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Abstract. Vegetated foreshores such as salt marshes, mangrove forests and reed fields can reduce wave loads on
coastal dikes due to depth-induced wave breaking and wave attenuation by vegetation. Here we present field
measurements of wave propagation over salt marshes during severe storm conditions, a modelling approach to
describe the effect of vegetated foreshores on wave loads on the dike, and a probabilistic model to quantify the effect
of vegetated foreshores on failure probabilities of the dike due to wave overtopping.

1 Introduction
Coastal flood risk reduction by creating and restoring
eco-systems is increasingly seen as a promising
supplement to conventional coastal engineering methods
(e.g. [1]). Salt marshes, mangrove forests and reed fields
can act as a vegetated foreshore in front of a coastal dike.
In such a combined dike-foreshore system, the foreshore
plays a role in attenuating storm waves, whereas the dike
retains the surge and the remaining wave energy. The
current study focuses on this type of (eco)systems.

secondly, ecosystems are characterized by a relatively
high degree of uncertainty with respect to spatial and
temporal variations. Quantification of these uncertainties
is required for determining the efficiency and reliability
of a vegetated foreshore as a component of the flood
management system.
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Figure 1. Example of a vegetated foreshore along a
Wadden Sea dike in the Netherlands

Large-scale implementation of vegetated foreshores in
flood risk policy is still lacking worldwide. This has a
number of reasons. Firstly, mechanistic descriptions of
relevant physical processes are mainly based on moderate
conditions, with small water depths and low waves. And
a

Figure 2. Schematic view of dike-foreshore system
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3 Results
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Figure 5. Example of the computation of a failure probability
per year as a function of the crest height of the dike, for the
situation without foreshore (blue), with a bare foreshore (red),
with a vegetated foreshore (green) and with a vegetated
foreshore, where also uncertainties in foreshore characteristics
and models involved were taken into account (purple).
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Figure 3. Set-up of probabilistic model, in which the foreshore
model is used to compute the change in wave conditions over
the vegetated foreshore (Figure 2)
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Figure 4. Salt marshes along the Wadden Sea dike (Source:
https://beeldbank.rws.nl, Rijkswaterstaat)
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