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BACKGROUND 
Since the first offshore wind farm was erected in Denmark in 1991, the global 
development of offshore wind energy has grown exponentially. In recent 
years, energy from wind is doubling every three years (Mann and Teilmann, 
2013, and www.4coffshore.com/windfarms). As wind turbines on land become 
increasingly unpopular, offshore wind farms are expanding rapidly while also 
benefiting from higher wind speeds at sea. Shallow areas and pile driving are 
often preferred for economic reasons. However, suitable shallow areas (<50m 
depth) for wind farms are globally limited and often in conflict with other 
interests like shipping, fishing, and nature conservation. These conditions 
make environmental concerns in relation to offshore wind increasingly 
relevant. Environmental impact assessments (EIA) are required in the EU 
before large construction activities can be started. The quality of offshore EIAs 
mostly rely on available information, which is often lacking details and data 
from the relevant area, making EIAs unreliable or useless in many cases. In 
this paper I will propose some necessary steps and recommendations when 
performing EIAs in relation to pile driving and marine mammals. 
 
INFORMATION REQUIREMENTS 
At the initial planning of an EIA, the following basic requirements should be 
found in the literature, or new data should be collected to be able to assess 
impacts at the individual and population level from pile driving:  
 
1) Detailed information on construction activities 

• Size of piles (currently varying between 3-10 MW, and will likely 
increase in the future) 

• Source level (depending on size of pile and hammer force)  

• Number of strikes (depending on size of pile and seabed)  

• Duration of piling (depending on number and size of pile, 
seabed, hammer force) 

• Other construction activities (e.g. number and type of vessels, 
dredging, scour protection around foundations, other wind farms 
in the area) 
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2) Local knowledge of the impacted area 
• Seabed (bathymetry and bottom substrate make a big difference 

in noise from piling and sound propagation) 

• Acoustic properties of the water (depth variations, salinity, 
temperature, haloclines, themoclines, etc.) to be able to model 
sound propagation and source levels at any point in the area, 
until levels are below relevant thresholds. 

3) Spatial and temporal density of animals 
• Knowledge on population structure is essential to know if one or 

several populations are affected. 

• If data on spatial and temporal density for each population in 
area of impact is not available year round, it should be collected.  

• Abundance of the population(s) in question is needed to be able 
to assess the proportion of the population affected and the 
impact on population level. 

4) PTS, TTS thresholds and behavioural response of the species present 
• Thresholds from each relevant species should be established if 

not known. 

• Clear international guidelines for acceptable impacts are not 
available; therefore, acceptable impacts should be agreed on 
either nationally or for the specific project. This has to be done 
for each species and population in relation to individual impact, 
population impact, and the current conservation status.  

 
EXAMPLE OF APPROACH IN IMPACT ASSESSMENT ON HARBOUR 
PORPOISES  
The technical basis for the EIA for Kriegers Flak in the Danish part of the 
western Baltic Sea is used as an example of how the points given above 
could be addressed (Dietz et al., 2015). The EIA was paid for by the Danish 
energy authorities and was used as the basis for political approval and as 
background material during the call for contractors. Addressing each of the 
four information requirements listed above:  
 
1) If all details of the construction work are available, this should be the basis 
for an impact assessment; however, in most cases the details listed above are 
not available and a worst-case approach based on available information from 
the authorities or the contractor must be used instead. E.g. if the EIA is made 
years before the actual windfarm is constructed, the size of each turbine 
(currently available or planned turbine size vary between 3-10 MW) may not 
be known as the contractor likes to use the largest turbines to increase 
economic outcome.  
 



 54 

For Kriegers Flak, scenarios using monopiles up to 10 MW (10 diameter 
foundation piles) were provided. Therefore, pile driving of 10 MW monopiles 
was used as the worst-case scenario, as the sound intensity is higher, the 
larger the pile is when rammed into the sea floor. However, the larger the 
monopiles are, the fewer are needed and the larger the distance between 
turbines will be, so it is also necessary to consider not only single pile driving 
events, but also the duration of the entire construction and the long term 
impacts for a full impact assessment (see Dietz et al., 2015 for more details). 
   
2) An acoustic model was constructed based on the local oceanography 
(NIRAS, 2015). 
 
