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Radiated Shipping NoiseRadiated Shipping Noise

�� Under  each ship Under  each ship 
there is half a sphere there is half a sphere 
of noiseof noise

�� A part is the A part is the Zone of Zone of 
Avoidance, Avoidance, which is which is 
not entered by a not entered by a 
marine mammalmarine mammal

noise noise



Tanker: What does a Porpoise hear at 350m ?Tanker: What does a Porpoise hear at 350m ?

�� Shipping noise is filtered by the hearing systemShipping noise is filtered by the hearing system

�� FF SLFF SL1m1m 202202dBdB

�� SPLSPL350m350m 150150dBdB

�� Porpoise Porpoise 101101dBdB

dB re 1 microPa - 1/3-octave bands - porpoise weigh ted
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Zones of Influence: AvoidanceZones of Influence: Avoidance

�� Level at which a porpoise Level at which a porpoise 
returns when approaching returns when approaching 
a sound source = a sound source = 
avoidance level = ~avoidance level = ~100100
dB weighted leveldB weighted level

�� A porpoise does not A porpoise does not 
approach example approach example 
ship at less than     ship at less than     
350 m350 m



Concentrations of ships at sea     Concentrations of ships at sea     



Echolocation: fish detectionEcholocation: fish detection

distance >>

Background (sea) noise 
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Transmission loss of 
sound due to distance

Here the echo disappears in the sea noise

Echolocation click

echo



US regulationsUS regulations

�� Since 1972 marine animals, mainly marine Since 1972 marine animals, mainly marine 
mammals, are protected by law in the US.mammals, are protected by law in the US.

�� Since several years a large group of experts Since several years a large group of experts 
is working on a revision of that law.is working on a revision of that law.

�� This resulted in the ‘Aquatic Mammals’ This resulted in the ‘Aquatic Mammals’ 
recommendations of January 2008 (Southall recommendations of January 2008 (Southall 
et al.) as a first step.et al.) as a first step.

�� What can be said about those recommendations ?What can be said about those recommendations ?



The new US recommendationThe new US recommendation

�� 3 sound types3 sound types: single pulse, multiple pulse, : single pulse, multiple pulse, 
nonpulsesnonpulses((continuous fluctuating noise ?continuous fluctuating noise ?))

�� 2 criteria2 criteria: Hearing Injury (PTS) and : Hearing Injury (PTS) and 
Behavioural Disturbance (Behavioural Disturbance (are no criteria, are no criteria, 
but dosebut dose--response relationshipsresponse relationships))

�� 2 metrics2 metrics: Peak Sound Pressure Level : Peak Sound Pressure Level 
((SPLSPLpeakpeak) and Sound Exposure Level (SEL)) and Sound Exposure Level (SEL)

�� SPLpeakSPLpeak= dB re 1 = dB re 1 �� PaPa22 (flat response) (flat response) –– SEL = dB re 1 SEL = dB re 1 �� PaPa22.s (weighted).s (weighted)



PTS-onset levelsPTS-onset levels

LpeakLpeak= 149 dB= 149 dB

SEL = 144.5 SEL = 144.5 dBwdBw
LpeakLpeak= 149 dB= 149 dB

SEL = 144 SEL = 144 dBwdBw
LpeakLpeak= 149 dB= 149 dB

SEL = 144 SEL = 144 dBwdBw
PinnepedsPinnepeds

(air) (air) 2020�� PaPa

LpeakLpeak= 218 dB= 218 dB

SEL = 203 SEL = 203 dBwdBw
LpeakLpeak= 218 dB= 218 dB

SEL = 186 SEL = 186 dBwdBw
LpeakLpeak= 218 dB= 218 dB

SEL = 186 SEL = 186 dBwdBw
PinnepedsPinnepeds

(water)(water)

