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1 BACKGROUND 

Subaqueous bedforms, such as dunes and 
ripples, can form under and are eventually 
controlled by various flow conditions, e.g. in 
the deep sea (Franzetti et al., 2013), tidal inlet 
channels (Lefebvre et al., 2022) and rivers 
(Cisneros et al., 2020). Their geometric 
extents can reach more than a thousand 
metres in length and tens of metres in height. 
These dimensions were long thought to be 
directly related to water depth (Yalin, 1964), 
but recent flume experiments suggest that 
bedforms ultimately scale with the transport 
stage (Bradley & Venditti, 2019). This 
indicator of potential sediment entrainment is 
based on the classical Shields diagram and 
considers local shear stress, grain size and 
flow velocity (Bradley & Venditti, 2017). 

In this study, we scrutinize bathymetric 
data from two field campaigns in the Tien 
River in Southern Vietnam. Particularly, we 
quantify local bedform characteristics and 
compare them with universal trend lines. 
Furthermore, we assess prevailing flow 
conditions and discuss anthropogenic 
processes that are suspected to control the 
morphology in this part of the Mekong. 

2 STUDY SITE 

The Vietnamese Mekong Delta (VMD) is 
home to around 17 million inhabitants and 
provides food security across Southeast Asia 
(GSO, 2021). North of the delta, the Mekong 
splits into two main branches: the Tien River 
and the Hau River. On their way to the sea, 
the Tien River and Hau River are further split 
into eight distributary channels. The 
hydrological regime in the VMD is generally 
characterized by a dry season (November-
May) and a wet season (June-October). The 
monthly discharges at Kratie (Cambodia) 
vary between 1,600 and 37,000 m³/s (MRC, 
2010). Furthermore, the VMD may be 
classified as a wave-influenced, tide-
dominated delta (Wright, 1985). With an 
average tidal range of around 2.5 ± 0.1 m at 
its mouth (Gugliotta et al., 2017), the delta 
may be classified as mesotidal (Davies, 
1964). Tidal variations can still be observed 
beyond the border to Cambodia, even though 
the tidal range diminishes in landward 
direction (Gugliotta et al., 2017). 

The sediment inventory is highly variable 
in the lower 100 km of the distributary 
channels, whereas sand dominates in the 
upstream parts of both the Tien and Hau 
River (Gugliotta et al., 2017). Estimates for 
the yearly sediment load at Kratie vary 
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between 40-160 Mt/yr (Milliman & Meade, 
1983; Nowacki et al., 2015). Even though the 
sediment flux is dominated by cohesive 
sediments, the annual sand flux entering the 
delta is around 6.2 ± 2.0Mt/yr (Hackney et 
al., 2020). In the distributary channels, the 
sediment transport is directed seaward during 
periods of high discharge, whereas sediment 
is imported landward during periods of low 
discharge (Nowacki et al., 2015). 

3 METHODOLOGY 

Focusing on a 20 km stretch of the Tien 
River, which is located between the cities of 
Sa Dec and Vinh Long (cf. Fig. 1a), 
bathymetric surveys were conducted during 
the 2018 dry and wet seasons (Jordan et al., 
2019b). During the first multibeam echo 
sounding (MBES) survey in the dry season, 
various kinds of bedforms covered extended 
areas of the riverbed at the surveyed section. 
After observing these bedforms in the 
bathymetric data (Jordan et al., 2019a), we 
selected 20 dune fields for further analysis. 
This was accomplished by assessing both hill 
shading plots of the digital elevation model 
(DEM) and its first spatial derivative, the 
slope layer. In a second step, we applied a 
validated, semi-automatic algorithm to 
systematically measure these bedform 
populations (Scheiber et al., 2021). Because 
this routine assesses two-dimensional bed 
elevation profiles (BEP), we defined multiple 
parallel transects to characterize each dune 

field. For all bedforms identified along these 
longitudinal sections, heights, lengths and 
average water depths were calculated. 
Assuming that conditions were nearly 
homogeneous across a dune field, we 
combined the transect results into statistical 
mean, median and maximum dimensions. 
Several dune fields were revisited during the 
wet season. While bedforms at some sites 
were seemingly washed-out, one particular 
area was evidently still populated by dunes. 
Figure 1b highlights this focus area in red 
colour. In addition, the hydrological situation 
during the measurements is depicted in 
Figure 2. River discharges during the two 
field campaigns fell into the 77 % and 15 % 
exceedance percentiles, respectively. 

