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Chapter 1.  Introduction 

1.1. International context 

It is globally recognized that man-made underwater noise from shipping significantly modifies the natural 
soundscape in such way that disturbance and masking are likely to generate mid- and long-term effects on the 
marine biodiversity (Southall et al., 2019) (Tougaard et al., 2019) (Tougaard et al., 2021). Indeed, the 
LƴǘŜǊƴŀǘƛƻƴŀƭ aŀǊƛƴŜ hǊƎŀƴƛȊŀǘƛƻƴ όLahύ Ƙŀǎ ƛǎǎǳŜŘ ŀƴŘ ŀǇǇǊƻǾŜŘ ƛƴ нлмп ǘƘŜƛǊ άDǳƛŘŜƭƛƴŜǎ ŦƻǊ ǘƘŜ ǊŜŘǳŎǘƛƻƴ ƻŦ 
underwater noise from commercial shipping to address adverse impacts on marine liŦŜέ όLahΣ нлмпύΦ {ƛƴŎŜ ǘƘŜƴΣ 
a continuous collaborative work, led by Canada, including international workshops, has been performed to 
further clarify, improve and detail what steps would be likely to support a global reduction of this noise pollution 
(IMO, 2023). 

At the European level the introduction of sound energy as one of the threats to the marine environment is 
identified to require a wide cooperative action and regulation. This is a driver for the Marine Strategy Framework 
Directive (MSFD), adopted by the European Union in July 2008 (European Parliament and Council of the 
European Union, 2008). The main goal of the Marine Directive is to achieve a Good Environmental Status (GES) 
of EU marine waters by 2020. With regards to underwater sound, Descriptor 11 of the MSFD states that GES is 
achieved when the introduction of energy, including sound, is at levels that do not adversely affect the marine 
environment. To implement this, EU Member States have to established a baseline of the current level and any 
trend of ambient noise in their national waters, and adopt management measures to contain or reduce the 
sound levels where needed (Sigray et al., 2023). 

1.2. Scope of work 

The Permanent Secretariat of the Pelagos Sanctuary has given the mandate to Quiet-Oceans to assess the 
distribution of maritime traffic and anthropogenic underwater noise in the Pelagos Sanctuary (Figure 1). This 
report specifically addresses the analysis of shipping distribution and seasonality in the Sanctuary between the 
years 2019 and 2023, using Automated Identification System (AIS)1  data collected by the OceanPlanner© 
platform (Chapter 3). Underwater noise baseline and risk assessment on the priority species defined by the 
{ŜŎǊŜǘŀǊƛŀǘ ŀǊŜ /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜΣ Cƛƴ ǿƘŀƭŜΣ {ǇŜǊƳ ǿƘŀƭŜ ŀƴŘ ǘƘŜ .ƻǘǘƭŜƴƻǎŜ ŘƻƭǇƘƛƴ ŀǊŜ ŀŘŘǊŜǎǎŜŘ ƛƴ 
Chapter 4. In addition, an analysis of the risk of ship strikes for Fin and Sperm whales is proposed in Chapter 5 
based on the work performed in Consultancy Service 1. 

The findings are presented in the form of seasonal status maps of commercial and recreational maritime traffic, 
along with graphs detailing the observed trends according to three main study axes: the number of vessels, their 
speed, and the distance they travel within the Sanctuary, based on their category, country flags, and the 
commercial companies operating them. 

This study enables a spatial and temporal assessment of underwater noise and ship strike risks with the ambition 
to providing insights to help refining conservation strategies and inform management measures aimed at 
mitigating the impact of maritime traffic on the strategic species. 

 

 

1 The Automated Identification System is a system on board ships that transmits their identification and location in near 
real time to an observation network. Various reception stations, set up by State services or private companies, thus make 
it possible to monitor maritime traffic in almost real time. Maximum coverage can reach 30 nautical miles from the coast 
depending on weather conditions. 
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Figure 1 : Area of the Pelagos Sanctuary 
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Chapter 2.  Method, tools and input data 

This chapter details the AIS data used in this study and introduces the OceanPlanner© platform that processes 
this data. It covers the methodologies applied, highlighting how the AIS data from 2019 to 2023 feeds into the 
OceanPlanner© model to assess the shipping distribution and seasonality in the Pelagos Sanctuary. 

The number of vessels, cumulative traveled distance, and speed are critical for assessing risks related to 
underwater noise and ship strikes. Together, these metrics offer a comprehensive perspective on traffic 
intensity, spatial interaction risks, and the potential environmental impact of maritime activities. The calculation 
of cumulative traveled distance is elaborated in (Jakob et al. 2026): 

¶ Number of Vessels: This metric reflects the overall intensity of maritime activity in a given area and 
correlates with the likelihood of interactions between ships and marine species. A higher number of 
ships increases the risk of encountering cetaceans and the number of noise sources. 

¶ Cumulative Traveled Distance: This metric quantifies the extent of exposure marine life has to vessel 
presence, helping assess the cumulative impact of noise and ship movements over time. Longer travel 
distances result in greater noise introduction into the marine environment and a higher probability of 
encountering cetaceans. 

¶ Speed: The speed of vessels influences the magnitude of noise introduction into the marine 
environment. Generally, faster vessels generate higher noise levels. Additionally, higher speeds increase 
the likelihood and severity of ship strikes, as reduced reaction times lower the chances of avoidance and 
survival upon impact. 

The tools and mthodologies presented in the following sections and used throughout this report are related to 
these three key metrics. 

2.1. About the OceanPlanner Platform 

OceanPlanner© (Folegot and Baudin, 2023) is designed to address the needs of governmental agencies, maritime 
authorities, marine protected area and Natura2000 managers, and harbor masters. By calculating a tangible 
assessment on the current status and on the key characteristics of the shipping, OceanPlanner© provides 
detailed regional analysis of the maritime baseline on underwater noise and other environmental parameters 
and is able to assess the effectiveness of management measures in response to International Marine 
Organization guidelines, EU/MSFD Descriptors and more broadly, Marine Spatial Planning initiatives. The tool is 
generic, global and operational on all the seas and oceans of the globe (Figure 2). 

OceanPlanner therefore provides an assessment of both the activities and the places where actions shall be 
carried out in priority and feeds the national and regional roadmaps relating to the preservation of the marine 
environment. Environmental risks (or level of anthropogenic pressure on the marine environment) related to 
underwater noise are evaluated by extracting from the Automated information System (AIS) data that address 
the following two questions: 

¶ which are the maritime activities that carries highest risk in terms of potential effect on the marine 
biodiversity, 

¶ what are the places where regulation actions must be carried out in priority to inform the national and 
regional roadmaps relating to the preservation of the marine environment. 

