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Cover picture: 2014 annual median noise maps of the Baltic Sea in the 125 Hz third-octave band: on 

the left, noise levels occurring regularly (75% of the year, e.g. at least for a cumulative period of 9 

months), in the middle, median noise levels, and on the right, noise levels occurring occasionally 

(10% of the year, e.g. at least for a cumulative period of 1.2 month). 

  

BIAS - Baltic Sea Information on the Acoustic Soundscape 

The Baltic Sea is a semi-enclosed sea with nine bordering states. It consists of 8 sub-

catchment areas (sub-basins) and a numerous of harbours. The shipping density is one of the 

highest in the world. It is estimated that about 2000 sizeable ships are at sea in the Baltic Sea 

at a given time. Besides shipping, existing and planned wind farms contribute to the ambient 

noise of these waters.  

In September 2012, BIAS started. This project is funded by EU LIFE+ and has three main 

objectives. The first objective is to establish a regional implementation of Descriptor 11 of the 

Marine Strategy Framework Directive through underwater sound measurements throughout 

the Baltic Sea and the development of user-friendly tools for management of the Descriptor. 

The second objective is to establish regional standards and methodologies that will allow for 

cross-border handling of data and results, which is necessary for an efficient joint 

management. The third objective is to use the measurements to model the soundscape of the 

entire Baltic Sea.  

BIAS will solve the major challenges when implementing Descriptor 11 in the Baltic Sea. In 

total 38 sensors were deployed throughout the Baltic Sea in 2014 to measure the noise levels 

during the entire year. The measurements were performed by following the standards 

documented in this report. Likewise were the data analysed using standardized signal 

processing routines. Results were subject to a quality control and finally stored in a common 

data-sharing platform. 
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The present report was drawn up within the scope of the research project „Baltic Sea 

Information on the Acoustic Soundscape” (BIAS). 

 

This report can be cited as follows:  

Folegot T., Clorennec D., Chavanne R., R. Gallou (2016). Mapping of ambient noise for BIAS. 

Quiet-Oceans technical report QO.20130203.01.RAP.001.01B, Brest, France, December 2016 
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A.  Introduction 
Since the 1970s, there has been considerable scientific discourse addressing concerns about the 

potential detrimental effects of anthropogenic noise on marine life. Targeted research in this field 

began in the 1980s with a number of pioneering studies [1] [2] . Over the last ten years, various 

scientific institutions, government agencies and intergovernmental bodies have promoted studies in 

this field which have produced significant amounts of data on the effects of sound on marine 

mammals [3] , fish [4] and invertebrates [5] . These studies document the presence as well as the 

absence of physiological effects and behavioural reactions to the various acoustic signals experienced 

by marine mammals, fish and a number of invertebrate species. This stimulated further discussion 

and debate among scientists, stakeholders and political decision-makers regarding effective methods 

to address the potential impacts of underwater noise and thus develop mitigating measures in order 

to draft future regulations. 

The European Union therefore regards the introduction of sound energy as one of the threats to the 

marine environment that requires an EU wide cooperative action and regulation. This is a driver for 

the Marine Strategy Framework Directive (MSFD), adopted by the European Union in July 2008. The 

main goal of the Marine Directive is to achieve a Good Environmental Status (GES) of EU marine 

waters by 2020. With regards to underwater sound, Descriptor 11 of the MSFD states that GES is 

achieved when the introduction of energy, including sound, is at levels that do not adversely affect 

the marine environment. For implementing this, a monitoring programme has to be established 

observing the current level and any trend of ambient noise in European seas. Defining acoustical 

parameters as well as establishing standards facilitates regional marine environmental management 

of underwater sound by guaranteeing compatible and quality-assured data. 

The international project “Baltic Sea Information on the Acoustic Soundscape” (BIAS) started in 

September 2012. This project is funded by the European Commission under the LIFE+ program and 

national co-funders to establish a regional implementation of Descriptor 11 of the Marine Strategy 

Framework Directive for the Baltic Sea region. The BIAS sound monitoring, conducted throughout the 

Baltic Sea, will provide a baseline of the currently prevailing ambient noise for future assessment. 

The BIAS reports Standards for Noise Measurements and Data Handling and BIAS Standards for 

Signal Processing were released in 2015 [12] . These documents describe methodologies, standards 

and protocols implemented in the framework of the BIAS program for the noise measurement 

activities and the processing of the measured signals. 

The aim of this report is to provide with the methodologies, standards and protocols implemented in 

the framework of the BIAS program for mapping the noise of human-introduced underwater noise in 

accordance with MSFD descriptor 11 that can serve as a draft for a European Standard. 

  

http://ec.europa.eu/environment/marine/eu-coast-and-marine-policy/marine-strategy-framework-directive/index_en.htm
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B.  Scope 
The aim of this report is to describe the production of extended monthly and annual soundscape 

maps of the BIAS project area through modelling. These maps correspond to the initial assessment of 

the environmental status of underwater noise and human activities in accordance with the latest 

methodological recommendations of the Technical Subgroup Noise of the Marine Strategy 

Framework Directive [6] . This report will address the methodology and tools applied to produce the 

noise maps and to calibrate them based on the long term in-situ measurements made during the 

same period across the area (Figure 1). The story related hereafter starts with the delivery of the 

environmental data necessary to describe the underwater propagation of sounds, the characteristics 

of the anthropogenic sound sources in the region, and the processed in-situ measurements made 

during the same period across the area according to the BIAS standards [7] (Figure 2). Original 

methodologies have been developed to ground truth the maps that enable the representation of 

both natural and anthropogenic noise. The noise maps produced serve as raw material in the GIS 

planning tool elaborated in the framework of BIAS [44] . 

 

 

Figure 1: Baltic Sea regional map showing the positions of the acoustic measurements carried on by the BIAS project. 
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Figure 2: Modelling of soundscape action in the framework of the BIAS action plan. 

 
 

C. Terms and definitions 
This section defines the terms as used in the following text. 

a. 1/3rd-octave frequency band 

A frequency band with one third of an octave bandwidth. One octave is a doubling of frequency, 

whereas one third of an octave is a frequency ratio of 21/3 ≈ 1.26 between the highest and the 

lowest frequency (adapted from [8] ). 

b. AIS 

Automatic Identification System (AIS). This system is operated as an aid to navigation and maritime 

safety by enabling ships to be mutually aware in terms of speed, course, ID, current position and 

several other important attributes. Imposed by the International Maritime Organisation, it is 

mandatory for vessels over 300 GRT, and recommended (but not compulsory) for smaller vessels 

such as fishing and leisure craft. 

c. VMS 

Vessel Monitoring Systems (VMS) is a general term to describe systems that are used in commercial 

fishing to monitor vessels in the territorial waters of a country or a subdivision of a country, or in the 

Exclusive Economic Zones (EEZ) that extend 200 nautical miles (370.4 km) from the coasts of many 

countries. 

d. Cumulative Distribution Function (CDF) 

The cumulative distribution function (CDF) gives the cumulative probability associated with a 

distribution. Specifically, it gives the area under the probability density function (PDF), up to the 

value you specify. Use the CDF to determine the probability of a response being lower than a certain 

value, higher than a certain value, or between two values. See also the definition of the term 

percentile. 
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e. Bandwidth 

The frequency range within which a recording system is sensitive. The frequency range (in Hertz) is 

obtained by subtracting the lower from the upper cut-off frequency. 

f. Broadband level 

The sound pressure level obtained over a wide frequency range with defined bandwidth. 

g. Center frequency 

The geometric mean of the lower and upper cut-off frequencies. Please note that the intensities 

should be averaged before converted into decibels. 

h. Sound 

The term “sound” is used to refer to the acoustic energy radiated from a vibrating object, with no 

particular reference for its function or potential effect. “Sounds” include both meaningful signals and 

“noise” (defined below), which may have either no particular impact or may have a range of adverse 

effects [9] . 

i. Noise  

Noise is in direct contrast to signals, but always depending on the receiver and the context. What one 

receiver considers noise may be a signal to another receiver and even for the same receiver can the 

exact same sound be either signal or noise, depending on context.  

“Noise” can be used in a more restrictive sense where adverse effects of sound are specifically 

described or when referring to specific technical distinctions such as “masking noise” or “ambient 

noise” [9] . 

j. Ambient noise 

That part of the total noise background observed with a non-directional hydrophone, which is not 

due to the hydrophone and its manner of mounting (self-noise), or to some identifiable localized 

source of noise [10] . 

Environmental background noise not of direct interest during a measurement or observation; may be 

from sources near and far, distributed and discrete, but excludes sounds produced by measurement 

equipment, such as cable flutter [2] . 

For a specified signal, all sound in the absence of that signal except that resulting from the 

deployment, operation or recovery of the recording equipment and its associated platform [9] .  

k. Natural ambient noise 

Ambient noise in the absence of any contribution from anthropogenic sources. 

l. Continuous sound  

Imprecise term meaning a sound for which the mean square sound pressure is approximately 

independent of averaging time [11] . 

A sound with no clear definable beginning or end with no bandwidth restrictions and a large time 

bandwidth product when the frequency range is broadband. Continuous sounds have finite power, 

but may have infinite or at least undefined energy. 
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m. Sound pressure 

The difference between instantaneous total pressure and pressure that would exist in the absence of 

sound [8] . Instantaneous pressure at time t. 

p(t) in [Pa] 

n. Reference pressure 

1 µPa in underwater acoustics. 

p0 in [Pa] 

o. Sound exposure 

The integral of the square of the sound pressure over a stated time interval or event [8] . 

