
Contents lists available at ScienceDirect

Marine Pollution Bulletin

journal homepage: www.elsevier.com/locate/marpolbul

Continuous monitoring of noise levels in the Gulf of Catania (Ionian Sea).
Study of correlation with ship traffic

S. Violaa,*, R. Grammautab, V. Sciaccaa,c,d, G. Belliaa,d,e, L. Beranzolif, G. Buscainob, F. Carusoa,b,
F. Chiericif,g,h, G. Cuttonea, A. D’Amicoi, V. De Lucaa, D. Embriacof, P. Favalif, G. Giovanettif,j,
G. Marinarof, S. Mazzolab, F. Filiciottok, G. Pavand,l, C. Pellegrinom,n, S. Pulvirentia, F. Simeoneo,
F. Spezialea, G. Riccobenea

a Istituto Nazionale di Fisica Nucleare-Laboratori Nazionali del Sud (INFN-LNS), Via S. Sofia, 62, Catania 95123, Italy
b Istituto per l’Ambiente Marino Costiero U.O.S. di Capo Granitola-Consiglio Nazionale delle Ricerche (IAMC-CNR), Via del Mare 3, Granitola 91021, Trapani, Italy
c Dipartimento di Scienze Chimiche, Biologiche, Farmaceutiche ed Ambientali, University of Messina, Viale F. Stagno D’Alcontres, 31, Messina 98166, Italy
d Consorzio Nazionale Interuniversitario per le Scienze del Mare (CoNISMa), Piazzale Flaminio 9, 00196 Roma, Italy
e Dipartimento di Fisica e Astronomia, University of Catania, via Santa Sofia 64, 95123 Catania, Italy
f Istituto Nazionale di Geofisica e Vulcanologia (INGV) - Via di Vigna Murata 605, 00143 Roma, Italy
g Istituto di Scienze Marine - Consiglio Nazionale delle Ricerche (ISMAR-CNR), Via Gobetti 101, 40129 Bologna, Italy
h Istituto di Radioastronomia - Istituto Nazionale di Astrofisica (IRA-INAF), Via Gobetti, 101, 40129 Bologna, Italy
i NIKHEF, Science Park 105 1098 XG, Amsterdam, The Netherlands
j Agenzia nazionale per le nuove tecnologie, l’energia e lo sviluppo economico sostenibile (ENEA), via Enrico Fermi 45, 00044 Frascati, Roma, Italy
k Istituto per l’ Ambiente Marino Costiero U.O. di Messina - Consiglio Nazionale delle Ricerche (IAMC-CNR), Spianata S. Raineri 86, 98122 Messina, Italy
l Centro Interdisciplinare di Bioacustica e Ricerche Ambientali (CIBRA), Dipartimento di Scienze della Terra e dell’Ambiente, University of Pavia, Via Taramelli 24, 27100
Pavia, Italy
m Istituto Nazionale di Fisica Nucleare (INFN) - Sezione di Bologna, Viale Berti Pichat, 6/2, 40127 Bologna, Italy
n Dipartimento di Fisica e Astronomia, University of Bologna, Viale Berti Pichat, 6/2, 40127 Bologna, Italy
o Istituto Nazionale di Fisica Nucleare (INFN) - Sezione di Roma, P.le Aldo Moro, 2,00185 Roma, Italy

A R T I C L E I N F O

Keywords:
Shipping noise
Ionian Sea
AIS
EU marine strategy
EMSO-ERIC
Deep-sea cabled observatory

A B S T R A C T

Acoustic noise levels were measured in the Gulf of Catania (Ionian Sea) from July 2012 to May 2013 by a low
frequency (< 1000 Hz) hydrophone, installed on board the NEMO-SN1 multidisciplinary observatory. NEMO-
SN1 is a cabled node of EMSO-ERIC, which was deployed at a water depth of 2100 m, 25 km off Catania. The
study area is characterized by the proximity of mid-size harbors and shipping lanes. Measured noise levels were
correlated with the passage of ships tracked with a dedicated AIS antenna. Noise power was measured in the
frequency range between 10 Hz and 1000 Hz. Experimental data were compared with the results of a fast
numerical model based on AIS data to evaluate the contribution of shipping noise in six consecutive 1/3 octave
frequency bands, including the 1/3 octave frequency bands centered at 63 Hz and 125 Hz, indicated by the
Marine Strategy Framework Directive (2008/56/EC).

1. Introduction

Anthropogenic underwater noise has increased substantially over
the previous decades and a significant component of noise in marine
environment is due to ship traffic. From the 1960s, when the first
measures of noise levels were reported (Wenz, 1962), until the 1990s,
underwater noise has almost doubled every ten years due to increases in
shipping traffic (Andrew et al., 2002; McDonald et al., 2006; Merchant
et al., 2012). While some recent studies describe slowly decreasing low-
frequency ocean noise levels at different oceanic locations during the

early 2000s (Andrew et al., 2011; Miksis-Olds and Nichols, 2016), the
typical and long term trends for ship noise are still unknown in many
regions of the world.

