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Preface 

In March 2022, Aarhus University (AU) was contacted by Njordr Offshore 
Wind AB and Rambøll Sweden for an offer to conduct a baseline study and 
impact assessment of harbour porpoises within and around the pre-investi-
gation area for the Baltic Offshore Beta wind farm located in the Baltic Proper 
in Swedish Territorial Waters. 

Aarhus University recommended passive acoustic monitoring (PAM) within 
the project site for the Baltic Offshore Beta Wind Farm and proposed the de-
ployment of five PAM stations in the area. However, in preparation of the 
project, Aarhus University sent an application to Sjöfartsverket 
(ufs@sjofartsverket.se), Kustbevakningen (registrator@kustbevakningen.se) 
and the Swedish Military (Försvarsmakten, Marinstaben, exp-hkv@mil.se) on 
the 21st April 2022 to deploy the five acoustic stations in Swedish waters. On 
May 4th, 2022, Aarhus University received information on a decision from Ma-
rinstaben that they did not allow for the deployment of acoustic harbour por-
poise listening stations (CPODs) in Swedish waters to examine the presence 
and density of harbour porpoises within the proposed area for Baltic Offshore 
Beta Wind Farm (Appendix 1).  

The Baltic harbour porpoise population inhabiting the pre-investigation area 
is critically endangered and there is no other reliable method than PAM to 
monitor harbour porpoises in low density areas (SAMBAH 2016). Without 
acoustic monitoring there is not sufficient available data to assess the impact 
the construction of a windfarm may have on the population. Furthermore, the 
Baltic Offshore Beta Wind Farm is located right next to the only identified 
breeding area for this population (the Hoburgs and Midsjö Banks), and the 
pre-investigation area may very well be an equally important site. After the 
rejection was received, Njordr Offshore Wind AB and AU talked to Anders 
Åkermark, Annika Ericsson and Henric Sörefjord from Marinstaben, Julia 
Carlström and Kylie Owen from Swedish Museum of Natural History 
(SMNH) as well as Erland Lettevall and Malin Hemmingsson from 
Miljöövervakningsenheten in Havs- och vattenmyndigheten all in order to try 
to find a solution to this problem. Based on these discussions, a second appli-
cation was sent to Marinstaben on May 30th, 2022. This second proposal was 
rejected on June 8th, 2022. Consequently, it was not possible to conduct any 
monitoring with passive acoustic equipment during the assessment of por-
poises at Baltic OWF Beta. And since this is the only possible method in the 
Baltic Proper, due to the low density of porpoises, no monitoring has or will 
be conducted in the Baltic Offshore Beta Wind Farm, unless the Swedish Navy 
changes their disposition. 

In a follow-up correspondence with Malin Hemmingsson from Havs- och vat-
tenmyndigheten, the problem of not being able to collect new data was ad-
dressed (See Appendix 3 for the original emails). Malin Hemmingsson wrote 
that in this situation, the assessment must be based on existing knowledge 
and expert knowledge. And further, that the assessment should take into ac-
count and include 1) the critically endangered conservation status of the Baltic 
Proper porpoise population, 2) uncertainty in the distribution of porpoises, 3) 
the precautionary principle and 4) mitigation measures. 

mailto:exp-hkv@mil.se
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Thus, AU have conducted this assessment based only of the SAMBAH (Static 
Acoustic Monitoring of the Baltic Sea Harbour Porpoise, Amundin et al. 2021) 
data (collected in 2011-2013) and the ongoing Swedish national monitoring 
programme. None of the SAMBAH stations were located within the proposed 
Baltic Offshore Beta Wind Farm site and thus the conclusion of the assessment 
will be based on the precautionary principle. AU proposed to include CPOD 
data from within a range of 40 km of the Baltic Offshore Beta Wind Farm site. 

The report thus includes the following:  

• A baseline description of the area based on a literature study and a review 
of data from CPOD stations within 40 km of the OWF site. This will include 
data from SAMBAH and the Swedish and Danish national monitoring 
programs.  

• The report will also include an impact assessment of potential impacts on 
the porpoises from the construction of the windfarm based on project as-
sumptions and information on construction impact provided from Njordr 
Offshore Wind / Ramboll Sweden. Due to the limited data available, con-
clusions will be based on the precautionary principle.  
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Summary 

Aarhus University (AU) has been commissioned by Njordr Offshore Wind AB 
and Rambøll Sweden to conduct a baseline investigation as well as an impact 
assessment on harbour porpoises of the construction of the Baltic Offshore 
Beta wind farm in the Baltic Proper (Swedish Territorial Waters). The pre-in-
vestigation phase and the operational phase are not included. AU suggested 
deployment of passive acoustic monitoring stations, but this was not accepted 
by the Swedish Armed Forces (Marinstaben). Thus, the assessment is a desk-
top study based on the available knowledge. 

Baseline 

There have never been any monitoring conducted within the proposed wind 
farm area. Alternatively, data within a radial distance of 40 km from the wind 
farm area was included in the review of baseline conditions. This included 
data from the SAMBAH project (2011-2013) and newer national monitoring 
data from Denmark (2018-2019) and Sweden (2017-2020). Here, it was found 
that the stations north-east of the Baltic Offshore Beta area had relatively high 
level of porpoise detections both summer and winter, while the stations on 
the south-eastern stations had low levels of detections. Without conducting 
new acoustic monitoring, we do not know whether the density within Baltic 
Offshore Beta wind farm is high or low or somewhere in between. However, 
as a precautionary approach, since the Baltic Proper harbour porpoise popu-
lation is critically endangered, the uncertainty should benefit the harbour por-
poise and the assessment will have to assume a worst-case scenario in which 
all of the Baltic Offshore Beta area as well as the 20 km buffer zone should be 
considered important for the Baltic Proper harbour porpoise population 
throughout the year.  

Assessment 

To assess the impact significance, the sensitivity of porpoises is combined 
with the impact magnitude of construction activities. The magnitudes were 
estimated under assumption of use of Best Available Technology and Best En-
vironmental Practice (BAT/BEP), in the form of combined use of either a dou-
ble big bubble curtain (DBBC) or a DBBC together with a hydrosound damper 
system (HSD). The assessments are presented in Table 1. In summary, the im-
pact of pile driving on hearing loss (PTS and TTS) are assessed to be negligible 
with use of both DBBC and DBBC+HSD. The impact of pile driving on behav-
iour with regard to displacement/disturbances are assessed to be minor to 
moderate in all seasons for both DBBC and DBBC+HSD, with the lowest po-
tential impact in autumn with use of DBBC+HSD and highest in winter when 
using only DBBC. The impact significance of masking due to pile driving is 
assessed to be negligible. The impact of shipping on behaviour is assessed to 
be low and by masking to be negligible. The impact of sediment spill on visual 
impairment and behaviour is assessed to be low.  
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Impact on Natura 2000 sites 

The proposed area for the Baltic offshore Beta wind farm is located approxi-
mately 8 km from the Natura 2000 site “Hoburgs bank och Midsjöbankarna” 
designated for harbour porpoises in 2016. This is the only Natura 2000 site 
potentially impacted by the construction of the Baltic offshore Beta wind farm. 
The impact will be in the form of behavioural disturbances and possibly 
masking and not PTS and TTS.  

When using the mitigation method of double bubble curtain together with a 
hydrosound damper system, the maximum distance of behavioural impact 
(in winter months) is expected to be 6 km. The Natura 2000 site is 8 km away 
and thus the impact significance of pile driving on behaviour of porpoises from 
the Baltic Offshore Beta wind farm is assessed to be negligible in all seasons. 

When using DBBC, it will be the installation of the most eastern turbines that 
may have an impact inside the Natura 2000 site and only if the installation is 
conducted during winter or spring, where sound propagations characteristics 

Table 1. Summary tables of activity, impact, sensitivity, and assessment in the Swedish waters relevant for each activity for har-
bour porpoise. All impacts are assessed with noise mitigation using either double bubble curtain (DBBC) or DBBC + HSD (Hy-
dro Sound Damper). *Number of days where porpoise behaviour may be impacted at each turbine.    

Activity 
Mitiga-

tion Impact Sensitivity Reversibility 
Spatial 
extent 

Temporal 
extent 

Impact 
magnitude 

Impact 
significance 

Pi
le

 d
riv

in
g 

D
B

B
C

 PTS High Irreversible 0 not relevant Negligible Negligible 

TTS Low Reversible < 50 m not relevant Negligible Negligible 

Behaviour – masking Low Reversible < 12 km 9-30 days Negligible Negligible 

D
B

B
C

 

Behaviour - displacement/ 
disturbance, winter 

Medium Reversible < 12 km 15-80 days* 
Medium-Mi-

nor 
Moderate-mi-

nor 

Behaviour - displacement/ 
disturbance, spring 

Medium Reversible < 10 km 13-65 days* 
Medium-Mi-

nor 
Moderate-mi-

nor 

Behaviour - displacement/ 
disturbance, summer 

Medium Reversible < 6 km 9-30 days* 
Medium-Mi-

nor 
Moderate-mi-

nor 

Behaviour - displacement/ 
disturbance, autumn 

Medium Reversible < 8 km 11-50 days* 
Medium-Mi-

nor 
Moderate-mi-

nor 

D
B

B
C

 +
 H

SD
 

Behaviour - displacement/ 
disturbance, winter 

Medium Reversible < 6 km 9-30 days* 
Medium-Mi-

nor 
Moderate-mi-

nor 
Behaviour - displacement/ 

disturbance, spring 
Medium Reversible < 5 km 7-22 days* 

Medium-Mi-
nor 

Moderate-mi-
nor 

Behaviour - displacement/ 
disturbance, summer 

Medium Reversible < 3 km 3-8 days* 
Medium-Mi-

nor 
Moderate-mi-

nor 
Behaviour - displacement/ 

disturbance, autumn 
Medium Reversible < 4 km 5-14 days* 

Medium-Mi-
nor 

Moderate-mi-
nor 

Sh
ip

pi
ng

 

D
B

B
C

 Behaviour - displacement/ 
disturbance 

Medium Reversible < 400 m Hours Minor Low 

Behaviour – masking Low Reversible < 400 m Hours Negligible Negligible 

Se
di

m
en

t s
pi

ll 

D
B

B
C

 Visual impairment Low Reversible local 
few days after 
ended impact 

Minor Low 

Behaviour - displacement/ 
disturbance 

Low Reversible local 
few days after 
ended impact 

Minor Low 
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will increase the impact range. The behavioural impact on porpoises will af-
fect up to 0.44 % of the Natura 2000 area over a maximum of 12 days over a 
period of two years during winter. And a maximum on 0.13 % of the Natura 
2000 site for a maximum of 7 days in spring. The impact significance of pile 
driving on behaviour of porpoises from the Baltic Offshore Beta wind farm is 
thus assessed to be negligible in the summer and autumn. In the winter and 
spring, the impact significance of pile on behaviour of porpoises is assessed 
to be moderate due to the restrictions on impacts on behaviour described in 
the management plan describing the restrictions and regulations of the 
Natura 2000 site. 
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1 Baseline of harbour porpoises 

This Chapter introduces the harbour porpoise and gives an overview to the 
current knowledge on their biology, distribution and abundance in the Baltic 
Sea. It will also look deeper into the existing relevant data - particularly pas-
sive acoustic monitoring data - and try to extrapolate information for the rel-
evant Baltic Offshore Beta area.  

