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ABSTRACT 

Following a brief historical survey of the development of our 
\ 

knowledge of the origins and characteristics of ambient noise in 
the ocean, the principal known sources of noise are described. 
These are: environmental origin, biological origin and man-made. 
The combination of these sources leads to the modified Knudsen 
curves which are variable both in time and space. Methods of 
measurement of noise are reviewed. A state-of-the-art tabulation 
of the geographic, frequency and time dependence of various sources 
of noise is presented as a starting point for discussion. The text 
is in two parts, of which this is the first. 
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WILLE: Noise souraes i n ocean, Part I 
Five centuries ago , a native son of this country gave the first hint 

on a sound source in the sea we know of ( Fig.l ). Up· to now it is 

still far from being sufficiently understood, though it is one of the 
most important. By this text passage in mirror writing Leonardo da 
Vinci has moreover symbolized our twofold interest in marine sound 
sources. 

First~ There is the acoustical image of the ocean environment as 

an analogy to t he visible image we get from t h e surroun-
dings above the sea s urface . Whil e we receive the optical 
information mainly in the s pac e domain, the acoustical 
image is governed by the frequency domain , strongly coloured 
by 3 decades of audibl e frequency r ange against only one 
visible octave but at the p rice of low angular resolution. 

This is the field of a coustical remote sensing: 
passive detection of vehicles up to remote recognition of 
physical and biological properties of the ocean e nviron-
mente 

Secondly: we have t o d e al wi.th the marine sound sources as unwanted 
noise which li.mits the range of transmitted signals for 
many applications . Since we cannot escap e from sea noise 
we have to predict it a s a crucial component of sonar range 
prediction. How far this can alre ady be achieve d for p r acti-
cal purpose is the only aspect of noise we want to mention 
in this short review. This aspect is the reason why we 
accepted the invitation to present this paper, because in 
our establishment we have to apply the knowledge on noise 
more than to contribute novel results . 

The official definition of noi se ( Fig. 2, 3 ) distinguish between 
separate groups of noise sources~ sea noise plus technical noise 
gives ambient noise an d this together with self noise gives back-
ground noise which we want to deal with in this review. 
Fig. 4 is a catalogue of background noise sour'celi. Even in this in--

complete list there are several situations which have not been in-
vestigated. All these sources contribute to the frequency range o f 
practical interest ( Fig . 5) and the level range so far observed. 
Keeping in mirid, that we have to predict SONAR-r ange after all, which 
means predicting signal-to-noise~ratio, the problem obviously covers 
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WILLE: Noise sources in ocean, Part I 
about the same order of magnitude for both quantities. In this figure 
Wenz has associated known and possible sources with overlapping fre-
quency intervals. There is little doubt about the existence of three 
main types of sources which are nearly always and everywhere present: 
turbulent pressure up 102 Hz; traffic noise up to 10 3 Hz; and noise 
from surface agitation up to some 10 4 Hz. There are several tempo-
rary and local sources - a few of them will be discussed later. At 
first sight the picture looks rather complete. Indeed, the amount of 
literature on background noise is impressive ( Fig. 6). From the 
thirties till now there are more than 1400 citations, even if the 
initial Tlexponential" increase has now come into saturation . It is 
interesting to look a little into these statistics, because it illu-
minates a problem which we feel to be even more serious than the 
scientific problem itself. 

40% of the papers are classified - they deal mainly with most impor-
tant geographical and operational contributions. 40% of the unclassi-
fied literature is biological and one third of the rest are abstracts 
only~ Theoretical models - descriptive or physical - are extremely 
rare: perhaps one or two percent. 

Fig. 7 shows the main noise properties which are items of the in-
vestigations. Besides spectrum level there are directionality, depth-
and time-dependence and, what is indispensable for practical predic-
tion, the statistical properties and the geographical variation. In 
the mechanism of noise production the environment contributes both as 
source and as propagationpath filter. 

To demonstrate the distribution of the main activities on these items 
the symbolized matrix of figure 8 gives some insight for the group of 
geophysical sources. For clearness sake it is restricted to four main 
properties and so to speak five steps of knowledge. Although strongly 
simplified, the table cannot conceal the lack of available statistical ~. 

and geographical data, both for shallow and deep water. 