The evaluation of both the economic consequences and the environmental benefits of any regulation scenario 
leads to facilitating the dialogue between regulators and the marine stakeholders, especially in the context of 
Particularly Sensitive Sea Areas (PSSA). The tool provides an objective assessment to help finding the best 
acceptable balance between the environmental benefit and the cost for the shipping sector. It can also be used 
by companies to assess and monitor their environmental performances, and evaluate the best operating 
measures to apply to reduce their impact at controlled cost. 
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Figure 2: Front page of OceanPlannerȭÓ ÐÌÁÔÆÏÒÍ focused on European waters  

 

2.2. About the noise mapping platform Quonops© 

Quiet-Oceans continuously develops and operates Quonops©, an operational system for monitoring and 
forecasting anthropogenic noise at sea (European Union Brevet n° EP2488839, 2009). This powerful and global 
platform produces an estimate of the spatio-temporal distribution of the noise levels generated by maritime 
activities and wind at sea. 

2.2.a. Acoustic models integrated in the platform 

Quiet-Oceans offers modeling by parabolic equations (Jensen et al., 2000) (Collins 1994) (Collins et al., 1996) 
which faithfully reflects the propagation of noise in the water column by solving the Helmholtz equation. Natural 
noise is modelled based on (Ainslie, 2010). 

The sound fields are estimated by numerical simulation involving the use of models taking into account most 
environmental parameters that influence the sound propagation (bathymetry, speed profile, metocean data, 
sedimentology), and integrates hydrophone-based in situ measurements of sound that provide a ground truth 
to the models. 

2.2.b. What influences the distribution of noise in the marine environment? 

The purpose of this section is to describe the parameters that influence the noise distribution. Noise propagation 
and ambient noise levels are mainly conditioned by: 

¶ bathymetry; 

¶ nature of the seabed; 

¶ oceanographic conditions, such as temperature and salinity, currents, tide; 

¶ weather conditions, such as wind (and therefore waves); 

¶ maritime activities. 

Other parameters may affect the propagation and the noise level, but to a lesser extent. They will therefore not 
be described here. 
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Table 1: Effect of the physical conditions of the oceanic environment on acoustic propagation and on the generation of 

inherent noise contributing to the resultant of ambient noise.   indicates that the effect is significant.  
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2.2.c. Validation of the platform 

Within the framework of European project AQUO2, Quiet-Oceans participated in an international initiative to 
compare eight acoustic models used in underwater acoustics, including those implemented in Quonops©. This 
work consisted in defining several theoretical and realistic propagation test scenarios and in evaluating / 
comparing the results of the different acoustic propagation models of the different research institutes. The 
results, made public in a joint scientific publication (Collin, et al., 2015), demonstrated that the models 
implemented by Quonops© are among the best of the international state of the art. 

2.3. Assessment of ship strike risks 

The dangerousness of the vessels towards ship strikes and underwater noise is evaluated by calculating the 
Injury Weighted Travelled Distance (IWTD). IWTD is purely describing vessel behavior toward the risk of ship 
strike and introduction of noise in the marine environment. The dangerousness is calculated based integrating 
the speed dependent probability of lethal injury (Vanderlann and Taggart, 2007) along the trajectory of the 
vessels.  The latest are supported only if density distribution data of the species are available. 

(Tregenza et al. 2000) proposed a simple model associated with certain hypotheses to quantify the risk of 
collision. The model to assess the number of Near Miss Events (NME) quantifies the number of individuals of a 
given species that a vessel can encounter in front of its bow. This model does not incorporate the fact that 
animals are mobile, which is fortunately the case and undoubtedly allows that many collisions are avoided. 
Nevertheless, it gives an idea of the number of potential collision cases. This model is based on four assumptions: 

¶ The vulnerable part of the specimen can be represented by a line the same length as the animal; 

¶ The orientation of the animal relative to the direction of the ship is random; 

¶ The animal does not tend to get on or off the course of the ship; 

¶ Ships do not avoid animals. 

Some hypotheses do not reflect reality, but the objective is to obtain an initial assessment of the situation. The 
estimation of the number of collision situations takes into account five parameters: 

¶ The length of the specimen; 

¶ The fraction of time spent on the surface by the animal; 

¶ The width of the ship's hull; 

¶ The population density in individuals / km²; 

¶ The distance travelled by the vessel in the area. 

 

2 Achieve QUieter Oceans, https://mcc.jrc.ec.europa.eu/main/dev.py?N=simple&O=305&titre_page=AQUO 
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The model for Near Miss Events (NME) implemented in OceanPlanner has been validated against actual 
observation (Jacob et al., 2016) 

The last indicator to assess the risk of collisions is the Theoretical Potential Mortality (TPM). The calculation of 
TPM combines the number of Near Miss Event with the probability of lethal injuries which depends on the speed 
of the vessel (Vanderlann and Taggart, 2007). The assumption behind the TPM is that all Near Miss Events end 
up in an effective collision, which is certainly not true. The Theoretical Potential Mortality is therefore 
overestimating the reality or mortality from ship strikes. Nevertheless, it gives an interesting indicator since it 
combines information related to the trajectory of the vessels, the presence of the species, and the speed (Figure 
3). 

 

Figure 3 : Principle of the dangerousness, Near Miss Event and Theoretical Potential Mortality indicators provided by 
OceanPlanner  
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2.4. Input data used for the study 

2.4.a. Automated Identification System data 

The descriptive data on maritime traffic used as an input in this study is derived from Automated Identification 
System (AIS) data acquisition. The AIS is an onboard system on ships that transmits their identification and 
location in near real-time to an observation network (via VHF radio messages and/or satellites) (International 
Maritime Organization, 2004). Various receiving stations monitor maritime traffic. Maximum coverage can reach 
up to 30 nautical miles from the coast depending on weather conditions for radio messages, while information 
from ships further offshore is transmitted via satellite channels. Although AIS equipment is mandatory for 
commercial navigation, it is not required for recreational boating, and not all pleasure craft choose to equip 
themselves. Therefore, vessels without an AIS identification and location system are not included in this study. 

The raw AIS data comes from Spire for the year 2019 and CLS for the year 2023. It consists of time series of 
timestamped and geolocated points, containing dynamic information (the ship's latitude and longitude 
coordinates, speed, heading) and static information (its IMO3  identification number, MMSI4  identification 
number, name, category, dimensions, flag, etc.). This data is then cross-referenced with a maritime intelligence 
database, which refines the description of each vessel by providing information such as its owner, commercial 
operator, and specifying its category. 

For this study, more than 23 million of vessel positions were analysed for the year 2019, corresponding to almost 
34 thousand different vessels. For the year 2023, more than 37 million raw positions were processed, 
corresponding to almost 60 thousand different vessels. Based on this raw data, Quiet-Oceans applies processing 
methods based on interpolation techniques to map the trajectories of each vessel and interpret their 
behaviours. 

2.4.b. Environmental data used for acoustic modelling 

Within the framework of this study, Table 2 references the suppliers and the resolutions for each environmental 
data used for acoustic modeling and the calculation of noise maps. In the Pelagos Sanctuary, the evolution of 
sound speed in the water column exhibited variations of approximately 30 m/s throughout the year 2023 (Figure 
5), with strongly contrasting sound speed gradients between summer and winter. This highlights the importance 
of seasonal modeling when assessing underwater noise levels. 

Significant wave heights in the Sanctuary were extracted from the wave forecast model Wave Watch III (via 
CMEMS platform). This data conditions the propagation losses at the surface and also contributes to underwater 
ambient noise levels. The Figure 6 illustrates these data for the entire year 2023 at a representative location 
within the Pelagos Sanctuary. Waves and wind appear to be highly correlated over time, with the highest wave 
heights and wind speeds observed during the winter season. 

