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Research Center for Seismology, Volcanology, and Disaster Mitigation
Graduate School of Environmental Studies
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Nagoya, Japan

Introduction

Since the occurrence of the 2004 Sumatra earthquake, the Nagoya University (NU) team together
with the Syah Kuala University (SKU) had undertaken several field surveys related to that earthquake.
Most of the field surveys were related to the effects of tsunami, Global Positioning Satellite measurements,

buildings and engineering aspects while others were related to the social impact of the tsunami.

I, in particular, was involved in the NU team that investigated the tsunami effects and tsunami deposits.
Moreover, I had also the chance to look into the field manifestations of the Sumatra fault located west of
Banda Aceh. In this particular presentation, I would present the preliminary results of two field surveys
undertaken in February and August of 2005.

This field surveys were done mostly in the shorelines of Ulee Lheue, Krueng Raya, Lhok Nga, and the
city of Banda Aceh. Some places south of Lhok Nga were also visited for wave height measurements and
damage from tsunami like in Lhong and Lamino towns.

Due to limited time and logistical constraints, the investigations in each area were mostly ocular
investigations. Measurements of wave heights and relative subsidence or uplift were estimates from other
cultural monuments using a hand-held level, Brunton compass, portable GPS receivers, topographic maps,
satellite imageries, and pacing.

The first field surveys were undertaken last February 2005 particularly inside the Aceh city where
many areas were inundated by tsunami waves. About 3 days were spent in the city inspecting the damages
both from ground shaking and tsunami. Since we arrived about 2 months after the tsunami, most of the
damages in the city due to tsunami waves that flooded and deposited sand and mud were already cleaned
away or fenced off. We cannot also get near or enter some of the premises since the buildings or structures
were private properties. During this survey, areas visited were the towns of Krueng Raya, Aceh Besar,
Aceh city, Ulee Lheue and Lhok Nga.

On the other hand, the second survey undertaken last August 25- September 6 was more focused
on the tsunami deposit and the Sumatra fault. Aside from measuring wave heights and observing wave
directions, tsunami deposit thickness was also observed particularly in Lhok Nga vicinity. Exposure of

stratigraphic layers in Lhok Nga and Lhong were also investigated along river banks and road cuts. Cores of
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sediments were also sampled to check for old tsunamis up to around 2m deep in the flat lands east of Lhok

Nga.

Figure 1 shows the map of the area visited during the surveys. Technical details of the earthquake
would not be discussed here since most of the information about it was already presented in the previous

presentations/papers.

740 750 760 770 780 790

Figure 1: Map of Banda Aceh and vicinity. Shown also are the areas visited during the field surveys. A indicates
the location where the coring was the undertaken while B and C are the locations where the tsunami
boulders are found. Arrows indicate the wave direction based on bent columns/tress etc.
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Effects of ground shaking

Based on interviews, the ground shaking experienced in the Banda Aceh area was not so severe. It was
described to be comparable to the motion of being on a boat and lasted for more than 3 minutes. Despite
this relatively weak ground shaking, many engineered structures failed and collapsed (Figure 2).

Figure 2: Photos showing numerous buildings that suffered partial or total collapse during the December 2004

earthquake found in the downtown area. Clockwise, (A) building with collapsed first floor located in front
of the Grand Mosque (located a in Figure 3); (B) totally collapsed building north of the Grand Mosque
(located g in Figure 3); (D) apartment house with collapsed first floor (located f in Figure 3); and (C) a
commercial building with damaged walls and columns in its facade (located SE of d in Figure 3).

Aside from the buildings shown in Figure 1, there were also several other buildings that suffered
damages from strong ground shaking. Many suffered from pancake collapse, structural damages of columns
and beams, and collapsed of soft floors. Many buildings also had their facade, walls and roofs fell off during
the ground shaking.

However, it should be noted that since there is no strong motion seismograph installed in the area

to assess the amount of ground acceleration, we can only gauge the intensity of the shaking based on the

interviews and comparison of the damages from the buildings.
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The damages between buildings were analyzed and correlated also with those buildings that were left
undamaged relative to their location to account for the possibility soft foundation. Assuming the relatively
weak ground shaking observed, it could be alleged that most of the damages were from the deficient
construction of these buildings. No tilting or subsidence of buildings was observed. Lateral spreading was
also not observed in Banda Aceh and vicinity

i

Figure 3: Map of Aceh City showing the streets where the collapsed buildings are located. Also note the location of
the rivers and major streets. a indicates the location of the Grand Mosque and the vicinity where most of
the buildings in Figure 2 is located.

Effects of tsunami

The most extensive damages that the Aceh city suffered was from the tsunami inundations. Waves
were measured to be about 18m in Ulee Lheue and about 14m in one portion of Lhok Nga (Figure 1 & 3).
Tsunami wave inundation distance extends up to about 4km into the city proper. The small village where
we stayed during the initial field surveys (point b in Figure 3) was inundated by about 60cm high flood-like
tsunami wave and left behind a sand deposit of at least 5cm thick.
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In the case of Ulee Lheue and Aceh Besar areas, the tsunami wave was more than 10m high and with
speed of more than 15m/s based on a local home video. Such height and speed made it quite difficult for
one-storey houses and trees to survive. Almost everything in its path was swept away making the tsunami
waters that reached the city proper to be heavily-laden with all types of debris.

Figure 4: Photos showing the places affected by tsunami. Clockwise, (A) tree located at Ulee Lheue at point ¢ in

Figure 3; (B) a boat that was swept by the tsunami in front of the Hotel Medan located at d in Figure 3;
(C) cemetery in front of a mosque inundated and destroyed by the tsunami located at e in Figure 3; (D)

damaged northern corner of the concrete fence of the Grand Mosque.
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Figure 4A shows the photos of tsunami effects along the shorelines of Ulee Lheue and inside the city of
Aceh (Figure 4B, 4C and 4D). The shorelines were almost completely flattened by the rampaging tsunami
waves (Figure 4A and 5). Almost all residential houses were destroyed. Inside the city and farther inland,
tsunami destroyed or flooded everything and dumped all kinds of debris.

Comparable effects were observed in Krueng Raya and Aceh Besar. In the shoreline areas like Ulee
Lheue, Krueng Raya, Aceh Besar and Lhok Ngah, the directions of the tsunami wave as it passed through
the area can be discerned from the bent structures like columns (Figure 1 and 5), fence, and trees. The
backflow directions, on the other hand, was also noted in the river banks and flat areas as indicated by the
grass lying on the ground and was veered into a uniform directions opposite or different from the bent
objects near the shorelines.

Figure 5: Photos showing damages from tsunami outside of the city of Aceh. Clockwise, a house in Krueng Raya

about 100m away from the shore (A), 2-storey concrete house in Aceh Besar (B); totally destroyed
community around a mosque in Aceh Besar (D); and remains of the house in Aceh Besar (C), where the
similar directions of the bent columns along S16E can be noted.
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Noticeable among the totally destroyed communities by tsunami were the mosques (Figure 5D) that
were left standing with minimum damages. The mosques and a few two-storey residential houses survived
in shoreline areas. Considering the height and speed of the tsunami, its impact and erosive power is quite
immense. However, taking into account the minimum walls on mosques, the water could have just passed
through the structure without much damage. The relatively low wall to column ratio between houses and
the mosques could probably be the explanation why the mosques survived the tsunami impact. It could be
assumed likewise that the strength of the one-storey house is not enough to withstand the tsunami impact

compared to the two-storey houses near the shorelines.

Figure 6: Satellite images showing Ulee Lheue before (A) and after (B) the tsunami. Note that the area
north and south of the main road was eroded including the few mangrove trees.

Figure 7: Part of the bridge left in Lhong located at E in Figure 1. Note that the bridge is facing the ocean.
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The erosive power of the tsunami is also observed by the large amount of land areas that were lost
after its impact (Figure 6). The same or even worse erosion was also found in Lhong (Figure 1E). In that
vicinity, vast land area, roughly enclosed by ellipse, was completely eroded including the road along the
shoreline. In the same location and in Lamino (Figure 1F), only half of the bridges were left behind as

evidence that there were communities several hundreds of meters off the shore (Figure 7).

In the case of the eroded sites, the areas affected were large sandbar or extensive beach areas and/or
back lagoon or marshlands. These coastal features were created through a long and repeated deposition of
sand along the shoreline. These types of landforms are loose, flat, located almost below or a little above the
sea level. Such characteristic make them very much susceptible to erosion. In the case of Ulee Lheue, Lhok

Ngah, Lhong and Lamino, communities were developed in these landforms.

Tsunami deposits

Another remarkable indication of the tsunami impacts are the tsunami deposits. We found huge
tsunami boulders in Lhok Ngah (Figure 8) located at point B in Figure 1. Another group of huge boulders
were found in Lhong vicinity located at point C in Figure 1 (Figure 9). In this vicinity, numerous boulders
were found in this area in varying size. The boulders that were swept into the embayment in Lhong reached
as far a 3km from the shore. Many boats and remains of mangroves were also observed to be deposited

along with the tsunami boulders.

The boulders in Lhok Nga are bigger in size compared to ones found in Lhong. The boulders in Lhok
Nga, however, reached only a short distance from the shore relative to those boulders in Lhong area.

T "

Figure 8: Photos showing the tsunami boulder in Lhok Ngah. The size of the boulder is about 3m x 3m x 2m in
B and is only one among the boulders dumped by the tsunami wave. In this vicinity, more than thirty
boulders were deposited. Arrow indicates the same boulder in A.
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Based on the size and distances where the tsunami boulders were deposited, we can also surmise a
very high tsunami height and relatively fast wave velocity. The tsunami height observed in Lhok Nga is
about 14m high at about 30m from the shore while in Lhong the height is about 20m at 3km distance from

the opening of the embayment. All shrimp ponds in this area were also destroyed.

A

Figure 9: Photos showing the tsunami boulders deposited
on shrimp ponds in Lhong. Arrow in A shows the

general location of the boulder in B.
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Figure 10: Photos showing the tsunami deposits in Lhong (A),
about 100m (B), 2km (C), and 30m (D) from the
shore in Lhok Nga. Note the variation in grain size

and the remains of sea shells on C.
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In several parts of Lhok Ngah and Lhong, sand deposits from the tsunami were also observed and
measured (Figure 10). The deposit vary from 48cm to 14cm thick like those found about 30m from the
shore (Figure 10A and 10D) and much thinner away (Figure 10C). From these deposits, the number of
waves that impacted the area can also be ascertained.

Other effects (subsidence vs. uplift)

Other noticeable effect in Banda Aceh is the regional subsidence. Measurement of the variation of
the current high tide and low tide compared to its level prior to the tsunami on cultural benchmarks were
undertaken. The measurements were done with respect to the line of oysters (Figure 11) or from estimates

of the level of sunken trees and mangroves.

Based from the above observations, the northwestern coast of Sumatra island experienced at least
40cm of subsidence. A large amount of land area in Ulee Lheue is now currently inundated by sea water
during high tide. In some areas like Lhok Nga and Lhong, trees like pine trees and coconut are not below
the sea level even during low tide. However, in some other areas, uplift was reported as evidenced by beach

uplift and drying up of microatolls.

>

Figure 11: Photo showing the line of oyster shells

on riprap dike (left) and on bridge column
(right) found at Ulee Lheue indicative of

subsidence.
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The western splay of Sumatra fault

During the field surveys in western part of Aceh city and Matair (Figure 1), many features like
triangular facets (B in Figure 13), displaced terraces, and displaced streams were observed. Schematic
diagram of there features are shown in Figure 12. The western splay of the Sumatra fault is marked as
dotted line and noted to have no significant displacement as mapped by previous study (Figure 13A).
However, analysis of satellite image (Figure 13B) and field survey exhibit clear features of active faulting.

Figure 12: Schematic diagram of features that can be observed along an active fault. Adapted from the Active Faults

of Japan English hand-out. M is a displaced terrace while H is a displaced stream.

Figure 13: Map showing the Sumatra fault in northern Sumatra
island (A) adapted from Natawidjaja & Sieh (2001). B
is the satellite image of the portion indicated by the
square in the map. Small arrow indicates the location of
the western splay of the Sumatra fault in Banda Aceh,

while the big arrow indicates the North direction. -
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Based on the satellite image (Figure 13B) the fault also displaced young river and stream in the
northwestern part of Aceh city. This evidence plus the fact there had not been any large event in this area in
the written history highlights the need for further studies and research on the western splay of the Sumatra
fault in Banda Aceh. In one of the recent studies, however, the northern part of the Sumatra fault was
suggested to be undergoing a creep activity. If that is true, this means that fault is slipping without any large
event along the Sumatra fault in Banda Aceh. However, that particular idea came from a previous study
that used single frequency GPS receivers. Thus, further and careful measurements must be undertaken to
check this conclusion.

A

Figure 14: Photos showing the fault features along the western splay
of the Sumatra fault. Shown are the triangular facets
(A), scarp and triangular facets (B), scarplets through an
asphalt road (C) and ricefields (D).
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Searching for old earthquakes and tsunamis

Knowing the presence of both the Sunda trench and Sumatra fault in Banda Aceh area, search for old
earthquakes and tsunamis were also undertaken. In the efforts of finding old tsunamis, initial investigation
was done in Lhok Ngah located at point A in Figure 1. In this area, we tried to determine if there was a
tsunami deposit previous to the 2004 event by coring across the field (Figure 15). Figure 15A shows the
exposure of the 2004 tsunami deposit while Figure 15B shows the core being pushed downwards to get

samples up to about 2m depth. No tsunami deposit prior to 2004 tsunami was found during this survey.

Figure 15: Photo showing the tsunami deposit (A) of about 12cm thick located at Lhok Nga (point A at Figure 1). B
shows the coring activity undertaken to check for old tsunami.

Figure 16: Photos showing the evidence of liquefaction in Lhok Ngah. A shows the exposure on the riverbank of

a sand dikes (B) found in the cleared area indicated by the circle. Red arrows indicate the location of
organic material within the sand layer.
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Interestingly, during the investigations for the tsunami deposits in Lhok Ngah, we found an evidence
of intense ground shaking. Nearby the Lhok Ngah bridge and in the vicinity of the river mouth, standing
dike structures made of sand were observed (Figure 16B). Such kind of structures occur when a water-
saturated sand deposit experience intense ground shaking. In this condition, sand blows and dike structures
are usually generated. Numerous organic materials are found around this structure. Samples were taken for
future C'* dating.

Some insights

Considering the results of these surveys, it is very important to undertake construction and land-use
management with resolute concern for future major earthquakes in Banda Aceh. Possible intense ground
shaking that the Sumatra fault would generate in the future would surely produce more destruction than the
2004 event especially on manmade structures like buildings and bridges. Residential houses should also be
a primary concern taking into account the construction practices in the city. It was noted from the destroyed
houses in the shores and in the photo shown in Figure 17 that the houses and buildings are usually built
with a brick wall without any diagonal, horizontal or vertical steel as attachement to the columns. Falling
bricks from the walls could cause injuries or even deaths during intense ground shaking even if the whole

house won’t collapse.

On the other hand, closer studies on the Sumatra fault in terms of recurrence interval determination
and GPS measurements could be undertaken through the collaborative work between SKU and NU. Such
information are very important for disaster mitigation efforts not only for the universities’ research but also
for the safety of Aceh city and its constituents.

Figure 17: Photo showing a construction of a brick fence in Aceh city. Walls of residential houses are built the
same way.
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4. Searching for Old Tsunamis and Earthquakes in Banda Aceh

Summary and conclusions

Based on two field surveys undertaken on February and August of 2005, the moderate ground shaking
produced by the 2004 Sumatra quake caused extensive damage on poorly-built structures in Banda Aceh.
Damages ranges from pancake collapse to collapse of soft floors. Structural failure of beams and columns
were also observed together with minor damages like damaged facade or walls. No liquefaction-like damage
were observed.

Tsunami effects and deposits from the 2004 Sumatra quake varies from erosion to dumping of huge
boulders to several centimeters of mud and debris from the shorelines. In Aceh city, most of the damage
were from the flood-like waters laden with so much debris from the shore. In the shoreline areas like Ulee
Lheue, Lhok Ngah, Lhong and Lamino, the tsunami flattened everything from its path. Many communities
were also lost and land areas were entirely eroded. Subsidence of at least 40cm were observed extensively
based on oyster line on riprap dikes and bridge columns, and on trees currently submerged on sea water

even during low tide. Uplift were also reported but located south of Banda Aceh.

During the same field surveys, old earthquakes and tsunamis were also investigated. Evidence of
liquefaction was found in Lhok Ngah within a massive sand layer near the shore. However, no tsunami
deposit prior to the 2004 event was found in the same vicinity. Clear evidence of active faulting was
observed on the western splay of the Sumatra fault in Matair and the southwestern portion of Aceh city.

Future disaster from earthquakes that would originate from the Sumatra fault and Sunda trench can be
mitigated. Closer research about the Sumatra fault should be undertaken to gain more understanding about
this structure. Moreover, the local construction practice should be given more attention to avoid injuries or
deaths from building collapse and even from falling brick walls during future earthquake(s).
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2. 2004 Ache-Andaman Great Earthquake
(R tE=>—ICBIFHEFER)

TiE T (REEATBEIHER)
Masataka Ando (Nagoya University, Japan)

What is the Earthquake?

The title of my lecture today is "The Mechanism of 2004 Aceh-Andaman Great Earthquake." With the
case of the Ache-Andaman Great Earthquake, I will talk about the mechanism of earthquake: What is the
earthquake? and what is the tsunami?

Indonesia is a very earthquake-prone country, Indonesia, Philippines and Japan: we can say we are all
earthquake family members.

