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The impact of the noise radiated from merchant ships on marine life has become an active area of
research. In this paper, a methodology integrating observation at a single location and modelling the whole
noise field in shallow waters is presented. Specifically, underwater radiated noise data of opportunistic
merchant ships in the waters of Zhoushan Archipelago were collected at least one day in each month from
January 2015 to November 2016. The noise data were analyzed and a modified empirical spectral source
level (SSL) model of merchant ships was proposed inspired by the RANDI-3 model (Research Ambient
Noise Directionality) methodology. Then combining the modified model with the realistic geoacoustic
parameters and AIS data of observed merchant ships, the noise mappings in this area were performed
with N×2D of Normal Mode calculations, in which the SSL of each ship was estimated using the modified
model. The sound propagation at different receiving positions is different due to the shielding effect of
islands and bottom topography. The methodology proposed in this paper may provide a reference for
modelling shipping noise in shallow waters with islands and reefs.
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1. Introduction

It is an important research task to evaluate the
contribution to marine ambient noise from human ac-
tivities and describe the long-term trends in ambient
noise levels. Vessel noise from a range of different ship
types substantially elevated ambient noise levels across
the entire recording from 0.025 to 160 kHz at ranges
between 60 and 1000 m (Hermannsen et al., 2014).

In the past five years, some collaborative research
projects were done to study the anthropogenic noise
around the European waters, such as AQUO (Achieve
QUieter Oceans) (Audoly, Rizzuto, 2015; Audoly
et al., 2017), SONIC (Suppression of Underwater Noise
Induced by Cavitation) and MEPC (Marine Environ-
ment Protection Fund) (Robinson et al., 2011). The

AQUO project contains three topics: the underwater
radiated noise sources were modeled, noise mappings in
some specific waters were performed, and the influence
on the marine life from the anthropogenic noise was
researched (Folegot et al., 2015). In project spon-
sored by SONIC t, the radiated noise of a small re-
search vessel using three hydrophones was measured
in the shallow water (Brooker, Humphrey, 2016).
This project was aimed to develop a noise mapping
tool to investigate the levels of anthropogenic noise for
the EU Marine Strategy Framework Directive (MSFD)
(Colin et al., 2015).

The noise mapping tool can provide a representa-
tion of shipping noise that is both meaningful to policy
makers without acoustic background and representa-
tive of the phenomena relevant to the environmental
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impact. The accuracy of the end result depends on the
quality of the source description as well as that of the
propagation model used to compute the sources’ com-
bined contributions (Colin et al., 2015).

Leissing and Audoly (Leissing et al., 2014) stud-
ied the influence of ship radiated noise level directivi-
ty on the assessment of underwater noise maps. They
found that the horizontal directivity may significantly
improve the prediction accuracy in the assessment of
the underwater noise maps. As the sound mapping over
large areas can be computationally expensive because
of the large number of source and large source-receiver
separations involved, Sertlek et al. (2016) pointed
out that the sound speed profile in shallow water has
a negligible effect on the end noise maps by studying
the shipping noise in Dutch North Sea, which simpli-
fies the computation greatly.

Based on a simple sound transmission model and
ship track data, Erbe et al. (2012) mapped the cu-
mulative shipping noise energy throughout 2008 in
the west Canadian Exclusive Economic Zone, show-
ing high noise levels in the critical habitats for en-
dangered southern resident killer whales, exceeding li-
mits of “good conservation status” under the EU Ma-
rine Strategy Framework Directive. In December 2014,
Soares et al. (2015) made a prediction on the ship-
ping noise in Portuguese waters, according to the ship
track data, and the prediction result was verified by
the measurement. Recently, Mustonen et al. (2019)
made a large-scale and long-term underwater sound
monitoring in the Baltic Sea, and the sound was mon-
itored in 36 locations. They concluded that maritime
traffic elevates the ambient sound levels in many areas
of the Baltic Sea during extensive time periods.

