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Abstract—The EU Horizon project TRIDENT aims at develop-
ing a comprehensive study to improve the understanding of the
activities related to deep sea mining as well as to develop observa-
tion methodologies, technologies required for impact forecast, and
possible mitigation measures. In the framework of TRIDENT,
the impact of the acoustic field will be assessed by deploying
a fixed array of acoustic recorders in the surrounding of the
mining activity on top of the Tropic Seamount to monitor the
near field, while acoustic gliders equipped with hydrophones will
provide the observations from the far field. In complement, noise
models will be routinely used for predicting sound distribution
requiring frequent calibration with field data with a suitable
spatial coverage. This work proposes a methodology and tests the
calibration capabilities for ocean noise modelling in the context
of DSM activities, where the main objective is to define the best
sampling strategy for a glider to record data for calibrating
acoustic propagation models. The analysis of the broadband
transmission loss from contrasting oceanographic conditions
allowed the identification of regions of interest assuring the best
use of the acoustic glider in the upcoming sea trial.

Index Terms—acoustic calibration, deep sea mining, ocean
noise, soundscape, glider.

I. INTRODUCTION

Renewable energies, electric cars, and other ’green” com-
modities show an increasing need for rare materials, which
can not be found in sufficient quantity on land and justify for
the economic viability of the exploitation of the deep ocean
seabed [1]. Numerous initiatives were launched showing the
probable environmental and ecosystem impact of deep sea
mining [2, 3]. There at least two major potential consequences
of deep sea mining (DSM): sediment plumes and energy
input into the ocean. Energy input into the ocean is mostly
achieved through machinery generated noise, vibrations and
light [4]. Light impact is expected to be very localized at the
mining site, due to the poor propagation of light underwater.
Instead, mechanical vibrations and noise will most certainly
propagate through the water column and into the sediment
strata spreading vertically and horizontally according to the
frequency range, amplitude and position of the excitation, and
the physical properties of the media.

EU Horizon project TRIDENT aims at developing a com-
prehensive study to improve the understanding of the processes
at play, observation methodologies, technologies and tools
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required for impact forecast, activity monitoring and possible
mitigation measures [5]. TRIDENT’s activity and system
demonstration will take place at the Tropic seamount (TSM),
located to the south of Canary Islands (Fig. 1a).

Fig. 1. a) GEBCO bathymetry of surroundings of the Canary Islands
and Tropic Seamount location. b) Copernicus grid (white dots) and Tropic
Seamount bathymetry represented with 500m contour intervals from 4500 m
depth.

Within the TRIDENT framework, the acoustic field will be
assessed through observational approach by deploying a fixed
array of acoustic recorders in the surrounding of the mining
activity on top of the TSM to monitor the near field, while
acoustic gliders equipped with hydrophones will provide the
observations from the far field. In complement, noise models
will be routinely used for predicting sound distribution. These
models are based on acoustic propagation numerical codes



fed with marine traffic information from AIS, bathymetry,
temperature and wind data from data bases.

Free running noise prediction models are inherently biased
and divergent along time, mostly due to limited and inaccurate
input data. This prompts for frequent model calibration with
field data with a suitable spatial coverage. This work studies,
develops methodologies and tests the calibration capabilities
for ocean noise modelling in the context of DSM activities.
The main objective is to define the best sampling strategy for
a glider to record data for calibrating acoustic propagation
models.

II. DATA AND METHODS

A. Data
Historical daily averages Temperature
and Salinity data provided by Copernicus

(GLOBAL_ANALYSISFORECAST_PHY_001_024-TDS)
were used to compute sound speed following [6, 7] in an area
of approximately 200 km by 200 km centered at the TSM
(black dots in Fig. 1). The data set covers the period between
November 2020 to January 2024.

