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Abstract: In order to study the impact of acoustic propagation characteristics in the northeastern
South China Sea, GEBCO08 global terrain grid data and Argo data were used to numerically simulate
the acoustic transmission characteristics of two stations in the northeast South China Sea affected by
the Kuroshio. The impact of different marine environments on acoustic transmission characteristics
was analyzed. The results show that increasing the deployment depth of a sound source within a
certain range will reduce the transmission loss; deploying a sound source near the axis of the surface
acoustic channel or the deep-sea acoustic channel will also greatly increase the propagation distance
of sound signals; and the presence of topography such as undersea mountains will increase the
transmission loss.

Keywords: marine environments; acoustic transmission; topography

1. Introduction

Due to the transmission loss of light waves and electromagnetic waves in water
being very large, sound waves are the most effective information carriers in the field of
acoustic detection, navigation, and communication. Sonar and other acoustic devices
serve as crucial detection and navigation instruments for vessels, but the quality of the
underwater acoustic environment will directly affect their ability to obtain underwater
information [1]. The marine acoustic environment is extremely complex and variable, with
various nonuniformities in the seawater medium and its boundaries that can have a strong
impact on oceanic sound transmission [2]. Studying the acoustic propagation characteristics
in complex marine environments and making timely predictions that meet the requirements
is of great significance for the detection of hydroacoustic detection equipment.

The Kuroshio [3,4] originates from the North Equatorial Current and is the main
western boundary current of the North Pacific [5]. It flows northward along the eastern
coast of the Philippines, and when it passes through the Luzon Strait, it often bends
clockwise due to a deep gap of over 300 km in the strait, invading the northeast part of the
South China Sea [6,7]. The high-temperature and high-salinity Pacific water carried by the
Kuroshio has a significant impact on the heat–salt balance, energy, and eddy activities in
the northeast part of the South China Sea after its entry [8,9]. Influenced by the Kuroshio,
the marine environment in the South China Sea exhibits complex characteristics that have
important implications for the application of hydroacoustic detection equipment [2].

In this article, we study the acoustic propagation characteristics in the northeastern South
China Sea and analyze the impact of different marine environments on acoustic propagation.
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2. Marine Environmental Parameters

In this paper, two stations in the northeastern part of the South China Sea—O1 (19.6◦ N,
115.6◦ E) and O2 (18.2◦ N, 117.5◦ E)—were selected, and four acoustic survey lines in
different directions were chosen for each station (O1-S1, O1-S2, O1-S3, O1-S4, O2-T1, O2-T2,
O2-T3, and O2-T4). The locations of the stations and the acoustic survey lines are shown
in Figure 1.
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The bathymetric data are from the GEBCO_08 global topographic gridded dataset [10,11],
which has a resolution of 30 arc minutes and is publicly available. The vast majority of
the GEBCO_08 ocean depth data are measured by quality-controlled shipboard sounders,
and the data between the measurement points are interpolated by satellite gravity data
corrections. Satellite gravity data provide measurements of Earth’s gravity field, which
can be used to infer Earth’s mass distribution and topographic features. However, due
to the nature of satellite gravity data, it may not be possible to obtain accurate elevation
information for each site. Therefore, the elevation of unknown sites is estimated using
the topographic data detected by existing shipborne sounders as a baseline, combining
these data with satellite gravity data, and using interpolation algorithms (such as kriging
interpolation or bilinear interpolation). In this way, a global terrain mesh dataset can
be obtained, which fuses information from multiple data sources to obtain a continuous
toposurface through interpolation techniques.

Acoustic survey line O1-S1 is northeast-trending, and the water depth changes from
1800 m to 500 m in the distance range of 0–150 km. Acoustic survey line O1-S2 is southeast-
trending, and the water depth changes from 1800 to 3500 m in the distance range of
0–150 km. Acoustic survey line O1-S3 is southwest-trending, and the water depth changes
from 1800 to 2300 m in the distance range of 0–30 km, then from 2300 to 1300 m in the
distance range of 30–110 km, and then the terrain is relatively flat. And lastly, acoustic
survey line O1-S4 is northwest trending, which is a typical continental slope terrain, and
the water depth changes from 1800 m to 150 m in the distance range of 0–80 km, and then
the terrain is relatively flat. The variation in water depth of the four acoustic survey lines is
shown in Figure 2.

