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&'!O2#1#4!\*0$7*++!

!
^5#4#!*4#!7,4#!15*+!QA:AAA!-52@-!$*49#4!15*+!=AA!94,--!1,+-!2+!15#!D,4$%!,3!U#4'!%233#4#+1!1'@#-F!C*Z5!2-!
2+14,%0Z2+9!+,2-#! 2+1,!15#!7*42+#!#+U24,+7#+1F!?$15,095!+,1!%24#Z1$'! $#15*$:!+,2-#!34,7!-52@@2+9! 2-:! 2+!
$*49#4!*+%!$*49#4!@,412,+-!,3!15#!D,4$%_-!,Z#*+-:!15#!%,72+*+1!-,04Z#!,3!0+%#4D*1#4!+,2-#!*1!34#`0#+.
Z2#-!15*1!*4#!Z#+14*$!1,!15#!D*'!15*1!7*42+#!7*77*$-:!*-!D#$$!*-!7*+'!-#*!1041$#-:!32-5!*+%!2+U#41#84*1#!
-@#Z2#-:!-#+-#!15#24!-044,0+%2+9-!*+%!Z,770+2Z*1#F!]#-#*4Z5!2+1,!70Z5!,3!15#!0$127*1#!27@*Z1-!,3!#a.
@,-04#! 1,! -52@!+,2-#!,+! 15#! *82$21'! ,3! *+27*$-! 1,! -04U2U#! *+%! 4#@4,%0Z#:! ,4! 15#!Z,+-#`0#+Z#-! 3,4! 15#!
$,+9.1#47!U2*82$21'!,3!@,@0$*12,+-!H7*+'!,3!D52Z5!*4#!*$4#*%'!5#*U2$'!#+%*+9#4#%!,4!154#*1#+#%I:!2-!2+!21-!
2+3*+Z'F! ",D#U#4:! #+,095! 2-! Z044#+1$'! )+,D+! 1,! Z,+3247! 15*1! 2+Z4#*-#%! +,2-#! $#U#$-! *--,Z2*1#%!D215!
-52@@2+9!Z*+!2+1#43#4#!D215!Z,770+2Z*12,+:!3,4*92+9:!@4#'!#U*-2,+!*+%!,15#4!27@,41*+1!$23#!52-1,4'!30+Z.
12,+-!2+!7*42+#!7*77*$-F!J1!Z*+!*$-,!%2-40@1!15#24!8#5*U2,04!*+%!7*'!*Z1!-'+#492-12Z*$$'!D215!,15#4!50.
7*+.2+%0Z#%! -14#--,4-!D215!%#1427#+1*$!#33#Z1-:!*-!5*-!8##+! -10%2#%! 3,4!507*+-! $2U2+9!+#*4!5295D*'-!
*+%!*24@,41-!,4!D,4)2+9!2+!+,2-'!#+U24,+7#+1-F!

^5#![F6F!K*12,+*$!(Z#*+,94*@52Z!*+%!?17,-@5#42Z!?%72+2-14*12,+!HK(??I!5*-!5#$%!1D,!-'7@,-2*!-@#.
Z232Z*$$'!,+!15#!2--0#!,3!-52@.2+14,%0Z#%!+,2-#:!21-!#33#Z1-!,+!7*42+#!3*0+*!H#-@#Z2*$$'!7*42+#!7*77*$-I!
*+%!@,--28$#!-,$012,+-!1,!15#!@4,8$#7F!^5#!D2%#4!2--0#!,3!15#!#33#Z1-!,3!-,0+%!,+!7*42+#!7*77*$-!5*-!
*$-,!8##+!%2-Z0--#%!2+!U*42,0-!%,7#-12Z!*+%!2+1#4+*12,+*$!*4#+*-F!",D#U#4:!1,!%*1#!-#U#4*$!)#'!@*412#-!
5*U#!+,1!8##+!2+U,$U#%!H#F9F:! JL(!*+%!-52@!802$%#4-W,D+#4-I!*+%!150-!15#!3,47*1!,3!-,7#!%2-Z0--2,+-!
5*-!8##+!$2721#%F!

^,!*%%4#--!152-!$2721*12,+:!()#*+,-!.!612310+9!3b4!%*-!L##4!H/,0+%*12,+!3,4!15#!6#*I:!*!+,+.@4,321!,49*+2.
c*12,+!Z4#*1#%! 1,!@4,1#Z1! 15#!,Z#*+!*+%!7*42+#! $23#:! Z,+U#+#%!*!D,4)-5,@! 2+!?@42$! <AAB! 2+!"*78049:!
;#47*+':! 3,Z0-#%!,+! -52@@2+9!+,2-#! *+%!7*42+#!7*77*$-F! ^52-!D,4)-5,@! Z,+Z#+14*1#%!,+!#+9*92+9!
7#78#4-!,3!15#!2+1#4+*12,+*$!7*42127#!14*+-@,41!2+%0-14':!@*412Z0$*4$'!-52@!802$%#4-!*+%!*4Z521#Z1-:!*+%!
5*%!*!+078#4!,3!9,*$-V!