E in [µPa²s], 𝐸 =  ∫ 𝑝(𝑡)2𝑇

0
𝑑𝑡, with T being the time period of the event of interest. 

p. Sound Pressure Level 

SPL in [dB re 1 µPa] 

𝑆𝑃𝐿 = 10 ∙ 𝑙𝑜𝑔10

1
𝑇⁄  ∫ 𝑝(𝑡)2𝑑𝑡

𝑇

0

𝑝0
2  = 10 ∙ 𝑙𝑜𝑔10 (

𝑝𝑟𝑚𝑠

𝑝0
)

2
=  20 ∙ 𝑙𝑜𝑔10 (

𝑝𝑟𝑚𝑠

𝑝0
) 

with T = integration time.  

q. Sound Exposure Level 

SEL in [dB re 1 µPa²s] 

𝑆𝐸𝐿 = 10 ∙ 𝑙𝑜𝑔10 (
𝐸

𝑝0
2 𝑇0

) = 𝑆𝑃𝐿 + 10𝑙𝑜𝑔10(𝑇) 

With reference time T0 = 1 s 

With T being the time period of the event of interest in seconds. 

r. Percentile level 

A percentile corresponds to the proportion of time and space for which the noise exceeds a given 

level. This concept is widespread even in everyday life. For example, the average income of the top 

10% of income earners or the “income threshold corresponding to the 90th or to the 95th 

percentile”, i.e. the income earned by the poorest individual among the top 10% or top 5% richest 

individuals. Meanwhile, the 50th percentile corresponds to the median salary. For underwater noise, 

the percentile, or exceedance level, is meant to describe the noise level occurring at least. 

In the context of underwater noise, it is defined as the level LN that is exceeded for N percent of the 

time interval considered. For example, L1 is the level that is exceeded 1% of the time. This is 

accomplished by (1) ordering all measured levels in the time interval numerically in descending order 

and (2) and picking the value 1% of the rows below the top of this ordered list. Both steps can be 

done together in Matlab with the quantile or prctile function (available in the Statistics Toolbox). 

The L1 is a measure for the maximum level. It is a more robust estimate than taking just the 

maximum observed level, since the latter may be an outlier caused by a single event, such as rattling 
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of the anchoring system or other types of self-noise. Accordingly, L99 and L95 are used to describe 

the minimum level. L50 is the median level. 
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D. Methodology for mapping the ambient noise 
It is essential to bear in mind that underwater noise measurements made with hydrophones have a 

representability limited to the time and position (latitude, longitude and depth) the measurement 

has been taken. It is not unusual to encounter sound levels differing by 10dB at two different depths 

20m apart at a same time. Indeed, the noise received at a particular position in the marine 

environment depends on the characteristics of the sound source(s) and the propagation through the 

marine environment (Figure 3). Therefore, although the noise measurement remains essential to any 

monitoring program of underwater noise, temporal and spatial representativeness of the assessment 

can only be achieved by considering the characteristics of the introduction of noise in the marine 

environment and their spread. This is the purpose of ambient noise mapping. 

Noise mapping is a methodology that brings together the intrinsic characteristics of the sound 

sources, the spatial distribution of the sound sources, the characteristics of the marine environment, 

underwater acoustic models to produce a geographical representation of the noise in a given area. 

 

 
Figure 3: In the warm upper layer of the ocean, sound is refracted toward the surface. As sound waves travel deeper into 
colder water, they slow down and are refracted towards the seafloor, creating a shadow zone. Image courtesy of the 
National Academy of Sciences. Source: www.dosits.org. 
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I. General principles of noise mapping 

a. Key ocean variables affecting sound propagation  

Noise propagation and ambient noise levels are mainly determined by the following (Table 2):  

 Bathymetry (underwater terrain); 
 The nature of the seabed (sediment type); 
 Oceanographic conditions such as temperature and salinity, currents, sea level; 
 Weather conditions such as the wind (and consequently waves) and rainfall intensity. 

Sound propagation losses increase as water depth lessens, and this is a cumulative loss effect which 

applies to shoaling caused by bathymetry and tidal fluctuations together. The effect is linked to the 

interaction of sound waves with the interfaces of the oceanic waveguide (surface and seabed). 

Furthermore, it should be noted that ocean waves (waves at the sea surface) tend to surge as they 

encounter shallower water, which increases their contribution to the ambient noise. 

Propagation losses are more significant when the seabed is loose and fine-grained (i.e. silt absorbs 

sound waves better than gravel). However, the denser the sediment, the more reverberant it is; 

sound waves with significant angles of incidence on sediment are better reflected when the 

sediment is dense. 

Wind generated ocean-surface waves propagate and absorb sound waves, an effect that increases 

with increasing sea-state. However, the noise generated by surging waves also increases the level of 

ambient noise. In other words, rough seas increase natural noise levels, but other noise sources do 

not carry as far as they would in calm conditions.  

In shallow water, sedimentary particles are mobilized by currents and/or waves, and noise is 

generated when sedimentary particles collide with each other. The coarser the sediment and faster 

the speed of sound in the sediment, the higher the noise level. 

Rainfall exerts a negligible effect on underwater sound propagation; however the sound generated 

by droplets falling on the sea surface does contribute to an increase in natural noise levels. 

 

Table 1: Effect of physical properties of the ocean environment on acoustic propagation and noise generation. 

 Influence noise propagation 
Generate noise and contribute to 

ambient noise 

Bathymetry   
Bottom parameters   
Temperature/salinity   
Sea level   
Currents   
Wind/waves   
Rain   

indicates that the effect exists       indicates that the effect does not exist or is marginal.  
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b. Underwater noise modelling 

Underwater modelling benefits from more than 50 years of scientific and operational development 

for military purposes, ranging from basic propagation modelling to more sophisticated sonar 

performance modelling. The military research in the field of experimental ocean acoustics has 

involved extensive equipment, with typically at least one ship and often an assortment of at-sea 

platforms equipped with sound projectors and receiving arrays. The objective of this research was to 

incorporate the acoustic propagation phenomena into a theoretical and numerical formalism, which 

gives a quantitative prediction of the sound field for arbitrary ocean environments. The progress in 

the field of numerical computing has largely contributed to the development of the modelling 

capability. 

There are essentially five types of models (computer solutions to the wave equation) to describe 

sound propagation in the sea: spectral, normal mode, ray, and parabolic equation models, and direct 

finite-difference, or finite-element solutions of the full wave equation. All these models permit the 

ocean environment to vary with depth. Models also permit horizontal variations in the environment, 

i.e., slopping bottom or spatially variable oceanography (Jensen, Kuperman, Porter, & Schmidt, 

2000). 

Recent needs have driven the development of integrated modelling systems that allow numerical 

reconstructing the sound field in a given realistic environmental context. Some systems are desktop-

based software that allows simulation of static scenarios [14] , whereas more sophisticated systems 

are able to map the tri-dimensional noise as a function of time according to environmental data 

streams and human activity information and identification streams [15]  

We have used state-of-the-art parabolic equation modelling [15] [16] [17]  which accurately reflects 

the propagation of noise in the water column in realistic oceanographic conditions by resolving the 

Helmholtz Equation, the State Equation: 
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Where p  is the acoustic pressure, c  is the sound speed in the medium (water or sediment), t  is 

time, 
0t  the instant of emission of the signal, and r  the three-dimensional position of observation 

and 
0r  the three-dimensional position of the source, assumed to be punctual. 

The main effect of oceanography is to bend propagation rays and create propagation channels. Nx2D 

modelling is used for modelling sound propagation. This means that the three-dimensional effect is 

achieved through successive modelling in cylindrically interpolated vertical planes. For the 2 kHz 

calculation, we could also have used an energy distribution to Gaussian beams [18] approach. At this 

frequency, and in the shallow environment of the Baltic Sea, calculation times are similar to the ones 
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observed with parabolic equations. Therefore, it has been decided to run all modeling with parabolic 

equation in order to keep a unique model for all results. 

Developed before World War II, and widely used in many areas of physics, parabolic equation 

methods are based on fast Fourier transforms [19] . It has become the most popular wave-theory 

technique for solving range dependent problems in ocean acoustics. It consists in a parabolic 

approximation of the Helmholtz equation into an elliptic wave equation. BIAS has used the model 

developed by Collins et al. [15] [16] [20] which is among the state-of-the-art parabolic equation 

implementation which especially solves the equation for elastic media, such as the marine 

environment. 

c. Noise mapping system used for BIAS 

Quiet-Oceans operates since 2010 the proprietary ocean noise-monitoring and prediction system 

Quonops© [21] . In a similar manner to weather forecasting systems, Quonops© produces an 

estimate of the spatio-temporal distribution of noise levels generated by human activities at sea, 

aggregating multiple sources, and assessing short-, mid- and long term source contributions to the 

global noise field [13] . As demonstrated in a number of international projects, Quonops© caters for 

a broad range of maritime activities, including: 

o maritime traffic  [22] ; 

o oil exploration [23] ; 

o offshore construction [24] ; 

o offshore wind-power construction and operations [25] ; 

o underwater drilling and blasting operations. 

Based on physical acoustic propagation models, Quonops© considers the reality of the area through 

input data and has been largely validated through in-situ acoustic measurements in a very large 

number of different marine environments over the last 6 years, as shown in Table 2. 

 

Figure 4: Synopsis of Quonops as used for the BIAS project. 

https://demo.quiet-oceans.com/manual/index.html#physical-acoustic-propagation-models
https://demo.quiet-oceans.com/manual/index.html#input-data
https://demo.quiet-oceans.com/manual/index.html#validated-through-in-situ-measurements
https://demo.quiet-oceans.com/manual/index.html#validated-through-in-situ-measurements
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Table 2: Validation of Quonops through in-situ acoustic measurements in a very large number of different marine 
environments and projects. 

