
Inlet change in Tam Giang - Cau Hai lagoon and coastal flood

Item Type Journal Contribution

Authors Tran, Duc Thanh; Tran, Van Dien; Do, Dinh Chien

Download date 19/05/2023 14:27:39

Link to Item http://hdl.handle.net/1834/9263

http://hdl.handle.net/1834/9263


 119 

Collection of marine Research Works, 2002, XII: 119-128 
 
 

INLET CHANGE IN TAM GIANG - CAU HAI LAGOON  
AND COASTAL FLOOD 

 
Tran Duc Thanh, Tran Van Dien, Do Dinh Chien 
Institute of Oceanography (Hai Phong Branch) 

 
 
ABSTRACT The Tam Giang – Cau Hai lagoon is related closely to the survival of nearby 

million inhabitants of Thua Thien - Hue province. It is connected to the sea 
by two inlets, generally.  However, during its natural evolution, the lagoon is 
also in the situations of one or many inlets, which are sometimes regarded as 
the coastal risk. Locating in the region with the annual rainfall of 3,000mm 
(highest in Vietnam), the closing of lagoon inlet has contributed significantly 
to the strongly coastal floods. During last 50 years, six among seven 
strongest coastal floods have felt in the periods of the Tu Hien inlet closed. 
The floods have caused the serious consequences such as the loss of human 
life, livestock, brackishwater aquaculture, crops, damage of infrastructure, 
and expanding pollution. The floods have also freshened lagoon water, 
degraded lagoon ecosystem and decreased biodiversity. The management of 
inlet change must be regarded as a prior issue of the lagoon management. 
The remote sensing data play an important role in monitoring and detecting 
inlet change for the purpose of predicting flood and inundation in the coastal 
lagoon area. 

 
 

BIEÁN ÑOÄNG CÖÛA HEÄ ÑAÀM PHAÙ TAM GIANG – CAÀU HAI  
VAØ HIEÄN TÖÔÏNG NGAÄP LUÏT VEN BÔØ 

 
Traàn Ñöùc Thaïnh, Traàn Vaên Ñieän, Ñoã Ñình Chieán 

Phaân Vieän Haûi Döông Hoïc (Haûi Phoøng) 
 
 

TOÙM TAÉT Heä ñaàm phaù Tam Giang - Caàu Hai coù quan heä chaët cheõ vôùi ñôøi soáng cuûa gaàn moät trieäu daân 
tænh Thöøa Thieân - Hueá. Heä thöôøng ñöôïc thoâng noái vôùi bieån qua hai cöûa. Tuy 
nhieân, trong quaù trình tieán hoùa töï nhieân, heä ñaàm phaù coøn traûi qua caùc tình 
theá chæ coù moät cöûa hoaëc coù nhieàu cöûa vaø caùc tình theá naøy ñöôïc xem nhö laø 
caùc tai bieán ven bôø. Naèm ôû vuøng löôïng möa trung bình naêm 3000 mm, cao 
nhaát Vieät Nam, vieäc ñoùng cöûa ñaàm phaù ñaõ goùp phaàn ñaùng keå vaøo hình thaønh 
caùc traän luõ lôùn ven bôø. Trong 50 naêm qua, 6 trong soá 7 traän luõ lôùn nhaát 
truøng vaøo caùc thôøi kyø laáp cöûa Tö Hieän. Luõ ngaäp ñaõ gaây ra nhöõng haäu quaû 
naëng neà laøm thieät haïi ngöôøi vaø gia suùc, nuoâi troàng thuyû saûn nöôùc lôï, muøa 
maøng, phaù huyû cô sôû haï taàng vaø gaây oâ nhieãm. Luõ ngaäp coøn gaây ngoït hoaù vöïc 
nöôùc ñaàm phaù, laøm suy thoaùi heä sinh thaùi, suy giaûm ña daïng sinh hoïc. Vieäc 
quaûn lyù bieán ñoäng cöûa caàn ñöôïc xem nhö laø moät vaán ñeà öu tieân ñoái vôùi quaûn 
lyù ñaøm phaù. Taøi lieäu vieãn thaùm caàn coù moät vai troø quan troïng ñoái vôùi giaùm 
saùt, phaùt hieän bieán ñoäng cöûa nhaèm muïc ñích döï baùo ngaäp luït ven khu vöïc 
ven bôø ñaàm phaù. 
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I. INTRODUCTION 
 

