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List of abbreviations
Abbreviation

Description, definition

µPa

microPascal

AIS
BIAS
dB
EC
EU
GES
Hz

Automatic Identification System
Baltic Sea Information on the Acoustic Soundscape
Decibel – the most generally used logarithmic scale for describing sound.
European Commission
European Union
Good Environmental Status as defined in the MSFD
Hertz – the SI unit of frequency defined as the number of cycles per second of a
periodic phenomenon.
Member State (of the EU)
Marine Strategy Framework Directive, 2008/56/EC
Nautical mile (1 nmi = 1852 m)
Sound Exposure Level – it takes into account the different duration of sound. It is a
measure of the accumulated energy over a defined period (often 1 second). It also
allows the comparison of sounds of different durations. The SEL is the integral of the
squared acoustic pressure with respect to time, expressed as a level in decibels over
defined period. The unit is dB re 1 µPa2 s
Source level – the sound pressure that we would measure if we were at a distance of 1
m from the source. The unit is dB re 1 µPa m.
Energy source level, dB re 1 µPa2 m2 s
Zero to peak source level
Sound pressure level – the amplitude of a sound that is expressed using a logarithmic
scale as
, where the sound pressure value p is compared to a reference
value pref (in water, the reference value is 1 µPa). The unit of SPL is decibel (dB) relative
to the reference value, dB re 1 µPa.
Root mean square
Third octave band – a frequency band whose width is one tenth of a decade and whose
centre frequency is one of the preferred frequencies listed in IEC 61260:1995 Electroacoustics – Octave-band and fractional-octave-band filters. The centre frequencies as
described in Commission Decision 2012/477/EU (i.e. 63 and 125 Hz) are nominal centre
frequencies.
EU Technical Subgroup on Noise

MS
MSFD
nmi
SEL

SL
SLE
SLzp
SPL

RMS
1/3 octave
band

TSG Noise
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Decibel reference values
For reference values associated with levels cited in decibels the report follows the mixed rule (one of
three alternative conventions, alongside the 10logP and the 20logA conventions) provided in a
consensus report for the Dutch government (TNO 2011). By the mixed rule, the 10logP convention (by
which the reference values are proportional to power) is chosen for some quantities (e.g. 1 µPa2 s for
SEL and 1 µPa2 m2 s for SLE) and the 20logA convention (by which the reference values are proportional
to the square root of power) for others (e.g. 1 µPa for SPL and 1 µPa m for SL).
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1. Introduction
The European Union’s Marine Strategy Framework Directive 2008/56/EC (MSFD) lists eleven qualitative
descriptors that need to be taken into account while assessing and striving for Good Environmental
Status (GES) of the seas. GES Descriptor 11 addresses underwater noise: introduction of energy,
including underwater noise, is at levels that do not adversely affect the marine environment.
In general, very little is known about the underwater noise levels and their impact to the marine
organisms in the Baltic Sea. One of the aims of the GES-REG project was to summarize and analyze the
information on methodologies that can be used to develop further the science base for this GES
descriptor (D11: underwater noise) as well as related criteria and indicators. Since some general
guidelines were planned to be developed by the Technical Subgroup on Underwater Noise, we followed
this process and tried to formulate relevant recommendation for our sea area. In the present report an
overview is given what are the characteristics of underwater noise, what possible impacts it could have
on marine organisms and what would be the appropriate monitoring approaches in the Baltic Sea taking
into account peculiarities of its environment.
At current stage, main efforts should be directed towards the measurement of underwater noise levels,
both in regard of ambient noise and impulsive sounds. After that or in parallel pilot impact studies can
be arranged. Based on such study results further steps in direction of elaboration GES definitions and
quantitative environmental targets can be made. Recommendations are given about the next steps to
elaborate a monitoring and assessment scheme for the region.
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2. Background
Sound is a dominant feature of the underwater marine environment as a result of natural and
anthropogenic sound sources (NRC 2003; OSPAR 2009). Anthropogenic sound sources of primary
concern in underwater noise impact assessments are the activities that overlap in the frequencies with
the hearing range of marine organisms (OSPAR 2009). The organisms mainly affected are marine
mammals and many fish species that use sounds for communication, foraging, avoiding predators and
orientation (Southall et al. 2007; Popper & Hastings 2009).
In marine mammals underwater noise can cause behavioural responses, impair detection of biologically
relevant sound signals (masking) or cause temporary or permanent hearing threshold shift. In most
severe cases the consequences can be injuries or death (Southall et al. 2007). Repeated or prolonged
exposures to increased noise can lead to physiological and behavioural stress that is likely to affect the
individual’s health or the viability of the whole population (Wright et al. 2007).
The effects of noise in marine mammals depend on the distance from the source, species-specific
sensitivity, sound exposure level, duration, work cycle and other factors (Southall et al. 2007).
Anthropogenic sounds may be of short duration (e.g. impulsive) or be long lasting (e.g. continuous). High
amplitude, low and mid-frequency impulsive anthropogenic sounds are those that have caused the most
public concern. These sounds include those from offshore constructions such as pile driving, seismic
surveys, some sonar systems and explosions (Carstensen et al. 2006; NRC 2003; OSPAR 2009; Tougaard
et al. 2009).
Continuous low frequency sound is introduced into the marine environment mainly by shipping (OSPAR
2009).

