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Introduction
Many people rely on rivers for water supply, food, 
power, transport, recreation, waste disposal, and their 
deposits as a source of raw materials. As a consequence, 
it is important to understand rivers in order to deal 
with problems such as floods, water supply, design 
and construction of infrastructures near or at river 
banks, river-bank erosion, sedimentation in navigated 
waterways, restoration of freshwater habitats, and 
remediation of polluted surface water and groundwater 
(Bridge, 2003). Rivers as erosive and depositing agents are 
potentially hazardous to foundations along their courses, 
such as bridges, riverbank protection structures, cables 
and other installations. Also, erosion along the riverbank 
may destabilise slopes along the river causing landslides 
(Suárez, 1996; Bogen et al., 2002; Eilertsen & Hansen, 
2008; Lévy et al., 2012). Man-made structures on the 
river floor (e.g., cables, bridge pillars) may also affect and 
be affected by the river flow. In addition, Earth scientists 
study modern rivers in order to understand how water 
flows, transports, erodes and deposits sediments, and 
sedimentologists use such knowledge to interpret the 
origin of ancient river deposits. 

Traditionally, studies of modern rivers have been 
conducted using aerial photographs and single-beam echo 
sounders, and by sediment sampling, diving and dredging. 
Other geophysical tools such as Doppler equipment 
have helped to understand the fluid dynamics in rivers 
(e.g., Lane et al., 1998). A general limitation of all these 
methods is the lack of resolution and detail of subsurface 
morphology. New geophysical equipment designed to 
obtain high-resolution swath bathymetry in shallow waters 
may provide information on morphology and processes 
not previously obtained by traditional methods such as 
single-beam echo sounders and sidescan sonars. Such new 
information may not only be valuable to Earth scientists 
(e.g., Parsons et al., 2005; Eilertsen & Hansen, 2008), but 
also to land-use planners and decision makers. Over the 
last decade or more, the use of such high-resolution tools 
has become standard methodology in sea-floor mapping 
(e.g., Fornari et al., 1988; McAdoo et al., 2000; Laberg et al., 
2007; Ottesen et al., 2008; L’Heureux et al., 2009). However, 
their application in lacustrine and river environments, 
using portable systems, has been introduced only during 
the last few years (Bacon et al., 2002; Bini et al., 2007; 
Eilertsen & Hansen, 2008; Fanetti et al., 2008; Ledoux et al., 
2010; Sastre et al., 2010, Nittrouer et al., 2011). 
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stratification formed through migration of dunes is the 
most common sedimentary structure of many ancient 
alluvial successions. These deposits may be of varying 
and complex geometries (Harms et al., 1982; Allen, 
1984; Rubin, 1987), and thus may cause heterogeneous 
and anisotropic permeability fields in, e.g., aquifers 
and hydrocarbon reservoirs (Weber, 1980, 1986; Van 
de Graff & Ealey, 1989; Best, 2005). The study of river-
dune dynamics has mainly focused on small-scale 

Dunes are common bedforms in rivers (Bridge, 2003), 
and they are abundant within the distributary channels 
of the Øyeren delta in southern Norway (Fig. 1). Their 
presence influences the water flow and exerts a strong 
control on the entrainment, transport and deposition 
of sediment (Parsons et al., 2005). Thus, understanding 
the nature and origin of dunes may help predict 
flow resistance, sediment transport and deposition 
within many rivers (Best, 2005). For instance, cross 
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Figure 1. Overview of 
the lake Øyeren delta 
plain with the October 
2007 dataset shown. 
The aerial photo is from 
www.norgedigitalt .no.
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45 to 600 m wide; (2) the delta platform, positioned 
between 101 and 96 m a.s.l., and extending about 9 km 
downstream from the delta plain; and (3) the foreset 
slope that grades into; (4) the delta bottomset at around 
contour 36 m. This study focuses on the delta plain.

Three rivers feed the delta: Leira, which joins the river 
Nitelva, and Glomma (Fig. 1). The Glomma river is the 
largest, having a mean annual discharge of 682 m3 s-1 
measured at Rånåsfoss, 18 km upstream of the study 
area. It delivers a mean suspended load and bed load of 
500,000 tons and 75,000–150,000 tons yr-1, respectively, 
to the lake delta (Bogen et al., 2002). The smaller rivers 
Leira and Nitelva deliver suspended loads of 90,000 
and 18,000 tons yr-1, respectively. The total catchment 
area draining into Lake Øyeren is c. 40,000 km2 
(Pedersen, 1981), and has a mean annual precipitation 
and temperature of 820 mm and 4.1°C (Norwegian 
Meteorological Institute, http://met.no/index.shtml). 

