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Maintaining stable water levels during dry seasons is crucial for the irrigation of rice crops in the Vietnamese 
Mekong Delta (VMD) as agriculture, i.e. rice crops, is the main economic sector in the delta. Dry season water 
levels in the VMD are impacted by regulated flow discharges and river bathymetry. Hydropower dams, espe-
cially six mega mainstream dams in the upper Mekong River have caused tremendous reduction in the sediment 
budget of the VMD which, in turn, cause severe river bed degradation. Using in-situ bathymetric measurements 
and 2-D hydrodynamic modelling, this study investigates the alterations of water levels in the upper reach of the 
VMD as a combined impact of modified flow discharges and river bed degradation scenarios. Three thresholds 
of increased discharges associated with different degrees of river bed degradations were distinguished. Under 
low river bed degradation (< 1.5 m), water levels of dry seasons can be improved when the low-flow discharges 
increase by 10%. Under moderate degradation (1.5 m ≤ degradation ≤ 3 m), an increase of 20% of the low-flow 
discharge would help conserve the initial water levels. However, under high degradation scale (3 m < degra-
dation ≤ 6 m), an increase of 50% of the low-flow discharge from upstream dams is expected. 
 
   Key Words : Vietnamese Mekong Delta (VMD), river bed degradation, river bathymetry, TELEMAC-2D, 

hydropower dams 
 
 

1. INTRODUCTION 
 

Stretching along the last 200 km of the Mekong 
River (MR), which flows through six countries from 
China to Vietnam, the Vietnamese Mekong Delta 
(VMD) (Fig.1) is one of the most productive 
agro-aquaculture in the world. The delta has been 
formed from an abundant sediment supply from the 
upstream of the MR of about 160 Mt/year1). Agri-
culture (i.e. rice crops) is the main economics of the 
delta. Two or three rice crops are cultivated annually. 

Tien and Hau Rivers (Fig.1) are two main wa-
terways in the delta which empty into the East Sea of 
Vietnam through eight river mouths. Tien River 

transports the flow about four times larger than Hau 
River. The main discharges of Tien and Hau Rivers 
are 9,900 and 2,500 m3/s. The flow hydrograph is 
distinguished by flood and dry seasons. The former 
is from July to December and the later is from Jan-
uary to June of the next year. Rice crops are mainly 
cultivated in the dry season, beginning from the end 
of the flood season. The flood inundates the delta but 
the dry causes disadvantages for the irrigation. 

Constructions of hydropower dams in the up-
stream of the MR has been expected to reduce 
floodings and increase dry season flows in the 
VMD2). However, Binh et al.3) reported that in the dry 
season, the average flow discharge increases while 
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Fig.1 Map of  Vietnamese Mekong Delta. 

 
the water level decreases (Fig.2). The study  com-
pared discharges and water levels during five periods 
linked with constructions of six mega mainstream 
hydropower dams in the upper MR: Manwan (1993), 
Dachaoshan (2001), Jinghong (2008), Xiaowan 
(2008), Gongguoqiao (2011), and Nuozhadu 
(2011)4).  Binh et al.3)  concluded that the altered 
water levels in the VMD is due to a reduced sediment 
supply from the upstream of the MR because reser-
voirs trap sediment5) that may leads to river bed 
degradation3). Therefore, the present paper formu-
lates two hypothetical scenarios to account for the 
influences of increased flow discharges and lowered 
bed elevation based on the conceptual Figure 3. 
Specifically, a large variation of water levels are 
mainly due to the increased discharges in the dry 
season and the rate of river bed degradation which is 
higher than the rate of water level changes. Conse-
quently, the reduction in water levels specially dur-
ing dry seasons leads to difficulty to irrigate the 
crops. Figure 2 shows that in the dry season, median 
discharge increases by 10% but median water level 
reduces by 2% by comparing the two periods 
1980-1992 (pre-dam) and 2012-2015 (six dams in 
operation). These two periods are compared because 
we would understand the cumulative impacts of all 
main stream dams, of which Nuozhadu (completed in 
2011) is the largest, having a total storage capacity of 
22.37 km3, on future flows of the VMD based on the 
historical changes bewteen post-dam and pre-dam flows. 

