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The potential impact of abiotic 
changes in the system posed 
by offshore wind farms 

 

 
 
 
With the extensive increase in wind turbines all over the North Sea, several 
abiotic parameters will change, with consequences for the biotic ones, 
thereby creating ecosystem changes. These ‘indirect’ effects are easily placed 
in the ‘too difficult’ box, thereby concealing the true scope. Abiotic changes 
result in habitat gain or loss for some species and are certainly linked to the 
risks of pollution and collisions or barotrauma. Therefore, it deserves the 
attention needed to identify and quantify the impact of the upscaling wind 
energy on these abiotic parameters. Implications for biotic parameters and 
ecosystem functions is discussed afterwards, ending with the effects of cable 
burial. 
 

Abiotic changes 
Only limited field studies have been conducted on system effects so far, 
therefore most studies that point to changes are model-based. Verification of 
several models is still needed, but some effects have broadly been described. 
Boon et al. (2018) made an assessment of the cumulative effects of large-
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scale implementation of offshore wind farms (OWFs). An important 
conclusion about OWFs changing parameters is that no mutually enforcing 
feedback mechanisms were found. This means that interacting parameters 
such as currents and erosion will, in the end, get to a balance. The identified 
processes are described below. 

 
As wind extracts energy, a decrease in wind speed is expected downwind of 
the turbines, as well as an increase in turbulence in the lower atmosphere 
(Boon et al., 2018). Most of the area with reduced wind speeds are found 
within the OWF, but the wind-wake effect can disturb the winds for tens of 
kilometres downwind of the OWF, with the wake tail sometimes found at >120 
km distance (Ludewig, 2015). The reduction in wind velocity is not often 
quantified and varies between 20-70% (Broström et al., 2019). A decreased 
wind stress on the sea surface in the wakes reduces the Ekman transport, 
which creates a convergence/divergence dipole of the water mass transport 
(Ludewig, 2015). This induces artificial upwelling and downwelling movements 
in the water. The size of the area affected can be 8-10 times larger than the 
surface area of the OWF (Broström et al., 2019). This increase in vertical mixing 
may lead to the formation of small-scale eddies or fronts (Cazenave et al., 
2016). Changes in tidal dynamics are not excluded, e.g. more variation in the 
currents also affecting sedimentation in and around OWF areas. 
 
 

 
Figure created based on model simulations in several studies (Broström, 2008; 
Paskyabi & Fer, 2012). 

 
A modification of the wave regime is theoretically possible. Diffraction, refraction 
and interference of waves all influence the wave height and pattern. 
Reductions in significant wave height have been modelled and appeared to 
vary between 1-3% in realistic occasions (Alari & Raudsepp, 2012; CEFAS, 2005). 
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The zone of wave reduction is typically within 2-3 turbine spacings, so the 
majority of the impact is within the OWF. Broad spacing and small diameter of 
the turbine compared to the dominant wavelength explain these minor results. 
However, there is a lack of studies that quantify the effect of both blockage of 
multiple turbines and the wind-wake effect (Gandara & Harris, 2012). Boon et al. 
(2018) stresses that the impact of wakes on wave generation may be 
significant, so more measurements are needed to calculate both near- and 
far-field effects. 
 
The increased mixing of water layers could lead to (local) destratification or 
changes in the stratification pattern in areas where stratification occurs 
(Paskyabi, 2015; Van Duren et al., 2021). On the Dutch Continental Shelf, this 
concerns both intermittent or seasonal temperature stratified regions and 
haline stratification in a large area that is influenced by freshwater input 
(Leeuwen et al., 2015). Destratification would be the ultimate effect, but the 
first effect so far was an altered thermocline depth (Broström, 2008; Floeter et 
al., 2017; Paskyabi, 2015). A recent model describes the expected outcomes 
concerning stratification in the southern North Sea (Van Duren et al., 2021). 
This study divided the region into six areas with different ecosystem effects,  
with also some areas being strongly affected, while others will only be 
influenced to a limited extent. 
 
Destratification, and the changes in currents, in turn causes resuspension of 
suspended particulate matter (SPM), but also nutrients. The so-called turbid 
wakes can be 30-150 m wide and several km long, due to their low settling 
velocities (Baeye & Fettweis, 2015; Vanhellemont & Ruddick, 2014). This is on 
the one hand due to a displacement of sediment from the shallower water 
layers towards the deeper ones and on the other hand trapped SPM that 
releases from the epifauna of the monopiles. The existence of turbid wakes is 
very location- and time dependent, some wind farms never have it, others 
continuously or occasionally (Forster, 2018). SPM plumes can reach 
concentrations up to 5 times the background concentration of about 3 mg/L, 
measured in Belwind I (Baeye & Fettweis, 2015).  
 