• ^,!2+Z4#*-#!15#!-52@@2+9!2+%0-14'_-!*D*4#+#--!,3!*+%!-#+-212U21'!1,!15#!+##%!3,4!15#!@4,1#Z12,+!,3!7*.
42+#!7*77*$-!*+%!,15#4!7*42+#!3*0+*!34,7!+,2-#!34,7!-52@!,@#4*12,+-F!

• ^,!2+14,%0Z#!15#!Z,+Z#@1!,3!+,2-#!34,7!-52@!,@#4*12,+-!*-!*+!27@,41*+1!2--0#!2+!-52@!Z,+-140Z12,+F!

• ^,!2+14,%0Z#!15#!Z,+Z#@1!,3!+,2-#!34,7!-52@!,@#4*12,+-!1,!*@@4,@42*1#!+*12,+*$!*+%!2+1#4+*12,+*$!4#90.
$*1,4'!8,%2#-!3,4!*@@4,@42*1#!Z,+-2%#4*12,+F!

• ^,!9#+#4*1#!7*1#42*$!15*1!Z*+!8#!0-#%!3,4!7*+'!*@@$2Z*12,+-:!-0Z5!*-!1,!#+9*9#!15#!@08$2Z!*+%!9*2+!15#!
2+1#4#-1!,3!@08$2Z!30+%2+9!-,04Z#-F!

• ^,!802$%!0@,+!15#!%#U#$,@2+9!)+,D$#%9#!8*-#!,+!15#!2--0#!D215!1#Z5+2Z*$!%2-Z0--2,+!,3!@,1#+12*$!-,$0.
12,+-F!

• ^,!2+212*1#!%2-Z0--2,+!D2152+!15#!2+%0-14'!*+%!4#$*1#%!Z,7@*+2#-!*8,01!@,1#+12*$!-,$012,+-!3,4!4#%0Z2+9!
+,2-#:!*-!D#$$!*-!*+'!4#-#*4Z5!4#`024#%!1,!30415#4!-0Z5!#33,41-F!

!
"*78049!D*-!-##+!1,!8#!15#!8#-1! $,Z*12,+!3,4!152-!*-!;#47*+'! 2-!*!9$,8*$$'! 27@,41*+1!-0@@$2#4!,3!-52@!
#`02@7#+1!*+%!15#!D,4$%_-!>15!$#*%2+9!-52@802$%2+9!+*12,+:!D215!"*78049!*!Z*@21*$!,3!-52@!,D+#4-!*+%!
,@#4*1,4-!H4#@4#-#+12+9!SPd!,3!15#!D,4$%_-!Z,+1*2+#4-52@!3$##1IF!"*78049!2-!*$-,!5,7#!1,!;#47*+2-Z5#4!
e$,'%:!D52Z5!Z$*--#-!7,-1!,3!15#!D,4$%-_!Z,+1*2+#4-52@-F!
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-#U#4*$! 34##.3$,D2+9!%2-Z0--2,+-!@$*++#%! 3,4! 15#! 3,$$,D2+9! 1D,!%*'-F!^5#!94,0@! 15#+!@4,Z##%#%! 1,! $*'!
15#! 94,0+%D,4)! 3,4! *! -0872--2,+! 1,! 15#! J+1#4+*12,+*$!L*42127#!(49*+2-*12,+_-!L*42+#! C+U24,+7#+1*$!
\4,1#Z12,+!Y,77211##!HJL(_-!LC\YI:!D52Z5!@*412Z2@*+1-!*94##%!1,!8#!15#!*@@4,@42*1#!8,%'!1,!Z,+-2%#4!
*+%!7*+*9#!15#!2--0#!,3!+,2-#!34,7!-52@@2+9F!?ZZ,4%2+9$':!*!-077*4'!2+!15#!3,47!,3!*!61*1#7#+1!,3!\*4.
12Z2@*+1-!D*-!D4211#+!8'!*$$!15#!@*412Z2@*+1-!*+%!-08-#`0#+1$'!4#$#*-#%F!&*Z)94,0+%!@*@#4-!-077*42-2+9!
70Z5!,3!15#!2+3,47*12,+!Z,+1*2+!D2152+!15#!@4#-#+1*12,+-!D#4#!*$-,!D4211#+!8'!15#!@*412Z2@*+1-:!2+!15#!
5,@#!15*1!15#-#!%,Z07#+1-!72951!-@04!*+%!-0@@,41!*!-0872--2,+!8'!*!L#78#4!61*1#!1,!15#!LC\YF!

