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A B S T R A C T   

The Oostgat tidal channel, located in the mouth of the Scheldt estuary in The Netherlands, migrates in the 
landward direction by about 0.2 m/year as a result of erosion of the landward channel slope. This erosion 
threatens beach stability and the effectiveness of beach nourishments. The physical mechanisms controlling this 
channel slope erosion are yet unknown. We have studied this erosion problem with a high-resolution Delft3D 
coupled wave-flow-sand transport model, which we have validated against available hydrodynamic data. Initial 
sedimentation and erosion patterns were inferred from the computed net sand transport rates. The model results 
show that channel slope erosion is controlled by the tide; effects of waves and wind are relatively small. The net 
sand transport is mainly controlled by the interaction between the residual current and the tidal velocity vari-
ation. Previous studies attributed a prominent role to the sand ridge Bankje van Zoutelande offshore from the 
Oostgat channel. This has not been confirmed by our model results: erosion of the landward channel slope was 
still present if the ridge was removed, albeit smaller. Instead, the erosion seems to be related to a sharp channel 
bend just north of the erosional area. The bend drives cross-channel differences in tide-dominance resulting in an 
increasing ebb-directed/northward net sand transport away from the erosional area.   

1. Introduction 

Estuaries and tidal basins are intriguing and important morpholog-
ical systems. The main morphological elements are tidal channels, 
deltas, intertidal areas and subaqueous ridges. The tidal channels allow 
for navigation, while the intertidal areas are important ecosystems, e.g. 
as feeding grounds for birds (e.g. Van der Werf et al., 2015). 

Estuarine morphodynamics are the result of the complex interaction 
between hydrodynamics, sediment transport and bed level change, 
forced by tide, wind and waves and human interventions such as 
maintenance dredging and coastal protection works. The morphody-
namics of estuaries and tidal basins are generally well studied, e.g. the 
Wadden Sea in The Netherlands (e.g. Wang et al., 2012), Elbe estuary in 
Germany (e.g. Chu et al., 2013), the Yangtze estuary in China (e.g. Guo 
et al., 2015) and the Scheldt estuary at the border of Belgium and The 
Netherlands (e.g. De Vet et al., 2017). However, relatively little atten-
tion has been paid to channel slope erosion along the landward side of 
tidal channels. 

The coastal area between Zoutelande and Westkapelle landward of 
the Oostgat tidal channel in the mouth of the Scheldt estuary, The 

Netherlands (Fig. 1) suffers from erosion. Historically, the coast was 
protected by groins (black tick marks in Fig. 1). Since around 1950, this 
erosion was counteracted by beach nourishments (e0.2 million m3/ 
year). These nourishments did not stop the landward migration of the 
Oostgat, which threatens beach stability and the effectiveness of beach 
nourishments. Therefore, an innovative scheme of channel-slope nour-
ishments was designed, according to which sand nourishments with a 
total volume of 8.7 million m3 have been applied between Zoutelande 
and Westkapelle between 2005 and 2016. These nourishments have 
proven effective in maintaining the coastline position (Tonnon and Van 
der Werf, 2014). However, the physical processes that cause the land-
ward channel migration are not understood. 

The Oostgat tidal channel is part of the mouth of the Scheldt estuary, 
located in the southwestern part of The Netherlands (see Fig. 1). The 
Oostgat channel (denoted ① in Fig. 1) is located along the coast of 
Walcheren with a southeast-northwest orientation. Being the second 
largest tidal channel after Wielingen ②, it serves as a shipping route 
between Rotterdam and Antwerp. Seaward of the Oostgat channel there 
is a parallel and more shallow tidal channel ‘Deurloo Oost’ ③. 
Furthermore, a sand ridge called ‘Bankje van Zoutelande’ ④ is located 
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between both channels. Finally, the large shallow area located between 
the Wielingen and Oostgat channels is called ‘Vlakte van de Raan’ ⑤. 
The tidal flow in the Oostgat channel is primarily forced by a tidal range 
difference between Vlissingen (4.25 m) and Westkapelle (3.75 m). The 
most important tidal constituent is the semi-diurnal lunar tide (M2). The 
dominant wind direction at the Dutch coast is southwest, whereas 
dominant wave directions are southwest and northwest. Waves have a 
typical height between 0.5 and 1.5 m. 

