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1. PREAMBLE
This report gives advice on generic, stepwise assessment frameworks that will enable Member States
to assess the effects of impulsive anthropogenic sound. In addition to a generic framework, in the
report three methodologies for addressing population effects are presented. At this stage, no
recommendation is given on which one to implement.
In our follow-on work on setting threshold values TG-Noise will continue to take into account that the
recommended methodology has to be implementable for all Member States. Examples provided in
this report for addressing population effects focus on disturbance by piling and seismic surveys. In the
future TG Noise will continue to assess the need for additional information on other sources than
piling and air gun seismic sources, as well as other effects than disturbance leading to displacement.
The follow-on report will also include firm recommendations on procedures with the goal to make
assessments transparent and harmonized for all Member States.
Chairs of TG Noise,
Peter Sigray, Junio Fabrizio Borsani and Florent Le Courtois
October 2020
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2. Summary
The Commission Decision of 2017 on Criteria for good environmental status (GES) requires EU
Member States to establish ‘threshold values’ to contribute to ensuring that levels of anthropogenic
noise do not exceed levels that adversely affect populations of marine animals. This is not the only
requirement: Member States should work together on this issue, as the Commission Decision requires
that they establish threshold values through cooperation at Union level (but taking into account
regional or subregional specificities).
In the CIS Work Programme (2016-2019) TG Noise was tasked to provide further advice to EU
Member States on the development of thresholds. TG Noise, in consultation with the European
Commission and the Working Group Good Environmental Status (WG GES), decided to work initially
on a generic methodology for assessing the effects of anthropogenic sound on the marine
environment. The intent is to enable use of common methods at Union level as the first step to
establishing thresholds values to avoid adverse effects on populations of marine fauna and their
habitats. This document provides proposals for a common generic assessment methodology that can
be used by EU Member States who need to set threshold values to determine whether anthropogenic
impulsive noise generating activities may adversely affect marine populations.
To come to agreement on a methodology, TG Noise explored different approaches in dedicated
workshops. The group identified common principles that were used to further develop the
methodology, e.g. making use of the data being collected in the existing impulsive noise registry
information to determine ‘affected area’, and overlaying this information with species distribution
information to quantify potential exposure of marine species to underwater sound. This approach is
similar to ‘traditional’ Risk Assessment (RA) techniques for hazardous substances.
The group considered issues like data availability, the level of complexity of the methods and
uncertainty. It was noted that two different approaches were realistically possible, a habitat oriented
approach aimed at quantifying the amount (in time and space) that a pre-defined area (habitat) is
affected by anthropogenic noise, and a species oriented approach, aiming at quantifying the amount
(in time and space) that a predefined population/species is affected by anthropogenic noise.
For a generic methodology, TG Noise chose a step-by-step approach, enabling Member States to start
working with this methodology. The generic step-by-step framework makes use of the following
steps:
0. Implementation of joint monitoring of impulsive sound sources
1. Define scope of assessment: specific purpose, area covered, time period or duration
2. Decide on use of indicator/representative species or other method to define sound
characteristics likely to affect populations of marine animals
3. Define sound characteristics to be used in the assessment
4. Produce pressure (activity) maps based on impulsive noise register data and the sound
characteristics chosen
5. Specify estimated species densities or habitat area (of indicator species, if such have been
chosen)
6. Produce ‘sound exposure’ risk maps combining sound pressure and species distribution or
habitat area
6

7. Compute proportion of species population (if such data is available) or habitat area that may
be exposed to sound, potentially using an exposure curve or index
8. Determine potential for negative effects at population level
The last step of the frame requires addressing population level effects. Whilst it is recognised that
progress has been made with regard to methods development in this subject there are still
fundamental knowledge gaps on how such methods can be applied, getting international agreement
on a method to assess population effects was not realistic within the current activity timeframe, and
therefore TG Noise has only provided some examples of approaches taken internationally, in four
annexes.
Underwater noise is a relatively new topic, and there are still knowledge gaps on the effects of
anthropogenic noise and at this stage defining internationally agreed threshold values is therefore
difficult. However, over the last years knowledge has developed significantly, and TG Noise advises
Member States a pragmatic approach: continue joint monitoring programmes for underwater sound,
Member States working together in a Region should test the use of the proposed assessment
framework and continue to address the knowledge gaps.
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3. Introduction
3.1

Context and Background

The Marine Strategy Framework Directive (MSFD) requires European Member States (MS) to develop
marine strategies to achieve or maintain good environmental status of EU Member States marine
waters by 2020. Marine strategies contain 5 main elements: the initial assessment, the determination
of good environmental status, the establishment of environmental targets, the monitoring
programme (enabling the state of the marine waters concerned to be assessed on a regular basis),
and the programme of measures to maintain and/or improve environmental status.
Eleven qualitative descriptors were defined for determining good environmental status, one of them
concerns the introduction of energy, including underwater noise.
In the framework of the Common Implementation Strategy working and technical (expert) groups
were formed to provide the European Commission and EU Member States with advice for
implementation of the 2010 Commission Decision on indicators of good environmental status. For
descriptor 11, a technical group was formed (initially called TSG Noise, later TG Noise), that consisted
of nationally nominated experts who had experience in different regions and relevant scientific
expertise. Anthropogenic underwater sound was an emerging topic, and little was known about the
levels and effects of underwater sound at the time that TG Noise was established. At the time, advice
was needed to further develop monitoring the descriptors of underwater noise that were defined in
the 2010 Commission Decision, in particular proposals for methodological standards for monitoring
both types of underwater noise, but the technical group could also provide a common platform to
address how to develop objectives (characteristics of GES), environmental targets and associated
indicators.

Sound or Noise?
For this report the term “noise” is used when discussing sound that has the
potential to cause negative impacts on marine life.
The more neutral 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” which may have either no
particular impact or may have a range of adverse effects.
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The 2010 Commission Decision: focus on monitoring
TG Noise started work in 2011. At that time there was a need to make technical and scientific
progress to enable EU Member States to develop indicators, to start monitoring and to identify and
establish targets in order to address potential effects of anthropogenic underwater sound. TG Noise
has been able to support MS, by reviewing experiences and the knowledge in the scientific
community. The main product TG Noise delivered was the Monitoring Guidance for Underwater Noise
in European Seas, published by the Joint Research Centre of the European Commission in 20141
(Dekeling et al., 2014).
In recent years, significant progress has been made with establishing joint monitoring programmes
supported and implemented by multiple EU Member States. Monitoring of activities that result in
impulsive sound (through national and regional registers) has been started for the Mediterranean
Sea, Baltic Sea and North-East Atlantic regions. Joint ambient sound monitoring has been undertaken
in the Baltic Sea (through the now-completed BIAS project) and similar joint monitoring programmes
for ambient sound are now in various stages of development or implementation in other (sub)regions
(Ferreira & Dekeling, 2019).
Through these monitoring programmes, more information on the pressure (the anthropogenic
sounds introduced into the marine environment) will become available. However, as additional data
and information will enable activities and the spatial/temporal extent of sound emissions to be
quantified, it is recognised that pressure is only one side of the equation; to assess the extent to
which good environmental status is achieved, it is necessary to understand how the specific pressure
is related to impacts on populations of marine animals.
The TG Noise monitoring guidance of 2014, and the joint monitoring programmes, were based on the
requirements of the Commission Decision of September 2010 on criteria and methodological
standards for good environmental status of marine waters. Monitoring programmes should enable
MS to quantify the environmental pressure (and eventually trends) from impulsive and continuous
sound. TG Noise envisaged that when more and better information on adverse responses of
populations of marine animals became available, Member States would be able to make improved
assessments, define risks, and set targets for policy and management. Where it may be possible to
make informed links between responses that are likely to affect vital rates such as reproductive rates,
death rates, and growth rates, and thus likely population welfare, it should be noted that it is highly
unlikely to confirm population effects in empirical studies. Even if responses are likely to be directly
and conclusively correlated with population health and welfare, it will be difficult to confirm that
observed population effects can be attributed to underwater noise and noise alone, rather some
interaction of threats or other oceanographic variables.