L*+'!*412Z$#-!*+%!8,,)-!5*U#!8##+!D4211#+!,+!15#!-08f#Z1!,3!15#!#33#Z1-!,3!+,2-#!,+!7*42+#!7*77*$-:!
2+1#4+*12,+*$!7*42127#!$*D:!*+%!15#!U*42,0-!7#*+-!,3!4#%0Z2+9!15#!*7,0+1!,3!+,2-#!2+14,%0Z#%!2+1,!15#!
7*42+#!#+U24,+7#+1!8'!-52@-F! J+!Z,+14*-1:! 15#!-1*1#7#+1!*+%!8*Z)94,0+%!%,Z07#+1-!*4#!-5,41:!5295$'!
3,Z0-#%!*+%!D4211#+!2+!-27@$#!$*+90*9#!D215!*!@,1#+12*$$'!D2%#:!2+1#4+*12,+*$!*0%2#+Z#!15*1!2-!9#+#4*$$'!
0+3*72$2*4!D215!15#-#!2--0#-F!^,!15*1!#+%:!f*49,+!5*-!8##+!*U,2%#%!D5#4#!@,--28$#F!6272$*4$':!7*+'!Z*U#.
*1-!*+%!70Z5!,3!15#!32+#!%#1*2$!,31#+!3,0+%!2+!15#!D2%#4!$21#4*104#!5*U#!*$-,!8##+!$#31!,01F!^5#'!-5,0$%!
150-!8#!-##+!*-!*+!2+14,%0Z12,+!1,!15#!2--0#V!*!@$*Z#!34,7!D52Z5!*+!2+1#4#-1#%!@*41'!Z*+!8#92+!1,!802$%!
15#24!)+,D$#%9#F!

^52-!4#@,41!Z,782+#-!15#!*8,U#.7#+12,+#%!%,Z07#+1-:!,3!@*412Z2@*+1-!*+%!90#-1!@4#-#+1#4-!*+%!*!$2-1!,3!
@4#-#+1*12,+-!D215!*8-14*Z1-F!!

!

!
!
O2#1#4!\*0$7*++!
/,0+%#4:!()#*+,-!.!612310+9!3b4!%*-!L##4!H/,0+%*12,+!3,4!15#!6#*I!
?03!%#4!L*42#+5M5#!=N:!O.P><QR!O*47-1*%1:!;#47*+'F!
DDDF,)#*+,-.-12310+9F,49!
!
!



1 

okeanos - Stiftung für das Meer         Telefon +49- 6151-918 20 23 
Auf der Marienhöhe 15         Telefax +49- 6151-918 20 19 
D-64297 Darmstadt          mail@okeanos-stiftung.org 

www.okeanos-stiftung.org 

!
J+1#4+*12,+*$!G,4)-5,@!,+!

652@@2+9!K,2-#!*+%!L*42+#!L*77*$-!
"#$%!&'!()#*+,-!.!/,0+%*12,+!3,4!15#!6#*!
"*78049:!;#47*+':!<=-1.<>15!?@42$!<AAB!

61*1#7#+1!,3!\*412Z2@*+1-!
 

?!%2U#4-#!94,0@!,3!-1*)#5,$%#4-!34,7!*4,0+%!15#!D,4$%!D*-!Z,+U#+#%!D215!#a@#412-#!2+!15#!*4#*-!,3!0+.
%#4D*1#4!*Z,0-12Z-:!+*U*$!*4Z521#Z104#:!7*42+#!#+92+##42+9:!-52@!802$%2+9:!7*42+#!7*77*$!82,*Z,0-12Z-:!
7*42+#!,@#4*12,+-:!*+%!+,2-#!Z,+14,$:!*-!D#$$!*-! 2+! 2+1#4+*12,+*$!7*42127#!*+%!#+U24,+7#+1*$! $*D!*+%!
@,$2Z'F!

L*42+#!7*77*$-!*4#!*Z,0-12Z!-@#Z2*$2-1-!*+%!%#@#+%!,+!-,0+%!3,4!-04U2U*$!H#F9F:!Z,770+2Z*12+9:!+*U2.
9*12+9:!32+%2+9!3,,%!*+%!7*1#-:!%#1#Z12+9!@4#%*1,4-IF!/,4!#a*7@$#:!8$0#!*+%!32+!D5*$#-!@4,%0Z#!2+1#+-#!
2+34*-,+2Z!-,+9-!15*1!Z*+!8#!5#*4%!,U#4!*+!#+124#!,Z#*+:!D52$#!507@8*Z)!-,+9-!Z*+!8#!5#*4%!,U#4!7*+'!
50+%4#%-!,3!72$#-F!G215!15#!*%U#+1!,3!7,%#4+!-52@@2+9:!,Z#*+!+,2-#!2+!15#!$,D.34#`0#+Z'!4*+9#!H=A.SAA!
"cI! 5*-! 8##+! %,08$2+9! *@@4,a27*1#$'! #U#4'! %#Z*%#:=! %4*-12Z*$$'! 4#%0Z2+9! 15#-#! 4*+9#-F! ?$15,095! 15#!
$,+9.1#47!27@*Z1-!,+!7*42+#!7*77*$-!34,7!152-!2+Z4#*-#%!+,2-#!*4#!+,1!'#1!)+,D+!D215!Z#41*2+1':!2+.
Z4#*-#%!+,2-#!,8-Z04#-!*+!*+27*$_-!*82$21'!1,!5#*4:!*+%!15#4#3,4#!5*-!-#42,0-!27@$2Z*12,+-!3,4!4#@4,%0Z.
12,+!*+%!-04U2U*$F!^52-!2-!*!9$,8*$!@4,8$#7F!!