3) Knowledge on population structure in the relevant area is essential to 
estimate the impact on each potential population. It is often very difficult to 
determine exact borders between overlapping populations, but for Kriegers 
Flak, data from telemetry, genetics, morphometric and acoustics were 
collected by the EIA or previous projects over many years and made it 
possible to separate neighboring populations (Sveegaard et al., 2015, Dietz et 
al., 2015). The results show that both the Baltic Sea and the Belt Sea 
populations of harbour porpoises were affected as well as a local stock of 
harbour seals and the Baltic Sea grey seal population. However, as the 
harbour porpoise populations apparently overlap, it was not possible to 
separate them and assess seasonal densities for each population. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Predicted probability of presence of harbour porpoise based on satellite tracked 
harbour porpoises and a MaxEnt model. Prediction is for summer months (Jun-Aug). Zones of 
impact are indicated based on thresholds in table 1, a fleeing speed of 1.5 m/s and the 
acoustic propagation model in NIRAS (2015) 
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Maxent modelling was used to create local densities of harbour porpoises in 
the Western Baltic Sea based on satellite tracking and environmental 
parameters in 400 m grid cells. Acoustic loggers (CPODs) were used to 
successfully validate the model (Mikkelsen et al., in prep.). 
 
4) In 2014, the Danish authorities formed a working group with the task of 
investigating how underwater noise from pile driving during offshore wind farm 
construction could be regulated in order to take due consideration of protected 
marine species. It was the wish that the work of the group could be used as a 
basis for future regulation of underwater noise from pile driving in Denmark. 
The group provided the following table of threshold values for PTS, TTS and 
behavioural response for harbour porpoises, harbour and grey seals based on 
a literature review. 
 
Table 1. Threshold values for PTS, TTS and behavioural effects (MMWG, 2015). In some 

cases M-weighting according to Southall et al. (2007) was used. For porpoises, high 
frequency cetacean M-weighting (MHFC) was used and for seals, pinniped water M-
weighting (MPW) was used when indicated in the table  

Species Threshold 
origin 

PTS 
(dB re 1µPa2s SEL 
cum) 

TTS  
(dB re 1µPa2s 
SEL cum) 

Behavioural 
response 
(dB re 1µPa2s SEL 
single strike) 

From Working 
Group 2014. 
Memorandum 
prepared for 
Energinet.dk. 
2015 

183 164 140 Harbour 
porpoise 

From Dietz et 
al. 2015 

198 (Mhfc) 164 140 

From Working 
Group 2014. 
Memorandum 
prepared for 
Energinet.dk. 
2015 

200 176 - Harbour 
seal/grey seal 

From Dietz et 
al. 2015 

186 (Mpw) 171(Mpw) 171(Mpw) 

 
 
CONCLUSIONS 
The MMWG proposed to set the maximum acceptable limit of impact to a 
sound level where no animals would experience PTS. In the case of Kriegers 
Flak, no mitigation would result in that about 1500 harbour porpoises, 300 
grey seals and about 10 harbour seal would experience PTS. When 
introducing pingers and seal scarers to deter animals before pile driving, 
reducing the sound level from piling by 16 dB would reduce the risk of PTS to 
almost zero. However, even after reducing the noise level, there are still a 
considerable number of animals experiencing TTS and noise levels high 
enough to cause significant behavioural reactions, which should also be taken 
into consideration. 
 
The approach described above is now introduced in Danish wind farm EIAs 
and provides much clearer and more comparable estimates of impacts 
between projects than before. Nevertheless, cumulative effects of many 
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offshore activities throughout the range of a population are still not addressed. 
An approach to address cumulative effects is being developed under the 
DEPONS project where an individual based model (IBM or ABM) includes 
harbour porpoises of the entire North Sea. The model includes all known 
pressures and life history parameters of harbour porpoises (for more 
information see http://depons.au.dk/). In this way, the effect of additional 
future projects can be evaluated at a population level. However, this model is 
built upon the limited available information on how animals are affected by 
various human activities. Further research is needed for many species to 
assess the true influence of cumulative effects. 
 
Finally, it is recommended that nations across the EU develop universal 
criteria for assessing impact on marine mammals and other marine life to 
agree on what impacts may be unacceptable. 
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