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Abstract:

The bottom of the Southern North Sea is partly covered by tidal sand banks and also partly covered with sand 
waves; these two patterns can also overlap or both be absent. A theoretical morphodynamic approach has 
provided a model which gives two physical parameters (Stokes number and resistance parameter) discriminating 
between a flat bed, the growth of tidal sand banks, sand waves, both sand banks and sand waves and parallel 
ridges. This paper reports whether this bed pattern model is able to make correct predictions in the Southern 
North Sea. In order to judge the level of agreement both predictions as well as observations have to be treated at 
an aggregated level, the level of patches of patterns. This leads to the results that the order of magnitude of the 
predictions is correct, which means that for realistic values of the input parameters all types of observed patterns 
are indeed predicted in the North Sea. The predictions show patchy behaviour of patterns, like observed. For the 
major part of the observed patterns it has explicitly been shown that there are input parameters which are able 
to predict the local correct pattern. The present study shows that the presence of bed patterns can be, in a global 
way, predicted by the model. Due to the assumptions underlying this model this implies that the bed patterns in 
the Southern North Sea can be explained as the res ult of long-term bed-tide interactions. 

Introduction
The bottom of many shallow seas is not flat; it exhibits regular patterns at various spatial scales. These 
submarine patterns appear in patches which can overlay each other. In this paper only the large-scale patterns are 
considered: tidal sand banks and sand waves. Knowledge on tidal sand banks and sand waves is relevant for 
several practical coast-and seabed related situations (s ee Whitehouse et al [1998]), e.g. coastlines in front of 
which tidal sand banks are located suffers less from heavy storms. Another example refers to Oil-pipelines and 
cables in the sea bed. These must be protected from severe stresses and forces which may damage them. 
Therefore, they are usually located well below the sea floor. However, in a patch of sand waves pipe-lines often 
become exposed, and even free spans occur. The solutions applied at this moment are expensive and not 
satisfactory. So if the processes involved in the long-term behaviour of sand waves were known, substantial 
savings might be possible here. 

Tidal sand banks and sand waves have in common that they are both sinusoidal-like in one horizontal direction, 
and elongated perpendicular to this. Tidal sand banks have wavelengths of about 5 kilometres and the amplitudes 
up to 40 meters. Sand waves are smaller in wavelength (  500 m) and amplitude (about 5 meters). A further 
difference between the two patterns is the orientation with respect to the mean tidal current: tidal sand bank 
crests lie about 30  anti-clockwise oriented, sand waves are more or less perpendicular to the prevailing tidal 
current. 
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The question "which mechanism causes these patterns in the sea bed?" has not yet been answered in a 
satisfactory way. In 1982 Huthnance was the first to quantify the idea that tidal sand banks are possibly 
generated due to interactions of the tidal motion and the sandy sea bed. He used a simplified morphodynamic 
model based on the 2DH tidal motion, conservation of sediment and a bed load sediment transport 
parameterisation. The fastest growing, free unstable modes in this model are similar to tidal sand banks. 

In Hulscher [1996] this idea was extended by modelling the tidal motion in three dimensions. In this way flow 
circulations in the vertical plane are also included too, such movements cannot be described in the depth-
averaged flow model. This 3-dimensional model shows that besides tidal sand banks also sandwave-like patterns 
are generated. Based on the vertical structure of the tidal motion four types of bed behaviour may occur: only 
tidal sand banks, only sand waves, both patterns or none, which means that the sea bed is flat. 

The vertical structure of the tidal motion is expressed by two parameters  (Stokes number),  (resistance 

parameter). These parameters are not directly known from measurements. To overcome this problem, this paper 

proposes a analogy between two turbulence models to provide estimates. The simple model based on  and  

is matched to a more advanced turbulence model. The latter model is based on the roughness height , the 
height above the bed at which the velocity drops to zero, in combination with a parabolic turbulent viscosity in 
which the parabolic shape depends on the viscosity parameter . 

So, based on theory there is a model to explain the variety of patterns in a shallow sea. Next question is whether 
it really works. The main subject of this paper is to investigate the validity of the model of Hulscher [1996], by 
explicitly testing it at the bottom of the Southern North Sea. In order to judge the level of agreement between 
observation and prediction we have to take the correct order of aggregation of the information of bo th. In this 
paper we start at the level only discriminating between absent or present of a certain pattern. This leads to the 
following research questions: 

●     Is the model able to predict locally the observed bed pattern?
●     Does the model cover the overall patchy behaviour of the patterns?

