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Geomorphologlcal Features around "Quatre Bras" (Phnom Penh and its
environs) in the Lower Mekong River Plain and an Extreme Flood in 2000
" == a Preliminary Study
KUBO Sumiko
School of Education, Waseda University, Tokyo, Japan
sumik@mn.waseda.ac.jp

The city of Phnom Penh is located at the western side of "Quatre Bras" or -"Four
Arms", that means the conjunction of the Mekong with the Tonle Sap River, and also
is a diversion of the Bassak River from the Mekong. This area is also referred as the
upper margin of the Mekong Delta. Based on the interpretation of aerophotos and
satellite images with field reconnaissance, geomorphological features of the Lower
Mekong Plain will be shown and the examination of the flood characters in an
extreme flood during the monsoon in 2000 was carried out. There are clear
. differences in geomorphological features between the western and eastern sides of
the “Quatre Bras” that cause the differences on flood characters.

Key words: The Mekong River; Quatre Bras, geomorphological features, flood
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Geomorphological Feature.s. of the Thu Bon River Plain,
Central Vietnam, And their Relations
on Flood Hazards in 1999

Sumiko KUBO

1. Introduction
2. General Features of the area
- 3. Flood Hazards in 1999
4. Relationship between geomorphological conditions and flood damage

5. Concluding remarks

xEg
1. Introduction

Alluvial plains provide major production areas of dietaries such as rice paddies and other crops
throughout monsoon Asia, including Japan. However, monsoonal precipitation often causes flood haza_\rds
in alluvial plains. Global warming is said to cause such consequences as more intense rainfalls in
monsoon areas, and rapid population growth in major drainage t.)asi.ns- causes changes in land use, and,
as a consequence, more damage to the land. Because of these phenomena, it is important to study floods
and their consequences and hazards throughout the world.

Apart from the arguments concerning the consequences of global warming, we have experienced
severe floods and their damage m many parts of the world during the last two decades. For example
US coasts were attacked by Hurncane Andrew in 1992, the Mississippi River flooded in 1993,
Bangladesh suffered a cyclone attack in 1993, and severe floods were caused by hg:avy rainfall in 1987,
1988 and 1998, the Yangtze river flooded in'1998, the Lower Mekong. plain flooded in 1996 and 2000,
and so on. Many of these areas are in the developing world, where the.social and economic damages
caused by floods is severe. -

The .author has worked for a flood mitigation programme in Bangladesh as a geomorphologist, and
believes that it is of prime importance to study the general condition of flood plains before further
floods occur, and at a time when no precise data including hydrological data and topographic maps, and'

no countermeasures, have been prepared and developed in these areas. This kind of study is essential
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for Japanese scientists to conduet in Japan, also, because establishing “hazard maps” in areas vulnerable
to natural hazards such as earthquakes, volcanic eruptions, landslides and floods would be very useful.
Administrative decision—makers need to take this information into account when formulating disaster
prevention and recovery plans. ‘ ‘

While working with archeql'ogists in central Vietnam, the author made a geomorphological land
classification map .of the Lower Thu Bon River Plain. The map aimed to sﬁow the geomorphological
conditions of the historic town of Hoi An along with some archeological sites in .the plain. During the
period in 1999 during which the study was conducted, a large flood occurred in central Vietnam and the
Lower Thu Bon River Plain suffered severe damage. Because of this, there is an ﬁrgent need to study
the relationship between flood damages and the geomorphological condition of the plain.

This report is on the geomorphological conditions and flood damages in the Lower Thu Bon River
Plain. A geomorphological land classification map of the area was made using topographic ‘maps and
aerophotographs taken by the government, which were kindly shown to the author by the Geography
Department of Ha Noi National Univ‘ersilty. Field investigation§ were done between 1998 and 2000 (Oya
and Kubo, 1998; Kubo et al., 1999; Kato and Kubo, 2000; Kubo, 20002; Kubo, 2000b).
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1108 2. General features of the area
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LNV < - : ‘2.1 The Thu Bon River Basin
The central part of Vietnam's territory

(Fig. 1) is relatively narrow, because the Annnam
F 20N

(Truong ,.Son) Range stretches along the coast.
.The Thu Bon River is the largest river in this
area with a drainage area measuring 10,350 km?
(_Yu Van Phai and Dang Van Bao, 1993), and a
length of more than 300 km (measured on the

15N

1: 500,000 map). The source of this drainage

VIETNAM
A area is Mt. Ngoc Linh, which is 2,598 m high.

‘The Thu Bon River flows northward from its

v~
l. Ho Chi Minh
~ o

source.

The uppermost part of the river is called

the Nam Nim, and the middle part is called the

Tranh. _After going through some intermontane

' ins, river -turns northeast and reaches
Fig. 1. Map of Vietnam basins, the rive S -

the coastal lowland along the South China Sea
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(Fig. 2). The city of Da Nang is located about 30
km north of the mouth.

The Annnam range is a portion of the older
orogenic belt, and consists of Precambrian
metamorphic rocks in the upper reaches, and
Mesozoic and Paleozoic sedimentary rocks and
plutonic rocks in the middle reaches (Geological
Survey df Vietnam, 1991). The relief of the
mountains in the drainage basin is relatively
large, which may be partly caused by the heavy
rainfalls in the area.

The Thu Bon River flows into the coastal
lowland near Phrong Ranh, and the Vu Gia
River from the west joins it near there. The
northeastward flow diverted from the Thu Bon
is called the Han, and has its mouth near Da

Nang. The Thu Bon and Vu Gia rivers lack

distinct alluvial fans like Japanese rivers (Oya

and Kubo, 1998).

The Thu Bon River in the coastal lowland -

shows meandering and anabranching. Near the
town of Hoi An, the channels join and drain into
the sea after passing coastal ridges. Coastal
ridges are dominant in the central part of
Vietnam, and sometimes cause the formation of
coastal lagoons. These features can be
recognized in satellite images (Fig. 3). However

the author needed to know in detail the
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Fig. 3. Satellite image of the plain (MOS-1)

geomorphological conditions here, such as natural levees and former river channels. The concept of the

existing geomorphological map made by Vu Van Phai and Dang Van Bao (1993) is rather different from

the author’s.

