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Possible causes of increasing low frequency ocean noise
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Possible causes of increasing low frequency ocean

noise
Growing evidence of 35-year increase at 16-40 Hz ( )
4 sites N. Pacific (~ ) [Andrew et al, 20117]

Support from 5t site 1978-1986 [Chapman & Price 2011**]
Speculation about cause

Increased shipping?

Decreasing pH?
Global average shipping noise model

Derivation (overview)

Sensitivity to model inputs

Model prediCtionS *R. K. Andrew, B. M. Howe, J. A. Mercer & M. A.
Dzieciuch, ARLO 3, 65-70 (2002).
Short term: 1965-2000 ~Chapman & Price, JASA

EL161 129(5) 2011

(Long term: 1900-2200)
Proposal: Global average source level measurement
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Ambient noise spectra: 2000s cf 1960s
2000s
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*R. K. Andrew, B. M. Howe, J. A. Mercer & M. A. Dzieciuch, ARLO 3, 65-70 (2002).

**M. A. McDonald, J. A. Hildebrand & S. M. Wiggins, J. Acoust. Soc. Am. 120, 711-718 (2006).
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Global average shipping noise model:
Derivation |

> Global average mean square pressure (MSP):

I e R
a1

Prus = RMS acoustic pressure
p = density

¢ = sound speed

o = attenuation coefficient

H, = energy density

@Tf%ld source energy™ >
W, = contributing source power (i.e., trapped in water column)
M = total no. sources

V = total ocean volume = 1.7 Mm3

*M A Ainslie & R P A Dekeling, The environmental cost of
marine sound sources, Underwater Acoustic Measurements
2011, Kos (Greece), June 1011
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Global average shipping noise model:
Derivation Il

> Global average “contributing” source power:

B e = e

S™r = monopole source factor ;= 10SL/10
SL = source level

f = frequency

d = monopole depth

y = critical angle
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Global average shipping noise model

> Model inputs
» Ship properties:
> Number of ships: M
» Source level: SL = 10 log,, S™P
> Tonnage: T~ ¢®

> Medium properties:
> Temperature (critical angle ¥)
> Temperature, salinity, acidity, (absorption )




6
24 May 2011
Possible causes of increasing low frequency

ocean noiseTitel van de presentatie . .
m innovation
for life m— ——

Global average shipping noise model

> Model inputs
> Ship properties:
> Number of ships:@
» Source level: SL =10 log,, S™P
> Tonnage: T~ ¢®

> Medium properties:
> Temperature (critical angle ¥)
> Temperature, salinity, acidity, (absorption )
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Global average shipping noise model

> Model inputs
> Ship properties:

> Number of ships: M
» Source level: SL = 10 Iog10
> Tonnage: T~ ¢®

> Medium properties:

> Temperature (critical angle y)
> Temperature, salinity, acidity, (absorption )
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Global average shipping noise model

> Model inputs
> Ship properties:
> Number of ships: M

» Source level: SIL = 10 log,, S™P
» Tonnage: T~

> Medium properties:
> Temperature (critical angle ¥)
> Temperature, salinity, acidity, (absorption )
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Global average shipping noise model

> Model inputs
» Ship properties:
> Number of ships: M
» Source level: SL = 10 log,, S™P
> Tonnage: T~ ¢®

> Medium properties:
» Temperature (critical angle
> Temperature, salinity, acidity, (absorption )
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Global average shipping noise model

> Model inputs
» Ship properties:
> Number of ships: M
» Source level: SL = 10 log,, S™P
> Tonnage: T~ ¢®

> Medium properties:
» Temperature (critical angle y)

> Temperature, salinity, acidity, (absorptio
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Model predictions

> Short term (1965-2000)
> Assumptions (shipping, climate)
> Predictions

» Long term (1900-2200)
> Climate only
> Sensitivity to acidity and temperature




12
24 May 2011
Possible causes of increasing low frequency

ocean noiseTitel van de presentatie . .
m innovation
, | fOI’ ||fe I

Assumptions (1965-2000)

Shipping
No. of ships*: 44000 — 88000
Av. tonnage*: 3700 — 6200
Av. source level: no change [Wales & Heitmeyer**]

et
o

o~
(6]

No, ships ______.---

\ ",
-

\Total tonnage

o o
(&) (=]
Number of vessels (x104)

Gross tonnage (x10°)
LI I

o

T T
-\Q:ﬁ(o qﬁbﬁ \966 \91G \Qﬂ% -\‘3%() «0.1%% A,Qiq'g \@6 r&@g
Date

Climate
pH (SWS scale)***: 8.0 - 7.9
Temperature: no Change *J. A. Hildebrand, Mar. Ecol. Prog. Ser. 395, 5-20 (2009).