3. Indicators
3.1. Overview of the existing underwater noise indicators in the Baltic Sea
According to the Initial Assessment reports prepared by partner countries of the GES-REG project no
monitoring has been carried out until now to assess the underwater noise status in the Baltic Sea.
Indicators outlined in the Commission Decision 2010/477/EU have been in principle accepted by the
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countries but methodologies of assessing GES are still under development. Thus, there are currently no
operational indicators for underwater noise in the Baltic Sea.
According to the Commission Decision 2010/477/EU the Descriptor 11 contains two criteria (11.1 and
11.2) with the following indicators:
11.1. Distribution in time and place of loud, low and mid frequency impulsive sounds
— Proportion of days and their distribution within a calendar year over areas of a determined surface,
as well as their spatial distribution, in which anthropogenic sound sources exceed levels that are
likely to entail significant impact on marine animals measured as Sound Exposure Level (in dB re 1
μPa2 s) or as peak sound pressure level (in dB re 1μPapeak ) at one metre, measured over the
frequency band 10 Hz to 10 kHz (11.1.1)
11.2. Continuous low frequency sound
— Trends in the ambient noise level within the 1/3 octave bands 63 and 125 Hz (centre frequency) (re
1μΡa RMS; average noise level in these octave bands over a year) measured by observation
stations and/or with the use of models if appropriate (11.2.1).
To provide guidance to member states in establishing GES for European seas an expert group, the
Technical Subgroup on Noise (TSG Noise) was formed in support of the EU MSFD implementation. Their
reports (Van der Graaf et al. 2012; Dekeling et al. 2013a, b, c) provide technical advice and options for
the operational implementation of monitoring MSFD Descriptor 11 on Underwater Noise.
In this report we present an overview of the potential indicators for underwater noise and propose the
initial steps for establishing monitoring programmes for assessment of the environmental status in the
Baltic Sea in regard of underwater noise. Knowledge gaps and further development needs are also
discussed.
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3.2. Potential new indicators for underwater noise
3.2.1. Impulsive sounds
TSG Noise suggests in their 1st report (Van der Graaf et al. 2012) to interpret the indicator 11.1.1 on
loud, low and mid-frequency impulsive sounds as follows:
The proportion of days and their distribution within a calendar year, over geographical locations whose
shape and area are to be determined, and their spatial distribution in which source level or suitable proxy
of anthropogenic sound sources, measured over the frequency band 10 Hz to 10 kHz, exceeds a value
that is likely to entail significant impact on marine animals (11.1.1).
Indicator 11.1.1 is addressing the cumulative impact of sound generating activities. The impact
addressed by this indicator is “considerable” displacement, which means displacement of a significant
proportion of individuals for a relevant time period and spatial scale (Van der Graaf et al. 2012).
The initial purpose of this indicator is to assess the pressure on the environment, by making available an
overview of all loud impulsive low and mid-frequency sound sources, through the year and throughout
regional seas.
3.2.2. Ambient noise
TSG Noise suggests the following interpretation of indicator 11.2.1:
Trends in the annual average of the squared sound pressure associated with ambient noise in each of
two third octave bands, one centred at 63 Hz and the other at 125 Hz, expressed as a level in decibels, in
units of dB re 1 μPa, either measured directly at observation stations, or inferred from a model used to
interpolate between or extrapolate from measurements at observation stations (Van der Graaf et al.
2012).
This indicator focuses on the issues of chronic exposure of marine life to low frequency ambient noise
with the main contributor being sounds from commercial shipping, hence the initial choice of the two
frequency bands most relevant to shipping noise (Dekeling et al. 2013b).
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4. Monitoring and assessment needs and methodologies for the
proposed indicators
4.1. Impulsive sounds
4.1.1. General considerations
TSG Noise advice on scales for indicator 11.1.1 ’low and mid frequency impulsive sounds’ includes the
following options:
1) options on spatial scales
2) options on temporal scales (number of days)
3) options on sound levels
These options are related to impact and to practicality.
In TG11 guidance document (Tasker et al. 2010) the assessment grid units were suggested to equal to ¼
statistical rectangle (15 nmi N/S x 30 minutes E/W). This was a precautionary choice as the empirical
evidence for one species (harbor porpoise) indicates average effects of sound from marine piling at
ranges beyond 20 km (Tougaard et al. 2009). The actual choice of grid definition, and the size of the grid
cells, is a choice made by Member States and will be based on practical considerations, e.g. in the UK,
data are registered in standard hydrocarbon licensing blocks that can vary from 12 minutes latitude by
15 minutes longitude to 1 x 1 degree. Another option is to base this on the range of 20 km for harbor