1

This publication is a Science and Policy Report by the Joint Research Centre of the European Union.
Luxembourg: Publications Office of the European Union, 2014. https://ec.europa.eu/jrc/en/publication/eurscientific-and-technical-research-reports/monitoring-guidance-underwater-noise-european-seas-part-iimonitoring-guidance
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The 2017 Commission Decision: introduction of thresholds
The Commission Decision of May 20172 introduced the concept of ‘threshold values’. These were
defined as follows:
Threshold value means a value or range of values that allows for an assessment of the quality level
achieved for a particular criterion, thereby contributing to the assessment of the extent to which
good environmental status is being achieved
For descriptor 11, the Commission Decision requires EU Member States to collectively establish
threshold values to ensure that levels of anthropogenic noise do not exceed levels that adversely
affect populations of marine animals. Member States should establish threshold values through
cooperation at Union level (but taking into account regional or subregional specificities). In the CIS
Work Programme (2016-2019) TG Noise was tasked to provide further advice to EU Member States
on the development of thresholds for underwater noise.

3.2

Approach Taken by TG Noise

The work of TG Noise until 2014 focused on establishing monitoring in European seas. The monitoring
of impulsive and continuous sound (as required in the Commission Decision of 2010) would enable
Member States to quantify the pressure (the anthropogenic sounds introduced into the marine
environment). Already at that time it was clear that other steps would be needed, potentially
including development of additional indicators associated with the impact of sound, to evaluate
whether GES is reached. In order to contribute to these discussions, in 2016 TG Noise organised a
thematic workshop to identify the best way forward to define further indicators for underwater
sound. This 2016 workshop, in Hamburg, Germany, found consensus on the main directions to better
understand the effects of underwater sound and ways to develop impact indicators.
Habitat degradation
For both impulsive and continuous noise, the participants at the Hamburg workshop considered that
the concept of habitat degradation was worth exploring to develop indicators of impact. Possible
options that were proposed and that should be further investigated included:
• Loss of communication space (masking)
• % loss of habitat (displacement of species)
• Habitat degradation index

Commission Decision (EU) 2017/848 of 17 May 2017 laying down criteria and methodological standards on
good environmental status of marine waters and specifications and standardised methods for monitoring and
assessment and repealing Decision 2010/477/EU.
2
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In order to be relevant to the intent of the 2017 GES Decision to ‘ensure that levels of anthropogenic
noise do not exceed levels that adversely affect populations of marine animals’, there is a need to
determine how indicators may be associated in a meaningful way to effects on populations – noting in
particular that temporal scales would also need to be considered. For example, in the case of
disturbance by impulsive sound, habitat loss (displacement) can be of short or long duration after the
noise or the activity producing the noise has ceased, and the “index of habitat degradation” would
also need a temporal “recovery” component. The choice of marine species that would be used to
identify such indicators also needs to be agreed upon – especially as most research has been on a
narrow range of EU relevant species (despite multiple earlier recommendations from TG Noise); many
groups of marine species (including fish and invertebrates) may be impacted by noise (see, e.g.,
Weilgart 2018).
After the 2017 Commission Decision, in which the need for threshold values and cooperation at Union
level was defined, an explicit task to work on this issue and provide advice on setting of threshold
values was included in the CIS Work Programme 2016-2019.
Guidance from the European Commission and WG GES
TG Noise realised that it would be difficult to define threshold values - as there are fundamental
knowledge gaps that hinder establishing absolute quantitative threshold values, particularly for
population level effects and it was thought to be better to start working on a generic methodology for
assessing how sound may interact with populations of marine animals. This way it will be possible to
enable use of common methods at Union level as a further step to establishing thresholds.
This approach (to focus on methodology first) was discussed (and agreed) in WG GES and MSCG. The
European Commission provided the following overview of how Technical Groups associated with
implementing the MSFD (not only TG Noise) could work on this issue and interact with WG GES and
MSCG to make proposals to develop and agree threshold values.

Figure 1: Overview provided by the European Commission on interaction between technical groups (like TG
Noise) and other CIS groups
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This guidance also suggested a number of specific issues that could be addressed in TG Noise’s advice.
Apart from the methodology, information could be provided on current status/trends, reference
conditions, and the principles and options for establishing thresholds.
TG Noise realised that it also needed to consider the level of assessment method complexity that
would be acceptable and usable at Union level. To be usable by all Member States, TG Noise
recognises that methods should not be too complex or expensive. On the other hand, the
Commission Decision requires threshold values to be based on best available science, which continues
to progress. It may be difficult to balance these requirements across Member States, and this was
raised in the WG GES discussions. In this group it was suggested that where it was difficult to make a
(single) choice for the level of development/complexity, TG Noise could consider ‘intermediate
approaches’.
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4. Assessment framework for impulsive sound
4.1

History, foundation and principles

In the work to establish threshold values, Union level cooperation is required (Commission Decision of
2017), and a good starting point would be ensuring that Member States start with consistent data
sets. For impulsive sound, monitoring through registration of specific sound generating activities
(using existing authorisation processes) should already have been addressed by Member States, as
the 2010 Commission Decision (on indicators for good environmental status) defined that measuring
underwater sound generating activity was a priority, and further specifications were developed and
made available in the TG Noise’s Monitoring Guidance for Underwater Noise in European Seas. The
TG Noise monitoring guidance, accepted by EU Member States, was published by the Joint Research
Centre in 2014 and further actions were taken through regional sea cooperation.
While the 2014 guidance was focused on monitoring, it was made clear that the impact and
assessment of effects remained to be addressed. The guidance described purpose, scope and further
foreseen usability of the impulsive noise register (see para 2.5, Interpretation of results). Relevant
points included:
 The impulsive noise register should be designed to provide quantitative (temporal and spatial)
information on the pressure (impulsive sound sources) to enable assessment of possible
cumulative impacts (e.g., caused by displacement on marine species) at the population level;
 The data in the register could enable Member States to estimate the size of the area affected by
anthropogenic impulsive sound sources, and the use of information on biological response
thresholds in received levels for particular species would enable estimating the scale of the
biological disturbance;
 The impulsive noise register would enable determination of the baseline level, i.e. the current
situation.
It was clear that further efforts were needed to assess the relationship between displacement of
individuals and effects on populations. Whilst theoretical frameworks to assess population level
impacts already exist, continue to evolve, and are increasingly applied to different species and
populations3, further research efforts are needed to collect the necessary input data (life history
variables and vital rates) to enable use of such methods for species that are present in European
waters.
Once operational, the register would provide Member States a quantified assessment of the broad
scale spatial and temporal distribution of impulsive sound sources, throughout the year, in regional
seas. This assessment could be used to establish current baseline activity levels. If and when Member
States consider that GES is not achieved, policy decisions may need to be made and the information in
the register could help inform policy targets. The registers could also be used for management
purposes (e.g. in regulating or planning licenced activities) and to assist in marine spatial planning,
which enable reducing cumulative exposures and ultimately achieving GES.).
3

Examples are provided in Section 3.3, Step 7, e.g. the development of PCAD/PCoD methods.
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TG Noise evaluated different methods, either already used in Member States or proposed by TG
Noise members, to further interpret the data from impulsive noise registers. TG Noise has explored
these different approaches in dedicated workshops, held in Torrelodones, Spain (2017), Brussels,
Belgium (2018) and Heraklion, Crete, Greece (2019). The idea of these comparisons was to identify
whether a common approach could be distilled from the different methods.
Main discussion results
TG Noise found that all suggested assessment methodologies take stepwise approaches, where steps
were similar between most methods (although terminology differed). These similarities provided a
basis for a common approach (TG Noise, 2017). The principle of using noise registry information in
some format to determine ‘affected area’ and overlaying this information with available species
distribution information was identified as a promising common way forward to identify potential
exposure of marine species to underwater sound. This principle is not a new invention: it has
historically been used for ‘traditional’ risk assessment techniques for hazardous substances, and in
earlier European work (Boyd et al., 2003) use of such a risk assessment framework including an
‘exposure assessment’ was suggested as a useful strategy for addressing the effects of underwater
sound on marine life. This type of exposure assessment process is widely implemented for some
activities across some Member States, for example seismic surveys and piling for offshore wind
development. In a more recent publication providing overview of approaches in the US, a similar
approach (evaluating spatial and temporal overlap between population and stressors) was advised as
routine component of impact assessments (Pirotta et al., 2018).
It was recognised that there could be varying degrees of complexity and of uncertainty associated
with different approaches. Much of this variation throughout Europe will be related to availability of
data on both the occurrence of species and on sensitivity to sound, particularly at the population
level. Much of the discussion in TG Noise focused on data availability, the acceptable level of
complexity of the methods and how to incorporate uncertainty.
The overlaying of sound level data (primarily through existing sound propagation modelling tools
combined with empirical sound levels) with species distribution data was seen as one option. Another
possible approach was to quantify the extent (in space and time) of habitat affected (using a generic
or representative species). This would avoid the needed detailed data for the ‘species’ approach,
which might be helpful where such data were not available or came with considerable uncertainty.
The descriptions outlined above of two approaches to determining threshold values were
consequently proposed:
Habitat approach:
Quantifying the amount (in time and space) that a pre-defined area (habitat) is affected by
anthropogenic noise
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Species approach:
Quantifying the amount (in time and space) that a predefined population/species is affected by
anthropogenic noise.
The table below shows how these two approaches relate to the 2017 GES Decision for Descriptor 11
by providing information related to the spatial and temporal distribution of anthropogenic
underwater sound and potential exposure of marine animal species only.

