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Ecology & landscape

Aims and research questions   
Accurate estimates of the numbers of bird  
collisions with wind turbines are an important 
aspect in the planning phase of wind farms.  
Collision rate models (CRMs) are used as a tool 
to predict numbers of bird collisions for wind 
farm initiatives both offshore and on land.
 
•	Compare theoretical and empirical CRMs.
•	Can theoretical CRMs be used to predict  
 collision rates on land and vice versa?

•	How can we improve the reliability of the  
 results of CRMs?

Towards improved estimates of bird collisions with wind turbines 
offshore and on land: comparing and improving theoretical and 
empirical collision rate models

Figure 2. Offshore Wind farm Egmond aan Zee (OWEZ) 

Figure 1. Wind farm Sabinapolder 

Number of collision victims per year 

Method Geese       Gulls 

Measured collision rate field study 3.5           8.5 

Predicted collision rate 
SOSS Band model  95% avoidance 144            81 

98% avoidance 57           32 

99% avoidance 29          16 

99.5% avoidance 14           8 

Predicted collision rate 
Flux Collision Model 53          11 

Number of collision victims per year 

Method Lesser 
Black-

backed Gull Gannet Brent Goose Cormorant 

Measured collision rate  - - - - 

Predicted collision rate 
SOSS Band Model 95% avoidance 73 4 1 31 

98% avoidance 29 1 0 12 

99% avoidance 15 1 0 6 

99.5% avoidance 7 0 0 3 

Predicted collision rate  
Flux Collision Model 12 0 0 9 

Table 1.  Comparison of predicted collision rates of geese and gulls resulting from the (theoretical) 
SOSS Band model and the (empirical) Flux Collision Model and measured collision rates from the field 
study in wind farm Sabinapolder (on land). In the SOSS Band model four standard overall avoidance 
rates were applied, as the exact rotor avoidance rate is unknown. The presented numbers of collision 
victims comprise the entire wind farm (six turbines). 

Table 2.  Comparison of predicted collision rates resulting from the (theoretical) SOSS Band model and the (empirical) 
Flux Collision Model, for four bird species in the Offshore Wind farm Egmond aan Zee (OWEZ). In the SOSS Band model 
four standard overall avoidance rates were applied, as the exact rotor avoidance rate is unknown. The presented 
numbers of collision victims comprise the entire wind farm (36 turbines). 
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Conclusions
•	Theoretical models can also be used on land and empirical models can also be used  
  offshore. 

•	Lack of knowledge on avoidance rates hampers the predictive power of theoretical     
  models.

•	Lack of good quality (empirically based) collision probabilities limits the reliability of the    
  results of empirical models. 

•	Due to these limitations, the differences in predicted collision rates are considerable.
•	The choice as to which type of CRM to use depends on the available input information.

Outlook
In order to improve estimates 
of collision rates, future research 
should focus on gathering  
information on avoidance rates 
and collision probabilities in  
existing wind farms both  
offshore and on land.
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Table 2.  Comparison of predicted collision rates resulting from 
the (theoretical) SOSS Band model and the (empirical) Flux  
Collision Model, for four bird species in the Offshore Wind farm 
Egmond aan Zee (OWEZ). In the SOSS Band model four  
standard overall avoidance rates were applied, as the exact  
rotor avoidance rate is unknown. The presented numbers of  
collision victims comprise the entire wind farm (36 turbines).

Two case studies
Using two case studies, we compared the results of the  
(theoretical) SOSS Band model and the (empirical) Flux  
Collision Model. 
1. On land wind farm Sabinapolder: table 1.
2. Offshore Wind farm Egmond aan Zee (OWEZ): table 2. 

We validated the results of both CRMs using measured  
collision rates (case study 1). 
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Two case studies 
Using two case studies, we compared the results of the (theoretical) SOSS Band model and the (empirical) 
Flux Collision Model.  
1)  On land wind farm Sabinapolder: figure 1, table 1 
2)  Offshore Wind farm Egmond aan Zee (OWEZ): figure 2, table 2 
We validated the results of both CRMs using measured collision rates (case study 1).  
 


