
Journal of Marine Research, Sears Foundation for Marine Research, Yale University 
PO Box 208118, New Haven, CT 06520-8118 USA 

(203) 432-3154    fax (203) 432-5872    jmr@yale.edu    www.journalofmarineresearch.org

The Journal of Marine Research is an online peer-reviewed journal that publishes original 

research on a broad array of topics in physical, biological, and chemical oceanography.  

In publication since 1937, it is one of the oldest journals in American marine science and 

occupies a unique niche within the ocean sciences, with a rich tradition and distinguished 

history as part of the Sears Foundation for Marine Research at Yale University. 

Past and current issues are available at journalofmarineresearch.org. 

Yale University provides access to these materials for educational and research purposes only. 
Copyright or other proprietary rights to content contained in this document may be held by 

individuals or entities other than, or in addition to, Yale University. You are solely responsible for 
determining the ownership of the copyright, and for obtaining permission for your intended use. 

Yale University makes no warranty that your distribution, reproduction, or other use of these 
materials will not infringe the rights of third parties. 

This work is licensed under the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License. To view a copy of this 
license, visit http://creativecommons.org/licenses/by-nc-sa/4.0/  
or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA. 



UNDERWATER AMBIENT NOISE 1 

VERN 0. KNUDSEN 
University of Califurnia, Los Angeles, California 

AND 

R. s. ALFORD AND J. w. EMLING 
Bell Telephone Laboratories, New York 

INTRODUCTION 

Underwater sound continues to be a problem of high priority in 
naval warfare. Since atomic bombing may render obsolete most 
types of surface ships, the relative if not absolute importance of the 
submarine certainly has increased. Thus, the U. S. Navy logistics 
chief recently told a congressional committee, "By far the most im-
portant and difficult problem which confronts the navy in so far as 
ship characteristics and fleet operating technique are _!:oncemed is the 
problem of undersea warfare." 

Quite apart from its military appli~ations, the purely scientific 
investigation of sound in the sea presents a fascinating "front" be-
tween the known and the unknown which invites further exploration. 
The scientific advances along this front that were incidental to the 
researches in subsurface warfare of World War II are of considerable 
significance, and it is almost entirely from these researches that we 
have gained our present knowledge of underwater acoustics. 

The present report deals with a small but significant part of under-
water acoustics; it surveys and compiles the principal available data 
(to March 15, 1944) on underwater ambient noise. It is condensed 
from a much longer survey report2 which contains 76 pages of text and 
146 charts and figures, prepared by the authors as a comprehensive 

1 Based on a survey prepared by the authors under the direction of Section 6.1 of 
the National Defense Research Committee, Survey of Underwater Sound: Report 
No. 3-Ambient Noise, OSRD Report No. 4333, Sec. No. 6.l-NDRC-1848, Septem-
ber 26, 1944. The complete survey report has been declassified; photostatic or 
microfilm copies are procurable at the Publication Board, Scientific and Industrial 
Reports, Office of Technical Services, U. S. Department of Commerce, W asbington, 
D. C. (The Pub. Board number of this report is 31021). 

1 See footnote 1. 

( 410) 
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reference work for naval and civilian groups concerned with under-
water sound problems during World War II. The major part of the 
material of the original survey report was based on reports prepared 
by the following organizations: U. S. Naval Ordnance Laboratory; 
Massachusetts Institute of Technology-Bureau of Ships, U.S. Navy; 
Columbia University, Division of War Research; and University of 
California, Division of War Research. A complete list of reports 
consulted, together with a short summary of technical information 
applying to each, is given in the original survey. 

TABLE I. GENERAL LocATIONB AT Wmca AMBIENT No1sE WAS MEASURED 

Boston Harbor and off Massachusetts 
Long Island Sound 
Off Block Island 
New York Harbor and approaches 
Lower Chesapeake Bay and off Cape Henry 
Off Beaufort, North Carolina 
Off Florida and the Bahamas 
Puget Sound 
San Francisco Harbor and approaches 
Off San Diego 
Off Oahu and Midway Islands 
Off Portsmouth, England 
Loch Goll, Scotland 
Off Hebrides Islands 

Table I lists the areas in which the measurements of underwater 
noise were made. The data reported are confined largely to the fre-
quency range of 100 c.p.s. to 25 kc. They are expressed in terms of 
pressure levels in db relative to 0.0002 dynes/cm2

• Often the results 
are given in terms of the "pressure level spectra," i. e., the pressure 
level in a band one cycle wide, as a function of frequency. These 
values are derived, since the measurements are usually made with 
filters having a band width of about one octave, although in some 
measurements the band width is either less or greater than one octave. 