Before giving a few examples of the state of the art, let us antici-
pate a conclusion: 
background noise will presumably remain an empirical science within 
the surveyable future. As a consequence a universal noise model cannot 
be expected. Any empirical or parameterized prediction model has to be 
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WIDLE: Noi se sources in ocean" PaY't I 
tailored to the sea area and application of interest. Detailed regional ~ _ 

prediction is probably impracticable. Though the costs for noise measu-
rement are as a rule less than those for propagation ( which is also a 
regional problem ) we are convinced that the aim of SONAR-range predic-
tion and therefore noise prediction throughout the NATO waters of pri-
mary interest cannot be achieved without systematic and coordinated 
cooperation of the NATO partners. MILOC surveys are perhaps encoura-
ging but no substitute. We cannot present a map with the blank areas 
here but-without any doubt- the smaller countries could contribute 
much more to fill ln the gaps if they could participate in the classi-
fied knowledge of their larger partners instead of perhaps reinventing 
the wheel. In the very last years economic urgency has been added to 
scientific insight and gained ground for coordinated cooperation also 
in the field of research. Perhaps tod.ay a l' e inforced appeal to the 
responsible authorities can at least improve the necessary flow of 
information. 

The review must begin with self noise ( Fig. 9) which is a problem of 
suppression more than of prediction. From the hydrodynamic branch of 
this self noise tree we take the perhaps most important example of 
turbulence induced noise which is present even at bottom mounted re-
ceivers and is strongly influenced by flow and shape parameters 
(Fig. 10)0 

The origin of the usually obs e rved low frequency noise component bet-
ween 1 Hz and some 20 Hz with a steep spectrum slope about - 10 db was 
controversial for years and discovered more or less by accident. During 
a slack cable condition of a ship conr:.ected hydophone the spectrum 
level within this interval was reduced by more than 20 db. Similar 
noise reductions have been achieved with bottom mounted receivers and 
streamlined hulls (1,2). 

The theoretical pressure fluctuations in a turbulent field ( Figoll ), 
which are not radiated sound but pseudosound, give spectra of the 
right order but in practice the configuration of the boundaries and 
even their surface treatment ( Fig. 12 ) govern the flow noise level. 

Recent experiments on hull orientation and cable fins ( Fig. 13) de-
monstrate that even a slight flow disturbance or deviation from the 
axial orientation may increase the level to more than 20 db above the 
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empirical optimum. Further investigations for optimising hulls and 
hydrophone supports (3) are obviously necessary, although the limits 
of the technical possibilities seem to be almost exhausted. 

Returning to s ea noise ( F i g. 8 ), the lowest end of the spectrum 
given by hydrostatic pressure can be completely describe d by theory 
( Fig. 14 ). The f~rst order pressure f~eld of a surface wave ~s a 
non-radiating nearfield too, which has a sharp frequency and depth 
decrease and c ontributes only i n extreme shallow water cases and/ or 
low frequenc~es. In fact the waves do induce no~se through their 
currents but th~s ~s a problem of self no~se (4). 

The next source g roup ~s se~sm~c act~v~ty (F~g. 15 ). Spontaneus un-
predictable earthquakes may raise the no~se level by 30 dB w~thin the 
frequency interval normally occupi ed by ~urbulent noise ( 5-8). Of 
course there are preferred geogr aphical regions for frequent occurr-
ence but the range of such s~gnals has the order of hundreds to 
thousand naut~cal m~les - the acoust~c energy can ach~eve the equiva-
lent fo r 1 kt TNT - explosions . 

The so-called microse~sm wh~ch is not of geolog~cal orig~n ( F~g. 16 ) 
has to do w'~ th the movement, of the sea surface. Longuet H~gg~ns ( 9) 
expla~ns th~s by surface wave components travell~ng ~n oppos~te direc-
tions and ther efore raising and lowering the center of gravity of the 
surface by twice the frequency. This second order effect can explain 
the frequency maximum of the microseism ( the swell is plotted versus 
tw~ce the frequency ) although n ot the structure of the spectrum. Since 
the second o r der eff ect ~s produc~ng rad~ated sound ~nstead of pseudo-
sound, it has been supposed ( 10,11 ) to be the origin of the famous 
Knudson spectra too ( Fig. 17 ). Th~s facs~mil e of the histor~cal d~agram 
shows the standar~sed spectrum slope of - 5 db per octave and the seastate 
o~ wind dependence respect i vely. Thes e standard curves mainly extracted 
from deep wat,er data have been verified and mod~fied by numerous authors. 

The Knudson results lie somewhere betwe en r ecent pur e de ep water data 
( 12,13 ) which tend to be a few db lower and pure shallow water levels 
like those of Piggott ( Fig. 1 8 ) wh~ch are h~gher ~n general, the d~ffe
rence depending on fr equency and sea state (4). The spectrum shape near a 
few hundred Hz ~s giv e n by d~stant traffic and is highly variable (13-15). 
There have been a few model computations for traffic noise but we are 
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still far away from the aim of p r ediction. One of the reasons is the 

lack of availabl e regional traffic statistics. 

