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Background 
The HOLAS II Workshop on the Baltic Sea Pressure and Impact Indices (HOLAS II BSPI BII WS 1-208, paras 66-
70) discussed improvements proposed to the data layer ‘Input of continuous anthropogenic sound’, which is 
used in the Baltic Sea Pressure and Impact Indices.  

The workshop noted that the layer would need to be further refined, and recommended that the Secretariat 
and Sweden work on a proposal, including guidance from EN-Noise. 

Based on the workshop recommendation, Sweden initiated and led a drafting group to elaborate on the issue 
and provide a proposal on how to define the layer. The drafting group included experts from Denmark, 
Estonia, Finland, Germany and Sweden, who have been involved in producing the data used in the layer via 
the BIAS project. 

This document presents the proposal from the drafting group. The proposal has been implemented in the 
results shown in documents 4-7 and 4-8. 
 
 

Action requested 
The Meeting is invited to take note of the information. 

 

https://portal.helcom.fi/meetings/HOLAS%20II%20BSPI%20BSII%20WS%201-2018-514/MeetingDocuments/Outcome%20of%20HOLAS%20II%20BSPI%20BSII%20WS%201-2018.pdf
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Proposal for a ’Input of continuous anthropogenic sound’ layer 
For the Baltic Sea Pressure Index (BSPI), data from the BIAS project (www.bias-project.eu) could be used 
where measured and modelled acoustic data is provided as Sound Pressure Level (SPL). However, decisions 
needs to be made for what SPL should be used for the normalization corresponding to index 0 and 1 levels, 
as well as what BIAS maps to apply this normalization on. Based on information from HELCOM, the index 0 
represent no pressure and index 1 the maximum pressure i.e. maximum value in the map layer. 

Background 
BIAS has produced: 

• a series of long term local noise measurements in 2014; 
• a series of statistical noise maps calibrated with the series of measurements in 2014. 

All data provided are representative of both the natural and anthropogenic components of sound in the Baltic 
Sea, the measurement also includes the biological component. 

Recommendation for an interim BSPI based on BIAS results 
Based on motivations given below, we suggest the BPSI should be defined as the 5th percentile of the annual 
exceedance of anthropogenic sounds above natural noise levels, also called noise footprint (Folegot and 
Clorennec, 2014) (Baudin et al., 2014) calculated in the 125Hz third-octave at each location of the noise maps. 

For technical reasons, the shipping footprint cannot be immediately derived from BIAS maps. We suggest 
therefore, as an interim BSPI, that annual averages maps of SPL produced in BIAS to be used and that the 0 
and 1 index values for the normalization is represented by 92 and 127 dB re 1µPa. This index should be 
applied to the BIAS soundscape map of the 5th percentile (noise level that occurs 5 % of the time = L05 
exceedance level) for the annual average for 2014, 125 Hz third octave band and the depth layer surface to 
the bottom. 

Motivation 
Frequency 
The first question to resolve is what frequency to use? Measured data for 63, 125 and 2 000 Hz third octave 
bands from several BIAS stations were used to obtain the natural ambient sound and plotted with modelled 
data for anthropogenic noise at the same locations (Figure 1). The frequency with the minimum overlap 
between ambient (in green) and anthropogenic noise (in blue) was the 125 Hz third octave band. This implies 
that the likelihood of a high SPL generated by ambient sources is low. 

   

Figure 1. Histograms for measured ambient noise from several BIAS stations (green) and modelled data for anthropogenic noise (5th 
percentile) (blue). For a description on methodology, see Folegot et al. (2016). Figures done by Quiet Oceans. 

An additional argument for using 125 Hz third octave band is that this band is more suitable for the shallow 
Baltic Sea than the 63 Hz, due to noise propagation limitation inferred on the lower band caused by a 
generally shallow environment. 

http://www.bias-project.eu/
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SPL for the ’0’ index level 
The 0 index should represent the natural noise levels. However, since these values are not immediately 
available from the BIAS SPL maps, a temporary contingency approach is proposed to decide on the 0 index. 

The 0 index level should represent low anthropogenic pressure on the ecosystem and for underwater sound, 
this means that the soundscape should be dominated by sounds produced by wind, wave, rain and other 
natural sources. It is assumed that marine animals are adapted to these sound levels and thus natural sound 
should not be quantified as an impact.  

Natural sound levels 
Ambient noise data from measurements during the BIAS-project were used to produce “Wenz curves” for 
the Baltic Sea, which describes the natural ambient noise levels for different wind speeds. These curves were 
calculated from data measured without ships known to be within tens of km from the recording stations or 
derived from the 98th percentile (L98, i.e. the noise level exceeded in the recordings 98% of the time, or close 
to the absolute minimum level in the recordings). Figure 2 shows the relation between the wave height and 
the sound pressure level from one station (Saaremaa) in the Baltic proper, which reaches up to a SPL of about 
88-94 dB re 1µPa for a wave height of maximum 4-6 m.   

 

Figure 2. Wave height dependent sound pressure level from a BIAS station (Saaremaa) in the Baltic proper for the 125 Hz third octave 
band. The blue scatter plot relates the noise level and the significant wave height. The red curve is the local Wenz law obtained. Figure 
taken from Folegot et al. (2016). 

Using a larger data set (eight measurement stations; BIAS station nr 1, 2, 3, 11, 23, 25, 28 and 29), the 
distribution of measured SPL of natural sounds in the 125 Hz third octave band falls in the interval 60-95 dB 
re 1µPa (Figure 3). These results indicate that there could be some contribution from anthropogenic sources 
from 70 dB re 1µPa and above. The modelling thus indicate that L05 fractions of the ship noise (blue bars in 
Figure 3) are always above natural ambient (green bars) if the ship noise is above about 95 dB re 1µPa and 
could be above natural ambient for levels as low as 70 dB re 1µPa, if the natural ambient is also low at the 
particular instant in time. 
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Figure 3. Histograms for measured ambient noise (green) and modelled data for anthropogenic noise (5th percentile) (blue) from eight 
BIAS stations for the 125 Hz third octave band. For a description on methodology, see Folegot et al. (2016). Figure done by Quiet 
Oceans. 