QUALITATIVE NATURE OF AMBIENT NOISE 

The term underwater noise is used to describe unwanted underwater 
sounds which tend to impair the operation of acoustically operated 
devices. Ambient noise, sometimes referred to as background noise, 
is the sound normally prevailing in water, usually from a multiplicity 
of sources such as water motion, marine life, and unwanted ship sounds. 
Usually it is not possible to specify quantitatively the contribution of 
sound from each of the sources present, but frequently a particular 
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type of source is known to ~e prel?onderant. I~ such cases it is c?n-
venient to refer to the ambient nmse more spemfically as water noise, 
noise from marine life, ship noise, etc. 

There are three main sources of ambient noise: 

(1) Water Motion-Usually the prevailing source of noise in open 
and deep water. The magnitude is largely determined by the 
motion of the sea surface, particularly the number and promi-
nence of breaking waves and whitecaps. Therefore, noise from 
this source is related to weather conditions. 

(2) Marine Life-Produced by a large number of vertebrates and 
crustacea. Usually found in shallow tropical or semitropical 
waters. Diurnal and seasonal variations are common. 

(3) Ship and Man-made Sources-Found in busy harbors and con-
necting waters. The magnitude depends on local conditions 
and may vary greatly from time to time. 

Water noise is caused by a large number of widely distributed 
sources at the water surface; for this type of noise the field is believed 
to be essentially isotropic. An isotropic distribution is also to be 
expected in the center of large areas containing marine life. At a 
distance from such areas, or near localized concentrations of marine 
life, noise levels will vary with orientation and with the distance from 
the localized source. A similar situation will exist where the noise is 
produced primarily by a few near-by ships. 

Variability is an outstanding characteristic of ambient noise. The 
magnitutie of the noise from an individual source usually varies from 
moment to moment, and many sources exhibit large diurnal and sea-
sonal variations. Some sources, such as ships, change their geographi-
cal position with time. Ambient noise is usually produced by many 
sources, some near the point of measurement and others located at a 
distance. Consequently, variations in the transmission loss in the 
medium are also a cause of variability. For these reasons ambient 
noise cannot be specified as a constant quantity but must be described 
in statistical terms. That is, an estimate can be made of the most 
probable (or average) amount of noise that is to be expected under 
given circumstances. In addition, it is frequently possible to estimate 
the degree of variability in terms of a frequency distribution vs. time, or 
in terms of the standard deviation when the distribution is known to 
follow the normal law. A knowledge of the average noise and the 
magnitude of the variation from the average is essential for the correct 
application of quantitative data on ambient noise. 
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NOISE FROM WATER MOTION 

The term water noise is used to designate the underwater noise (at 
a sufficient distance from the shore to avoid the sound of waves break-
ing near the shore) produced by the agitation of the sea surface. This 
agitation is usually produced by wind. Water noise is the principal 
type of noise encountered in open and deep sea water. In practically 
all parts of the ocean, water noise is an important component of the 
noise, at least in some portion of the spectrum. 

Noise is also produced by breaking surf, by the impact of rain and 
hail on the water surface, and occasionally by a movement of the 
bottom material, such as rock, gravel, shells, etc. Underwater springs, 
volcanoes, and gas vents also have been suggested as possible sources 
of noise. Surface ice and icebergs are subjected to stresses which often 
give rise to audible sounds. No satisfactory measurements of such 
noises have been made. 

It is generally assumed that water noise is produced principally by 
breaking wave crests at the sea surface. It is believed that the un-
broken undulations of the surface water do not contribute appreciably 
to underwater noise. The magnitude of water noise probably is re-
lated in a complex manner to such variables as height of waves, steep-
ness of waves, and the number and magnitude of whitecaps present. 
Ideally, the estimation of water noise levels should be based on the 
combined effects of all these variables. Practically, this is not possible 

TABLE II. METEOROLOGICAL SCALES 

State of Sea Beaufort Wiri'd Force 

Scale D68cription Height of Scale Description Velocity 

No. Waves, Crest No. m.p.h. Knou 
to Trough 

(Ft) 

0 Calm 0 0 Calm <l <l 
1 Smooth <l 1 Light Air 1-3 1-3 
2 Slight 1-3 2 Light Breeze 4-7 4-6 

3 Moderate 3-5 3 Gentle Breeze 8-12 7-10 
4 Rough 5-8 4 Moderate Breeze 13-18 11-16 

5 Very Rough 8-12 5 Fresh Breeze 19-24 17-21 

6 High 12-20 6 Strong Breeze 25-31 22-27 

7 Very High 2Q--40 7 Strong Wind 32-38 28-33 

8 Precipitous >40 8 Fresh Gale 39-46 34-40 
9 Strong Ga1e 47-54 41-47 

10 Whole Gale 55-63 48-55 
11 Storm 64-75 56-65 
12 Hurricane >75 >65 
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with the data now available. Fortunately, however, it has been 
found that a reasonably good estimate of noise level due to water 
motion can be based on either wave height or wind velocity. A 
summary chart for making these estimates (see Fig. 4) will be presented 
after considering some selected but typical results of the noise from 
water motion. 