What is the Earthquake?

by A. Sakaguchi
Figure 1 bv A. Sak

If you put pressure upon a rock, the rock finally would break (Figure 1). This is the earthquake.
Earthquakes have a very simple mechanism. Considering that the earth's interior is hot, the hot material
rises and pushes against the plates. It is the driving force of earthquake (Figure 2).

Driving Force

Mid-oceanic ridge

QOcean
Subduction

Continental
lithosphere

Qceanic
lithosphere

Mantle 8
"

Figure 2

Then, why is a fault slip necessary to earthquake? Suppose there is a rock test piece with a fault.
Before the earthquake, the fault was glued or locked. But, at the earthquake, this piece is finally broken
and both sides of the fault are displaced (Figure 3). You can find this kind of faults at many sites along road
sides. Therefore, earthquake study also means the study of the fault slip.
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e A1

Why fault slip is necessary to earthquake ?

Before earthquake : Fault plane glued (locked)

# h

Fault plane

At earthquake :glue breaks and fault slips

—b‘//q—

Figure 3

If a fault surface is very smooth, the rupture would spread very smoothly. The ground motion,
therefore, becomes very gentle, and the earthquake shaking is not so dangerous. In the reality, however,
fault surface is not like this. Usually, fault surfaces are very rough. Some of the portion of the fault
surface has what we call an "asperity". This asperity can generate jolted motions. In seismology, it is very
important to know the asperity of the fault. If we know about the fault, we can calculate the earthquake's
strong motions. A seismogram recorded by a seismometer shows that, from smooth surface of a fault slip,

it is very gentle (Upper, Figure 4), but from the rough surface, the seismogram would be jolted largely and
you have very strong shaking (Lower, Figure 4).

Fault Surface 1s not Smooth!

Smooth
Rough Jolted rupture
Asperity
Vr 2km/s-

3km/s W

Fault Plane

Figure 4
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What is the tsunami?

When an earthquake occurs, how would the seawater behave? If the seafloor was uplifted, water above
it would be pushed upward, too. This occurs simultaneously. Then, of course, the uplifted seawater spread
outward. This is a tsunami. The tsunami is also generated by a very simple mechanism (Figure 5).

T'sunami propagation

Figure 5

Usually a tsunami wavelength, the dimension of the seafloor's change, is much longer than the depth
from the seafloor. For example, in the Ache-Andaman Great Earthquake, the depth where the tsunami was
created was 1-2 km, but the wavelength is 100 to 1,000 km; it is quite long compared to the depth. This is a
characteristic of tsunami (Figure 6).

If the seafloor subsided, then that subsidence also occurs across the water. Of course the seawater
also subsides, and then the seawater surrounding flows in; that causes also the tsunami. The earthquake
and subsidence of the seafloor cause the tsunam.

Uplift at Seafloor

L>>H

« L >

Figure 6
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Another important thing to note is that tsunami's speed varies with the depth (Figure 7). At 5,000 m
depth the tsunami speed is 800 km/h, just like an airplane. At 500 m is like a very high-speed bullet train,
250 km/h. As the depth becomes shallower, the speed becomes slower: 110 km/h at 100 m depth and 36
km/h at 10 m depth.

If you look at the height of the tsunami, offshore 5,000 m deep, you have a 1 m tsunami; maybe you
cannot detect it if you are on board. You cannot feel this movement of the seawater. As the seafloor
becomes shallower, on the other hand, you feel the height becomes larger and larger.

Seismic waves generated at the fault are much, much higher than the tsunami, because the seismic
waves, P waves near/in the crust is almost 2,200 km/h, and it is very fast. S waves are slower in speed, but
generate very strong motions. This is still 1,200 km/h, much higher than the tsunami. So, if you detect the
seismic waves on land, you can locate the position of the earthquake immediately and also you can estimate

the size of the earthquake before the coming tsunami. This is the system of the early warning of tsunami.

Tsunami Speed and Amplification

800 km/h 250 km/h 110 km/h 36km/h

100m:

S000m S00rn

e

Tsunami height 12m24s-12m35s

Figure 7

There is a big difference between tsunami and surge (Figure 8). A tsunami's motion goes down very
deeply, so even at the seafloor, we can see the motion of the tsunami wave. If the surge wave is 20 m high,
that dies out quickly in less than 10 m depth.

We do not know when, but we know that the next giant earthquake and tsunami could not occur so
soon in this area. If we know these things, we can simulate tsunami waves beforehand. In seismology,
calculation of tsunamis is the easiest case, compared to calculating or simulating strong ground motions.
We can estimate how many minutes after the earthquake the tsunami will strike on each coast and what is

the anticipated amplitude and so on.
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Difference between tsunami and surge

Tsunami Surge
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Ocean bottom Ocean bottom

7
Shallow water Deep water

Figure 8

The Mechanism of the 2004 Aceh-Andaman Earthquake

We go back to the story of 2004 Aceh-Andaman earthquake and the mechanism. At the plate boundary
of Indian and Eurasian plates, the earthquake occurs. The Indian Ocean plate subducted and the earthquake
occurred (Figure 9). Recently, the Pakistan earthquake also occurred in a corner of the plate boundary.
The magnitude of the 2004 earthquake was about is 9.3. We can also compare the site of Sumatra with the

Philippine/Mindanao subduction, and the Nankai, Japan, by examining the data collected.

The fault is as long as 1,200 km and about 100 to 200 km wide. When an oceanic plate subducts
beneath the continental plate, the portion of the strong contact between the two plates may be 100 km
to150 km wide, or sometimes even wider. Through time, the subduction causes some parts of the land to
be uplifted while other parts experience subsidence. Finally, when the portion of the fault surface that is
strongly in contact breaks, an earthquake happens and a tsunami takes place (Figure 10). Tsunamis and

earthquakes take place simultaneously. Then, tsunami waves will be propagated.
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2004 Ache-Andaman Earthquake
o ﬁ. Witeo.,

Mw9.3 3
Dec. 26, 2005

Figure 9

Earthquake!

\

Figure 10 (by courtesy of Danny Hilman Natawidjaja, 2005)

You had a very large source of tsunamis offshore of Banda Aceh and you can see the asperities which
have a large slip. They generated very large seismic waves (Figure 11). Although they are not as big
as like the 2004 Sumatra earthquake, other earthquakes had occurred along the Ache-Andaman arc with
magnitude around 8.

Collaborating with Syiah Kuala University and Institute of Technology Bandon, Prof. Kimata's group
of Nagoya University carried out the ground deformation survey by using GPS last May, and they estimate
what happened at the time of the earthquake. According to his group, they seemed to find out the seismic

source which generated the earthquake and big tsunami (Figure 12).
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Earthquake fault model from GPS surveys in Aceh
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Figure 12

Asperity=Large Slip

Tsunami, Tanioka (2005) Seismic Waves, Ammon (2005)

latitude, N

i ot
N
L h; () Historical Rupture
%0 92 94 96 98 y
longitude, E 2| B Asperity

9 92 94 96 98 100 102

Figure 11

Based on the speed of subduction, we estimated 20 mm/year at maximum; it is quite slow compared
to Japan, Chile and other places. Since the slip of the 2004 quake was 20 m., you can roughly estimate how
many years you need to accumulate the strain. It needs about 1,000 years, which is a rough estimation
for this big giant event. Of course this is not the interval of ordinary-size earthquakes. The interval for
magnitude 8 or smaller earthquakes is really a much shorter period. Of course, we must watch carefully on
such earthquakes.
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Figure 13

Active Faults in Sumatra
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Figure 14

The Future of Sumatra Fault

In addition, I think the Sumatra fault is also still quite active. You should pay attention about this
fault. Results of studies along this fault show high potential of occurrence of magnitude 6-7 earthquakes.
However, nothing happened so far for the last 100-200 years. Earthquakes in this area, thus, it may be

potentially in danger (Figure 13).

The Sumatra fault, in the western part of Aceh, is running along the foot of mountain (Figure 14).
This is one of the biggest inland faults in the world. Next earthquake might occur along this Sumatra fault.
If the fault friction is high, the fault cannot move, but if the fault happened to be reduced the stress normal

to the fault, the fault would move much more easily.
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Land was stretched by the 2004 earthquake
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Figure 15

If the subduction earthquake happens, the land stretches out, and then, the compression on the fault
1s getting lower (Figure 15). The Sumatra fault has now normal stress decreased after the earthquake.
That is the reason why I warn you; I am very concerned about that fault. I think this is very similar to the
type of the 1995 Kobe earthquake. The 2004 earthquake was an offshore earthquake; it was a very giant
earthquake. The Kobe earthquake was not big like the 2004 event, but if you have an earthquake that
occurs just beneath your place, you feel the quake would be quite strong. It may last only 10-20 seconds; it
is not so long, but you would feel a very strong ground shaking

I propose seismicity should be monitored along the Sumatran fault, because this portion has high
potentiality for earthquakes to occur in near future. This is just an idea, but you should know the seismic
activity by way of caution. A network is necessary to monitor seismic activity and quick earthquake
information system. Also a GPS network is very important to know the condition of strain accumulation.
We must collaborate for the understanding of the mechanism of earthquakes and tsunamis to minimize
future disasters. Prime Minister of Japan promised to support the observation system, but so far Japanese
government has done a little. You should tell them that we should collaborate with each other for the
management of future earthquakes.

Q&A

(Q1) What is the difference in calculation between tsunamis caused by earthquakes and volcanic eruptions?

(Ando) I think I mentioned tsunami due to an earthquake fault. The mechanisms are still the same. But
a volcanic eruption is not so simple, because you have explosions. So we must include an explosion term
for tsunami simulation. You have to know how big that explosion pressure is and how much material is

exploded out into the ocean. In that sense, it is a very complicated calculation.
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(Q2) How does a volcanic eruption cause tsunami?

(Ando) If a volcanic eruption comes from that crack, some materials are pushed into the ocean, causing
tsunami just like uplift or subsidence at the time of an earthquake. When you have an eruption, you would

have pressure waves that also generate tsunami.

(Q3) Can you predict when earthquakes occur?

(Ando) At this moment prediction may be very difficult. Talking about the earthquake along the Sumatra
fault or the earthquake along the Aceh fault, I think it was impossible. We might be able to predict,
however, the subduction earthquakes like the Sumatra earthquake of 2004, but we are not quite sure. The
possibility is still not high. We have now a monitoring system to predict big earthquakes, but I do not know
if it will work or not. It is very difficult. We are hoping to predict, but we are not quite sure.

In addition, we do not know even whether the Sumatra fault is creeping or not. Creeping means
moving without any earthquakes, like some portions of the San Andreas Fault in California and also some
portions in the Philippines. Creeping does not cause any big earthquakes, just moves very slowly. This is
the case of quite a safe fault. Prof. Kimata is measuring now whether the Sumatra fault is creeping or not.

It can be helpful for understanding the future earthquake on the Sumatra fault.

(Q4) Was the 2004 earthquake affected the Sumatra fault?

(Ando) Yes, I believe the giant earthquake affected the Sumatra fault. Because the fault in 2004 has moved
oceanward, the pressure on the Sumatra fault is decreased. That means the normal stress acting on the
fault decreased. Then the friction becomes lower, and that increased the possibility of earthquakes. When
the friction is high on the fault, nothing can move. If the friction becomes lower, however, the fault can
easily move. If that is the case, the Sumatra fault is more likely to move now, which could result to an
earthquake. I do not know how many years from now it will occur, but I think the fault today is in the stress

level that could more easily move.

(Q5) People say that fishermen on boats offshore did not realize tsunami when it happened. Is it likely to

occur?

(Ando) Yes, it is. It is quite understandable. The wave height offshore is not so high, maybe 1 m to 2 m.
The wave length of the tsunami, however, may be 100 km or more. You cannot see such a long, long wave
in the sea. Tsunami is not dangerous at all when you come across it offshore, but it is extremely dangerous
on the coast. Nothing happens or affected much offshore. If we are on a boat, we do not have to worry

about tsunamis. But it is very, very dangerous near and at the coast.

(Q6) If the 2004 tsunami would happen in Japan, could you survive from the big disasters?

(Ando) We would have many casualties, too. I do not know how many because we do not expect such big
tsunamis in Japan. We just make the plans for the smaller tsunami by the earthquakes. Therefore, many

people would surely be killed by tsunamis. However, in Japan, we have a warning system and maybe many
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people could run away to the higher places. The problem in Japan now is that we have many tsunami
experiences, but so many people do not evacuate, even when the warning is issued. I do not know how
many people would be killed, but I am sure at least 10,000-20,000 people would be killed by tsunamis, or

maybe more.

I would like to propose that you set-up your own seismic monitoring system for tsunamis, and you
should have more people studying or researching or surveying for future earthquakes. We hope that you
have some kind of center of the earthquakes at Syiah Kuala University along with the collaboration of
Nagoya University.

(Q7) How big and how long was the fault in 2004?
(Ando) The 2004 Sumatra earthquake's length was 1,200 km. And the depth of the fault was approximately

200km. The slip of the fault is 20m. The magnitude of the earthquake is 9.3 registered as the third biggest
event for the last 150 years in the world.
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(Research Center for Seismology, Volcanology, and Disaster Mitigation
Graduate School of Environmental Studies
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Nagoya, Japan)

Introduction

The focus of my presentation would be to show you examples of disasters from earthquakes and some

ways or examples to lessen the loss and damaging effects of future hazards like earthquakes and tsunamis.

At this moment, I am sure that due to your own experience of the December 26th, 2004 tsunami
here in Banda Aceh, it is natural that you would have the impression that tsunamis and earthquakes are
synonymous to disaster; that earthquakes and tsunamis mean strong ground shaking, collapsed buildings
and gigantic waves; that earthquakes and tsunamis mean thousands of casualties and hundreds of people left
homeless; that earthquakes and tsunamis mean the devastating events like in Philippines in 1990, the 1995
quake in Kobe, the 1999 event in Taiwan, the 2002 tremblor in Afghanistan, and the most recent 2005 event

A

e

Figure 1: Few examples of destroyed structures during strong earthquakes in various countries. Clockwise: the

elevated highway in Kobe, Japan; the destroyed bridge in Taiwan, collapsed building in Turkey; and
totally destroyed building in Baguio City, Philippines.
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in Pakistan where thousands of lives are lost and numerous buildings and houses were destroyed (Figure 1).

Disaster Mitigation

But this afternoon, I would like to show you that when we talk about disaster or disaster mitigation,
“disaster” is the catastrophic product of our “vulnerability” to hazards and the “hazard” itself. So the
magnitude or size of disaster would depend on our vulnerability or in other words “how safe or how
dangerous” our current location/setting relative to hazards like earthquakes and tsunamis. Of course,
there are many other kinds of natural hazards like flood, typhoons, fire, volcanic eruption, etc. and
manmade hazards like war, fire, plane crash etc. But for this afternoon I would focus on natural hazards like

earthquakes and tsunamis.

Disaster = Vulnerability X Hazards

In this equation, we should remember that our hazard is earthquake or tsunami. Since they are
natural phenomena, we have no way to control or predict their occurrence. But if we would focus on the
vulnerability factor, we should be able to realize that we have some kind of control on how much we would
allow ourselves to be vulnerable to such hazards. Vulnerability means the susceptibility or exposure to the
hazards. Thus, in a given large amount of hazard, if our vulnerability is high, apparently, the disaster would
be large. But with the same size of hazard in a low amount of vulnerability, the disaster would be much less.
We can likewise say that, somehow even if the hazard is relatively low, the disaster could be huge IF the
vulnerability is quite high.

Disaster mitigation is just like going to war or preparing for a class examination. We would have much
chance to win if we know our enemy or we would have a high chance of passing the exam if we would study
our lessons well. So in the case of natural disasters, we can mitigate future disasters if we would know
more about earthquakes and tsunamis. AND if we have enough information about the characteristics of the
hazards, we would know how we can lessen our vulnerability to such hazards.

Earthquakes and earthquake hazards

So, for this presentation we would learn things about earthquakes and tsunami. I would also present
the tectonic condition of Sumatra region, some technical terms we use when we discuss earthquakes and
tsunamis. And lastly, some possible ways on what we can do to mitigate future disasters especially as

students and teachers of Syah Kuala University or just being the part of your own local community.

The subduction of the Indian Plate along the Sunda trench beneath the western boundary of Sundaland
produced the volcanoes in the region and the Sumatra fault. Since the previous speakers had already
discussed the basic mechanism or processes of earthquakes and tsunami, I would just show you the

simplified diagram showing the current tectonic condition in Sumatra (Figure 2).
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Figure 2: Schematic diagram showing the tectonic setting of in Sumatra region. Adapted from The

Dynamic Earth.

Figure 3 shows the location of the different plates and continents hundreds and millions of years ago.

Based on Figure 3a and 3b, we can see that the plates had been moving from one place to another
and relative to each other. Seven hundred fifty (750) million years ago, Sumatra had been in the northern
hemisphere. Five hundred (500) million years ago, it has migrated into the equatorial area. It is also one of
the first fragments to move northeastward 250 million years ago before the collision of the Indian Ocean
plate to the Eurasia plate.

We should always remember that all these movements took millions of years. It should also be noted
that all these movements are accompanied by earthquakes, both small and big earthquakes to accommodate

the hundreds of kilometers of plate motion.
In the next figure (Figure 4), the Sumatra island has been and is still being pushed north northeastward.