The bottom sediment data is provided by the global sedimentological mapping of the SHOM, and is illustrated 
in Figure 4. 

  

 

3 IMO number of the International Maritime Organization is, in this context, a global and unique ship identification number. 

4 Maritime Mobile Service Identity (MMSI) is a temporary identifier of marine assests, in our case vessels. 



 

2023 Call for technical and scientific consultancy of the Pelagos Agreement - Final Report 

 

Page 15 / 60 

Table 2 : Summary of environmental data used for acoustic modeling.  
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²ŀǾŜ ƘŜƛƎƘǘ /a9a{ ƭƻƴ н όƪƳύ  ƭŀǘ н όƪƳύ м Ƙ 

²ƛƴŘ ǎǇŜŜŘ b/9t Dƭƻōŀƭ CƻǊŜŎŀǎǘ ƭƻƴ оп όƪƳύ  ƭŀǘ рс όƪƳύ оƘ 

¢ƛŘŜ /hL ό{Ihaύ /ƭƻǎŜǎǘ ƘŀǊōƻǳǊ р Ƴƛƴ 

 

 

Figure 4 : Sediment data in the Pelagos Sanctuary 

 

 

Figure 5 :  Example of surface sound speed in summer (left) and of the vertical stratification on  one point of the 
Sanctuary throughout the year.  

 

Figure 6 : Wave height data over the year 2023 in one point of the Pelagos Sanctuary  
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2.4.c. Strategic marine species 

Table 3 synthesizes information on main marine mammals likely to be encountered in the Sanctuary, which are 
selected for contextualizing underwater noise modeling based on their presence, acoustic sensitivity, and 
conservation status. These species were chosen because of their ecological importance and role in the marine 
ecosystem and to their classification as threatened species according to IUCN. The selected species include the 
Fin Whale (Balaenoptera physalus), Sperm Whale (Physeter MacrocephalusύΣ /ǳǾƛŜǊΩǎ .ŜŀƪŜŘ ²ƘŀƭŜ (Ziphius 
cavirostris), and Bottlenose Dolphin (Tursiops truncatus). These species are listed as endangered or vulnerable, 
reflecting the significant threats they face from human activities, including anthropogenic noise. Given that 
these species rely on specific acoustic environments for communication, navigation, and foraging, assessing how 
noise from maritime traffic and other sources might disrupt their behaviors is crucial for their conservation. 

 

Table 3 : Summary of data on marine mammals likely to be present at sea off Morocco  

Family 

Specie UICN Status 
Acoustic 
category 

Usual name Latin name Mediterranean  Global 

Ziphiidae /ǳǾƛŜǊΩǎ beaked whale Ziphius cavirostris VU LC M-HF 

Balaenopteridae Fin whale Balaenoptera physalus EN EN M-LF 

Physeteridae Sperm whale Physeter Macrocephalus EN VU M-HF 

Delphinidae Common Bottlenose dolphin Tursiops truncatus LC LC M-HF 

 

2.4.d. Spatial distribution of the strategic species 

The output of the habitat models developped in Consultancy Service 1 (Figure 7) have been used to assess 
collision risks. 
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Summer Winter 

 

Fin whales - Baleanoptera physalus 

  

Sperm whales - Physeter Macrocephalus 

  

Figure 7 : Density maps for Fin whales - Baleanoptera physalus  (top) and Sperm whales - Physeter Macrocephalus (bottom) in summer (left) and winter (right)  
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Chapter 3.  Characterization of shipping at regional level in the Pelagos 
Sanctuary 

The Pelagos Sanctuary in the North-West Mediterranean is a critical habitat for a diverse array of cetaceans. 
However, this region also faces high and ever-increasing maritime traffic, raising concerns about chronic 
underwater noise pollution. This chapter explores the regional shipping activities within the Pelagos Sanctuary, 
analysing various vessel categories, their travel patterns, and the resulting impact on the marine environment. 
By examining these dynamics, the aim is to underscore the importance of implementing conservation measures 
to mitigate the detrimental effects of shipping on the sanctuary's delicate ecosystems. 

3.1. Pelagos sanctuary regional context 

The Pelagos sanctuary, and the North-West Mediterranean as a whole, combine a high abundance of cetaceans, 
including the fin whale and the sperm whale, .ƻǘǘƭŜƴƻǎŜ ŘƻƭǇƘƛƴǎ ŀƴŘ /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎΣ ŀƴŘ a very high 
intensity of maritime traffic. With the expected doubling of maritime traffic every 15 to 20 years, the noise in 
the Pelagos Sanctuary is likely to chronically increase if no measure is taken. The richness of the area in cetaceans 
and the impact of maritime traffic on these populations are identified in numerous conservation initiatives: the 
North-West Mediterranean has been identified as an area of ecological and biological interest under the 
Convention on Biological Diversity (CBD) and a Particularly Sensitive Sea Area (PSSA) by the International Marine 
Organization. 

The Permanent Secretariat of the Pelagos Sanctuary and the regional Agreement on the Conservation of 
Cetaceans of the Black Sea, Mediterranean Sea and contiguous Atlantic area (ACCOBAMS) both recognize 
underwater noise as a major threat for marine wildlife and the conservation of endangered species such as 
several species of cetaceans in the Sanctuary. 

3.2. Characterization of shipping 

The assessment provided by the platform are in forms of detailed reports that can be downloaded directly from 
the web interface. The assessment is made globally and separately for groups of activities along 10 categories 
of vessels: Passenger, Roll-on Roll-off, Container ship, Cargo, Tankers, Cruise, Pleasure, Working Vessel, Fishing, 
and other vessels. 

There are three key parameters relevant for getting the full understanding of the underwater noise issue related 
to shipping at regional level: 

¶ the number of vessels sailing in the Pelagos Sanctuary, since each individual vessel is a source of noise, 

¶ the travelled distance, since the more a vessel is navigating in the Pelagos Sanctuary, the more noise is 
introduced into the marine environment, 

¶ the speeds at which the vessels are sailing, since a general rule establishes that the faster a vessel, the 
noisiest. 

3.2.a. Structure of shipping in the Pelagos Sanctuary 

The AIS data providers are Spire for the 2019 dataset, and CLS for the 2023 dataset. It is important to note that 
the change of provider and the rapidly evolving of the AIS network may introduce bias in the comparison 
between the two years. This may be particularly true for pleasure vessels, since the AIS device equipment rate 
is likely to increase rapidly as AIS transponder becomes more and more accessible and are perceived even by 
the general public as a safety equipment. This may also apply for fishing vessels to a lesser extent. 

