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 Scope of this document and 

approach 
The request from MARE NOSTRUM is to produce a practical document to enable the 

setting up of monitoring programmes. Therefore, the approach taken to develop this 

document is to simplify scientific reasoning behind methodological choices and avoid, as 

far as possible, long and complex discussions. 

This document contains guidance to set up monitoring programmes for Descriptor 11 of 

the Marine Strategy Framework Directive: 

 Criterion 1: Anthropogenic impulsive sound in water (Commission Decision 2017/848) 

 Criterion 2: Anthropogenic continuous low-frequency sound in water (Commission Decision 

2017/848) 

 

The definition of impulsive and continuous sounds used here were adapted from TG-

Noise guidance (Van der Graaf et al., 2012) in order to be of simple understanding for a 

wide audience: 

 Impulsive sounds are all loud sounds of short duration (less than 10 seconds for single 

pulses). This category includes the sounds signals produced by the following sources: 

o Pile driving 

o Airguns (seismic surveys) 

o Underwater explosions 

o Sonars 

o Other impulsive sources such as sparkers, boomers, chirps, etc. 

 Continuous sound is sound emitted continuously by a source. This category is referred to 

shipping noise. 

 

In this document, the terms sound and noise are used as synonyms for practical 

reasons1. 

 

 

 
1 More information on the different meanings of the terms “sound” and “noise” can be found in the document European 
Marine Strategy Framework Directive - Good Environmental Status (MSFD GES): Report of the Technical Subgroup on 
Underwater noise and other forms of energy (Van der Graaf et al., 2012). 
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 One page summary on D11C1 
 Description of requirements, instructions, and suggestions 

Tools and 
formats 

Database = spreadsheet (an Excel form, *.xlsx) for listing Noise Events; the template developed in 
QUIETMED is suggested for use. It can be downloaded here; Software for spatial representation and 
analyses = GIS software (e.g. QGIS, ArcGIS, etc.); 

For point Noise Events, the coordinates (lon, lat) are directly entered into the Excel form. For lines and 
polygons, spatial objects need to be built, they are associated to Noise Events listed in the Excel form. 
They can be easily saved as common shapefiles (.shp) and stored in a dedicated folder. 

Noise Events Main types of Noise Events of concern: airguns (seismic surveys), pile driving and explosions (harbour 
works and industrial constructions inshore and offshore), sonar (military exercises and potentially other 
civil activities). Points, Lines or Polygons are used to represent Noise Events. 

The geographical position, start/end dates of use of noise sources, and information about intensity 
(declarative data) are the necessary data to be gathered. 

Methods for 
data 
collection 

Active search. The responsible institution needs to contact relevant stakeholders directly, looks for 
information on the internet, and explore its own professional network to gather information. 

Passive search. The responsible institution is contacted by stakeholders and information is regularly 
sent. For this reason, developing a good professional network with key personnel in entities that hold 
Noise Event data is the necessary enabler to gather data in such a way. 

Instructions 
for entering 
data 

The Excel form itself (downloadable here) includes precise instructions on how to fill the different fields. 
Noise Events are associated to GIS files (except for points): the file name (and the path if needed) of the 
GIS objects are indicated in the Excel form. For points, the geographical coordinates are entered in the 
Excel form 

Computing 
the indicators 

Metrics = number of days with noise per unit area (pulse-block days). The term – block – refers both to 
grid cells (see next paragraph) or assessment area (e.g., all national waters or a subset) 

Use a regular spatial grid for computing the distribution of Noise Events. The grid developed by the 
GFCM is suggested: grid size 30’ in latitude and longitude, it covers the Black Sea and can be downloaded 
here. 

Quantities to be calculated: spatial coverage of Noise Events (absolute surface or proportion covered 
by Noise Events over assessment area) over a month or trimester, during a year; temporal coverage of 
Noise Events (number of days) over a month or trimester, during a year. 

Expected monitoring results: maps of distribution of Noise Events; Graphs with trends of days with 
noise during a year (monthly or quarterly basis), and year-to-year. 

Baselines, 
thresholds, 
and 
assessment 
framework 

Baselines can be interpreted as “current state”; The inventory of impulsive noise sources done during 
CeNoBS (Deliverable 2.3.1) in Romanian waters for the period 2010 to 2016 can be considered as the 
current state in Romania. Data collection should be started for Bulgarian waters. 

Two thresholds are suggested: the spatial distribution of Noise Events (% area over the assessment 
area); and the temporal distribution of Noise Events (% time over assessment period). Thresholds values 
are derived by using the “non deterioration” concept. Non deterioration can actually be an 
environmental target (the target being “don’t do worse than current state”). Therefore, current state 
(in terms of both spatial and temporal distribution of Noise Events) represent the threshold not to be 
exceeded. A two-step assessment framework is finally suggested: If the spatial distribution < current 
state, the GES is achieved (or maintained). If the spatial distribution is higher, then the temporal 
distribution is inspected. If temporal distribution is < current state, then GES is achieved. If both the 
spatial and temporal distributions are higher than current state, then GES is not achieved. 

Alternative 
assessment 
framework 

Based on recent work, a risk-based assessment methodology is described. It is more complex to 
implement while leaving unchanged the monitoring framework. For these reasons, it is suggested to 
start exploring this new assessment methodology, which is based on risk for marine wildlife, and to plan 
a progressive implementation at a later stage. 

http://80.73.144.60/CTN_Geoportal/upload
http://80.73.144.60/CTN_Geoportal/upload
http://www.fao.org/gfcm/data/maps/grid/en/
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 One page summary on D11C2 
 Description of requirements, instructions, and suggestions 

Tools and 
formats 

Recording equipment used in Work Package 3 of CeNoBS in Romanian and Bulgarian pilot monitoring is 
considered satisfactory, especially the Wildlife Acoustics SM3M. The B&K instruments for point 
measurement are also high-quality instruments and they can be used to get increasingly familiar with 
D11C2 monitoring, but they are less suitable for long-term monitoring (see Table 4 in this report). The 
suggestion is to move toward new instruments which are much cheaper, highly performant and easier 
to configurate than older models. For the analysis, it is suggested to go on using MATLAB because it was 
already used in CeNoBS and is widely used by acousticians in the EU for D11C2 monitoring. 

Settings Settings described in CeNoBS Deliverable 3.3 can be used. Suggestions from this document are to set 
the Gain of the instrument at intermediate values (e.g., 14). Continuous recording should be set if 
storage capabilities and battery life are not an issue. Otherwise, the recording cycle should be 
programmed to reduce the size of recordings (for example 1’ recording out of 10’, or similar). 

Location of 
monitoring 
stations 

Recorders should be put at distances of 6 to 20 km from major shipping lanes. A minimum scenario is to 
take repeated measurements in one point of the study area. Scenarios with increased efforts are 
desirable (see chapter 5.5). If point measurements from vessels are done, the sampling effort may 
increase to 3 points along a line going from coast to the open sea (with at least one point 6-20 km away 
from shipping lanes) 

Configuration 
of deployment 

Recordings should be done close to the seabed. The actual depth depends on specific factors (mooring 
line structure and site morphology). As a general rule, hydrophone depth could be 2 or 3 meters above 
the seabed. Descriptions found in CeNoBS Deliverables concerning mooring configuration used in 
Bulgarian waters are in line with this rule. See figure 5 and 6 in this document for general guidelines.  