Though we have empirical functions to describe the high frequency wind 
dependent noise l e vel, the mechanism of its production is still un-
cl e a r . There are several possibilities ( Fig. 19 ) which have been 
di s cussed but none of them offers a sufficient e xplanation for the full 
r ange o f frequency and wind s peed (4,13,16 ). At high wind speeds there 
are ver y likely contributions of mechanisms 3-6 of figur e 19, and at 
low fr e quencies mechanism 2 is quite probabl e o But at very low wind speeds 
where white caps and capillaries a r e absent the mechanism of noise 
production remains a mystery. Fig. 20 presents the theory of Marsh for 
the second order effect. He postulates different slopes for gravit y and 
capillary wave noise. Though in the FWG the existence of capillary waves 
in the op en sea up to a few hu.ndr e ds Hz has been prove d recently, there 
are serious arguments a g ainst Marsh ' s hypothesis (11,17). 

Tr ustworthy and us e fu.l fo r pr e diction is the empirical law of a linear 
dependence of the s ound level and the logarithm of wind speed. Fig. 21 
shows this linear co e f f irie bt which itself follows perhaps a simple 
fr e quency law but i s n e vertheless une xplained. 

The situation is similar with the directionality ( Fig. 22). Indeed, 
n e arly all observations (19 - 26) show a pre ferred direction of the 
noise from the v e rtical at frequenc ies in the kHz region and high wind 
spee d, and preferred horizontal direction at lower frequencies where 
the contribution from distant traffic will as a rule increase. There i s 
no explanation~ however, why the low frequency directionality can be 
fitted best with omnidirectional sources though only dipoles would be 
physically allowed ( and have indeed bee n verified at higher frequencies). 

Also the depth depende nce o f the nois e level (27 - 29) is only partly 
and qualitatively understoo d. Fig. 2 3 pr esents a mixture of the depen-
dence of the noise l evel on both rece ive r depth and water depth, since 
the measurement was perfor me d at a steep coastal slope( where in any 
event e quilibr ium c ondi t i ons a r e n o t v ery likely). One would expect a 
decrease of the high f requency c omponent.s with depth because of absorp-
tion which is ofte n found t hough with diffe rent laws. The amount however 
by which low frequency c omponents increase with depth may depend on 
SOFAR- trapping o f t r a f fi c noise and will there fore be an additional 
problem of ocean ographic stratification . 
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An extreme situation of receiver depth dependence as a consequence of 
stratification is found in the Baltic ( Fig. 24 ) where a strong sali-
nity increase near the bottom acts as a shield against noise from 
horizontal directions. We found a decrease of level with receiver depth 
which is at least 100 times steeper than in deep water. Beyond the 
halo cline there seem to be moreover quite different spectrum slopes. 
The agreement with the Pigott curve at the upper frequency limit is 
only by accident: the traffic density was about 103 times higher than 
in the Atlantic, for example. 

With respect to time dependence there are only a few inconsistent 
results for the hourly and daily variations (14, 30 - 33 ). The only 
confirmed variation is seasonal ( Fig. 25 ) and at low frequencies ( 13, 
14, 34, 35 ). Deep water low frequency noise levels are about 6 db 
lower in summer than in winter. Different propagation loss of traffic 
noise during summer and winter may be an explanation. The example 
demonstrates, however, that the geographical variation is even greater 
and needs interpretation. 

Very encouraging are the observed standard deviations of figure 26: 
at higher wind speeds and lower frequencies the deviations are sur-
prisingly small. If they were found to hold for other areas we would 
have at hand one of the primary prerequisites for successful prediction. 

We should not forget that corresponding observations of high frequency 
noise level for different areas differ by more than 10 dB and for the 
lower frequencies in the traffic range there is more than 20 dB diffe-
rence. The geographical variation is certainly greater than the variation 
with depth, with direction or often even with time. These facts under-
line once more the urgent demand for coordinated cooperation and data 
exchange within NATO. 
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FIG. 1 

(1) IEC-Vocabulary Oak 29 (IEV-08) (secretariat) 100 
(2) Handbook of mil. oceanogr. information and 

service in NATO. 

Noise (2) "Any unwanted background sounds 
within a useful frequency band" 

FIG. 2 
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Sea noise ( 1 ) "Noise in the sea created by 
natural causes such as wind, 
rain, water waves, currents, 
thermal agitation" 

DEFINITIONS OF NOISE IN THE SEA (Part 1) 

Ambient noise 
(2) 

FIG. 3 

The naturally occurring 
noise background in the sea 
combined with commercial and 
industrial noise but excluding 
self noise and reverberation 

(1) IEC-Vocabulary Ook 29 (IEV-08) (secretariat) 100 
(2) Handbook of mil. oceanogr. information and 

service in NATO. 