The spatial distribution of the maritime traffic in the Pelagos Sanctuary is shown on Figure 8 for winter and 
summer seasons of 2023. The passengers and Roll-on Roll-off show very structured routes, mainly connecting 
at high speeds the harbors of the main lands of France, Monaco and Italy to the Toscana islands, Corsica and 
Sardinia (Figure 8, center). The pleasure activity spreads all over the sanctuary at lower speeds without clear 
pattern (Figure 8, left). Finally, the commercial routes taken by cargo, container ships and tankers connect at 
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medium speeds the major commercial harbors of the main lands of France and Italy within the Sanctuary 
together, and with destinations outside the Sanctuary. In terms of seasonal variability, the pleasure activity 
shows significantly increased attendance in the summer season (Figure 8, bottom). During this season, the 
routes taken by passengers and Roll-on Roll-off diversify with more connections between the different ports of 
the Sanctuary, and the flow of traffic intensifies. The shipping maps of cargo, tankers and container vessels show 
little seasonal variation, however, indicating that freight transport flows are rather stable during the year 2023. 

3.2.b. Speed of the vessels in the Pelagos Sanctuary 

In terms of median speeds, there are no significant differences between 2019 and 2023, and between January 
and August. The behavior of the vessels remains unchanged, with the Roll-on Roll-off, passenger and cruise liners 
being the fastest (Figure 9): Roll-on Roll-off vessels spend 80% of their navigation above 15 knots and 30% above 
20knots, cruise and passenger vessels being in the same order of magnitude with more variability though (Figure 
10). Tankers, fishing and working vessel are the slowest barely never exceeding 15 knots. Pleasure vessels spend 
about 15 to 20% of their navigation at speed above 15 knots. 
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Figure 8: Maps of shipping in the Pelagos Sanctuary in winter and summer 2023 (raw AIS data). Left to the right: Pleasure vessels, Pa ssengers + Ro-Ro vessels, Cargo + tanker + 
container vessels. The colors indicate speed from the lowest (green being below 10 knots) to the faster (dark blue being abov e 20 knots).  
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Figure 9: Comparison between travelled distance, median speed and number of vessels (size of the bubbles) in winter and summer, and i n 2019 and 2023.  
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Figure 10: Analysis of speeds in 5 different ranges per category of vessels in winter and summer, and in 2019 and 2023.  
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3.2.c. Seasonal analysis and trends of shipping in the Pelagos Sanctuary 

Based on data collected by OceanPlanner©, this section studies the seasonality and assesses trends of 
shipping behaviour in the Pelagos Sanctuary for the years 2019 and 2023. The main aspects addressed 
are the evolution of the number of vessels and the distance travelled by each category of vessels 
present in the Sanctuary. 

3.2.d. Annual evolution of the number of vessels and distance travelled in the Pelagos Sanctuary 

The following tables present a summary of the data collected by OceanPlanner© for the years 2019 
and 2023 for each category of vessels, and show the evolution of maritime traffic in terms of the 
number of vessels and the distance they travel in the Pelagos Sanctuary. These tables notably 
demonstrate that: 

¶ Although the number of pleasure boats are approximatively 20 times larger than Roll-on Roll-
off ships (Table 4 and Table 5), the cumulative distance sailed in the Sanctuary is the same 
order of magnitude. The average distance sailed by a pleasure boat is 19 times less than a Roll-
on Roll-off vessel, identically in 2019 and in 2023. 

¶ The average distance sailed by the Roll-on Roll-off ship (in km/vessel) has increased by 18% 
from 2019 to 2023. 

¶ Cargo and tankers represent about 5,000 units in 2019 and in 2023, although the number of 
tankers has increased by 15% while the number of cargo vessels has decreased by 22% (Table 
6). However, the travelled distance for tankers has increased by 25% while the travelled 
distance of cargo vessels has decreased by 31%. This leads to tankers navigating 9% more on 
average in 2023 than in 2019, while cargo vessels navigating 12% less in 2023 than in 2019. 

¶ The container activity has increased significantly from 2019 to 2023, in number of vessels 
(+50%), an even more in travelled distances (+80%), leading to an increase by 20% of the 
average distance sailed by each container vessels. 

¶ The number of cruise liners has increased by 19%, and the travelled distance by 27%, leading 
to an increase by 6% of the average distance sailed by each liner. 

¶ The number of passenger vessels (ferries that only transport people) has largely increased 
from 2019 to 2023 (+53%), but the total travelled distance of the category has decreased (-
10%), indicating more vessels navigating less. 

¶ Across all categories, the number of ships in the Pelagos Sanctuary has increased by 75% in 
four years, while the total distance travelled has increased by 59%. This means that, on 
average, the distance travelled by each ship has decreased by 9%, indicating that more ships 
are sailing shorter distances. 
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Table 4: Annual number of vessels, travelled distance and averaged distance travelled per vessel sailing in 
the Pelagos Sanctuary in 2019 per category of vessel  

 

Table 5: Annual number of vessels, travelled distance and averaged distance travelled per vessel sailing in 
the Pelagos Sanctuary in 2023 per category of vessel  

 

Table 6: Trend in the annual number of vessels, travelled distance and averaged distance travelled per 
vessel sailing in the Pelagos Sanctuary in 2023 per category of vessel  

 

 

 

3.2.e. Monthly evolution of the number of vessels and distance travelled in the Pelagos Sanctuary 

The evolution of the number of vessels for each category and the distance they travel in the Sanctuary 
is detailed month by month in the following figures for the years 2019 and 2023. These figures 
demonstrate that: 

¶ The number of vessels is largely dominated by pleasure boats (Figure 11), but Roll-on Roll-off 
vessels travel almost equally than all the pleasure boats together (Figure 12), 

¶ The seasonality in terms of number of vessels sailing in the Pelagos Sanctuary is largely due to 
the pleasure vessels which number of units increases as the spring/summer season 
approaches, and decreases after august, similarly in 2019 and in 2023 (Figure 11). 

  

 All vessels  Passenger 
 Roll-on Roll-

off 

 Container 

ship 
 Cargo  Tanker  Cruise  Pleasure 

 Working 

Vessel 
 Fishing  Other 

 Number of vessels 33 963 794 1 195 1 442 3 413 1 768 469 21 344 1 156 1 240 1 142

 Travelled distance (km) 15 968 507 1 039 691 4 413 182 909 097 1 961 488 986 112 664 446 4 111 505 536 995 1 089 072 256 919

 Average travelled distance per vessel 

(km/vessel) 
470 1 309 3 693 630 575 558 1 417 193 465 878 225

 Baseline Shipping - 2019 

 All vessels  Passenger 
 Roll-on Roll-

off 

 Container 

ship 
 Cargo  Tanker  Cruise  Pleasure 

 Working 

Vessel 
 Fishing  Other 

 Number of vessels 59 338 1 216 1 491 2 170 2 673 2 027 560 42 912 1 783 2 773 1 733

 Travelled distance (km) 25 377 224 937 454 6 577 566 1 634 847 1 356 385 1 228 147 842 268 9 929 738 835 589 1 647 255 387 975

 Average travelled distance per vessel 

(km/vessel) 
428 771 4 412 753 507 606 1 504 231 469 594 224

 Baseline Shipping - 2023 

 All vessels  Passenger 
 Roll-on Roll-

off 

 Container 

ship 
 Cargo  Tanker  Cruise  Pleasure 

 Working 

Vessel 
 Fishing  Other 

 Number of vessels +75% +53% +25% +50% -22% +15% +19% +101% +54% +124% +52%

 Travelled distance (km) +59% -10% +49% +80% -31% +25% +27% +142% +56% +51% +51%

 Average travelled distance per vessel 

(km/vessel) 
-9% -41% +19% +20% -12% +9% +6% +20% +1% -32% -0%

 Baseline Shipping - Trend Analysis 2023 vs 2019 
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Figure 11: Monthly evolution of the number of vessels sailing  in the Pelagos Sanctuary per category for 2019 and 2023. 
Attention is raised on the fact that the AIS provider for 2019 and for 2023 are not identical, and that the AIS coverage 

tends to improve with time which is likely to lead to some bias.  