Aside from this geomorphological 
assessment, we used the hydro-numerical 
model presented by Jordan et al. (2020) to 
simulate flow velocities and shear stresses 
across the study site. The simulation also 
allowed insights into the distribution of 
sediments, which were considered in the 
form of median grain sizes. On this basis, we 
were able to estimate prevailing transport 
stages at each dune field. Specifically, we 
calculated the local Shields numbers τ* 
according to Bradley and Venditti (2017). 
Critical shields numbers τ*c were determined 
by the explicit formulation of the Shields 
diagram by Cao et al. (2006). The transport 
stage is given by the ratio of these two 
variables τ*/τ*c. In a final step, we related the 
prevailing dune dimensions and transport 

 

Figure 1. (a) The study site is located in the Tien River between the Vietnamese cities of Sa Dec and Vinh Long. (b) 
An extensive multibeam echo sounding (MBES) survey during the dry season of 2018 allowed us to produce a digital 
elevation model (DEM), which comprises multiple dune populations. The dune fields assessed during this study are 
depicted in green. A single field that was revisited during the wet season is highlighted in red colour. 
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stages in a scaling diagram similar to the one 
presented by Bradley and Venditti (2019). 

4 PRELIMINARY RESULTS 

 The surveyed 20 km stretch of the Tien 
River comprises bedforms of various height 
and length scales. Figure 3 below 
summarizes the determined dimension pairs 
in a double-logarithmic scatter plot. As a 
reference to global observations, the 
illustration also contains two blue regression 
lines that correspond with the mean and 

maximum values of a large data set published 
by Flemming (1988). These lines are 
complemented by the results of an own 
regression depicted in red colour. 

In total, we assessed 12,228 individual 
bedforms along 377 transects from 20 dune 
fields. The water depth at these focus areas 
was 20.1 m on average but ranged between 

3.7 m and 38.1 m. While minimum dune 
dimensions were limited by the bathymetric 
resolution, maximum heights and lengths 
reached 2.7 m and 286.0 m, respectively. The 
corresponding median and mean values are 
summarized in Table 1. 

Evident in consideration of the dune 
steepness is that bedforms in the study area 
do not reach the equilibrium conditions 
postulated by Flemming (1988). On the 
contrary, Figure 3 shows that our custom 
regression line lies well below the estimate 
for global mean and maximum dimensions. 
This can also be understood from the 

 

Figure 2. (a) Tide-averaged discharges at My Thuan station near the Tien River. (b) While the first survey was 
conducted during the dry season with relatively low river discharges that were exceeded on ca. 77 % of days in 2018, 
the second campaign took place during the wet season with discharges ranging near the 15 % exceedance percentiles. 

 
Figure 3. The double-logarithmic scatter plot 
illustrates the co-domain of identified dune height/ 
length pairs. While dashed blue lines represent the 
mean and maximum published for a comprehensive 
global data set by Flemming (1988), the red line 
describes the mean dimensions of the study site. 

Table 1: Arithmetic mean, median and maximum dune 
heights H and lengths L as well as corresponding water 
depths d in the Tien River, Southern Vietnam. 

Statistical value Median Mean Max. 

Height H (m) 0.22 0.36 2.70 

Length L (m) 10.00 16.39 286.00 

Depth d (m) 21.67 20.13 38.06 

Steepness H/L 0.02 0.03 0.25 
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regression function, which reads as follow for 
the presented analysis: 

Hmean = 0.063 × L0.656 (1) 

This suggests that local constraints 
prevent full bedform development. To 
understand, whether this is a result of the 
prevailing transport stages or something 
different, we juxtaposed our results with the 
scaling laws of Bradley and Venditti (2019). 

