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Abstract—This paper focuses on an application of a three-way
coupling of TELEMAC 3D, TOMAWAC and SISYPHE in
order to understand the sediment transport patterns of the
Skälderviken bay on the Swedish west coast. Ängelholm
municipality, in the south of Sweden, experiences severe coastal
erosion and is therefore planning for a beach nourishment. As
part of the environmental impact assessment for the beach
nourishment the characteristics of the sediment transport
patterns in the Skälderviken bay were simulated with the aim
of finding possible marine sand extraction sites. In addition,
TELEMAC 2D was used to simulate the flood impact of a sand
dune breach along the coast. This is the first case in Sweden
where the TELEMAC suite has been used for such an
applications.
The model was run in four constant scenarios representing
different wind directions.
Results from the model were used to determine
accumulation areas where geological field surveys of the
bottom were carried out. Furthermore, the TOMAWAC model
was used to assess whether a dredging of the extraction area
would influence wave propagation and risk exacerbating
coastal erosion. The flood analysis of a sand dune breach was
mainly used in communication with politicians to highlight the
risk of not doing beach nourishment.
From the perspective of an end user the TELEMAC suite is
being evaluated in respect to the investigated case. Moreover,
general experiences from modelling with the TELEMAC are
described and further developments, both in how to use the
software and the software itself, are suggested.

I.

INTRODUCTION

This Ängelholm municipality in the south of Sweden has
had problems with beach erosion during the entire 20th
century. In recent years three storm events, in 2011, 2013,
and 2015, caused severe erosion on the beach dunes, which
protect the hinterlands from flooding. The risk for flooding as
well as the risk of losing their main beach to erosion has
forced the municipality to act. In order to evaluate the
usefulness of the Telemac-suite in a coastal consultancy
business the cases of Ängelholm has been selected.
In Sweden each municipality has the responsibility to
mitigate the coastal erosion. Moreover the municipalities are
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not allowed to apply for funding from national authorities.
Their solitary role in this issue leads to that the mitigation
methods for erosion must be very economical effective since
the municipalities normally have a strengthened economy.
Traditionally hard mitigation methods have been the only
methods used against erosion in Sweden. Ystad municipality
was in 2011 the first in Sweden to perform a beach
nourishment project, but the project was preceded of almost
a decade of legislation processes. In this legislation process
many of the involved authorities expressed their anxiety
against beach nourishment since it was regarded as a new
technology in Sweden.
Ängelholm and Ystad are however not the only
municipalities in Sweden needing to mitigate coastal erosion.
The issue is rising in other coastal municipalities with sandy
coast lines, who all are found in the southern part of Sweden.
It is therefore necessary to find tools to better describe the
physical processes involved in coastal erosion and to show
the consequences of coastal mitigation measurements as well
as the consequences of doing nothing.
II.

DESCRIPTION OF THE SITE

The subject of the study is Skälderviken bay on the
Swedish southern west coast (Fig. 1). The city of Ängelholm
is situated in the inner part of the bay. The inner coastline of
the bay consists of a 7 km long beach, whereas the sides of
the bay mostly consist of solid rocks alternated by smaller
pocket beaches. The inlet to the bay is about 15 km wide and
25 m depth.
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Figure 2.

Wind rose from measurments at Hallands Väderö.

The water level normally varies between +1 m and -0.5 m
from mean water level within a year. The water level never
falls below -1 m and the highest measured level is about
+1.75 m.
The salinity in the bay is about 18 psu in the surface water
and around 30 psu in the bottom water at 20–25 m depth.
III.

METHOD

First, the main current pattern had to be described. Since
the inner part of the bay is shallow and sloping gentle, the
currents were not only induced by winds but also by the
waves. Therefore a coupled TELEMAC 3D and
TOMAWAC model was set up. 3D was chosen due to that
the main force for the currents are wind and not tidal
currents. The wind should induce a surface current that is
turned clockwise from the wind direction due to the coriolis
force. Below a return current in the other direction should be
induced.

