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ABSTRACT 

A survey of ambient noise data in shallow water taken under wind-dominated 
conditions shows substantial differences in spectrum level (often greater 
than 10 dB) under the same windspeerl and sea-state conditions. This area-
dependent effect, which is evident even i n long-term averaged data, is 
caused by differences in ocean bottom properties, water depth, and sound-
speed profile. Comparisons between those data sets which are accompanied 
by suitable environmental information and a wind-noise model developed 
jointly at NRL and SACLANTCEN are shown. The areas in which the data were 
taken cover a broad range of bottom types, water depths, and sound-speed 
profiles. Calculated differences in noise level agree well with the 
measured differences and it is concluded that the model is capable of 
predicting the effect of the shallow water environment on the spectrum 
level of wind-dominated ambient noise. We also conclude that commonly 
used universal ambient noise curves which do not take into account 
environmental differences are inferior to the model predictions in 
shallow water. 

Introduction 

In this paper we present the results of some recent studies of the 
dependence of wind-driven ambient noise level in shallow water on environ-
mental parameters other than windspeed and sea state. Among these parameters 
are water depth, sound speed profile and ocean bottom composition. The paper 
will begin with the presentation of some measurements which suggest that 
an observable difference in wind-driven ambient noise level exists for 
different sites under the same windspeed conditions. The model used in 
the calculation of the effect of the environment on noise level is 
described. We then present the results of the application of this model 
to several data sets in order to account for observed level differences. 
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Shallow water wind driven noise measurements made at a number of 
locations [l-9] are shown in Figs. l and 2. Since the measurements, in 
general, were not made under exactly the same windspeed conditions, the data 
are assembled by reported sea state, or by sea state associated with the 
reported windspeed by using Vine and Volkmann's nomogram [10]. The arbitrary 
division of a continuum of possible windspeeds into a small number of sea 
states, the subjective nature of estimating sea states, and the introduction 
of measurement error are expected to introduce some differences in the 
measured spectra. The data show spectrum level differences, which in some 
cases exceed 10 dB. These differences are certainly too large to attribute 
to usual uncertainty of measurements of acoustic noise level. If we use 
Piggot's [2] measurements as a guide, we find that a difference of 10 dB in 
ambient noise level corresponds approximately to a tripling of the wind-
speed, or a change from sea state 2 to sea state 5. Although the comparison 
of shallow water ambient noise levels by grouping the data by associated 
sea state is not "exact", differences in level appear which cannot be 
explained by usual errors in measurement or sea state estimation. 

Another comparison of wind-generated ambient noise [l] is shown in 
Fig. 3. In this illustration we show noise spectra measured at two sites, one 
having a sand bottom, the other having a silt bottom along with Piggot's [2] 
measurements. The present measurements at frequencies above 100 Hz show 
spectral shapes similar to those obtained by Piggot and were free from lines 
or other indications of shipping noise, and thus appear to be wind-driven 
noise. We see that differences in level (~ 5 dB) in the two sets of measure-
ments over the sand bottom, are similar to the differences in Piggot's 
measurements at the corresponding wind speeds, but the absolute levels 
made over the sand bottom are somewhat higher. The measurements made over 
the silt bottom are somewhat lower than those reported by Piggot. In 
addition, we can see that the measurements made at windspeed 7 m/sec over 
the silt bottom are 2 dB lower than those made over the sand bottom at 
windspeed 3-5m/sec. These data provide further support for the existence 
of a site-dependence of wind-driven noise. We now turn to the problem of 
qUantitatively accounting for the observed differences in level by examining 
the ocean environment. 

Model Description 

The wind-noise model used in this study was developed jointly by NRL 
and SACLANTCEN and has been described in detail elsewhere [11]. The wind-
noise sources are modeled as monopoles distributed over an infinite plane 
slightly below the surface and parallel to it (see Fig. 4). For the 
purposes of this study the sources are assumed to be uncorrelated. 
Because of the pressure release surface the sources are equivalent to 
dipoles at the surface. The water column has depth-dependent sound-speed 
and overlies a bottom consisting of a sedimentary layer with depth-dependent 
sound-speed above a homogeous fluid or solid half-space. Absorption is 
present in all three layers. In addition, attenuation due to roughness 
at the surface and at the interface between the water column and the 
sedimentary layer is included. When the field of an individual noise 
source is represented in terms of the normal modes of the system the 
total intensity at depth z obtained by integrating over the entire 
source plane is 
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I(z,z') 

In Eq. (1) I(z,z') is the intensity at depth z for sources located at 
depth z', the un's are the mode amplitude functions, the kn's are the 
complex modal wavenumbers, and q is a source term. 

( 1 ) 

It can be seen from Eq. (1) that then= m terms dominate the sum. 
The modal wavenumber, kn, can he written as 

k n = Kn + i a n ( 2) 

where a n is the mode attenuation coefficient. Neglecting the n 1 m terms 
and assuming that an « Kn, Eq. (1) reduces to 

2 

-- ~ ;: I(z,z') '+ (3) 
n 

Since an is proportional to the attenuation in the system, Eq. (3) 
states that the intensity is inversely proportional to the attenuation. 
Note that an is the total mode attenuation coefficient and is the sum of 
several mode-dependent terms representing the contributions of the various 
attenuation mechanisms. In most cases absorption in the sediment dominates 
but loss due to surface roughness and absorption in the water column can 
be important ~t higher frequencies. 