As recommended by the ANSI S12.64 standard
(ANSI/ASA, 2009), three hydrophones should be pla-
ced at the depths corresponding to target depression
angles of 15○, 30○, and 45○. However, for the East
China Sea, most areas are in shallow waters. Thus,
our acoustic observatory was chosen to be deployed
in the busy shipping lane of Shanghai Port. In this
study, we analyzed the shipping noise measured in the
area of Zhoushan Archipelago with an opportunistic
bottom-mounted acoustic observatory, collecting data
continuously at least one day in each month from Ja-
nuary 2015 to November 2016 (Peng et al., 2018). Al-
though the measurement was very time-consuming and
the amount of collected data was huge, the effective
shipping noise data were limited to only 57 selected
merchant ships (Peng et al., 2018). Then based on the
new empirical SSL model, we predicted the noise map-
ping in this area. This paper is organized as follows. In
Sec. 2, we present the measured mean SSL and fitting
equations. Inspired by the RANDI-3 model, a modified
SSL model was proposed by numerical optimization. In
Sec. 3, we present the shipping noise prediction proce-
dure. With the modified model and the geoacoustic

environment parameters, we predicted the noise field
produced by shipping noise sources. Finally, a sum-
mary and a discussion of the results are presented in
Sec. 4.

2. Empirical source level model

Our measurements were started in January 2015
and continued until November 2016.The opportunistic
transiting ships can be categorized as merchant ship,
tanker, fishing vessel and others. Among these ship-
types, the largest component is a merchant ship (Peng
et al., 2018).

As mentioned in (Simard et al., 2016), the SSL
should be estimated when the following criteria are re-
spected: (a) no other ship was present within a radius
of 5 km while the focal ship was within the data pro-
cessing window centered at CPA; (b) the ship speed
over ground (SOG) was faster than 1 kn; (c) the dCPA

exceeded 100 m.
Furthermore, for estimating the SSL of the focal

ship more accurately, the signal-to-noise ratio (SNR)
must be greater than 10 dB (Peng et al., 2018). Con-
forming to the above criteria, we picked the radiated
noise data of 57 merchant ships from the large amount
of noise data generated by transiting ships, as shown
in Table 1. The speeds and lengths of the selected mer-
chant ships are between 6∼13.8 kn and 72∼200 m, re-
spectively.

During the measurements, for isolating the mea-
sured focal ship from others, we had to guarantee
the signal-to-noise ratio (SNR), which depends on the
background noise and is always present. If the differen-
ce is between 3 dB and 10 dB, a correction is made on
the measured data.

Based on these criteria, we picked the effective ra-
diated noise data of 57 merchant ships from the large
amount of noise data generated by transiting ships.
The SLs of the transiting ships are estimated from the
received level (RL) at a distant range (r), as shown in
Fig. 1, which is compensated for the TL as follows:

SL(f) = RL(f, r) +TL(f, r), (1)

where f is the frequency [Hz], and r is the slant range
along the propagation path [m].

The TLs are calculated with Normal Modes using
Kraken, and the geoacoustic parameters and sound
speed profile are taken from measured results. The
closet distance for each focal ship is chosen from
the AIS data (Peng et al., 2018).

From Table 1, SLs of two merchant ships (MMSI:
412378670 and 412499000) are selected to analyze.
Their SLs are predicted using several empirical models
(Urick model, Ross model, W&H model, and RANDI-
3 model) for comparison. As illustrated in Fig. 1, even
for the same ship, the predictions with Ross model,
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Table 1. Information of selected merchant ships.