Approach

Description

Effect/’Hazard’/Risk

Habitat

Space and time assessment
of area affected by Disturbance to habitat
impulsive sound

Species

Numbers of a given species
or % population that is Adverse exposure of
estimated to be affected by individuals
impulsive sound

GES Decision 2017
relevance
‘… spatial distribution,
temporal extent, and
levels of anthropogenic
impulsive sound’
‘… spatial distribution,
temporal extent, and
levels of anthropogenic
impulsive sound’

WG GES has advised TG Noise not to attempt to choose between these two approaches, but to
consider whether a common method would enable both approaches as options.
TG Noise further addressed which methods could contribute to quantifying the area potentially
affected by impulsive sound sources, and analysed differences in complexity and levels of uncertainty.
In the meeting in Crete, different frameworks were discussed, and a consensus was reached on an
assessment framework which is further described in section 3.2.
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4.2

Description of the methodology

A stepwise framework is proposed for assessing impulsive sound; this framework is based on earlier
approaches in European Union Member States and work under development for regional sea
conventions (notably OSPAR and HELCOM) and more recently the Barcelona Convention in close
cooperation with ACCOBAMS; all of this work has been published, either in scientific literature or by
public institutions (Boyd et al., 2008; Heinis et al., 2015, Heinis et al., 2019; Merchant et al., 2018;
OSPAR, 2017) or under development within the EU-funded project QUIETMED-2.
The step-by-step approach was chosen for a number of reasons:
 The level of information availability and scientific knowledge is not the same in all
(sub)regions of EU waters. At this stage (and for the immediate future) it would not be
reasonable to prescribe a single option for a complex framework that cannot be implemented
in every region; at the same time a too simple methodology which would not make use of
relevant available data may not be accepted in some regions, and would not be in accordance
with the intent of the Commission Decision that ‘best available science’ is used4. The stepwise
approach provides the option to choose between different levels of complexity in the actual
implementation of the methodology, and to allow the assessment to be appropriate to the
level at which there is information.
 A stepwise approach should help ensure transparency, by separately reporting the
information that is available (for example, information about sound sources and species
presence and the algorithms used for sound propagation modelling), instead of having the
whole process embedded in single or multiple “black boxes”.
 A stepwise approach will help make it clear and identify where further data collection,
information or research would improve or help inform the process.
The steps of the framework:
0. Implementation of joint monitoring of impulsive sound sources
1. Define scope of assessment: specific purpose, area covered, time period or duration.
2. Decide on use of indicator/representative species or other method to define sound characteristics
likely to affect populations of marine animals
3. Define sound characteristics to be used in the assessment
4. Produce pressure (activity) maps based on impulsive noise register data and the sound
characteristics chosen
5. Specify estimated species densities or habitat area (of indicator species, if such have been chosen)
6. Produce ‘sound exposure’ risk maps combining sound pressure and species distribution or habitat
area

4

See preamble 20: Criteria, including threshold values, methodological standards, specifications and
standardised methods for monitoring and assessment should be based on the best available science. However,
additional scientific and technical progress is still required to support the further development of some of
them and should be used as the knowledge and understanding become available.

16

7. Compute proportion of species population (if such data is available) or habitat area that may be
exposed to sound, potentially using an exposure curve or index
8. Determine potential for negative effects at population level

4.3

Detailed description of the individual parts of the framework

Basis (or: ‘step 0’): Implementation of joint monitoring of impulsive sound
sources, in accordance with the JRC-published monitoring guidance
Why Joint Monitoring?
The Monitoring Guidance for Underwater Noise in European Seas was published by the Joint Research
Centre of the European Commission in 2014. This guidance was developed by TG Noise, in the
framework of the Common Implementation Strategy. It provides technical information including
measurement equipment, calculation of sound levels or acoustic metrics, and advice on the scale of
monitoring. For impulsive sound, the guidance suggested that a common register should be set up at
least at the regional sea level. There were a number of reasons for doing this: firstly, to assess
potential cumulative effects of activities that produce impulsive sound, there was a need to obtain an
overview of all loud impulsive low and mid-frequency sound sources, throughout the year, in regional
seas; but also for practical and efficiency reasons, monitoring at larger scale (than at Member State
level) was considered necessary, as impulsive sound generating activities can generate sound that can
travel across borders and could have transboundary effects. In addition, and more importantly,
movements or occurrence of most animal populations that may be affected by underwater sound are
not limited to national boundaries, but usually have a transboundary distribution. Sound in one place
might affect populations also resident in a neighbouring Member States’ waters. In practical terms: to
obtain insight into the effects of sound, a Member State may need to have information on activities
taking place within adjacent waters of other Member States.
The monitoring guidance has been agreed at Union level. Monitoring of impulsive sound sources
using ‘noise registers’ has been started; the actual implementation is currently coordinated by the
Regional Sea Conventions. There are two international noise registers, a joint one for the OSPAR and
HELCOM regions, managed by ICES; and one for the ACCOBAMS region, which covers Mediterranean
and Black Seas, managed by ACCOBAMS, based on the same structure as the OSPAR/HELCOM register
to be compatible. Member States should continue to further implement compatible monitoring of
impulsive sound sources, as prescribed in the monitoring guidance. This will ensure that collection,
availability and comparison of the data in the noise registers are suitable for future assessments.
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Step 1: Define scope of assessment: specific purpose, area covered, period
The 2017 Commission Decision on criteria to determine good environmental status requires Member
States to establish threshold values for the levels of anthropogenic sound through cooperation at
Union level, taking into account regional or subregional specificities.
This decision allows options for the scale of assessments- at Union level, (sub)regional level or
national level. The scale of assessment was considered explicitly by TG Noise at a workshop in 2016
and there was consensus that further assessments (and target setting) could be done at the regional
or sub-regional level (depending on the size of regions and consensus among MS), but that larger
scale assessment and target setting (e.g. at Union level) would be neither feasible nor sensible.
The rationale for assessing at smaller scales than Union level scale included both scientific (ecosystem
differences, acoustic environment differences), and practical reasons (e.g. to align with other GES
assessments, management of activities and with Regional Seas Conventions). Where the practical
reasons can, in theory, be overcome, the fundamental differences between ecosystem types
(different species groups often differ in their reaction to different elements of underwater sound) and
different acoustic environments (propagation in relatively shallow water is very different from
propagation in deep water) imposes a limit to the maximum scale that is sensible for an assessment.
As underwater sound can travel over long ranges, across boundaries, and the populations potentially
affected can be of larger scale than single Member State’s territory, to have ecological relevance a
larger scale assessment is a better option than assessment by a single Member State. There may be
practical challenges (see Merchant et al., 2018) but the MSFD and regional cooperation may provide a
mechanism to overcome these, as some MS have already established methodologies and policy
targets to reduce introduction of energy (e.g. impulsive underwater sound).
TG Noise therefore advises that assessment and reporting should be at the regional/sub-regional
level, and countries with adjacent marine areas should collaborate, realising that this approach will be
(much) easier to apply in the Baltic and North Seas than in the Mediterranean or Black Seas, where a
greater proportion of non-EU countries are involved. However, the Barcelona Convention built the
legal framework to implement the Ecosystem Approach (EcAp) in the whole region; this framework
serves as basis for non-EU countries which are Parties to the Barcelona Convention to implement
measures as the monitoring of impulsive sounds through a noise register and other relevant actions,
consistent with D11C1 of the MSFD. Thus, although the MSFD does not formally apply, this may allow,
at least, sub-regional assessments based on Decisions adopted by Contracting Parties to the
Barcelona Convention).