The geomorphological map of the Lower Thu Bon River Plain, showing features such as natural

levees and former river channels, was prepared by the author (Fig. 4, Kubo, 2000a). The aerophotos

used were kindly shown to the author by the Faculty of Geography, Ha Noi National'University.
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According to the map, the geomorphological features of the Lower Thu Bon River Plain are as follows:

a. Pleistocene terraces
Pleistocene terraces are seen on the foot of the mountain on the right side of the Thu Bon River
and the left side of the Vu Gia River, near the city of Da Nang, and at the south of the Thu Bon River

mouth. The former one is fluvial, and the rest are thought to be marine.

b. Alluvial lowlands
The Thu Bon and Vu Gia lack alluvial fans, as shown before, but the channels show braided
patterns or anabranching. Each channel shows meandering. The sandy load is dominant and this causes

depositional features such as sand bars and islands. This may cause frequent channel shifting.

¢. Coastal ridges
The Son Tra Peninsula located in the east of Da Nang is a typical land-tied tombolo, From here on
southward, there are several rows of sand ridges along the coast. More than 15 rows of sand ridges are

seen near the mouth of the Thu Bon. The historical town of Hoi An-is located on one of the sand ridges
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1: terrace, 2: sand dune, 3: sand bar, 4: natural levee, 5: former river corce, 6: interchannel lowland
and delta, 7: back marsh

Fig. 4. Geomorphological map of the Lower Thu Bon River Plain (Kubo, 20003)
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near the river mouth.

2.2 Rainfalls in the area

The central part of Vietham shows different climatic features in its Northern and Southern parts.
The northern part, inciuding Ha Noi, has humid and cold winters, typical of a temperate humid climate.
The centrél and southern parts have tropical climates. These areas have apparent dry and wet seasons.
However, the duration and intensity of the rainy season differs. |

Figure 5 shows mean monthly rainfalls in Da Nang (ce-ntral Vietnam) and Ho Chi Minh City in the
southern part of the country. In Ho Chi Minh City the rainy season starts in May and lasts until
October, and the monthly rainfalls sustain about 300 mm over the-r.ainy season. In contrast, the rainy
season in Da Nang seems to start in September and lasts until December. The total rainfall in
September, November, and December is about 300 rﬁm, but in October it is about 570 mm, much higher
than during any other months of the year, or in any other places'_in the country.

The rainy seaéon in Southeést Asia corresponds to the monsoon (for instance, Murakami, 1986).
The dominant wind direction of the monsoon season (rainy season) is SW in this area. However, the
Annam Range blocks the SW wind that causes rain on the central coasts. When the wind direction
changes into NE at the latter part of the monsoon with the northernmost location of the tropical
convergence 'zone, the area has a gfeat deal of rain. Tropical depressions sometimes attack the eastern

coast, resulting in heavy rainfall. This is mainly because the central part, especially the coastal areas,

have a great deal of rain in October. Because of this, major floods occur in October and November in
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Fig. 5. Mean monthly rainfalls in Da Nang and Ho Chi Minh (National Astronomical Observatory, 2000)
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the central part of the country.
3. Flood Hazards in 1999

Due to the heavy rainfall, the central part of Vietnam suffered from severe floods in early
November, 1999. The provinces affected were Quang Tri, Thua Thien Hue, Quang Nam, Quang Ngai and
. Binh Dinh, respectively. The total rainfall for the first week of November exceeded 1,000 mm in several
parts. It was recorded as 2,288 mm in Hue. This heavy rainfall caused 591 deaths, and more than 40,000
houses were destroyed. Information on the flood was provided by Vietnam's Disaster Management Unit
website (http://www.undp.org.vn/dmu/index.html). '

The water levels of majm; rivers in the central provinces reached “Alarm Level III,” which is
considered a “very_ dangerous flood condition. All low-lying areas are submerged, including low-lying
areas in cities and towns, the safety provided by riv_er protection dykes is in jeopardy; and damage to
the infrastructure begins.” The flood water levels on the Huong Rivef at the Hue gauging station were
at 5.94 m, which was 1.06 m ahove the historical flood level in 1983, and 2.94 m above Alarm Level I
The flood water level of the Thu Bon River at the Cau Lau gauging station was 523 m (1.53 m above
Alarm Level IIT). Because of this, extensive inl_mdation was seen in the lower part of the plain.

An anpouncement by the Central Committee for Flood and Storm Contx_’ol dated November 9th
stated that the rainfall between the 1st and 3rd of November in Da Nang City was 500 to 1,000 mm, and
the total rainfall in Hoi An between the Ist and the 6th of November was 1,183 mm. At 13:00 on
November 3rd, the water level of the Thu Bon River at Cau Lau reached a peak of 5.23 m. Flash floods
occurred in mountainous areas, and heavy mundatxon occurred in lowland areas. The flood water depth
was about 3 to 4 m, and even National Highway No. 1A was flooded nearly 2 m deep.

The total damage as of 8th of November was as follows: 532 people were killed, 69 are missing,
9,862 houses collapsed and washed away,. 66,038 ha paddy fields were damaged, 1,470 bridges were
destroyed, 3,117 ha shrimp and fish ponds were destroyed, and so on.

A month later, a similar flood event again occurred in the central province, causing severe damage.
Another 120 people were killed and 203 are missing. It was said that both flood events are the kind that

occur every 100 years.
4. Relationship between geomorphological conditions and flood damage

4.1 Field reconnaissance in August 2000
The results of a multi-donor international mission on the flood hazards are shown on the website
of the Central Provinces Initiative, DMU. The mission was carried out between April and May 2000,

and the information obtained, which preceded the field survey conducted by the author, was very useful
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(Kato and Kubo, 2000). The author visited the Lower Thu Bon River plain in August, 2000. A field
reconnaissance was carried out using boats and motorcycles, in cooperation with the Faculty of
Geography, Ha Noi National University. However, we only “observed” along major roads and tourist
points.

