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1. Introduction

A giant earthquake occurred off Sumatra Island of Indonesia, at 00:58:53 UTC (07:28
Myanmar time) on December 26, 2004. The earthquake was the largest in size (Mw 9.1) in the
last 40 years in the world, since the 1960 Chilean earthquake (Mw 9.5). The earthquake was
an interplate event, caused by the subduction of Indian (or Indo-Australian) plate beneath
Andaman (or Burma) microplate (Lay et al., 2005). While the epicenter was located west off
Sumatra Island, the aftershock zone extended through Nicobar to Andaman Islands, the total
length being more than 1,000 km (Figure 1). The eastern boundary of the Andaman (or
Burma) microplate is bounded by the Sagain fault in Myanmar, the spreading center in
Andaman Sea, and the Sumatra fault, from north to south.

This earthquake generated a tsunami which devastated the shores of Indonesia, Sri
Lanka, South India, and Thailand as far as the east coast of Africa. More than 200,000 people
are thought to have died as a result of the tsunami (Figure 2). The number of victims, death
and missing altogether, is the largest in Indonesia (~160,000), followed by Sri Lanka
(~35,000), India (~16,000), Thailand (~8,300), and as far away as Somalia (~300). In Myanmar,
the damage and casualties (61) are relatively small compared to the above countries.

For the scientific studies of tsunamis, coastal damage and wave height are the basic
data to be collected. To document the tsunami disaster and measure the tsunami heights,
many scientists from all over the world visited the coasts of Indian Ocean. This report is to
summarize the survey results to documents the effect of tsunami along the Myanmar coast.
The post tsunami survey in Myanmar is particularly important to identify (1) why the
tsunami damage was much smaller than the neighboring Thai coast, and (2) vulnerability to

the Myanmar coast for future tsunamis.

2. General Description of Myanmar Coastal Area

Myanmar has about 1900 km long coastal line, and can be divided into three parts;
namely, Rakine coastal area to the west, Ayeyarwaddy Delta in the middle, and Taninthayi
coastal area to the south (Figure 1). The Rakine Coast, about 700 km long, is situated the
western part of Myanmar around the Bay of Bangal, and its northern part is built up of
shallow sea with a chain of islands and some delta growth. The well-known Ayeyarwaddy
Delta is being built up at mouth of Ayeyarwaddy River and its land boundary length is about
200 km long. Sedimentation and annual delta growth rate increase lead to further shallow
water sandbars in the Martaban Sea up to 50 km southward. The 900 km long Taninthayi
coastal line is almost straight in north-south direction. The southern part of Taninthayi
coastal line, from north of Dawei to Kawthaung, the southern end of Myanmar, is composed of

chain of islands called Myeik Archipelagos.
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Figure 1. Tectonic map showing the epicenter of the Sumatra Earthquake and aftershock
distribution along the active plate boundary (from USGS website). Blue triangles are the

locations where the tide levels were computed.
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Figure 2. Computed tsunami arrival time in the Indian Ocean (numbers indicate time in
hour) from the 2004 Sumatra earthquake (red star). The red circles are aftershocks within
one day. Reported casualties are also shown.
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3. Survey Team and Scope of Work

The tsunami survey along the Myanmar Coastal Area was carried out from March 7
through 15, 2005. The survey includes two parts. In the first half from March 7 through 12,
Dawei, Myeik and Kawthaung areas along the Taninthayi Coast and Myeik Archipelago were
visited. In the second half from March 12 through 15, Pyinsalu and Kaing Thaung Islands on
the Ayeyarwaddy Deltaic area were visited. The study group is constituted by scientists from
Geological Survey of Japan (GSJ) and host scientists from different institutions of Myanmar.

List of participants is shown in Table 1.

Table 1. List of Participants

March 7 to 12: Taninthayi Coast March 12 to 15: Ayeyarwaddy Delta
Participants from Japan
1 | Kenji Satake (GSJ) 1 | Kenji Satake (GSJ)
2 | Yuki Sawai (GSJ) 2 | Yukinobu Okamura (GSJ)
3 | Than Tin Aung (GSJ) 3 | Yuki Sawai (GSJ)
4 | Kyaw Soe Win (NU) 4 | Than Tin Aung (GSJ)
5 | Kyaw Soe Win (NU)
Participants from Myanmar
5 | Win Swe (MGS) 6 | Maung Maung Soe (DMH)
6 | Chit Swe (YTU) 7 | Thant Zin Oo (DMH)
7 | Soe Thura Tun (YU) 8 | Chit Swe (YTU)
8 | Tint Lwin Swe (YTU, MEC) 9 | Tint Lwin Swe (YTU, MEC)
10 | Saw Htwe Zaw (MES)

GSJ, Geological Survey of Japan; NU, Nagoya University; MGS, Myanmar Geoscience
Society; DMH, Department of Meteorology and Hydrology; YU, Yangon University; YTU,
Yangon Technological University; MES, Myanmar Engineering Society; MEC, Myanmar

Earthquake Committee.

The general outline of survey in Myanmar is as follows.

March 6: The participants from Japan arrived at Yangon, and an introductory meeting was

held at Department of Meteorology and Hydrology.

March 7: The party flew from Yangon to Dawei, and visited four sites: Maungmagun Beach,
Thabawseik-Kyauksent Village, Myaw Yit Gyi Pagoda, and Sann Lan Village. The
former Township Administration Officer, Tin Hlaing and Sabei Lwin, Head of Dawei
DMH joined in.



March 8: The party visited three sites (Kyet Lut Beach, Kyaukmattat and Nyawbyin). Zaw
Tun Thaung, a staff of Dawei DMH joined. After the survey, the results were reviewed
in an evening meeting at DMH seismological station in Dawei.

