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Abstract'

Based on the data of Argo float, satellite altimeter merged
data, and HYCOM model output, we analyzed the
temporal-spatial variations of a mesoscale cold eddy in the east
of Luzon Strait, and used FOR3D model to simulate the effects
of this mesoscale cold eddy on sound propagation, Calculated
out the transmission loss(TL) with or without the cold eddy.
Result show that the presence of cold eddy led to significant
variation of sound propagation. Typically, the distances of
convergence zones were narrowed several kilometers, and the
gain of convergence zones were inhibited about 2 dB.
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1. Introduction

The 3D structures of eddies can be hardly determined, but are
generally acquired by constructing ideal eddy structure models
[1-4], the effects of eddies on sound propagation are analyzed
together with sound propagation models. Also a few
experiments have been conducted to investigate the effects of
mesoscale eddies on sound propagation [5-7]. In all, the
existing studies about the effects of mesoscale eddies on sound
propagation are mainly based on construction of eddy structure
models, but the accuracy of models should be further validated.
However, field investigation into the effects of mesoscale
eddies on sound propagation is very difficult.

Along with the development of remote sensing, Argo float
and other novel observation techniques, the high-resolution
ocean model has been gradually improved, which facilitates the
extraction of 3D structures from mesoscale eddies [8]. In this
study, together with the data of remote sensing, Argo float, and
ocean model, we used FOR3D sound propagation model to
analyze the effects of cold eddy on sound propagation.

II. Temporal-spatial variation of Mesoscale Cold Eddy
Fig.1, the No0.5900056 Argo float generally moved

anticlockwise from the 6th cycle to the 25th cycle observation
periods, which was characteristic of cyclonic eddies. Since the
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data of altimeters can validate the cyclonic cold eddy during
this period in the study area. Fig.2 shows the sea level anomaly
(SLA) distribution, sea surface geostrophic current, and
position of No0.5900056 argo float during the mature period of
cold eddy (broken lines in Fig.1). The cold eddy became
mature in 13 June 2004, its center was located at 124.5° E and
22.5° N, its radius was about 100 km, and the mature period
lasted until 7 July 2004.
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Fig.1 The terrain and the trajectories of 5900056 Argo float
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Fig.2 The distribution of SLA under the cold eddy on

2004-06-25(/\:5900056 Argo float)

III. Effects of cold eddy on 3D sound propagation

The sound propagation under cold eddy environment was
simulated using FOR3D sound propagation forecast model [9].
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The mode parameters were as follows: source depth = 100 m,
source frequency = 100 Hz, seawater density =1024 kg/m3,
seabed consisting of sedimentary layer and basement;
sedimentary layer thickness = 20 m; sound speed rising linearly
from 1550 to 1580 m/s, density = 1.6 X 103 kg/m3, coefficient
of absorption = 0.1 dB/ 1 ; basement sound speed = 1546 m/s,
density = 1.8 X 103 kg/m3, absorption coefficient = 0,
horizontal step length =2 m; vertical separation = 5 m, interval
of directional angle =3 ° (0° northwards), and receiver depth
= 40-200 m. Then the effects of cold eddy on 3D sound
propagation were simulated when the sound source was located
at the center or outside of the cold eddy.
A. Sound source at the center of cold eddy

When the sound source was at O1 the center of the cold eddy,
the sound signals propagated from Ol to outwards, the
horizontal transmission distance was 150 km, and the terrain
within the 0-360° range is showed in Fig.4.
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Fig.4 Terrain of sound propagation distance 150 km

The temperature and salinity sections on line A-O1-B of 25
June 2004 were extracted from the HYCOM model outputs,
and the sound speed section was calculated using the
Chen&Millero sound speed empirical algorithm[8]. With A as
the referenced sound speed profile, calculated the anomaly of
A-0O1-B sound speed profiles under the cold eddy, the sound
speed anomaly distributions of A-O1-B section(Fig.5). The
largest effect of the cold eddy on sound speed appeared at 400
m deep in the center of the cold eddy, and the variation was up
to -16 m/s.
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Fig.5 sound speed anomaly of A-O1-B section (b)
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Fig.6 The difference of TL between the presence and absence
of cold eddy (receiver depth = 100 m)

The sound TLs with and without the eddy were simulated
using the FOR3D model. Fig.6 shows the difference of between
the presence and absence of cold eddy. The presence of cold
eddy led to significant variation of sound propagation. The
difference in some zones were up to 20 dB, and the areas with
large difference were located at the first and second
convergence zones, and the shallow water areas in the north.
The positions of the convergence zones all moved towards to
the sound source, and their distances was narrowed down by
5-6 km.

Fig.7 shows the TL curves of O1B in Fig.3 without and with
the presence of cold eddy. Clearly, the first and second
convergence zones moved about 3 and 6 km toward to the
sound source, and the gains of the convergence zones were
slightly inhibited.
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Fig.7 Sound TL curves of O1B (receiver depth = 100 m)

B. Sound source located outside cold eddy

When the sound source was located at O2 outside of the cold
eddy, the SLA distribution around O2 is showed in Fig. 8. The
extent of broken line shows the TL simulated zone, and the
horizontal propagation distance was 240 km. The sound
propagation at the left passed through a cold eddy, center of
which was about 120 km from O2. The 3D temperature and salt
structure of the zone were also extracted from the HYCOM
model output. The TL without or with cold eddy was simulated
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using an FOR3D model.
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Fig.8 SLA distribution when the sound source was located
outside of the cold eddy
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Fig.9 The difference of TL between the presence and absence

of cold eddy and without eddy (receiver depth = 100 m).

Fig.9 shows the difference of TL between the presence and
absence of cold eddy. The difference at the left side of the cold
eddy is significantly larger than the no-eddy zone at the right
side, and the maximum difference appears at the three
convergence zones and is up to 20 dB.

Fig.10 shows the O2C TL curves, where the blue and red
curves indicate the absence and presence of the cold eddy,
respectively. The three convergence zones are very
characteristic. The cold eddy made the three convergence
zones all migrate to the sound source by about 2, 5 and 7 km,
respectively, and the TL of the cold eddy to the center of the
convergence zones decreased by about 2 dB.

30 : ‘ ‘ . ; ;

no eddy
40 —— cold eddy

50

60

70

TL(dB)

80

90-

100-

110

120 L I L L I 1
0 30 60 90 120 150 180 210 240

Range(km)

Fig.10 Sound TL curves when source was outside cold eddy
(02C, receiver depth = 100 m)

1V. Conclusions
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Based on the data of Argo float, satellite altimeter merged
data, and HYCOM model output, we analyzed the time-space
changes of a mesoscale cold eddy in the east of Luzon Strait,
and used FOR3D model to simulate the effects of this
mesoscale cold eddy on sound propagation.

(1) The mesoscale cold eddy caught by the Argo float was in
radius of ~ 100 km when it stabilized, and the affected depth on
temperature-salt was up to 800 m. The Sound speed variation
due to the cold eddy maximized to - 16 m/s at water depth of
400 m.

(2) When the 100 Hz sound source was located at the center
of the cold eddy, the presence of the cold eddy largely affected
the sound propagation. The propagation loss differences in
some parts reached 20 dB. The first and second convergence
zones were located at 3 and 6 km away from the sound source,
and the gains in the convergence zones declined.

(3) When the 100 Hz sound source was outside of the cold
eddy, the three convergence zones also migrated by 2, 5 and 7
km, respectively, to the sound source, and the gains at the
center of the convergence zone declined by about 2 dB.
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