Table II presents some meteorological scales which are in current 
use, and which are used in this report, for describing the state of the 
sea (in terms of wave height) and the Beaufort wind force (in terms of 
wind velocity in knots or m.p.h.).3 
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Figure 1. Pressure level spectra. of ambient noise in Long Island Sound. 

• In the original survey report, world charts prepared by the U. S. Weather Bureau 
are presente~, one for_ each of the four seasons of the year, showing the distribution 
of average ~d velocity, from which the average water noise can be estimated (with 
the use of Fig. 4). Thus, in one region of the North Atlantic during December 
J , ' ~nuary, and February, the average wind velocity is 24 knots, and, according to 
Fig. 4, the expected over-all (0.1-kc) noise level would be about 81 db. 
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Figs. 1-3 are illustrative of many results from measurements of 
noise, due mostly to water motion. Thus, Fig. 1 gives pressure level 
spectra measured in Long Island Sound on a calm day and on a moder-
ately rough day. The over-all pressure levels (0.1-10 kc) correspond-
ing to these spectra are 66 and 83 db, respectively, assuming a straight 
line extension of the curves to 100 c.p.s. On the same figure are also 
shown for comparison the maximum and minimum noise pressure 
levels measured from July to November 1942 in the waters adjacent 
to New York Harbor. 
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Figure 2. Ambient noise in approaches to New York Harbor; distributions of over-aJI 

pressure levels. 

Fig. 2 is based on a noise survey of the area between Rockaway 
Beach and Sandy Hook conducted in March-April 1943. Pressure 
levels were measured throughout the frequency range of 150 c.p.s. to 
25 kc, and over-all pressure levels were measured in a 0.3-10 kc band. 
Only the cumulative distribution of occurrence of over-all pressure 



416 Journal of Marine Research [VII, 3 

levels for a series of daytime measurements (when ship sounds were 
predominant) and for a series of nighttime measurements (when ship 
sounds were almost completely absent) is shown in Fig. 2, plotted in 
the usual manner for determining the average value and the standard 
deviation. The curve for the nighttime measurements, when the sea 
state was estimated by the observers to be between 3 and 4, is believed 
to be free from man-made sounds, and probably therefore is repre-
sentative of water noise. If the over-all pressure level measurements 
had been made with a band width of 0.1-10 kc instead of 0.3-10 kc, the 
pressure levels would have been about 2 db higher than those shown 
in Fig. 2. A comparison of the two curves of Fig. 2 reveals the marked 
difference between the daytime and nighttime underwater noise levels 
in the approaches to a busy harbor. 
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Figure 3. Pressure level spectra of ambient noise in open water about 700 feet deep. 

Fig. 3 gives pressure level spectra of water noise in open and deep 
water five miles off Fort Lauderdale, Florida, for sea states 2, 4, and 5. 
The measurements were made by using a sensitive hydrophone having 
a low system noise. The hydrophone was carefully suspended from 
a cable by means of damped springs so that the movement of the 
hydrophone was negligible even in a very rough sea. The depth of 
submergence of the hydrophone was varied from 25 to 300 ft. No 
systematic variation of the over-all pressure level with hydrophone 
depth was observed; the small variations appeared to be random and 
probably resulted from the changing roughness of the sea and possibly 
from occasional sounds of distant ships or from marine life. Each 
point shown in Fig. 3 is the average of the data taken at all depths. 
There is a slight indication of a possible change in slope of the spectra 
for different states of sea, but the change is not systematic, and a 
reasonably good fit to the data is obtained with curves having the same 
slope as that of the spectrum determined by averaging all the data. 
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Figure 4. Ambient noise from water motion. Over-all pressure levels and pressure level 
spectra as a function of sea and wind conditions. 

