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Abstract: Distributed Acoustic Sensing (DAS) technology presents an innovative method
for marine monitoring by adapting existing underwater optical fiber networks. This
paper examines the use of DAS with the Istituto Nazionale di Fisica Nucleare–Laboratori
Nazionali del Sud (INFN-LNS) optical fiber infrastructure in the Gulf of Catania, Eastern
Sicily, Italy. This region in the Western Ionian Sea provides a unique natural laboratory due
to its tectonic and volcanic activity, proximity to Mount Etna, diverse marine ecosystems
and significant human influence through maritime traffic. By connecting a 28 km long
optical cable to an Alcatel Submarine Network OptoDAS interrogator, DAS successfully
detected a range of natural and human–made signals, including a magnitude 3.5 ML
earthquake recorded on 14 November 2023, and acoustic signatures from vessel noise.
The earthquake–induced Power Spectral Density (PSD) increased to up to 30 dB above
background levels in the 1–15 Hz frequency range, while vessel noise exhibited PSD
peaks between 30 and 60 Hz with increases of up to 5 dB. These observations offered a
detailed spatial and temporal resolution for monitoring seismic wave propagation and
vessel acoustic noise. The results underscore DAS’s capability as a robust tool for the
continuous monitoring of the rich underwater environments in the Gulf of Catania.

Keywords: distributed acoustic sensing; shipping noise; underwater acoustics

1. Introduction
Distributed Acoustic Sensing (DAS) technology uses optical fibers as sensors to detect

and measure acoustic and seismic vibrations along their entire length. Unlike traditional
sensors, which gather data at discrete points, DAS systems provide continuous, high-
resolution measurements, especially in areas where traditional sensors face a lot of chal-
lenges [1]. This capability for spatially distributed measurements allows the near-real-time
monitoring of extensive environments. A DAS system operates by transmitting short,
coherent pulses of laser light into an optical fiber, where the light interacts with microscopic
imperfections in the glass, producing backscattered light. This backscattered light, primar-
ily consisting of Rayleigh scattering, is sensitive to external influences such as vibrations,
strain or acoustic waves. These disturbances cause changes in the phase, frequency and
intensity of the backscattered light. By processing these variations using advanced signal
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analysis techniques, typically involving optical interferometry, DAS systems can precisely
determine the location and nature of a disturbance [2].

In the last decade, DAS technology has become widely adopted across multiple fields
due to its versatility. In pipeline monitoring, DAS can detect leaks, ground movement
and unauthorized digging, providing early warning of catastrophic failures [3,4]. In civil
engineering, it is currently considered one of the most innovative methodologies for mon-
itoring structural health and strain and stress levels, especially in major infrastructure
such as bridges, tunnels or dams [5]. Additionally, DAS enhances perimeter security
by providing near-real-time detection of intrusions or unusual activities along extended
boundaries [6,7]. In geophysics, DAS enhances spatial resolution for seismic monitor-
ing, capturing both local and regional events. It also tracks wave propagation over the
entire length of the fiber–optic cable with high spatial resolution, proving DAS to be a
useful addition to early warning systems for earthquakes, volcanic eruptions and other
geophysical hazards [8,9]. Recently, researchers have started exploring the potential of
DAS for estimating earthquake magnitudes and localizing seismic events [10–12]. DAS is a
promising tool for complementing traditional deployments of seismometer arrays, many
of which are seriously limited in their coverage, especially over areas where deploying
traditional seismic sensors is difficult, like the Arctic and Antarctic regions, volcanoes or
deep ocean seafloors [13].