March 9: The party moved to Kawthaung by a regular passenger express boat.

March 10: In the morning, the party chartered a small boat to visit three sites (Plautonton
Island, Salonlay Island (Ywarthaya Village), and Salon Island (Dolphin club). In the
afternoon, the party rented a truck to visit four sites (Konnamaing Chaungwa and
Tannyopada Villages, Thirimyaing Quarter and Myoma Jetty of Kawthaung).

March 11: The party took the express passenger boat again for Myeik, and then rented a
motorboat to visit two sites (Thander Kyun Village and Pahtaw Village).

March 12: The party flew back to Yangon where the first part ended. The party of the second
part moved to Labutta by a chartered bus.

March 13: The party moved by boat along the Pyarmalaw River to Pyinsalu island, where
measurements were taken in Layyin Kwin (Air Field) Village and Kapyet Thaung
Village.

March 14: The party proceeded to Kaing Thaung Island and collected data and information in
Thit Poke Village, Kaing Thaung Island Pagoda, Kaing Thaung Village and Aung
Hlaing Village.

March 15: The party moved back to Yangon where the second part of survey concluded.

March 16: A meeting was held in DMH where the preliminary results were reported.

March 17: Participants from Japan left Yangon.

4. Measurement Method and Corrections for Tides

Following the guidelines of Intergovernmental Oceanographic Commission (1998),

following general procedure was adopted for the field survey.

(1) Collect relevant available data and information, existing maps, charts, tidal records (DMH,

Local Authorities, etc.).
(2) Interview with local people.
(3) Take pictures of the present condition.
(4) Record the location by GPS.
(5) Measurements of level and distance of maximum flood level.

(6) Measurements of level and distance of the wave front at the time of measurement.



In order to measure the tsunami heights, we used a handheld laser ranging
instrument (Impulse 200LR; Laser Technology Inc.) and an auto-level equipment (Photo 1). In
general, auto-level with the tripod provides more accurate heights than the laser instrument
without the tripod, while the laser instrument provides quicker results for a long distance
(>100 m). For measurements of a short distance, we used both instruments. The vertical
difference between them is at most 20 cm. For measurements of longer distance, we used only

laser instrument.

Type of evidence

— =7~ Tt the height of tsunami trance ------ o— Memory of eyewilness -
EE : gt | Water mark e N
52 | 25! | Debris (memory of eyewitness)
is g2
2E | Tm:the predicted tidal level '
=290 | at the measurement time: ----- et
I—'E i g

= =%-- Ta: the predicted tidal leve!

at the arrival ime of the tsunami ----*

Figure 3. Measurement of tsunami heights and corrections

According to interviews from eyewitnesses, we recorded arrival time of the tsunamis
(December 26, 2004) at each surveyed site, and measured height of tsunami traces (debris or
water marks) above the sea level at the time of measurement. Tsunami heights were
calculated as follows:

Th=(Tt Tm)+(Tm Ta)
where Th is the estimated tsunami height, 7t is the height of tsunami trace, 7m the tidal
level at the time of measurement, and 7a the computed tide at the time of Sumatra tsunami
on December 26, 2004 (Figure 3).
The tide levels at the times of tsunami arrival and the measurement were computed
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on the basis of astronomical tides, by using computer program WXTide 32 release 4. The
maximum differences of the predicted tides with a tide table (Hydrographic office, 2004) are
within 70 minutes and 50 cm at ebb/flood times. For Ayeyarwaddy delta coast, tide was
calculated based on predicted tides at Bassein River, Diamond Island (15° 52.0' N, 94° 17.0' E).
For Dawei coast, the tide was calculated at Heinze Bok, Long Island (14° 24.0' N, 97° 47.0' E).
For Myeik measurements, the tide was calculated at Mergui (12° 26.0' N, 98° 35.9' E). For the
measurements around Kawthaung, tide was calculated at Pulo Basin (9° 59.0' N, 98° 29.0' E)
(Figures 4 and 5).

HeinzeBok
m_ December 26, 2004 March 7, 2005 March 8, 2005 m

4 - Cur measuraments =
I

2 - 2
| Tsunami
arrival
D' LI GRS BT ELELELES ISLEL LS AL T LI S | | PELLEES FEUSLERUNS MR P RN REL AR SRR LR T B S R LR LR R RO L ':'
O 4 8 12 16 20 24 0 4 8 12 16 20 0 4 8 12 16 20 24
Local Time in Myanmar Local Time in Myanmar

Figure 4. Predicted astronomical tidal changes at Heinze Bok (Long Island), near Dawei. (a)
Tidal change on December 26, 2004. An open circle on the curve shows the time of the
tsunami arrival. (b) Tidal change on March 7-8, 2005. Circles on the curve show time of our

measurements.

As described below, the tsunami arrival times from interview to coastal residents
vary within the neighboring locations. We felt that such variation in arrival time is dependent
on the interviewee, rather than the local effects of tsunami, hence we assume that the
tsunami arrival was 11:00 am for the Taninthayi coast and 11:30 for Ayeyarwaddy Delta and
made the corrections.

Figure 5 indicates the tidal levels for one year, from May 2004 through April 2005,
including both dry and rainy seasons. As reported in more detail in each locality, many coastal
residents compared the tsunami heights with the “rainy season high tide level”. From the
interviews, we had impressions that high tide levels are different from dry and rainy seasons.
However, astronomical high tide levels are more or less similar throughout the year. The
seasonal changes of high tide levels may be affected by meteorological reasons such as

flooding.
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Figure 5. Computed astronomical tidal changes at Diamond Island, Heinze Bok, Mergui and
Pulo Basin for one year, starting May 2004. Note that tidal range is similar throughout the
year, both dry and rainy seasons.