porpoises, being the only reference that currently exists.
Since no ecological data or studies are available to determine an appropriate time scale, TSG Noise
proposes to use “pulse-days” as preliminary practical measure based on precaution. This is a simple and
manageable time scale, which in future may change if a scientific basis would become available.
The Commission Decision 2010 states that: “levels that are likely to entail significant impact on marine
animals measured as Sound Exposure Level (in dB re 1μPa2.s) or as peak sound pressure level (in dB re
1μPapeak) at one metre, measured over the frequency band 10 Hz to 10 kHz“. Three options for
defining thresholds for sound source level are given below. It is important that all relevant sources are
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registered, but at the same time ensure that thresholds are established to facilitate a manageable
registry.
The first option includes the source levels that were originally suggested by TG 11 for inclusion in
indicator 11.1.1. Trend in proportion of days and their distribution within a calendar year, over areas of
10 min lat and 12 min long and their spatial distribution in which anthropogenic sound sources,
measured over the frequency band 10 Hz to 10 kHz, exceed the energy source level 183 dB re 1 μPa² m²
s; or the zero to peak source level of 224 dB re 1 μPa² m².
The second approach would determine levels and the way various types of pulses are registered based
on available scientific data and an explicit risk assessment framework (e.g. Boyd 2008). This would use,
for example, actual data on sound levels and observed displacement/avoidance, and would possibly
enable a choice to be made as to when sources should be registered and possibly weight some sources
as more significant than others.
The third option is simple and straightforward: instead of focusing on acoustic definitions and/or
complex calculations, an estimate for threshold levels for relevant sources could be obtained in a twostep approach. The first step is to agree on which sources to include. There is a general agreement about
the most relevant type of loud sources that should be included: seismic sources, pile-driving, low and
mid-frequency sonar and explosives (Tasker et al. 2010). The second step is to establish a reasonable
threshold for these sources.
Targets to meet Indicator 11.1.1 will be based on setting trends for the occurrence of loud, impulsive,
low and mid-frequency sounds generated by human activity. In order to understand where and when
such sounds occur, and if applicable to manage their occurrence, it is necessary to establish a
mechanism to collate and analyze information on the occurrence (or future occurrence) of these
sounds. Once a threshold has been decided for sounds likely to “entail significant impact on marine
animals” information on the future occurrence and location of such sounds needs to be compiled. The
predominant sources of such sounds in the marine environment are from seismic exploration and from
pile driving. In most Member States, seismic surveys are subject either to advance notification or to
some form of environmental impact assessment. Most pile driving is also associated with projects
subject to environmental impact assessment.
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A registry has to be created where the information about the mentioned activities will be collected
around the “areas of determined surface” and days of the year. It would be beneficial if the same areas
were used in neighbouring countries. It is necessary also, while managing a single noise register (for
instance to help manage potential trans-boundary effects), to agree on thresholds.
4.1.2. Registry of low and medium frequency sources of impulsive sounds
The initial step is to set up a register of the occurrence of these impulsive sounds to establish the
current level and trend in these impulsive sounds. The Baltic Sea countries have to agree how to
organize a regional register, what activities causing impulsive sound and what characteristics are
reported.
To achieve the target of assessing the pressures on the marine environment, all relevant sound sources
within the frequency range 10 Hz to 10 kHz as defined in the Commission decision should be registered.
However, the amplitude, frequency and other impulsive characteristics of sounds being registered are
not precisely defined (Dekeling et al. 2013b).
Because it is not yet known when loud sources cause significant impact, TSG Noise proposes to adopt a
lower threshold for the register than for Indicator 11.1.1, i.e. uptake in the register does not necessarily
mean that the source is actually causing significant impact (Dekeling et al. 2013c). All sources that have
the potential for significant impact from an ecological perspective (population or local population level)
should be registered.
The registered data will be collected in bins (e.g. 10 dB (equivalent)) to be able to differentiate between
very loud sources and sources that might only have limited impact (Dekeling et al. 2013c).
The main items in the register needed to derive pulse-block days (the number of days that in an area
(block) a certain threshold (pulse) is exceeded) as required in the Commission Decision, are:
-