The paper is organised as follows. Section 1 describes the large-scale patterns, which have been observed in the 
North Sea bed. Next, section 3 gives a description of the bed form prediction model. Subsequently, section 4 
describes the global and local model input parameters and presents the distribution of the Stokes number and 
resistance parameter over the North Sea. In this section bed pattern predictions in the North Sea are given. 
Section 5 discusses comparisons between observation of bed pattern and the best possible prediction of that bed 
pattern. The last section, that is section 6, discusses and summarises the major conclusions of this paper. 

Occurrence of large-scale bed features in 
the North Sea
  Complete reliable information of pattern location in the Southern North Sea bed is not available. This is a 
serious problem when using comparison between reality and model prediction in order to validate the model. 
However, there is much information on the occurrence of patterns. The main problem is that it is not clear what 
absence of a pattern means: not investigated (in detail) or not observed? Thus, the maps show patches where a 
particular pattern is present, but they do not explicitly show the locations where this pattern is surely absent. In 
conclusion, in this study the available information will be reviewed and combined for validation purpose. In this 
way we find a first indication for the validity of the model. 

file:///D|/user/Lehfeldt/ICHE/1998-Cottbus/Document/MoV.Sed.161.paper.html (2 von 19) [20.11.02 08:21:06]



Hulscher, Roelvink: Comparison Between Predicted and Observed Large-scale Sea Bed Features

The main physical characteristics of tidal sand banks and sand waves are summarized in table 1. Maps on which 
the spatial occurrence of tidal sand banks and/or sand waves are indicated are explicitly presented and discussed 
now. In general it is noted that the sources of these information are not always clear and the maps do not always 
cover the entire North Sea. 

   

Table 1: Classification and characteristics of tidal sand banks and sand waves. The wavelength  is the 

separation between the crests; the orientation of the crests is given with respect to the propagation direction of 
the tidal wave. The amplitude of the bar is defined as half of the height difference between the top and the 
trough. The time scale gives the period after which significant changes are found/assumed to occur. 

Tidal sand banks

The occurrence of offshore tidal sand banks in the North Sea is given by the Atlas around the British Isles 
[1981], figure 1. 
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Figure 1: Location of several tidal sand bank systems in the North Sea, from The Atlas around the British Isles, 
1981. 

Recently, more tidal sand banks in the Southern part of the North Sea have been observed by Van Alphen & 
Damoiseaux [1989]; these are presented by Dyer & Huntley [1997], figure 2. The latter paper summarizes most 
of the existing information on the occurrence of tidal sand banks in the Southern part of the North Sea. 

   
Figure 2: Location of several tidal sand bank systems in the North Sea, from Dyer & Huntley, 1997. 

The main difference between figure 1 and figure 2 is that the first gives less tidal sand banks: it does not show 
the banks off the Northern Holland coast and the banks North of the Wadden Isles. This may be due to the fact 
that these tidal sand bank patches are not very pronounced: they have amplitudes of the order of 5 meters or less. 
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To identify such "low" tidal sand banks requires detailed study, especially when other patterns or slopes are 
present. 

To cover the best information of the patches were tidal sand banks are present and where they are absent, the 
Southern part of the North Sea bed is based on 2, the Middle and Northern part by 1. 

Sand waves

The largest area on which sand waves are assumed to occur is given by Stride [1982], figure 3. According to this 
map the entire Southern part of the North Sea should be covered almost completely by sand waves. 

   
Figure 3: Location of sand waves having amplitudes larger than 1.5 m, around the British Isles [Stride, 1982]. 

A significantly smaller area for the occurrence of sand waves is presented in the Atlas around the British Isles 
[1981], and by Huntley et al. [1993] figure 4. These two sources present almost completely overlapping patches 
where sand waves occur. 
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Figure 4: Location of sand waves that are more than 2-3 meters high, after Huntley et al. [1993]. 

