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NOMENCLATURE 

 

Abbreviation  Description  

BHS German Federal Maritime and Hydrographic Agency 

DEM Digital Elevation Model 

DTM  Digital Terrain Model  

Hm0 Modelled Significant Wave Height 

Hs Measured Significant Wave Height 

MEA Mean Absolute Error 

MSL Mean Sea Level 

MWD Mean Wave Direction 

NCCS  Norwegian Center for Climate Services 

RMSE Root Mean Squared Error 

SI Scatter Index 

SMHI Swedish Meteorological and Hydrological Institute  

Tp Peak Wave Period 

UTM  Universal Transverse Mercator 

VD Vertical Datum 

WGS84  World Geodetic System 1984 
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2. Summary  

The Danish Energy Agency commissioned this report to support the long-term planning for offshore wind de-
velopment in Denmark. The report focuses on the potential impact on waves and sediment transport due to 
current and future offshore wind development in the North Sea, Kattegat, inner Danish Waters and western Bal-
tic Sea.  

Large-scale development of offshore wind can affect hydrodynamics both within and beyond the wind farms  
and may affect factors such as water transport, current conditions, waves, resuspension, sediment transport, sa-
linity, and temperature . These hydrodynamic alterations have the potential to impact environmental conditions 
in areas within and around wind farms. Thus, investigating the potential impact on  hydrodynamic factors such 
as waves and sediment transport  due to offshore wind development is an important part in the assessment of 
potential  environmental and cumulative impacts. 

In order to address this, the report presents the results from both wave modelling and sediment transport mod-
elling of three scenarios: 1) a baseline scenario with no wind farms present, 2) a current (2021) wind farm sce-
nario and 3) a future 2030 wind farm scenario. The wave modelling was conducted for a large area covering the 
North Sea and the western Baltic Sea, whereas the sediment transport modelling was conducted for three 
stretches along the Danish coastline. The input data for the wave model are based on simulated wind data from 
the year 2019 and are calibrated using data from b uoy recordings for the same period. The impact on waves is 
assessed through the impact on  the mean wave direction and the significant wave height. 

The results from the wave modelling indicate that current wind farms (in operation in 2021) exert minimal influ-
ence on wave conditions. Compared to the results from the current wind farm scenario, the future large-scale 
offshore wind farm development (2030 scenario) generally causes larger reductions in significant wave heights. 
However, upon examining the annual variation in wave climate, it is observed that the changes in mean signifi-
cant wave height attributable to the wind farms are significantly smaller than natural fluctuations for the west 
coast of Jutland and in Kattegat. In contrast, the reduction in significant wave height observed in the Baltic Sea 
due to wind farms approaches the annual and monthly standard deviation. Generally, for the Nort h Sea, Katte-
gat and the Baltic Sea, the natural mean wave direction varies by several degrees, and the impact of the wind 
farms is considered negligible in comparison to these inherent variations.  

The sediment transport modelling results show, similarly to the impact on waves, that the impact on sediment 
transport is larger for the future wind farm scenario (2030) compared to the current wind farm scenario. Com-
parison between the selected coastal stretches indicate that the impact at Hjelm Bugt in the Baltic Sea is larger 
compared to the impact along the west coast of Jutland bordering the North Sea, which may indicate that the 
wave climate in the Baltic Sea is more sensitive to impacts from future offshore wind farm development. It is 
important to note , however, that the annual variation in the wave climate indicates a larger change compared 
to the impact introduced by wind farms.  
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3. Introduction  

Large-scale offshore wind farms have been documented to affect hydrodynamics both within and beyond the 
wind farms, extending over many kilometres (van Duren, et al., 2021; Arneborg, et al., 2024). These effects in-
clude a reduction in wind resource efficiency behind large wind farms due to the wake effect, along with local-
ized impacts from turbine foundations.  

Water transport, current conditions, waves, resuspension, sediment transport, salinity, and temperature may 
also be affected, causing changes in mixing and stratification patterns. These hydrodynamic alterations have the 
potential to impact environmental conditions and exacerbate oxygen depletion in areas within and around wind 
farms (Daewel, et al., 2022; Maar, et al., 2025). 

3.1. Scope of work  
The aim of this report is to produce a sensitivity map showing how the presence of wind farms in the North Sea, 
Kattegat and Baltic Sea affects the wave climate and for three coastal sections the sediment transport capacity. 
For this purpose, a spectral wave model was used to simulate the following three cases: 

1) Baseline scenario : a scenario without any wind farm installed based on the wind in 2019. 
2) Current scenario , 2021: current situation including  existing Danish offshore wind turbines utilising the 

wind in 2019. 
3) Future scenario , 2030: scenario following  the future large-scale offshore wind development in Danish 

sea areas: the North Sea, Kattegat, Belts and the Baltic Sea utilising the wind in 2019.   