Exposure to noise can produce a wide range of deleterious effects on
marine mammals (Weilgart, 2007), fishes and invertebrates (Buscaino
et al., 2010; Celi et al., 2014; Slabbekoorn et al., 2010), from behavioral
modifications to physiological and auditory effects.

The European Marine Strategy Framework Directive (MSFD) 2008/
56/EC of 17th June, 2008 (European Parliament and Council, 2008)
and the Decision 2010/477/EU (European Commission, 2010) intro-
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duced human-induced marine acoustic noise as an important indicator
in defining the “Good Environmental Status” of a marine ecosystem. In
particular, the Descriptor 11 of the MSFD requires that “the introduc-
tion of energy, including underwater noise, is at levels that do not
adversely affect the marine environment”. Concerning continuous low
frequency sounds, the Indicator 11.2 requires year-round measure-
ments of the temporal distribution of noise levels, within the 1/3 octave
bands centered at 63 Hz and at 125 Hz. In June 2012, the cabled deep-
sea multidisciplinary observatory NEMO-SN1 (NEutrino Mediterranean
Observatory – Submarine Network 1) was deployed in the Gulf of
Catania (Ionian Sea) (Favali et al., 2013). The acoustic sensors installed
on board this observatory gave us the opportunity to monitor environ-
mental and anthropogenic noise sources. High levels of anthropogenic
noise from ship traffic were expected in the area due to the proximity of
important touristic, commercial and military harbors and shipping
lanes.

The main purpose of this study is to report the first long-term
measurements of low frequency noise (10 Hz–1000 Hz), recorded
during approximately 10 months of continuous acoustic monitoring,
in the Ionian Sea. The present work also demonstrates the correlation
between background noise measurements and ship traffic. This was
achieved through the development of a fast numerical code that
calculates the noise induced by ships passing in the area. The code
uses information acquired by a ground based AIS proprietary antenna
(Automatic Identification System). A comparison between simulated
and measured acoustic noise levels was performed.

2. Materials and methods

2.1. The NEMO-SN1 observatory

The NEMO-SN1 seafloor cabled multidisciplinary observatory
(Favali et al., 2013) is an operative node of EMSO-ERIC (European
Multidisciplinary Seafloor and water-column Observatory - European
Research Infrastructure Consortium) (Best et al., 2014, 2016; Favali
et al., 2011). The observatory was jointly operated by INGV (Istituto
Nazionale di Geofisica e Vulcanologia) and INFN (Istituto Nazionale di
Fisica Nucleare) within the activities of EMSO and of the SMO
(Submarine Multidisciplinary Observatory) project (SMO, 2016).

The NEMO-SN1 seafloor observatory was installed in the Gulf of
Catania (Lat 37.5477° N, Lon 15.3975° E), at a depth of 2100 m (EMSO-
ERIC, 2015; Favali et al., 2013) (Fig. 1). The observatory was powered
from shore and linked to the acquisition and control station, located in
the Port of Catania, through a 28 km long electro-optical cable.
Acquired data were sent in real time to the shore station for storage
and analysis. The observatory was equipped with several geophysical,
oceanographic and acoustic sensors (Favali et al., 2013).

2.2. Study area

The study area is characterized by steep slopes and high depths are
reached at a very short distance from the shore. The deep-sea location
of the platform and the proximity of the Port of Catania make the area a
privileged observation point to monitor the acoustic noise produced by
ship traffic. The characterization of background noise levels from fixed
deep-sea recording sites has several advantages due to the low temporal
variability in acoustic propagation features and in the sound velocity
profile (Merchant et al., 2012). The location of the acoustic sensor and
the inter-seasonal homogeneity of the sound velocity profile, in the
deep sea, allow reliable estimates of the typical noise trends in the area.
In the Western Ionian Sea the time variations of the sound velocity
profile are significant only in the upper layers of the water column
(depending on the depth of the seasonal thermocline). This avoids
notable changes in the propagation of low frequency sounds from a
source close to the surface, to a receiver, installed at high depth in an
almost flat sea bottom.