Fig. 4 presents composite summaries of ambient noise from water 
motion. The relation between over-all noise level and wave height 
(crest to trough) is shown in Part A. The " state of sea" scale cor-
responding to various wave heights is also shown along the abscissa. 
This sea scale provides a useful and an approximate method for de-
scribing the height of the waves. 
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The relation between over-all noise level and wind velocity is shown 
in Part B of Fig. 4. The Beaufort scale of wind force, which is fre-
quently used for specifying approximate wind velocities, is also shown 
along the abscissa. The curves in Parts A and B are for average 
values. For a given wave height or wind velocity, considerable vari-
ation from the average noise level is to be expected. For example, 
noise levels higher than average are probable when whitecaps and 
spray are unusually prominent. On the other hand, noise levels lower 
than average are probable when the sea consists of long smooth crested 
waves. The standard deviation of observed noise levels with respect 
to the average values specified by the curves is of the order of 4 to 5 db. 
The variation is less at high wave heights and wind velocities than at 
low. 

Frequently, when both wave height and wind velocity are known for 
a given location, the noise estimate based on wind and waves will 
differ. In such a case, an average of the two predicted noise levels 
usually will be more reliable than either one alone. An exception 
would occur near the lee shore of a large land mass. In this case, the 
estimate based on wave height will be the more accurate. 

The average pressure level spectra to be expected for various wind 
and sea conditions are shown in Part C of Fig. 4. The slope of the 
spectrum appears to be independent of wind and sea and averages 
- 5 db/octave. Experimental evidence indicates that random de-
partures from this slope may occur, but usually the slope will not be 
more than -6 db or less than -4 db/octave. Neither noise level nor 
spectrum varies greatly with water depth so long as the water is suf-
ficiently deep to prevent breaking of the waves. In deep water the 
average noise level and spectrum are essentially independent of the 
depth (20 to 300 ft .) at which the noise is measured. There is, how-
ever, a difference in the character of the noise. Near the surface, the 
noise from individual waves and whitecaps can be discerned, and the 
momentary variations in noise level are greater than at a greater depth. 

NoisE FROM SURF, RAIN, HAIL, TrnE RIPS, AND MovEMENT 
OF BOTTOM MATERIAL 

The roar of breaking surf, which often sounds very loud to a sub-
merged swimmer, is clearly indicated or registered on underwater 
listening or sound recording equipment. However there are almost 
no quantitative data on the noise produced by s~rf. Observers at 
Cape Henry reported that during " rough weather" the over-all pres-
sure level (0.1-10 kc) measured near the bottom, 300 yards offshore, 
was 78 db (corresponds to sea state 3-4). 
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The impact of rain and hail is believed to produce a noticeable 
amount of noise in the absence of other prominent noise sources. 
There are no data available on the effects of hail and only a small 
amount of data on the effects of rain. One set of measurements indi-
cates that with a sea of st.ate 1, or greater, the impact of rain has a 
negligible effect at frequencies below 1 kc but, owing to the presence 
of noise from marine life, the effect above 1 kc could not be determined 
quantitatively. Measurements in the Thames River at New London, 
Connecticut, showed an over-all pressure level (0.1-20 kc) of 75 to 76 
db in the presence of a "steady but not torrential" rain as compared to 
57 db prior to the rain. This agrees qualitatively with observations 
made by swimmers in lakes and rivers while they were swimming under 
water during summer showers of rain and hail. 

One set of measurements made near a tide rip (current 3.5 knots) in 
a calm sea showed a rise in the pressure level spectrum beginning at 
about 3 kc. Levels of about 38 db (in a one cycle band) were obtained 
at frequencies of 5--10 kc (corresponds to sea state 8-9). 

Sounds attributed to the movement of gravel on the bottom have 
been reported, but there appear to be no quantitative data on the noise 
from this source. 

NOISE FROM MARINE LIFE4 

Many forms of marine life are capable of producing underwater 
noise. Table III lists some pertinent information regarding the noise-
producing characteristics of vertebrate specimens investigated at 
Shedd Aquarium, and of other soniferous specimens of marine life . 
Thus, the croaker, by means of drumming muscles on its air bladder, 
gives bursts of sound in rapid succession, each burst having a short 
duration and a principal frequency of about 250 c.p.s. ; the porpoise 
"barks" and follows this with a "gobble, gobble" sound, similar to that 
of a turkey cock; the toadfish emits intermittent "hoops"; the spot 
produces a series of raucous " honks" ; snapping shrimp, by snapping 
closed an enlarged pincerlik e claw, emit a "crackling" sound, not un-
like that of burning dry twigs, or, as heard from a distance, like the 
sizzle of frying fat. Among fresh water soniferous fish, the giant 
boom, or singing catfish, when played on an angler's taut line, is re-

• Several others have reported results of measurements on noise from marine life . 
See D. P. Loye and D. A. Proudfoot, Underwater noise due to marine life, J . Acous. 
Soc. Amer., 18: 446-449 (1946); F. A. Everest , R. W. Young, and M. W. Johnson, 
Acoustical characteristics of noise produced by snapping shrimp, J. Acous. Soc. 
Amer., 20: 137-142 (1948); and M. W. Johnson, F . A. Everest , and R. W. Young, 
The role of snapping shrimp (Crangon and Synalpheus) in the production of under-
water noise in the sea, Biol. Bull . Woods Hole, 93 (2): 122-138 (1947). 



