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ABSIBACT

Hindcasts from the Directional Aabient Noise Estimation
System (DANES) model were compared to in situ ambient noise
ameasurements to deteraine the accuracy of the U0.S. Navy's
ambient noise model. One hundred fifty eight (158) sonobﬁoy
anbient noise measurements vwere acguired at eight lccaticms
in the Northeast Pacific (NEPACQ) Ocean during November and
Deceaber 1980. For each sonobuoy observation a DANES hind-
cast was made using archived fields from Fleet Numerical
Oceanography Center for the sisultaneous time and locatioan.

The difference between the predictions and measurements
was calculated. A raximua mean error of 4.9 dB occurred at
200 Hz wvhich appeared to be due to errors in the [ANES
Historical Temporal Shipping (HITS) data base. The model
was insensitive to synoptic shipping , sound speed profiles
and wvind field inputs vhen the HITS data base was utilized.
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I. LBIRODOCTION

A. PURPCSE

The Directional Ambient Noise Estimation Systeu (DANES) .
has Leen selected as the U.S. Navy's ambkient noise
prediction model for fleet use. It has been under ofera-
tional evaluation at Fleet Numerical Oceanography Cente:
(FNOC) in Mcnterey, Ca. for a number of years. This thesis
provides an evaluaticn of DANES perfomance in the Northeast
Pacific Ccean during November-December 1980.

Tue primary purpcse of the study was to deteramine any
prediction errors and to investigate the source ¢f such
€rrors. This was d.ne by a comparison of the predictions
with in situ noise measurements. As a part of tais effort,
th: & ~ects of local versus distant wind generated noise
vere also investigated.

B. APPROACH

First, the dominant mechanisms for the gyeneracicmn of

ambient noise wvere revieved. Recent research has generated i
a nudber of competing mechanisas for noise generaticn, e€sge-

-
.
el

cially for wind related noise. A sumpary of these mech-

¢« o o -
s .

anisms are provided in chapter two. Next, tbe smodels for

ambient noise prediction were considered. General computer

o
’

DR 3
TR it
LPECRC T I

poise modeling techniques were sumnarizeq. The DANES rodel
vas revieved in depthk. This review and previous evaiuatioas
of the DANES model are also presented as background material
in chapter two.

DANES ambient noise hindcasts were statistically
compared to their «corresponding measured aambient uoise
values in tbe ocean. The anpbient noise weasurements vere

12
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obtained by the Envircnaental Acoustic Research Group (EARG)
of the Naval Postgraduate School (NPS) in 1980, Archived
data acquired froam FYOC wvere used as inputs to the DAMNES
sodel. The hindcasts vere made at NPS for the appropriate
times and locations for the ambient noise data tbat were
previcusly acquired. The treatment ot these data is found
in chagpter three.

The results froa these comparisons of modeled and
cbserved noise data are provided in chapter four.
piscussion of the results and conclusions are found in
chapters five and six, respectively.
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II. BACKGROUND .

A. GENEEBAL -~ WENZ CURVES

Measurezents of tackground noise in the ocean have been
nade over a broad range of frequencies, from 1 Hz up to
about 100 kHz (Urick, 1983). The anmbient noise has
different characteristics at different frequencies and must
therefore originate from a variety of sources. The three
prevailing sources according to Wenz (1962) were turbulent-
pressure fluctuations from ocean currents (below 100 Hz), [ﬂf
oceanic shipping traffic (10 to 1000 Hz) and wind generated '
Ibbl<s and spray (akove 100 Hz), Figure 2.1. Modified
Wenz curves (Figure ~.2) have since become an integral part
of the U.o. Navy ambient noise prediction system. These
modified curv~s continuz to be used operationally for
on-scene predictioas.

B. SEIPPING RELATED ANBIENT NOISE

Shipring related ambient roise is dominated by fpropeller
cavitatioa (Ross, 1676, . Cavitation generated noise is
proportional t¢ the pumber of blades, propeller diameter,
and tip speed with the latter being the dominant factor.
These factors can be related to snip size and speed for
noise spectrum estipations. The ocean traffic curves
(Figure 2.1 ) represent the poise resulting from the
coabined effect of all shipping (Wenz, 1962). This conkined
effect is dependen: ¢pn transmission loss, the number of
ships and the distrikution of the ships. Arbient noise
studies bave shown shipping related noise to be highly vari-
able, both geograplically aad seasona‘ily.

14

L P . S S S S S S L R P S L e . o e el % e M M am Lttt
. YT P A Y P R R L AP A RO At UL - AR VRIS RE
.':5-\;\4\““°A‘ *atal “'x"'_n‘n\}.'k‘.'h' ‘;‘\‘b‘-'.;‘-‘h;'-"-'\"-\'-'*\l:"\.‘ _“-.".‘\h'\.'-.“‘n*‘.‘H.' RN




. “WMWMTWMJMmmxwmmammuwwmmmuummnwa:-u..-“u.aumu.““-.‘. il M o R e )
]

»
A
%

b

1"3 MMM B IR AL A T ]v-n‘ N lﬁnT T rrvm
INTERMITTENT AND LOCAL EFFECTS
CARTHOUARES

AND EXPL0%10
Ga i BIOLONICS
ene—— PR CIPITATION

G $HPS,  INOUSTRIAL ACTIVITY

———
$EA ICLameny

XEY
@ LTS OF PREVARLING NOISE

— WIND-DEPEHOENT SUBBLE AND SPRAY NOISE |

M LOWSPREQUENCY VERY-SHALLOW-WATER
MU wins OEPENOENCE

—— NEAVY PRECIMYATION

1058 | cmemwms NEWY TRAPFIC KOISE =
= 2 USUAL TRAZFIC NOISE - SHALLOW WATER
Ky I USUAL TRAPFIC NOISE - DECP WATER
2 | = = = THERMAL NOISE <.
w e GENERMAL SATTEAN OF NOISE FROM
& EARTHQUAKES AND EXPLOSIONS

—————. TRAP 8

§ o » EXTRAPOLATIONS

winD FONCE
[DEAUPORT)

85

45

PREVAILING NOISES

SOUND PRESSURE SPECTRUM LEVEL

TURBULENT-PRESIURE v
prvammmn £ {, UG T UAT I0NS =) -
25— . SRR

e QLEANIC T RAFF i€ emee—

—r——e e SUBBL £3 440 SPRAY
ISURPACE wAVET-RECOND-ORDER PRESSURE TFFTcTy] Wactadinatione 7
b—{SEISMIC BACKOMOUND) ~memes , '"g}it‘ﬁ‘,%:l

.Y SRS T R DO BT | NI AT R

] 10 ot 0! 10* 1o?

FREQUENCY-Hz -

Figure 2.1 Ambient Noise Spectra (Prom Wenz, 1962)

e

C. WIND RRIATED ANBIENT HOISE }:I

Since +W®enz (1962) first summarized the sources of &?S

anbient noise in the ocean, aumerous theories have been “ﬁ:

i presented on the wind related mechanisms for ambient noise N
& generaticn. In the following sections, a nore coaplete ;ﬁ?
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description of the wind related mechanisms will be discussed
as they are currently understood.

1. Flow Nojse (Lelow 100 Hz)

Wagstaff (1983) describes flow noise as a form of
self noise caused by the moticn of the hydrophone relative
to the water. This noise was referred to as turbulent-
pressure fluctuations (see Figure 2.1 ) by Wenz (1962). For
a bottom mcunted hydrophone, flow noise would be due to
ccean currents; whereas, for a towved array, the tow speed
would be the primary factor. A floating sonobuoy, however,
would be affected by the motion of the wind generated waves
and the wind drift of the sonobuoy. The effects of flow
noise can te reduced by either encasing the hydrophone,
vhich may separate it from the medium, or by decoupling the
hydrophone from the motion of the rest of the sonobuoy.
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2. 3sSypface Haves (1 to 10 iz)

The fluctuation in the sea surface elevation due to
the wvind stress produces pressure fluctuations which appear
as noise to a pressure sensitive acoustic system. The
amplitude of these fluctuations decrease exponentially with
depth, penetrating into the ocean to a distance of the order
of one wavelength (Li, 1981). For frequencies above 1 Hz,
this is 1less than 1.6m and, as such, can be neglectid.
However, ancther more significant surface wave ambieat noise

el

F
=

S
}2’

=

generating mechanism has been suggested by Longuet~Higgins
(1950).

3. BMaye-fave Interactions (1 to 1000 Hz)

longuet~Higgins (1950) showed that the exponential
decay of a single progressive surface wave does nct cccur
when twvo waves collide from opposite directious. Such
interactions may fora a standing wave which produces pres-
sure fluctuations that are coastant with depth at a
frequency twice that of the generating surface vaves. These
waves can be experienced in the open ocean vwhere the winds
associated with an atmospheric cyclonic depression produce
opposing wave patterns. Additionally, in areas of variable
vinds, the required wave patterns may be obtained at high

"-.‘f."':’:“" .. T ¥ Al "'_.'J-".