 

  

-500

500

1500

2500

3500

4500

5500

6500

7500

N
u

m
b

e
r 

o
f 
ve

ss
e
ls

 s
a

ili
n

g
 in

 t
h

e
 P

e
la

g
o

s 
S

a
n

ct
u

a
ry

Baseline Shipping - Number of Vessels - Pelagos Sanctuary - 2019

Cargo Container Ship Cruise Fishing Other

Passenger Pleasure Roll-on Roll-off Tanker Working Vessel

-500

500

1500

2500

3500

4500

5500

6500

7500

N
u

m
b

e
r 

o
f 
ve

ss
e
ls

 s
a

ili
n

g
 i
n

 t
h

e
 P

e
la

g
o

s 
S

a
n

ct
u

a
ry

Baseline Shipping - Number of Vessels - Pelagos Sanctuary - 2023

Cargo Container Ship Cruise Fishing Other

Passenger Pleasure Roll-on Roll-off Tanker Working Vessel



 

2023 Call for technical and scientific consultancy of the Pelagos Agreement - Final Report 

 

Page 26 / 60 

 

 

 

Figure 12: Monthly evolution of the travelled distances in the Pelagos Sanctuary per category for 2019 and 2023. 
Attention is raised on the fact that the AIS provider for 2019 and for 2023 are not identical, and that the AIS coverage 

tends to improve with time whic h is likely to lead to some bias.  
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3.3. Social-economic characteristics of shipping in the Pelagos Sanctuary 

This section focuses on the origin and identity of the vessels present in the Pelagos Sanctuary. It 
examines the country flags of the main categories of vessels and identifies the commercial operators 
chartering them. Understanding these origins and affiliations can help pinpoint patterns and areas for 
regulatory improvements to minimize the environmental impact on the sanctuary. 

3.3.a. Ranking of the main country flags of commercial vessels in the Pelagos Sanctuary 

Figure 13 (top) illustrates the ten most represented country flags in terms of the number of vessels in 
the Pelagos Sanctuary (all categories of vessels included, except for pleasure boats). Most flags see an 
increase in the number of vessels between 2019 and 2023. A large majority of vessels are registered 
under the Italian flag in the Sanctuary. Figure 13 (bottom) shows the distance travelled by these 
country flags, with similar trends: the most represented flags have travelled more in 2023 than in 2019, 
and Italy is the leading country flag in terms of kilometres travelled by vessels in the Pelagos Sanctuary. 

Figure 14 shows the distance travelled by each category of vessels in the Italian fleet in 2023. The Roll-
on Roll-off category accounts for 66% of the total, followed by fishing vessels at 12%. Pleasure boats 
are excluded from this representation. 

 

 

 

Figure 13: Evolution of the number of vessels and travelled distances by the 10 most represented country 
flags in the Pelagos Sanctuary, between 2019 and 2023 (all categories of vessels included, except for pleasure 
boats). Attention is raised on the fact that the AIS provider for 2019 and for 2023 are not identical, and that 

the AIS coverage tends to improve with time which may lead to some bias.  
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Figure 14: Details of the travelled distance by each category of vessels of the Italian fleet in the Pelagos 
Sanctuary (2023)  

 

 

3.3.b. Ranking of the main companies operating commercial vessels in the Pelagos Sanctuary 

Figure 15 illustrates the monthly evolution of the distance travelled by the main categories of vessels 
in the Pelagos Sanctuary, excluding pleasure boats. This reveals that while summer remains the busiest 
season in both 2019 and 2023, spring appears to be a busier season in 2023 than in 2019: 
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Figure 15: Monthly evolution of the travelled distances in the Pelagos Sanctuary per category for 2019 and 
2023 (without pleasure)  
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This phenomenon is mainly explained by the contribution of a Greek commercial operator, 'Grimaldi 
Euromed S.p.A.', which operates Roll-on Roll-off vessels and whose distance travelled in the spring 
increased significantly between 2019 and 2023 (Figure 17). 

As a result of this increase, this commercial operator became the leading company in terms of distance 
travelled in the Pelagos Sanctuary in 2023, surpassing 'Forship S.p.A. ς Corsica Ferries Italia,' which was 
the leader in 2019 (Figure 16). 

 

 

Figure 16: Travelled distance in the Pelagos Sanctuary for the 10 most represented  commercial operators. 
These companies mainly operate Roll -on Roll -off vessels. 

 

 

Figure 17: Monthly evolution of the distance travelled in the Pelagos Sanctuary by the Roll -on Roll -off vessels 
of the commercial operator 'Grimaldi Euromed S.p.A.' between 2019 and 2023  
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3.4. Contextualization of shipping data analysis with respect to the risk of anthropogenic pressure 
on marine mammals in the Pelagos Sanctuary 

In the Pelagos Sanctuary, collisions with vessels are one of the main causes of non-natural mortality 
for the marine mammals (Panigada, 2006). In this context, data collected by OceanPlanner© enable a 
detailed description of maritime traffic behaviour in the Pelagos Sanctuary and provide insights in the 
analysis of anthropogenic pressures on marine fauna. 

3.5. Number of vessels and travelled distances 

In terms of the number of ships in the Pelagos Sanctuary, pleasure boats overwhelmingly dominate 
other categories. The number of AIS messages corresponding to this category has doubled between 
2019 and 2023, but this does not necessarily mean that the number of ships has actually doubled 
(some boats may have been equipped with transponders during the analysis period, whereas they 
were not in 2019). As shown in the Figure 18, the summer period is when pleasure boats are the most 
numerous and when the distance travelled by this category is the highest. 

 

 

Figure 18: Monthly evolution of the pleasure activity in the Pelagos Sanctuary between 2019 and 2023  
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3.6. Travelled distances at high speeds in the Sanctuary 

However, although this category is the one that has sailed the most in cumulative distance inside the 
sanctuary, they individually travel the least (see the average distance values per ship and per category 
in Table 4 and Table 5), and more than half the time at a speeds below 10 knots (see Figure 10 showing 
the speed ranges of each category). 

Regarding marine wildlife, it is the distance travelled at high speed that poses the greatest risk. It is 
considered that the probability of collision with a marine mammal reaches 50% when the ship's speed 
exceeds 11 knots (Vanderlann and Taggart, 2007). Figure 19 shows the number of kilometres travelled 
by each category of vessels at speeds greater than 15 knots. This indicates that the Roll-on Roll-off 
category is the most at risk of collision with marine animals, about four times more than pleasure 
boats. Additionally, there is an increase in the distance travelled at high speed by Roll-on Roll-off 
vessels by around +35% in four years, while the trend is decreasing for cargo and passenger vessels. 