Name 
Croaker. 

TABLE III. No1sE-PBoouc1No MABINm Lt11• 

Vertebrate Noise-Produdng Specimens at Shedd Aquarium 

Descripli011 of Sou11d 
. . Bursts of drumming In rapid 

Sound Producing Mecha11ism 

succession . . . . . . . . . . . ... DrummJng muscles on air b ladder. 
SBpaoct-kflnDrCurmoa_k_ e_r_ .. . . . . . Individual drum beats. . . . .. . Drumming muscles on air bladder. 

:J: .. . . Jsolaterl groans. . . . Drumming m uscles on air bladder. 
Red Drum. . . . . . . ..... . I solated groans. . . . .. . Drum min,:: muscles on air bladder. 
Garibaldl . . ............... Clicking, rasping. . . . . ... . Pharyngeal t eeth . . 
Sea-anemone. . . . . . . . . . . . . Drumming, tapping . . . . Pharyngeal t eeth . 
Single-striped Damozel .. ... . Drumming, tapping. . Phar yngeal teeth . 
Coral-reef Damozel. . . . Drumming, tapping . . .... .... . . Pharyngeal teeth. 
Common Triggerfish . ..... . . Rasping, hissing, spitting .. .. .. . . Pharyngeal teet-h . 
Surgeon fish. . . . . . . . . . . . Sucking, rasping. . . . .. . Pharyngeal teeth . . . . . . . . . . 
Long-finned Pompano . .... . . Clicking, grinding. . . . . . Hitting together dorsal fins . 
Sheepshead. . . . Crunching, !lrindlng . . ..... Extrinsic food crushing . . . 
Razorflsb. . .... .. ... . .. . Low cruncning. . . . . . . . . . . .... . Extrinsic food crushing. 
Hagflsh .. . .. ..... . ........ Loud crunching, grinding . ... . .. . Extrinsic food crushing . . . 
M u ttonflsb. . . . C runching, sucking. . . . . . ... .. . Extrinsic food crushing. 
Sting Ray. . . . . Crunching, grinding. . . . ... ... . Extrinsic food crushing .. . . . . 
Red Grouper . .. . ......... . Cli cking, grinding. . . . . . Snapping teeth while eating. 
Nassau Grouper. . . . Clicking, grinding . . ..... ....... Snappin~ teeth while eating . . ... . . . .. . 
Spadeflsh. . . .. Thump from rapid motion . . .. . . . 1\1ecbanical disturbance of water caused 

French Angelfish . . 
B lack Angel fish ... . 
Diamond Flounder. 
Sea Catfish. 

by quick rotation of body .. . 
. .. . . . Thump from rapid motion. . . . . ...... . . 

. . . Thump from rapid motion . . ... .. . . . . . . ........ . . 
. . Grating, scraping .... ... . . . . .... Disturbance of gravel. 
. . Popping, drumming. , ... .... .. . .... ...... ? ... . .... . 

Other R eported Noise Producers 

Princi~al Freq, Length 
C S• of Pulse 

1 f 3 Sec.• 

250 0,022 

50 80 150 0 .270 

7 ,400 1 ,000 150 0,011 

700 0 .023 

700 

5,800 1,900 0 ,026 

220 150 0 . 150 

~ ---- ------Vertebrate>-- ---- ----~ --- ---------Crustacea---------~ 
N ame Remarks Name Remarks 

P orpoise .. . . .. .. Bark a nd gobble (observed off Cape Henry) . . . Snapping Shrimp .. .. . . . Crackling (principall y Cranoon 

Toadflsh .. . 
Foolflsh 
Grunt ... . . . 

Sand Perch 
Squeteague . ... 

.. . . Intermittent "Boops" (Beaufort, N . C .) 

. Only males have drumming muscles 

tfcf~h-ii>ina.n ::: 
Gray Trout .. .. . .. .. Probably lik e croaker .. : .. ... .... : . . ... . 
Spot. . . . . . . . .. Seri es of raucous honks (Beaufort, N . C.) 