1.1 Population structure 
Studies on morphometric skull differences (Galatius et al. 2012) and genetics 
(Wiemann et al. 2010; Lah et al. 2016) have examined the population structure 
in the HELCOM (The Helsinki Commission; protection of the marine envi-
ronment of the Baltic Sea) area between the Belt Sea and Baltic Sea porpoise 
populations. Both studies found that two populations (or subpopulations) 
might exist in this area, i.e. 1) in the Baltic Proper, 2) in the western Baltic, the 
Belt Sea and the southern Kattegat (called the Belt Sea population) and 3) in 
Skagerrak and the North Sea. These studies, however, were not able to deter-
mine exact borders between the populations, perhaps due to some overlap in 
distribution between them. This overlap located in so-called transition zones 
was examined further by re-examining the genetics and including data from 
satellite tracked porpoises (Sveegaard et al. 2011) and passive acoustic moni-
toring (subset of data from SAMBAH (2016) - see below and sambah.org) to 
determine the best possible management area for the Belt Sea population 
(Sveegaard et al. 2015). Sveegaard et al. (2015) found that during the summer 
period (May-Sept) a clear decreasing gradient in porpoise density occurs east 
of 13.50 E, indicating that only few porpoises from the more abundant Belt 
Sea population cross this line (Figure 1-1). 

For the Baltic Proper population, a summer population border was suggested 
based on the SAMBAH data by Carlén et al. (2018). Here, a southern manage-
ment border during May – October for the Baltic Proper population stretching 
from Hanö Bight in southeastern Sweden to a point on the Polish coast was 
identified (Figure 1-1). South of this border, the majority of porpoises were 
considered to belong to the Belt Sea population. 
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1.2 The harbour porpoise 

1.2.1 Life and reproduction  

In the Baltic, harbour porpoises have a maximum length of 1.8 m and a max-
imum weight of up to 90 kg. They are relatively short-lived compared to other 
toothed whales, with a maximum recorded lifetime in the wild of 23 years 
(confirmed by tooth growth layers (Lockyer and Kinze 2003)). In nature, how-
ever, Kesselring et al. (2017) found that the average age at death was merely 
3.67 (± 0.30) years for harbour porpoises in the German Baltic Sea, indicating 
that relatively few animals will reach sexual maturity and have time to repro-
duce. 

The breeding period of Baltic harbour porpoises begins in mid-June and ends 
in late August. Ovulation and conception typically take place in late July and 
early August (Sørensen and Kinze 1994). The gestation is approx. 11 months 
and females can thus give birth to the single calf in early summer. The calf 
begins suckling immediately after parturition and accompany their mother 
until May the following year and possibly longer. However, as females often 
give birth every year, the suckling period will usually end after 12 months at 
the latest. Previous studies indicated that females conceive at the age of 3 or 4 
years (Kinze et al. 2003). In a recent study, however, Kesselring et al. (2017) 
found females to reach sexual maturity at an age of 4.95 (± 0.6) years in the 
German Baltic. Changes in food resources may influence the reproduction of 
porpoises. 

 
Figure 1-1. Map of population summer management units in the waters between the North Sea and the Baltic Sea. Note that 
only part of the Baltic Proper and the North Sea management unit are shown. The Baltic Offshore Beta area is outlined in red. 
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Calves in company with their mother are sighted throughout the range of har-
bour porpoises and areas of relatively high porpoise density may therefore 
also be considered to be important for reproduction (Hammond et al. 1995; 
Kinze et al. 2003). In the Baltic Proper, the summer concentrations on the 
Midsjö Banks south of Gotland found in the SAMBAH project should be con-
sidered important for reproduction. 

1.2.2 Diving Behaviour  

The diving behaviour of harbour porpoises has been studied in Danish and 
adjacent waters by use of satellite linked dive recorders on 14 harbour por-
poises (Teilmann et al. 2007). The average number of dives per hour was 29 
during April-August and 43 during October-November. This may indicate a 
shift in available prey or an increased need for prey intake due to the colder 
water. Daily maximum dive depth corresponds to the depth of the Belt Seas 
and Kattegat where depth generally does not exceed 50 m. Maximum dive 
depth recorded was 132 m from animals moving north into Skagerrak. Maxi-
mum dive duration was frequently recorded in the category 10-15 min. The 
diurnal pattern shows that harbour porpoises dive continuously during day 
and night but with peak activity during daylight hours. On average they spent 
55 % of their time in the upper 2 meters of the water column during April-
August. Generally, adult animals make fewer but longer dives while younger 
animals make more dives of shorter duration (Teilmann et al. 2007). 

No specific data on diving behaviour exists for the area relevant for this re-
port. 

1.2.3 Feeding 

The average daily food intake per adult harbour porpoise is app. 1.75 kg con-
sisting mainly of fishes of up to 20-25 cm in length with a preference for fatty 
species like mature herring and sprat (Börjesson and Berggren 2003). Different 
species of codfish, gobies and sandeel were also important prey items.  

Between 1985 and 1990, the stomach contents of 21 harbour porpoises from 
the southern part of the Belt Seas and the western part of the Baltic Sea were 
studied. Herring made up 36 % while cod and eelpout made up 41 % and 10 
% respectively of the total fish weight intake (Börjesson & Berggren 2003). Be-
sides these, the most important species were mackerel, saithe, plaice, floun-
der, black goby, sandeel and garfish (Börjesson and Berggren 2003). In the 
same area, Lockyer & Kinze (2003) found eelpout, eel, sandeel, garfish, gobies, 
cod, whiting, herring, anchovies and flatfishes in porpoise stomachs. In con-
clusion, the harbour porpoise is an opportunistic feeder with a diet varying 
both spatially and temporally. In a more recent tagging study of the Belt Sea 
population, Wisniewska et al. (2016) found that harbour porpoises made up 
to 550 feeding attempts on small fish (3-10 cm) every hour with a 90 % success 
rate. This indicates that porpoises could have experienced a shift towards 
smaller and more prey items in their diet, potentially due to an ecological 
change in fish species composition. 

1.2.4 Echolocation and hearing 

All toothed whales (odontocetes) have good underwater hearing and use 
sound actively for navigation and prey capture (echolocation). Harbour por-
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poises produce short ultrasonic clicks (130 kHz peak frequency, 50-100 μs du-
ration; (Møhl & Andersen 1973, Teilmann et al. 2002, Kyhn et al. 2013) and are 
able to orient and find prey in complete darkness. Data from porpoises tagged 
with acoustic data loggers indicate that they echolocate almost continuously 
(Linnenschmidt et al. 2013, Wisniewska et al. 2016). 

Hearing is the key sensory modality for harbour porpoises for most aspects 
of their life. A few studies have investigated other senses, such as the anatomy 
and chemistry of the eye (Peich et al. 2001), but regarding functionality hear-
ing is the only sense that has been investigated to greater extent. 

Harbour porpoise hearing is very sensitive and covers a frequency range ex-
tending far up into the ultrasonic range, to about 150 kHz, but with poorer 
hearing at low frequencies, below a few kHz (Andersen 1970, Popov et al. 
1986, Kastelein et al. 2002,).  

Mammals do not hear equally well over their frequency range of hearing. For 
sound intensities close to the hearing threshold, the audiogram is a good ap-
proximation of the perceived sound levels (the loudness of the sound). In ma-
rine mammals, there is a great difference in sensitivity between the frequen-
cies of best hearing and the frequencies at the upper and lower slopes of the 
audiogram. In humans, this frequency dependent sensitivity is dealt with by 
auditory frequency weighting (A-weighting) of sounds for impact assessment 
purposes and this principle has been transferred to marine mammals (see 
Houser et al, 2017). Currently, the recommended auditory frequency 
weighting for porpoises is the so-called VHF-weighting function of Southall 
et al. (2019). This auditory weighting function was developed for and appli-
cable to assessment of acoustic trauma (permanent threshold shift, PTS; 
Southall et al. 2019; Tougaard et al. 2022) and is recommended in guidelines 
of for example US (NMFS, 2018) and Denmark (Energistyrelsen, 2022). Fur-
thermore, the VHF-weighting function is applicable also for assessment of be-
havioural reactions to noise (Tougaard, 2021) and part of the recently updated 
guidelines in Denmark (Energistyrelsen, 2022). 

1.3 Distribution and abundance 
The harbour porpoise is the smallest and also the most numerous cetaceans 
in Europe and the only species living in the Baltic Sea. It is widely but une-
venly distributed throughout European waters. The distribution is presuma-
bly linked to the distribution of prey (e.g., Sveegaard et al. 2012), which in 
turn is linked to parameters such as hydrography and bathymetry (Gilles et 
al. 2011). 

1.3.1 Baltic Sea  

Until the first half of the 20th century, the harbour porpoise was widely dis-
tributed in the Baltic Sea, but a dramatic decline has been observed during the 
past 50-100 years. Until recently, little was known about the distribution and 
status in the Baltic Proper (Skora et al. 1988; Koschinski 2002; Andersen et al. 
2001). 

The severe decline of the harbour porpoise population in the Baltic Proper 
makes it the smallest population of this species in the world (Anon. 2002) and 
it is listed as “critically endangered” in this sea by the International Union for 
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Conservation of Nature (IUCN) (Hammond et al. 2008) and by HELCOM 
(HELCOM 2019).  

In 2011-2013, the SAMBAH project estimated the remaining number of por-
poises in the Baltic Proper to be approx. 500 (95% CI 80-1,100) (Amundin et al. 
2022). The porpoise detections from the SAMBAH project were analysed as 
Porpoise Positive Seconds per day (PPS) and split into two seasons (Figure 
2-2). In the summer period, the data were further divided into the two popu-
lation groups i.e., east and west of the estimated population border suggested 
by Carlén et al. (2018). During the breeding period in summer, porpoises in 
the Baltic Proper concentrate around the shallow Midsjö Banks south of Got-
land and Öland. There is a clear drop in density from this area in all directions, 
confirming the isolation of this population. During winter, the porpoises are 
more widespread, and porpoises were detected as far north as the southwest-
ern Finnish waters. 

Predictions of probability of occurrence of harbour porpoises were modelled 
for the two seasons (Figure 1-2) and for each month during the SAMBAH pro-
ject (Appendix 3). Results resemble the results of the actual data and show 
that during the summer season, high probability of detection of porpoises oc-
curred on and around the offshore banks south of Gotland and east of Öland. 
The aggregation of animals in this area is most obvious during May–August, 
i.e. the reproduction period. This is also the period when the separation from 
the cluster in the south-western area between Denmark, Germany and Swe-
den is most clear. During the winter season, especially during January–March, 
animals were more spread out, and intermediate probabilities of detection oc-
curred along the coasts of Poland and the Baltic states, as well as in Finnish 
and northern Swedish waters. 