Large scale hydrodynamics modelling of a complex 
river network and floodplains such as the VMD re-
quires detailed bathymetric, water level and discharge 
data. The available topography and cross sectional pro-
files for the whole main rivers and floodplains of the 
VMD are limited. Therefore, we conducted a detailed 
bathymetric survey along 200 km of the main rivers in the 
VMD from TanChau and ChauDoc until river mouths. 
This paper presents the developed 2-dimensional (2-D) 
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Fig. 2 Discharges and water levels in dry season at TanChau. 
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Fig.3 Conceptual effects of increased flow discharge and degraded 

river bed on water depth (H) and water level (Zf): (a) initial 
condition, (b) increased flow discharge, (c) increased flow 
discharge with degraded river bed. H1<H2<H3 but Zf3 <Zf1 <Zf2. 

 
hydrodynamic model for the VMD and the bathy-
metric surveys for such a complex river network. The 
objective of 2-D model is to investigate the impacts 
of the regulated flow discharges and eroded river bed 
on water level variations during the dry season.  

The model is built on a river bathymetry measured 
in August 2017 for the main rivers of the VMD using 
Acoustic Doppler Current Profiler (ADCP).  

 
2. BATHYMETRY MEASUREMENT 
 

Prior studies based on numerical simulations have 
used combined rivers’ bathymetric data that were 
measured in different fragments of the delta in dif-
ferent years. Moreover, the bathymetry measured 
during 2000s has been still used by some researchers. 
Such considerations may have limitations in the 
interpretation on the flow directions and quantities. 

To overcome such limitations, we conducted a 
challenging bathymetric survey in Tien and Hau 
Rivers and VamNao channel, in August 2017 
(Fig.1). Two-hundred cross-sections were measured, 
starting from TanChau, ChauDoc to the river 
mouths. The distance between two adjacent 
cross-sections ranged from 1 to 5 km. A 4-beam 
ADCP coupled with GPS (global positioning system) 
were employed. Bathymetric data were collected in a 
combination of cross sections and longitudinal pro-
files in the area accessible by boat. Water-depth 
measurements were treated with WinRiver ADCP 
software and imported for further processing. At the 
same time, cross-sectional flow velocities and dis-
charges were also measured by using ADCP. 

Tien and Hau Rivers can ben divided into two parts: 
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Fig.4 Mean river bed elevation and velocity along Tien River in 

August 2017. 
 

 
Fig.5 Typical river bed degradation in VMD. 

 
the upper and lower reaches based on variations of 
mean river bed elevations and velocities along the 
rivers (Fig.4). These reaches are separated at 
MyThuan in Tien River and CanTho in Hau River 
(Fig.1). The upper reach is dominated by the inflow 
from the MR while the lower reach is dominated by 
the tide and wave. The river bed is deep in the upper 
reach, decreasing seaward (Fig.4). There are several 
scour holes deeper than 25 m in the upper reach with 
an exception of more than 40 m at a location 2 km 
upstream of MyThuan station. In the lower reach, the 
river bed becomes shallower as sediment tends to 
deposit near the estuaries due to river widening, tide 
and salinity effects. The shallowest areas are within 15 
km from the river mouths. As a result, the flow ve-
locity is high in the upper reach, reducing seaward 
while it is low in the lower reach, increasing seaward 
(Fig.4). Although these velocities were measured at 
different time during the field survey, they are a good 
indicator (together with river bed elevation) to dis-
tinguish between upper and lower reaches. 

In the upper reach, the bed material of Tien River 
is constituted mainly by sand, decreasing seaward 
from medium sand in TanChau to fine sand in 
MyThuan. In the lower reach, fine sand and mud 

 
Fig.6 Reduction in annual sediment budget of VMD. 
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Fig.7 Geometry mesh of the study domain-upper reach. 

 
content are dominant. Fine sand is almost unchanged 
throughout the lower reach. 