Results and Discussion 

In order to use the wind-noise model described above to calculate 
environmental effects on the measured noise level it is necessary to have 
certain accompanying environmental data. These data are sound speed in 
the water column as a function of depth and the density, sound speed and 
attentuation coefficient of each bottom layer. A number of sufficiently 
complete data sets, consisting of noise spectrum levels and environmental 
data, have been collected [1 ,5,12,13]. Figures 5 and 6 show measured 
noise levels at the frequencies 500 Hz and 1000 Hz, respectively, vs 
windspeed. In most cases the wind showed short-term fluctuations over 
a range of windspeeds during the course of a noise level measurement so 
the points are plotted at the mean windspeed. Considerable scatter is 
observed in the data. Again the scatter is too large to be attributed to 
inaccuracies in the measurements and uncertainties in the windspeed. The 
trend of the measurements indicates that the measured noise level varies 
approximately as the square of the windspeed at both frequencies. Thus 
the data is consistent with earlier observations reported in the 
1 i terature [2]. 
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To determine the environmental effects we recast Eq. (1) as follows: 

10 log q2 
= 

10 
10 loq I - 10 loq 

10 10 

Here 10 log I is the measured noise level. The second term on the right-
hand side of Eq. (4) can be calculated from the model, giving the source 
level, 10 log q2. Note that the calculated term also depends on windspeed 
through the attenuation caused by surface roughness. The source level will 
depend on windspeed but will be independent on the other environmental 
conditions. The success of the explanation of the scatter of the levels 
in Figs. 5 and 6 may be inferred from the degree to which the independent 
determinations of source level produce points which lie on a common curve 
when plotted vs windspeed. 

The source levels for the data of Figs. 5 and 6 are plotted in 
Figs. 7 and 8. It is immediately evident that the scatter has been 
reduced considerably by the removal of the environmental effects. We 
note that because the calculated absorption coefficients depend on surface 
roughness, and hence on windspeed, the calculated source level depends on 
a different power of the windspeed than does the noise level. At 500Hz 
the source level increases with the fifth power of the windspeed; at 
1000Hz the source level depends on the sixth power of the windspeed. 

Conclusion 

Measurements of wind-driven ambient noise from a number of sites under 
similar windspeeds show a site-to-site variability of noise level which 
can not be readily attributed to errors in acoustic and environmental 
measurements alone. Some of the measurement sets were accompanied by 
sufficient water column and ocean bottom information to permit estimates of 
the effects of the acoustic environment on noise level. These calculated 
site-dependent terms account for the observed differences among the sites. 
We conclude that a more accurate prediciton of wind-noise level can be 
made if water column and ocean bottom information is available than can be 
obtained from "universal" ambient noise-vs-windspeed curves. 
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SEA STATE 2 
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FIG. 1 MEASURED AMBIENT NOISE SPECTRUM LEVELS UNDER 
SEA STATE 2 CONDITIONS 
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FIG. 2 MEASURED AMBIENT NOISE SPECTRUM LEVELS UNDER 
SEA STATE 3 CONDITIONS 

22-6 



WOLF & INGENITO: Wind-dominated noise 

100 

X 
X 

90 

~ 80 .. 
~ 

:t 

20.3 m /s 
i.O 16.4 m /s 
~ 70 12.8 m/s 
..J w 10.3 m /s > w """7.7 m /s ..J 

::E 6.2 m /s 
:::l a: 60 4.6 m /s 
1-
(.) 

0 w 
~ 

~3.1m/s rJl 
w 

50 rJl 
0 1.5 m /s z 

SILT 7 m/s o 

40 
SAND ~3-5 m/s X 

7-9 m /s c 

20 50 100 200 500 1000 2000 5000 10000 

FREQUENCY (Hz) 
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FIG. 4 THE GEOMETRY OF THE WIND-NOISE MODEL 
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FIG. 5 MEASURED NOISE LEVEL vs WINDSPEED AT 500 Hz 

100 

0 SCOTIAN SHELF (SAND) 

-;;:; 0 SCOTIAN SHELF (SILT) I 1000Hz 
I 90 ? 

1- X SCOTIAN SHELF (SILT) II 
ro '\7 GULF OF MAINE a_ 
::l.. 0 FORMICHE RANGE = co 
::2 80 f-
_J 0 w 
> w 
_J 

~ 0 
::J 70 -

~ 0: 
1- 0 u w a_ 
(/) 

w '\7 
(/) 60 -
6 oo z '\7 
1-z w 0 co 
~ 50 r-

<i 

40 1 I I I l 
0 10 20 30 

WIND SPEED (kts) 

FIG. 6 MEASURED NOISE LEVEL vs WINDSPEED AT 1000 Hz 
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FIG. 7 WIND-NOISE SOURCE LEVELS vs WINDSPEED AT 500 Hz 
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FIG. 8 WIND-NOISE SOURCE LEVELS vs WINDSPEED AT 1000 Hz 
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