Acoustic survey line O2-T1 is northeast-trending, and the seabed terrain changes little,
on the whole, with an average water depth of about 3900 m. Acoustic survey line O2-T2
is southeast-trending, and the water depth changes little, on the whole, in the range of
0–125 km, with an average water depth of about 4000 m, but a seamount appears after
130 km, and the water depth gradually becomes shallow, changing to 500 m at 170 km.
Acoustic survey line O2-T3 is southwest-trending, and the seabed terrain is relatively flat
within 60 km from the O2 station, with an average water depth of about 4000 m, after which
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it crosses a seamount area whose highest point is about 80 km from station O2, with a water
depth of 2100 m, and then, after 90 km the terrain is flat, with an average water depth of
about 4000 m. And lastly, acoustic survey line O2-T4 is northwest-trending, and the terrain
changes little in the range of 0–100 km, with an average water depth of about 4000 m, and
then, the water depth changes from 4000 m to 2000 m in the range of 100–180 km. The
variation in water depth of these four acoustic lines is shown in Figure 3.
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Figure 2. Water depth variation of the four acoustic survey lines at station O1. (a) Change in
water depth of acoustic survey line O1-S1; (b) Change in water depth of acoustic survey line O1-S2;
(c) Change in water depth of acoustic survey line O1-S3; (d) Change in water depth of acoustic survey
line O1-S4.
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Figure 3. Water depth variation of the four acoustic survey lines at station O2. (a) Change in
water depth of acoustic survey line O2-T1; (b) Change in water depth of acoustic survey line O2-T2;
(c) Change in water depth of acoustic survey line O2-T3; (d) Change in water depth of acoustic survey
line O2-T4.

Due to the fact that the Kuroshio intrusion in the Luzon straight almost only occurs
in autumn and winter [12], the acoustic velocity profiles near stations O1 and O2 were
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obtained by using the average data of Argo (ftp://data.argo.org.cn/pub/ARGO/raw_
argo_data/, accessed on 12 July 2024) in autumn over the study period, as shown in
Figure 4. The channel axis of station O1 is about 1000 m, and there is a surface isosonic
velocity layer, while the channel axis of station O2 is also about 1000 m, but there is a
surface channel with a thickness of about 45 m.
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Figure 4. Acoustic velocity profiles at stations O1 and O2. (a) Change in the acoustic velocity profile
at station O1; (b) Change in the acoustic velocity profile at station O2.

3. Analysis of Acoustic Transmission Characteristics

The model employed in this study is the BELLHOP ray model [13], which was pro-
posed by Porter [14] through the introduction of the Gaussian approximation method
in geoacoustics. This model has been found to better solve the influence of the acoustic
field calculation on the caustics, and delivers obvious improvements in the treatment of
acoustic energy caustics and the complete shadow area compared with the traditional ray
model [15]; plus, it can be used for acoustic field calculation in a three-dimensional envi-
ronment [16,17]. In addition, compared to the parabolic equations, normal-mode models,
and wavenumber integration techniques, etc., the ray modelling is fast enough to make
timely predictions that meet the requirements.

Since the medium impedance of the sea surface air is much smaller than that of
seawater, the sea surface is an absolute soft boundary, and the sea bottom is set as a liquid
semi-space sea bottom. According to the type of seabed substrate [18], the acoustic velocity,
density, and sound absorption coefficient of the sea bottom are given in Table 1, and the
range of the ray grazing angle is −90◦ to 90◦.