 

 
Figure 1-2. Mean acoustic detection rate (measured in average clicks per second) of harbour porpoises as well as modelled 
probability of detection of harbour porpoise in Summer (May-October) and Winter (November-April).  The shading shows the 
main survey area and each dot an acoustic CPOD station active 24h for two years. The May–October management border 
(stipled line on left panel) was proposed by Carlén et al. (2018). Figure from SAMBAH (2016).  
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1.3.2 Local distribution near Baltic Offshore Beta 

Investigation area 

The area of the Baltic Offshore Beta wind farm is 431 km2. It is located in Swe-
dish waters approx. 43 km south of the nearest Swedish coast, 5 km east of the 
Danish border and 23 km from the Polish border. Furthermore, there is less 
than 9 km from the most eastern point of the Baltic Offshore Beta area to the 
south-western point of the large (10.511 km2) Natura 2000 site “Hoburgs bank 
och Midsjöbankarna” designated for harbour porpoises in 2016.The area is 
also located inside the Summer (May-Oct) management border for the Baltic 
Proper population of harbour porpoises proposed by Carlén et al. (2018). It is 
therefore assumed that mainly individuals from the Baltic Proper porpoise 
population are inhabiting this area. 

The water depth within the Baltic Offshore Beta wind farm area varies be-
tween 55 m and 80 m.  

The most severe impact of offshore wind farms to harbour porpoises are as-
sessed to be during the construction period and more specifically during the 
pile driving, where the foundations are driven into the seabed by percussive 
piling. Several studies have estimated the impact on porpoises during the con-
struction phase of a wind farm, by comparing the presence of porpoises be-
fore, during and after construction work has ended. All studies concluded 
that when using mitigation in the form of soft start/ramp up and acoustic 
deterrent devices (to scare porpoises out of the core area to protect them from 
injury) and noise abatement (such as air bubble curtains to lower the radiated 
noise level and thereby reduce impact on behaviour), the maximum impact 
distance range between 10 km and 16 km (Dähne, et al., 2013; Dähne, et al., 
2017; Brandt, et al., 2018). Thus, during assessments of wind farm construc-
tions the study area must include a buffer area of at least 16 km around the 
proposed wind farm area. This way the investigation area is the largest area 
in which porpoises could potentially be affected by underwater noise gener-
ated during the construction from piling of pin piles/monopiles for the foun-
dations, given that mitigation measures with noise abatement are used. How-
ever, it must be noted that previous studies on the affected distance was done 
on the much smaller piles that are currently used. Also, the bathymetry, sea-
floor condition and hydrography affect the sound propagation. Therefore, the 
affected area should be estimated for the sound levels predicted to occur from 
the specific piles in the specific project.   

As data are limited, we have also included a 40 km buffer around the Baltic 
Offshore Beta area, in order to enable review of more current data from the 
Swedish national monitoring data (Figure 1-4).  

Passive acoustic monitoring data 

During the SAMBAH project, 300 passive acoustic dataloggers (called 
CPODs) were deployed across the Baltic Proper in 2011-2013. The stations 
were placed in a relatively even grid with 20-30 km spacing between stations. 
Waters >80 m depths were not included assuming that these waters held 
fewer porpoises due to the permanent oxygen depletion below 80 m. Moreo-
ver, the inclusion of the deeper waters would constitute a challenge in order 
to retrieve and service stations from these depths. Consequently, no stations 
were deployed in the waters south-west of the Baltic Offshore Beta area to-
wards Bornholm.  
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No stations were deployed during the SAMBAH project within the Baltic Off-
shore Beta area, but 6 stations (all within Swedish waters) were within the 20 
km buffer zone and an additional 9 stations (5 Swedish, 2 Danish, 2 Polish) 
were within the 40 km buffer zone (Figure 1-4). Of these 15 stations, six have 
been redeployed after SAMBAH, during the Swedish monitoring program 
(station ID: 1020, 1025, 1026, 1029) with data available from April 2017 to 
March 2020 and two stations (8020, 8021) under the Danish monitoring pro-
gramme with data available from June 2018 to June 2019. Both monitoring 
datasets have been published and will be compared to the SAMBAH data 
(Owen et al. 2021, Sveegaard 2020). Here, we first present the original SAM-
BAH data for all 15 stations within the 40 km buffer zone and then followed 
by the six stations.  

SAMBAH data 

In the SAMBAH project, the porpoise detections were analysed as “Detection 
Positive Seconds” (DPS) per day per season for each station. Data from the 15 
stations are presented in Figure 1-4 (graph) and Figure 1-5 (map). The figures 
illustrate that all the highest levels of detections within 40 km of the Baltic 
Offshore Beta area are found in the north-eastern part of the Swedish waters. 
The highest summer detection level within the 20 km buffer zone is found at 
station 1021 and at station 1026, 1027 and 1029 in the 20-40 km buffer zone. In 
the winter season, station 1017 and 1023 have the highest detection levels in 
the 20 km buffer zone and 1020, 1025 and 1027 the highest levels in the 20-40 
km buffer zone. The lowest densities for both seasons are found on the seven 
stations in the south-western part of the study area.   

 

 

Figure 1-3. Harbour porpoise de-
tections during the SAMBAH pro-
ject (2011-2013) analysed as De-
tection positive seconds per day 
per season (Summer: May-Oct, 
Winter: Nov-Apr) for the 15 sta-
tions within the two buffer zones 
0-20 km and 20-40 km of the Bal-
tic Offshore Beta area, respec-
tively.  
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New Monitoring data 

As part of the national monitoring of harbour porpoises, several of the Swe-
dish SAMBAH stations were redeployed in 2017 and have been monitored 
continuously since then. The data from 2017-2020 was published in Owen et 
al. (2021) and based on their results, we calculated the percent detection pos-
itive days (%DPD) per total number of recording days (full year) and for the 
summer season (Table 1-1). For comparison the three Swedish stations with 
the highest recorded level of detection within the Natura 2000 site “Hoburgs 
bank och Midsjöbankarna” were also included.  In Denmark, ten of the SAM-
BAH stations were redeployed from 2018-2019 (Sveegaard 2020). Two of the 
stations (8020-8021) were located within the 20-40 km buffer zone. Unfortu-
nately, only data from the whole year is at present available for the Danish 
data. Thus, the percentage change for the summer season is missing in Table 
1-1.  

The analysis show that more detections were recorded during the national 
monitoring programs compared to SAMBAH on half of the six stations.  The 
exceptions were station 1020, 1025 and 8021. During summer, the level of de-
tection increased by 69-135 % at the four Swedish stations. 

 

 

 
Figure 1-4. Map illustrating Harbour porpoise detections during the SAMBAH project (2011-2013) analysed as Detection posi-
tive seconds per day (DPS) per season (Summer: May-Oct, Winter: Nov-Apr) for the 15 stations presented as pie charts. The 
size of each pie illustrates the sum of the DPS for the two seasons.  
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For the Danish stations, the level of detections has increased by 20-371 % for 
the full dataset (all year). This could indicate that the level of porpoise detec-
tions might also have increased on the low-density stations, but no data after 
SAMBAH exists here.  

The overall increase from 2011-2013 to 2017-20 indicates that either the num-
ber of porpoises in the area has increased since SAMBAH was conducted or 
that the porpoise distribution has changed.  

The percent detection positive days (%DPD) describes the percentage of days 
that you may encounter a harbour porpoise at some point in that area. During 
the national monitoring programs in recent years, the %DPD detected on the 
SAMBAH stations (Table 1-1) a porpoise will be detected from 0.6-4.1% of 
days (Average = 2.3%) on the stations within a buffer of 40 km from the Baltic 
Offshore Beta wind farm.  On the three stations with the highest levels of de-
tections within the Natura 2000 site porpoises are detected on 5.8-52.6% of 
days (average = 26%). So if the pre-cautionary principle is implemented, and 
we assume that the detection rate with in the Baltic Offshore Beta wind farm 
is as high as within the Natura 2000 site, porpoises will occur in the wind farm 
area on 5.8-52.6% of days. It is, however, very likely that the actual “encounter 
rate” is lower and instead similar to the levels found within the 40 km buffer 
i.e. on max. 4.1% of days.  

Conclusion 

The Baltic Offshore Beta area is located between the high density north-eastern 
stations and the low density south-eastern stations. The levels of detection at 
the three stations just north of the Baltic Offshore Beta area are similar to the 
levels at station 1026, 1027 and 1029 that are located within the Natura 2000 site 
“Hoburgs bank och Midsjöbankarna” and this area may thus be considered an 
important area for harbour porpoises both summer and winter. The stations 
south and west of the Baltic Offshore Beta area had relatively low detection lev-
els during SAMBAH but the Danish national monitoring in 2018-19 indicates 
that the detection levels on these stations may have increased since SAMBAH.  

In conclusion, there is no reliable method to estimate the level of importance 
of the Baltic Offshore Beta area to harbour porpoises without conducting new 
passive acoustic monitoring and deploying stations within the area. The open 

Table 1-1 Comparison on selected stations of percent Detection positive Days (%DPD) 
found during SAMBAH (2011-2013) and the subsequent national monitoring program 
(NMP) by the Swedish Museum of Natural History (station 1020-1029) from 2017-2020 
and Danish Centre For Environment And Energy (8020-8021) from 2018-2019. BB OWF = 
Baltic offshore Beta wind farm. 

   

SAMBAH NMP Change 
DPD (%)

SAMBAH NMP Change 
DPD (%)

1020 1.8 1.8 0 0.7 1.2 69
1025 1.1 1.2 6 0.6 1.1 105

1026 1.0 2.7 164 1.3 3.0 135

1029 2.6 4.1 58 2.6 5.5 112

8020 0.7 3.3 371 - - -

8021 0.5 0.6 20 - - -

1032 2.9 5.8 104 3.3 7.9 137

1036 48.5 52.6 8 65.7 72.6 10

1041 9.2 20.1 119 15.9 30.1 90

Danish stations within 
40 km buffer of BB OWF

Stations monitored after 
SAMBAH (2011-2013)

Swedish stations within 
Natura 2000 with 
highest detections

Swedish stations within 
40 km buffer of BB OWF

Summer (May-October)Full  data

Station %DPD %DPD in season
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question is if the area is an extension of the high-density breeding area de-
tected to the north-east or if it is part of the lower importance area around the 
south-eastern stations. As described above for the %DPD, it is likely some-
where in between. However, since the Baltic Proper harbour porpoise popu-
lation is critically endangered, the uncertainty should benefit the harbour por-
poise and the assessment will have to assume a worst-case scenario in which 
all of the Baltic Offshore Beta area as well as the 20 km buffer zone should be 
considered important for the Baltic Proper harbour porpoise population 
throughout the year.  