The purpose of these assessments under MSFD is to ensure that GES is reached, and the original
background when designing the impulsive noise indicator was that there was a need to assess
cumulative impacts associated with sound-generating activities, rather than that of individual
18

activities, projects or programmes (see Van der Graaf, 2012). These issues are covered under the
Environmental Impact Assessment and Strategic Impact Assessment Directives. MSFD Assessments
can be used to inform assessments under these other Directives which in turn can be used to limit the
environmental impacts of individual projects. In the 2014 guidance TG Noise suggested that
‘considerable’ displacement was likely to be the most relevant effect of loud low and mid-frequency
sounds that could practically be measured, as this could potentially lead to population effects.
Considerable displacement was defined as displacement of a significant proportion of individuals for a
relevant time period and at a relevant spatial scale; at that time TG Noise did not further describe or
quantify this.
Since the indicator addresses cumulative effects, a MSFD assessment should cover a relatively long
period of time. TG Noise does not advise on a specific minimum period; as there is little experience
with these data it is not possible to provide concrete advice over the best period, that may be
dependent on the specific situation in the region where the assessment will be made. In regions with
longer experience it was noted that there may be large variations in the occurrence of soundgenerating activities between calendar years (as observed in the OSPAR 2017 Intermediate
Assessment (OSPAR, 2017)). In these circumstances, TG Noise advises that assessments should cover
multiple years. At this stage TG Noise cannot provide concrete guidance on the temporal scale; if
experience with assessments is obtained this may be possible.

Step 2: Decide on use of indicator/representative species or other method to
define sound characteristics likely to affect populations of marine animals
As mentioned above, TG Noise identifies two different ways of quantifying the extent of exposure to
underwater sound; one is a ‘species’-oriented approach, aiming to quantify the sound exposure of a
predefined species or hearing group/population; the other is a habitat approach, aiming to quantify
the amount of a predefined habitat that is negatively affected (i.e., where there is potential for
disturbance leading to displacement). In both cases, there is a need to consider the relevant biology,
including the noise exposure characteristics at which there is potential for negative effects, either on
the species assemblages within a habitat or on selected indicator species.
For both the habitat and species approach a choice of one or several indicator species or functional
hearing groups needs to be made. The selected species (one or more) will most likely differ between
regions, and the choice of a specific species (if information is available) will also differ between
regions as there is no one sound-sensitive species that occurs throughout EU waters. One approach to
follow an objective protocol to identify suitable species is the use of a standardized decision tree, as
demonstrated for the Baltic Sea by the HELCOM Convention (HELCOM 2019).
Aspects to consider when choosing an indicator species for use in MSFD assessments of underwater
noise are:
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 Hearing sensitivity. The species should be able to detect sound at the frequencies used to
categorise activities that are captured in the noise registers.
 Vulnerable to sound. There should be evidence or sufficient indication that the species may be
affected by sound in a way that could lead to negative effects at the population level.
 Data availability. There must be sufficient data on the chosen species distribution or important
habitat in order to be able to adopt the use of this species.
 Sensitive time period. Certain times of the year could be more sensitive to disturbance due to
important or critical life functions e.g. different life stages, spawning and mating and
therefore may have a greater potential for impact on the population compared to other
times.
Additional considerations
 Compatibility with assessments under other MSFD descriptors. Descriptors 1 and 3 of MSFD are
aimed at ensuring the good environmental status of certain marine species. Assessments
under Descriptor 11 (introduction of energy) may help these other assessments.
 Threat status. Many species are already affected by other anthropogenic activities. If an
internationally-listed threatened species is suspected to be vulnerable to sound, it might be
particularly considered for assessment.
At this stage, choosing an indicator species cannot be done in all EU marine waters, there are regions
or subregions where knowledge of species presence and distribution is still very sparse. An
intermediate, precautionary, approach might instead be to assume that there are species present in
these under-researched regions that are sensitive to sound in the same way as in better researched
regions, and only to move away from that approach when the absence of sensitivity has been
demonstrated.
This option is only compatible with a habitat-based approach, since by definition there is no
information on species distribution with which to implement a species-based approach. However, an
assessment whether GES is reached that is based on a ‘generic’ species may have less value for policy
makers interested in a specific species but is still valuable for policy makers wishing to know the
possible impacts of noise within a region.

Step 3: Define sound characteristics to be used in the assessment
Dependent of the choices made on species selection or habitat approach, the characteristics of the
sound that are expected to affect the environment need to be defined. Typically, these include the
sound pressure levels and duration, at relevant frequencies, which define the onset threshold for
putative effects (e.g. displacement); these data should consider enabling sound propagation
modelling in next steps.
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Step 4: Produce pressure maps based on impulsive noise register data and
the sound characteristics chosen
The impulsive noise register provides data on the spatial distribution of activities, - either fine scale
(e.g. latitude/longitude) for a specific activity such as piling or an explosion, but often on a coarser
scale, e.g. indication of a block or other section of a region in which an activity occurred. Apart from
the positional information, there should be information on other relevant properties of sound sources
such as source level or another metric that is an indication of the strength of the source.
This information can be used to construct activity maps; these maps provide a first indication in which
areas/regions, as well as which periods, dominant sources of impulsive sound are concentrated, and
(when the register has been operational for a longer period), it may provide information on trends of
activity levels over time. An example of such an activities map is shown below (Figure 2); the OSPAR
Intermediate Assessment provided the (first) overview of data that is available in an impulsive noise
register (OSPAR, 2017).

Figure 2. Overview of the reported data of impulsive noise sources in the year 2015 from the OSPAR/HELCOM
Impulsive Noise register. Darker shades indicate a greater number of pulse-block-days.

