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Introduction

Estuaries are important features that can be found all around the world. Accurately estimating the water
level in such systems is of crucial importance. However, the highly dynamical nature of estuaries makes
modelling the water motion particularly challenging. Even though the increase in computational power
allows the use of complex 3D models to analyse this water motion, depth-averaged 2DH models are
often used. The reason for this is twofold: firstly, they are much faster than their 3D counterparts and
secondly, the results obtained with a 2DH model are considered adequate for many applications.

This implicitly assumes that the depth-averaged results from a 3D model and those obtained using a
2DH model are the same. Even though some efforts have been made to compare both 3D and 2DH
results to measurements (Marinone, 2000), no systematic analysis is presented in the literature, not even
for the linearized tidal dynamics. Focusing on the linearized dynamics, the main aim of this contribution
is to investigate if it is possible to consistently parameterise 3D effects in a 2DH model such that both
models describe the same depth-averaged dynamics, e.g., resonance, transport and water levels, and (if
possible) to derive this parametrisation.

Methods

As a first step we restrict ourselves to the linearized water motion. To obtain an exact reduction from a
linearized 3D model to a 2DH model an analytical approach is necessary. We start with the linearized
three-dimensional shallow water equations, see e.g. Kumar (2018). For the water motion consisting of
a single tidal constituent, i.e., a harmonic signal, the vertical structure can be obtained analytically, see
Winant (2007). Using this analytical vertical solution we are able to derive an exact closure relationship
between the velocity at the bed and the depth-averaged velocity, resulting in an exact reconstruction of
depth-averaged 3D results in a 2DH model. In addition, using advanced mathematical techniques, we
are able to extend this result to non-harmonic models, i.e., models solving the tidal dynamics using time-
stepping techniques.

Results

The exact reduction culminates into a new friction formulation for both harmonic and non-harmonic
2DH models that parameterises the effect of 3D dynamics. That is, given the 3D parameters, an exact
parameterisation for the 2DH parameters is found such that their depth-averaged dynamics are the same.
For harmonic models, the three most striking features of this new friction formulation are that the friction
coefficient has an amplitude that depends in a complex way on the local water depth and tidal frequency,
a phase (shift) relative to the depth-averaged velocity and that it depends on both depth-averaged
velocity components. For non-harmonic models, it additionally shows that the friction felt by the system
depends not only on the instantaneous velocity but also on the velocities in the past. During the
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