^5#4#!2-!*!4#$*12,+-52@!8#1D##+!Z,77#4Z2*$!-52@@2+9!*+%!15#!*7,0+1!,3!0+%#4D*1#4!+,2-#F!;2U#+!15*1!
-52@@2+9! 2-! 2+Z4#*-2+9! *+%! #a@#Z1#%! 1,! #a@*+%! 2+1,! +#D! *4#*-:! #F9F:! 15#! ?4Z12Z:! 2+Z2%#+1*$! +,2-#! 34,7!
-52@@2+9!D2$$!Z,+12+0#!1,!42-#F!!!

[+$2)#! Z5#72Z*$!@,$$012,+:! +,2-#!%,#-!+,1!@#4-2-1! 2+! 15#!#+U24,+7#+1F! ^50-:! 23! *! -,04Z#!,3!+,2-#! 2-! 4#.
%0Z#%:!15#!*7,0+1!,3!+,2-#!#+#49'!2+!15#!D*1#4!2-!277#%2*1#$'!$,D#4#%F![+%#4!15#-#!3*U,4*8$#!Z24Z07.
-1*+Z#-:! 15#!9,*$! 2-!1,!4#%0Z#!15#!*7,0+1!,3! 2+Z2%#+1*$!0+%#4D*1#4!+,2-#!34,7!-52@@2+9!1,!72129*1#!,4!
#$272+*1#!15#!27@*Z1-!,3!+,2-#!,+!7*42+#!7*77*$-F!

^,!*Z52#U#!152-!9,*$!D#!Z*$$!3,4!2+212*$!9$,8*$!*Z12,+!15*1!D2$$!4#%0Z#!15#!Z,+1428012,+-!,3!-52@@2+9!1,!*7.
82#+1!+,2-#!#+#49'!2+!15#!=A.SAA!"c!8*+%!8'!S%&!2+!=A!'#*4-!*+%!8'!=A%&!2+!SA!'#*4-!4#$*12U#!1,!Z044#+1!
$#U#$-F!^52-!9,*$!D,0$%!8#!*ZZ,7@$2-5#%!8'!4#%0Z2+9!+,2-#!Z,+1428012,+-!34,7!2+%2U2%0*$!-52@-F!

^5#!#+92+##42+9!1,,$-!*+%!7#15,%,$,92#-!Z044#+1$'!*U*2$*8$#!*4#!-0332Z2#+1!1,!4#%0Z#!4*%2*1#%!+,2-#!34,7!
-52@-:!,4!Z*+!8#!%#U#$,@#%!D215!$2721#%!#33,41F!6,7#!,@#4*12,+*$!7#*-04#-!Z*+!8#!27@$#7#+1#%!277#.
%2*1#$'F!

^5#!D2%#-@4#*%!*@@$2Z*12,+!,3! 1#Z5+2Z*$!*+%!,@#4*12,+*$!+,2-#!4#%0Z12,+!7#*-04#-!*@@$2#%!,+!*+! 2+%2.
U2%0*$!-52@!8*-2-!D,0$%!$#*%!1,!15#!S!%&!4#%0Z12,+!2+!*782#+1!+,2-#!D2152+!*!%#Z*%#!*+%!D,0$%!4#-0$1!2+!
*+!,U#4*$$!2+Z4#*-#!2+!@,1#+12*$!Z,770+2Z*12,+W5#*42+9!4*+9#-!3,4!7*42+#!7*77*$-F!J1!D*-!Z$#*4$'!4#Z.
,9+2c#%!15*1!-52@@2+9!+,2-#!2-!*!14*+-.8,0+%*4':!2+1#4+*12,+*$!2--0#F!?$$!@*412Z2@*+1-!Z*$$#%!3,4!15#!Z,,4.
%2+*12,+! ,3! *Z12,+! *1! 15#! 2+1#4+*12,+*$! $#U#$:! 2F#F! 8'! 15#! J+1#4+*12,+*$! L*42127#! (49*+2c*12,+! *+%! 21-!
7#78#4-F!

                                                
1 In sound level terms, a doubling in the power of sound is measured as 3 dB, while a ten-fold increase is measured as 10 dB. 
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!
652@@2+9!K,2-#!*+%!L*42+#!L*77*$-!