<
P -

capillary/gravity-wave fregquencies. Wenz (1962) referred to
these wvave-wave interactions as surface wave second-order
Fressure effects in the region of 1 to 1000 Hz (see Figure
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. 2.1).
"M This theory was further examined by Hughes (1976) L,
. C s . . . . -
_ %; utilizing a model of interacting oppositely traveliny e
Z}Q surface waves. Hughes calculated spectral noise levels for %ﬁ
1 to 3000 Hz. However, in ccmparison with the measurements ?ﬁ
e
of Perrone (1969), there was agreement only for fregquencies K
X
of less than 10 Hz. v
.v.\‘
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. Pave=Qcean Turbulence Interaction (above 10 Hz)

The previous theory provided a possible explanation
for the generation of ambient noise by the interacticn of :
surface waves with each other. Another possible source of
noise is the interaction of surface waves with ocearic .
turbulence (Goncharov, 1970) . Goncharov showed that the
noise generated by surface waves interacting with ocean
turbulence exceeded the levels i.z wave-wave interactions at
frequencies greater than 10 Hz. Estimated source spectrum
levels generated by Goncharov were in reasonable agreement
with experimental data presented Dby Furduyev (1963).
However, this theory has not been developed further.

5. W¥ind Turbulence (5 to 50 Hz)

—— s a——

Isakovich and Kur'yanov (1970) showed that the spec-
tral density of the noise field was related to the spectral
density cf the atmosgheric turbulent pressure fluctuations
near the ocean surface. However, no direct nmeasurements of
the atmospheric turbulent pressure fluctuations for an ocean
envircnment wvere made. Isakovich and Kur'yanov alsc derived
a relaticnship cf the atmospheric pressure fluctuations to
the srectral density of the sea state. These two relaticn-
ships prcvided a means to determine the noise spectrum as a
function of the sea state, which is wind dependent.

Wilson (1979) further developed this theory by
introducing the Mitsuyasu and Honda (1974) wave spectrum
which prcvided data for higher wave frequencies (atove 30
Hz) . Additionally, Wilson nade different approximations in
integration and algebra that significantly affected the
final results. His results indicated excellent agreement
with measurements obtained in the Northeasterrn Pacific Ccean .
by Morris (1978) for frequencies between 5 and 50 Hz.
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6. Spray (590 to 1000 §2)

Noise generated by the spray of water drofplets on
the surface of the ocean vas investigated by Franz (1959).
since then, this source has been considered a contributing
factor in anbient noise generation above 100 Hz (Wenz, 1962;
and UOrick, 1983). The generation of the ocean spray as a
function of wind speed is not well known. Possible explana-
tions have teen the shearing of water from the wave crest,
bubbles tursting on the ocean surface or suction of water
droplets frca the crests of capillary waves (Wilson, 1980).

A vhite cap index has been developed by Ross and
Cardone (1974). This index relates wind speed to the
percentage of ocean surface covered by spray, streaks and
white cayps. Wilson (1980) wutilized the white cap index,
peasurements by Morris (1978), and the impact results of
Franz to model ambient roise empirically between 50 and 1000

Hz.
7. BRukkles (above 100 Hz)

Wenz (1962) indicated that oscillating bukblkles,
which cccur particularly near the ocean surface due to the
effects of the wind, are effective sound sources. Air
bubble oscillaticn is important at the natural freguency of
oscillation for the zero mode. This freguency is inpversely
proportional to bubble size. Since there is a practical
limit to how large the bubble can become, then there is a
lover frequency 1limit to the bubble generated noise spec-
trum. %ilson (1980) indicates this lower liait is approxi-
gately 1000 Hz based on a maxisum bubble size of .3 cum.

Bubtles rise toward the surface and expand to
paxiguk size as a result of decreasing hydrostatic pressure.
Bubbles either vill reach the surface and burst, or ccllagse
upon reaching a critical size prior to arrival at the
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surface. In either case, the bursting bubbles generate
cavitation noise. This source of noise has been investi-
gated by a number of individuals. Wenz (1962) presentsd a
summary ¢£ previous works, concluding that "the spectrum
shape of cavitation noise was similar to that of air-tubkle
noise, which resembles the spectrum shape oS wind dependent
ambient noise." Later work by Furduyev (1966) theoretically
showed that cavitaticn produced the broad peak ir the wind
noise spectrum between 100 and 1000 Hz.

8. Listant Storms

The majority of the theories presented treat wind
generated noise as being 5 local eifect due to the dipcle
nature of the source. As a dipole source, the majecrity of
the energy in the sound waves is directed vertically down-
ward. The resulting steep projection angles preclude lcng
range propagation of the energy. Measurenents made by
Wilson (1983) 4in the Northeast Pacific, however, indicate
that distant storms can influence the noise spectrum in
regions of low shipgping. Noise levels obtained at 165 Hz
were vwell ccrrelated to the presence of a distant storm and
were considerably higher than would be experienced for the
local wind conditions.

Wilson (1983) proposed a theory by which the noise
generated by a storm could propagate to a distant receiver.
The noise level frem the storm was modeled utilizing a
rocking dipcle factor. The rocking dipole factor acccunts
for the irregular ocean surface and nonvertical impact of
spray during the storm. This factor is proposed for the
frequency range of 50 to 1000 Hz where the impact spray is
assumed to te the dozinant noise source. Due to aktsorrticn,
only the lower frequency energy vwould be expected tc proja-
gate tc any significant distance. Wilson's model
predictions agreed well with the nmeasurements he made in the
Northeast Pacific.

20

.......

A -
------

.......
.......
* o



& a s 13
P '
L B T

¢
[}

.
PR

...
RN
l"‘/‘i
a &
L 4 -
"
MO IR

. ..'
e
.l'u‘t .I

R

"l‘!
o S

Rt I REEE

VLT ST e, N VY0 e wad T TR Y b Wi WMo Rl Wy Mol WA W WS /RAS B e T A BT RL LR SRS AT R AT e e R

Another possible explapation for the apparant
effects of distant storms could be given frem work presented
by Li (1s81). Li derived, from the continuity and momentum
equations, a genmeral differential egquation for the genera-~
tion of noise. For wind induced noise Li stated that there
were two dominant tersms. The first term involves turbulent
stresses and compressive stresses acting on the boundary
layer. These stresses are of a dipole nature. The second
tern is due to the motion of the boundary layer and acts as
a monopcle source. This monofrole source therefore would
produce noise that travels along horizontal rays that could
propagate for long distances.

D. HBCISE NMODELING

Wind generated asbient noise is a complex phenomenon.
when coupled with shipping noise and other noise generating
mechaniszs such as ice, rain or binlogics, the ambient noise
spectrum becomes extremely difficult to predict. Nupercus
prediction models have been developed to estimate averayge
noise levels. These have ranged from simple empirical
wodels using the 1podified Wenz curves to more couaplex
computer models. Most models concentrate on two primary
sources ¢f noise: wind generated noise above 200 Hz, and
distant shipping noise below 500 Hz (Anderson, 1982).

The various coRputer models may be categorized by the
pethod utilized to derive the noise contribution fron
distant shipping (Cavanaugk, 1977) « These methods are
usually cne of three tasic designs: empirical models, field
godels, and point @podels. From Table I , the nmethod
utilized to represent shipping is not the only differernce
tetwveen the models. Other key distinguishing features are
the way the transmission loss is modeled and the methocd by
vhich the noise level predictions are cozputed ani
presented.
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Eapirical models utilize archived data and extrapolation
algorithms to determine the noise 1levels gemerated due to
shipping. Models of this type, such as the TAPPS model
shown in Takle I, do not coampute transmission loss. A sound
speed prcfile input to TAPPS is utilized, however, to deter-
mine limiting ray angles at the surface and bottcm, and
critical angles. These ray angles are used to determine the
depth dependence of the noise due to surface-image
interference.

Pield type models represent the shipping in a geograph-
ical distritution which is modeled as a continuum of point
sources. Models of this type shown in Table I are typically
deterainistic; that is, they propagate the energy from the
various sources back to the receiver where the sum of the
sources then is calculated. The USI model is the only
exception to this procedure. In this model the noise level
is determined analytically by calculating the probability of
each rossible received noise level which has been identified
by the transmission lcss model.

The only point model in Table I is the SIAM model. This
model sipulates distant ships as point sources and propa-
gates the energy from each source back to the receiver. The
noise level in the SIAM 1model is calculated by simulating
skip motion for randcaly distributed ships over a given tiae
period. Like the USI model, tbis approach produces rot only
a mean noise level but also the expected distribution of the
noise.

E. [LABES HCDEL

The Directional Ambient Noise Estimation System (CANES)
is the primary acdel used in the preseat study. It is one
of more than tventy-two asbient noise computer aodels devel-
oped in the last decade (Anderson, 1982). The @podel is
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capable of providing horizontal directional noise estima-
tions for user specified arbitrary locations and receiver
paraneters. Currently, DANES models four sources of ambient
noise. The sources are geographically distributed histor-
ical ships, discrete ships, 1local vind and far-field winds.
As a compoment part of a more general acoustic <coaputer
model known as ASEPS (Automated Signal Excess Prediction
System), DANES makes use of the .SEPS database, gecmetry,
propagation and noise accuaulation technology. The
following discription of the DANES wmodel is taken primarily
from the ODSI Defense Systems, Inc. publications pregared
for NCRDA.

1. Iransaission loss

CANES uses ti:e ASEPS Transpission Loss (ASIRAL)
model developed by Science Applicatiouns, Inc. (S AI)
(Spofford, 1979). ASTRAL is a fast, range dependent nodel
which produces range smoothed transmission loss predictions,
averaged over 30 to 40 na incresents. A compariscn of
ASTRAL apnd the Parabclic Equation (PE) model outputs agfears
in Figqure 2.3 . The only difference betwveen the rpodel
inputs is that the EPE prediction is coaputed for a fully
aksorbing bottonm. The range averaging of ASTRAL precludes
convergence zone (CZ) effects vhich are present irn tie PE
curve, Fiqure 2.3 .

