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Annex A  

 

 

Underwater sound 

Anthropogenic underwater sound can affect fauna in different ways depending on the source level of 

sound, its duration and frequency, the local transmission loss, the ambient sound, and the receptor’s 

sensitivity at different frequencies. In this context, adverse sound (noise) is essentially referred to as 

sound pressure level (the effective pressure of sound, often given as time average or peak values), or 

as sound exposure level (the accumulated sound energy over a defined period such as 1 sec), relative 

to the standard reference pressure of 1 µPa. When estimating its propagation (range) and effect on 

fauna the previously mentioned factors must be accounted for. For instance, hearing-related effects are 

influenced by the receptor’s hearing threshold at the frequency of exposure.  

 

Applied assumptions for sound transmission calculations 

Underwater noise is the stressor for several of the potential effects from wind power on cod. This is 

because noise from wind power (and associated vessels) appears over the same frequencies as cod 

hearing and communication signals [1]. While some of the assessed evidences (based on literature 

references, see Appendix B) on noise-related effects are specific for the case other were adapted for 

the case by calculating site-specific effects from the data provided references. Such recalculations 

were conducted for evidence B in Table B.2; evidence A and C in Table B.3; evidence C and E in 

Table B.4; evidence B in Table B.6; evidence C in Table B.8; and evidence C in Table B.10. 

Sound energy propagating through water is measured in decibels relative the water medium 

reference pressure of 1 micro Pascal (dB re 1 µPa). The propagation range (r) can be calculated from 

the source level (SL), describing the sound intensity at 1 m distance from the source. The dissipation 

of sound energy varies from place to place, with transmission losses (TL) ranging from 20log(r) in 

non-restricted deep sea conditions to 10log(r) in shallow water. Other environmental factors than 

depth (e.g. bottom sediment and water density) also affect the TL. The received sound level (RL) at 

distance (r) was calculated by (Eq. A.1): 

 

RL(r) = SL1m – TL(r)   Eq. (A.1) 
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When extrapolating information from literature to estimate the specific range of effects in the 

KOWF case the TL was set to 17log(r) based on the findings from the shallow water wind farm 

Lillgrund investigated by Andersson [2]. This is a conservative assumption as the KOWF is projected 

in a deeper area with more absorbing bottom sediment [3] making it likely that the actual TL is higher. 

The following conservatively high assumptions of SL were applied for wind power noise: 

 SL (peak-peak, broadband) for extreme sound pulses from pile-driving
1
 was set to 249 dB 

re 1 µPa at 1 m based on findings from Burbo Banks [4] where estimated sound peaks were 

considered comparatively high in relation to other cases [5] 

 SL for turbine noise at 180 Hz was set to 144 dB re 1 µPa (rms) at 1 m [6] 

 SL for turbine noise at 50 Hz was set to 138 dB re 1 µPa (rms) at 1 m [6] 

 

The spatial range of effects from noise is further dependent on the hearing capabilities of the 

receptor. Assumptions for cod hearing and signals were adopted from [7-9]. The hearing is at best 

around 170-180 Hz where the hearing threshold is at 75 dB re 1 µPa. Cod communication grunts 

mainly take place at 50-60 Hz where the hearing threshold is about 80 dB re 1 µPa. As noted above 

wind power turbines emit noise at all these frequencies [2, 4, 6]. 

Another important factor for sound exposure is the background (ambient) levels of noise. For 

frequencies around 50 Hz and 180 Hz the ambient noise levels were set to 101 and 90 dB re 1 µPa 

(rms), respectively, based on modelling of current ship noise in the KOWF area [6].  

 

  

                                                           
1
 Based on pile-driving of monopile foundations. For pile-driving available peak-to-peak values of sound 

pressure levels were used in order to attain a high, thus conservative, exposure level. The SL from pile-driving of 

jacket foundations is significantly lower. 
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