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ABSTRACT 

Tidal flats, i.e. areas in tidal embayments that fall dry during part of the tidal cycle, have a significant impact on the nonlinear 
”shallow water” tides, which are asymmetries of the tidal signal in sea surface elevation and tidal velocity. Tidal asymmetry is 
important for net sediment transport and thereby also for the morphological stability of the channel. Indeed, it has been shown in 
previous studies that the importance of tidal flats as a temporal storage of mass is non-negligible. 

In this contribution the focus lies on a new aspect of tidal flats, viz. that they also act as a net sink term for the along-channel 
momentum. This momentum loss term is a nonlinear function of sea surface elevation and velocity, and is significant in areas where 
the tidal flat width, bf, is of comparable or larger size than the width bc of the main channel. 

The process of momentum loss will be analyzed and its efficiency in generating nonlinear tides and net sediment transport will be 
compared with other sources of nonlinearities on the basis of results from a numerical model. 

 

INTRODUCTION 

Many shallow tidal embayments are characterized by an 
intricate channel pattern surrounded by large tidal flat areas that 
dry during part of the tidal cycle. The Dutch Wadden Sea, for 
example, ranges from ratios of drying flat areas to total surface 
area of 17% to 68% [Maas, 1997]. It seems therefore likely that 
the tidal flat area will influence the propagation of a tidal wave 
through such a basin. 

It was shown by Friedrichs and Aubrey [1994] that the 
temporal storage of water mass on the tidal flats has to be taken 
into account to accurately model non-linear tides. This knowledge 
is important, as nonlinear tides cause net sediment transport, cf. de 
Swart and Zimmerman [2009] and Brown and Davies [2010], also 
stress the importance of nonlinear tides and net sediment transport. 

An aspect that has not been previously considered is the process 
of momentum sink, which is the focus of this contribution. Over 
the course of a tidal cycle, a net transfer of momentum occurs 
from the tidal channel to the tidal flats, where momentum is easily 
dissipated due to its shallow depth. The effect momentum sink has 
on the non-linear dynamics is assessed using a 1D shallow water 
model, which is presented in the section Theory. Results from this 
model are shown in the Results section. Finally, the conclusions 
are given. 

THEORY 

The domain assumed is an exponentially converging channel of 
length L and local width, bc, and depth, hc, with tidal flats of width 
bf adjacent to it (figure 1). The tidal flats can be chosen to 
decrease exponentially alongside the channel, or the main channel 
can be chosen to constitute a basin of constant width together with 
the tidal flats.  

Tidal motion is described by the one-dimensional shallow water 
equations, where account has been made for the momentum sink.  

The tidal flats can be parameterized with a concave or a convex 
profile, following the results of Friedrichs and Aubrey [1996], 
who found that under different conditions tidal flats can have 
either one of these shapes. The curvature of the tidal flats is 
dependent on a parameter , as can be seen in figure 2. 

RESULTS 

The model was run for settings representative for the Ameland 
Inlet, where a tidal flat width of twice the channel width was 
chosen, with α=4. Depth was taken constant at 9m. Successively, 
the model was run with changes in one of the parameters 
influencing momentum sink. For each parameter setting the model 
was run with and without momentum sink and the relative 
difference between the two was computed as the maximum

 

 

Figure 1. Model geometry: (a) top view, (b) cross-section. 
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difference in the two signals (u and ) divided by the amplitude 
of the signal excluding momentum sink. The different parameter 
settings are given in table 1. Results for the along-channel velocity 
u and for local sea surface elevation  are shown in figure 3a-b  
and 3c-d, respectively. 

The results show that momentum sink has a significant influence 
on the propagation of a tidal wave if bf /bc is of order 1 or larger. 
We see differences between the model runs with and without 
momentum sink of up to 60% (figure 3b). It should be noted that 
these high influences are found further on in the basin, where the 
velocities are already lower due to the no-flow through the 

boundary condition at the landward side of the basin. 
Furthermore, we also see that when the storage capacity of the 

tidal flats increases, its relative influence on both u and  also 
increases. This occurs both when the width of the flats is 
increased, as well as with an increase in the concavity of the tidal 
flat profile.  

It should be noted that the influence of momentum sink is much 
more significant on the along-channel velocity, than on the sea 
surface height, which can be seen when comparing the 
percentages in figure 3a-b with 3c-d; however, the same trends 
can be observed, namely that relative influence increases for 
increasing tidal flat volume. 

CONCLUSIONS 

It has been shown that the role of momentum sink in tidal 
dynamics can become of significant importance. The numerical 
results show that for realistic representations of tidal flats the 
momentum sink is important and for an increase in tidal flat 
volume the momentum sink becomes stronger. 
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Figure 2. Tidal flat profiles for different parameter values of . 
Here  is the local sea surface elevation and min and max are 
its local minimum and maximum, respectively. 

Table 1: Different parameter settings for the analysis of the 
momentum sink. In the run where hc is changed, the depth 
profile is changed from constant to exponentially decreasing.  

Parameter changed Inferred change 

bf / bc 1.0 

bf / bc 4.0 

α 10 

α 1 

hc 12 m – 2 m 

bc,0 + bf,0 6.8 km 

L 12.5 km 

L 37.5 km 

 

Figure 3. The relative influence of momentum sink u ((a) and (b)) and  ((c) and (d)). The default run is given in each figure by the red 
line. In subfigure (a) the magenta line signifies the increase in width and green the decrease. In subfigure (b), concavity has been 
increased for the cyan line and decreased for the black line. Subfigure (c) and (d) have the same coloring as subfigure (a) and (b), 
respectively. 