Prior to the onset of river regulation in 1862, natural 
water levels in the lake varied by up to 14 m between 
spring flood and lowstand during the winter, with a 
mean fluctuation of 8 m. At present, the water level rarely 
fluctuates more than 4 m between seasons (Fig. 2; Bogen 
et al., 2002). Sediments were transported and deposited 
at the delta front before regulation. However, as a 
consequence of regulation, sediments are at present being 
deposited on the delta platform (Bogen et al., 2002). The 
relationship between the river discharge and lake level 
is important for sediment erosion and transport within 
the channels, as the waterline gradient and thus stream 
velocity controls erosion and transport. For instance, with 
a high lake level and relatively low discharge the waterline 
gradient and subsequent stream velocity decreases, 
causing a reduced transport of sediment onto the delta 
platform. However, with low lake levels, the water 
gradient can be sufficient to cause sediment erosion and 
transport even under relatively low discharges (Bogen 
et al., 2002). Bogen et al. (2002) measured the bed-load 
transport along a transect from Fetsund to Årnestangen 
and noted large variations downstream with the highest 

laboratory experiments and with small field sites and 
2D survey tools (e.g., single-beam echo sounders), 
although in recent years with new technology larger 
rivers have received increasing interest (e.g., Carling et 
al., 2000; Best, 2005; Parsons et al., 2005). Furthermore, 
advances in the understanding of fluid flow and 
sediment dynamics over dunes have mainly come from 
studies involving simplified boundary conditions, e.g., 
2D dunes under steady flow, which have not included 
the more complex flow and morphology typical of 
natural rivers (Best, 2005). As natural bedforms are 
invariably three-dimensional in alluvial, estuarine and 
marine environments (Allen, 1984; Baas, 1994, 1999), 
this oversimplification has imposed inherent limitations 
on the interpretation and understanding of dune form 
and flow dynamics (Parsons et al., 2005). However, high-
resolution swath bathymetry provides the possibility 
to overcome these limitations and improve our 
understanding of fluvial processes and dune morphology 
(e.g., Parsons et al., 2005; Eilertsen & Hansen, 2008).

The aim of this paper is to: (1) describe and interpret 
channel bedforms in distributaries on a lacustrine delta 
plain at Øyeren, South Norway; (2) describe changes to 
these bedforms that have occurred over 24 hrs, 4 months, 
and a three-year period; (3) contribute to the overall 
understanding of river-bed processes; and (4) show the 
ability of interferometric, high-resolution sonar data to 
be used for ‘full-scale’ studies of natural rivers. 

Setting
The Øyeren delta is the largest freshwater delta in 
northern Europe (56 km2; Berge et al., 2002). It is situated 
at the northern end of the regulated lake Øyeren, with a 
surface area of 87.4 km2 and a mean water level of 101.37 
m above present sea level (Fig. 1). The Øyeren delta has 
been divided into four morphological units by Bogen & 
Bønsnes (2002): (1) the delta plain is located between 103 
and 101 m a.s.l., and is composed of vegetated islands 
and five intermittent distributary channels that are from 

Figure 2. Lake level 
for lake Øyeren and 
discharge for the river 
Glomma at Rånåsfoss 
(18 km upstream from 
the study area) between 
2000 and 2008. Arrows 
point to time of data 
collection.
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depth information, whilst the latter provides information 
about the river-floor reflectivity, which depends on 
the bed character (e.g., grain size, bedrock, roughness). 
Processing was conducted using the GeoSwath software, 
and included sound-velocity correction and calibration 
to reduce signal-to-noise ratios. The processed dataset 
was then gridded at a 0.3 m grid scale and imported into 

transport rate close to Fautøya. In contrast, bed-load 
transport in the lower parts (south) of Storråka was 
almost negligible, suggesting that most of the bed load 
was deposited somewhere between these two areas, i.e., 
around the island Flatsand (Fig. 1; Bogen et al., 2002). 
The deltaic sediments are up to 60 m thick in the study 
area, and are underlain or flanked mainly by glaciofluvial 
sands and gravels, and glaciomarine sands, silts and clays 
(Longva, 1991). The beds in the distributary channels 
consist mainly of medium sand (D50 ~0.4 mm), apart 
from the Nitelva and lower Kusandråka channels with a 
mean grain size around that of fine sand (D50 ~0.1mm) 
(Bogen et al., 2002). 