DAS has proven to be a powerful tool for seabed monitoring in marine environ-
ments [14,15], particularly in the offshore oil and gas sector, where accurate seismic data
are important for both exploration and safety. Beyond its role in resource industries, DAS
is increasingly used to monitor seismic activities, underwater events such as submarine
landslides and anthropogenic activities such as shipping traffic [16]. Fiber–optic cables
deployed along coastlines or on the ocean floor also offer the potential to monitor tsunami
waves and storms in real time [17,18]. DAS’s ability to cover extensive areas with high sen-
sitivity, all without the need for extra seabed sensors, makes it a powerful monitoring tool
in challenging environments like the deep sea [19,20]. However, deploying DAS in marine
environments, especially on the seabed, poses significant technical and logistical challenges
due to harsh underwater conditions like extreme pressure, corrosive saltwater and limited
accessibility for maintenance. Installing new fiber optics is both complex and costly, re-
quiring meticulous planning and significant resources. Ensuring long–term reliability is
of primary importance, as cable failures could lead to data loss or necessitate expensive
repairs. To address these challenges, repurposing existing underwater fiber networks,
originally deployed for telecommunications or scientific research, offers a cost–effective
solution. However, using previously deployed cables for deep–sea DAS experiments can
present challenges [21]. The way the cable interacts with the seabed, whether it is tightly
coupled, partially buried or suspended in the water column, can influence its sensitivity to
acoustic and seismic signals by affecting how external vibrations are transferred to the fiber.
Additionally, if the cable contains connectors, they can introduce signal attenuation due to
losses and reflections, which, in turn, limit sensitivity over long distances.

The purpose of this work is to demonstrate the potential of DAS technology for marine
environment seismic and acoustic detection. To achieve this, we used an Alcatel Submarine
Network OptoDAS interrogator unit to interrogate an existing underwater optical fiber
network originally installed for deep–sea scientific research and neutrino detection as
part of the NEMO (NEutrino Mediterranean Observatory) project [22]. By leveraging the
Istituto Nazionale di Fisica Nucleare–Laboratori Nazionali del Sud (INFN–LNS) seabed
infrastructure located in the Gulf of Catania [23], Eastern Sicily, we address the challenges
of marine monitoring innovatively. This region in the Western Ionian Sea, off the eastern
coast of Sicily, was chosen for this study due to its exceptional combination of geophysical,
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biological and anthropogenic features. It is one of the most seismically active areas in the
Mediterranean, located near the converging African and Eurasian tectonic plates. Some
of the most outstanding geophysical features in this region include Mount Etna, Europe’s
most active volcano [24], which significantly impacts the area’s seismicity [25]. Additionally,
the Western Ionian Sea has intense maritime activity, leading to substantial vessel traffic [26].
The region is also recognized for its abundant marine biodiversity, particularly the presence
of marine mammals, offering tremendous value for biological research and conservation
efforts [27,28]. The interplay of active seismic zones, heavy maritime traffic and rich marine
ecosystems creates a distinctive environment for acoustic studies, positioning the Ionian Sea
as an ideal site for deploying DAS technology to monitor both natural and anthropogenic
underwater acoustic signals.

2. Materials and Methods
2.1. INFN–LNS Deep–Sea Optical Fiber Infrastructures

The INFN–LNS operates an advanced deep–sea cabled infrastructure off the eastern
coast of Sicily, in the Gulf of Catania, as shown in Figure 1. This infrastructure connects
a shore laboratory located in the Port of Catania to two underwater sites in the Gulf of
Catania through a 28 km electro–optical submarine cable with 10 optical fibers. The cable is
Y–junctioned 25 km offshore, leading to two separate cable termination frames, TSN (Test
Site North) and TSS (Test Site South), positioned at approximately 2100 m water depth. This
infrastructure provides significant support to a variety of Italian and European scientific
research projects such as Geoinquire, EMSO–ERIC [29], IPANEMA/ECCSEL–ERIC [30]
and FOCUS–ERC [31]. In particular, within the ERC projects FOCUS–ERC and Geoinquire,
cutting–edge DAS and BOTDR (Brillouin Optical Time–Domain Reflectometry) technolo-
gies have been installed for deep–sea long–term monitoring. This extensive optical network,
coupled with its advanced sensing technologies, provides unprecedented opportunities
for scientific research and advancing our understanding of deep–sea ecosystems and their
interactions [23].

Figure 1. Map showing the location of the INFN–LNS deep–sea cabled infrastructure off the coast of
Eastern Sicily. The map also highlights the location of Mount Etna and an earthquake event captured
during the experiment on 14 November 2023.