[A lpheus] and Synalpheus) 

. .. Crabs .. . . . Especiall y Cancer and Portunus. 
Noise only while reedlng 

. .. .... . Barnacles .. .. . .. . . ... . Occasional clicks or low intensity 
.. Mantis Shrimp. Sharp click 
. . Spiny Lobster. . . .. .. Grating 

Sea Robin. . . .. Squawk, squeal or cackle. Similar to croaker but 
more rasping (Beaufort, N . C.) 

• From photom.icro analysis of phonograph recording grooves. 
Note:- The list given above may not be complete, not all noise producers being of equal Importance; several other crustacea produce noise. 
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puted to sing "deep purring music that wanders up and down four 
full tones." Two of the forms of marine life, the snapping shrimps 
(Crangon and Synalpheus) and the croaker, are of great prar.tical im-
portance because they produce sustained noises of high level. 

Snapping Shrimp. Snapping shrimp can be expected throughout 
the oceans at locations where environmental conditions are favorable. 
These conditions are: 

Temperature-Limited by the 52° F winter surface isotherm. Some 
period of the year "·ith about 60° Falso required. 

Depth-Generally less than 180 feet. The highest noise levels 
appear to occur in water between 30 and 150 feet deep. 

Bottom-Rock, coral, shell, 'Need, or other material providing ready 
concealment. Relatively uncommon on mud or sand bottoms which 
are free from sheltering material. 

The region in which shrimp are to be expected when depth and bot-
tom conditions are favorable is roughly defined by a belt around the 
earth extending from latitudes 40° N to 40° S. Along the west coast 
of Europe extending north to Lands End, England, there is an addi-
tional area where the temperature is favorable. The inhabitable 
range along the west coast of South America south of Latitude 10° S 
and along the east coast south of Latitude 30° S is not known. 

Since snapping shrimp are nonmigratory animals they can be con-
sidered as a constant characteristic of any region in which they have 
once been found. The noise produced by shrimp is continuous. 
There appears to be no pronounced seasonal variation and but slight 
diurnal variation. During the night hours, the noise level is usually 
a few db higher than during the daytime, and there is a peak in the 
noise level (3 to 4 db above daytime level) just before sunrise and 
another after sunset. 

The sounds from snapping shrimp have been reported by others 
(ftn. 4, p. 419) and therefore they will not be considered further here, 
except for reference to Fig. 5 which gives summary curves typical of 
the ambient noise spectra to be expected in waters where snapping 
shrimp are prevalent. The data for this figure indicate that for fre-
quencies up to about 1 or 2 kc the noise spectrum is largely determined 
by water noise. Above 2 kc the crackling of shrimp is the major 
source. Part A of Fig. 5 shows noise spectra with average shrimp 
noise and various sea conditions. Average shrimp noise is representa-
tive of the 24-hour average noise level found at water depths of 30 to 
150 feet in the following regions: Off Florida, below Latitude 27° N, off 
Bahama and Cay Sal Banks, off San Diego, and off Oahu and l\1idway 
Islands. 
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Figure 5. Pressure level spectra of ambient noise in the presence of snapping shrimp. 

The noise levels at depths between 30 and 150 feet in these regions 
had a standard deviation of 5 db. 

At depths greater than about 150 feet, shrimp crackle depends 
largely on the transmitted noise from near-by shallow water areas. 
At a distance of a nautical mile from such a shallow water area, the 
noise from shrimp is about 20 db lower than in the shallow water area. 
The colonies of shrimp appear to be smaller and more scattered at the 
colder margins of the areas which they inhabit. For example, along the 
eastern coast of the United States, shrimp have been found and their 
noise observed as far north as Latitude 35° N, but at offshore locations 
above Latitude 27° N the noise levels seem to be 15 to 20 db lower than 
the average level shown in Fig. 5. However, large colonies apparently 
occur in the harbors at Beaufort and Morehead City, N. C. Other 
isolated large colonies are probably to be found above Latitude 27° N. 

The highest observed level of shrimp noise was measured near a pier 
at Kaneohe, Island of Oahu. The level at this location, at frequencies 
above 3 kc, was approximately 20 db above the average spectrum 
shown on Fig. 5. This is believed to be an exceptional condition 
caused by the presence of a large colony of shrimp living in the fouling 
material on the piling. Levels of this magnitude have not been ob-
served in open water. 
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Spectra representative of a sea of state 2 and various amounts of 
noise from shrimp are shown in Part B of Fig. 5. 

