami height(m)

‘ li ¥ X
95000 9530 9600
95 96
- '10

m)

1 O 5 i . L i
calculated
S :

I
i .'""u’hn'.,. -'e'./""

i tsu"nam’i height(

T T[T Te prTrsee T

o o o o
o N
tsunami height(m)

< - ! - — : —
94 30' 96 00' 96 30"
tsunami height(m) ‘

Fig. 4.17 Comparison between calculated and measured tsunami heights distributions in northern Sumatra.

~ These results of tsunami heights in Thailand and northern Sumatra Island indicates as follows:
1) There are plural asperities on the fault planes. :
2) Uniformity in tsunami source made giant tsunami at the northern Sumatra.

3) However it has no effect to the coast at the distance of more than 500kin.
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Chapter 5 Survey of the tsunami damage in the Maldives

'5:1 Outline of the Survey

The huge earthquake with the magnitude 9.0 occurred in 26, December, 2004 at the offshore of north
Sumatra. This earthquake generated the tsunami, which attacked Indonesia; Thailand, Sri Lanka, India, the
Maldives, and some countries of east Africa. Because the damaged area is very large, almost the entire
Indian Ocean, it is impossible that one survey team covers the whole damaged area. Thus, many survey
teams were orgahized and conducted the post-tsunami-surveys. :

In the scientific meaning, the tsunami records in the Maldives seem important- to understand‘ the
comprehensive image of the tsunami propagating the Indian Ocean, because this countryk locates in the -
center of the Indian Ocean, and the tsunami was expected to attack the Maldives without significant
transform of waveform. In the engineering meaning, the Maldives is important because we éan estimates
the effect of seawall against tsunami by comparing Male’ and the other island. Thus, our survey team was
organized to inveétigate the damages and characteristics of tsunami in the Maldives. Based on the field
examination on damages of infrastructures and facilities, a plan of restoration - will be proposed to improve
the safety level of the Maldives. In addition, the effective countermeasures againstfsunami will be

proposed, including a-disaster education. For these purposes, the following examinations were conducted.

31 January: Arrival at Male’
1 February: :
(1) Meeting at Deparfment of External Resources, Ministry of Foreign Affairs
(2) Meeting at National Disaster Management Center
(3) Meeting at Ministry of Transport and Civil Action
(4) Meeting at Ministry of Environment and Construction
(5) Site Survey in Male’ to evaluate the inundation area
2 February:
Group A:
(1) Meeting at the Maldives Airport Company Limited
(2) Site Survey in Hulhule (Male’ International Airport) and Hulhumale’
Group B: \ : ;
(1) Site Survey in Keyodhoo, in Felidhe (Vaavu) atoll
(2) Site Suevey in Muli, in Mulaku (Meemu) atoll
(3) Site Survey in Ribudhoo, in South Nilandhe (Dhaalu) atoll
(4) Site Survey in Gemendhoo, in South Nilandhe (Dhaalu) atoll
3 February: g - , ;
Group A: Site Survey iAnHittadhoo—Maradhoo-Feydhoo-Gari, in Addu (Seenu) atoll :
Group B: Site Survey in Kaddth—Fonadhoo—Manndhoo-Gan, in Hadhdhunmathee (Laanu) atoll
Group C: Hanimaadhoo and Kulhudhuffushi, in South Thiladhunmadulu (Haa Dhaalu) atoll

4 February-




(1) GroupA: Site Survey in Laguna Beach“Resoﬂ, Vadoo Island Résofrand Embudu Village; in South
Male atoll ;

Group B: Site survey in Male’
(2) Final meeting at National Disaster Management Center

* (3) Departure from Male’




5.2 Male’ k

Male’ Island is protected by the solid seawalls because Male’ city is the capital of the Maldives and the
reef had been reclaimed completely. The Indian Ocean tsunami exceeded the seawall and inundated Male’;
however, the island was not sunk below the water surface by the tsunami. This tsunami caused some
damages in Male’; (1) several shrps were carried and remained on the quay, (2) a part of sheet-pile
quaywall in the north wharf was _]utted out over the port However those ‘damages were not so severe and
recovered quickly. The proper measures were enforced by the Maldlves ‘government after the disaster,
although those were enabled by the fact that Male kept in the normal srtuatron If Male’ island became
inhabitable or the port facrhtres were destroyed severely, the mﬂuences on the Maldives’ society were
immeasurable both economrcally and mentally In this sense, the tsunaml event occurred in Male’ should be
investigated carefully k - ‘

Fig. 5.1 shows the trde record at Male Where the sea surface elevatron from the mean sea ]evel (M S.L.)
is drawn in centimeter. ThlS figure suggests that the sea Tlevel at the tsunami arrival was almost the same as
the M.S.L., -5~6¢m, and the maximum tsunami hexght was approxrmately 1.45m. Note that the tide gage is
installed in the atoll side, thus this tsunamr herght is'that in the north side of Male’.

The representatlve of the crown height of seawall is 1 96m in the west coast, 1. 36m in the north coast,
2.16m in the east coast, and 1.46 to 3.36m in the south coast from the M.S.L., although the crown height is-
partially higher. The representative crown height of quaywall is 1.16m in the north and south wharf. Thus,
the tsunami might overflow the quaywall in the north and south wharf. It is possible that the tsunami height
in the south and east coast is slightly different from the tide record, because the east and south coast of
Male’ faces the out of atoll. The atolls might be a kind of obstacle for the tsunami, so the tsunami: flow
probably concentrated in the channel between the atolls. Thus the tsunami height in the south coast was
probably amplified slightly. The tsunami height in the east coast, also, may be amplified because the
tsunami was dammed by Male’ Island in the east coast.

Because Male’ Island was not submerged below the tsunamr as stated above the trace herght in Male’
does not agree with the tsunami helght. Thus the mundatron herght 1n~Male has no lmportance in the
scientific meaning. However the inundation area of Male’ is nnportant in the engrneerlng meaning, thus
that was examined in our survey. - L k

The boundary of inundation and non—inundation‘ area was determined at every street by the eyewitness
evidences of the residents Fi\g 5.2 shows the‘:measured result of the inundation area in Male’ Island. The
inside of the blue line in the ﬁgure was not rnundated and the inundation area is approximately 60% of the
island. The ground elevation of the boundary of 1nundat10n is approxunately 1.1m almost over the island.
This fact may indicate that the total volurne of the overflowed seawater reached the 1.1m-line when the
seawater was stored in the kseaw‘alls like a reservoir. On the other hand, the ground elevation of
inundetion—boundary ina par‘tbfknorth coast and a part of east coast is higher than 1.1m. In this region, the
overflowed water might have sonre inertia for e, and reached the high ground terhporaliy.

Because the “tsunami hEIght was hrgher: tha he crown height of quaywall, it is thought that the
inundated seawater mainly entered over the quaywwH in the north and. south wharf. However, Fig. 5.2

shows that the overtopping over the seawal} at the east ;coast was not negligible. The tsunami height,

Jperhaps, was amplified in the east coast because the tstmami was dammed by the island there; and it made




the overtopping of the swell and wind wave over the seawall easy.
Fig. 5.3 shows the comparison of the inundation a
line denotes the inundation b

indic

similar to the reclamation area. Note that the reclamation land is relatively danger in compauson to the

rea and the reclamation area in Male’ Island. The blue
oundary, and the black line the shape of the original Male’ Island. This figure

ates that the reclamation land was ﬁllly inundated by the tsunami, and the inundation area was very

origin‘alf land if the protection level (e.g. crown height of seawall) is the same,
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Fig. 5.1 Tide record at Male’ (time in UTC; tide level in centimeter from M.S.L; measured and prov1ded

by Sea Level Center, University of Hawaii)
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5.3 Male’ International Airport (Hulhule) and Hulhumale’

* 5.3.1 Introduction , k ,‘

Male’ International Airport is situated on the Hulhule Island, which is on the eastern rim of Male’ Atoll, as
shown'in Fig. 5:4. The location is roughly at 4°11 29"N~and 7331 5"E The Hulhule Island is a long and
narrow island in the north- south direction. The tsi ‘naml came fro the east. In the northeast direction of the
alrport island there is a new reclalmed island, H lhumale anda causeway connects these islands. Many

~ apartments exist already i in the Hul uinale L
The height of the alrport 1sland s about 1. Tm above the mean sea 1eve1 and ess than 1m locally in the

west side area. In the low-lymg area, high waves overtopped sometnn ks befor c tsunami. The airport

facilities were protected by seawall :kwh ) exghts varied from M .+2.0111~, oMS.L +{2.7rn in the areas
facing to the open sea espec1ally k ‘ |

According to the 1nvest1gat10n of the Maldlves Alrports Co Ltd two hlrd : ‘k the alrport island was
flooded, and the runway was out of operation for approxunately 10 hours resulting from debris and detritus

due to the tsunatmik flooding. T he’ runway lights were repaired after 18 hours. Photo 5.1 shows the inundated

airport by the tsunami. The runway was flooded and coral sand flowed out of the island.

Fig. 5.4 Male’ Atoll and Hulhule Island (The based map is from Atlas of the Maldives, 2004, ©Atoll
Editions.) ‘

<




Photo 5.1 Male’ International Airport inundated by the tsunami. ©Mr. Todd Rempel

5.3.2 Tsunami Trace Height
A summary of the measured tsunami trace heights is shown in Fig. 5. 5. The height of the tsunarm attacking
the airport was more than 2m approxnnately At Pomts MV-7, MV-8 and MV-9 in the bottom of the inner
sea area between the causeway and the airport, there were hlgh records. According to tsunami observers at
Points MV-8 and M V-9, three tsunamis attacked and the first tsunami came from the east dll'eCtIOIl around
9:20 in 1oca1 time. The second tsunanli came a few minutes later after the first tsunami came and it was the
biggest among all of the tsunalni‘fwaves.' Since the high tsunami trace heights were found around the bottom
of the inner sea area, it seems that the second tsunami came through the inner sea from’the north direction
and it lost the places to go there. However, if the second tsunamx passed in the north ‘of Hulhumale’ and
changed the propagation direction mto the inner sea area by the west reef edge the time 1nterval between
the first tsunami and sec‘ond tsunann is kabout 12 minutes, in which. the inner sea areazlsassumed to be 5km
long and 5m deep. If the second tsunemi came fmm;theywest of the Airport: Island, the prop‘agation time is
almost the same. These tirnee intervals are different from the hearing results. Therefore, the tsunami in the
bottom of the inner sea area was probably affected by local topogratphy change and exi‘Stence of structures.
To clar1fy the characteristics of the high tsunaml we need a more detailed numerical simulation on the
tsunami. ‘ ‘

On the other hand, in Fig. 5.1 in the previous section, the tide record at the Male’ tide station shows that
the time interval between the first tsunaml and second tsunami is about 40 minutes. The second tsunami in

the tlde record in the west of the a ‘ort 1<1 nd is dlfferent from the second tsunam1 n the inner sea. In the

south of Sri Lanka three tsunanns,were bser ved and the nmltlple tsunanns around Male’ were the same

as the tsunanns in Srl Lanka




Fig. 5.5 Tsunami trace heights

5.3.3 Tsunami Damage on Structures
Fig. 5:6 shows some structural damages due to the tsunami. The most severe damages are along the inner
sea between the causeway and alrport :

* In Huluhumale’, the shore protectio‘h works which consisted of cement bags were partially damaged as
shown in Photo 52 Although the tsunami flow washed some cement bags on the land about 15m apart
from the coast, it seems that they were mainly destroyed by the backwash of the tsunami, Judgmg from the

feature of the scattered bags on the beach.

The east and west sides of the causeway were eroded by the tsunami action as shown in Photo 5.3.

Tsunami pressure also broke an on-land wall even behind coastal houses as shown in Photo 5.4. Seawalls
were damaged in some areas as shown in Photo 5.5, and especially in the east side of the airport along the
inner sea area the seawall were collapsed as shown in Photo 5.6 by the hlgh tsunaml The seawall which

was made from coral stones covered by concrete suffered severe damage ﬁom the tsunann action. In the




southwe‘st‘sijd - of the ap 1 e apets\of the seawall were fallen down as shown in Photo 5.7 Smce the

south and southwest 1des of tl { pon faces the open sea, hlgh tsuna ni attacks there,

tsunaml helght (m) The tsunann helght here is not the wa e e1ght of tsunaml and conesponds i

wave amphtude For tsunami boxes it is the bore helght Usmg the. equat1on in the case of the tsunaf '

2m high, ‘the"ts:Unami’ ressure is 44kN/m or 4 5tf/m

5.3.4 Another Tsunami Feature

There is an mterestmg comment flom an observer of the tsunaml It is that the water surface bubbled ina’

Photo 5.2 Damaged shore protection wor‘:k_s_ ~ Photo 53 Eroded causeway




Damaged parapét of seawall




5;4 Haa Dhaalu Atoll

InIs. Hanimaadhcb of Haa Dhaalu Atbll‘(se‘e F1g 5,7), height of the tsunami should have reakched 1.7m
-above the sea level, approxxmately In thxs 1sland UHSLC has been collecting the data of sea level
changes, and the record shows the abnonnal ﬂuctuatxons (Fig. 5. 8) :

We selected th1s island as one of our su1vey s1tes because there isan alrport and plays prmCIpal roles in
the northern part~ of the Maldives. The survey started on Februafy 3, 2005 In addltlon to Is.
Hammaadhoo Is Kulhudhuffushx (Photo 5.8, Fig. 5.9) is also surveyed; In this survey, we trled to
determine the trace heights of tsunami by askmg the res1dents or by ﬁndmg marks of sunami ‘n the walls

and houses and measured them.

Fig. 5.7 Location Map of Haa Dhaa]ﬁ Atoll ‘(Bélsed‘map‘ is from Atlas’bf the Maldives, 2004, ©Atoll
Editions.) L : ‘
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: 'Kulhudhuffu‘shi :




We tried to su1nmanze the tsunami attacks on Haa Dhaalu Atoll by v1ewpomts from cucumstances 1

of inundation and tsunami trace helght as written below

O Results of Survey on Is Har naadh 0

Accordmg to the res1dents the tsunam] mtrude kthe 1sland both from' ast and ;west s1des of the
k ‘nelther houses nor walls Accord1 g to the res1dents munda 0 occurred at beaches of eas

- results Photo 5 9 shows the 31tes

: Accordlng to hearmgs done on th e

north and south of the lsland and 1nundatei‘ he west area

west C )astal area fro‘ the north and the south ‘
The tsunaml attacks o‘ the Kulhudhuffushl could be sumrnanzed as below

*West Coast

‘ Inkthe northern part of the west coast collapsed houses and walls are observed~‘~ (Photo S.lO); -

Several boats are thrown on the beach at the central part of the west coast
*East Coast . .

Although Is. Kulhudhuffushls located the eastem end of the reef the tsunann wa" blocked by

‘berm, and little amount of tsunam1 body ﬂew over 1t (Photo 5.1 site#[ M y wever, itreached

a house at 116.5 m inland by flew down‘on gen ¥y sloped ground tow ardi:weSt" The depth was 6 kckmk‘ ‘
deep at the house . .
*North Coast k , k , k , k
No 1narks were found at th '“orth COast . The coast is consrsted of hard coral and has:'steep slopc
Numerous fragments of coral, wh1ch thought to be transported by the tsunann were found in inland.
*South Coast k
It was found that the wall of Mlmstry of Public Works was collapsed. There were the clear marks -

at the wall of the yard(Photo 5.1 site# [MV 6] )

In Is. Kulhudhuffushi, three clear tsunami marks wer found and the heights were measured. One

site, which a residence’s witnessed, was also measured. Fig. 5.9 shows points of measurement and

89




tsunami trace height.
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Photo 5.11(1) Measuremient at Is. Kulhudhuffushi
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Kulhudhuffush:

11(2) - Measurement at Is.
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5.5 Sc')uthMale’Atoll

The eight of water level msrde of the atol]k m' Embudu Vikllage:(phote 5.14) was 1.33m,

whxch was higher than that at the o.1tsrde 1f18m ‘ThlS ’ 1fference 1mp11es that the tsunami energy

was held in the atoll Thls 1sland resort was also safe and was not damaged

Fig. 510 Tsunami trace heights in South Male’ Atoll




Photo 5.12 ‘Lakg‘ilha Beach Resort Photo 5.13  Vadoo Island Resort.

The remarkable notes at each measured point are as

follows; , |

No.MV—lb: A staff of Laguna Beach Resort
witnessed the running-up tsuhami at this
west beaeh after checking inuhdation at
north of the island. It means that he

“watched this beach a few minutes after
the tsunami main body came.

No.MV-17: White sandy trace had remained under a Photo 5.14  Embudu Villag

cottage terrace of whrch level was
below the cottage floor.

No.MV-18: Same kind of whlte sandy trace had been on the side of ﬂowerpot (photo 5. 15) Wind
waves on the tsunaml from north overtopped sea walls.

No.MV-19: Scuba dlvmg instructors had measured thrs height at a step of prer (photo 5. 16). They
recognized the tsunami already had come to the Maldlves before the water level ralsed
because they found quite fast currents had occurred in a channel between Vaadhoo
Channel and 1nsrde of thlS atoll. R

No.MV-20: One resort-beach staff in Embudu Vﬂlage looked the tsunamx and took the prcture by hrs
mobile phone near the prer‘whrch connects to cottages on the water (photo 5. 17) The
tsunami water level was a httle lower than this island ground Ievel. Some part of wmd
wave on the tsunaml on y ran and moistened the ground.