The survey results are compiled in Table 1 (page 35) with location numbers, location
names, latitudes and longitudes, the corrected and measured heights (in meter), type of
measurements (R for runup and | for inundation), type of evidence (D for debris, E for
eyewitness accounts, W for watermarks), reliability (A based on physical evidence supported
by eyewitness accounts, B based on eyewitness accounts only), tsunami arrival times based on
interviews, measurement time, computed tide at the measurements, assumed tsunami

arrival time and calculated tide for the corrections.
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5. Survey in Dawei Area (MM-01 ~ MM-07)

In the Dawei area, seven sites, MMO1 through MMO07, were visited. The
measurement sites are shown in Figure 6. The eyewitness accounts on the tsunami arrival
time are variable. The difference seems to be dependent on interviewee rather than tsunami’s
local effects within the region. Hence we assume that the tsunami arrived at 11:00 am, when
the tide was highest in the morning (3.3 m). If the tsunami arrival was 1.5 hours earlier (9:30),
then the tide level was 3.0 m. If it is 1.5 hours later (12:30), then the tide level was 2.9 m. The

corrected tsunami height would be higher by 0.3 m and 0.4 m, respectively.
98° 00'E 98° 20°E
147 20'N .

14° 00N

137 40'N

MM-06 0.9 m L8

Kyet Lut bea \
MM-05 1.9 mch'

10 km

13" 20'N
Figure 6. Map showing tsunami measurement sites in Dawei area.
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5.1 MM-01: Maungmagan beach (14°08' 36.5"N, 98°05' 26.8"E)

On this beach, two parallel lines of debris were observed (Photo 2). A local fisherman
(36 years old male) told us that the lower debris line was formed by the December tsunami.
He did not feel the earthquake but observed that the tsunami arrived at around 2 pm, in a
total of four successive waves with 3 to 4 m height. The tsunami arrived at low tide and did
not exceed the high tide level of the rainy season (the higher debris line). Another eyewitness
indicated the tsunami arrival times to be at 10 am and 12 noon.

Our measurement at 10:27 am on March 7, 2005 indicates that the lower and higher
debris lines are 2.4 m and 2.9 m above the sea level at the time of measurement (Photo 2). The
dune, to which the tsunami did not reach, was 4.0 m high. The corrected tsunami height,
assuming that the tsunami arrived at 11:00 am, becomes 1.8 m.

Photo 2. Photograph showing group interviewed to local people who had observed tsunamis at
Maungmagan Beach, MM-01 (looking south).

5.2 MM-02: Thabawseik-Kyauksent Village (14°06' 20.3"N, 98°05' 51.4"E)

Thabawseik-Kyauksent Village is a coastal village of about 200 houses which builds
up very close to the shore line. The peoples’ stable earning is mainly fishery. The interview
with the local person (51 year old male) confirmed that the tsunami reached up to 55 cm
above the ground (Photo 3) and arrived between about noon and 1 pm in three successive
waves of 20 minute intervals but caused no severe damage. The tsunami height was lower
than the rainy season high-tide level. The measurement at 11:25 am on March 7 indicates
that the tsunami height was 2.4 m above the sea level, while rainy season high tide level was
3.0 m. The corrected tsunami height becomes 1.6 m.

13



Photo 3. Photographs show survey measurement at Thabawseik-Kyauksent Village. Arrow
indicates the height of tsunami (pointed by Interviewee).

5.3 MM-03: Myaw Yit Gyi Pagoda (14°05' 15.2"N, 98°04' 12.6"E)

Myaw Yit Gyi Pagoda is situated on a small isolated granite body and connected to
the opposite bank by a concrete bridge (Photo 4). A Buddhist monk from the Pagoda told us
that he did not feel the earthquake shaking. Between 9:30 and 11:30 am, he observed that
three waves coming from the different directions reached at the base of the bridge. The height
of tsunami was larger than the high tide of the rainy season. When receded, the seafloor was
exposed about 200 m from shore line.

The measurement at 13:56 pm on March 7, 2005 indicated that the tsunami height
was 3.3 m above the sea level. The corrected tsunami height becomes 1.4 m.

Photo 4. Interview with a Buddhist monk at Myaw Yit Gyi Pagoda (left) and view of Myaw Yit

Gyi pagoda in seaward (westward) direction (right).
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5.4 MM-04: Sann Lan Village (13°56' 22.3"N, 98°04' 32.7"E)

Sann Lan Village is also situated on the same shore line, and constituted of almost
wooden houses. The major earning is fishery. A fisherman told that the tsunami arrived at
11:00 am in four times with 15-minute interval and it was coincidence with low tide,.

Measurement at 16:40 pm on March 7, 2005 indicates that the tsunami height was
4.9 m above the sea level, while the high tide of the day was between 1.9 and 2.3 m. The

corrected tsunami height becomes 2.9 m.

A G T e W AR T 4 ’
Photo 5. Survey at Sann Lan Village. Yellow dotted line is tsunami height (left). Measurement

at Sann Lan Village (right)

5.5 MM-05 Kyet Lut beach (13°33' 32.4"N, 98°08' 22.7"E)

Kyet Lut beach is situated on the southern tip of the peninsula, 60 km from the
Dawei. Two parallel debris lines were observed on the beach. A 19-years old male who live in a
cottage where a group of farmers living seasonally reported that the tsunami entered after
lunch (normally, local people take lunch about 10 am), and observed three times with 3 to 5
minute intervals (Photo 6). In addition, the lower debris was brought by the tsunami, while
the upper one was by rainy season high tide.