Tbe ASTRAL calculations are performed in two parts;
a near field ard a far field. IL tae near field, rays are
computel for a given sound sgeed profile (552) cut to the
first eovironzental change, which 1s speciiied as 150 pu for
CANES. The SSP utilized is assuazed to be plecewvise linear
so that the rays com;uted are arcs oi circles. The Lathy-
metry in the near field may be =zodeled either tc vary
linearly wvith range cr as a step function of locally flat

t

segzents. At tkre first enviroaaeatai change, each corputed
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path until the loss exceeds 150 dB or the wmaximum range of
6000 nm has been oltained. The SSP's utilized for ray
computations are extracted from climatological watermass
files. In the near field, the user may specify a synoptic
S5P. Bathymetric data are chbtained from the NORDA Synthetic
Bathymetric Profiling System (SYINBAPS) data base (Van ‘
Wyckhouse, 1973).

2. Shipping Noise

The primary ambient noise source utilized Ly DANES
is the geographically distributed shipping densities. This
noise scurce is extracted from the Historical Temroral
Shipping (HITS) data tase compiled by Solomon et al. (1¢78).
The data base is tatulated by 1-degree sguares and ship
type. Noise from each 1-degree square along the transmis-
sion rath is propagated towards the receiver for noise accu-
pulation. The shipping spectrum utilized varies with ocean
tasin as given in Tatle II . The source depth is set at
6.1m (20 ft).

TABLE I1II
DANES Shipring Level Spectra (dB re uPa)

. 10Hz 50Hz 3004z .
. 4\

Atlantic Ocean 18Q. 173. 149. o,
I:,ganlgcean 188.2 17408 143.8 R
Mediterranear Ocean 180.5 174.0 149.5 .
Facific Ocean 177.5 171.0 146.5 Eg;

o

A discrete file of synoptic shipping may be inserted in s
additicn to the HITIS data. This file is obtained from the ;ﬂ:
World Meteorological Organization (WMO) reporting systen. Ehz
Each WMC ship that falls within ASTRAL's propagation range

i S

. C s . A
is dead reckoned (based on position, course, speed and tinme N
of report) to a (osition corresponding to the time of Ei«
] ‘5"‘

b
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prediction. The ship noise 1level contribution is then
computed according to the transmission loss profile alcng
the radial for which the WMO ship is found. The spectra and
source depth utilized are the same as that for HIIS.

3. kind Noise

Wind generated ambient noise is computed utilizing
the source level spectra shown in Figure 2.4 . These curves
depend primarily om Wilson (1979 and 1980) where, the b
spectra reflect the effects of wind turbulence below 50 Hz;
50 to 1000 Hz, the effects of spray; and above 1000 Hz, the
effects of oscillating bubbles. The orne- and five-knct wind
curves were added frcm data provided by Cavanaugh (1982) 1Ihe
local wind speed can be obtained by DANES either from user
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. input or from synoptic/forecasted wind files. Far field Eg
= vind effects may also be included when wind files are ﬁf;
{g utilized. The far field wind noise is propagated, utilizing g&
N ASTRAL, from a 6.1m (20 ft) source depth back to the ﬁg
; receiver in a manner similar to that used for shipping 3
N noise. o
-, ¥
N i
# F. PREVIOUS DANES EVALUATIONS 5
.& 1. Theoretical Evaluation ;}
5 <
fff Acccrding to Wagstaff (1983), there are two primary ?ﬁ
%Z flaws in the way DANES models ambient noise. The first flaw Eﬁ

is the "tuning"® of the shipping source level spectrum to a

“A
3L
.
:

pe_g

specific ocean basin, and the second is the use of the

13
7‘ K3

propagation loss model ASTRAL.

- -
Pt g

Tuning a model by adjusting the shipping spectra is ég

a reasonable technique for obtaining an average world wide 7
spectrun. However, according to Wagstafif, this tuning é&
should produce one spectrum that is independent of ocean gx
X

3

basin. This spectrum should reflect the average for all
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Figure 2.4 DANES §ind Level Spectra (From ODSI, 1981)

measurements obtained at different deptlhs, locations,

38
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Ll

seasons and oceans.

Wagstaff states that the reason DANES regquires tie
shipping spectra to ke tuned by ocean basin is due to the )
transaission loss model utilized. Since ASTRAL is a range

P
P %

averaging propagation model, it does not predict enhancement b

in propagation loss due to the down slope conversion mecha- é;
nism. Without this sechanism, the energy contained in the fong
SOPAR channel will not be modeled properly (Wagstaff, 1981). e
. if
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Hence, in ocean basins vhere the SOPAR channel is a domipant
feature, the noise spectra need to be adjusted to account
for this missing transmission path.
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5@* 2. Hodel Comparjsons
fi ; . a. NAVOCEANC Study
N Anderson (1982) evaluated the six ambient noise
|  § prediction models presented in Table I in an attempt to
% X identify the best model for U.S. Navy use. His results
llij' o indicated that each @model performance was dependent on the
é #~’;;. ocean basin, frequency and the depth of interest. Nc cne
g%ﬁi - ambient noise model appeared to be universally superior to
£$§ _lg the cther models.
ég; '.i. The TAPPS model was consistently poor im every
TR area except one. At 50 Hz for a hydrophone depth of 18m (60
N =§ ft), the TAPPS model produced predictions 2 to 8 4B Letter
4 - than any other model. This result occurred because, at the
' : ¢>15 time of evaluaticn by Anderson, the transmission loss model
¥f£S  ';\ - in TAPPS was the only model that considered surface
:ié‘ - decourling.
zﬁn- ;? In the Pacific, DANES generally provided better
RN estimates of the noise level than the other models evalu-
fr", j\ ated. Thke mean error for DANES was approximately equivalant
5;;; to that frem other models, or 2 to 8 dB better, for all
;ﬁ frequencies and depths, except as previously stated for 50
llfn 'a Hz. In general, DANES overestimated the noise levels in the
N e shippiny frequencies of 50 and 150 Hz. The lowest absolute 55
ﬁ?g‘ _é errors occurred at 30C Hz for both the 13m (60 £t} and Sim 7E§
NN E: (300 ft) hydrophone depths. ?:%
%; 2y The results for the Atlantic were consideraktly §§§
3%1‘ R different. DANES r[performance was relatively poorer than g?{
%;i_ <;i vost cf the other models. At 50 Hz, the mean errors were :&i
%ﬁi . comparable to the other models. However, the error was 1 to E;%
2] At
: =
0N % 29 N
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6 dB greater than the FANM nmodel, which performed the best
at 150 Hz; and 4 to 6 dB more than CNOISE at 300 Hz. 1In the
shipping fregquencies, DANES tended to underestimate the
noise level in the Atlantic (instead of overestimating it as
occurred in the Pacific).

Anderson concluded that DANES was an acceptable
model for U.S. Navy use. The capability of DANES to utilize
synoptic shipping data coupled with historical shipping vas
considered a desirable feature. He recommended that DANES
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incorprorate a methcd of calculating the expected noise
distribution similar to the method used in the USI model.

The DANES model evaluated by Anderson was an
early versicn. The shipping data base utilized by DANES at
that time was the RMS (Ross, Mahler, Solomon, 1974) shipping
density data base which has since been replaced by HIIS
(Solcmon et al., 1978). Additionally, the HITS shipping
noise spectrum has Leen ad justed according to ocean basin.
Other changes which could affect the results obtained
include the additicn of surface decoupling effects to
ASTRAL, and the change from the Wittenborn (1977) wind spec-
trur to the Ross-Wilson spectrunm.

b. COMTHIRDFIT Study, First Report

COMTHIRDFLIT (1982) presented a comparative anal- ;32

ysis of three ambient noise prediction technigues utilized ;ﬁ;
by the aviation patrcl (VP) conmunity. The three critera 'gf
considered for a valid prediction were as follows: E:
1) DANES: *;

The L[ANES prediction was required tc be for g@

a location within three degrees latitude and ﬁa

longitude of the measurement. The E

o ",
LT,

"040.

I N e

prediction time had to be within three bours
and generated within 24 hours of the olser-
vaticn. The noise prediction also had to be
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for a depth within 50 feet of the VP meas-
urexent depth. ‘

2) Modified Wenz curve:
This prediction was resuired to utilize a
selected shipping curve for a given are& and
the forecasted wind speed provided by the
DANES message-

3) last Flight:
This method of prediction was required to
utilize the last ambient noise reading
cbtained by the previous VP flight that was

within three degrees 1latitude and longitude %gﬁ
and 36 hours of the comparison measurement. S
After invoking the above criteria, 149 compari- f§3
sons vwere generated. Table III provides a conmparative EE%
TABLE IIX N
Percent Correct Forecasts (After COMTHIRDFLT, 1982) ’32
Within 2 4B
Freguency DANES engz last Flight

Rz 3 34

180 H% 3 33 i3

200 Hz 30 42 31

440 HZ 38 42 29

Within 4 4B
Fxeguency DANES Jenz  lLast Flight

Q0 Hz 66 62 640 R
130 Kz 51 60 63 o
200 Hz 49 61 55 O
440 HZ 59 63 54 o
4
sunpary of the predictions and the observations. The f.
numbers provided are the percentage of predictions which -
vere within 2 and 4 dB of the measured values. DANES k:é
é’—;j
31
RS
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appears to provide the best prediction at 50 Hz but is
surpassed by the Wenz curve estimations at higher fregquean-
cies. Not indicated by the data shown, but addressed in the
original report, was that the DANES prediction errors were
highly dependent on lccation at 100 aand 200 Hz.

c. EARG Study

At the Naval Postgraduate School (NWNPS), the
Environmental Acoustic BResearch Group (EARG) has investi-
gated amkient noise in the ocean on a continuing basis since
1979, Geographical areas of interest bhave included the
Northeast Pacific, the Bering Sea and the Norwegian Sea.
Cne such study was conducted by Donovan (1982) in which
compariscns were made between three ambient noise model
predicticns and in situ noise observations in the Northeast
Pacific. His veork wvas of a cursory nature with the artient
noise predictions being made for a general location near the
measurement. Donovan results indicated that DANES appeared
to overestimate the ncise spectrum; however, Donovan reached
no conclusions concerning which model was the most accurate.
Other studies by the EARG have found that DANES underesti-
mates the ncise spectrum in the Bering Seé, mainly due to
the BIIS data base errors (Dunlap, 1984).