Methods
During 12 days in June 2004 (14th–25th of June), 3 days 
in June 2007 (4th–6th of June), and 5 days in October 
2007 (27th–31st), high-resolution bathymetric data were 
collected using a 250 kHz GeoSwath interferometric 
sidescan sonar from GeoAcoustics (Fig. 3). During the 
2004 and October 2007 cruises, all channels of the delta 
plain were measured, whereas only parts of the Storråka, 
Nitelva and Gjushaugsandråka channels were measured 
during the June 2007 cruise (Fig. 1). In addition, parts of 
the Kusandråka channel were measured twice in October 
2007 with only one day in between. In total, four datasets 
were collected at different times from the distributary 
channels.

The swath bathymetry system scans the bed topography 
in a line perpendicular to the track of the survey vessel, 
typically with a width several times that of the water 
depth. The bathymetry is determined by measuring the 
phase differences between multiple receive staves within 
a transducer from a returning acoustic wave (Hiller 
& Lewis, 2004). Vessel speed was around 4 knots, and 
depending on the width of the swath, 16 to 30 pulses per 
second (pps) were used, giving a reading for every 6 to 
12 cm of the river bottom. Six sound-velocity profiles 
(SVP) were measured using a Valeport 650 SVP. The 
water level during the survey was measured digitally 
using a Valeport 740 instrument submerged into the 
Nitelva channel that was calibrated with water-level 
measurements at a fixed station measured by Glomma 
og Lågen Brukseierforening (ww.glb.no). The water level 
in Øyeren varied in total between 101.34 and 101.41 m 
a.s.l. during the surveys (Fig. 2). All datasets have been 
adjusted to the same water level (101.35 m a.s.l.), which 
is roughly 1 m below the bank-full level. Differential 
GPS was used for positioning, giving an accuracy in 
the horizontal direction of ±1 m. A gyroscope was 
also used for navigation. Multiple overlapping runs 
over the same area with fixed bottom structures like 
bedrock or ‘obstacles’ revealed a consistency in the 
depth measurements and an accuracy at cm to dm 
scale. Two types of data were recorded, bathymetric 
and backscatter data. The former gives high-resolution 

Figure 3. (A) The boat with the sonar mounted in the bow. (B) Part 
of the Rossholmråka channel; the channel is 50 m across. (C) Eas-
tern side of Fautøya. Note the considerable erosion and bank collapse 
causing tree trunks to fall into the channel. See Fig. 1 for location.
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ERMapper 7.1 for analyses of the datasets. Comparisons 
between datasets were also carried out using the 
ERMapper 7.1 software. Measurements of individual 
bedforms included height, length, stoss- and lee-side 
gradients using maximum elevation (crest height), 
minimum elevation (troughs), and average lengths of 
individual dunes as reference (Allen, 1984; Collinson & 
Thompson, 1989). Bedform three-dimensionality was 
measured using the non-dimensional span method as 
defined by Venditti et al. (2005).

Channel-bed morphology
The most prominent bed forms are described below and 
their changes over time are discussed in the next section. 
We have distinguished between the more local, small-
scale scours occurring at the lee side of dunes (hereafter 
termed lee-side scours) and the more prominent, large-
scale scours. The latter are described in a separate section.

Dunes and local scours

The dune morphology within the distributary channels 
is rather complex and dominated by sinuous transverse 
dunes with well-defined crest lines and more complex 
3D forms with almost linguoid shapes (Allen, 1968). The 
dunes have individual wavelengths between 3 and 53 m 
(average 16.7 m) and heights between 0.14 and 2.24 m 
(average 0.64 m; Fig. 4). Typically, the dune size (length 
and height) increases with depth, although exceptions 
do occur (Fig. 4C, D). The dune-form index (or aspect 
ratio, H/L) is between 0.01 and 0.07 (average 0.03). The 
dunes are asymmetric with lee-side angles between 3 
and 25° (average 9.4°), although individual dunes with 
angles as low as 1.1 and as high as 34.3° also exist (Fig. 
5A). The high values typically occur where there are 
prominent local scours on the lee side of the dunes (see 
below). The shape of the stoss side ranges from planar 
to more commonly concave up, with angles between 
1.2 and 6.3° (average 2.9°). Superimposed bed forms 
are rare; however, smaller bed forms such as ripples or 
small dunes may be present but are not visible due to the 
resolution of the dataset. 