The scenarios are executed based on calculation from DTU Wind (Hahmann, et al., 2025a; 2025b) and using the 
2D MIKE Spectral Wave model by DHI.  

Furthermore, to assess the impact of changes in wave climate on coastal longshore sediment transport, the sed-
iment transport capacity calculated with use of LITPACK was evaluated along three distinct coastal sections for 
the Baseline scenario, as well as for the Current (2021) and Future (2030) wind farm scenarios. 

3.2. Coordinate System  

Unless stated otherwise, the Vertical Datum (VD) throughout the report is Mean Sea Level (MSL), while the geo-
graphic coordinate system is WGS84 EPSG:7416 ETRS89 UTM32N. 

  

Page 8 of 51



 

 

 
 

Document ID: 3N6ERTMCXTC5-682196269-2727 

 

4. Background data  

The upcoming sections provide the background information utilized for numerical modelling . This chapter en-
compasses descriptions of metocean and meteorological conditions, such as wave observations and bathymet-
ric data. The wind data is described in Hahmann, et al., (2025a; 2025b).  

4.1. Bathymetry  

One of the main inputs to the spectral wave model is the Digital Terrain Model (DTM). A DTM is a digital repre-
sentation of the terrain or ground surface of a specific area or location. It is a three-dimensional model that 
provides information about the elevation, slope, and other topographic features of the terrain.  

DTMs are created using Digital Elevation Models (DEMs), which are datasets that provide information about the 
elevation of the ground surface. 

The DTM used for the model originates from the combination of two different sources of data: the European 
Marine Observation and Data Network 2023 (EMODnet, 2023), reported in Figure 4.1, and the digital nautical 
charts obtained from the application MIKE C-Map from DHI, shown in Figure 4.2.  

 
Figure 4.1: Extent of the model area (black box) with EMODnet Bathymetry used for the interpolation of the mesh for the 
spectral wave model. 
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The stations selected for comparison and reported in the main body of this report  are listed in Table 4.1 and 
shown in Figure 4.4.  
 
Table 4.1: Stations selected for calibration of the spectral wave model. 

Station ID  Longitude [deg]  Latitude [deg]  Time Coverage (%)  

NO_TS_MO_F3platform 4.727 54.853 UTC 0 95 

NO_TS_MO_A122 3.816 55.417 UTC 0 85 

NO_TS_MO_6202112  7.15 55.200 UTC 0 100 

 

 
Figure 4.4: Location of the stations selected for calibration of the SW model.  

 

The time series of significant wave height and peak period (when available) for each of the selected stations is 
reported in Figure 4.5 to Figure 4.7. 
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Figure 4.5: Significant wave height (top) and peak period (bottom) recorded at the station NO_TS_MO_F3platform. 

 

 
Figure 4.6: Significant wave height (top) and peak period (bottom) recorded at the station NO_TS_MO_A122. 
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Figure 4.7: Significant wave height (top) and peak period (bottom) recorded at the station NO_TS_MO_6202112. 

 

The comparison between the wave parameters recorded at three selected stations and the modelling results are 
presented and discussed in Section 6.3.  

It is important to highlight that in the case of the retrieved Arkona Basin station, there is a 30 -minute interval 
between recordings, and the time steps never correspond to the simulated time step. The data was interpolated 
in order to be compared to the spectral wave model results.  
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The statistical coefficients are presented in Table 6.2, while the comparison of the time -series of measurements 
and modeled parameters is presented in Figure 6.1 to Figure 6.12 and in Appendix C.  

 

 
Figure 6.1: Station ID NO_TS_MO_F3platform - Comparison model vs. measurements of yearly time series of the 
significant wave height. 
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Figure 6.2: Station ID NO_TS_MO_F3platform  - Comparison model vs. measurements: time series of the significant wave 
height (top) and peak wave period (bottom). Period: 01-02-2019 to 15-02-2019. 

 

 
Figure 6.3: Station ID NO_TS_MO_F3platform  - Comparison model vs. measurements: time series of the significant wave 
height (top) and peak wave period (bottom). Period: 15-02-2019 to 01-03-2019. 
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Figure 6.4: Station ID NO_TS_MO_F3platform  - Comparison model vs. measurements: time series of the significant wave 
height (top) and peak wave period (bottom). Period: 01-03-2019 to 15-03-2019. 