Measurement at 12:30 on March 8, 2005 indicated that the lower debris line was 2.7
m above the sea level, while the upper line was 3.2 m. The corrected tsunami height becomes
1.9 m.

15



cottage

| g
Photo 6. Survey at Kyet Lut Beach. Debris line indicates the maximum reach of tsunami (left)

and a small seasonal hut where the interviewee lives.
5.6 MM-06: Kyaukmattat Village (13°34' 51.5"N, 98°09' 04.9"E)

Kyaukmattat Village is situated on the west bank of the Dawei River and the major
earnings of the people are farming and fishery. A fisherman mentioned that a receding wave
firstly came around 1 pm and then another high tide appeared at 8 pm (Photo 7). He indicated
that the tsunami height was about 20 cm above ground on the wooden structure (right
photograph).

Measurement at 14:00 pm on March 8, 2005 indicates that the tsunami height was
2.6 m above the sea level. The indicated high tide levels of the day and rainy season were 2.3
m and 3.8 m, respectively. The corrected tsunami height becomes 0.9 m.

Photo 7 Survey at Kyaukmatta Village on the west bank of the Dawei River
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5.7 MM-07: Nyawbyin Village (13°38' 05.3"N, 98°08' 45.3"E)

Nyawbyin Village is situated on the western coast of the peninsula in Longlon
Township and its curve shape beach profile is surrounded by two ridges. Most people did not
feel the earthquake but noticed that the tsunami arrived there around noon.

The measurement at 15:07 on March 8 indicates that the tsunami height was 4.3 m
above the sea level. The indicated high tide levels of the day and rainy season were 4.8 m and
3.2 m, respectively. The corrected tsunami height becomes 2.0 m.

Photo 8. Survey at Nyawbyin Village in Longlon Township

17



6. Survey in Kawthaung area (MM-08 ~ MM-14)

Kawthaung City is located at the southern tip of Myanmar, and its surrounding
islands are affected by tsunami according to the report of the Department of Meteorology and
Hydrology. Total of seven localities along coastal areas of Kawthaung Township, including
three islands and western coast of Kawthaung were surveyed (Figure 7).

The eyewitness accounts of tsunami arrival were also variable, though the difference
among the site locations is small, between 10:30 and 11:45 am. We assume that the tsunami
arrival was 11:00 am (when tide level was 2.9 m) throughout the Kawthaung area. If the
tsunami arrival was earlier or later by half an hour, i.e., at 10:30 and 11:30 when the tide
levels were 3.0 m and 2.7 m, then the corrected tsunami heights would be either 0.1 m lower
or 0.2 m higher, respectively.

lo Kawthaung

Plautonton Island *
MM-08 2.5 m

Salonlay Island
[ MM-091.8 m—i® .

Salon Island

4
MM-10 0.4 m v
L J

10 km g

2L

- 10° 00'N

-

: 9° 40'N
98° 20'E 98° 40'E

Figure 7. Survey locations in Kawthaung area

6.1 MM-08 Plautonton Island 10°01' 34.5"N, 98°30' 43.9"E

Plautonton Island is a small island close to west coast of the Kawthaung City,
connected by a 600 meter long wooden bridge. The central part of the bridge was destructed
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by the tsunami (Photo 9). Field survey was taken at Plautonton Village on the island. Most
houses of the village are built on a mudflat, raising floor level up to one or two meters above
the sea surface. Water marker was observed at the interviewee’s house (Photo 10). A 37 year
old housewife told that the tsunami arrived at 10: 30 am in three waves with 15 minute
intervals. A 62 year old male, owner of a grocery store, said that two waves with 10-15 minute
intervals arrived. Because the tsunami arrived during low tide, there was no severe damage
to buildings, but some household wares (rice, bags, cloths and TV sets, etc) were flooded. One
person died in this village.

Photo 9. Destruction of wooden bridge to Plautonton by the tsunami

;&

v 4T

Photo 10. Houses above water (left) and the watermark on the wall of a house (right)

Measurement at 9:30 on March 10, 2005 indicates that the tsunami height was 1.8 m
above sea level, while that of the rainy season high tide was 0.7 m. By assuming that the time
arrived at 11:00 am, the corrected height becomes 2.5 m.
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6.2 MM-09: Ywarthaya Village, Salonlay Island (10°00' 25.8"N, 98°28' 49.4"E)

At the Ywarthaya Village of Salonlay Island, situated at the west of the Plautonton
Island, there was no damage at all by the tsunami (Photo 11). A 23 year old male told us that
the tsunami arrived at 11:15 am. Three to four waves arrived with 5 minute intervals.

Measurement (at 10:50 March 10) indicates that the tsunami height was 1.0 m above the sea

level, while the rainy season high tide level was 0.6 m. The corrected height is 1.8 m.

6.3 MM-10: Dolphin Club, Salon Island (9°59' 23.7"N, 98°29' 15.9"E)

The Dolphin Club of Salon Island, a few kilometers south of Salonlay Island, has a
flat shore line. An interview was made to an eyewitness from the Dolphin Club. A 27 year old
male told us that tsunami arrived at 11:45, in four waves with 5 minute intervals, and the
height of sea level was the same as that of sea level at the time of our visit at 11:40 on March
10. The high tide level in rainy season is 1.1 m above the sea level. The corrected height is 0.4
m (Photo 12).