Figure 1.

Top: Location of the Skälderviken Bay. Below:
Bathymentry of the Skälderviken.

In this region tidal range is negligible and is not
considered to be a driving force of the currents. Instead wind
is the main force locally and in a larger scale sea water level
variations are also an important. Close to the shore the
incoming waves also affects the pattern of the currents. Two
rivers discharge into the bay; Rönneå in the northern part of
the inner beach, and Vegeå in the southern part of the same
beach. Although the rivers affect the currents locally at their
mouths they are not considered to be a significant force for
the current pattern in the Skälderviken bay since the flow is
quite low and the force from the wind are much superior.
Wind is measured since 1951 on an island (Hallands
Väderö) directly north of the bay. The mean wind speed here
is 7.4 m/s and the maximum measured wind speed is 38 m/s.
The main directions for the strong winds are from west to
southwest, but for moderate wind speed there is no dominant
direction, see Fig. 2.
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Figure 3.

Model domain with mesh and depth curves at every 3rd
meter.
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The main setup is described below:

To describe the sediment transport pattern and determine
areas of erosion and accumulation SISYPHE was also
directly coupled with TELEMAC 3D and TOMAWAC.
The model area was defined so that the outer boundary
was quite far out into the sea to avoid potential numerical
uncertainties at the boundary affecting the area of interest.
The model domain is shown in Fig. 3. Near shore the sides
of the elements are 10 m and are stepwise increasing in
length to about 900 m in the open sea area near the
boundary. The domain is reaching about 30 km from the
inner beach to the outer boundary and contains about 800
000 elements in each layer.
The vertical resolution is defined so that there are five
layers with a fixed depth above 5 m (3 layers of 1 meter
below surface and thereafter a layer of 2 m). Below the fixed
layers are 3 equal layers following the bottom curve.

Boundary conditions: constant water level (0 m),
waves with a boundary significant height of 1.07 m,
peak frequency of 0.18 Hz and main direction 125˚.

•

Type of boundary directional
(parameterised Jonswap (Hm0, fp))

•

Mean diameter of sediment: 0.2 mm

•

Wave energy losses through: bottom friction, white
capping and depth-induced breaking

•

Wind speed: 7.4 m/s

•

Turbulence models: Mixing length on the vertical
and constant on the horizontal.

spectrum:
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A wide range of parameters have been tested for
different values including for example resolution, both
horizontal and vertical, friction options, turbulence options,
boundary options (both water level and waves), time step,
wind options, and wave energy dissipation options.

The effects of vertical and horizontal salinity and
temperature gradients were not taken into account since they
were not considered to be significant compared to the effects
of wind, waves and bathymetry.

Unfortunately, almost no measurements were available
to validate the results except for water level measurements at
two locations within the bay. Therefore, calibration has been
done with respect to what was expected in terms in of main
current pattern. Wave transformation has been calculated by
hand to compare with the wave pattern within the bay.
Sediment transport was validated against geological maps
and a few observations of erosion and accumulation areas
along the beach.

Four constant scenarios were chosen to describe the
main current, wave and sediment transport pattern in the bay
altering the wind direction between the scenarios. The wind
directions were SE, NE, SW and NW, since these wind
directions are either along or across the Skälderviken bay.
Incoming wave heights were estimated from mean wind
speeds and average fetch length. Fetch limited wave heights
and wave period were calculated according to the Shore
Protection Manual [1].

Figure 4.

•

Results from the flood analysis
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Furthermore a TELEMAC 2D-model was set up for the
area behind the dunes. A DEM with a resolution of 2 m was
used as bathymetry for the model. A breach of the dunes
was simulated with the breach-function within TELEMAC
2D. Sea levels during the last major storm in 2013 was used
for the present day scenario, and for the future scenario of
year 2100, a mean sea level of one meter was added to the
storm of 2013.
IV.