MMSI Ship length Speed (kt) CPA [m] Present Time Ship type
413249880 98 12 371.6 Jan., 2015 bulk cargo ship
413503780 97 9.7 208.4 Jan., 2015 bulk cargo ship
413552870 96 10.6 343 Jan., 2015 cargo ship
413501150 93 9.3 1046.6 Jan., 2015 multipurpose cargo ship
412378670 173 9.1 806.7 Jan., 2015 bulk cargo ship
413506080 97 10.1 121 Jan., 2015 bulk cargo ship
413436580 180 8.8 725.7 Feb., 2015 bulk cargo ship
412407680 190 13.1 637.4 Feb., 2015 bulk cargo ship
412402070 97 6.9 399.3 Feb., 2015 bulk cargo ship
372748000 140 13.8 617.7 Feb., 2015 container vessel
412422190 114 10.3 1165.6 Feb, 2015 cargo ship
413794000 140 9.1 855.3 Mar., 2015 bulk cargo ship
413377030 159 8.5 935 Mar., 2015 bulk cargo ship
413875000 160 11.8 1287.2 Mar., 2015 bulk cargo ship
412501620 97 10.1 858.7 Mar., 2015 bulk cargo ship
413675000 147 9.3 585.6 Mar., 2015 bulk cargo ship
412750240 134 8.3 777.6 Mar., 2015 bulk cargo ship
413302490 178 8.6 1109.1 Mar.,2015 cargo ship
413301990 95 9.1 432.3 Apr., 2015 cargo ship
412438850 186 11.3 579.3 Apr., 2015 bulk cargo ship
412499000 136 7.5 1122.6 Apr., 2015 container vessel
413409640 97 7.8 1318.9 Apr., 2015 bulk cargo ship
412417210 72 6.5 1067.6 Apr., 2015 cargo ship
412079240 187 11.8 1153.5 May., 2015 bulk cargo ship
413551270 99 10.8 1211 May., 2015 bulk cargo ship
413796000 141 7 906.1 May., 2015 bulk cargo ship
412354220 96 6.5 661.2 May., 2015 cargo ship
413373510 153 9.8 1149.8 May., 2015 bulk cargo ship
413801447 112 6 781.1 May., 2015 bulk cargo ship
412703540 133 9.6 396.5 May., 2015 container vessel
413432110 98 7.3 1217.6 Jun., 2015 bulk cargo ship
412701140 98 10.5 295.3 Jun., 2015 container vessel
413366480 97 8.6 755.2 Jun., 2015 bulk cargo ship
413502420 98 9.6 692.2 Jun., 2015 bulk cargo ship
412271410 90 8.6 504.4 Jun., 2015 dry cargo carrier
412418390 97 9.5 217.3 Jul., 2015 bulk cargo ship
413839000 155 11.3 521.6 Jul., 2015 bulk cargo ship
413503050 96 8.8 662.5 Jul., 2015 cargo ship
413407080 98 7 513.1 Jul., 2015 dry cargo carrier
999955868 98 9.3 682.1 Jul., 2015 cargo ship
413524360 140 7.7 407.1 Jul., 2015 container vessel
413365710 97 9.7 655.8 Aug., 2015 container vessel
412379710 180 13.5 561.1 Nov., 2015 container vessel
100000000 100 7.5 214.5 Nov., 2015 cargo ship
413272050 190 7.9 349.2 Nov., 2015 bulk cargo ship
413500170 98 12 274.3 Apr., 2016 cargo ship
209205000 130 12.8 1296.2 Apr., 2016 container vessel
413329570 106 9.8 607.8 May., 2016 cargo ship
413667000 141 8.3 1304.5 Jun., 2016 cargo ship
412471020 124 11.3 523.3 Aug., 2016 cargo ship
413322830 97 11.1 255.4 Aug., 2016 bulk cargo ship
414709000 200 13.1 766.1 Aug., 2016 bulk cargo ship
413200640 97 9.6 172.3 Aug., 2016 bulk cargo ship
312524000 76 6.8 474.6 Aug., 2016 bulk cargo ship
413352250 129 10 525.8 Aug., 2016 bulk cargo ship
413699220 147 9.6 392.7 Aug., 2016 bulk cargo ship
413371280 94 12.3 865.7 Aug., 2016 container vessel



304 Archives of Acoustics – Volume 46, Number 2, 2021

a)

b)

Fig. 1. Comparisons between estimations and measure-
ments of selected ships.

W&H model and Urick model are different (the maxi-
mum difference is ∼20 dB), not to mention how consis-
tent are these predictions with the measured results.
Measured SLs above 100 Hz decreased approximately
with −N lg f , and N is about 16.6∼32.5. But for the
frequencies below 100 Hz, the frequency dependency
of source level is not monotonous and relatively com-
plicated. In general, there is a significant hump whose
shape, position and level will be influenced by the ship-
ping speed. Although the trends of the measured re-
sults above 100 Hz are basically consistent with those
of the empirical models, there is still a great gap in
levels.

For the results below 100 Hz, the lowest frequency
is considered as 50 Hz. Due to the fact that our mea-
sured works were made in shallow water, the cut-off fre-
quency can lead to low frequency filtration, and lower
frequency noise cannot propagate to far field normally.
The cut-off frequency, for the condition bottom is not
absolute hard, can be estimated using the following
formula from the classical textbook “Principles of Un-
derwater Sound”:

f0 =
c1
4h

√
1

1 − (c1/c2)2
, (2)

where c1 and c2 are the sound speed of seawater and
the bottom, respectively. h is the local depth.