Pulse-generating activity;

-

Day;

-

Location;

-

Source level.

In most countries, sound generating activities are a subject either to a licence, advance notification or to
some form of environmental impact assessment. These requirements can be used in the establishment
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of the noise register. If possible, this information should be combined with measurement data for
information on the source levels produced by these activities. An alternative would be to use
measurement data recorded for similar activities. It means that the countries in the Baltic region are
encouraged to carry out underwater sound measurements in areas of constructions (e.g pile-driving) or
activities involving sonars, airguns, acoustic deterrents and explosions. It is recommended that in
licensing process such monitoring and reporting (when actually the work was carried out) requirements
are set.
Minimum thresholds
Minimum noise thresholds have been defined by the TSG Noise for low and mid-frequency sources as a
basis for including in the register. For determination of thresholds, TSG Noise used data on the response
thresholds of marine mammals, thresholds at which displacement effect (i.e. severe and/or sustained
and/or long-term avoidance of an area) was found in marine animals. Background and explanation of
these values is presented in part III of the Monitoring Guidance (Dekeling et al. 2013c).
For impact pile-drivers no minimum threshold should be used and all pile-driving activities should be
registered.
For sonars, airguns, acoustic deterrents and explosions, minimum thresholds should be used for uptake
in the register. For airguns and explosives it is more convenient to convert these to proxies of zero to
peak source level (SLzp) and equivalent TNT charge mass (mTNTeq), respectively. The recommended
thresholds for these source levels and proxies are following:
-

Airgun:

SLzp > 209 dB re 1 µPa m

-

Low-mid frequency sonar:

SL > 176 dB re 1 µPa m

-

Low-mid frequency acoustic deterrent: SL > 176 dB re 1 µPa m

-

Generic non-impulsive sound source:

SL > 176 dB re 1 µPa m

-

Explosions:

mTNTeq > 8 g

-

Generic impulsive sound source:

SLE > 186 dB re 1 µPa2 m2 s

In order to improve the assessment of the total pressure from impulsive sources additional information
should be recorded if it is available. To improve the quality and usability of the register, TSG Noise
recommends that the following source properties should be gathered in the register in addition to
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source level or proxy: source spectra, duty cycle, duration of transmissions, directivity, source depth and
platform speed (Dekeling et al. 2013b).
In the Baltic Sea the same approach can be used for register – all pile-driving activities should be
registered and the same minimum thresholds for sonars, airguns, acoustic deterrents and explosions can
be used.
Temporal and spatial scale
The noise register may be used to underlie a relatively coarse scale map. The temporal scale of the map
is one day, while the proposed spatial scale is of sea blocks of approximately 10 nm x 5 nm (Dekeling et
al. 2013b). There are two spatial units that should be used in the analysis. The first is the blocks or grid
size used for registering the data and the second is the assessment areas used for the analysis. Making
use of standard blocks to describe the impacted area may not be accurate enough. This can be better
evaluated in the future using actual monitoring data (Dekeling et al. 2013a).
If aiming to establish a regional register for impulsive sounds in the Baltic Sea, the spatial scale of blocks
in the register has to be agreed. As a first approximation 10 nm or 20 km blocks can be applied. An
alternative approach is to agree on using geographical coordinates for registered activities. It allows
analyzing of spatial distribution of impulsive sounds applying different assessment scales when further
knowledge on impact of human induced sounds to certain species in the Baltic is available.
Interpretation of results
Once a register is set up, it should be possible to determine the spatial and temporal distribution of
impulsive sound sources. The data that will be gathered in the register will enable to estimate per day at
a coarse scale the size of area that is affected, e.g. from which animals may be displaced. This quantified
assessment of impulsive sound sources can then be used to determine policy targets and to establish a
baseline for evaluating GES.
Reference state can be defined as a state when no or negligible displacement of animals exists due to
anthropogenic noise. There is at the time insufficient knowledge to determine the amount of
disturbance that would compromise GES. There are several options proposed by TSG Noise (Dekeling et
al. 2013b) for target setting:
-

A target on the maximum allowable number of pulse-block days in an assessment area;
13

-

A no-deterioration (i.e. stable or negative trends) target on the number of pulse-block days in
an assessment area;

-

A percentage target on the assessment area that is affected due to noise disturbance (i.e. at any
given day less than x% of the assessment area is lost due to noise disturbance).

TSG Noise stresses that setting a realistic target is only possible once a baseline (i.e. a quantified
assessment) is known and when more information is available on the impacts of noise. TSG Noise will
work in 2013 and 2014 towards advice on thresholds and targets.
In addition to the geographical peculiarities of the relatively shallow Baltic Sea (complicated topography
and coast-line) the species potentially impacted have to be defined while drawing a baseline for the
Baltic. It requires conducting of a series of pilot studies in relation to different activities such as piledriving to map distribution of these organisms (e.g. seals, fish) in an area before activities and during the
construction work. Term “considerable displacement” of individuals has to be defined in regard of the
potentially impacted species (including number of individuals, scales in space etc).
The register can initially be used for estimating the spatial and temporal impact on the environment and
for determining the baseline level. In the future, e.g. once a baseline is known and targets have been set
the register can be used for management purposes and assist in marine spatial planning incorporating
displacement mitigation guidelines and reducing the potential for cumulative impacts.