Project 

Name 
Year Area Type of noise Effort Partners 

ERATO 2011 Atlantic Ocean 
Shipping and 

natural 

6 hydrophones, 

24 hours 

French Hydrographic Office 

(France) 

STRIVE 2011 Irish seas 
Shipping and 

natural 

1 hydrophone, 

21 days 

Environmental Protection Agency, 

Cork University (Ireland) 

AQUO 
2013-

2015 

Mediterranean 

Sea 

Shipping and 

natural 

1 hydrophone, 9 

months 

Laboratory of Bioacoustics 

Applications, Barcelona (Spain) 

AQUO 
2013-

2015 
North-sea Shipping 

Cross-models 

validation 

TNO (Netherland), FOI (Sweden), 

Leiden university (Netherland) 

MaRVEN 
2013 - 

2015 
North-sea 

Piling noise & 

Windfarm 

operation 

2 hydrophones 

DHI (Denmark), Royal Belgian 

Institute of Natural Sciences 

(Belgium), European Commission 

NRL 
2013-

2014 
Indian Ocean 

Shipping and 

natural 

2 hydrophones, 

7 months 
Biotope (La Réunion) 

FEC-COU 2013 English Channel 
Shipping and 

natural 

4 hydrophones, 

20 days 
EMF, EDF, WPD (France) 

SNA 2013 Atlantic Ocean 
Shipping and 

natural 

3 hydrophones, 

20 days 
EMF, EDF, WPD (France) 

BENTHOSCOPE 2015 English Channel 
Tidal device in 

operation 

1 hydrophone, 1 

day 
Marine Energy France (France) 

POSTE H 2013 Indian Ocean 

Vibrodriving 

Shipping and 

natural 

2 hydrophones Biotope (La Réunion) 

ETM 2014 Caribbean 
Shipping and 

natural 

1 hydrophone, 

30 days 
AKUO (France) 

JETSKI 2014 Atlantic Ocean Watercraft 1 hydrophone Marine Protected Area (France) 

PORTIER 
2014 

2016 

Mediterranean 

Sea 

Shipping and 

natural 

2 hydrophones, 

5 months 
BYTP (France) 

EMDT 
2015-

2016 
English Channel 

Shipping and 

natural 

4 hydrophones, 

12 months 
ENGIE (France) 

EMYN 
2015-

2016 
Atlantic Ocean 

Shipping and 

natural 

4 hydrophones, 

12 months 
ENGIE (France) 

GOEMONIER 2016 Atlantic Ocean Fishing device 1 hydrophone Marine Protected Area (France) 
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II. Aggregating noise from waves and shipping noise 

The modelling of ambient noise has addressed two components of the total ambient noise: 

o The shipping noise based on the cumulative effect of multiple vessel noise. The shipping 

noise was derived from AIS and VMS data ; 

o The noise from surface waves generated by the wind and derived from the in-situ acoustic 

measurement compared with surface wave data. 

a. Shipping noise 

Length and speed of the vessels provided by the AIS and the VMS data are used to determine the 

source level of individual vessels at any time using the RANDI3 model [27] [28] [29] detailed 

hereafter and illustrated in Figure 5 for length ranging from 20m to 400m, and speeds set at 10 

knots: 

 

Where  

 Ls is the sound pressure level in dB ref 1µPa/Hz @1m; 

 Ls0 is a mean reference spectrum; 

 cV and cL are power law coefficients for speed (in knots) and length (in meters) (6 and 2, 
respectively); 

 v0 et l0 are the reference speed and length (v0 =12, l0=300 respectively); 

 g(f,l) is an additional length dependent correction. 

The elaboration of the noise maps has used a one hour time resolution where the instantaneous 

speed is used at each instant considered. An illustration of a single maritime traffic situation across 

the entire Baltic Sea and taken the 06 may 2014 at 1500UTC is given in Figure 6. The resulting median 

noise field at the exact same time is illustrated in Figure 7 for the 63Hz, 125Hz and 2kHz third-octave 

bands. 
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Figure 5 Examples of sound pressure level @1m at constant speed (10knots) and for different length. 

 

 

Figure 6 Positions of ships on 06 may 2014 at 1500UTC used for modelling instantaneous sound map 
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Figure 7 : Median instantaneous maps for the full water column for the 63 Hz third-octave (left), the 125 Hz third-octave 
(middle) and the 2kHz third-octave (right) at 06 may 2014 at 1500UTC. 

 

 

b. Noise from surface waves 

The measured data shows that, for most of the rigs, the 98th percentile is representative of the 

natural noise. Indeed, the 98th percentile is, in most cases, well correlated with the significant wave 

heights provided by SMHI at the position of the measurements, as illustrated in Figure 8 for Rig 006 

in the 63 Hz third octave band. The measurement in which natural noise from surface waves where 

present have been processed in order to establish local Wenz curves [36] for the 63Hz, 125Hz and 

2kHz third-octave bands. 

For each annual acoustic dataset provided by the measurement and signal processing actions, a 

scatter-plot has been build that shows the relationship between the noise levels and the surface 

wave height as illustrated in Figure 9 for Rig 023. The local Wenz law was established for BIAS gives 

the noise level from surface waves 𝑁𝐿𝑆𝑊 in the following form: 

𝑁𝐿𝑆𝑊(𝐻𝑟𝑚𝑠) = 𝛼. √𝐻𝑟𝑚𝑠 +  𝛽 

Where 𝐻𝑟𝑚𝑠 is the significant wave height expressed in meters,  and  constant coefficients valid 

for year 2014. This law is then used based on the knowledge of the significant wave height to 

estimate the contribution of the surface waves to the total ambient noise. 
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Figure 8: Superposition of the natural noise levels measured in the 63Hz (top) and 125Hz (bottom) third-octave band at Rig 006 
(blue) and the significant wave height in green, shown a good correlation. 

 

 

Figure 9: Establishment of the local Wenz law based on the annual measurement made at Rig 023 in the 125 third-octave 
band. The blue scatter plot related the noise level and the significant wave height. The red curve is the local Wenz law 
obtained. 
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Figure 10: Examples of the output of the regional model for noise from surface waves in the 63Hz, 125Hz and 2kHz third-
octave bands (from left to right), on the 06 may 2014 at 1500UTC. 

 

 

c. Third-octave band calculations 

The modeling has been performed at the central frequency fm of each third-octave 63Hz, 125Hz and 

2kHz, as detailed in Table 3. To obtained third octave levels, it is assumed that the energy at the 

central frequency is constant within the third-octave. Therefore, the third-octave level is given by: 

𝑆𝑃𝐿1
3⁄ = 𝑆𝑃𝐿𝑓𝑚

+ 10. log10 (𝑓2 − 𝑓1)  

Where 𝑆𝑃𝐿1
3⁄  is the sound pressure level in the third-octave, and 𝑆𝑃𝐿𝑓𝑚

 is the sound pressure level 

modeled at the central frequency 𝑓𝑚 ranging from 𝑓1 to 𝑓2 as defined by [40] and [41] . 

 
Table 3   Information on the 1/3rd-octave band filters used in BIAS. 

IEC/ANSI 

band no. 

Band name 

frequency 

f1 

(Hz) 

fm 

(Hz) 

f2 

(Hz) 

18 63 56.23 63.10 70.79 

21 125 112.2 125.9 141.3 

33 2000 1778 1995 2239 
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III. From instantaneous noise fields to statistical maps 

In order to overcome the fundamental stochasticity of ambient noise, Quiet-Oceans suggested an 

innovative approach based on a statistical characterization of the noise and the associated statistical 

noise mapping technique. In practice, the soundscapes produced by Quonops© are compiled using a 

number of environmental and anthropogenic real situations in the study area. The use of a Monté-

Carlo approach1 then helps to determine the seasonal statistics of the sound fields and describe the 

acoustic status of the study area in terms of percentile levels and spatial distribution. The 

‘anthropogenic situation’ parameter translates ‘frozen’ situations of the spatial distribution of the 

anthropogenic sources into relevant statistical mapping of the existing activities as a whole. This 

approach also enables the introduction of the uncertainty associated with a number of input 

parameters and the capturing of the effect of these uncertainties in the statistics of the soundscapes. 

The production of statistical soundscapes effectively characterizes the spatio-temporal emergence of 

anthropogenic noise from the real environmental conditions of the area. In BIAS, one situation per 

hour had been used to calculate the statistical maps leading to 740 situations per month. 

IV. Numerical performances 

Numerical performance is a key feature of Quonops©. A large number of accumulated acoustic 

pressures in a 3-D mesh for the area are produced in order to enable percentile level calculation. The 

computation may involve a large area, and several hundreds of acoustic sources. 

Quonops© was developed to tackle those highly computational challenges using three layers of 

parallelism: 

o distributed computing to handle the simulation of multiple scenarios simultaneously 

(distributed memory), 

o multi-threading, to meet the required time constraint for online simulations (shared 

memory), 

o manual vectorization of the computation kernels yielding additional speedups that benefit 

both situations. 

a. Cluster computing 

Distributed computing is used both on Quiet-Oceans local cluster. Quonops© uses Message Passing 

Interface (MPI) to efficiently distribute scenarios calculation on a cluster. MPI enables the use of 

multicomputer and/or multiprocessor environment by explicit parallelization. In the case of 

Quonops©, each scenario is locally computed. When computations are finished on the whole cluster, 

all local fields computed on the machines of the cluster are brought back to the host from which the 

whole computation was done. In this way, the number of data transfer is minimized keeping the 

communication on network as light as possible. MPI is very useful for coarse grain parallelization. 

  

                                                           

1
 The Monté-Carlo method is a numerical method that uses random drawing to calculate a deterministic 

quantity. It is widely used in finance, earth sciences and life sciences. 

https://demo.quiet-oceans.com/manual/index.html#statistical-soundscapes
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b. Multithreading with OpenMP 

OpenMP is suitable in multiprocessors context. Parallelization is done by locally adding a directive 

that signals a portion of code which can be parallelized. For example, the addition of 2 vectors can be 

parallelized because each elements of the resulting vector does not depend on the others. Quonops© 

takes benefit of OpenMP capabilities by simultaneously computing different azimutal fields of a 

single source. One of the difficulties in OpenMP use is that explicit synchronization is needed. 

OpenMP is a benefit for fine grain parallelization. 

Quonops© takes profit of both MPI and OpenMP simultaneously thus leading to a computation gain 

factor proportional to the number of computer and their number of cores.  

c. Input/Output operations optimization 

To minimize the number of I/O operations, we used the graph produced by the PassManager jointly 

with a “register-allocation” like algorithm. Register allocation is the process of associating a number 

of variables of a program to a given number of CPU registers. Instead of registers, we use reference 

to matrix that resides in memory. The algorithm is based on linear scan allocation. Each time a new 

matrix needs to be loaded, the algorithm knows which registers are free to be used. If no register is 

available, the time a register was not used is taken into account to free one (spilling). A 

representation of the data flow for a single acoustic prediction case is illustrated in Figure 11 [30] . 