 

 

Figure 19: Evolution of distance travelled at high speeds (>15 knots) for each category of vessels between 
2019 and 2023 in the Pelagos Sanctuary  
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Chapter 4.  Assessment of the underwater noise baseline 

This chapter provides a description of underwater noise levels in relation to seasonal and interannual 
variations in maritime traffic and environmental conditions, and considering their potential impact on 
the strategic species of the Pelagos Sanctuary, namely /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ, Bottlenose dolphins, Fin 
whales, and Sperm whales. 

The findings are presented in the form of sound maps, calibrated using in situ acoustic measurements. 
These underwater noise maps presented in this chapter include vessel-generated noise associated 
with shipping and natural noise generated by wind. 

4.1. Approach adopted for the assessment of underwater noise in the Pelagos Sanctuary 

This study aims to provide an initial evaluation of the distribution and seasonality of underwater noise 
in the Pelagos Sanctuary. To achieve this, seasonal underwater noise maps are produced for the years 
2019 and 2023, covering winter, spring, summer, and autumn. The methodology is based on a dynamic 
acoustic model that accounts for both natural noise sources (generated by wind) and anthropogenic 
noise sources (primarily from maritime traffic), which evolve over time. 

To improve the reliability of the results, the modeling is calibrated using acoustic data measured locally 
in the Mediterranean, reducing uncertainty in noise predictions. 

4.1.a. Metrics used 

Two metrics are used in relation to the potential effects of noise to the species:  

¶ Sound Pressure Levels, which represent the total noise levels in the environment, combining 
contributions from both natural sources (wind and waves) and anthropogenic sources 
(maritime traffic). They serve as a proxy for potential disturbance to marine life; 

¶ Excess Levels, which quantify how much the noise from maritime traffic exceeds natural noise 
levels, providing insight into its impact on the communication range of marine species. Excess 
Levels of 6dB, 12dB and 20dB correspond to a reduction in communication or echo localization 
ranges by 2, 4 and 10 respectively. 

This analysis aims to identify trends in underwater noise exposure and assess their potential impact 
on marine life, particularly in the context of increasing maritime activity and conservation efforts 
within the Pelagos Sanctuary. 

4.1.b. Statistical mapping 

In order to take into account the stochastic nature of ambient noise, a Monte Carlo5 methodology 
(Folegot, Thomas, 2013), (Guelton et al., 2014), (Sutton et al., 2013) is applied which allows to quantify 
the statistics of the noise, e.g. steady-state situations are modeled at three-hour time steps all over 
each season. 

The seasonal variations and long-term trends of Sound Pressure Levels and Excess Levels are analyzed 
statistically using seven percentiles (5, 10, 25, 50, 75, 90, and 95), offering a comprehensive view of 
noise distribution patterns. 

The analysis is performed across frequency bands relevant to key species inhabiting the sanctuary: 
16 IȊ ǘƻ мсл IȊ ŦƻǊ Ŧƛƴ ǿƘŀƭŜǎ ŀƴŘ м ƪIȊ ǘƻ р ƪIȊ ŦƻǊ ǎǇŜǊƳ ǿƘŀƭŜǎΣ ōƻǘǘƭŜƴƻǎŜ ŘƻƭǇƘƛƴǎΣ ŀƴŘ /ǳǾƛŜǊΩǎ 

 

5 The Monte Carlo method is a numerical method, which uses random draws to calculate a deterministic 
quantity. Widely used in the fields of finance, earth sciences and life sciences. 
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beaked whales. By comparing seasonal noise levels between 2019 and 2023, the study identifies 
temporal trends and potential changes in noise distribution patterns. 

4.1.c. Depth layers according to species habitat 

The modeling of underwater noise takes into account the specific depth ranges where each species is 
most likely to be found. For example, the Fin Whale primarily inhabits the deep waters between 0 and 
800 meters, making the noise modeling for this species focused on low-frequency sounds within this 
depth range. On the other hand, the Bottlenose Dolphin, which is typically found in shallower waters 
up to 200 meters, is modeled based on its high-frequency sensitivity within this depth range. 
Additionally, for species inhabiting the entire water column ({ǇŜǊƳ ²ƘŀƭŜ ŀƴŘ /ǳǾƛŜǊΩǎ .ŜŀƪŜŘ 
Whale), noise levels are modeled across all depths to provide a holistic view of their acoustic 
environment and to evaluate the full extent of noise exposure in the sanctuary. 

4.1.d. Calibration of the sound maps 

The consultancy did not cover in-situ measurements with hydrophone which would have provided 
ground truth to the acoustic models. Therefore, opportunistic data has been investigated to improve 
ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƳƻŘŜƭΩǎ ǇǊŜŘƛŎǘƛƻƴǎΦ ¦ƭǘƛƳŀǘŜƭȅΣ ƻƴƭȅ ƻƴŜ ŘŀǘŀǎŜǘ ǇǊƻǾŜŘ ǎǳƛǘŀōƭŜ ŦƻǊ ŎŀƭƛōǊŀǘƛƻƴΣ 
while two others were considered but eventually discarded. 

The dataset successfully used for calibration was provided by Shom and consisted of measurements 
recorded by two hydrophones deployed from the 06/04/2023 to the 24/06/2023 (79 days) on the 
same mooring at different depths in Northern Corsica in the framework of the National monitoring 
program of the Marine Strategy Framework Directive (Figure 20, left). This dataset provided a stable 
and sufficiently long measurement period, making it a reliable reference for model calibration. 

The calibration process aimed to adjust the modeled noise levels to achieve the best possible statistical 
match between the model and the measurements (Figure 20, right). The effectiveness of the 
calibration was evaluated by calculating the Remaining Mean Squared Error (RMSE), which quantifies 
the residual difference between the adjusted modeled noise and the measured noise. The RMSE values 
across frequencies (16 Hz to 4 kHz) range from 0.9 to 1.2 dB, indicating a good agreement between 
model and measurements at the vicinity of the hydrophone. 

 

 
 

Figure 20 : Location of Shom measurement station  (left); Comparison of measured and modelled sound 
pressure levels (right).  
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4.2. Produced sound maps 

This section presents the outcomes of the acoustic modeling. It provides the modeled noise maps, 
illustrating the spatial distribution and intensity of underwater noise generated by natural sources and 
maritime traffic. 

The results are presented as calibrated sound maps6, based on in situ acoustic measurements. The 
modeling distinguishes between two main noise sources: natural noise (driven by wind and wave 
activity) and vessel-generated noise (from maritime traffic), that are combined to produce two key 
indicators: 

¶ Baseline Sound Pressure Levels, which correspond to the overall underwater noise 
environment, 

¶ Baseline Excess Levels, which highlight how much noise shipping is adding to the natural 
soundscape. 

These maps also incorporate percentile distributions, different water layers, and M-weighting to 
account for variations in noise exposure across the strategic species and their habitat. They serve as a 
foundation for analyzing the spatial and temporal patterns of underwater noise in the study area. 