 

?!&*Z)94,0+%!\*@#4!\4,%0Z#%!8'!\*412Z2@*+1-!,3!15#!
J+1#4+*12,+*$!G,4)-5,@!,+!652@@2+9!K,2-#!*+%!L*42+#!L*77*$- 

"#$%!&'!()#*+,-V!/,0+%*12,+!3,4!15#!6#*!
"*78049:!;#47*+':!<=-1.<>15!?@42$!<AAB!!  

Purpose 

J+! <AA>:! 15#![F6F! O#@*417#+1! ,3! Y,77#4Z#_-! K*12,+*$! (Z#*+2Z! *+%! ?17,-@5#42Z! ?%72+2-14*12,+! HK(??I!
*+%! *!+078#4!,3! ,15#4! 9,U#4+7#+1:! 2+%0-14':! *+%! *Z*%#72Z! @*41+#4-! Z,+U#+#%! 15#! 324-1! 3,47*$!7##12+9!
Hg652@@2+9!K,2-#!*+%!L*42+#!L*77*$-V!?!/,407!3,4!6Z2#+Z#:!L*+*9#7#+1:!*+%!^#Z5+,$,9'hI!1,!Z,+-2%#4!
15#!#33#Z1-!,3!-,0+%-!34,7!$*49#!U#--#$-!,+!7*42+#!$23#!H-##V!DDDF+73-F+,**F9,UW@4W*Z,0-12Z-WIF!^52-!7##1.
2+9!D*-!3,$$,D#%!8'!*!-#Z,+%!K(??.-@,+-,4#%!*+%!2+1#4+*12,+*$$'!*11#+%#%!-'7@,-207!5#$%!2+!L*'!<AAR:!
D52Z5!%2-Z0--#%!@,1#+12*$!*@@$2Z*12,+-!,3!U#--#$.`02#12+9!1#Z5+,$,92#-!,+!$*49#!Z,77#4Z2*$!U#--#$-F!J+!?@42$:!
<AAB:!()#*+,-!.!612310+9!3b4!%*-!L##4!H/,0+%*12,+!3,4!15#!6#*I:!*!+,+.@4,321!,49*+2c*12,+!Z4#*1#%!1,!@4,.
1#Z1!15#!,Z#*+!*+%!7*42+#!$23#:!Z,+U#+#%!*!D,4)-5,@!2+!"*78049:!;#47*+':!3,Z0-#%!,+!-52@@2+9!+,2-#!*+%!
7*42+#!7*77*$-F!^52-!D,4)-5,@!Z,+Z#+14*1#%!,+!#+9*92+9!7#78#4-!,3!15#!2+1#4+*12,+*$!7*42127#!14*+-.
@,41! 2+%0-14':!@*412Z0$*4$'!-52@!802$%#4-!*+%!*4Z521#Z1-F!?11#+%##-!,3!152-!D,4)-5,@!Z4#*1#%!152-!4#3#4#+Z#!
@*@#4!1,!*--2-1!2+!#%0Z*12+9!-1*)#5,$%#4-!*-!1,!15#!-1*10-!,3!Z044#+1!-Z2#+1232Z!)+,D$#%9#!,+!15#!#33#Z1-!,3!
-52@@2+9!+,2-#!*+%!7*42+#!7*77*$-F !

23 !456789:5;74)

J1!2-!Z$#*4!34,7!-Z2#+1232Z!2+U#-129*12,+-!,3!7*42+#!7*77*$-!15*1!15#!@#4Z#@12,+!*+%!@4,%0Z12,+!,3!-,0+%!
2-!Z4212Z*$!1,!U*42,0-!*-@#Z1-!,3!15#24!$23#!52-1,4'F!L*42+#!7*77*$-!0-#!-,0+%!*-!*!@427*4'!7#*+-!3,4!0+.
%#4D*1#4!Z,770+2Z*12,+!*+%!-#+-2+9!HG*41c,)!i!j#11#+!=QQQIF!^,,15#%!D5*$#-!5*U#!%#U#$,@#%!-,@52-.
12Z*1#%!#Z5,$,Z*12,+! -'-1#7-! 1,! -#+-#!*+%! 14*Z)! 15#!@4#-#+Z#!,3! @4#'!H?0!=QQSIF! &*$##+!D5*$#-!5*U#!
%#U#$,@#%! $,+9.4*+9#! *Z,0-12Z! H-,0+%.8*-#%I! Z,770+2Z*12,+! -'-1#7-! 1,! 3*Z2$21*1#! 7*12+9! *+%! -,Z2*$!
2+1#4*Z12,+!HY$*4)!=QQA:!C%%-.G*$1,+!=QQRIF!!