Photo 12. Survey at the Dolphin Club, Salon Island

20



6.4 MM-11: Konnamaing Chaungwa Village (10°02' 10.2"N, 98°31' 27.6"E)

Konnamaing Chaungwa is a small village located on the western coast, northwest of
the Kawthaung city. A bridge over a stream connected to the village is partly damaged during

the incoming tsunami (Photo 13).

L

Photo 13 Destruction of bridge to Konnamaing Chaungwa Village by tsunami (narrow flat
portion in the right far site of photo)

There were some damages by the tsunami: one death and destruction of eight houses.
There is a clear watermark on a wall of a house indicating the tsunami height (Photo 14).
Furthermore, the tsunami brought up some fishing boats along the stream course and then
onto the paddy field (Photo 15 left). Some traces of marine mud on telephone post indicated
the height of splash from the tsunami (Photo 15 right). According to eyewitness account, the
tsunami arrived at 10:45 am.

Systematic measurement at 14:40 pm on March 10, 2005 indicates that the two
water marks were 1.4 and 1.2 m above ground level, and 3.9 m and 4.0 m above the sea level.
The corrected tsunami height is 1.9 m.

2= ol -

Photo 14. Water mark (right) at the wall of the interviewee’s house (left)
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trace of tsunami splash

e

Photo 15. Traces of mud brought by tsunami at the top of the telephone post (right photo) and
a boat and tsunami deposit in a paddy field (left photo).

6.5 MM-12: Tannyopada Village(10°05' 35.3"N, 98°30' 54.2"E)

Tannyopada is a small village of 40 houses located along the shore line northwest of
Kawthaung city. A 40 year old man told that the tsunami arrived between 10:30 and 11:00 am,
in three times with 10 minute intervals (Photo 16).

The measurement at 15:50 on March 10 indicates that the tsunami height was 4.4 m
above the sea level. The sea level was very low at the time of measurement and the current
water front was more than 200 m offshore, hence the height measurement was less reliable.

The corrected tsunami height becomes 1.7 m.

-

Photo 16. Field survey at Tannyopada
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6.6 MM-13: Thirimyaing Quarter of Kawthaung City (10°00' 2.8"N, 98°32' 06.3"E)

The locality is the west part of Kawthaung city with coast line facing to west. Survey
measurement and tsunami information were taken by interviewing with local people. A 25
year old female told us that the tsunami arrived at 10:30 am, in five times with 5 minute
intervals (Photo17).

—n

Photo 17. Field measurement was carried out in Thirimyaing Quarter of Kawthaung. A large
coverage of mud flat in connection with low tide and a barrier of Island in the seafront lead to
less tsunami effect on the shore.

Measurement at 16:54 on March 10 indicates that the tsunami height was 3.3 m
above the sea level. The calculated tide levels at the time of measurement and 11:00 of
December 26 are 0.2 m and 2.9 m, respectively, hence the corrected height would be 0.6 m.
However, the sea level at the time of measurements was very low, and the measured heights
are not reliable. Alternatively, we estimate the tsunami heights using the differential levels at
this location. We also measured, on the basis of eyewitness accounts, the high tide levels of
the rainy season, evening and morning of the day as 2.0 m, 1.8 m and 1.5 m, respectively,
above the sea level. The tsunami height was 1.8 m higher than the high tide level of the
morning of March 10. The calculated high tide is 3.7 m, or 0.8 m higher than 11:00 of
December 26. From these, the tsunami height is estimated as 2.6 m. We consider that this

estimate is more reliable.
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6.7 MM-14: Myoma Jetty of Kawthaung (9°58' 39.9"N, 98°33' 11.6"E)

Myoma Jetty of Kawthaung is a harbor for domestic transportation near the center of
Kawthaung City. Many people noticed the abnormal rise of sea level and reported that the
highest tsunami level was about 30 cm below the top of the quay wall (Photo 18).

Measurement at 17:30 pm March 10 indicates that the tsunami height was 4.1 m

above the sea level. The estimated tsunami height becomes 1.6 m.

LA . . .

Photo 18. Survey at Kawthaung Myoma Jetty

24



7. Survey in Myeik area (MM-015 ~ MM-16)

Myeik is the capital of Taninthayi division and situated about the center of the
distance between Dawei and Kawthuang cities. A chain of small islands called Myeik
archipelago trending in a north-south direction is situated to the west of Myeik city. Two
localities, Thandar Kyun village (MM-15) and Pahtaw village (MM-16) were surveyed (Figure
8).

As in the Dawei and Kawthaung area, the tsunami arrival times by eyewitness
accounts differ by an hour. We assume that the tsunami arrival time was 11:00 am, when the
calculated tide was 4.2 m for the correction. If the tsunami arrival was 12:00 am (noon), when
the tide level was 3.7 m, then the corrected tsunami height would be higher by 0.5 m.

98" 20°E g98° 40'E

12° 40'N

12° 20'N

Figure 8. Map of surveyed localities at Myeik area

7.1 MM-15: Thandar Kyun Village (12°29' 39.2"N, 98°30' 55.5"E)
Survey was taken at Thandar Kyun Village about 10 km west of Myeik city (Photo
19). A 27 year old male told that the tsunami arrived at 11 am, in two waves with a 20 minute
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interval.
Our measurement (at 16:10 March 11) of the tsunami levels of two accounts were 2.2
m and 4.4 m, while the high tide level of the rainy season is 5.1 m. Assuming that the tsunami

arrival time as 11:00 am, the corrected maximum tsunami height is 0.7 m.

Photo 19. Field survey at Thandar Kyun Village

7.2 MM-16: Pahtaw Village (12°26' 57.4"N, 98°35' 11.4"E)

Pahtaw Village is located on a small island, a few kilometers west of Myeik city. An
eyewitness reported that the tsunami arrived at 12 noon in three waves (Photo 20).