No.MV-21: The owner and staffs wi nessed that the water came from the 1n51de of the atoll to the

5

level just below the restaurant’s ﬂoor, o




Photo 5.15
Trace at Laguna Beach Resort

Photo 5. 17
’I‘race at E Embudu Vﬂlage

At 9 11 AM on 26th December Japanese scubai

dwmg mstructors of Vadoo Islands Resort

recewed the 1n1t1a1 nnpact of tsunalm ina small

channel along thls 1sland They noted down the

currents and water level ﬂuctuatlon to a sheet

Wthh is shown in Fxg S. 11 and Flg 5. 12

The 9:11° 1s remarkab]e tlme because of the

earliest record of the tsunami in the Maldwes In

- order to check the safety before visitors dive, one -

instructor was diving as routine work at the small

channel along the island which connects from

; Photo 5.16
ijace at Vadoo Island Resort e
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Figure 5.11 Tsunami Record provided
by Vadoo Island Resort




Vaadhoo . Channel - to

inside ' of ‘the atoll.. The

current directed to inside
of the atoll was too fast
for - the: professional of
diving; did not let him
swim or stay by holding a
rock either. He escaped to

inside of the atoll because

he knows that currents in

the inside are slow as
compared with those in

the small channel.‘ :

As celerity of a tsu:iamif‘
is fast in the deep sea, the

water level in Vaadhoo :

Channel rose earlier than

~ Vaadhoo Channel

inside of Atoll

', Current [relative speed]

- “9:00:00

A - current

vadoo_resort 26/12/2004

--e- W[ -fluct

I

ZW 1

10:00:00
- time
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Figure 5.12 'Ts’unami‘ records at Vadoo Tslands

Resort

the record of the tidal gage at Hulhule Airport. Since the enérgy concentrated to the progressing

direction, the gradient ‘of water level ‘be‘tween the channel and the atoll became steep. This was the

driving force of the initial fast current.

In the inside of South Male’s Atoll, the large strong circulation was witnessed during a few hours,

of which direction changed many times clockwise and counter-clockwise. The phenomena also

express a part of tsunami energy was held and fluctuated in the atoll. On the other hand, another

scuba diving instructor did not feel tsunami or strong current at a northern area of Vaadhoo Channel.

The following natural environment damages were watched by the resort staffs and the scuba diving

instructors.

A heavy coral rock of which weight was about a few hundred kilograms moved.

Much silt and sand moved to deep zone where water depth is 15m or more than.

Turbidity in the channel and atoll rose by silt of corals during two weeks after the tsunami

attacking. Many staffs of resorts described that sea water around islands became milk color.

Small branching corals were daﬂiaged at SQITI& area along Vaadhoo Chanﬁe].

Some branching and poritidae corals rolled off from shallow area to deep area.

Some middle size of branching ‘épra‘ls‘ was also damaged. On the other hand, no large branching

. ; 97




coxal over lm in dlametel was damaged

;‘Many coxals ﬁom top reefs to 15111 depth area have been cove1 y the sand. :Paftieillai'Iy the

k ‘covermg has been takmg place xllslde of the Atoll
“ Many kind and number of ﬁshes dlsappeared in and around the atoll at once Just after tsunaml

'All of these ﬁshes however came back soon.




5.6 Vaavu Atoll

Keyodhoo is located m the center of east srde of the “Vaavu atoll Nobody died in the island.

According to hearing on the resrdents\ the tsu nami came two trmes The leadrng wave went through
from east to West (see Photo 5. 18) and the second 1ntruded the both sides of the coast at the same.
Moreover, the ground water in the wel 'changed salty after the tsunaml attack. The tsunami' trace
heights measured. in thrs 1sland are mdrcated in Frg 5.13. Photo 5.19 descrlbes trace of tsunami in

house. Everywhere were mundated about Im above the ground in the 1sland

Photo 5.18  Direction of tsunami in Keyodhoo




Photo 5.19
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5.7 Meemu Atoll

Muli is located in the south east of the Meemu atoll 5 people died and 1 person is still missing.
According to eyew1tnesses the tsunami went through from east to west, and the leading wave was
the highest. That can be explamed from the measured mundatmn helght as shown in Fij g. 5.14. The
tsunami trace helghts were recorded app1ox1mately 3m in the east side and 2m in the west. Photo
5.21 shows coastal erosion by the tsunaml in west sxde It is understand that step of several dozen

centimeter is formed.

~ Photo 5.20 Direction of tsunami in Muli




Fig. 5.14

Photo 5.21 Coastal erosion by tsunami in west coast. Red arrow indicates the direction of tsunami.



5.8 Dhaalu Atoll

5.8.1 Ribudhoo

Ribudhoo is m the north east 1n31de the Dhaalu atoll‘ there are it ,eayths:‘in: the island. The wave

came two times and ;ntruded the east and west 51des at the ame in Photo 5 22. After that, all over in
the island is mund ted and the water level repeated up and dow‘ dunng the tsunaml coming. Photo
5.23 indicates the tsunaml ‘was ralsed to the me of the breas. In Flg 5 15 1t is found that the

tsunami trace helghts Cross over 3m even 1f the 1sland is locatj d 1n51de atoll

5.8.2 Gemendhoo

Gemendhoo, located m the cehter“of east side o’kfk ;'_Dhazilu: : ‘to]lk is one o‘fkth’e island which suffered

the most serious damage in the Maldives. 5 people were killed : nd 3 people are missing in the island.
The tsunami went through from east to west (see Ph to ‘ 3) about 3m of tsunami trace heights
were investigated at each point as shown Fig. 5.16. Since a lot of hOUSeS and physical plants were

destroyed in the island"(see Photo5’k.‘f24)'~,~ most re81dents'evacuated oa shelter in other island. Photo

5.25 shows damage of eroeion by the ts‘un‘ i, “ island mdlcates at the ground surface

level lower 10cm approXiinateiy. -

Direction of tsunami




Photo 5.23  Tsunami trace on wall at central of the island







" Photo 5.25 Sand 'efo‘sionﬁbyftsﬁﬁami‘sk"Spacingred, afrow indicates 'thijékn&SS]kof:sands eroded by

tsunamis.




5’, 9 Laamu Atoll

Laamu Atoll is one of the heavy damaged atolls in the Maldlves by the tsunaml (photo 5 26 52 )
Twenty two people died, three people are missing and more than 285 bmldmgs were dan ﬁg d. ThIS

1s the re f on why thlS atoll was chosen to su1vey the tsunann mundanon h 1ghts

 Photo 5.27 FenadhooiIs.
Photo 526  Kaddhoo
Fonadhoo Is. in Laamu Atoll

Tsunami trace heights were

' surveye(i in four islandsknamed Gakn,k
Maandhoo, Kaddhoo, and Fonadhoo.
Each island is close to a neighboring -
island and those are connecting by a_.
road of sand banks. Inundation

" heights in the islands were 2\.‘08 to
3.22m in the ocean side (east of the
islands) and 1.28 to 1,9’3m in the .

~atoll side as shown in Fig. 5.17.
Only the hou‘sesy‘at the ocean side
were  damaged (photo  5.28),
pkarticularly in FonadhooWhere four
inhabitants died. These results
tsunami attécked from ocean;mdeg
-and progressed to  the eaktoll ide ; c ; e .
which agreed with evidences of Figure5.17 Tsunami trace heights ‘i‘n‘LﬂaamgeAtbll

inhabitants and  the report of




‘P‘hoto*’ 28 Map ‘of‘completely damaged houses (red

J apanese Journahst of Tokyo Newspaper Who v1srted here on 30th December |
The remarkable notes of each measured point are as follows .
No.MV-35: - The traces of san | lines have remamed on the 1ns1de and outsrde walls of a house (Photo
. 5. 29) Fonadhoo Village is close to the ocean and has lower den51ty of trees along the coastal
hne than that of e other vrllages kThe 1nundatlon height whlch was 3.22m’ is the highest
k record in the trustworthy records 1n this atoll. :
No MV 36 The herght :was max1mum level of runmng—up water to a house wall based on the

1nhab1tant evrdence ThlS house was across a road from No MV 35.

‘No MV- 37: Mud uace had rernatned on an msrde wall of a garage near a coast of the atoll side

(Photo 30) o r L . .
No MV—38 The tracer was beach sandal havrng hanged ona branch of a tree (Photo 5.31). Some
, ‘hurt branches were h1gher leve ‘than that of sandal. But these were not confirmed as a trace by
lthe tsunaml or others Here is the entrance of Fonadhoo Island from the road and naked sandy
k ‘area whlch means that there was no 1es1stant agarnst the tsunami. One traffic lane, the road to

k Kaddhoo from Fonadhoo collapsed by the tsunaml (Photo 5.32).

No: MV 39 Th1s area s almost northemmost in Gan Island and faces to atoll srde Each of three

house s walls had fallen down in each dlrectlon as showmg the tsunami attacked from several
dnectlons

No MV-40: A plasnc bag has been hangmg ona branch of tree. This pom s on the beach near the
No. MV 39,

No.MV-41: ditto




No.MV-42: The tracer here is a plastic bag on a branch too. There are no houses for a long time and

The weak wall and house lon he roads to each dlrectlon 1n the vxllage were dama : d as

k shown that the water body of the tsunann passed on the roads
No.MV-45; Th1s record is based on the witness, who is a young worker at an electnc; power;house
‘He said that this level kept for five minutes. The water level shown by sandy trace was| 70cm
lower than initial level, and had stayed for two hours.
No.MV-46: Thin sandy line had been on the wall of a house. Residence also said this is a trace. She

sald that ‘these chlldren ran and. escaped to West coast of the atoll side- when the inundation

) “e She was in another 1sland when the dlsaster oecurred'

: 7 Sandyk races had remained on the wall of one fac ty::m fishery base in M andhOO.

;tsunaml came from 1n51de of the atoll
'No MV48 Alrport staffs showed the 1nundatron hexght atk

large forests between east coast and this airport.

By comparing of dama‘gedhouses in these islands, we believe that a little high ground level and

sandy berm and a little large forest reduced the tsunami energy much. Photo 5.38 shows typical

situa’dons along the Gan coast Partlcularly, ground Ievel 1s 1mportant to reduce that. Fig. 5. 18 shows

nparrson of ground level elevatlon on the four measured hne The berms in Gan are hlgher

than “that in Fonadhoo Wthh was damaged heavxly It 1s very 1mportant to preserv natural




Photo 5.29
 in Fonadhoo

Photo 5.31 Trace at the No.MV-38

n Fonadhoo ‘

Photo 5.‘33: Trace at the No.MV-43

in Gan

ArWRT CTWRT

Photo 5.30 Trace at the No.MV-37

in Fonadhoo

Photo 532 Cblldpéed :

connecting road

Photo 5.34 Trace at the No.MV-44

in Gan




" Photo 5.35 Trace at the NoMV-45 ~ Photo 5.36 Trace at the No.MV-46

in Gan R e inGanos

Photo 5.37 Trace at the No.MV-47
in Maandhoo
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5}10‘“ Seenu Atoll
5.10. 1 k Introductlon

The Seenu Atoll is the southernmost part of the Maldlves and es between latxtudek 0 35 40” S

to 0° 42’ 307 S and longmide 732 04 30” E to 73° 14’ 43” E as shown in Fig as 4 main
gaps of co1a1 Leef ‘ Two of them are Iocated at north part of the Atoll 1 med askMaa Kandu and

‘Kuda K ndu Othe S are located at sdutheast part of the Atoll named as V111g1h Kandu and Gan

February 2005 and carried out site survey on the west part of the Atoll. The team covered 1slands

of Gan, Feydhoo, Mara‘dhoofeydhbo," Maradhoo and Hithadhoo.

Fig.5.19 Map of the Seenu Atoll

5. 10 2 Tsunami in Seenu Atoll

tis reported that the tsunami came baswally flom the east (11151de the atoll) to the West (open
‘sea) in Seenu Atoll. It seems that the tsunami invaded to the atoll through both north Kandus (Maa
and Kuda) and southeast Kandus (V111g111 and Gan) based on the interview in the SUTV y,‘

Sea level change during the tsunami attack was successfully recorded by Mr Sugita Wéskachiku




Construction Co., Ltd., at the project site in Hithadhoo. Fig. 5.20 shows the site map and the table

of the tide record and Photo 5.39 shows the location of the tide recording. The water levels were

measured from the crown of the quay and they were converted to the values above the construction

datum level (CDL). "‘\The‘MSL (mean sea level)at the site and the level of the kci‘own of the quay are

+2.40m and +0.75m above CDL respectively. Fig. 5 21 shows the sketch of those relations.  Fig.

5.22 shows the ‘tnne senes of tlde record based on the table in Flg ‘5 20

Date : 26/12/2004
M:asurment

Time

09:25:

Tide

145

0395

08:26

120

0927

1,00

1,40

09:28

690

150

08:30

0.85

155

08:32

110

1,30

09:35

1,15

425

08:38

150

Loas

08:41

215

0.25

08:43

220

020

09:44

0,35

0047

-0,95

- 08:47

0,85

0851

0,05

0356

-0.85

10:00

6,20

10:03

0,58

16:04

0,55

10:18

0.70

1047

145

1018

080

10:22

070

10:23

0,25

10:26

0,80

j628

075

10:32

0.85

10:34

038

10:35

045

10:37

0,45

16:40

045

10:42

0,75

10:43

0,35

“Tdnasi monTorid foint.

Site Map of the Tide Recording and Table ofMeas111'ed Record by Mr.Sugita




~ Tide Recoding Position

~ Photo 539 Locaion of Tide Recording

- (Mne‘asurement)’,
Water Level

| Qide). -

__CDLO0.0

Fig. 5.22° Time series of Tide Record above CDL by Mr.Sugita

Fig. 5.23 shows the water level variation recorded at Wakachiku site in Hithadhoo mentioned




above converted to values above MSL together with predicted and actual water levels at ’Gan Island
(0°41° S, 73°09’ E) based on web pages of the University of Hawaii Sea Level Center. The
maximum wate1 Ievel at Gan reached 0. 8m ‘and the minimum -0.5m. As for tlde change at
, Hrthadhoo the maximum 1eached O 8m same as Gan, however the minimum -1. 61n far below Gan.
The net water level changes affected by the tsunami at up rush phase at Gan and Hrthadhoo are
est1mated at 1.0m and those at backwash phase are:estnnateda ath 4m andfl Sm respectlvely ~ Large
difference observed at backwash phase is con51dered to be caused by topography dlfference

Accordlng to the interview at Feydhoo, Maradhoofeydhoo Maradhoo and Hlthadho ‘

change at backwash phase was larger than that at up-rush phase ‘These obsery ons

explamed and supported by the tide var 1at10n recorded at Hlthadhoo

o Hithadhoo (Wakachiku Site) |
—e— Gan (0-41S, 73-09E)
Gan (Predicted)

900 1000 1100 1200 1300

Fig. 5.23 Comparxson of Water Level Changes above MSL at Hlthadhoo and Gan

5.10. 3 Tsunann Trace Helght nd Damage
The survey tean measured the tsunanm run-up and mundatlon helght along the east srde of
survey area of Gan,~ : Y aradhoofeydhoo Maradhoo and Hlthadhoo, because the tsunann
attacked from east e in. is area. n—up and inundation herghts were spec1ﬁed at totally 11
~ d traces kn walls etc ‘The results of the survey at those pomts are
shown in Fig. 5.24 as No MV-49 to MV—59 In the figure the marks “<x” and “x<” mean smaller

than x” and “larger than x° respectlvely Those results are discussed agam by location with damage

observation in followmg sectlons




- Fig. 5.24 ' Tsunami Trace Height

~ The first location of survey in Gan Island was around the cohstmction site of new international

airport terminal building. Two-way road is Tunning between the building and seashore. The
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tsunami at this place considered to have reached about center of the road. This run-up height is
estimated at 1.79m as shown in Fig. 5.24 as Point No.MV-49. = The seashore in front of the terminal
building facing inside the atoll:was'damag’ed by the tsunami as shown in Photo 5.40.

The second survey Jocation was the jetty. The crown level of this jetty is 2.07m and the
‘tsunami height did not reach this-level as sﬁown in Fig: 5.24 as Point No:MV-50 with the. figure of
<2.07m. ' ; : |

‘The third survey location was around the junction of the causeway and the ;northeasit{ seawall.
According to the interview to security officers, the water level rise was observed first at 9:00 am on
26th December.  The tsunami camé from inside the atoll and three main tsunami waves were
observed with interval of 5 to 10 minutes. The first one was the biggest. - They also said that the
tsunami attack was not like wave but likeseai level rise and down.  The seawall wa damaged by

the tsunaml and the crown part (super structure) have moved to seaward 1.0m from the initial

Photo 5.40 . Seashore in front of Terminal Bldg.  Photo 5.41

' Photo 542 f)amag 1 ~ ight at SawH‘




2) Feydhoo

k The survey was carried out around the fishing harbour in Feydhoo The thnesses said that
kwater level in this area moved up and down for 30 to 40 times within the perlod of 45 minutes from
9:00am. ~ The water level rose up suddenly and kept high level for about 20 to 30 seconds, then
suddenly went down. The hlghest water level reached Just. above crown of quay wall shown in
Photo 5.44. The run-up helght was estimated at 1.62m as shown in F1g 5.24 as Point No. MV 52.
At the tune of the mmunum water Jevel, the sea bottom of 5m below HWL 1.0m above LWL could

be seen, resultlng turning over of ﬁshlng boat wh1ch was under repalr in ship yardk kitt adhoo.

The detached breakwater made of coral stones was pamally damaged by the tsunann ak shown in

. Photo 5.45 Detached Breal

reached the rown level f the detached breakwater shown in Photo 46 and run-up helght was
estunated at 1.65m at the seawall as shown in F1g7 5 24 as Pomt No MV 53. They said that speed

' f water ‘level rise was almost the same as backwash

Photo 5.46 Detached Breakwater in Fishing Hal‘bour'
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4. Maradhoo

Two locations were surveyed in Maradhoo. The first one was fishing harbour. - The witnesses
said that three waves of the tsunami came to this area and the first one was observed at 9:15am
followed by the second and third ones with interval of 5 to 10 minutes. They said that the second
one was biggest and the tsunami height was about 1.5m. The inundation height was estimated at
1.65m as shown in Fig. 5.24 as Point No.MV-54. The sea bottom could be seen at the time of
minimum sea level and 5 seconds after the niininium‘sea level wasfeached then next tsunami came.
The seawall in this harbour was cracked and moved to seaward by the tsunami as shown in Photo
5.47. The seawall is considered to move to seaward still now.