The stress during this push was and is being accommodated by the Sunda trench and the Sumatra fault as

shown in Figure 5.
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750 Ma PLATESATIG
Late Proterozoic August 2002

500 Ma PLATESATIG
Late Cambrian August 2002

TN

250 Ma PLATESATIG
Tatarian (Late Permian) August 2002

Figure 3a: Schematic diagram of the location of different tectonic plates 750, 500 and 250 million years ago

based from Lawyer et al., 2002.
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110Ma PLATESATIG
Early Albian (Early Cretaceous) August 2002

OMa PLATESATIG
Present Day August 2002

Figure 3b: Schematic diagram of the location of different tectonic plates 110 million years ago and the
present day location based from Lawyer et al., 2002.
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Figure 4: Schematic diagram of the southeast Asia
in the last 50 (a) and 25 (b) million years.
Lowermost diagram (c) shows the present
configuration of the islands in the region.

Figure 5: The tectonic features in the southeast
Asia. Solid triangles are volcanoes, red
line across Sumatra is the Sumatra fault
and the dashed line with hachures is the
Sunda trench. Adapted from Wayan et al.,
2005, Preliminary Report: Aceh EQ and
Tsunami Disaster.
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Earthquake generators in Banda Aceh

Trenches and active faults are structures that produce large earthquakes. So based from Figure 5,
the whole of Sumatra and particularly the Banda Aceh area is susceptible to earthquakes because of the
presence of the Sunda trench and Sumatra fault. Sunda trench had been documented by various studies to
have produced large magnitude earthquakes in the past with most probable recurrence interval of about
1000 years from its northern extension in Andaman islands down to the southern portion of the Sumatra
island. However, most of the studies had been concentrated south of the Banda Aceh area. Even from the
review of historical data, the 2004 tsunami is the first tsunami to have hit Banda Aceh in the worst way. The
large known tsunami events in the region occurred in the Nicobar and Andaman islands and in the central

and southern part of Sumatra (Figure 6).

-

Investigator Fractiie Zopne

E

Figure 6: Photo of tsunami-affected area in Aceh Besar (Besana, 2005) and one of the uplifted microatolls
found after the 2004 tsunami (Natawidjaja, 2005). Adjacent map shows the recorded earthquakes
along the Sunda trench and Sumatra fault from Wayan et al, 2005, Preliminary Report: Aceh

EQ and Tsunami Disaster.

Microatolls shown in Figure 6 are also found in the south western shores and islands of Sumatra. This
is a clear indication that the whole stretch of shorelines fronting the Sunda trench had been affected by the

sudden uplift or subsidence in the region caused by the subduction earthquakes.

Estimate of the size and location of the 2004 tsunami was also investigated previously by Ortiz and

Bilham (2003). Their results gave a good estimate of the size and location of the earthquake based on the
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events in Andaman and Nicobar islands about 50- 100 years ago. However, based on the local and spoken
literature, there seems to be no previously known or significant tsunami in Banda Aceh. This is in big
contrast to the islands located south west of this area like Nias island where there is local word for tsunami
and stories about local tsunamis. People in the island even knows well what to do in case they felt strong
ground shaking and/or notice the unusual lowering of sea level after the ground shaking. However, the lack
of recent tsunami in Banda Aceh aside from the 2004 event is likewise deduced from the preliminary results
of field surveys about tsunami deposits and boulders (Figure 7) by Besana (2005). Field surveys showed no
other boulder deposit in the area even south of the city where the waves were much higher and with faster
speed.

i -

- »ai

Figure 7: Tsunami boulders at least 3m x 2m x
2m in dimension & was transported
by the 2004 tsunami waves found in
Lhok Nga, Banda Aceh.

From the Sunda trench, the most vulnerable areas from earthquakes and tsunamis in Sumatra are the
western coasts especially those low-lying areas. These areas are usually made of sand deposits like sandspit
and beach berms that can be easily eroded by large waves. However, since the epicenter of the earthquakes
originating from the Sunda trench is far from the island, the ground shaking related to the quake may not be
that strong. Thus, collapse of structures may not be that substantial to cause damage except for weak and/
or poorly built buildings and houses.

On the other hand, the other source of big earthquakes in Banda Aceh is the Sumatra fault. This
particular fault has two known traces in Banda Aceh. The eastern fault transects the eastern and northern
portion of Aceh and goes to the sea in Krueng Raya area. The nearest source is the western splay of the
Sumatra fault as shown in Figure 7. Note that the splays of the Sumatra fault bound the southwestern
portion of Banda Aceh. Due its proximity compared to the Sunda trench that is more than 300km away, the
city of Banda Aceh would surely experience strong ground shaking when an earthquake occurs on either
splays of the fault.

Although there was a study that shows that this portion of the Sumatra fault is possibly creeping (e.g.
moves slowly without any accompanying large earthquake), further studies are necessary to investigate
this structure and to confirm its creeping characteristic. At the moment, the best thing we can do is prepare
for a major quake comparable to the Kobe or Philippines earthquakes of 1995 and 1990, respectively or for

at least a magnitude 7 event.
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> ,
Figure 7: Map of the Sumatra fault in Banda Aceh area (adapted from Natawidjaja & Sieh, 2001). Photo shows the
triangular facets along the fault trace of the northern splay of the Sumatra fault in the vicinity of Matair,
Banda Aceh.

Disaster preparedness

One way to address the need for disaster mitigation is by reducing the level of the area's vulnerability
to earthquakes and tsunamis. Reducing the vulnerability of Banda Aceh to earthquakes and tsunamis can be
done in various ways. One way is to install seismic network and warning system like what Dr. Ando and Dr.
Kimata had already mentioned.

Another practical way is through education and practical ways to make our homes and work space a
safer place to be all the time. This is a disaster preparedness that can be done by the local inhabitants with

some help from earthquake experts and disaster managers.

For example, one of the causes of injuries during earthquakes is when people panic during the strong
ground shaking. People would shout, cry and run in all directions in an attempt to save themselves. Usually,
unnecessary injuries are produced during this situation. Such situation or commotion can be minimize or
even avoided if the people knows what to do during the earthquake. One way to minimize this is through
education and make the people aware of what they need to do in such situations like go under the table
for cover; or go out of the building calmly; or know the exit points of the building where they work; or the
building owners display the map of buildings, their exits and safe areas in the building; or evacuation areas
and routes are well known by the people or easily accessible by visitors and foreigners in the city. In short,
we can reduce panic if we can assess the condition of the city, the existing structures, all basic lifelines, and

our people are well informed of what they need to do when an earthquake occurred.
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In school and in government offices, earthquake drill could be undertaken regularly like at least once a
year. The whole city can also undertake a simultaneous drill and/or designate safe areas, lead persons and

agencies that would be mobilized during emergencies.

These are just examples of what we can do. Even in our home and our neighborhood, we can start
simple things to make our surroundings safer for our family even during earthquakes. Like what are shown
in Figure 8. falling materials like plates, broken glass, or heavy shelves could cause injuries or even death in
case of a collapsed fence. Such condition can be avoided if we would be conscious of our surroundings.

Figure 8: Photos showing things that had fallen inside houses and
offices after the Kobe earthquake in Japan during the 1995
earthquake. Lowermost photo also shows a concrete fence
that collapsed during the same earthquake.

The same can be said in another level like in terms of construction and engineering practices for
houses and buildings. Somehow, we should be conscious and strict in constructing big buildings because

these are the usual structures that cause numerous injuries and deaths as can be seen in Figure 1.

Summary and conclusions

Due to its tectonic conditions, Banda Aceh is sussceptible to strong earthquakes. The two major
earthquake generators present in the area are the Sunda trench and the Sumatra fault. From the Sunda
trench, major tsunamis are expected making the shoreline areas highly vulnerable to tsunamis. Based on

historical data, such event has very long recurrence interval.
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The other earthquake generator is the Sumatra fault. Since it is located just adjacent to the city, a major
earthquake from this structure would surely cause more devastation to Banda Aceh in terms of strong
ground shaking. However, since there are very few studies undertaken for the Sumatra fault in this area,
further studies are necessary to ascertain the size of future earthquakes from this fault and its recurrence

interval.

At this moment, the most practical thing to do is initiate the disaster preparedness efforts and reduce
the vulnerability of the city to future major earthquakes. We can do this from our homes, inside the
classrooms and even in our workplace. From earthquake drills to seminars or meetings like this, we can
start educating our people in many simple ways to mitigate the earthquake disaster in Banda Aceh. We can
make Banda Aceh a safer place for everyone easpecially to our future generations (Figure 9) during the
potential earthquakes.

Figure 9: Photo of kids getting ready
to pray inside of a mosque
in Lhok Nga.
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3. Report of GPS Observations at Simeulue and
Nias Island due to the 2004 Sumatra-Andaman

Earthquake and 2005 Nias Earthquake
Agustan

(Agency for Assessment and Application of Technology (BPPT), Indonesia)

1. The GPS Observation at Simeulue Island, March 2005

The GPS Observation at Simeulue Island is conducted on 1st-8th March 2005 by Nagoya University,
ITB and BPPT. Team members for Simeulue Island are Agustan (BPPT) and Angga Yuda Prawira (ITB).
Small airplane from Medan which is operated by SMAC (Sabang Merauke Air Chartered) is used to access

this island. The traveling time from Medan to Sinabang, the capital of Simeulue Regency is about one hour.

Figure 1 Figure 2

Agustan Angga Yuda Prawira

“ ~ SMA(;:

Figure 3
The SMAC Airplane
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ACEH PROVINCE

FROVINCE

Figure 4
The Map of Simeulue Island

Figure 5
The Location of GPS Observation at Simeulue Island
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The location of the GPS observations can be seen in Figure 4 and Figure 5.
The GPS points are located in Telukdalam, is about 4 hours traveling from Sinabang by boat; and in
Langi which can be reached also by boat after 4 hours from Telukdalam. The GPS point in Telukdalam is

constructed by Bakosurtanal, on the other hand, the GPS point in Langi is newly constructed.

Figure 6
The Boat That Are Used During The Observation

The GPS points can be seen in Figure 7 and 8.

,pﬂ#‘ RS s

Figure 7 - Figure 8
The GPS Point in Telukdalam The GPS Point in Langi
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During the observations, helps from local people are very important in succeeding the GPS campaigns.
Figure 9 and 10 show the local people who help us during the observation.

Figure 9
From Left: Jalal, Agustan, Pak Azhari and Pak Ahyar (Local People from Sinabang)

Figure 10

Agustan and Pak Umar Jaya in front of Refugee Temporary House, Langi
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2. The GPS Observation at Nias Island, April 2005

The GPS Observation at Nias Island is conducted on 1st-8th April 2005. Team members are Agustan,
Rahadian and Meuthia Poespo (BPPT). Due to the 8.7Mw Nias Earthquake on 28th March 2005 and
evacuation program, the island is reached by the battle ship (KRI Pati Unus). The traveling time from
Sibolga to Gunungsitoli, the capital of Nias Regency is about 6 hours by the battle ship.

The GPS observations are located at Binaka (Nias Island) and Sibolga (North Sumatra Province).

Figure 11
Pati Unus Battle Ship Ready to Nias Island from Sibolga

SIBEOLGA

Figure 12
The Map of Nias Island
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Figure 13 Figure 14
The GPS Point at Binaka The GPS Point at Sibolga

3. The GPS Observation at Simeulue Island, May 2005

The GPS Observation at Simeulue Island on 10th — 19th May 2005 is conducted by Nagoya University,
ITB, Syah Kuala University and BPPT. Team members for Simeulue Island are Agustan (BPPT) and Rizal
(ITB). This campaign is the re-observation of the two points which are observed on March 2005 (Telukdalam
and Langi). Therefore the location and local people are exactly the same as before. However, the GPS point
at Langi have been constructed in concrete under supervision by Pak Umar Jaya, head of Langi village.
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Figure 15 Figure 16
Rizal from ITB Concrete GPS Pillar at Langi
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1. Introduction

In the early hours of 26 December 2004, an unprecedented massive earthquake off the coast of
Sumatra produced the most devastating tsunami in history. It owes the death of over 250,000 people
and affected many countries in southeast Asia and Africa. It was the largest earthquake to occur since
the advent of global digital seismometer. Shifts in the sea floor displaced more than 30 km3 of seawater,
generated tsunami traveled to the Antarctic, the east and west coast of Americas and the Artic Ocean (Lay
et al., 2005). No point on this Earth remained undisturbed. None of the scientist, since the first tectonic
observation in Sumatra a century ago, could have foreseen such magnitude earthquake could happen in
Aceh-Andaman. The great of the disaster convey a massage to all earth-related scientists to make detail
reports and documentations for what already happened so in the future we may prevent such many lost of

human lives.

This report describes an effort to understand what had happened in Aceh on December 26, 2004
in term of earthquake slip distribution. This research is part of research cooperation between Nagoya
University, Kochi University, Institute of Technology Bandung (ITB), Syiah Kuala University (UNSYIAH)
and Center for the Assessment and Application of Technology (BPPT). We have conducted three times GPS
observation in Aceh and Northern Sumatra Province since February 2005.

2. General background

The 2004 earthquake ruptured the boundary between the Indo-Australian plate, and the
southeastern portion of the Eurasian plate. The Indonesian ocean lies along a highly oblique convergent
margin between Australian plate, which moves 40 to 50 mm/year, and Eurasian. Along the west coast of
Sumatra the oblique convergence is partitioned into subduction at trench, which is nearly perpendicular
to the arc and arc-parallel motion of forarc along the Sumatran Fault (McCaffrey, 1987). The result of
campaign-style GPS measurements (Prawirodirdjo et al., 2000) show the area of 1833 rupture moved in
the direction relative to plate motion, which indicate subduction interface is fully locked. Oblique, but
predominantly thrust motion occurs in the Andaman trench with a converge 15.3 mm/yr obtained from

recent GPS observation between Bangalore and Port Blair (Paul et al., 2001). The Andaman sea ridge-
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transform system, an oblique back-arc spreading center, accommodates the remaining plate motion joining
to the Sumatra fault by a fracture zone.

The historical record along this boundary is poor because the population in this region kept no records.
Historical great earthquakes (figure 1) are recorded in 1797 (M~8.4), 1833 (M ~ 9), and 1861 (M ~ 8.5),
1881 with tidal wave (Ortiz and Bilham, 2003). Historical record of shaking and tsunamis suggest that the
1833 and 1861 events involved rupture of all or most of the interface between about 20N and 50S (Genrich
et al., 2000). A sequence of great earthquake in 1883 and 1861 in Sumatra progressively approached the
region of the 1881 (Sieh, 2005). The 28 March 2005 event ruptured the same region as the 1861 and 1907
(Lay et al., 2005).

The rupture of 26 December 2004 earthquake initiated in the Indonesian ocean just north of Simeulue
islan, off the western coast of Aceh, Indonesia. Ammon et al., (2005) report the analysis of P waves and
reveals that during its first minute the earthquake broke a 100-km patch of the plate boundary rather slowly
northward. The rupture then accelerated to 3 km/s for next 4 min and thereafter maintained an average

speed af about 2.5 km/s for a further 6 minutes.

Figure 1

Location of historical large earthquake
rupture along the Sunda-Andaman
trench system. The beach balls are
Harvard double couple solution for

earthquake larger than 6.
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3. GPS observation in Sumatra before the 2004 Earthquake

The first geodetic measurements of coseismic deformation were made on the island of Sumatra during
the course of triangulation survey in 1880s and 1890s (Prawirodirdjo et al., 2000). These data, which
indicate right lateral motion in NW-SE direction were later referenced by Ried as evidence for his famous
elastic rebound theory of elastic cycle survey (Prawirodirdjo et al., 2000). The GPS network in Sumatra
was initiated in 1989 (Bock et al., 1990) under 5 year GPS project in Sumatra, GPS Geodynamics Project
in Sumatra (GPS-GPS). The total number of observed GPS points was 117 but unfortunately only about
10% of that located in Aceh province. For this research after the 2004 Aceh-Andaman earthquake we re-
observed some of GPS-GPS points and also additional point constructed by Indonesian Land Agency (BPN)
on January 1997.

The Indonesian Land Agency (BPN) collected GPS data before the earthquake during second order
control points from December 1996 to January 1997. The observation used Leica SR261 single frequency
receiver. The total number of observed GPS point in Banda Aceh city and west coast are about 60 (figure 2)
spreading for about 100km-300km from the mainshock. In the middle of July 1997, members of the Agency
for Assessment and Application of Technology, made high precision surveys at 3 GPS station in Banda Aceh
city, and 1 in Weh island (north of Banca Aceh). They used dual-frequency Trimble 4000SSE receivers. One
GPS point in Banda Aceh city was also used BPN as reference point for their observation.

Typical observation period for BPN network is 45 minutes to 1,5 hours. BPN used three receivers
and conducted three observation period each receiver for a day. In order to make triangle size network
geometry, each point was observed two or four times in average. Single-frequency receiver is relatively
inexpensive but is less accurate than dual frequency receiver that can completely eliminate first order
ionosphere effects. We reprocess the BPN network by using Bernese 4.2 software introducing SP3 precise
orbit from IGS and ionosphere model from CODE Bern University. We used Search Algorithm for ambiguity
resolution. Base on our experience, using only 30 minutes of observation data is enough the ambiguities
and achieve an accuracy of about a centimeter. The disadvantage of Search strategy is the fact that either all
ambiguities or none are resolved. Fail in ambiguity estimation can clearly be seen from standard deviation
of position, which is usually larger than ten centimeters.

During processing we divided BPN network into two segment, Aceh segment and Lamno-Meulaboh.
After baseline processing we estimate single position for each GPS point from multi session-multi baseline
solution (Hugentobler et al., 2001). In this stage we chose one point in Aceh, which was observed by
BPPT as fixed point for Aceh segment and one point Meulaboh which part of GPS Geodynamics Project in
Sumatra observed in 1997 and 1998 (Bock et al., 2003) as fixed point. By fixing two points which was tied
to a consistent reference frame ITRF2000 (Zumberge and Liu, 1995) the global coordinate of BPN network

can be estimated.
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Network of GPS point observed by National Land Agency from
December 1996 to January 1997.

