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A B S T R A C T

In this paper, the ability of the numerical phase resolving model SWASH (Simulating WAves till SHore) to
hindcast wave-induced longshore currents is evaluated. Using default settings for all processes modelled, highly
accurate results are found for wave heights, mean water levels and longshore currents. While wave current
interaction is intrinsically modelled, insights into the spatial variation of wave driven longshore currents are
found. Additionally, vertical variations of modelled longshore currents have been compared. Depth uniform
profiles of longshore current within surf zone are noted on plane beaches under regular waves, except for minor
deviations near the shoreline. The apparent validity of a depth-uniform longshore current encourages the use of
a depth-averaged moment balance equation to compute the longshore current. A simpler model is shown to also
be able to predict a proper magnitude of longshore current, although the cross-shore distribution – in contrast
with SWASH - needs tuning for the eddy viscosity and the bottom friction coefficient, since the distribution of the
wave-induced longshore current heavily depends on lateral mixing.

1. Introduction

Longshore currents, generated by obliquely incident breaking
waves, play an important role in driving longshore sediment transport
and in changing coastal morphology. The theory of longshore currents
has progressed importantly (Bowen, 1969; Longuet-Higgins, 1970a,b;
Thornton and Guza, 1986), since the concept of radiation stress was
introduced (Longuet-Higgins and Stewart, 1964; Longuet-Higgins,
1970a,b). Among the proposed mathematical models, the simplest
model is a 1D model based on momentum flux balance in alongshore
direction on a planar beach under monochromatic wave incidence. In
steady state and water depth averaged mode, the longshore current
driving force is balanced by bottom friction and lateral friction. Al-
though the average longshore current velocity across the entire surf
zone could be properly predicted, the exact cross-shore distribution of
the longshore current is more difficult to derive, since it highly depends
on less-known lateral mixing mechanisms.

To investigate longshore current mechanisms, field investigations
and laboratory experiments have been carried out. Earlier measure-
ments are often limited to longshore maximum velocity or average
velocity across the entire width of the surf zone, which does not reveal
the cross-shore distribution of longshore current. The known first cross-
shore distribution of longshore current was measured by Galvin and
Eagleson (1964) along several shore normal profiles. These pioneering
data are used widely to test longshore current theories. However,

possible non-uniformity of the longshore current along the beach
should be carefully considered (Visser, 1991). To avoid non-uniformity
of the longshore current, well controlled, highly representative la-
boratory experiments were conducted by Visser
(1980,1982,1984a,1984b,1991). Visser found that a virtually uniform
longshore current is realized when the return flow in the offshore re-
gion of the wave basin is minimal. Therefore, Visser introduced an
active external recirculation system driven by pumps to minimize the
circulation flow in the wave basin. Because of the well-controlled uni-
formity of the longshore current, this data set has been used as a
benchmark set for developing longshore current theories and validating
numerical models (e.g. Smith et al., 1993; Svendsen and Putrevu, 1994;
Chen, 2003; Rijnsdorp et al., 2017; Hsu et al., 2017). This experimental
example setup, guaranteeing the production of an alongshore uniform
longshore current in the laboratory, was also adopted by Hamilton and
Ebersole (2001). In addition, a unique, unexplored and unpublished
data set produced by large-scale, outdoor laboratory experiments
(Hulsbergen and ter Horst, 1973) is presented and shown to be a
worthy, additional dataset for validation. Other than the previously
mentioned experiments investigating wave-induced longshore currents
on planar beaches, Reniers and Battjes (1997) carried out experiments
which focused on longshore currents over more geographically com-
plicated, barred beaches.

The measurements of longshore currents obtained from the above-
mentioned experiments provide an excellent database to validate and/
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