Monitoring 
Protocol 

Minimum scenarios are the following: for point measurements, 4 campaigns per year, 1 for each season; 
For each campaign, 3 points of measurement along a line perpendicular to the coast (from the coast to 
the open sea); no less than 15 min recording for each point of measurement; for autonomous recorders, 
4 campaigns per year, 1 for each season, in the same point, 15-day deployment for each campaign. 

Improved scenarios (see chapter 5.5 in this report) imply the increase of the number of measurement 
points, the number of deployments within the year, and the length of the duration of recording (this last 
especially for point measurements). 

Computing 
indicators 

Average SPL (dB re 1 μΡa) during the assessment period should be calculated for the 1/3-octave band 
centred at 63 Hz and the 1/3-octave band centred at 125 Hz. The term – average – should be interpreted 
as the following: the arithmetic mean of snapshots of mean square sound pressure (the TG Noise 
interpretation). Snapshot duration should be any duration less than 1’. 

Results like figures 3-9 of CeNoBS Deliverable 3.3 are a good representation of the monitoring results. 
Further examples are figure 52 and 53 of QUIETMED Deliverable 3.6 (Miralles et al, 2018) and also Fig 1 
of the Monitoring Guidance of TG-Noise (Dekeling et al., 2014). 

Baselines, 
thresholds, 
and 
assessment 
framework 

Baselines can be interpreted as “current state” also for D11C2; The monitoring effort done during 
CeNoBs to produce results included in Deliverables 2.3.1 and 3.3 for Romanian and Bulgarian waters 
can be considered good enough to establish the current state for continuous noise. A refining of 
analyses could be done to achieve a clearer description of such current state. 

For the assessment, it is suggested to use an approach based on the non-deterioration concept applied 
to the potential disturbance caused to harbour porpoise. The acknowledged sound threshold for 
disturbance from anthropogenic continuous noise on harbour porpoise is 120 dB re 1µPa (Southall et 
al., 2007, 2019). Assessment is based on the space and time components of the monitoring: 

If the number of monitoring stations with exceeded threshold levels of continuous noise (>120 dB re 
1µPa over at least 1 snapshot) < current state, then GES has been achieved (or maintained); Otherwise, 
the temporal aspects are inspected. If the number of campaigns resulting in exceeded thresholds (>120 
dB re 1µPa over at least 1 snapshot) < than the current state, then GES is again achieved (or maintained); 
otherwise, the assessment is non-GES. 
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 Set up of the monitoring 

under Criterion 1 - Impulsive 

noise (D11C1) 
 

The purpose of monitoring impulsive noise is to produce a periodic overview of the 

spatial and temporal distribution of all loud impulsive noise sources. 

The initial step is to establish a database of the occurrence of impulsive noise. This 

database is called Noise Register. It consists of a list of human activities at sea that involve 

the use of some impulsive noise source (Noise Events). 

 

A Noise Event is the occurrence of at least one impulsive sound; Noise Events can last 

more than one day, in this case at least one impulsive sound is assumed to be produced 

for each day of duration of the Noise Event; 

 

The register can be used also to estimate the spatial and temporal impact on the 

environment and for determining baseline levels2. Once a baseline and targets have been 

set, the register can be used for management purposes (e.g. regulating planning and 

licensing activities) and assist in marine spatial planning, reducing the potential for 

cumulative impacts. 

4.1.Aim of the Noise Register 

In practice, the register is a database which is aimed at locating the activities that used 

impulsive noise sources and calculate how many days the sources were used during a 

year or portions of a year (month, quarter). This computation can be done over a regular 

spatial grid and the result is a hotspot map. 

 

 

 

 
2 Baselines levels can be understood as the “current levels”. 
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4.2. Noise Event types recorded in the register 

Most important sources are those considered as having a potential impact on marine 

wildlife: 

 Pile driving. Pile driving is a conventional technique employed in many coastal and offshore 

constructions, such as wind farms, offshore platforms, harbour extensions etc. The growth 

of the wind energy sector caused a great increase in the use of this technique both in 

coastal and offshore environments. 

 Airgun.The airgun is presently the most employed technology for carrying out marine 

seismic exploration. Such surveys are pervasive worldwide, in shallow and deep water as 

well as in coastal or offshore environments 

 Explosives. Underwater detonations may occur for the disposal of explosives or may be 

planned during maritime construction, e.g. to fragment rock prior to dredging. This is the 

loudest source of underwater noise and need to be treated with particular care. 

 Sonar. Low-, mid- and high frequency active sonars (LFAS, MFAS, HFAS) are employed 

during military exercises as well as during academic and industrial surveys, such as fish 

stock estimations and bathymetric surveys. Especially, low- and mid- frequency naval 

sonars are of great concern given the mass stranding events of cetaceans linked in space 

and time with military exercises and need to be addressed with particular care. 

Further sources may be considered, as the register is conceived to provide an overview 

of all loud underwater sound sources. Hence, sparkers, boomers, echo-sounders, chirps 

and even acoustic deterrent for dolphins and pinnipeds may be considered of interest 

and included in the monitoring programme of impulsive noise. 

4.3.Tools for the creation and management of the 

database 

Common tools are needed to meet the minimum requirement of the MSFD with regards 

to D11C1: 

 A spreadsheet (in Excel or similar software such a LibreOffice) for listing Noise Events 

 GIS software (e.g. QGIS, ArcGIS or similar) for creation of GIS files whenever necessary and 

computing maps of spatial indicators (Cf. Table 3 later). 

 

The example in Figure 3 presents the spreadsheet available from the ACCOBAMS 

international noise register (Maglio et al., 2018a). 
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Figure 1. Data reporting form developed during QUIETMED for the regional register for the Mediterranean Sea; source: 
http://80.73.144.60/CTN_Geoportal/upload/  

 

The spreadsheet of the ACCOBAMS international noise register can be used “as it is” 

since it was conceived to fit also for single countries. It can be downloaded here: 

http://80.73.144.60/CTN_Geoportal/upload/ 

 

4.4.Information on Noise Events required to feed the 
Register 

The information required to feed the register is summarised in the following table (Table 1). 

Table 1. Information required to inform the register. 

Data Units and/or comments Priority 

Position Geographic position. For point Noise Events this is expressed in 
latitude and longitude in decimal degrees (WGS84). For lines or 
polygons, a GIS file need to be created and stored in some 
folder. The file name (*.shp) is put in the field foreseen for this 
purpose in the Excel form (column G, see Fig 1). 

Required 

Dates Start and end day Required 
Source intensity The level can be expressed in dB re 1micriPa or other proxies: 

gr of equivalent TNT for underwater explosions, Joules for Pile 
Driving,  

Required 

Source spectra Frequency range Additional 
Duration of transmission Actual duration time (hh:mm start, hh:mm end) Additional 
Directivity In degrees Additional 
Source depth In meters Additional 
Platform speed For moving sources like seismic surveys Additional 

 

To correctly feed the register it is important to know that: 

 The minimum duration of a Noise Event is 1 day, assuming that at least 1 impulsive sound is 

emitted in that day; 

 Registering a Noise Event lasting many days means assuming the occurrence of at least 1 

impulsive sound in each day of duration of the Noise Event. 

 

http://80.73.144.60/CTN_Geoportal/upload/
http://80.73.144.60/CTN_Geoportal/upload/
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The Register should primarily include low- and mid-frequency noise sources because such 

sounds travel far from the source and affect a larger area than high frequency sounds. 

Also, Noise Events should be registered only if they have a minimum source level, to focus 

only on Noise Events that are loud enough to cause impact on marine wildlife. The 

minimum source levels for registration of Noise Events are shown in the following table 

(Table 2). 