4.2.a. Baseline Sound Pressure Levels & Excess Levels 

Broadband levels in summer 2023 

Figure 21 presents a set of six sound maps illustrating the broadband7 baseline Sound Pressure Levels 
(SPL) and Excess Levels over the summer 2023 season. The three maps on the left display the baseline 
Sound Pressure Levels, which represents the total noise environment (combined contributions of 
maritime traffic and natural sources), and reflect potential disturbance8 effects. The three maps on the 
right depict the Excess Levels, highlighting the contribution of vessel noise relative to natural ambient 
noise, and therefore reflect the potential masking9 effects. 

These maps are constructed based on the statistical distribution of all modeled situations throughout 
the season, using percentiles to represent different noise exposure conditions over time: 

¶ The P05% maps correspond to the highest sound levels associated with the most intense and 
infrequent noise events, occurring only 5% of the time cumulatively. 

¶ The P25% maps represent intermediate noise conditions, exceeded during 25% of the time, 
providing insight into moderately frequent exposure levels. 

¶ The P50% maps reflect the median values, indicating the noise levels that are reached or 
exceeded during at least half of the season. 

5% of the period (P05% percentile), Excess Levels9 reach their highest values, exceeding 40 dB in certain 
areas τ although such conditions remain rare. These peak levels highlight the main commercial 
shipping lanes connecting the various ports within the Sanctuary. At P25%, which represents 
conditions occurring during one quarter of the season, excess levels in these high-traffic zones typically 
range between 15 and 20 dB. The P50% map shows a broader pattern, where vessel noise surpasses 
natural noise by approximately 5 to 10 dB across most of the Sanctuary. This indicates that for at least 
half the time, maritime traffic is the dominant source of underwater noise. Some areas, however, 

 

6 Note that the calibration was done on the data measured in-situ on only one position in the Pelagos Sanctuary, 
which is a weakness. 

7 Broadband sound means a sound which contains a large number of single frequency components, continuously 
distributed over a required frequency range covering, in this study, the frequency band of shipping. 

8 Disturbance is a change in the natural behaviour of marine mammals. Such as moving away, adjust their own 
activities or even increase their anti-predatory behaviour. 

9  aŀǎƪƛƴƎ ƻŎŎǳǊǎ ǿƘŜƴ ƴƻƛǎŜ ƛƴǘŜǊŦŜǊŜǎ ǿƛǘƘ ŀƴ ŀƴƛƳŀƭΩǎ ŀōƛƭƛǘȅ ǘƻ ǇŜǊŎŜƛǾŜ όŘŜǘŜŎǘΣ ƛƴǘŜǊǇǊŜǘΣ ŀƴŘκƻǊ 
discriminate) a sound, impairing echo localisation and/or socialization. 
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remain unaffected τ appearing with 0 dB excess τ especially near irregular coastlines acting as 
barriers and limiting the spread of ship noise. This suggests that natural sources remain the main 
contributors to the underwater soundscape in these locations under median conditions. 
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Illustration of Baseline Sound Pressure Levels and Excess Levels maps produced for Summer 2023 

Unweighted levels across the entire water column 

Baseline SPL ς P05% (rare levels) Excess levels ς P05% (rare levels) 

  

Baseline SPL ς P25% (elevated levels) Excess levels ς P25% (elevated levels) 

  

Baseline SPL ς P50 % (median levels) Excess levels ς P50% (median levels) 

  

Figure 21 : Illustration of Baseline SPL and Excess levels maps produced for Summer 2023  
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Exposure levels for the strategic species in summer 2023 

Figure 22 and Figure 23 illustrate the Baseline Sound Pressure Levels (SPL) and Excess Levels for 
summer 2023, taking into account the acoustic sensitivity and habitat depth of fin whales and common 
bottlenose dolphins. Maps for /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ and Sperm whales are very similar to Dolphin 
maps. The Baseline SPL maps (left column) reveal that fin whales experience higher overall noise levels 
than dolphins. This is due to their greater sensitivity to low-frequency sounds, which makes them more 
affected by vessel noise. In contrast, dolphinsτwhose hearing is more tuned to higher frequenciesτ
are less impacted by traffic noise, and their weighted baseline levels are generally lower. 

The Excess Level maps (right column) further highlight these differences. The maps for Fin whales are 
relatively close to the broadband maps, as the low-frequency traffic noise τ which overlaps with the 
species' hearing sensitivity τ dominates the overall spectrum. At the P05% percentile, the excess map 
clearly shows that traffic noise largely exceeds natural noise throughout the sanctuary, with excess 
values locally exceeding 40 dB. At the P50% percentile, the majority of the study area shows excess 
levels of 5 to 10 dB, indicating that at least half the time, vessel noise dominates natural noise across 
almost the entire sanctuary. This suggests that fin whales experience a consistent and widespread 
emergence of traffic noise. 

For dolphins, the Excess Level map at P05% indicates that traffic dominates natural noise across 
nearly the entire sanctuary 5% of the time. However, the excess levels are generally lower than for 
fin whales, around 20 dB in the main commercial shipping lanes, with higher excess levels observed 
only in very localized areas near Livorno. At P25%, the map already shows significant white areas 
where the excess is 0 dB, indicating that natural noise dominates traffic noise even during the 
quarter of the season with the highest levels. At P50%, which corresponds to the statistical median of 
the season, this trend intensifies, with areas of zero excess covering most of the sanctuary, and 
excess levels ranging between 5 and 10 dB in the remaining regions. This pattern is explained by the 
frequency content of noise: dolphins are less sensitive to low-frequency vessel noise, which reduces 
the perceived excess over the naturally occurring high-frequency ambient noise to which they are 
more attuned. While traffic is a major contributor to the soundscape for Fin whales, dolphins are 
primarily affected in specific high-traffic zones. 
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Illustration of Baseline Sound Pressure Levels and Excess Levels maps produced for Summer 2023 

Results are contextualized for Fin whale (M-Weighting (LF) on 0-800m depth) 

Baseline SPL ς P05% (rare levels) Excess levels ς P05% (rare levels) 

  

Baseline SPL ς P25% (elevated levels) Excess levels ς P25% (elevated levels) 

  

Baseline SPL ς P50 % (median levels) Excess levels ς P50% (median levels) 

  

Figure 22 : Illustration of Baseline Sound Pressure Levels and Excess levels maps produced for summer 2023  
in Fin whale context  
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Illustration of Baseline Sound Pressure Levels and Excess Levels maps produced for Summer 2023 

Results are contextualized for Dolphin (M-Weighting (HF) on 0-200m depth) 

Baseline SPL ς P05% (rare levels) Excess levels ς P05% (rare levels) 

  

Baseline SPL ς P25% (elevated levels) Excess levels ς P25% (elevated levels) 

  

Baseline SPL ς P50 % (median levels) Excess levels ς P50% (median levels) 

  

Figure 23 : Illustration of Baseline SPL and Excess levels maps produced for Summer 2023  in Dolphin context . 
Maps for #ÕÖÉÅÒȭÓ ÂÅÁËÅÄ ×ÈÁÌÅ and Sperm whales  are very similar to Dolphin ma ps. 
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4.3. Analysis of the baseline soundscape 

The objective of this section is to analyze how noise levels have evolved in relation to seasonal and 
interannual variations in maritime traffic and environmental conditions, considering their impact on 
key species of the Pelagos Sanctuary, including dolphins, fin whales, and sperm whales, which are 
particularly sensitive to underwater noise. 