 

 

 

Figure 11: Representation of the data flow for a single acoustic prediction case. 
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V. Passive calibration 

It is standard practice in modelling to use directly observed environmental and acoustic 

measurements to provide locally valid assessment of modelled predictions. The procedure adopted 

for calibrating noise maps provided by Quonops© is to integrate localised measurements that have 

been processed for each one-third octave. To calibrate the statistical map, we compare at the 

hydrophone position the acoustic levels measured and predicted for different equivalent assumed 

bottom properties (Figure 13). 

i. Passive inversion of the vessel source levels 

Among the major uncertainties in the input data, the source level of individual vessels is one of the 

major contributors. The principle of the passive calibration is to use the measured data in order to 

reduce the uncertainty on the source levels. 

In BIAS, we adopted a statistical approach in which we allowed one degree of freedom on the 

average source level for the whole fleet that passes at acoustic distance from each hydrophone. The 

degree of freedom can be expressed from the RANDI3 model as such: 

𝑆𝐿𝐵𝐼𝐴𝑆(𝑙, 𝑣, 𝑓) = 𝑆𝐿𝑅𝐴𝑁𝐷𝐼3 (𝑙, 𝑣, 𝑓) + 𝑑𝑆𝐿(𝑓) 

Where 𝑆𝐿𝐵𝐼𝐴𝑆 is the source level model used in Quonops© for BIAS as a function of the length of the 

vessel, the speed of the vessel and the frequency of interest (63Hz, 125Hz or 2kHz), 𝑆𝐿𝑅𝐴𝑁𝐷𝐼3 is the 

original RANDI model from [27] , [28] , and [29] and as described in section II.a. , and 𝑑𝑆𝐿 is a 

calibration factor which depends on the frequency of interest. The calibration term 𝑑𝑆𝐿 is estimated 

for each measurement position, each month and each frequency by minimizing the difference 

between the measured and modelled at 15th and 5th percentiles. 

ii. Passive inversion of the bottom properties 

The principle of passive inversion of the bottom properties is illustrated in Figure 13: the received 

level at the position of the hydrophones (depth, latitude, longitude) is compared to the results 

obtained from Quonops© at the same position for a series of bottom properties and for a large 

number of anthropogenic situations and environmental situations representative of each period of 

interest, monthly periods for BIAS. The prediction of the noise generated by the wind and waves is 

added to the predicted anthropogenic noise before the comparison. 

The comparison is made using the cumulative distribution function (CDF) for mid values of 

percentiles (long range anthropogenic contribution). Minimizing the convergence criteria has led to 

the best equivalent bottom for each third octave. The convergence criteria used was the summed 

difference between the modelled and the measured CDF across the 25th and the 50th percentiles. 

We have implemented this method on the processed data provided by BIAS beneficiaries. The 

inversion of the bottom parameter has been made on the sound speed characteristic of the bottom. 

The a priori values were taken from the EMODNET sediment data available for the whole area of the 

Baltic Sea. The calibration algorithm started from these a priori values obtained at each rig position, 

and was modifying the sound speed values ranging from -100 to +100m/s by steps of 25m/s. The 

calibration provided a bottom compressional sound speed offset dCp for each Rig. To apply this offset 

to the model, we have used the principle illustrated in Figure 11. Two squared areas are defined 

centred around each Rig: the central area in which dCp is uniformly added to the values of the a priori 
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compressional sound speed provided by EMODNET; and an outer area in which a linearly decreasing 

offset dCp is applied to the values of the a priori compressional sound speed provided by EMODNET, 

 being included into the [0;1] interval. The size of the central area is 10 x 10 km, which is assumed 

to be representative for the ability of the sensors to measure vessel noise. The outer area is 40 x 40 

km and insures a smooth transition to the places where not acoustic data is available for passive 

calibration. 

 

Figure 12: Schematics of the spatial application of the 
passive calibration offset obtained on the bottom 

compressional sound speed. 01 

iii. Validation of the calibration process 

The calibration process implemented in BIAS has been developed and validated during the AQUO 

(Achieve Quieter Oceans) international research project. The validation of the calibration was based 

on 5 months of continuous measurements (March to July 2014) and modelling at a fixed position 

(041°10.914'N' and 001°45.140'E and 20m depth), located in the Mediterranean Sea, offshore 

Barcelona, at the so-called OBSEA observatory (http://www.obsea.es) operated by the Laboratory of 

Bioacoustic Applications of the Polytechnic University of Catalonia (Spain). 

The result of the calibration process has led to the definition of an equivalent bottom representative 

to muddy fine sand (Figure 14). The mean errors in the 125Hz third octave of the prediction after 

calibration obtained for the entire 5-months period of measurement are 1.5 dB average for natural 

noise (high percentiles), and 3.8 dB for anthropogenic noise (low percentiles) [22] with standard 

deviation of 0.9 dB and 2.7dB respectively. 

  

http://www.obsea.es/
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Figure 13: Principle of the passive calibration process. 

 

 

Figure 14: Quantification of the mean mismatch between statistical measured and modelled data after passive 
calibration for the anthropogenic component of the noise (top) and the natural component of the noise (bottom) [22]  
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VI. Knowledge gaps related to modelling 

a. Uncertainties concerning the sediment properties of the sea floor 

The uncertainty regarding the geo-acoustic properties of sediments and their spatial distribution is 

one of the key issues in ocean noise modelling. Although the passive acoustic calibration process 

tends to overcome this issue, the sparse distribution of the acoustic sensors has left large areas with 

this uncertainty. A contingency plan would be to use drifting buoys or measurements on moving 

positions to cover a wider area. However, the Monté-Carlo approach has been implemented, 

allowing the bottom parameters to vary within a range of uncertainty, thus taking into account the 

sensitivity of the results to these uncertainties (see section E.III.b.). 

b. Uncertainties on existing noise signatures 

Some data, such as the individual differences between two ships involved in the same type of activity 

(for example, commercial traffic) are difficult to take into account. Again, to overcome the 

uncertainty linked to the detailed noise signature of each type of sound source, the measured data 

have been used to refine the vessel source model. Further detailed analysis and improvement could 

be done in the future using the collected sounds to establish a specific vessel source level model for 

the fleet cruising in the Baltic Sea, as it has been initiated [38] . 

c. Ice coverage 

The ice coverage in 2014 was particularly limited compared to the usual ice coverage in the region. 

Ice will influence the propagation of the noise radiated by the vessels, but also introduce ice-

generated noise. The ice generated noise has been somewhat introduced in the noise mapping by 

the estimation of the measured-based Wenz laws (see section II.b). The influence of ice on the 

propagation has not been considered in the noise mapping done for BIAS. 

d. Tri-dimensional effects of the sound propagation 

In certain conditions, both physical oceanographic processes and marine geological features can 

cause the medium properties to have lateral heterogeneity, leading to horizontal refraction of sound 

and significant three-dimensional sound propagation effects. This happen mostly in deep water and 

in regions where the bathymetry has strong features such as slopes or sea mounts. These effects 

have not been considered in the modelling of the noise propagation for BIAS. In the BIAS region, 3D 

propagation effects are unlikely to happen because of the mostly shallow and slowly varying features 

of the bathymetry though. 
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E. Input data for the Baltic region 

I. In-situ measurements 

The monitoring stations were positioned to capture as large variation as possible in terms of 

environmental parameters and shipping density. Guidance was given on the deployment strategy by 

the TSG Noise [6] . Due to technical reasons, the BIAS project area had to be restricted to a minimum 

depth of 10 metres. Therefore, very shallow coastal areas were not monitored. 

Each of the 38 monitoring locations were selected to fulfil one of two monitoring objectives: 

Category A monitoring aiming to establish information on the soundscape in an area and to ground 

truth the soundscape model, and Category B monitoring aiming to reduce the uncertainty on the 

ship source levels (ship signatures) to be used as input for the modelling. This resulted in stations at 

various distances from shipping lanes. Additional considerations for choosing a position were 

shipping density, leisure boat activity, water depth, and bottom substrate since these factors 

influence the sound recorded by the hydrophone system. The rig locations were also adjusted to 

general military or shipping lane regulations and avoided areas subject to trawling activities, strong 

currents, or extreme ship traffic. 

Due to different technical limitations for the two utilized loggers, the recommendation was to record 

continuously if possible, or at a minimum 25% of the time (that is, 15 min each hour). The aim was to 

acquire data in the frequency interval 10 Hz to 10 kHz. To obtain this within the technical limitations 

of the utilized loggers, the sampling frequency was set to 25 or 32 kHz, depending on logger model. 

The signal processing done on all acoustic measurement where done by each beneficiaries and 

delivered the Data Sharing Platform after control of the quality of the results. The sound estimates 

delivered are sound pressure levels (SPL; in dB re 1Pa) over the 1/3-octave bands 63 Hz, 125 Hz and 

2 kHz according to the adopted signal processing procedures [7] . 

a. Summary of rig positions and periods 

The rig positions are listed in Table 4 and displayed in Figure 1 . 
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BIAS_no Country Place Y_N_dd_WS84 X_E_dd_WS84 