Minimum levels (Table 2) should be considered as a guideline. Therefore, in the first 

phase of implementation of the register, the effort should be focused on collecting the 

location and dates of occurrence of Noise Events rather than the intensity levels. 

 

Table 2. Minimum levels for Source Levels for inclusion in the register. 

Noise source type Minimum source levels considered for inclusion of 
Noise Events in the register 

Explosives TNT equivalent charge mass > 8 g 

Airgun SLzero-to-peak > 209 dB re 1 μPa m 

Low/mid freq sonar 176 dB re 1 μPa m 

Other sources 186 dB re 1 μPa² m² s 

Pile driving 
No minimum threshold recommended, all events to 
be included in the register 

 

4.5.Methods and protocol for data collection 

All information relevant for the Noise Register may just come from declarative data, i.e., 

information made available from entities that carry out the activities which produce 

impulsive noise events. Therefore, it is not required to take measurement of source 

levels. The person in charge of data collection in a country should approach entities that 

generate the concerned Noise Events. Required information on source levels can 

generally be gathered from declarations and documentation made available from such 

entities (for example an industry). Of course, if any measurements are available, they can 

be used to confirm source levels. 

The gathering of information and data on Noise Events can be done by mixing two 

approaches: 

 Active search. This implies that the person in charge of data collection actively search for 

data by contacting stakeholders and looking at publicly available documentation (including 

through internet search) 

 Passive search. This method implies that the entity in charge of data collection is contacted 

by stakeholders. For this reason, it is crucial to establish relationships with key personnel in 
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entities that hold the Noise Event data sought. The professional network is especially 

essential for collecting data about military exercises involving the use of sonar. 

 

Related to the latter point (passive search), a key element enabling a successful data collection is the 

establishment of links with national or local authorities entitled to either manage licensing procedures 

and/or enforce environmental regulation. Responsible entities for D11 implementation in Romania and 

Bulgaria are therefore strongly encouraged to contact such authorities with a view of setting up noise 

event data sharing routines among relevant institutions. 

 

For an effective data collection about Noise Events, it is crucial to establish a link with 

authorities in charge of managing the licensing procedures and enforcing environmental 

regulation concerning industrial activities at sea.  

 

In conclusion, there is no special protocol for gathering such a kind of data and all workable solution is 

valid. A practical suggestion is that the responsible person regularly spend a portion of time in searching 

for data about Noise Events (active search), for example once per month, and in building relationships 

with relevant stakeholders and data owners (passive search). The latter point should eventually lead to 

establishing data sharing routines which should reduce the time spent for the data search in the longer 

term. 

4.6.Entering data 

Data concerning the Noise Event characteristics and periods are entered into the Excel 

form by filling the fields: 

 Expected formats are specified in the Excel form itself which includes precise instructions 

on how to enter data and in what format (see Figure 2). 



 

 

12 

 

 
Figure 2. Instruction sheets with instructions on how to fill the Excel form (blue arrows). Some instructions are also given in the 

headers of the fields (for example the green arrow indicate the instruction on the format to fill up the start_date field) 

 

Concerning the geographical position of Noise Events, the suggested approach is to use 

two ways for storing this information: 

1. The position can be entered directly in the Excel form in the case of point Noise 

Events (for example explosions and pile driving): the coordinates (X,Y) can be 

entered indeed in the corresponding fields (columns D and E in Fig 2). 

2. In case of lines or polygons (Fig. 3), it will be necessary to create and store GIS files 

apart, and to enter the filename of the GIS file into the corresponding field in the 

Excel form (column G in Fig 2). 
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Figure 3. Different representations of Noise Events. Points are suitable for explosions and pile driving, while lines and polygons for 

moving or diffused noise sources.  

 

4.7.Computing and representing the indicators 
related to D11C1  

Indicators related to D11C1 consist in the spatial and temporal distribution of noise 

sources in an assessment area. The recommended metric used for such computation is 

pulse-block days, meaning the number of days of occurrence of Noise Events in a block 

(Dekeling et al., 2014), where: 

 A Noise Event is the occurrence of at least one impulsive sound; the Noise Event can last 

more than one day, in this case at least one impulsive sound is assumed to be produced for 

each day of duration of the event. 

 A block may be a cell of a regular spatial grid, or the whole assessment area (for example 

the whole maritime space of a country) 

 

The GFCM developed a regular spatial grid with 30’ size in longitude and latitude3 which can be used 

for representing the Noise Event distribution. This grid is used in the ACCOBAMS Noise Register and a 

similar grid (developed by the International Council for the Exploration of the Sea, ICES) is used for the 

OSPAR and HELCOM Registers. 

 

 

 

 

 

 
3 In this grid, available at http://www.fao.org/gfcm/data/maps/grid/en/, a unique identifier (ID code) is assigned to each cell. 
Therefore, this ID code can be used as a third way to indicate the position of Noise Events, in addition to the methods given 
in page 12 in this document. 

http://www.fao.org/gfcm/data/maps/grid/en/
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A spatial grid should be used for representing Noise Events. A 30’ x 30’ grid was 

developed by the GFCM and used in the ACCOBAMS Noise Register. The adoption of this 

grid is therefore fully consistent with relevant regional processes. It can be downloaded 

at http://www.fao.org/gfcm/data/maps/grid/en/  

 

To correctly compute the required indicators, it is worth considering the following 

information: 

 When several Noise Events (e.g., three Noise Events) occur contemporarily in a single day 

and in the same grid cell, the computation gives 1 pulse-block day for that grid cell, and not 

3. 

 For this reason, the maximum value of pulse-block days is 365 in one block. 

 

Different indicators can be calculated: one way is computing the duration (number of 

days) of activities generating underwater noise over a block; another way is calculating 

the extension of the area where activities occur in absolute values or in proportion to the 

assessment area. Table 3 summarises the two indicators related to D11C1. 

 

Table 3. Indicators related to D11C1 as defined in the Commission Decision 2017/848. 

N TYPE UNITS OF MEASUREMENT  

1 Area Proportion (%) of unit areas (= grid cells) of assessment area with impulsive sound sources per year 

2 Area Extent in square kilometres (km²) of assessment area with impulsive sound sources per year 

3 Days Number of days per trimester with impulsive sound sources 

4 Days Number of days per month with impulsive sound sources 

 

The simplest way to represent these indicators is the use of common GIS software to 

produce heatmaps. Such maps should report at least the number of pulse-block days per 

unit areas, per month or per quarter. The examples shown in Figure 4 reports a sample 

of data from the French register and from the first available draft of the Italian register 

(Maglio et al., 2018b). 

http://www.fao.org/gfcm/data/maps/grid/en/
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Figure 4.Exemples of the output of the registers implemented in France (left) and Italy (right). Source: QUIETMED Deliverable 3.4 (Maglio 

et al. 2018a). 

 

4.8.Baselines, Thresholds and Assessment 

The term “Baseline levels” is a general term that can be implemented in different ways 

(Claussen et al., 2011). To avoid confusion, it is suggested to interpret “baseline levels” 

as “current state”: 

- Current state is usually the situation existing at the date of introduction of an 

environmental directive or policy (Claussen et al., 2011). 

 

It is suggested that the information described in the Deliverable 2.3.1 fo CeNoBS is used 

as the current state for Romanian waters for D11C1. For Bulgarian waters, the data 

collection effort should start following suggestions contained in this report (chapter 4.5). 