Near the Dutch coast the occurrence of tidal sand waves, having amplitudes larger than 1 meter, is presented in 
detail by Van Alphen & Damoiseaux [1989], see figure 5. This map indicates that in this area the patch of sand 
waves is even smaller than shown in figure 4, in particular West of the North Holland Coast. Note also the 
difference in figures 4 and 5 for the sandwave patch to the NorthWest of the Wadden Isles: the two sources 
contradict. 
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Figure 5: Location of sand waves in part of the North Sea according Van Alphen & Damoiseaux [1989] 

Patches with and without bed patterns

Based on the information where tidal sand banks and where sand waves occur the North Sea bed can be divided 
into patches. This leads to four different types of patches: tidal sand banks only, sand waves only, both patterns 
overlapping or no ne of the patterns (flat bed). Based on the discussion above, these patches can only be 
constructed in a global way. The results is shown in figure 6. The occurrence of the four types (see for detailed 
argumentation Hulscher & Roelvink [1997]) of patches are discussed now. 
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Figure 6: Sketch of global distribution of bed-pattern patches in the Southern North Sea. 

Tidal sand banks only

Based on the previous discussed literature, figure 6 shows some typical tidal sand bank sites: 

●     upper part of the Dutch tidal sand bank system
●     Thames banks
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●     banks North of the Wadden coast, though there are sources who claim that these banks are shoreface 
ridges, and not tidal sand banks

●     the deep most North tidal sand banks, although there are sources who claim that these banks are relicts 
and moribund

Sand waves only

Figure 6 shows a large sand waves only patch in the Southern part of the North Sea between The Netherlands 
and England. Furthermore, the sand waves of about 40 km offshore of the Hook of Holland are very pr onounced 
( McCave[1971] gives heights over 7 metres; Van Alphen & Damoiseaux [1989] indicate heights between 6 and 
8 meters). 

Tidal sand banks plus sand waves

The most typical situation of combined occurrence of tidal sand banks and sand waves is where the features of 
both patterns have more or less equal heights. This is the case for the patch in front of the Holland coast, the 
Holland Ridges. 

Flat bed

As small amplitude patterns are hard to observe, it is difficult to be definite on patches without patterns. The best 
patches are (see figure 6): 

●     the Northern part of the North Sea
●     the "hole" in the sand wave patch in between the English and the Holland Coast.

Morphological model
  The hypothesis underlying the morphological model of Hulscher [1996] is that large-scale bed form patterns are 
generated as free instabilities of the coupled morphological system: sea water and sea bed. 

The model is based on tidal flow described by the three-dimensional shallow water equations. The sediment 
transport is modeled using a bed load transport formulation the total amount of sediment is conserved. The 
horizontal boundaries are assumed to be infinitely far away, so that harmonic boundary conditio ns are chosen. 
This nonlinear model is analyzed using tidal averaging in combination with application of a linear stability 
analysis. When starting from a flat bed, this gives a dominant bottom mode. Choosing different parameter 

settings of the Stokes number ( ) and resistance parameter ( )leads to different dominant modes. Translating 

the measures of these fastest growing sinusoidal sea bed waves into physical quantities shows that the dominant 
mode can be similar to sand waves or to tidal sand banks; see figure 7. 

Choosing typical overall values for the North Sea following Hulscher [1996] have led to the quantitative result in 
figure 7: 

●     full inclusion of Coriolis effects 

●     the frequency of the M  tidal component 
●     the exponent of nonlinearity of the bedload sediment transport with respect to the bed shear stress 

is 
●     a fixed number for the downslope preference of the sediment transport is 
●     a reference depth of H=30 meters

file:///D|/user/Lehfeldt/ICHE/1998-Cottbus/Document/MoV.Sed.161.paper.html (9 von 19) [20.11.02 08:21:06]



Hulscher, Roelvink: Comparison Between Predicted and Observed Large-scale Sea Bed Features

According to figure 7, the type of bed pattern depends strongly on the Stokes number  of the tidal flow and 

the bed resistance parameter . These parameters are defined as 

 

 in which H is the local mean depth and  the frequency of the tidal motion. The constant turbulent eddy-

viscosity,  ( ), quantifies the way in which horizontal momentum is transferred in vertical direction. 

The dimensional quantity S ( ) is used to model the partial slip near the bed boundary. This overcomes the 
problem that a constant eddy viscosity near the bottom is too simple to model both velocity and shear stress in a 

realistic way. After Engelund [1970], here  and S are considered as two constants which describe together the 

vertical profile of the horizontal flow components. 

Estimates for Stokes number and resistance parameter

To find values for the quantities  and S is not a straightforward procedure, as these cannot be measured in a 

direct way. Both the eddy viscosity coefficient and the resistance coefficient are model parameters for a certain t 
urbulence model. In other words, these parameters are used to model the z-dependence, in combination with the 
bed resistance, of the horizontal flow. 

