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Abstract: The tsunami heights from the 2004 Sumatra-Andaman earthquake were between 0.4 and 2.9
m along the Myanmar coast, according to our post tsunami survey at 22 sites in Ayeyarwaddy Delta and
the Taninthayi coast. Interviews to coastal residents indicate that the tsunami arrived between 2 to 5.5
hours after the earthquake, although nobody felt ground shaking. Much smaller tsunami than the
neighboring Thai coast, where the tsunami heights were 5 to 20 m, explains relatively slighter tsunami
damage in Myanmar; the casualties were reported as 71, compared to about 8300 in Thailand. The
smaller tsunami was probably due to the fact that the tsunami source did not extend to Andaman Islands.
The tsunami travel times and maximum heights computed from a 700 km long source are basically
consistent with the observation. For a nearby tsunami source, the tsunami hazard would be more
significant in Myanmar, because coastal houses are unprotected for tsunamis and no infrastructure exists
to disseminate tsunami warning information.
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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 9.1-9.3) 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 (~164,000), followed by Sri Lanka
(~36,000), India (~16,000), Thailand (~8,300), and as far away as Somalia (International Federation of Red Cross and Red
Crescent Societies, 2005). In Myanmar, the damage and casualties (71) 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 document 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 (Fig. 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 is about 200 km wide. Sedimentation and annual delta growth rate increase lead to further shallow

161



Kenji Satake et al.

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.

90° 100°
20° . . o _ . . . . |

Indian Plate I;zr‘{ond Is..

Ayeyarwady delta
&

15°

10°

5o

Fig. 1. Tectonic map showing the aftershock distribution
of the Sumatra-Andaman earthquake (red circles)
along the active plate boundary (according to
USGS). Yellow triangles are the locations where
the tide levels were computed.
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Fig. 2. Computed tsunami arrival times 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 was 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: Maungmagan 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 a chartered 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.
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4. Measurement Method and Corrections for Tides

According to 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 a portable 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.

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 watermarks) above the sea level at the time of
measurement. Tsunami heights were calculated as follows:
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Photo 1. Two kinds of measurements, using auto-level (left) and laser
(right) instruments.
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Fig. 3. Measurement of tsunami heights and corrections.
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Th= (Tt — Tm)+ (ITm — Ta)
where 7% is the estimated tsunami height, 7¢ is the height of tsunami trace, 7m the tide level at the time of measurement,
and 7a the computed tide at the time of Sumatra tsunami on December 26, 2004 (Fig. 3). We indicate the times in 24 hour
system (e.g., 13:13) on Myanmar local time when it is accurate to the nearest minute.

The tide levels at the times of tsunami arrival and the measurement were computed 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
(United Kingdom 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) (Figs. 4 and 5).
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Fig. 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. We indicate the reported time to the nearest quarter hour with am or pm. We also assume that the tsunami arrival
was 11:00 am for the Taninthayi coast and 11:30 am for Ayeyarwaddy Delta to make the corrections.

Figure 5 indicates the tidal levels for one year, from May 2004 through April 2005, including both dry and rainy
seasons. In Myanmar, a year is divided into three seasons: summer from February through May, rainy season from June
through September, and winter from October through January. 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 an impression
that high tide levels are different from dry and rainy seasons. However, the seasonal change is very small, if any, compared
to the amplitude of daily tidal change (Fig. 5).

The survey results are compiled in Table 2 with location numbers, location names, latitudes and longitudes, the
corrected and measured heights (in meter), type of measurements (R for runup and I for inundation), type of evidence (D
for debris, E for eyewitness accounts, W for watermarks), reliability (A is based on physical evidence supported by
eyewitness accounts, B is 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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Fig. 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.

5. Survey in Dawei Area (MM-01 ~ MM-07)

In the Dawei area, seven sites, MMO1 through MMO7, were visited. The measurement sites are shown in Fig. 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, 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 was 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.
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Fig. 6. Map showing tsunami measurement sites in Dawei area.
Location numbers (in parenthesis) and corrected hights are
shown at each location.

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 were between 10 am and 12 noon.