The efficiency of the French satellite SPOT images, showing the inundation during the flood in
1999, is high. They are available for viewing on the CRISP (Centre for Remote Imaging, Sensing and
Processing) website, at the National University of Singapore (Fig. 6). They provide fundamental

information for flood studies (Kubo, 2000b).

4.2 Summary of the [ield observation
As a result of the field observation conducted in August 2000, the features of the flood can be

summarized as lollows: (Photos 1 - 6)

CRISP - SPOT Quicklook Search
Scene 1D : 12773189911110314181X

K-J @ 277318 Date :1999-11-11 Time :03:14:18
SPOT 1 HRY 1 Hode :

Latitude/longitude

Upper Left ©o+16° 20.0' /+107° 58.7
Upper Right ©+16° 14,4 /+108° 38. 4
Scene Centre D4+16° 01.2'/+108° 15.4°
Lower Left ©+15° 48.2' /+107° 51,8
Lower Right ©+15° 42,5 /+108° 31.3

Cloud Cover :© BDBCCBBC Max @ D Avg 1 C
Snow Cover : 00000000

£ L e 2 i §% Scene Orient : 008.2 Incident Angle @ -24.8
(C) CNES 1499 Sun Azimuth : 149.6 Sun Elevation @ +51.7

Fig. 6. An example of SPOT image (Nov. 11, 1999, CRISP’s website)
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Photo 1. The Thu Bon River from the air

Photo 2. A new channel occurred near the Highway
No. 1 Bridge

s

Photo 3. Flood water levels at Kim Dong Photo 6. Erosion occcurred by the flood of the De
Vong

__lgm‘
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a. Channel shifting and b“;a'"nk erosion

From Cam Kim Village (on the right bank of the Thu Bon; about 2 km west of Hoi An) to the
upstream area, severe bank erosion occurred along the Thu Bon River. Near Kim Nam Village (about 1
km east of the National Highway No. 1 Bridge), a new branch channel occurred about 500 m west of the
main channel. The upper portion of the Highway No. 1 Bridge also changed; the main channel seems té)
have moved about 500 m to the north.

According to the information provided by Mr. Y. Kato of the Japanese Bank for International
Cooperation, who attended the mission in April, 2000, the left bank on the upber part of the réilway
bridge was heavily eroded (Kato and Kubo, 2000). Bank erosion caused damage to villages, paddy fields,
and some bridges and roads. . | .

In contrast, in the lower reaches of Hoi An, bank erosion occurred in many areas, but no severe

channel shifting was seen.

b. Inundation

The wvillages visited and where hearing and observation were done ’are as follows: Phoc Har, Cam
Thanh, Cam Nam, Cam Kim, Cam Ha, Duy Phuoc, and Cam Lau Trong. In general, inundation lasted for
several days in the Lower Thu Bon Plain. In the upper part from Hoi An, the inundafion depth was
about 2 m in the back marsh area, and about 1 m on natural levees.

At the village of Kim Dong (about 5 km west of Hoi An), people recorded the highest water levels
in 1998 and 1999 on the wall. The ground level of the village (natural -levee) is about 2 m higher than
that of the surrounding paddy field (back marsh). The wét,er levels on the wall were + 165 cm in 1998,
and + 195 cm in 1999, respectively. In 1999, the flood: lasted for three days.

However, the inundation depth was less than 1 m in the delta érea (east of Hoi An). In Thanh Tay,
near a shrimp ;iond along the Co Co River, the water level was 120 cm higher than the ground. In othef
parts in the delta area, the water levels were lower than this.

No inundation occurred in sand bar/sand dunes. The city of Hoi An was safe from flood in the
northern part, where the ground level is slightly higher than that of the southern part, where
_inundation occurred. Old houses in Hoi An have pulleys on the ceiling used to pull valuables tb the

second floor when floods occur.

¢. Flooding of the De Vong River
The De Vong River near the coast is said to have been a major river channel during the 17th
- century. The river connected the port of Hoi An with Da Nang directly by this inland channel. The '

channel is now abandoned, and only former channel pools are left. However, the channel was revived
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during the 1999 flood. Near Dien Duong, the flow _destroyed several houses near the former channel.
People there said that the flood water came from the.North. _

This case provides us with important information not only on the flood water behavior in the plain,
but also on the historical changes-in the channel that resulted in the decline of Hoi An and its
replacement by Da Nang. The channel could be maintained by the flow from the north, not from the Thu

Bon River. Further studies are required to resolve this question.
5. Concluding remarks

As a result of geomorbhological mapping (Kubo, 2000a) and the field reconnaissance held in
August, 2000, the features of the flood and geomorphological conditions are summarized as follows:

--The anabranching channels of the Thu Bon River shifted in many parts.

- Bank erosion occurred at the outer side of bends, and caused major damage.

- Inundation lasted for several days in the plain.

- The water depth of inundation was about 2 m in the back marsh area, and about 1 m on the natural

levees.

- The inundation depth was less than 1 m in the delta area.

- No i_nundation occurred in sand bar/sand dunes.

The above features clearly show that geomorphological mapping is fundamental in surveying the
flood characters of this plain, and - geomorphological maps should be used in planning flood
countermeasﬁres and sustainable development 6f the area. ‘

In the Lower Thu Bon River Plain, the peak of flooding lasted for several days. The length of the
river and the drainage basin area are similar to that of the Shinano River in central Japan. Some
traditional. flood countermeasures employed in this area of Vietnam are also similar to those employed
by the Japanese. This suggests that some of the Japanese flood countermeasure methods could be applied
to mitigate flood hazards in this area.

What historical changes may take place in the river channels in the plain is also a major question.
The De Vong River mear the coast was a major river channel during the 17th century, though
abandoned now, but it was-revived‘ du;'ing the flood because of the flood water from the North. This
provides us with an important key to the question concerning flow direction.