Here the two parameters are estimated by an analogy of modeling the same physical situation using two 

turbulence models. The first model is the, above introduced simple one, using the parameters  and S. The 

second model, the advanced, uses a generally accepted turbulence closure scheme. The advanced model chosen 
here has a parabolic viscosity model, being 

  

 in which  is the Von Karman constant . The parabolic viscosity profile is adaptive by a viscosity 

parameter  which varies theoretically between  (largest viscosity at the water surface) and 1 (vi scosity zero at 

the water surface). Furthermore, the advanced model uses the concept of the bed roughness height , which 
means that 

  

 the flow is zero at the height  above the sea bed. 

Modeling the same physical situation using both the simple and the advanced model is translated in three 
matching conditions: 

●     same bed shear stress
●     equal depth averaged velocity (i.e. same discharge)
●     equal depth averaged viscosity
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The procedure to find estimates for the parameters Stokes number  and resistance parameter  based on the 

viscosity parameter  and the bed roughness height , is described in detail in Hulscher [1997] and Hulscher & 
Roelvink [1997]. 

The estimate for the Stokes number  yields 

  

 in which  is the surface pressure gradient. 

Furthermore we find to the following relation for  and  

  

 This relation shows that if the other parameters are specified the resistance parameter  still is a function of the 
roughness height . 

In general, the pressure gradient  can be determined from observations. Here the pressure gradient  is 

roughly estimated from the  tidal range , following 

  

 in which g is the gravity acceleration, . The local tidal wavelength L, in equation (6), follows 

from the dispersion relation of Kelvin waves 

  
  
  

  

Model results

Model inputs

In this paper the depth H is used in two different ways. Firstly, one global value has been taken to construct 
figure 7. By using a typical overall North Sea value, that is H=30 m, this result can be quantified (this will be 
done in section 4.3). 
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Figure 7: Characteristic bed forms predicted by the three-dimensional shallow water model as a function of the 

bottom slip parameter  and the Stokes number . For more information see text. 

Secondly, the morphologic time scale and the parameters  and  explicitly are functions of the depth H. To 

use the quantified version of diagram 7 for the North Sea, local Stokes number  and resistance parameter  

are derived by using the local depth. 

   
Figure 8: Diagram used as basis for bed pattern predictions. This figure quantifies the diagram in figure 7. 
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These two approaches are not contradicting as long as the parameters  and  depend on at least two other, 

independent, parameters than the local depth. In section 3, it has been shown that this is the case. 

North Sea bathymetry

To provide estimates of the Stokes number, , using equation (4) the local depth is required as input. These 

depth values are provided on a non-regular grid in the North Sea, explicitly shown in equation (7), the local 
depth value is also used to estimate the local tidal wavelength. 

Mean M tidal amplitude

To estimate the local pressure gradient , using equation (6), the local mean  tidal amplitude A is used here, 

as fou nd by Boon & Gerritsen [1997] and Ten Brummelhuis et al. [1997]. Here the further 
approximation  is applied. 

Viscosity parameter

On theoretical basis the values of the viscosity parameter are restricted between  and . In 
physical situations, the viscosity variation parameter  can depend on the presence of wind waves, swell, 
stratification, but these relations are not straightforward. For instance,  can depend on a measure based on wind 
wave amplitudes. The idea is that large wind waves (storms) induce a rougher surface and therefore a small 
viscosity at the surface (NB this should not be confused with the depth-averaged value for the viscosity!). D ue to 
equation (2) this means that  is large, up to the theoretical maximum . In the case of no influence of wind 

wa ves the viscosity parameter will be smaller, down to the theoretical minimum of . 

Roughness height

The roughness height usually depends on the sediment type at the bed as well as on the presence/absence of bed 

patterns. In table 2 some typical values are shown. The roughness height  m is 

representative for locations where the bed consists of unrippled, very fine sand and silt, see also table 2. 

   

Table 2: Typical values of the roughness height  and the drag coefficient  for different bed types, after 

Soulsby, 1990 

The medium value, that is  m, is representative for unrippeld sand and mud/sand (see table 2); A 
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typical large choice for the roughness parameter, that is  m is representative for rippled sand and 

gravel, see also table 2. The value  to  refers to a situation in which mega-ripples (typical 

height order 0.1-1 meter) are present. Larger values than  are not considered here as such values 

approach the roughness heights caused by sand waves itself. 