2.3. Acoustic data acquisition and analysis

The acoustic noise was continuously (24/7) monitored, in the Gulf
of Catania, for over 10 months, from 2nd July, 2012 to 10th May, 2013.
The acoustic data used in this study were acquired by the SMID DT405D
(V)1 seismic hydrophone. The hydrophone has an almost flat frequency
response in the range from 50 mHz to 1000 Hz and an average
sensitivity of 197±1 dB re 1 V/μPa (Embriaco, 2012). Data were
digitized offshore at a sampling rate of 2 kHz and they were sent to the
shore station through the 28 km long electro-optical cable. A GPS signal
was sent from the shore station to the observatory, to tag the digital
acoustic data, providing time synchronization with millisecond accu-
racy. On shore, the acquired data were stored in 10-minute-long files
for off-line processing. Further information about the data acquisition
system, that was designed and operated under the SMO (Submarine
Multidisciplinary Observatory) project (Simeone and Viola, 2011; SMO,
2016; Viola et al., 2013), is available from other studies (Embriaco,
2012; Giovanetti et al., 2016; Sciacca et al., 2015). The average values
and percentile distribution of noise Power Spectral Density (PSD) were
measured up to 1000 Hz. These values are useful indicators of the
typical background noise trends in the area (Klinck et al., 2012;
Merchant et al., 2015). The PSD of each file was computed using
Welch's overlapped segment averaging estimator (2048 FFT points,
Hamming window: 2048 samples, overlap 50%).

2.4. AIS data acquisition

The AIS is a vessel-tracking system that operates on VHF radio
frequency bands. The transmission of VHF-AIS data is mandatory for all
passenger ships, for cargo ships heavier than 500 tons and for every
ship heavier than 300 tons and traveling in international waters,
according to the International Convention for the Safety of Life at Sea
(SOLAS) (IMO, 2004). The data transmitted carry all the information
useful for the identification and location of the vessels. From this
information, the position of the vessels, the MMSI (Maritime Mobile
Service Identity), route, speed and heading can be derived. An AIS
receiver is installed at the INFN-LNS laboratory, located in Catania, at
approximately 160 m above sea level. The receiver allows the decoding
of the input signal, decrypted through the standard NMEA 0183
Protocol (National Marine Electronics Association, www.nmea.org).
Received data are then parsed and stored on a dedicated server for
analysis. The receiver continuously provides information on ship traffic
in a large area around the NEMO-SN1 location. The area of interest for
this study lays between 36.8°–37.8° N and 15.0°–16.0° E. For this work
AIS data were available almost continuously from 1st October, 2012
and 28th February, 2013 and allowed the determination of shipping
noise impact on measured acoustic data (see Section 3.2).

Fig. 2 shows the cumulative minutes of ship traffic in the study area,
calculated with a grid size of 100 m×100 m, over the studied time
interval. Vessels coordinates were recovered by the AIS receiver
installed at the INFN-LNS. In this period the AIS receiver installed at
the LNS collected 6,198,123 NMEA entries from 1937 vessels.

2.5. Modelling acoustic noise from AIS data

A fast custom MATLAB code was developed to calculate the acoustic
noise induced by ship traffic in the Gulf of Catania (between 36.8° N to
37.8° N and 15.0° E to 16.0° E) from the data collected by the AIS
receiver. The shipping source spectral density was calculated according
to the Research Ambient Noise Directionality model RANDI 3.1
(Breeding et al., 1994) where ship source levels are estimated using a
modified version of the empirical Ross formula (Ross, 1987). A simple
geometric spreading model was used to take into account spherical
spreading to the maximum water depth along the transect from the ship
location and cylindrical spreading for the remainder of the transect
(Erbe et al., 2012). These simplifications were implemented to run fast
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numerical computations with limited computing resources and few
input parameters. More sophisticated propagation models based on ray
tracing or normal modes require an accurate knowledge of the acoustic
characteristics of the medium in the whole study area as a function of
the time (Etter, 2012). Taking advantage of the NEMO-SN1 location

(see Section 2.2), the used geometrical spreading model allowed the
modelling of the sound propagation in the area, in a first approxima-
tion, neglecting information on sound speed profile. In the model, the
frequency-dependent attenuation induced by chemical absorption was
also computed. The model also takes into account the surface-dipole

Fig. 1. Bathymetric map of the region showing the geographic location (Schlitzer, 2013) of the NEMO-SN1 deep-sea multidisciplinary cabled observatory (Lat 37.5477° N, Lon 15.3975°
E, depth 2100 m), operative node of EMSO-ERIC.

Fig. 2. Ship traffic density in the study area, obtained by proprietary AIS data from 1st October, 2012 to 28th February, 2013. Color map refers to the cumulative minutes of ship
presence in a 100 m×100 m grid. The pink triangle indicates the location of the NEMO-SN1 observatory (Lat 37.5477° N, Lon 15.3975° E, depth 2100 m). (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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interference on radiated sound power (Brekhovskikh, 2003). The depth
of the propeller was evaluated according to Erbe et al. (2012). It was
considered 0.5 m for vessels having a length smaller than 10 m, 1.25 m
for vessel length between 10 m and 25 m, 3 m for length between 25 m
and 50 m and 6 m when the length exceeds 50 m (Erbe et al., 2012).
The acoustic noise induced by ship traffic at the NEMO-SN1 location
was then evaluated within six 1/3 octave frequency bands centered at
50 Hz, 63 Hz, 80 Hz, 100 Hz, 125 Hz and 160 Hz, including the 1/3
octave bands centered at 63 Hz and at 125 Hz, indicated by the EU
MSFD (Dekeling et al., 2014; European Commission, 2010; European
Parliament and Council, 2008). The model was applied on the AIS data
acquired between 1st October, 2012 and 28th February, 2013. Results
of the model were eventually correlated with the experimental mea-
surements of acoustic noise measured by the SMID DT405D(V)1
hydrophone.