The SPOT images taken on Nov. 10th and 11th, and the RADARSAT image on Nov. 7th vyill
improve the geomorphological studies in this area focusing on the flood hazards of Nov. 1999, since they
show the area of inundation. It is vital for further work to be done in cooperation with Vietnamese

geomorphologists and the government.
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1 = INTRODUCTION

This introduction is a part of my master thesis titling “An Introduction of Traditional Agricultural Systems and
Agricultural Technology in Cambodia: An attempt to revitalize their modern agriculture in Cambodia through
the application of old systems™. In this presentation we are going to introduce.the Traditional water usage in
central part of Cambodia the case of Sambo village Kampong Thom Province. The reason that leads me to
choose this village as my study area because the area just located next to the Sambo Prey Kuk monument (a pre-
angkorian monument and welknown as the city of 7 century). Recently ‘Sambo Prey Kuh is the target of the
tourism industry. While the war ravaged the rest of the nation, the areas lay untouched: the region is now the
largest, most pristine in Cambodia if comparing with other areas in Cambodia. Both local and national authority
of Cambodia is seeking the ways to attract the tourist into this area, evidently the reconstruction of high way, and
the agreement of renting this site to a famous local company SOKIMEX (as Angkor area) to be invested.
Different from the Angkor region, the Sambo Prey Kuk region is a freshly and newly region with less or very
rare, if one want to understand and develop this area. The purpose of the study is to record and understand the
traditional water usage which been used by the villager in this region and making a readily suited
recommendation for the further development planning. As the method of the study, I will use an intensive
participation investigation, observation and randomly interview some key person such as the monks, ACHAR

and people in the Sambo village.
2  OVERVIEW OF PRESENT SITUATION OF SAMBO VILLAGE

Sambo village is one of the old villages located 35 km from Kampong Thom town and just approximately 100

meters from Sambo Prey Kuk monuments. In the south of this village there is a longest river in Cambodia
“Stoeung Sen”. Today the village becomes one of the must rapidly change village in the region. This village
lives 1002 villager, the average number of member in a family 5 persons. The main income for their living is
agriculture: transplanting is the primary type of rice cultivation, direct planiing (shifting agriculture) is the
secondary type and I can say this second type can be served as a security type of food production. Broadcasting
is the last rice cultivation mode.

3 TRADITIONAL WATER USE

There is several old water bodies can be seen from the aerial photo including pond, lake, canal. In the north of
the village located an old water tank which still people use it as a daily water supply during dry season. In the far
south lay a river “Stoeung Sen” which is flow from the mountain in the north of Cambodia. Recent year, a NGO
initiated to dig a water tank in the south North of village.

In the south of the village located another 3 ponds. 1 of these three still function as a reserving water body
for rice planting if the dam which was built long time ago and has been repaired several times during Khmer
rouge and in the recent year by a NGOS. Another one far south west of the village, nowadays the people change
it into the rice field during the dry season. But most part of the land surrounding this pond is occupied by the
people from another village. .

In general, no any scientific standard of irrigation systems can be seen in the area, but several local irrigation
systems can be seen in the field. Those systems are the cutting passes water flow, which always can be found in
the north (serve as an inflow passage) and south (serve as an outflow passage) of each rice fields. During the
rice-planting season (raining season) the ox-cart tract have another function: main water flow, so this tract has a
dual functions, transportation and main water distribution canal.
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There is'no existing of water user group or water management law. There no any institutions nor NGOs nor
project nor development agencies advices the farmer. But the farmers have a mutual agreement in water
management for their rice field.

4  ANALYSIS AND DISCUSSION

The water usage in Sambo village can be represented as a model, which initiated by the people and very
efficiency model for farmer in this region but not in other part of Cambodia where there is different condition of
ecological systems. While at the present most of the agriculture development strategy are set their method for

. increasing the rice yield by recommending the farmer to widen their rice field by making the rice field into a
larger rectangular form and leveling the rice field as flat as possible, but here the rice field of Sambo village is a
case of- exceptlons

During the raining season the rainwater flows from the very far North of the village through the trenches,
ditches, grooves and ox-cart tracks creating a very complicated irrigation system. This rain water is mixed with
the rotten vegetation there before. flow into the South part of Sambo village, providing a completely natural
fertilizer for the lowland paddy fields. More than this the household wastes are also the fertilizer resources for
the lowland rice fields. All of these opportunities were naturally created by the topography of the village, which
is very gently leaning from the North to South (see picture).

There were no reported about the existing irrigation systems, especially canal, according to the village data
book of the commune council. Also if we use aerial photography to identify village irrigation systems, we only
find only one ditch and many round-form small ponds. Other results are ox-cart tracks, some of them in zigzag
forms. But if walking to the rice fields during the rainy season, the ox-cart tracks have another function: that is,
as irrigation systems- a canal. The water level in the ox-cart track can range from 6-20 cm under the knee
(maximum) and in some places just the height of the sole of the foot (minimum level). During the rainy season,
rain water mixes with rotten vegetation and rotten bushes in the northern part of the village before flowing into
the south part, providing a complex rich in natural fertilizer for the lowland paddy fields. Besides this, household
wastes are also serves as a fertilizer resource for lowland rice fields. People share water for rice cultivations by
mutual agreement.

The villagers do not need to invest a single riel for their cultivations. The land that they received from their
ancestor, self-made agricultural tools, re'ciprocal labor systems, rich natural fertilizers, special skills that make

- use of nature to protect from pest mvasxon, and free use of water all put them in a position to be free from the
market.

‘Water resource has a,main role in decision making of the farmers for selection a territory for their cultivation
area. . In case the farmers plan to convert their Chamcar into a rainfed low land rice field a rather low level of
ground near the water resource was selected. _

After transplanting 2-3 days, the water has to be drained out. After one week, while the rice is strong enough
and rooted the water has to be kept then if the rice field can be accessed by ox-cart, some manure is applied. By
doing this the rice have more forage to growth.

The maintenance’s sequences is according to the rice field location, in case the field is far from the village,
one time in tent days visit, if near the village, almost or very days visit.