Output parameters and in the North Sea

Both parameters  and  are inversely dependent on the local depth H, therefore they become very large near 

the coastlines. The near-shore regions are not interesting in this paper: shallow areas are usually dominated by 
wave dynamics, and the model here only considers tidal influences. As the model is not describing the major 
physical proce sses in these shallow areas, these do not add to the validation of the model. Therefore depths less 

than 5 meters are excluded from the analysis. Charts which show the parameter distribution of  and  in the 

Southern North Sea are explicitly given and discussed in Hulscher & Roelvink [19 97]. 

Prediction of pattern patches

  Obviously, the best prediction would be made using well-established local values for the viscosity parameter  
and the roughness height  at each point. However, the amount of data available is far insufficient to enable 
such an approach at this moment. Therefore, overall values of  and  are chosen, and the distribution of bed 
patterns over the North Sea has been simulated using various c ombinations of  and . 

To be able to provide bed pattern estimates, the qualitative figure in Hulscher [1996] is quantified as shown in 
figure 8. The boundaries between the different bed states have been given a certain extent; here the model does 

not give a prediction. Furthermore, combinations of  ,  outside the parameter combinations shown in figure 

8 also lead to no prediction. The sand wave domain is spliced into two parameter regions: one region in which 
sand waves only are unstable (symmetric contour plots in Hulscher [1996]), and one region in which the unstable 
region consists out of sand waves and tidal sand banks (asymmetric contour plots in Hulscher [1996] ). 
Furthermore, the tide-parallel ridges domain is explicitly considered as a separate bed-type. Tide-parallel ridges 
have the spatial and temporal scales of tidal sand banks, but their crests' orientation is parallel to the prevailing 
tidal c urrent. The main reason for inclusion here is to find out where we can expect them, if they exist at all. The 
combinations of the parameters  and  used in this section are given in table 3 

   
Table 3: Combinations of parameters  and  for which predictions are discussed in this section. 

If the smallest possible value for the viscosity parameter, , is chosen, the Stokes parameter (and the 
resistance parameter) is largest which favours the prediction of tidal sand banks over sand wa ves. If small values 

for the bed roughness  are chosen, e.g.  m, the value of the resistance parameter is relatively small 

in the entire North Sea. The typical prediction for such values, see Hulscher & Roelvink [1998]is that most of the 
North Sea bed will be flat, except for some patches near the coastlines where tidal sand bank s are predicted. This 
means that if the roughness height is very small at a certain location, a flat bed is most probable. 
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By keeping the viscosity parameter fixed and increasing the roughness, the region of parameters  and  which 

leads to the generation of tidal sand banks will be reached earlier, therefore the extent of the patches of tidal sand 
banks are expected to enlarge. 

 

  

   

Figure 9: Predictions based on the diagram as in figure 8, in case of overall North Sea values (a)  

m and ; (b)  m and  

Using figure 8 to make the prediction for the North Sea bed patterns, for the parameters  m 
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and , the result is shown in figure 9(a). For these input values patches of significant size ar e visible, 
near the coastlines the combination of tidal sand banks and sand waves are given, more offshore tidal sand banks 
only are predicted. With respect to the smaller roughness height values, the upper North Sea part as well as the 
pat ch between England and the Netherlands, show patches which are on transition between the flat bed and tide-
parallel ridges. Keeping the roughness height fixed and increasing the viscosity parameter towards a large value, 

that is e.g.  m and , we find that the area of the patches in which sand waves only, has 

enlarged on the expense of the combination of tidal sand banks and sand waves. The result given in figure 9(a) in 
combination with figure 8 implies that at large roughness heights, the viscosity parameter is able to discriminate 
between prediction of sand waves only and the prediction of the combination of tidal sand banks and sand waves 

when applied to the North Sea. Furthermore, we have found that roughness heights of at least  m are 

necessary to find offshore prediction of large-scale bed features. 

The prediction for the parameter setting  m and  is shown in figure 9(b). Here we find 

patches of sand waves only, pa tches of flat bed and tide-parallel ridges. The locations at which tidal sand banks 

are predicted too are very small. Remarkable is that the parameter setting  m and  changes 

the prediction such that the complete sand waves only prediction in figure 9(b) becomes a patch in which the 
combination of tidal sand banks and sand waves are shown. Furthermore, decreasing of the viscosity parameter 
makes the patches of tide-parallel ridges vanish completely, they become no prediction patches. This implies that 
increasing the viscosity parameter at large roughness height values enables the prediction of tide-parallel ridges 
at specific areas. 