Relevant here is that the SPM level differs also heavily between years and 
locations. Overall, the ecological impact of turbid wakes is considered low as 
it falls within the normal variation of two weeks and it continually switches 
direction with the tides. Empirical measurements on two OWFs in the North 
Sea did not find a decreased light availability within versus outside three out 
of four transects in two German OWFs, but this might be different in other 
OWFs (Floeter et al., 2017). 
 
Finer sediments have been found near wind turbines (tens of metres) and in 
their wake, compared to locations (hundreds of metres) further away 
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(Braeckman et al., 2020; Coates et al., 2014). However, contradicting results 
were found for organic enrichment of these sediments, with first higher and 
later on lower values close to the turbine within the same wind farm. Sediment 
movements depend on the location of the offshore wind farm (depth/ 
stratification/ sediment characteristics). During construction, fine sediments 
are temporarily resuspended, but over the years, lighter material can be 
transported out of the offshore wind farm, a process that needs quantification 
(Van Duren et al., 2021). Sedimentation can then take place somewhere else 
where a storm can resuspend it again. Sediment transportation patterns and 
pathways become less predictable due to the introduction of OWFs. Far-field 
and cumulative effects, including those on downstream sedimentation, 
bathymetry and shorelines are uncertain. 

Effects on biotic parameters 

 
Figure adapted from (Boon et al., 2018) “Simplified causal network for assessing large-
scale offshore wind farm effects on southern North Sea ecosystem. Note that this 
illustrative figure is not exhaustive but point to the main drivers and causal pathways”. 
 

The direction of the effects of the abiotic parameters on the biotic parameters is 
relatively unclear. Either the resuspended nutrients could boost phytoplankton 
growth or the resuspended sediment could limit light and therefore decrease 
phytoplankton biomass. The result will be amongst others depending on the 
location, sediment type and age of the offshore wind farm. Sediment rich, young 
offshore wind farms are more likely to be impacted by the resuspension. 
Also, there are different limiting nutrients nearshore versus offshore (Burson et al., 
2016). Using biogeochemical models, an estimated increase in phytoplankton 
(3%), primary production (8%) and secondary production (10%) was 
calculated for a UK OWF (van der Molen et al., 2014). The recent model study 
on ecosystem effects of upscaling OWFs in the southern North Sea implies 
that some subareas will have a net increase, while others show a net 
decrease in primary production (Van Duren et al., 2021). In the latter case, 
the increased turbidity could also, for example, have negative consequences 
for visual predators, but positive effects for prey. 
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Changes in grain sizes have important implications for the available habitat for 
a variety of sediment-associated species, such as sandeels, who prefer 
medium and coarse grained sand (Holland et al., 2005). For soft-sediment 
macrobenthic species, grain size and organic matter content are important 
factors determining species diversity (Leewis et al., 2018). However, effects on 
these species are difficult to trace as inter-annual variation is large. If primary 
production would be significantly increased, eutrophication could occur and 
lead to toxic algal blooms as well as increased oxygen depleted zones near the 
sediment in regions with low tidal dynamics (Floeter et al., 2017). 
 
Due to epifaunal feeding, for example by mussels, local phytoplankton 
concentrations could also be decreased (Mavraki et al., 2020; Slavik et al., 2018). 
The epifauna itself however serves as food for higher trophic levels and could 
cause littoral fall: organic matter to rain down, thereby enriching sediments 
which can support eco-engineers such as Lanice conchilega and other soft-
sediment communities (Coates et al., 2014). OWFs clearly have the ability to alter 
parts of the food web. Food web effects over a period of 30 years have been 
modelled for an OWF in the French coastal zone of the English Channel. It 
showed that the food web dominance  changed from pouting controlling the 
intermediate trophic levels to dominance by detrivores (e.g. mussels) (Raoux et 
al., 2017). The increased benthos (reef effect) were predicted to attract and 
benefit higher trophic levels such as piscivorous fish, marine mammals and 
seabirds in this model. Also, the total ecosystem activity, overall system 
omnivory and recycling increased in this model. 
 