The most important in maintenance process is to take care the water. Because the transplanted rice field in
Sambo village are topographically arrangement as the most north are higher and than slightly lower to the south,
then at every field there are the water inflow trace from the north site and outflow trace at south site (see picture
17 in Appendix P). So, everyone have to depend on each other fields, on the commune water usage, no one can
cut off, or make use the water personally or privately.

The water is a key for success in rice transplanting, and the farmers at Sambo, have a very sophisticate
understanding the role of water in rice growing. As describe above, after transplanted the level of water in the
rice field must be lower as much as possible otherwise the newly transplanted seedling rice would be faded,
rotten the outer part of the trunk. If after transplanted the water are lowered, the seedling can tiller faster. While
the level of water is lowered, seedlings have the opportunity to shoot new root. Then to lower the water level is
the principle, for rice survival. In case the rice fields at the lower part are shortage in water to plow or for some
reasons, then they can get it from the upper attached rice fields, by just open an inflow trace, and this werk can
be made only by the owner of the lower rice fields alone, no need to discuss with the owner of the uppey{:\rt. On
the contrary, if the rice in the upper part are submerged, or just transplanted, or the quality of the water is not so
fresh, then their owner can open a trace to flow into the lower rice fields. A special case, if the upper field was
just applied manures, the owner of lower field has to ask for permission from the upper, some time the answer
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can be a sorry or just “please wait for some days before the manure are sucked into the ground but in most of the
times the upper field have to agree to allow to outflow. The reason that make the owner of upper field to allow to
outflow their manure water, beécause if this time they disagree, next time when upper field are inundated, it is
. difficult to ask back to the low field to agree to allow to inflow. There is more complicate regulation then this
that I cannot describe, what I have described above just a basic concept. In short, everyone have to follow the
natural law, as here the topographical level of the rice fields.

Sambo village, when the Khmer Rouge introduced new tools to them, such as the wheel water levee - not
foreign imported tools but just tools from different regions, they did not keep using them. When the mandate of
the Khmer Rouge ended those tools also disappeared. In reality, the fact that villagers in this area were not
familiar with those tools is one reason; the second reason is that the villagers had greater expertise with highland
rice cultivation, which did not require this tool. The Khmer Rouge also tried to dig a canal on the south edge of
the village, for the purpose of improving irrigation systems in the region; nevertheless the canal was filled in by
people when the Khmer Rouge were gone. This was for the same reasons as I described above: irrigated rice
cultivation techniques sometime cannot be well practiced by highlanders. In addition to these factors, the Khmer
Rouge authorities had a difference in value systems that were based on the land - land is an object for intensive
exploitation - or intensive production and thereby totally changed the ecological systems. But the value systems
of the villagers were based on human labor and imitating natural ecological systems. This has also been
mentioned in a study of how the Indonesian government tried to introduce alternative systems to the highlanders

there:

The alternative that government officials most often propose to swidden agriculture, namely, irrigated rice
agriculture, is anathema to most of swidden cultivators (Dove, 1988: 8).

This provides a lesson, showing that if we don’t give priority to the value systems of a society, an intervention
cannot be fruitful but, on the contrary, result in spending time and effort for nothing. In the scheme of value
systems described by Beemans, Vice-President of IDRC, he used the word “ontological needs,” and in his
foreword to Ryan’s work, (Ryan, 1995) these needs are listed as: love of other, one's commitment and
responsibility to family, clan, and community; self-worth, one's sense of dignity, honors, and respect; sexuality
and gender, roles and relationships-both individual and social; work, both as a means of sustenance and as a
creative act; beauty and joy, as expressed in dance, music, art, poetry, and play; a sense of the sacred and the
transcendental, spirituality and formal religion; loyalty to the tribe, nation, or other ethnic identity; love of place,
a sense of belonging here and not there; reverence for life, matter and spirit in nature, the origin of nature, and its
relation to self; the unseen; ancestors; and life and death.
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Picture 1. Top: an ox-cart road during the rainy season has another function as irrigation systems.
Down: while water flows into the rice field, the road is also still used as transportation.
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Picture 2. Every rice field of Sambo has a water inflow passage in the north and an outflow passage in the south. This was
designed according to the naturally high ground at the north and gradually low to the south. In this picture a water flow with a
traditional fish trap (Trou): rice gets water, farmer gets fish.

Source: Navuth 2002

. Source: Navuth 2002






Geomorphologic Features and Flood Characters around Phnom Penh, Lower
Mekong River Plain

KUBO Sumiko
School of Education, Waseda University, Tokyo, 169-8050 Japan. E-mail: sumik@waseda jp

ABSTRACT: Four major rivers meet on the east side of Phnom Penh, an area considered to be the uppermost part
of the Mekong Delta: the upper and lower Mekong, the Tonle Sap, and the Bassac. Based on aerial photo and
satellite image interpretation, and on field reconnaissance, the geomorphologic features of the plain can be divided
into: 1) surrounding uplands; 2) a gentle alluvial fan in the western area; 3) natural levees and back-marshes along
the Mekong River; 4) relatively flat lowlands along the Tonle Sap River; and 5) anthropogenic features of the
colmatage system along the Bassac River. Features that resulted from extreme flooding during the 2000 monsoon
were examined. The water level of the Mekong River was highest at Phnom Penh, and a broad area of inundation
resulted. The effects of flooding varied according to the nature of the underlying geomorphic features. No
inundation took place over the uplands and the gentle fan. Almost all back-marshes along the Mekong River were
inundated, whereas its natural levees were not. Flooding was pervasive along the Tonle Sap River, but
comparatively light along the Bassac River.

1 INTRODUCTION

It has been suggested that global warming may cause more intense rainfall in some parts of the world. Whether
they are the consequences of global warming or not, severe floods and resultant damage have been experienced in
many parts of the Asia-Pacific region over the last two decades. For example, Bangladesh suffered from severe
floods caused by heavy rainfalls in 1987, 1988 and 1998, and by a cyclone in 1993. The Yangtze river flooded in
1998, and the Jower Mekong plain flooded in 1996 and 2000. Many of the world’s flood-prone areas are in the
developing world, and some are major production areas for primary crops such as rice. Rapid population growth in
these regions is causing changes in land use, and increased vulnerability to flood hazards.