The second location of the survey was around the shlpyard The inundation helghts were
surveyed at two points. The results were 1.94m at Point No.MV-55 and 1.98m at Point No.MV-56
as shown in Fig. 5 24 Pomt No MV-56 was shlp repalr yard and there was the tsunami trace on the

‘ ;kwall of house near Shlp repaxr yard as shown :

' ‘the wall from seashore.

Photo 5.47 Seawall Damage in Fishing Harbour

HouSe with Tsunami Trace in Photo

Photo 5.48 Trace of,‘Tsunzk{mi . - iPh0t6t5;49; Pers}ﬁectwe‘ from Seashere




5) - Hithadhoo

“ Three locations were surveyed in Hthadhoo. The first one was around the road lyocated at
southernmost area in Hithadhoo, and the inundation height was estimated larger than 1.3mas shown
in Fig. 524 as Point‘No.MV—57. ~ Sand beach became like rocky by sand erosion caused by the
tsunami. i , : .

The second location was the regional port ~construcktion (Wakachiku) site as shown before in
Photo 5.39 and tide recording was carried out in this site kas“desckribe,d before in Chapter 5.10.2.
“The maximum tsunami height was 1.04m as shown in Fig: 5:24 as Point No.MV-58
: The third location was around Hithadhoo Harbour shown in Photo 5.50 and 5.51. The seawgll
‘has two crown levels. = The tsunami ran over the lower part and reached 15¢cm below thé high¢ crown

Thé‘inundation height wa‘s:kest‘imated‘at 1.31m as shown in Fig. 5.24 as Point No.MV-59
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5.10.4  Summary

The tsunami in the: Seenu Atoll came from east and the' maximum water level reached 0.8m
above MSL both in Gan and Hithadhoo ahd th¢ lninjmumjreachgd ~0.5m in Gan and -1.6m in
Hithadhoo. The ‘run-up ' or iynu‘ndationk heights along ;ythe islands  of - Gan, . Feydhoo,
Maradhoofeydhoo, Maradhoo and Hithadhoo{wcre e‘st‘il‘na\lted‘at 1.5 to 2.0m.. The seawalls in Gan

and Maradhoo were damaged by the tsunami resulting in seaward movement of crown part. The

detached breakwater made niainly of coral 'st(‘)‘nesk'were ‘partially damaged -in Feydhoo and
Maradhoofeydhoo. ..

In addition to the survey results, it kiks"r‘e‘port‘edk, byithe ‘witn‘esSes that Maa Kandu became

shallower because of the tsunami resultihg in di:fﬁcul‘ties:in;ship, maneuvering.

The survey téain' members; w1shto exprésstheir'ski‘ncef:eu‘gkkrkafifudeto‘Mr. Sugita, Wakachiku
Construction Co., Ltd. for his ﬁill“sﬁpﬁortf includkinygihi‘s ‘offer of ﬁde data recorded at Wakachiku
project site in Hithadhoo and to Mr. Mohamad Aslam, Maavahi for his useful information on the
Seenu Atoll, his guide to specific place of survey and translation from local lénguage to English.
The team members wish to thank all persons concerned in survey area for their useful information on

“the tsunami.




5.11  Restoration planning in the Maldives

5.11.1 - Structural Measures for Hazard Prevention

The tsunami is not the only natural hazard in the Maldives. It is also necessary to consider stormy
waves and-the storm surge caused by broken waves.:

:(1) Structural Measures in Low-Lying Areas e L

To prevent and mitigate disasters from the tsunamis and storm surge, especially in Vt’herlowr-lying
areas without evacuation places, structural measures are effective. The structural ‘measure‘s can
protect both of human lives and assets. Especially effective tsunami disaster mitigation is tofmake an
integrated »defense system which consists of the structural measures to reduce tsunami height and
flow: velocity and the non-structural measures to support evacuation. For structural countermeasures
agamst tsunamxs and storm surge hlgh structures are necessary, because it is hard to dlmxmsh the

"energy of tsunamxs and storm surge by wave dlssrpatxon works

@ Seawall rr o .
Seawalls are commonly used in Japan as the facﬂmes to m1t1gate the drsasters from tsunamls stormk
surge and high waves. For h1gh seawalls on-land gates are additionally necessary to access coasts
and harbors In Male’ Island, seawalls were effective to reduce tsunami ﬂoodmg, because the,‘

tsunam1 above the astronom1cal tlde at the moment which the tsunann came did not overtopped the

seawalls badly The tide level at the moment was around the mean sea level. Since the high tide level
was 0.7m above the mean sea level, if the tsunami came at the moment of the high tide, the tsunami

flooding may be more severe.

(3) Coastal Rigid Building
Rigid houses and buildings are also effective to reduce tsunami damage behind them. They can work
like breakwaters on the land. In the southwest of Sri Lanka, the tsunami trace height was 4.8m
behind completely collapsed houses ‘along‘ the coast. On the other hand, it was 3.2m behind the
houses with little damage. This is one example that rigid coastal houses contributed to reduction of
the tsunami behind them. ‘ '

Additionally, if the coastal rigid buildings are more than three stories, they can be available for

evacuation places.

(4) Evacuation Tower and Building
High buildings are available for evacuation places. Photo 5.52 shows an evacuation tower in Japan.

This tower is 5 stories high and has about 220m” in area above the ground floor. It can admit 500
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people. It is pldCedin the area difficult to evacuation by the existence of a river. It is also important

to use existing high and rigid buildings for evacuation shelters.

Photo 5.52 . Eva‘cuatidn tower in Kisei-cho, Mie prefécture, Japan

(5) Evacuation Terrace
Okushiri Island suffered severe damage by the 1993 Hokkaido Nansei-oki Earthquake Tsunarm The
tsunami of 10m high attacked the south part of the island. After the tsunami, hlgh' seawalls were

“constructed along the coast to protect coastal low-lying areas; However; a fishery port was out of the

et T

seawalls to keep its fishery flinction. For evacuation of the persons working at the port from
tsunamis, a new terrace was constructed as a tsunami shelter. The terrace was usually used for

fishery activities

~ Tsunami evacuation terrace




prevent coastal inundation due to overtopping waves. The waves overtopped the front face of the

seawall can permeate a buffer zone installed in front of the original seawall. -

Photo 5.54 - New-type seawall

(7) Defense System : ;

The structural measures can provide disaster prevention for specified hazafds. However, for the |
hazards exceeding the specified level, which can ,happenfin;the‘future, the structural measures
couldn’t be necessarily effective in preVenting damages. At that~time, non-structural measures are

needed to prevent the loss of human lives. Therefore, to prevent and mitigate the losses of human

lives and assets, it is important to make an integral defense system which combineskthe structural
and non- structural measures. In order to make the 1ntegrated defense system we need t '

w1th analyzmg h toric ecords, monitoring

ca sxmulatlo '

‘unders and the vulnerabxklty oi the commumty w1t evaluation of amage due to the

natural hazards.

For the damage evaluatlon it 1s necessary to evaluate the defense performance of structural
measures. If there is less performance to prevent damages in the stmctural measure we need to
extend the performance of the structural measures or have the non-structural measure toy save human

lives, i.e. a supporting system of evacuation.

The consideration of quick restoration is also important. Some infrastructures and facilities such

as a power plant are indispensable for restoration and it is, therefore, necessary to avoid severe
“damages of them to do some countermeasures. For example, a power plant in an airport is one of the
most significant facilities. If it is inundated and does not function, the airport Ca‘nnot; be reopened

quickly. In this case, one of the defense measures for quick restoration is to set power generators up
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high or to make the power plant to watertight structure, depending on the situation of the airport. We

need to select and combine suitable structural and non-structural measures to mitigate disasters.
5.11.2  Education and Evacuation

Even if some large facilities are constructed along thé ‘coastline; we cannot exbect that the tsunami
is always/perfectly blocked by the facilities. Evacuation of the residents and tourists is necessary to
save their lives. The following countermeasures are required to-make a safe evacuation.?

) International warning system

The large eafthquake perhaps may occur far from the Maldives. The department of meteorology in
the Maldives has to receive the accurate information on the earthquake and the tsunami as soon as
possible. : . s S

(2) National warning system

The residents and tourists in the Maldives may not feel the strong earthquake, because the epicenter
of earthquake is distant from the:Maldives. Thus, no one be cautious about the tsunami if they
~cannot receive the tsunami warning. The department of meteorology in the Maldives has to
dissemble the information to the island offices, mass-media and all residents and tourists to urge
* them to evacuate. This is difficult but important and essential for tsunami hazard prévention. '

(3) Adequate facility for evacuation '

In the Maldives, there is no 1hountain. Thus, some refuge structure, e.g. solid building and artificial
ground, is required for the evacuation. Note that a refuge structure should be constructed for not only
the hazard prevention but also the ordinary activities of the residents or tourists, because the hazard
is not occurred so frequently and the daily use of the fa‘cility is desirabief for the maintenance.
HoWever, the aim of the facility should be written élearly on/near the structure not to forget the
hazard risk. ; ;

It is also important to strengthen the houses and walls. In some islands, the mosque képt without

damages, although many houses were washed away. This indicates that the solid structure is not

destroyed by tsunami. If many houses near the coast are not destroyed and remain there, the tsunami
flow inside the island becomes Weak and the whole damage is expected to decrease.

(4) Disaster education ’

‘The residents have to evacuate onto a proper location by themselves. They should be educated in the

following items.

1. Fundamental knowledge on ‘earthqu'ake and tsunami

o earthquake distribution in the world, plate tectonics

e probability of aftershocks

& propagation speed of tsunami




e initial motion of tsunami (flood or ebb)

s - wave number of tsunami

e the fact that tsunami height is strongly affected by the local topography

2. Fundamental knowledge on earthquakeand tsunami for the Maldives
e Great earthquake may occur on the subductwn zone, the most active one near the Maldives
Jocates at the west of Sumatra. In such case, tsunami amval tlme at the Maldives may be 3.

hours after the earthquake then the residents may have enough t1me to evacuate.

e Of course, there is the exeeptlon If the earthquake occurs near the Maldives, the tsunami
arrival becomes rapxd : ‘

3.  The approprlate evacuatlon route
e . tohigh Jand '
e  to offshore (If they are on the sea, they should not return to the island.) -

In addition,&it,should be einphaeized that‘th'e 1h05t important countermeasure is not to forget the
hazard risk. The hazard education should be carried out at not only school but also public Space‘.,In
- Hawaii and Papua New Guinea, the article on tsunami (when they should take care, how they should
‘act under the tsunami warning) is published on a telephone book. A sign showing the evacuation

route constructed in the United Sates and Japan plays not only the original role but;a130~the role of

the publication of the risk. A mass media has also important role to pass our experiences to the next

generation:

" The tsunami countermeasures are: summarized as follows::

e Facility construction to prevent tsunami

¢ Facility construction to evacuate from tsunami
e Preparation of tsunami warning system
s ' “Hazard education

The above measures should be combined, depending on the circumstances.

5.11.3 Future Plan

In the 26/12/2004 Indian Ocean Tsunami, the tsunami height was similar to the crewn height of

the quaywall of Male’. Then, the quaywall and seawall worked effectively and Maieé city was saved

~ from the heavy disaster by the dam-effect of quaywall and seawall. However, there were some lucky

factors in this event.

1. The tide level was not high at the arrival time of tsunami, but approximately the mean level.

2. .. Because the incident direction of the tsunami was east and Male’ Island is sheltered by Fulhule
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Island in the east dnectlon the tsunami height possibly decreased to some extent in Male

The tsunanu arrived in the mornmg, sothe 1651dents maintained their composuxe

Thus, the tsunami risk assessment is required to check the safety level of Male’ against tsunami,

by varying ‘the time, the season, the location of tsunami source area and so on in the tsunami

numerical simulations.

The ‘Safe Islands Programme , future plan of the Maldlves seems very rational and effectwe
However, the locatlon and the ground leve] of the safe 1sland and the helght of the quaywall should ~

be carefully determmed based on the risk assessment

We cannot become perfectly safe agamst tsunarm by any 111eans by any 1nvestments The
Maldives = should determme the target safety-level and select the comblnatlons of the
countermeasures, con51der1ng the cost performance and the 11v1ng comfortablllty ThlS dec1s1on
should be conducted by the government of the Maldives. To support this decmon of the govemment

the experts of coastal engineering and hazard prevention should be educated.




Chapter 6 Field,Research on S’ocial and Physical ‘Impacts, and Respo‘nSes in
the Affected Areas

6.1 An Overvrew

6.1.1 The Indran Ocean Tsunami Drsaster and Socral Research

; The Sumatra Earthquake and Indian Ocean tsunamis of December 26 2004 have been
' descrrbed as creatmg one of the worst dlsasters in recent hlstory Twelve countnes around the

Indian Ocean were affected but Indonesra Tharland Ind1a and Sr1 Lanka had the largest numbers of

deaths and dlsplaced people ‘ . e ‘

The affected areas are qurte different demographically, pohtlcally, historically, econormcally,

socrally and culturally To grasp the damages and influences caused by the earthquake and
tsunamrs and the rmmedrate responses of the Iocals vrsrtors administration ofﬁces, social research
teams were orgamzed and sent to the devastated areas in Indonesia, India and Sri Lanka. ThlS was
the first ]omt field research prOJect supported by the Grant-in-Aid for Scientific Research of Ministry
of Education, Culture, Sports Scrence and Technology, Japan ~combining natural scientists,
engineers and social screntrsts to’ work together for the analysis of the capacities and vulnerabrhtles
of affected communities.

The research participants, with the backgrounds of anthropology and adrea studies, have been
studying politics, economy and culture both in national and in local contexts. With their local
language skill, they have been keeping long term relationships with the societies. In spite of rather
short periods of field research; with their expertise, they have conducted productive research in

each site. ~ These research trips are only the first steps in the long term social monitoring research.

6.1.1 Field Research on Socio-cultural Aspects of Disasters

Disasters cause harm and damage to people, property, infrastructure, economies and the
environment. - Natural disasters can be easily understood when considered as the subject of
scientific and technical research, but there is still a low level of recognition of such disasters as a
matter which encompasses the human and social sciences. Although a natural disaster is something
that results from a complex interaction of forces generated by the natural world, technologies created
by humankind, and society and culture, the fact is that much of the research related to disaster

involve httle surveillance study of the corresponding socral processes.

Disaster researches focusing on socio- cultural aspects encompass a wxde range of subjects,

including the human perception of risk, social relatronshlps rehgmn and etlncs whrch act upon
disaster management organizations, the self—unplemented disaster preventron/reductron activities of
a regron s people the daily lives of disaster victims living in temporary housmg or 1econstructed

housing, the causes of the drsasters rescue and reconstruction support actrvmes the processes of :




remembering and recordmg the disaster, etc.

In recent years we are seeing research that approaches the social and cultural aspects of the
disaster-related processes of preparation  prior: to disaster occurrence and preparedness when
warnings are issued, emergency response before and after disaster k‘occufrence, and'restofaﬁon and
reconstruction after a disaster. In Japan, the Great Hanshin-Awaji earthquake: Disaster of 1995
served to create a strong awareness of the complex, escalating chain of damage brought.about by a
disaster due to advancements in scientific technologies and the progressmn of ulbamzatlon This

new awareness led numerous social scientists to launch dlsaster-re]ated research.

6.1.2 Regional Characteristics and Field Research

When attempting to apply leading technologies and programs related to disaster
'manageinent (risk reduction, emergency response and restoration/reconstruction) unmodified to a
developing country or a developing regiOn,y the problem of understanding different cultures surfaces.
At present, the development of disaster management systems, relief activities at the time of disaster,
and pOSt-disaSterk support,' for restoration and reconstruction, are being conducted at the international

level. Through the establishment ‘of a. Sys'tem for collaborative research by disaster—:prévention

researchers and researchers specializing in anfhropology/area studies, it may well be possible to

contribute to future international disaster reduction efforts. ’

- Needless to say, the collection and analysis of data related to disasters in the past are also
needed.  This data can coime from reports issued by disaster response organizations and government
administrations, research results ‘re‘leased by  various " research organizations “'and activity
‘orgatizations, including NGOs, mass media reports, histOriéal records and stories about disasters,
talks with disaster victims about their experiences, etc.

Furthermore, it is also vital to study the disaster management activities conducted by the
members of the affected society. It is important to conduct field research that g'oesubeyond
introductions of disaster reduction technologies; research must also include the reactions to, opinions
of, and implementation of these‘fechnologies, the work processes involved in establishing disaster
management systems, the reactions and opinions-of participants in' disaster prevention workshops,
relief activities at the time of disaster occurrence and the reactions of the victims to these activities,
the restoration and reconstruction processes, and in regard to buildings and étructures not only
eanhquake -resistant building standards, but also how, within the various social relationships and

economlc background of thereglcn residential housing is actually bemg constructed utilizing the

knowledge and skills of local masonr ; workms; - Through such research, we can start to identify

- some specific social or cultural attributes that could be iinportant for disasteri'eduction research.

Otherwise, it would no




6.2 Impacts of the Earthquake and Tsunami upon the Society of Aceh; Indonesia -

6.2.1 Introdudtion’: = : - : ,
The December 2004 Sumatra earthquake led to much kdekva“sta’cion in northern Sumatra and
the rest of the;lperimeter;of the Indikan Ocean. One of the areas most affected by the tsunami was
~the province of Nanggroe Aceh Darussalam; Indonesia, which is located at north.of Sumatra Island.

Iinmediately after the tsunami, large volumes of both support personnel and ksuppok,rkt goods

rushed into Aceh. | By the time we ,viéited Aceh for the field survey in mid February 2005, six

weeks after the tsunami, it seemed that the general situation was gradually shifting from emergency -

to reconstruction and rehabilitation. Government officials were commanded to report to their
offices by 15 February, and relocation of displaced people from field camps to temporary housing
‘was planned to start on the same day.: On the other hand, some tsunami victims had alr,eadyrstarted
construction work towards resettling in their‘originalgplaces, ‘without waiting for the gm‘/ernm_ent, to
disclose its master plan for reconstruction.