1 Sweden Oresund 55,8762 12,6963 

2 Sweden Trelleborg 55,3215 13,0939 

3 Sweden Simrishamn 55,5433 14,4955 
4 Sweden N.Midsjo_n 56,219292 17,28612 

5 Sweden N.Midsjo_s 55,8962 16,8736 

6 Sweden Valdemarsvik 58,285454 17,346653 

7 Sweden Almagrundet 59,1894 19,0956 

8 Sweden Alandshav 60,416866 18,920273 

9 Sweden Sundsvall 62,207293 18,080316 

10 Sweden Bottenhavet 61,757392 19,34952 

11 Finland Bottenviken 64,684 23,241 

12 Finland Nahkiainen 64,605 23,945 

13 Finland Bredan 60,578 20,778 

14 Finland Salskär 59,853 21,789 

15 Finland Triangeln (nedre) 59,25 21,017 

16 Finland (Triangeln övre) 59,25 21,017 

17 Finland Jussarö 59,801 23,615 

18 Finland Finska viken 59,967 25,25 

19 Finland Haapasaari 60,25 27,248 

20 Estonia 
 

59,77499 24,84166 

21 Estonia 
 

59,45324 23,72313 

22 Estonia 
 

59,14999 21,99083 

23 Estonia 
 

57,97111 21 

24         

25 Poland Gulf of Gdańsk 54,66667 18,9 

26 Poland Puck Bay  54,64117 18,63068 

27 Poland Łeba and Rowy  54,76489 17,25903 

28 Poland Darłowo – Ustka 54,67917 16,28167 

29 Poland Świnoujście 54,06 14,355 

30 Germany BSH-Marnet Kiel 54,666856 11,247628 

31 Germany BSH-Marnet Fehmarn Belt 54,87237 13,804257 

32 Germany Luebeck Bight  54,354826 11,653314 

33 Germany BSH-Marnet Darßer Schwelle 54,538939 12,716729 

34 Germany BSH-Marnet Arkona Becken 54,579646 10,341939 

35 Denmark Lillebælt 55,0755 9,921333333 

36 Denmark Storebælt 55,36716667 11,01933333 

37 Denmark Rønne banke 54,78716667 14,46766667 

38 Denmark Øresund 55,2 12,26033333 
Table 4: Positions of the acoustic measurements throughout the BIAS region. 
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b. Acoustic measurement used as input for modelling 

The acoustic data used as input for modelling are sound pressure levels (𝑆𝑃𝐿1
3⁄ ) as defined in [42] 

and [43] are calculated in the required 1/3rd-octave bands over 1 second of measured acoustic 

signal. The 1-s averages are then further processed to arithmetic averages over 20 seconds, which 

are the values used in the modelling. An illustration of the delivered data for January 2014 at Rig 002 

is presented in blue in Figure 15. The red curves in Figure 15 are estimated natural noise levels. 

 

Figure 15: Sound pressure levels (blue) measured at Rig 002 in the 63 Hz (top), 125 Hz (middle) and 2 kHz (bottom) third-
octave bands after 1-second windowing and 20-second averaging. The red curves are estimated natural ambient noise 
levels. 
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II. Anthropogenic data for the Baltic region 

Anthropogenic data serve to describe how the noise sources are distributed across the Baltic area, 

and what type of noise sources are present in the Baltic area. Ship data was derived from the 

Automatic Identification System (AIS) provided for the entire Baltic Sea by HELCOM through the 

Finnish BIAS beneficiary at SYKE. Additional ship data from the Vessel Monitoring System (VMS) were 

included and are obtained nationally from all BIAS beneficiaries, and also from the Lithuanian BIAS 

associate at the Coastal Research and Planning Institute (CORPI) of Klaipeda University. VMS data are 

exclusive to fishing vessels. The identification of vessels was not disclosed and the position is only 

associated with some features of the ship, which happen to be sufficient for the modeling. 

The raw AIS and VMS data is located in the Data Sharing Platform in the directories “./Ship Data/AIS 

input data” and ““./Ship Data/ AIS input data”. The raw data had to be checked, cleaned and 

processed in order to be inserted as input data into the modeling tool Quonops©, as described in the 

following sections. 

a. AIS data 

Monthly AIS data files describing all vessel movements were gathered throughout 2014. The average 

size of AIS monthly file is about 30 GB and made of approximatively 40 millions of lines. The 

minimum time resolution is several seconds, which happen to be sufficient for modelling the 

statistical acoustic field. The input format is csv with the following fields: 

 Time in UTC of each vessel data; 

 MMSI vessel number, unique identification of vessels; 

 Latitude (in degrees); 

 Longitude (in degrees); 

 Course (in degrees); 

 Speed Over Ground (in knots); 

 Classification Vessel Type (see details in Table 5); 

 SizeA (meters); 

 SizeB (meters). 

The vessel length was obtained by adding SizeA and Size B. 

A large number of errors have been identified in the raw AIS data which implied the development of 

some specific quality checks and cleaning algorithms. The quality check has been performed on the 

following fields: 

 Check the validity of the MMSI vessel number; 

 Check the validity of the length of the vessels by comparing with external databases; 

 Check the consistency of the date and time; 

 Check the consistency of the trajectory; 

 Check the consistency of the speed; 

 Remove non vessel data. 
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Table 5: Vessel Type provided in the AIS data (numbers from 0 to 100+) and details of grouping of vessel Type into 
labels. 

 

b. VMS data  

Monthly VMS data files describing all fishing vessel movements were gathered throughout 2014. The 

average size of VMS monthly file is about 12 MB and made of approximatively 20 thousands of lines. 

The minimum time resolution is several seconds, which happen to be sufficient for modelling the 

statistical acoustic field. The input format is csv with the following fields: 

 Time in UTC of each vessel data; 

 Key vessel number (to guaranty confidentiality); 

 Latitude (in degrees); 

 Longitude (in degrees); 

 Course (in degrees); 

 Speed Over Ground (in knots); 

 Country, given as three letters for HELCOM countries : DEU, POL, DNK, EST, LTU, SWE, FIN); 

 Length (in meters); 

 Breadth (in meters); 

A few errors have been identified in the raw VMS data which implied the development of some 

specific quality checks and cleaning algorithms. The quality check has been performed on the 

following fields: 

 Check the consistency of the length of the vessels ; 

 Check the consistency of the date and time ; 

 Check consistency of the trajectory. 
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c. Establishing comprehensive inputs for anthropogenic data 

Since large fishing vessels also carry AIS on board, VMS and AIS data show redundancy. In order to 

produce a comprehensive data set made of AIS and VMS data, duplicated information has been 

removed. At the end of process, all navigation data was ready to be inserted into Quonops® 

modelling tool. The time resolution of the AIS data used for modelling was one hour. 

d. Monthly analysis of shipping 

Quiet-Oceans has performed for each month of 2014 some statistical analysis of shipping across the 

Baltic Sea. The analysis covers the following topics: 

 Raw navigation AIS and VMS positions on Baltic map which enable the analysis of the 

coverage of the AIS and VMS networks; 

 Nationality of the vessel among Europe, North America/Central America, West Asia, 

Oceania/East Asia, Africa, South America; 

 Number of vessel per category; 

 Number of vessel with origin a Baltic country : SWEDEN, POLAND, GERMANY, DENMARK, 

ESTONIA, LATVIA, LITUANIA, RUSSIA; 

 The distribution of the vessel length per category; 

 The distribution of the age of the vessels per category; 

 The distribution of the draught of the vessel per category; 

 The distribution of average Speed Over Ground (SOG) per category; 

 The distribution of Speed Over Ground (SOG) versus Vessel Length for all vessels; 

 The distribution of Speed Over Ground (SOG) versus Vessel Length for fishing vessels; 

 The distribution of Speed Over Ground (SOG) versus Vessel Length for high speed crafts; 

 The distribution of Speed Over Ground (SOG) versus Vessel Length for cargo vessels; 

 The distribution of Speed Over Ground (SOG) versus Vessel Length distribution for tanker 

vessels; 

 And traffic density maps per category and for the traffic. 

Shipping in the Baltic Sea shows a strong seasonality ranging from about 12 thousands of individual 

vessels in winter against more than 25 thousands in the summer (Figure 16), and with an annual 

average of 19 thousands of vessels (Table 6). The quality of the AIS data relative to the identification 

of type of vessel gives 20.3% of unknown vessel across the year. This error rate has been reduced to 

2.6% by using external databases of vessels to correct the AIS data. The comparison between AIS and 

VMS data has led to the conclusion that, for 2014, 12.9% of the fishing vessels carrying AIS data was 

found in the VMS dataset. The other way around, 68.4% of fishing vessels in the VMS dataset was 

carrying AIS. About half (47%) of the vessels cruising in the area carries a flag of a country bordering 

the Baltic Sea, and therefore half of the vessel are not under the management of HELCOM (Table 6). 

Vessel length could not be identified from the AIS raw data for about 26.6% of the vessels but could 

be reduced to 6.2% by using external databases of vessels. 
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Table 6: Synthesis of AIS and VMS information and quality assessment. 

 

Figure 16: Monthly fluctuation of the number of vessels cruising in the BIAS area derived from AIS and VMS information. 

 

Figure 17: Volume of monthly AIS and VMS raw data to process (in number of lines). 

AIS VMS

2014-01 39 434 630       181 134     11 978           41% 4,9% 19,8% 9,4% 17,9% 65,7% 27,6% 10,3%

2014-02 39 579 824       199 444     12 159           43% 5,1% 14,5% 2,4% 15,1% 58,7% 17,3% 4,6%

2014-03 46 091 125       168 433     16 077           42% 3,6% 18,3% 2,4% 13,4% 61,6% 20,9% 4,7%

2014-04 46 134 422       184 368     18 576           47% 5,6% 19,4% 1,9% 15,7% 67,9% 22,3% 5,8%

2014-05 50 795 396       174 993     23 046           48% 4,5% 24,9% 1,9% 10,2% 63,6% 27,3% 6,0%

2014-06 54 539 916       158 522     25 383           50% 3,6% 23,1% 1,7% 10,5% 67,7% 25,8% 6,2%

2014-07 61 666 634       123 139     26 873           49% 3,4% 24,2% 1,9% 10,7% 77,1% 26,7% 6,5%

2014-08 56 078 040       137 490     22 867           53% 5,3% 21,2% 1,7% 12,0% 81,2% 24,0% 6,9%

2014-09 50 745 422       156 600     22 797           52% 6,3% 21,0% 1,8% 11,0% 71,4% 35,1% 7,6%

2014-10 49 490 005       170 897     19 709           48% 5,2% 23,3% 2,0% 12,4% 73,8% 36,9% 6,5%

2014-11 47 459 042       171 624     18 178           43% 2,9% 19,3% 2,1% 10,8% 73,2% 34,1% 5,2%

2014-12 39 579 824       199 444     12 159           43% 5,1% 14,5% 2,4% 15,1% 58,7% 17,3% 4,6%