In Fig. 2 the evolution of the cross-sectional profile of the Oostgat 
channel between 1960 and 2013 is shown. A migration of the shoal 
system towards the coast over time is clearly visible. In the shown cross- 
section the channel ‘Deurloo Oost’ is seen to migrate towards the coast 
and the top of the Bankje van Zoutelande also shows a steepening on the 
landward side. The erosion of the Oostgat channel is visible on the 
landward slope, as well as a nourishment of the channel slope in 2009. 
The landward slope of the Oostgat channel (depths between 5 and 15 m) 
between Westkapelle and Zoutelande is eroding with an average rate of 
about 0.2 m/year between 1975 and 2005 (before the channel-slope 
nourishments started). The erosion seems to accelerate after the 2005 
and 2009 channel-slope nourishments (Tonnon and Van der Werf, 
2014). Erosion and steepening of the landward slope poses risks to the 
stability of the beach and dunes. 

In previous studies, potential erosion mechanisms have been pro-
posed. Firstly, according to Steijn and Van der Spek (2005) the dominant 
flood tidal flow is mainly responsible for sediment transport over the 
shore-parallel sand ridge Bankje van Zoutelande into the Oostgat 
channel with a smaller contribution by waves. This results in a slow 
migration of the Bankje van Zoutelande towards the coast. The landward 
side of the Oostgat channel needs to erode to keep its cross-sectional area 
to be able to discharge the water (Damen, 2014). Secondly, Steijn and 
Van der Spek (2005) mentioned that the tide-dominated along-channel 
sand transport in the Oostgat channel diverges near Zoutelande. 

The aim of this research is to understand the roles of tide, waves and 
wind as well as the role of the Bankje van Zoutelande in the erosion of 

the landward slope of the Oostgat channel. First, we investigate if the 
two potential mechanisms explain the channel slope erosion. Second, we 
study the effect of wind and waves on the sediment transport, compared 
to the tidal influence. To this end, the hydrodynamics and sand transport 
are computed using the process-based modeling software Delft3D 
(Lesser et al., 2004). Two model simulations are carried out with forcing 
by (I) a combination of tide, waves and wind and (II) by tide only. The 
resulting sand transport patterns are used to qualitatively describe the 
mechanisms responsible for the erosion of the landward slope of the 
channel. Finally, the impact of removing the Bankje van Zoutelande is 
evaluated (Case III) to estimate the influence of the ridge on the sand 
transport. 

This paper is organized as follows. In Section 2 we describe the nu-
merical model setup, model validation as well as the derivation of a 
representative morphological tide and representative wave conditions. 
The results of the model simulations are presented in Section 3, 
including a decomposition of the net sand transport into contributions 
due to residual flow, (tidal) velocity variations, and interactions be-
tween these two. This leads to a conceptual model of the morphological 
system presented in Section 4. The results are discussed in Section 5; 
conclusions are drawn in Section 6. 

2. Oostgat numerical model 

2.1. Model set-up 

For the simulation of flow and sand transport a Delft3D model setup 
was created for the mouth of the Scheldt estuary, with a focus on the 
Oostgat channel along the coast. The Delft3D software has a proven 
ability to accurately simulate complex coastal systems such as the 
Columbia River mouth (Elias et al., 2012) and the Western Scheldt (Van 
der Wegen and Roelvink, 2012). The effects of storms are incorporated 
as a combination of wind waves, wind-driven flow and surge height. For 
simulation of wind waves the SWAN wave processor (Ris, 1997) is 

Fig. 1. 2011 bathymetry of the mouth of the Scheldt 
estuary located in the southwestern part of The 
Netherlands with the tidal channels ① Oostgat, ② 
Wielingen and ③ ‘Deurloo Oost’, as well as the sand 
ridge ④ Bankje van Zoutelande and the shallow area 
⑤ ‘Vlakte van de Raan’. Bed levels are relative to NAP 
(NAP is the Dutch vertical datum close to mean sea 
level). The red line denotes the location of transect 
2408, see Fig. 2. The black tick marks near the coast 
indicate groins. (For interpretation of the references 
to colour in this figure legend, the reader is referred to 
the Web version of this article.)   
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coupled to the hydrodynamic model and wave-current interactions are 
accounted for. 

Wind-driven flow velocities are forced by a spatially uniform shear 
stress on the water surface and surge heights are implemented by raising 
both the initial water level and the water level boundary conditions. The 
horizontal grid resolution at the Oostgat channel is 25 m. It decreases 
gradually away from the channel (model domain in Fig. 3). 