Table 1. Bottom parameters for the simulation study.

cp/(m/s) cs/(m/s) αp/(dB/λp) αs/(dB/λs) ρ/(kg/m3)

1600 0 0.5 0 1800

(1) Station O1

Figure 5 shows the transmission loss of acoustic survey line O1-S1 when the sound
source frequency is 200 Hz and the sound source depth is 10, 100, 300, or 1000 m. As can be
seen, when the depth of the sound source is shallow, the ray is reflected on the seabed and
sea surface many times, and the transmission loss is larger. With an increase in the depth
of the sound source, the number of reflections on the seabed and sea surface of the ray
reduce, the transmission loss is smaller, and thus it spreads farther. When the sound source
is located near the acoustic axis, the acoustic energy is mainly concentrated in the acoustic
axis. When the distance is 80 km, the water depth approaches the acoustic axis depth, and
the transmission of rays in the acoustic axis begins to be greatly affected by the seabed.

Figure 6 shows the transmission loss of acoustic survey line O1-S2 when the sound
source frequency is 200 Hz and the sound source depth is 10, 100, 300, or 1000 m. Compared
with acoustic survey line O1-S1, the water depth of O1-S2 gradually deepens, which is
more suitable for long-distance transmission. When the sound source is shallow, the ray
is greatly affected by the seabed after multiple seabed reflections. With an increase in

ftp://data.argo.org.cn/pub/ARGO/raw_argo_data/
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the depth of the sound source, more rays from the sound source are reversed to the sea
layer and are less affected by the seabed. For example, when the depth of the sound
source is 300 m, three convergence areas appear, among which the first convergence area is
affected by the seabed reflection, and the second and third convergence areas are mainly
formed by the ray reversal. When the sound source is located near the acoustic axis, the
energy of sound transmission is concentrated in the acoustic axis, which is more suitable
for long-distance transmission.
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Figure 7 shows the transmission loss of acoustic survey line O1-S3 when the sound
source frequency is 200 Hz and the sound source depth is 10, 100, 300, or 1000 m. When
the sound source is shallow, the sound line is greatly affected by the seabed after multiple
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seabed reflections. With an increase in the depth of the sound source, the number of seabed
reflections is reduced, and the transmission loss is smaller. When the sound source is near
the acoustic axis, the acoustic energy mainly spreads within the acoustic axis.
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Figure 8 shows the transmission loss of acoustic survey line O1-S4 when the sound
source frequency is 200 Hz and the sound source depth is 10, 100, 300, or 1000 m. With
an increase in the distance, the sea depth of the acoustic survey line becomes shallower
from 1800 m to 150 m, and the sea depth of the acoustic survey line changes greatly. The
ray passes through several sea surface and seabed reflections and is greatly affected by
the seabed. When the sound source is near the acoustic axis, the transmission distance is
relatively far.
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(2) Station O2

Compared with the four acoustic survey lines at station O1, the average water depth
of the four acoustic survey lines at station O2 is deeper, and there is a surface acoustic
channel with a thickness of about 45 m.