3. Statistical Evaluationg

a. NUSC New london Study

A study to determine the accuracy of CTANES §:1
ambient noise estimations for surveillance and mobile sonar
systems was perfdrmed by NUSC, New London (Malay 1982). The ;
analysis consisted c¢f the comparison of DANES predictions S
obtained frcom FNOC vwith observed noise levels recorded at
the NOSC Tudor Hill laboratory in Bermuda. In the study,
hourly measurements of the ambient noise ac¢ 25, 50, and 150
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Hz were obtained alcng with the wind speed at the labora-
tory. Daily DANES ambient noise estimations for 00002 and
plus 24 hours were received from FNOC for the comparison.
Malay's results indicated that both forecasts were usefully
accurate. Hovever, the accuracy was limited because of
short term variations in the wind speed, the number of local
fishing boats, and single ship transits.

t. COMTHIRDFLT Study, Second Report

A statistical comparison  between CANES
predictions and VP npeasured ambient noise levels was
performed by COMTHIRDFLT (1982). Statistics were generated
for predictions that were within 24 hours and 100 onm of an
aircraft in situ measurenment. Differences in predicted and
measured noise levels were computed as a function of the
originating flight station (Barbers Point or Moffett Field),
sonobuoy depth (60, 400, 1000 ft), and frequency (50, 100,
200, 440 HzZ). Additionally, a Multivariate Analysis of
variance (MANOVA) tested the significance of depth or origi-
nating flight station on DANES performance.

Statistically DANES has a tendency to overesti-
pate the arbient noise level by approximately 1 to 3 dB.
The MANOVA statistics indicated that the sonobuoy depth is a
statistically significant factor in the prediction error. A
dependence cn £light stations was noted, but could not be
considered significant by the set standards. The standard
deviation of the errors varied from 5 to 8 d3, degpeading oc
the flight station, sonobuoy depth and freguency. The
lovest average errors and standard deviatioas occurred at
the middle depths, and at the frequencies of 100, 200, and
440 Hz, indicating these to be the conditions for the most
accurate predictioas.
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I1I. IREATAENT OF IHE DAIA

A. BEASUREMENTS

Sonokuoy ambient noise (AN) data were acquired during
the Acoustic Storm Transfer and Response Experiment (ASTREX)
of November and December 1980, cf. Holt (1981) and Donovan
(1982). Holt utilized the "average" observed noise values
as a subset of his study of the ambient noise characteris-
tics of the Northeast Pacific (NEPAC). These averages were
computed by VP aircrews from individual observations made on

the P-3 aircraft Ambient Sea Noise Indicator (ASNI). }%
Donovan analyzed analcg recordings from the identical VP N

flights tc construct observed ambient noise spectra. The

observed spectra vwvere compared to three predicted spectra

derived from ambient noise prediction models: Wenz curve

estimaticns; Acoustic Sonar Range Prediction C (ASRAPC)

predicticns; and DANES predictions. ]
The individual measurements recorded by VP flight crews

and which generated the averages utilized by Holt, were used

in this study. The reason these individual amnbient noise \;

iﬁr

meter readings were used was two-fold. First, it increased
the data set from 44 observations in Holt's study and 12

,..
ot
8w

* " "

.
*s’s

i~
R *

l;"&

;i observations in Dcnovan's study to 158 observations. e
'} Second, it elimipated the interpretation of an averaye noise ;i&
? level vhich differed tetween individual £flight creuws. g;
o 1. Cbservational Accuracy s
. BAR
. S
& The measurements during ASTREX could possess errors o
associated with the upcalibrated sonobuoys. A total of 4o ;ﬁ

: -

sonobuoys vere utilized to obtain 158 measurements. Nc one iﬁ

Co

sonobuoy acquired wmcre than five of the neasurements ”2)

X ? vty Ay e L
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utilized. This number is not considered to be large enough
to bias the results; therefore, the sonobuoy error can be
considered randon. With a large enough sample size, random
errors would be expected to produce a aean error of zero
vith a given standard deviation. Manufacturer specifica-
tions indicate this standard deviation to be variable with
frequency. Sonobuoy sensitivity is given as 2 4B at 100 iHz
(NAVAIR 28-SS5Q-500~-1).

Another possitle error could be introduced by the
aircraft systems. Because a different aircraft obtained the
measurements on each day of the exercise, random systen

errors also exist from one day to the next. The nmeasure-

e rw 1 e
-

[ ]
R0
"

pents acquired on a rarticular date, however, contain a bias e
associated with the aircraft utilized. This bias could be 5335
reflected in the predictiocn error. When the data vere "

arranged according to the day on wvhich the observatiocns vere
obtained, the results indicated that the first day of the
experiment (15 November 1980) probably provided errorneous
data. This will be discussed further in chapter four.

2. DNearby Shipping Effects

The VP flight crevs annotated the aabient noise
records when nearby shipping traffic wvas known tc be

.
»

present. To elinminate the effects of nearby shipping on the

noise measureaent, all neasurements wvith a 50 Hz aslkient
noise meter reading above 89 dB vere removed froa the data
set. This level was selected Lecause it fell two standard
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deviations above Holt's (1981) averaye level, and, ip jrac-
tice, it excluded all measurements which hLad reported nearby o
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B. BODEL PREDICTIONS

The CANES model was run with various combinations of

input paraseters including frequency, receiver depth, -

geographic location, time, shipping, wind, and sound speed ) égg

profile (SSP). q;g

The fregquency range of interest extended from 10 to 2000 o ;

Hz, ccncentratirg ¢n five of the six VP ASNI frequencies: T

{23 50, 100, 200, 440, and 1000 Hz. The depth and location of o
N the receiver in the nodel were identical to that of each ?ﬁ;
;13 measurenment. Since the 158 peasurements had been acquired 2;5
' at various tinmes, an exact match for time wvas not made to ET'
reduce ccmputer processing requirements. One DANES estima- :%ﬂ

tion was produced to represent all measurements at & partic- j%i

ular locaticn within a one hour time frame. This prccedure {kﬁ

is considered valid sipnce DANES is an "“average" estiamation iﬁf

cf the ncise level. .
The shipping input to each model run consisted of one of Lo

four possibilities: the Pacific HITS data base; the o
Nediterranean HITS data base; the Pacific HITS data tase E::
plus the 0000 GMT PNCC WMO file; or the Mediterranean HIIS . 3€f
data base plus the 0000 GMT FNOC WNO file.  The 8
Nediterranean data base vas utilized to eliminate the HITS ?&;
contribution and isolate either the wind or WNO ©noise ii:
o source. The DANES aodel presently installed at NPS requires 2?5
§E a HITS input to oferate successfully. By using the §§
‘g; Mediterranean HITS data base, the HITS shipping contribution ijz
?f vas determined to be out of range Zor DAYUES cosputations and t:;
&i consequently ignored. The W80 ships were zodified as a 'é
lﬁ result of this procedure. Since the DANES shippipng sgectruz ﬁf
f: is adjusted according to the ocean basin, the spectrua wvas ;?i
.: adjusted fros that for the Pacific data Lase when the i:;
j: Yediterranean data base was speciified. ‘gi
=Y A
i
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Three possible wind inputs to the DANES model were
utilized: (1) no wind, (2) field wind, and (3) local wind.
The “no wind" input was selected to isolate the shipping
contribution of the noise prediction. The wind field was
derived from an atmospheric Primitive Equation (PE) model
derived wind field, and it vas extracted from FNOC's data
base. This data base provided the capability to investigate
the effects of both local and distant storm generated noise.
The "local wind" input was not readily available. The
archived vind fields were computer coded for compatakility
vith LCANES. The 1local wind speed utilized in calculating
the ncise estimation from these fields is not provided ir
the DANES output. Therefore, an indirect method of deter-
sining the ataospheric model generated ..cal wind speed had
to be utilized.

Assuming the high frequency noise levels are due to
local effects only, the noise level estimates from the DANES
vind field estimations at 1000 Hz were utilized. The wind
speed associated with the 1000 Hz noise level value ci the
Ross~Wilson wvind spectra was assumed to be the local wind.
This assumption was supported by the fact that the agkient
noise results above 400 Hz indicated little deperdence on
distaat winds.

C. DATA ANALYISIS

1. General Approach

To investigate DANES accuracy, a4 statistical
approach sisilar to that of CONTHIRDFLT (1962) was utilized.
DANES predicted error was defined as the DANEZS precicted
value aibus the VP measured AN value. A mean error, root
3ean sqyuare (BiS) error, wmedian error, and standard devia-
tion of the errcrs vwere conputed. The B&YS error cain te
shown tc be egual to the square root of the sua o the zean
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error squared plus the variation of the error (Jacots,
1984) ., Conclusious were formsulated on the differences in
the statistics generated for each variable (i.e. £frequency,
depth, location, etc.)