 

 
Figure 6.5: Station ID NO_TS_MO_A122 - Comparison model vs. measurements of yearly time series of the significant wave 
height. 
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Figure 6.6: Station ID NO_TS_MO_A122 - Comparison model vs. measurements: time series of the significant wave height 
(top) and peak wave period (bottom). Period: 01-01-2019 to 15-01-2019. 

 

 
Figure 6.7: Station ID NO_TS_MO_A122 - Comparison model vs. measurements: time series of the significant wave height 
(top) and peak wave period (bottom). Period: 15-01-2019 to 01-02-2019. 
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Figure 6.8: Station ID NO_TS_MO_A122 - Comparison model vs. measurements: time series of the significant wave height 
(top) and peak wave period (bottom). Period: 01-02-2019 to 15-02-2019 

 

 
Figure 6.9: Station ID NO_TS_MO_6202112- Comparison model vs. measurements of yearly time series of the significant 
wave height. 
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Figure 6.10: Station ID NO_TS_MO_6202112 - Comparison model vs. measurements: time series of the significant wave 
height (top) and peak wave period (bottom). Period: 01-06-2019 to 15-06-2019. 

 

 
Figure 6.11: Station ID NO_TS_MO_6202112 - Comparison model vs. measurements: time series of the significant wave 
height (top) and peak wave period (bottom). Period: 01-08-2019 to 15-08-2019. 
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The annual wave roses for the three locations in Figure 7.1 are reported in Figure 7.2.  
 

 
Figure 7.2: Annual wave rose for selected locations, from left to right, P1 (Baltic Sea), P2 (Kattegat) and P3 (North Sea).  
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9.1.2. Ferring to Hvide Sande  
As illustrated in Figure 9.3, the longshore sediment transport between Ferring and Hvide Sande is predomi-
nantly directed southward (Kystdirektoratet, 2022). North of Ferring, the transport is directed northward, result-
ing in a point near Ferring where the net longshore sediment transport is approximately 0 m³/year. From this 
point, sediment diverges both northward and southward. In a previous study, the magnit ude of the net long-
shore sediment transport at Hvide Sande was estimated to be approximately 400,000 m³/year (DHI, 2000). 

 
Figure 9.3: Coastal stretch from Ferring to Hvide Sande. Blue arrow indicates the net sediment transport direction 
(Kystdirektoratet, 2022). Placements of the ten profiles are indicated by red lines perpendicular to the coast. Orthophoto: 
2024. 

9.1.3. Hjelm Bugt  
As illustrated in Figure 9.4, the longshore sediment transport in Hjelm Bugt is predominantly directed westward 
(Kystdirektoratet, 2022). However, an orthophoto from spring 2019 suggests that the sediment transport was 
eastward at that time. Figure 9.4 presents the orthophoto from the northern part of Hjelm Bugt, showing ero-
sion on the east side of the groynes and sediment accumulation on the west side. This pattern indicates that 
sediment was transported from west to east, becoming trapped by the groyne s and resulting in sediment build -
up and a wider beach on their western side. 
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Figure 9.4: Erosion and accumulation in groyne field in the northern part of Hjelm Bugt. Blue arrow indicates the net 
sediment transport direction (Kystdirektoratet, 2022). Placements of the eight profiles are indicated by grey lines 
perpendicular to the coast. Orthophoto: 2019. 

 

9.2. Data 
The sediment transport capacity is calculated in cross-shore profiles along the selected coastal stretches. These 
profiles are a crucial input to the LITDRIFT model (DHI, 2024). 

Along the west coast of Jutland, the Danish Coastal Authority (Kystdirektoratet) conducts regular measurements 
of coastal profiles at predefined locations spaced approximately 1 km apart. These profiles extend from the top 
of the dune to about 4 km offshore.  

At Hjelm Bugt, no measured cross-shore profiles are available. Instead, elevation data for the dry part of the 
profile is extracted from the Danish elevation model  (SDFI, 2025), while depth data is obtained from the Danish 
depth model (Geodatastyrelsen, 2024). These datasets are combined to form complete profiles, with the gap 
between land and sea data filled using linear interpolation.  

9.2.1. Profile orientation  
The orientation of each cross-shore profile is determined as the line perpendicular to the coastline at the profile 
location. To achieve this, the coastline is coarsely digitized to capture the average orientation over the distance 
represented by each profile, thereby excluding minor undulations. The orientation is then assigned to each pro-
file based on this smoothed coastline. 
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