3. Results

3.1. Background noise measurements

Underwater noise was monitored continuously for over 10 months,
at a depth of 2100 m. The average values of the PSD were computed
every 10 min, corresponding to the duration of each recording. For the
entire dataset collected by the SMID DT405D(V)1 hydrophone, the
spectrogram up to 1000 Hz was performed with a time resolution of
10 min. The spectrogram, shown in Fig. 3, was obtained by laying side
by side the mean PSDs calculated in each 10-min long file. This figure
reveals a high temporal variability of the noise levels (PSD) throughout
the analyzed period. This variability can be attributed to the passage of
vessels in the study area during the analyzed period, as described in
Section 3.2. Within the same dataset fin whale vocalizations (20 Hz),
airgun pulses (> 300 Hz) and seismic activity (> 50 Hz) were also
found (Sciacca et al., 2016). However, these signals are not clearly
discernible from the 10-min average spectrogram due to the presence of
continuous ship noise in the recordings. The tones at approximately
250 Hz, 280 Hz and 350 Hz are due to the intrinsic electrical noise of
the data acquisition system.

In Fig. 4 we report the empirical probability density (EPD) of the
average PSD values for the whole dataset, measured with a resolution of

1 dB re 1 μPa2/Hz. The values of median, 95th and 5th percentiles are
also shown. Up to about 70 Hz, the median of the average PSD often
exceeds 100 dB re 1 μPa2/Hz.

In Table 1, the mean value, minimum, 5th percentile, median, 95th
percentile and maximum of the average SPLs, calculated for each
recording in the standard 1/3 octave bands, are reported.

3.2. Correlation between recorded acoustic data and shipping noise

The AIS-based model described in Section 2.4 was applied to
estimate the ship noise at the NEMO-SN1 location over the period
between 1st October, 2012 and 28th February, 2013. The SPL values,
simulated in the 1/3 octave bands centered at 50 Hz, 63 Hz, 80 Hz,
100 Hz, 125 Hz, 160 Hz, were compared with the experimental values
measured in the acoustic recordings with the same time resolution
(10 min). In the comparison we considered only recordings having at
least one AIS entry in the corresponding time period. These represent
77.13% of the total recordings in the analyzed period. In Fig. 5 we
show, for each analyzed 1/3 octave band, the probability density of the
simulated SPLs as a function of the measured SPLs. Binning is 1 dB re
1 μPa for both axes. We excluded from the comparison recordings for
which SPL values are lower than the 5th percentile or greater than the
95th percentile of measured SPL distribution. This choice excludes
measured SPL bins having a number of entries too low to be statistically
significant. The red line corresponds to a perfect agreement between
modelled and measured SPL. The band enclosed in the two dotted lines
delimits the plot region where the deviation between modelled and
measured SPLs is less than 6 dB. The distribution of the simulated SPLs
exhibits a negatively skewed distribution. This asymmetry can be
attributed to the presence in the study area of vessels operating without
AIS device, such as small boats, to the noise coming from distant
sources (e.g. ships outside the AIS antenna detection range) or to other
natural or anthropogenic noise sources. For instance, the analysis of
NEMO-SN1 recording has revealed during the investigated time interval
airgun signals, emitted at several hundred kilometers far from the
station (Sciacca et al., 2016), that were not included in the simulation.
In Table 2 we summarize for the six 1/3 octave bands the percentage of
entries for which the difference between the simulated SPL values and
the measured SPL values, both expressed in dB re 1 μPa, are respec-

Fig. 3. Long term average spectrogram (in dB re 1 μPa2/Hz), computed over the whole NEMO-SN1 dataset. The spectrogram is calculated by measuring the mean Power Spectral Density
up to 1000 Hz for each file of 10 min (2048 FFT points, Hamming window: 2048 samples, 50% overlap). Vertical white lines refer to missing recordings.
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tively less than 3 dB, 6 dB and 10 dB.

