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Figure 2.7 Development of dune and beach area for the reference and four sand engine designs.
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3 Nature development and valuation module

3.1 Introduction

Morphological developments of different designs for the sand engine have been
calculated over 50 years, using the Delft 3D model. Besides morphological or societal
arguments to prefer one scenario above another there might also be ecological
consequences of each scenario to consider. From an ecological point of view it will be
useful to realize that the dunes, as they currently exist at this part of our coast, are
merely man-made and are, in that respect, rather static. It will be an interesting and
sustainable perspective to create possibilities for natural dune formation. This can
potentially generate valuable spin-offs, such as natural sediment and coastline fixation.
Colonization of beaches by certain species can potentially initiate a succession
cascade, resulting in natural dune formation and, hopefully coastline fixation or maybe
even extension. However, it should be noted that optimal abiotic conditions should be
realized first to enable settlement of dune forming species. Once these species have
established the system might be a little bit more resilient to changes, such as storms or
effects of climate change.

In this study the different designs for the sand engine were examined for potential
occurrence of ecological interesting elements. The investigated habitat types are
characteristic for these type of coastal areas and beaches, such as embryonic/pioneer
dunes and old/high dunes.

3.2 Methods

The habitat analysis was done using the tool HABITAT, which is a GIS tool, based on
the PCRaster program. In short, HABITAT applies calculations to maps and returns an
output map. Most calculations are based on response curves, representing species’
response on a single abiotic parameter. For example, the occurrence of Marram grass
is a function of altitude. Here altitude is a proxy for salt spray, as Marram grass is
intolerant to substantial salt input. The response of Marram grass to altitude is
combined with an elevation map, resulting in a map which represents habitat suitability
for Marram grass based solely on elevation. Similar analyses are done for responses of
Marram grass to different abiotic parameters. Finally, several maps are obtained
showing habitat suitability for Marrram grass, based on responses of Marram grass on
different abiotic parameters. These maps can be combined (or “overlayed”) to create a
single output map showing the combined habitat suitability.

In the case of “ecotope” or “habitat” analysis, every separate map shows potential
ecotope distribution based on a single abiotic parameter. The combined map
represents final distribution of ecotopes, once all abiotic conditions are taken into
account. In this study an ecotope approach has been used. Six habitattypes that can
potentially occur in the area were defined (Table 1). For classification of these
habitatypes 3 different abiotic parameters were used: altitude, bottomshear stress and
distance to the 0 meters NAP level, where 0 NAP was considered to be more or less
similar to mean tidal height. These three parameters were expected to predict
occurrence of habitats considerably well and were obtained from the Delft 3D
morphological simulations.
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low beach, high beach, green beach, embryonic/pioneer dunes and high/old dunes.

Altitude is strongly correlated with submergence time, which is a determinant for plant
growth. All area that is submerged 100% of the time was classified as subtidal area and
was not explored further in this study. Area that lies between -1 and 1 NAP is
submerged part of the day, but too long to allow plant growth. This area is usually
characterized by high shear stress, but as plant growth is already limited by
submergence time and the specific selection of elevation already results in an unique
habitat, no distinction between shear stresses was made. However, for the high beach,
occurring between 1 and 3 NAP, shear stress determines whether plant growth is
possible. Thus, high beaches with high shear stresses are devoid of vegetation and
high beaches with low shear stresses are potential areas for development of embryonic
dunes or “green beaches”. Green beaches are characterized by microbial mats and
algae. These communities can trap silt, thereby initiating development of specific
vegetation types. Once bottom shear stress is low and the distance to the 0 m NAP
level is larger than 100 meters a green beach can develop .

Even for pioneer plants, such as Sea Rocket (Cakile maritime) and Sand Couch
(Elytrigia juncea), that are able to withstand stressful conditions, direct impact of waves
is lethal. These plants usually start growing at the debris found at the maximum high
water zone and form the base of dune formation. However, as Marram grass
(Ammophilla arenaria), is not able to withstand regular salt spray a minimum distance to
the 0 NAP-level (larger than 200 meters) was chosen as well for development of
embryonic dunes. The high and old dunes start above 3 m NAP and no shear stress is
calculated for these areas as they are generally not submerged by the sea.

Deltares

Table 3.1 Habitat types and limitative abiotic values for each type
habitattypes altitude bottom shear stress distance to 0 NAP
1 |low beach between -1 and 1 NAP Jall all
2 [high beach > 1 NAP high all
3 |embryonic dunes |between 1 and 3 NAP |very low >200 m
4 |high dunes > 3 NAP 0 all
5 |green beach between 1 and 3 NAP |low >100 m
6 |subtidal <-1 NAP all <,-1>
Figure 3.1 Maps for different abiotic parameters of the reference scenario. First map showing habitat

suitability for embryonic dunes and green beaches based on distance to 0 NAP. Second map
showing the subdivision in four habitattypes (subtidal, low beach, high beach, high dunes)

based on elevation. Third map showing subdivision in areas with low and high shear stresses
(yellow being no data).
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The morphological analysis was done for five different scenarios. Each scenario was
run for 50 years and output of each ten years was generated. We used this output in
our habitat analysis. Investigated scenarios are: the reference situation, a underwater
nourishment, an island in front of the coast, a peninsula, and a hook. Our model area
was similar to the Delft3D model domain used with the dune module (see Chapter 2.5)
and consisted of the subtidal part, the intertidal zone, the high beach and the first row of
dunes. All other dune area towards the land was leveled at 14 meters height at the
beginning of the morphological analyses. Consequently, no information was available
for these areas.