Proper planning and appropriate land use policies can be used to mitigate flood hazards; formulating such plans
requires information on the nature, extent and frequency of flooding. Even though most alluvial plains have a
relatively flat topography, micro-landforms such as natural levees and back-marshes are important to water
movement. Natural levees are present along major rivers, forming slightly elevated features; they are formed by
repeated deposition of over-bank silts during flooding. Back-marshes form behind these levees because of poor
drainage. The distribution of these micro-landforms reflects the extent and magnitude of floods in a given area
(Oya, 2001). Geomorphologic mapping has been used to provide basic information regarding floods on alluvial

_ plains. Micro-landforms can be used to identify topographic variability, and predict the distribution of subsurface
deposits and groundwater that will affect the extent of possible inundation during floods.

This study aimed to clarify geomorphologic characters and their relationship to floods in the lower Mekong
Plain (Cambodia), as a means of facilitating flood risk reduction. The Quaternary sedimentary history of the plain
was another focus of this study.

A geomorphologic map of the plain was produced using 1:50000 topographic maps produced in the 1960s and
1970s, 1:100000 maps compiled in 1999, and 1:25000 aerial photographs taken in 1992. SPOT satellite images
were also used to assess the flooding that occurred in 2000. Field surveys were conducted along the major roads in
2001 and 2002. Hydrological data and study reports published by the Mekong River Commission were also used.

2 GEOMORPHOLOGIC FEATURES OF THE LOWER MEKONG PLAIN NEAR PHNOM PENH

The Mekong River originates in the eastern Tibetan Plateau (China), and flows through Yunnan Province. The
Chinese section is about 2000 km long (Hori, 2000). After leaving China, the Mekong flows along the
international border area of Myanmar, Thailand and Laos. Over 1500 km from the Chinese border, the Mekong
leaves the Khorat Plateau and flows into the Cambodian Plain, where the great lake of Tonle Sap is located. It then
splits into two rivers at Phnom Penh, the Bassac and the mainstream; this is considered to be the uppermost part of
the Mekong Delta. From the Vietnamese border to the South China Sea, the river is characterized by typical delta



features.
Phnom Penh is located in the southern part of the Cambodian Plain (Fig. 1). The Tonle Sap River flows from

Lake Tonle Sap to join with the Mekong at Phnom Penh, at the same point where the Bassac River splits from the
Mekong. These river channels form a ‘K’ shape, giving the area around Phnom Penh its name 'Chaktomuk’, or

‘Four Arms' (‘Quatre Bras’ in French).
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’ Figure 1. Map of the Lower Mekong Basin (Hori, 2000).

The Tonle Sap River connects Lake Tonle Sap with the Mekong. During the rainy season, the flow direction of
the river reverses, and the lake acts as a floodwater-retarding reservoir, expanding in area by a factor of four. At the
end of the rainy season, the flow direction of the Tonle Sap River reverts to draining into the Mekong once again.

A geomorphologic map of the Lower Mekong Plain near Phnom Penh was constructed using aerial photo and
satellite image interpretation and field reconnaissance (Fig. 2). The geomorphologic features of the plain can be
classified as:

1) higher ground of uplands surrounding the plain;

2) a gentle alluvial fan in the western area;

3) natural levees and back marshes along the Mekong;

4) comparatively flat topography along the Tonle Sap River; and

5) anthropogenic features of the colmatage system along the Bassac River.

Upland terraces surrounding the plain are separated from the lowlands by very low cliffs. Small valieys locally
incise these uplands. Monadnocks (residual hills) and surrounding gentle slopes are present at Phnom Thuma Doh,
in the southwest. This gentle slope is a pediment, and lacks streams and valleys. The margin of this pediment slope
gradually merges with the surrounding plain. Some monadnocks, such as that of Wat Phnom in Phnom Penh,
Phnom Baset, and Phnom Oudong, are isolated in the plain, like islands. Some isolated uplands are also present in
the lowland area. '

The western part of the plain also consists of slightly higher areas. A gentle alluvial fan is present along the
Prek Tnaout, a small tributary originating in the western hills. The gradient of this gentle fan slope is about 1/1000,
and riverbed deposits are mainly fine sand and silt. Natural-levee-like features present on this gentle fan have a
west-east orientation. Abandoned meandering channels are locally present on the surface. The city of Phnom Penh
is located at the eastern margin of this gentle fan.
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Figure 2. Geomorphologic Map around Phnom Penh

1: mountain and hill, 2: upland, 3: gentle fan, 4: natural levee, 5: back marsh,
6: former river channel, 7: pond, swamp

The eastern part of the plain, in contrast, is broad swampy lowland on the left bank of the Mekong River. The
alluvial plain is delimited by uplands at its eastern margin. This broad lowland feature extends as far as Kompong
Cham district, some 70 km upstream from Phnom Penh. This area is characterized by extensive natural levees and
back-marshes, which distinguishes it from a typical delta. Natural levees are present along the main channel of the
Mekong River, and along a distributary channel of Tonle Touch, but the natural levees along the Mekong are
comparatively small in scale, with widths of less than 1000 m. Major roads and villages are situated on these
narrow natural levees. Abandoned channels of the Mekong are not evident adjacent to the present channels, except
in a few areas. In back-marsh areas, year-round stagnant water bodies called ‘boeng’ are widespread. No villages
or roads are located in the back-marsh areas. ' )

The Tonle Sap River channel is narrower than that of the mainstream Mekong. This river follows the western
margin of the lowland. Natural levees are poorly developed, and swampy lowland occupies the eastern side.