4. Discussion and conclusions

Cabled multidisciplinary observatories represent an essential tool
for the long term monitoring of the deep-sea environment. Thanks to
connections on optical fibers, large amounts of data can be transmitted
from deep-sea instrumentation to shore to be analyzed in real time or
stored for further off-line analysis. The analysis of the acoustic data
acquired by NEMO-SN1, over about 10 months, shows that in the study
area the median of the SPL values exceeds 100 dB re 1 μPa in the
standard 1/3 octave bands up to 250 Hz. In particular the median
values of the SPL in the 1/3 octave bands centered at 63 Hz and 125 Hz,
considered in the descriptor 11.2 of the MSFD, reach respectively
112 dB re 1 μPa and 107 dB re 1 μPa. The NEMO-SN1 observatory is
located in proximity to a commercial port and to shipping lanes. Hence,
together with the measurement of acoustic data, ship traffic was also

monitored in the area. In particular, ship movements were tracked in
the Gulf of Catania by a proprietary AIS antenna. To estimate the
acoustic noise induced by the ships passing through the monitored area,
a simple numerical model was developed and applied, by using AIS
data. Increases in acoustic noise levels were measured in coincidence
with the presence of vessels in the study area over the 5 months, in
which AIS data were almost continuously available. The difference
between measured SPL values and SPL values expected by the simula-
tion was calculated within six 1/3 octave bands, including the 1/3
octave bands centered at 63 Hz and 125 Hz, indicated by the MSFD for
the monitoring of continuous noise levels. Results of the comparison
between experimental and simulated values show that noise levels
measured in the NEMO-SN1 recordings in the 1/3 octave bands
centered at 50 Hz, 63 Hz, 80 Hz, 100 Hz, 125 Hz and 160 Hz are largely
attributed to ship traffic.

Although in the simulation only ship traffic information acquired by
the proprietary AIS antenna was used, the difference between measured
and simulated SPL values was lower than 10 dB, 6 dB and 3 dB,
respectively in about the 80%, the 60% and the 35% of the analyzed
recordings. The monitoring of the acoustic noise produced by ship
traffic is requested by the EU Directive on Marine Strategy in order to
promote legislative acts for the achievement of Good Environmental
Status (GES) of coastal zones, seas and their resources (Dekeling et al.,
2014; European Commission, 2010; European Parliament and Council,
2008). Approaches similar to that used in this study (e.g. the correlation
of the acoustic measurements with AIS data) will be also useful in the
prediction of future scenarios of ship noise. This is essential in the
planning of new routes for shipping traffic, such as those foreseen for
the future European Motorways of the Sea (Neenan et al., 2016).
Furthermore, the methodologies applied and the presented results
provide critical information in the evaluation of the acoustic impact
of ship traffic on aquatic life. As an example, this can be useful in
elaborating the required mitigation measures for protected species
living or transiting in the area, that could be endangered by high noise
levels at low frequencies, such as the fin whale (Sciacca et al., 2016). By
comparing modelled noise distribution and trends with animal density
data, it will also be possible to identify noise hot-spots for the most
sensitive species (Erbe et al., 2014).

Fig. 4. Empirical probability density (EPD) of the mean values of the PSD within each 10 min long recording (binning: 1 dB re 1 μPa2/Hz) between the 2nd July, 2012 and the 10th May,
2013. The PSD of each file was computed using Welch's overlapped segment averaging estimator (2048 FFT points, Hamming window: 2048 samples, overlap 50%). The whole NEMO-
SN1 acoustic dataset comprises 46,040 recordings. The figure also includes the curves of the 50th (solid line), 5th (dash-dotted line) and 95th percentiles (dashed line) of the mean values
of the PSD calculated on the whole acoustic dataset.

Table 1
Values of mean, minimum, 5th percentile, median, 95th percentile and maximum of the
average SPLs, calculated for each 10-minute long recording in the standard 1/3 octave
bands (expressed in dB re 1 μPa).

1/3 octave band Mean Min 5th perc. Median 95th perc. Max

12.5 Hz 103.55 95.73 99.35 103.17 108.76 128.58
16 Hz 104.40 95.43 99.69 104.19 109.94 127.04
20 Hz 104.35 96.24 100.02 104.05 109.57 125.51
25 Hz 107.06 99.28 102.92 106.82 111.98 128.05
31.5 Hz 109.93 101.32 105.51 109.46 115.80 131.54
40 Hz 112.22 102.98 107.43 111.72 118.96 138.46
50 Hz 112.85 104.61 108.49 112.44 118.66 138.58
63 Hz 112.89 104.66 108.37 112.44 118.92 133.91
80 Hz 112.29 103.38 107.46 111.82 118.59 135.42
100 Hz 110.58 101.10 105.36 110.11 117.29 134.77
125 Hz 107.83 98.23 102.54 107.33 114.79 128.58
160 Hz 105.34 95.53 100.23 104.76 112.44 125.18
200 Hz 103.28 93.77 98.02 102.60 110.70 122.63
250 Hz 101.80 92.65 96.72 101.19 109.10 124.56
315 Hz 100.43 91.07 95.24 99.69 108.15 119.17
400 Hz 98.83 89.10 93.35 98.01 107.24 122.55
500 Hz 98.81 89.40 93.18 98.02 107.10 119.73
630 Hz 97.50 86.94 92.05 96.85 105.44 122.83
800 Hz 96.92 85.29 91.72 96.31 104.47 124.02