4. GPS observation after the 2004 Aceh-Andaman earthquake

The main objective of our result is to infer detail slip distribution on Aceh segment of the 2004 Aceh-
Andaman rupture area. Unlike in Japan where the continuous GPS network is very dense (Sagiya, 2004)
in Indonesia continuous GPS network relatively sparse and do not extend close to the rupture area. The
campaign survey-mode is the only means for discussing detail slip distribution in Aceh segment. This data

have much more complete spatial coverage, though also much less temporal coverage.

We have conducted Campaign GPS observation around Aceh area on 1-7 March 2005 (figure 4.7a),
9-16 May 2005 (figure 4.7b) and 22 November 2005 - 29 December 2005 (figure 4.7¢c) and (Table 1). We re-
observed the GPS BPN network and GPS-GPS network. The observation time is varying from 4hrs to 24

hours. For each point, dual-frequency carrier phase and pseudorange data was observed every 30 seconds

time interval.

Table 1

Campaign GPS observation in Aceh

Survey Period

Time

No observed points

Survey 1
Survey 2

Survey 3

05.03.01 - 05.03.07
05.05.09 - 05.05.16
05.11.22 - 05.11.29

12
21
19
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5. Result

The distribution of horizontal displacement gives a first order indication of heterogeneities in slip
distribution (figure 3 and 4). The point closest to the epicenter, about 100 km away, only displaced about 1.9
m, while point in Banda Aceh displaced more than 2 m in average. The maximum horizontal displacement
was detected loknga, suggesting large slipped region, in the west coast of Aceh. Significant horizontal
displacement still can be detected in India, and also Philippine.

Figure 5 shows the observed vertical displacement. The blue bar indicates subsidence while red one
indicates uplift. Generally land subsidence more than 20 cm was observed along west coast. This in an
indication that the rupture area did not reach Sumatra Island down dip.

6. Conclusion

We have conducted collaborated research for investigating the coseismic displacement associated
with the 2004 Sumatra earthquake from GPS observation. Site displacements obtained from near-field
GPS observation gives very important information for constraining the slip distribution for the December
26, 2004 Sumatra-Andaman earthquake. The existence of pre-event GPS data, collected as control points
for land administration, provided a relatively dense coverage close to the rupture area. The maximum

horizontal displacement observed was 3m at GPS point located 300km NE of the mainshock.
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Abstract.

To detect the postseismic deformation following the 2004 Sumatra-Andaman earthquake, we have
repeated the continuous GPS measurements in Banda Aceh, northern Sumatra, Indonesia since 10t
February 2005. A ground deformation of 25.5+-0.8cm toward south, 26.6+-0.5cm toward west and
0.6+-1.8cm uplift is detected until 18" November. As the direction of the deformation is toward Sunda
trench and it is the same as the direction of the co-seismic deformation observed at Banda Aceh, a
southwestward displacement of 36.9cm is postseismic displacement following the 2004 Sumatra-Andaman
earthquake. Based on the relative motion between 2 continuous GPS sites along the trench normal,
afterslip occurred at up-dip extension of coseismic fault.

1.Introduction

The 26% December 2004 Sumatra-Andaman earthquake was the largest seismic event during past 40
years, which produced the most devastating tsunami disaster in recorded history. The earthquake occurred
the boundary between the Indo-Australian plate, which generally convergence 50-60mm/year and the
Sunda sub-plate, which located the most southern part of the Eurasian plate. Ammon et al. (2005) discussed
the rupture model for the 2004 earthquake. They suggested that rupture area could be divided into several
parts. The most southern part of the rupture area had only rapid slip, which reached 15 meters. Irwan et
al. (in. prep) investigated coseismic deformations in the northern Sumatra region based on campaign GPS
(Global Positioning System) measurements. They used Badan Pengkajian dan Penerapan Teknologi (BPPT)
and Bakosurtanal (BAKO) Indonesian GPS points, which were observed for public measurement by single
frequency receiver around 1997.

Recent continuous GPS observations have detected precise postseismic deformations (e.g. Heki et
al., 1997, Melbourne et al., 2002, Ozawa et al., 2004). Some of those results showed that additional moment
released associated by an afterslip is comparative to these main-shocks. A mechanism of the postseismic
deformation is important for the investigation of the earthquake cycle. Marone et al. (1991) suggested that
logarithmic decaying model indicates afterslip. On the other hand, an exponential model, which is used to
model viscoelastic relaxation processes (Scholz, 1990). In these backgrounds, continuous GPS observations
for postseismic crustal deformation are important to reveal the complete picture of an earthquake cycle.

In this paper, we report the preliminary results of a new continuous GPS site in Banda Aceh, northern
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Sumatra, Indonesia, to investigate the postseismic deformation of the 2004 Sumatra-Andaman earthquake.

2.GPS observation and Data analysis

The new continuous GPS site (site name USKL) was
constructed in Syiah Kuala University Band Aceh, northern Sumatra
Indonesia, which organized by Nagoya University and Syiah Kuala
University in 2005 February 10th, one and half month after the
2004 earthquake. The GPS receiver antenna is screwed onto the
anchored bolt in the top-roof of a reinforced-concrete building of
the Syiah Kuala University (Figure 1). We used a Trimble 4000SSi
GPS receiver, which recorded dual frequency carrier phase at every
30 seconds. Because of no continuous measurement system on
10th February, the first observation had only 4 days data. Since
2nd March, we introduced a continuous measurement system
powered by solar battery. The Sumatra GPS Array (SUGAR) is
being designed, constructed and operated by member of the Caltech
and the LIPI. We also discuss the postseismic deformation in the
SUGAR network.

In this paper, we use a Precise Point Positioning (PPP) method
[Zumberge et al., 1997] implemented in the GIPSY/OASIS II software
for the GPS data processing. Because of very long baseline length
between reference (e.g. IGS stations) and our continuous GPS
site, GPS carrier phase ambiguities resolution is generally poor.
Therefore, we adopted PPP method, which do not rely upon the
baseline length between two GPS stations. In the analysis, we used

Figure 1. Photograph of our new

continuous GPS site in
Syiah Kuala University.
(Top) The screwed onto
the anchored bolt with GPS
antenna and solar panel.
(bottom) GPS receiver.

Jet Propulsion Laboratory (JPL) precise orbits and clock information referred to the satellite coordinates

and clock correction information. Wet zenith tropospheric delay of GPS site has been estimated every

observation epochs under a random walk stochastic model.
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lcm. Unfortunately, there is no data in UMLH during in this period. When we subtract the end 3-day (17t
to 19th November) from the first 3-days (10t to 12™ February) averaged value, we can estimate static offset
for postseismic deformation during 11t February to 18™ November. Horizontal displacement was estimated
-25.54+-0.8cm and -26.6cm+-0.5cm (1-sigma confidential level), EW and NS components, respectively.
Vertical displacement observed +0.6cm+-1.8cm (also 1-sigma) in the USKL. The direction of the
horizontal displacement is N136W, which is the mostly same direction of coseismic displacement observed
at Banda Aceh and the direction toward the Sunda trench. In UMLH, we also estimate static offset during
11th February to 18, We summarized static offset value in table 1. It is to be noted that these value contain
effect of the 2005 Nias earthquake.

Displacement (1 1th February - 18th November 2005)

Site Position (WGS-84) EW NS ub
USKL 95.368E, 5.569N -25.5 £ 0.8cm -26.6cm = 0.5cm +0.6cm = 1.8cm
UMLH 95.339E, 5.053N -29.51 £ 09cm -32.71cm £ 0.5cm -2.52 £ 2.4cm

Table 1. Displacement amount summary in USKL and UMLH.

3.2 Coseismic Slip Distribution of 2005 Nias earthquake

To eliminate the effect of 2005 Nias earthquake, we estimate coseismic slip distribution in 2005 Nias
earthquake. We use SUGAR network data and our campaign GPS observation result (Irwan et al., in prep)
for estimation of coseismic slip distribution. Figure 3 (b and c) shows the continuous and campaign mode
GPS horizontal and vertical coseismic displacement. It is clear that large displacement detected in Simeulue
and Nias islands more than 2 or 3m.

We inverted horizontal and vertical components of the GPS displacements to estimate the coseismic
slip distribution on the plate interface by applying an inversion method devised by Yabuki and Matsu'ura
(1992). We assumed the geometry of the subducting slab, and defined a curving model fault with dimensions
of 550 km by 220km in the strike- and dip-directions. We estimated the coseismic slip distribution as a
superposition of bi-cubic B splines, with a smoothness constraint for regularization. The smoothness
weighting hyperparameter was estimated using Akaike's Bayesian Information Criterion; specifying this
hyperparameter determines the optimal slip deficit distribution. The inversion method estimates the slip
vector on the plate interface, subject to smoothness constraints.

Figure 3 (a) shows the coseismic slip distribution in 2005 Nias earthquake based on the GPS data.
Maximum slip reaches less than 13m in the west part of Nias Island at plate boundary depths shallower than
30km. And also, small amount (less than 7m) slip appears beneath Simeulue Island. These two patches, so-
called “asperities”, are located around 30km depths. We estimated seismic moment of this earthquake was
1.3x10%2Nm, which corresponding to Mw=8.7. It is consistent with teleseismic bodywave analysis result
(e.g. Yamanaka, 2005). Based on this calculated slip distribution, we estimated synthetic displacement in
UMLH, which is 2.0cm and 0.7cm, southward and westward, respectively. Following section, we eliminate

this coseismic offset to discuss afterslip fault model of 2004 earthquake.

3.3 Afterslip fault model of 2004 Sumatra-Andaman earthquake in northern Sumatra area

In this section, we try to estimate afterslip fault model for 2004 Sumatra-Andaman earthquake in

northern Sumatra area. Figure 5 shows the “pure”postseismic displacement vectors in USKL and UMLH.
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Figure 3. Data and model for the coseismic time periods. (a) Coseismic slip distribution for 2005 Nias earthquake.
Contour denoted amount of slip and vectors show direction of coseismic slip. The CMT solution
indicates aftershock, which is magnitude more than 5. (b: right top) Horizontal coseismic displacement
and synthesized displacement based on our model.(c: right bottom) Vertical coseismic displacement and
synthesized one.

It is not include coseismic effect of 2005 Nias earthquake. Direction of postseismic is mostly trench normal,
which is also same direction in coseismic time period (Irwan et al. (in prep)). Because of the vertical
component uncertainty caused mainly by GPS satellites configuration, the vertical component of the GPS
solution is unstable than the horizontal components. So, we discuss relative displacement between USKL
and UMLH. When we calculate relative displacement at UMLH relative to USKL, we detect small amount
subsidence signal between two sites. The subsidence amount is estimated as 0.7cm+-0.8cm during 11t
February to 18t November. As a matter of course, our result has large uncertainty. However, the vertical
deformation is given us the more important information in the constraining models of interplate coupling
from the geodetic data (e.g. Aoki and Scholz, 2003). Because of there is not enough density of the continuous
GPS points. So, it is difficult to construct 3-dimensinal model. So, we try to explain by 2-dimensinal model.
If we explain a small subsidence (or an approximately zero displacement) and trench-ward displacement in
UMLH by afterslip fault, we should assume the afterslip fault plane beneath shallower part of subducting
plate interface. Figure 4 (b and c¢) shows displacement and slab depth profiles along the A-A'"in the Figure 4
(a). Figure 4 (c) clearly shows that afterslip generated large uplift and subsidence pattern along the trench
normal direction. Our afterslip fault model plate located shallower part of the coseismic rupture. However,
our model limited 2-dimenisonal. We should build-up to more continuous GPS network in northern Sumatra

area for investigation of postseismic deformation.
4.Conclusion

We detected a southwestward displacement more than 30cm and small subsidence pattern in UMLH
relative to USKL during 11th February to 18™ November. Based on these results, we constructed simple
fault model for the postseismic deformation. Our model indicates afterslip progress in the up dip extension

of the main shock fault. However, it is not enough density of observation site for discussion of 3-dimensional

112



5. Crustal deformation following the 2004 Sumatra-Andaman earthquake in the northern Sumatra region (Preliminary Report)

8N

G e cf CAD
% Y N

6N

5N # g ]

4N K -58 o . Y °.....:
3Nf S R 1 E R

2N

Figure 4 (a: top) “Pure” potseismic displacement in USKL
3 and UMLH. The error ellipsoid denoted 1-sigma

p—— |2
Q100 200 300 -

o
- %ZE\%E S4F 99F 90F O7F 99F S9F100F confidential level. (b: middle) Our 2-dimensional
£ -50|Assumedpatters afterslip fault image. Horizontal axis denoted distance
%—100 - e from trench and vertical one denoted depth from
0'1?20 50 100 150 200 250 300 350 400 surface. (c: bottom) Comparison with observed vertical
£ ‘ J displacement and calculated one. White circle denoted
é 2 MRS o J,{K_ observed displacement at USKL and UMLH. Black
% 1905 %5 5 555 555 =0 dots indicate calculated vertical displacement profile

Distance from trench (km) from our 2-dimenisilnal model.

model. We should continue and construct new continuous GPS sites in this region.
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6. Evaluation of visco-elastic and poro-elastic
deformations following the 2004 Sumatra-Andaman
earthquake

Takeo Ito, Satoshi Kawamoto, Yusaku Ohta, Irwan Meilano, Fumiaki Kimata
(Research Center for Seismology, Volcanology and Disaster Mitigation, Graduate School of
Environmental Studies, Nagoya University)

1.Introduction

The devastating earthquake of December 26th, 2004 occurred on the interface of the India and
Burma plates. It was caused by the release of stresses that develop as the Indian plate subducts beneath
the overriding Burma plate. This earthquake was the largest seismic event during past 40 years, which
produced the most devastating Tsunami disaster in recorded history. Recently, the continuous GPS
observations can detect precise post-seismic deformations. A mechanism of the postseismic deformation
1s important for the breakthrough of the earthquake cycle. Post-seismic deformations can be caused by
afterslips on or extension part of the main shock fault, by visco-elastic relaxation of the lithosphere in
response to stress field changes due to the main shock and by poro-elastic rebound due to pore pressure
change of the rock that caused by pore fluids flow; these processes are time-dependent.

In this study, we evaluate the poro-elastic and visco-elastic deformations due to the main shock. The
poro-elastic rebound and visco-elastic relaxation are controlled by the hydraulic transmissivity and viscosity
of structure, respectively. We estimated these postseismic deformations using finite element method (FEM)
for poro-elastic rebound (Kawamoto et al., 2005) and theoretical method for visco-elastic relaxation (Matsu’
ura et al., 1981) based on simply structure. A further direction of this study will be estimate the afterslip,
which removes the effect of the poro-elastic rebound and visco-elastic relaxation. For understanding the
material property on subduction zone and the earthquake cycle, amount and location of the afterslip are

important and necessary.
2.Poro-elastic deformation

We construct the three dimensional model region include fault plane. The size of FEM mesh is 740km
X 700km X 100km (see figure 1). Our model is the simple reverse fault model. The fault parameters and the
material property show in table 1 and 2, respectively. Skempton’s coefficient B in table 2 control coseismic
displacement, but can not control the relaxation time. The hydraulic transmissivity only do control the
relaxation time. Hydraulic transmissivity value in this study is to be assumed as the sand stone.

The temporal change of crustal deformation at Banda Aceh and Sampari cites show in figure 3. The
coseismic displacements of each component at Banda Aceh are -42.2cm, -60.3cm and -24.2 cm, respectively.
Amount and direction of poro-elastic rebound following the 2004 earthquake are estimated about 1cm and
N50°W within 1 year after earthquake, respectively. On the other hand, these postseismic deformations
at Sampari are very small (<1lcm). Sampari is located too far from source region. To sum up the basic
characteristics of poro-elastic rebound associate with 2004 earthquake, we can say that it is very smaller

than observed crustal deformation.
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3.Visco-elastic deformation

We calculate the visco-elastic deformation associated with 2004 earthquake using the theoretical
method based on Matsu'ura et al. (1981). We use fault parameters in table 3. This fault model is almost
same to fault model of FEM model which is based on Irwan et al. (2006). In order to calculate visco-elastic
response function, we assume the visco-elastic structure model (see table 4). Our structure model is
composed with simple layers with the visco-elastic layer (60-120km). When a viscosity of asthenosphere
layer (60-120km) is assumed to be 101 Pa - s, the effective relaxation time of whole system is about 50
years.

Figure 3 is shown the spatial-temporal distribution of visco-elastic relaxation of asthenosphere. The
largest visco-elastic deformation is located above the fault plane. The amount of postseismic deformation
is over 30 cm within a year after earthquake. However, the largest visco-elastic deformation is located
at far off the coast, we can observe just only land. Figure 5 shows the time series of visco-elastic
deformation at our GPS observation point (Aceh). The amount and direction of coseismic deformation
are obtained about 1m and S58°W, respectively. The coseismic displacement is smaller than FEM result
because FEM result include the effect of Skempton’s coefficient B value. Amount and direction of visco-
elastic deformation associated with earthquake are obtained as about 9cm and S45°W within 4 years after
earthquake, respectively. The vertical displacement of visco-elastic deformation is obtained uplift, which
amount is 4cm within 4 years. We report post-seismic deformation is observed over 30cm within 6 months
after earthquake at Banda Aceh. Visco-elastic component of postseismic deformation is very smaller than
observed crustal deformation. These results lead us to the conclusion that postseismic deformation can be
explained as the afterslip (Ohta et al., 2006).