Determining the size of the ensonified area
Positional information for an activity alone is not sufficient to determine the size of an area potentially
affected by sound emissions as sound propagates away from a sound source over time, with sound
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levels at a given distance being dependent on various environmental parameters of the area. To
produce pressure maps, the area that is ensonified by impulsive sound needs to be quantified. Three
methods could be used to derive effect distances.
1. Assume the effect covers only the area of a Noise Register-block (or multipliers of that
area) that the activity is in.
2. Sound propagation modelling can be used to determine distances to relevant response
sound level threshold values (or dose-response relationships).
3. Use observed effect ranges from the scientific literature that are species and source
specific or extrapolated from a suitable proxy.
The noise register blocks have been established for administrative purposes rather than being related
to effect distances. Estimates of affected areas may be improved if it would be possible to make an
estimate of the disturbance effect distances to each sound source to predict the total disturbed area.
Different options exist to improve estimating the disturbance effect distance, either by basing these
on distances at which behavioural disturbance to a sound source has been observed and documented
(see e.g. Brandt et al., 2018), or by estimating these distances by combining sound propagation
models with dose-response (or sound level thresholds) curves. Both these approaches have benefits
and drawbacks.
The use of standard blocks
In the impulsive noise registers, the spatial information on the location of some sound generating
activities is provided in the form of a ‘block’. Often a grid is used (e.g. the UK standard hydrocarbon
licensing blocks), and the relevant activity (e.g. seismic surveys) is happening somewhere in that
block. This grid or standard blocks can be used to describe the scale of effect. When using standard
blocks (or multipliers of standard blocks) complexity in modelling of underwater sound is avoided,
likewise technical details of such factors as underwater sound propagation over time, whether
assessments should be made in three dimensions and the precision of location of each sound and
receptor are also avoided.
But use of blocks means that only a rough estimation of the area ensonified can be achieved; the
simplified method is usable if the size of the block is a reasonable approximation of the potentially
affected area. If it is expected that the area is of different size than this can be corrected by using
‘multipliers’, and decisions are needed as to what multipliers need to be used to scale the areas of
effect. A multiplier of 1 would imply that the area of effect covers just the area of the block an activity
takes place in, a multiplier of 2 would be double the area ensonified and suggest sound from one
block may affect the equivalent of the whole of a neighbouring block etc. Where this approach is less
detailed, it will directly give an indication what proportion of the total assessed area may be affected
by anthropogenic sound. This approach is not useful if the precise boundaries of an area ensonified
are needed, but it would not be possible to achieve this solely with block-based information anyway.
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Potential use of sound source and propagation models
The ideal situation to assess impact of an activity would be to have local empirical data on responses
of marine animals to exposure to anthropogenic sound. But often, direct empirical data are not
available- as will usually be the case in assessments of past activities, and by definition of future
activities. In this case, models can also be used to estimate the range of effect. Models can use
empirical data available from other activities that may generate comparable sound types or from
other locations, but assumptions may still be needed for factors such as source properties,
propagation conditions, species and habitats.
The implicit assumption when using models for extrapolation is that the effect range (and thus the
size of the affected area) will vary with varying strength of the source as well as with varying sound
propagation characteristics. When the source level or propagation conditions change, so will the
received level at the location of a marine species; if there is an ‘effect threshold’, based on received
level, the range at which an effect might occur will therefore also change with source level.
In practice, assuming one ‘effect threshold’ as a predictor is simplified, as there will be other factors
that determine whether an effect might occur or not (e.g. see Gomez et al. 2016). Additional aspect
one should consider include:
 Context is an important but often unknown and unpredictable factor (see e.g. Ellison et al.,
2012). For example, an animal engaged in feeding may exhibit a less obvious response, or an
increased tolerance, to sound than an animal not engaged in feeding. There is also evidence that
past experience of sound might affect response – an animal that is naïve to specific sound signals
may be more disturbed than an animal that is conditioned by past exposures.
 Distance to source: It is clear that sound level matters - the MSFD addressed ‘loud impulsive
sounds’. Another factor is that of distance to the source. There are situations where the distance
to the source, independent of received sound levels, can be important (DeRuiter et al., 2013).
There are examples where long-range avoidance was observed (Wensveen et al., 2019; Bain and
Williams, 2006). There are a number of ongoing research projects investigating the extent to
which the behavioural context (including past experience), distance from source, and received
sound levels affect behavioural responses.
 Propagation effects. A further complicating factor is that due to propagation effects, the
frequency characteristics of sound signals change over distance. These changes are specific to the
physical context of the area where sounds are being propagated.
Behavioural studies are not easy and if not carefully designed can lead to incorrect interpretations,
especially if no obvious responses are observed. (Gill, 2001; Bejder, 2006). For example, no obvious,
observed response like avoidance of a loud sound source cannot be always assumed to mean no
impact, as sometimes animals cannot afford to avoid but may still be significantly disturbed;
therefore, care is needed to ensure that effects are not overlooked, and for many species at this stage
behavioural studies cannot lead to conclusive answers. The techniques and equipment available for
behavioural studies at sea have evolved considerably in recent years and will no doubt continue to do
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so (see e.g. Pirotta 2018). More challenges remain: for most species, it is unclear what the most
appropriate metric for behaviour change (and corresponding effect threshold) should be. Contextual
information on the receiving organisms will also be important.
The variability that may occur because of (e.g.) contextual variability may be able to be captured in
dose-response functions (showing variability of thresholds) which are now available, based on (at-sea)
experiments, for a number of species for specific circumstances. There are also relatively easy
techniques that enable dose-response functions to be used to determine an ‘effective received level’
that can be used as a fixed dose/response threshold, facilitating reporting, assessment and/or
regulation (see Tyack et al., 2017; ).
Noting that there are limits to its use, received level as a predictor for environmental effects is
routinely used and accepted in environmental impact assessments. If that principle is accepted, and
the limitations are made clear, it will be possible to extrapolate (to some extent) from situations
where empirical data are available to other data poor situations and also to make predictions
regarding likely impacts. To calculate the acoustic field, propagation models have been routinely used
for decades, initially for applications like sonar performance modelling.
Examples of modelling approaches.
There are a number of sound propagation models that can be used for sound mapping; an overview
of the use of propagation models for the MSFD, with a focus on use for mapping continuous sound,
was earlier made in a project commissioned by the European Commission (see Cefas, 2015 and Wang
et al., 2014). Sound mapping using propagation models has been demonstrated and is now being
used for GES Criterion D11C2 (BIAS, JOMOPANS, JONAS and QUIETMED).
For use to better estimate the potentially affected area for D11C1, models are not necessarily
complex and simple geometrical spreading models, proposed in the 1960s and 1970s, have been used
for impulsive sound modelling (Ainslie, 2010). Specific examples include spherical spreading for sonar,
damped cylindrical spreading for pile driving and mode stripping for generic impulsive sources. There
is a spectrum of complexity of modelling and Member States will need to decide, in consultation with
their neighbours at a regional level, what level of complexity is appropriate.
Any prediction of effect range requires an understanding of both the relevant physics (how much
sound is generated at the source? what proportion of that sound arrives at the receiver?) and the
relevant biology (how much sound results in what effect?). Gaps in our scientific knowledge, whether
in physics or biology, may lead to uncertainty (and error) in our predictions. For the problem in
question, the uncertainty arising from gaps in our knowledge of biology probably exceed that arising
from gaps in our knowledge of physics. This would imply that use of (relatively simple) physical
models (Ainslie & Von Benda-Beckmann, 2012, Ainslie et al., 2014) to estimate the potentially
affected area will therefore have little impact on the overall uncertainty in the assessment.
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Standardised effect ranges
The use of standard blocks may be too simple while many modelling approaches could be too
complex for the level of information available in some regional seas. One option between these would
be to construct tables with ‘standardized effect ranges’- these tables would offer improved estimation
of the affected area over the standard blocks but would avoid the complexity involved when
modelling.
Standardising effects ranges is complex and has not been carried out by TG Noise. Constructing such
tables (or electronic tools having the same effect) takes time and would require a separate project.
A number of issues/parameters that influence the expected effect range should be considered when
attempting to construct a table or tool (these also need to be considered when modelling).
 Source parameters:
o Source type (e.g. piling-mitigated, piling-unmitigated, seismic survey-single air gun,
seismic survey-multiple airgun, sonar- mid frequency active)
o Source level
o Frequency
o Duration
 Environmental parameters
o Sound propagation (it may be possible to standardise these by region/scenario, e.g.
Mediterranean-shallow, Mediterranean-deep, North Sea-shallow, etc.)
o Water depth
o Season (e.g. summer/ winter)
o Seabed characteristics
 Representative receiver
o Species
o Functional hearing sensitivity class
o Bioacoustics activity
Pressure map for underwater sound
After quantifying the area affected (by determining the distance of effect by one of above-mentioned
methods) a ‘pressure’ map for underwater sound can be constructed, that should include information
on the duration of the pressure (e.g. as a percentage of the assessment period, e.g. one year or
multiple years). Examples of such pressure maps are shown in figure 3.
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Figure 3: Example of pressure maps using distance of effect [top; Merchant et al (2018)], and acoustic
modelling [bottom; Von Benda Beckmann, 2017].

Option to define a threshold value at the pressure level
When Member States, or Member States cooperating in a sub-region, have established the pressure
map, there is a first opportunity to define threshold values. Such threshold values could be the
(maximum) amount of pressure, which is directly related to level of activity (with the metric still to be
defined) that is considered to be the point where good environmental status still occurs. Such a
pressure threshold value would still require some insight to the relationship between pressure
(exposure to underwater sound) and impact (see step 6).
An explicit option is thus to set a threshold value at activity level, which could be defined as, e.g., the
maximum allowed sound pressure level at a certain distance to the source. This could also include
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provisions to limit the disturbed area for indicator species during sensitive times. Such a practical
approach could ensure GES and could therefore be seen as a potential break off point in the step-bystep approach described.