S. Viola et al. Marine Pollution Bulletin xxx (xxxx) xxx–xxx

5



Acknowledgments

The authors are grateful to Dr. Ashlee Lillis for the valuable
suggestions during the writing of the manuscript. The authors thank
the anonymous reviewer for useful suggestions to improve the quality
of the manuscript. This work was conducted under the SMO (Submarine
Multidisciplinary Observatory) FIRB 2008 activities, funded by the
Italian Ministry of Education, Universities and Research no.
RBFR08NRZE (https://web2.infn.it/smo/).

References

Andrew, R.K.R.K., Howe, B.M.B.M., Mercer, J.A.J.A., 2011. Long-time trends in ship
traffic noise for four sites off the North American West Coast. J. Acoust. Soc. Am. 129
(2), 642–651.

Andrew, R.K.R.K., Howe, B.M.B.M., Mercer, J.A.J.A., Dzieciuch, M.A.M.A., 2002. Ocean
ambient sound: comparing the 1960s with the 1990s for a receiver off the California
coast. Acoust. Res. Lett. Online 3 (2), 65–70.

Best, M.M., Favali, P.P., Beranzoli, L.L., Cannat, M.M., Çağatay, N.N., Dañobeitia, J.J.,
Delory, E.E., de Stigter, H.H., Ferré, B.B., Gillooly, M.M., et al., 2014. EMSO: a
distributed infrastructure for addressing geohazards and global ocean change.
Oceanography 27 (2), 167–169.

Best, M.M.M.M., Favali, P.P., Beranzoli, L.L., Blandin, J.J., Çağatay, N.M.N.M., Cannat,
M.M., Dañobeitia, J.J.J.J., Delory, E.E., de Miranda, J.M.J.M., Del Rio Fernandez,
J.J., de Stigter, H.H., Gillooly, M.M., Grant, F.F., Hall, P.O.P.O., Hartman, S.S.,
Hernandez-Brito, J.J., Lanteri, N.N., Mienert, J.J., Oaie, G.G., Piera, J.J., Radulescu,
V.V., Rolin, J.-F.J.-F., Ruhl, H.A.H.A., Waldmann, C.C., 2016. The EMSO-ERIC Pan-

European Consortium: data benefits and lessons learned as the legal entity forms.
Mar. Technol. Soc. J. 50 (3).

Breeding, J.E.J.E., Pflug, L.A.L.A., Bradley, M.M., Hebert, M.M., Wooten, M.M., 1994.
RANDI 3.1 user's guide. In: Tech Rep. Naval Research Lab Stennis Space Center MS.

Brekhovskikh, L.M.L.M., 2003. Fundamentals of Ocean Acoustics. Springer
Science & Business Media.

Buscaino, G.G., Filiciotto, F.F., Buffa, G.G., Bellante, A.A., Di Stefano, V.V., Assenza, A.A.,
Fazio, F.F., Caola, G.G., Mazzola, S.S., 2010. Impact of an acoustic stimulus on the
motility and blood parameters of European sea bass (Dicentrarchus labrax l.) and
gilthead sea bream (Sparus aurata l.). Mar. Environ. Res. 69 (3), 136–142.

Celi, M.M., Filiciotto, F.F., Vazzana, M.M., Arizza, V.V., Maccarrone, V.V., Ceraulo, M.M.,
Mazzola, S.S., Buscaino, G.G., 2014. Shipping noise affecting immune responses of
European spiny lobster (Palinurus elephas). Can. J. Zool. 93 (2), 113–121.

Dekeling, R.R., Tasker, M.M., Ainslie, M.M., Andersson, M.M., André, M.M., Castellote,
M.M., Borsani, J.J., Dalen, J.J., Folegot, T.T., Leaper, R.R., et al., 2014. Monitoring
Guidance for Underwater Noise in European Seas. Part I: Executive Summary. Part II:
Monitoring Guidance Specifications. Part III: Background Information and Annexes.
Joint Research Centre Scientific and Policy Reports EUR 26557pp. 26555.

Embriaco, D.D., 2012. Seismic Digital Hydrophone (SMID Prototype DT-405d(v)1) From
NEMO-SN1 Seafloor Platform During SMO Project in Eastern Ionian Sea Site (East
Sicily), Part of EMSO Network.

EMSO-ERIC, 2015. European Multidisciplinary Seafloor and Water Column Observatory -
European Research Infrastructure Consortium website.

Erbe, C.C., MacGillivray, A.A., Williams, R.R., 2012. Mapping cumulative noise from
shipping to inform marine spatial planning. J. Acoust. Soc. Am. 132 (5),
EL423–EL428.