4.Summary

We evaluate the postseismic deformation due to the poro-elastic rebound and visco-elastic relaxation.
In order to estimate these postseismic deformations, we use FEM and the theoretical method, respectively.
(1) The horizontal coseismic displacement is about 75 cm at Banda Aceh. This coseismic displacement
in poroelastic medium is smaller than the displacement is calculated by dislocation theory in a semi-
infinite homogeneous perfect elastic body. Amount of poro-elastic rebound associated with earthquake are
obtained as about 1cm within 1 year after earthquake. This value is too smaller than observed postseismic
displacement. Observed horizontal crustal deformation is over 30 cm within 6 months after earthquake.
(2) The horizontal visco-elastic deformation at Aceh is 9 cm within 4 years after earthquake. Therefore, it
seems reasonable to conclude that observed crustal deformation at Aceh is caused by afterslip.
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Figure 1: Using FEM mesh in this study. (a) FEM mesh on the horizontal view. The black rectangle
indicates horizontal projection of the fault plane. (b) FEM mesh in the vertical cross section
crossing the fault plane. The black line denotes the fault plane.
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Figure 2: Temporal change of crustal deformation at the Banda Aceh and Sampari due to poro-elastic
deformation associated with the 2004 Sumatra-Andaman earthquake. The vertical and horizontal
axes indicate displacement and time, respectively.
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Figure 3: Spatio-temporal distribution of crustal
deformation due to visco-elastic
relaxation associate with earthquake.
The number at the top of each figure
denotes elapsed time in month after
the occurrence of earthquake. Arrows
denote horizontal displacements at the

Earth’s surface. The rectangle indicates
horizontal projection of the fault plane.

White square denote Aceh city.
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Figure 4: Temporal change of crustal deformation at Aceh city due to visco-elastic deformation associated with
earthquake. The vertical and horizontal axes are displacement and time, respectively.
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Tables:

Fault Parameters | Values
Latitude 1.7 deg
Longitude 94.7 deg
Width 200 km
Length 370 km
Depth 0 km
Slip 15m
Strike 35 deg
Dip 15 deg
Rake 90 deg

Table 1: Fault parameters of FEM model for calculating poro-elastic rebound.

Constants Values
Young’s modulus 3.75x107 KPa
Poisson’s ratio 0.25
Hydraulic transmissivity 4.00x108 m/s
Skempton’s B 0.8

Table 2: Poro-elastic property in this study.

Fault Parameters |Values
Latitude 1.7 deg
Longitude 94.7 deg
Width 200 km
Length 300 km
Depth 0 km
Slip 15m
Strike 35 deg
Dip 15 deg
Rake 90 deg

Table 3: Fault parameters for calculating visco-elastic relaxation.

Constants 0-60km 60-120km 120km-
P wave velocity (km/s) 7.8 8.2 8.7

S wave velocity (km/s) 4.5 4.4 4.7
Density (kg/m3) 3200 3400 3600
Viscosity (Pa - s) o 1019 o0

Table 4: Visco-elastic structure model parameters.
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Abstract

The objective of this research is to clarify the relationship between geo-environment and tsunami flow
in the coastal lowlands of Thailand and Indonesia in relation to the tsunami which occurred on December
26, 2004.

The target areas of the research are the Nam Khem Plain in the Andaman Sea Coast of Thailand and
the plain of Banda Aceh in the Sumatra Island, Indonesia. The direction of the tsunami flow was measured
on the ground and the spatial distribution of the tsunami deposits were analyzed based on both high
resolution satellite images and ground truth.

The geomorphological features of the Nam Khem Plain, with the width about 2-3 km and the length
about 12-13 km, are characterized by the rows of beach ridges, and the artificial mounds and ponds which
were formed due to tin mining. Tsunami flow spread out the whole area of the Nam Khem lowland and
the average depth of the flow is approximately 4-5 m over the ground. The direction of up tsunami flow is
almost vertical to the coast line, and that of down flow relates to the topography of the ground.

On the other hand, the plain of Banda Aceh is characterized by the tidal plain and deltaic lowland in the
central and western parts of the plain and beach ridges in the eastern part of the plain.

The tsunami waves reached to the area about 3-4 km from the coast. Strong tsunami flow eroded the
surface of the tidal plain and remarkably changed the landforms of the coastal zone. The tsunami flow also
invaded into the area of the deltaic plain and damaged buildings because of its extremely strong wave.
In the area near the end of tsunami intrusion, microlandforms such as beach ridges and natural levees
prevented the flow of tsunami from invading.

There are regional characteristics of the topographic conditions in the Banda Aceh Plain. The
rehabilitation and reconstruction of the area, however, have been conducted without consideration of these

regional characteristics of geo-environment.

Key words: tsunami flow, tsunami disaster, microlandforms, Banda Aceh, Andaman Sea coast
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Fig. 3 Landform classification Fig. 4 landform classification map of the Band a Aceh plain
map of the Nam khem Plain
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Fig. 6 Tsunami height and direction of the tsunami flow
(Height of the tsunami is shown in cm above the ground)
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Fig. 7 Cross sections of the tsunami intrusion in the eastern part of the Banda Aceh Plain
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Fig. 8 Damage of buildings from the coast to the inland in the Band a Aceh Plain
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8. The Role of Local Communities in the Post-Tsunami
Reconstruction Process

Makoto TAKAHASHI and Taro SASAKI
(Nagoya University, Japan)

Introduction

In this paper, we present some discussion about the roles of the local community in the post-tsunami
reconstruction processes, focusing especially on the rural-urban fringe of Banda Aceh City, the Province of
Nanggroe Aceh Darussalam (NAD), Indonesia. The information, on which this paper is based, was mainly
obtained from our field surveys, which were conducted from the perspective of social sciences in and
around the city during the periods of August 27 - September 4 and December 1 - 5, 2005, as well as some
statistical data and governmental documents downloaded through the Internet.

Though approximately one year after the tsunami the downtown has gradually regained vitality at
least for the commercial function, however as a whole, especially in the region between the coast and the
urban fringe, the current situations of the village reconstruction seem slow in progress, seriously with
their processes being spatially different. For example, some villages have already got sufficient newly built
houses, while others have no even temporary dwellings. Many villages offer a housing planning, while
some try to make an integrated spatial planning, including rearrangement of settlements, roads and other
infrastructures. And further, the local community organization certainly takes the initiative in carrying out
the reconstruction, while there seem to be a few collective actions especially in the urban fringe.

We can see the roles of the local community, which (are expected to) really take responsibility
entirely for the village reconstruction, as being crucial to consider why the reconstructing works make
little progress as a whole. To what degree the local community can play their roles for the reconstruction
1s dependent on their abilities to mobilize the resources and to regulate potentially conflicting interests
of the inhabitants. And then, such abilities are closely interrelated to spatially varied natures of the local
communities and to their relationships with governments, international organizations, NGOs and so on,
which in fact provide material and financial resources for the village reconstruction. Thus, we take into
account these varied natures, which make and widen spatial differences in the reconstruction processes.

The village community in Aceh Region?

The village community forms one of the most important organizational bases for the social life on
the local level, and is firmly embedded in the cultural traditions of the Acehnese society. It has a definite
bounded territory, and an organizational system of territorial autonomous governance, being equipped with
such a socio-cultural apparatus as a local festival and/or symbol for maintaining the social ties.

In general, it performs two significant roles: first, as a self-helping body, it operates various
autonomous activities to conserve collectively the local land, like maintaining drainage ditches and local
paths, keeping a community hall, a praying (Salat) facility like Mosque/Meunasah and other common

properties, and sometimes organizing economic activities of the inhabitants in collaboration with such an
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outside organization as a fishermen guild organized by Panglima Laut. Second, as an agent of the local/
national governments, it serves as their branch office, and mediates between these institutions and the
local people, being involved into the institutional networks both within and without the locality.

In the Acehnese context, further two points are important: the horizontal and vertical socio-spatial
structures of the village community. First, the local community in Aceh Region can typically be defined
as an overlapping, ordinarily within the village, of the social spaces differently organized by three (groups
of) local leaders: a village head (Geuchik), Mosque learders (Imam Meunasah) and the elders (Tuha Peut),
being based in their own legal and socio-cultural backgrounds: the statutory law, the Islamic law (Sharia)

and the customary law, respectively (Fig. 8.1).

STATUTORY
LAW

Geuchik
(Village Head)

CUSTOMARY
LAW

SHARIA
(Islamic Law)

Fig. 8.1: Social/horizontal structure of the local community.

A village head politically excises control over local associations, neighborhoods and directly inhabitants,
and serves as a windows from without the community. In the initial step of the rehabilitation often in the
refugee camp, he played a variety of important roles, including for example exchange of information with
the local people and other village heads, reorganization of the community inhabitants, establishment of
a temporary countermeasure office (Posko), and so on. And then, he takes the initiative in organizing
the reconstruction committee within the village, making the reconstruction plans, negotiating with local
governments and NGOs for the materials, the finances, and so forth. In Province NAD, the Islamic law
is placed on the equal position with the statutory law in the legal system. In this sense, the mosque
organization and its leader has substantial powers on the local politics, as well as serving as inhabitants’
mental prop, and providing a facility for refusing and meeting. The institution called Baitual Maal, which
is established for managing donations (Zakat) under the control of the local mosque, has the leading role
for reallocation of resources within the village, and is expected to manage the properties of uncertain
ownership generated by the tsunami. Finally, the elders are defined as councilors in the village, who are
ordinarily selected from the four social domains: the administration, the mosque, the intelligent and the
younger generation. They can replace as a judge if a village head cannot finish the case, and are forming and
founded on the authority embedded into the local political culture. Thus, this elders system is thought of as
a kind of patriarchy, also being unique to Aceh Region.

Interestingly, these three groups of local leaders always constitute the reconstruction committee of
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the village, often including neighborhood leaders and other memberships, as well. Therefore, a successful
and speedy reconstructing work is dependent on good interrelationships between them. In other words,
the power of the village community works effectively, especially to mobilize various human, material and
financial resources both within and without the village and to regulate possible conflicts over inhabitants’
interests, if all of these political, religious and socio-cultural leaders work together. For example, in
order to start in carrying out the housing planning, the village authority has to resolve the problems of
landownership by registering owners for all the land within the village and delimiting their boundaries, with

the regulating process being witnessed and accepted by all the local leaders.

Spatial variation of the village communities

The second point concerns the relationships between the village community and the local government.
In terms of the administration, there are two types of village in Banda Aceh City (Fig. 8.2), with a critical
difference especially in who to become a head between those in urban and in rural villages: Kelurahan and
Desa. While in the former one of the city government officers is appointed to be a head and works full time
at the village office as a civil servant, in the latter a representative is elected by the community members
and then authorized by the city government, in principle working as a volunteer. This difference reflects on
difference in the head’s characteristics, in particular his attachment for and situation in the community. For
example, in many if not most of urban villages, the head (Lurah) is not necessarily from the locality, and in
this case, he perhaps tends to turn his eyes not to the community but to the government.

On the other hand, even in the latter, the personal character and socio-economic status of the head,
who in many cases were newly elected after the former head’s death in the tsunami, has a great influence
both on the type of strategy of the village reconstruction, and on the interrelationships with international
organizations and NGOs. Indeed, under the situation of restricted roles of the local government, the

Provinsi

(Province) -
Kota g
(City) 3

=

g
Kecamatan =4
(Sub-district:9)

Kelurahan Desa
(Urban Vil.:22) (Rural Vil.:67)

Lingkungan Dusun
(Neighborhood) (Sub-village)

Aunwwo)) [ed0

Each figure indicates the number of
organizations within Banda Aceh City

Fig. 8.2: Administrative/vertical structure of the local community.

129



FAE FHEWRS

partnerships with these non-governmental organizations increasingly have key roles for the village
reconstruction. The BRR (Badan Rehabilitasi dan Rekonstruksi), which was established on April 16, 2005
under the direct control of the national government of Indonasia, has functioned as a coordinator, but it in
fact seems not to have responsibility for the design about targeted villages. Thus, if a village head has little
opportunity to access to these outside organizations, he has to wait for some of them to luckily come across
his Posko.

On the local level, a village is usually composed of several sub-villages/neighborhoods within its
territory, a leader of which is under the control of the village head. This small social space is substantially
functioning as an endogenous rather than administrative organization, and is called Linkungan (=
environment) in the urban and Dusun in the rural areas in Aceh Region, being similar to RT/RW in
Java. And, each village has one or more Mosque/Meunasah and their organizations, each territory of
which ordinarily extends not across the village boundaries (Fig. 8.3). Our field survey indicates that the
relationship between these three social spaces/organizations in an urban, especially large-sized village
might be a slight different from that in a small rural village. In the latter this relation is seemly tight-
knit and rather integrated into one socio-political entity on the village level, while in the former it is a
neighborhood that serves as an actor in the village reconstruction process, and a local mosque is supported
by the coalition of several neighborhoods. These complicated socio-spatial structures are very important for
outside organizations to find an actor most appropriate to make partnerships with. We point out that this is
not easy task for any alien to Aceh Region.

Lastly, we touch on the influence of urbanization, which certainly has close relations to these variations
in the natures of local community within the rural-urban fringe of Banda Aceh City. Under the urbanization,
a village has growing population with increasing heterogeneous, and more fluid social and spatial motilities.
In particular, many inhabitants are increasingly detached from their local land in terms of their economic
base, and this leads to the increasingly weakened functions of the local/village community, which is basically
organized voluntarily by the inhabitants sharing their local land and common properties. For example,
according to the field survey of our colleagues, not so few refugees possibly make decisions not to return to
their damaged village, in the cases that they are not from the village, or have any other jobs than farming,
fishing and other jobs related to their community. Not surprisingly, it is more easy-to-prepare for a smaller
and socially solider rural village community to start in the collective actions for the recovering.

Desa/
Kelurahan

Mosque/
Meunasah

adA| ese(

Dusun/
Linkungan

adA] ueyein|ey

Fig. 8.3: Spatial relation of organizations within the village.
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Conclusions

The reconstruction of a village certainly provides not only a physical basis for the local people to
recover their livelihoods and/or economic activities, but also socio-cultural foundations for the social
life. In Aceh Region, therefore, for the post-tsunami reconstruction process on the concrete field level, a
community-based re-developing approach is growingly important under the situation of restricted functions
of the local government. In particular, it is necessary to bring possible powers of the village community
especially for mobilizing the resources and regulating the interests, and the financial and material supports
of international organizations and NGOs together into action. However, at least given no formal matching
mechanism between them, this is dependent on the possibility for the village head or leaders to make the
personal networks with outside organizations and/or on the ability for these organizations to assess the
communities’ needs. In this sense, we can argue that such a community-based approach should not be
overestimated, but might be useful in combination for example with the top-down (or government-oriented)
programs.

The local community in Aceh Region is based on complicated interrelationships between leaders
representative of different three social domains of the administrative, the mosque and the customary on
the village level. Missing parts of the community, for example in the case of some leaders’ death without
successors, might weaken the possible power of the community, and result in delay or failure in the
recovery of the social life. And further, the changing socio-spatial structures of the village, for example
affected by the urbanization, might also relate to these processes. The interrelationships between the
local community and the outside non-governmental organizations at least currently and partly seem to
maintain good conditions, and therefore ironically, inevitably there is certainly and seemingly serious spatial
inequality in quality and quantity of these organizations entering partnerships with the local community.
We argue, thus, though it is not to say that the community empowerment is very significant, nevertheless
without suitable intervention by the government, this inequality is probably growing in the near future.
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12. Achenese Socio-Cultural Response during
Earthquage and Tsunami Disaster

Suhirman (nstitute Technology Bandung)

1. Social Research Group Activities

Social research group worked in Aceh from 7 Feb. 2005 until 11 Feb. 2005. Research activities were

divided into 4 main activities:

1. Observing the EQ and Tsunami affected area, evacuation camp for refugee, and disaster relief
organization. Observation was done in Banda Aceh City and Aceh Besar District. In Banda Aceh city,
researchers could explore both the Tsunami affected area and the area that did not affected by Tsunami.
Activities in Aceh Besar District was focused in Lhoknga Sub-district, which were very seriously
affected by Tsunami. Researchers observed refugee camp while in the same time observed physical
environment in Banda Aceh City and Aceh Besar District. To obtain the initial information about
refugee situation, the researchers came to the refugees’ camp around the Darrusalam Mosque for
several times. Researcher observed disaster relief organizations were by coming to the organization
office and talked to the organization’s activists.

2. Designing interview’s framework. The interview’s framework were focused to reveal behavior pattern
of EQ and Tsunami victims, in real disaster time and after the disaster passed. The researchers also
tried to make structure model of disaster management in community level, in refugees’ camp level, in
district level, and in national level. Such model will be refined and will be confirmed through interview
stage in the study.

3. Interviewing disaster victims and refugee camps organizers. Respondents among disaster victims were
11 persons, consisted of 6 men and 5 women. Respondents were from Darussalam Mosque Camp (Banda
Aceh), Rukoh Kampong Syiah Kuala Camp (Banda Aceh), and Lam Kruit Village Camp (Aceh Besar),
and camps around TVRI (Aceh Besar).

4 . Analyzing interview results.