Our measurement at 10:27 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, becomes 1.8 m.
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Photo 2. Group interviewing 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 a local person (51 year old male) confirmed that the
tsunami reached up to 55 cm above the ground (Photo 3 left) and arrived between 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 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.
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Photo 3. Survey measurement at Thabawseik-Kyauksent Village. Arrow indicates the height of tsunami (pointed by
interviewee).
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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 granite island 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 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 the shore line.

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

p——

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).

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 am in four times with 15 minute intervals and it was
coincidence with low tide (Photo 5).

Measurement at 16:40 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.
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Photo 5. Survey at Sann Lan Village. Yellow dotted line is tsunami height (left). Measurement at Sann Lan Village (right).
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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 (Photo 6 left). 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. 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 indicates 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.

‘cottage’
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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 (right).

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. He indicated that the tsunami height was about 20 cm above ground on the wooden structure (Photo 7
right).

Measurement at 14:00 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.

¥sinami height
20 cm
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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 3.2 m and 4.8 m, respectively. The corrected tsunami height
becomes 2.0 m.

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 (Fig. 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 (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.

L Kawthaung

Plautonton Island °
MM-08 2.5 m

Salonlay Island
| MM-09 1.8 m

Salon Island
MM-10 0.4 m

10° 00'N

10km |

- 9°40'N

98° 20'E 98° 40'E

Fig. 7. Survey locations in Kawthaung area. Location numbers (in

parenthesis) and corrected hights are shown at each
location.
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6.1 MM-08: Plautonton Island (10°01° 34.5”N, 98°30° 43.9”’E)

Plautonton Island is a small island close to the west coast of Kawthaung City, connected by a 600 meter long
wooden bridge. The central part of the bridge was destructed by the tsunami (Photo 9). Field survey was taken at
Plautonton Village on the island. Most houses of the village are built on a mudfiat, raising floor level up to one or two
meters above the sea surface (Photo 10 left). Watermarke was observed at the interviewee’s house (Photo 10 right). 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.

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, the corrected height becomes 2.5 m.

|2 E

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

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

Photo 11. Field survey at Ywarthaya Village, Salonlay Island.

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 am, in four
waves with 5 minute intervals, and the height was the same as the 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.
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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 Kawthaung City. A bridge
over a stream connected to the village was partly damaged during the incoming tsunami (Photo 13).

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 right). 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 on March 10, 2005 indicates that the two watermarks were 1.4 and 1.2 m above
the ground level, and 3.9 m and 4.0 m above the sea level. The corrected tsunami height is 1.9 m.

=i/l

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

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

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.

175



Kenji Satake et al.

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 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).

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.

Photo 17. Field measurement was carried out in Thirimyaing Quarter of
Kawthaung City. 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.

6.7 MM-14: Myoma Jetty of Kawthaung City (9°58° 39.9”N, 98°33° 11.6”E)

Myoma Jetty 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 March 10 indicates that the tsunami height was 4.1 m above the sea level. The estimated
tsunami height becomes 1.6 m.

Photo 18. Survey at Kawthaung Myoma Jetty.
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7. Survey in Myeik area (MM-015 ~ MM-16)

Myeik is the capital of Taninthayi division and situated a half way 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 (Fig. 8).

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

98° 20'E 98° 40'E
- 12° 40'N

12° 20'N

Fig. 8. Map of surveyed localities at Myeik area. Location numbers (in parenthesis) and
corrected hights are shown at each location.
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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 20 minute interval.

Our measurement (at 16:10 March 11) of the tsunami levels of two accounts are 2.2 m and 4.4 m, and the high tide
level of the rainy season is 5.1 m. Assuming that the higher level (4.4 m) represents the maximum tsunami height and the
tsunami arrival time as 11:00 am, the corrected height becomes 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 right).

