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1.  Group	
  ships	
  into	
  classes	
  
2.  Assign	
  source	
  spectra	
  to	
  classes	
  
3.  Characterise	
  the	
  environment	
  
4.  Model	
  transmission	
  loss	
  
5.  Accumulate	
  energy	
  
6.  Error	
  analysis	
  
7.  Future	
  work	
  



1.	
  Ship	
  Classes	
   L1	
   length	
  <=	
  10m	
  

L2	
   length	
  >10m	
  and	
  <=25m	
  

L3	
   length	
  >25m	
  and	
  <=50m	
  

L4	
   length	
  >50m	
  and	
  <=100m	
  

L5	
   length	
  >100m	
  and	
  <=200m	
  

L6	
   length	
  >200m	
  and	
  <=290m	
  

L7	
   length	
  >290m	
  

T1	
   passenger	
  /	
  cruise	
  vessels	
  

T2	
   fishing	
  vessels	
  

T3	
   government	
  vessels	
  

T4	
   pleasure	
  vessels	
  and	
  yachts	
  

T5	
   merchant	
  (bulk	
  /	
  cargo)	
  vessels	
  

T6	
   tanker	
  vessels	
  

T7	
   research	
  vessels	
  



2.	
  Source	
  Spectra	
  

Ls ( f ,v, l) = Ls0 ( f )+ cV ×10 log10 (v / v0 )+ cL ×10 log10 (l / l0 )+ g( f , l)

Research	
  Ambient	
  Noise	
  DirecOonality	
  (RANDI)	
  model	
  	
  
(Wagstaff	
  1973;	
  Breeding	
  et	
  al.	
  1996):	
  

Cv	
  =	
  6;	
  Cl	
  =	
  2;	
  Vo	
  =	
  12	
  kt;	
  l0	
  =	
  300	
  [	
  

Vessel%Class% L1% L2% L3% L4% L5−L7%

Lengths(represented(
(m)( ≤(10( 10225( 25250(

502
100( ≥(100(

Modelled(length((m)( 7.8( 18.6( 38.9( 77.8( 155.6(

Modelled(speed((kts)( 15.6( 9.1( 14.6( 13.6( 15.0(

Modelled(source(
depth((m)( 0.5( 1.25( 3.0( 6.0( 6.0(

Broadband(SL((dB(re(1(
μPa(@(1(m)( 163.6( 157.2( 176.4( 181.1( 190.8(

!

(McKenna	
  et	
  al.	
  2012)	
  



(Brekhovskik	
  &	
  Lysanov	
  2003;	
  Erbe	
  2002)	
  



3.	
  Characterise	
  the	
  Environment	
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Bathymetry	
  



Geoacous)cs	
  



Hydroacous)cs	
  

Mild	
  surface	
  duct	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Downward	
  refrac.ng	
  	
  	
  
=>	
  Li_le	
  seafloor	
  interac.on 	
   	
  =>	
  Strong	
  seafloor	
  interac.on	
  	
  	
  	
  	
  	
  



4.	
  Cumula.ve	
  Energy	
  Model	
  

•  Create	
  source-­‐receiver	
  pairs	
  <	
  100	
  km	
  
•  Model	
  transmission	
  loss	
  (TL):	
  	
  
geometrical	
  spreading	
  &	
  absorpOon	
  

•  Waveguide	
  cut-­‐off	
  at	
  wavelengths	
  >	
  4	
  x	
  Dmin	
  
•  Assign	
  source	
  spectra,	
  apply	
  TL	
  
•  Convert	
  to	
  sound	
  exposure	
  levels:	
  
	
  SEL	
  =	
  SPLrms	
  +	
  10	
  log	
  H	
  

TL = 20 log10 Dmax +10 log10
R
Dmax

+TLa



Cumulative Noise Level, All Classes
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5.	
  Results	
  
2008	
  



6.	
  Error	
  Analysis:	
  Shipping	
  Data	
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Error	
  in	
  Transmission	
  Loss	
  

Computed	
  from	
  10	
  transects	
  covering	
  the	
  different	
  acousOc	
  zones	
  



Strong	
  
correlaOon	
  of	
  
error	
  with	
  
bathymetry	
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TL1−m02−gS − PE model
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CorrelaOon	
  	
  
with	
  geology	
  

Seafloor	
  interacOon	
  
important	
  during	
  	
  
summer	
  
(downward	
  refracOng	
  
hydroacousOcs)	
  



Comparison	
  of	
  
Transmission	
  	
  
Loss:	
  
	
  
	
  
	
  
Parabolic	
  	
  
EquaOon	
  
	
  
Vs.	
  
	
  
Geometric	
  	
  
Spreading	
  

Green	
  lines	
  are	
  percenOle	
  staOsOcs	
  of	
  TL	
  over	
  all	
  modelled	
  transects,	
  seafloor	
  types	
  and	
  seasons.	
  



7.	
  What’s	
  Next?	
  

Cumulative Noise Level, All Classes
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Cumulative Hours of Ship Traffic in 2008
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Model	
  on	
  a	
  Finer	
  Geo.	
  Scale	
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  are	
  the	
  cri.cal	
  habitats?	
  



Source-­‐receiver	
  grid	
  

Bathymetry	
  clusters	
  

Error	
  in	
  transmission	
  loss	
  

Use	
  more	
  
sophisOcated	
  sound	
  
propagaOon	
  model	
  

for	
  fine-­‐scale	
  
modelling	
  (Erbe	
  &	
  
King,	
  JASA	
  2009)	
  



Create	
  a	
  Noise	
  Layer	
  for	
  	
  
other	
  Sources?	
  



8.	
  Remaining	
  Ques.ons	
  

•  What	
  are	
  the	
  biological	
  effects	
  of	
  noise	
  
exposure?	
  

•  How	
  do	
  these	
  vary	
  by	
  species?	
  
•  How	
  do	
  the	
  effects	
  of	
  noise	
  interact	
  with	
  
those	
  of	
  other	
  stressors?	
  

•  How	
  do	
  we	
  manage	
  stressors	
  /	
  habitats?	
  



Thank You ! 
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