 

Data gaps likely exist in the current state described in CeNoBS Deliverable 2.3.1 for 

Romanian waters (Cf. Fig 4.1.1 of CeNoBS Deliverable 2.3.1). For seismic surveys in 

Romanian waters the information may already be exhaustive for the time span assessed 

in that report (2010 – 2016). For Bulgarian waters no data were available. Therefore, it is 

recommended to: 

 For Romanian waters: 

o Confirm that the inventory of seismic surveys is complete and identify possible gaps. 

o Focus on collecting data concerning harbour works in the same period (2010 – 2016) as 

assessed during CeNoBS. Once this review of harbour works has been done, it is proposed 
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that the quality of data be considered satisfactory for the current state 2010-2016 and 

used as baseline. 

 For Bulgarian water: 

o Start the data collection effort following suggestions contained in this report (chapter 

4.5) 

On this basis, once the current state is assessed, the objective could be expressed as no 

deterioration from this state. 

This method is used by several Member States for the Habitats Directive (Claussen et al., 

2011) and also for MSFD-D10 (Marine Litters). So, the “no deterioration” concept can be 

used as a first environmental target (where the target could be expressed as “don’t do 

worse than current state”). Based on this, the current state is the threshold (Fig 5). 

 

 
Figure 5. Conceptual framework of “non deterioration”. Adapted from (Claussen et al., 2011). 

 

In this regard, the GES assessment could be founded on the following two-step 

formulation: 

1. If the spatial distribution of impulsive Noise Events covers a smaller maritime 

surface (rows 1 and/or 2 in Table 3) compared to the current state, then GES has 

been achieved (or maintained); Otherwise, the temporal distribution is inspected. 
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2. If the duration of Noise Events (rows 3 and/or 4 in Table 3) is shorter than the 

current state, than GES is achieved (or maintained); otherwise, the assessment 

results in non-GES.  

This framework allows complying with the dispositions of the MSFD and related guidance 

(including Commission Decision 2017/848, TG-Noise and ACCOBAMS Guidance, and 

QUIETMED technical recommendations). However, it should be considered that 

Commission Decision 2017/848 states that “The use of criteria D11C1 and D11C2 in the 

assessment of good environmental status for Descriptor 11 shall be agreed at Union 

level”. This means that the way of using D11C1 for GES assessment is tightly linked to 

progress within TG-Noise on this topic and it would justify delaying the decision about 

the assessment methodology at the national level until new guidance from TG-Noise will 

be issued (expected in 2021). 

 

4.9.Alternative assessment framework for D11C1 

A risk-based assessment is likely a better approach, but 

it is more complex to implement and requires data 

about the distribution of species (for example noise-

sensitive cetaceans). The approach is based on the 

assessment of the exposure of marine fauna to noise 

events. This approach assumes that the risk that marine 

fauna is impacted by impulsive sounds increases along 

with increasing extent and duration of exposure (“the 

larger and longer the exposure, the higher the risk”). 

Therefore, this assessment framework contemplates 

thresholds for GES in terms of extent and duration of 

exposure. The approach is illustrated in Fig 6 and take 

advantage of the work carried out in QUIETMED2. 

 

 

 

 

 

Figure 6. Assessing the exposure in a risk-
based approach: exposure can be assessed 

in terms of space and time coverage of 
habitats by noise levels causing impacts 

(noise events). The SL of 176 dB re µPa is an 
example of a generic impulsive noise source. 
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The main steps for implementing this assessment methodology are the following: 

1. Delimit the habitat area of a species. 

2. Define the period for assessment (for example 3 months) 

3. Compute the distribution of Noise Events from the data contained in the 

register (an impulsive noise map). 

a. Add a buffer around each Noise Event to account for sound propagation. 

There are two main ways to do this: i) add a fixed buffer zone around 

each noise event or ii) use sound propagation modelling to calculate the 

real impacted area. In Annex I, a detailed description of this point is 

provided. 

4. Overlap the habitat map and the noise map to derive a risk map, and: 

a. Calculate the extent of exposure (% of habitat covered by Noise Events) 

b. Calculate the duration of exposure (% of assessment period covered by 

Noise Events) 

5. Select exposure thresholds from literature on ecological risk assessment 

(acceptable % of area and time exposed to a threat) 

6. Apply the two-step method described above (chapter 4.8) but with exposure 

thresholds (and not current state as suggested in 4.8): 

a. If extent of exposure < spatial exposure threshold, then GES is achieved 

or maintained. 

b. Otherwise, the duration of exposure is inspected; if duration of exposure 

< temporal exposure threshold, then GES is achieved or maintained. Else, 

GES is not achieved. 

This assessment methodology is voluntarily left with less detail because it is more 

complex to implement. It requires indeed appropriate data about the distribution and 

habitat of indicator species as well as a good understanding of risk assessment 

procedures. On the other hand, applying this assessment methodology or the other 

(chapter 4.8) can be done leaving unchanged the monitoring framework (i.e., the 

framework for registering Noise Events). 

For these reasons, it is suggested to start exploring this new assessment methodology 

which is based on the assessment of risk for marine wildlife due to exposure to Noise 

Events. The first step would be developing a progressive implementation plan. Until the 
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full implementation of the risk-based assessment method, the simple methodology 

described in chapter 4.8 should be employed. 

 Set up of monitoring under 

Criterion 2 Continuous Noise 

(D11C2) 
 

Monitoring continuous noise is based on the recording of underwater sound through 

appropriate equipment (hydrophones). Continuous noise can also be monitored through 

models that complement field measurements. For monitoring purposes, underwater 

sound levels must be expressed in common acoustic metrics: Sound Pressure Levels (SPL) 

in dB re 1µPa. 

5.1. Selecting recording equipment 

Several instruments satisfy the minimum requirement in terms of monitoring and the 

choice essentially depends on the following criteria: 

- The overall quality of the instrument. The quality of an instrument is assessed based on several 

parameters. Since it is not the scope of this document to discuss of such topic nor to enter into 

long scientific and technical descriptions, the approach taken is to propose only proven 

instruments which have already shown their suitability for ambient noise monitoring (see Table 

4 hereafter). 

- The cost for purchase or rent, for obvious reasons. 

- The duration of the battery and the storage capability. This is a matter especially in case of 

autonomous recorders deployed and left at sea during long periods (weeks/months). 

The following table lists instruments that may be used for recording continuous noise 

within the scope of D11C2. 
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Table 4. Suggested equipment for acoustic recording. 

Manufacturer and 
acquisition system 
model 

Best deployment 
scenario 

Cost (purchase) Strengths Weaknesses/Barriers 

Bruel & Kjaer 
LAN XI acquisition 
system + hydrophone 
Type 8105 or Type 
8106 

Point 
measurement 
from vessel; 
The recording 
should be 
launched with 
vessel engine 
shut-down and 
the vessel drifting, 

 
Easy to handle, 
proven instrument 

Less suitable for long-term 
monitoring as subject to 
uncontrolled variability 
(especially deployment depth 
and exact location). 
 
Cannot catch variability with a 
few point measurements. 
 
Many point measurements 
may imply high cost related to 
fieldwork 

Wildlife Acoustics 
(SM3M) 

Bottom 
deployment 
during several 
days/weeks 

Discontinued 
(was 10 000 € 
ca.) 

Proven instrument, 
overall good quality, 
suitable for long term 
monitoring 

The system cannot be 
purchased anymore, the 
company did not replace it 
with new model. 
 