**S. C. Wales & R . M. Heitmeyer, J. Acoust. Soc. Am. 111, 1211-1231 (2002)

**T. llyina, R. E. Zeebe, P. G. Brewer, Nature Geoscience Vol. 3 (2010).
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Model predictions (1965-2000)

) Effect of:
> No. of ships (M)
> Monopole depth (d)

) pH Change from 1365 1 2000
a5 . SE—
- Porin = 1 dR/HEm
,'E ap 1965 = 1.5 m -
1994-2001 3 d2000 = 1.8 m
(APL-UW) 2 Eﬁ
gy i
[Andrew et al (2002)] % "
S Bt i
1963-1965 _i :
(Wenz) : 73 o Point S '
* or 19631965 (Wenz,
E O Paolnt Ser 19342001 (APL: L)
= 1965
E TOH oo {OES M
E == =149+ 5 dB
1965 « M d+ pH =20000)
65 '
10’ 0’

frequency / He



Sensitivity to long-term climate change

1900 2000 21|OO 22|00

Expected change”
pH: up to (1900-2200) 3
Temperature: + 1.7 to 4.4 °C by 2100 e

swwone: Caribbefan Sea/Panama Canal

7.4 wassewm Cape of|Good Hope ”y'na et al 201 0

Wind: increasing with time (1991-2008)*** ., |L=="Yerh acic ocean/aigi | |

1800 1850 1900 1950 2000 2050 2100 2150 2200 2250 2300

Effect on noise " b)
pH (200 Hz to 2 kHz):

1k
Sensitivit@B per p@(averaged over sound ]

channel)
Example: ApH =-0.3 — ANL = + 2.3 dB

Temperature: n
Competing effects: absorption (+) vs refraction (-) Joseph &

Chiu 2010**

Mainly refraction (-)

.08 06 -04 02 0

Strong seasonal fluctuations ApH

*T. llyina, R. E. Zeebe, P. G. Brewer, Nature Geoscience Vol. 3 (2010).
**J. E. Joseph, C. Chiu, JASA Express Letters 128 (3), Sep 2010.
***1. R. Young, S. Zieger, A. V. Babanin, Science 332, 22 April 2011.
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Global average source level measurement?

> Noise model:

> Rearrange for source factor:
> Global average MSP:

> Archive data available from CTBTO since 2001* 2000
= 180 Popaiae soiree sjeclia lnfmmlm SHif naise S ichia
Review of Hydroacoustic Network and Data "m@mogglg % 2 ; I . : - . -
A < E s 1 / P Point Sur
=i [T \ A S i
7480 0 SN i SNEN 3 N | as proxy
%H'I'IN/ / s o @ Wb L N BN
i
—— B sl
- 3 _ _
= _E 1965 j SR
The IMS hydroacoustic network consists of 6 hydrophone F AGG oo Greaen ' o - AN
triad stations and 5 land-based (so-called) T-stations ﬁ -
e 50 Hz — 200 Hz: No fodbpd 4
change1|n inferred SL | . Wales-Heitmeyer
*M. K. Prior , Underwater Acoustic Measurements 2009, and 10 L
*M. K. Prior et al, Underwater Acoustic Measurements 2011, Kos frequency / HZ

(Greece), June 2011
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Fly in the ointment

> Measurements: median of short term (ca. 3 min) samples
> Prediction: global average mean square pressure
» Estimated difference:

> Assume log-normal distribution: o~ 5dB *

> Mean — median = ¢2/(20 log,,e) ~ 3 dB

=y
N
o

Pt. Sur
JJ\/\VH\ 99 5%
wwoM \Mwmgg/
g/ — T e
a QOW\5 % e
pa = s S
- BOﬁ \\tn\\
= 10% — T
S 70- 5% e i W
S e ol
05% =
60 0.1% =
50 ‘ A S A A ; 11
10 20 30 40 50 100 200 300 400500

frequency [Hz]

*estimated from: R. K. Andrew, B. M. Howe, J. A. Mercer & M. A. Dzieciuch, ARLO 3, 65-70
(2002).
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Conclusions |

Noise level measurements 1965-2000 (Point Sur)
16 Hz—40 Hz: ~+9dB
50Hz-100 Hz: ~+5dB

Increase of 5 dB can be explained by
Number of ships — + 3 dB
Av. tonnage per ship — + 1.5 dB
No need for change in source level
No need for climate change (pH, T)
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Long term effect of increasing acidity
+0.8 dB per 0.1 decrease in pH

Long term effect of increasing temperature
Uncertain (competing effects)
Possibly in opposite direction to pH
Probably strong seasonal fluctuations

