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The potential ecological 
effects  of collisions and 

barotrauma posed by offshore 
wind farms 

 
 
 
A major, but relatively well-studied, ecological concern of offshore wind farms 
(OWFs) is the  risk of a fatal collision or barotrauma for seabirds, migratory birds 
and bats. In this chapter, collisions are considered as fatal bird or bat strikes with 
moving or standing parts of wind turbines. Barotrauma can occur when animals 
(bats) fly through a vortex with sudden low atmospheric pressure downwind of a 
wind turbine. Lung and other tissues are thereby damaged which could be fatal. 
 
Collision impacts on populations have been a point of attention for developers, 
driven by the protected status of certain bird and bat species (Habitats and Bird 
Directive). Nonetheless, evidence of  collisions within offshore wind farms remain 
sparse and therefore, the real impact is difficult to assess. To make it even more 
complicated, studies have shown that effects are often seasonal-, location- and 
species specific. 
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Collisions 
The focus of research is shifting from large-bodied birds to smaller ones, as more 
evidence appears on widespread avoidance in species first thought to be most 
at risk (Fox & Petersen, 2019). Also, mitigation measures are being calibrated to 
the highest efficiency. So, important steps have been taken on this topic. That 
said, some relevant data is still missing, such as the population sizes of bat 
species that migrate or forage above sea. There are so many connected 
variables that influence the risk of collisions that it is hard to collect the data of all 
variables in a model. As an example, low wind speed can increase flight height of 
gulls, thereby either increasing or decreasing collision risk depending on the 
exact flight levels and rotor height. Small changes in avoidance rates can turn 
the outcome of analyses. 

 
Seabirds 
Six species of seabirds were included in the ‘Framework for Assessing Ecological and 
Cumulative Effects’ (KEC 3.0) study. These were the species with the highest risk of 
collisions, according to the KEC 1.1: Great skua, northern gannet, black-legged 
kittiwake, herring gull, lesser- and great black-backed gull. A positive note to 
mention; the annual predicted amount of seabird victims has decreased with 66-
94%, for all six species studied, between predictions from 2015 and 2018 (Gyimesi et 
al., 2018). This study looked at current and future international offshore wind farms in 
the central and southern North Sea until the year 2030. Considering that 
avoidance rate is a very influential parameter, field research to confirm these 
rates is important. An Offshore Renewables Joint Industry Programme (ORJIP) 
therefore performed a study on this topic and found higher avoidance 
percentages for all studied species (Skov et al., 2018). Using these values would 
result in another 24-80% decrease in predicted victims, however, the results of 
this study are not (yet) used in the official calculations by KEC 3.0. 
 
In the same way as with habitat loss, the Potential Biological Removal (PBR) uses 
population abundance of a specific species, population status derived from the 
International Union for the Conservation of Nature (IUCN) and recovery capacity 
to calculate a limit of additional mortality below which a population could still 
reach or maintain its optimum sustainable population. Presenting the predicted 
seabird victims as percentage of this PBR level on in international scale, most 
impact was found on herring gull, lesser black-backed gull and kittiwake with 
respectively 33%, 21% and 15% of the PBR. This means that, in the light of sea-bird 
collisions, no direct danger will threaten the central and southern North Sea 
populations. A crosscheck with another method in previous research showed 
that this extended Band model predicted higher seabird mortalities than the 
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Bradbury model (Bradbury et al., 2014; Leopold et al., 2015). Using this Band model 
is therefore more cautious. Recently, the first Individual Based Model (IBM) has 
been created for the lesser black-backed gulls in The Netherlands (van 
Bemmelen et al., 2021). This type of model has the advantage that it takes into 
account colony- or OWF specific collision percentages. Yet, it needs a lot of GPS 
tracking data. 

 
Migratory birds 
The five migratory bird species with the highest risk according to KEC 1.1 were 
Bewick’s Swan, Brent Goose, Common Shelduck, Eurasian Curlew and Black Tern. 
Predictions of collision victims, made with the extended Band model, decreased 
in the update of KEC (3.0) for Bewick’s swan (- 90%), Brent goose (- 28%) and 
Eurasian curlew (- 8), but increased for common shelduck (+ 134%) and black 
tern (+ 66%) (Gyimesi et al., 2018). In the comparison of victims and PBR levels, 
only the black tern (98%) and Eurasian curlew (64%) were scoring above 10% of 
the PBR limit. So, most species seem relatively safe, but black tern is very close to 
the turning point. Slight changes in assumptions and data will change the 
results.  
 
However, European curlew and black tern were the only species for which no 
data on flight height and migration routes were available. Therefore, more 
research is urgently needed on this topic to improve predictions. 
 
Species-specific (Leslie-Matrix) population models, made for 13 bird species, 
generally agree with the extended Band model on the most impacted seabird 
and migratory bird species, with only a small difference in herring and lesser 
black-backed gulls (Potiek et al., 2019). 
 
