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ABSTRACT 

Several methods for the computation of long-term approximate solutions of the advection-diffu­
sion equation in tidal waters are discussed. The time step used is a tidal period and the effect of 
tidal fluctuation is represented by a space-varying diffusion tensor. Further, a new method is 
presented that allows for more complicated dispersion patterns than can be obtained by the 
anisotropic diffusion operator. The method is applied to the Dutch Coastal waters, where 
horizontal and vertical density gradients cause anisotropic and irregular dispersion. Numerical 
results are compared with a solution, computed with small timesteps and tidal velocities. 

1. Introduction 

Dealing with the long-term condition of a tidal 
water system, subject to different inputs from dif­
ferent sources, a set of advection-diffusion equa­
tions has to be solved, containing production and 
decay terms, representing physical, chemical and 
biological processes. Many input parameters vary 
on time scales larger than the main tidal period, 
and often the production and decay terms vary 
slowly as well. 

When there is no back-coupling with the dyna­
mics of the sea water needed, (excluding salinity 
and temparature ), the computational procedure is 
often as follows: one or more representative tidal 
periods are run with a hydrodynamical model, 
(with or without baroclinic pressure terms), and 
the vertically integrated velocities are averaged in 
time. The resulting Eulerian residual transport 
velocities are used in advection-diffusion equations 
with tidally averaged concentrations as unknown 
variables, and with a 2-D isotropic diffusion coef­
ficient, calibrated with available salinity data. The 
time step size for numerical solution can be large, 
possibly equal to the tidal period. The computa­
tional effort is relatively small. 

Because residual velocities are generally an order 
smaller than tidal velocities, cell Peclet numbers 

and related numerical inaccuracies are smaller as 
well. 

Time-independent solutions can also be com­
puted as a representation of the long-term situa­
tion, using spatially varying diffusion coefficients 
where necessary (de Ruijter et al., 1987). When the 
horizontal mesh width is larger than the tidal 
excursion, there will be no large difference between 
tidally averaged and instantaneous concentration 
values on the grid. The latter vary little with tide, 
and the error caused by time averaging of the 
advection-diffusion equation is unimportant. 

Even in these cases, however, a uniform iso­
tropic diffusion is not sufficient, especially in 
shallow coastal regions with large fresh water 
outflows from rivers, as is the case in the Dutch 
coastal waters (Fig. 1 ). Large residual vertical 
velocity shear, and small vertical eddy diffusivities, 
due to stratification of the water column (van der 
Giessen et al., 1990), combined with very oblong, 
almost flat tidal ellipses, cause a very large residual 
dispersion parallel to the coast, and a relatively 
small one in the normal direction. 

This is also the case in very shallow near-shore 
zones, where vertical shear of tidal velocities is 
high, acting together with a large bottom 
generated vertical eddy diffusivity. 

In two-dimensional models, an anisotropic 
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