At the seaward boundary, we impose a time series of water levels and 
at the other open boundary, connected to the Western Scheldt estuary, 
we impose a time series of flow velocities. These boundary conditions 
were derived from the larger Delft3D-NeVla model (Vroom et al., 2015) 
which captures the complete Scheldt estuary from the North Sea up to 
the upstream limit of tidal influence at Ghent. 

The sand transport is computed with the formulations of Van Rijn 
(2007a, b) for a representative, uniform sand with a median grain-size of 
0.2 mm. 

2.2. Validation 

In this paper we directly compare the Delft3D-NeVla model to ob-
servations as the nested Oostgat model is forced by a so-called 
morphological tide and schematized wave climate, to be discussed in 
Section 2.3. Fig. 4 compares measured and computed water levels (full 
2013), depth-averaged velocities measured by Plancke et al. (2018) 
(August–October 2014) and wave heights (August 2014) at 11 different 
locations in total. The imposed model bathymetry was updated 

depending on the observation period. 
These figures show that the hydrodynamics are well captured with a 

root-mean-square error of 0.09–0.12 m for the water levels, 0.07–0.09 
m/s for the velocities and 0.13–0.17 m for the wave heights. Although 
no sand transport data were available to validate the model, this hy-
drodynamic validation indicates that the model is capable of simulating 
the general flow and hence sand transport patterns. 

2.3. Input reduction 

To reduce computational time, one representative semi-diurnal tidal 
cycle was selected. In order to do so, residual sand transports for various 
tidal cycles were compared to the average tidal transports over a full 
spring-neap cycle and the tide with the smallest difference was selected 
as representative tidal cycle. 

Time series of offshore wave and wind conditions were binned into 
54 classes based on wind speed and directions for the period 1981 to 
2001, including 7 storm conditions with a wind speed higher than 17.2 
m/s (Beaufort scale of 8 and higher). These conditions were reduced to a 
final set of 9 conditions by adjusting the individual weighting factors, 
which resulted in an overall net sand transport in the Oostgat channel 
equal to the sand transport based on all 54 wind-wave conditions. The 
schematized wind-wave climate is presented in Table 1 with Hs the 
significant wave height and Tp the spectral peak wave period. The total 
net sand transport is the weighted average of the sand transports 
computed per wave condition. Due to the relatively low frequency of 

Fig. 2. Evolution of the transect 2408 between 1960 and 2013. The location of this transect is indicated in Fig. 1.  

Fig. 3. Ⓐ Oostgat model boundaries (dashed ¼ open, solid ¼ closed), Ⓑ the cross-sections and control volumes as defined in the Oostgat channel for evaluation of 
flow and sediment transport and Ⓒ the new bathymetry for model Case III when removing the Bankje van Zoutelande where contours denote the change in bed level 
compared to the original (2011) bathymetry. “W00, “Z00 and “D00 are the locations of the towns Westkapelle, Zoutelande and Dishoek. 
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occurrence, the storm conditions do not contribute greatly to the net 
sand transport in the Oostgat channel and, as a result, do not end up in 
the reduced wind-wave-climate of 9 conditions. 

These input reduction techniques have been applied before in similar 
studies, see e.g. Dastgheib et al. (2008) and Tonnon et al. (2018). More 
details on the input reduction of the Oostgat model can be found in 
Damen (2014). 

2.4. Outline of model runs 

Three model cases were simulated using the described model setup. 
The first case (I) includes tidal, wind and wave forcing, whereas the 
second case (II) is forced by tides only. The results from these model 
cases are then compared to reveal the importance of tide compared to 
meteorological contributions to the coastal erosion. To investigate the 

Fig. 4. Scatter plot of observed and computed water levels (stations a-c, full 2013), velocities (stations d-g, August–October 2014) and wave heights (stations h-j, 
August 2014). The top right panel shows the location of the measurement stations. 

Table 1 
Representative wave and wind conditions of the Oostgat model.   