Proposed measurement of global average source level
Global average mean square pressure
Requires re-processing existing data

} refraction

innovation
for life s —
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Questions & answers ...
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Chapman & Price, JASA

Where were the measurements made? ¢ g; 1295 2011
Point Sur (receiver'd’) __ | /-

d32Hz |
d50 Hz |
f32Hz |
$40.Hz. .|
g32Hz |
g40Hz |
h32Hz|
1L'|,4{} Hz |

spectral level [dB re: 1 uPa*/Hz in OTO band]

Redeo Pomeo | wi—T T 3

San Nicolas (recei\{
| | | | I | |

Andrew et al, JASA 129, 642-55% (2841) "7 %00 10 =000 =010

year
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What source level was used?

» Assumed (global average) source level spectrum
> Measurements 1986 to 1992
» 272 ships (Mediterranean, E. Atlantic)
> Assume unchanged 1965-2000

180

‘ . S.C.Wales & R . M. Heitmeyer
L JASA 111, 1211-1231 (2002)]
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How does the tonnage affect the radiated sound

power?
A ship’s tonnage is a measure of its
volume (V)
. fig & Decay time vs monopole depth d = c."l,EHD]; pH =B.2: 76 (SWZE scale)
Assume no change over time to the o
shape or density of average ship 4 =
Deep source radiates more power than 2| ' "5
\H\\; -j.;. . -
shallow source of same source level i \ 2y _
e :
i R~ =]
(surface decoupling) s [
Large ships therefore radiated more T masetha s o
power than small ones of the same Depth d

(monopole) source level
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How was the monopole depth chosen?

» Two parameters were chosen to match the 1965 Wenz data
> Monopole depth d;: 1.5 m

> Low frequency absorption coefficient ¢ ;,: 1 dB/Mm (= 0.001
dB/km)

Sensitivity 1o min. atenuation and moanopole depih

&

: ;“Idﬂ.iﬂm

-]

2

1541 g
Y
T o T

noise speciral density level [dB re pFa!J’Hzl

fiH o Point Sur 19631965 MWenz) |
d=1.5in
= ==gd=20m

10’ | ull‘
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What is the significance of o, ?

There are two effects that limit propagation of low frequency sound:
Low frequency attenuation ~ O(0.001 dB/km)
Physical size of ocean basins ~ 5000 km

The a,;,, term represents the combined action of these two
mechanisms
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How do temperature and pH affect noise level?

Refraction (temperature only)
Increasing sea surface temperature
Increasing sea surface sound speed

Decreasing critical angle (lower proportion of total radiated
power trapped in sofar channel)

FIG 2 ATTENUATION
"]2 ’ 8 FIG 3 n=0; pH=8.2: 7B
L 10 . _ '
/:_’,/ ...... : ST PN BT S pH=82
=7 pH=7311 A
/_/-/_:" a L= pH=TE
—~ min o
/,r' : : : : : o
=
= (@)
= o
2 deqg C (pH=8.2) [
8
——==2deg C(pH= 79)
a8 \
2 deg C (pH= 7.6) B
0] a
10 - ;
10 10° 10’ ; .
frequency f Hz 10 10 10

Cut-off frequency fy # Hz

Frequency f frequency

v
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What causes the rapid rise in level at 50 Hz and
below?

Cause unknown; possible explanation:

Low frequency (LF) sound does not propagate in shallow water
Only ocean going vessels contribute to LF ocean noise

Increasing proportion of ocean-going ships (cf coastal shipping) —
faster increase than expected from the number of ships alone

4 T T T T
Poed P : :
I5H — ——sing, S-SR SRR —
—Ha 3
ik - ' ; i
edium si ine si : ine sil

25¢F

7k

Taf

ik

0.5k
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How does the measured source level compare
with the measurements of Arveson & Vendittis?

Arveson & Vendittis (AV 20007%)
measured radiated noise level

Average source spectra inferred from Point Sur noise spectra

-l
m
=]

. 2000 [ 2 i,
Keel-aspect value equivalent to " ' / 550 TSR
. . . & 1]'|;|._."- - La% 14 kn (1980) |
dipole source level if no absorption £ ST
. B- 165 - : :
Convert inverted monopole source % L
. > mwof Graafand
level to dipole source level | _ / |
50-200 Hz i PN NN
_ _ | $ W 1985 Arveson-Vendittist
consistent with 14 kn ship = s - e AN
speed from AV 2000 frequency / Hz
dipole

*P. T. Arveson & D. J. Vendittis, Radiated noise characteristics of a modern cargo ship, J. Acoust. Soc.
Am. 107, 118-129 (2000).




