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ID14- ACOUSTIC SYSTEM FOR PHYSICAL OCEANOGRAPHY RESEARCH IN THE DEEP OCEAN
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Abstract – Marine multichannel seismic (MCS) data, used to obtain structural 
re�ection images of the Earth’s subsurface, can also be used in physical 
oceanography exploration. This method provides vertical and lateral resolutions 
of 10 to 100 m, to full ocean depth,  along pro�les that can be hundreds of kms in 
length, covering the existing observational gap in oceanic exploration. All MCS data 
used so far in physical oceanography studies have been acquired using conventional 
seismic instrumentation originally designed for geological exploration. In this work 
we present the proof of concept of an alternative MCS system that is better adapted 
to physical oceanography and has two goals: (1) to have an environmentally low 
impact acoustic source to minimize any potential disturbance to marine life, and 
(2) to be light and portable. The synthetic experiments simulate the main variables 
of the source, shooting and streamer that compose the proposed MCS system. The 
proposed system utilizes a 5 s long exponential chirp source of 208 dB re 1micro 
Pa @ 1m with a frequency content of 20-100 Hz, and a relatively short 500-m long 
streamer with 100 channels. We exemplify through numerical simulations that 
the 5 s long chirp source can reduce the peak of the pressure signal by 26 dB with 
respect to equivalent airgun-based sources by spreading the energy in time, greatly 
reducing the impact to marine life. Additionally, the proposed system could be 
transported and installed in mid-size oceanographic vessel, opening new horizons 
in acoustic oceanography research.
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I. INTRODUCTION 
The main physical parameters of the ocean (temperature, salinity, pressure 
and density) are commonly measured using vertical pro�les as conductivity-
temperature-depth (CTD) casts or expendable bathythermographs (XBT). These 
instruments sample the ocean at vertical resolution of 0.1 -1 m that allows to 
analyse processes generated within the submeso-and-�ne scales. However, 
this method of exploration does not observe lateral structure at these scales 
because lateral spacing between vertical casts are rarely shorter than 1000 m. 
This observational gap is becoming increasingly relevant as numerical models 
increase in resolution. Physical oceanographers demand empirical data with 
lateral resolution of 10-100 m to Iincorporate submesoscale and �nescale 
processes and calibrate and validate new models and theory.
Marine multichannel seismic re�ection (MCS) data, collected and used to obtain 
structural images of the Earth’s subsurface, also display coherent re�ections 
from within the water layer. A partial list of features observed via MCS data 
includes internal waves, thermohaline staircases and intrusions, density and 
turbidity currents and submesoscale coherent vortices, which are key ocean 
mixing processes [1,2,3]. Because of signal redundancy provided by the multiple 
illumination of a single re�ector point, MCS systems enhance coherent signals 
over noise, resulting in clear acoustic images of the oceanic thermohaline 
structure with lateral and vertical resolutions of 1-100 m. Furthermore, 
inversion methods applied to acoustic images provide 2D temperature and 
salinity maps, which may cover the current observational gap in physical 
oceanography exploration [4,5]. Most of the MCS surveys carried out so far 
for oceanic research have used conventional seismic instrumentation (airgun 
sources and hydrophone streamers) and standard acquisition parameters (shot 
spacing, distance between channels, source power, etc) that were conceived 
for geological exploration. However, oceanic targets are shallower, typically 
from the sea surface to 4 km deep, and their exploration does not require the 
same source characteristics as for geological exploration. This work presents 
an alternative MCS system speci�cally conceived for physical oceanography 
exploration using a methodology for generating synthetic MCS experiments 
in the ocean. The goal is to have an environmentally lowimpact system with 
the weakest possible source in order to minimize any potential disturbance to 
marine life  which, in turn, could be installed in mid-size oceanographic vessels. 

The proposed system is simulated using a numerical solver of the acoustic wave 
equation, realistic acoustic ambient noise in the ocean and a realistic model of 
the water layer. The system is based on chirp signals, which are commonly used 
to examine the sediments on and below the sea �oor. Impulsive sources such as 
airguns emit high peak pressures in a very short time (10-3s); on the contrary, 
chirp signals spread the source energy out over time, reducing the peak sound 
levels.