Condition 
# 

Weight 
[-] 

Waves Wind 

Hs 

[m]  
Tp 

[s]  
Direction 
[
�

N] 
Speed 
[m/s] 

Direction 
[
�

N] 
Surge height 
[m] 

1 0.068 0.55 5.4 9 3.0 79 � 0.09 
2 0.227 1.07 5.5 7 6.5 21 � 0.03 
3 0.413 0.75 4.7 201 6.4 172 � 0.08 
4 0.008 0.92 5.0 223 6.7 200 � 0.03 
5 0.158 1.88 6.2 231 10.7 231 0.10 
6 0.029 1.07 5.4 261 6.7 257 0.08 
7 0.047 2.38 7.0 285 10.8 289 0.42 
8 0.027 1.35 6.0 325 6.7 320 0.16 
9 0.026 1.31 5.9 345 6.6 350 0.07  
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Fig. 5. Ⓐ Residual discharge and Ⓑ residual sediment transport over a representative morphological tide for a model simulation that includes forcing by tides, waves 
and wind (Case I). 
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role of the Bankje van Zoutelande in the erosion of the landward channel 
slope, an additional model simulation was performed where the ridge 
was removed (Case III, Fig. 3C). Since the removal of waves and wind for 
Case II shows similar erosion at the coast (Section 3.1), for simplicity no 
waves and wind were included in the simulation with the removed bank. 

3. Results 

3.1. Residual discharge and sand transport 

The model results of the residual discharge and sediment transports 
over a representative tidal cycle are shown in Fig. 5. The residual dis-
charges show a strong ebb dominance near Westkapelle towards the 
north that is focused on the landward side of the channel. On the 
seaward side the flow becomes more flood-dominated towards the 
south. This flood dominance spreads over the width of the channel be-
tween Zoutelande and Dishoek. Sediment transport and discharge pat-
terns compare best near Westkapelle. Flood directed transport on the 

seaward side of the Oostgat channel is stronger than may be expected 
from the residual discharge, and between Zoutelande and Dishoek ebb- 
directed net sand transport is present in contrast to the residual 
discharge. 

Water over the Bankje van Zoutelande mainly flows towards the 
north, whereas a smaller portion is directed towards the south (Fig. 6A). 
The longshore discharges diverge at the coast near Zoutelande. The re-
sidual sediment transports (Fig. 6D) show different patterns compared to 
the discharges (Fig. 6A). The residual discharges over the Bankje van 
Zoutelande are more prominent than the residual sediment transports 
over it. There is a clear difference between the landward and seaward 
side of the channel. The landward side shows an increasing sediment 
transport along the coast to the north, which results in a net loss of 
sediment at these sections. Sediment transports at the seaward side of 
the channel are directed in the opposite direction and decrease slightly 
towards the south, which causes net sedimentation. 

Next we make a comparison between the combination of tide, waves 
and wind (Case I) and tidal forcing only (Case II). No significant 

Fig. 6. Effects per tidal cycle as residual discharges (A, B, C) and sediment transports (D, E, F) for all thee model cases. For sediment transports the net erosion/ 
deposition in m3 per control volume is shown. 

Fig. 7. Delft3D computed net sand transport (left) and third-order velocity moment (right, Eq. (1)).  
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differences exist between discharges (Fig. 6A and B). Sediment transport 
differences between the cases (Fig. 6D and E) are largest around the 
Bankje van Zoutelande. The seaward inflow of sediment into control 
volumes 1A and 2A (see Fig. 3B for the numbering of the control vol-
umes) is larger for the case with waves and wind. Longshore sediment 
transport is mostly unaffected. There is deposition in control volume 1A 
in the case of tide, waves and wind, and erosion due to tide only. Overall, 
the importance of tidal flow is strongest in the landward control volumes 
(1B–4B) and wave and wind have more effect around the Bankje van 
Zoutelande. 

The computed discharges without ridge (Case III) are very compa-
rable to the computed discharges with ridge (Case II). Also the sediment 
transport patterns are comparable, with smaller transport rates for the 
case without bank. This is likely caused by the decreased flow velocities 
due to an increased cross-sectional area for a similar discharge. Control 
volumes 2B and 3B near Zoutelande still show erosion after bank 
removal, albeit smaller. 

3.2. Sand transport mechanisms 

A simple model for sand transport based on the third-order velocity 
moment is: 

q
α¼ vjvj2 (1)  

where q ¼ ðqx; qyÞ is the sand transport vector [m2=s], α an arbitrary 
coefficient and v ¼ ðvx; vyÞ the (depth-averaged) flow velocity vector. 
This approximation assumes that sand transport is fully controlled by 
local velocities. Especially for suspended sand transport this is a strong 

assumption. Furthermore, it does not account for bed slope effects and 
inception of motion. Nevertheless, Fig. 7 shows that the Delft3D 
computed net sand transport and third-order velocity moment agree 
reasonably well. 