2. Cperational Earameters

Since the present study utilized hindcasts for the
ambient noise, the ASTREX sonobuoy drop criteria dictated
the frequency, depth, location and time of the DANES
predicticns. Separate statistics for each VP ASNI freguency
vere copputed to evaluate DANES error as a function of
frequency. To investigate the depth dependence cf DANES
prediction accuracy, the measurements and predicticns vere
divided into t:ree tactical depth categories: 60 ft, 300 or
400 f£¢, and 800 or 1000 ft. A location dependence was
investigated for four latitude regions: 40.0 to 42.5N, 42.5
to 45.0N, 45.0 to 47.5N and 47.5 to 50.0i4.

3. RNoise Sourcges

= X R

CANES prediction errors associated vith shipping
poise contributions wvere investigated by isolating each
shipping input. Cosparisons were aade between either HITS
shippiny predicted ncise levels and aseasurements; or WMO
shipping predicted ncise levels and aeasurements. DANZES is
designed to operate with HITS as the only shipping source.
Hovwever, to make WNC oniy predictions, the Yediterranean
HITS data base had tc be utilized as previously discussed.

70 cbtain a ltetter understanding of the errors asso-
ciated with DAHES wind dependent noise estisates, ar iaoves-
tigation was aade of the error as reiated to the ataosgheric
PE nodel wind speed ipput to DANES. Since the input wind is
itself a forecast vith an unkpowh error, 4 portion of the
DAUES error could be related tc this "input error®. To
evaluate this error the data were arrapged according to
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forecasted local wind speeds and the aabient noise error
statistics vere generated by 5 kt blocks froa 10 to 30 kts
of forxecasted wind sgeed.

I

3 A S

4. Qcean Nediua b
Y

7o determine the importance of the SSP on estimated
ambient noise levels, DANES model was run for a single peas-
urement location utilizing three different SSPs. The first

x

. -
DR G N
N VRS [ %
AR A

r\
1N
profile was the climatological SSP contained in the DAMNES ;gy
\\-4'
data lase. A synoptic SSP archived in the FNOC files was -
BN

extracted as the seccnd profile. This SSP had been computed
utilizing climatological salinity data and a temperature
profile frcm the Exranded Ocean Thermal Structure {(EOQIS)
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climatological profiles. The third profile was also
synoptic, tut instead of using the FNOC EOTS temperature
profile, AXBT data were used which had been aguired by the
VP £light crewvs. The salinity values used vere thcese
reported by Toole et al. (1982) . SSPs were ccmputed
utilizing Coppen's (1981) sound speed equation. The impor-
tance of wusing the VP AXBT directly was indicated by the
€existence of a warm core eddy which produced a warmer and
deeper mixed layer. s a result, faster sound speeds, a
deeper sonic layer, and a steeper gradient existed (Figure
3.1 ). As expected, the climatological and the FNOC anal-
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ysis dc not reflect accurately umesoscale eddy features such
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as that indicated by the VP AXBT. A cursory investigation
wvas made of the acoustic effect of this eddy on the LAXNES e
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IV. RESULTS

A. MEASUREMENIS

Cn each day of the exercise a different VP aircraft
acquired the noise level measurements. Thus, any bias in
the error due to the aircraft systems should be present for
an'entire exercise day. Therefore, a comparison cf the
prediction errors by date was conducted to indicate possikle
measurement anomalies.

The statistics ccmputed, shown in figures 4.1 and 4.2 ,
indicate that the measurements acquired on 15 Kovember did
not fcllcw the same pattern as on the other dates. The
errors associated with the wind related freguencies (440 and
1000 Hz) were extremely high. At these frequencies, DANES
predictions were 10 to 13 dB above the measured noise, (see
Figure 4.1) .

Measured noise levels were expected to be high on 15
Novenker since a storm with 50 kt winds was near the geas-
urement locations. Investigation of the reccréeéd ncise
levels indicated that the majority of the readings were
significantly below that expected. The w@maximun 1000 Hz
noise level acquired on 15 November implied that only 18 kts
of wind existed over the receiver. X typical spectrunm
conputed by Donovan (1982) <for 15 November is shown in
Figure 4.3 . The noise levels are one to two standard devi-
ations below the average value computed by Holt (1981) fer
the NEPAC area. This finding was true for all spectra
conputed by Donovan from the 15 November f£light. Ads a
result, the data fcr 15 November were considered suspect.
The fetch and duraticn of the storm were considered and ro
plausable reason other than peasurement error could be
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Pigure 4.1 Mean Exrors Coapared by Date of Measureaents :

estaklished to accounﬁ for the low noise 1levels acquired.
These measurements, therefore, were not utilized for further
analysis.

The negative mean errors on 5 December (see Figure 4.1)
were also not characteristic of the other five days.
However, the aircrew ambient noise logs on that day indi-
cated nearby shipping on five of the eight sonobuoys. This
shipping could account for the measured noise levels keing
higher than predicted. Additionally, the shape of the curve

for the mean error (see Figure 4.1) and the RMS errcrs (see A\
Figure 4.2 ) were similar to those for the other dates. - ) g’
Therefore, these data vere considered to be representative t;
“

of the experimental conditions. ' §
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The cffset between error curves shown in the <figures Q;
also could te a result of bias introduced by the aircraft. o
However, other conditions could influence DANES errcr which Ef
would produce similar results. Particularly, HITS shipping -
densities are monthly representations and do not reflect H?
daily variations. Moo
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B. OPERATIONAL PARANETERS

The fregquency of interest, search depth and search loca-
tion are parameters of the DANES prediction which are tacti-
cally dictated. To a tactician, aany relationship between
prediction accuracy and these parameters is of concern.
Therefore, an anmalysis of the errors associated with these e
tactical parameters was conducted.

1. Izeguency
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The error statistics by frequency for the datu set

45?

(less 15 November) are shown in Table IV . There was
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evident a distinquishable error pattern with a maximum error
at 200 Hz. The positive mean errors indicated that DANES
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TABLE IV
Brror Statistics by Frequexncy

. Freq Mean Median Std Dev BRAS

1§8 3 %3 23 21
200 4.9 5.3 4.7 6.8
449 1.1 1. 1 3.8 4.0
1000 1.4 1.3 4.2 4.4

tended to overestimate the noise levels at all freguencies.
The high standard deviations and RYS errors reflected the
extrepe variation in observed noise levels, while DANES
estimaticns were more consistent. This variability was
highest at the shirring frequencies (50 and 100 Hz) as
expected. The lovest RMS erroxr, reflective of both mean
error and variation, were in the wind frequency regime (440
and 1000 Hz), but these lowest values were only 1 ‘to 2 éB
below RMS error values at the other frequencies.

2. QDepth

As shown in Figures 4.4 and 4.5 , the selecticn of
receiver depth had 1little effect on DANES prediction accu-
racy. The peak error at 200 Hz and characteristic shape of

the error curves rerained consistent for each depth.
3. locaticn

The mean error statistics for geographical location

(see Figure 4.6) had the same general spectral shape as that
of the time (Figure 4.1 ) and depth (Figure 4.4 ) parame- 5

.oy
.
-,

ters. Tre naximum error at 200 Hz and minimum errors at 440
and 1000 Hz were evident for each latitude band.

Recall from chapter three that the RMS errcr is
equal tc the sguare root of the sun of the mean error

«T 8 "
.
e

.’.:“ DAY
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» L

squared plus the variation of the error. Therefore, the
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difference ir the spectral shape of the southerr location in
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Figure 4.4 Nean Errors Compared by Measurement Depth
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Pigure 4.5 RHS Irrors Compared by Measurement Depth

Pigure 4.7 from that of Piguré 4.6 is a due to the variation

of the error. The major shipping lanes during the fall and
vinter (Holt, 1981) are located near the 40.0 to 42.5N lati-
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Pigure 4.6 HNean Errors Compared by Measurement Loccation

tude band. Thus, this band shows the high variation for 50
and 100 Hz expected in areas of high shipping concentra-
tions. Likewise, the southern location was dominated Lty an
ataospheric high pressure systea vith wird conditions that
produced little variation in the 1000 Hz noise levels. The
storms passing through the northern latitude bands fprokably
produced extremely varying wind conditions which were
reflected in the higher frequency noise level measurements.