It is necessary to have a well-considered master plan before reconstruction starts, in order
to build disaster-resistant cities and countryside areas in Aceh, and for that purpose it is highly
important to investigate the strengths and weaknesses that Aceh society showed in encountering the
tragic disaster. - 7

- Besides physical reconstruction, attention should also be pald to the recovery of cultural
‘assets, because the recovery of collective memories plays no less important a role in the
rehabilitation and reconstruction of a community. ; ;

The main purpose of our field sufveywas to investigate the damageé to the local society
incurred as a result of the December 2004 earthquake and tsunémi, particularly in Banda Aceh city
‘and its adjoining areés, and the reactions of the people toward the tragic experience.” Interviews
“with tsunami survivors as well as with government officers and aid workers were undertaken to

k determine the conditions and manner of their coping mechaniéms related to the tragic experience of
the tsunami, including the systems that supported the victims. = During the field survey, information

relating to the damage to cultural assets was also gathered.

6.2.2 Overview of Damage in Aceh by Region

The province of Aceh is geographically d1v1ded into four areas: (1) Banda Aceh and its

“adjoining district, (2) the Southwest coast region, (3) the North coast reglonsanﬁdﬁ(@ the Interior

region.  The details of number of victims by region are shown in the table below.



- Table 6.2.1 Number of tsunami victims in Aceh byrégion ;

~ “Aceh = | -BandaAceh = Southwest . North G
G Lo Interior
“Province +& adjoining Coast o Coast 3
Population | 4,263,603 | = 550,532 ‘953,377~ 2,250,017 =~ 509,677
Dead 100258 | 62273 29,164 8,596 - 225
Missing | 129,549 123,492 3,858 1,922 277
Displaced 417,124 | 150,858 -+ 120,125 - 140,932 - - 5209

(Source: Disaster Countermeasures Provincial Office, 24 January 2005)

(1) Banda Aceh and its Adjoining District
Banda Aceh is the prov1n01a1 ‘capital and the Iargest city in Aceh. It is located at the
northwest tip of Sumatra Island and is surrounded by Aceh Besar district.” Banda Aceh suffered a
direct hit from the Decembet 2004 tsunami. The residential zone, spread between the coastline and
the city centre, was completely destroyed. The commercial zone and government offices esCaped
total destruction but were damaged badly by the flood. Most of the dead and mlssmg people in
Banda Aceh came from the above mentioned zones. i
; There lay a large portion of land in the hinterland of Banda Aceh city centre which the
tsunami did not reach. - Iskandar Muda airport, 17km away from city centre, 1is located in that zone.
Land transportation between Banda Aceh ‘and'Médan, the capital of North Sumatra province and the
largest city in Sumatra Island, sustained minor damage.  Emergency reli‘eﬂbothl people and goods,
arrived in great volumes in the hinterland of Banda Aceh, and this area became the base for

emergency relief activities in the region.’

(2)\The Southwest Coast Region
The Southwest coast region, which consists of the districts of Aceh Jaya, Aceh Barat (West
Aceh), Nagan Raya, Aceh Barat Daya and the island of Simeulue, was closest to the epicyenter of the
12004 earthquake which triggered the tsunami. The only road accessible by car ran along the
coastline and a number of towns and villages are located along it. :
~The tsunanii’nof only destroyed towns and villages in the region but also severed the road
and destroyed ‘some‘b‘ridge‘sfal"oﬁg*it Towns and villages were totally isolated and accessible only
‘by boat or by hehcopte This caused much difficulty in correctly dscertaining the damage in the

region. Tt also caused much trouble for ald workers who undertook their activities in the reglon

(3) The North Coast Region

and Aceh Timur (Ea,s"t‘Ac'




the reglon has the Ialgest populatlon denmty in Aceh:  Natural gas ytelded in Lhokseumawe uphftcd
the 1mportance of the region economically and strateglcally The region is also important from the
v1ewpo1nt of land transportatxon in Aceh. = The road connectmg Banda Aceh and Medan runs
through the North coast region. = Towns and villages in the Southwest coast reglon could only be
reached by the road through the North coast region if the road along the Southwest ‘coast was
~destroyed ' ‘

Except on several fishing villages in this reglon the tsunaini did not seem to 1nfhct severe
damage, espec1ally in comparlson to other regions in Aceh. chertheless,, thc local society was
much affected by the tsunami because survivors from the:Southwest coast flocked into the towns and
villages in the North coast region.  Moreover, the perception that the r_egiort was less-affected by the

tsunami discouraged relief aid from reaching the region. It could cause future social uncertainties if

relief aid continued to concentrate in other regions only.

6.2.3 Initial Damage to Bulldlng, Physxcal and Social Infrastructure c i

First of all, it should be. emphasized that the scale of the dlsaster in Aceh was
unimaginably large. A vast expanse of territory was affected by the tsunami, though the heavy
‘damage was cohc_,entrated‘in fouf regions: Bandzt Aceh, Aceh Besar, Ache Jaya and West Aceh. = The
total number of .dead and missing persons in Aceh exceeded 200,000. Mz:ny bodies had to be
‘buried before identities could be confirmed. A large number of v1ct1ms were still ¢ 1mssmg as the
tsunami had possibly swept away their bodles ‘ san

In the initia] stage of disaster relief, it is very crucial to grasp the overall situation. in
determining the distribution of emergency relief. Initial damage to the buildings, ~phy51cjal_and

social infrastructures made it difficult to gather and share information.

16.2.3.1 Building Damages
- (1) Distribution of Bulldmg Damage duc to Seismic Ground Motion
A field survey: was conducted from February 12 to.16, 2005 in mamly Banda Aceh. The
method of the survey was to record the locations of damaged buildings using a camera with GPS
“(Global Positioning System) and a mobile GIS (Geographic Information Systém). 4 ‘

In Banda Aceh, which is about 250 km way. from the epicenter, it was reported to have
recorded IX of MMI seismic intensity ‘by;USGS‘. According to interv‘iews with inhabitants,
tsunami that engulfed Banda Aceh reached the urban area about 30 minutes after the earthquake.
As to buildihg damagc caused by seismic ground motion before the tsunami’attack,; complete
collapse, which is a damage pattern that accompanies loss of surviving space and strongly iﬁvolves

“human casualties, were focused on. As a result, the location and building attributes (usage,

| USGS: http://earthquake.usgs.gov/, (2005.4)
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structure type and umber of stories) of 13 collapsed buildings were recorded. .The distribution of
completely?c‘pollapsedhuildings and each detailed collapsed pattern,are Shown'irl Figure 1. Figure 1
shows both areaof kinﬂuence of the tsunami surnmarized”:by 'OCHAZ' and city structure ‘map
developed by N goya UmverSIty Completely collapsed burldmgs were all of RC frame structure
ll burldmgs were three- to ﬁve-story structures. Accordmg to a researcher of the Sylah Kuala
University with vvhorn jointed‘this‘suwey, there was 1o bulldmg higher rthan six-stories in Banda
Aceh.  Even though this is a result of a survey in: a limited area, the feature of'distribution of
complete collapse was that it was concentrated in the center part of the crty and the office area whe1e
the Great Mosque is located ‘

As to’ the burldlng collapse process, an 1nterv1ew w1th a person who stayed 1nsrde a
collapsed bulldmg said: "I was agitated because a slow quake contmued for long tlrne The
building  collapsed umnedlately after T ran out of the building". Structures that suffered
comparatlvely large damage other than completely collapsmg were towered type such as churches
tower near the Great Mosque and water tower. Alternatively it was drfﬁcult to identify burldrngs of
lower than two stories that suffered serious damage by seismic ground motion. Thereforelt is
possible to conceive two 1nﬂuences for the cause of collapse as listed below.

1) Inﬂuence of perlod of seismic motion

2) Influence of the long duration of the quake

However, there remain many buildings higher than three-stories that look normal in terms
of appearance. It is possible that there was a large influence of poor earthquake proof quality of the
collapsed buildings and ground characteristics of the site. :

~From the result of above analysis, 1t was revealed that burldlngs collapsed due to the
earthquake before the arrival of the tsunami.  Collapse of buildings may cause failures to escape
due to rescue act1v1t1es for trapped people 1n the building, and obstacles on the evacuatron route.
When such burldlngs are mid- to high-rise, problems of lost evacuatron centers may occur. To
prepare against tsunamr drsaster it is especially nnportant to ensure sufficient seismic performance
of buildings and approprrate location for mid- and hrgh -rise burldmgs Wthh should serve as

evacuation centers. In addltlon some key issues in the future are to evaluate tsunaml force

correctly to such important burldmgsand to establish a design method that takes tsunami load into

consideration.

2 The Human Information Centre, OCHA: Map‘Catalogue‘ SUMO003 V.5, 2005. 2 .
? Graduate School of Environment Studies, Nagoya University, Investrgatlon Report of 2004
Nmthem Sumatra Earthquake, pp.39, 2005.3
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Figure 6.2.1 Distribution of cornpletely collapsed buildings due to seismic ground motion

(2) Distribution of Buildings Damaged by Tsunami

i As“tobuilding damage caused by the tsunami in Banda Aceh, a distribution of buildings
washout ratio were estimated using ‘satellite imagery data before and after the tsunami and photos
taken at the time of field survey. The satellite imagery data which were takeﬁ' By‘a high
petformance ‘observation satellite’ "QuickBird" ‘of Digital Globe, Inc. US on June 23, 2004 and
‘December 28, 2004, were used. The satellite imagery data from these two periods and ground
photos taken at the time of the field survey were superposed on GIS. = Then, the distribution of
buildings before and after tsunami by visual observation wad identified. The washout ratio was

obtained from following formula (1) .

WRB= (NBb——NBa) /NBb 2
WRg: Washout ratio of building,
NB,: Number of buildings that remained after tsunami,

-NBy: Number of buildings before tsunami




Talget area for analysis 1s as shown in Flgure 2 ‘An analysrs hne 1s set from a survey
point BA-00 (Latrtude 5. 558858 Longltude 95 283574) in a coastal ﬁshery area called Uleelheue to
a survey pomt BA-2 L trmde 5.544728, East longitude 95.322599) Tocat d at the cen r of the
urban area. Along:ifthe analy51s hne the num ber ¢ bu, dings was counted before andafter the
tsunamr within a ‘crrcle of a drameter of 2001n at surv points. that ‘were set every 200111 Then the
washout ratio at each survey point was calculated Frgure' : hows the result Wlthm ab ut 2km

from the shore almost 100% of burldmgs were washed awa the newurban dist

developed between the coast ﬁshery area and the center of the urban area suﬂ ered‘ se 'du‘s"damages
In the area from 2 to 3. Skm from the shore many burldlngs were . swept away Areas further than
this from the shore suffered almost 1o damage physrcally, and were in striking contrast with the
seriously damaged area. - This contrast was one of the features of damage distribution.

Along the analysis line of this survey, tsunami height measurement was performed by
Tsuji ef al. *. In the future, the relationship between the tsunami force and building washout rate will
be examined.

Many buildings were swept away, while many mosques maintained their original shapes in
spite of the completely devastated situation of surrouuding area. Figure 4 shows distribution of the
remaining mosques and a sample phOto The reasons why rnosques could surv1ve a tsunami were\
listed as follows. 1) The floor was elevated from the ground and the foundation works were robust
2) There were few walls and water ran through‘ the mosque smoothly; especially 3) there was no wall
attached to the mam column, 4) the shape of columns were round 5) those burldmgs were

constructed carefully, taking about ten years, based on contributions.

a) Satelhte !mage by QuickBird (before Earthquake and Tsunan  06/23/04)

* Tsuji, Y., et al.: D1str1but10  the Tsunam Herghts of the 2004 Sumatra Tsunaml in Banda
Aceh measured by the Tsunami Survey Team, . ‘
http:/www.eri.u- tokyo ac _]p/namegaya/sumatera/ surveylog/emdex htm, (2005 3 )
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6.2.3.2 Physical Infrastructure ,
Physical infrastructures such as electricity, the communication network, transport links, etc.
— which are indispensable for gathering information ~ were damaged severgiy by the earthquake and
the tsunami. . The power network was cut and generators:in private compounds stopped functioning
after -being affected by the flood. : Relatively 1arge towns such as Banda Aceh and Meulaboh
experienced massive power blackouts. In turn, power blackouts caused the functional failure of the
Automatic Telephone Centre, which resulted in service interruption of 50,000 telephone lines ‘in
Banda Aceh. Relay aerials for cellular phones were also damaged and this affected the"netw,ork;
As far as transportation was concerned, roads along the coast were cut in pieces by the tsunami, and

this made it difficult to grasp the situation in remote areas, especially in the Southwest coast.

6.2.3.3 Social Infrastructure: : ;

Government departments, supposedly the base for information gathering and distribution,
could not function well during and-after the tsunami. : Relatively large towns, where district-level
government functions were concentrated, were struck severely by the earthquake and tsunami. These
included Bahda Aceh (capital city of Aceh), Calang (principal town of Aceh Jaya), and Meulaboh
(principal town of West Aceh). Many government officials, both at provincial‘%pd~~distﬁct levels,
were killed by the tsunami, including the mayor of Banda Aceh and his deputy. Surviving
government officials had been engaged in taking care of their respective family matters. It was
difficult in each government department fo list the surviving officials, until all government officials
were commanded to report to their offices on 15 February 2005.

The press network was damaged-as well. Serambi Indonesia, a local newspaper in Aceh,
was hit by the tsunami and the company building with printing facilities was annihilated. Many

journalists were killed in the disaster.

6.2.4 Activities on the Ground
(1) Group-to-Group Relations

Independent and voluntary activities were undertaken in the disaster area. Communities
made up of survivors, whether in government departments or in private companies or in any form of
organisatioil, set up poskos (coordination posts) to represent and work for the community without
direction from the central government or their supervisory authorities. People from non-affected
areas served food to tsunami victims through posko. - There wére also attempts by individuals to
offer information on missing persons by placing notices on walls in town and by using the

advertisement columns of newspapers.

- People living outside Aceh were concerned about the situation in Aceh. = Some went so far

as to visit,fthc tsunami-affected areas in Aceh to look for their family members, relatives or friends.




Information on the 31tuat10n in Aceh was at first passed through personal communications, begrnnmg
wrth those ‘who visited Aceh, and soon circulated through cellular phones and Internet. -

Forergn governments as well as international orgamzatlons expressed their willingness to
help the people of Aceh durmg the drsaster and volunteers and aid workers of various orlglns arrived
in Aceh 1n~droves~ The Indones1an government and the state army, ‘which had been _prohibiting

' forelgners from entermg Aceh, allowed forergn aid workers and volunteers to operate there as they

were Well aware that the rescue operatron could not be undertaken by the governnentand the state
army. alone. Accordlng to a source in the Indones1an government there had been 380 registered
foreign NGOs in Aceh and an additional 163 NGOs ‘had been 1n action wrthout reglsterrng
themselves with the govermnent +This showed the"generosrty: of people around the world to the
disaster victims. However, it must also beynote’d that the rush of aid to Aceh somehow took on the
character of 'a‘competition. Many of the volunteers and aid workers had to undertake their mission
in Aceh without sufficient knowledge of the local society: Local press reported troubles between
the foreign volunteers and the local communities, which were reported to have originated from

‘misunderstandings on religious implications of their actions. .

2) Crrculatron of Information i

" As there had been no official body to gather and prov1de mfonnhtlon systematically,
people tried to gather information by themselves usmg various means. = Among them, Internet
turned out to be a useful tool for the purpose < Local newspapers featured the tsunami drsaster and
set up special sections for tsunami;related articles on their websites.  Achenese students studying
abroad set up websites immediately after the tsunami to share information on their family, relatives,
and friends in Aceh.’ k oy

Circulation of information through Internet was well received by the volunteers and aid

workers. The aid workers were in need of information on Aceh — including maps, demographic

statistics, and curren’t situation — in order to implement their activities effectlvely The websites of
Aceh Media Center and the Humanltarran Informatlon Center for Sumatra’ were examples.
Government agencres in Indonesra provrded basic information including maps and statistics to these

websites. Similar attempts can be seen on some Japanese websites.®

(3) The Role of Mosques

-Mosques turned out to have much potential in preventing and reducmg tsunann damage.

> http://groups.yahoo.com/group/gempaaceh/
6 http://www.acehmediacenter.or.id/

7 http://www.humanitarianinfo.org/sumatra
¥ http://www.drs.dpri.kyoto-u.ac jp/sumatra/index-e.html; http: //homepage2 nifty.com/
1a1ns/acehOl .tml (in Japanese).




- Mosques, as the centre of each village in Islamic society, are located throughout:the region.
Mosques: are places where: people: gather daily for worshipping i’and for other purposes. It is a
common practice for Muslims to take shelter in their mosque when confronting hardship, especially
in Aceh where there have long been armed conflicts. Moreover, mosques in Aceh noticeably
survived the earthquake and the tsunami with only minor damage.

‘Mosques became the base for Islamic organisations both from within and outside of Aceh
to help tsunami victims.  During the field survey we encountered two groups of Islamic
- organisations at a mosque in Aceh Besar. - One group came from Java and the other from Singapore.

Each group consisted of five to seven people and visited as many mosques as possible in the region
by using a van. Islamic organisations gave relief aid as well as religious services th’ro’tigh mosques,
and such religious services were able to help people to confront post-disaster impacts. = |

There is also the potential for mosques to become the basis for a tsunami warning system.
Information or early wamingyof tsunamis can be giVen to villagers by using the speaker which every
mosque is equipped with in order to broadcast the timing of worship to local Muslims. During the
field survey, we experienced aftershocks in Banda Aceh.  People panicked as they were afraid of
another tsunami, and became calm after announcements were made through the speakers of mosques,

saying that there was no possibility of a tsunami.