3.3 Results and discussion

In Appendix B the results for all scenarios can be found for 0 years and for 50 years.
From these results it becomes clear that all scenarios create possibilities for existence
of embryonic dunes after 50 years. The existence of small areas of green beach after
50 years only occurs with the hook and the island scenario. In these scenarios beaches
show a diverse morphology and sheltered areas are created. These sheltered areas are
important for establishment of some of the analyzed habitat types. Thus, diversity in
morphology of beaches also results in ecological diversity. Besides the presence of
sheltered areas, the width of the beach is important for development of green beaches
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and embryonic dunes. The island and hook scenario create beaches that, in 50 years,
are very wide in some parts. From an ecological point of view the underwater
nourishment probably is the least interesting scenario.

The reference scenario underlines the need for extra investments in this area. Some
striking erosion is occurring in fifty years and at some places the beach profile shows a
change in altitude of 12 meters over 8 meters horizontally. Here, a steep drop-off
seems to be created by eroding high dunes that now more or less border subtidal
areas. Unfortunately, this severe erosion results in a gap in our habitat model. This
should be improved in future analysis.

The habitat analyses of initial conditions for all scenarios are not very meaningful in
their current form. Without fixation initial breakup of all forms is probably too fast for
development of ecological interesting structures. If original forms would be fixated (by
hard or by soft structures, such as vegetation), ecological outcomes differ somewhat.
For example, the peninsula scenario, that does not generate the most interesting
outcomes in 50 years, suddenly becomes very interesting as it offers the most habitat
for embryonic dune development. Considering more permanent forms, the island
scenario in the current design would not be extremely attractive from an ecological point
of view. However, in the current analysis morphology of all forms is changing rapidly
and in this respect present habitat analyses only are a snapshot in time. The factor time
is not incorporated in this analysis and, thus, it is not clear whether underlying
morphology is stable on long enough time-scales to allow development of indicated
habitat types.

Implementing two other factors will also largely improve our habitat analyses. The first
factor is succession. Incorporating succession cascades will involve taking the prior
vegetation type into account when determining the present vegetation type. In
combination with inclusion of a time component, this will make analyses a great deal
more realistic. Second, it will be a big step forward to consider the stabilizing effect of
biota on sediments and examine whether these biophysical feedbacks will change
model outcomes.
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4 Conclusions and recommendations

4.1 Dune module

A dune module has been developed for Delft3D that simulates the horizontal migration
of the dune foot, based on an empirical relationship by De Vriend & Roelvink (1989).
The dune module produces the long term development of dune and dry beach area
realistically (based on expert judgement).

The dune module still needs to be validated with field data. A possible case for this can
be found in the Wadden area.

Recent work by Thijs Damsma (MSc student TUDelft, not published yet) has shown that
it may be better to use the relation between dune foot migration and mean waterline
migration instead of the relation used in this study between dune foot migration and
beach width. He used the same data as De Vriend & Roelvink, but cut the period in
different time scales of 165, 55, 15 and 5 years. A more evident relation between dune
foot migration and mean waterline migration is found, see Figure 4.1 and Figure 4.2.
However, it should be verified if the relationship of Damsma also gives realistic results
in cases where the coastal system is drastically disturbed (as is the case with the sand
engine). Also, the amount of scatter increases with decreasing time scales. This may
affect model accuracy for shorter time scales.

Figure 4.1 Relation between dune foot migration (AxDF/At) and beach width (BW) for different time
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Figure 4.2 Relation between dune foot migration (AxDF/At) and mean waterline migration (AxCL/At) for
different time scales
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4.2 Nature module

A habitat analysis was set up succesfully for the sand engine designs at the Delfland
coast using the tool HABITAT, which is a GIS tool, based on the PCRaster program.

Severe erosion in the morphological model results in a gap in the habitat model. This
should be improved in future analysis.

in the current analysis morphology of all forms is changing rapidly and in this respect
present habitat analyses only are a snapshot in time. The factor time is not incorporated
in this analysis and, thus, it is not clear whether underlying morphology is stable on long
enough time-scales to allow development of indicated habitat types. Inclusion of a time
component will improve the habitat analyses.

Implementation of succession will largely improve our habitat analyses. Incorporating
succession cascades will involve taking the prior vegetation type into account when
determining the present vegetation type. In combination with inclusion of a time
component, this will make analyses a great deal more realistic.

It will be a big step forward to consider the stabilizing effect of biota on sediments and
examine whether these biophysical feedbacks will change model outcomes.
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A  Morphological development reference and sand
engine designs
Figure A.1 Morphological development reference situation for t=0, 10, 20, 30 ,40 and 50 years
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Figure A.2 Morphological development mega shoreface nourishment for t=0, 10, 20, 30 ,40 and 50 years
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Figure A.3 Morphological development peninsula for t=0, 10, 20, 30 ,40 and 50 years
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Figure A.4 Morphological development hook-shape for t=0, 10, 20, 30,40 and 50 years
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Figure A.5 Morphological development island for t=0, 10, 20, 30 ,40 and 50 years
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B  Outcome maps for each scenario at t=0 years and
t=50 years
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Shoreface nourishment scenario
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Peninsula scenario
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Hook scenario
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Island scenario
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