This above model enables analyzing the sand transport mechanisms 
by decomposing the velocity vector into a time-averaged component v 
(residual) and a time-dependent component ~v (fluctuation, mainly due 
to tide). Substitution in Eq. (1) and time-averaging (denoted by an 
overbar) results in: 

qx

α ¼ vxjvj2
|fflffl{zfflffl}

1

þ vx

�
3~u2

x þ ~u2
y

�

|fflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflffl}
2a

þ 2vy~vx~vy
|fflfflfflffl{zfflfflfflffl}

2b

þ ~vxj~vj
|ffl{zffl}

3

2 (2)  

qy

α ¼ vyjvj2
|fflffl{zfflffl}

1

þ vy

�
~u2

x þ 3~u2
y

�

|fflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflffl}
2a

þ 2vx~vx~vy
|fflfflfflffl{zfflfflfflffl}

2b

þ ~vyj~vj2
|fflffl{zfflffl}

3

(3) 

This is similar to the decomposition by Sanay et al. (2007) and 
Olabarrieta et al. (2018). There are three net sand transport 
components:  

1. Net sand transport due to the residual velocity.  
2. Net sand transport due to stirring up by velocity fluctuations (mainly 

tide), advection by the residual velocity. The second term (2b) is a 
contribution by the residual velocity normal to the transport direc-
tion. This second term is small compared to the first term (2a).  

3. Net sand transport due to velocity fluctuations (mainly tidal 
asymmetry). 

Fig. 8. Components of the third-order velocity moment; a proxy to the net sand transport (Eq. (1)). (a) Due to the residual velocity, (c) due to stirring up by velocity 
fluctuations (mainly tide), advection by the residual velocity, (d) due to velocity fluctuations (mainly tidal asymmetry). Panel (b) shows the sum of the components. 
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Fig. 8 shows that the net sand transport due to the residual velocity 
(component 1) is small. The higher peak ebb velocities result in net 
transport due to velocity skewness (3) in ebb direction near the coast, 
whereas seaward from here higher flood velocities give rise to (smaller) 
flood-directed net sand transport. The total net transport is dominated 
by component 2, which is due to stirring up by velocity fluctuations 
(mainly tide) and advection by the residual velocity. This component is 
largely responsible for the increase of the north-eastward directed net 
transport between Zoutelande and Westkapelle, which results in the 
Oostgat landward channel slope erosion. 

4. Conceptual model 

Based on the model results from Case I, a schematic representation of 
the residual transports for the selected representative tide is shown in 
Fig. 9. The modeled residual sediment transport increases along the 
coast from Zoutelande towards the north, causing erosion at the land-
ward channel slope in line with the observations. The large northward 
net sand transport near Westkapelle is confirmed by observed deposition 
on the western margin of the seaward extension of the Oostgat tidal 
channel (Cleveringa, 2008). 

The results show the tidal forcing to have the largest contribution to 
the erosion of the coastal channel slope, whereas the addition of waves 
and wind shows a smaller contribution. The limited effect of waves and 
wind can be explained by the considerable depth of the channel slope (�
10–30 m). 

Now let us review the two hypothesized mechanisms for the erosion 
of the landward slope of the Oostgat channel, as discussed in Section 1 
on the basis of our model results. The first mechanism consists of two 

parts. Firstly, a flood-dominant flow across the Bankje van Zoutelande 
results in a slow migration towards the coast. Indeed, the flood- 
dominant discharge is visible in the model results, which results in 
sediment transport across the bank and a sedimentation of the seaward 
slope of the Oostgat. For Case II (no wind and waves) the landward 
sediment transport is much smaller and the sedimentation of the 
seaward channel slope is strongly reduced (control volumes 1A–3A). 
Secondly, an equivalent deposition of the landward slope of the Oostgat 
channel keeps its cross-sectional area to be able to discharge the water. 
The inferred deposition on the seaward channel slope is smaller than the 
erosion at the landward channel slope, so for the current model simu-
lations, the channel area is increasing. This is confirmed by the 
morphological data-analysis by Cleveringa (2008). Channel slope 
erosion (control volumes 1B–3B) is reduced by only �20% for Case II (no 
wind and waves) relative to Case I (full forcing), and even occurs (albeit 
smaller) for the case without Bankje van Zoutel and (Case 3). This in-
dicates that the sand transport over the Bankje van Zoutelande is not a 
driving factor for the channel slope erosion, and that the first hypothe-
sized erosion mechanism is not complete. 