Background 
nOise (2) 

Radiated noise 
( 1 ) 

All unwanted noise, other than 
reverberation; it includes 
ambient noise and self noise 

Sound radiated into water by 
surface ships and submarines 

DEFINITIONS OF NOISE IN THE SEA (Part-2) Self nOise Noise in the output of a 
sonar receiving system, ( 1 ) 
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Geophysica I 
origin 

Technical 
origin 

Biological 
origin 

Self noise 

FIG. 5 
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COMPOSITE OF AMBIENT NOISE SPECTRA 
BETWEEN 1 Hz AND 100 kHz. 
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LEVEL (Results and conclusions) (Ref. 13) 
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FIG.4 
SOURCES OF NOISE IN THE SEA 
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FIG.7 
PROPERTIES OF NOISE 
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FIG. 9 
SOURCES OF SELF NOISE 
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Descr iptive noise propert ies 
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(spat i al correlation, 
vertical, horizontal ) 

(hourly , dayly, seasona l ) 
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type of distribution) 
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contributing as propagation path 
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FIG. 8 
NOISE SOURCE S OF GEO PHYSICA L ORIGIN 
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FIG. 10 
COMPARISON OF AMBIENT NOISE SPECTRA 
MEASURED BY 500 m-CABLE HYDROPHONE, 
SHIP CONNECTED • BEFORE • DURING 
• AFTER SLACK CONDITION OF CONNECTING 
CABL E (Ref. 14) 
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FLOW NOISE VERSUS SPEED FOR 
DIFFERENT SURFACE TREATMENTS 
(Ref. 36) 
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WILLE: Noise souraes in oaeanJ Pt I 

FIG. 13 
INFLUENCE OF DOME 
CONFIGURATION ON FLOW NOISE 
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FIG. 14 
DEPTH-FIL TER CHARACTERISTICS, SHOWING THE 
ATTENUATION OF FIRST-ORDER PRESSURE FLUC-
TUATIONS AS A FUNCTION OF FREQUENCY AT 
THREE SELECTED DEPTHS (Ref. 13) 
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SPECTRA AS A FUNCTION OF SEA 
AND WIND CONDITIONS (Ref. 38) 
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FIG. 16 
ACCELERATION SPECTRA OF MICROSEISM NEAR 
ZEALAND. 0.01 Hz RESOLUTION. COMPARISON 
TO SWELL (Arbitrary scale) (Ref. 6) 
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FIG. 18 
AVERAGE SPECTRAL-ENE RGY FOR VARIOUS WIND 
SPEEDS. COMPARISON OF KNUDSEN-DATA AND 
SHALLOW WATER DATA FROM PIGGOTT (Ref.4) 



WILLE: Noise sources in ocean~ Pt I 
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FIG. 19 
POSSIBLE MECHANISMS OF SEA NOISE IN THE 
KNUDSEN REGION 
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5.Turbulent boundary 
pressure 

6.Airborn boundary 
layer noise 

FIG. 20 

Comment 
depth and frequency dependence 
too strong, 

suitable magnitude and frequency 
slope possible but no capillaries 
below 5 kn. Saturation of capillary 
waves at high wind speeds . 

suitabl e magnitude and frequency 
slope but whi t e capping cutoff 
bel ow 8 - 10 kn. Laminar r ise of 
bubb l es of other orig l n at low 
wind speeds. 

contribution at hi gh wi nd speeds. 

ma i nly pseudosound . sharp 
frequency cutoff ; 

t oo s t eep speed dependence 
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SECOND ORDER PRESSURE FLUCTUATION 
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6/5 -3 
gravity wave region: p2 = 

f 94 H f (f <13 Hz) 

6/5 -5/3 
capillary wave region: p~ = 2 • 9 H f (f ~ 13 Hz) 

Fl.G. 21 
SLOPE h (f) OF SPECTRUM LEVEL VERSUS 
WIND SPEED AS A FUNCTION OF FREQUENCY 
FOR SHALLOW WATER {Ref. 4) 
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I. Q(e')=cos2 (e') 

~
rCOs(e')J (90-e')/10 0:5e':570. 

2 (e') = C • 
. Q Cos2 (e'), 70· < e'~90· 

3. 9 (e') = Cos(e') 
4. 9(e')= I 
5. MEASURED 

FIG. 23 

WILLE: Noise sources in ocean, Pt I 

FIG. 22 
VERTICAL DIRECTIONALITY OF AMBIENT 
NOISE AT 200 Hz (Deep water, low sea state) 
FOR SEVERAL SOURCE DIRECTIONALITY 
FUNCTIONS. COMPARISON TO MEASURED 
FUNCTION OF FOX (Ref. 25) 

DEPTH DEPENDENCE OF DEEP-SEA AMBIENT 
NOISE FOR 10 FREQUENCIES AT 6 WIND SPEEDS. , .. 
PARAMETER: FREQUENCY (Ref. 29) 
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FIG. 24 
AMBIENT NOISE, CENTRAL BALTIC ABOVE AND 
BELOW HALOCLINE 
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