The 5th percentile in the distribution of natural sounds shown in Figure 3 (green histogram), gives a SPL of 92 
dB re 1µPa. There are obviously occasions when ships are producing noise weaker than 92 dB re 1µPa.  

 

Figure 4. The estimated probability density functions of the measured SPL-s in three different measurement locations for the 125 Hz 
third octave band during the year 2014. 

The 0 index level can also be derived from the BIAS annual statistics from three other stations (nr 22, 23, and 
31). The underwater SPL probability density functions (PDF) in the 125 Hz third octave band for three 
different locations are presented in Figure 4 as the “violin plots”. For each violin plot the surface area equals 
unity, the abscissa of the plot is showing probability density value of every SPL value displayed on the vertical 
axis. The key statistical measures as the arithmetic mean (AM, equal to the long-term RMS-average), the 
exceedance levels L05, L10, L25, L50, L75, L90 and L95 are added to the violin plots. 

Location 23 (near Saaremaa Island) is representative of the Baltic Proper in the absence of the intense 
shipping. The median value of this natural noise dominated PDF is 90 dB re 1µPa. Location 22 (Hiiumaa) is a 
proxy of the Baltic Proper in the presence of the intense shipping. The PDF of this location has bimodal shape 
with the lower mode being around 90 dB re 1µPa, as the mode for location 23.  

These results tends to confirm that for the 125 Hz third octave band the natural noise value of 92 dB re 1µPa 
is a correct choice for the Baltic Proper. However, for some other sheltered Baltic Sea basins such high value 
can lead to the underestimation of the anthropogenic noise component. The preferred approach in future 
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derivations of noise pressure maps is thus to use local estimates of the natural and anthropogenic parts of 
the noise. This, however, is presently not possible.   

Biological considerations 
Hearing in noise sensitive animals in the Baltic Sea covers a wide frequency range (HELCOM, 2016). The 0 
index level should be equal to or higher than the hearing threshold of these species, as anthropogenic noise 
at levels inaudible is considered to have no impact on the animals. In this case for the 125 Hz, there is only 
relevant data on hearing for harbour seal, ringed seal, cod and herring on hearing thresholds (Table 1). Grey 
seal will likely have a hearing range similar to harbour seal and ringed seal but no data is available at 125 Hz. 
Harbour porpoises is expected to have poor hearing at 125 Hz, as the sensitivity decreases monotonically 
from about 10 kHz to 250 Hz, the lowest frequency where measurements are available. The recommended 
0 index level of 92 dB re 1µPa is thus, above the hearing threshold for most of the noise sensitive species in 
the Baltic Sea (Table 1). 

Table 1. Hearing range for some of the noise sensitive species in the Baltic Sea. Data from HELCOM (2016). 

Animal Frequency (Hz) Hearing threshold (dB re 1 µPa) 

Harbour seal  125 75 

Ringed seal  100 90 

Grey seal 1400 84 

Harbour porpoise  250 113 

Cod  100 77 

Herring  100 75 

 

SPL for the ’1’ index level 
For the index 1 level there are alternative approaches. Either the highest modelled SPL for 125 Hz third octave 
band is used, which was 137 dB re 1µPa obtained in the Great Belt in Denmark, or the maximum of the 5th 
percentile of the distribution of sound is used for the modelled anthropogenic noise in Figure 3, which gives 
an SPL of 127 dB re 1µPa. A third alternative is to use 155 dB re 1µPa, which was the highest measured value 
for the 125 Hz third octave band in the data set, obtained in the Fehmarnbelt.   

However, since a modelled soundscape map will be used for the normalization, we suggest to use the 5th 
percentile (L05) of the modelled SPL, which is 127 dB re 1µPa. Using the upper 5th percentile rather than the 
maximum is precautionary, as it will, everything else being equal, overestimate the pressure. 
  
BIAS map to be used for normalization 
The choice of the BIAS soundscape map to use for the normalization is the annual 5th percentile (noise level 
that is exceeded 5 % of the time, L05) for the 125 Hz in-third octave band for 2014 and the depth layer surface 
to the bottom. This map shows where the highest noise levels occur and are related to shipping noise in most 
of the location in the Baltic Sea, which is the main source of the pressure. This approach is precautionary. 
Higher levels may occur, since individual vessels do introduce larger levels. But these more intense levels are 
observed for very limited amount of time at a single position (less than 5% of the time) because of the 
mobility of the vessels. 

It is therefore recommended to use the 5th percentile of the noise maps in order to insure representativeness 
of the index and avoid erratic and local effects that would not be representative of continuous sounds and 
significant exposure to species. 



HOLAS II 8-2019, 4-13 
 

 

Page 6 of 7 
 

 The normalized map based on the 5th percentile (figure 5) thus shows the areas possibly influenced by ship 
noise, 5% of the time. If lower percentiles are used, this means that the threshold level (92 dB re 1µPa) must 
be exceeded for a larger fraction of the time to obtain a pressure index above 0 and the area possibly 
influenced by the ship noise will artificially be reduced relative to the area derived from the 5th percentile.  

 

Figure 5. Normalized map based on based on the annual 5th percentile for the 125 Hz in-third octave band for 2014 and the depth 
layer surface to the bottom. Figure done by Quiet Oceans. 
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