2. Victims’ Patern of Behavior

Earthquake (EQ)

Almost all respondents felt big shake in EQ time (The shaking was happened twice, with interval
time about 5 - 10 minutes). All of respondents fell down. But after EQ passed, respondent’s responds were
varied. Some of them tried to make all of their families united. Some of them talked to their neighbors, and

some of them intended to continue their work. Nobody thought that Tsunami would come right after the

EQ.
TSUNAMI and 1 hour ? - day after

When Tsunami wave came, all of respondents were shocked. Some of them even were not sure, that
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they were facing water; although they heard many people shouted that water came after them. They only
believed about the coming water after they saw it by themselves. That was why they all rolled by the
Tsunami wave. Some of them were moved by the Tsunami, for 1-4 km away.

People’s respond after Tsunami passed was went to mosque, to search their family, to save themselves
from upcoming EQ, and to stay in the mosque. They did this automatically, because in Aceh tradition,
people will go to the mosque to find protection, each time they face disaster. In fact, mosques in Aceh are
also the strongest and highest building. So the mosques generally could stand still in EQ and Tsunami. In
the mosques, people tried to find their families. They also tried to find food and water. Usually they found
Aqua (mineral water) and instant noodle that drifted in the water.

One day after Tsunami, people around the mosques started to organize themselves to survive. The
organizer came from the victims or from local volunteers, who started realize that they should organize

themselves to face disaster.

Damages from EQ and TSUNAMI

Almost all houses owned by respondents were destroyed. The damage rate was varied. Seven
respondents, who lived less than 1 km from seashore, lost their houses. The houses of the rest respondents
who lived farer were hardly destroyed, due to EQ or to Tsunami. The only respondent whose his house
didn’t broken, although his house also sink by 50 cm water.

Respondent’s houses were varied: from wood construction, semi permanent building, and reinforcing
building. Most of respondents lived near seashore have wood or semi permanent houses, and they lost their
houses. Respondents lived farers in the city, have reinforcing building. Their houses are cracked, and one of
them is relatively still firm. Respondent who have 2 floor building is only one respondent, and he also lost

his house.

The inpact of Tsunami to the family was varied from one family to the others. There were the family
that still complete, but there were the family that all of the members died or missed. The family lived at
the seasore usually missed, meanwhile the family lived far from the seasore just missed 1 or 2 the families’

members. For 11 respondents, only 3 respondent that the family still complete.

Tsunami impact to family member is reflected to the village population. Population of villages that
directly face the coast are decrease to 10%-25%. The population of Ullue Naga, for example, were 5000
before Tsunami. After Tsunami, Ullue Naga population are just 600 people. The populations of Dayah Raja
Village are decrease from 1500 to 318 people. The population of Lam Kruit Village are decrease from 2000
to 670 people. The worst village is Lepung Village that is located in coast basin. Such village population are
decreased from 10.000 to 50 people.

Almost all respondents lost their job. The worst were fishermen, fish trader, pond farmer, and farmers.
They lost their business capital. Respondents who worked in trading and transportation decided to stop

working. They lost their motivation and concentration to work. Public officer couldn’t work anymore,
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because all of work facilities were destroyed. But they were still lucky, because they still received wage

from the government.

Respond in 2-4 days

Respondent’s houses are destroyed. They also worried about upcoming EQ. So, from the 2™ to 4" days
after Tsunami, they flee to the mosques or to the higher and stronger building like TVRI building. Until the
4th day, each refugee should survive by their own effort. They could help each other to obtain food, water,
and clothes. In the 4th day, logistic, food, clothes, and tent aid came, brought by volunteer or TNI.

Commonly, injured refugees were treated at Kesdam hospital (the only hospital that did not suffered by

Tsunami impact) or at volunteer camp that provide health service.

Support during recovering from the disaster 1-2weeks

Nine from 11 respondents lived at refugee camps. One respondent lived at his unbroken house, and 1

respondent moved to other district, because all of her family died (including her parents).

Generally they lived at refugees camps that they found for the first time. Only two respondents
decided to move from one camp to other camp. They choose to live at refugee camps because in such camps
they obtain food, logistic, and accommodation (tents). Besides, the Geuchik (village leader) suggested them
to live at such camps, for data collection accuracy. Data accuracy is needed related to the government plan
to build refugees barracks. Other reasons that made respondents live at refugees camps were to find friends
who had some problems. Respondents who lost their families would feel sad, stressed, and experience
sleeping disturbance if hey live at their kampong or live with their relatives.

The refugee could obtain their basic need (food, clothes, and shelter). But they couldn’t have cash
money. Cash money become needs for respondents who have school age children. Their children started
to go to school. They needed transportation cost to go to school, that generally located far from refugees

camps.

Role of local community (1 - 2 months)

Generally, refugees camps are organized into several blocks. Blocks are consisted of several tents.
Each tent was occupied by one or several families who came from the same village. Such organizations
were formulated automatically (because people tend to unite with familiar people), or pushed to enable easy

data collecting and future organization, such as relocalization purpose.

Geuchic from each village often met with refugees. The Geuchik gave information about refugee’
s development, and possibly their future life in post-Tsunami period. Geuchik from several villages had
been organized meeting with all member of the community that sparated from several camps. In such
meeting they decided wether they will return to their original village, looking for new village, or to spread

based on each interest. Lam Kruit Village, for example, had decided to return to their original village. One
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respondent reported that his villagian spread out without any coordination. Such situation was happened
because his geuchik did not come from local communities. The geuchic came from other province. So, right
after Tsunami, the geuchik went to his original village.

Refugees attitude about possibility to return to their damaged original village are varied. Fishermen,
pond farmers, and people who got birth and grew up in the village; prefer to return to their village. Such
choice is due to their love to the village, and because their jobs are related to their village and community.
Respondents who prefer not to return to their village have reasons: 1) their jobs are not related to the
village. Their jobs are for example civil servants or tailor. 2) They din’t got birth and grew up in the village,
so they have experience to start new life in the new places. 3) They have traumatic feeling toward Tsunami.
They didn’t want to return to their original village because they are afraid of being sad and remember again

to their dead or missed families.

What are the Intervieweer’s thinking about TSUNAMI now?

All respondent convicts that EQ and Tsunami is not just natural phenomenon. It is Allah signs for
human being. Their perceptions about Tsunami are:

1. Tsunamiis a little doomsday. In Islamic religion, doomsday is the end of the world live, that are started
by the destroyed of earth. There are two kinds of doomsday: the little one that happened partially in
one part of the earth; and the big one that will be happened in all parts of earth. The little doomsday of
Tsunami make their dead families live near Allah; and push them to aware about world impermanency
and be a good believer of Allah.

2. EQ and Tsunami is ordeal from Allah. Allah want to see who are the good and the bad believer.

3. EQ and Tsunami is “bala”. In Islamic conviction, bala is disaster that plays as ordeal. Whoever faces the
ordeal with kindness, they will get reward and become beloved Allah servants.

With all convictions, respondents are not afraid of EQ and Tsunami itself. Bala and ordeal could be
happened to anyone. They are afraid do Allah as the owner of bala and ordeal.

Some respondents did not recognize local term for Tsunami. Only two of them who heard term Ie
Beuna, as high water coming from the sea. They heard such term from the old people.

3. Refugee Camps Organization

There are three kind of refugee camps in Aceh. 1). The camps directly organized by local government,
such as camps in Rukoh Kampong and Lam Kruit village. Those camps are organized by sub-district
government (Kecamatan). Camat (public official that lead sub-district) coordinated directly with geuchik and

tent leaders about aid distribution, data collecting, and future settlement.

2) The camps that organized by foundations. Usually foundations make camps in their yard. Logistic
and consumption were distributed directly by foundations. The foundations got aid from local and
international volunteer’s groups. Usually foundation did not take any responsibility about post disaster live

of refugees. Such problems are coordinated between refugees and Geuchik. From the beginning, refugees
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knew that they could stay in foundations yard for temporary time. Relationship between foundations and
refugees were not always good. Respondents among refugees in foundation camps perceived that foundation
had utilized them to get aid for foundations interest. They perceived that not all aids were distributed to

refugees. Foundations had used them to develop the foundations.

3) The camps that organized by student organization, such as camps around Baiturrahman mosque
and TVRI complex. Baiturrahman Camp is organized by unsyiah student. This camp organized very large
refugees, about 13.000 people. TVRI camp is organized by Student Association of Aceh Mapala. They
organize about 4500 refugees, or about 688 head of family. In such camps, all aid came through student
organizations. Then they distributed the aid to tents. Mapala groups for instance organized refugee into 4
blocks. Each blocks appointed their geuchik. The student coordinated things with geuchik. Geuchick then

distributed any information to other refugees in their block.

In the firt time, refugees just laid down in the camps. In 4" day, tent, sanitation, and clean water aid
came. The coming aid attracted other refugees to come. The camps population growth then became high.
Darussalam camp recorded refugees increase for 300 people each day in the first week. Favourite places
were big mosques, office with big yard and mosque, and city parks that free from Tsunami impact. In such
place, facilities for refugees including mosque commonly were well. In camps with big number refugees,

there were also activities like alternative education, therapy for deppressed people, and religion service.

Not all refugee organizations have good relationship with the government and Satuan Koordinasi
Pelaksana (Satkorlak/Implementing Task Force Coordination). Refugee camps coordinated by students, for
example, had no contact with the government. They preferred to access aid from international institutions
that have office in Aceh. They distributed the aid directly to the refugees.

4. Organization of Disaster Relief

Organizations of EQ and Tsunami disaster relief in Aceh and Medan are consisted of:
Organization at policy level (national level)

Organization at operational level

Organization at field operational level

=~ W N

Organization that are existed in victim’s community

Organization structure can be seen at picture 1.

Badan Koordinasi Nasional (Bakornas/National Coordination Board) coordinates disaster management
at national level. Bakornas coordinates departments at national level and international organization like
the UN, foreign country aid, and international nonprofit organizations. Bakornas organized by Badan
Perencana Pembangunan Nasional (Bappenas/National Development Planning Board). Bakornas is led by
the minister of Bappenas. Bakornas has duties to set policies about disaster management, emergency relief,
rehabilitation, and reconstruction stages. They also have duties to negotiate aids, debt moratorium, and

allocate the government budget for managing the disaster impact.
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In implementation level, Satkorlak plays important role. They coordinates activities with Aceh
Civil Government, District Government, international agencies that open their office in Aceh, and local
organization especially NGO and voluntary groups. Satkorlak is led directly by Coordinator Minister of
People Welfare.

In field implementation, community and volunteer organizations play important roles. They act as
mediator among TNI, province government institutions, and international agencies in distributing good and

services.

In beneficiarie’s level, refugee organizations make relationship with local and volunteer organizations,
with informal leader like Tengku (local religious leader), and with community leaders. The smallest refugee

organizations cover 3-7 families. The larger refugee organizations cover blocks of refugee tents.

In practice, the relationship between disaster relief organization levels doesn’t run well. Observation
and interviews in Aceh shows several facts:

1. Direct relationship between community/volunteer organizations and Satkorlak often didn’t work. They
didn’t share information and didn’t cooperate in managing disaster impacts. This condition could make
Satkorlak release improper policies.

2. Information sources about field situation for Bakornas are not clear. Bakornas relies on consultants who
they sent from Jakarta to observe, report, and formulate policies. Local communities and volunteer
organizations did not involve in policy making. This situation is reflected from very limited knowledge
among local communities and volunteer organizations about the existence of Bakornas.

3. In operational level, Satkorlak is weak in coordinating aids. It makes several refugee camps receive
excessive aids, meanwhile the other lack of aids.

5. Lesson Learn

There are 4 important things that could be learnt from Aceh case, which are important in managing
disaster impact. First, religion conviction can help people to face post-disaster impact. Tengku/imam in
praying place continuously stresses that Tsunami was ordeal from Allah, to make people closer to them.
Through religion, people believe that children and wealth are only Allah property that could be rewithdrawn
by Allah. They are convinced that their lost families are might be placed in better place by Allah. Their
duties are to start a new and better living. Those convictions make disaster victims calmer. Respondents
said that without this conviction, they might be stressesd or even mad.

Second, the capability of local communities to organize themselves around the meunasah (small
mosque) and masque had helped them through the disaster impacts. In a very hard situation, they went to
meunasah or mosque for 2 reasons. 1) Because meunasah or mosque was higher and stronger building and
2) They believe that meunasah or mosque was the haouse of Allah. By living in the hause of Allah, they also
could be saved. Short time after disaster happened; groups were established at meunasah and mosque to
protect each other in facing disaster. Refugees are usually organized based on their original village. It make

easier for Geuchik to make data collection and coordinated his people.
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Third, geuchic played important role as meditor between refugees, volunteer, and the government.
Meunasah, the mosque, and geuchik are center for social cohesiveness in Aceh. So, it’s important to
formulate the role of meunasah, the mosque, and geuchik in Aceh recovery stages.

Fourth, local volunteer groups especially that were establisged one day after disaster happened; played
very important role. In critical time, they tried to provide foods, water, clothes, and medicine for refugees.
Without them, possibly many refugees could be dead due to hunger, poisoned, or wounded. This groups also
acesed and organized aids that came from TNI, the government, and foreign institutions commonly 4th days
after disaster. The interesting thing is that full time volunteers are often came from victim groups.

155



FA4E HERS

PICTURE 1: ORGANIZATION OF DISASTER RELIEF
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1. Live with Earthquake and Tsunami in Japan

LIVE WITH EARTHQUAKE AND TSUNAMI IN JAPAN

H.M.H BINTORO
Association of Indonesian Alumni From Japan

INTRODUCTION

Indonesia same as Japan is an achipelago country and sorounding by Ocean. Those
two countries are sorounding by Asian, Australian and Pacific plates, so the countries are very
sensitive to earthquake. The plates are always move, its speed is about 1 — 2 cm/years. The
movement of the plates cause earthquake. It is about 3000 earthquake/year in Indonesia. Some
of the earthquake is week, it cause less attention by the people and the government.

In the end of the year 2004, especially on December 26, the were big earthquake
between Simeulue and Andaman islands. Its scale was about 9.3 and the earthquake caused
big tsunami in Aceh (Indonesia), Ceylon, India, Thailand and Malaysia. The earthquake and
tsunami caused 310.000 people in Aceh passed away or disappeared. Another big earthquake
is in Nias island on March 29, 2005.

Up to now the people in Aceh had not known how to save their live from tsunami. In
the developed countries the technology to save the people has been developed. The
technology can minimalize the victim because of the earthquake and the tsunami. Japan has
developed the technology so the victim because of tsunami and earthquake became less and
less (Table 1.)

Table 1. People pass away because of earthquake and tsunami in Japan

Year Name of earthquake/tsunami ~ People pass away  The height of tsunami

(m)

1771 Yaeyama 12.000 85.0
1854 Ansei Tokai 2.000 —3.000 -

1896  Meiji Sanriku 22.000 24.4
1933 Showa Sanriku 3.000 26.7
1944 Showa Tonankai 1.200 10.0
1946 Showa Nankai 1.400 10.0
1960 Chilean 140 4-6
1968 Tokachi — oki 50 3-5
1983 Nihonkai chubu 100 >9.0
1993 Hokkaido Nansei-oki 230 29.0

Sourch : Takahashi Koki dan Torikai Shin-ichi, 2005. Nipponia

In the last 10 year so many big earthquake in Japan. Since the year of 1995 there was
big earthquake in Kobe (Hyogo Perfecture), there were also big earthquake in Nigata
Perfecture (2004) and in Fukuaoka off shore (2005).
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Big earthquake damage Hanshin Highway (Fig 1), buildings and arcades near

Sannomiya station in Kobe (Fig 2).

- -
bas ]
5_ e
LRETIANAY
Figure 1. Hanshin highway was ruined Figure 2. Some buildings and arcades near
Sannomiya Station were ruined

after big earthquake in Kobe
after big earthquake in Kobe

Sourch :Takahashi Koki and Torikai Shin-ichi 2005. Nipponia

In the year of 1993, 3-5 minutes after tsunami about 400 buildings were ruined in
Okushiri island (Fig 3). In order to protect buildings. Japanese government built check dam as

high as 6 m and as long as 14 km at the coastal of Aonae (Fig 4).

o

: it

Figure 4. Check dam as long as 14 km and as
high as 6 m at Aonae coastal

S L

Figure 3. Tsunami crashed Okushiri

Sourch :Takahashi Koki and Torikai Shin-ichi 2005. Nipponia

EARTHQUAKE AND TSUNAMI PREDICTION

Department of Meteorology introduce tsunami prediction. The department has made
100.000 pattern of tsunami based on different intensity of earthquake and epicentrum depth.

The pattern are located at 4000 locations as long as plate line near the coastal of Japan.

Calculation was made for tsunami prediction and how long tsunami reach a certain location
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1. Live with Earthquake and Tsunami in Japan

after the earthquake occurs. The result of calculation is made for data base. When the
earthquake occurs, data base will search the prediction value about location, depth and
intensity of earthquake, so warning can be developed only in 3-5 minutes after earthquake. In
the future early warnning can be received less than 2 minutes.

In order to know the movement beneath the soil, chikyu has been developed. Chikyu
can dig as deep as 2111 m. In the future chikyu can dig as deep as 7500 m (Fig 5).