Croakers. Croakers (Micropogon undulatus), a variety of drumfish, 
are found during the late spring and early summer months in great 
numbers in Chesapeake Bay (estimated population 300 to 400 million) . 
They also occur in considerable numbers at other east coast locations 
below Chesapeake Bay. The larger fish migrate to sea during the 
winter months. Different species occur on the west coast of the 
United States below Point Conception but apparently not in as great 
concentrations as along the eastern coast. Most of the available 
noise data have been obtained at east coast locations, and the discus-
sion will be confined to the species found there. 

Croakers produce noise by the contraction of drumming muscles 
attached to the air bladder. The sounds produced by an individual 
croaker consist of a series of "taps" that continue for about one and 
one-half seconds at a rate of about seven taps per second. The series 
is repeated at intervals of 3 to 7 seconds. The sounds resemble the 
tapping of a woodpecker on a dry pole. In an area with a high con-
centration of croakers, the sound during a period of great activity is a 
continuous roar, and the sounds of individuals may be heard only 
infrequently over the chorus of the whole population. 

Croaker noise occurs principally during the feeding period, which 
starts in the evening as the bottom begins to darken. This, together 
with the migratory habits of the fish, accounts for the very pronounced 
diurnal and seasonal variation in croaker noise discussed in the follow-
ing paragraph. Croakers are believed to feed in the shallow water on 
the slopes of banks. 

Fig. 6 presents typical data on the seasonal and diurnal variations 
of over-all noise pressure levels from croakers at Cape Henry, Virginia. 
Note that the average over-all level in early June is 110 db, although 
levels as high as 119 db have been observed. 

Typical spectra of ambient noise for various sea states in the pres-
ence of croakers (lower Chesapeake Bay) during hours of maximum 
activity are shown in Fig. 7 for late May to early June and for early 
July. 

Other Marine Life. Other forms of marine life which may be of 
importance are toadfish, sea robins, some species of drumfish other 
than croakers, porpoises/ and a number of unidentified sources; one 

• Some marine zoologists believe that the sounds here attributed to porpoises were 
produced by dolphins. 
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Figure 6, Seasonal and diurnal variation of over-all noise pressure levels from croakers. 

such source is described as the sound of a mewing cat and another as 
an "awesome moaning." 

Toadfish, individually, seem to produce higher noise levels than any 
other form of marine life thus far identified and reported, with the 
possible exception of the porpoise. The sound produced is an inter-
mittent, low-pitched "hoop" of about one-half second duration, 
similar to a boat whistle or sometimes like the cooing of a dove. The 
spectrum shown in Fig. 8 was measured very close to a single specimen. 
It will be appreciated that the levels decrease rapidly as the distance 
from the fish increases. These fish are shallow water bottom dwellers 
which nest under rocks, tin cans, and similar debris. Toadfish are 
not gregarious and apparently do not occur in sufficient concentration 
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to produce the continuous roar generated by croakers during peak 
activity. Toadfish noise is subject to little diurnal variation. Other 
spectra shown in Fig. 8 are for (2) sea robins, (3) bastard trout, and ( 4) 
porpoises. 

SHIP AND MAN-MADE SOURCES OF NOISE 

In and near busy harbors and industrial centers, ships and manu-
facturing activities are the principal sources of ambient noise. 

A wide variety of noise may be produced by industrial activities, 
and it is usually impossible to predict the noise from such sources in 
specific locations. 

The noise produced by ships is more uniform in character than 
industrial noise, but it varies in magnitude over a wide range. It obvi-
ously depends on the number of ships present, their speed, their dis-
tance from the point of measurement, and the sound transmission 
characteristics of the water. Measurements in a number of east 
coast harbors showed an average over-all (0.1-10 kc) noise level of 
about 80 db. Location averages varied greatly, ranging from 65 db 
to 103 db. The standard deviation of the location averages was 8 db. 
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The average level of 80 db appears t o be representative of locations 
with a moderate amount of ship traffi c, such as the area near ship lanes 
at the upper end of Long Island Sound. An over-all pressure level 
(0.1-10 kc) of 90 db is more nearly representative of locations with a 
large amount of ship traffi c, as, for example, in the approaches t o 
New York Harbor during the daytime. 
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Figure 9. Pressure level spectra of ambien t noise in t he presence of ship sounds. Curves: 
1. High noise locations; example, entrance to New York Harbor in daytime---ovor-all level 
90 db. 2 . Average locations; example, upper Long Island Sound near ship lanes---0ver-all 
level 80 db. 3. Water noise, sea state 2---0ver-all level 74 db. 