Stretching on the coastline of 70 
km, the Tam Giang- Cau Hai lagoon 
plays a very important role to the 
coastal ecology and the socio-economic 
development of Thua Thien - Hue 
province where was Vietnam's Ancient 
Kingdom Capital and recognized as a 
World's Cultural Heritage. These values 
and functions are closely related to the 
situation of two inlets: Thuan An and 
Tu Hien. However, they are not stable, 
often enclosed, reopened or displaced 
suddenly. Concerning these changes, 
there is existence of the serious risks 
such as blocking the waterway to the 
sea, freshening, salt intrusion and 
coastal flood particularly. The coastal 
flood is the cause of heavy losses of' 
economy and human beings, and 
unsustainable coastal development. 
This paper presented the feature of 
inlet change in Tam Giang-Cau Hai 
lagoon and its relation to the coastal 
flood that may be a scientific base of 
monitoring and predicting coastal flood. 

 
II. MATERIALS AND METHODS 
 

This paper was completed on the 
base of survey data collected from the 
projects implemented by the Institute 
of Oceanography (Hai Phong Branch) 
in Tam Giang - Cau Hai lagoon during 
the last fifteen years, existing relevant 
publications included the topographic 
maps, and satellite data. The survey 
data of most importance belong to the 
following projects. 

- Study on the exploitation and 
suitable utilization of natural resources 
potentials from the Tam Giang-Cau Hai 
coastal lagoon. National Project report 

coded KT-DL-95-09, implemented from 
1995-1996. 

- Estimation of wetland potentials 
and the proposal to establish a wetland 
protected area of the Tam Giang 
coastal lagoon. The project was 
managed by Thua Thien - Hue DOSTE 
and implemented from 1997-1998. 

- Evolution and dynamics of Tam 
Giang - Cau Hai lagoon, the theme in 
the National Project “Research on 
resolution for the restoration and 
optimal response to the Tam Giang -
Cau Hai lagoon and its inlets”, 
managed by MOSTE and implemented 
from 2000-2001. 

During the survey times of these 
projects the location, morphology and 
some dynamical factors such as 
sediment bottom, current, water level 
concerning the lagoon inlets were 
surveyed and analyzed. 

The used maps are UTM maps 
with the scale of 1:50,000 made from 
airphoto by American Army in 1965 
and Gauss maps with the scale of 
1:25,000 published in 1978. The used 
satellite data consist of MOS-1\MESSR 
image acquired on July 10th 1992 with 
spatial resolution of 50m, 
ADEOS\AVNIR image acquired on 
April 3th 1997 with spatial resolution of 
16m, and RADARSAT image acquired 
on November 6th 1999 with spatial 
resolution of 12.5m. The satellite  
images were enhanced, geometrically 
rectified to geographical coordinate, 
and interpreted for lagoon coastal line. 
GIS analysis method was also used to 
overlay situations of inlets to assess 
the opening, closing, and displacement 
of lagoon inlets. The topographic maps 
provided information on the situation 
of lagoon inlets before 1979 and was 
combined with satellite data to detect 
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the changes of lagoon inlets in last 
decades (Dien, T. V. et al., 2000.). 

 
III.  RESEARCH RESULTS 

1. Relevant natural factors 

The lagoon is separated from the 
sea by the giant sand dunes reaching 
up 30m high and connects to the sea, 
generally, by two inlets, which lie on 
the distance about 40km. They are Tu 
Hien inlet in the southeast and Thuan 
An inlet in the northwest. There exist 
some remnants of old lagoons in the 
narrow alluvial plain of late Pleistocene 
–Holocene, locating between steep 
mountain and coastal lagoon (Figure 1). 
The lagoon is composed of several 
parts, from 0.5-10 km wide, 1-2 m in 
mean depth. Bottom sediments include 
coarse sand near river mouths and 
inlets, medium sand and fine sand in a 
belt around the lagoon basins down to 
1m depth, and fine sediments (mud) in 
the center. The lagoon formed on the 
base of slowly relative falling of sea 
level at the end of Middle Holocene 
(Thanh, T. D. 1985; Cu, N. H. 1996). 
There are about 1.1 million tones of  
suspended sediments from all different 
supplies discharged into the lagoon 
every year (Thanh, T. D. et al, 2001).  
An important part of them is trapped 
in the lagoon. During its geological 
development, the lagoon has decreased 
strongly in depth and area by the 
sedimentation. The sedimentary 
process has not only influenced deeply 
on the volume of lagoon water, but also 
on the situation of its inlets. 