In the three panels of Figure 4, we relate this 
crucial indicator of sediment entrainment 
with different dune characteristics. The 
statistical values pertaining to the 
constituents of this plot are summarized in 
Table 2. 

Most prominently, the transport stages 
observed during dry season conditions 
ranged between 0.59 and 6.35. This is much 
lower than the turning point between growth 
and decline, which Bradley and Venditti 
(2019) postulate at approximately τ*/τ*c = 18 

for dune heights. The wet season transport 
stages, however, ranged from 5.82 to 24.48, 
which suggests the beginning of upper-plane 
conditions. In addition, the comparison 
between these predictions and our field 
observations points in the same direction as 
Figure 3 before: dunes at the Tien River do 
not reach their fully developed dimensions. 

5 DISCUSSION 

The trend lines by Flemming (1988) 
suggest that dunes at the study site are either 
longer or less high than fully developed ones. 
The comparison with scaling functions by 
Bradley and Venditti (2019), in turn, 
indicates that both height and length are 
undersized in relation to water depths. A 
potential reason is the scarcity of medium and 
coarse sediments as a result of sand mining, 
which was the original motivation for these 
field campaigns. It may also result from the 
ongoing construction of upstream dams 
(Kondolf et al., 2014). Such underdeveloped 
dune heights have been reported for 
sediment-starved laboratory experiments by 
Tuijnder et al. (2009). On the other hand, no 
evidence pointed at crest shapes turning into 
barchan dunes as the field observations from 
Kleinhans et al. (2002) would suggest for 
sediment-scarce environments. 

Also, concerning wet season observations, 
we can only speculate about the fate of 
bedforms at the revisited focus areas without 
dunes. Given that transport stages were 
consistently in the range of the outlined 
turning point or beyond, bedforms might 

 

Figure 4. Relations between the dune characteristics (a) steepness, (b) normalized height and (c) normalized length and 
transport stage. Blue crosses depict the median values for all dune fields, whereat black circles highlight the focus area 
revisited during the wet season. The dashed black graphs represent the scaling laws from Bradley and Venditti (2019). 

Table 2: Minimum, mean and maximum values of 
normalized dune heights and lengths as well as transport 
stages across all dune fields during dry and wet seasons. 

Statistical value Min. Median Max. 

Normalized  
height H/d 

0.01 0.10 0.24 

Normalized 
length L/d 

0.05 0.44 41.42 

Transport stage  
τ*/τ*c (dry season)  

0.59 3.82 6.35 

Transport stage  
τ*/τ*c (wet season) 

5.82 15.64 24.48 
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have been washed out due to upper plane 
conditions. Alternatively, dune heights may 
have declined until measurement accuracy 
made reasonable tracking impossible. 
Finally, it should be noted that not all 20 dune 
fields could be revisited during wet season. 

6 CONCLUSIONS 

Several natural constraints are known to 
influence the scaling of bedforms. Here, we 
analysed bathymetric data from two field 
campaigns and measured bedforms at twenty 
different dune fields in the Tien River in 
Southern Vietnam. We quantified prevalent 
dune dimensions and juxtaposed them with 
local flow conditions that were obtained from 
a validated hydro-numerical model.  

At the study site, we observed dunes of up 
to 2.7 m in height and 286.0 m in length. 
However, these dimensions seem under-
developed when compared to regressions for 
average dune steepness or normalized extents 
in consideration of the corresponding 
transport stage. We suspect that limited dune 
sizes during the dry season (with low 
discharge) are related to sediment starvation, 
which results from an anthropogenic 
sediment deficit in the form of sand mining 
or reservoir retention. High transport stages 
during the wet season, however, indicate the 
beginning of upper-plane conditions. This 
would explain washed-out bedforms or at 
least impediments to reliable measurements. 
In any case, further investigations are needed 
to better understand and elucidate the 
morphological processes that control the 
formation and scaling of bedforms in this part 
of the Mekong. 
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