RESULTS

The flood modelling clearly showed the importance of
the sand dunes for the urban area behind the dunes. Results
from the flood modelling are shown in Fig. 4. During the
storm in 2013 no flooding occurred, but for the scenario
where the dune breach a large flooding occurs. About 100
houses would be flooded if the dunes were not present.
Combining the storm of 2013 with a sea level 1 m above
the present level the flooding becomes even larger and about
300 houses would be flooded. Even in the climate change
scenario no houses would be flooded if the dunes is intact.
This shows the importance of maintaining the dunes as a
flood protection system.

Figure 9.

during the opposite wind direction (south east) results in
wave heights in the middle of the bay of about 1/3 of the
wave height during the north westerly winds. The wave
height itself is not of main interest in this study, but the effect
on the near shore currents and the bottom shear stress is of
importance.

Calculated main current patterns at the surface and near
the bottom is shown in Figure 4 to 7. Bottom currents are of
most interest since they show direction of sediment transport.
For northerly winds the bottom currents are directed
southwards, while the southern wind scenarios generates
bottom current going northwards for southwestern winds and
inwards for southeastern winds.

In Fig. 10 the results from SISYPHE showing the
sediment flowrate is presented. The entire bottom of
Skälderviken Bay is active in the sediment transport, and the
results show distinct patterns for different wind directions.
This indicates that there are no apparent accumulation zones.

Results from TOMAWAC are shown in Fig. 9. The
largest waves within the bay correlate, not surprising, with
wind directions from north west (Fig. 9). The wave height

Figure 5.

Wave heights (m) with winds from NW.

Main current pattern for winds from NE ; Left : Surface currents, right: bottom currents.
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Figure 6.

Main current pattern for winds from NW ; Left : Surface currents, right: bottom currents.

Figure 7.

Main current pattern for winds from SE ; Left : Surface currents, right: bottom currents.

Figure 8.

Main current pattern for winds from SW ; Left : Surface currents, right: bottom currents.
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V.
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Sediment flowrate (m3/(s·m)) with winds from NE, NW, SE, and SW.

Varying wind condition in TOMAWAC: it was quite
tediously to first produce the wind in TELEMAC 2D
or 3D. Could have been easier to direct use a time
series as input in TOMAWAC.

•

Visualization: the post processing tools Blue Kenue
and Fudaa are quite limited in terms of visualization,
which is often a quite important part for end users.

DISCUSSION AND CONCLUSION

The results so far have been used in presentations for
politicians with the purpose to describe the importance of
the sand dunes as flood protections. The bottom shear
stresses have been used to determine were to investigate the
bottom to find suitable areas for sand extractions.
Unfortunately all modeling work is not completed and
further development of the model is ongoing and will be
described in the next section. However, it has been shown in
this project that the TELEMAC suit is useful for such an
application.
A large part of the usability of the Telemac-suite can be
found that it is open-source, compared to, for example
DHI’s software which normally is too expensive for clients
such as small municipalities. The main argument for
expensive software is usually that it includes professional
support. This argument fails in comparison with
TELEMAC, since the forum provides fast help that has
solved many of the problems that we have faced during this
project.
Some parts of the modelling have been more problematic
than others and could be worth to develop in the future.
These include:
•

•

Varying boundary conditions: should be more
standardized and not require additional fortran-files.
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The main challenge in the project has, however, been the
lack of measurements and observations to calibrate the
model against.
VI.

FURTHER DEVELOPMENT OF THE PROJECT

The upcoming developments of the model project are to
• Simulate storm conditions with input varying in time
to reproduce the major storm in 2013. Some
observations are available for this event that will be
useful.
•

Refine the model in the surf zone to better represent
small scale sediment transport pattern.

•

Include rivers to simulate local effects.

Combining results from the coupled model with other
investigations, such as marine biology and geotechnical
surveys, will result in a comprehensive knowledge base for
the environmental impact assessment.
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