1.4 Protection 
A number of international treaties, agreements and legislations have been en-
acted in order to protect harbour porpoises. In northern European waters, the 
species has been listed in annex II and IV of the Habitats Directive 
(92/43/EEC), annex II of the Bern Convention, annex II of the Bonn Conven-
tion and annex II of the Washington Convention. Furthermore, the harbour 
porpoise is covered by the terms of the Agreement on the Conservation of 
Small Cetaceans of the Baltic and North Seas (ASCOBANS), a regional agree-
ment under the Bonn Convention and HELCOM The Baltic population of har-
bour porpoises is listed as ‘Critically endangered’ by the World Conservation 
Union (Hammond et al. 2016). 

Harbour porpoises are listed under annex IV of the Habitats Directive, which 
implies that “Member States shall take the requisite measures to establish a system 
of strict protection for the animal species listed in Annex IV (a) in their natural range, 
prohibiting: ... (b) Deliberate disturbance of these species, particularly during the pe-
riod of breeding, rearing, hibernation and migration ...” (article 12).  

The ASCOBANS agreement covers all small toothed whales and thus also por-
poises. It states that member states are obligated to ”Work towards ..(c) the effec-
tive regulation, to reduce the impact on the animals of activities which seriously affect 
their food resources, and (d) the prevention of other significant disturbance, especially 
of an acoustic nature” (Annex to Agreement on the Conservation of Small Ceta-
ceans of the Baltic and North Seas (www.ascobans.org)). Furthermore, as an ex-
tension of the ASCOBANS agreement, the member states have signed the “Re-
covery plan for porpoises in the Baltic Sea” (Jastarnia plan, ASCOBANS 2016), 
which highlights the highly threatened status of the harbour porpoise popula-
tion of the Baltic Proper. The aim of the recovery plan is to re-establish the por-
poise population in the Baltic at min. 80 % of its carrying capacity. Although the 
recommendations of the plan are focused on measures to reduce incidental by-
catch in fisheries, the serious situation that the population currently faces is re-
flected in the recommendations: “In other words, analysis indicated that recovery 
towards the interim goal of 80 % of carrying capacity could only be achieved if the by-
catch in this part of the Baltic were reduced to two or fewer porpoises per year (compared 
with the estimated current minimum bycatch of seven”. 

Natura 2000 sites 

Harbour porpoises are listed as part of the selection criteria in one Natura 
2000 site within the 40 km buffer, namely “Hoburgs Bank and Midsjö Bank” 
located less than 10 km from the Baltic Offshore Beta area.  
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In 2019, NGOs submitted a joint request1 for emergency measures for the Bal-
tic Proper harbour porpoise to the European Commission, and in May 2020 
the International Council for the Exploration of the Sea, ICES, published sci-
entific advice (ICES 2020) on how to minimise harbour porpoise bycatch in 
the Baltic Sea. In line with the EU Common Fisheries Policy, this advice was 
discussed within the Baltic Sea regional fisheries body, BaltFish, and during 
2020-2021 BaltFish submitted two joint recommendations to the European 
Commission on measures to minimise bycatch of the Baltic porpoise. These 
joint recommendations were transcribed into a so-called delegated act that is 
now approved by the European Parliament and was implemented in June 
2022. According to the delegated act, the Natura 2000 site “Hoburgs Bank and 
Midsjö Bank” now has a full year ban on static net fisheries.  

  

 
1 https://irp.cdn-website.com/53007095/files/uploaded/ngo-letter-on-baltic-pro-
per-harbour-porpoise-2020-09-25.pdf 
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2 Assessment  

The purpose of the assessment is to assess the potential impacts on harbour 
porpoises in relation to construction of the proposed Baltic Offshore Beta 
wind farm in Swedish waters. Whether such an impact is acceptable and 
within the limits set by the Habitats Directive and other legislation is a le-
gal/political consideration and is therefore not addressed here. 

2.1 Introduction to impacts 
Assessing the impact at the population level is often difficult unless all factors 
related to the population structure and abundance of the animals, as well as 
all other factors affecting their survival in relation to direct and indirect im-
pacts (including cumulative impact from other stressors) are known. In this 
report, information on the animals using the impacted areas are not well 
known, but we know that the status of the populations is poor. However, 
based on the baseline review of existing data in the neighbouring waters, we 
make the precautious assumption that the Baltic Offshore Beta wind farm area 
is a high-density area in all seasons for the Baltic Proper harbour porpoise 
population.  

The main pressures on marine mammals during construction of the Baltic Off-
shore Beta wind farm are assumed to be underwater noise from pile driving 
and ship activities, and to a minor degrees sediment spill from the installation 
of the foundations and the cable. These impacts have been thoroughly de-
scribed and modelled in Ramboll (2022) and Ramboll (2023). Impacts from 
pre-investigation phase and the operational phase are not included in this re-
port.  

Underwater noise is a significant disturbing factor. During the construction 
of an offshore wind farm, the pile driving will be the noisiest activity. The 
noise modelling is based on a scenario with installation of jacket foundations 
by means of pin piles. The engines and propellers of construction vessels and 
service ships will also be a source of noise.  

The consequences of sediment spill on marine mammals relate to the in-
creased turbidity of the water, and a possible decrease in prey availability 
through secondary effects of the suspended sediment on fish. 

In addition, the project can potentially alter the benthic habitat, by introduc-
ing hard substrates (the turbine foundations) to the otherwise (in many 
places) soft bottom habitat. 

2.2 Assessment methodology 
The overall aim of an impact assessment is to assess the significance of the 
impact. This is done by combining the sensitivity of the receptor (here the har-
bour porpoise) with the magnitude of the impact (Table 2-1).  
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2.2.1 Sensitivity of harbour porpoises 

During the impact assessment on marine mammals of Nord Stream 2 (in the 
Baltic Prober), sensitivity was described in the following way: “Sensitivity of 
an impacted target (e.g. organism, site, area) describes its susceptibility to any change 
caused by project or ancillary activities”; “Various criteria are used to determine the 
sensitivity including, among others, resistance to change, adaptability, rarity, diver-
sity, value to other resources/receptors, naturalness, fragility and whether a re-
source/receptor is actually present during the active phase of the project”; and fur-
thermore: “Regulations and social values should also be used to determine sensitiv-
ity” (Sveegaard et al. 2017). 

When assessing sensitivity of harbour porpoises in relation to the type of im-
pact, the main focus is biology (physiological impact), population status (de-
clining/stable/increasing), abundance, vulnerable periods (e.g. breeding or 
moulting season), protection status (national and international), and distribu-
tion (their presence during the impact). The assessment methodology of har-
bour porpoise sensitivity has been summarized in Table 2-2. 

2.2.2 Impact magnitude 

Sveegaard et al. (2017) used the following description of Impact magnitude in 
Baltic waters: “Magnitude of the change is a measure of intensity, direction (di-
rect/indirect), spatial extent and duration of the change caused by the project”; and: 
“In general, the spatial extent of the particular impact can be ranged as local, regional, 
national or transboundary. The duration of the impact can be categorized temporary, 
short-term or long-term. The spatial extent of the impact varies from local where only 

Table 2-1. Method of assessing impact significance by combining sensitivity of the recep-
tor (here, harbour porpoises) with the impact magnitude 

  

Table 2-2. The assessment methodology of harbour porpoise sensitivity.    

Low 

The population is stable and the abundance is increasing. 

The impact area does not include nationally or regionally important areas (used for breeding, feeding or migration). 

Marine mammals only occur in low density. 

The marine mammal species is not sensitive to environmental changes i.e. their biology (physiology or behavior) is 
not or only temporarily affected by the impact. 

Medium 

The population is stable. 

The impact area includes parts of nationally or regionally important areas (used for breeding, feeding or migration). 

Marine mammals only occur regularly (= medium density). 

The biology of the marine mammal species are moderately affected by the impact. 

High 

The population is decreasing and/or the abundance is low. 

The impact area includes nationally or regionally important areas (used for breeding, feeding or migration). 

Marine mammals occur in high densities within the impact area. 

The marine mammal species is highly sensitive to environmental changes i.e. their biology (physiology or behavior) 
is severely affected or damaged by the impact. 

None or negligible Minor Medium High
Low None or negligible Minor Minor Moderate
Medium None or negligible Minor Moderate High
High None or negligible Moderate Moderate High

Sensitivity of 
receptor

Impact magnitude
Impact significance
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the waters directly above or in the near vicinity of the impact are affected to large scale 
impacts affecting several hundred square kilometres. Finally, the magnitude of the 
change for every examined impact will be assessed into subclasses high, medium, low 
and negligible.” Here, we will apply the same method. The general method for 
assessing the impact magnitude is summarized in Table 2-3. 

2.2.3 Disturbance of Natura 2000 sites 

In the management plan (Länsstyrelsen 2021) for the Natura 2000 area Ho-
burgs bank and Midsjöbankarna, the following relevant conservation objec-
tives are mentioned (translated from Swedish by the authors of this report):  

1. In the Natura 2000 area Hoburgs bank and Midsjöbankarna, impulsive 
noise must not come from human activities that can cause temporary 
hearing loss (TTS) in porpoises. 

2. In the Natura 2000 area Hoburgs bank and Midsjöbankarna, impulsive 
noise or continuous underwater noise, including shipping, should not 
cause behavioural impact within the areas where the detection rate of por-
poises is highest. Within parts of Natura 2000 - the area where the detec-
tion rate of porpoises is lower activities that generate underwater noise 
that exceeds the porpoise's hearing threshold by 40 dB should be mini-
mized. In the Natura 2000 area Hoburgs bank and Midsjöbankarna there 
must be clear limit values and guidelines for continuous noise, such as 
shipping, cable laying and operation of offshore wind power, to minimize 
the impact on porpoises. 

3. In the Natura 2000 area Hoburgs bank and Midsjöbankarna there must be 
clear limit values and guidelines for impulsive noise such as seismic sur-
veys, underwater blasting and piling, to minimize impact on porpoises. 

According to the management plan the clear limits values from point 3) and 
4) will be set by 2025 at the latest. Until the national guidance is established, 
the CMS guidance for environmental impact statements for noise-generating 
activities is applied (CMS 2021) with the detailed information on harbour por-
poises and noise described in section B1 of the supporting material (Prideaux 
2017). These documents reviews the knowledge on impacts and porpoises and 
finds that “the onset of a response is triggered by the perceived loudness of the sound, 
not just received levels (Dyndo et al. 2015). At least for harbour porpoises, this finding 
lends weight to the recent proposal by Tougaard et al (2015) that behavioural re-
sponses can be predicted from a certain level above their threshold at any given fre-

Table 2-3. Assessment categories and methodology of impact magnitude for marine mammal populations. From Sveegaard et 
al. 2017.    
No or negligible No detectable impacts on marine mammals. 

Low 
Impacts are of low intensity, the spatial extent is small and/or the duration is short (hours). Impacts are 
reversible and do not lead to any permanent change. 