C. HCISE SQURCES

The accuracy of predicted aambient noise levels is depen-
dent on the accuracy Lty vhich the noise sources are modeled.
There are four noise sources (tvo from shipping; two from
wind) in the DANES rodel which can be utilized in various
coabinations. Statistical evaluation of the prediction
errors was conducted according to the individual sources, to
identify the contrilution each source made to the total
€rror.
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Figure 4.7 RES Errors Compared by Measurement Location

1. Shipping

The two shipring sources in DANES are historically
distributed distant ships (HITS) and discrete synoptic ships
(WM0) . To investigate the errors associated with WMO ship-
ping only, the HITS cata base had to be removed artificially
from the DANES noise accumulation. As discussed in the
Treatment of the Data, the procedure increased the WMO ship-
ping noise ty 3 dB across the spectra for each ship in the
DANES transmission loss field of view. This change in
spectra should be considered when evaluating WMO statistics.

a. HITS

The previcus results, which have been based on
comparisons between [ANES HITS plus field wind predictions
and corresponding ameasureaents, suggest that the HITS
contribution overestimates the noise levels in the Northeast
Pacific. The @gmean error at 50 Hz averaged 2.3 dB, (see
Table IV ). Although not an alarmingly high error, the

4e




standard deviation at S50 Hz is considerable, 5.2 4B, presum-
ably due to the fluctuation of the shipping noise. DANES
predictions, based on HITS shipping, do not model the fluc-
tuaticns of a continuously changing shipping field. As
shown in Table V , T[LANES predictions at 50 Hz varied from

TABLE V
Comparison of 50 Hz Noise Level Values

Mean Std Dev Low High
HITS 86.7 1.9 81.3 89.9
WMC 76.1 5.1 63.2 86.2
Measured 84.6 5.0 72.0 101.0

81.3 to 89.9 dB over the ASTREX pericd while the neasure-
ments acquired (excluding 15 November) ranged from 72.0 to
101.0 dB.

k. WMO

The accuracy of the DANES WMO shipping noise was
found to be a functicn of the ships contained in the trarns-
pission loss field cf view (see Figure 4.8 ). This ship
count can e related directly to the numnber of ships that
report under the WMO systenm. For the six dajys of the exer-
cise, Wi0 ship counts varied from 28 on 1 December to 447 on
17 Noventer.

Compariscn of WMO shipping noise predictiocrs to
HITS predictions revealed that the WMO prediction was aiways
muca lower than the hits prediction. In figures 4.9 and
4.10 , the compariscns are shown becween the error statis-
tics asscciated with four conabinations of DAJES inputs: (1)
HITS shipping with local winds, (2) HIIS sailpping +4itd field
vinds (3) W¥O shippinpg with local winls, and (4) 910 saip-
ping with field winds. Aas indicated in Zfijuce 4.5 , extreae
negyative errors existed at 50 and 109 Hz waen WANO shipping
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vas utilized. This result suggests that the WNO shipping
reports do not accurately portray the actual shipping in the
Northeast Pacific. Bowever, the utilization of these lover
shippirg noise contibutions resulted in an Jianteresting
abservation at 200 Bz. Shown in Pigures 4.9 and 4.10 , whep
WM0 shipping vas utilized the high mean and RMS errors asso-
ciated with HITS shipping inputs were reduced and vere more
in agreement with the higher frequency errors.

2. #ind

The wind sources of the DANES model can be specified
as local wind only or local wind plus distant vind effects.
As in shipping, the accuracy of the wind input affects the
accuracy of the wvind noise estimation. At present, the
NOGAPS wmodel at PNCC provides the wind speed input for
predicticns based on synoptic wvinds. In 1980, however, che
Primitive Equation ({FE) sodel was the atmospheric wmodel
utilized. It was the PE model wvind fields extracted from
archived data files at FNOC that were utilized in tbhis
study. .
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As shown in Pigure 4.9 , at 440 Hz and above

-
3
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s

there is little difference betveen the mean errors associ-
ated wvith predictions wutilizing field vinds coapared to
predicticns utilizing local winds. One can assume there-
fore, local vwind is the dominant source in the model above
440 BRz.
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The mean srrors and RMS :rrors shown in Figures
4.11 and 3.12 , resrectively, are presented as a freguency
distribution grouped ty PE forecasted local vind speeds. 1Ia
Pigure 4.1%1 , the fositive mean errors at 440 and 1000 Hz
for wind speeds above 1. kts indicate that PE overestiaated
the local wind. However, at 10 to 15 kts the opposite is
true.

In Figure 4.12 the RMS error at 1000 Hz 1llus-
trates tke variatior cf the error. In figure 4.11 the 10 to
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15 kt local wind fcrecasts had the lowest absolute mean
error (-1.7 dB) ; however, the same wind speed regime had the
kighest variation in error as shown in Figure 4.12 . The
opposite is true for the 15 to 20 kt wind reginme.

b. Distapt ®ind

As noted earlier, the noise prediction error
above 440 Hz wvas a functiom of the accuracy of the local
vind input only. Pield wind inputs to the model had little
effect on the errors at these higher frequencies. Further,
Figures 4.9 and 4.10 indicate that wvhen the HITS data base
is utilized for modeling sbipping noise, there is oply a
minor difference in errors betwveen local and field wind
inputs for frequencies below 449 HZ. However, exapipation
of the mean and RMS error curves when the WMC shipping injut
vas utilized indicates that the wind field input contrituted
an average of 2 to 3 dB to the noise levels below 200 Hz.
According to the model, therefore, if the observed shipping
noase level is below that estigated by HITS, distant stora
effects.should be present at f{requencies below 200 Hz.
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To investigate lov shipping conditions, data
vhere nearby shipping was present in tae mneasurements were
removed. No significant new findings vere indicated by this
analysis.

D. OCEAN MEDIUN

Three scund speed profiles (SSP) were utilized to deter-
sine DANES sensitivity to the oceanic vertical structure.
The profiles coasisted of: (1) the DANES climatological
profile, (2) an PNOC profile based on synoptic and climato-
logically blended temperature profiles, and (3) a prefile
based or synoptic AXBT information. Each SSP was inserted
in the DANES model as the initial oceanic profile, DANES
climatological rrofiles were wutilized beyond tae first
oceanic change. The resulting ASTRAL transmission lcss

0.0 — VP RAXBT
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Pigure 4.13 Traassission Loss Coaparison by SSP Input
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curves are shown in figure 4.13 Due to ASTRAL's technigue of
utilizing the initial SSP to a range of 150nm and then
continuing with climatological sSSP files, very little
difference in transmission loss is obtained. The differ-
ences in ambient noise estimations as a result of the
different initial SSPs are given in Table VI . There is
relatively no difference between predictions made with

TABLE VI
DANES Predictions Compared by Initial SSP Imput

Freq Climatology FNOC AXBT

50 88.3 87.6 87.4
100 82.3 81.0 81.90
200 75.3 73.7 73.6
440 67.6 67.0 66.8
1000 63.8 64.0 63.7

FNOC*'S SSP and those which were combuted utilizing syncptic
AXBT information. Only small differences are apparent when
compared to a predictica made with climatological profiles.
The largest difference (1.7 dB) occurred between the clinma-
tological profile and the AXBT profile at 200 Hz.
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V. DISCUSSION OF RESULIS

A. HNEASURENENTS

Measurement errors due to uncalibrated sonobuocys were
considered. These errors of a randon nature were assumed to
cancel as a result of a large sample size. Aircraft equip-
ment errors, however, were capable of intreducing a bias to
the npeasurenment. Separation of the data by individual
flight revealed that the amkient noise measurements acguired
by the VP aircraft cn the first day of the exercise were
excessively low. These measurenents were considered to be
erroneous and, therefore, were not utilized in the analysis.

B. OPERATIONAL REQUIEEMENTS

DANES prediction errors associated with operaticnally
dictated parameters were investigated. The parameters
considered were frequency of interest, receiver depth, and
search lccation.

1. Ereguency

————

An apparent frequency related error occurred at 200
Hz. This large errzcr was predominant at all depths and
measuremernt locations. A similar result was evident ik
COMTHIRDFLT's (1982) stud y which compared the accuracy of
DANES predictions to other prediction methaods. In that
study, the 200 Hz ericr was 3 to 4 dB higaner than the 100 Hz
error for both ocean regions investigated. Additionally, as
shown in Figure 5.1 , a second study performed by
COMTHIRDFLT (1982) indicated the same 200 Hz error peak for
a 60 ft hydrophone. This laige error appears to be a func-
tion of the shipping noise model, which will be discussed
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Figure 5.1 HNean Errors Compared with CONTHIRDFLT's (1982)

later. The lowest mean and RMS errors were found to e at
440 Bz which agrees with the results presented in
COMTHIRDFLT second study. COMTHIRDFLT's study did not
include the 1000 Hz error value, which here is comparable to
the 440 Hz error. These low values suggest that the local
wind noise is the most accurate prediction. Both studies
indicate that DANES markedly overestimates the noise level
below 200 BHz. At 440 Hz the studies differ and will be
discussed later.

2. Depth

A depth dependence of the DANES error could not be
shown. The RMS errcr was lower at the 400 ft depth for all
frequencies except for 200 Hz; hovever, the maximum differ-
ence tetween the errcr at any depth and frequency was only
1.7 dB. The lovest E#S error occurred at 400 ft for 440 Hz
which agrees with COMTHIRDFLT (1982) findings (see Figure
5¢2 )« COMTHIRDPLT indicated that DANES error was highly

57

m I |
Pt ST ML IR oo LN

“
: -
il

T ST
,“.(

. o

EE )

3

i

L

-5

KELYF4 v

R

LTI S Syt ¥y

”,

g

=

-
[ 4

S 28 B
"4 ‘
o~

ik 6lu e,

-
NS CSEE

DO S
” .Y

.
%
et

o
| Yol

=0

e

Ehl b M

-

-
»

AR,

% HF:'

e



10- ASTREX (SOLID LINES)
' 060 FT (62 SAMPLES)
°400 FT (12 SAMPLES)

RS
, . 51000 FT (71 SAMPLES)
Rea % Bt e 3RCFLT (DASH LINES) .
%-@‘e{" - ¢ N e * +60 FT (145 3AMPLES)
F\Z‘i X B | peeeee e N\ x400 FT (59 SAMPLES)
%ﬁ,ﬁt - = 01000 FT ( 7 SAMPLES)
:’: e&‘ﬁ&ﬁ . é 5.1 .
W - " o
: g
4 w'ﬁ‘

© 00

o
8
" l..