6.2.5 Damage to Cultural Assets
(1) Library of Ar-Raniry State Institute of Islamic Studies

Ar-Raniry State Institute of Islamic Studies (Institute Agama Islam Negeri Ar—Ramry) took
its name from a famous Muslim Ulama (religious leader) and is located in the northeast of Banda
Aceh. There seemed to be no serious physical ‘damage to the three-story buildiﬁg of the library
after the earthquake and the tsunami, except for a crack alongl the joint part of the two adjoining
buildings of the library, which was caused by the earthquake. ‘

The ground;ﬂoof of the library: was affected badly by the tsunami.: Of the total of
288,600 books stored in the library, some 7,000 were damaged. = Those books were newly accepted
to the library and were temporarily put in rooms on the ground floor for classifying procedures.
According toa library staff member, about a half of the damaged books seemed likely to be reusable

after the necessary processing, though the library had no appropriate equipment.

(2) Library of Syiah Kuala University -

- Syiah Kuala Univers‘ity,(Uni~\{ersitas Syiah Kuala) is located next to the ar-Raniry State

Institute of Islamic ‘~Studiés ut the uni‘versity ‘sustain‘ed little ' damage from the tsunami as the
partition line between affected and non-affeeted areas ran between the umversny and the 1nst1tute

‘The umversny had




‘building was mainly caused by the earthquake. Floor tiles were cracked, bookshelves fell, and a
part of the ceiling dropped to the floor. However, there was no damage to thek?:ollection of books

due to the earthquake.

(3) Aceh Reg10na1 Branch of the Natlonal Archive
Aceh Regional Branch of the National Archlve (Perwakilan Wllayah Aceh Arsip Nasional)
is located in the northeast of Banda Aceh. The ground floor of its two-story building was flooded
and severely damaged by the tsunami. A motorcycle ahd a car were washed onto the ground floor
‘with a large amount of nll;d, through the broken windows of the building. k ‘
There was a workroom on the ground floor of the archive. - Before the tsunami h1t ‘copies
of official ‘documents printed by each department of the provincial government in Aceh were
- collected and temporarily put in the room, before either being stored permanently in the upper floors
or being disposed of according to their importance. ' ‘A:small number of documents were on display
~on the ground floor. ' - The tsunami flooded the workroom with muddy water and the documents:in
- the room were damaged irreparably. :
ImpOrtapt documents were kept in the locked rooms on upper floors and there was no
direct damage to these documents by the tsunami. ~HOW‘ever, it might be a problem that the
sufviving ‘documents - on ‘the upper  floors have been left in the sameﬁ condition, - without
air—éonditioning or other equipment, since the tsunami. ;
Apart from the physical damage to the building and the documents, the archive suffered
.the deaths of 11 staff members. k

(4) The State Library of Nanggroe Aceh Darussalam

. The State Library of Nanggroe Aceh Darussalam: (Perpustakaan Wilayah Nanggroe Aceh
Darussalam) is located in the government office quarter; one of:the tsﬁnami-affecited areas in Banda
“Aceh: . The ground floor of its two-story building was piled up with mud, and Iitefélly everything
'on the floor, including furniture, was disposed of as rubble. Seventeen people were employed for
the clearance of the rubble and mud, and it took some weeks to clear up the ground floor. :
| There were about 200, ,000 titles in the library. Ninety percent of the books put on the
first floor were damaged by the flood, of which two percent were newly arrived. Books on the
ground floor were mainly either reference books or books for children.

‘Some 12,000 titles in the Aceh collection were placed in a'room on the second floor and
were not: damaged by the téunami. The collection contained academic exercises by Syiah Kuala
University students, and back issues of Serambi Indonesia, a local newspaper in Aceh. = Part-time
workers as well as vomnteers helpéd the library to remove mud and re-aﬁange books, though the

library was upset by some volunteers who had taken the library books as souvenirs.
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There {was also a loss of staff, including the director who was killed by the tsunami.

(5) Aceh Documentation and Informatlon Center
Aceh Documentation and Informatlon Center (Pusat Dokumentasi dan Informasx Aceh)
was located in front of Blan Padang Square‘ near Grand Mosque. - Its one-story bu11d1ng collapsed to
the ground and there was almost nothing but the foundation stones; as rubble had been removed.
Before the tsunami came, the centre stored bo‘olis and documents related to Aceh’s history,

mostly Indonesian translations of Dutch official documents, translated and printed by the centre in

1970s. - It seemed that almost all the books and documents in the centre were totally lost, except for

a few copies of books scattered around the site:

(6) Library of Ali Hasjmy Foundation for Education

Ali Hasjmy Foundation for Education (Yayasan Pendidikan Ah Has;my) is Tocated in the
area in Banda Aceh where the tsunami caused little damage. At the time of our field survey, 'ma’n’y
‘houses in the area were rented to international/foreign organizations and became their headquarters.

This library was founded privately by Ali Hasjmy, the first Governor of Aceh. The
library has some 1,500 titles including books and documents written in Acehgese,-lﬁdone‘sién,
English and Dutch. - The collection of the library also includes documents compiled by Ali Hasjmy,
copies of old and rare versions of the Quran collected by Ali Hasjmy, old ‘manuscriptsfan‘c;l"photo
_ albums. | .

The tsunami reached less than one foot high in the building and had little effect on the
building. However, local press reported that some books in the library were soaked With water

because the books had dropped from the bookshelves to the floor during the earthquake.

@) Syxah Kuala Grave

Syiah Kuala Grave (Mahkam Syiah Kuala) is located at the north tip of Banda Aceh about
50 meters from the coastline. Syiah Kuala was one of Aceh’s great Muslim Ulama of the 16™
century. He had spent more than 15 years in Mecca for religious learning before he dedicated most
of his life to science and society. - He wrote many books on Islam, sobial studies, and ‘science. He
also had a:lot of studentskf from Malaysia, West Sumatra and Java, '

In Syiah Kuala Grave, Syiah Kuala-and his 48 students lay under their tombstones. The
gravé had been taken care of very well by the local community. = Places for rest and worship were
prepared around the grave, and peopie often visited the grave for these purposes. ' When the
tsunami came, nearly everything in the grave was washed away. ' In the heighbom'in'g ‘\'?ill‘a'ge,l only
300 villagers out of 2,000 survived. ‘However, the tombstone of ‘Syiah Kuala remained almost

unaffected by the tsunami; only the surrounding steel fences were bent by waves. It is now known




as the tombstone: that withstood the tsunami, and many people are attracted to the supernatural

powers of the grave.

(8). Aceh Museum .

g Aceh Museum (Museum Negeri Banda Aceh) is Iocated near the Governor’s residence.
The main building of the museum is-a house built in traditional: style by the Dutch Governor Van:
Swar‘t;in.1914._ The ~f1m.136un1 is,ﬁlledwith antiques;f and -among the exhibits is a big bell, Cakra
Donya-—a gift from the Emperor of China conveyed by Admiral Cheng Ho in 1414. =

k The museum was not affected by the tsunami, thoUgh local press reported that some

exhibits had fallen to the floor and been damaged due to the earthquake.

(9) Land Certificates : o
Land certificates kept in the National Land Agency (Badan Pertahanan Nasional) were also
damaged by the tsunami. According to the government announcement, about three to five percent

of the land certificates kept in Banda Aceh were damaged by the tsunami. The gdverm‘nent put

forward the view that land ownership in Banda Aceh could be restored by using maps and satellite

photographs. ;

~ Another source revealed that thousands of land certificates affected by the tsunami in
Banda Aceh were in critical condition and in-need of emergency treatment.. Efforts to préSerVé and

restore the certificates were undertaken with the support of Japanese experts.

(10) Judicial Records ;

‘The State Court: (P‘engadilan Negeri) of Aceh is located next to the Aceh police
headquarters in Banda Aceh. The court was affected by the tsunami and a great number of judicial
records were damaged. . The government announced its stance that the court should re-conduct the

trials if the related records were lost.

6.2.6 Remarks
The December 2004 Sumatra earthquake and: tsunami caused extremely serious harm to
the society of Aceh. = Apart from the magnitude of the damage, the relatively slow development of
physical and social infrastructures in the,fegion before the tsunami caused: difficulties in gathering
information on damages during the crisis:
-+ Under such conditions, peoplekeagerly gathered and-circulated information. In the process
of restructuring the society; the use of Internet and mosques turned out to be effeCtive.y ‘The

remaining issue is networking between the aid workers/volunteers and such websites.




Acknowledgements

We thank Prof. Thanthawi of Syiah Kuala University, our résearch; counterpart; and Mr.

Sanusi Wahab for their hospitality, cooperation and information.  Without their assistance, our field
research would have been very difficult.  We also owe debt to many community members and

government and non-government staffs for their generosity of providing us with valuable time and
information. : k




6.3 Socio-cultural Impacts and Responses in Southeast India

6.3.1 Introduction ;
Fleld research was conducted from February 20™ to March 5", 2005. The pur‘p‘dses'o’f the
research are as follow s by aps
(i) To know the details of relief and rehabilitation works and the behavior of the affected people after

the tsunaml disaster.

(i) To understand whether local people had’ knowledge of tsunami beforehand, ‘and how the

information of tsunami spread among the people just after the incident. :

(iii) Y. Sugimoto also focused on the role of religious organizations on the relief and rehabilitation
works.

(iv) S. Sugimoto also aimed at knowing how the fishermen society and their network worked for the
relief and rehabilitation of fishing villages.

(v) As an archaeologlst Fukao's personal research interest is the extent of the damage on tsunami

 affected cultural monuments located on the east coast of Tamilnadu.

6.3.2 Outline of Damages

In the morning of Dec. 26th, 2004, the tsunarm traveling across the Bay of Bengal arrived
at the coast line of South India, and brought down massive damages to the people, infrastructure and
utilities located on the coastal areas in Tamil Nadu, Kerala, Andhra Pradesh, Pondicherry and Orissa
in Indian subcontinent (see Figure 6.3.1). Among them, Tamilnadu is the most severely affected
state.  The total number of the death caused by this tsunami in India, including Andaman & Nicobar
Islands, amounts to more than 10,000 (see Figure 6.3.1). '

(1) The worst affected area in Tamilnadu is Nagapattinam District (for the details of the
‘death, see Fig. 2), which is known for its religious harmony with a well-known church of Velankanni
and mosque of Nagore. Nagapattinam is a chief port town to anchor Iarge trawling vessels, and
ships and fishermen's settlements were badly damaged there (Photo 6.3.1). k

In Velankanni, there was a good crowd in the famous Christian basilica (Photo 6.3.2) on
the day, being the neXt day fo the Christmas Day. ~Most of the pilgrims and tourists assembled at
the beach side were carried away by the tsunami. : ‘ ;

(2) Cuddalore District, near Pondicherry, known for fishing harbor and fishing settlements
on the numerous sandbars, is another area extensively affected by tsunami (see Fig. 3.)
Devanampattinam and Pudukuppam of Cuddalore coast were the centre of the attack.

(3) Kanyakumari, the southernmost town of Tamilnadu, is one of the famous tourist spots
in India. The district of the same name was the second worst affected area in Tamilnadu (see Fig.

4), and fishing villages, like Colachel, Kottilpadu, Melamanakudi, etc., located west of Kanyakumari




town, were badly damaged. = The real picture of the attack of the tsunami is'recorded in video CD

we obtained there. :

- (4)In the city of ’Chennai, Marina beach, city dwellers' favorite place, got inundated, and a
large number of people including children gathering for the morning walk and play were affected.
Fishing hamlets in Kasimedu and Srinivasapuram, north and south of Chennai respectively, incurred
a heavy loss in terms of life and properties. - Besant Nagar, a new residential colony in the southern
side of Chennai, was also badly damaged. '

We should note that we cannot déﬁnitelysay that the statistical data shown in the tables
here really represent the exact status of the damage because there are still a number of missing
persons taken by the tsunami some of whom méy have not been included in the record, also because
we do not know if the damages in some indccessible areas, like Andaman & Nicdbaflslands, etc.,

were exactly reported.

6.3.3 Overview of the Relief and Rehabilitation Works

From the words of the witnesses of the disaster, the magnitude of the dam‘éges‘ caused by
the tsunami is vividly known to us. k

- After: the attack of the tsunami on Dec. 26th, the main lifeline of thé‘ﬁtOwn‘;ilike‘foods, k

water, electric‘ity,;and telephone connectidns, were discontinued immediately. Though in some part
of the town, power supply was recovered on the next day,y in many areas nqn4a§/ai1ability of water,
power and telephbne connections continued in three to seven days: ' '
: In Nagapattinam, many of the residents in the damaged areas left for inland towns nearby;
like Thiruvarur, Thiruthuraipoondi, etc.: for ‘shelters. - Public facilities in thé town, like schooIS,
community halls, etc. were also used for temporary shelters. Local people generously helpéd the
affected people. For example, in Thiruvarur, local people gave shelters to the displac‘e’d‘ people
from Nagapattinam area in nearly one week. Dargahs (mausoleums of Islam saints) in Nagore and
_Christian churches in Nagapattinam and Velankanni helped people irrespective of regions and castes.
Their activities in some sense contributé to weakening religious tensions in the area, i

Local NGOs started the emergency relief works earlier than governmental bodies to supply

basic needs for the displaced people, like foods, water, and medicines, etc. RecoVery of dead

‘ bodies was a very difficult task, and continued in more than a few days. Many unidentified bodies
were;bu,riedfkc‘ollcc:ktivclyfafter;,taking photos for the future identiﬁcation'."Many‘voluﬁteers worked for
the collection of dead bodies. . ‘

, UndCr~SuCh‘CiIZCUlnStaHCCS? the relief and rehabilitation works were operated in the affected

yhnstikang aﬁnd‘k Communist Related Organizations




Christian and communist related organizations, like TMSSS, DMI, CPI (M), Tamilnadu

Science Forum, etc. played a very important role on the relief and rehabilitation works in the area.
| - We do not intend to say that only those organizations were actively engaged in relief and
rehabilitation activities. - However. as far as our research areas are concerned, Christian and
- communist related organizations occupies very important position in daily life of the people in the

-area, and of course, in relief and rehabilitation works on this occasion.

(1) Quick Response for Initial Relief Activities

-+ Christian and communist organizations started the initial rehef operatlons at the very early
stage after the disaster. ‘

TMSSS Christian veluntary organization stationed in Velankanm Basilica; responded to

‘ thlS sudden disaster very quickly.  Father Adaikkalaraj told us that they had arrived at the affected
area in about two hours after hearing the news of the tsunami in the television. At 4:00 p.m. on the
day, the meeting to discuss the relief measures was held by the bishop and parish priests of the area,
kakn'dy;decidedkto send 400 volunteers to recover the corpses, and supply thef‘oods to ‘the displaced
people. s

In Cuddalore, the member of Tamilnadu Science Forum, communist oriented NGO, visited
L

the worst affected village, Devanamppattinam at 9:45 a.m. after receiving the first information over

the phonq at 8:45am. - : ‘ o
Sisters of Presentation -Convent, Colachel, Kanyakumari Dt., heard ~‘the ‘news. of the
tsunami around 10:20 a.m. when they had a breakfast after Sunday mass, and rushed to the Nagle
Health Center maintained by them for helping the injured. ‘
~ In Kanyakumari Dt., Communist Party of India (Marxist) also moved very qulckly

Receiving the information over the phone within 30 minutes after the attack of the tsunalni, ‘the

District Secretary and two other chief members of Nagercoil CPI (M) office visited the worst :

affected areas at around 11:20 a.m. At 12:30; they-had a meeting with the District Collector along
with church representatives to discuss about the relief measures: “At:3:00 p.m. on the day, a central

committee member was sent by state party office in Chennai to see the situation of the sites.

(2) Extensive National/International Network

Utilizing  their national/international networks, Christian and comimunist organizations
could smoothly gather the human power and the materials to conduct the relief measures.

.Christian youth volunteers from the: inland parishes near the affected areas, and from other
districts, like Thanjavur, MaduraL Trichy, etc., gathered their power to recover dead bodies, and
support the displaced people. - From Chennai, nearly 200 DMI sisters, brothers, and novices tbok 7

school vans to go. to the affected -villages ,kin Kanyakumari area to supply foods, ‘qlo’thes, and




medicines on the day of the disaster itself. -
- Communist’ party - has. also extensive network all around the country. - Kunyakumari
District office in Nagercoil, where communist party has a strong existence, contacted with State
CPI(M) office in Chennai, and Centrail office in Delhi on the day of the disaster itself to discuss
about the relief measures. ~ Youth organization afﬁliﬁted to communist party, like DYFI
‘ (Democratic Youth Federation of Iiidia), and SFI (Student Federation of India), é’ffectively worked to
gather human power. - Relief materials arrived from Kerala and West Bengal too, Where communist
party is a leading political party. ;
Those = organizations utilize their iﬁtemational network to gather the relief funds and,
materials too, like in the case of International network of Presentation Sisters of the Blessed Virgin
Mary (PBVM). ‘

(3) Deep Relationship with Affected Communities & Coordination with Other Organizations

-One of the reasons why Christian and communist orgamzatlons could effectively work for
the relief and rehabilitation against the disaster this time is that they have already had a close
relationship with the local people in these areas through their daily activities.

- -We heard at CPI (M) Nagapattinam office that they could distfibute the relief materials to
eéch affected family because they have been already familiar with them, and they could give the
goods to the people face to face. -

Especially in Kanyakumari Dt: since the affected fishermen community is Roman Catholic
in general, Christian organizations afe'closely‘related~ with their daily life.  People in this area are
organized as Basic Christian Communities (BCC) which is 'a local autonomous group of lay
Christians, and local parish priests have a deep connection with local people through BCC. BCC is
an organization originated from the idea of the Theology of Liberation. Local people conveyed
their requests'regarding tsunami relief easily to local parish priests through BCC. High literacy
rates and consc1ousness on their own right also contribute to the -smooth flow of mformatlon
between local people and higher authorities. :

Most of schools maintained by churches were used for supplymg relief materials and for
sheltering the affected:people. Loud speakers set up at churches were also effectively used to
deliver the ;infonnatiénj related with relief -works, etc. Mostly local people believe church
authorities that tlhéy distribute the relief goods fairly and impartially. |

Bishop of Kdttgrf Diocese who supervises this area also took an important role on relief

activyitiycs. - He sailed aroun - the affected coastal regions on a boat in order to cheer up the
discouraged ﬁsherme  He also took effort to contact with other relief organizations in order to

coordinate the1 W

elatiohship' with local people, they also actively worked as a :




coordinator to connect other relief organizations and governmental bodies.