The Bassac River diverges from the Mekong at Phnom Penh. From the split to about 8 km downstream, a
number of parallel former channels connect the Bassac and the Mekong. The flow direction in these paleochannels
is from the Mekong to the Bassac. Natural levees are locally present between former channels. In the lower reaches
along the Bassac, so-called colmatage channels are present: this is a system of artificial channels perpendicular to
the Bassac, which divert water into the back-marsh. These channels (or ‘prek’ to the local inhabitants) were created
for irrigation and reclamation. Silt buildups have accumulated on both sides of these channels during flooding,
forming human-induced features that resemble natural levees. As a result of the densely arranged channels and
their associated silt deposits, a wide area that is similar to natural levees is present along the Bassac. Their plan
form, however, is quite different from that of natural levees, because depositional areas are radial to each
colmatage channel. In contrast to the Bassac, very few colmatage channels are present along the main channel of
the Mekong.



3 REVIEW OF THE 2000 FLOOD

Floods are normal natural processes in the Lower Mekong Plain. The water level at Phnom Penh (Bassac) varies
seasonally, from less than 2 m in the dry season to 8 to 10 m in the rainy season (MRC, 2001). Consequently,
certain areas along the Mekong and Lake Tonle Sap are regularly inundated . The crop calendar for rice paddies
and the colmatage channel system function on the basis of this water level change.

The Mekong River Basin has experienced major floods within these decades. Hydro-meteorological data for
the Mekong River Basin have been recorded since the establishment of the Mekong River Commiittee in 1957 (in
1995 its name was changed to the Mekong River Commission). During this time, several major floods affected the
basin. In the upper reaches (Laos), high water levels were recorded in 1961, 1966 and 1978. At Luang Prabang and
Vientiane, water levels were highest in 1966, while in the lower reaches, at Phnom Penh, they were highest in 2000
(although data for 1975-1980 are lacking), and caused severe damage in the lower basin.

In normal years, the water level is at a minimum at the end of April, and gradually increases in June and July.
High water levels are maintained from late August to early October. In 2000, however, the water level rose rapidly
in July, two months earlier than normal. As a result, Lake Tonle Sap was full by the end of July, and the water level
at Phnom Penh reached a flood state in early September. The water level recorded at Phnom Penh (Bassac) was
11.20 m on September 20th, 1.8 m higher than the mean level (9.40 m). In Cambodia and Vietnam, an area of about
40000 km® was inundated; 347 in Cambodia and 448 in Vietnam died, and more than 8 million people were
affected (MRC, 2001).

The French satellite SPOT-2 took photographs of the lower Mekong Basin during the flood. Figure 3 shows a
part of the plain on September 27. These satellite images have formed the basis for many flood studies.

Figure 3. SPOT image on September 27, 2000 (OCNES 2000).

4 FLOOD FEATURES AND LANDFORMS

The extreme flood in 2000 in the lower Mekong Plain near Phnom Penh resulted in the following features:
- In the upper reaches of the plain (near Kompong Cham), the Mekong overflowed its left bank.
- The water level at Phnom Penh (Bassac) was the highest (11.2 m) in 30 years, but did not overflow its banks.
- Water almost overflowed the Kop Srav Embankment in the north of Phnom Penh.
- The low-lying southern part of Phnom Penh City was inundated because of poor drainage.
- National Road #6A to the north was partly damaged.
- National Road #1 was damaged on the left bank near Neak Loeang, but not on the right bank.
- Artificial cuts were made in the left bank of the Mekong to drain backwater near Neak Loeang.
Generally speaking, direct damage to infrastructure was relatively small, in spite of the large area of flooding. This
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was because overflowing of the Mekong occurred mainly on the left bank.

General relationships between flood state and micro landforms are summarized as follows:

1) Upland, pediment and monadnock areas were not inundated. .

2) The gentle alluvial fan of the Prek Tnaout was not inundated, except for its low-lying southwestern part, in
Phnom Penh. This part is located between thé Prek Tnaout fan and the Tonle Sap and Bassac rivers. It is an urban
area that is located outside the ring dike, where it is difficult to drain water.

3) The left bank of the Mekong was extensively inundated, except for where natural levees and upland terraces
are well developed. On the left side of the Mekong at the city of Kompong Cham, National Road # 7 collapsed near
a new bridge. In the lower reaches of the river, National Roads #1 and #11 were flooded on the left bank near the
Neak Luong Ferry. National Road #11 remained closed until September 2001. _

4) Floodwater flowed along the Tonle Sap river into Tonle Sap Lake. National Road #6A to the north was
damaged at a bridge over a channel connecting the Mekong and Tonle Sap rivers. The Kop Srav Embankment,
constructed to protect the north side of Phnom Penh, prevented flooding. .

5) Very little area was inundated along the Bassac River, where water movement was predominantly through
colmatage channels into back-marsh areas.

5 CONCLUDING REMARKS

Geomorphologic mapping of the lower Mekong Plain around Phnom Penh highlighted the geomorphologic
features and their relation to flooding. The study area consists of natural levees and back-marshes along the major
rivers (the Four Arms), an area with features that differ from those of a typical delta. The plain can be divided into
five geomorphologic areas: 1) uplands; 2) a gentle alluvial fan in the west; 3) natural levees and back-marshes
along the Mekong River; 4) flat lowlands along the Tonle Sap River; and 5) a colmatage system along the Bassac

River. )

The flood in 2000 resulted in the highest water levels in 30 years at Phnom Penh. In spite of this, major damage
was limited to inundation of low-lying areas, and the city of Phnom Penh and main roads were not heavily
damaged. The flooding was largely controlled by the distribution of geomorphologic features. Broad uplands, the
gentle fan, and isolated uplands were not affected by flooding on this occasion, although flash-flooding might be
possible in the fan. In the eastern area, severe inundation occurred in back-marsh areas along the Mekong,
especially on the left bank; the only parts free from inundation were the natural levees. Widespread flooding took
place along the Tonle Sap River. Minimal inundation occurred along the Bassac River, because of the extensive

“area of reclaimed land along the.colmatage channels.