FREQUENCY (HZ)

e
vl

Tr.1 » 3
L1
13

Pigure 5.2 RMS Exrrors Compared vith COMTHIRDFLT's (1982) vy
depth derendent; however, that result was shown by higher Eﬁ
order statistics which vwere not performed in this study. . 7&

,‘
‘t

»"a

3. location

DANES prediction accuracy shows no dependency on any
particular location in the NEPAC area based on the mean
error values. The BRMS error, hovever, indicates the
prediction error may ke affected by variability of the noise

72 AP g :‘:L';M"

‘f? source in the vicinity of shipping lanes and storm tracks. %;
» =
*.‘ 3
i C. HCISE SOURCES £
.
Al DANES models tvo sources of ambient noise: shipping and e
?: vind. Twvc inputs are available for each of these sources. -
N ;

An evaluation of each input noise source was performed to

3o deternmine the error associated vith each particular input. i:
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1. Shirping
The two DANES shipping inputs are historical ship-
ping densities (HITS) and discrete synoptic shipping (WMO).

a. HITS

A comparison is made in Figure 5.3 between

a9 Y %

various LANES estimations and data acgquired at one measure-

IAPLILE 1.

ment site on 17 November. The dominance of the HIIS data _
base below 300 Hz is apparent from the following comparison QE
of the predicted spectra. The difference between all ship- t;
85 ping plus wind and ®MO shipping plus wind curves is the A\
W addition of the HITS data base. As shovn, this additional &%
f%- source increased the roise level by 5 to 10 dB at the lower 'ﬁ

frequencies. Due to the logarithmic nature of noise accumu-
Jaticn, the differences often reflect the contribution of

T

:“) '--“.‘I
by -‘) . . . ;‘ )
X the dcminant noise scurce only. Not shown, but computed, ;:
> N
X vere noise levels with the HITS shipping contribution cnly. o
..

’ 3

These levels were less than 1 dB lower than those shown with
both shipping sources.

-
"

¢ € A 4
.
.Ff,
et

N The results shown in Figure 5.3 indicate that o
ey the DANES prediction, which utilized all availatle model =
B sources, estimated the actual ambient noise levels wvell. “%
’5 Since HITS, which was shown to be the dominant source telow R
-!E 300 Hz, is rot intended to be indicative of nearby shipping, ;ﬁ
'5 these results are of interest. The ambient noise reccrds :ﬁ
W o

indicated that a shipy was in the area of the measureament
site. The tonals present below 100 Hz in Donovan's spectrun

2
REAY wicp

is evidence of that ship. Although this particular case o
indicated overall close agreement, use of the HITS data Lase §i
provided astient noise estimations that averaged 2 to 5 aB ;5
X, higher than values measured in the frequency range of S0 to 2
2 200 Hz; the highaest error occurred at 200 Hz. These results &E
“E suggest that the HITS noise level estimations for the E?
3 -
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AT . At
i ' k. WMO E
’ii: As shown in Figure 5.3, WMO shipping alone is "1
A " often not representative of the shipping noise field. The o
2T Sy, )
,_.:I{ Y estimations obtained for 17 November from WMO wvere the o
\\ 3 highest as a result of 447 ships reporting under the WMO E:
AR D L
}::j-\‘.‘, - systes. Howvever, the ship count and the resulting ccntritu- e
RN o tion from WMO shipping are highly variable. To determine e
4.. .“\ -~ *a ‘.
AR o the impact WO shipping contributions have on the noise =)
; estimation, predicticns for 17 Noveaber wvere made frca 1800z t
e
::;-;:.I: through 2400z at 15 ainute intervals. No significant
;:ﬁf;lift' changes in noise 1lévels were indicated over this time '.I_ﬁ
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period. This result indicates that either WMO shipping is
not significant enough or it is not accurate enough to
indicate expected increases in the ambient noise level.
This result also concurs with the findings of Malay (1982).
Malay indicated that background shipping noise levels at a
particular Jlocation varied 1little over a z4 hr pericd.
However, individual shipping traffic produced extreme noise
levels that were not indicated by the DANES average noise
level prediction.

2. §ind

The two DANES wind inputs are either local wind only
or local wind plus field wind effects.

a. local Wind

The local wind is the dominant component in the
DANES model above 400 Hz. For ambient noise estimaticas
made at these frequencies, the accuracy of tae prediction is
primarily dependent cn the accuracy of the local wind sfpeed
input. Investigaticn of the DANES prediction accuracy at
1000 Bz indicated that the wind speed input to DANES from
tne Priaitive Equaticn model is predominantly overestimated.
Tae present atmospheric model at FNOC which provides wind

i

s e A

1 4
»

- b inputs tc DANES is NCGAPS.  Since the prediction errcr at )
X 3 440 Hz vas negative at 60 and 400 £t in COMTAIRDFLT'S (1982) o
by study, (see Figure 5.1 ), indications are that NOGAES under- ES

| estimates the wind sgpeed. However, no extensive study bas E:

teen conducted to verify NOGAPS wind speed accuracy. If

Cursory studies by 1lazanoff and Kaitala (1983) and Raysin ;i

(1983) have presented conflicting results wiaich suggest the ;;

NOGAPS wind error may be seasonally dependent. E;

Although the mean error at 440 and 1000 Hz was o

shown to be low (less than 2 dB), the RYS error reflects a i&

high variance. This high variation in tae aoise prediction §§

£
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error is believed to ke a result of at least two mechanisas.
First, investigation of the prediction error by latitude
bands indicated the highest variation 4in the error for 1000
Hz occurred for measurements acguired between 47.5 and
50.0N. This variation is relieved to result £from the
passage of storms which produced variable noise conditions !
over short periods of time. Additionally, the investigation

of the predicticn error by wind speed revealed that high
variation in the error at this frequency occurred for wind

speed predictions between 10 and 15 kts. It is believed

that this occurs because a slight error in wind speed

produces a larger error in noise estimation at low wind

speeds than at higher wind speeds. For example, between 10

and 13 kts the difference in DANES noise level estimaticn is

4.4 dB, whereas, for 25 and 28 kts the difference is 1.1 dB.

This difference implies DANES accuracy is more sensitive to

wind speed accuracy fer low wind conditious.

k. Distant %ind

The model indicates that distant wind effects
can contribute significantly at freguencies less than 200
Hz. However, due to the dominance of the HITS contribution,
CANES predictions in this study did onot seem to reflect the
contritution from a distant storm in the NEPAC area.

These results are illustrated in Figure 5.4,

-
% ‘l ‘l [

5 <
ca % 4

where the modeled noise from various sources is compared to

oy

acquired data at one measurement site on 1 Decenmber. The

N local wind estimation appears to agree with the measurements DANS
,Q at 1000 Hz. Approximately 600 to 700 nm to the northwest of xﬁi
(A \ \'.'.
_ S the measurement site, 30 Kkt winds were reportad. As a ;yﬁ
A o {! 'E.

result of these distapt winds, DANES indicates a 4 to 6 dB a
increase in the noise level from 10 to 200 Hz. At 200 Hz,
the prediction based cn wind ipputs alone is in close agree-
ment with the measuregents. The WHO shipping regorts were
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Pigure 5.4 DANES Compared with Measurements of 1 DEC

extremely sparse on that date, with only 28 ships reporting
for the entire Pacific. Therefore, the contribution from
WMO shipring is not shown, as it vas less than 1 dB. When
the HITIS data base is added to the noise prediction, the
resultant spectrue exceeds measurement values by ar average
of 5 dB at 50 to 200 Hz. A coaparison was conducted,
betveen the DANES predictions made with BITS shippitg and
either local wvinds cnly or with local wvinds plus distant
vinds. Ho significant difference betveen the roise level
estimations vas found.
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D. OCEAN MEDIUA

This study indicated that, due to ASTRAL's technigue of
modeling transmission loss, the initial SSP contributes only
minutely tc the DANES prediction. However, the impact on
the DANES accuracy is still in gquestion. Only large scale
ocean features can Le nodeled, and, thus, the DANES
predictions may not ke accurate in complex ocean environ-
ments (Lukas, 1983).
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= R VI. CONCIUSIONS AND BECOMMEHDATIONS s
fos 7
e , The [ANES ambient noise hindcasts of November and e
q December 1980 when compared with measured ambieant noise tr‘_,z,
4-{- -_' levels indicated a number of veaknesses in the DANES model. .-!;r
*E;"E » In this comparison, the large data base of measured noise ;‘::::;
".{é:. S levels were assumed accurate. This assumption is reasonalle ‘a-‘
Y, even though some data were omitted due to suspected measure- :__:,
‘..’ " pent errors. The following summary of results should be \-w
{Q, ,::: considered valid only for the Northeast Pacific during the '};
::5 ‘ winter, and, should nct be considered an indication of LANES :,
QX performance in other ccean regions or seasoas. “_-;g
Ry - 3 | S:g
}:{ $: A. EVALUATION OF DANES PERFORMNMANCE t:\}
.: I:.j Overall, DANES overestimated the noise levels ir the “\
‘A ) Northeast Pacific. These errors averaged from 1 to S 4B, i
:Q;“\ 5 ' depending on frequency. However, the perceived accuracy of ‘
'r;:: ., CANES could be influenced by two factors. First, the nmeas- oy
‘\\\ Z:: urements for which DANES predictions were compared were i_..-
LT g possitly in error. Secondly, DANES provided an average f”‘
:‘_{T";fz' j:: expected noise level cf a highly variable phenomenon. ’
’ 1. Measurement Errors ‘
”j - ASTREX 1980 was conducted with operational assets E—
",},3 - which vere considered to be generally vitkin manufacturer's L
.I::;i:_:: specifications. Calitrations were not conducted aad scae \‘
"' :;Eﬁ zeasurement errors wvere probably introduced. However, these
e ¥ errors could be considered random and should cancel with a E"
:::f::f: :',: large sample sirze. Comparison of DANES predictions with T
..}.: o only a fev measureaents would not have deaonstrated LANES .‘-\:
,:::'; { accuracye. For example, had DANES been coapared orly wita "1
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the measurements of 1% Rovember, the prediction error wow1l
have been excessive. The findings of this study indicate
the aircraft equipmant for 15 November may not have been
within specified tolerance.