Technical assistance is not 
guaranteed on the long term; 
The system needs suitable 
configuration to balance 
battery duration and quality 
of recordings 

RTSys 
SYLENCE-LP 
+ 
 COL.MAR 
GP1190 

Bottom 
deployment 
during several 
days/weeks 
 

3 000 € 

Improved ease of use 
reduced size 
improved duration of 
the battery 
can record 
continuously during 
long deployments 
technical assistance 
located in Europe 

No major weaknesses or 
barriers to use 

OceanInstruments 
SOUNDTRAP 300 

Bottom 
deployment 
during several 
days/weeks 

3 000 € 
(4 600 € with 
additional 
battery pack for 
long 
deployments up 
to 70 days) 

Improved ease of 
use, reduced size, 
long duration of the 
battery, can record 
continuously during 
long deployments 
with external battery 
pack 

Technical assistance located 
in New Zealand 

 

At a first approach and in order to get increasingly familiar with all the activities involved 

in a noise monitoring program, instruments already available to Romanian and 

Bulgarian partners involved in CeNoBS may be used. For example, the Bruel and Kjaer 

portable instruments for point measurements, as described in the CeNoBS Deliverable 
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3.3., are considered suitable for a preliminary phase of implementation. The Wildlife 

Acoustics is a better instrument based on the strengths described in table 4 above, 

although now discontinued by the manufacturer. 

The recommendation is then to move towards new instruments such as the RTSys 

SYLENCE-LP or the OceanInstruments SOUNDTRAP (or further instruments with similar 

characteristics) because they solved a number of issues and barriers to use: 

 They are sold at a greatly reduced price compared to older models, while conserving high 

quality recording standards. 

 The size is reduced compared to older models, which make it much easier for one person 

alone to handle, prepare and deploy. 

 The energy consumption is greatly improved, making it possible to increase the duration 

of deployment without losing quality of the recordings. 

 

Once purchased, the configuration and preparation of the instrument is usually quite 

easy and simple steps are to be followed based on the manuals associated to the 

instruments. Also, the manufacturers generally offer technical assistance for this phase 

at no additional costs. 

 

5.2.Settings 

With regards to settings of autonomous recorders, the manuals associated with the 

purchased instrument describe how to set the different parameters to the desired values: 

 The recording cyle is the most important parameter to consider. This parameter affects the 

duration of the battery and hence the duration of the deployment. The recording can be 

continuous (100% recording cycle, meaning high quality recording, but fast battery 

consumption and fast filling of storage capacity), or it can be sampled, meaning that every 

fixed time lapse, a recording is taken of a settable duration, for example 1 min out of 10 min, 

or similar. This way the battery and the hard drive are saved, and the deployment can last 

longer. However, technology is improving fast and recent recorder models (see table 4) do 

not suffer much from these issues. 

 

The recording cycle is not a big matter of concern if the monitoring is done with point 

measurements for short periods, regardless of the equipment used. 

A second important parameters to consider is the Gain: 

 The gain is the level of amplification of the acoustic signal. Each recording system has a way 

to tune the gain. The higher the gain value, the greater the sensitivity of the hydrophone to 
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sounds and vice-versa. Higher gain values allow increasing the probability of recording faint 

sounds (for example vocalisation from distant dolphins, but also distant ships), but in return 

the hydrophone will be saturated at lower sound levels. If the aim is the monitoring of 

ambient noise but also the detection of cetaceans, the gain value should be set to 

intermediate values. This configuration suits for location which are relatively far from 

shipping lanes and other loud sound source. 

All instruments mentioned in this document store data in common wave files in the hard 

drive or on SD cards (located inside the device). Of course, further instruments may be 

used with similar characteristics.  

5.3.Location of the recording stations 

Since the priority is to establish information on the ambient noise in a location (this is 

called “Category A monitoring” in monitoring guidance from TG-Noise (Dekeling 2014)), 

it is best to place hydrophones at locations which are far from shipping lanes or other 

high ship traffic areas. 

 

A minimum scenario is the take measurements at 1 point of the study area. Considering 

the bathymetric characteristics of the Western part of the Black Sea, it is recommended 

to deploy the recorder at distances of 6 to 20 km from major shipping lanes. 

 

The location of shipping lanes can be assessed through ship traffic density analyses if high 

quality AIS data are available. A first rough assessment can be done also by looking at 

websites such as https://www.marinetraffic.com. 

 

A secondary objective of monitoring is to collect data on ships noise emission levels to be 

used as the input for modelling (this is called “Category B monitoring” in monitoring 

guidance from TG-Noise (Dekeling 2014)). This kind of monitoring is done very close to or 

within shipping lanes. Since the modelling of noise propagation is a highly complex task, 

and considering that modelling is not mandatory, it is advised to postpone the 

implementation of Category B monitoring at a later stage of the national 

implementation of D11. 

https://www.marinetraffic.com/
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5.4.Deployment configuration 

Several factors need to be considered when deploying an acoustic recorder. Guidance 

from NPL (Robinson et al., 2014) and TG-Noise (Dekeling et al, 2014) are the main 

reference documents to be considered. Merely logistical factors are also fundamental to 

consider. 

A summary of general considerations is given hereafter: 

 Depth: for bottom recorders as those listed in Table 4, the depth limit of the hydrophone 

must be taken into account (it is usually announced in the system datasheets). In general, 

only deployments in shallow waters should be considered (<200 m). However, as a first 

approach it is suggested to deploy recorders at no more than 50 m since many other 

conditions influence the field work (weather and oceanographic conditions, mooring line 

configuration, etc.). As a rule of thumb, the risk of losing the material increases at greater 

depths and deployment and retrieval operations are harder and more expensive. 

 Conflict with other uses of the sea. High fishing areas should be avoided (especially trawling 

areas). Also, recreational craft and other recreational activities may be a source of conflict 

with the deployment of a bottom recorder and should be avoided as far as possible. 

 Mooring line: the length of the mooring line (chain and ropes) should be around 3 times the 

depth (Fig. 6). 

 Tides and currents: the more the strength of marine current, the heavier the weights in the 

mooring line 

 Surface buoys: they are generally included in the mooring line to locate the recorders. 

However, surface buoys make the system visible to anyone passing close to the deployment 

point and may represent a conflict (for example with fishermen) 

 Acoustic releases: acoustic releases are instruments used to locate underwater equipment 

without the need of surface buoys. They are included in the mooring line; once activated, 

they release a floating system that goes to the surface. Acoustic releases allow reducing the 

risk of conflicting with other uses of the sea (e.g., fisheries, recreational craft, etc.), but they 

represent an additional cost. 

 Logistical factors: 

o For point measurements from vessels, the engine should be turned off during 

measurements. 

o For deploying bottom recorders, a vessel equipped of crane may be needed when using 

heavy mooring lines (for long deployments) 

o Divers may be needed to check that the mooring is correctly placed. 

 

In addition to this, specific recommendations are formulated for the monitoring ambient 

noise within the scope of D11C2: 
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 To establish information on the ambient noise in a location, the recommendation is to put 

hydrophones near to the seabed, whatever the recording system. The precise depth of the 

hydrophone will depend on the design of the mooring line and on the location: 

o In rocky substrates, the hydrophones can be deployed very close to the bottom. 

o In sandy substrates, and especially where tides and currents are significant, 

hydrophones should be deployed at > 1 m from the bottom (2-3 m is a good rule of 

thumb). 

 

For long deployments (days/weeks/months), the mooring configuration should be similar 

to figure 7. 
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Figure 7. Mooring configuration for long deployments (shallow waters). The weights and lengths are general guidelines and they could 

be adapted to specific environments. 

 

Autonomous recorders may also be 

deployed for point measurements. In this 

case, the mooring system is lighter because 

it should suit for fast deployment and 

recovery. In Fig 8 an example is shown of a 

light mooring line. 