Erbe, C.C., Williams, R.R., Sandilands, D.D., Ashe, E.E., 2014. Identifying modeled ship
noise hotspots for marine mammals of Canada's Pacific region. PLoS ONE 9 (3),
e89820 (mar).

Etter, P.C.P.C., 2012. Advanced applications for underwater acoustic modeling. Adv.
Acoust. Vib. 2012.

European Commission, 2010. Decision 2010/477/EU of the European Commission of 1
September 2010 on criteria and methodological standards on good environmental
status of marine waters. Off. J. Eur. Union (L. 232), 14–24.

European Parliament and Council, 2008. Directive 2008/56/EC of the European
Parliament and of the Council of 17 June 2008 establishing a framework for
community action in the field of marine environmental policy (Marine Strategy
Framework Directive). June 17 (2009), 2008.

Favali, P.P., Beranzoli, L.L., Italiano, F.F., Migneco, E.E., Musumeci, M.M., Papaleo, R.R.,
et al., 2011. NEMO-SN1 observatory developments in view of the European research
infrastructures EMSO and KM3NET. Nucl. Instrum. Methods Phys. Res., Sect. A 626,
S53–S56.

Favali, P.P., Chierici, F.F., Marinaro, G.G., Giovanetti, G.G., Azzarone, A.A., Beranzoli,
L.L., De Santis, A.A., Embriaco, D.D., Monna, S.S., Lo Bue, N.N., et al., 2013. NEMO-
SN1 abyssal cabled observatory in the Western Ionian Sea. IEEE J. Ocean. Eng. 38 (2),
358–374.

Giovanetti, G.G., Monna, S.S., Lo Bue, N.N., Embriaco, D.D., Frugoni, F.F., Marinaro,
G.G., De Caro, M.M., Sgroi, T.T., Montuori, C.C., De Santis, A.A., et al., 2016.
Observing volcanoes from the seafloor in the Central Mediterranean Area. Remote

Fig. 5. Probability density (PD) of the simulated SPLs as a function of the measured SPLs for each analyzed 1/3 octave band. Binning is 1 dB re 1 μPa for both axes. We excluded from the
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Table 2
Percentage of entries for which the module of the difference between simulated SPL
values and measured SPL values, both expressed in dB re 1 μPa (Δ SPL), within the 1/3
octave bands, centered at 50 Hz, 63 Hz, 80 Hz, 100 Hz, 125 Hz and 160 Hz are less than
3 dB, 6 dB and 10 dB.

1/3 octave bands ∣ΔSPL∣<3 dB ∣ΔSPL∣<6 dB ∣ΔSPL∣<10 dB

50 Hz 33.52% 60.23% 81.53%
63 Hz 33.73% 59.93% 82.30%
80 Hz 35.23% 60.63% 82.34%
100 Hz 34.50% 60.85% 81.34%
125 Hz 35.77% 59.71% 79.04%
160 Hz 32.98% 54.06% 74.14%

S. Viola et al. Marine Pollution Bulletin xxx (xxxx) xxx–xxx

6

https://web2.infn.it/smo/
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0005
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0005
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0005
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0010
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0010
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0010
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0015
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0015
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0015
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0015
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0020
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0020
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0020
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0020
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0020
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0020
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0020
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0025
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0025
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0030
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0030
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0035
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0035
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0035
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0035
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0040
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0040
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0040
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0045
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0045
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0045
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0045
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0045
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0050
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0050
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0050
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0055
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0055
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0060
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0060
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0060
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0065
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0065
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0065
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0070
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0070
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0075
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0075
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0075
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0080
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0080
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0080
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0080
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0085
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0085
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0085
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0085
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0090
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0090
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0090
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0090
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0095
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0095
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0095


Sens. 8 (4), 298.
IMO, 2004. Consolidated Text of the International Convention of Safety of Life at Sea,

1974, and Its Protocol of 1988: Articles, Annexes and Certificates. International
Maritime Organisation, London.

Klinck, H.H., Nieukirk, S.L.S.L., Mellinger, D.K.D.K., Klinck, K.K., Matsumoto, H.H.,
Dziak, R.P.R.P., 2012. Seasonal presence of cetaceans and ambient noise levels in
polar waters of the North Atlantic. J. Acoust. Soc. Am. 132 (3), EL176–EL181.

McDonald, M.A.M.A., Hildebrand, J.A.J.A., Wiggins, S.M.S.M., 2006. Increases in deep
ocean ambient noise in the Northeast Pacific west of San Nicolas Island, California. J.
Acoust. Soc. Am. 120 (2), 711–718.

Merchant, N.D.N.D., Fristrup, K.M.K.M., Johnson, M.P.M.P., Tyack, P.L.P.L., Witt,
M.J.M.J., Blondel, P.P., Parks, S.E.S.E., 2015. Measuring acoustic habitats. Methods
Ecol. Evol. 6 (3), 257–265.