The dune crest lines can be followed for up to 200 m, 
and their planform curvature (sinuosity, NDS – non-
dimensional span) varies between 1.04 and 1.63 (average 
1.18 for parts of the October 2007 dataset; Fig. 5B). 
Commonly, the dunes exhibit crestbrink parting with 
gentle, rounded dips at the crest followed by a sharper 
break of slope into the lee side. Also, the heights of 
individual dunes may vary strongly along individual 
crest lines, in some cases more than 1 m. Discontinuous 
crest lines also occur, along with bifurcating and merging 
of individual crest lines. In channel bends, crest lines can 
often be traced from the deep thalweg to the shallower 
inner bend, covering almost the entire channel width.

Figure 4. (A) Plots of dune height as a function of length. (B) Plots of 
form index (steepness) of dunes as a function of length. The stippled 
line in (A) and (B) indicates the ’equilibrium’ dune function of Ashley 
(1990) as H=0.16L0.84. (C) Plots of dune height as a function of flow 
depth. (D) Plots of dune wavelengths as a function of flow depth. (E) 
Histograms showing dune lengths.
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level), occurring at a channel confinement laterally 
to a mid-channel bar (see below). The river bends are 
characterised by a deep thalweg scour close to the incised 
bank, with the deepest part close to the downstream 
end of the bend. Typically, the well-defined thalweg 
scour begins at the start of the river bend. The river 
bend scours are between 160 and 600 m long, and from 
5 to 14 m deep. Point-bar slopes characterise the inner 
bend, locally with small chute channels on the surface. 
Dunes are common in the scours, with oblique crest 
lines reaching from the deeper part of the scour onto the 
point-bar slope. 

The confluence scours are between 110 and 200 m long 
and from 8.5 to 12 m deep, and have both steep upstream 
slopes and sidewalls with avalanche faces. Downstream 
slopes are more gently inclined. These scours tend to 
parallel the direction of the dominant channel (cf., 
Ashmore & Parker, 1983; Best, 1987) and can be separated 
into symmetrical and asymmetrical types based on their 

In places, local scours are present on the lee side of 
dunes (Fig. 6). They are up to 20 m long, 10 m wide, 
and more than 1 m below mean bed level, and in some 
cases extend almost to the crest line of the downstream 
dune. Spurs along the scour margins are quite common. 
These are between 15 and 60 cm high, mostly with well-
rounded crests, and often extend over the whole length 
of the scour (Fig. 6). Dunes are generally relatively 
high at the scour location and lee-side angles are also 
steeper (22 to 34°). Crest-line curvature also appears 
to increase at localities with scours, and the deeper 
scours are commonly associated with downstream-
concave crest lines (i.e., saddles; Allen, 1984; Parsons et 
al., 2005). Saddles are in places succeeded downstream 
by downstream-convex crest lines (i.e., lobes), especially 
where the dunes have a strong three-dimensional shape, 
although this is not always the case. Downstream, the 
scours and the associated spurs commonly appear to be 
aligned in ‘bands’ at the lee sides of successive dunes. This 
is most evident at channel bends (Fig. 6B). 

‘Large-scale’ scours

Eilertsen & Hansen (2008) reported a series of deep 
scours on the delta plain based on the 2004 dataset, 
of which all are also found in the 2007 dataset. A short 
synthesis of these findings is given in the following. 
The scours are generally most pronounced at river 
bends and channel confluences. However, the deepest 
scour registered in 2004 was 23 m deep (below water 

Figure 6. (A) Lee-side scours in the Storråka channel. (B) Lee-side scours 
with spurs in the Sniksand channel (note the alignment of the scours and 
spurs). See Fig. 1 for location.

Figure 5. (A) Histograms of lee-side slope angles for the October 
2007 dataset (N=293). (B) Histograms of dune crest-line sinuosity 
for the October 2007 dataset (non-dimensional span (NDS) sensu 
Venditti, 2003. N=164). 
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erosion has taken place, apart from a 30 m-wide, 22 
m-long and 3 m-deep bank collapse at the scour margin 
(Fig. 8E). In contrast, evidence of dune migration is 
clearly visible in the upstream channel, and more than 
3 m of sediments were deposited at the upstream end of 
the scour.