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 that the tsunami arrival time was 11:00, 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.
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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 (Fig. 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 and 11:45 am, according to eyewitness accounts. We assume that the tsunami arrival was 11:30, 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° 00'N
MM-18 2.0 m _
Kaing Thaung Island Village
ayyin Kwin Villagg MM-21 2.3 m
10 km M-17 0.6 m MM-20 1.9 m
15° 40N o 48

Fig. 9. Map of surveyed localities at Ayeyarwaddy Delta. Location numbers (in parenthesis) and corrected hights are
shown at each location.

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 am, when the tide was low, in four waves. The inundation depth

was about 20 cm.
Measurement at 14:46 on March 13, 2005 indicates that the tsunami level was 0.7 m above the sea level.

Assuming that the tsunami arrived at 11:30, the corrected tsunami height becomes 0.6 m.

=% AR
a i WELRANE

Photo 21. Field survey at Layyin Kwin (Airfield) Village near Pyinsalu.
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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 on March 13 indicates that the

tsunami height was 3.5 m above the sea level. Assuming that the tsunami arrived at 11:30, the corrected height becomes
2.0 m.

Photo 22. Field survey at Kapyet Thaung Village, Pyinsalu. Small huts were damaged by the tsunami (right photo) and the
situation of ocean at the time of measurement (left).

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 the 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, the corrected height becomes 1.7 m.

L = R
S > e

Photo 23. Field survey at Thit Poke Village.
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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 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 becomes
1.9 m.

Photo 24. Field survey at Kaing Thaung Island Pagoda. Walls of Pagoda are destructed by Tsunami (left) and Watermark at the
wall (right).

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).
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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 am 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 becomes 1.5 m.

Photo 26. Survey at Aung Hlaing Village.

9. Discussion and Conclusions
9.1 Summary of tsunami heights

Survey data at 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 Sumatra-Andaman earthquake (Fig. 10). The arrival
times vary at small distance in the same area, indicating that the reported times depend on the interviewees. Among the
eyewitness we interviewed, nobody felt the earthquake shaking, making it difficult to estimate the time between the
earthquake and tsunami arrival.

The tsunami height was much smaller than those of the neighboring Thai coast, where the heights were reportedly
5to 20 m (Fig. 11). The tsunami heights along the Thai coasts were measured by three Japanese parties: Matsutomi et al.
(2005) in December 30 — January 4, Satake et al. (2005) in January 28— 29, and Tsuji ef al. (2005) in February 24 — March 4.
The relatively smaller tsunami heights explain why the tsunami casualties, as reported as 71, were much smaller than those
of other countries. One of the reasons for the smaller tsunami is due to the fact that the coast of Taninthayi Division is
protected by offshore islands of the Myeik Archipelago trending north-south direction.
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Tsunami arrival time
Tsunami height, m hour, December 26
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Fig. 10. Summary of tsunami survey. The left map shows the epicenter of the mainshock (star) and 1-day
aftershocks (circles) according to U.S.G.S. The center panel is the corrected tsunami heights. The right
panel indicates the tsunami arrival times according to eyewitness accounts. The vertical dashed line shows
the earthquake origin time..
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Fig. 11. Comparison of tsunami heights along the Myanmar and Thai coasts. The tsunami
heights along the Thai coasts were surveyed by Matsutomi et al. (2005), Satake et
al. (2005), and Tsuji et al. (2005). Inferred tsunami source area is shown.

9.2 Possible origin of rainy season high tide
Eyewitness often compared the December tsunami heights with the ‘rainy season high tide’; at most locations, the

tsunami height was similar or smaller than the ‘rainy season high tide’ level. As shown in Fig. 5, however, the calculated
high tides are more or less similar throughout the year.
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Seasonal change in sea level may be due to seasonal change in wind direction. In Andaman Sea, the SW wind
toward land is dominant in rainy (Monsoon) season (from June through September), while the NE wind toward ocean is
dominant in other seasons (Fig. 12). The sea level change due to the Monsoon wind is about 20 cm according to a Global
Circulation Model, and the sea level change due to atmospheric pressure change is estimated as about 10 cm (M. Hirabara,
Meteorological Research Institute, personal communication). The observed seasonal change in Sea Surface Height by a
satellite in the central Andaman Sea is about 10 cm (N. Usui, Meteorological Research Institute, personal communication).
Hence the amplitudes of sea level change due to Monsoon wind are smaller than the daily tidal changes.