2.2. Experimental Setup

To assess the capabilities of the INFN–LNS infrastructures for monitoring both natural
and anthropogenic signals using DAS, a series of measurements was conducted between
9 and 16 November 2023. During this campaign, IFREMER utilized an Alcatel Submarine
Network (ASN) OptoDAS to interrogate two seafloor electro–optical cables within the
INFN–LNS marine infrastructure in Eastern Sicily. The DAS system was connected to
the LNS–INFN electro–optical cable, which extends 28 km from the Port of Catania to
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its termination at approximately 2100 m water depth. This cable is characterized by an
optical attenuation of 0.25 dB/km at a laser wavelength of 1550 nm. The system operates
by measuring the phase difference between two points along the fiber, which are separated
by a distance equal to the gauge length, an approach based on the optical time–domain
reflectometry (OTDR) technique [32]. By analyzing the phase shifts in the backscattered
light over time, the system detects small variations in the optical path length caused by ex-
ternal acoustic or mechanical disturbances. These phase variations can then be transformed
into strain measurements [33]. During the measurements, the interrogator was configured
with a sampling frequency of 250 Hz, a channel spacing of approximately 2 m and a gauge
length of 10.2 m. Since the channel spacing between consecutive measurement points along
the fiber was smaller than the gauge length, each gauge length overlapped with the next.
Additionally, for accurate time stamping and synchronization, a Global Positioning System
(GPS) receiver was used to provide precise timing references. To ensure stable operation,
the laser source required a warm–up period of 1–2 h before data acquisition. Data and
their associated metadata were stored in HDF5 (Hierarchical Data Format version 5) file
format, which ensures efficient organization and accessibility for large datasets. Each
10-s file contained 2500 time samples, resulting in a file size of more than 200 MB. These
configurations yielded an effective spatial resolution over the length of the cable.

3. Results and Discussion
3.1. Seismic Event Detection

On 14 November 2023, an earthquake was recorded along the Catania cable using the
DAS system. Figure 2a shows a time–distance representation of the seismic wave arrivals,
with the faster Primary (P) waves followed by the slower Secondary (S) waves. The earth-
quake, with a magnitude of ML 3.5, occurred at 14:04:52 UTC near Nicosia, Italy, at a depth
of 28 km and at geographic coordinates (37.7730, 14.4530) [34]. Recently, researchers have
begun exploring the potential of using DAS for estimating earthquake magnitude. Yin et al.
(2023) [10] took a step in this direction by developing the first scaling relationship between
DAS peak amplitude and earthquake magnitude. The seismic waves were detected on the
cable at 14:05:04 UTC, approximately 12 s after the event. Based on the measured propaga-
tion distance of 64 km from the epicenter to the cable, the velocity of the P–waves can be
estimated as approximately 5.33 km/s. This value aligns with the expected velocities for
P–waves traveling through the Earth’s crust at similar depths [35]. The frequency content
of the seismic signal is displayed in the spectrogram shown in Figure 2b, computed using
a 1024–point FFT with 98% overlap. The spectrogram reveals a dominant low–frequency
energy component, predominantly below 20 Hz, characteristic of earthquake–generated
seismic waves. These results underscore the capability of DAS to deliver detailed temporal,
spatial and spectral information during seismic events. The unprecedented level of infor-
mation on wave arrivals and propagation dynamics highlights the capability of DAS to
effectively complement traditional seismic monitoring networks.



J. Mar. Sci. Eng. 2025, 13, 658 5 of 12

(a)

(b)

Figure 2. Earthquake event recorded on 14 November 2023. (a) Time–distance representation of
the signal after applying a 25 Hz low–pass filter, where the x–axis represents time in UTC, the y–
axis shows the distance along the cable and the color scale indicates the amplitude of the signal.
(b) Spectrogram derived using 5 min data, displaying frequency content over time. The spectrogram
was computed using a 1024–point FFT with a 98% overlap based on the method described in [36].
The analysis was based on data from a single channel located at a distance of approximately 12 km
from the interrogator.