Overall, there appears to have been a net aggradation 
of sediments within the Storråka channel, suggesting 
that deposition exceeded erosion within this particular 
channel between 2004 and 2007. This is especially evident 
at the scours and in the shallow areas downstream of 
these features (Fig. 7B).

Four-month period

The bathymetry and difference recorded between 
the June and October 2007 datasets in parts of the 
Gjushaugsandråka channel are shown in Fig. 9. A small 

planform morphology, where lower confluence angles 
favour the former type and large confluence angles 
favour the latter (Mosley, 1976; Ashmore & Parker, 1983; 
Eilertsen & Hansen, 2008). 

The largest scour recorded (50 m wide, 100 m long and 
23 m deep in 2004) is positioned laterally to the Flatsand 
mid-channel bar (Fig. 1). The scour has steep walls and a 
relatively even floor, and is the deepest scour registered 
on the delta plain. The depth of the channel upstream of 
the scour increases from c. 5 to 15 m towards the scour, 
with well-defined sinuous dunes covering the channel 
floor. A small slide scar is present on the western flank of 
the scour in the 2007 dataset (see below). The scour was 
probably generated as a result of channel confinement 
due to the build up of the mid-channel bar followed by 
an increase in velocity and vertical erosion (Eilertsen & 
Hansen, 2008).

Temporal changes of the channel bed
The four datasets allow us to observe changes in the 
river bed on several time scales. However, the time span 
between the datasets, apart from the two-day survey in 
the Kusandråka channel, is mostly too long to recognise 
and record the individual dunes and their migration, 
although other features can be recognised.

Three-year period

The bathymetric changes during the period from 2004 
to October 2007 are shown in Fig. 7. The changes within 
the –2 to 2 m range are generally mostly related to the 
migration and changes of the dune field within the 
channels. More significant changes have occurred at 
bends and the ‘large-scale’ scour at Flatsand (Figs. 7, 8). 
The tip and the eastern part of Fautøya show most signs 
of river-bank erosion between 2004 and 2007. Here, the 
main channel Storråka flows directly towards the island, 
causing bank undercutting and collapse (Figs. 3C, 7). This 
is also where the highest stream velocities occur (Zinke 
et al., 2010). In 1980, the channel was more than 23 m 
deep at this location (Pedersen, 1981), whereas today it 
is ~15 m. Bogen et al. (2002) reported a 3 m-long and 15 
m-wide bank collapse in this area following a large flood 
in 1995. The river bank has retreated more than 10 m 
along the eastern part of Fautøya between 2004 and 2007. 
The bathymetry and difference in bathymetry in parts of 
the Storråka channel between June 2004 and June 2007, 
and June 2007 and October 2007, are shown in Fig. 8. 
The deep scour probably appeared during a major flood 
in 1995 (Eilertsen & Hansen, 2008). It has since migrated 
more than 20 m downstream and locally up to 8 m of 
sediments have been removed vertically over 3 years (Fig. 
8D). Over the same period, 7 m of vertical deposition 
has taken place at the upstream end of the scour, thus 
‘keeping pace’ with the scour migration. Between June 
and October 2007, the data show that relatively little 

Figure 7. (A) Changes in bathymetry between 2004 and October 
2007. Note compressed scale. The largest recorded erosion (8 m) and 
deposition (10 m) occur laterally of the mid-channel bar, Flatsand. 
(B) Depth along transect A–A’ shown in (A) for the years 2004 and 
2007. Arrows point to areas with a significant aggradation. The 
aerial photo is from www.norgedigitalt.no.
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Figure 8. Bathymetry at the Storråka channel west of Flatsand showing the largest scour recorded. (A) 
June 2004 dataset. (B) June 2007 dataset. (C) October 2007 dataset. (D) Changes in bathymetry between 
June 2004 and June 2007. Note up to 8 m of erosion and 7 m of deposition. (E) Changes in bathymetry 
between June 2007 and October 2007. Note the bank collapse within the scour hole. In total, the scour has 
migrated more than 20 m downstream over the three-year period. Flow is from top to bottom. See Fig. 7 
for location .