Earthquake destroyed Japan long-long ago, may be thousands years ago. The ancient
story told that earthquake because of the movement of giant fish in the earth (Fig 6.). So the
fish should be managed
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Figure 5. Chikyu can dig 2500 — 7000 m to  Figure 6. The ancient story about earthquake
know the plate movement Sourch : Ito Kazuaki, 2005. Nipponia

Sourch : Takahashi Koki and Torikai Shin-ichi 2005. Nippo-
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PREPARATION TO FIGHT EARTHQUAKE

Cirene, under wear, shampoo, cooker, candle, flash light, radio, drinking water, hat
and dry food, should be put into a bag. Cirene should be had frequency 3 kHz, is need when
the people under building material (Fig 7). Shampoo that can be used without water is also
needed, because under earthquake and tsunami condition no clean water is available. Cooker
and pan are needed under emergence condition (Fig 8)

It is possible that electricity generator will disfunction because of earthquake or

tsunami. That’s why candle and flash light are needed especially in the dark night (Fig 9).
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Radio is needed to get information. In Japan radio for earthquake condition has lamp,
charge and cirene. Drinking water is needed when earthquake or tsunami, because without
water, human beeing and other organism can not life. It is very difficult to find clean water in

the emergency condition (Fig 10).
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Figure 9. Candle and flash light for Figure 10. Radio and drinking water for
emergence condition emergence condition

Sourch : Sanada Kuniko, 2005. Nipponia
When the earthquake is occurs, there are so many building materials is falling down.

This condition is very dangerous for the people who are live in the earthquake area. Special
hat may be can avoid head injury. Dry food can be eaten directly should be prefared (Fig 11).
All goods that mention above should be put into special bag (Fig 12).

Figure 11. Hat and dry food for

emergence condition Figure 12. Special bag for emergence

condition
Sourch : Sanada Kuniko, 2005. Nipponia
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1. Live with Earthquake and Tsunami in Japan

Preparation to fight earthquake can be classified as before, occuring and after
earthquake. Preparation before earthquake is exercise the people how to save their live while
the earthquake occurs and everybody has to know where is the save area. Every body has to
make agreement in his/her family after earthquake, they have to go to a certain place in order
to know his/her family save or not.

Some activities that should be carried out when the earthquake occurs, first We have
to put out fire, electricity and gas in order to avoid fire. Pleas do not use lift because lift
cannot open when the electricity out. Please do not use vehicle, if you are in a vehicle, please
stop the vehicle and get out. When We get out from our building please protect our head by
use table. We take the small table and put the table above our head, and then We go to the
save area.

After earthquake and all member of our family can be found; somebody who can help
the other people can do it. In Japan a tool namely hyper can be used to look for people under
the ruin. The machine can detect someone who still a life. Police usually use special dog to
look for human beeing under the ruin buildings. Robot also can be used in this activities (Fig
13 and 14).

Figure 13. Special dog was looking for Figure 14. Robot can be used after
human beeing under ruin earthquake.
building

Sourch : Takahashi Koki and Torikai Shin-ichi 2005. Nipponia

Mosque and other praying building relatively save after earthquake and tsunami. It is
posible that good material is used for praying building and the people construct the building
seriously and the praying building especially mosque in Aceh have so many ventilation. The

condition cause the water through the building wthout or minimalize damage the building.
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THE ASSESSMENT OF THERMAL COMFORT OF LIVING
ENVIRONMENT IN TSUNAMI DISASTER PLACE
By
Zulfian, Heldi Syukriadi, M.Nawawi
Acoustic laboratory, Unsyiah
Darussalam-Banda Aceh

Tsunami disaster has affected the thermal condition as one of the features that
must be concerned in the housing development. In this study case the use of two
instruments, namely Thermal Comfort Data Logger type 1221 and type 7307
software, bases all the predictions.

The objective of this paper is to measure the thermal comfort condition. As
guided by ISO 7730 thermal comfort is shown by PMV and PPD, which are
influenced by the following parameters, temperature; humidity and air velocity.
Thermal prediction shows that the index value of PMV and PPD display the
uncomfortable atmosphere, particularly in refugee camp. This condition shows
that there is a bad alteration of thermal condition in Tsunami disaster place.

On 26" December 2004, tectonic earthquake with 8.9 scales had attacked west
of Sumatra-Indonesia and Banda Aceh as the capital city of Acehnese province
(located in northern of Sumatra) as well. It was then followed by tsunami wave
rolling up over the shore and town, which caused a lot of destructions to any
building constructions and the surrounding environment.

This disaster has caused many alterations particularly on climate change, which
is felt uncomfortable individually. It is due to the raised temperature, humidity and
the air velocity, which makes the people living in that area feel the environment
much warmer than it was. This phenomenon is agreed by ISO 7730, which
defines thermal comfort as the air condition in one area once it changes it makes
any one in that place feel uncomfortable.

In order to know the uncomfortable thermal, this study needs an empirical
approach through study case in a dwelling in the affected place in one of sub
districts in Banda Aceh town that is Meuraxa.

The aims of this study are:

e To predict the internal thermal comfort in a residence

« To asses the internal thermal condition in residences affected by tsunami
disaster
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2. The Assessment of Thermal Comfort of Living Environment in Tsunami Disaster Place
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The prediction of thermal comfort can be determined by some subjective scale
index, they are:

e PMV-Index (Predicted Mean Vote)
« PPD- Index (Predicted Percentage of Dissatisfied)

2.1. Predicted Mean Vote (PMV-Index)

PMV is an environmental thermal condition which is statistically regarded as cold,
cool, slightly cool, neutral, slightly warm, warm, and hot. The PMV scale is a
seven point thermal sensation scale ranging from -3 (cold) to +3 (hot), where 0
represents the thermally neutral sensation.

TG 34

+3 Hot

+2 Warm

+1 Slightly warm
0 Neutral

-1 Slightly cool
-2 Cool

-3 Cold

PMV

Figure1. The PMV Scale
2.2. Predicted Percentage of Dissatisfied (PPD-Index)
This parameter is aimed to predict how many people feel uncomfortable due to a

particular thermal condition in one room. Figure 2 shows the relation between
PPD and PMV.

The PMV scale either -2 or +2 is regarded
comfortable by around 75 % of the occupants
(PPD=25%), PMV scale of -1 and +1 are
regarded comfortable by around 25% of the
occupants (PPD=75%), while PMV scale of 0O is
\ / regarded comfortable by only 5% of the

\./ occupants (PPD=5%).

3 25 2 15 1 05 0 05 1 15 2 25 3
PMV

Figure 2. The relation between PPD and PMV.
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Based on the International standard ISO 7730, the determination of PMV and
PPD scale index can be achieved by a direct measurement in a living
environment with the measuring instruments (thermal comfort meter) and its
software, they are Thermal comfort data logger type 1221 and its software type
7301 and comfort module UA1276, Air tech instrumentation, INNOVA, Denmark.

Figure 3. 1221 Thermal Comfort Data Logger

In order to know the index value of PMV and PPD, this study carried out the
measurement with the instrument of thermal comfort data logger type 1221
related to computer, PC and its software type 7301 that is run by window
program TM 3.1. The result is displayed in the computer screen as the result of
the measurement done by software 7301. This result can be displayed in a
graphic curve representing the temperature, the air humidity, the air velocity and
the index value of PMV and PPD.

From those thermal curves, the assessment of either comfort or discomfort rate
in living environment in places affected by tsunami disaster can be done.

Figure 4. Measuring Instrument for Thermal Comfort
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2. The Assessment of Thermal Comfort of Living Environment in Tsunami Disaster Place

The first case study is carried out in a tent located closed to Baiturrahman
mosque, Ule Lheue Banda Aceh. This tent is occupied by a man who is save
from tsunami. This tent is a representative of the temporary dwellings occupied
by tsunami’s victims before getting the permanent house.

The measurement is done at 12.11 pm when the sun is on its maximum
radiation. The thermal parameter and index value of PMV and PPD can be
measured by determining the measuring point and its height from the surface
where it is standing. Figure 5 shows that thermal parameter, like temperature
degree that is 38.20° C is quite high compared with the Indonesian national
standard (SNI) that is only 25.80-27.100C.

Lyl

121416

LT

12:12:12

Figure 5. The air temperature Figure 6. The air velocity

Mean while figure 6 shows that the air velocity parameter was altered every
single time, however the average of air velocity value of 0.31 was relatively
higher compared with the standard air velocity value (0.23m/s). In order to predict
the thermal comfort, some calculations are carried out by using software 7301.
The results of calculating the PMV and PPD index are displayed in the graphic
curve in the figure 7 and 8.

Figure 7 and 8 show that the thermal comfort in the tent is indicated by the PMV
and PPD index of 4.42 scale and 100% respectively. The index value figures that
the air condition in the tent can be categorised very hot and uncomfortable for
any occupants in the tent.
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Figure 7. PMV index in the tent Figure 8. PPD index in the tent

5. Case study 2: Meunasah (prayer room)

The second case study analysed the internal thermal comfort in meunasah
(prayer room) located in lambung village, Meuraxa sub district, Banda Aceh.

Generally Meunasah is functioned as prayer room besides facilitating the
gathering place used to discuss the village problems. In addition it is also used
by teenagers as the resting place and even for sleeping.

Nowadays, Meunasah is used either as the security camp or home for the
tsunami victims or refugees. It is constructed with zinc roof, timber wall and
wooden floor, which is, raised 0.8 m from the ground.

The measurement was done at 4.05 pm when the sun position was in the
western. Picture 9 shows that the internal temperature was 32.20°C, which was
relatively higher, compared with the standard internal temperature. Other result,
picture 10 shows that the average of air velocity was 0.41m/s, which was
relatively very high as well that it could cause the human body dry.
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2. The Assessment of Thermal Comfort of Living Environment in Tsunami Disaster Place
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Figure 10. The air velocity

Picture 11 and 12 display the graphic curves of PMV and PPD index in
meunasah in the scale of 2.57 and 94.72% respectively. These index values

mean that 95% of the occupants don’t feel comfortable.
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Figure 12. PPD index in Meunasah
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From those analyses of internal thermal comfort, it can be concluded that:

186

1.

The prediction of internal thermal comfort based on ISO 7730 explains
that the thermal condition of living space in places affected by tsunami
disaster is not comfortable.

The comparison of PMV and PPD index curves shows that the worst
internal comfort suffered by the occupants is in the refugee tent.

All thermal parameters value achieved in this study proves that there has
been an indoor climate change in places affected by tsunami disaster due
to the unbalance thermal environment influenced by Tsunami disaster.
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3. Alue Naga Beach Condition before Tsunami Disaster

ALUE NAGA BEACH CONDITION
BEFORE TSUNAMI DISASTER

Salmawaty Arif

Mathematics Department, Syiah Kuala University, Banda Aceh, Indonesia

Abstract. There were two big problems encountered in Alue Naga beach adjacent to Krueng Aceh river estuary
before tsunami disaster, during the time interval 1992-2004. One was sand deposit in the river mouth that creates
transportation problem. The other was erosion along the beach, which became heavier during 2003-2004 due to the
harbor building near the area. A study to investigate the beach characteristics of the area during that time interval
had been conducted. The process of investigation covered some phenomena in the beach process such as wave
energy, shoaling, breaking, refraction, momentum flux, currents, etc. Mathematical models described the physics,
which then were solved by numerical methods. The results showed that the waves come firom northwest direction
drive longshore currents to the amount of 0.6 m/sec which agrees with the field measurements in that area. Breaking
line occured at about 300 m distance from the shore line, and the highest set up at the shore line was 0.04 m.

1 Introduction

Before 1992, Banda Aceh suffered from periodic flood which happened every five years. The problem came
from the Krueng Aceh river which flows through the city, as shown by the map in figure 1. To handle the
problem, the local government built a canal to split the river upstream of the city. The operation of the canal
discharges the river flow more than 400 m*/sec into the canal.

Estuary site

Sand skt

Floodway

Krueng Aceh river

City of Banda

Figure 1: Situation of the area.

However, this created new problems due to the absence of the periodic peak discharge. At the river mouth
the sand deposit no longer flushed by the water force, as shown schematically in the insert of figure 1. This
created transportation problems, especially for the fishermen. Their boats were unable leave or enter the river,
except during the high tide. The local government attempted to solve the problems with some temporary
measures, such as the construction of jetties at the river mouths. However, they seemed to make the situation
even worse. Problems concerning erosion occured. The mangrove forest around the area, the fish and shrimp
fields were abandoned.

The information of wave and flow behavior provides great support to solve the problem. The mathematical-
physical properties of waves, flow, and their relations, were studied to formulate a representative model. A
reliable tool to implement the model was established. A computer program for the numerical method had been
analyzed and verified as an appropriate tool. Specific problem encountered in Alue Naga beach was simulated.
The model provides wave and current fields of the area, as the input to help overcoming the sedimentation and
erosion problems.
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2 Mathematical and Physical Properties of the Problem

Some related phenomena are important to be studied in the process investigating the problem. The relation
between mathematical and physical properties are very close in these coastal behavior, such as about wave
energy, shoaling, breaking, refraction, flux of momentum, and currents. Knowledge on those phenomena might
be useful in understanding the tsunami, and will be discussed here.

Consider a two dimensional horizontal xy-plane. x refers the on-offshore axis and y is the axis parallel to the
shoreline, as shown in figure 2. The reference axis is taken at the still water surface. Let z to be distance
measured upwards, 7 = #7(x,y) is the mean water level elevation measured above the still water level and 4 =
h(x,y) is defined as the depth of the water measured from the reference axis to the bottom. 8 represents the angle
between the incident wave with the positive x-axis. E stands for energy, H is wave height, g is the acceleration
of gravity, and p is the fluid density. Moreover, let @ be the angular frequency of incident wave, and £ is the
wave number. Flow velocity components in x- and y-directions are represented by u and v. Figure 3 shows the
schematic reference of notations.

Figure 2: Plan definition sketch.

Figure 3: Schematic reference of notations.

2.1 Wave energy

General relationship between the waves and water particles is formulated by observing a float on the surface
of waves. The wave profile moves forward passing the float with a definite phase velocity ¢, while the float
oscillates in a small circle about a fixed position with water particle velocity vector, u = (u,v).

The linear wave theory that models waves in a deep ocean based on the assumption that the waves are
considered as linear superposition of sinusoid. For a wave length L, the water is commonly considered as deep

L L . . .
for h > 7 and shallow for & < 20" When the water is relatively shallow, linear wave theory shows that wave

quantities are the same as those used for long waves, so waves on shallow water is alternatively called long
waves. Two kinds of wave in terms of wave length involved in this model are short waves representing waves
and long waves representing flow or currents.

Waves as we see on the surface of the sea are not the transfer of water. Such waves are energy, propagating
across the surface of the sea, and released on shorelines. Progressing wave from offshore to the shoreline, passes
two processes, namely shoaling process that occur before breaking, and the breaking process.

Wave as energy is modeled by the energy conservation equation. The relation between energy density £ and
wave height H is formulated in the linear wave theory. Other quantities related to wave expressions are the wave
phase velocity ¢, group velocity ¢, with its component in x- and y-direction c,, and cg,..

Consider the case of the bottom sloping gently, so that energy reflection is negligible, and wave crest is
normal to the slope direction. In the area before the line of breaking, the energy flux is independent of the
distance from the shore, namely

Ec, =constant. H
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3. Alue Naga Beach Condition before Tsunami Disaster

As ¢, varies with the depth 4, then E also varies with 4. In this area, radiation stress components expressed as
Sew Sy Sy and S, which will be discussed in the next section, plays an important role. Work done to the current
strain by the radiation stress tends to reduce wave energy. The phenomena is stated in an unsteady wave energy
conservation equation as

GE+[E(cy +u)]+ O, [Elcy, +V)]+ S, O+ S, Ou+S,0v+S,0,v=0, 2)
where
C=\/§: n:l(1+2—l€}1),
2 sinh 2kh
1 5 > 1
Ezgng , S = ((cos €+1)n—E)E,
C,p = nccos b, . 2 1
& S, =((sin 9+1)n—E)E,
= 1 9
Cor = NENRES Sy =S, = nEsin26.
2

2.2 Refraction, Shoaling and Breaking

Waves propagate from the open sea to the beach along a line called wave ray. A wave ray could be defined
as a line tangent to the wave number vector at every point. Wave refraction can be seen as a bend of the wave
ray at an oblique angle when it enters the water with smaller depth.

When the wave direction makes an angle with the beach normal, the wave number oriented in the direction
is a normal vector of the wave phase function. This fact represents irrotational condition of the wave number
vector. This implies that wave length and wave angle are reduced when the waves enter the shallow water, while
the wave heights are higher near the point of breaking than those farther offshore.

This property is expressed according to the following consideration. Since the wave number vector is the
gradient of a scalar, we can take the curl of k which satisfies

Vxk=0, 3)
such that the refraction equation reads
O, (ksin0) -2, (k cos @) =0. (4)

This equation leads to another shoaling related property as follows. On the coastline, where y variations of
the variables are zero, the above equation (4) turns to

O, (ksind)=0. (5)
Therefore,
ksin @ = constant. (6)

Considering the steady state condition where the angular frequency @ is constant, and by using the Snel’s
law, the phase speed c¢ for the shallow water and the deep water are established. For shallow water where k% is

much smaller than 1, ¢ =,/gh . This means the speed decrases while approaching the coastline. For deep water

where k# is greater than 1, ¢ = \/% . It shows that the speed does not depend on the depth.

In this model, a breaking criterion based on comparison of wave height and water depth is used, for a
breaking constant v,
H =y(h+n). (7
Thus the wave height as well as energy decrease when propagating to the shore. This criterion is used as soon as
the computed wave height exceeds the above condition.

2.3 Radiation stress

Radiation stress is an important factor in the wave current mechanism, particularly the x-component, because
it causes the change of mean water level.
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Longuet-Higgins and Stewart [1] introduced the radiation stress as an important factor that should be taken
into consideration. A stress is defined as the flow of momentum, whereas the horizontal momentum flux across
a vertical plane is the pressure per unit vertical distance. The radiation stress is defined as the net difference of
momentum flux per unit time caused by the fluctuation of wave motion, with the momentum flux without the
wave effect.