In Figure 2a, a reduction in the signal amplitude can be observed between 16 and 21 km
from shore. This pattern also appears during background noise recordings, mainly at low
frequencies, as represented in Figure 3, suggesting that it is not caused by the seismic event
itself but is likely related to the cable or its environment. For example, variations in the
cable’s coupling to the seabed, such as suspension, burial or poor mechanical contact, could
result in distorted sensitivity in this segment [20,37]. Additionally, intrinsic optical losses
in the cable, such as attenuation due to microbending or stress, or environmental factors
like localized changes in sediment composition or seabed structure, may play a role. This
variation in the signal amplitude emphasizes the importance of taking the cable’s condition
and the local environment into account when interpreting DAS data. It also indicates the
necessity for further research to better understand and optimize the system’s performance.
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Figure 3. Twenty–seconds time–distance plot of the background noise recording after applying a
1–10 Hz pass–band filter.

Figure 4. Comparison of PSD during an earthquake and the ambient noise. The result was obtained
using 40 s of DAS data and averaged over a 10 km cable section between 5 km and 15 km.

Figure 4 shows a Power Spectral Density (PSD) comparison between an earthquake
event and the common background noise, revealing a broader spectral energy distribu-
tion, particularly concentrated in the low–frequency range below 20 Hz. The earthquake–
induced PSD exhibits an increase to up to about 30 dB above background noise levels,
with energy spikes notably present between 1 and 15 Hz. This pronounced low–frequency
component is a defining characteristic of seismic activity, distinguishing it from anthro-
pogenic noise sources such as vessel traffic, which typically exhibit harmonic peaks at
higher frequencies, as shown in Figure 5. The energy gradually declines beyond 20 Hz and
aligns with background noise above 30 Hz. Furthermore, in the PSD of the background
noise, a small peak appears at frequencies below 3 Hz. This increase in energy comes
mainly from teleseismic events, microseisms and ocean waves. In Figure 6, we present
a PSD comparison along different cable sections. This plot shows a noticeable increase
in energy levels in the shallow–water section (1–6 km) compared to the deeper sections.
This increase in low–frequency energy is always present in the first 5 km section of the
optical fiber, as shown in Figure 3. This increase in signal amplitude is mainly due to
the surface gravity waves. In the deeper sections, the energy levels are lower because
gravity–wave–induced seabed motion decays with depth. As the water depth increases,
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the seabed is less affected by surface gravity waves, leading to reduced low–frequency
noise [38].

Figure 5. Comparison of PSD during the passage of a vessel and the ambient noise. Results were
obtained using 40 s of DAS data and averaged over a 10 km cable section between 5 km and 15 km
focusing on the closest section to the vessel’s track.

Figure 6. Comparison of PSD of background noise along different sections of the cable with a focus
on low frequencies (0–5 Hz).

3.2. Anthropogenic Signals: Shipping Traffic Monitoring

In addition to natural seismic events, the DAS system also recorded anthropogenic
signals, particularly vessel noise. Figure 7 shows an example of a vessel that crossed
on top of the optical fiber on 15 November 2023, at a distance of about 12 km from the
shore (from the interrogator). At this distance, the optical fiber is laid at a water depth
of more than 800 m. In Figure 7a, the vessel sound signature can be observed clearly
along a more than 5 km long cable section. The observed hyperbolic or V–shape of the
wavefront arises from time–of–arrival delay, where the acoustic signal reaches different
sections (channels) of the fiber at slightly different times. This pattern indicates the vessel’s
bearing and motion relative to the cable. However, DAS’s symmetrical strain response
introduces a left–right ambiguity (or 180◦ ambiguity) [18]. To address this limitation, the in-
tegration of hydrophone arrays, an Automatic Identification System (AIS) and strategic
cable geometries present effective remedies for this ambiguity. An array of three or more
hydrophones resolves the left–right ambiguity of the DAS system by taking advantage of
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time–of–arrival differences to distinguish signals originating from either side of the cable.
Additionally, deploying fibers in specific geometric configurations such as loops, curves
or bends introduces asymmetry in the strain response along the cable, naturally resolving
directional ambiguities as strain patterns vary with the vessel’s position relative to the
cable geometry.