Annual 

Average
48 466 190  168 841  19 150      47% 4,6% 20,3% 2,6% 12,9% 68,4% 26,3% 6,2%
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e. Delivery to the BIAS Data Sharing Platform 

i. Content of the delivery 

Quiet-Oceans has delivered to the BIAS Data Sharing Platform the following data: 

1.  Checked, validated and cleaned navigation files derived from AIS data for each month of 2014 in 

Matlab files named MMSINavCleaned_mmmyy_YYYYMMDD.mat, where mmmyy are 3-digit 

Month and 2-digit Year  , YYYYMMDD is the date of the release YYYY, YYYY, MM and DD being 4-

digit year, 2-digit month and 2 digit day respectively; 

2.  Checked, validated and cleaned navigation files derived from VMS information for each month of 

2014 in Matlab files named VMSNavCleaned_mmmyy_YYYYMMDD.mat, where mmmyy are 3-

digit Month and 2-digit Year , YYYYMMDD is the date of the release YYYY, YYYY, MM and DD 

being 4-digit year, 2-digit month and 2 digit day respectively; 

3.  Merged, checked, validated and cleaned navigation files derived from AIS and VMS data for each 

month of 2014 in Matlab files named AISNavMerged_mmmyy_YYYYMMDD.mat, where mmmyy 

are 3-digit Month and 2-digit Year  , YYYYMMDD is the date of the release YYYY, YYYY, MM and 

DD being 4-digit year, 2-digit month and 2 digit day respectively; 

4.  Monthly documents in MS-Power-point formats describing the results of the analysis done on the 

AIS and VMS data; 

5.  A series of monthly ship density maps done with a time resolution of 15 minutes in a Matlab 

format. 

 

 

Figure 18 : Number of vessels cruising in the Baltic sea in January 2014 per category derived from AIS and VMS data 
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Figure 19 : Density of vessels across the Baltic sea in January 2014 derived from AIS and VMS data. (left) Fishing vessels, (middle) 
ferries and (right) cargo vessels. 
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III. Environmental data for the Baltic region 

Aquabiota’s team has prepared and delivered all data necessary for soundscape modelling under 

Action A.5. Action A.5 serves to collect all background parameters describing the environmental 

conditions of the underwater soundscape modelling. Two types of data have been used: 

 The static parameters such as bathymetry and bottom surface; 

 The dynamic parameters varying with space and time, such as the temperature, salinity, surface 

waves, ice, and wind speed. 

The following sections details and illustrate the environmental data used for modelling. A summary 

of the environmental data used for modelling is reported in TAB. 

a. Bathymetry 

The bathymetry data used for the modelling is illustrated in Figure 20. The bathymetry has been 

provided by the Baltic Sea Hydrographic Commission and assembled from the Baltic Sea Bathymetry 

Database (BSBD) as released in autumn 2013 [31] . The BIAS region can mainly be considered as a 

shallow area, since more than 80% is shallower than 100m, and more than 95% of the area is 

shallower than 200m. The deepest place is located north-west of the island of Gotska Sandön. 
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Figure 20: Bathymetric map provided by [31] . 

 

 

b. Sediment 

Bottom surface sediments are compiled from the sea-bed substrate map collated within the 

EMODnet-Geology project in 2012 [32] . The substrate GIS-polygon data were converted into a 

regular grid and translated from sediment classes to values of acoustic properties in the text format 

utilized by the soundscape model. The original sediment data has a spatial resolution of 1/40°. 

The EMODnet database classifies the sediments into 6 categories:  

 Boulders & bedrock; 

 Till/diamincton; 

 Coarse-grained sediment; 

 Mixed sediment; 

 Muddy sand and sand; 

 Mud and sandy mud. 
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The geo-acoustic parameters used in the acoustic model as boundary conditions are reported in 

Table 7. Since the sediments being assumed to be fluid-elastic, the geo-acoustic parameters are 

limited to density (in ton per m3), compressional speed (m/s) and compressional attenuation (in 

dB/,  being the acoustic wavelength). Shear waves propagating in solid materials are neglected. 

The validity range of each parameter in described by the min and max values, and a standard 

deviation is defined to include the sediment uncertainties into the Monté-Carlo approach for 

modelling. The associated compressional absorption coefficients are illustrated in Figure 22 as a 

function of grazing angle. The grazing angle is the incidence angle of the acoustic wave at the bottom 

interface, 90° being normal incidence. 

 
Figure 21: Distribution of values of sound speed of the sediment in m/s provided by [32] . 
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Table 7: Bottom characteristics used for modelling. 

Sediment 
Name 

Density Compressional Speed 
Compressional 

Attenuation 

Ton/m3 m/s dB/lambda 

Min. Mean Max. Std Min. Mean Max. Std Min. Mean Max. Std 

Boulders & 
bedrock 

2,40 2,50 2,60 0,08 3 770 3 820 3 830 23 0,70 0,75 0,80 0,04 

Till/diamincton 2,40 2,50 2,60 0,08 2 700 2 750 2 760 23 0,70 0,75 0,80 0,04 

Coarse-grained 
sediment 

2,23 2,37 2,50 0,10 1 910 2 122 2 750 315 0,75 0,88 0,93 0,07 

Mixed 
sediment 

1,62 2,03 2,31 0,26 1 741 1 855 1 952 79 0,88 0,89 0,90 0,01 

Muddy sand 
and sand 

1,27 1,53 1,85 0,22 1 615  1708 1 800 70 0,87 0,91 1,02 0,06 

Mud and 
sandy mud 

1,15 1,16 1,22 0,03 1 497 1517 1 584 32 0,08 0,37 1,18 0,41 

 

 

Figure 22: Absorption coefficient of sound induced by the sediment for several types of sediments in BIAS as a function of 
grazing angle. Grazing angle is the incidence angle of the acoustic wave at the bottom interface, 90° being normal 
incidence. 
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c. Sound speed 

Sound speed has been derived from temperature and salinity data obtained from the oceanographic 

model HIROMB BS01 operated by the Swedish Meteorological and Hydrological Institute (SMHI) [33] 

. The Mackenzie equation (1981) has been used: 

 

In which T is the temperature in degrees Celsius, S is the salinity in parts per thousand, and D is the 

depth in meters. The range of validity: temperature 2 to 30 °C, salinity 25 to 40 parts per thousand, 

depth 0 to 8000 m. The formula has been used although in winter in some places in the north of the 

area the temperature may have been under 2°C. AN example of surface sound speed is given as an 

illustration in Figure 23. 

 

Figure 23: Example of Surface Sound Speed data, the 5
th

of May 2014. 
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d. Sea surface waves 

Significant Wave Height was obtained from the ocean wave model SWAN operated by SMHI [34] . 

 

Type of data Origin of the data Ref. 

Spatial resolution used for 

modelling 

Longitude Latitude 

Bathymetry Baltic Sea Hydrographic Commission [31]  1/300° 1/600° 

Bottom 

substrate 
EMODnet-Geology project [32]  1/40° 1/40° 

Temperature 

and salinity 

Swedish Meteorological and Hydrological 

Institute 
[33]  1/7.2° 1/12° 

Surface 

waves 

Swedish Meteorological and Hydrological 

Institute 
[34]  1/7.2° 1/12° 

Table 8: Summary of the environmental data used for modelling the noise. 

 

e. Tide (sea surface elevation) 

Tides have been neglected in the Baltic Sea since the amplitude of the tides are less than the sea 

surface elevation changes that may be produced by the atmospheric changes. 

 

f. Currents 

Currents have been neglected in the modelling of the noise in the Baltic Sea. 
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F. Results of ambient noise maps 

I. Summary of maps produced 

A total of 819 maps have been produced and delivered to the BIAS Data Sharing Platform. Maps 

corresponds to: 

 Three third-octave bands, centred at 63 Hz, 125 Hz and 2 kHz; 

 Seven percentiles, 5th , 10th, 25th, 50th, 75th, 90th and 95th percentiles; 

 Three depth ranges (Surface to -15m, 30m to the bottom, and the full water column); 

 Twelve months across 2014; 

 One annual average. 

II. Calculation times to produce BIAS maps 

The average calculation times to produce each set of monthly statistical maps for BIAS using 72 CPU 

is reported in Table 9. The 2 kHz third-octave band turns out to be the most time-consuming, as 

expected. This can be explained by the small dimension of the wavelength that increase the number 

of calculation steps in depth and range. Lower frequencies are faster to calculate, as shown for the 

63 Hz and the 125 Hz third octave bands. 

Table 9: Calculation times to produce a set of monthly statistical maps for BIAS. 

 63 Hz third octave 

band 

125 Hz third octave 

band 
2kHz third octave band 

Calculation time on 72 

CPU for monthly maps 
30 hours 25 hours 159 hours 

 

III. Results of the calibration 

The calibration method described in section D.V has been implemented on all measured data. 

Monthly percentiles have been calculated for all measured data and used to minimize the mismatch 

with the modelling output by: 

 Updating the initial sediment compressional sound speed in the areas displayed in Figure 27; 

 Updating the source level model. 

The Figure 24 summarizes the measurement data effectively used for the passive calibration. Indeed, 

for some rigs and some month, the delivered data could not be used for the calibration process, for 

diverse reasons: either the signal was clearly corrupted, either the gain setting was not optimum, and 

the low levels of noise was below the electronic noise of the acquisition card of the devices (see 

example in Figure 26). 
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Figure 24: Summary of measurement data used for the passive calibration in green. The blue cells indicate months in 
which no data is available; the orange cells indicate that the gain setting was such that the data could not be used as 
input to model the natural noise; the red cells indicate that the signal could not be used for calibration at all. 

 

 
Figure 25: Example of signal used for calibration (rig 003, 125Hz third-octave band, across the year of 2014) 

 
Figure 26: Example of non-optimal gain setting for the measurement of natural noise (January to May), and signal 
corrupted (July to November) (rig 012, 63Hz third-octave band, across the year of 2014). 
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Figure 27: Passive calibration of bottom properties at each rig position for the three octave bands 63Hz, 125Hz and 2kHz. 

The a priori values of sound speed in the sediments are modified by dCp in order to minimize the difference between 
monthly modelled and measured sound pressure. 