A possible cause for the sea level change and the observed debris deposition may be caused by storm surge
associated with Cyclones before and after the rainy season. In fact, during May 17 — 19, 2004, wind speed for more than
20 m/s was observed along the Andaman Sea coast (Fig. 13), and such a wind might have caused storm surges.

QuikScat wind vectors: 2004/06 - monthly average - South East Asia QuikScat wind vectors: 2004/12 - monthly average - South East Asia

EERERLEAE L
EE N R

FxaAraxTIX AT
SRR EE S
Arxamarg mx>

sxpaFAITIA]
S B R BT R

Vo
s
o
i
L
i
:I
3
s

. — T R

o B T e e B T B T e e e T e e e -
R R
L
EELEEELEAER RS R LS L ELEERE L

e T S e A B N T R L T
B b i

] P "

] t " 106 118 15 138
- T
Wind Spesd; D o ciata | Wind Spesd; | o data |
T 5 43 15 M@ & e 0 MK 10 T 5 43 15 M@ & e 0 MK 10
(rrwbers Joecond) Tetees musli (rrwbers Joecond) Tetees musli

Fig. 12. Monthly-averaged wind direction and speed in South East Asia observed by QuickScat. http://www.ssmi.com/qscat/
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Fig. 13. Wind direction and speed in the evening of May 11, 2004 and morning of May 21, 2004, observed by QuickScat.
http://www.ssmi.com/qscat/
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9.3 Computed tsunami arrival times and height distribution

The tsunami source was estimated to be about 700 km long from analysis of tide gauge records (Lay et al., 2005).
Tsunami travel times are computed from this source (Fig. 14). 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
relatively small size of tsunami, coastal residents might not have noticed the tsunami at the first arrival.

The tsunami source extending in the north-south direction affects the amplitude distribution. Figure 15 shows the
distribution of computed maximum amplitudes. The 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.
20°N -

10°N

o 10°N

70° 80° 90° 100° 110°E

Fig. 14. Tsunami arrival times computed from a 700 km long
tsunami source. Counter interval is 20 minutes with labels 0°
at each hour. The one-day aftershocks (circles) and the 90°E 100°E
assumed tsunami source (dotted curve) are also shown.

T
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Fig. 15. Distribution of maximum tsunami heights computed from a 700 km long tsunami source. The
assumed source region is also shown.
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9.4 Vulnerability of the Myanmar Coast for tsunamis

In 2004, tsunami damage in Myanmar was relatively slight, compared to other countries such as Indonesia,
Thailand, Sri Lanka and India. Numerous houses, including seasonal huts, are 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, evaluation of earthquake and tsunami potential in
the northern extension of the Sunda subduction zone is needed. Study of historic and prehistoric tsunami events would be
necessary for such evaluation.

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 supported by Special Coordination
Funds for Promoting Science and Technology, from Japanese Ministry of Education, Sports, Culture, Science and
Technology.

About the seasonal change in wind in Myanmar, Drs. Yamasaki, Nakazawa, Hirabara and Usui at Meteorological
Research Institute provided us valuable information.

References

Intergovernmental Oceanographic Commission (1998) Post-tsunami survey field guide, UNESCO IOC Manuals and
Guides, No. 37, 62 pp., http://ioc.unesco.org/itsu/files/MGO37.pdf.

International Federation of Red Cross and Red Crescent Societies (2005) World Disasters Report, Kumarian Press, 246 pp.

Lay, T., H. Kanamori, C. J. 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 (2005) The Great Sumatra-Andaman Earthquake of 26
December 2004, Science, 308, 1127-1133.

Matsutomi, H., T. Takahashi, M. Matsuyama, K. Harada, T. Hiraishi, S. Supartid, and S. Naksuksakul (2005) The 2004 Off
Sumatra Earthquake Tsunami and Damage at Khao Lak and Phuket Island in Thailand, Annual J. Coastal
Engineering, JSCE, 52, 1356-1360 (in Japanese).