Ocean noise propagation is simulated using BELLHOP3D
considering two distinct sound speed scenarios. The two
distinct scenarios were selected in order to capture the system
largest (temporal and spatial) variability so the calibration
methodology can be tested within reasonable values despite
the lack of observational data. The chosen scenarios were
named “True” and “Variable”, and were obtained as follows:
First, Empirical Orthogonal Functions (EOFs) were computed,
and the data set was reconstructed from the modes that
accounted together for 90% of the total explained variance.
Subsequently, the “True” and “Variable” scenarios were ob-
tained by computing the average of all available data for
the periods between September-October and February-March
consecutively. The above criteria was chosen based on the
temporal distribution of EOF mode 1 which indicates that the
system largest differences occur between Winter and Summer
(See Fig. 2a). To validate the profiles reconstructed with the
method described above, Temperature and Salinity data from
in situ observations at the study site were used to compute the
sound speed and is presented in Fig. 2b-c. Observations were
obtained during the JC142 cruise from National Oceanography
Centre during October-December 2016 around the TSM [8]
and the profiles for the True and Variable scenario were
extracted from a longitudinal transect centred at the top of
the TSM. It is possible to observe that overall, an agreement
is achieved in terms of the magnitude and depth distribution
of the sound speed. A better agreement is obtained for the
True scenario due to the similar period of the year that the
observed data was collected. The largest discrepancies between
observations and the reconstructed profiles, are observed near
the surface due to the surface stratification present during
summer period (represented by the Variable scenario).

Fig. 2. a) Normalized amplitude of EOF mode 1 (black) and the contrasting
periods used for computing the True (blue) and Variable (red) scenarios. Sound
speed profiles for the True (b) and Variable (c) scenario in black and sound
speed profiles from observations around the TSM in red.

B. Acoustic propagation model and Sampling Strategy

Transmission loss (TL) from the True and Variable scenarios
was calculated using the BELLHOP3D Gaussian beam acous-
tic model [9]. The broaband field is calculated as the sum of
the received relative pressure power at the center frequencies
of one third octave frequency bands in the interval 12 Hz - 4
kHz. This calculation was performed for source depths of 5,
500, and 1022 m, which are considered representative depths
for the surface vessels, a pump of the riser system, and for the
mining vehicle operating on the top of the Tropic Seamount,
respectively. Finally, properties of a sandy bottom were taken
from [10] .

First, the broadband TL field will be presented for the True
and Variable cases. This is an important step as it will indicate
regions where noise from the DSM activity is expected to be
relevant. Second, the TL differences between of the True and
the Variable fields will indicate which are the regions where
most contrasting conditions occur. Therefore, those regions
are of most interest to be sampled for calibration purposes as
models are expected to have a higher degree of failure in these
regions.

Model results will be sampled by a simulated acoustic
glider dive following the specifications of the ALSEAMAR
Sea Explorer X2 glider which will be used in the sea trials
during the activities of TRIDENT. Dives should not exceed a
30° dive angle (relative to the surface) and not exceed the 1000
m depth. TRIDENT sea trial will be performed during 10 days,



which represent an approximate maximum distance of 100
km for a glider mission. The optimization of the calibration
is achieved by testing several sampling strategies in terms of
dive profiles that prioritizes the regions of interest. This is
an important step as it will indicate the best setting for the
in-situ observations (performed by acoustic gliders) and sets
the stage for determining the actual expected field calibration
performance or, at least, its performance upper bound.

The strategy must also take into account the mining activity
itself, as the glider is an essential tool for the real time and
long-range monitoring system. In the end, the best strategy
must cover regions where both True and Variable scenarios dif-
fer the most and where noise from mining activity is expected
to be relevant. Finally, the results of the 3D model will be
assessed by comparing the results from a longitudinal transect
(EW transect) against a latitudinal transect (NS transect) both
centred at the top of the TSM.

IIT. RESULTS

Overall TL is minimal around the TSM (approximately 10-
20km radius) from the surface to the top of the seamount to
form a principal lobe (Fig. 3). The SOFAR region (1000-1500
m depth) also present relatively low energy loss for all cases.
Away from the top, there is a well-known shadow-convergence
zone. The surface convergence zones occur approximately 60-
80 km away from the mountain top and the regions with
highest TL (shadow zones) are found between 20 and 40 km
away from the sources (represented by the black dots) and are
confined between the surface and 1000m. An exception to this
overall pattern is found at the western flank of the seamount
for the True scenario (Fig. 3a) where the convergence zone is
not well defined, and the region of lowest energy loss is found
between 1000 and 2500 m depth.

Fig. 3. Broadband Transmission loss (TL) field for the center frequencies of
one third octave band in 12 Hz-4kHz. Black line represents the bathymetry
and black dots represent the position of the sources. True and variable transect
are represented in a) and b) for the EW transect and in c) and d) for the NS
transect.