The river beds of two main rivers in the VMD 
have been remarkably degraded. Although river bed 
aggradation has occurred in some areas, it is rela-
tively small compared to river bed degradation in 
terms of both magnitude and domain. Figure 5 
compares typical river beds of 2014 and 2017 at 
cross sections A and B (see these cross sections in 
Fig.7). It can be seen that river bed degradation is 
dominant in each cross section. Maximum river bed 
degradation can reach 8.3 m at section A. On aver-
age, the river bed of Tien River from TanChau to a 
location of about 10 km downstream of VamNao 
station in 2017 is 1.5 m lower than that measured in 
2014. Moreover, river banks have also been in-
creasingly eroded. The erosion width can reach more 
than 100 m in some places, with medium value of 
about 50 m (Fig.5b). Such river bed degradation and 
river band erosion are expected due to a reduction in 
the sediment supply from the upstream of the MR 
where the sediment is mostly trapped by six mega 
mainstream hydropower dams. The annual sedi-
ment budget of the VMD has been reduced from 39 
Mt/year in 1993 to 28 Mt/year in 2015 (Fig.6). 
Compared to the pre-dam (before 1992) sediment 
budget of 160 Mt/year1), the sediment budget of 
VMD in 2015 decreased by 83%. Study on the im-
pacts of upstream dams on river bed evolution of the 
VMD is ongoing and out scope of this paper. 
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Fig.8 Boundary conditions: hydrograph of discharges at Tan-

Chau and water levels at CanTho in April 2017. 

 
Table 1 Nineteen simulated scenarios by increasing inflow 

discharges and lowering river bed. 
Bed ele-

vation (Zb) 
Discharge (Q) 

Q0 Q0+10% Q0+20% Q0+25% Q0+50% 
Zb0 Sc0 Sc4 Sc9  Sc14 

Zb0-0.75m Sc1 Sc5   Sc15 
Zb0-1.5m Sc2 Sc6 Sc10 Sc13 Sc16 
Zb0-3m  Sc7 Sc11  Sc17 
Zb0-6m Sc3 Sc8 Sc12  Sc18 
Note: Q0 and Zb0 are discharge and river bed of 2017 
 

Considering the complexity of the lower reach due 
to the tide, wave, and salinity effects, we select the 
upper reach of VMD as our study domain (Fig.7). It 
includes part of Tien River from TanChau to MyTh-
uan, part of Hau River from ChauDoc to CanTho and 
an entire VamNao channel (Fig.1). The bathymetry of 
these rivers measured in 2017 is used to create the 
geometry mesh for the 2-D numerical model. Because 
the distance between two adjacent cross-sections is 
relatively large, various interpolation methods are 
tested using geostatistical tool in ArcGIS. In our data, 
Universal Kriging method is the best. 

 
3. 2-D NUMERICAL SIMULATIONS 
 
(1) Model setup 

TELEMAC-2D is used in this study. It is an open 
source, solving depth-averaged free surface flow 
equations (Saint-Venant) developed by the National 
Hydraulics and Environment Laboratory of the Re-
search and Development Directorate of the French 
Electricity Board (EDF-R&D). The simulated domain 
uses triangle mesh having a grid spacing of 80 m in the 
rivers and 150 m in the floodplains (Fig.7). The mesh 
is then incorporated with rivers’ bathymetry and 
floodplain’s DEM to produce a geometry mesh for the 
model. There are four open boundaries: two upstream 
at TanChau and ChauDoc using hourly discharges and 
two downstream at MyThuan and CanTho using 
hourly water levels (Fig.7). Typical time series of 
boundary conditions are shown in Figure 8. The study 
domain is inflow-dominated but influenced by the tide 
during dry season such as April. 

 
Fig.9 Measured versus simulated water levels at LongXuyen. 

 
(2) Simulation scenarios 

The nineteen scenarios in Table 1  are proposed to 
evaluate the impacts of water level changes under in-
creased flow discharges and river bed degradation on the 
possibility of rice crops’ irrigation. The worst conditions 
for changes of water levels are in April 2017, as the 
recorded water levels were the lowest during this year 
under different scenarios of discharges and bathymetry. 