Satake, K., Y. Okamura, M. Shishikura, Than Ting Aung, and K. Fujima (2005) Tsunami field survey along Thai coast
from the 2004 Sumatra-Andaman earthquake, Annual Report on Active Fault and Paleoearthquake Researches,
Geological Survey of Japan/AIST, No.5, 189-199.

Tsuji, Y., Y. Namegaya, H. Matsumoto, S.-I. Iwasaki, W. Kanbua, M. Sriwichai, and V. Meesuk (2005) The 2004 Indian
tsunami in Thailand: Surveyed runup heights and tide gauge records, Earth, Planets, Space, in press.

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

186



Tsunami Survey along the Myanmar Coast for the December 2004 Sumatra-Andaman Earthquake

90-¥1

: : : : . : . : Se[[A S 3 -
61 0¢: 11 T 1/€/900Z SPIT q q I Tl Sl 86’76 SILL'SI 93e[|A Sure[H Suny TTININ
. . . S0°Cl } } . }
: adeq[IA pue[s| Suney | Sure -
6'1 0€: 11 T b1/£/500Z q q I 0T €T ¥€90°S6  TEEL'ST TIIA Puels| UL, Surey] 1NN
61 0€: 11 0c o1l 0€: 11 A M I 81 61 9056 LEEL'SI epoged ‘puels[ Suney], Sures| 0T-ININ
¥1/£/S00T
61 0€: 11 L0 LS8 ¥1/£/S00T or: 11 g q I 67T L1 ¥8L6'V6  €E8L'ST 93e[[IA 904 NYL 61-IWIN
. ) . 1G:L1 . . . . 3 3 Ad -
61 0€: 11 0 C1/6/S002 I q q d S'¢ 0T LSELV6  1908°SI o3e[[IA Suney], 1Adey ST-ININ
61 0€: 11 81 wa\.&ﬁ ST q q I L0 90 908'v6  €06L'ST S3e[IA (PIoYIIY) UIM] UIkAe] LI-ININ
. } N 0081 ) } . . 3 -
(Y 00:11 €0 1/£/5002 4 d q d L9 T $986'86  €6vh Tl aFe[IA meIRd 91-ININ
. } . 01:91 ) . } )
: a3e[[IA uUnky Jopue -
(Y 00:11 S0 11/£/900Z I d q d vy L0 vSIS86  THov Tl [IIA uniy| Jopueyy, ST-ININ
. } . 0€:L1 . } . . 3 « < ]
6'C 00:11 0 01/£/500Z q q d I't 91 T€SS'86  8LL66 uneyimes| ‘ARof ewok N PI-ININ
6T 00:11 70 Swm \.wmom 0€:01 g q d 81 9T 1S€5°86 8000701 Suneymey] Gonend) Sure WLy ], CI-IWIN
. } . 0S:SI . ) } . . 5 dok -
6T 00:11 70 01/6/S002 00:11-0€:01 d q d vy L1 1S15'86  1€60°01 a3e[[IA epedofuug], TI-ININ
6T 0011 80 Sww\.mom SHOI v A I 0b 61 V7586 T9E0°01 aSeyiiA emSuney) Surewewuoy,  [[-NIA
. ) . i . . ) ; . q -
6'C 00:11 €€ 01/£/S00Z SPIT q q d 0 0 818786 66866 puels| uofes ‘qn[) urydjoq 0I-IWIN
6T 00:11 L€ Swm\.m%om SI:TT g q d 01 81 €08Y'86  TLOOOT pue[s] Ae[UO[ES “OTe[[IA BARYLEM X 60-ININ
6'C 00:11 9'¢  0£:601/£/S00T 0€:01 v M I 81 ST TTIS'86  €920°01 pue[S] UoyuOINB[R 80-ININ
€€ 00:11 01 LOST 8/£/S00T 4! 3| q d €y 0C 6SP1°86  8E9El a3e[[IA uIkqmedN LO-NIN
€¢ 00:11 91 00:t1 8/€/S00T 0T ‘€1 q q I 9T 60 YIS1°86 18S°€1 93e[[IA JenRURNRAY 90-ININ
€€ 00:11 0°€  0€TI 8/€/S00T 11-01 \ a d LT 61 96€1'86  6SS°El yoeag T 19K SO-NIN
€€ 00:11 €l 0v:91 L/€/S00T 1 d q d 4 67T 86L0°86  S6£6°El 93e[[IA U] uues Y0-ININ
€¢ 00:11 A 9G:€1 L/€/S00T 0€:11-0€6 q q d €¢ A T0L0'86  9L80'bI epo3ed KD NA MEAN €0-NIN
€€ 00:11 ST ST L/E/S00T €1-T1 d q I v 91 9L60°86  9SOI'¥1 OT[[IA JUOSHNEA-YIOSMBQRY[], T0-AIN
€€ 00:11 LT LTOL L/E/S00T v121-01 A a d v 81 806086  SEPIvI yoeag uegewsuney 10-ININ
uin
pIL, [BALLTY pIL, Je PAINSBIA! PaNO mom Anpqeroy paseg adAL painseajy weuns], ‘Suo e A1peoo ON