II. METHODOLOGY
The methodology used to generate the synthetic experiments consists of the 
following main steps: �rst, the
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shot gathers are generated using a 2D �nite di�erence algorithm that solves 
the acoustic wave equation within a grid that represents the oceanic properties. 
The grid representing the ocean corresponds to a model of properties that 
was obtained by inversion of real MCS data along pro�le GO-LR-01 of the 
GO experiment [5] and contains sound speed values with vertical and lateral 
resolution of 10 m and 100 m, respectively.  The location of the source moves 
along the top of the grid in accordance to the shot spacing. For each shot 
gather, the acoustic wave�eld is recorded and saved at the position of each 
channel of the streamer. Once shot gathers for the whole line are generated, 
background oceanic noise is added to the synthetic shot gathers. The simulated 
noisy synthetic shot gathers are then processed using standard MCS functions 
to obtain the stacked section. Finally, the quality of the tested MCS system is 
quanti�ed by measuring the spectral signal to noise (S/N) ratio in the stack 
section.
Two di�erent wavelets are used in the simulations presented in this work: i) a 
Ricker wavelet of 234 Db re 1 microPa @ 1m with frequency content within the 
range of 10-100 Hz, which is similar to the source wavelet used in the GO-LR-01 
pro�le of the GO survey and is used to calibrate the synthetic simulations; and 
a 5 s long exponential chirp wavelet of 208 dB re 1 microPa @ 1m amplitude, 
a Gaussian taper and frequency content of 20100 Hz. The Ricker and the chirp 
wavelets are described by the following equations, respectively:
RickerSource(t)= A (1-2 pi f0(t-t0)2)exp(-pi f0(t-t0)2) (1)
where A=500000 is the maximum amplitude of the wavelet, f0=45 Hz$ and 
t0=0.33 s.
ChirpSource(t)= A exp(- ((t-t0)/2)2) sin(phi + (2 pi f1 ((kt-1)/ (lnk))) (2)
where A=25000 is the maximum amplitude of the wavelet, exp(- ((t-t0)/2)2) with 
t0=2.5 s$ corresponds to a 5 s wide Gaussian taper, k=(f2/f1)^(1/tmax), tmax=5 s, 
phi=0, f1=20 Hz and f2=100 Hz. The wavelets, frequency content and frequency 
change in time are shown in Figure 1. III. RESULTS Data computed for the �rst 
experiment presented were produced using parameters (source frequency 
content and peak-to-peak amplitude, distances between shots and receivers, 
number of channels, �rst o�set and fold) similar to those used in the GO-LR-01 
pro�le acquired in the Gulf of Cadiz (NE Atlantic Ocean). The acoustic synthetic 
source consists of a Ricker wavelet of 234 dB re 1 microPa @1m (500000 Pa peak 
signal), with a frequency content in the range of 10-100 Hz (Figure 1). In order to 
compare the synthetic and real data, we propagated the synthetic data through 
the sound speed model that was obtained by
inverting the MCS data recorded along this line [5]. In particular, the section that 
we used is 5 km long and images the right edge of a meddy, which is a typical 
structure detected in this area that consists of a warm and salty rotating lens.
Comparison between the real (Figure 2a) and synthetic experiments (Figure 
2b) shows remarkable similarity, with both displaying the same re�ectors that 
correspond to the oceanic �ne structure. The spectra of a part of the seismic 
section containing mainly re�ected signal (S) and mostly noise (N) are calculated 
for both sections and the corresponding S/N ratio is shown in the upper right 
insets of Figures 2a and 2b. The S/N ratio of the real data is slightly lower than 
the one calculated from the synthetic experiment (peak at 1.5 vs peak at 2.2), 
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Fig 1.  234 dBre 1 microPa @ 1m$  Ricker wavelet (black) and 5 s exponential chirp 
of 208 dB re 1 microPa @ 1m with a Gaussian taper (blue)  displayed as: a) time 
domain, b) frequency domain, c) chirp spectrogram and d) Klauder wavelets.

Fig 2. a) Stack section of 5 km long of the GO-LR-01 pro�le acquired in the GO 
Survey (Gulf of Cadiz, NE Atlantic Ocean, April-May 2006). b) Stack section of the 
synthetic data generated with the 234 dB re 1 microPa @ 1m Ricker wavelet. c) 
Stack section of the synthetic data generated with the 208 dB re 1 microPa @ 1m 
5 s exponential chirp wavelet. The right upper white insets correspond to the S/N 
ratio of the data within the two corresponding rectangles. 

probably due to additional noise in the real experiment related to electronic 
e�ects in the hydrophones and the oscillations of the streamer and source 
near the sea surface. Overall, this comparison validates our methodology for 
generating realistic synthetic MCS experiments in the ocean and testing the 
e�ect of the involved variables. 

The second synthetic experiment (Figure 2c) simulates data that would be 
collected with the portable MCS system suggested in this work and characterized 
by a signi�cantly lighter and shorter streamer. The source wavelet used in this 
experiment is a 5 s long exponential chirp wavelet of 208 dB re 1 microPa @1m 
(25000 Pa peak signal) with a Gaussian taper, which minimizes the side lobes of 
the autocorrelation function of the chirp, and a frequency content of 20-100 Hz 
(Figure 1). The stacked section from these synthetic data (Figure 2c) shows the 
meddy �nestructure well and the S/N ratio is equivalent to that obtained using 
the impulsive source’s system. The Ricker source is a signal 20 times stronger 
in amplitude than the chirp wavelet. However, as the chirp wavelet has a 5 s 
duration, the level of the total energy is similar to the one emitted by the Ricker 
pulse, resulting in similar levels of e�ectiveness in oceanic exploration.

IV. CONCLUSIONS 
We exemplify through numerical simulations that oceanic thermohaline 
structure can be detected with similar S/N ratio using an impulsive source of 
234 dB re 1micro Pa @ 1m (500000 Pa peak signal) or equivalently, a 5 s chirp 
source of  208 dB re 1micro Pa @ 1m (25000 Pa peak signal). The chirp source 
can reduce the peak of the pressure signal 20 times by spreading the energy 
in time. There is evidence that a swept signal with lower peak amplitude may 
have less impact on marine animals than a higher peak impulsive signal [6]. 
For example, considering the Ricker source, the radius of the exclusion zone 
for most cetaceans (area a�ected by more than 160 dB re 1micro Pa) would 
be 5000 m. That means that, if these species were observed or detected with 
passive acoustic monitoring, closer than 5000 m to the airguns, these had to 
be immediately shut down. Since the energy of the source decreases with the 
square of the distance, and since the energy is proportional to the square of 
the amplitude of the emitted signal, then the exclusion zone for the proposed 

system would be 250 m; thus 20 times smaller than with the impulsive signal. In 
summary, the system that we propose in this work, compensates for a shorter 
streamer and relatively low chirp source amplitude with a longer time duration. 
It would provide thermohaline information of full-depth water column and 
along lateral distances of hundreds of kilometers in the ocean, with lateral and 
vertical resolutions of the order of 10 m. This proposed system could be the 
starting point for the development of an ocean-speci�c low-frequency acoustic 
projection system for physical oceanography.
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