Ecosystem services 
The epibenthic changes due to offshore wind farms could have its effects on 
ecosystem services as well. Examples of different types of ecosystem services 
are provisioning (e.g. food), cultural (e.g. recreation), supporting (e.g. nutrient 
cycling) and regulating (e.g. carbon sequestration). Potential effects of 
offshore wind farms on ecosystem functions are identified as follows (Causon 
& Gill, 2018): 
 
• Several commercial fish species have shown to aggregate around wind 

turbines (van Hal et al., 2017). Although this could lead to a possible overspill 
effect, evidence of benefits to (traditional) fisheries so far have been 
inconclusive. Production is shown for some species, but not all. For example, 
research showed that Atlantic and Horse Mackerel caught within a German 
wind farm had reduced degrees of stomach fullness compared with 
others caught outside the OWF (Krone & Krägefsky, 2013). However, first steps 
concerning multi-use with mariculture and passive fisheries are being 
made. Therefore, it becomes likely that wind farms will support food 
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production and if recreational fishing (or diving) will be allowed, other 
cultural experiences are possible. 

• In some areas, higher chlorophyll a concentrations are recorded around 
wind turbines compared to sandy seabeds (van der Molen et al., 2014), 
which can be a proxy for higher primary production (potentially also 
seaweed). Together with a higher nutrient cycling, this will imply more food 
for higher trophic levels. 

• Biodiversity in itself is culturally appreciated for its existence. In offshore wind 
farms, biodiversity is higher than in the surrounding sandy areas. 

• The increased life around offshore wind farms can also increase storage of 
organic carbon (climate regulation) and enhance water quality and 
waste water treatment due to filter feeding. 

 

Cable burial 
Other changes in abiotic parameters due to OWFs appear when the inter-
array and export cables are laid. The main effect of cable burying is 
disturbance and alteration of the sediment, thereby also decreasing the 
visibility in the water column. Other potential effects are heat emission and 
release of nutrients (OSPAR, 2012). 
 
The direct effect of the burial of cables is local and only lasts for a relatively 
short period of time. In this process, organisms (benthic species) could locally 
be killed by the burying instrument. The decreased visibility due to suspended 
sediments depends on the type of sediment, but also the technique that is used 
to bury. For example, methods that make the sediment more ‘fluid’, such as 
Power Jetting, will cause less turbidity (BERR, 2008). The situation will return to 
normal within several tidal cycles or a couple of days, although in some 
places models predict it could last up to several months (Jaspers et al., 2020). 
This especially might have an impact on feeding success of predatory fish 
and filter feeding mollusc species (BERR, 2008). However, planktivorous fish 
could benefit from this situation and predatory fish are also using vibrations in 
addition to their vision. The suspended sediments could cause adverse effects, 
as described above. For some mollusc species (e.g. Ensis), it has been found 
that they can adapt to increased sludge concentrations in the water (Gyimesi 
et al., 2018). 
 
Disturbance by placement and removal of cables may have a lethal effect 
on some, but mainly sessile and sensitive (slower development) species 
(OSPAR, 2012). However, disturbance is limited to about 10 meters width and is 
only expected for a short period of time. Nutrient release of the sediment, and 
therefore potential local eutrophication, is expected to be highest in coastal 
areas. Introduction of hard substrates by adding cable protection at e.g. 
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If you would like to know more about the other potential 
ecological risks discussed in our report, please click here. 

cable crossings could also be seen as a local but long-lasting change of the 
sediment type. A lack of field data is preventing a clear conclusion about heat 
emissions. The local environ mental conditions, type of cable and 
transmission rates could lead to variable conclusions  (OSPAR, 2008). A 
potential increase of 30 °C in certain conditions could be met, but only directly 
above the cable (Meißner et al., 2006). One meter further, normal seabed 
temperatures are predicted by models. The effect of higher seabed 
temperatures on benthic species might be local avoidance, attraction or 
changes in physiology, but this is not tested thoroughly. 
 

The North Sea Foundation therefore recommends the 
following: 
• There is a clear requirement for more accurate predictions of (positive 

and negative) consequences on marine life concerning this topic. 
Knowledge gaps need to be addressed to a more safe level of 
understanding; 

• Avoid building multiple large-scaled wind farms in areas with strong 
stratification until more is known about the ecological effects; 

• Focus more on research and/or technical innovation or wind farm 
design to minimize destratification, and thus potential ecological effects, 
from offshore wind farms; 

• Collect empirical measurements of nutrient concentrations and biomass of 
filter feeders. 

• Conduct field experiments into heat emissions of power cables; 
• Mitigate both beforehand (planning phase) as well as during the 

installation of cables using adequate timing, lighting and innovative 
techniques such as Power Jetting, when new cables need to be installed. 

https://www.noordzee.nl/verdieping-over-de-ecologische-risicos-van-windenergie-op-zee/
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