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ABSTRACT

Geoacoustic inversion requires specification of the depth-
dependent parameterization for the seabed model parame-
ters. In cases where the water-column sound-speed profile
(SSP) is of special interest or not sufficiently well-known,
the SSP can also be parameterized and included in the in-
version. For quantitative inversions, these parameteriza-
tions (seabed and water column) must be consistent with
the resolving power (information content) of the acoustic
data to be inverted. Trans-dimensional (trans-D) Bayesian
inversion represents an automated approach to quantita-
tive model selection, based on sampling probabilistically
over various choices of parameterization. Here trans-D in-
version is applied separately to seabed and water-column
models. The trans-D seabed model is formulated as an un-
known number of uniform layers, while the SSP is formu-
lated as an unknown number of depth/sound-speed nodes.
The Bayesian formulation allows different levels of prior
information to be applied to the seabed and water col-
umn to represent different problems of interest; for ex-
ample, either the seabed or the water column (or both)
could be the primary goal of inversion. The joint trans-D
inversion approach is illustrated here for the inversion of
modal-dispersion data, considering data collected on the
New England Mud Patch.

Keywords: geoacoustic inversion, trans-dimensional
inversion, water-column tomography, modal-dispersion
data

1. INTRODUCTION

Knowledge of geoacoustic properties of the seabed is re-
quired for modelling ocean acoustic propagation in a par-
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ticular shallow-water environment [1]. Geoacoustic in-
version is a common approach to estimating a model of
the seabed by fitting observed ocean acoustic data. A
Bayesian approach to geoacoustic inversion provides full
uncertainty analysis in terms of the posterior probability
density (PPD), representing the state of information of the
seabed model given the observed data and independent
prior information. To account for the fact that the seabed
model parameterization (e.g., number of sediment layers)
is itself generally not known, trans-dimensional (trans-D)
Bayesian inversion has been applied, which samples prob-
abilistically over the model parameterization as well as the
corresponding model parameters [2—4].

Geoacoustic inversion generally requires knowledge
of the water-column sound-speed profile (SSP), which can
be measured with CTD (conductivity, temperature, depth)
casts or thermistor chains at the acoustic experiment site.
However, in some cases (e.g., rapid, mobile experimen-
tal configurations) this may not feasible. Further, spatial
and/or temporal variations in water-column properties due
to dynamic oceanographic conditions can result in under-
sampling the environment, even in cases where CTD or
other measurements are made. Hence, this paper consid-
ers an approach to geoacoustic inversion that accounts for
lack of knowledge of the water column by carrying out
joint trans-D Bayesian inversion for both the water SSP
and the seabed geoacoustic model. The approach is val-
idated here by application to modal-dispersion data col-
lected on the New England Much Patch (NEMP) [5].

2. DATA AND INVERSION ALGORITHM

The acoustic measurements considered here were carried
in May, 2021, based on recording the acoustic signal from

AN

Associozione
Italiana
di Acusfica



forumacusticum 2023

o
o

&

Arrival Time (s)
o o o o o o
N w H (4, ()] ~

o
e

o

0 100 200 300 400
Frequency (Hz)

Figure 1. Observed modal-dispersion data from
warping analysis (open circles) and predicted data
from the Bayesian inversion (red distributions).

a rupture-induced underwater sound source (RUISS) [6]
at 40 m depth at a TOSSIT receiver [7] located about
about 7.2 km away along a range-independent propaga-
tion track with a water depth of ~74 m. Warping time-
frequency analysis [8] was applied to the recorded (de-
convolved) waveform to extract dispersion measurements
(arrival time as a function of frequency) for 10 of the
first 11 modes (mode 7 was poorly detected), as shown
in Fig. 1 (open circles). CTD casts were taken before
and after the acoustic experiment to measure the SSP.
The water column was stable at the scale of this experi-
ment, and the average SSP is shown by the solid line in
Fig. 2(b). In addition, high-resolution seismic-reflection
survey of the NEMP carried out in 2015 [9] provided
two-way travel-times to seabed reflectors that can be in-
terpreted in terms of sub-bottom depth, given a model of
seabed sound speeds. This knowledge about the seabed
is not used by the trans-D inversion, but rather is used to
evaluate the quality of the inversion results.

The Bayesian inversion algorithm is based on sepa-
rate trans-D partition models for the water-column SSP
and the seabed geoacoustic model. The SSP is a
piecewise-continuous function parameterized in terms of
an unknown number of depth/sound speed nodes, with a
1/(sound speed)? linear dependence between nodes, and
node depths and sound speeds as unknown parameters
(except for the depth of the sea surface node). The
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Figure 2. Marginal probability profiles from joint
trans-D Bayesian inversion for (a) water-column
node depths, (b) water-column sound speed, (c)
seabed interface sub-bottom depths, (d) seabed
sound speed, (e) seabed density. The solid line in (b)
indicates the SSP measured at the NEMP (averaged
over two CTD casts), and the dotted lines in (c)—(e)
indicate the sub-bottom depth of the seismic reflector
interpreted as the base of an upper mud layer above
a layer of sand.

seabed is represented as an unknown number of uniform
layers, with unknown interface sub-bottom depth, sound
speed, and density for each layer, plus an underlying semi-
infinite basement with unknown sound speed and den-
sity. The seafloor depth, source-receiver range, and source
transmission time are also unknowns. A trans-D autore-
gressive (AR) error model [10] is applied that allows error
correlations with frequency along a mode, with unknown
AR coefficients and standard deviations for each mode.
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The trans-D PPD for all of the above parameters is sam-
pled using the birth/death reversible-jump Markov-chain
Monte Carlo (1jMcMC) method [2—-4].

3. RESULTS

Good agreement between the predicted data distributions
from the joint trans-D inversion and the observed modal-
dispersion data is shown in Fig. 1. The inversion results
are shown in Fig. 2 in terms of marginal probability pro-
files for water-column and seabed properties. The SSP
marginal profile is in reasonably good agreement with the
measured SSP, except over the uppermost 5 m where the
inversion results are highly uncertain. In particular, an in-
crease in sound speed from about 50-60 m due to a warm-
water intrusion at depth is recovered in the SSP model.
The seabed geoacoustic results indicate a low-speed layer
to about 11 m sub-bottom depth, consistent with the up-
per mud layer known to exist at the NEMP. The sub-
bottom depth of this layer in the inversion results corre-
sponds closely to that of a seismic reflector interpreted to
represent the transition from mud to a sand layer [9]. The
seabed profiles agree well with other geoacosutic inver-
sion results (computed with known SSPs) at the NEMP,
e.g., [5,11,12].

4. SUMMARY

This paper described and illustrated joint estimation
of water-column sound-speed profile and seabed geoa-
coustic profiles, and their uncertainties, based on trans-
dimensional Bayesian inversion of modal-dispersion data
collected at the New England Mud Patch with a rapidly-
deployable source/receiver system. The SSP is modelled
as a piecewise continuous function based on an unknown
number of depth/sound-speed nodes; the seabed is mod-
elled as an unknown number of uniform layers, underlain
by an unknown basement. Water-column inversion results
are in generally good agreement with the SSP measured
at the experiment site, and the seabed model agrees well
with a seismic-reflection survey and with other geoacous-
tic inversion results at the NEMP computed with a known
SSP.
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