‘AoAaIng Jo Arewwing ‘7 9[qe],

187



Kenji Satake et al.

=
=B

E:3

2004 FE A~ b T B ERMUEIC X D ERIE, A v
Ko7 (§160,000 A), #1 (£18,300 \) 72 &
TEL OBIEEZH LR, S vr~—nblE, 71
ANEW DRI D I DT dwmE S, REEIT
B 1,000 km P BRI T X~ VR E Tt
L, TUoF~ il Es b s Shie. &
WO WIR 2 HeE 5 72 0121E, JED TOHE O
SR b WNICRERFLT — 2 NEETHDLHZ b,
Ry =XV —=VEERLRCA T U D)
TR D22 7 FHZEBWT, HEEOBRMFGHELIT 7.

BHIFRA T, DR DER~OB & AR, BEIRY,
e GPS I L AW ENE, EEEROE IR W
WACEIEBEORIE GAERFOWmE D) E1T7/2 572,
EROERISEIE R THRINTEY, 0O
I X > CTEEENRELR D, BEMDONIDBERHE
R E-TRY, FROES & T 58021
BHEEIXE VD, WRGEILA 72 <, FESTETICHES
BB IRV, EEoE S, b— IR
B A— L& AW CHREROYER ST L
o HEEBEFOSIEZHET L0, WERED
WIZEZ R L, MHIE L7-. ik ORGERANZ OV
TOBEIAHRFERITHH T LICKRELL B HDT,
WA IEDT-DI2IE, # U o Z— U Hg5 ClIE i
ZD 11:00 1, A Z U )] AT 11:30 (2 — L7=.
7ok, HUBRAITHHEEL T T29ETHD.

X — A (Dawei) JELTILT »FHZHWT 0.9
~29m &V O HEE S 2GR, GESIC X S EE
Wi Z0 1% 10:00~14:00 & K & < £ 5 2 W 7=,
Maungmagan beach TiX, WE/FIZ 2 ROIEHAE - T
BY, FRICED L, BONFN 12 ADEKIZES S
DTHDHEDZ L Th%. Thabawseik- Kyauksent £
T, EFEOESIINFEO WM LV HIK»- 72,
Myaw Yit Gyi O/ = & TIXfEME A ESE O i 2 #8142
LTHED, 9:30~11:30 {2/ T 3 BIOHRE L HHE
T &, 5l X HEOBRICITERE 54 200m (2
o TMENRBHLZZ L, BEOEIIEREOS
WAL LV bEh-o7=Z & &FGES L7-. Sann Lan #/,
Kyaukmattat ¥}, Nyawbyin &2\ TH, HEOR
BERFZ & SR 5FES #1572, Kyet Lut beach T
HBIEFEZ 2 AROBEBIAE->TEBY, KW EFR 12 AD
A, EWHIINEFEOENL ThHEDZ L ThD.