Figure 9 shows the transmission loss of acoustic survey line O2-T1 when the sound
source frequency is 200 Hz and the sound source depth is 10, 100, 300, or 1000 m. When the
sound source depth is 10 m, the surface acoustic channel effect is obvious; when the sound
source depth is 100 m, the ray passes through several seabed reflections and is greatly
affected by the seabed; when the sound source depth is 300 m, there are three convergence
areas within the range of 180 km, among which the first convergence area is about 60 km,
with a width of about 20 km, the second convergence area is about 110 km, with a width
of about 30 km, and the third convergence area is about 160 km, with a wider width than
the first and second convergence areas. The sound shadow area is distributed between the
convergence areas, and its width decreases with the increase in distance. There are also
sound waves in the sound shadow area, mainly from the seabed and sea surface reflection.
In general, the seabed reflection loss is larger, so the sound energy of the sound shadow area
is much smaller than that of the convergence area; and when the sound source is near the
sound channel axis, the sound energy is mainly concentrated near the sound channel axis.
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Figure 10 shows the transmission loss of acoustic survey line O2-T2 when the sound
source frequency is 200 Hz and the sound source depth is 10, 100, 300, or 1000 m. Except
for a seamount at 160 km, the rest of the topography is similar to that of acoustic survey
line O2-T1. It can also be seen that when the sound source depth is 10 m, a more obvious
surface sound channel effect is presented. When the sound source depth is 100 m, the
ray is reflected by the seabed many times and is greatly affected by the seabed; when the
sound source depth is 300 m, there are three convergence zones within the range of 180 km;
and when the sound source is located near the channel axis, the sound energy is mainly
concentrated near the channel axis.
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Figure 10. Transmission loss of different sound source depths of acoustic survey line O2-T2. (a) Trans-
mission loss at a depth of 10 m; (b) Transmission loss at a depth of 100 m; (c) Transmission loss at a
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Figure 11 shows the transmission loss of acoustic survey line O2-T3 when the sound
source frequency is 200 Hz and the sound source depth is 10, 100, 300, or 1000 m. When the
sound source depth is 10 m, there is a more obvious surface sound channel effect; when the
sound source depth is 100 m, it is greatly affected by the seabed; when the sound source
depth is 300, the second ray inversion near the seabed encounters the seamount, resulting
in the failure to form the second and third convergence zones; and when the sound source
is near the sound channel axis, the up-and-down spans of the ray inversion are small, most
of the rays can avoid the seamount, and the sound transmission in the sound channel axis
is less affected by the seamount.
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Figure 12 shows the transmission loss of acoustic survey line O2-T4 when the sound
source frequency is 200 Hz and the sound source depth is 10, 100, 300, or 1000 m. When the
depth of the sound source is shallow, the ray is reflected by the seabed many times and is
greatly affected by the seabed; then, with the increase in depth of the sound source, the ray
is more reversed to the upper layer of the seawater and is less affected by the seabed. There
are three convergence zones in the range of 180 km. When the sound source is near the
channel axis, the upper and lower spans of the ray reversal are small and the ray mainly
propagates near the channel axis.
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4. Conclusions

In this paper, we use GEBCO_08 global topographic grid data and Argo data to numer-
ically simulate the acoustic transmission characteristics of two stations in the northeastern
part of the South China Sea. In the simulation, it is assumed that the sound velocity gradient
in different propagation directions is consistent with that of the central station, and the
following conclusions are obtained:

(1) When the water depth changes from deep to shallow, the number of ray reflections
between the seabed and surface increases, and the transmission loss is larger. At
the same time, with an increase in the sound source depth, the transmission loss
is relatively small. As shown in Figures 5, 7 and 8, the water depth of the three
survey lines changes from deep to shallow, and with the increase in transmission
distance, the number of ray reflections between the seabed and surface increases and
the transmission loss is large. It can be observed that when the depth of the sound
source is increased, the transmission loss is relatively smaller.

(2) When the water depth changes from shallow to deep, the sound transmission is better
than that from deep water to shallow water. As shown in Figure 6, the water depth of
the survey line changes from shallow to deep, and the transmission loss is smaller
than that of the transmission from deep water to shallow water in Figures 5, 7 and 8.
Further comparing the propagation loss of the four different sound source depths in
Figure 6, it can be seen that when the sound source depth is deeper, the propagation
loss is relatively smaller. Therefore, increasing the sound source depth will also
increase the propagation distance of the sound signal as the water depth changes from
shallow to deep.
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(3) The convergence area will greatly increase the propagation distance of sound signals.
As shown in Figures 9c, 10c and 12c, in the range of 0–180 km, a total of three
convergence zones appear, and the gain brought by the convergence zone can reach
more than 20 dB. In actual detection, it is necessary to make full use of the convergence
area to increase the propagation distance of sound signals.

(4) Terrain such as seamounts will inhibit the transmission of sound waves. As shown
in Figure 11c, the second and third convergence zones cannot be formed due to the
occlusion of seamounts. Therefore, when there is terrain such as seamounts, the
acoustic transmission loss will increase.

(5) When there is a surface channel, the transmission of rays in the surface channel is
less affected by the seabed, as shown in Figures 9a, 10a, 11a and 12a. Therefore,
when the sound source is placed in the surface channel, the transmission distance will
be further.

(6) Acoustic signals near the sound channel axis will propagate further. Comparing the
transmission loss of the eight lines in Figures 5–12, when the sound source depth
is 1000 m, close to the depth of the channel axis, the sound transmission distance
is further. Therefore, when the sound source is placed near the channel axis, the
transmission distance will be increased.
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