4.2. Ambient noise
In the opinion of TSG Noise there is still insufficient knowledge on the effects of (increased) ambient
noise levels in the ocean to determine whether existing levels are too high or where GES is being
achieved with respect to ambient noise.
It will probably take decades rather than years (much later than 2020) to establish a statistically
significant trend of ambient noise for EU waters. Therefore it would be more practical to measure levels,
not trends. Levels can be measured on a timescale relevant to MSFD, and can be compared with a
target.
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To describe both GES and to determine trends in these sounds, actual levels are needed, and
understanding of the spatial and temporal variations in levels is needed to identify an underlying trend.
TSG Noise suggests that the combined use of measurements and models (and possibly sound maps) is
the best way to ascertain levels and trends of ambient noise in the relevant frequency bands (Dekeling
et al. 2013b). Balancing modelling with appropriate measurements should be done carefully.
4.2.1. Monitoring programme – general considerations
Since the indicator 11.2.1 is a pressure-indicator that should be used to document trends and not to
provide a complete coverage of all noise for the area of interest, a limited set of monitoring stations per
region/basin should be sufficient to satisfy the requirements of the indicator (Dekeling et al. 2013a).
A monitoring strategy is required for optimal planning of measurement stations. The purpose of the
measurements is to give input for modelling; provide confidence to model predictions that are used to
extrapolate to other parts of each basin; or the measurement can be used directly as the representative
value for a region, leading to different measurement strategies (Dekeling et al. 2013a).
The monitoring should focus on shipping noise and individual ship noise assessment. A set of
measurements from a point at an appropriate distance from a shipping lane can be combined with data
on individual vessels (from a vessel monitoring system such as AIS) to provide data on source levels of
vessels, which could then be used as input to models.
When planning sensor locations, several factors should be taken into account, such as shipping density,
convergence/divergence of shipping lanes, water depths, fishing activities, seismic surveys and areas of
special interest.
For presenting the results TSG Noise recommends that the complete distribution be retained in the form
of sound pressure level as a function of time, along with a specified averaging time. If it is not possible to
store the full series, TSG Noise advises the retention of the amplitude distribution for this purpose in
bins of 1 dB, and the associated snapshot duration. The snapshot duration should not exceed one
minute (Dekeling et al. 2013b).
TSG Noise recommends that the averaging method for annually averaged noise level is the arithmetic
mean of the squared sound pressure samples.
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The requirements for measuring equipment were discussed in detail in the 2012 TSG Noise report (Van
der Graaf et al. 2012). Advice on the standards to which models should comply with and possible
modelling approaches are described in the 2013 TSG Noise report (Dekeling et al. 2013b).
TSG Noise recommends an initial set of rules for the placement of measurement devices (in order of
importance):
1. If there are only few measurement stations per basin, these should be at suitable locations for
validating the model prediction used for interpolation and extrapolation. Monitoring may be
more cost effective if existing stations are used for monitoring other oceanographic features.
2. In deep water, place the devices in areas of low shipping density. The range at which to shipping
lanes result in elevated noise levels may be greater in deep water as low frequency sound can
propagate long distances.
3. Place on hydrophone close to the bottom (a priori subject to the lower variability of noise
levels). If budgets allow for a second hydrophone, it should be placed at the depth where the
lowest value for the yearly averaged sound speed is expected (if that information is available),
and in deep water that depth should be preferred over the seabed or the surface.
4. Consider special topography and bathymetry effects upon acoustics – e.g. when there are
pronounced coastal landscapes of islands/archipelagos it may be considered to place
hydrophones on opposite sides.
5. In waters subjected to trawling, use locations that are protected from fishing activities or
locations where trawling is avoided due to bottom features (e.g. underwater structures/wrecks).
6. Consider, and if possible avoid being close to, the presence of other sound sources that might
interfere with measurements e.g. offshore activities like oil and gas exploration or construction.
7. Any mooring has to be designed for noise measurements to avoid self-noise from mooring
tackle.
For ambient noise the baseline can be defined as a specified/known state.
4.2.2. Methodologies of measurements and assessment of underwater noise (an example
from the Baltic Sea)
FOI (Swedish Defence Research Agency) made measurements of underwater noise for Nord Stream and
the Swedish Environmental Protection Agency close to the Natura 2000 area of Norra Midsjöbanken,
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south of the island Gotland (Johansson and Andersson 2012). The aim of the study was to quantify the
ambient noise levels and the noise pollution caused by laying the Nord Stream pipeline and by post-lay
trenching. The study was conducted from January to April 2012.
Two pairs of autonomous hydrophone rigs (Fig. 1) were placed at two locations – one pair was situated
approximately 1.5 km from one of the main shipping lanes in the Baltic Sea and the other was situated
approximately 1.5 km from the route of Nord Stream’s second pipeline. The distance between the two
rigs in each pair was approximately 1 km.
The distance of 1.5 km was chosen because it was as close to the source of interest as possible, obeying
safety regulations and minimizing the risk that a vessel passes straight overhead. It was important that
the rigs were placed at similar depths and at locations with similar bottom characteristics and
bathymetry. The rigs were placed at locations where there were little or no fishing activities so that the
risk of losing the rigs due to trawling would be minimized.
Each rig contained a DSG-Ocean autonomous hydrophone system. The frequency range of the
hydrophone was 2 Hz to 20 kHz and its sensitivity was -186 dB re 1 V/µPa.