LpeakLpeak= 230 dB= 230 dB

SEL = 198 SEL = 198 dBwdBw
LpeakLpeak= 230 dB= 230 dB

SEL = 198 SEL = 198 dBwdBw
LpeakLpeak= 230 dB= 230 dB

SEL = 198 SEL = 198 dBwdBw
HFHF

CetaceansCetaceans

LpeakLpeak= 230 dB= 230 dB

SEL = 198 SEL = 198 dBwdBw
LpeakLpeak= 230 dB= 230 dB

SEL = 198 SEL = 198 dBwdBw
LpeakLpeak= 230 dB= 230 dB

SEL = 198 SEL = 198 dBwdBw
MFMF

CetaceansCetaceans

LpeakLpeak= 230 dB= 230 dB

SEL = 198 SEL = 198 dBwdBw
LpeakLpeak= 230 dB= 230 dB

SEL = 198 SEL = 198 dBwdBw
LpeakLpeak= 230 dB= 230 dB

SEL = 198 SEL = 198 dBwdBw
LFLF

CetaceansCetaceans

NonpulsesNonpulsesMultiple Multiple pulsespulsesSingle Single pulsespulsesgroupgroup

WhatWhat is SEL ?? is SEL ?? 

LeqLeq x x durationduration??
SELcumSELcum= SEL+10 LOG n= SEL+10 LOG nLpeak difficult to Lpeak difficult to 

determinedetermine
CommentComment::



Behavioural Response levels (TTS)Behavioural Response levels (TTS)

OwnOwn choicechoiceOwnOwn choicechoiceLpeakLpeak= 109 dB= 109 dB

SEL = 100 SEL = 100 dBwdBw
PinnepedsPinnepeds

(air) (air) 2020�� PaPa

OwnOwn choicechoiceOwnOwn choicechoiceLpeakLpeak= 212 dB= 212 dB

SEL = 171 SEL = 171 dBwdBw
PinnepedsPinnepeds

(water)(water)

OwnOwn choicechoiceOwnOwn choicechoiceLpeakLpeak= 224 dB= 224 dB

SEL = 183 SEL = 183 dBwdBw
HFHF

CetaceansCetaceans

OwnOwn choicechoiceOwnOwn choicechoiceLpeakLpeak= 224 dB= 224 dB

SEL = 183 SEL = 183 dBwdBw
MFMF

CetaceansCetaceans

OwnOwn choicechoiceOwnOwn choicechoiceLpeakLpeak= 224 dB= 224 dB

SEL = 183 SEL = 183 dBwdBw
LFLF

CetaceansCetaceans

NonpulsesNonpulsesMultiple Multiple pulsespulsesSingle Single pulsespulsesgroupgroup



Some comment on US recomm.Some comment on US recomm.

�� Values are no criteria, but doseValues are no criteria, but dose--response relationships. response relationships. 
Criteria level shall be (considerably) lower to protect the Criteria level shall be (considerably) lower to protect the 
animals. Levels should be below TTSanimals. Levels should be below TTS--onset.onset.

�� The same values for all cetaceans is not realistic (would The same values for all cetaceans is not realistic (would 
mean identical dynamic hearing range for all species mean identical dynamic hearing range for all species -- 63 63 
cetacean species and 65 cetacean species and 65 pinnepedpinnepedspecies).species).

�� SPLSPLpeakpeakdifficult to define and to determine.difficult to define and to determine.
�� Multiple pulses: SEL+10 LOG n >> how is n defined?Multiple pulses: SEL+10 LOG n >> how is n defined?
�� NonpulsesNonpulses: how is SEL defined (i.e. for noise with an : how is SEL defined (i.e. for noise with an 

infinite duration) ?infinite duration) ?
�� Behavioural Response: pulses TTS, other sounds not Behavioural Response: pulses TTS, other sounds not 

defineddefined



Noise judgement method (Verboom 1998-2005)Noise judgement method (Verboom 1998-2005)

�� 3 sound types3 sound types

�� 3 criteria metrics 3 criteria metrics 
LpLp –– SEL SEL -- LeqLeq

�� weighting ?weighting ?