Step 5: Specify estimated animal density (of indicator/generic species, if such
have been chosen)
Data are needed on the density of the species of interest to quantify the impact from the footprint of
multiple sound sources over a given time period, if a species-oriented approach is taken. The species
data could be either absolute or relative density, since this is normalised to be a percentage of the
total population. When density data are used, it should be ensured that temporal changes in
distribution (seasonality) are taken into consideration. Alternatively, a habitat approach may be used
if the distribution range is known. This may include an added measure of habitat importance/quality
(e.g. spawning or foraging area), preferably including temporal variability. See Merchant et al. (2018),
for more discussion (Figure 4).

Figure 4: Example modelled population density of harbour porpoise in the North Sea. [Fig. 2(c) in
Merchant et al (2018), data is from Gilles et al (2016)]

Step 6: Produce exposure maps by identifying overlap between noise
pressure and distribution or habitat data
The animal density (or distribution if density is not available) and noise pressure maps are then
combined to produce exposure maps.
The exposure map shows the spatial and temporal overlap between the registered presence of
underwater noise (the ‘pressure’) and marine species or habitat areas. The figure 5 shows an example
of a risk assessment workflow.
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Figure 5: One example of a risk assessment workflow, illustrating the computation of the exposure risk
map (d), derived from overlaying the pressure map (c) and species density / habitat map (b); (e) and (f)
are described under Step 7.

Step 7: Compute proportion of species or habitat exposed, potentially using
an exposure curve or index
To interpret these data, options identified include the ‘exposure curve’ Fig. 6(b) and ‘exposure index’
(Fig. 6(a); Merchant et al., 2018). The use of these remains a subject of debate and is currently being
investigated within regional seas conventions to develop impact indicators for impulsive noise. Other
metrics that have been used are ‘porpoise disturbance days’ (Heinis et al., 2015; ASCOBANS, 2014) to
better quantify the total exposure of harbour porpoise populations.
Exposure curve: This graph shows the proportion of time that a given proportion of a habitat area or
population is exposed to anthropogenic underwater noise. It helps interpreting the relationship
between noise exposure and habitat or numbers of animals or % of population that may be affected,
to describe to what extent noise exposure is focused on a small proportion of habitat or few
individuals of a population but for a high proportion of time (i.e., chronic exposure), or to what extent
noise exposure is widespread across a species habitat or a population, but for a small fraction of time
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[i.e., exposure prevalence; Fig. 6(b)]. It can also be used to derive an exposure index for thresholdsetting purposes (see below).
Exposure index: This metric is derived from the exposure curve and combines the proportion of a
habitat or population that has been exposed to impulsive noise sources during the assessment period
with the duration of that exposure. The exposure index is expressed as a single number which can be
used for threshold-setting purposes.

Figure 6. (a) Illustrative scaling of the exposure index, derived from (b) the exposure curve, which
quantifies the proportion of time that a given proportion of a habitat or population is exposed to noise
(Merchant et al 2018).
Usability and best choice of metrics are still under development. These kinds of metrics may be
useful, as expressing exposure in single numbers may provide insight in relative impact but needs to
be balanced because information is also lost, e.g. on the distribution of exposure (Merchant et al.,
2018).
To better understand the implications of applying these proposed approaches, case studies should be
developed which demonstrate how these exposure-based metrics related to adverse effects on
populations and can be implemented for MSFD assessment. Ongoing work on such indicators within
regional seas conventions is anticipated to provide better insight by 2020.
Option to define a threshold value at the exposure level
When exposure maps have been produced by Member States (possibly through cooperation in a subregion), there is an opportunity to define threshold values. Such a threshold value could be the
(maximum) amount of a species population or habitat affected, in time and space (with the metric still
to be defined), that is considered to be the point where good environmental status still occurs. Such a
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threshold value is more clearly aligned to the 2017 Commission Decision than a pressure-based
threshold value; however, more information is needed to make an assessment; and still information
on how exposure is related to impact at the population level would be required when using a
threshold value at this step (see next paragraph for some more information on options). Once an
exposure-based threshold is defined, this implicitly sets a threshold on pressure. This allows a
scientifically derived threshold to be directly translated into a policy target that could be implemented
by regulatory decision makers.
The QuietMed2-project provides an example of the implementation and experiences with the stepwise framework up to Step 7. (provided in annex 4).

Step 8: Determine potential for population/ecosystem effects
Since there are still fundamental knowledge gaps around population effects, most notably around the
relation between disturbance and effects on populations, getting international agreement on one
method (or a number of methods) to assess population effects has not yet been possible. TG Noise
agreed instead to provide examples of approaches taken in different EU Member States or elsewhere,
without critically evaluating these. However, given the increasing prevalence of population
consequence type assessment method development and examples of application to specific and/or
representative species, TG Noise recognises the relevance of such methods to address the population
aspect of the GES Decision; for many species however, there remains a knowledge gap that needs
attention- TG Noise notes that at this stage for many species the ability to quantify population
consequences of noise impacts remains highly limited because the input data on vital rates are
insufficiently accurate. Implementing studies to investigate how disturbance of species or
displacement from habitats may translate into changes in species populations provides an
opportunity to define threshold values to avoid adverse effects on populations of marine animals. This
will remain a priority research topic that was identified earlier (see, Borsani et al., 2014; OSPAR,
2018).
The examples (provided in annex 1-3) include:
 The methodology in use in Germany to regulate wind farm construction
 The method developed in The Netherlands to assess cumulative impact of piling
 The research efforts in the USA/Gulf of Mexico to assess population effects of seismic surveys
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5. Recommendations
The Commission Decision of 2017 requires EU Member States to develop threshold values for
impulsive and continuous anthropogenic underwater sounds. TG Noise was asked to provide advice,
and the group has evaluated the options to develop threshold values. Underwater noise is a relatively
new topic, and at this stage, with the knowledge and information available, Member States should
not expect to have full understanding of impacts of noise on populations and ecosystems in the near
future, and defining internationally agreed threshold values is therefore difficult. However, over the
last years knowledge has developed significantly, and the present cooperation in European regions to
monitor anthropogenic underwater sounds enable Member States to take further steps.
TG Noise advises the following pragmatic approach to enable European Member States to get further
with developing threshold values for the assessment of GES:






Member States to continue to further implement the joint monitoring programmes
for underwater sound, in order to complement and improve the quality of the data on
the pressure;
For impulsive noise, that Member States working together in a region, test the use of
the assessment framework as described in Chapter 4, providing options to define
threshold values at different levels and investigating the application of the various
existing methods for quantifying population effects of disturbance for relevant
European species.
Member States and the Commission should continue to address the knowledge gaps,
that include data on effects on ‘other species’ (fish, invertebrates), and implementing
methods to assess population effects of disturbance.
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7. Annexes: examples of currently used methods
In these annexes we provide examples of currently used methods; annex 7.1-7.4 describe approaches
as they have been used in in Germany (7.1) and The Netherlands (7.2) to regulate piling for offshore
construction, annex 7.3 describes efforts to further develop the PCAD and PCoD frameworks, and
annex 7.4 describes the QUIETMED2 project, aimed at developing a methodology for impulsive noise
in the Mediterranean Sea region.
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7.1

Approach used in Germany to address impulsive noise - the German
Sound Protection Concept

In the German Concept for the Protection of Harbour Porpoises from Sound Exposures during the
Construction of Offshore Wind Farms in the German North Sea (Sound Protection Concept) (ASCOBANS
2014) the harbour porpoise is treated as an indicator species for the assessment of the impact of
impulsive underwater sound on marine mammals. The Sound Protection Concept deals with the
German Exclusive Economic Zone (EEZ) in the North Sea and consists of the following elements in
order to implement species conservation and protection of important areas.
The prohibition of injury and killing as anchored in the EU Habitats Directive is realised by

1. a dual noise emission threshold of 160 dB (SEL) and 190 dB (peak to peak sound
pressure level) at a distance of 750 m was established in 2008 in approval procedures
for offshore construction. Primary and/or secondary sound mitigation measures (best
available technology) have to be applied in order to meet the threshold.
2. Scaring devices (pingers, seal scarers) prior to piling must be used in order to
safeguard that no harbour porpoises are in the near vicinity of piling operations.
The dual noise threshold (1) and use of scaring devices (2) aim at avoiding TTS which is considered as
injury. The development of threshold setting is described as one example in chapter 5.2.
The prohibition of significant disturbance5 is addressed by additional provisions regarding the area
affected by piling noise and also a temporal component:

3. no more than ten per cent of the EEZ in the German North Sea may fall within the
disturbance radiuses6 of piling activities,
4. between May and August, in the main area of harbour porpoise concentration (to the
Northwest of Sylt) and in Natura 2000 sites in which reproduction is one of the
conservation objectives, in total no more than one per cent of the respective area/site
is located within the disturbance radiuses.
In this concept the disturbance radius is defined as a radius of 8 km around the geographical centre of
an offshore wind farm7 under the condition that the threshold of 160 dB (SEL) at 750 m is complied
with. This 8 km radius is equivalent to a sound exposure level of approximately 140 dB re 1 µPa²s.
Additional rules might apply and be defined in the ancillary provisions of the permit.
How to address population effects
In order to rule out significant, population relevant disturbances in the German North Sea, sufficient
areas unaffected by sound from pile driving must be available for harbour porpoises the whole year
round, in particular. This is safeguarded by the 10 percent rule (no. 3, above).
5

According to the German Nature Conservation Act a significant disturbance occurs if the conservation status
of the ‘local population’ is worsened. In the German perspective, the reference parameter ‘local population’ is
equivalent to the whole population of harbour porpoises in the German part of the North Sea.
6
I.e., no more than 10 % of the EEZ ist impacted by impulsive sound above 140 dB re 1µPa²s.
7

In the interests of simplicity, the location of the individual sound sources remains disregarded.
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In areas with high harbour porpoise densities, especially during the particularly sensitive part of the
breeding period (May-August), sound exposures have greater potential to cause population relevant
disturbance than in areas with lower densities because the population’s reproductive success is
immediately affected. In these areas as well as in the Natura 2000 sites in which reproduction of
harbour porpoises is a conservation objective, the one percent rule applies (no. 4, above).
These provisions are manageable, allow licensing authorities and developers to plan efficiently, and
can therefore be implemented in practice without using complicated modelling procedures which
would also rely on various assumptions.
Reasoning for the 1 % and 10 % rules
A significant adverse impact on a Natura 2000 site is usually presumed if there is a permanent loss
of 1 % of a habitat found within the site (Lambrecht & Trautner 2007).
However, since pile driving does not proceed continuously and, according to the current state of
knowledge, a return to the original distribution of harbour porpoises begins after cessation of pile
driving, only a gradual loss of function can be assumed here. Thus, a 10 % threshold has been
adopted to the whole area of the German EEZ. This implies that (with respect to disturbance8) 90 %
of the area is unaffected by noise.
The 1 % limit is also used in the Ramsar Convention on Wetlands of International Importance
especially as Waterfoul Habitat. In its criteria it is defined that a wetland should be considered
internationally significant if it regularly hosts 1 % of the individuals of a population of a species or
subspecies of waterfowl and waders.
In addition to this, a 1% value is regarded as an established reference value in nature conservation
practice. It is applied to all species according to the Annexes of the Habitats Directive, for example,
the determination of thresholds for the inadmissibility of other degradations of the marine
environment (Dierschke et al. 2003), the evaluation of the importance of different migration areas
for birds of prey (Yosef et al. 2000), or thresholds with respect to the area of (terrestrial) habitat
types (Habitats Directive) or those of the European Court of Justice (judgment of 15.12.2005 for
Finland) for the annual total mortality rate used to determine a 'small quantity' of removal.
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7.2

Overview of the method developed in the Netherlands to assess
cumulative effects from piling

In the Netherlands, site decisions for offshore wind energy must be assessed using the Framework for
Assessing Ecological and Cumulative Effects (KEC). In the case of impulsive underwater sound, the
main focus here is on the assessment of possible effects on harbour porpoises on the Dutch section of
the Continental Shelf. In 2019 a report was published (Heinis et al., 2019) which sets out the results of
research into the cumulative effects of the construction of offshore wind farms in the period 2016 2030, both for the Dutch section of the North Sea and the entire North Sea. Based on this approach,
sound standards for the construction of the wind farms have been defined by the national regulator.
Chapter 2 of this report (Heinis et al., 2019) describes a staged procedure to determine the
cumulative effects of impulsive underwater sound on the harbour porpoise population. This chapter is
adopted here, with small changes to enable understanding and easier reading. For a complete
overview, including examples on expert elicitation and complete references, see the original report.
Overview of stages
To determine the cumulative effects of impulsive sound on the harbour porpoise population, a staged
procedure was developed in 2015 (‘KEC-2015’) to quantify the various stages in the effect chain
(Heinis et al. 2015). The following stages, as shown in Figure 3-1 in schematic form, can be
distinguished:
1. The calculation of a realistic worst case in the propagation of sound due to a single strike for
each wind farm; this calculation is based on information about the source sound level, local
factors (including bathymetry and seabed structure) and knowledge about how sound
propagates in water;
2. The calculation of the size of the area disturbed by impulsive sound for each wind farm; this is
determined by the calculated sound propagation and a threshold value, possibly frequencyweighted, for the occurrence of a significant behavioural change;
3. The calculation of the number of harbour porpoises disturbed by sound on the basis of the
calculated disturbed areas multiplied by the local density of harbour porpoises by season;
4. The calculation of the number of harbour porpoise disturbance days on the basis of the
number of disturbed animals per day multiplied by the number of disturbance days;
5. The estimation of the possible impact on the population using the Interim PCoD model;
6. The assessment of the estimated population reduction and appraisal with reference to the
ecological target set by the government (Ministry of Economic Affairs & Ministry of
Infrastructure and the Environment, 2016 a, b).
In the sections that follow here, the different stages in the staged procedure are discussed in more
detail and a description is given of the improvements that have been made in the 2015 version on the
basis of recent insights and research results.
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Figure 7-1 Schematic representation of the stages in the staged procedure for determining and assessing the
cumulative effects of impulsive underwater sound on harbour porpoises during the construction of wind farms

Step 1. Sound propagation
The spatial distribution of sound (propagation) was calculated using version 4 of the TNO Aquarius
calculation model on the basis of an energy flux model that takes local factors (bathymetry, sediment
properties and wind strength) into account and assumes a point source to calculate propagation.

Step 2. Disturbance area
The size of the area disturbed by impulsive sound is estimated on the basis of the calculated
propagation of the sound of a single piling strike and a threshold value for disturbance. The area is
determined by the contour around the pile within which the threshold value is exceeded.