Another population viability analyses, using the same type of model for land 
oriented wind farms showed that population impacts of seemingly small 
additional mortalities could be severe and that methods should constantly be 
reconsidered (Schippers et al., 2020). 
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Model parameters 

In collision risk models, the probability of a bird collision with (offshore) wind farms 
relies on parameters from the bird itself as well as the turbine and the angle of 
approach. Some, but not all, parameters: flight height, body length, wingspan, nocturnal 
flight activity, flight speed, blade length and width, hub height, avoidance rate, 
operational time, blade pitch, rotor radius, rotation speed, wind direction and wind 
speed. When incomplete, models can underestimate effects. For example, the Band 
model only considers the moving rotor, not the tower itself. When there are big 
knowledge gaps, assumptions are made which can either overestimate or 
underestimate effects. It is common though to calculate with worst case scenarios, 
thereby accumulating them in models. It could therefore  happen that, when 
knowledge gaps are filled, estimated collisions decrease. An example is the Bewick’s 
swan, of which on the basis of tagged birds, that crossed the North Sea during  their 
migration, it appeared that less tundra swans were flying at rotor height offshore than 
previously thought. 

 
Barotrauma 
Bats, protected by the Habitats Directive, could collide with wind turbines as well. 
However, some evidence suggest most bat victims are caused by barotrauma 
(Baerwald et al., 2008). This can especially occur in the blade-tip vortices 
downwind of the wind turbines, where the pressure drops rapidly. The anatomy of 
bats makes them more vulnerable to barotrauma than birds. With the sudden 
drop in atmospheric pressure, air in the lungs expands and causes tissue 
damage which could be fatal. This can be one reason that high amounts of bat 
victims are found on land, even though they could use echolocation to detect 
the wind turbine. Offshore, seasonally migrating bats are in risk of collision or 
barotrauma, although recently it was found that also non-migratory bats 
(Common noctule) seem to forage on insect swarms at the North Sea, with one 
tagged individual observed to be flying up to 12 km  offshore (WOZEP newsletter 4, 
2020). 
 
The most abundant migratory species of bats found above the Dutch Continental 
Shelf is Nathusius’ pipistrelle. This species migrates roughly east in spring and west in 
late summer over the southern North Sea. Population sizes are very roughly 
estimated to be around 40.000, but have a bandwidth for the southern North Sea 
ranging from a hundred to a million. Evidence was found that some of these bats 
must have been using offshore structures as a place to rest during migration, 
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especially further offshore (>50 km from the coast) (Lagerveld et al., 2017).  
 
Some studies have shown attraction of Nathusius’ pipistrelle bats towards wind 
turbines on land, although species specific, with no attraction or repulsion for 
another species (Cryan et al., 2014; Richardson et al., 2021). One hypothesis for this 
behaviour is that bats are confusing turbines for trees (Cryan et al., 2014; J. Nyári, E. 
Bailleul, S. Gow, 2015). 
 
Bats use their vision for long-distance orientation, but they are also sensing and 
using air currents, which explains their leeward approach of wind turbines. From the 
barotrauma perspective, this is not ideal. If bats could also be attracted towards 
wind turbines due to the production of heat (attracting insects) or sounds remains 
speculative. However, attraction and occurrence alone does not necessarily 
threaten the bats as their flight height is mostly far below the rotating blades (±5 m) 
(Ahlén et al., 2009; Lagerveld et al., 2014; Lagerveld, Kooistra, et al., 2017). Moreover, 
bat collisions and barotraumas offshore are logically seen not such a problem as 
bats start to fly at wind speeds where turbines are often not functioning (Boonman, 
2018). Due to a lack of data on population sizes, no PBR has been modelled yet. 
Research concludes that negative effects on bat populations of Nathusius’ 
pipistrelle, and potentially the common noctule and particoloured bat cannot be 
excluded (Limpens et al., 2017). 
 
Operational mitigation, in which the rotation of the blades is minimised, is likely the 
most effective mitigation measure (Richardson et al., 2021). Bats tend to migrate with 
low wind speeds, no precipitation and a high ambient pressure which makes their 
migration relatively well predictable (Lagerveld et al., 2014). Recent findings are that 
lower cut-in speeds within certain timeframes of the migration could reduce the 
amount of bat victims, while also avoiding energy loss (Boonman, 2018). Bat victims 
would theoretically be reduced with 40% by this method. Illuminated structures can 
attract and disorient both migrant birds and bats, which hence makes them more 
vulnerable for collisions. However, mitigation using flashing red or white lights 
reduces this risk significantly (Bennett & Hale, 2014; Gehring et al., 2009). 
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If you would like to know more about the other potential 
ecological risks discussed in our report, please click here. 

The North Sea Foundation recommends the following: 
• Make use of the latest (monitoring) technologies to automatically and 

regularly monitor  large areas needed to develop effective mitigation strategies 
for birds and bats; 

• Evaluate and organise long-term collision monitoring at individual offshore 
wind farms  and surrounding areas; 

• Fill urgent knowledge gaps, such as the flight height and migration pathways for 
black tern, Eurasian curlew and bats; 

• Investigate bat population sizes, habituation and attraction; 
• Monitor offshore bat activity at hub height to check their flight altitude; 
• Continue the search for the best collision models. If these are IBM, then many 

bird GPS tracks need to be collected. 
• Regularly check if the right species are being investigated, results from 

previous studies might not be accurate anymore; 
• Consider migration pathways and feeding grounds carefully in designating 

and designing the location of a new offshore wind farm. This might be the best 
mitigation strategy  for new wind farms; 

• (Search for techniques to) validate collisions. 
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