As illustrated in Fig. 2 and Table 2, considering the
Comp. speed with 1549 m/s of the sea floor, a layer of
clayey silt with 35 cm thickness, is closer to the sound
speed with 1520 m/s than that of fine sand subbottom
with 1749 m/s. c2 is thus set to be 1749 m/s. The cut-
off frequency can be easily obtained as 31.5 Hz.

Fig. 2. The sketch of sound propagation with real bottom.

Table 2. Parameter description of bottom.

Description Symbol Value
Sediment: clayey silt

Comp. speed [m/s] cp,sed 1549
Comp. attenuation [dB/λp] αp,sed 0.6
Shear wave speed [m/s] cs,sed 80

Shear attenuation [dB/λs] αs,sed 1.25
Density [g/cm3] ρsed 1.488

Subbottom: fine sand

Comp. speed [m/s] cp,sub 1749
Comp. attenuation [dB/λp] αp,sub 0.8
Shear wave speed [m/s] cs,sub 80

Shear attenuation [dB/λs] αs,sub 2.5
Density [g/cm3] ρsub 1.941

However, the cut-off frequency is estimated not ac-
curately enough from the formula. It is necessary to
calculate the sound propagation according to the real
type of bottom. The sound contour from a point source
with the depth of 4 m using 2D axisymmetric finite ele-
ment method (FEM), as shown in Fig. 3. The sound
contour for 30 Hz presents an abnormal propagation
close to exponential attenuation. For the frequencies
above 50 Hz, the propagation is relatively effective.

The geoacoustic parameters (Jensen et al., 2000;
Hamilton, 1980) are described in Table 2, and the
ocean empirical sound speeds in this area are shown in
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Fig. 3. The transmission loss contour with the depth of 4 m using FEM.

Fig. 4a for different months (Chen, 1992). A sound-
speed profile measured on June 7, 2017 is shown in
Fig. 4b.

a)

b)

Fig. 4. The sound-speed profile in situ measured
on June 7, 2017 (a, b).

From the measured results as shown in Fig. 5,
some important regularities and information can be
obtained: decay slopes with frequency of source levels
depend on ship speed or ship length, and the “ave-
rage” ship’s source level. Among them, the “average”
ship’s source level is the key component, which not
only gives the SSL basic skeleton of measured mer-
chant ships, but also contains the dependent informa-
tion about frequency. It is conceivable that “average”
ship’s source level will be different if the group con-
stitutions (including length, speed and ship type) are
quite different. If the number of samples is sufficiently
large, the “average” ship’s source level tends to be sta-
ble and has more universal meaning.

Fig. 5. Measured SSLs of 57 merchant ships.

Here, the “average” ship can be defined as one with
a speed of 9.6 kn and a length of 124 m. It should
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be noted that the “average” ship’s SSLs are obtained
from the 57 selected merchant ships. Inspired by the
methodology of the RANDI-3 model, we firstly give the
“average” ship’s source level obtained from the mean
curve according to the equation as follows:

Ls,mean = 10 lg( 1

N

N

∑
i=1

10Ls,i/10), (3)

where Ls,i is the SSLs of the i-th ship, and Ls,mean is
the averaged SSLs of the N ships.

By fitting the measured mean SSLs, we obtained
the “average” ship’s SSLs Lso dependence on frequency
in third-octave bandwidths as follows:

Lso = −10 lg (10−3.97 lg f−9.00 + 104.23 lg f−23.64). (4)

The correlation coefficient R-square is 0.967. The
95% confidence bounds at frequencies from 50 Hz to
200 Hz in third octave bands are shown in Fig. 6.

Fig. 6. Variation in average SSL vs frequency, the curve is
the regression analysis to the entire data set.