Comparison between observation and 
prediction
  Globally, one overall value of viscosity variation parameter  and roughness height  are able to give 

significant spatial variations in the Stokes number  and resistance parameter  to enable the prediction of 

patches of different patterns in the North Sea. Locally, different values of viscosity parameter  and roughness 

height  at a certain location provide significant variations in the Stokes number  and resistance parameter . 

These variations are large enough to cause different predictions of the sea bed state. 

The discussion comparing observations and prediction is concentrated on the features to be predicted, and not on 
the general best prediction (which means close to figure 6. Such a general best prediction is not possible here as 
it requires inclusion of the spatial variations of the roughness parameter  and the viscosity parameter . 
Therefore, the discussion of comparing observations and prediction is concentrated on a type of bed behaviour to 
be predicted. For each of these, tidal sand banks only, sand waves only, both the patterns or none, a combination 
of parameters  and  is presented which makes the predi ction close to the observation. 

tidal sand banks only

The prediction of parameter combination  and  m, see figure 9(a) covers most observed 

tidal sand bank patches, the on es which are not predicted here are probably relicts. 

sand waves only

Large amplitude sand waves are observed near Hook of Holland. Such sand waves are also predicted at this 
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location for the combination  and  m in figure 9(b). The observations of Stride, see figure 3, 

are closest to chosing the combination of input parameter  and  m, as explic itly shown in 

Hulscher & Roelvink [1998]. 

tidal sand banks plus sand waves

The prediction of the patches at which both tidal sand banks plus sand waves are observed is covered best by the 

combination  and  m, which is discussed but not shown explicitly in this paper. 

flat bed

The hole in the sand wave patch, see figure 6 is at least correctly predicted for the combination  

and  m, for which almost the entire North Sea is without patterns. For most of the different 

parameter combinations the bed state at this location is on the transition between a flat bed and the tide-parallel 
ridges, and therefor no explicit prediction is given. 

tide-parallel ridges

The results show that tide-parallel ridge-patches are predicted for large values of the roughness height in 

combination with large values for the viscosity parameter. In case of  and  m, tide-parallel 
ridges show up at the upper North Sea and at the centre in between England and the Netherlands. At those two 
locations (or in their neighbourhood) tidal sand banks have been reported. Therefore , to judge whether these 
features are tide-parallel ridges one has to find out whether these banks are parallel or counter-clockwise oriented 
with respect to the tidal current. 

Discussion and conclusions
  The discussed results give many opportunities for improvement. In this section only a part of these are 
discussed. 

In general, it is obvious that sand is required to find tidal sand banks and sand waves. Therefore, locations where 
no sand is observed should be removed from the prediction area. Furthermore, the threshold velocity has been 
removed from th e prediction model, as it is assumed that the model is only applicable far over this velocity. This 
means that locations at which tidal velocities are far below the threshold should be given the prediction flat bed, 
based on this prediction model. 

A further straightforward extension is to base estimates of the parameters  and  on local input. So here this 

means that local estimates of the roughness height  and the viscosity variation parameter  have to be 
determined. For this, not very detailed spatial variations have to be determined as this is not supposed to be 
leading to find the patchy structure of the North Sea patterns. 

This paper describes whether a bed pattern prediction model is able to make correct predictions. This model 
predicts absence or presence of tidal sand banks, sand waves and parallel ridges. The main results are 
summarised below, followed by and mixed up with conclusions. 

●     The order of magnitude of the predictions is correct, which means that for realistic values of the input 
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parameters all types of observed patterns can be predicted in the North Sea.
●     The predictions show patchy behaviour of patterns, like observed in nature. If the spatial variations of the 

roughness parameter and the viscosity parameter will be included in a certain way, this will lead to an 
even stronger patchy ch aracter of the North Sea bed pattern distribution.

●     For the major part of the observed patterns it has explicitly been shown that there are input parameters 
such that the local present pattern is indeed predicted; however, this is of course only true in a global way.

●     The previous results give confidence in the assumption that the presence of bed patterns can be predicted 
by the model in a global fashion. This implies that the bed patterns in the Southern North Sea can be 
explained as the result of l ong-term bed-tide interactions.

●     The knowledge on the presence (and absence) of bed patterns is limited. This means that a better 
validation of this model requires an improvement of the observational knowledge where which patterns 
are located.
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