Conclusicen

Otilizatior of uncalitrated measurements for model
evaluaticn pravides some uncertainty as to the results
cbtained. However, the large sample size and critical anal-
ysis of the data provided a reasonable evaluaticp cf the
model's performance.

Recomsendations

Similar studies should be conducted again to study
DANES performance and ambient noise characteristics. Such
an experiment, "Ocean Storms®, has been scheduled to be
conducted in the Northeast Pacific (%08, 135%, in the fall
of 1986. The Envircamental Acoustic Research Group at NPS
plans to participate in this multi-institutional air/sea
experipent. Qcean Stcrms should provide an excellent oppor-
tunity for another ambient noise ®model verification
experinent.

Calilrated equipmeat should be utilized during Cgean
Storns for the model verification to limit the [ossible
occurrence of aeasurement error. fever peasurepent sites
with sore Bmeasuyremeants acquired at each location would be
teneficial. By lisiting tke number of sites and increasing
the saspling rate, a better understaaiing of the oceasnic
effects c¢n the nodel should Le obtained. The Qgean Starss
experizent %ill be lccated near a mcored ND3C busey. Such
kuoy data should prcovide aa accurate local vind sgeed zeas-
urement for cozparison to wodel predictions. dowvever,
nearby shipriang effects aay hinder apalysis of tae adlreat
noise sources at that locatioa.
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2. Noise Yariability

Artient noise in the ocean is highly variable.
DANES attempts tc provide scme representation of this vari-
ability by utilizing discrete (WMO) shipping reports and a
tine ster capability. However, the final output of the
model is an average noise level for a given time period.
This average level is reported as a single value given to
one tenth of a decibel. No variability is indicated. In
this thesis, the standard deviation of the error in the
CANES prediction was 4 to 5 d4B. If DANES provided a perfect
average predictiom, the standard deviation indicates that
the actual noise cculd be within these limits only 67
percent of the time. This variability in the noise field is
significant to an orerator who is attempting to afpgly the
CANES prediction tactically.

Conclusicn

Short term variability of ambient noise is nct frog-
erly podeled by DANES, por 1s it indicated in the

predictiocn.
econmendation

Until the DANES model is sophisticated enough to
rrovide changes in ambient noise levels due te such vari-
ables as nearby shifpping or convergeance zone effects, an
expected noise distribution should be provided along with
the average expected value. This variabilicy could bhe
eupirically derived in a nuamter of ways. For exam?le,
arbient ncise studies which provide the climatological
averaye and variability of ambient noise «could be used.
Results of DANES prediction accuracy, such as presented in
this thesis, could also be useful.
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B. SOUICES OF DANES ERROR

The fraraueters considered which  possibly could be
related to the DANES error included operationally dictated
parameters, noise source model inputs and oceanic model
inputs. The following parameters appeared to contzibute to
the CANES prediction error.

1. HIIS shipping

T"he HITS data base for the Northeast Pacific
provided noise 1level estimations that represented measure-
ments acquired when nearby shipping was known to be present.
Under distant shipping conditiens, predictions nmade
utilizing HITS overestimated the noise level by an average
of 2 to 3 dB at 50 and 100 Hz. The noise contribution from
HITS dominated the ncise spectrua below 300 Hz, overriding
any contrikutior from WMO shipping or distant winds. These
excessive levels appear to be a result of skipping density
errors instead of shipping spectra errors, since different
results are obtained in ocean regions other than the
Northeast Pacific. Hovever, a possible ' spectrum related
error appears at 200 BHz. At this frequency a maxipua @ean
error cncurred wvhen the HITS data base was utilized. This
error diminished and appeared wmore wind related with a
quieter shipping noise source. Two studies by COMTHIEDFLT
{1983) alsc support this finding of a maximum errecr at 200
Hz.

Conclusicn
The HBITS data base overestimates the shippirny yenez-
ated apbient noise below 300 Hz by an averaye of 2 to 3 dB.

- Reconmmendation _
A The HITS data base in the Northeast Pacific needs to
ke reevaluated. Currernt shippiug densities and preferred
68
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ship routing patterns should be acquired from ship routing
services. The shipping spectra should be evaluated further
to determine if the high error at 200 Hz indicated by this
thesis could be related to the shape of the HITS shipping
spectra.

2. §MO shipping

The number of ships reporting under the World
Meteorological Organization (WMO) system each day was found
to be highly variable. In the Pacific, ship counts varied
from 28 to 447 during ASTREZ. This wvariability signifi-
cantly influenced DANES' ability to utilize the WMO shipping
in ambient noise predictions. Normally extremely lcw, WNO
shipping did not ccntribute sufficiently to the anmkient
noise btelow 200 Hz in the prediction. When the EITS data
base was utilized, the WMO ships were overridden by the high
BITS noise levels. As a result, DANES predictions made with
historical (HITS) fplus synoptic (WHO) shipping were no
different than if the prediction had been made with histor-
ical shipping only. Therefore the utilization of synoptic
shipping did not improve short term anbiernt roise
predicticas.

Conclugicn

The reliance on the WHO for ipmdividual shipping
locations did not prcvide sufficient inforamation for amtient
noise estimations Dbased on WMO shipping information alone.
Whea coupled with HITS, WNO shipping 1is normally overridden
by the high noise levels computed frou the HITS data lLase.
If WMC shipping did contribute, it could only iancrease an
already high ectimaticn. As a result, there was no enhance-
gent cf the predicticn accuracy <from that of a predictiorn
Lased c¢cn historical (HITS) data alone.
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Becommendation

To provide a reasonable short term ambient noise
predicticn to a carrier task force, it is recommended that
the DANES model be modularized for compatability with
smaller shipboard computers. Magnetic disk files could be
loaded selectively to reflect the oceanic conditions of the
operating area and historical shipping. Instead of WMO
shiprirg information, the surface shipping plot could be
entered directly frcm the Tactical Datalink Syster (1IDS).
This shipping input should be accurate to a givern range,

N
Bt
allowing the HITS data base to ke blanked out to that range. E.
HITS contributions wculd be thereby reduced and discrete %;
shipping contributions increased. A local wind input would ot
e

ke relatively easy to insert. Other means would need to be
develcped to input a wind field.

. JIrapsmission loss 8

3. Irapsmission §$

The ASTRAL model provides DANES with a fast means of %;
computing transmissicn loss along a radial. Assumptions in &m

the ASTRAL nmodel may have rendered the model insensitive to A
environmental changes. The wutilization of a single SSP o
within the first 150 nm of the receiver 1location and aver- o
aging through convergence zones precludes modeling of small 3
scale ocean features. As a result, ambient noise
predictions made wutilizing synoptic SSP indicate .ittle or

et
PR 2NN

no difference compared to predictions with c¢limatological

'y

TaLTe e T 4 o
AT N
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profiles only.

Gonclusicn

et —r—

The DANES transmission loss model is insensitive to

' .
-". a

4

T
RN I 1o

the scund speed profile. ASTRAL's range smoothing and homo-

guheous ocean assunption within 150 nm of the receiver

\

"-
NS precludes any major contribution from synoptic as compared ﬁ"
ﬁq} . to climatclcgical prefiles. 5
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Becommendation

The DANES model should be evaluated utilizing both
the ASTRAL model and another traansmission loss model such as
th PE model. This evaluation would be limited, however, due
to the longer computer processing time required by these
other nmodels. To reduce the computer requirements, a new
transmissicn model may be necessarye.

C. EFFECIS OF LOCAL VERSUS DISTANT WIND

According to DANES, distant storms were not significant
to the ncise level spectra in the Northeast Pacific. Due to
sound attenuation of the higher frequencies in the mcdel,

PRI A ey s

-5 )
-

XL

*5-
-

local winds domipated the noise spectrum above 400 Hz. The
high ncise levels generated by the HITS data base dcminated
the spectrum below 300 Hz.

Frcem model results and the work by Wilson (1983), the
measurements were investigated for distant storm noise

v&' Tes
s HEEE P Lt
0‘%.“-” ¥ TH? N

-

A

I
P W,

influences Letween 100 and 300 Hz. At measurement times and
locations where distant storm effects were btelieved to be
observable, nearby stipping effects appeared to dominate the
spectra. Due to the limited number of cases avilatle, no
conclusicns could be made as to the actual influences of
distant storm generated noise.

5
:

L.
‘-

Conclusicn

In the Northeast Pacific, wind generated noise fiom
distant storms was not a significant factor in the LCANES
predictions. Local wind effects seemed to dominate the o
noise spectrum above 400 Hz. The shipping noise contribu- f%

tion from the HITS data base dominated the predictions telow
300 Hz. : B
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