 

Finally, for point measurement done with 

portable instruments (e.g. Bruel & Kjaer), 

the configuration for measuring from vessel 

presented in CeNoBS Figure 4-2 of 

Deliverable 3.3 can be reproduced as far as 

the hydrophone is closer to the seabed. 

Figure 8. Light mooring line for point measurement 
with autonomous recorders 
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5.5.Monitoring protocol (measurements) 

To be as pragmatic as possible, the use of available equipment as described in CeNoBS 

Deliverables relative to Work Package 3 (“Assessing and supporting the development of 

D11 monitoring in the Black Sea”) is suggested in the first period of implementation of 

the monitoring program for D11C2. The Bruel & Kjaer suits for point measurements 

while the Wildlife Acoustics SM3M suits for bottom deployment during several 

days/weeks. 

 

Monitoring 
Equipment  

Best deployment 
scenario 

 Reference to 
CeNoBS 
Deliverables 

Bruel & Kjaer 
LAN XI 
acquisition 
system + 
hydrophone 
Type 8105 

Point measurement 
from vessel; The 
recording should be 
launched with 
vessel engine shut-
down and the vessel 
drifting, 

 

D3.3, 
chapter 
4.2.1 

Wildlife 
Acoustics 
(SM3M) 

Bottom deployment 
during several 
days/weeks 

 

D3.3, 
chapter 
3.2.1 

Table 5. Equipment used in CeNoBS – Work Package 3, pilot project of noise monitoring for D11C2. 

At a later stage, it is suggested to move towards the use of autonomous recorders for 

monitoring programmes throughout EU-waters in the Black Sea, such as the newer 

systems described in Table 4 above. 

Minimum scenarios for monitoring protocols are the following: 

 With regards to point measurements: 

o 4 campaigns per year, 1 for each season 

o For each campaign, 3 points of measurement along a line perpendicular to the coast 

(from the coast to the open sea), to be done in the same day. 

o No less than 15 min recording for each point of measurement. 
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 Concerning autonomous recorders, a minimum target is the following: 

o 4 campaigns per year, 1 for each season 

o For each campaign, 15-day deployment on 1 point,  

o Minimum settings like those described in chapter 5.2 above. If using a SM3M, settings 

proposed in Table 3-3 of CeNoBS Deliverable 3.3 can be used. 

 

Advanced scenarios imply the increase of the number of measurement points, the 

number of deployments within the year, and the length of the duration of recording (this 

last especially for point measurements). 

 

5.6.Analysis tools 

The most used software for analysis of underwater sounds among the underwater 

acoustic community is MATLAB. Other software may be used, including R or other 

desktop programs. However, based on the report available about activity 3.3 carried out 

in CeNoBS, it appears that MATLAB is already used by both Romanian and Bulgarian 

partners of the project, and that the basic technical processes to compute underwater 

ambient noise indicators are already understood, which is a positive starting point. 

 

A first recommendation concerning the analysis of recordings is to pursue using MATLAB 

in order to capitalize the work already done in CeNoBS. 

 

If this is the way chosen by the responsible institution in Romania and Bulgaria, one 

person with basic skills in MATLAB is therefore necessary to carry out the analysis part. 

Further options are possible, including subcontracting or partnering with research 

groups. 

Based on available information from CeNoBS, the first steps would be then to compare 

the algorithms used during this project to other existing algorithms, and especially the 

following: 

 QUIETMED analysis package, sent in September 2020 to CeNoBS partners in a zip folder 

containing the following items: 

o quietmed_ambient_noise_level_analysis.m. A MATLAB script that reads all the files in 

the selected folder and generates an Excel table and MATLAB variables (*.mat) with the 

1/3 octave bands indicators. 
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o quietmed_plot_SPL_indicators.m. A MATLAB script that reads a ".mat" file generated 

from the previous script. It allows selecting one or more consecutive days and generates 

the plot of the ambient noise indicators in the bands of 63 Hz, 125 Hz, 2 kHz and 5 kHz 

for the selected days. 

o More MATLAB scripts for ancillary analyses and tests of data 

o A quick user guide of these algorithms 

 

The test of different algorithms and the exchange of information with other institutions 

involved in noise monitoring represent the best way forward to refine the quality of 

results delivered and stay up to date with evolutions and improvements in the 

methodologies. 

5.7.Computing and representing the indicators 
related to D11C2 

Minimum requirements to calculate indicators that comply with the dispositions of the 

MSFD (Commission Decision 2017/848) are the following: 

 Average SPL values (dB re 1 μΡa) during the assessment period should be calculated: 

o For the 1/3-octave band centred at 63 Hz 

o For the 1/3-octave band centred at 125 Hz 

 The term average should be interpreted as the following: the arithmetic mean, 𝐴, of 

snapshots of mean square sound pressure, (the TG Noise interpretation): 

 

𝐴 =  
1

𝑁(𝑇)
 ∑ 𝑃𝑛(𝑇)

𝑁

𝑛=1

 

 

Where: 

𝑁(𝑇) is the number of samples (snapshots) of duration 𝑇 on the assessment period. 

𝑃𝑛(𝑇) is the mean square sound pressure of the nth snapshot of duration 𝑇. 

And the average SPL values, 𝐿𝐴, are then calculated with the following equation: 

 

𝐿𝐴 =  10 log10

𝐴

𝑝𝑟𝑒𝑓
2

 

 

 Each snapshot should not exceed 1 minute. Snapshots may be much less than 1 min if many 

snapshots are available (for example, the 1 s snapshot used by IO-BAS). 

 Indicator values should be calculated for each point of measurement. 
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Results like figures 3-9 of CeNoBS Deliverable 3.3 (see also chapter 5.9 in this document) 

are a good representation of the monitoring results. Further examples are figure 52 and 

53 of QUIETMED Deliverable 3.6 (Miralles et al., 2018) and also Fig 1 of the Monitoring 

Guidance of TG-Noise (Dekeling et al. 2014). 

Whether or not to include models in the monitoring program is a choice left to countries. 

The following section discuss and present recommendations for the topic of noise 

modelling. 

 

5.8.The question of noise modelling 

Since the use of models for monitoring under D11C2 is a highly complex topic, there is no 

simple way to give instructions on how to set up a modelling software and how to use it. 

However, to be as pragmatic as possible, this section present actionable suggestions and 

recommendations based on three steps: 

 The first step is considering the Commission Decision 2017/848 when it refers to 

interpolation and extrapolation from noise measurements. We assume that such terms are 

intended like in the Good Practice Guide for Underwater Noise Measurement from the 

National Physics Laboratory in the UK (Robinson et al., 2014). This work from the NPL refers 

indeed to sound propagation models as ways to interpolate or extrapolate from 

measurements. Instead, the method used in CeNoBS Deliverable 3.3 to interpolate between 

measurements is not based on sound propagation modelling. It is hard to say whether the 

method proposed in CeNoBS may be relevant based on expert view because it has not been 

used before for other ambient noise monitoring in European seas known to the author of 

this document. Therefore, the suggestion is that the methodology described in CeNoBS 

Deliverable 3.3 be tested before its inclusions in a monitoring programme for D11C2. The 

main test would be checking interpolation results against measurements. 

 The second step is assessing whether or not the use of models is necessary or suitable. This 

analysis should be done by the responsible institution for D11 in Romania and Bulgaria 

before starting any action aiming at setting up a modelling step in the monitoring 

programme. 

 Finally, if the use of models is validated, an analysis of the required resources and timeline 

should be done for starting using models. 