Merchant, N.D.N.D., Witt, M.J.M.J., Blondel, P.P., Godley, B.J.B.J., Smith, G.H.G.H.,
2012. Assessing sound exposure from shipping in coastal waters using a single
hydrophone and automatic identification system (AIS) data. Mar. Pollut. Bull. 64 (7),
1320–1329.

Miksis-Olds, J.L.J.L., Nichols, S.M.S.M., 2016. Is low frequency ocean sound increasing
globally? J. Acoust. Soc. Am. 139 (1), 501–511.

Neenan, S.T.V.S.T.V., White, P.R.P.R., Leighton, T.G.T.G., Shaw, P.J.P.J., 2016. Modeling
vessel noise emissions through the accumulation and propagation of automatic
identification system data. Proc. Meetings Acoust. 27 (2016), 070017. http://dx.doi.
org/10.1121/2.0000338. http://asa.scitation.org/doi/abs/10.1121/2.0000338.

Ross, D.D., 1987. Mechanics of Underwater Noise. (Los Altos, CA).
Schlitzer, R.R., 2013. Ocean data view 4.0. http://odv.awi.de.

Sciacca, V.V., Caruso, F.F., Beranzoli, L.L., Chierici, F.F., De Domenico, E.E., Embriaco,
D.D., Favali, P.P., Giovanetti, G.G., Larosa, G.G., Marinaro, G.G., Papale, E.E., Pavan,
G.G., Pellegrino, C.C., Pulvirenti, S.S., Simeone, F.F., Viola, S.S., Riccobene, G.G.,
2015. Annual acoustic presence of fin whale (Balaenoptera physalus) offshore eastern
Sicily, central Mediterranean Sea. PLoS ONE 10 (11).

Sciacca, V.V., Viola, S.S., Pulvirenti, S.S., Riccobene, G.G., Caruso, F.F., De Domenico,
E.E., Pavan, G.G., 2016. Shipping noise and seismic airgun surveys in the Ionian Sea:
potential impact on Mediterranean fin whale. In: Proceedings of Meetings on
Acoustics 4ENAL. 27. ASA, pp. 040010.

Simeone, F.F., Viola, S.S., 2011. The SMO Project: a submarine multidisciplinary
observatory in deep-sea. In: Mobile Adhoc and Sensor Systems (MASS), 2011 IEEE
8th International Conference On. IEEE, pp. 898–903.

Slabbekoorn, H.H., Bouton, N.N., van Opzeeland, I.I., Coers, A.A., ten Cate, C.C., Popper,
A.N.A.N., 2010. A noisy spring: the impact of globally rising underwater sound levels
on fish. Trends Ecol. Evol. 25 (7), 419–427.

SMO, 2016. Submarine Multidisciplinary Observatory Project website. https://web2.infn.
it/smo/.

Viola, S.S., Ardid, M.M., Bertin, V.V., Enzenhfer, A.A., Keller, P.P., Lahmann, R.R., Larosa,
G.G., Llorens, C.C., et al., 2013. NEMO-SMO acoustic array: a deep-sea test of a novel
acoustic positioning system for a km3-scale underwater neutrino telescope. Nucl.
Instrum. Methods Phys. Res., Sect. A 725 (0), 207–210.

Weilgart, L.S.L.S., 2007. A brief review of known effects of noise on marine mammals. Int.
J. Comp. Psychol. 20 (2).

Wenz, G.M.G.M., 1962. Acoustic ambient noise in the ocean: spectra and sources. J.
Acoust. Soc. Am. 34 (12), 1936–1956.

S. Viola et al. Marine Pollution Bulletin xxx (xxxx) xxx–xxx

7

http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0095
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0100
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0100
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0100
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0105
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0105
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0105
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0110
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0110
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0110
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0115
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0115
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0115
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0120
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0120
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0120
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0120
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0125
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0125
http://dx.doi.org/10.1121/2.0000338
http://dx.doi.org/10.1121/2.0000338
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0135
http://odv.awi.de
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0145
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0145
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0145
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0145
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0145
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0150
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0150
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0150
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0150
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0155
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0155
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0155
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0160
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0160
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0160
https://web2.infn.it/smo/
https://web2.infn.it/smo/
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0170
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0170
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0170
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0170
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0175
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0175
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0180
http://refhub.elsevier.com/S0025-326X(17)30423-X/rf0180

	Continuous monitoring of noise levels in the Gulf of Catania (Ionian Sea). Study of correlation with ship traffic
	Introduction
	Materials and methods
	The NEMO-SN1 observatory
	Study area
	Acoustic data acquisition and analysis
	AIS data acquisition
	Modelling acoustic noise from AIS data

	Results
	Background noise measurements
	Correlation between recorded acoustic data and shipping noise

	Discussion and conclusions
	Acknowledgments
	References




