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Underwater Sound Propagation Model

Contents
� Sound Velocity Profiles  
� Sound Attenuation Models
� Surface & Bottom Reflection Models
� Ambient Noise Spectrum
� Ray-Tracing
� Calculation of Sound Propagation Levels
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Sound Velocity Profile
� Measured directly using Velocimeters

� Calculated using data from a Conductivity-Tempera-
ture-Depth probe with an equation for sound speed

• Simpler but less accu-
rate than Chen-Millero-Li

• C ~ (T,S,D)
• Validity range

-2 � T � 35°C

30 � S � 40 ppt

0 � D � 8000 m

• More recent and accurate
• endorsed by UNESCO 

and used as a standar-
dized model

• C ~ (T,S,P)

• Validity range
0 � T � 45°C

0 � S � 40 ppt

0 � P � 1000 bar

• Simple but limited to 
1000 m depth

• C ~ (T,S,D)
• Validity range

0 � T � 35°C

0 � S � 35 ppt

0 � D � 1000 m

MackenzieChen-Millero-LiMedwin
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Techniques
� Cubic spline Interpolation
� Akima Interpolation
� Least-Squares-Regression

Advantages
� interpolation and 

extrapolation of sound 
velocity data

� Measurement errors can 
be reduced

� Improved Ray Tracing

Sound Velocity Profile 
Preprocessing of Sound-Velocity-Profiles

Sound Velocity Profile (SVP)

SVP: sound velocity values measured 
at various water depths using a CTD 
probe in sea



5USFS Workshop, Bremen, 29.04.2008

I N S T I T U T E   O F 
W A T E R A C O U S T I C S, 

S O N A R   E N G I N E E R I N G   A N D
S I G N A L   T H E O R Y 

Sound Attenuation Models

The acoustic energy of a sound propagating in the 
ocean is partly

� absorbed, i.e. the energy is transformed into heat

� lost due to sound scattering by in homogeneities

On the basis of extensive laboratory and field 
experiments various  formulae have been derived for 
the calculation of attenuation coefficients.

� Thorp Formula 

� Schulkin-Marsh Formula

� Fisher-Simons Formula

� Francois-Garrison Formula
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Sound Attenuation Models
Francois-Garrison absorption formula
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Surface and Bottom Reflection Models
Plane Interfaces

Applicable Models
� Fluid-Fluid Model (Lossy Media) 
� Fluid-Poroelastic Model (Biot-Stoll Model)

reflected wave

Water
r 1, c1, a1

Sediment
r 2, c2 , a2

incident wave

transmitted wave

1j 1j

2j x

z
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Surface and Bottom Reflection Models
Plane Interfaces 

The Fluid-Fluid reflection coefficient is given by 
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Surface and Bottom Reflection
Rough Interfaces

Reflection Coefficient for 
Rough Interfaces

with Rayleigh-Parameter

RMS Surface Roughness and

vw = wind speed in [kn]
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Surface and Bottom Reflection 
RMS Bottom Roughness

0.59.0clay
0.58.0Slit clay

0.557.5very fine silt
0.66.5fine silt

0.655.5medium silt
0.74.5coarse silt

0.853.5very fine sand
1.152.5fine sand
1.451.5medium sand
1.850.5coarse sand
2.25---- 0.5very coarse sand
2.5---- 1Sandy gravel

RMS Roughness �
[cm]

Mean Grain Size 
[� = - log2(a)]

Sediment type
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Ambient Noise Spectrum
The isotropic noise level consists of

� turbulence noise (1Hz to 10 Hz)

� far shipping (traffic) noise (10 Hz to 300 Hz)

� sea state noise (300 Hz to 100 kHz)

where  vw denotes the wind speed in [kn].

8
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Ambient Noise Spectrum

� thermal noise (molecular agitation) (100 kHz to 1 MHz)

� rainfall noise (1 kHz to 5 kHz)

where  f and  r denote the frequency and rainfall rate

� biological noise (fishes, scrimps etc.)

where  f and  s denote the frequency and season, respectively.

bio( )  in   [dB] NL f,s   

rain( )  in   [dB],NL f,r   

therm 10( ) 15 20 log ( ),    in   [kHz] NL f f f= - + ×
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Calculation of Sound Propagation Levels

Environmental Parameters
bt : Bottom Type,

vw : Wind Speed,

S : Salinity,

Tw : Water Temperature,

c(z,r) : Sound Speed (function of depth and range)

Parameters to be calculated are
SPL: Sound Pressure Level versus depth & range

PSPL: Perceived Sound Pressure Level versus depth & range
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Calculation of Sound Propagation Levels

Source Parameters
SL : Source Level 

f : Center Frequency of 1/3 octave bands

B : Bandwidth of 1/3 octave bands

BPT : Angular Transmit Characteristic of the Source

Receiver Parameters
RS : Receiver Sensitivity (Hearing Filters)

f : Center Frequency of 1/3 octave bands

B : Bandwidth of 1/3 octave bands

BPR : Angular Receive Characteristic of the Receiver
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Calculation of Sound Propagation Levels