Pressure level spectra representative of moderate and busy locati ons 
are shown in F ig. 9. A spectrum of water noise with a sea of state 2 
is shown for comparison. In locations with light ship t raffi c, t he 
average noise level is not likely t o be lower than that produced by a 
sea of state 2. 

PREDICTION OF N OISE CONDITI ONS 
The data compiled in the present report can be used for predicting 

the noise conditions to be expected in oceans, under various situations 
and in certain locations. Obviously, if survey data are available for 
a specific location they are preferable to est imates based on the general 
characteristics of the location. The principles which should be fol-
lowed in predicting noise are out lined briefly as foll ows : 
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Open and Deep Water. Water noise is the major component. 
When sea state (wave height) and/or wind force are known, over-all 
pressure levels and spectra can be estimated from the data in Fig. 4. 
If, for a given wave height, the sea is unusually choppy with excep-
tionally prominent whitecaps and spray, the noise levels probably will 
be somewhat higher (4 to 8 db) than the average values shown in Fig. 
4. If, on the other hand, the sea consists largely of long swells with 
exceptionally few whitecaps and little spray, the noise levels probably 
will be lower than average. When the prediction is to be made for a 
short time in the future, wind and sea conditions can be estimated 
from a series of weather maps. For prediction far in the future, the 
probable wind conditions can be estimated from U. S. Hydrographic 
Office Pilot Charts. 

Shallow C oaslal Waters. Noise from three sources is to be expected 
-water motion, marine life, and ships. Occasionally, surf and the 
movement of bottom material will contribute to the noise, but data for 
estimating the noise levels from these sources are not available. Water 
noise is estimated as outlined above. Noise from marine life is prob-
able in tropical or semitropical waters. Snapping shrimp are to be 
expected at locations where the winter surface temperature is higher 
than about 52° F, where the water depth is less than 180 feet and the 
bottom consists of rock, coral, or similar material. Charts showing 
the nature of the bottom and water depth will be useful in estimating 
the prevalence of shrimp. Noise levels and spectra to be expected in 
the presence of shrimp are shown in Fig. 5. Croakers are a likely 
source of noise during the evening hours between late May and 
August in Atlantic coastal regions between Chesapeake Bay and Cape 
Canaveral. No doubt there are other regions where croaker noise is 
likely to be of local importance. The spectra shown in Fig. 7 are 
probably the best a priori estimates of noise conditions. Croaker 
noise is likely to be variable, and local surveys are advisable at loca-
tions where croakers are to be expected. The likelihood of ship sounds 
can be estimated from a knowledge of ship traffic. The data in Fig. 9 
are probably representative of the underwater noise near active coastal 
ship lanes. During the absence of ships, water noise and marine life 
will, of course, determine the ambient noise level. 

Bays, Rivers, and Harbors. The three main noise sources are possible 
contributors. The procedure for estimating noise conditions is the 
same as outlined above for coastal waters with these exceptions: In 
warm waters near piers with old piling, noise from shrimp may be 10 
to 20 db above average. Recent dredging operations may reduce the 
shrimp population. In busy harbors ship noise probably will be the 
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predominant source during the hours of shipping activity. Average 
noise conditions in harbors comparable with the approaches to New 
York City can be represented by the "High Noise" spectrum of Fig. 9. 
Local conditions such as industrial development at the shore or the 
presence of unusual man-made noise sources may necessitate a local 
noise survey. 

The spectra of the ambient noises illustrated in Figs. 1 to 9 are 
typical of some of the noise levels that have been measured. They 
indicate the wide range and diversity of underwater ambient noise. 

SUMMARY 

The forgoing report presents the results of a survey of available data 
(to March 15, 1944) on underwater ambient noise at frequencies from 
about 100 c.p.s. to 25 kc. The data are presented in the form of 
pressure levels (for a wide band of frequencies or for a band one cycle 
wide) in db relative to 0.0002 dynes/cm2

• The principal sources of 
ambient noise are water motion, marine life, and ship sounds. In the 
absence of sounds from ships and marine life, the noise level in deep 
water is largely determined by the state of the sea;the over-all (0.1 to 
10 kc) pressure level varies from about 57 db in a "calm sea" to about 
83 db in a sea under a strong wind (about 35 m.p.h.). Similarly, the 
underwater noise from croakers may reach over-all levels as high as 
119 db, and the sounds of ships in busy harbors produce underwater 
noises that often exceed 90 db. Data on the average pressure levels 
of the principal sources of ambient noise are summarized. The actual 
noise encountered may differ appreciably from the average values; 
standard deviations vary from about 4 to 8 db. Principles are de-
duced for predicting the noise levels that may be expected under usual 
conditions in specific locations. 