Measurement (at 18:00 March 11) indicates that the tsunami height was 6.7 m above
the sea level, while the high tide in the rainy season was 6.3 m. Assuming the tsunami arrival
time was 11:00 am, the corrected tsunami height becomes 2.2 m. An eyewitness indicated that
the tide level just before the tsunami arrival was 4.6 m, making the tsunami height 2.1 m,
very similar to the corrected height.

Photo 20 Field survey at Pahtaw Village, Myeik area.
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8. Survey in Ayeyarwaddy delta (MM-017 ~ MM-22)

A total of six localities (MM-17 to MM-22) near Pyinsalu were surveyed (Figure 9) in
Ayeyarwaddy delta. In this region, 25 people lost their lives and 1,130 people were affected.
For the Ayeyarwaddy delta, the tsunami arrival times were between 11:00 am and 11:45 am,
according to eyewitness account. We assume that the tsunami arrival was 11:30 am, when the
tide level was 1.9 m, for the entire region for the correction of tsunami heights. If the tsunami
arrival was 11:00 or 11:45, when the tide levels were 2.0 m and 1.8 m, the corrected heights
would be lower or higher by 0.1 m, respectively.

94° 40'E 95" 00'E 95° 20'E

16° 0O'N -

Kain ung IsiandWillage
Layyin Kwin Villagg l MM-212.3m
10 km MM-17 0.6 m Aung Hlaing Village MM-20 1.9 m
—_— MM-22 1.5 m 'C;’
15° 40N = ...} e

Figure 9. Map of surveyed localities at Ayeyarwaddy delta
8.1 MM-17: Layyin Kwin (Airfield) Village (15°47' 25.0"N, 94°48' 22.9"E)
At Layyin Kwin Village, 16 huts out of 20 were washed away and one person was

perished by the tsunami. According to an eyewitness, the tsunami arrived at 11:45, when the
tide was low, in four waves. The inundation depth was about 20 cm.

Photo 21. Field survey at Layyin Kwin (Airfield) Village a, Pyinsalu
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Measurement at 14:46 pm on March 13, 2005 indicates that the tsunami level was
0.6 m above the sea level. Assuming that the tsunami arrived at 11:30 am, the corrected
tsunami height is 0.7 m.

8.2 MM-18: Kapyet Thaung Village (15°48' 22.0"N, 94°44' 19.3"E)

Kapyet Thaung Village is highly affected by the tsunami. Almost all of 130 huts were
washed away and 17 casualties were reported (Photo 22). Some ships were dragged over
inland. According to an eyewitness account, the tsunami arrived at 11 am in three waves with
15 minute intervals. Measurement at 17:51 pm on March 13 indicates that the tsunami
height was 3.5 m above the sea level. Assuming that the tsunami arrived at 11:30 am, the
corrected height is 2.0 m.

Photo 22. Field survey at Kapyet Thaung Village, Pyinsalu. Small huts were damaged by the

tsunami (left photo) and the situation of ocean at the time of measurement (right)

8.3 MM-19: Thit Poke Village (15°46' 59.9"N, 94°58' 42.1"E)

Thit Poke Village is a small one with 332 houses and located at about 20 km from
Pyinsalu. Two houses were damaged, but the tsunami caused no injuries or casualties.
Interview with local people indicated that the tsunami inundated about 50 cm above ground
at 11:40 am. Measurement at 8:57 on March 14 indicates that the tsunami height was 2.9 m
above the sea level. Assuming that the tsunami arrived at 11:30 am, the corrected height is
1.7m.
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Photo 23. Field survey at Thit Poke Village
8.4 MM-20: Kaing Thaung Island Village, Pagoda (15°44' 01.2"N, 95°03' 51.2"E)

In Kaing Thaung Village, a pagoda built near the shore line was damaged by the
tsunami. Part of the outer wall was knocked down (Photo 24, left) and watermark was clearly
observed at 50 cm above the ground level (Photo 24, right). A Buddhist monk told us that the
tsunami arrived at 11:30 am. Our measurement at 11:46 am on March 14 indicates that the
tsunami height was 1.8 m above the sea level. Assuming that the tsunami arrived at 11:30,

the corrected height is 1.9 m.

Photo 24 Field survey at Kaing Thaung Island Pagoda. Walls of Pagoda are destructed by
Tsunami (left photo) and Water marker at the wall (right photo)
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8.5 MM-21: Kaing Thaung Island Village (15°43' 59.6”N, 95°03' 48.4"E)

In the village, 8 casualties and 16 damaged houses are reported by Department of
Meteorology and Hydrology. An eyewitness account indicated that the tsunami height was
1.35 m above the ground (Photo 25). Measurement at 12:05 on March 14 indicates that the

tsunami height was 2.0 m above the sea level, and the corrected tsunami height is 2.3 m.

Photo 25. Field survey at Kaing Thaung Island Village. Local people showed the inundation
height of tsunami wave (right photo).