Medium 

Moderate impacts on marine mammal species. 
Impact time is from days to weeks. 
Limited spatial extent. 
Some impacts may be irreversible. 

High 
Significant long-lasting (months) or permanent impacts on marine mammals (i.e. high intensity) 
Large geographical extent. 
Most impacts are irreversible. 
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quency (e.g., in the range of 40–50 dB above the hearing threshold for harbour por-
poise).” This is similar to what is mentioned in point 2) in the management 
plan. In the plan, the 40dB is explained by this argument (listed under poten-
tial threats in the Natura 2000 site):  

• Strong impulsive noise for example from sonars, seismic surveys, under-
water blasting or piling for structures can cause physiological damage at 
short distances and has documented a strong impact on the behaviour of 
porpoises within long distances. Weaker impulsive noise from, for exam-
ple, sonar in boats commercial shipping and recreational boats can cause 
behavioural changes. Noise that is 40-50dB above the porpoise's hearing 
threshold leads, for example, to escape behaviour and also to the animals 
stops echo locating and foraging. 

With regard to 2) the information on high and lower densities within the 
Natura 2000 site it relatively limited since only five passive acoustic stations 
have been deployed in the Natura 2000 site since SAMBAH (Owen et al. 2021). 
Consequently, if no information is available for whether a potential impacted 
area holds high or lower densities, this report, as a precautionary principle, 
will assume that the potential impacted areas may hold high densities. 

2.3 Sensitivity of harbour porpoises 
Noise, sediment spill, turbidity, ship traffic and changes in the habitat may 
have either a negative or positive impact on the behaviour of harbour por-
poises by either deterring or attracting the animals from the site of impact or 
by disturbing the normal behaviour such as foraging or socializing.  

Here, the sensitivity of harbour porpoises to underwater noise (pile driving 
and shipping) and sediment spill is assessed, based on the method described 
in section 2.2.1.  

2.3.1 Sensitivity to underwater noise 

Underwater noise is well known as a source of impact on harbour porpoises. 
This impact can occur through a number of processes and usually the follow-
ing issues are considered: 

• Physical injury (incl. blast injury) - not relevant here 

• Hearing loss (incl. PTS/TTS) 

• Disturbance of animal behaviour 

• Masking of relevant sounds to the animals, such as sounds for communi-
cation. 

In addition to the above listed issues, are more general physiological reactions 
to noise such as elevated stress hormone concentrations in the blood following 
exposure to loud noise (Romano et al. 2004) and possibly also chronic stress 
due to long term exposure. However due to the limited number of experi-
mental studies physiological impacts are most often excluded from impact 
assessments. An additional zone of audibility is sometimes included (Rich-
ardson et al. 1995), but since the fact that a noise can be heard not by itself 
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implies an impact, it is therefore only useful as a precautionary proxy for ex-
tend of impact, in situations where no other information is available. 

The issues of hearing loss (incl. PTS/TTS), disturbance of animal behaviour 
and masking of relevant sounds to the animal have been discussed in detail 
in Ramboll (2023). Here, only a brief description as well as the assessment of 
sensitivity will be provided. 

Hearing Loss (PTS/TTS) 
The mammalian inner ear is adapted to be extremely sensitive to sound, and 
it is therefore a well-established assumption that injury from exposure to 
sound will manifest itself in the inner ear before any other tissue (Southall et 
al., 2007). Criteria and thresholds for noise-induced permanent hearing loss 
are given in Table 2-4. These criteria and thresholds operate with two central 
principles: they are frequency weighted according to the hearing of target spe-
cies and they are expressed as sound exposure level (SEL), cumulated over 
the duration of the exposure (up to a limit of 24 hours).  

In terms of severity, there is a transition from temporary hearing loss (TTS) 
where the animal will regain full sensitivity after a shorter period (minutes to 
hours) to permanent hearing loss (PTS), where the hearing only recovers par-
tially, resulting in a permanent loss in hearing sensitivity. 

In a very precautionary approach, some consider TTS an unwanted impact on 
the animals. However, the actual consequences for a porpoise of suffering a 
small elevation in hearing threshold at low frequencies, which recovers com-
pletely within a few hours at most (Popov, et al. 2011), are likely to be very 
low. TTS induced by pile driving noise occurs at very low frequencies, well 
outside the frequencies used for echolocation and communication (Kastelein, 
et al. 2015). Neither echolocation, nor communication between mother and 
calf will thus be affected by TTS induced by pile driving noise. 

The overall effect of inducing small amounts of TTS in porpoises as a conse-
quence of pile driving is thus assessed to be insignificant for the long-term 
survival and reproduction of the animal, and thus in turn also without any 
effects at the level of the population. However, as a precaution due to the poor 
status of the Baltic Proper harbour porpoise, we assess the sensitivity of har-
bour porpoises to TTS as low and not negligible.  

PTS is much less well studied than TTS for ethical reasons.  Based on a com-
prehensive review of the entire literature on TTS and PTS in marine mammals, 
guidance on thresholds have recently been provided in the US (National Ma-
rine Fisheries Service 2018; Southall, et al. 2019). All measurements of TTS in 
marine mammals were combined with all available information on auditory 
sensitivity in marine mammals (audiograms) to create appropriate frequency 
weighting curves and TTS-growth curves. Based on this the onset PTS thresh-
olds were estimated in a precautionary way as the sound exposure level re-
quired to elicit 40 dB of TTS, which was considered indicative of a signifi-
cantly increased risk of developing PTS. At the onset of PTS in porpoises, the 
animal will mainly lose the ability to hear lower frequency sounds which will 
probably not significantly influence their ability to use their echolocation. 
However, this phenomenon has not been studied in live animals and here, we 
will assess PTS to be of high impact. The sensitivity to PTS caused by pile 
driving is thus assessed to be high for harbour porpoises. 
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Noise from ship traffic is of significantly lower intensity than pile driving 
noise and will not be able to inflict hearing loss in porpoises. 

2.3.2 Disturbance of animal behaviour 

Pile driving 
Underwater noise is able to affect and alter the behaviour of animals, which 
may have implications for the long-term survival and reproductive success of 
individual animals, and thereby ultimately on the population status (National 
Research Council, 2003). Effects can occur directly from severe immediate re-
actions as for example panic or fleeing, by which there is an increased risk of 
direct mortality due to for example bycatch in gill nets or separation of de-
pendent calves from mothers. More commonly, however, is probably less se-
vere effects where animals are temporally displaced from habitats, or their 
foraging behaviour disrupted due to noise (as demonstrated for example by 
Wisniewska et al., 2018).  

This means that during the period of piling, foraging by the animals in the 
impacted area will be reduced. No data is available on temporal and spatial 
variation in presence of harbour porpoises at and near the Baltic Offshore Beta 
wind farm area. Consequently, there is insufficient knowledge to judge 
whether porpoises displaced from the wind farm area during piling are able 
to forage in similar quality habitats elsewhere.  

Additionally, the animals’ reaction may vary depending on season, behav-
ioural state, age, sex, as well as in response to the intensity, frequency and 
time structure of impact causing behavioural changes. 

At the population scale, harbour porpoises may thus be sensitive to perma-
nent or long-term large scale changes or disturbances in their habitat if a large 
percentage of the population should be displaced into areas of poor quality or 
where they would have to compete with conspecifics or other marine mam-
mal species. On the other hand, they may be relatively unaffected by short-
term avoidance behaviour.  

A review of results from behavioural reactions to noise in wild porpoises was 
conducted by Tougaard et al. (2015). This review proposes a generic response 
threshold of a sound pressure level 40-50 dB above the hearing threshold (au-
diogram) of the porpoise, which corresponds to about 100 dB re. 1 μPa VHF 
weighted (sensu Southall et al., 2019). Recently, this review has been updated, 
with a recommendation of a VHF-weighted threshold of 103 dB re 1 µPa, rms 
average over 125 ms (Tougaard, 2021; Energistyrelsen 2022). 

Table 2-5 summarizes criteria for assessing impacts of harbour porpoises used 
for the noise modelling report for behavioural impacts (Ramboll 2023).  

Table 2-4. Harbour porpoise noise exposure criteria for hearing loss. From Ramboll (2023).    
Species Functional  

hearing group 
Noise  
effect 

Threshold 
(Impulsive noise) 

Threshold 
(Non-impulsive noise) 

Reference 

Harbour  
porpoise 

Very High 
frequency  
cetaceans 

VHF 

PTS 155 dB re 1µPa2s SELcum 
(weighted)/ 

202 dB re 1µPa (peak) 

173 dB re 1µPa2s 
SELcum (weighted) 

Southall et al. 2019 

TTS 140 dB re 1µPa2s  
SEL cum(weighted) / 

196 dB re 1µPa (peak) 

153 dB re 1µPa2s 
SELcum (weighted) 

Southall et al. 2019 
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It is difficult to make a direct coupling between behavioural disturbances and 
impact on fitness and survival. The field of energetics are however receiving 
increased attention in recent years, and our knowledge will improve. In gen-
eral, a temporary short-term displacement is assessed to have less than a ma-
jor impact and for an animal from a population in favourable conservation 
status assessed to be minor. Here, however, with a population categorized as 
critically endangered and where alternative foraging habitats may be scarce 
(although no hard evidence is available), the sensitivity to disturbance of ani-
mal behaviour caused by pile driving is assessed to be medium for the Baltic 
harbour porpoises. 

Shipping 
Little information is available on the behaviour of porpoises in reaction to ship 
noise. However, studies in captivity indicate that porpoises react to the higher 
frequencies of the noise, above 1 kHz, and at low levels, Leq around 130 dB re. 
1 μPa (Dyndo et al., 2015). Other studies on noise from various merchant ships 
in the outer Baltic have shown that there is considerable energy in the noise 
also at ultrasonic frequencies up to at least 100 kHz, and out to ranges of at 
least 1 km (Hermannsen et al., 2014). In addition, studies where sound record-
ers as well as motion detectors (accelerometers) have been placed on free-
swimming porpoises have shown short term (minutes), but nevertheless clear 
reactions of individual porpoises to ships (Wisniewska et al., 2018). 

A study conducted on porpoises in the Istanbul Strait showed that porpoises 
are more likely to change behaviour, for example from surface-feeding or 
travelling to diving, if vessels are within a 400 m radius of the porpoise.  Fur-
thermore, vessel speed and distance have a significant effect on the probabil-
ity of response of the porpoises to the ship (Bas et al., 2017). Such changes in 
behaviour indicate that vessels do disturb the animals at close range, but the 
study found no overall significant effect of the disturbance on the animals' 
cumulative (diel) behavioural budget (i.e., total amount of time spent on the 
different types of behaviour). The study found a correlation between swim-
ming speed and the probability of porpoises responding by changing their 
swimming direction. Bas et al. (2017) found that at any given ship speed there 
is little probability (<10%) of a behavioural reaction if the boat is more than 
400 m away and furthermore that as ship speed increases from slow (<3 knots) 
to fast (>9 knots), the probability of reaction to the ship 200 m away increases 
from about 10% to 40%. 