The source level can be divided into 4 components
as follows:

Ls(f, v, l) = Lso(f)+K lg ( v
v0

)+ 18 lg ( l
l0

)+Lres, (5)

where Lso is given by Eq. (4), K is taken as 38 below
100 Hz and 49 above 100 Hz, respectively (Peng et al.,
2018); l and v are ship length and speed, respectively;
l0, and v0 are the ship length and speed of defined
“average” vessel, respectively. The last term Lres can
be described as follows (Breeding et al., 1996):

Lres = (k1 + k2 lg f)lk3 + k4, (6)

where k1, k2, k3, and k4 are the undetermined coeffi-
cients.

Thus, the numerical process can be written as fol-
lows: finding the unknown coefficients and such as the
target function below is minimized,

M

∑
m=1

Q

∑
q=1

∣Ltest
res (fq, lm) − [(k1 + k2 lg fq) lk3m + k4]∣

2

, (7)

where m and q are the sequence of length and cen-
ter frequency in 1/3 octave band. fq is the q-th center
frequency in 1/3 octave band, and lm is the m-th ship
length. Ltest

res is obtained by subtracting the “average”
level Lso and terms about speed and length.

According to Eq. (7), we obtained the expression
of last term via numerical optimization as follows:

Lres = (2.4 + 1.64 lg f)l0.063 − 1.3. (8)

Finally, we obtained a modified SSL model of mer-
chant ships as follows:

Ls(f, v, l) = Lso(f) +K lg ( v
v0

) + 18 lg ( l
l0

) +Lres,

Lso(f) = −10 lg (10−3.97 lg f−9.0 + 104.23 lg f−23.64) ,

K =
⎧⎪⎪⎨⎪⎪⎩

38, 50 Hz ≤ f < 100 Hz,

49, 100 Hz ≤ f ≤ 200 Hz,
(9)

Lres = (2.4 + 1.64 lg f)l0.063 − 1.3,

where v0 = 9.6 kn, l0 = 124 m. Note that as the average
speed and length in modelling are different from those
of RANDI-3, the “average” ship with different speeds
and lengths is defined as in our work. The range of
frequency f [Hz] is only limited from 50 Hz to 200 Hz
in third-octave bands. The SSLs of merchant ships at
other frequencies are recommended to be estimated by
RANDI-3 model.

Furthermore, we analyzed and compared the es-
timation error (estimation minus measured SSLs) of
RANDI-3 model and modified SSL model at 50∼200 Hz
in third-octaves. The SSL estimations of 57 merchant
ships with modified model are shown in Fig. 7a.
The prominent “hump” is present at 63 Hz. The
Fig. 7b shows the comparison of estimation error with
RANDI-3 and the modified model.

As indicated in Fig. 7b, the medians of the estima-
tion error using this modified model with 0.89∼3.49 are
less than that using RANDI-3 model with 3.98∼7.40
over the entire band. In spite of this, the largest in-
terquartile ranges using the modified model (11.67 at
63 Hz) and RANDI-3 model (12.68 at 80 Hz) are still
relatively large.

Some reasons below might give a satisfactory ex-
planation:

a) the calculated TL may be inaccurate due to errors
in geoacoustic model parameters;

b) the large number of tonal components generated
from machinery and propeller contribute to the
SSL below 100 Hz which makes the characteristics
more complex than those above 100 Hz;

c) the number of measured merchant ships is still not
enough;
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a)

b)

Fig. 7. a) SSL estimations of 57 merchant ships with mo-
dified model; b) comparison of estimation errors with
RANDI-3 and modified model. The box notches are the me-
dians; the bars are the 1st and 99th percentiles and markers

are outliers.

d) the measurement cannot fulfil the requirements in
ANSI S12.64 (2009) standard completely due to
shallow waters.

However, from the viewpoint of the engineering ap-
plication, the modified model is applicable and accept-
able for us. It should be emphasized that the modified
SSL model is only effective at frequencies from 50 Hz
to 200 Hz in third-octave bands. Whether the modified

a) b) c)

Fig. 8. Zhoushan Archipelago environment for 3D transmission loss calculation: a) bathymetry and position of the area,
b) layout of the opportunistic acoustic observatory, c) triangulation of the area in a standard form by KRAKEN codes.

model can be used in other groups of merchant ships
needs more evidence from further measurements.