8.6 MM-22 Aung Hlaing Village (15°46' 17.3”N, 94°59' 02.3"E)

In Aung Hlaing Village, an eyewitness account indicated that the tsunami arrived at
11:45 in two waves. The tsunami inundated about 60 cm above the ground (Photo 26, right).
The second wave caused damage to 55 houses without any fatalities. Measurement at 14:06
on March 14 indicates that the tsunami height was 1.2 m above the sea level. Assuming that

the tsunami arrived at 11:30, the corrected height is 1.5 m.
| S|
\]

------

Photo 26 Survey at Aung Hlaing Village
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9. Concluding Remarks
9.1 Summary of tsunami heights

Survey data of the 22 localities (MM-01 to MM-22) from Myeik Archipalegos,
Taninthayi Division and Ayeyarwaddy Delta reveal that tsunami heights along the Myanmar
coast were not more than 3 m and the affected time was mostly between 9:30 and 13:00, that
is 2 to 5.5 hours after the main earthquake event off the coast of Sumatra (Figure 10). The
arrival times are very variable at each locality in the same area, indicating that the reported
times depend on the interviewees. Among the eyewitness we interviewed, nobody felt the
earthquake shaking, making the time estimate between the earthquake and tsunami more
difficult. About the tsunami heights, eyewitness often compared the December tsunami
height with the ‘rainy season high tide’; at most locations, the tsunami was similar or smaller
than the ‘rainy season high tide'. As shown in Figure 8 (page 11), the calculated high tides are
more or less similar throughout the year. Hence the ‘rainy season high tide’ must be the

results of meteorological effects such as floods rather than astronomical tides.

Tsunami arrival time
Tsunami height, m hour, December 26
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Figure 10 Summary of tsunami survey

The tsunami source was estimated about 700 km long from analysis of tide gauge
records (Lay et al., 2005). Tsunami travel times are computed from this source (Figure 11). It
shows that the tsunami travel times to Myanmar coast is 2.5 hours or more, indicating that

the first tsunami was expected at around 10 am. Because of lack of ground shaking and the
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relatively small size of tsunami, coastal residents might not have noticed the tsunami at the

first arrival.

uu o iy
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Figure 11 Computed tsunami arrival times
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Figure 12 Computed maximum tsunami heights

The tsunami source extending in the north-south direction also affects the amplitude
distribution. Figure 12 shows the distribution of computed maximum amplitudes. The
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tsunami amplitudes are larger in the NE (toward Phuket) direction and SW (toward
Maldives) direction. The computed tsunami amplitudes are relatively smaller along the
Myanmar coast. The amplitudes are slightly large off Ayeyarwaddy delta, because the
shallow delta extends offshore to cause concentration of tsunami energy.

The tsunami height was much smaller than those of the neighboring Thai coast,
where the heights were reportedly 5 to 20 m (Figure 11). The tsunami heights along the Thai
coasts were measured by three Japanese parties: Matsutomi et al. in December 30 — January
4, Satake et al. in January 28— 29, and Tsuji et al. in February 24 — March 4, and the results
are compiled at http://www.drs.dpri.kyoto-u.ac.jp/sumatra/index-e.html. The relatively

smaller tsunami heights explain why the tsunami casualties, as reported as 61, were much

smaller than those of other countries.
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Figure 13. Comparison of tsunami heights along Myanmar and Thai coasts

Another reason for the smaller tsunami is due to the fact that the coast of Taninthayi
Division was protected by offshore islands of the Myeik Archipelago trending north-south
direction.

9.2 Vulnerability of the Myanmar Coast for tsunamis

In 2004, tsunami damage in Myanmar was relatively slight, compared with other
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countries such as Indonesia, Thailand, Sri Lanka and India. Numerous houses, including
seasonal huts, were built along the Myanmar coasts without any protection for tsunamis. Our
interviews indicate that the people did not feel earthquake in Tanintharyi Division or in
Ayeyarwaddy delta. The only way to notify people about the tsunami danger is through
Tsunami Warning System. However, the infrastructure to disseminate the warning
information is rather poor in Myanmar. In addition, coastal residents in most surveyed
localities live the flat land, along the coast, especially in the Ayeyarwaddy delta, and there is
no higher elevation to evacuate. In order to prevent future tsunami hazards, earthquake and
tsunami potential in the northern extension of the Sunda subduction zone needs to be
evaluated. Study of historic and prehistoric tsunami events would be necessary for such

evaluation.

10. Acknowledgements

Myanmar Department of Meteorology and Hydrology helped the Japanese scientists
to visit Myanmar. The encouragement of the director general, San Hla Thaw, and the deputy
director general Tun Lwin, and support by other officers and staffs including those in the field
offices of Dawei, Kawthaung and Myeik, were very helpful. Myanmar Engineering Society
provided official invitation and logistic arrangement of the trip. We are grateful to the
Chairman U Than Myint for his continuous support. Advices from members of Yangon
University, Yangon Technological University, Myanmar Geoscience Society and Myanmar
Engineering Society are greatly appreciated. Many people in the field helped our survey. In
particular, Tin Hlaing (the former Township Administration Officer) accompanied for the
surveys in Dawei, Kawthaung and Myeik areas and helped us arrange local logistics. The
survey was support by Special Coordination Funds for Promoting Science and Technology,

from Japanese Ministry of Education, Sports, Culture, Science and Technology.

11. References

Intergovernmental Oceanographic Commission (IOC), Post-tsunami survey field guide,
UNESCO 10C Manuals and Guides, No. 37, 62 pp., 1998
(http://ioc.unesco.org/itsu/files/MG037.pdf).

Lay, T., H. Kanamori, C. 3. Ammon, M. Nettles, S. N. Ward, R. C. Aster, S. L. Beck, S. L. Bilek,
M. R. Brudzinski, R. Butler, H. R. DeShon, G. Ekstrom, K. Satake, and S. Sipkin, The
Great Sumatra-Andaman Earthquake of 26 December 2004, Science, 308, 1127-1133,
2005.

United Kingdom Hydrographic office, Admiralty Tide Tables Volume 3: Indian Ocean & South
China Sea (including Tidal Stream Tables, 2004).