Figure 1. Sketch of a hydrophone rig (Johansson & Andersson 2012).

17

For selecting the hydrophone settings information on noise level of ships and underwater activities and
the assumed transmission loss (the decay of a sound’s amplitude as it is transmitted through a medium)
were taken into account.
Recording schedule was set so that during pipe lay and trenching the rigs recorded nearly continuously
(59 min every 60 min) so that these activities would be captured in as much detail as possible. For the
characterization of the ambient noise the recordings were made at regular intervals (5 min every 30
min) to extend the time span in which recordings were made (to capture more of the natural noise
variations).
They measured with a sample frequency of 8000 Hz. The recorded noise data was analyzed at
frequencies up to 3500 Hz. Third octave band spectra and sound pressure level evolutions as well as
statistics were calculated for each of the hydrophones and during different conditions.
AIS data was used to get overview statistics and details of vessel movements during the construction
and trenching phases.
To present an overview of noise levels in the area, a 5 minute average third octave band spectrum and a
5 minute average sound pressure level were calculated every 30 minutes. The third octave band
spectrum for sensor A1 (positioned near the shipping lane) for a measurement period when there were
no Nord Stream vessels in the area is presented in Fig. 2.

Figure 2. The average third octave band spectrum (solid green line) of noise levels at A1 from March 2nd
to March 6th (time period when there were no Nord Stream vessels in the area). Dashed red lines are the
5th and 95th percentile spectra. (Johansson & Andersson 2012)
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They also compared noise levels to meteorological data from a nearby weather station (Fig. 3).

Figure 3. Five second average noise spectra with no nearby vessels. Data recorded at A1 at three
different wind speeds (blue, red, green). For comparison, the average ambient noise spectrum at A1
from March 2nd to March 6th is also shown (black). (Johansson & Andersson 2012)

They also analyzed passages of three commercial vessels that resulted in strong signals in the data set.
Source levels for these vessels were estimated based on vessel data, received level at the closest point
of approach and an assumed transmission loss. The estimate of the total source level was obtained by
integrating the source level spectra. The estimated source levels for these vessels were as follows:
Subito 184.6, Suono 178.6 and Finneagle 182.6 dB re 1 µPa @ 1 m.
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Figure 4. Estimated source level spectra (dB re 1 µPa2/Hz @ 1 m) of three commercial vessels (Subito,
Suono and Finneagle) when passing a sensor rig (Johansson & Andersson 2012).

4.2.3. BIAS project
Monitoring and assessment of ambient noise in the Baltic Sea has also been initiated by the LIFE+
project BIAS (Baltic Sea Information on the Acoustic Soundscape).
The BIAS project has three main objectives. The first is to establish a regional implementation of
Descriptor 11, which includes development of user-friendly tools for management of the Descriptor and
to obtain sound levels. 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 model the soundscape and thereby expand the measurements to
the entire Baltic Sea. (Dekeling et al. 2013c)
During 2014 the BIAS project will deploy 38 autonomous hydrophone rigs all over the Baltic Sea to
measure the status of underwater noise (www.bias-project.eu). Planned positions to deploy the sensors
are presented in Figure 5.
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Figure 5. BIAS planned positions for hydrophone rigs deployment (www.bias-project.eu).