A EHEEIZ 32— b — 2 (Kawthaung) J&30 T,
7 rATCHE S ZHEL, 04~2.6m &\ ) EEE
7o, AESIC X HEIE OBERFANIL 10:30~11:45 &1X
5O\ /=, Plautonton B ~E DM (22K 600 m) 723
WIZE-oTHE L. Z0EORFITITE A E0K
FlZE#RINTEY, HEICE> TR EH - cm &
TiRA L, ZFEHMEEBR SIClENHT-. Salonlay &
KON Salon 5T & HIEBIERZ & m SI2ET 5RES
TN, RIS LD HE IS /2 ) o 7=, Konnamaing

188

Chaungwa T DAY O OFESCEEFOF Z R EEIZ
LW EEZIT 2. ZRONBEZITE OIEBR )N -
CTU /z. Tannyopada, Thirimyaing Quarter (Z3\ T ¥
AR B ER ) & SR T 2R 21572, HIERE
DFNEDIEF AR o 72728, HIE OB S OHEEIZ
B AREEIT R E V. Myoma Jetty TIEEER OFE S
BT 2REE DA G LT,

Sy A v 7 (Myeik) JELTIE2 » T CEME & S
ZREL, 0.7, 22m WO EEMS. FESICLD
& L o B EE B %) 12 Thandar Kyun & T 11:00,
Pahtaw £ CTlE 12:00 TH o 7=. #%HE CTIIALIR R =R
DOAKENZET HREE bF LI,

A4 Z U )N AT T 6 4 BT CER A S 2 HE
L, 0.6~23m&EWIHFERAEZEL. Z D TIX25
L ORPEE NI, GEEIC LD &, EEOTERZ
1L 11:00~11:45 Toh > 7=. Layyin Kwin £/ T35 20
BFOFRED DB 16 FFAER THA L, | A0 L
72> 7-. Kapyet Thaung £ CiI#gF D 130 #FOFE B M
EEAETRTHKL, 17 AOEEENAH -, Thi
Poke F CIE 2 fF 23 HE 2 52 1T 7225, NI EIL /20
7=. Kaing Thaung ¥ Cl, /3= X OABENHEK IZ L -
THEHE L, Hi k50 cm (ZEPE OIEBRNE > Tz,
ZORTIL, 84 DOHMEHE L 16 IFORBEHWENRE
ENTW5. Aung Hlaing £ Tl 55 #FIC#ENE L
7=y, NIHE T e o7z,

HBERAERRE2E DD L, BEEOE S04~
2.9m, FERZNL 9:30~13:00 & 725, HEIRA,
B DOENE F T2~5.5 K &V 9 FER S DAL= 723,
HEAZ K U2 ATV o727, ERE 10|
ERF A EHEC AL 20N CTH D, HEom S
B L TiE, EROZ L PHEOEWIN & ik LT
RIFREE NOCME o T2 ERES L. KIGMWIZ L D
IKNIE—F %M UTIET - ETHDIN, UFELNTE
ECIEHFHIEORE N ELR L. 72720, FEHEIZ X
DHEKIE D EFIFE - cm BRE L HE SN HT20, T
RZEO BN ) XA 7 1 L ATfE D & o FTREM:
B,

RO KE &4 FE X 700 km, #F 100 km & {E L,
ER OB & @AKo EHE L., Ix v
~—INBREETOERIH 25K ETHY, Al
B ERFZNE 10:00 LI EHEE S 5. FE KA AR
BHDE, ZA DRSNS TIEARM A K EZ VDR,
X TR/ NINWZ L, AT T V)INA
fHETHEEOEm I NRORREL D Z ERbhd.

A< N7 BMHEOHEOE IIZZ A DTS —7
NELTSmRE, BAT7FENTI0m Ll E, &K
20mir< Tholo (REIEZD, 2005 ; #EED,
2005 ; &E/TIEDY, 2005) 23, FodDI v ~—T
3 mUTFEAEIZES 72D, Ixvr~—ITBITD
BB D72 o T-D1E, BN/ E ol b
DRKTHA .

(At £ 20054F 9 H 14 B, S 20054 11 A 14 H)