34



Table 2 Summary of Survey

No Locality Lat. Long. 'I;smuln l\ljlfea:js Type Based Eﬁ:{; Rept(i)rr;Ed Measured at Tide Arrival Tide
MM-01 Maungmagun Beach 14.1435 98.0908 1.8 2.4 R D A 10-12, 14 2005/3/7 10:27 2.7 11:00 3.3
MM-02 Thabawseik-Kyauksent Village 14.1056 98.0976 1.6 2.4 | E B 12-13 2005/3/7 11:25 2.5 11:00 3.3
MM-03 Myaw Yit Gyi Pagoda 14.0876 98.0702 1.4 3.3 R E B 9:30-11:30 2005/3/7 13:56 1.4 11:00 3.3
MM-04 Sann Lan Village 13.9395 98.0758 2.9 4.9 R E B 11 2005/3/7 16:40 1.3 11:00 3.3
MM-05 Kyet Lut Beach 13.559  98.1396 2.4 2.7 R D A 10-11 2005/3/8 12:30 3.0 11:00 3.3
MM-06 Kyaukmattat Village 13.581 98.1514 0.9 2.6 | E B 13,20 2005/3/8 14:00 1.6 11:00 3.3
MM-07 Nyawbyin Village 13.6348 98.1459 2.0 4.3 R E B 12 2005/3/8 15:07 1.0 11:00 3.3
MM-08 Palautonton Island 10.0263 98.5122 25 1.8 | W A 10:30 2005/3/109:30 3.6 11:00 29
MM-09 Ywarthaya Village, Salonlay Island  10.0072 98.4803 1.8 1 R E B 11:15 2005/3/1010:50 3.7 11:00 2.9
MM-10 Dolphin Club, Salon Island 9.9899  98.4878 0.4 0 R E B 11:45 2005/3/1011:40 3.3 11:00 2.9
MM-11 Konnamaing Chaungwa Village 10.0362 98.5243 1.9 4 | W A 10:45 2005/3/1014:40 0.8 11:00 2.9
MM-12 Tannyopada Village 10.0931 98.5151 1.7 4.4 R E B 10:30-11:00 2005/3/10 15:50 0.2 11:00 2.9
MM-13 Thirimyaing Quarter, Kawthaung 10.0008 98.5351 2.6 1.8 R E B 10:30 2005/3/1016:54 0.2 11:.00 2.9
MM-14 Myoma Jetty, Kawthaung 9.9778  98.5532 1.6 4.1 R E B 2005/3/1017:30 0.4 11:.00 2.9
MM-15 Thander Kyun Village 12.4942 98.5154 0.7 4.4 R E B 11 2005/3/11 16:10 0.5 11:.00 4.2
MM-16 Pahtaw Village 12.4493 98.5865 2.2 6.7 R E B 12 2005/3/1118:00 -0.3 11:00 4.2
MM-17 Layyin Kwin (Airfield) Village 15.7903 94.8064 0.6 0.7 I E B 1145 2005/3/13 14:46 1.8 11:30 1.9
MM-18 Kapyet Thaung Village 15.8061 94.7387 2.0 35 R E B 11 2005/3/1317:51 04 11:30 1.9
MM-19 Thit Poke Village 15.7833 94.9784 1.7 2.9 | E B 11:40 2005/3/14 857 0.7 11:30 1.9
MM-20 Kaing Thaung Island, Pagoda 15.7337 95.0642 1.9 1.8 | W A 11:30 2005/3/1411:46 2.0 11:30 1.9
MM-21 Kaing Thaung Island Village 15.7332 95.0634 2.3 2 | E B 2005/3/1412:05 2.2 11:30 1.9
MM-22 Aung Hlaing Vllage 15.7715 94.984 1.5 1.2 | E B 11:45 2005/3/14 14:06 2.2 11:30 1.9
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Table 3. Damage List at Villages of Myaungmya District, Ayeryarwaddy Division, Myanmar

No. N_ame of Name of Village Reference Map No. Death Injury Lostin Household Boat/Ship Paddle Others Remark
Village Group Contact Boat

1 Kaing Thaung Kaing Thaung Ka Ma (Yu-180128) 5 26 68 15

2 Kwin Pauk Aung Hlaing Ka Ma (Yu-130175) 3 20 25

3 Thaung Galay Ka Ma (Yu-955220) 2

4 Layyin Kwin Ka Ma (Yu-890203) 7 4

5 Mingalar Thaungdan Ka Ma (Yu-100155) 3 10

6 Kone Gyi Ka Ma (Ti-885243) 3 200

7 Htan Pin Gone Ka Ma (Ti-855200) 17 80

8 Kwin Pauk Ka Ma (Ti-955226) 7 7

9 Pyin Khayaing Kyauk Kalat Ka Ma (Ti-484334) 3 4 1 36 1 1

10 Magyi Chaing Ka Ma (Ti-483352) 4 3

11 Azin Chaning Ka Ma (Ti-478328) 7 4

12 Pyitharyar Ka Ma (Ti-455294) 13 3

13 Baydar Aing Ka Ma (Ti-453323) 4

14 Auk Kone Ka Ma (Ti-453327) 1 10

15 War Gone Ahlei Thaung Ka Ma (Ti-443358) 2

16 Oak Twin Phonedawpyi Ka Ma (Ti-515385) 101

17 Thetkei Thaung The Chaung Ka Ma (Ti-498397) 18 5

18 Wantoe Pazunkan Ka Ma (Ti-4540397) 1

19 Di Duu Gone Di Duu Gone Bridge Ka Ma (Ti-465328) Damage of 197 feet long wooden bridge
Total 7 Group Villages, 19 Villages, 1 Bridge, 26 43 16 548 72 18
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