The momentum of the surface waves is parallel to the wave propagation. If a wave train is reflected from an
obstacle, its momentum will be reversed, therefore there is a force exerted by the obstacle. The force can be
expressed as the rate of change of a wave momentum. This force creates a radiation stress. Therefore the
radiation stress is a force exerted by waves to conserve the momentum.

In the area around the breaking waves, which is called the surf zone, the changes of momentum flux or
radiation stresses drive the currents. The wave driven currents, becomes an important factor for sediment
transport.

2.4 Flow
Flow model represented by the shallow water equations could be written as flow equations [2]

a). Ju+udu+vou+gdn+M, +L, +F, =0,

b). Jyv+ud.v+vo,v+gd n+M,+L,+F, =0, ®)
¢ Om+dfuth+n)]+3,[vih+n)] =0,
where
M —;(55' +7,8.) M —;(0”5 +0,8.,)
TR phe) T
= Nx /g(h+77), Ty =Ty =&(h+n)(0,v+0 u),
T =2¢(h+n)0,u, 7y, =2&(h+n)0 v,
= ! 17 o = ! o o
Lx__h+77( T T yTxy)» Ly__h-’r?]( xTyx+ yTyy)a
cu cVv
Fo=—L—u?+?, Fy=——u’ +7.
h+n Y h+n

Here, M, and M, are the forces caused by the gradients of wave radiation stresses in the x- and y-directions,
respectively. L, and L, are the lateral momentum exchange terms, F, and F) are the bottom friction forces for the
bottom friction coefficient cy.

1 Results

The area investigated covers a rectangular area of 1600 m x 3400 m. The data are extrapolated from the
deepest position in measurement. With the wave period 4.0 sec, the water depth range along the shallowest line
considered as ‘shore line’, deviates from 0.4 to 2.5 m, while along the offshore boundary it deviates in an
interval of about 16 to 18 m. Other quantities along the offshore boundary are the wave angle of incidence 135°
from north direction or 45° to the positive x-axis, the bottom friction coefficient 0.005, the coefficient for eddy
viscosity 0.01, the wave height 0.8 m, the wind velocity component parallel to the shore line is 3.8 m/sec and
normal to the shore is 2.6 m/sec.

The effect of waves on flow is represented by the current driving forces determined from the radiation stress
gradients. On the other hand, the effect of flow on waves is represented by wave set up. The wave field of Alue
Naga beach shows that the breaker line occurs almost parallel to the shore line, at a position about 300 m from
it. The current field shows that waves come from northwest drive the currents to the east direction. The radiation
stress in normal direction reaches a maximum value of 1.3 N/m” and in alongshore direction reaches 0.3 N/m?.
These stresses produce the set up to reach 0.04 m from the still water level, and the longshore currents of 0.6
m/sec, the latter agrees with the ones from field measurement. The local engineers obtained the mean longshore
currents of about 0.5-0.6 m/sec in that area. The complicated topography close to the estuary produces a
circulation of the flow field, before following the longshore currents to the east direction [3].
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3. Alue Naga Beach Condition before Tsunami Disaster

Shoaling and set up for wave height and elevation through out the area is shown in figure 4, while flow field
is shown by figure 5.

xweve direction

Alongshore distance (rm)

Figure 5. Wave driven longshore currents at Alue Naga beach
2 Concluding Remarks

The model has provided wave and current fields of Alue Naga Beach before the tsunami disaster, as the
input to help overcoming the sedimentation and erosion problems, but the condition of the area has changed
afterwards. The rivermouth now is clogged by debris from the tsunami. Another treatment should be conducted
in the area. However, the coastal process in normal situation as described in this paper might be useful in
understanding about tsunami.

Acknowledgements

The author thanks Prof. Dr. C. B. Vreugdenhil for supervising the research. Funding for this work was provided by
KNAW through Extended Program Applied Mathematics, Project Coastal Engineering.

References

[1] Longuet-Higgins, M. S., R. W. Stewart (1964), Radiation stresses in water waves; a physical discussion,
with applications, Deep Sea Research, 11, 529-562.

[2] Vreugdenhil, C. B. (1998), Numerical Methods for Shallow-Water Flow, Kluwer Academic Publishers.

[3] Arif, S. (2003), Numerical study of nearshore waves and currents, S3 dissertation, Institut Teknologi
Bandung.

191



FELE YvITIREDSDORE

Tidal Front in the Andaman Sea and the Malacca Strait

'Syamsul Rizal and 'Yopi Ilhamsyah

1. Jurusan limu Kelautan Fakultas MIPA Universitas Syiah Kuala

Abstract — Numerical experiments were carried out for the M, tide in the Andaman Sea and the
Malacca Strait using a one-layer model, based on finite-difference and a semi-implicit numerical
scheme. The model obtained by calculating anticlockwise (R.) and clockwise (R.) rotary
components, semi-major (M) and semi-minor (m) of M, ellipses, and its ellipticity (m/M). Further,
tidal fronts are determined from the formula proposed by Simpson and Hunter [1974], i.e. y =

%log(h/M®), where h is depth, M amplitude of the tidal current (semi-major of M-tide).

Keywords: Tidal front, The Andaman Sea and the Malacca Strait, Finite different, Semi-implicit-
scheme.

1. Introduction

Tidal shelf sea fronts are the boundaries between stratified and well-mixed
regimes. They occur in shelf regions of the continental shelf that experience high
tidal dissipation [Simpson and Bowers, 1981].

The Andaman Sea is the smallest of the major Indian Ocean situated along the
eastern side of the Indian Ocean between the Malay Peninsula in the eastern
and the Andaman-Nicobar islands in the western. The Andaman and Nicobar
islands geologically are convergence zone which formed volcanic area. From the
highlight view, the Andaman Sea is considered to be the most complex
topography and still far fully understood oceanographically.

In this paper, the tidal currents in the Andaman Sea and the Malacca Strait
are investigated by means of a one-layer numerical model. After the solution of
numerical model is found, the numerical results, i.e. the anticlockwise (R:) and
clockwise (R.) rotary components, semi-major (M) and semi-minor (m) of M
ellipses, and their ellipticity (m/M). Further, tidal fronts may be determined by the
SH parameter from the formula proposed by Simpson and Hunter [1974], i.e.
7= "og (h/M3), where h is water depth, M amplitude of the tidal current.
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4. Tidal Front in the Andaman Sea and the Malacca Strait

1. Fundamental Equations

The equations of motion are written as follows [e.g. Stindermann, 1971]:

@+u@+v@+w@—fv:—i@+i(z4}, a—uj+i AHa—u +E(Ava—uj(1)
ox) Oy oy) 0oz 0z

@+u@+vﬁ+wé+fu:—l@+i(AH @jJrﬁ AH@ +2[AVQJ(2)
12 ox) Oy oy) oz oz

The equation of continuity (3) reads:

¢ ¢
§+ﬁjudz+ﬁjvdz=o, (3)
a a4

where u(x,y,z,t), v(x,y,z,t) and w(x,y,z,t) are the current velocities in the x, y and z
directions, respectively, f = 2o sin ¢ is the Coriolis parameter, » the angular
speed of the Earth's rotation and ¢ the geographical latitude; {(x,y,t) is the water
surface elevation measured from the undisturbed water surface, h(x,y) is the
water depth which is also measured from the undisturbed water surface, g is the
constant gravitational acceleration, H, and H, are the layer thickness in the u
and v points in the k-th layer, respectively, and V, is the horizontal gradient
operator. 4, is the horizontal turbulent exchange coefficient and 4, is the
coefficient of vertical eddy viscosity. At the bottom (z = -h), the conditions

A ou
v 2 — 4
H, oz . Yuy (4)
and
A, ov
-1 =YV ()
H, oz|

are assumed, with bottom friction parameter y [s™"], as follows:

2 2
_g\jub +vb

_ , 6
/4 Cl, (6)
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where H, is the bottom layer thickness and C is the Chézy bottom friction

coefficient. The semi-implicit numerical solution is also based on the model
developed by Backhaus [1983 and 1985] which has previously been successfully
applied to the Malacca Strait [Rizal, 1994 and 2000; Rizal and Siindermann,
1994] and the North Sea [Rizal, 1996].

3. The results of one-layer numerical model

All calculations shown below are based on the Mj-tide with time period of T =
12.4206 hours. The semi-major amplitudes, i.e. M = R, + R. is shown in Figs. 1.
From Fig. 1 it is seen that the amplitude of Ma-tide reach 0.9 ms™ in the narrow
and shallow part of the strait. Even, during spring tides, current velocities can
reach 1.8 ms™ (Keller and Richards, 1967). For a tidal flow of 1 ms™, the stress is
equivalent to that due of a wind of about 31 ms™ in the atmosphere, which is
close to hurricane force (Beaufort scale 12 = 32.7 ms™), see Simpson [1988].
Hence, this narrow part of the strait experiences the equivalent of a twice-daily
hurricane.

In the Andaman Sea, the current are lower on order of 2-3 cms™ at the center
and 4-10 cms™ in the eastern part. The lower current in this region is affected by
the morphology of topography, so that the tidal current is ignored in the deep
ocean. In the northwestern Sumatra, the currents are on order 7-10 cms™. In the
Andaman-Nicobar islands chain, the velocity varies from 4-7 cms™. In the Indian
Ocean, the lower velocity found on order of 2-5 cms™. In the Gulf of Martaban,
the strongest current reachs 75 cms™', meanwhile of the Gulf of Martaban and
along the western coast of Myanmar, the strongest are on order 30-50 cms™.

According to Simpson, these stresses take energy from the mean flow and
transform it into turbulent eddies which are responsible for the stirring of the
water column. When, however, the water column is stratified, or is receiving a
positive input of buoyancy, a small, but important fraction of the turbulent kinetic
energy is used to work against the buoyancy forces and bring about vertical
mixing. This phenomenon occurs in this narrow part of the strait, as reported by
Keller and Richards [1967] who suggest that in the narrow, shallow part of the
Malacca Strait there is little variation in salinity either laterally or vertically as a
direct result of this mixing process.

The ellipticity and tidal ellipses generated by the numerical models, i.e. ¢ =
m/M, is displayed in Fig. 2. Further, we also calculate the tidal front based on the
formula proposed by Simpson and Hunter [1974], i.e. y=""log(h/M?) . The

distribution of SH parameter (y) is presented in Fig. 3. From these

measurements, see also Keller and Richards [1967], it is known that the front in
the Malacca Strait is found between the narrow and wide part of the strait. By
comparing between the observations made by Keller and Richards [1967] and
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4. Tidal Front in the Andaman Sea and the Malacca Strait

the results presented in Fig. 3, it can concluded that the position of tidal front in
the Malacca Strait exists in the region where the SH parameter y = 2.5.

90.5° E 92.5°E 94.5°E 96.5° E 98.5° E 100.5° E 102.5°E

17.5°N 17.5°N
156.5°N 15.5°N
13.5°N 13.5°N
11.5°N 11.5°N
9.5°N 9.5°N
75°N 75°N
55°N 55°N
3.5°N 3.5°N
15°N 1.5°N
90.5°E 925°E 945°E 96.5°E 98.5°E 100.5° E 102.5° E

Fig. 1. Semi-major amplitudes (cm s™') in the Surface Layer of the Andaman Sea.
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90.5° E 92.5°E 945°E 96.5°E 98.5°E 100.5° E 102.5° E
17.5° N 17.5°N
15.5° N 156.5°N
13.5°N 13.5°N
11.5°N 11.5°N
9.5°N 9.5°N
7.5°N 7.5°N
55°N 5.5°N
3.5°N 3.5°N
1.5°N 1.5°N

90.5° E 92.5°E 94.5°E 96.5° E 98.5° E 100.5°E 102.5°E

Fig. 2. Tidal Current Ellipses (cm s™') and Ellipticity (shaded and non-shaded
areas) in the Surface Layer of The Andaman Sea.
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90.5°E 92.5°E 94.5°E 96.5° E 98.5° E 100.5°E 102.5° E

17.5°N 17.5°N
15.5°N 15.5°N
13.5°N 13.5°N
11.5°N 11.5°N
9.5°N 9.5°N
7.5°N 75°N
55°N 55°N
3.5°N 35°N
15°N 1.5°N
90.5°E 92.5°E 94.5°E 96.5° E 98.5° E 100.5° E 102.5° E

Fig. 3. Simpson-Hunter Parameter y ='°log(h/M?) of the Andaman Sea.
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ABSTRACT

Earthquake and Tsunami disaster make Acehness people lost everything included their
family. They fall down in economic and mentally. Almost of country gave the help, but
these just occasionally, so people need more for life continuity. Nanggroe Aceh
Darussalam has more natural resources product, renewable or unrenewable. The
resources are not using optimally yet. So Nanggroe Aceh Darussalam which the rich
areas need some treatment therefore the resources could be grow up, and will help its
society.

Key words: Earthquake, Tsunami disaster, resources, renewable, unrenewable

Introduction What types the resources?

Eartquacke and massive tsunami disaster make
Acehness people lost everything included their
family. This extreme ravage unarguably not
only ruined  the physically-identified
appearances, but much deeper, also brought the
soft components of society such as spirit and
passion, social cohesiveness, and long-lasting
traditional institutions. They fall down in
economic and mentally. Almost of country
gave the help, but these just occasionally, so
people need more for life continuity.

There are some naturally resources in
Aceh, including:

Geography

Total area : 57.365,57 km?

Kawasan hutan lindung 26.440,81 km”
Kawasan hutan budidaya 30.924,76 km?
Leuser Mountain area 17.900 km®

There are so many plants and animals not
identified well

Nanggroe Aceh Darussalam has more natural
resources product, renewable or unrenewable.
The resources not using optimally yet.

Aceh Bounderies:

North by Andaman Sea

East by Melacca Straits

South by South Sumatera Province
West by Hindia Ocean

There are some works we can do to relief
mentally or to develop economic of acehness
people, one of these is by using Aceh
resources, especially renewable materials.
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5. Aceh Resources Development after Tsunami Disaster

There locations make Aceh strategically to
transportation, so we need free port that can
increase income of Acehness people.

Population

e Population in 2004 : 4.218.486 people, with
closed area is North Aceh: 523.717 people,
and rare is Banda Aceh: 3.669 people/km®

From this data can be concluded that many free
or free area in Nanggroe Aceh Darussalam

Province, that can be used o build the
manufacture

Manufacture

Table 1. Number of industries and workers

product

STiiabrcal

Table 1. Indicated that there are 37 types of
industries in Aceh, and almost of its are small
or home industries. Number of workers
decrease time to time, this is caused of

economic crisis. So, we have to build the
manufacture by using Aceh resourcers

Table 2. Number of industries wokers
in some regency

Source: BPS of NAD Province

From Table 2 can be seen that not all
municipal have the industries, more are in
Aceh Timur. There are some resources
not touched yet, so that we have to
encourage people to some.

Total Electricity Utility

Number of villages : 5347
Number of electricity : 660.749 kHz
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Right now, Nanggroe Aceh Darussalam
Province used diesel oil to produce electricity,
but this can make diesel oil used up, for that we
can replace diesel oil with a new resource, ex.
water or plants oil. One of plants oil can be
used as enegy alternative is castor oil that
derived from castor plant. Oil made by
transesterifikcation or by biocatalyst, to
produce biodiesel oil. This oil can produce
some energy as much as plant oil.

Table 3. Water Production Capacity

Table 3. showed that there is so much water
production right now, but in the future this
water could be used up, so we have to looking
for another water resources, ex. lake and sea
water. According to Marlina et al. sea water can
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be used as drinking water by desalination
using polyurethane membrane from castor
oil.

From this point can be concluded that
castor plants must be cultivicated, caused
its can be used as a source of energy and
membrane for desalination.

Agriculture
Table 4. Wet Area and Productivity
:367.537 ha

1 4,20 ton/ha
1 1.554.528 ton

Total area
Productivity rate
Total production

Table 5. Dry Area and Productivity

Total area : 3431 ha
Productivity rate : 2,20 ton/ha
Total production : 7.554 ton

From Tabel 4 and Table 5 can be seen
that so many production are in Aceh.
Table 4 indicated production from
wet area including vegetable, otherwise
Tabel 5 showed production from dry area
including timber.

Table 6. Palm Qil Productivity

Total area : 77.108 ha
Total production 1 410.762 ton
Total Oil : 53.1 ton

Palm oil only produced in Aceh Timur,
but others area just produce the bunch.
Usually, the bunch ecport to Medan or
Malaysia. So, we need palm oil industry
and side product industry. We now that
side product of palm oil can be used as



5. Aceh Resources Development after Tsunami Disaster

raw materials in soap, composite, fatty acid and
other industries.

Table 7. Rubber manufacture

Total area :90.724 ha
Total production : 89.374 ton
Product D -

There are no rubbery manufacture in Aceh, so
if we need things made of rubber, we have to
buy from others city. Raw rubber materials
usually export to Medan or Java area.

Table 8. Meat Production

Cow : 6.852.462 kg
Buffalo 1 3.568.378 kg
Goat 1 1.493.713 kg
Ship : 208.792 kg

For this time, meat in Aceh just using as
“dendeng”, whereas meat can be used to
produce another raw materials, ex. canned
meat, burn beef etc.

Table 9. Fish Production

Fresh Waterpond 1 9.137kg
Brackish Waterpond : 22.375 kg
Paddy field 5.016.5 kg
Open Waters 1.539.5 kg

There are no fish industry in Aceh. Fish just
freezed and then exported to Medan or
Malaysia. So, we need fish or fish product
industry, ex. crispy, salted and canned fish.

What should we do?

1.

Menthallic relief by self development
and motivation

2. Build the skill, increase productivity

3. Built some industry by using local
resources
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Source: Damage Map (30 Dec 2004),
created by SERTIT.
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