�� 3 noise criteria        3 noise criteria        
LpLp –– SEL SEL -- LeqLeq



TTS-onset levels: US/NLTTS-onset levels: US/NL

US = SELUS = SEL

NL = NL = LeqLeq
US = SELUS = SEL

NL = SELNL = SEL
US = US = LpeakLpeak

NL = NL = LbroadbandLbroadband

US 183 US 183 dBwdBw

NL 145 NL 145 dBwdBw
US 171 US 171 dBwdBw

NL 170 NL 170 dBwdBw
US 212 US 212 dBpeakdBpeak

NL 215 NL 215 dBbroadbdBbroadb..
PinnepedsPinnepeds

(water)(water)

US 195 US 195 dBwdBw

NL 135 NL 135 dBwdBw
US 183 US 183 dBwdBw

NL 160 NL 160 dBwdBw
US 224 US 224 dBpeakdBpeak

NL 224 NL 224 dBbroadbdBbroadb..
HFHF

CetaceansCetaceans

US 195 US 195 dBwdBw

NL 140/162 NL 140/162 dBwdBw
US 183 US 183 dBwdBw

NL 170/195 NL 170/195 dBwdBw
US 224 US 224 dBpeakdBpeak

NL NL notnot yetyet defineddefined
MFMF

CetaceansCetaceans

US 195 US 195 dBwdBw

NL 165 NL 165 dBwdBw
US 183 US 183 dBwdBw

NL 191 NL 191 dBwdBw
US 224 US 224 dBpeakdBpeak

NL NL notnot yetyet defineddefined
LFLF

CetaceansCetaceans

NonpulsesNonpulsesSingle Single PulsesPulsesSingle Single PulsesPulsesgroupgroup



Behavioural levels: US/NLBehavioural levels: US/NL

NL = NL = avoidanceavoidance

NL = NL = severeseverediscdisc..
NL = NL = avoidanceavoidanceUS = US = behbeh. . disturbdisturb..

= TTS !!= TTS !!

NL 105 NL 105 dBwdBw LeqLeq

NL 140 NL 140 dBwdBwLeqLeq
NL 120 NL 120 dBwdBw LeqLeqUS 171 US 171 dBwdBw SELSELPinnepedsPinnepeds

(water)(water)

NL 97 NL 97 dBwdBw LeqLeq

NL 125 NL 125 dBwdBwLeqLeq
NL 108 NL 108 dBwdBw LeqLeqUS 183 US 183 dBwdBw SELSELHFHF

CetaceansCetaceans

NL NL notnot yetyet defdef..

NL 128/148 NL 128/148 dBwdBw
NL NL notnot yetyet defineddefinedUS 183 US 183 dBwdBw SELSELMFMF

CetaceansCetaceans

NL NL notnot yetyet defdef..

NL 155 NL 155 dBwdBwLeqLeq
NL NL notnot yetyet defineddefinedUS 183 US 183 dBwdBw SELSELLFLF

CetaceansCetaceans

NonpulsesNonpulsesMultiple Multiple pulsespulsesSingle Single PulsesPulsesgroupgroup



Advantages Dutch criteriaAdvantages Dutch criteria

�� LpLp pulse levels easier to measure than pulse levels easier to measure than LLpeakpeak

�� Continuous noise levels based on Continuous noise levels based on LeqLeq

�� Criteria based on Criteria based on TTS level minus 15 dB TTS level minus 15 dB 
(porpoises) or 20 dB (seals) (porpoises) or 20 dB (seals) = Safety margin= Safety margin

�� Impact of a measured sound levelImpact of a measured sound level::

�� 1) Zone of Hearing Damage; 2) Zone of 1) Zone of Hearing Damage; 2) Zone of 
TTS; 3) Zone of AvoidanceTTS; 3) Zone of Avoidanceoror

�� Maximum Allowable Exposure LevelMaximum Allowable Exposure Level



ENDEND

�� QUESTIONS?QUESTIONS?

�� Wim VerboomWim Verboom

�� Bremen Bremen -- April 2008April 2008