Thua Thien - Hue province is 
characterized by the climate of two 
seasons as southwest monsoon and 
northeast monsoon and affected 
annually by 1-4 typhoons during June-
November. Its annual total rainfall is 
of 3,000 mm, highest in Vietnam. The 

total catchment area of the small rivers 
running in the lagoon is about 
4000km2. The annual discharges of 
rivers, of which the most important 
rivers are Huong, O Lau and Dai Giang 
rivers, are estimated as 5.178 x 109 m3 
of water and 620,070 tons of suspended 
sediments. The flux changes 
seasonally, and in rainy season (from 
September to December) it is three 
times higher than in dry season (from 
January to August). The exchange of 
water and sediments with the sea 
through the Thuan An and Tu Hien 
inlets depends largely upon local tidal 
variations and seasonal river 
discharges. In Thuan An inlet site, the 
tidal pattern is regularly semidiurnal 
with the least range  (0.35-0.50 m) in 
Vietnam. In Tu Hien inlet site 
southward, the tidal pattern is 
irregularly semidiurnal with a tidal 
range of 0.6-1 m. Due to the influence 
of local tide range and river water 
discharge, the mean water level in the 
lagoon fluctuates with season, higher in 
rainy season, and lower in dry season 
than the sea level. In this coastal area, 
the range of storm surge is estimated 
very large, from 0.5-3.0m. 

2. Change in lagoon inlets 

Research  on inlet change in Tam 
Giang-Cau Hai lagoon was paid 
attention for a long time (Krempf. A. 
1931). According to ancient documents,  
Tam Giang - Cau Hai lagoon had only 
Tu Hien inlet, after that Thuan An 
inlet was broken in 1404 (Don, L. Q., 
1776).  Since the opening of Thuan An 
inlet, Tu Hien inlet has become the 
second and both have been unstable. 
The instability of inlets was manifested 
by their displacement, reopening, 
enclosing and change in water cross-
section and deformation of tidal 
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channel many times in the pass (Thanh, T. D. 1985). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 1: Morphology of Tam Giang - Cau Hai lagoon 
 
 

During its natural evolution, the 
lagoon has been being in three inlet 
situations. The situation of two lagoon 
inlets was noticed from 1959-1979 and 
1990-1994 and the situation of one 
lagoon inlet from 1979-1989 and 
1994-1999. The terrible coastal flood 
from 1-6 November 1999 began by the 
situation of one lagoon inlet and ended 
by the situation of five. The situations 
of only one or many inlets are regarded 
as the coastal risk causing bad 
consequences on environment, eco-
system and socio-economy. 

2.1. Tu Hien Inlet 

  The lagoon has only one inlet 
when Tu Hien inlet closed. This inlet 
had been closing and opening many 
times in the past (Thanh T. D., 1999). 
Recently, it was closed from 1979 – 

1990, opened from 1990-1994, closed 
from 1994-1999 and has been opened 
from 1999 up to now (Figure 2).  

The intrinsic cause of closing of 
Tu Hien inlet concerns the geological 
evolution of the lagoon with the 
combination of endogenous and 
exogenous dynamic factors. Ago, it was 
the unique inlet and Phu Cam river 
was a main one running into the 
southern part of lagoon. After that, this 
river was ruined and Huong river 
running into the northern part of 
lagoon became the largest one. Based 
on the new dynamical balance, a new 
inlet named Thuan An was opened in 
1404 in front of Huong river mouth. 
From that, Tu Hien has been being the 
secondary inlet and sometime is 
enclosed by sedimentation. 
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Fig. 2: Situations of Tu Hien inlet in 1992, 1997 and 1999 
 
 

The direct cause of the closing of 
Tu Hien inlet is the interaction 
between the longshore sand drift 
transported by wave and the erosion of 
tidal and flood current through this 
inlet. The closing of inlet happens, 
generally, in the late stage of 
northeastern monsoon from Dec. to 
Apr. and falls in the time of ending the 
flood flow. After a closed duration from 
4-11 years, the inlet can be opened at 
the coincidence of a heavy flood and 
strongly coastal erosion, generally, in 
the early stage of northeastern 

monsoon. The opened duration of inlet 
is from 4-20 years (Thanh T. D., 1999).  

Actually, Tu Hien is common 
name of two subinlets of which the 
main subinlet named Vinh Hien - is 
connected directly to the sea and the 
secondary one named Loc Thuy is 
connected to the sea by a small 
channel. Two subinlets are separated 
by one sand dune with 3 km long, 2-
2.5m in height along the coast (Phu, H. 
N. 1994). The historical data on the 
status of Tu Hien inlet enclosing and 
opening are shown in the table 1.