‘We were told in Cuddalore that communist affiliated Tamilnadu ‘Science Forum was

acﬁvely involved ' with -Tsunami - Rehabilitation - Coordination which is a NGO to work for ‘the

‘adjustment of the activities of various NGOs. It is interesting to note that in Kanyakumari Dt.,

CPI(M) district office and the Bishop of Kottar Diocese jointly met the Collector and Health

Minister to discuss about the coordination of the relief and rehabilitation works, and CPI(M) also

-talked with local parish priests to coordinate the actual work for supplying the relief materials.

16.3.3.2. Preconception of 'Poor’ Fishing Communities

It is said that nearly 90% of the affected people in India are fishermen. There is a general

conception that fishermen communities are poor and uneducated, and most of the relief and

rehabilitation works are conducted according to this concept. It is true that in respect of higher

population density, lower literacy rates, and uneven sex ratio in their poptﬂati’on, fishing villages in

Tamilnadu as a whole show a sort of marginality comparing with other communities. (see Fig. 5)

However it does not necessarily mean that the entire fishing communities in tsunami affected areas

are socially weak and deprived.

(1) Fishery communities mostly consist of various castes of people. In fact, for example,
e

fishing community in Nagapattinam area is not represented by a single community, but it includes

various kinds of people, like Kallar, Chettiyar, etc.

~(2) It is not correct to say that all the fishermen in the affected area are poor. In

Akkaraipettai, Nagapattinam District, 80% of the fishermen possesstheir own ship, and many of

them conduct a large scale fishery by a large trawling vessel far off shore. In high season they can

sometimes earn even ten Rupees of money only in a three days' fishing work off shore if they are

very lucky. - Women cén also earn sizable money by selling fish in the market, and paddling.

. (3) The social stratification in the people engaging in fishery is also evident from the

research. = As said before, some of the fishermen are very rich, on the other hand, people belonging

to Dalit, the outcaste community, engage in a hard manual work related with fishing, and they are in

fact poor and socially neglected.

) In addition to that, we should also note that the affected communities by this disaster

are not only the people directly related with fishing activities, but also other communities are also

diréctly/indirectly ‘affected.  Agricultural- communities ‘suffered a lot of loss in their fields’

harvesting rice, and other commercial crops like tobacco, jasmine, mango, cashew nuts, etc. A

large decrease of the supply of fishes and harmful rumor that fishes are poisonous because they eat

human corpses damaged the people engaging in commercial activities.” Decrease of tourists in

some tourist spots like Velankanni; and Mamallapuram, etc. affected tourist industries.

* This gap of the notion and reality hindered the effective relief and rehabilitation activities.



(1) The relief materials nio‘stfy concentrate on the fishermen. Other affected communities could not
get sufficient relief. (2) The effective distribution of the relief materials was hindered. For
example, old clothes supplied for the tsunami affected people were discarded and heaped unused
because they usually dislike old clothes. Relief'foods were brought to the market fromthe hands of
the affected people in order to earn cash. ~ At the time of supplying relief goods, rich ﬁshermen do

not like to stand in the sarne quete with poor communities.

6.3.4 Information about Tsunami and the Revival of Mythology

Local people affected by the tsunaml here in Tamilnadu did not have any fore knowledge
about what is tsunami. ~ This is clear from the fact that many people went down the shore when the
water receded before the attack of the tsunami, and were brought away to the sea. ‘

If the mformatlon about the arrival of tsunaml had been properly conveyed to the people in
the affected area, there would have been much less damages than really happened.: The effective
way of information transm’i‘s‘sion can be considered from the experience of an important role took by
a radio station and PAS. k

Tsunami~ brought not -only huge damages in thls region, but also is contr1but1ng to

creating/reviving some new legends in some sense.

6.3.4.1 Role of Radio Broadcasting and PAS
(1) Example of All India Radio Karaikkal Station
All India Radio Karaikkal FM Station is located about 1.5km from the sea shore . Around

9:00 a.m. people living in the staff quarters adjacent to the station noticed the coming of the tsunami,

and the information directly went to the station. = At 9:48 the first announcement was made breaking
the film song progkram.‘ Program officers immediately went to the field on the seaside, and made
live broadcasts by using cell phones. - At -10: 45 Kodaikkanal ‘station relayed the program of
Karaikkal station and the program was broadcasted to the wider audience in the state.

Live broadcast from the damaged places was. able to- give the correct picture of the
damages. Information about the destroyed bridge and the safety roads helped the smooth
transportation to and from the town.: The station continued the broadcast overnight up to 10 p.m.
on the next day though it usually finishes at 10 p.m. on the same day. k

- From the next day onward, there were many programs related to the tsunami; like the
1nformat10n of the missing persons, the information from governmental organizations, the
arrangement of relief materials, the knowledge to maintain hygienics, needs for people in relief
camps, etc. ,

' ter :there was a. scientific program with a geologist about the mechamsm of

tsunaml whlch was ca ed out as a live transmission of question and answer over phone from the

e e e e




public. ,
Karaikkal radio station contributed to conveying the information from the publidto

governmental & non-governmental organizations and vice versa. =

(2) Importance of Public Address System

Near Pondicherry, lives of the residents of two villages were saved owing to publi’c‘ address
system (PAS). : :

At Nallavadu viliage, a resident of this village living in Singapore heard about the tsunami
warning; and phoned up the village.  The village elders asked the villagers to vacate houses by PAS,
and the entire population of 3,600 people survived from the tsunami. e '

At Veerampattinam, a fisherman repairing the engine of his boat on the beach noticed the
unusual rise of the sea level, and warned the women working there. - The 'Wafning'reachéd the
panchayat leaders, and they announced over the PAS about the attack of the waves. There only one
‘person died among the 6,200 villagers. , : ‘

PAS was set up by M.S. Swaminathan Research Foundation, Chennai, as an equipment for

rural knowledge centers. -

6.3.4.2 Reinterpretation of Traditions
(1) Poompuhar ‘ i

‘Ancient Tamil epic 'Silappadikaram' depicted this presently small town as a beautiful, big
city which flourished by the international trade with Roman world undef the reign of Chola kingdom
in éarly Christian centuries. - Archaeological finds, like Roinan & Greek coins, semiprecious stone
~ beads for export, the remnants of a boat jetty, etc. also attest the past glory of ‘this’toWn.  Itissaidin
the literature that Poompuhar 'was taken by the sea." After the preseﬁt tsunami, people now say that it -
might have been another tsun‘aini that vanished the once busy city of Poompﬁhar from the history.
(2) Mamallapuram - ‘ ‘ e

* Mamallapuram, also called as Mahabalipuram, is situated about 50km from Chennai.
This is a famous tourist place in Tamilnadu known for the famous Shore Temple, the World Heritage
monument built in 7th century (Photo 6.3.3).  There is a beautiful rock relief of 7th century called
"Descent of the Gahga‘ (or 'Arjuna's Penance') (Photo 6.3.4). Usually it is said that it depicts the
mythological scene of Goddess Ganga's falling down on the earth accepting the prayer of king
‘Bhagirata who did a penance for this purpose. Now some peOple“say it depicts the attack of
fsunami. ‘ : ' ; o : :

’ " There is another legend here in Mamallapuram that the famous Shore Temple was one of

the 'seven Pagodas' built in the same period. Recently revealed new temple structure, as explained

below, and some kind of structure found by underwater research off shore rekindle this legend.




Some people even said that they saw some temple structure when sea water receded before the
ﬁsunamip ‘ '
(3) Velankanni , S

The Church of Our Lady of Health situated in Velankanni gathers a number of Christian,
even Hindu, pilgrims and tourists from all around India. The legend related to this basilica says
that Mother Mary and Infant Jesus saved the wrecked Portuguese ship. This time's tsunami left
immense damages in this area too. People who experienced this disaster in Ve’lankanﬁi intérp’re‘t it
in two different ways; = (a) For the people,who‘ have a firm belief on the church,,thejfact,that the
water could not enter into the church building at all means that the God saved them :this time ag'ain
like the Portuguese ﬁshermen.; (b) On the other hand, people who cast a doubt ’on their belief
consider that the God could not stop happemng this traglc 1nc1dent A new legend may be created

from somewhere between those two opposite views.

6:3.5 Cultural Properties and Tsunami
There are some places of archaeological importance on the east coast of Tamilnadu.
Fukao did some preliminary survey regarding the effect of th‘e'tsunami' on those important cultural

1

monuments.

(1) Tarangabadi

- Tarangambadi, also called Tranquebar is situated at about 25km north of Nagapattinam.
There is a well-known 'Dansborg Fort' built as a trading post for Danish government in 1620 (Photo
6:3.5).  Although: the wavés reached the main road and heavily damaged the fishing settlement
nearby, the fort was not affected at all by the waves attacking upon the door of the fort which is
situated just 100 meters from the seashore: o

Besides the fort, the stone- memorial commemorating the second centenary of the arrival of
the first Lutheran missionaries to Tndia in 1706 was not much affected but the surrounding stones

were disturbed by the tsunami.

14th century Masilamaninathar Temple: (built’ by Maravarma Kulasekara Pandiyan in

1305)just north of the fort had been already much destroyed by seasonal cyclones, but not damaged
by this tsunami less than estinjated (Photo 6.3.6).
~The bastion of the fort standing off shore was also not much affected though it was

disturbed by the seasonal cyclones.

(2) Arxkamedu
Arzkamedu a famous archaeological site; is located 4km south of Pondlcheiry, on the rxght

bankaof»'theAn:yankuppam'Rlver; It was an important port town ﬂourxshmg'tln'ough‘the:trade with




Rome,in the first two centuries of Christian era.

Virampattinam, a fishing village adjacent to Arikamedu, was devastated by the tsunami
though only one person was dead as already written. From the site, there were seen in the river
some fishing vessels brought from the village by the waves. : '

The tsunami water is said to have entered up to about 1.5km from the sea shore here.
However since the site itself does not directly: face to the skea,;a’nd is situated on the high_mound, it
seems th'at the site was not affected much. i

- We do not know how much a lower portion of the site was affected. = A further research

will be required.

(3) Mamallapuram b : S L

The Shore Temple, the Wor’ld‘ Heritage ~monuments built by Pall‘ava:,‘ king
Narasimhavarman 11 (ca; 690-715) is located just-in front of the sea,shore' here -(Photo 6'.3.3).
December 26th's tsunami destroyed a portion of a block wall and a fence protecting the temple, and

flooded into the premises. - Though a few boulders of the outer wall of the temple and a paljt of bali

peetha were dislocated by the invaded water, the main structure of thev*templé did not get much
damage. ,

- While the newly prepared lawn garden and several shops near the temple were also
submerged, the tsunami contributes to revealing some new monuments on the sea shoré.

- One of them is so-called 'Durga Rock' situated south of the Shore Temple. A miniature‘
cut-in shrine carved on this rock which was probably built in the almost same period as the Shore
Temple was already known before the tsunami, and is worshipped by fishermen. ~The tsﬁnami ,
waves washed away the sand hiding the lower portion of the rock, and revealed the sculptures of

lions, an elephant, a horse, warriors, etc. (Photo 6.3.7)

Underwater Archaeology Division of Archaeological Survey of India has conducted
excavation works here since 2001. 'Durga Rock' was one of the targets to be excavated this year
according to the original plan made before the tsunami, along with other two rocks having cuttings
presumed to be chiseled out in the same period as other monuments on the shore. - However after
the tsunami a new structure was clearly seen between:'Durga Rock' and the 'Shore Temple', and the
excavation team-selected it instead of‘ 'Druga Rock.' - The excavation started, from Feb. 17th
revealed the square structure of sanctum sanctorum, a shikara stone; and a part of’;the outer wall, etc.

that is remains of an old temple structure though its exact date was not known yet.

6.3.6. Conclusion.
(1) Locally active organizations which have a national/international scale of

well-organized systematic structure play a very important role on relief and rehabilitation works



against sudden large sbale disasters like the tsunami this time, like Christian organizations and
communist 1elated mgamzatlons in the case of the researched areas. It is not so difficult task
for them to absorb the opmlon and feehngs of local people because they regularly contact with
them through their daily activities, and their systenlatrc organization helps them to conduct a

national/international scale of relief and rehabrhtatron actrvrtres ' ‘
: (2) Stereotyped notion that poor ﬁshermen were affected by the tsunamr hampers the

effective relief and rehablhtatron works ; :
3) In Indra radio broadcast can play a very nnportant role to qurckly respond to thrs kind

of sudden large scale drsaster for conveymg an exact prcture of the damage PAS 1s also proved to

be a very useful equrpment for urgent warmng of thrs kind of drsaster
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: Figure 6.3.1 Tsunami Affected Area in India

* (4) It seems that most of the cultural monuments located on the eastern coast of Tamrlnadu
escaped the damage by the tsunami. Further researches will be required to know the whole picture

of the damage and the reason why many monuments escaped the damage.

It is observed that the reports of the tsunami made by Japanese and western mass media
did not put equal weight on all the affected countries. Thailand where many foreign tourists were
affected in resort towns was most frequently reported, as well as Sri Lanka where also Japanese

tourists met the incident. Indonesia, the most damaged country, comes to the second position only




after the information from Ache region was brought in. It clearly shows that India did not draw

~much attention of the mass media of the developed countries comparing with the degree of damages

cause by the disastef. One of its reasons may be the fact that Indian government rejected the aid

from those developed countries although the reason why Indian government took such a position

should be'studiedseparately. On the other hand, it can be also said that this imbalanced flow of

information reflects uneven structure of this world.  This kind of large sudden disaster will create

unexpected chaotic situation éomething like anthropologically called 'liminality', and it will often

reveal usually hidden unequal structure of society, country, and the world. =~ -

Table 6.3.1 Death caused by Indian Ocean Tsunami on Dec: 26th, 2004

STATEWISE (AS OF JAN. 18Th, '05)

Name of the State Population (Lakh) | Total No. Of Death
TAMILNADU 6240 | 7983
ANDRA PRADESH 762.0 105
KERALA E 3184 171
ANDAMAN & NICOBAR ISLANDS 3.5 1899
PONDICHERRY i 9.7 591

L . 10749

INDIA TOTAL

TAMILNADU, DISTRICT WISE

thal No. Of Death

Name of the District
~ NAGAPATTINAM Dt. 6060
KANYAKUMARIDt. 824
CUDDALORE Dt. 615
CHENNAI CITY ; 206
KANCHIPURAMDt. 128
TOTAL 7833
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‘Table 6.3.2 Deathin Nagabattinam Dt. As 0f Jkah;;kaQ,kakOOS

Tota

Nos‘.‘ of Bodies

SL. Village Name
No. & Taluk Name Adult Children TOTAL
- Malek _ Female ~Ma1e _Female
Nagapattinam Taluk . -
_{Nagore Villag'_‘_f:_;;, . ;
1P . - 165
2 Pahnannalch _r_Ly . 52
3 Samanthanpettal 69
4/Silladi Thern 76
5|Pandagasalai Street - 54
6|Beerodum Street - . 18
7|Arivanattu Street . 30
Vadakupoigainallur Vlllage o i B ‘
8| Vadakku Poigainallur ' 7l 12 12 8 39
9|Akkaraipettai 377 286 64 54 78]
10{Keechankuppam - 229 479 106} 92 906
10|Theederkuppam 32 126 12 10} 180
11{Kallar 50 40 18 15 123
Naganattinam Village ' :
12{Nambivarnagar 43 23 14 © 12 92
13| Velipalavam Beach 39 31 713 80
14|Velipalavam 9 8 14 17 48
_15|Arivanattu Street 163 165 43 32 403
16|Nallivanthoppu 62 40| 30 19 151
17|Therku Poigainallur 39 41 18] 11 109
18/Gooks Road 1 0 0 1 2|

Keevelur-Taluk

Velankanni

Prathamaramapuram

Sefuthur :

4|Kameswaram.

Keezhapidagai

Karaunkanni

Chinnathubur

Pudupalli (Vettaikaraniruppu)

Vairavankadu

ranivam Taluk

Pudupalli

Vettaikkaraniruppu

Vanavanmadevi

Vellapallam




Naluvedapathy

Kovilpathu

Pushpavanam

Panvakuthagm .

5
6
7
8
9

LArkattuthural S

10

Kolhtheevu “

Mamvantheevu

12

Mottandlthonnu

13

Agasthivampalli

14

Kodivakkadu

15

Kodivakkarai
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. Table63.3 DeathinCuddaloreDt.
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Table 6.3.4 Death & Unidentified in Kanyakumari Dt

: Iilc; - 'Nalllé, of thé Village' L ___ Total Number O]f Def'ath
; ; ~ L L Adult Children
. Male | Famale Male Female
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Table 6.3.5 - Social Status in Fishing Villagas in Tamilnadu

~ Literacy | 1 e
...} SexRatioin
- Rates in |Sex Ratio in o
...t ... | Fishing
Fishing | District. |

, ‘ Populati)on " ~P0pulatioﬁ | Literacy
- Name of : ~ ‘ ‘

Density Density in Fishing| Rates in
the District (City) | : , ~

inDistrict |  Villages | District ~ Villages -

e ok : ; Villages | :
ChennaiCity 2| = . | w0 esl e aostl . om

Cuddalore L 1412 72 . 59 k 985 - Y46

Nagapattinam | ~ ~ 849 775 odoma o o955
Kanyakumari . 3858 88 78 1013 942

*Sex ratio shows number of women per thousand population.
(From: Frontline, Feb. 11,2005)




Shore Temple, Mamallapuram

“Photo 6.3.4 ‘Desc‘én't of the Ganga’,

Mamallapuram
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Photo 6.3.7 ‘Durga Rock’, Mamallapuram
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Appendixes:
(1) Field Research Schedule: -
Feb. 20th: Arrived at Chennai via Singapore
Feb. 21st: VlSlted (1) Consulate General of Japan, Chennai; & (2)Elliot Beach
Feb. 22nd: Arrived at Thanjavur via Trichy, visited (1).Dept. of Disaster Management Shanmuga
Arts, Science, Technology & Research Academy (SASTRA) Deemed Umver51ty, Thanjavur, & (2)
Spatial Information: Technology for Disaster Management Course, Post Graduafe andees‘ear‘ch Dept.
of Geography, Government College, Kumbakonam ,
Feb. 23rd.: Arrived at Nagapattinam, visited (1) Communist Party of India (Max1st) (CPI(M)) |
Nagapattinam Office, (2) Anyanattu Teru, (3) Keechankuppam “) Akkaraxpettm in Nagapattmam
& (5) Velankanni : :
Feb. 24th: *After Feb. 24th, we worked in two groups: - G .