 

The overall suggestion is to focus first on the measurements and postpone the 

implementation of the modelling at a later stage. 
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5.9. Baselines, thresholds and assessment 

With regards to baselines, we use the same interpretation proposed in chapter 4.8: 

“current state”. For this reason, the noise measurements and the indicators described in 

CeNoBS reports of Work Package 3 (pilot monitoring) for Bulgaria and Romania appear 

as a good basis for establishing a baseline, despite most measurements were done in 

moderate or high traffic density areas instead of calmer areas as suggested by TG-Noise. 

An extraction of the main and most relevant results from pilot monitoring is found in 

Table 6 and 7. 

 

Synthetic description of the methodology used in pilot 
monitoring in Bulgarian waters: 

Equipment = SM3M 
Deployment site = 43° 3' 36'' N ,  27° 56' 60'' E 
Deployment duration = 1 month 
Deployment period = Sept/Oct 2019 
Monitoring category (from Dekeling et al. 2014) = B 

Main and most relevant results 
SPL values for the 1/3 octave band centred at 63 Hz SPL values for the 1/3 octave band centred at 125 Hz 

  
Table 6. Main and most relevant results concerning D11C2 monitoring in Bulgarian waters. 
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Synthetic description of the methodology used in pilot 
monitoring in Romanian waters 

Equipment = Bruel and Kjaer 
Deployment sites = 30 locations 
Deployment duration = 20’ to 4h 
Deployment period = 2017 – 2020 (mostly 2017) 
Monitoring category (from Dekeling et al. 2014) = A and B 
(mostly B) 

Main and most relevant results 

 
Table 7. Main and most relevant results concerning D11C2 monitoring in Romanian waters. 

 

Further results which may be relevant for establishing a baseline are found in the state-

of-the-art report of CeNoBS. Table 8 and 9 are derived from results found in such report. 

 

Methodology 

Equipment = SM3M 
Deployment sites = 4 locations 
Duration of deployment = 3 months 
Deployment period = October to December 2017; August to October 2018 
Monitoring category (from Dekeling et al. 2014) = not reported, probably B 
Data from all locations were pooled to derive statistics presented hereafter 

Metric 
Time period 
(mm/yyyy) 

1/3 octave band SPL 
( dB re 1 µPa ) 

63 Hz 125 Hz 

Median 
10-12/2017 71.4 80.4 
08-10/2018 83.2 79.1 

Mode 
10-12/2017 72.1 76.9 
08-10/2018 71.2 75.7 

RMS 
10-12/2017 99.7 107.9 
08-10/2018 103.8 111.9 

95th percentile 
10-12/2017 97.4 97.1 
08-10/2018 92.8 97.7 

Table 8. Summary metrics of ambient noise levels for the Bulgarian monitoring area (derived from Table 4.2.1 of CeNoBS D2.3.1); 
Additional consideration should be accorded to the RMS value (in grey) which appears higher than expected compared to the median 

and mode values. 
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Methodology 

Equipment = Bruel and Kjaer 
Deployment sites = 30 or 34 locations (not clear from CeNoBS report 2.3.1) 
Duration of deployment = not reported (likely as reported in D3.3: 20’ to 4h, see Table 7 above in this report) 
Deployment period = 2017 – 2019 (mostly 2017, not completely clear from CeNoBS report 2.3.1) 
Monitoring category (from Dekeling et al. 2014) = A and B (mostly B) 
Data from all locations were pooled to derive statistics presented hereafter 

Statistics 
1/3 octave band SPL ( dB re 1 µPa ) 

63Hz 125Hz 
Median 72,19 69,79 
Mode 72,49 70,54 
RMS 75,65 73,87 

95th percentile 91,41 81,88 

Table 9. Summary metrics of ambient noise levels for the Romanian Black Sea shelf (derived from Table 4.1.1 of CeNoBS D2.3.1) 

 

However, the following cautions and suggestions should be considered: 

 Concerning Bulgarian state-of-the-art: 

o Measurements from 4 different stations were pooled to produce averaged values. It is 

suggested to also present results for the different stations separately. 

o Additional consideration should be accorded to the RMS value (Table 8 in grey) which 

appears higher than expected compared to the median and mode values. 

 Concerning Romanian state-of-the-art: 

o It is not clear whether the noise statistics reported concern 2017 or 2017+2018+2019. 

The analysis should produce noise statistics for each year. 

 

With regards to thresholds, the methodology is less mature for D11C2 than D11C1 at the 

EU-level. The “non deterioration” concept applied to measured levels might still be 

adequate for D11C2 (see figure 5, chapter 4.8 above, for a conceptual view). However, 

the variability and patterns of underwater noise should be better understood, and more 

data should be collected in both Romanian and Bulgarian and Bulgarian waters before 

deciding whether to implement this concept directly on measured noise levels. 

For this reason, it is suggested to rather use an approach based on the non-deterioration 

concept applied to the potential disturbance caused to target species (thus not merely 

to measured levels). 

The harbour porpoise is proposed as the target species since it is resident in the Black Sea 

and is acknowledged as one of the most sensitive cetacean species to underwater noise. 

Landmark scientific studies indicate 120 dB re 1µPa as the threshold level for onset of 

disturbance on harbour porpoises from anthropogenic continuous noise (Southall et al., 

2019, 2007). 

However, the intensity of received levels is not the only value to consider. The time and 

space components are also relevant, and the following questions need to be addressed 

for the assessment process: 
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 How many monitoring stations/points show exceeded thresholds (> 120 dB re 1µPa over at 

least 1 snapshot4) during the assessment period? 

 If several deployments are done (for example 1 deployment/season, i.e., 4 

deployments/year, or similar), how many deployments over the assessment period result in 

exceeded thresholds? 

 How many times and how long the threshold is exceeded during a single monitoring 

campaign (deployment)? The computation of levels in percentiles helps answering this 

question. 

 

Once such questions are answered, the results can be taken as current state in terms of 

potential disturbance, and the non-deterioration concept could be applied, at least as an 

interim framework. Therefore, the following GES assessment formulation could be used: 

1. If the number of monitoring stations with exceeded threshold levels of continuous 

noise (120 dB re 1µPa over at least 1 snapshot) is less than the current state, then 

GES has been achieved (or maintained); Otherwise, the temporal aspects are 

inspected. 

2. If the number of times that thresholds are exceeded (120 dB re 1µPa over at least 

1 snapshot) is lower than the current state, than GES is again achieved (or 

maintained); otherwise, the assessment results in non-GES.  

This minimum framework allows complying with the dispositions of the MSFD because it 

is one of the possible ways for implementing Commission Decision 2017/848. Further 

ways are possible but scientific debates are still ongoing in TG-Noise which is slowly 

progressing towards precise recommendations. As already mentioned in this document 

(chapter 4.8), it should be considered that Commission Decision 2017/848 states that 

“The use of criteria D11C1 and D11C2 in the assessment of good environmental status 

for Descriptor 11 shall be agreed at Union level”. This means that the way of using D11C2 

for GES assessment is tightly linked to progress within TG-Noise on this topic and it would 

justify delaying the decision about the assessment methodology at the national level until 

new guidance from TG-Noise will be issued (expected in 2021). 

 

 

 

 

 
4 The duration of snapshots should follow rules described in chapter 5.7 in this document (page 28). 
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 The first step: resource 

analysis 
The following tables propose a sort of checklists of the resources which are necessary for 

starting the monitoring programmes and which will lead to GES assessment. 

 

It is suggested that the first step undertaken for setting up monitoring programmes for 

D11C1 and D11C2 is a thorough resource analysis as provided for in Table 10 and 11 in 

this report. 