Figure 5 represents a PSD comparison of the passage of a vessel close to the cable
and the common background noise. The PSD associated with the vessel’s noise shows
multiple pronounced peaks between 10 and 80 Hz, as depicted also in the spectrogram in
Figure 7b, a common signature of shipping noise. These peaks likely correspond to the
propeller blade rate and harmonics generated by vessel engines and mechanical systems.
The most significant peaks occur in the lower–frequency range (30–60 Hz), where noise
levels increased to up to 5 dB above the background noise, which is typical for the low–
frequency noise produced by large vessels [16]. In addition, an increase in the noise level
can be observed in Figure 7b, mainly in the frequency range of 70–110 Hz. This behavior
could be explained by the noise generated by the formation, growth and collapse of vapor
bubbles in a liquid due to rapid changes in pressure, which is known in the literature as
cavitation noise [39,40].

(a)

(b)

Figure 7. Vessel signal recorded on 15 November 2023. (a) Ten–seconds time–distance representation
of the signal after applying a 35–124 Hz pass–band filter, where the x–axis represents time in UTC,
the y–axis shows the distance along the 28 km cable length and the color scale represents the signal
amplitude. (b) Spectrogram derived from 8 min recording using channel data at a distance of 12 km
from the interrogator computed using a 1024–point FFT with 98% overlap.
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Additionally, the third–octave band centered at 63 Hz (covering the frequency range
from approximately 56.2 Hz to 70.8 Hz), which is one of the primary frequency bands mon-
itored under the Marine Strategy Framework Directive (MSFD) [41,42] to assess continuous
low–frequency shipping noise pollution, exhibits a noticeable increase in energy levels
during the vessel’s passage. This reinforces the relevance of monitoring ship–generated
noise, as prolonged exposure to elevated levels in this frequency range has been shown
to impact marine species that rely on low–frequency communication [43]. The ability of
DAS technology to detect these spectral variations in real time provides a scalable and
cost–effective solution for the long–term monitoring of anthropogenic noise in marine
environments. This not only helps in enforcing MSFD Descriptor 11 regulations but also
contributes to broader environmental conservation efforts by providing data to mitigate
the effects of human activities on marine ecosystems.

4. Conclusions and Perspectives
By deploying DAS technology on the INFN–LNS deep–sea infrastructure in the Gulf

of Catania, this study demonstrates its potential for monitoring deep–sea environments.
Utilizing a 28 km long optical fiber, the DAS system successfully detected a wide range of
signals, including a seismic event and shipping noise. The seismic waves were observed
along the entire length of the optical fiber, with dominant energy at low frequencies of
below 20 Hz. On the other hand, vessel acoustic signatures were only recorded along
a portion of the cable (around an 8 km section), with frequency peaks in the range of
10 to 80 Hz. The PSD analysis also revealed distinct characteristics for each event. The
earthquake showed an increase to up to 30 dB above background levels, whereas vessel
noise only rose by as much as 5 dB.

These results highlight DAS as a valuable tool for the passive, continuous monitoring
of both natural and human activities, with applications across geophysics, applied physics
and marine biology. Its use of existing fiber–optic infrastructures makes it an environmen-
tally friendly approach, while studies of vessel traffic could help mitigate noise pollution
affecting cetaceans. This multidisciplinary potential strengthens the case for integrating
DAS with complementary technologies, such as hydrophone arrays, to enhance marine
monitoring efforts.

Recently, INFN–LNS started operating a new deep–sea cabled observatory as part of
the IPANEMA project [30]. This station is equipped with four synchronized hydrophones
installed at a depth of over 2000 m connected to the TSS point at the end of the 28 km long
electro–optical cable, which is the same infrastructure used in the presented DAS experi-
ment. This hydrophone array not only enhances acoustic source localization, providing
precise tracking of vessel acoustic signatures and marine life such as fin whale migrations,
but also offers an excellent opportunity to complement DAS technology. Furthermore,
the hydrophone data can be used to calibrate DAS recordings [44], or at least some channels
of the system. Future experiments aim to explore and enhance the integration of DAS and
hydrophone arrays to expand their capabilities and improve monitoring accuracy.
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