Ambient Noise Level

f : Center Frequency,    B :  Bandwidth (1/3 octave Bands)

Propagation Loss 

s:   arc length, n: ray number

Sound Pressure Level

Perceived Sound Pressure Level

10( , , , , ) 10 log ( ).B w vNL NL f v r s v B= + ×

( , , ) ( , , ) ( )PSPL r z f SPL r z f RS f= +

( )10 10( , , ) 20 log ( ) 10 log ( , ) ( ) ,PL s n f s F s n f sa= × + × + ×

( )0.1 ( ) ( , ) ( , ) ( , , )0.1
10

, ( , )

( , , ) 10 log 10 10 T RB SL f BP n f BP n f PL s n fNL

s n U r z

SPL r z f × + + -

Î

� �
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Ergebnisse der
Schallausbreitungsberechnungen

Inhalt
� Aufbereitung der Schallgeschwindigkeitsprofile
� Schallausbreitung / Ray-Tracing
� Schallspektren der untersuchten Schiffe
� Schallpegelberechnungen für 1/3 Oktavebänder
� Hörkurven und –gewichtete Schiffsspektren
� Gewichtete Schallpegelverteilung
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Aufbereitung der Schallgeschwindigkeitsprofile
� Auswahl repräsentativer Velozigramme

(hinsichtlich Orts- und Jahreszeitabhängigkeit) 
� Vorverarbeitung mittels Akima Interpolation 
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Schallausbreitung / Ray Tracing

� Wassertiefe der Schallquelle                            
wurde auf 5 m festgelegt

� Omnidirektionale Schallabstrahlung

Konvergenzzone

Divergenzzone
(Schattenzone)
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Schallspektren konventioneller Schiffe
� Schallabstrahlung prinzipiell richtungsabhängig
� Richtungsabhängigkeit nicht hinreichend bekannt  

	 worst case Betrachtung notwendig  
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Schallspektren konventioneller Schiffe
� Die abgestrahlte Schallintensität ist keine monotone 

Funktion der Geschwindigkeit 

	 Hüllkurve der Spektren verwendet (worst case)
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Schallspektren von Schiffen mit Jetantrieb

� HSC1 = kleiner Katamaran (170 Passagiere, 188 t)
� HSC2 = großer Katamaran (750 Passagiere, 250 Autos)

Schiffsspektren HSC1 und HSC2

150

160

170

180

190

200

210

10 20 40 80 16
0

31
5

63
0

1.
25

k

2.
5k 5k 10
k

20
k

40
k

Frequenz (1/3 Oktavband)

dB
 r

e 
1 

m
ic

ro
P

a/
1m

 

HSC1 41 kn

HSC1 30 kn
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Schallpegelberechnungen für 1/3 Oktavebänder

Schallpegelberechnung für 
das 47 1/3 Oktavband

178 kHz160 kHz141 kHz47

35.5 Hz31.5 Hz28.2 Hz11

28.2 Hz25 Hz22.4 Hz10

22.4 Hz20 Hz17.8 Hz9

17.8 Hz16 Hz14.1 Hz8

14.1 Hz12.5 Hz11.2 Hz7

11.2 Hz10 Hz8.9 Hz6

8.9 Hz8 Hz7.1 Hz5

7.1 Hz6.3 Hz5.6 Hz4

5.6 Hz5.0 Hz4.5 Hz3

4.5 Hz4.0 Hz3.6 Hz2

3.6 Hz3.15 Hz2.8 Hz1

fk,Ufkfk,LNr.
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Hörkurven & -gewichtete Schiffsspektren

RS(f ): Hearing Filter GSL(f ):  gewichtetes Schiffs-
(Receiver Sensitivity) spektrum

A(f ): Audiogramm SL(f ):     Schiffsspektrum

( )( ) min ( ) ( )RS f A f A f= - ( ) ( ) ( )GSL f SL f RS f= +

Schiffsspektrum Tanker, gewichtet mit Hörkurve 
Schweinswal und Seehund
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Gewichtete Schallpegelverteilung über ( r,z)

Nordsee und schnelle Schiffe

Seehund                                        Schweinswal

47

1Total Perceived Sound Perceived Sound Sound Pressure 
Pressure Level Pressure Level for each Level for each

1/3 Octave Band 1/3 Octave Band

( , ) ( , , ) ( ( , , ) (k
k

TPSPL r z PSPL r z f SPL r z f RS f
=

= = +�������� ������� �����

47

1
Receiver
Sensitivity

))k
k=
� ���
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Gewichtete Schallpegelverteilung über ( r,z)
Ostsee und konventionelle Schiffe

Seehund                              Schweinswal

Kabeljau                                    Hering
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Gewichtete Schallpegelverteilung über ( r )
Für jede Entfernung wird das Maximum des gewichteten 
Schallpegels bezüglich der Tiefe bestimmt, d.h.

[0, ]
 Maximum of theTotal Total Perceived Sound 

Perceived Sound Pressure Pressure Level versus 
Level along Depth versus Range Range and Depth

( ) max ( ( , ))
z D

MTPSPL r TPSPL r z
Î

=������� �������

Schallausbreitung Kieler Förde 2
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