The baseline (Sc0) considers the discharges, water 
levels and bathymetry of April 2017. Four options of 
increased flow discharges by 10%, 20%, 25% and 50% 
at upstream boundaries (TanChau and ChauDoc) are 
considered. These scenarios are desgined based on the 
median discharge in the dry season at TanChau that 
increased by 10% in post-dam period (2012-2015) 
compared to pre-dam period (1980-1992) (Fig.2). 
Figure 5 shows  that river beds in the VMD are both 
degraded and aggraded. However, degradation is 
dominant throughout the study domain while aggrad-
ation occurred near banks in limited areas and mag-
nitudes. Moreover, river bank erosion is also taken 
place in various locations in the delta. However, due 
to a lack of data, the effect of river bank erosion is not 
considered in this study. As a hypothesis, four degrees 
of river bed degradation of 0.75 m, 1.5 m, 3 m, and 6 
m associated with 2017 bathymetry are simulated. The 
four scenarios are related to low (degradation < 1.5 
m), moderate (1.5 m ≤ degradation ≤ 3 m), and high (3 
m < degradation ≤ 6 m) river bed degradation. These 
considerations are based on an average reduction in 
the river bed of 1.5 m in between 2017 and 2014 as 
mentioned above. Such an uniform degradation applied 
throughout the study domain is not really realistic but 
acceptable because we would investigate a general 
mechanism of water level changes responding to river 
bed degradation. 

 
(3) Model calibration 

The baseline scenario (Sc0) is calibrated by testing 
various friction coefficients (Manning law). The 
simulated water levels at CaoLanh and LongXuyen 
stations (Fig.7) are in good agreement with corre-
sponding measured values with correlation coeffi-
cients of 0.91 for the former and 0.95 for the later. 
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Fig.10 Mean daily maximum water levels along Tien River having the 

same river bathymetry with different discharges. 
 

Table 2 Changes of water levels (%) at TanChau comparing 
scenarios to the baseline (Sc0). “+”: increase; “-”: decrease. 
Reduced 
river bed 

Increased discharge 
0 10% 20% 25% 50% 

0 0 7 14  23 
0.75m -3 2   20 
1.5m -4 0 5 8 18 
3m  -2 2  14 
6m -11 -6 -3  8 

Note: changes (%) = (Sci-Sc0)/Sc0*100% with Sci: scenario ith. 
 
Figure 9 shows a typical comparison of simulated 
and measured water levels at LongXuyen station.  

 
4. RESULTS AND DISCUSSIONS 
 
(1) Influence of flow discharge  changes 

In order to assess the influence of  the increased flow 
discharges on the water level, a reduction of 1.5 m of 
the original measured bathymetry in 2017 is considered 
as a representative geometry. Figure 10 depicts that 
water  levels in April in the VMD increase by increas-
ing the flow discharge under the same domain geome-
try. Table 2 shows that, mean water levels in April at 
TanChau, on average, increase by 4%, 9%, 12% and 
22% if flow discharges increase by 10%, 20%, 25% 
and 50%, respectively (Sc6, Sc10, Sc13, and Sc16 
compared to Sc2). The amplitude of water level in-
crease reduces longitudinally to downstream locations 
due to the effect of simulated constant water levels at 
the downstream boundaries. As a result, the influence 
of increased river discharge diminished with the in-
creased distance from the upstream at 90 km (Fig.10). 
 

(2) Influence of river bed changes 

Under the same discharge, the cross-sectional area 
will increase if the river bed is degraded. This leads 
to a reduction in the water level accordingly. For 
example, mean water levels in April at TanChau, on 
average, decrease by 3%, 5%, 9%, and 15% under 
reductions of 0.75 m, 1.5 m, 3 m, and 6 m, re-
spectively, of the river bed by comparing Sc15, 
Sc16, Sc17, and Sc18, respectively, to Sc14 (Table 2)  

 
Fig.11 Mean daily maximum water levels at TanChau of various scenarios. 

 
Figure 11 shows a typical pattern of water level 
reduction due to reduced river bed under the same 
discharge (Sc12 compared to Sc10). 
 
(3) Combined impacts of flow discharge and river 

bed changes on water levels 

Table 2 and Figure 11 show that, compared to the 
baseline (Sc0), the mean water level in April at Tan-
chau reduces by 4% when the river bed degrades by 
1.5 m (Sc2). It then gradually increases by 4% and 9% 
under the increases of 10% and 20% of the flow dis-
charge, respectively (Sc6 and Sc10 compared to Sc2). 
Reversely, it reduces by 8% with a further degrada-
tions of 4.5 m of the river bed (Sc12 compared to Sc10). 
However, a further increase of 30% discharge helps in-
crease water level by 11% (Sc18 compared to Sc12). 

If the river bed degrades by 1.5 m, an increase of 
10% in the flow discharge will help conserve the 
water level (Sc6 compared to Sc0) (Table 2 and 
Fig.11). Table 2 also indicates that to maintain the 
water level unchanged when the river bed degrades 
by 4.5 m, the flow discharge should be increased by 
25% (compared Sc18 to Sc13). 