An extensive study of the effects of pile-driving on harbour porpoises looking at the first seven wind
farms in German waters (Brandt et al. 2018) concluded that 'Declines were found at sound exposure
levels exceeding 143 dB re 1 µPa2s (the sound exposure level exceeded during 5% of the piling time,
SEL05) and up to 17 km from piling’. In the calculations for the 2018 KEC, the disturbance areas were
determined both on the basis of a threshold value of SELss = 140 dB re 1 µPa2s (unweighted and
broadband) and for a value of 143 dB re 1 µPa2s (unweighted and broadband).
Step 3. Number of disturbed harbour porpoises
The number of potentially disturbed animals is calculated by multiplying the disturbance area by the
local harbour porpoise density for the season in which the pile-driving takes place.
The local density of harbour porpoises was determined on the basis of data from recent work (20162018). Six different areas were identified in the Southern North Sea, and the seasonal density of
harbour porpoises was estimated for each of those areas.
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Step 4. Harbour porpoise disturbance days
The total number of harbour porpoise disturbance days is calculated by multiplying the number of
animals that may be disturbed on one day by the number of disturbance days.
The calculations were performed with a new version of the Interim PCoD model. This version
incorporates the results of an expert elicitation held in 2018. The harbour porpoise researchers
consulted during this expert elicitation agreed that disturbance resulting from the driving of one
turbine foundation pile certainly does not last 24 hours and probably does not exceed approx. 6 hours
(Booth et al. 2019). This means that if the iPCoD model refers to one disturbance day, it will be
interpreted for the assessment of the effects on vital rates as a disturbance of 6 hours and therefore
also a 6-hour interruption of foraging.
Step 5. Effect on population
The possible effects of disturbance by impulsive sound have been stated as an effect on the harbour
porpoise population using the Interim PCoD model (SMRU/University of St. Andrews).
For the 2018 KEC, the effects of disturbance by impulsive sound have been stated as an effect on the
harbour porpoise population using version 5 of the Interim PCoD model. This version of the iPCoD
model, then, uses the statistics from the experts' opinion about how the number of days during which
such disturbance occurs can affect the vital rates of harbour porpoises. The experts were also able to
draw on the results of calculations using an energetic model for harbour porpoises developed by the
University of St. Andrews in collaboration with the University of Amsterdam to form their opinion
about the effect of disturbance on the vital rates. This model drew on the recent data collected by
SEAMARCO and the monitoring programme for the GEMINI wind farm. The model was an important
tool for the establishment of a well-founded opinion, and, in many cases, it also resulted in consensus
among the experts about the possible effects.
Step 6. Effect assessment and appraisal on the basis of the ecological standard
The final stage of the staged procedure is the assessment of the estimated population decline and the
assessment on the basis of the maximum permissible effect on the population as determined by the
government. The setting of ecological standards, on the basis of which sound standards could be
derived using inverse calculation, was not part of the research conducted for the 2015 KEC. In the
permit procedure for sites I and II of the Borssele wind energy area, in part on the basis of the
recommendations from the Commission on Environmental Assessment, an ecological standard for the
construction of wind farms was established with a corresponding system of sound standards. Because
the extent of the calculated effects on the population is determined by the local harbour porpoise
density (which varies over the course of the year) and the number of foundations to be piled, the
sound standards for the first ten wind farms on the Dutch Continental Shelf (DCS) are differentiated
by season and number of turbines per site. The principles for that differentiation have been set out in
the 2016 KEC update (Ministry of Economic Affairs & Ministry of Infrastructure and the Environment,
2016b).
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The guiding principle for the assessment of the effects on the harbour porpoise population is that it
must be possible to establish, with a high degree of certainty (95%), that the harbour porpoise
population on the DCS should not decline by more than 5% as a result of the construction of offshore
wind farms in the period 2016 - 2030. Assuming an average of 51,000 harbour porpoises on the DCS,
this means that the total decline should not exceed 2,550 animals.
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7.3

Development of the PCAD and PCoD models

An area of ongoing research activity is the continued development of frameworks and methodologies
to help determine and quantify potential long-term implications of underwater sound on marine
mammal populations. Most notably, the Population Consequence of Acoustic Disturbance (PCAD)
model (NRC 2005), which is based on the ongoing efforts of a working group supported via the US
Office of Naval Research (ONR), has since been further refined to the Population Consequence of
Disturbance (PCoD) model (Pirotta et al 2018); this work is also supported by the E&P Sound & Marine
Life JIP of the International Association of Oil and Gas Producers (IOGP).
The original PCAD model proposed that behavioural responses caused by underwater sound may
affect life functions (e.g breeding, feeding, migrating), which in turn may affect vital rates (e.g
reproduction, maturation) and therefore lead to population change through a series of transfer
functions between these different steps (see figure below). Collecting empirical data to identify and
quantify the various transfer functions, such as between behaviour changes and life functions, as well
as the various vital rates for individual marine mammal species was/is considered a major challenge.

Figure 8: The original PCAD model from 2005 (NRC, 2005); the model involves five levels of variables that are related by four
transfer functions, and for each data level and transfer function an indication is given on the availability of data.

The PCoD model proposes that changes in an individual animal’s condition or fitness due to a
disturbance caused by a ‘stressor’ (for example underwater sound or other contributors) may affect
vital rates and therefore lead to population change. At this stage, this model has been applied to a
very limited number of marine mammal species for which long term empirical data are available (see
figure 9 below).
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Figure 9: The Population Consequences of Disturbance (PCoD) conceptual framework, modified from National Academies
(2017). The boxes within the dashed gray boundary line represent the effects of exposure to a stressor and a range of
ecological drivers on the vital rates of an individual animal. The effects are then integrated across all individuals in the
population to project their effects on the population’s dynamics. (source: Pirotta et al., 2018).

In recent years, significant progress has been made in the application of the PCoD method to assess
potential population level impacts via two pathways. One is a data-driven or ‘bottom-up’ approach
that uses bioenergetic and population dynamic models to identify population-level responses for
given disturbance scenarios (New et al. 2014, Costa et al. 2016, Villegas-Amtmann et al. 2015, 2017).
A second pathway is the ‘interim’ or ‘top-down’ approach that uses an expert elicitation process in
the absence of species-specific data, whereby opinions of multiple experts are used to quantify how
much temporal disturbance may cause changes in vital rates that in turn may result in population
changes. The resultant relationship functions are then combined with statistical analysis and
population modelling methods. The latter is commonly referred to as ‘Interim PCoD’ (Harwood et al.
2014).
Efforts are being made to provide practical risk assessment tool(s) that can identify how potential
impacts of sound might affect marine mammal populations. The JIP has also supported the work
required to parameterise the bioenergetic models that form the basis for the PCoD data driven
approach.
Through the ongoing international research efforts, various elements of the PCoD methodology,
including bioenergetic models have been developed for an increasing number of cetacean and
pinniped marine mammal species, including harbour porpoise, bottlenose dolphins, sperm, minke,
grey, pilot, beaked, blue, and humpback whales, California sea lions, northern and southern elephant
seals.
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Work supported by the IOGP SML JIP is currently ongoing to develop a model for the harbour
porpoise and establish a decision flow chart tool for applying the PCoD method as part of a project or
activity level risk assessment process.
Outcomes of an ’Interim PCoD’ based approach for representative species were recently used to help
inform a risk assessment process applied to evaluating modelled marine mammal exposure estimates
as part of the ongoing US regional Incidental Take Authorisation’ assessment process for geophysical
survey activity in the US Gulf of Mexico (Ellison et al 2016, NMFS 2018/Southall 2017).
The PCoD model is also being applied to fish species, via the PCAD4Cod project.
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7.4

QUIETMED2 approach to address impulsive noise in the
Mediterranean Sea region

Within the framework of the QUIETMED2 project, aimed at developing a methodology to establish
thresholds for impulsive underwater noise in the Mediterranean Sea region, a stepwise
methodological framework has been proposed, following the lines of the one developed by TG Noise,
and based on a habitat approach. The final version of the report will be published
on https://quietmed2.eu/.
Main points concerning the methodology and its implementation can be summarised as follows:







Select assessment area (habitat, see Fig. 1A), assessment period and representative species of
the habitat;
Use Impulsive Noise Registry (INR-MED) data to assess noise events, produce a noise pressure
map by using appropriate propagation algorithms or predefined buffers (see Fig. 1B) and
setting a pressure threshold based on the best available science (scientific literature). This
threshold represents the sound level above which cetaceans may respond to noise.
Use of habitat models enabling to quantify the Potentially Usable Habitat Area (PUHA) for
each one of the representative species as function of physiographic predictors (see Fig. 1C)
within the assessment area;
Produce risk maps using Exposed Habitat Area Index (EHAI), constructed by superimposing
PUHA for each one of the representative species with the noise pressure map (Fig. 1D);
Setting GES thresholds in terms of cumulative EHAI of the species exposed to fixed sound
levels (TV1,spatial) and in terms of a percentage of the Duration of Noise Events (DUNE) in days
(TV1,temporal) over the assessment time period (Fig. 1E). Furthermore, a ceiling value for
TV1,spatial should be set, and a more restrictive TV2,spatial should be foreseen when the
assessment area includes Marine Protected Areas and/or Natura 2000 sites.

The proposed methodology is potentially open to other species for which suitable habitat can be
predicted; collection of baseline data would allow to reduce uncertainties and fine-tune the definition
of TVs.
Furthermore, during QUIETMED2 project, the INR-MED has been updated and a new functionality to
estimate the risk of impact on biodiversity has been added (http://quietmed2.ctninnova.com). This
functionality enables the users to apply the proposed methodology to establish thresholds in the
Mediterranean Sea Region and view on a map a graphic representation of the different steps included
in the mentioned methodology.
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Fig. 1 - Example of the risk-based assessment workflow describing the QUIETMED2 methodology: A) definition of assessment
area, B) noise pressure map, C) quantification of Potentially Usable Habitat Area (PUHA) for specific target species, D)
calculation of the Exposed Habitat Area Index (EHAI), E) proposed framework for the definition of TVs for GES.
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