Figure 9. Part of the Gjushaugsandråka channel showing the bathymetry measured on (A) June 7th, and (B) October 30th, 2007, respectively. 
Four, distinct, lee-side scours are shown (arrows and encircled). (C) Changes recorded between the datasets. White arrows point to areas of 
accumulation of sediment as the scours migrated downstream. Flow is from top to bottom. See text for further explanation and Fig. 7 for loca-
tion.
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Discussion
The abundance of low-angle dunes (<10°) in the delta 
distributaries compares well with results reported from 
other rivers like the Jamuna River in Bangladesh (Roden, 
1998; Best et al., 2007), the Rhine and Waal rivers in the 
Netherlands (ten Brinke et al., 1999), the Fraser River in 
Canada (Kostaschuk & Best, 2005), and the Mississippi 
River in the USA (Harbor, 1998). Although more than 
50% of the lee-side angles are lower than 10°, such low-
angle dunes may possess intermittent separation in 
the dune lee (Best & Kostaschuk, 2002), whereas dunes 
with larger lee-side angles may generate a permanent 
flow separation. In the delta distributaries, the highest 
dune angles are normally found in combination with 
the more prominent scours, although the lee-side angle 
may be half or less laterally of the same individual 
dune crest. This lateral variation would likely cause an 
important topographic steering of the flow, affecting the 
distribution of shear stresses and sediment transport 
over the dunes (Allen, 1984; Maddux et al., 2003). The 
crest-line parting observed at some dune crests may also 
significantly influence shear and turbulence on the lee 
side (Best & Kostaschuk, 2002). 

The prominent lee-side scours and associated spurs 
would suggest that a narrow zone of high turbulence is 
operating at specific locations, probably related to some 
kind of topographic steering. The convergence of flow 
in the lee of saddle-shaped dunes may explain some of 
the scours, but not all are related to saddles. Also, Venditti 
(2003) argued that the convergence of flow in the lee of 
saddle-shaped crest lines would reduce the turbulence 
intensities but increase the average flow velocity. 
Another important aspect is how the local scour relates 
to the dune migration subsequent to its formation, and 
whether or not the scour will enhance the 3D shape, or 
if it migrates at the same pace as the lateral dune crest, 
and/or whether it is infilled. The example shown from 

‘obstacle’ provides a marker positioned at the exact same 
position in both datasets. Three distinct lee-side scours 
(white arrows in Fig. 9) can be traced in both datasets, 
showing that they have migrated only about 6–7 m 
over 4.5 months. A more prominent scour (encircled 
in Fig. 9) can also be traced showing roughly the same 
migration rate. While the scours migrated downstream, 
infilling occurred at their original position with up to 2 
m of sedimentation over the 4.5 month period. The dune 
immediately downstream of the scours appears to have 
grown during the same period, forming a lobe-shaped 
crest line (Fig. 9B). 

24-hour period

The bathymetry and difference over a 24-hour period 
recorded in the datasets from parts of the Kusandråka 
channel are shown in Fig. 10. The dune crest lines are 
easily correlated between the datasets, and although 
the changes recorded are relatively small compared to 
the resolution of the system, they do form coherent 
geological structures and are thus inferred to be real. 
The largest changes recorded are at the dune crests and 
show up to 1 m of dune migration and up to 30 cm of 
deposition (Fig. 10C). Most of the erosion appears to be 
concentrated evenly on the stoss side of the dunes.  

The crest-line curvature (sinuosity; NDS) measured over 
the same reach of the Gjushaugsandråka channel in June 
2004, June 2007 and October 2007 shows relatively small 
changes, with mean curvature of 1.13, 1.16 and 1.18, 
respectively. NDS measurements for the area shown in 
Fig. 9A, B give values of 1.20 and 1.22, respectively. 

Figure 10. Bathymetry in the Kusan-
dråka measured on (A) Oct. 30th and 
(B) Oct. 31st. C) Changes recorded 
over the 24-hour period. Note that, 
overall, the bed elevation remains the 
same, though with most deposition at 
the dune crest line, causing migration 
of the dune. Flow is from top to bot-
tom. See Fig. 7 for location.
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Changes in planform morphology of the crest line with 
time suggest that the dunes will develop towards a more 
3D appearance with persistent flow level, in accordance 
with flume studies. 

Erosion of the bed is at its highest during lake-level 
lowstand when the gradient between the inflowing 
river and the lake itself is at its largest, causing high flow 
velocities and subsequent erosion. Erosion, deposition 
and migration of dunes are also prominent during lake-
level highstand, but to a lesser extent than during floods, 
in accordance with previous studies. The present study 
highlights the potential of the interferometric sidescan 
sonar for use in fluvial studies.
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