J1!2-!*$-,!#U2%#+1!15*1!507*+.2+%0Z#%!0+%#4D*1#4!+,2-#!Z*+!2+1#43#4#!D215!15#-#!30+Z12,+-!H[F6F!K*12,+*$!
]#-#*4Z5!Y,0+Z2$!k!K]Y!<AAS:!<AANIF=!K,2-#!7*'!*33#Z1!7*42+#!7*77*$-_!*82$21'!1,!%#1#Z1!-,0+%-!-0Z5!
*-!Z*$$-!,3!Z,+-@#Z232Z-!H2F#F:!,15#4!*+27*$-!,3!15#!-*7#!-@#Z2#-I:!#Z5,#-!34,7!@4#':!*+%!+*104*$!-,0+%-!
15*1!*2%! 2+!+*U29*12,+!,4! 3,4*92+9! HY$*4)!i!C$$2-,+!<AA>IF!K,2-#!7*'!*$-,!*33#Z1!@5'-2,$,92Z*$! 30+Z12,+-!
*+%!Z*0-#!7,4#!9#+#4*$2c#%!-14#--F!^5#!27@*Z1-!,3!,15#4!507*+!*Z12U212#-!7*'!8#!*%%212U#!,4!-'+#492-12Z!
D215!15,-#!,3!+,2-#!H#F9F:!CU*+-!i!C+9$2-5!<AA<IF!

Y,77#4Z2*$!-52@-!*4#!*!082`021,0-!3#*104#!,3!15#!D,4$%_-!,Z#*+-F!?+*$'-2-!,3!4*%2*1#%!-,0+%!34,7!-52@-!
H],--!=QRPI!5*-!4#U#*$#%!15*1!15#'!*4#!15#!%,72+*+1!-,04Z#!,3!0+%#4D*1#4!+,2-#!*1!34#`0#+Z2#-!8#$,D!
SAA!"c!2+!7*+'!*4#*-!H/2904#!=IF!Y,77#4Z2*$!-52@-!5*U#!8##+!2+Z4#*-2+9!2+!8,15!+078#4!*+%!-2c#:!*+%!
*4#! @4,%0Z2+9! #U#4.94#*1#4! *7,0+1-! ,3! 0+%#4D*1#4! +,2-#! *-! *+! 2+Z2%#+1*$! 8'.@4,%0Z1! ,3! 15#24! ,@#4*.
12,+F2! &*-#%! ,+! %##@.D*1#4! -10%2#-! 2+! 15#!K,415#*-1#4+! \*Z232Z! H/2904#! <I:! $,D.34#`0#+Z'! 8*Z)94,0+%!
+,2-#!5*-!*@@4,a27*1#$'!%,08$#%!H2F#F:!*+! 2+Z4#*-#! 2+!@,D#4!,3!S!%&I! 2+!#*Z5!,3!15#!@*-1! 3,04!%#Z*%#-!

                                                
1 ^5#!K]Y!4#@,41-!0-#!15#!1#47-!+,2-#!*+%!-,0+%F!6,0+%!2-!*+!*$$.#+Z,7@*--2+9!1#47!4#3#442+9!1,!*+'!*Z,0-12Z!#+#49'F!K,2-#!
2-!*!-08-#1!,3!-,0+%:!4#3#442+9!1,!-,0+%!0+D*+1#%!1,!*!@*412Z0$*4!4#Z#2U#4!H2F#F:!-,7#,+#!D5,!5#*4-!21IF!^5#!,@@,-21#!,3!+,2-#!
2-!*!-29+*$V!*!-,0+%!Z,+1*2+2+9!0-#30$!,4!%#-24#%!2+3,47*12,+F!/,4!152-!4#*-,+:!15#!-,0+%!7*'!8#!*!-29+*$!1,!-,7#!*+%!+,2-#!1,!
,15#4-F![-#!,3! 15#!1#47!+,2-#!@4#-07#-!+,152+9!*8,01!*!-,0+%_-!@,1#+12*$!#33#Z1! H+#014*$!,4!+#9*12U#I!,15#4!15*+!15*1!15#!
-,0+%!2-!+,1!*!7#*+2+930$!-29+*$!3,4!*!@*412Z0$*4!4#Z#2U#4F!?%%212,+*$$':!g*782#+1!+,2-#h!2-!*!-1*+%*4%:!-Z2#+1232Z*$$'!*ZZ#@1#%!
1#47!0-#%!1,!%#-Z428#!g15#!+,2-#!*--,Z2*1#%!D215!15#!8*Z)94,0+%!%2+!#7*+*12+9!34,7!*!7'42*%!,3!0+2%#+1232#%!-,04Z#-h!HK]Y!
<AASIF!
2 J+Z2%#+1*$!4#3#4-!1,!15#!0+2+1#+%#%!@4,%0Z12,+!,3!-,0+%!#+#49'!34,7!U#--#$!@4,@0$-2,+!-'-1#7-!*+%!2+1#4+*$!7*Z52+#4'F  
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H2F#F:!D2152+!15#!$23#127#-!3,4!7*+'!8*$##+!D5*$#-I!@427*42$'!*-!*!4#-0$1!,3!2+Z4#*-#%!Z,77#4Z2*$!-52@@2+9!
H?+%4#D!!"#$%F!<AA<:!LZO,+*$%!!"#$%F!<AAPIF!^52-!5*-!4#-0$1#%!2+!*1!$#*-1!*!=N.<A!%&!2+Z4#*-#!2+!*782#+1!
+,2-#!Z,+%212,+-!Z,7@*4#%!1,!@4#.2+%0-142*$!$#U#$-F!(15#4!-10%2#-!5*U#!Z5*4*Z1#42c#%!15#!Z,+1428012,+-!,3!
-52@@2+9! 1,! $,D.34#`0#+Z'! +,2-#! #$-#D5#4#! 2+! 15#!D,4$%! D215! -272$*4! 4#-0$1-! H#F9F:! l*)*4*0-)*-! !"# $%F!
=QQA:!Y*1,!i!LZY*0$#'!<AA<IF!^5#-#!-10%2#-!*$-,!2+%2Z*1#!15*1!-52@-!*4#!15#!%,72+*+1!-,04Z#!,3!+,2-#!2+!
7,-1! Z,*-1*$! c,+#-! 2+! 15#! K,415#4+! "#72-@5#4#:! *4#*-! 15*1! *4#! 27@,41*+1! 5*821*1! 3,4! 7*+'! 7*42+#!
7*77*$-!HG,4$#'!i!G*$)#4!=QB<:!&*Z57*+!!"#$%F!=QQP:!l*)*4*0-)*-!!"#$%F!=QQA:!"#217#'#4!!"#$%F!<AA>:!
"*1Z5!!"#$%F!2+!@4#--IF!!