Regarding the TL differences between True and Variable
scenarios (Fig. 4), the highest values are generally found 20 to
60 km away from the noise sources in the regions where TL is
generally high (Fig. 3). The highest values of TL differences
are found at the Northern flank (Fig. 4b) of the seamount

Fig. 4. Absolute TL differences between true and variable scenarios for the
EW transect (a) and NS transect (b). Black line represents the bathymetry and
red dots show the position of the noise sources

within a narrow band of values >= 120 dB between 30 and 40
km from 100m depth to 1000 m depth. However, the western
flank (Fig. 4a) presents a larger area with values > 100 dB
going from 20 to 60 km and from 90 to 100 km, which makes
this region more interesting to sample in the context of the
calibration of the acoustic propagation model.

With the regions of highest differences being identified,
in the following it will be tested which sampling strategies
will better cover those regions. The dive types to be tested
will cover regions 10 km away from the sources and further,
varying the angle of dives at the regions of more or less interest
(Fig. 5). Profiles 1 and 2 have fixed dive angles of 26° and 21°
tha t results in 4 and 5 km distance between each surface point,
respectively. Profile 3 has a dive angle of 21° at the first 15
km, after the angle is increased to 26°. In the following profiles
(4-7), combination of large angles (e.g. 26° and 21°) are only
used for the regions where TL differences are large, whereas
small angles are used to avoid regions where TL differences
are generally low.

To quantify the performance of each sampling strategy, the
mean of the differences sampled along each dive is plotted
in Fig. 6 for the western flank of EW transect (in black) and
for the northern flank of the NS transect (in red). Regardless
of the dive patterns, the mean sampled differences at the
western flank are always larger than at the northern flank,
supporting that glider dives should be made towards the west.
The dive types that avoid regions with low TL differences (i.e.
profiles 5, 6 and 7) perform similarly well on both transect,
but profile 6 at the EW transect indicate that this is the optimal
strategy for the gliders to follow. Nevertheless, dive 7 is mainly



Fig. 5. Different types of Glider dives, 1 to 7 from top to bottom with variable
dive angles.

focussed on the region between the 20 to 60 km, yet the mean
difference is slightly lower than for dive profile 6 indicating
that regions further away are of secondary importance. Despite
this exercise is performed considering only 2 transect of a
3D volume for the sake of simplicity and to aid with the
visualization, in reality the gliders could perform dives in any
direction. Thus, in the light of the present results, that indicate
that the largest TL differences occur within the region of 20 -
60 km away from the mountain top and independently of the
transect, the best sampling strategy should be performed in a
circular way with a 30 to 40 km radius from west to north (or
vice versa), within the beginning and end of a mission at the
10 km mark.

It is noted that in this paper, shipping and wind noise is
omitted for simplicity, but the inclusion of those variables
is foreseen for a more realistic representation. Furthermore,
instead of absolute TL, realistic noise source level values from
DSM activity should be assigned to each specific frequency as
in [11]. This will probably exclude regions where DSM noise
would never be achieved, thus refining the glider sampling
strategy for both monitoring and calibration purposes.

IV. CONCLUSIONS

This paper presents a methodology for defining a best
sampling strategy for a glider mission used for acoustic field-
calibration purposes within the activities of the TRIDENT
project. The chosen strategy is proposed taking into account
the mining activity itself, as the glider is an essential tool
for the real time and long-range monitoring system and also
considering regions of largest variability where the acoustic
propagation model is expected to have a higher degree of
failure. The analysis of the broadband TL field at a longi-
tudinal and latitudinal transects for two contrasting oceano-

Fig. 6. Mean TL differences sampled along each dive profile at the EW
transect (in black) and at the NS transect (in red).

graphic conditions allowed for the identification of regions
of interest and indicated the actual expected field calibration
performance.

Results show that around the TSM region, the variability
of sound propagation is largest between the main lobe and
convergence zones for depths up to 1000 m in both longitu-
dinal and latitudinal transects, being the eastern flank of the
TSM the region of most interest. However, the final strategy
proposed here refer to a glider dive that should be performed
in a circular way with a 30 km to 40 km radius preferably
within the NW quadrant.
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