Another important result from Table 2 is that when 
the river bed degrades by 6 m (Sc12), an increase of 20% 
of the flow discharge is not enough to conserve the water 
level as same as the baseline. However, an increase of 
50% of the flow discharge is advantageous (Sc18). 
 

(4) Discussions 

Water levels in the VMD are sensitive to the changes 
of flow discharges and rivers’ bathymetry. Six mega 
mainstream dams developed in the upper MR positively 
increase the dry season flow in the VMD3). However, 
they also trapped tremendous sediment supply from the 
upstream6). Compared to 160 Mt/year of the pre-dam1), 
the sediment budget of the VMD in 2015 decreases by 
83% (Fig.6). It may continue decreasing if more dams 
will be built in the future, especially eleven proposed 
mainstream dams in Thailand, Lao PDR, and Cambo-
dia7). The reduced sediment supply will, in turn, cause 
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significant river bed degradation and bank erosion. 
Maintaining the water levels in VMD’ rivers in the 

dry season that warranties for rice crop’s irrigation is 
crucial, especially under a complicated impacts of 
upstream hydropower dams in the MR. It is found 
from our simulated results that increased flow dis-
charge during the dry season by dams is helpful to the 
irrigation in the VMD, especially under the fact that 
river beds in delta has been severely degraded by res-
ervoir trapping sediment. Under a low river bed deg-
radation (< 1.5 m), an increase of 10% of the discharge 
helps improve water levels as high as initial values. 
Under moderate (1.5 m ≤ degradation ≤ 3 m) and high 
(3 m < degradation ≤ 6 m) degradation scenarios, 20% 
and 50% increases, respectively, of the dry season 
discharges by dams are recommended. While request 
for high levels of discharge release from upstream dams 
is not always warranted, river bed degradation in the 
VMD is foreseen to continue for longer time. Conse-
quently, the dry season water levels in the VMD will be 
more and more decreased that will cause more and 
more difficulty for rice crops’ irrigation. 

Sediment trapped by upstream reservoirs not only 
degrades the river bed but also erodes the river bank. 
Due to a lack of data, we do not consider the impact of 
river bank erosion on water level changes. However, 
it is expected to exacerbate the severity of the problem. 

Sediment trapped by hydropower reservoirs not 
only causes negative impacts on downstream envi-
ronment and ecosystem but also reduce the func-
tioning of the dams themselves. We strongly rec-
ommend dams’ owners to implement a strategic 
reservoir sediment management such as sediment 
routing (drawdown flushing, bypassing, sluicing) 
and advanced sediment management techniques 
(hydro-suction, dam asset management) which have 
been successfully applied in Japan. 

 

5. CONCLUSIONS 
Agriculture, i.e. rice crops, is crucial for the liveli-

hood of millions of people in the VMD. Any reduction 
in the dry season water levels will cause difficulty on 
rice crops’ irrigation which, in turn, may reduce the 
rice productivity and people’s incomes. It is therefore 
important to maintain the dry season water levels in 
the VMD that warranty for the irrigation.  

Water levels in the VMD are sensitive to changes 
of the regulated flow discharge and river bathymetry 
induced by upstream dams, especially six mega 
mainstream dams in the upper MR. By investigating 
various scenarios of increased low flow discharges 
and river bed degradation in the upper reach of the 
VMD using TELEMAC 2-D, some main findings are: 

(1) Water levels in the VMD increase under in-
creased flow discharges. In contrast, river bed deg-
radation has opposite effect. 

(2) Under a low river bed degradation (< 1.5 m), 
water levels in the VMD can be improved when the 
dry season discharge increases by 10%. 

(3) Under moderate (1.5 m ≤ degradation ≤ 3 m) 
and high (3 m < degradation ≤ 6 m) river bed degra-
dation scenarios, increases of 20% and 50%, re-
spectively, of the dry season discharges by dam op-
erations are expected to improve the irrigation. 

This study assumes a constant degradation of the 
river bed, stemming from the fact that degradation is 
dominant compared to aggradation due to reservoir 
trapping sediment. Our upcoming studies will focus 
on numerically investigating the long-term mor-
phological evolution and river bank erosion of the 
VMD under decreased upstream sediment supply. 
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