3. Shipping noise mapping in the waters
of Zhoushan Archipelago

Our study site was located in the waters of
Zhoushan Archipelago with many islands and reefs
as shown in Fig. 8a. The acoustic observatory is
marked as star symbol in Fig. 8a. As illustrated in
Fig. 8b, the acoustic observatory was fastened with
a rope, the other end of which was tied to a buoy set
up with an Automatic Identification System (AIS).
The interior of bottom-mounted hydrophone was
equipped with a processor and memory, and the
exterior of it was charged with a battery to fulfil
the long-time data collection task underwater. The
response of the hydrophone was −176 dB reµV/Pa
and its sampling frequency was commonly set as
256 kHz. Each data file records 1-min radiated noise
data. The experimental area can be characterized
as a flat bottom with 24-m depth roughly. The sea
floor is composed of a layer of clayey silt with 35 cm
thickness and a half infinite layer of fine sand (Li,
1990). It should be noted that depth on the surface
is taken as zero and the underwater part is taken
as negative. The TLs were calculated with adiabatic
normal modes theory, and the eigenvalues were pre-
calculated using KRAKENC for each shipping noise
source (Porter, 1990). The slopes near the island
shores are very small, which makes the shipping noise
decayed gradually when transmitting from the shallow
water. Hence, the 3D refraction from the islands and
reefs can be negligible when calculated, but for the
ships transmitting from deeper water in the channel,
there may be 3D refraction. Here, we adopted N × 2D
calculation method by simply running the 2D models
repeatedly along different bearings and combining
these results to build-up a 3D acoustic field, which sac-
rificed the accuracy to some extent inevitably, but the
computational load was much smaller for the N × 2D
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approximation. The environment was sampled at
a number of different points in the xy-plane and modes
were calculated at each of these points (Jensen et al.,
2010). Nodes were then generated to construct a trian-
gulation of the environment in a standard form by
KRAKEN codes, as shown in Fig. 8c (Peng et al.,
2018).

For the purpose of noise modelling, the AIS data
samples within the study area were made available.
The AIS data contains two parts of information. One
is the positions (coordinate in xy-plane) of observed
ships, and the other is the basic information of ob-
served ships. The basic information contains the ship
type, ship length L, tonnage T , shipping speed V , and
draught dS . On this basis, the SL can be estimated by
the modified empirical model or the RANDI-3 model.
Then, using KRAKENC, and combining the geoacous-
tic properties of continental shelf and slope environ-
ments, the noise mapping can be computed. This re-
search process is shown in Fig. 9.

On the basis of the above study methodology, we
chose the AIS samples observed at 11:50 on June 7,
2017 within the area shown in Table 2. The ships were
limited to those with length greater than 40 m and
speed greater than 7 kn. The basic information of cho-
sen ships is listed in Table 2. The list contains ships
that were present at the time and are taken from an-
other data set rather than the 57 ships used to deter-
mine the empirical source levels.

Table 3. Information of observed ship in this area (@ 11:50 on June 7, 2017).

MMSI Longitude [○] Latitude [○] Ship type Length [m] Draught [m] Speed [kn]
100900000 122.3742 30.71448 cargo 50 3.5 10.2
412380070 122.5004 30.89791 tanker 138 5.6 11.5
412419750 122.5767 30.77090 cargo 121 8.2 10.2
412437030 122.6086 30.64278 cargo 107 5.5 8.8
412459950 122.5641 30.83468 cargo 128 3.6 8.9
412705460 122.6167 30.71280 cargo 97 3.8 9.5
412761450 122.6216 30.64639 cargo 97 3.8 8.8
412766790 122.3723 30.76263 tanker 82 4.6 9.9
412842000 122.5741 30.86664 cargo 190 5.9 12.0
413204070 122.6036 30.70907 cargo 96 5.6 8.6
413272340 122.5979 30.72653 cargo 97 6.0 9.5
413361940 122.5514 30.88592 cargo 118 4.5 9.8
413363380 122.3866 30.64860 cargo 135 4.5 11.0
413374760 122.5882 30.76231 cargo 97 5.5 9.1
413439061 122.4688 30.68612 cargo 60 4.2 9.5
413445540 122.6302 30.69032 tanker 122 7.0 11.4
413445890 122.5229 30.89836 cargo 190 6.0 12.8
413464910 122.5411 30.88266 cargo 96 5.8 7.7
413469000 122.5435 30.87242 cargo 96 5.5 7.8
413523530 122.5561 30.82118 cargo 92 5.0 8.8
413556090 122.4943 30.63142 cargo 131 6.1 10.4
413640000 122.5995 30.76873 cargo 124 7.0 7.5
538005698 122.6466 30.68688 cargo 179 5.5 13.7
900300003 122.5003 30.75330 fishing 40 3.5 9.4

Fig. 9. Global flow chart of shipping noise prediction.