 
 

Table 1: Historical data on the situation of Tu Hien Inlet 
 

Year Larger subinlet Smaller subinlet 
Before 1811 Enclosed  

1811 Opened Enclosed 
1823 Enclosed  
1844 Opened  
Before 1953 Opened  
1953 Enclosed Enclosed 
1959 Opened  
1979 Enclosed Opened by dredging 
1984  Enclosed 
1990 Opened  
1994 - 1999 Enclosed Opened  by dredging 
November,1999 –March, 2000 Opened Opened  by flooding 
March 2000 to present Opening and  narrower Enclosed 
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2.2. Thuan An inlet  
According to historical record, 

Thuan An inlet was broken in 1404 
and became the main one of the lagoon. 
Thuan An inlet had been at two 
positions, at Thai Duong Ha in the 
north about 200 years, since 1504, and 
after that, at Hoa Duan in the south 
about 200 years, until 1897 (Phan H. T. 

& Trang, H., 1991). Since 1897, Thuan 
An has been at present position at 
Thai Duong Ha and tended to move 
northward. In terrible flood in 
November 1999, Thuan An inlet was 
enlarged with one more inlet channel 
created and named Hai Duong. The old 
inlet at Hoa Duan closed about 100 
years ago was reopened in this flood. 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
Fig. 3: Situations of Thuan An inlet in 1997 and 1999 

 
Thuan An inlet has not been 

closed completely, but suddenly 
displaced on the distance of 8 km in 
long period. In the last century, it has 
moved northward at the rate of 15-
40m/yr. The mechanism and historical 
occurrence of Thuan An inlet change is 
more complex than Tu Hien inlet. 
Although locating at Thai Duong Ha or 
Hoa Duan, this inlet always moves 
northward under the influence of 
longshore sand drift dominated 
northwest ward.  On the way of moving 
northward, the inlet is longer, 
narrower and shallower that leads to 
worsen the drainage of flooding water.  
In a certain strong flood, this situation 
is ended by opening a new inlet, and 
the former inlet is enclosed. This 

situation was happened in the historic 
flood from 1-6 November 1999 (Figs 3 
and 4). However, in this time, the 
reopened inlet at Hoa Duan site had 
been embanked for maintaining the 
ship channel to Tan My harbour 
passing the existing inlet. The 
displacement of Thuan An inlet is not 
only influenced strongly by marine 
dynamic factors, but also by mechanism 
of winding of lower section of Huong 
river. The mechanism of displacement 
of this inlet is influenced by the 
situation of Tu Hien inlet, too.  When 
Tu Hien inlet opened, Thuan An inlet 
seems to be smaller and flow slower. 
When Tu Hien inlet closed, the flow of 
Thuan An inlet is faster, and deformed 
into deeper (Thanh T. D., 1997). 
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2.3. Situation of inlets during the 
historical flood 

 
The terrible flood that occurred 

from 1-6 November 1999 reopened 
some ruined inlets. At this time, there 

existed 5 inlets in the lagoon (Fig. 4). 
However, up to now, two small inlets 
among five inlets have been enclosed 
naturally and one has been embanked 
(Dien T.V. et al., 2000). They are in 
order from north to south: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 4: Situations of Tam Giang – Cau Hai lagoon inlet created in November 1999 
 

Thuan An inlet has existed since 
1897, and it was 350m large before the 
flood and 400m after flood. In this 
flood, one more  channel of 600m large 
was created at Hai Duong, and now it 
has been closed by sedimentation.  

Hoa Duan inlet 700m large and 
8m deep was reopened in the flood. It’s 
transect was changed quickly after the 
flood. According to the survey data of 
the Institute of Oceanography in Nha 
Trang, it was 437m large and from 12-
14m deep in January 2000. Now, Hoa 
Duan has been filled up and embanked 
by stone for purpose of connecting the 
transportation in region. It may be the 
wrong decision and the embankment 

could be broken again in a new heavy 
flood. 

Vinh Hai inlet was a ruined inlet 
in the past, with traces of shallow 
channel and low house-back landmark 
in the north of Vinh Phong mountain. 
In the flood, the inlet was reopened 
with 200m large, 1-1.5m deep. Now, 
Vinh Hai inlet has been closed by 
sedimentation. 

