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Abstract. This work presents an experimental framework for offshore seismic monitoring that combines
Distributed Acoustic Sensing (DAS) with ocean-bottom seismometers (OBS). The study was conducted in
the Azores region — Faial, where an HDAS interrogator prototype was connected to dark fiber submarine
fiber-optic cable, complemented by the installation of two Ocean Bottom Seismometers (OBS) for calibration
and validation of DAS technology. The main objective is to demonstrate that seismic observations obtained by
DAS from seafloor cables can provide essential information similar to OBS and particularly in areas where

land-based monitoring stations are limited.
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1 Introduction

Distributed Acoustic Sensing (DAS) enables fiber-optic
cables to be used as dense, distributed arrays of acoustic
sensors via a simple OTDR-based approach, offering clear
advantages in marine environments where conventional
instrumentation is difficult to deploy [1]. Because the fiber
acts simultaneously as the sensing element and the transmis-
sion medium, and its optical properties respond to external
disturbances, careful validation and calibration are required
for quantitative applications such as earthquake magnitude
estimation [2]. DAS has been successfully used for detecting
and locating earthquakes, imaging subsurface structure, and
monitoring natural hazards, with recent studies extending
its use to hypocenter estimation, magnitude proxies, and
rupture characterization from strain/strain-rate data [3].
Typical sensing ranges lie between ~30-40 km and
~100 km, limited by fiber attenuation and Rayleigh
backscatter degradation [4]. Distributed Raman amplifica-
tion can extend the range beyond ~100 km [5], and with
the use of pulse compression it can reach distances of

* Corresponding author: orlando.frazao@inesctec.pt

>150 km [6]. Ocean Bottom Seismometers (OBS) are auton-
omous platforms that record ground motion on the seafloor,
enabling offshore seismicity monitoring and lithospheric
studies in areas lacking land networks. They typically
integrate a 3-component broadband seismometer and a
hydrophone, improving the separation of seismic, hydrody-
namic, and acoustic signals [7]. In this work, we describe
the experimental framework for monitoring using both
DAS and OBS. We then summarize the main properties of
the DAS and OBS datasets and discuss preliminary earth-
quake analyses as recorded by both systems. Finally, we
demonstrate that in regions such as the Azores — Faial where
seismic monitoring is largely restricted to land stations —
DAS observations from offshore cables can provide valuable
information for real-time operations and for deferred-time
investigations of offshore seismicity.

2 Installation of the HDAS and OBS on the
submarine cable

The submarine cable used in this study comprises three
fiber pairs of standard single-mode optical fiber (SMF-28).
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Fig. 1. Experiment setting in Faial, Azores. The monitored cable by HDAS is shown in thick white. The two OBS are shown in red.
The land stations are shown by green triangles. The epicenter location is highlighted with a yellow star.

The specified attenuation is 0.12 dB/km at 1550 nm. The
cable is 170 km long, unpowered, and contains no repeaters.
It was laid mostly on the ocean floor, with protection levels
that vary with seafloor depth; the depth increases rapidly
away from the coastline. In Figure 1, the monitored cable
by HDAS is shown as a thick white line. The two OBS
are shown as red dots. The three land stations are shown
as green triangles. The epicentre location is highlighted with
a yellow star. DAS data was collected on a dark fiber from
an unused telecom fiber pair. At the ALTICE cable-landing
station, we connected a HiFi Distributed Acoustic Sensor
(HDAS) to the Fibroglobal terminal equipment. The HDAS
is a chirped-pulse ¢-OTDR interrogator prototype
developed by UAH and CSIC [§]. Figure 1 presents the
Experimental setting in Faial Azores. The monitored cable
by HDAS is shown in thick white. The two OBS are shown
in red. The land stations are shown by green triangles.
An FC/APC connector was used to minimize back-
reflections at the interface with the submarine cable, pre-
venting signal degradation and potential damage to the
HDAS photodetector. The interrogator is identical to the
CP-DAS system described in [9], based on ¢-OTDR using
chirped optical pulses, a patented technology. A patented
Raman-amplification range-extension module increases the
sensing reach from 35 to 40 km to up to 70 km per fiber
access. The manufacturer specifies a strain resolution better
than 5 ne (nanostrain). In this experiment, the HDAS inter-
rogated ~50 km of cable with a 10 m gauge length and 10 m
spatial sampling, yielding 4,992 channels, with an acoustic
sampling frequency of 1 kHz. The strain time series were
later downsampled to 50 Hz, which was sufficient to resolve