The second hypothesized mechanism is a tide-dominated along- 
channel sand transport in the Oostgat that diverges near Zoutelande. 
The results show a divergence of the discharges at Zoutelande, whereas 
sediment transports increase from Dishoek towards Westkapelle (vol-
ume 4B–2B). Therefore, this mechanism is not a good description of the 
processes that cause the channel slope erosion. 

Turning to the longshore flow patterns, the model results show 
increasing flow velocities towards the bend at Westkapelle. These high 
flow velocities are focused on the landward side during ebb and towards 
the seaward side during flood as is shown in Fig. 10. The offset of flood 

Fig. 9. Schematic representation of residual sediment transport patterns for the area near the channel Oostgat. The arrow denotes the general direction and size of 
the residual sediment transports at those locations. 
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velocities from the channel axis can be a result of the strong channel 
curvature at this location. As the flow enters the Oostgat channel from 
the north and passes the bend, the flow is not able to follow the curva-
ture due to inertia effects, and detaches from the coast. During ebb, the 
flow is still attached to the coast, causing the ebb-dominant, northward 
sediment transport and landward migration of the Oostgat channel. 

5. Discussion 

We have studied the mechanisms of landward migration of the 
Oostgat tidal channel in The Netherlands using computations of hy-
drodynamics and sand transport with a depth-averaged Delft3D model. 

The model does not resolve the vertical flow structure. For example, 
the density-driven vertical circulation is not accounted for. The tidal 
discharge is very large compared to the river discharge, as a result of 
which the Scheldt estuary is well-mixed. Furthermore, the longitudinal 
salinity gradient is small in the Scheldt mouth (Vroom et al., 2015). 
Therefore, we expect the density-driven current in the Oostgat channel 
to be small compared to the residual current generated by the tide, and 
to have only a small effect on the net sand transport. 

The model was validated against hydrodynamic data, but not against 
net sand transport data as these were not available. Since measured 
water levels, wave heights and currents were well reproduced at various 
locations, it is anticipated that the sand transport computations are ac-
curate enough to study the driving mechanisms behind the coastal 
erosion associated with the landward migration of the Oostgat channel. 

Our study is based on Delft3D simulations with a fixed bed, i.e. 
without bed level update. The net sand transport rates were translated 
into initial sediment/erosion patterns for a number of control areas. It is 
possible to perform morphodynamic model simulations, but the non- 
linear feedback creates additional uncertainty. Furthermore, these 
simulations are computationally extensive and not likely to alter the 
conclusions of this study. 

The landward channel slope contains compressed clay and peat 
layers (Steijn and Van der Spek, 2005). These reduce erosion, but are not 
expected to have significant effect on the underlying large-scale flow 
and sediment transport processes. 

The residual flow and sediment transport patterns around the Bankje 
van Zoutelande bear similarity with the Coriolis and friction-induced 
circulation around offshore sand ridges, which are indeed of similar 
spatial scales (e.g. Huthnance, 1982; Van Veelen et al., 2018). This de-
serves further exploration, with the vicinity of the coastline as a 
particular point of attention. 

6. Conclusions 

The erosion of the landward Oostgat tidal channel slope in the mouth 
of the Scheldt estuary (The Netherlands) is controlled by the tide; effects 
of waves and wind are relatively small. The landward channel slope 
erosion near Zoutelande reduces by �20% if waves and wind are 
excluded in the simulation. 

The direct contribution of the residual current to the total net sand 
transport is small. The net sand transport is mainly controlled by sedi-
ment that is stirred up by velocity fluctuations (mainly tide) and 
advected by the residual velocity. This give rise to a north-eastward, ebb 
dominant net transport that increases in north-eastern direction. 

Previously proposed mechanisms attribute a dominant role to the 
sand ridge Bankje van Zoutelande in the landward migration of the 
Oostgat channel near Zoutelande. This has not been confirmed by our 
model results: erosion of the landward channel slope was still present if 
the ridge was removed, albeit smaller. Residual sediment transports are 
mainly alongshore-directed and strongest at the channel bend at West-
kapelle, north of Zoutelande. The net transport patterns indicate that the 
Oostgat channel tends to become larger. 

The residual transport near the tidal channel bend is the result of a 
difference in flow velocity magnitude between ebb and flood. The 
maximum ebb flow occurs closer to the coast compared to the maximum 
flood flow. This results in an ebb dominance at the landward side of the 
channel that increases towards the channel bend. This drives a north- 
eastward net sand transport that increases towards the bend. The 
resulting transport gradients drive the landward erosion of the Oostgat 
channel slope. 
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