Tu Hien inlet at Vinh Hien was 
closed in December 1994, embanked by 
stone in 1995 and was reopened in the 
flood. Generally, Tu Hien inlet is 200m 
large, and 3m deep. In October 1994 
(one month before being closed), it was 
only 50m large, and 0.5-1m deep. In 
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the historical flood, Tu Hien inlet was 
reopened with 600m large and 4-8m 

deep, and now (March 2002) it is only 
about 100m large and 1-2m deep.

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Radarsat satellite image acquired on 06th November 1999 
 
 

Loc Thuy inlet, the subinlet of Tu 
Hien, is closely to Chan May Tay 
mountain. Before the flood in 
November 1999, the inlet was opened 
by dredging, very small and shallow. 
By the flood, it was 200m large and 2-
5m deep, but enclosed by sedimentation 
four months after the flood. 
 
IV. DISCUSSION AND CONCLUSION  
 

The enclosing of Tu Hien inlet 
has caused the deep changes in coastal 
environment, ecology and natural 
resources that led to the unsustainable 
development of local socio-economy 
(Thanh, T. D., 1997). The enclosing of 
Tu Hien inlet has freshened the lagoon 
water, degraded the lagoon ecosystem, 
decreased biodiversity, damaged 
brackishwater aquaculture and changed 
the catching patterns in the lagoon. 
This event has also decreased the 

water quality, promoted the pollution, 
especially oil and organic matters by 
restricting the water circulation. The 
enclosing of Tu Hien inlet strengthens 
the sedimentation and shallowness of 
water body that leads to the filling in 
the lagoon quickly. Due to the enclosing 
of Tu Hien inlet, the waterway for 
marine transportation and fishery has 
been blocked. Hundreds of small ships 
and boats have had to pass an 
additional distance of 40 km for sailing 
to the sea through Thuan An inlet in 
the north of lagoon. This risk has 
damaged seriously the marine fishery 
economy and impacted negatively to 
the life of fishermen who regard it as a 
magical and god matter (Nam, D. et al., 
1998). 

Situating in the region where the 
rainfall is highest in Vietnam (3,000 
mm/yr.) and the upstream forest has 
been damaged heavily by the wars and 
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land use for cultivation, the filling 
process and the closing of the lagoon 
inlet have contributed significantly to 
the strongly coastal floods. Falling in 
the years of enclosed Tu Hien inlet, the 
floods are higher in number and 
intensity, and their consequences are 
heavier. During last 50 years, there 
have been seven very heavy floods of 
which six have felt in the enclosed 
duration of the Tu Hien inlet. The 
floods have caused the serious 
consequences such as the loss of human 
life, livestock, crops, damage of 
infrastructure (houses, roads, gates, 
bridges, boats.etc..), coastal erosion and 
pollution. For example, nearly one 
thousand people died in the flood 
generated from the typhoon in October 
1985. The coastal zone in Central 
Vietnam is usually flooded and 
inundated every year. The historical 
flood happened in the beginning of 
November 1999 with six days long, 
impacted on seven provinces in Central 
Vietnam, created very terrible damages 
including 600 people died, 41,100 
houses swept, 608,718 houses 
submerged. 51,000 ha rice field 
damaged. Thua Thien - Hue province 
was heaviest damaged with 350 people 
died. Besides the socio-economic loss, 
the environment was polluted and the 
ecosystem was damaged heavily.  

During its natural evolution, the 
lagoon has been being in three 
situations of only one, two and three 
inlets. The situations of only one or 
many inlets are regarded as the coastal 
risk causing bad consequences on 
environment, ecosystem and socio-
economy. The factors of meteo-
hydrology and topography in Hue are 
favourable to coastal flood. The 
enclosing of Tu Hien inlet in the south 
of lagoon, which has increased in 

frequency, has contributed very 
strongly to the coastal floods. So, the 
control of this inlet must be regarded 
as a prior issue of the lagoon 
management, and the monitoring of 
inlet change is a great significance for 
predicting the coastal risks of flood and 
salt intrusion. To forecast the further 
consequences, first of all, the forecast 
of inlet changes in near future is 
necessary. The purpose of study on the 
general trend of lagoon inlet changes 
and its cycles is to predict the 
environmental consequences included 
flood and inundation in lagoon area. 
Satellite data will play an important 
role in detecting and monitoring inlet 
changes in many years to give out rate 
of movement and inlet change cycle 
and predict flood and inundation in 
lagoon area. Satellite data will be used 
for monitoring environmental and 
ecosystem changes before and after 
reopening or enclosing of lagoon inlet, 
too. 
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