 

These checklists can be used as a practical mean for evaluating the available resources 

and planning how to obtain resources which are unavailable at the early stage of 

implementation. 

6.1.For D11C1 

Table 10. Resource analysis for D11C1 

Required 

resources 
for D11C1 

Description 

Tools MS Excel or similar (e.g. LibreOffice) for listing Noise Events; 

Common GIS software (e.g. QGIS, ArcGIS, etc.) for spatial analysis 

Additional knowledge of languages such as R may be useful to investigate spatial and temporal 
distribution indicators 

Data collection No special tools linked to data collection (apart from a laptop and an internet connection to search 
information on the internet about Noise Events, contact of stakeholders and similar) 

Required skills Data entry in an Excel form 

Basic proficiency in GIS software: creating and using spatial grids, overlap analysis (intersect), creating 
maps. 

Basic proficiency of statistical processing (with R or other software): calculating the % surface covered 
by Noise Events and duration in days of such Noise Events; creating graphs, trend analyses. 

Budget lines to 
consider 

Time dedicated to data search, management and analysis. 

If any proprietary software is used (e.g. ArcGIS), a licence for this software. 

Time for 
implementation 

A few days for setting a complete system for monitoring of impulsive Noise Events. Proposals are 
formulated to achieve GES assessment before the next reporting cycle (2023) 
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6.2.For D11C2 

 
Table 11. Resource analysis for D11C2 

Required 

resources 
for D11C2 

Description 

Tools Recording equipment: autonomous recorders or portable measurement equipment 

Portable storage devices (SD cards for autonomous recorders, other common means such as hard 
drives for portable equipment) 

Analysis software: MATLAB 

Data collection Suitable vessel or boat for deploying autonomous recorder or taking field measurements 

Required skills Handling and configuration of recording equipment. 

Advanced proficiency in MATLAB: data processing, computing of indicators. 

Proficiency with statistical processing (in MATLAB or other software such as R) may be also useful to 
deepen statistical analysis. 

Budget lines to 
consider 

Recording equipment 

MATLAB Licence 

Costs linked to the use of vessels (rental, fuel, maintenance, crew, etc.) 

If required skills with MATLAB need to be sought, the cost to form and/or hire 1 person with suitable 
skills should be included in the budget estimations. Further options include subcontracting and 
establishing partnerships with institutions where these skills already exist. 

Time for 
implementation 

Considering the available information from CeNoBS, basic monitoring is already feasible since the 
minimum requirements of all the above lines of this table are already satisfied. Therefore, it is 
understood that it is possible to improve the current framework by implementing the suggestions and 
propositions contained in this document in a relatively short time. Proposals are formulated to achieve 
GES assessment before the next reporting cycle (2023) 

Additional 
resources with 
regards to noise 
modelling 

If the responsible institution in Romania and Bulgaria decides to go for noise modelling, the following 
resources should be available: 

 1 person with suitable skills on sound wave propagation modelling in water (formed on 
purpose or hired already skilled). Further options are subcontracting or partnering with 
entities where modelling skills already exist. 

 Access to AIS data 
 Access to environmental parameters (temperature, salinity, bathymetry, etc.) 
 Access to suitable computing machines. Since noise modelling may take several hours or 

even days to compute transmission losses from tens or hundreds of ships, performant 
computing resources should be available to dedicate to this task. 
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 Annex I – Noise Events and 

sound propagation (D11C1) 
In chapter 4.9, the GES assessment method based on an ecological risk-based approach 

is presented. The third step of the methodology is the following: 

 Compute the distribution of Noise Events from the data contained in the register (an 

impulsive noise map). 

o Add a buffer around each Noise Event to account for sound propagation. 

 

The sub-bullet point addresses an interesting aspect to deal with: the propagation of 

sound generated from Noise Events. Because noise propagates far from the source, the 

acoustic footprint where levels are high enough to cause impact in marine fauna may be 

larger than just the grid cell where the source is located. A preliminary approach 

(described in chapter 4.8) would be not to use buffer zones (Fig 9) to keep the 

methodology as simple as possible in the first phase of implementation of the monitoring 

programme for D11C1, when the focus should be rather on the collection of data. This 

approach obviously underestimates the impacted area entailed by a Noise Event. 

 
Figure 9. Conceptual view of the distribution of Noise Events (green cells) computed without the use of buffer zones. In this very simple 
example, two Noise Events are shown, the duration of each being 1 day (= 1 pulse-block day). 
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Later, when it comes to the assessment, it would be a good practice to account for the 

propagation of noise from the source. The impacted area may be very large indeed (up 

to tens of km for loudest sources). 

There are two main ways to do this: i) adding a fixed buffer zone around each noise event 

or ii) using sound propagation modelling to calculate the actual impacted area. 

The first method (fixed buffer) is easier to implement and should be based on available 

scientific literature about ranges of impact from impulsive noise on selected species. In 

the Black Sea, the harbour porpoise could be a good indicator species since it is resident 

in this area and is acknowledged as one of the most sensitive cetaceans to underwater 

noise. Furthermore, extensive scientific literature exists (mainly coming from the 

northern European seas) about ranges of impact caused by exposure to underwater 

noise. Especially, several works describe that harbour porpoises exposed to loud 

impulsive signals (pile driving) escape from an area with around 20 km radius in the North 

Sea (Dähne et al., 2013; Tougaard et al., 2009). These works support the adoption of a 20 

km buffer for computing and using Noise Events within a risk-based assessment 

framework (Merchant et al., 2017). A conceptual view of using fixed buffers is shown in 

Figure 10. 

 
Figure 10. Conceptual view of the distribution of Noise Events (dark green cells) with the use of fixed buffers. Around each noise event, a 
buffer radius is applied. The value of the buffer radius should be taken from available scientific literature on range of impacts, e.g. 20 km 
for harbour porpoise (Dähne et al., 2013; Tougaard et al., 2009). In this example, two Noise Events are shown, the duration of each being 
1 day (= 1 pulse-block day). All surrounding cells (light green) are accounted for 1 day of noise too, and are considered in the assessment 
process. 
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The second method (using sound propagation modelling) may be highly complex. Good 

skills in sound propagation modelling are a must and many processing steps are necessary 

to get to results, but it is also much more accurate in computing the actual impacted area. 

The following general process should apply: 

 Selecting a modelling technique which is adequate to the study area. This may be done, for 

example, using the selection process provided in landmark documents developed by the 

CMS and during the QUIETMED project (Prideaux, 2016; Taroudakis et al., 2018).  

 Implementing the propagation modelling from each Noise Event to derive propagation 

maps (noise maps). 

 Transforming the noise maps into potential impact maps by applying threshold levels for 

acoustic impact. Thresholds should be taken from landmark scientific literature such as 

(Southall et al., 2019, 2007). These thresholds are needed to delimit the impacted areas 

(acoustic footprints) around Noise Events. 

 

A conceptual view of using sound propagation modelling to create adjusted buffers 

around Noise Events is shown in Figure 11. 

 
Figure 11. Conceptual view of the distribution of Noise Events (dark green cells) with the use of adjusted buffers obtained through sound 
propagation modelling. Around each noise event, the impacted area is calculated by combining propagation modelling and thresholding 
(where thresholds of impact are taken from scientific literature). In this example, two Noise Events are shown, the duration of each being 
1 day (= 1 pulse-block day). The dashed contour line represents the isoline of a given noise level taken as impact threshold. This isoline 
therefore represents the limit of the impacted area. Hence, all cells (light green) overlapping this area are accounted for 1 day of noise, 
and considered in the assessment process. 