!
<;=96>)23)':>?4)?@A;>45)47;B>)C76)C6>D9>4:;>B)A>5E>>4)2F)-G)?48)2FF)H-G3)#I;B)JK75)I?B)5I>)B?@>)C76@)?B)

5I>)948>6E?5>6)47;B>):96L>B)8>L>K7J>8)AM)5I>)N),)"?LM);4)5I>)2OPFQB)R*>4G)2OPSTU)A95);5)I?B)A>>4)@78;C;>8)
57)6>CK>:5)@78>64)K>L>KB)7C)BI;JJ;4=)47;B>)RBI?8>8)?6>?TU)EI;:I)>V:>>8)4?596?K)E;48W47;B>U)>L>4)C76)I;=I)

B>?WB5?5>B)R49@A>6>8):96L>BT3)<;=96>):7965>BM)7C)X3)-;K8>A6?48U),:6;JJB)!4B5;595;74)7C)':>?47=6?JIMYNZ,03 
!

)

)
!

<;=96>)S3)':>?4)?@A;>45)47;B>)I?B)A>>4);4:6>?B;4=)AM)?A795)[)8\)J>6)8>:?8>U)87:9W@>45>8)?5)5E7)B;5>B)7CC)
Z?K;C764;?)AM):7@J?6;4=)N),)"?LM)8?5?)C67@)5I>)2OPFQB)R*>4GU)2OPOT)E;5I)6>:>45)@>?B96>@>45B)R&486>EB)

et al3)SFFSU)1:074?K8)et al3)SFFPT3 !!
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S3 $CC>:5B)7C)L>BB>K)47;B>)74)@?6;4>)@?@@?KB)

"07*+.@4,%0Z#%!-,0+%!5*-!15#!@,1#+12*$!1,!2+1#43#4#!D215!U*42,0-!27@,41*+1!82,$,92Z*$!30+Z12,+-!2+!7*.
42+#!7*77*$-!H\*'+#!i!G#88!=QR=:!K]Y!<AAS:!<AANIF!^5#!1'@#-!*+%!4*+9#-!,3!-0Z5!27@*Z1-!*4#!5295$'!
%#@#+%#+1!,+!15#!Z5*4*Z1#42-12Z-!,3!15#!-,0+%!-,04Z#:!15#!#+U24,+7#+1!2+!D52Z5!15#!-,0+%!,ZZ04-:!*+%!
15#!*+27*$H-I!4#Z#2U2+9!15#!-,0+%-F!L*+'!7*42+#!7*77*$-!H-0Z5!*-!8*$##+!D5*$#-:!*+%!-,7#!-#*$-!*+%!
-#*! $2,+-I:! *-! D#$$! *-! ,15#4!7*42+#! *+27*$-! H#F9F:!7*+'! 32-5#-I:! *4#! @*412Z0$*4$'! U0$+#4*8$#! 1,! 27@*Z1-!
34,7!2+Z2%#+1*$!-52@@2+9!+,2-#!8#Z*0-#!15#'!@4,%0Z#!*+%!@#4Z#2U#!$,D.34#`0#+Z'!-,0+%-F!