4.3.a. Seasonal variations 

The graph in Figure 24 summarizes the seasonal variations in modeled noise levels throughout 2023 
within the Pelagos Sanctuary. It depicts the evolution of the mean modeled noise level averaged across 
the entire sanctuary of both traffic noise and natural noise (based on unweighted levels across the 
entire water column at P50%, and including the statistical levels at P05% and P95% in the error bars). 
This proxy provides a concise representation of how each noise contribution evolves over time.  

The results show that mean traffic noise levels peak in winter and gradually decrease throughout the 
year, reaching their lowest levels in autumn. This finding might seem counterintuitive since AIS data 
analysis indicates that vessel traffic density increases significantly during summer, but can be explained 
by seasonal variations in acoustic propagation conditions. During summer, the presence of a warmer 
surface layer creates a downward-refracting sound speed gradient, causing sound rays to bend toward 
the seafloor. In the Pelagos Sanctuary, where the seabed consists of relatively soft sediments, these 
rays tend to be absorbed rather than efficiently reflected, leading to greater attenuation and reduced 
long-range propagation. As a result, although the number of noise sources increases in summer, the 
less favorable propagation conditions limit their spread, leading to lower modeled noise levels 
compared to winter. In contrast, winter conditions induce a mixed layer close to the surface, allowing 
sound to travel longer distances with minimal interaction with the seabed. This results in higher traffic 
noise levels, despite the lower number of vessels. 

A similar trend is observed for natural noise levels, which are also modeled as higher in winter than in 
summer. This can be attributed to the fact that environmental noise sources such as wind and waves 
are generally more intense in winter. 

 

  

Figure 24 : Seasonal variations of  the average broadband  Traffic and Natural S ound Pressure Levels (SPL) for 
2023  in the Pelagos Sanctuary  
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The graphs in Figure 25 illustrates the seasonal variation in broadband excess noise levels, showing the 
proportion of the sanctuary's surface area (expressed as a percentage of the total area) where excess 
levels exceed thresholds of 6 dB, 12 dB and 20 dB. These thresholds, based on the (TG-Noise, 2022) 
recommendations, correspond to acoustic masking levels considered "significant masking" at 6 dB, 
"strong masking" at 12 dB, and "severe masking" at 20 dB for marine fauna (Tougaard et al. 2019).  

Particular attention is given to the 6 dB threshold, as it consistently shows the highest spatial coverage. 
The results indicate that spring and summer are the seasons with the most widespread excess noise, 
affecting more than 80% of the total sanctuary area for at least a quarter of the time during these 
seasons. In contrast, winter and autumn show minimal excess areas, with only 40% and 20% of the 
sanctuary experiencing excess levels exceeding 6 dB at the 25th percentile. Although traffic noise levels 
decrease in summer compared to winter, the increase in natural noise during winter is enough to 
reduce the dominance of traffic noise. As a result, summer shows a stronger excess of vessel noise 
over natural ambient sound, affecting a larger portion of the Pelagos Sanctuary. 

Figure 26 illustrates seasonal variations in excess noise levels by mapping the difference between 
excess levels modeled in summer and those modeled in winter for the year 2023. Negative values 
(shades of blue) indicate areas where excess levels are higher in winter, while positive values (shades 
of red) highlight zones where excess levels are higher in summer. These maps confirm a general 
increase in excess noise during summer across the entire sanctuary. At higher percentiles, this increase 
is primarily concentrated along commercial shipping lanes. However, at the median percentile, a 
broader offshore rise is also observed, likely driven by a seasonal reduction in natural ambient noise 
during summer, which enhances the relative excess of vessel noise. Interestingly, certain coastal areas 
in the Gulf of Lion show a decrease in excess levels during summer, despite an increase in recreational 
boating activity in the region. This could be explained by less favorable acoustic propagation conditions 
in summer compared to winter, as previously discussed. 

Figure 27 contextualizes these results based on the acoustic sensitivities and habitat water layers of 
Ŧƛƴ ǿƘŀƭŜǎΣ ŘƻƭǇƘƛƴǎΣ ŀƴŘ ǎǇŜǊƳ ǿƘŀƭŜǎ κ /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŎƻƴŦƛǊƳ ǘƘŜ ǘǊŜƴŘǎ 
previously observed, namely that fin whales are the most sensitive to low-frequency ship noise and 
exhibit the highest excess values among the four species assessed. This species therefore faces a 
ΨǎƛƎƴƛŦƛŎŀƴǘΩ ƳŀǎƪƛƴƎ Ǌƛǎƪ όс Ř. ǘƘǊŜǎƘƻƭŘύ ŀŎǊƻǎǎ ƴŜŀǊƭȅ фл҈ ƻŦ ǘƘŜ ǎŀƴŎǘǳŀǊȅ ŦƻǊ ŀǘ ƭŜŀǎǘ ŀ ǉǳŀǊǘŜǊ ƻŦ 
the summer and sprƛƴƎ ǎŜŀǎƻƴǎΣ ǿƛǘƘ ŀ ΨǎǘǊƻƴƎΩ ƳŀǎƪƛƴƎ Ǌƛǎƪ ŀŦŦŜŎǘƛƴƎ сл҈ ƻŦ ǘƘŜ ǎŀƴŎǘǳŀǊȅ ǳƴŘŜǊ 
these conditions. For dolphins, the highest significant masking risk is observed in spring, with more 
than 40% of the sanctuary area affected at the 25th percentile. This value is approximately two-thirds 
ƭƻǿŜǊ ŦƻǊ ǎǇŜǊƳ ǿƘŀƭŜǎ ŀƴŘ /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎΣ ǿƘƛŎƘ ŀǊŜ ǘƘŜ ǎǇŜŎƛŜǎ ŦŀŎƛƴƎ ǘƘŜ ƭƻǿŜǎǘ ǊƛǎƪΦ ¢ƘŜ 
ΨǎǘǊƻƴƎΩ Ǌƛǎƪ ƛǎ ƳƛƴƛƳŀƭ ŦƻǊ ǘƘŜǎŜ ǎǇŜŎƛŜǎΣ ƴŜǾŜǊ ŜȄŎŜŜŘƛƴƎ мл҈ ƻŦ ǘƘŜ ǎŀƴŎǘǳŀǊȅ ŀǊŜŀ ŀǘ ǘƘŜ нрǘƘ 
percentile. Severe risk, corresponding to excess levels >20 dB, is only rarely reached for the fin whales 
(up to 5% of the area at the 10th percentile) and very rarely for the other species (5% of the area at 
the 5th percentile). 

 

.  
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Figure 25 : Proportion of Pelagos Sanctuary w here Baseline Broadband Excess level s exceed (left) 6dB (significant potential masking effects), (middle) 12dB (strong 
potential masking effects) and (right) 20dB (severe potential masking effects)  - 2023  

 

   

Figure 26 : Relative excess levels: summer vs. winter (negative = stronger excess in winter)  (left) P05%, (middle) P25% and (right) P50% 
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