[Y. & S. Sugimoto] Interview with (1) Father V. 'Adéikkalaraj,fTh‘anjavur‘ Multipurpose
Social Service Society (TMSSS), Church of Our Lady of Health, Velankahni, (2) Mr. M. Das,
CPI(M), Velankanni, (3) Mr. Rajendra, Shipyard Owner, Seruthur, (4) Mr. Swaminathan, Fisherman,
Seruthur, (5) Mr. Marimuttu, STD Booth Owner, Seruthur, (6) Mr. C. Rajachandra Mohan, Indian
Overseas Bank, Nagapattinam, & (7) Sister Shanti; St. Anthony School; Nagapattinam

[Fukao] Visited (1) All Indla Radio, Karaikkal; (2) Tarangambad1 (Tranquebar) & (3)
Poompuhar on the way from Nagapamnam to Cuddalore
Feb. 25th: [Y. & S. Sugimoto] Visited (1) Nagore, & (2) Nagapattinam, interview w1th (1) Mr. S.
Selvaraj, Auto Rickshaw Drlver, Nagapattinam; & (2) Sister-S.R. Viji, Daughter of Mary Immaculate
(DMI), Nagapattinam ; | ; : :

[Fukao] Interview: with (1) Mr. M. Maruthavanan, Indian Overseas Bank, Cuddalore, 2)
Mr. Balki, Ta11lilnedu Science Forum, Cuddalore, (3) Mr. M. Nizamudeen, Federation of Consumer
Organizations-Tamilnadu and Pondichenj (FEDCOT), Cuddalore, & (4) Mr..K. Thirunavukkarasu,
FEDCOT Cuddalore, visited (1) Thazhanguda, (2) Arikamedu; (3) Samiyarpettai, (4) Pudukuppam ~
& (5) Devanamppattmam

Feb. 26th: [Y. & S. Suglmoto] Arrived at Chenn'ai, summarized collected information




[Fukao] Arrived at Thanjavur, summarized collected information
;Feb 27th: [Y. & S. Sugimoto] Meeting with Dr. Subbiah, left Chennai for Japan via Singapore
[Fukao] Contacted with relevant persons; left for Kanyakuman via Tnchy
‘Feb. 28th: [Y. & S. Sugimoto] Arrived at Kansai Arrport Japan® ‘
[Fukao] Arrived at Kanyakumari, visited (1) Melamanakudl (2) Chothavrlar (3) Muttom, :
~.& (4) DM, Rajakkamangalamthurm
Mar. lst [Fukao] Visited (1) CPI(M), Nagercorl Ofﬁce (2) Kottllpadu (3) Colachel & (4)
Presentatlon Convent Colachel ,
Mar. 2nd: [Fukao] Left for Chenna1 via Thlruvananthapuram

Mar. 3rd: [Fukao] Vlsrted ( 1) Srrmvasapuram Chennai, & (2) Mamallapuram

Mar. 4th: [Fukao] Summarized collected information, left Chenna1 for Japan via Smgapore -

Mar. 5th [Fukao] Arrrved at Narita, Japan

(2) Informants
(i) Dr. G Victor Ra_]amanlckam Dept of Dlsaster Management SASTRA Deemed Umversxty,
Thanjavur ' .
(n) Prof. R.H. Anand Post Graduate and Research Dept of Geography, Govermnent College
Kumbakonam f o o ‘
(i11) Mr M. Veeramam, Reporter CPI(M) Nagapattmam k
@iv) Father V Adalkkalaraj, TMSSS Velankanni+
(y) Mr. M~. Das, Secretary,qCPI(M), Velankannr ~
(ﬁ/i)“ Mr. Rajendra, Shrpyard Owner, Seruthur
 (vii) Mr. Swaminathan, Fisherman, Seruthur
k (vm) Mr. Marlmuttu STD Booth Owner, Seruthur - -
(ix) Mr. C Rajachandra Mohan, Branch Manager, Indian Overseas Bank, Nagapattmam -
(x) Sister Shantr, St. Anthony School, Nagapattmam ,
(xi) Mr. S. Selvara], Auto Rlckshaw Drrver, Nagapattmam
(xii) Slster SR. Vl_]l DMI Nagapattrnam
(xiii). M. M Maruthavanan Indlan Overseas Bank, Cuddalore
(xiv) Mr. Balki, Tamrlnadu Science Forum, Cuddalore
(xv) Mr. M. eramudeen General Secretary & Chief Executxve FEDCOT Cuddalore
(xvi) Mr. K. Thirunavukkarasu, Director, Local-Self Governance, FEDCOT, Cuddalore
(xvii):Mr. P. Navamani, Reporter of Theekadir, Thiruthuraipoondi - R
(xviii) Sister Diana, DMI, Rajakkamangalamthurar
(xix) Mr. S. Nurmohammadu, District Secretary, CPI(M), Nagercoil

’(xx) Sister Savior, Presentation Convent, Colachel




(xxi) Mr. Kazumasa Wada Ph. D Scholar, Anna Umvelsxty, Chennai (residing at Mamal]apmam)
(xxii) Dr. Alok Tnpathl Dupety Supelmtendmg Axchaeologlst Underwater A1chaeology Wing,
Archaeological Survey of India, New Delhi ' -

(3) Matenals we obtamed

@) Cunann or armyal parvai, Talnllnatu A11v1ya] Iyakkam, Maturai 2005 (Tsunaml a ksckienti,ﬁc

v1ew written in Tamil)

(11) Jan Kennat1 SM. & A. Celva Cunaxm or eccar1kka1 Valkaralp Patlppakam Tmtukkal 2005
(Tsunaml a warnmg, wr1tten in Tamil)

(iii) Cunam1yal patlkkappatta makkalukkaka vehyltappattulla aracanaikalin tokuppu Cakaya
Pilomin Raj, A. & Ku. Na. Pakatcin eds., A. Cakaya Pilomin Raj, Nagappattmam [2005]
(Comp11at10n of Govemment Orders for the people affected by tsunam1 wr1tten in Tamll) o
(1v) The First Tsunam1 in Kanyakuman Uma Studio, Kanyakumam [2005] (Vldeo CD)




6.4 Socio-Cultural Impacts and Responses in Sri Lanka Southern Coastal Area o

6.4. 1 .‘Tsunami Disasters in Sri Lanka
The tsunami struck a relatively thin but extremely long coastal area stretchlng over 1 OOO
kilometers, or two thuds of the country’s coastline. The damage stretches from Jaffna m the north
,down the entire eastern and southern coast, and covers the west coast as far north of Colombo as
Chilaw, . It d1d seriously damage to not only coastal belt but also inland area. The deadly Tsunaml
killed not only fisher folk but also people who lived or stayed along beach line or happened to pass
by the coastal road. The hit of huge wave caused damages to fishery, tourism and other mdustry such
as coconut coiling, selt manufacture as well as commercial business. It must take many years to
' reconstruct the economy and infrastructure of entire Sri Lanka. She is forced to have another
serious problem though first problem, namely Peace Process, has not been solved Now 1n Sri
Lanka there are two rehabihtation programs from man-made disasters and natural dlsasters
; The day Tsunami hit was Sunday, POYA (full-moon day which Buddhist refrain from fishing)
~and the next day of X'mass. On Sunday people enjoy shopping at Sunday POLA (Market or
Bazaar). - In Matara Town,\ Hambantota Town and other big towns, people gathering at or going to
POLA opened near the beach were swallowed and carried away by the huge waye. People staying at
beach resort and refreshing in the beautiful Indian Sea breeze, taking trip bound for the sacred
temples and churches by' trains, buses or their own cars, all were affected by killing Tsunami.
~ In North and North-East of Sri Lanka, fisher-families had started new life after a long period
of refuge because of civil war in the Region.  They came back from shattered place and started
fishing again. Not only fisher-families but also people engaged in other occupations had peace
after more than 20 years war. In these areas Tsunami knocked their life down. Most of buildings

and houses whlch were damaged were built or renovated very recently after Peace Process started.




- Photo 6.4.1 A place of national collective tragic memory is now becoming a pilgrimage spot
(a erght-ca1ee1 train with full of passengers bound for Matara was swallowed by the tsunann and
hundreds of passengers were killed), near Induruwa in Galle Dlstrrct

6 4 2 Outhne of nnpact and damage in Sri Lanka : r \ .
Sri Lanka has population of more than 19 000 000. Due to Government and otl“ official
reports it is recorded that more. than 30 000 people we1e killed, 23 176 were lnjur and
were mrssmg Ahnost 100, OOO houses. were fully destroyed and abou ~50 OOO Were p ly .
834 849 persons were dlsplaced (Sth January, 2005 report), about 500 OOO persons are st

centers orin the houses of relatives and friends. Tsunann also killed a lot of ﬁshermen who were\

staying on the beach or on board for landmg.r ~ According to Mmrstryof Fisheries and Aquatrc
Resources and FAO, more than 7500 ﬁshes (fishermen including their family 1neinbers) were killed.
80% of coastal fishing vessels were cornpletely or very seriously fdalna‘gedi ‘l:Ol':*harbors"With
1nodemkfaeilitieskout of 12 were affected. ‘There are almost‘;lle;OOO marine ﬁshennen, so nearly
1%fishermen'’s lives were Jost.. : : . |

Table 6.4.1 shows the numbers of affected farmlles people 1nJured and missing, death of
people and death numbers of fishermen . Obvrously people in the East (Hmbamtota Ampara,

Battlcaloa and Trmcomalee) are terrlbly affected

- Table 6.4.1 affected families and people death total of ﬁshermen at 23rd January 2005

District affected fami.

displaced fa

injured

rmssmg

death of fish

Jaffna-

13.652

12,631

_1.647

‘540 .

F
2,640

death total

Kilinochchi

2,295

318

670

560

926
11

Mulaittivu

6,007

2590

550

3000

02,524

Mannar

0

0

e

0

23

Puttalam

18

1

4

0

Gampaha

52,58

3

4

3

Colombo

5,290

64

12

79

1

Kalutara .

6,105

400

148

256

17

Galle

1,562

313

554

4214

64

Matara

3,268

. 613

1,342

331

Hambantota

3,334

6,652
361

963

4,500

365

‘|Ampara

n.a.

120

876

10,436

1,025

Batticaloa

12,494 -

2,375

1033 |

2,840

01229

‘Trincomalee

27,746

n.a:

- 337

1,078

725

84031

15,196 1 -

5,637

30957 1

1222

b e
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National Disaster Management Center. Data was collected by each District so we can not say all
data is correct. o ~ G ey .
n.a.:No Answers

Tsunami affected areas are fascinating famous beach resort ;so fourists and surfers from all
over the world enjoyed staying, swimming, surfing or just relaxing in from luxurious hotels to neat
and cheap guest houses. Killing wave destruct accommodations without any distinction . Table
642 shows the hotels affected by Tsunami. Reports on damage to guesthOuse‘s are‘noffavailable,
however it is sure that many such guesthouses and rooms are heavily damaged Zbecaus;e'Isa"wy for
example, in Unawatuna in Galle District, rubbles and debris along shore hne where comfortable
guesthouses and sea-food restaurants used to stand on before Tsunami. Wit

AfterfTsnnaml, accomnodatlons, restaurants and souvenir shops whi“'cthefe"ks'ur‘viVed from
Se\)ere destructive wave started business again, but they had to be cOnfrOnted‘With"oihef‘disastérs
namely, a fall of the numbers of tourists. When I walked along main street in Hikkaduwa where
hotels, guesthouses, restaurants and souvenir shops lined without break Abefo‘re Tsunami, ‘I'Saw‘ only a
few tourists ,and employees. - This area used be one of most energetic‘spbt‘ﬁﬂf of international
t’ouriysts ~ . : 0 i i SR
Table 6.4.2  Status Report of Tourist Hotels as of 13th January 2005%*

District Hotels Total Rooms  Total Closed ~Hotels Closed Rooms

Jaffna =~ ‘1o data"'

; Kilinochohi ~no data

Mulalttxvu | no data

Mannar : no data

Puttalam : | no data

Gampaha

C olombo .

Kahitara .

| Galle

Matara

Halg‘lbanto’ta: -

|Batticaloa

,LTrilic011lalee,, T 4 L | B 907

' e 110,339 49 2,035

Source Tsunami Information Management Center e
k% North and Nmth-East have originally no data as all the hotels were closed because of civil
war. Hotels located in Up countries where no tsunami wave affected the buildings are omitted.
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Photo 6.4.2 Wholesale market and a snlall - Photo 6.4.3 The same place after the sunamr
Stupa under a huge tree in 1985 G March 2005. L -

6 4 3.F 1shery in modern Sn Lanka
the Tsunami damage to fisheries and ﬁshermen several drstmctrve features can be pomted out

1) Smce 1970s due to ﬁshery progressrve plan the supply of mechamzed boats Wrth n- board

engine has started and ﬁshery harbor constructlon program at several places around Sn Lankan

3) Development pohcy towards ﬁshmg commumtres are planned and carried. into effect through
ﬁshery co- operatrve socretles organized in each administrative village.

4 Mostly‘boat owners borrow money from fish merchants or wholesalers they" glve ﬁsh to

@ e tank 'boafs) haye‘inereased, ﬁshery ‘harbors‘ have been more and 'more equipped‘
with boat yar and 1ce-factory and reparr shops, so ﬁshery harbors ]ocated at eastern coast, for

'rrnada are easy to anchor even durlng north -east M0Nsoon season.

Now boat owners prefer, anchormg their boats at these harbors, so many ﬁshermen ‘and fish

merchants con k these harbors to search for good business chance.
(6) Mrgratory harbors and tladmonal migration beach are usually located in Tamil speaklng area.

Durmg civil war south and south- ~western fishermen were affected ethnic problems.  Still some area




along east coast is in high security zone, so fishing activities are very much restricted:

And it is very normal that boat owners prefer thelr relatlve ‘persons operatlng the boat m the name of
owners. So the damaged boats were operating or moormg on dlfferent ports or Iéndlng centers from
where they were reglstered

As fishermen who were kllled by Tsunami in the place of mlgratlon the procedure of the

issue of the death cemﬁcate takes time w1th comphcated procedures

Photo 6.4.6 A wreck of motor boatona * Photo 6.4.7 Wrecks of houses and temporal
residential street in Ambalangoda ~ housings on a residential street’i‘n'Ailibalang‘Oda




People living coastal belt were damaged by Tsunami at following three points

(1) Damage of production facilities: they lost their boat, fishing equipment and landing place as well
as fishermen lost their chance to be crew members. ‘

(2) Damage of living conditions: many houses were damaged completely or partly, so residents are
now in refugee camps or relative's houses. After Tsunami, new building structure will not be
permitted within 100 meters (200meters in the eastern coast). People can not make decision to start
building new houseé, and it will be difficult to find new land to build houses for refugees. So they
will be compelled to stay in uncomfortable refugee camps or relative's houses for an indefinite
period.

(3) Damage by rumor: after Tsunami some went sea to earn money, but the amounts of fish
consumption decreased because consumers hesitated to eat fish. There was groundless rumor that
fish eat dead person's body. There was dead stock for 2 to 3 weeks after Tsunami even in Central
Fish Market in Colombo although many fish were brought from non-Tsunami affected fish landing

centers such as Negombo. This rumor discouraged fishermen from starting their daily activities.

6.4.4. Aid for the Tsunami affected fisher-families in a case of a Southern Coastal Village

The degree of damage and influence is somehow different among the pj,acés where they
locate. Now I consider one village which located at Southern Coast. This village named
T(anonymous) has affected rather less than other marine villages, that means ,numbers of ‘destroyed
houses, displaced families, dead persons are rather small compared with other villages. If you visit
T village after visiting other totally damaged villages, you find the scene different from those
completely destructed ones even though some houses near the beach were washed away. But this
fact doesn’t mean the villagers are slightly escaped from Tsunami disaster. “There are some
invisible damages in such village.

The Plan for the aid toward the affected families which live in maritime area has been
operated with premise that all the fisher families living along coastal zone suffered damage. So all
the fisher-families can receive 5000Rs per month (4500Rs cash, 500Rs deposit), everyone in a
fisher-family can be provided 375Rs per week(200Rs cash ,175Rs food-rice or flour, Dahl and
sugar-).

Administratively restoration and support plan was carried out through GS (Grama Sewaka
which means village-level administrative office) to AGA (Assistant Government Agent ,recently

changed name to DS =Divisional Secretariat).




“Provine ; ——T 71— AGA (now DS) Division —T—T — T
Distri — : GS Division |

1 GS Division

=1 GS Division

- AGA (now DS) Division

“AGA (now DS) Division

Distri

‘Distri |

Figure 6.4.1 : Locarl Administrative Formation in SrikLank‘a

t

- The Aid was done accordmg to following process. L ; ;
(1) AGA Office spemﬁed the numbers of farmhes Wthh needs aid in each v1llage (GS D1v1310n)

Ina case of ‘T GS D1v1s1on (anonymous Vlllage name) where I have done v1llage level research,

‘ A(JA oﬁ‘ice des1gnated the numbers 250 households ~

) Excluded households from the financial support are-
1) non-ﬁshery household
2) household whose member is engaged in public or civil service
‘ 3). hous:eholdwhose member i‘s:ehgeged in a foreign country x

3 Inspectors appointed by AGA office carried out whole village survey and found out that-more

than 250 households suffered disasters, they found that type 2. and type 3 households are also

affected Tsunann dlsasters
(4) AGA made a demsmn accordmg to the report of 1nspectors that numbers of households which
needs aid was mcreased up to 340 as well as famlly type 2 and 3 can be provided ﬁnancxal support
(5) Inspectors 1dent1ﬁed and reported the affected families to GS officer, however, he 1gnored the
repoft and what is worse GS officer reported to AGA office false statement.