4.2.4. Next steps
Since the main focus of this project is on open sea areas then additional measurements of ambient noise
are recommended for semi-enclosed bays and areas with complicated topography and coastline. The
following steps have to be taken in order to quantitatively to set up GES and environmental targets
related to the ambient noise:


Regionally coordinated measurements of ambient noise in areas with high shipping activities
and without shipping, in deep basins and in shallow, semi-enclosed bays.



Assessment of noise levels and its spatial distribution from different types of ships and ferries.
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In addition to the instruments close to the sea bed pilot measurements in the layer with the
lowest sound speed is recommended for the Baltic Sea.



Modeling of the ambient noise using AIS data, measurements and estimates of levels and spatial
distribution of noise from different types of ships, in order to create maps on spatial distribution
of ambient noise levels.



First a relatively high number of instruments should be used; afterwards a limited number of
instruments together with modelling would be sufficient.



Noise measurements in ice conditions must be conducted.



Annual average of the sound pressure is found as an arithmetic mean.

In parallel to the described pilot studies the estimates what noise levels are of some concern to marine
organisms (e.g. seals, fish) must be initiated. The maps of annual average sound pressure using this
criterion and results of monitoring / modeling studies can be constructed. The aim should be to define
GES for ambient noise and set related environmental targets.

5. Recommendations
5.1. Impulsive sounds
The recommended roadmap towards defining methodological standards for GES determination and
setting of quantitative environmental targets is as follows:


Establishment of a registry of loud, low and mid-frequency sounds. As the first step pile-driving,
seismic surveys and explosions should be registered. Information on constructions and other
activities (explosions) that require issuing a permit can be gathered from environmental and
other permit databases. Regional guidelines have to be developed and agreed.



Measurements of loud, low and mid-frequency sound related to pile-driving (at sites of offshore
construction and harbour construction), seismic surveys and explosions in order to assign spatial
distribution of underwater noise level to different activities.



Definition of critical levels of impulsive sounds, which could impact certain species. This requires
conducting of a series of pilot studies in relation to different activities such as pile-driving to
map distribution of organisms (e.g. seals, fish) in an area before activities and during the
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construction work. Term “considerable displacement” of individuals has to be defined in regard
of species (including number, scales in space etc).
After these first steps the estimation of days with loud, low and mid-frequency sounds exceeding certain
(defined) criterion can be conducted and maps to characterize spatial distribution created. It still
requires definition of spatial scales (resolution) of such assessment. Finally, the GES for loud, low and
mid-frequency sounds and related environmental targets will be set.

5.2. Ambient noise
The following steps have to be taken in order to quantitatively to set up GES and environmental targets
related to the ambient noise:


Regionally coordinated measurements of ambient noise in areas with high shipping activities
and without shipping, in deep basins and in shallow, semi-enclosed bays.



Assessment of noise levels and its spatial distribution from different types of ships and ferries.



In addition to the instruments close to the sea bed pilot measurements in the layer with the
lowest sound speed is recommended for the Baltic Sea.



Modeling of the ambient noise using AIS data, measurements and estimates of levels and spatial
distribution of noise from different types of ships, in order to create maps on spatial distribution
of ambient noise levels.



First a relatively high number of instruments should be used; afterwards a limited number of
instruments together with modelling would be sufficient.



Noise measurements in ice conditions must be conducted.



Annual average of the sound pressure is found as an arithmetic mean.

In parallel to the described pilot studies the estimates what noise levels are of some concern to marine
organisms (e.g. seals, fish) must be initiated. The maps of annual average sound pressure using this
criterion and results of monitoring / modeling studies can be constructed. The aim should be to define
GES for ambient noise and set related environmental targets.
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