It should be noted that the activity of the ships may play an important role in 
how the animals react. A cable laying ship will for instance produce a very 
different soundscape than a cargo vessel in the shipping lane. 

No similar studies are available for Baltic harbour porpoises, so it is not 
known whether the same distances apply to porpoises in the Baltic. Neverthe-
less, based on these results, a precautionary threshold for reaction could be 
set to 200 m. This was done by Tougaard and Griffiths (2020) when estimating 

Table 2-5. Harbour porpoise noise exposure criteria for behavioural displacement. From Ramboll (2023). 
Species Noise type Threshold Reference 
Harbour  
porpoise 

Impact piledriving 143 dB re 1µPa2s 
(unweighted) 

Brandt et al. 2018 

I-type and other sounds 103 dB re 1µPa rms 125 ms  
(VHF weighted) 

Danish Energy Agency 2022 

Sonar 122 dB re 1µPa rms Kastelein et al. 2019 
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the additional impact of shipping from the Nord Stream 2 gas pipeline cross-
ing of the marine protected Natura 2000 area Hoburgs bank and Midsjöbanks. 
This study based on modelling of AIS data indicated that porpoises were not 
adversely affected beyond low and negligible impact. 

To summarize, several studies have examined the effect of ship traffic on por-
poises and depending on methodology, the impacted population of porpoises 
and the geographic structure of the area, where the study was conducted the 
results are very different ranging from almost no impact to behavioural dis-
turbances up to 400 m away. Based on this and since the population is catego-
rized as critically endangered, the sensitivity to disturbance of animal behav-
iour caused by shipping is assessed to be medium for harbour porpoises. 

Masking 
Masking is the phenomenon that noise can negatively affect the ability to de-
tect and identify other sounds. The masking noise must be audible, coincide 
with (within tens of milliseconds), and have energy in the same frequency 
band, as the masked sound. See Erbe et al. (2016) for a current review. 

Masking potential of pile driving noise has not been studied specifically; how-
ever, some preliminary conclusions can be drawn. Porpoises depend critically 
on their echolocation, but their echolocation clicks are in the extreme ultra-
sonic range, above 100 kHz, considerably above the range where pile driving 
noise is located. This means that it is very unlikely that pile driving noise 
would mask echolocation of porpoises. Here, due to the poor status of the 
porpoise population a precautionary approach is taken and the sensitivity to 
masking caused by pile driving are thus not assessed to be negligible but to 
be low.  

The source level of ship noise is substantially lower than pile driving noise. 
Porpoises have poor hearing below a few kHz and it is unknown what they 
may use this low-frequency hearing for, if at all. Ship traffic may cause mask-
ing, although very little is known about this. However, if it occurs it may affect 
porpoises, and thus masking caused by ship traffic are also assessed to be low.  

2.3.3 Sensitivity to sediment spill 

The impact of sediment spill on harbour porpoises are assumed to relate to 
either visual impairment or disturbance of behaviour. 

Visual impairment 
The harbour porpoise use echolocation for orientation in the environment as 
well as for prey localisation. Studies of porpoises tagged with acoustic/satel-
lite transmitters have shown that they often hunt at night and move into depth 
of complete darkness with or without an accompanying calf (Wisniewska et 
al. 2016; Teilmann, Larsen, and Desportes 2007). It is at present unknown how 
the sediment particles may alter the acoustic properties in the water and con-
sequently the echolocation of the harbour porpoise. Consequently, the sensi-
tivity of harbour porpoises to the visual impairment caused by sediment 
plumes is assessed to be low.  

Behavioural impacts 
Activities causing increased turbidity or sediment plumes, may affect the be-
haviour of the harbour porpoise. Behavioural changes are, however, inher-
ently difficult to evaluate due to the vast distances at which they may occur 
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and due to the paucity of studies looking at effects at a population level (NRC 
2003). Potential behavioural effects range from very strong reactions, such as 
panic or flight, to more moderate reactions where the animal may orient itself 
towards the disturbance; move slowly away or will cease an on-going behav-
iour. The reaction of harbour porpoises to sediment plumes is unknown, but 
as sediment plumes are naturally occurring and as it is unlikely to affect their 
echolocation, the sensitivity of porpoises to sediment spill is assessed to be 
low.  

2.3.4 Changes in the habitat 

The physical presence of the turbines alter the existing habitat. In the construc-
tion phase most sessile benthic flora and fauna will be disturbed and likely 
destroyed in the immediate vicinity of the turbines and non-sessile animals 
displaced e.g., prey species of porpoises. However, as this impact is indirect, 
local and impossible to assess, it is not further addressed here.   

2.3.5 Vulnerable periods of harbour porpoises 

Recollecting the information in chapter 1.2.1 on Life and reproduction, har-
bour porpoises in the Baltic give birth from April to October, with the peak 
season in May-August. Calves of a few months of age follow their mother 
closely and are only left alone for short periods when the mother dives to for-
age (Camphuysen and Krop 2011). The calf will swim with its mother until 
approx. 11 month old and it is likely around this age the calf now dives inde-
pendently and eventually breaks away. Before this age, calves are unlikely to 
survive on their own and disturbances that may lead to separation of mother 
and calf will have negative impact. The period March-May is the period with 
the most bycatches which is interpreted as the period where calves from the 
previous year begin to separate from their mother and may be especially 
prone to end as bycatch. Harbour porpoises are therefore assessed as being 
highly vulnerable to disturbances from underwater noise all year. 
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3 Magnitude of impact 

This chapter briefly describes the magnitude of impacts of underwater noise 
and sediment spill during the construction period as modelled by Ramboll 
(2022, 2023) and assesses the impact magnitude. 

3.1 Impact magnitude of underwater noise 
Ramboll (2023) modelled the spatial extent and magnitude of underwater 
noise produced as a consequence of the construction of the Baltic Offshore 
Beta wind farm in great detail. The construction is assessed to have pile driv-
ing and shipping activity as noise generating activities.  

The construction will also include cable laying. This is however, regarded as 
“low impact noise emission as the sediment is soft clay and the inter array cables will 
be first placed on the bottom and then jetted into the clay, called post-lay trenching. 
No rock dumping within the site for inter array cables are assumed. This will be 
needed only closer to landfall.” (Personal communication with Ove Magne 
Kallestad, Njordr Offshore Wind, 16. Dec. 2022). AU were thus not asked to 
assess the cable laying, and cable laying with regard to underwater noise is 
therefore not discussed further. 

For general information on underwater sound modelling and of harbour por-
poise hearing we refer to Chapter 6 and Chapter 8 of Ramboll (2023), respec-
tively. 

3.1.1 Pile driving 

The Baltic Offshore Beta wind farm is planned to have 127 individual wind 
turbine generators (WTG) with each a capacity of 20 megawatt (MW). The 
foundation type will be jacket foundations, fixed to the bottom with piles with 
a maximum diameter of 4.5 m, alternatively through suction technology. 

Ramboll has provided the following information via email on the timing of 
the construction. The construction will probably be conducted over at least 
two years - potentially divided into two phases i.e. there could be a year with-
out installations in the middle. The installation may take place all year except 
for June - August due to the protection of cod. A jacket foundation consists of 
four piles. In the technical description of the installation process, an average 
of 3-5 hours (excl. moving time), have been estimated for each pile to allow 
for extreme cases where some difficulties may arise. Moving between the four 
jacket piles may take two hours. So theoretically the maximum installation 
time per jacket will be 26 hours (4 piles x 5 hours + 3 moves of each 2 hours). 
The general time of piling driving activity is likely to be four times 3-5 hours 
i.e., 12-20 hours per jacket foundation. In summary, this means that the 127 
turbines will affect approx. 127 days to install over a two year period.  

The noise modelling results include the fact that marine mammals do not hear 
equally well at all frequencies and thus the model include frequency 
weighting (Very High Frequency - VHF) as proposed by Southall et al. (2019) 
and recommended by Energistyrelsen (2022) when assessing the risk for in-
flicting TTS and PTS.  
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Furthermore, the model includes the noise abatement system double Big Bub-
ble Curtain (DBBC, see Bellmann et al. 2020 and Ramboll 2023). This is a fre-
quently used noise mitigation system and has proved very efficient (e.g. Bell-
mann et al. 2020; Dähne et al., 2017). A DBBC can reduce the broadband sound 
exposure level (𝑆𝑆𝑆𝑆𝑆𝑆) with up to 18 dB (maximum measured noise reduction) 
and potentially more in the higher frequencies. However, the average noise 
reduction of an optimized DBBC mostly ranges between 15 dB and 16 dB 
(Ramboll 2023). This system is described in detail in Ramboll (2023) and will 
not be further described here.  

An additional noise abatement method, the Hydro Sound Damper (HSD) is 
also included as mitigation measure. The HSD is “a deployed fishnet with at-
tached elements of different sizes and distances to each other. These attached elements 
can be everything from gas-filled balloons or foam plastic, typically spherical in shape” 
Ramboll (2023). Bellmann et al. (2020) have summarized the measured reduc-
tion in radiated noise at different frequencies for different abatement systems, 
alone and in combination (Figure 3-1). They found that the mitigation system 
of HSD together with a DBBC created a high noise reduction at the higher 
frequencies relevant to harbour porpoise. This is also illustrated in the noise 
modelling by Ramboll (2023) where adding the HSD creates a reduction of 50 
% in the radial distance from the bubble curtain to the threshold limits. The 
HSD system was developed for monopoles and is at present being considered 
for jacket foundations (Bellmann et al., 2020). 

As the hydrographical conditions change over the year, so does the sound 
propagation characteristics of the water column change. Therefore, prediction 
models were performed for each of the four seasons. The model results on the 
radial distances for pile driving of the jacket foundations are shown in Table 
3-1. Noise abatement, such as the DBBC and/or the HSD are considered fully 
commercially available systems for mono piles (Technology Readiness Level 
9) and must therefore be considered BAT and BEP (Best Available Technology 
and Best Environmental Practice). Thus, it is not considered a viable option to 
pile without noise abatement. However, for reference, the area affected under 

 
 Figure 3-1 Noise mitigation reduction spectrum (Bellmann et al. 2020). 
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worst case assumptions without noise abatement is included in Table 3-1 for 
comparison. It shows that the noise mitigation system (both DBBC and 
DBBC+HSD) essentially eliminates the risk of inflicting PTS and TTS on por-
poises and significantly lowers the area where behavioural impact can be ex-
pected. 

Based on the modelling results, Ramboll (2023) concludes: 

• Because of the mitigation measures used for the pile driving, the noise 
modelling results show that there is practically no risk of permanent 
hearing injury (PTS) for harbour porpoises during construction activities 
with noise mitigation (DBBC). Harbour porpoises will have to be within 
<20 m to get PTS. However, as a ramp up period are used during pile 
driving of jacket foundations, the likelihood of porpoises being within 20 
m of the pile driving are negligible. If no mitigation is used PTS will be 
possible in a radial distance of 600 m during winter, 350 m during spring, 
50 m during summer and 150 m during autumn. 