‘This happens very often in Sri Lanka that administrative plan has not beeh operated reliably in
each local level office or officers.- k ‘ e

(6) Most T villagers distrusted the GS officer, so he was removed from the position and new officer
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was appointed.
(7) Because of these confusrons the next donation was delayed They couldn't get support service

more than two months

This confusion is mainly based on the situation of coastal communities related to a kind of
chaos after Tsunami but partly on their perception about their daily economic activities. 'Firstly,' it is
difficult to identify which is the fisher-family.  When fishery co-operative society plan was set
about in 1970s', the urgent purpose was to organize society‘ as soon as possible along coastal zone
and to increase the numbers of 1ne1nbership as many as possible - After 30years, however the’

socrety was re- orgamzed several times, fictitious members o those who Iost membership have been

tncreased smce there is hardly advantage and beneﬁt of bemg member'

Not all the inspectors. as well as GS ofﬁcer are fami "ar 7w1th v1llagers -and not all the

ﬁshermen are the members of the .C0-0p socxety So AGA demded to give financial support to

ﬁsher—famrhes whether they are. the member of co- -0p socxety'or n After Tsunami, villagers say,

the numbers of ﬁsher—fam]hes mcreased rapldly, they showed the‘old broken ﬁshlng gears or big pan

for making processed ﬁsh to prove that “We are ﬁshenne 1, Wi fannly

e absolutely fisher-family

If they have ﬁshr ng boats or 1f they are ﬁsh—merchants th Y

members, but in Sn Lanka most people whose mcome is from the sea don't have any boats or

fishing gears. They goes to the sea by someone s boat or by bemg cre embers‘of‘som’eone s-boat

because they can not get any _}Ob so if they lucklly ﬁnd out any job soon they stop gomg to the sea.

Ard was provrded through fishery sectors, so they had be fishermen or member of
fisher-family because of urgent demand to survive ,after they 'surwve»fromf the ‘natura’l disaster. Not
like rich or middle-class families, people with bad economic conditions have to find chance to get
financial support as non-fisher farnilies without any occupations were ignored.

Other confusion 1is related to. thetr’ migration custom of their fishing activities. Many
owners lost‘or damaged their boats outside where they registered as well as many were killed outside
the village where they lived. Also complicated procedure to get financial aid discouraged them.
They had to go far away from their home to other district office in order to get certification to prove
the damage‘of their'boat,’ so they spend time and money. ‘Compensation is provided only the boat

: cornpletely destroyed, so half—destroyed boat is excluded from compensation, at the same time the
partsli‘ke out-board engine or fishing net are also excluded from the aid objectives. Some boat

owners repaired their boat or found out parts washed away spending lot of money because they

needed tokstart fishing ag‘ain These cases mean they can not get any compensatton since it is

drfﬁcult to prove ! the damage degree

k Wrdow is the same, her husband was killed at the harbor outside the village; so it takes time

to get death certificate. She has to go far away by bus spending bus fare to get certification in order




to receive allowance provided for the family whose householder died. ;

Many: families: living in temporary houses can not see their‘ﬁ]ture living COnditions ksin‘ce
Government restricted to rebuild houses within 100metres (200 meters in the Eastern Coast) of coast
line (except commercial and fishery harbors and religious structures). New land to build houses for
the families whose houses were damaged or lost by Tsunamihaé not been found out yet. They may

still have to continue living in deadly hot and stuffy tents provided by NGO.

6.4.5. Conclusion

- Sri Lankan people had never con51dered temble natural’ dxsasters like Tsunami hit to their
land by the time it really came. But they had already suffered many man-made disasters. The worst
natural disaster in Sri Lankan history can not be compared with these man-made “disasters,‘ but they
are trying to overcome this unexpected cruel fact as they have already done. The difference from
other disasters which they have already experienced is that this disaster is Vei"y lnueh"‘relafed to Sri
Lankan political and social situations. The most severely affected areas are the stages of brutal
civil war between Government and anti- Government militant group, between two polmcal sects of
anti-Government group involved other religious ethnic group. In the South people were not
involved in this type of dlsaster entlrely, however, their mlgratlon to the East Coast was much
restricted during War tlme and Indian Peace Pact stayed around 1987. Souﬂ:ern people suffered

tragic JVP insurgency in the latter half of 1980's. s o
~ After Peace Process started a lot of NGO cameto Sri Lanka, besides that after Tsunami more
and more NGO started aid services. Smne groups and organization have started acfivities without
knowledge of culture, history or polmcal situation.  So there is a dangerous possibility that some
NGO activities will reinforce the tension among these’ pohtlcal groups or break the balance kept,
among them. k : e o i
- People have already started reconstruction and rehabilitation of life by themselves Since there
are intimate human networks spi'ead over the almost whole country. So the most important thing is
to prevent anysintervention of political groups whose desire s to expandfand increase their "p\'OIiticaly
power. In Sri Lanka, normally religious organizations are rather neutral though’some Bnddhist
monks ‘are political with"Sinhala ethno-centri¢ Nationalism, so telnples, churches , inosqueys‘ can be
the regional centers of integration. = At least they have alree_xdy played roles in mental heéling‘ In
many places, village level or local level NGO has been acting and a kind of k pétron-olient
relationship is functioning to support the families‘ which need any help. Huge sum of 1‘11k0ney granted
to Sri Lanka must be used for developing the mechanism of these local activities. There are big
NGO like SARVODAYA, SEWALANKA and TECH etc., so some olganlzatxons to connect these

NGOs are necessary as well as local-level detailed xesearch

-Sri Lankan  rehabilitation ‘plan is- carried “out 'by - bureaucratically, though ‘niany neopie




included public services are disappointed with present Government which has given up Peace Talk
with anti-Government Tamil political group(LTTE). So the political situation will be worse if
foreign peace mission stop acting as mediator. Again Sinhala ethno-centered political party has
begun political campaign against the Peace Process taking advantage of this confusion. So not only
Tsunami rehabilitation but also the future of Peace Process must be paid attention carefully.

Otherwise regional or ethnic gap will be more and more spread and what is worse, the cease-fire

might be broken again.

Photo 6.4.8 Temporary repairs in a temple located along the beach in Kottegoda
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Chapter 7 Information Sharing on Indian Ocean Tsunami Disaster - Web site
development on “The December 26 2004 Earthquake Tsunann Disaster of
Indian Ocea112004 ‘o

71 Introductlon ~

~ Sumatra Ealthquake on Dec. 26, 2004 and earthquake mduced tsunaml caused devastatmg
damage to countries facmg to Indian Ocean. Varlous mtematronal organlzatrons worked for emergency
response, relief, and recovery activities in Indonesra Thalland Sr1 Lanka and Indla There were portal
sites for information sharlng on EMERGENCY ASSISTANCE Web site of United Natlons Office for
“of Affairs (OCHA) which called “Rehefweb” (Fig.1),

http://www.reliefweb.int” and Internatlonal Federatlon ‘of Red Cross and Crescent Societies,

Coordination Hurnamtarlan

http://www.ifrc.org/, were major we ', or info natlon sharlng on emergency a351stance However, in

on I‘BCOIlSthtIOIl

Now a web site has become key tool for 1nforrnatlon sharmg an

victims assistance and disseminate 1nformat10n to 1mpacted people has ;
sharing from academic society wh1 1 makes intensive survey on hazard mechamsm damage, and dlsaster
response is limited. According to those backgrounds, our research group decided to estabhsh a web site to
share mformatlon collected through ﬁeld survey and numerical analysis. Targeting audlence of the sxte is
general pubhc but this site is also used information sharing among researchers.

URL of thls srte is httn //www drs.dpri kyoto-u.ac.jp/sumatra/index-e. htm] and managed by the

collaboratlon thh Research Center for Dlsaster Reduction Systems, Disaster Preventlon Research Instltute

Kyoto Unlvers1ty

LT B3

Fig.1 Reliefweb Fig.'2 The Humanitarian Information Centre (HIC)




7.2. Structure of the web site

Contents of this web site are consisted from eighteen main categories such as (1)Earthquake

Information, (2)Tsunami Information, (3)Modeling, (4)Photo/ Image Database, (5)Maps, (6)Survey,

(7)Survey Results, (8)Conference, (9)Regional Information, (10)Resource, (11)Damage, (12)Witness and
Experience, (13)Web Article, (14)International Relief, (15)Media, (16)United nations, (17)Countries, (18)
Links. Each main category has several sub-categories under that. Contents on this web site can be
categorized into eight categories,

1) Hazard information: (1)Earthquake Information, (2)Tsunami Information, (3)Modeling,

2) Socio-cultural information: (9)Regional Information

3) Damage information: (1 1)Damage

4) Survey report: (7)Survey Results, (8)Conference

5) Disaster response: ( 14)International Relief, (15)Media, (16)United nations, (17)Countries
5) Logistics: (18)Survey

7) Database: (4)Photo/ Image Database, (5)Maps, (IO)Resburce, (lZ)Witness and Experience, (13)Web
Article

,and 8) Links with relating website: (18) Links

Fig.3 shows Whole structure of this web site and Fig.4 shows Index page of this site. Detailed
contents of each main category will be explained in the following chapters.
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Fig. 4 Index Page
7.3. Hazard information

1) Earthquake Information , ;
This category- 1ncludes seismic mformatmn such as 1) Main shock and after shocks, 2) Seismic

Information, and 3) Crustal Deformatlon

2) Tsunami Information

This category includes 1nfonnat1on on’ 1) Tsunam1 Observatlon 2) Sea Floor Topography, 3)
Hlstorxcal Tsunami; and 4) Tsunami Magmtude Flg 5 shows one example of contents, sea floor topography

dlstnbuted from Matsuyama, Central Research Instltute of Electnc Power Industry

paei)

'Fig.5 Sea Floor Topography from‘Matsuyama, Central Research Institute of Electric Power Industry



3) Modeling

This subcategory includes numerical tsunami simulation results by following eight researchers
and research institute; 1) DCRC, Tohoku University: Modeling a tsunami generated by Northern Sumatra
earthquake [12/26/2004], 2) Kenji Satake, AIST: Tsunamis in Indian Ocean from Sumatra Earthquake, 3)
Vasily Titov, NOAA / PMEL: NOAA REACTS QUICKLY TO INDONESIAN TSUNAMI, 4) Ahmet
Cevdet Yalciner, Middle East Technical University, Department of Civil Engineering, Ocean Engineering
Research Center: The Model Studies on December 26, 2004 Indian Ocean Tsuanmi, 5) Andrey Babeyko,
University of Frankfurt/M and Stephan Sobolev, GFZ Potsdam, Germany: A Numerical Simulation of the
Indian Ocean Tsunami 26 Dec. 2004, 6) Nobuaki Koike, WNCT: Preliminary report of numerical
computation of tsunamis generated by the December 26, 2004 Off Sumatra Island Earthquake, Indonesia,
7) Shunichi Koshimura, DRI: DRI Preliminary Tsunami Modeling Report, and 8) DRS, Kyoto Univeréity:
Research Center for Disaster Reduction Systems Tsunami Modeling Report. Fig.6 shows simulation results

by Kyoto University and DRI

<28 «16 40 18 20

Water Blevasionim] P

Fig.6 Numerical Simulation (Left: Research Center for Disaster Reduction Systems Tsunami Modeling

Report, right: DRI Preliminary Tsunami Modeling Report)

7.4. Socio-cultural information

Socio-cultural information was summarized in “Regional Information” category. Our research
group consisted from natural scientists, engineer, and social scientists. And group of social scientists who
are mainly anthropologists and regional specialists contribute to collect cultural and social information of

each impacted area. Information on 1) Relief, and recovery activates, 2) Reconstruction planning, 3)

International Assistance, and 4) Civil War in Ache are distributed by the contribution of Dr. Yamamoto, Ms.

Nishi, and Ms. Shinozaki on Ache area.

7.5. Damage inf(‘)r‘i‘h;’:atjqn

“Damage” catego .information on damage maps and human causality. Table 1 shows

summarized human causality data mainly using WHO information in “Damage” category.

e e
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Fig. 7 Damage map by UNOSAT

Table 1 Human Causality based on WHO and various information stkurc'esk:k
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7.6. Sufvey report

1) “Suwey Results” ; ;
This category includes daily activity reports, survey results by our research group. Following
series of filed surveys were conducted by our research group in Indonesia, Thailand, Sri Lahka, M‘aldivés,

and Myanmar. Fifteen research groups were conducted field survey in impacted area.

Indonesia: (1)January 17 - February 1, 2005 Banda Aceh, etc. , (2)February 8 - February 17, 2005

Nanggroe Aceh dar es salam, (3)February 11 - February 14, 2005 Banda Aceh
Thailand: (1)December ‘30, 2004 - January 4, 2005. Phi Phi Is., Phuket Is., Khao Lak, (2)January 28 -

178




January 29, 2005. Phuket, Phangnga Province, (3)February 24 - March 4, 2005.

India: (1 )February 20 - March 5, 2005, (2)March 18 - March 27, 2005.

Sti Lanka: (1)January 4 - January 6, 2005. Galle, (2)@January 6 - January 9, 2005. Southern Coast (3)
February 23 - March 19 2005, (4) February 25 - March 5, 2005. South Part, (S)Marchf‘IZ - March 20,
Maldlves (l)January 27 - February 5,2005.

Myanmar: (I)March 6 - March 18, 2005.

Meastred {sunami height(m) i el Measured tsunami helght(m). -
Banda Aceh :
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F1g 8 Field survey results frorn the Tsunami Survey Team (The Head: Dr. TSUJI)
<Indones1a January 17 F ebruary 1 2005 Banda Aceh etc>

2) “Conference”

This category mcludes schedule of: symposmm or workshops on'I dian Ocea Tsunam1 disaster.

Many researcher of our research group made a lecture on ﬁeld survey results t Symposium or workshops

7.7. staster response : . k ,

response actlvmes were. summarlzed in “Intematlo" “R‘ehef’ Media” “United
nanons” “Countrles catego ry. Following contents was included in this category, OCHA mid- term report,
Monetary donation, Assistance from vanous countries, Assistance by international orgamzatlons News
from Internatronal feder ion ed fro . and crescent news, Report from Japan Emergency Assrstance :

team..

7.8. Logistics -

Logistics information fbr field survey was summarrzed in “Survey” category. Safety information
was critical to conduct field suwey n ea nnpacted area, especrally in Ache and Sri Lanka, where civil
war has continued. Various mfd nati _uppo ﬁled smvey were summarized in this category such as

1) Schedule 2) list of specrahsts on each impacted area, 3) Medlcal information, 4) Samtaly information,




5) Tide table of each area, 6) Tidal Informatioﬁ,,and 7 Satellitemobile phone.

7.9. Database

Varlous mformatlon such as 1) Photos and Images, 2) Damage Maps '3) Public domam
resources: Satclhte Imagery, Video, and Photos, 4) Interview to witness and on experience, and 5) Web
artlcle collected through field surveys and 1esea10hes were compﬂed into this web site as database :
1) Photo/ Image Database .

Image database on tsunami disaster of Indian Ocean was establislled This database is managed

through subscnptlon of i 1mages through the Internet. from both researchers and public. Now 348 images

have been installed. Database system was constructed by Suzuki of DRS, Kyoto Unlversuy
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Fig.9 Image Database =

2) Maps i
“Map” category contains potentially tsunami disaster map. This map was created by combining

the maximum water elevation obtained from Dr. Koshimura 2 s numerical simulation with the locations of

hmﬁan settlements by DMSP stable light imageries. A closer view with the resolution of '1745,000 may be
avai]'able for those areas where the estimatcd' maximum water elevationi exceeds 50 cm, and a list of the
name of those cities. Another closer view with the resolution of 1/20 000 will be available for those areas

where the estnnated maximum water elevatlon exceeds 2m.
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Fig.10 Potential Tsunami Disaster Site

3) Resource i Lo

. This category includes URL links to public domain information on the diSésiefirlclUding satellite
kimageries,, videos; and photos. In thiks,vk disaster, various precious movies ShoWing~ on how tsunami is
destructive were taken. Following sits disseminating those movies were establi‘shed;*"l) Asian Tsunami
Video Footage from the Web - AsianTsunamiVideos.com, 2) Photos and Videos from the aftermath of the
Asia Tsunami - Waveofdestruction.org, 3) Asia's Deadly Tsunami, 4) Cheese and Crackers: Tsunami Vided,

and 5) Pundit Guy: Tsunami Video

g s wyvie i

Feamamt Vidvos

Fessons esait d idon

; Fig.il Tsunami videos download site (Asian Tsunami Videos.com and Tsunami Video Footage)

4) Wltness and Experience

iricltlde URL link to ethnography of tsunami SUrvivors.




Fig. 12 Ethnography of Tsunami Survivors (TSUNAMI SURVIVOR STORIES)

5) Web Article : , Fia

This category includes news article database collected by Okano of National Museum of
Ethnology, and Abe of Tohoku Uhivéi‘sity. The entire news article was categorized according to area or
country, date, and contents. Contents are categorized following eight topics; 1) tsunami, 2) damage, 3)
earthquake, 4) human response, 5) disaster response, 6) historic tsunami, 7) international assistance, and 8)

recovery and reconstruction.

7. 10 Links with relatlng web51te
This category is URL links with several portal s1tes on this dlsaster

7.11. Comments

,a d‘tk rough contrlbutlon from many people and orgamzatlons We
really apprec1atelthose who adm1t to lmk web sites Wthh include precious data and mformatlon and admit

to store precious data set and information into this web site.
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