 

 
Figure 28: Passive calibration of source levels in order to minimize the difference between monthly modelled and 

measured sound pressure. 
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IV. Quality assessment 

The section addresses the quality of the noise maps by quantifying the remaining differences 

between the measured acoustic data and the modelled data at the position of the Rigs after applying 

the calibration procedure. The quality is assessed by quantifying the remaining difference between 

the measured and modelled sound pressure levels at percentiles for each month and each rig: 

𝑒(𝑟𝑖𝑔, 𝑝) =
1

𝑁𝑚𝑜𝑛𝑡ℎ
∑ |𝑆𝑃𝐿1

3

(𝑟𝑖𝑔, 𝑚, 𝑝) − 𝑆𝑃�̃�1
3

(𝑟𝑖𝑔, 𝑚, 𝑝)|

𝑁𝑚𝑜𝑛𝑡ℎ

𝑚=1

  

Where 𝑟𝑖𝑔 is the Rig number, 𝑝 is the percentile, 𝑁𝑚𝑜𝑛𝑡ℎ is the number of month with usable 

measured data, 𝑆𝑃𝐿1

3

(𝑟𝑖𝑔, 𝑚, 𝑝) and 𝑆𝑃�̃�1

3

(𝑟𝑖𝑔, 𝑚, 𝑝) are the pth percentile of the sound pressure 

level in the third-octave band respectively measured and modelled during month 𝑚 at Rig 𝑟𝑖𝑔. 

Figure 29 to Figure 31 display the values of the residual errors 𝑒(𝑟𝑖𝑔, 𝑝) for each rig and for the 

percentiles 10th, 25th, 50th, 75th and 90th for the 63Hz, 125Hz and 2kHz third-octaves. The results show 

that for a very large majority of rig and percentiles, the residual mismatch between the model and 

the measurements is less than 4dB. For some rig and some percentiles though, larger errors remain. 

Two groups of rigs with larger errors can be identified: the mismatch at rigs 001, 030, and 036 can be 

explained by the difficulty for the model to deal with the propagation at those places where the 

relatively shallow water depth induces a cut-off frequency. This cut-off frequency is mainly affecting 

the 63 Hz third-octave and led to an enhanced sensitivity on the results. This could probably be 

solved by modelling more than one frequency per third-octave. The error is reduced at higher 

frequencies such as 125 Hz and 2 kHz third-octaves. The mismatch at rigs 025, 027, and 029 can be 

explained by the fact that the rigs are located relatively close to the coast-line. The resolution used to 

model the entire Baltic Sea is too sparse to guaranty a proper description of the environment 

(especially the bathymetry and the sediment) at these positions. 

The overall residual error for all rigs across the Baltic Sea for the 63 Hz, 125 Hz and 2 kHz third-octave 

are reported in Table 10. 

Table 10: Residual mean error for all rigs and all months for the three third octaves. 

Residual Error (dB) 

across all rigs & all 

months 

63 Hz third-octave 125 Hz third-octave 2 kHz third-octave 

10th percentile 5.0 3.1 2.2 

25th percentile 4.4 2.8 1.9 

50th percentile (median) 4.8 2.4 1.9 

75th percentile 4.8 2.6 2.0 

90th percentile 4.8 3.2 2.8 

 

  



 Mapping Ambient Noise for BIAS 

  47 

 

63Hz third-octave  

p=10th 

 

p=25th 

 

p=50th 

(median) 

 

p=75th 

 

p=90th 

 
Figure 29: Residual errors 𝒆(𝒓𝒊𝒈, 𝒑) for each rig (stationId) and percentile p for the 63Hz third-octave. 
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125Hz third-octave  

p=10th 

 

p=25th 

 

p=50th 

(median) 

 

p=75th 

 

p=90th 

 
Figure 30: Residual errors 𝒆(𝒓𝒊𝒈, 𝒑) for each rig (stationId) and percentile p for the 125Hz third-octave. 
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2kHz third-octave 

p=10th 

 

p=25th 

 

p=50th 

(median) 

 

p=75th 

 

p=90th 

 
Figure 31: Residual errors 𝒆(𝒓𝒊𝒈, 𝒑) for each rig (stationId) and percentile p for the 2kHz third-octave. 
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V. Selection of noise maps 

This section gives a non-exhaustive overview of the Data Sharing Platform. The maps illustrated are 

the following: 

 The median annual maps for the full water column for the 63 Hz, 125 Hz and 2 kHz third-

octave bands; 

 The median maps for January 2014 for the 2 kHz third-octave band for the three depth 

layers: surface to -15m, -30m to the bottom and the full water column; 

 The 10th percentile maps for January and September 2014 for the 125 Hz third-octave band 

for the full water column; 

 The 10th, 50th and 90th percentile maps for August 2014 for the 63 Hz third-octave band for 

the full water column. 

 

Table 11: Summary of noise maps illustrated in the following sections of this report. All maps are available in the BIAS 
Data Sharing Platform. 

Refer to the 

following 

paragraphs of 

this report 

Third-octave band Average Percentile Depth range 

6
3

H
z 

1
2

5
H

z 

2
kH

z 

M
o

n
th

ly
 

A
n

n
u

al
 

1
0

th
 

2
5

th
 

5
0

th
 

7
5

th
 

9
0

th
 

0
-1

5
m

 

3
0

m
-B

o
tt

o
m

 

0
-B

o
tt

o
m

 

F.V.a 

X    X   X     X 

 X   X   X     X 

  X  X   X     X 

F.V.b 

  X X  X     X   

  X X  X      X  

  X X  X       X 

F.V.c  X  X  X       X 

F.V.d 

X   X  X       X 

X   X    X     X 

X   X      X   X 

 

  



 Mapping Ambient Noise for BIAS 

  51 

 

a. Annual median maps for the full water column 

The Figure 32  display the annual median maps for the full water column at 63 Hz, 125 Hz and 2 kHz 

third-octave respectively. The maps at 2 kHz clearly demonstrate that most of the contribution to the 

median noise is made of natural noise, where the shipping noise is largely contributing at the 63Hz 

and 125Hz third-octaves. The major shipping lanes clearly contribute more than half of the time to 

the soundscape, at levels approaching 105 dB ref. 1µPa² for the 63Hz, 98 dB ref. 1µPa² at 125Hz, and 

about 94 dB ref. 1µPa² at 2kHz. The combined effect of the environment and concentration of the 

traffic creates enhanced noisy places at all frequencies, especially at the north-west of Borholm 

Island, the entrance of the Gulf of Bothnia and Langelandsbaelt. The shallow water places, such as 

the Femer Baelt impedes the spread of noise at the lowest frequencies such as 63 Hz. 

 

 

Figure 32: Annual median maps for the full water column for the 63 Hz third-octave (left), the 125 Hz third-octave 
(middle) and the 2kHz third-octave (right). 
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b. Annual median maps for different water layer for the 125Hz third-octave band 

Soundscape maps have been produced for three different depth layers. Since the propagation of the 

sounds is affected by the distribution of the temperature and salinity, and since the use of the water 

column by the species can be different according to their activities, the definition of the three depth 

layers gives to end-users the ability to analyse the relevant pressure to the relevant targets. 

An example of the soundscape maps for the three different water layers is given in Figure 33. The 

three layers are: 

 The surface layer, from 0 to 15m depth; 

 The bottom layer, from 30m to the bottom; 

 The full water-column. 

In this example, the is little differences between the surface layer and the fullwater column noise 

distribution. This is due to the fact that the maps illustrated are from the 10th percentile, mainly 

describing the noise close to the sound sources (vessels). Larger differences are expected for smaller 

percentiles that characterise the sound at distances from the sources. The white areas in the deepest 

layer corresponds the places where the water depth is less than 30m, and therefore, where no statics 

could be calculated. 

 

 

Figure 33: Annual median maps for the 2 kHz third-octave and 10
th

 percentile for the full water column (left), the surface 
layer down to 15m depth (middle) and the deepest layer from 30m depth to the bottom (right). 
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c.  Maps for January and September 2014 for the 125 Hz third-octave band 

Figure 34 illustrates the monthly statistics for the 10th percentile and in the 125Hz third-octave band. 

Large seasonal differences can be shown, mainly induced by the seasonal difference in the shipping 

activities, the natural noise from waves (at higher levels in January than in June), and the nature of 

the propagation due to the presence of a thermocline in June. 

 

 

Figure 34: Median maps for the 125 Hz third-octave and 10
th

 percentile for the full water column in January (left) and 
September 2014 (right). 
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d. Percentile maps for August 2014 for the 63 Hz third-octave band 

Figure 35 illustrates soundscape maps for the 63 Hz third-octave for the full water column in August 

2014 at the 10th, 50th and 90th percentiles. Large differences can be shown mainly due to the fact that 

the maps illustrate noise from different prospective: 

 the 10th percentile represents the loudest but rarest sounds. The major and secondary 

shipping .lanes are clearly visible, since they corresponds to places where the noise is 

generated; 

 the 90th percentile represents the lowest noise levels but most often observed levels. In most 

of the places, away from the major and secondary structured shipping lanes, the soundscape 

at this percentile represent the natural noise generated by the wind and the waves. Along 

the major shipping lanes, the emergence of the anthropogenic noise can still be seen. 

 the median (50th percentile) mainly indicates either anthropogenic noise that have 

propagated for large distances, or natural noise from waves, depending on the places. 

 

 

Figure 35: Maps for the 63 Hz third-octave for the full water column in August 2014 at the 10
th

 (left), 50
th

 (middle) and 
90

th
 (right) percentiles. 
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VI. Delivery and formats 

Quiet-Oceans delivered noise ambient maps in NetCDF format version 3. Format for delivery has 

been agreed among all partners of the BIAS project. Files format respect principals rules of NetCDF 

Climate and Forecast (CF) Metadata Conventions release 1 [39] .NetCDF provided is described by : 

 global attributes : attributes used for context, history or versioning file. 

 dimensions : scalar data that describes dimensions for the variables contained in file, 

 variables : vectors or matrix that describes the data. 