 

Table 3-1. Construction activity modelling results/radial distance to threshold limits for harbour Porpoises, average maximum. DBBC = 
Double Big Bubble Curtain. From Ramboll (2023) 

Season Activity PTS TTS Behaviour 

Winter 

Jacket piling 4,5 m dia. 600 meters 30 km 41 km 

Jacket piling, 4.5 m. diameter  
(with double BBC) 

<20 m from BBC 30 m 12 km 

Jacket piling, 4.5 m. diameter  
(with double BBC + HSD) 

<20 m from BBC 30 m from BBC 6 km 

Spring 

Jacket piling 4,5 m dia. 350 m 26 km 38 km 

Jacket piling, 4.5 m. diameter  
(with double BBC) 

<20 m from BBC 20 m from BBC 10 km 

Jacket piling, 4.5 m. diameter 
 (with double BBC + HSD) 

<20 m from BBC 20 m from BBC 5 km 

Summer 

Jacket piling 4,5 m dia. 50 m 12 km 22 km 

Jacket piling, 4.5 m. diameter  
(with double BBC) 

<20 m from BBC <20 m from BBC 6 km 

Jacket piling, 4.5 m. diameter  
(with double BBC + HSD) 

<20 m from BBC 10 m from BBC 3 km 

Autumn 

Jacket piling 4,5 m dia. 150 m 21 km 28 km 

Jacket piling, 4.5 m. diameter  
(with double BBC) 

<20 m from BBC <20 m from BBC 8 km 

Jacket piling, 4.5 m. diameter  
(with double BBC + HSD) 

<20 m from BBC 10 m from BBC 4 km 
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• There will be a risk of TTS up to 20 m from the pile driving when mitiga-
tion is used. However, as a ramp up period are used during pile driving 
of jacket foundations, the likelihood of porpoises being within this dis-
tance of the pile driving are negligible. If no mitigation is used TTS will 
be possible in a radial distance of 30 km during winter. 

• Modelled behaviour threshold distances are up to 6 km (VHF weighted 
noise levels) from the jacket pile driving (with DBBC+HSD) in the winter, 
5 km in spring, 3 km in the summer and 4 km in autumn. If only DBBC 
are used the distances are 12 km in the winter, 10 km in spring, 6 km 
during summer and 8 km in autumn. If no mitigation is used impact 
ranges increased significantly and behavioural disturbance may occur in 
a radial distance of 41 km during winter, 38 km in spring, 22 km during 
summer and 28 km during autumn. 

The mitigated radial distances of behavioural impacts are illustrated in Fig-
ure 3-1 (DBBC) and Figure 3-2 (DBBC+HSD) for spring, autumn and winter. 
Summer is irrelevant due to the protection of cod that will not allow for pile 
driving to take place in this season. For DBBC (Figure 3-1), the most eastern 
part of the winter impact area (12 km buffer zone) and the most eastern part 
of the spring impact area (10 km) overlaps with the Natura 2000 site “Ho-
burgs bank och Midsjöbankarna”.  For DBBC+HSD (Figure 3-2), none of the 
impact areas overlaps with the Natura 2000 site “Hoburgs bank och 
Midsjöbankarna”. For assessment of impact on the Natura 2000 site see sec-
tion 4.2. 

 
Figure 3-2. Map illustrating the combined behavioural impact areas for winter, spring and autumn for all turbines as modelled by 
Ramboll (2023) are illustrated in red colours as well as impact distances for selected 4 turbines. Turbines within 12 km of the 
N2000 site are marked in light green. 
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Based on the modelling results in Ramboll (2023) and the information on tim-
ing received from Ramboll by email, we here assess that the impact magni-
tude of the mitigated pile driving (Both DBBC and DBBC+HSD) of the 127 
turbines over 127 days across two years, will be negligible with regard to 
PTS and TTS in all seasons due to the very short radial distances (<20 m) and 
the high likelihood that the ramp up of the piling will have deterred por-
poises from this area prior to full power piling. 

With regard to behaviour disturbances of porpoises, the impact on a single 
day will be as illustrated by each of the four turbine examples in Figure 3-1 
for DBBC i.e. the impacted area wherein the animals are likely to be disturbed 
are in a radial distance of 12 km from the piling (equals a total impacted area 
of 452 km2) in the winter, 10 km in spring (≈314 km2) and 8 km (≈201 km2) in 
autumn. For DBBC+HSD (illustrated in Figure 3-2) the impacted area 
wherein the animals are likely to be disturbed are in a radial distance of 6 km 
from the piling (equals a total impacted area of 113 km2) in the winter, 5 km 
in spring (≈79 km2) and 4 km (≈50 km2) in autumn. However, as the turbines 
are located relatively close to each other, the area around each turbine will be 
impacted not only by the pile driving of that turbine but also by the installa-
tion of the neighboring turbines. For the behavioral impacted area when the 
mitigation method is DBBC, this means that depending on the location of the 
turbine, each turbine area will be impacted from 17 days (the areas in the 
most western part of the wind farm with few turbines) to >80 days (in the 
central part of the wind farm) in pile driving occur during winter. During 
spring and autumn each turbine area will be impacted from 13 to 65 and from 

 
Figure 3-3. Map illustrating the combined behavioural impact areas for winter, spring and autumn for all turbines as modelled by 
Ramboll (2023), using DBBC and HSD, are illustrated in red colours as well as impact distances for selected 4 turbines.  
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11 to 50, respectively. The impact during summer will be from 9 to 30 days, 
but this is not relevant since pile driving will not take place during summer 
due to the cod ban. If DBBC+HSD (or similar) is used as mitigation method 
the area may be impacted from 9 to 30 days (in the central part of the wind 
farm) if pile driving occurs during winter. During spring, summer, and au-
tumn each turbine area may be impacted from 7 to 22, 3 to 8 days and 5 to 14, 
respectively. The interval between installations of turbines are at present un-
known but it may be from 0 days to several month, highly dependent on 
weather.   

It is impossible to estimate how many porpoises will be affected by the pile 
driving, especially because the density of animals in the area is expected to 
be low on an absolute scale (i.e., compared to densities for example in the 
Western Baltic and Danish Straits). However, if we look at the percent detec-
tion positive days detected on the SAMBAH stations found during the na-
tional monitoring programs in recent years (Table 1-1), it appears that at a 
given station a porpoise will be detected from 0.6-4.1% of days (Average = 
2.3%) on the stations within a buffer of 40 km from the Baltic Offshore Beta 
wind farm.  On the three stations with the highest levels of detections within 
the Natura 2000 site porpoises are detected on 5.8-52.6% of days (average = 
26%). So, if the precautionary principle is implemented, and we assume that 
the detection rate within the Baltic Offshore Beta wind farm is as high as 
within the Natura 2000 site, porpoises will be close to a turbine pile site on 
5.8-52.6% of days. It is, however, very likely that the actual “encounter rate” 
is lower and instead similar to the levels found within the 40 km buffer i.e., 
on max. 4.1% of days. This means that e.g., for the winter piling of turbines 
porpoises in the centre of the wind farm where the sound of the pile driving 
may affect a given turbine location on 30 days, porpoises would be present 
15 days of those days (worst case scenario) or 1 day (likely scenario). In the 
autumn, this would be 7 days (worst case scenario) and 0.5 day (likely sce-
nario). Furthermore, as the unit is a “detection positive day”, but a pile driv-
ing is expected to last less than 3-5 hours per jacket followed by a 2 hour 
break, the likelihood that porpoises are present within that period is further 
reduced, to approx. 50 % of the numbers above (piling lasting a maximum of 
10only mean that a porpoise was detected at some point during those 24 
hours e.g. just for 1 minute and not that it was present all day. 

To sum up, the modelled area affected by noise above behaviour threshold 
by pile driving indicate that porpoises are likely to be disturbed by the noise 
over a certain area in all seasons especially in the winter. According to the 
assessment methodology (table 2-3), the impact magnitude of pile driving on 
behaviour should be medium since “impact time is from days to weeks” and 
not just hours. However, “the impact is reversible and do not lead to any 
permanent change” points to the impact magnitude being minor. Here, we 
assess the impact magnitude of pile driving on harbour porpoise behaviour 
in all seasons to be medium to minor. However, the impact magnitude will 
obviously be lower in autumn and spring compared to winter. 

It should be noted that, that the critically endangered status of the Baltic 
Proper harbour porpoise population is a major factor in the assessment of the 
sensitivity of the species towards impacts. For the larger neighbouring Belt 
Sea population, these behavioural temporary impacts would be considered 
negligible to minor. The main factor driving the assessment of the impact up 
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is therefore the precautionary assumptions that have been made to accom-
modate the fact that Baltic Proper porpoises are assessed as critically endan-
gered.  

At present the chosen mitigation method is DBBC since HSD still isn't a com-
mercially available system for jacket foundations. That means that DBBC at 
present is both BAT and BEP, i.e., no other technologies for abatement of pile 
driving noise are currently available (M. Bellmann pers. Comm. April 2023). 
However, new mitigations are being developed and the HSD-system and 
similar might be available at the time of the construction. If a wind farm is to 
be constructed in the proposed area on jacket foundations, there are no 
means available to entirely avoid a temporary impact on the behaviour of 
harbour porpoises in the area. 

3.1.2 Shipping 

The background noise in the Baltic Sea is mainly affected by the high level of 
ship traffic. According to Ramboll (2023), it is estimated that about 2000 size-
able ships are at sea at any time, and each month around 3,500-5,000 ships 
traffic the waters of the Baltic Sea. And furthermore, that “based on the num-
ber of ships passing and data from baseline underwater noise measurements 
in the Baltic Sea, the average existing background noise levels from shipping 
range from 100 dB (re. 1 µPa.) away from the ship lanes to up to 120 dB (re. 1 
µPa.) close to the ship lanes.” Detection range of harbour porpoise depend on 
background noise levels as well as hearing thresholds. Based on this high level 
of background noise, Ramboll (2023) estimate that the impact of the additional 
ships used during construction, may impact the behaviour of harbour por-
poises in distances of up to 50 m. 

As described in section 2.3.1 under sensitivity of porpoises to shipping, very 
little information is available on the behaviour of porpoises in reaction to ship 
noise with estimated reaction distance being up to 400 m depending on ship 
type and speed. 

However, none of the studies mentioned can be directly transferred to assess 
the impact magnitude of ship traffic from the construction of the Baltic Off-
shore Beta wind farm. According to Ramboll, the fleet related to the construc-
tion of the wind farm will be 10 ships and there will be approximately 1050 
trips in total over approximately three years. This adds up to that only a few 
vessels will be in the area at the same time.  

Based on this information, as well as the fact that the amount of existing ship 
traffic within this area is relatively large, we here assess that the impact mag-
nitude of ship traffic to porpoise behaviour to be minor. 