The SSLs of the 24 selected ships computed using
the modified empirical SSL model combining the ship
lengths and speeds presented in Table 3 are shown in
Fig. 10a. From Table 3, longitudes and latitudes of the
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a)

b)

Fig. 10. a) Source level estimations of the 24 selected ships
in this area; b) source level estimations of the selected

ships in this area.

Fig. 11. Horizontal noise field produced by all observed ships with receiving depth of 10 m in the whole area.

selected ships are plotted in Fig. 10b. Obviously, the
distribution of ships is mainly along the channel from
the south to the north among the islands.

By combining the source level estimations (see
Fig. 10a) and the corresponding positions (Fig. 10b)
with source depths which are set as two thirds of the
ship draughts, the noise mapping at 10 m under the sea
surface was obtained according to the energy superpo-
sition method, as shown in Fig. 11.

As illustrated in Fig. 11, for the low frequencies,
such as 63 Hz, the propagation ranges of shipping noise
are not further than that at higher frequencies. The
reason for the low noise field to the north, and for
the behavior at low frequencies is likely that the shal-
low water does not support modes, i.e. mode cut-off
due to water depth and low frequency. Besides, from
the noise mapping, the shielding effect of islands can
be observed prominently. The propagation ranges in
the north are not further than that in the south (see
Fig. 10a), as the waters in the north are shallower.

To investigate the noise contribution of individual
ship sources at the location of the acoustic observa-
tory (marked as star symbol in Fig. 10a), the noise
levels from all the ships are computed, as shown in
Fig. 12. The observed ships were assigned their origi-
nal bearings, shown by the lines from the observation
point in Fig. 12. The length of each line represents the
noise level of each corresponding ship, and the bear-
ing of each line represents the bearing relationship be-
tween source and observed location (Breeding et al.,
1996).
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a) b)

c) d)

Fig. 12. Noise contribution from merchant ships at observed location with receiving depth of 10 m.

From Fig. 12, the noise contribution from ships at
observed location is mainly concentrated along the di-
rection from the northwest (90○∼135○) to the south-
east (270○∼315○) due to the shielding effect of islands.
Although the noise field is different at different fre-
quencies, the noise contribution from the direction of
135○ is the largest at all frequencies, and the largest
level is as high as ∼100 dB. Also, a number of ships
were obviously found to be blocked from the receiver.

4. Summary and discussion

This paper presents two works made by us, obser-
vation and modelling on the shipping noise in shallow
waters of the East China Sea. Some conclusions are
made and listed as below:
1) Based on the shipping noise data measured in

the East China Sea, we found that several clas-
sical empirical models (Urick model, Ross model,
W&H model, and RANDI-3 model) are not ac-
curate enough for some detailed ships, which
have significant difference with the measured re-
sults. Especially for the frequencies below 100 Hz,
the frequency dependency of source level is not
monotonous and relatively complicated.

2) After analysing measured results, inspired by the
RANDI-3 model, we tried to propose a modified
SSL model for RANDI-3 model. The result shows

that the modified SSL model has better estimation
accuracy than RANDI-3 model in a certain range
of ship length, speed and frequency. The median
of the estimation error using this modified model
with 0.89∼3.49 is less than that using RANDI-3
model with 3.98∼7.40 over the entire band.

3) Using the modified model and combining with
the geoacoustic environment parameters, the noise
field produced by shipping noise sources was
present. The basic information of merchant ships
was given by AIS data. The shipping noise source
was modelled by the empirical SSL model. The
propagation range depends on the frequency and
is also influenced by the shielding effect of islands.

4) The noise contribution of individual source for
a given observatory location shows that the noise
contribution from ships at observed location is
mainly influenced by the shielding effect of is-
lands, which makes the noise contribution from
ships at observed location mainly concentrated
along the direction from the northwest (90○∼135○)
to the southeast (270○∼315○).
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