The following sections detail the content of each delivered data. 

a. Name 

Files are named as follow: statisticMap_Monthxx_ThirdOctaveyyyyy_Percentilepp_LayerD.nc in 

which: 

 xx : number of Month 01 to 12 or 99 for annual statistics, 

 yyyyy : frequency in Hertz for modelling, 63, 125 or 2000 (ex : 00063) 

 pp : percentile for modelling, 5, 10, 15, 25, 50, 75, 90, 95 defined as probability that the 

sound pressure levels will remain above a certain threshold value, in statistical terms known as 

the percentile (for instance, the 50th and 90th percentiles indicate that the sound pressure levels 

remain for 50% and 90% of the time period of interest. The percentile is calculated at each 

location across depth and time. 

 D : inform the depth range, which value can be : 

o 1 : noise ambient aggregated in [0, bottom meters] depth interval, 

o 2 : noise ambient aggregated in [0, 15 meters] depth interval, 

o 3 : noise ambient aggregated in [30, bottom meters] depth interval, 

b. Global Attributes 

An example of the content of a delivered Netcdf is given in Table 12. 

Table 12: Example of content of a delivered Netcdf file. 

Name Content example 

Title  Statistical Noise Map  

BIASVersionNum 2.5 

BIASVersionDate 2015/10/29 

ProjectCode  BIAS LIFE11 ENV /SE 841  

Comment  Original file : W:\\PROJETS\\QO.20130203.01.FOI.Modelling for 
BIAS\\02_Production\\04_Traitement\\06-
january\\Uncalibrated\\statisticMap_Month01_ThirdOctave125_Percentile25_Layer1.mat  

Conventions  CF 1.6  

ConventionsHelp http://cfconventions.org/Data/cf-conventions/cf-conventions-1.6/build/cf-
conventions.pdf. 

Proj4String  "+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs  

creator_name Quiet-Oceans, http://www.quiet-oceans.com/  

creator_email Contact@quiet-oceans.com 

history 2016-07-01 12:57:21 : Creation 

 

mailto:Contact@quiet-oceans.com
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c. Dimensions 

The dimensions of the variables contained in the delivered Netcdf are detailed in Table 13. 

 

Table 13: Summary of the dimensions of the variables contained in the delivered Netcdf files. 

Name Content 

lat Number of latitude 
lon Number of longitude 
percentil Number of percentil 
frequency Number of frequency 
depthrange Number of depth range 
nPeriod Number of time interval 
lenName Number of character for a variable as string 

 

d. Variables 

A variable can be associated with attributes. When CF conventions describes it, standard attributes 

are mentioned: 

 standard_name : name for variable according to CF conventions 

 long_name : description for variable according to CF conventions 

 units : : units according to UD Units Unidata dictionnary 

 valid_min : minimal value for data validation 

 valid_max : maximal value for data validation 

For geographic reference, SPL is linked to a coordinate reference system (CRS) which defines all the 

parameters attached to a mapping projection : 

 grid_mapping_name  : naming of projection as defined in 

conventions (Appendix F. Grid Mappings). In our case, latitute_longitude is equivalent to 

geodesic projection in which coordinates positions are latitude and longitude, 

 epsg_code : EPSG code (4326) for correspondant geodesic projection 

with WGS84 ellipsoid 

 longitude_of_prime_meridian : longitude of prime meridian in geodesic 

projection 

 semi_major_axis : half the major axis of the ellipsoid linked to the 

projection 

 inverse_flattening : 1/flattening of the ellipsoid linked to the projection 
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Table 14: Description of the variables of the Netcdf delivered. 

Name Content Dimensions Attributes 

lat Latitude vector lat standard_name 
long_name 
units 
valid_min 
valid_max 

lon Longitude vector lon standard_name 
long_name 
units 
valid_min 
valid_max 

percentil Percentil value percentil standard_name 
long_name 
comment 

frequency Frequency value frequency long_name 
order_convention : convention for Order octave 
compute 
order_octave 
valid_min 
valid_max 

period Time interval string nPeriod X lenName standard_name 
long_name 

crs Coordinate Reference 
System 

1 X 1 See above. 
grid_mapping_name 
epsg_code 
longitude_of_prime_meridian 
semi_major_axis 
inverse_flattening 

depthrange Depth range depthrange long_name 
units 
valid_min 
valid_max 

SPL Sound Pressure Level 
(see definition above) 

nPeriod X frequency 
Xpercentil X lon X lat 

standard_name 
long_name 
comment 
units 
valid_min 
valid_max 
missing_value: value for unsignificant data 
_FillValue: value for fill if empty data 
grid_mapping: link to the definition of CRS 
Quonops_reference :Quonops version for 
modelling soundscape 
QO_Stat_version:QOStat version for statistic on 
modelling soundscape 
Modeling_type:describes the method applied for 
modelling soundscape (ex : parabolic equation) 
Calibration_status :if modeling used calibrated 
or uncalibrated parameters for bottom 
Production Version : version data 
release 
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G. Conclusion 
This report describes the production of extended monthly and annual soundscape maps of the BIAS 

project area through modelling supported by measurements. These maps correspond to the initial 

assessment of the environmental status of underwater noise and human activities in accordance 

with the latest methodological recommendations of the Technical Subgroup Noise of the Marine 

Strategy Framework Directive. 

The method developed is based on modelling using the Quonops© ocean noise prediction system, 

calibrated by an extensive acoustic measurement effort made throughout year 2014. The modelling 

uses a parabolic approximation, well adapted to the Baltic Sea environment. The modelling combines 

AIS and VMS information that describes the shipping activities in the Baltic Sea with space and time 

varying marine environmental information that influences the propagation of the sounds. 

Shipping in the Baltic Sea shows a strong seasonality ranging from about 12 thousands of individual 

vessels in winter against more than 25 thousands in the summer, and with an annual average of 19 

thousands of vessels. 

The quality of the AIS data relative to the identification of type of vessel gives 20.3% of unknown 

vessel across the year. This error rate has been reduced to 2.6% by using external databases of 

vessels to correct the AIS data. The comparison between AIS and VMS data has led to the conclusion 

that, for 2014, 12.9% of the fishing vessels carrying AIS data was found in the VMS dataset. The other 

way around, 68.4% of fishing vessels in the VMS dataset was carrying AIS. About half (47%) of the 

vessels cruising in the area carries a flag of a country bordering the Baltic Sea, and therefore half of 

the vessel are not under the management of HELCOM. Vessel length could not be identified from the 

AIS raw data for about 26.6% of the vessels but could be reduced to 6.2% by using external databases 

of vessels. 

A number of small boats are not present in AIS which may affect the results the noise mapping, 

especially in coastal areas and in summer times. Although it was impossible to quantify the effect of 

this lack of data, the effects on the results may be limited for the following three reasons: (a) the 

source levels of smaller boats may be smaller than the source level from large vessels; (b) the coastal 

area can be very shallow impeding the propagation, especially at low frequencies; and (c) the 

thermocline in the summer season refracts the sound energy toward the bottom limiting the long 

range propagation. The effect may be large though in places where natural noise is dominating or in 

places where large vessels noise do not dominate the ambient noise. 

The noise produced by the fishing activities is included in the noise maps thanks to the use of 

anonymized VMS data. Other type of sources, such as piling or windfarm operation are not included 

in the noise maps, although they may have be measured by the sensors deployed in the area. The 

use of percentiles limits the bias introduced by time-limited impulsive sounds. All these effects and 

uncertainties could not be quantified though. 

Quality environmental data has been gathered in order to serve as input to the acoustic modelling. In 

order to ground-truth the modelling of the sound propagation, a calibration procedure has been 

developed that refine the models of the vessel source levels and refine the a priori distribution of the 

marine sediments that enhance the accuracy of the sound transmission. This calibration process has 

led to an overall accuracy across the year and the percentiles of 4.7 dB at the 63Hz third-octave 

band, 2,8 dB at the 125Hz third-octave band, and 2.1 Hz at the 2kHz third octave band. 
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The soundscape maps delivered describes percentile levels (or exceedance levels). Two components 

of the noise have been modelled: the natural noise generated by the surface waves induces by 

winds, and the anthropogenic noise generated by the shipping activities. In order to provide de 

capability to analyse the regional ambient noise towards biological relevance, three frequency bands 

have been modelled (63Hz, 125Hz and 2kHz third-octave bands), and mapped for three depth 

ranges: the noise in the surface layer of the Baltic Sea (0 to 15m deep), the deep layer (30m to the 

bottom), and the full water column. The time resolution to produce the maps was one hour 

throughout 2014, but the statistical maps were produced at a monthly resolution for all 2014. Annual 

percentile maps have also been produced. 

The BIAS Data Sharing Platform has been use a receptacle the all the maps, delivered in a Netcdf self-

supporting format, as well as Portable Network Graphics (PNG) images. 

The lessons learned from the modelling of the soundscape in the Baltic Sea are the following: 

a. The modelling of the 63 Hz third-octave should be done at a higher resolution in frequency 

since the water depths are comparable with the wave-lengths generating evanescent 

acoustic waves leading to an enhanced variability in the propagation of low frequency 

sounds; 

b. The processing of the AIS and VMS is essential to improve the quality of the description of 

the shipping activities to an acceptable level; 

c. Although the Rig measurements cannot be used as robust indicators of the soundscape, the 

Rig measurements are of high value to calibrate the models that extrapolate the noise field 

to a regional assessment; 

d. Moving Rig measurement positions during future assessments would allow to extend the 

refinement of the quality of the accuracy of the modelling of the sound transmission to other 

areas and therefore slowly improve the overall quality of the survey; 

e. Quality checks are an essential aspect of the modelling work and should not be 

underestimated; 

It deserves to underline that a large number of maps were produced constituting the base for future 

management of noise. To facilitate an efficient handling of these, a regional management GIS online 

tool will be developed in the framework of the BIAS project, which will demonstrate how the 

information can be aggregated into a management friendly concept, sufficiently flexible to provide 

the end-user with relevant information in their decision-making. A number of regional scenarios will 

be tested and concrete decisions managing the effect of noise on the marine fauna will be made 

using this innovative and pragmatic approach, bringing the Baltic Sea region one step closer to true 

management of Good Environmental Status [44] . 
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