the seismic signals of interest while reducing data volume.
For calibration and validation of the HDAS recordings,
the MODAS project deployed two OBS units developed
at IDL, advanced seabed instruments designed for long-
term offshore monitoring. Each OBS records ground motion
with a broadband seismometer and seismic—acoustic signals
in the water column with a hydrophone. The deployment
sites (Fig. 1) lie approximately 500 m from the submarine
cable, allowing direct comparison between OBS and DAS
measurements. Accurate timing for joint analyses with
HDAS was ensured by synchronizing the OBS internal
clock at the start and end of the experiment. The seismome-
ters recorded leveled ground-velocity data on the three com-
ponents (N, E; Z) at 250 Hz, while the hydrophone channel
was sampled at 100 Hz. Each OBS includes an HTI-04-
PCA/ULF hydrophone (100 s-8 kHz), a Giiralp Certis
broadband seismometer with a 120-s corner period, and a
Giiralp Certimus data logger. Accurate timing for joint
analyses with HDAS was ensured by synchronizing the
OBS internal clock at the start and end of the experiment.

3 Preliminary analysis of earthquake data

The DAS and OBS recorded several earthquakes over a
period of five months. Figure 2 shows one of these earth-
quakes, recorded at around 12:36 a.m. on September 24,
2024, with a magnitude of 2.7 on the Richter scale and an
epicenter located 20 km from the submarine cable,
according to information provided by Instituto Portugués
do Mar e Atmosfera (IPMA). However, we can also observe
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Fig. 2. Spectrogram comparison results of an earthquake with a magnitude of 2.7 read in a DAS (top) and on the two OBS (bottom)

in LOC1 and MADO1 (a) and LOC2 and MADO02 (b).
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Fig. 3. a) Earthquake magnitude versus distance for events detected by land stations during the HDAS-OBS overlap. The black line
shows the best-fit logarithmic curve, and the red line indicates the sensitivity threshold. b) Magnitude versus distance for the
229 earthquakes examined for HDAS recordings. Colors represent waveform quality (see text). The red line shows the proposed
logarithmic reference threshold law M*. In blue we show M*+1 in magnitude, which is close to the threshold for good-quality P-waves

recorded by HDAS.

other energy signals that have not yet been identified. By
comparing the two OBS locations, we see that their
responses are similar, with a time delay that is expected
due to the relative positioning of the OBS units. During
the five-month interval in which the HDAS and the OBS
were recording simultaneously, the IPMA network — com-
prising land-based stations on the neighboring islands (see
Fig. 1 for locations) — detected 229 local and regional earth-
quakes. To quantitatively assess the network’s sensitivity
and detection threshold in this area, we examined the rela-
tionship between event magnitude and the minimum dis-
tance to the submarine cable. Specifically, by plotting
magnitude as a function of the closest distance to the cable
(see Fig. 3), we can evaluate how sensitivity decreases with
increasing source—receiver separation. This allowed us to
delineate the magnitude—distance envelope below which
events are no longer consistently recorded. This provides

a useful baseline for comparing the performance of
DAS/HDAS and OBS observations with that of the land
network, particularly for offshore seismicity where terres-
trial instrumental coverage is inherently limited.

A sensitivity-threshold function for the land network
was derived (red curve in Fig. 3a), empirically outlining
the magnitude-distance range in which onshore stations
reliably detect earthquakes; events falling below this curve
are increasingly likely to go undetected. In parallel, HDAS
recordings were examined for 229 events near the OBS sites
(LOC1 near MADO1 and LOC2 near MADO02), where cross-
method comparison is strongest. Each event’s HDAS signal
quality was classified into five categories: Very good (clear
P and S waves on both cable sections), Good (at least
one identifiable P wave plus clear S waves), Fair (well-
defined S waves but no clear P wave), Poor (weak, poorly
defined S waves), and None (no recognizable seismic
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signal).This classification converts the qualitative inspec-
tion of the recordings into a metric that is comparable
across events, highlighting the influence of source-receiver
distance and magnitude on HDAS detectability. The results
are displayed in Figure 3b as a function of distance and
magnitude and are compared with the proposed reference
threshold law. This comparison is important because it
shows the extent to which HDAS matches (or exceeds)
the sensitivity of the land network, particularly for off-
shore seismicity, where DAS is expected to offer clear
advantages due to the proximity of the cable to the seismic
sources.

4 Conclusion

Over five months, the DAS and OBS recorded several
earthquakes, including a magnitude 2.7 event that fell on
Faial Island. In addition to these earthquakes, other uniden-
tified energy signals were detected. The two OBS stations
show similar responses, with a time delay expected due to
their spatial separation. During the same period, the IPMA
network detected 229 local and regional earthquakes. The
relationship between event magnitude and the minimum
distance to the submarine cable was analyzed to assess
the sensitivity and detection threshold in the area. This
analysis defines the magnitude—distance limit beyond which
events are no longer consistently recorded, providing a ref-
erence for comparing the performance of DAS/HDAS and
OBS observations with that of the land-based network,
especially for offshore seismicity.
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