The source level of ship noise is substantially lower than pile driving noise. 
Porpoises have poor hearing below a few kHz and it is unknown what they 
may use this low-frequency hearing for. Ship traffic may cause masking, alt-
hough very little is known about this. It is assumed that it will only occur very 
close to the vessels in distances where the presence of the ship will already 
have disturbed the porpoises to swim away. Thus, the impact of masking by 
ships are assessed to be negligible. 
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3.2 Impact magnitude of sediment spill 
Sediment spill will occur primarily during installation of the foundations and 
the cables. The magnitude of the sediment spill is given in Ramboll (2022). A 
short summary of each report is given below. 

The widest spreading of suspended sediments in the water mass will occur 
during installation of the foundation although the levels between installation 
of foundations and cables are comparable.  

Ramboll (2022) provides the following results for the installation of the foun-
dations: 

• The maximum sedimentation observed is 3517 g/m2. This translates to a 
settled layer thickness of approximately 3.5 mm. Note that this maximum 
is confined to a small area. 

• 109.1 km2 is covered with a layer thickness of settled sediments of at least 
100 g/m2 (≈ .1 mm). 

• The maximum observed concentration in the water column is 56.2 mg/l. 
Note that this maximum is observed for a short period (<1 h) and in a 
confined area. 

• The area that exceeds the threshold of 5 mg/l exceeded for at least one 
hour, is 121 km2. For a threshold of 10 mg/l, the area exceeded for at least 
one hour is 44.8 km2. 

Selected results for the cable installation scenario: 

• The maximum sedimentation observed is 3142 g/m2. This translates to a 
settled layer thickness of approximately 3.1 mm. Note that this maximum 
is confined to a small area. 

• 274.2 km2 is covered with a layer thickness of settled sediments of at least 
100 g/m2 (≈0.1 mm). 

• The maximum observed concentration in the water column is 104.2 
mg/l. Note that this maximum is observed for a short period (<1 h) and 
in a confined area. 

• The area that exceeds the threshold of 5 mg/l, exceeded for at least one 
hour, is 278.2 km2. For a threshold of 10 mg/l, the area exceeded for at 
least one hour is 174.1 km2. 

The sediment plumes can cover long distances from the installation and the 
scale of sediment spill is thus quite large. The duration is, however, temporary 
and the impact is reversible, and the impact magnitude is thus assessed to be 
minor. 
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4 Conclusion 

In this chapter, the sensitivity of harbour porpoises and the impact magnitude 
of the activities are compared, and the overall impact significance assessed 
according to the method described in section 2.2.  

4.1 Impact significance 
 

To assess the impact significance, the sensitivity of porpoises is combined 
with the impact magnitude of construction activities. The magnitudes were 
estimated under assumption of use of Best Available Technology and Best En-
vironmental Practice (BAT/BEP), in the form of combined use of either a dou-
ble big bubble curtain (DBBC) or a DBBC together with a hydrosound damper 
system (HSD). The assessments are presented in Table 4-1. In summary, the 
impact of pile driving on hearing loss (PTS and TTS) are assessed to be negli-
gible with use of both DBBC and DBBC+HSD. The impact of pile driving on 
behaviour with regard to displacement/disturbances are assessed to be mi-
nor to moderate in all seasons for both DBBC and DBBC+HSD, with the low-
est potential impact in autumn with use of DBBC+HSD and highest in winter 
when using only DBBC. The impact significance of masking due to pile driv-
ing is assessed to be negligible.  

The impact of shipping on behaviour are assessed to be low and on masking 
to be negligible.  

The impact of sediment spill on visual impairment and behaviour are assessed 
to be low.  
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4.2 Impact on Natura 2000 sites 
The proposed area for the Baltic offshore Beta wind farm is located approxi-
mately 8 km from the large (10.511 km2) Natura 2000 site “Hoburgs bank och 
Midsjöbankarna” designated for harbour porpoises in 2016. This is the only 
Natura 2000 site that potentially could be impacted by the construction of the 
Baltic offshore Beta wind farm. The impact could be in the form of behavioural 
disturbances and masking and not PTS and TTS.  

If the mitigation method of DBBC + HSD or similar will be used, the maxi-
mum distance behavioural distance will be 6 km (in the winter), and thus the 
impact on the Natura 2000 site located 8 km away, will be negligible.   

When applying he mitigation method of DBBC, it will be the installation of 
the 12 most eastern turbines that will have an impact inside the Natura 2000 

Table 4.1.    Summary tables of activity, impact, sensitivity, and assessment in the Swedish waters relevant for each activity for 
harbour porpoise. All impacts are assessed with noise mitigation using either double bubble curtain (DBBC) or DBBC + HSD 
(Hydro Sound Damper). *Number of days where porpoise behaviour may be impacted at each turbine    

Activity 
Mitiga-

tion Impact Sensitivity Reversibility 
Spatial 
extent 

Temporal 
extent 

Impact 
magnitude 

Impact 
significance 

Pi
le

 d
riv

in
g 

D
B

B
C

 PTS High Irreversible 0 not relevant Negligible Negligible 

TTS Low Reversible < 50 m not relevant Negligible Negligible 

Behaviour – masking Low Reversible < 12 km 9-30 days Negligible Negligible 

D
B

B
C

 

Behaviour - displacement/ 
disturbance, winter 

Medium Reversible < 12 km 15-80 days* 
Medium- 

Minor 
Moderate- 

minor 

Behaviour - displacement/ 
disturbance, spring 

Medium Reversible < 10 km 13-65 days* 
Medium- 

Minor 
Moderate 

-minor 

Behaviour - displacement/ 
disturbance, summer 

Medium Reversible < 6 km 9-30 days* 
Medium- 

Minor 
Moderate- 

minor 

Behaviour - displacement/ 
disturbance, autumn 

Medium Reversible < 8 km 11-50 days* 
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Behaviour - displacement/ 
disturbance, winter 

Medium Reversible < 6 km 9-30 days* 
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Minor 
Moderate- 

minor 
Behaviour - displacement/ 

disturbance, spring 
Medium Reversible < 5 km 7-22 days* 
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Minor 

Moderate- 
minor 

Behaviour - displacement/ 
disturbance, summer 

Medium Reversible < 3 km 3-8 days* 
Medium- 

Minor 
Moderate- 

minor 
Behaviour - displacement/ 

disturbance, autumn 
Medium Reversible < 4 km 5-14 days* 

Medium- 
Minor 

Moderate- 
minor 

Sh
ip
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D
B
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C

 Behaviour - displacement/ 
disturbance 

Medium Reversible < 400 m Hours Minor Low 

Behaviour – masking Low Reversible < 400 m Hours Negligible Negligible 

Se
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en

t s
pi

ll 

D
B

B
C

 Visual impairment Low Reversible local 
few days after 
ended impact 

Minor Low 

Behaviour - displacement/ 
disturbance 

Low Reversible local 
few days after 
ended impact 

Minor Low 
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site “Hoburgs bank och Midsjöbankarna” during winter and the 7 most east-
ern turbines during spring. Pile driving during summer and autumn will not 
affect the Natura 2000 site.  

The maximum area impacted within the Natura 2000 site is 46 km2 during 
winter and 14 km2 during spring. This will occur during piling of the most 
eastern turbine exemplified in Figure 3-1. The Natura 2000 site is 10.511 km2. 
This means that it will be maximum 0.44 % of the Natura 2000 area impacted 
over a maximum of 12 days over a period of two years during winter. And a 
maximum on 0.13 % of the Natura 2000 site for a maximum of 7 days in spring. 

However, the management plan (Länsstyrelsen 2021) for the site states that 
within the Natura 2000 area Hoburgs bank and Midsjöbankarna, impulsive 
noise or continuous underwater noise, including shipping, should not cause 
any behavioural impact within the areas where the detection rate of porpoises 
is highest within the Natura 2000 area “Hoburgs bank and Midsjöbankarna”. 
For the parts of the Natura 2000 sites with the lower detection rates, activities 
that generate underwater noise that exceeds the porpoise's hearing threshold 
by 40 dB should be minimized.  

This “area of highest detection” activity is assessed by Owen et al. (2021) to be 
area surrounding the Northern Midsea Bank. The three stations deployed here 
2017-2020 (station ID: 1032, 1036 and 1041) had the highest level of detections 
of the 12 stations monitored after SAMBAH ended in 2013. None of the three 
high level stations are within the 40 km buffer area of the proposed Baltic Off-
shore Beta wind farm area. However, as the 46 km2 potentially affected by the 
piling of the 12 most eastern turbines have never been monitored (Figure 3-1), 
the level of detections in this area are unknown. Thus, the optimal approach 
would be to not cause any behavioural disturbances within the Natura 2000 site 
(see also Section 2.2.3).  

This could be obtained if the installation of the specific 12 most eastern turbines 
were conducted in the autumn where the sound propagation in warmer water 
will lower the range of the noise levels. As the four seasonal models are based 
on average variables for the three months in each season, new specific models 
should be run when the period for the pile driving of the eastern turbines are 
known. This is important since the impact e.g. in autumn in September will be 
lower than the average impact range for that season, but the impact range for 
November will be larger and may thus affect the Natura 2000 site after all.  

The impact significance of pile driving on behaviour of porpoises from the Bal-
tic Offshore Beta wind farm is thus assessed to be negligible in the summer and 
autumn. In the winter and spring, the impact significance of pile on behaviour 
of porpoises is assessed to be moderate due to the restrictions on impacts on 
behaviour described in the management plan (Länsstyrelsen 2021). The impact 
assessment in winter could potentially be lowered if further mitigation methods 
e.g. Hydro Sound Dampener in combination with the current DBBC could re-
duce the emitted noise levels and thus avoid impact on the Natura 2000 site.  
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7 Appendix 2 

Mail correspondence between Niclas Erkenstål from Njordr Offshore Wind AB and Malin Hemmingsson from 
Havs- och vattenmyndigheten in on 23. May 2022 and 7. June 2022. The oldest email is at the bottom.  
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8 Appendix 3 

Predicted monthly probability of detection of harbour porpoises in the study 
area, for each month January–December. The probability scale is the same in 
all figures. The black lines indicate the 20% probability of detection. The dot-
ted line shown for May–October is the seasonal management border proposed 
here for the Baltic Proper population. From Carlén et al. (2018).  
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BALTIC OFFSHORE BETA
WINDFARM
Baseline and assessment of harbour porpoises

Aarhus University (AU) has been commissioned by Njordr 
Offshore Wind AB and Rambøll Sweden to conduct a 
baseline investigation as well as an impact assessment on 
harbour porpoises of the construction of the Baltic Offshore 
Beta wind farm in the Baltic Proper (Swedish Territorial 
Waters). The pre-investigation phase and the operational 
phase are not included. AU suggested deployment of 
passive acoustic monitoring stations, but this was not ac-
cepted by the Swedish Armed Forces (Marinstaben). Thus, 
the assessment is a desk-top study based on the available 
knowledge
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