It is vital to study the geomorphologic nature of floodplains before further floods occur, and before structural
countermeasures are prepared and developed. This kind of study is essential for establishing hazard maps for areas
that are vulnerable to natural hazards such as floods. Administrative decision-makers need to take such
information into account when formulating disaster-prevention and -recovery plans. In order to mitigate flood
hazards and establish sustainable land-use practices, land-use, irrigation, cropping practices, and colmatage
systems should be based on an understanding of geomorphologic features.
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Abstract

A preliminary report of the investigations in Sambor Prei Kuk Archeological
site (7th Century), Central Cambodia—Results in 1998 and 1999—

Yasushi KOJO and Sumiko KUBO

The Sambor Prei Kuk Archeological Site is a 7th Century (pre—Angko.rian) capital of Chenla (Isanapura),
which is located in Kampong Thom province, central Cambodia. Waseda University has been carried the
investigation of this site since 1998. This paper is a part of the comprehensive report of the investigations’
carried in 1998 (by Kojo) and 1999 (by'Kojo and Kubo) focused on archeology and geography.

According to the field reconassaince using GPS with interpretation of aerial photos, we founci and mapped
many relics and ruins in the western part of the area where no buildings are seen. These ruins include mounds
(relic of shrines) and stone parts, and located in an area surrounded by rectangualr-shaped moats with one
side length is about 2 km. Causeways, moats or canals, artificial ponds and small blocks of paddy fields were
recognized in and around the area. Further investigation is to be held to reveal this Chenla capital.

Archeological investigations including the reexcavation of a former French test trench, and examination

of excavated materials in National Museum in Phnom Penh, are also summerized here. -
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THE LOWER MEKONG RIVER PLAIN IN CAMBODIA: LANDFORMS AND DEPOSITS

KUBO, Sumiko, School of Education, Waseda University, Shinjuku, Tokyo 169-8050 Japan,

sumik @waseda.jp. _ - '
- The Lower Mekong River Plain contains Cambodian Plain and Mekong Delta in Vietnam. The
Great Lake or Lake Tonle Sap occurs in Cambodian Plain. The lake is connected with the Mekong
via the Tonle Sap River. The Tonle Sap River meets with the Mekong at Phnom Penh, and the
Bassac diverts from the Mekong there. Based on the interpretation of aerial photos and satellite
images with field reconnaissance, geomorphologic features of the plain are summarized as fol-
lows: 1) surrounding uplands, 2) gentle fan in the western area, 3) natural levees and back
marshes along the Mekong, 4) relatively fiat lowland along the Tonle Sap river, and 5) human-
induced feature of Colmatage system developing along the Bassac river. These features are
closely related with flood characters. Geomorphologic features of this area were confirmed to
cause different flood characters during the major floods in 2000, 2001 and 2002: no inundation
occurred in 1) uplands and 2) a gentle fan, 3) almost all back marshes were inundated along the
Mekong while natural levees were not, 4) flood water covered along the Tonle Sap river, and 5)
relatively light flood damages along the Bassac. Subsurface deposits of the plain are also exam-
ined with bore-hole logs and augering. More than 100-m thick Quaternary deposits occur in the
central part, while less than 20 m in Phnom Penh city reflecting bedrock topography.
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Aims of this study
To describe
- geomorphic features of the plain
- relationships between floods and
geomorphologic features
- subsurface geology of the plain

Data and methods

- Topographic maps of 1960-1970s (1 :50000)

- Topographic maps of 1999 (1:100000)

- Aerial photos 1992 (1:25000) CNMC/FINNMAP

- SPOT, LANDSAT-7 and JERS-1 images

- Ground survey '

- Mekong River Commission’s reports

- Bore-hole logs
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Mean monthly discharge of the Mekong
at Phnom Penh (1960-73)

mean monthly discharge
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Geomorphic features of the plain

- Uplands, residual hills and pediments surround

~ the plain |

- A gentle alluvial fan along the Prek Tnaot river
in West |

- Natural levees and back marshes along the
Mekong

- Comparatively flat topography along the Tonle

sap river

- Anthropogenic features of Colmatage system

(for siltation) along the Bassac river
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Geomatphalagical Map of the Lower Mekong Plain ’
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An extreme flood in 2000

- Highest water level (11.2 m) in 30 years at Phnom

Penh
- Water level increased in July (2 months earlier)

- Lake Tonle Sap was full in the end of July

- Flood state sustained from early September to
October (the highest record on Sept. 20)

- About 40000 km2 in Cambodia and Vietnam
inundated '
- 347 in Cambodia and 448 in Vietnam died and about

8 million affected
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Flood 2000

MRC, 2001

Flood features in 2000

- The Mekong overflowed its left bank in the upper part
- Water did not overflowed at Kop Srav Dyke and
Phnom Penh
- Lower southern part of Phnom Penh inundated
- National Road #6 in the north was partly damaged
- National Road #1 along the Mekong was partly damaged

(Direct damage to infrastructure was relatively small
in spite of large flooded area)
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Geomorphologic Features and Floods

- Higher uplands,residual hills and alluvial fan are not
inundated

- Natural levees are not inundated

- Back marshes are extensively inundated in the left bank
of Mekong

- Flood water flows along the Tonle Sap river (flat and
swampy), where Kop Srav Dyke protects Phnom Penh

- Very little area is inundated along the Bassac river with
Colmatage channels
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Wet season (SEP 2001)

Dry season (JAN 2002)

Floodplain in wet season
(SEP 2001)

__78_



Location of
bore-hole logs
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Japanese Embassy
in Phnom Penh




Mekong Bridge
in Kampong Cham

~ Route 6A bridge ‘;




Colmatage canal
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Conclusions -- Landforms

The Lower Mekong Plain in Cambodia is a
floodplain with natural levees and back
marshes.

These geomorphic features reflect flood
features: extensive inundation occurs
during wet season.

- An Extreme flood in 2000 showed good

relation between landforms and floods.

Conclusions -- Deposits

Preliminary study by bore hole logs shows
varied deposits within the plain.

Base rocks are shallower in the West.
Thick (>130 m) Quaternary deposits occur
in the Eastern part, suggesting a structural
basin. _

Coring/ Dating are needed.
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