"#*42+9!Z*@*82$212#-!5*U#!8##+!-10%2#%! 3,4!<<!,3! 15#!*@@4,a27*1#$'!=<N!-@#Z2#-!,3! $2U2+9!7*42+#!7*7.
7*$-! H4#U2#D#%! 2+!6,015*$$!#1!*$F!<AARIF!&*$##+!D5*$#-!*4#! 15,0951! 1,!8#!7,-1!-#+-212U#! 1,!*! 4*+9#!,3!
$,D.34#`0#+Z'!-,0+%-!Hm!=A!"c! 1,!=AAA!"cIF!^,,15#%!Z#1*Z#*+-!5*U#!9,,%!5#*42+9!-#+-212U21'!*Z4,--!*!
84,*%#4!4*+9#!,3!72%!1,!5295!34#`0#+Z2#-!Hm!>!)"c!1,!=AA!)"cI:!801!9#+#4*$$'!5*U#!@,,4!5#*42+9!*1!$,D#4!
34#`0#+Z2#-F!6#*$-!*+%!-#*!$2,+-!5*U#!-#+-212U#!5#*42+9!*Z4,--!3*24$'!D2%#!34#`0#+Z'!8*+%-!8,15!2+!*24!*+%!
D*1#4F!L*+*1##-!*+%!%09,+9-!5*U#!*!4#$*12U#$'!+*44,D#4!4*+9#!,3!5#*42+9!-#+-212U21'!Hm!N!)"c!1,!SA!)"cIF#

2.1 Effect of Masking by Vessel Noise 

?+! 27@,41*+1!#33#Z1!,3! 2+Z4#*-#%!*782#+1!+,2-#!,+!7*42+#!7*77*$-! 2-! 15#!@,1#+12*$! 3,4!15*1!+,2-#!1,!
7*-)!82,$,92Z*$$'!-29+232Z*+1!-,0+%-!H2F#F:!2+1#43#4#!D215!Z$#*4!4#Z#@12,+!,3!-29+*$-!,3!2+1#4#-1IF!/,4!#a*7.
@$#:!7*-)2+9!Z*+!4#-0$1!2+!%2-40@12,+!,3!84##%2+9!2+!*+27*$-!15*1!0-#!-,0+%!%042+9!7*12+9!*+%!4#@4,%0Z.
12,+:!*+%!%2-40@12,+!,3! 3,4*92+9! 2+!*+27*$-! 15*1!0-#!-,0+%!1,!%#1#Z1!@4#'F! J+!*%%212,+:!+,2-#!Z*+!7*-)!
27@,41*+1!*Z,0-12Z!#+U24,+7#+1*$! Z0#-! 15*1!*+27*$-!0-#! 1,!+*U29*1#!*+%W,4! -#+-#! 15#24! -044,0+%2+9-:!
2+Z$0%2+9!-,0+%-!15*1!*4#!0-#%!1,!%#1#Z1!@4#%*1,4-F!L,-1!,3!15#!*Z,0-12Z!#+#49'!4*%2*1#%!34,7!Z,77#4.
Z2*$!U#--#$-!2-!8#$,D!=!)"cn!5,D#U#4!,15#4!-,04Z#-!,3!-,0+%!,31#+!%,72+*1#!*782#+1!+,2-#!*1!34#`0#+.
Z2#-!,U#4!SAA!"c!H/2904#!=IF!^5#!94#*1#-1!@,1#+12*$!3,4!7*-)2+9!#a2-1-!3,4!94,0@-!,3!7*42+#!7*77*$-!15*1!
@4,%0Z#!*+%!@#4Z#2U#!-,0+%-!*1! 15#-#! $,D#4! 34#`0#+Z2#-! H/2904#!SI:! -0Z5!*-!8*$##+!D5*$#-:! -#*$-:!*+%!
-#*!$2,+-F!^5#!@,1#+12*$!3,4!7*-)2+9!*1!5295#4!34#`0#+Z2#-!H=!k!<N!)"cI!#a2-1-!D5#+!15#!U#--#$!2-!2+!Z$,-#!
@4,a2721'!1,!15#!*+27*$F!J+!15#-#!Z$,-#!@4,a2721'!Z24Z07-1*+Z#-!,15#4!7*42+#!7*77*$-:!2+Z$0%2+9!7*+'!
1,,15#%!Z#1*Z#*+-!H8#*)#%!D5*$#-:!-@#47!D5*$#-:!%,$@52+-!*+%!@,4@,2-#-I!7*'!*$-,!#a@#42#+Z#!7*-)2+9!
34,7!U#--#$!+,2-#F!

^5#4#! 2-!#a1#+-2U#!%,Z07#+1*12,+!,3!5,D!-,0+%!Z*+!7*-)!7*42+#!*+27*$!Z,770+2Z*12,+!-'-1#7-:! 2+.
Z$0%2+9!-@#Z232Z!#a*7@$#-!4#$*12+9!1,!Z,77#4Z2*$!-52@@2+9!+,2-#!*+%!21-! 27@*Z1!,+!7*42+#!*+27*$-F!^5#!
*82$21'! ,3! +,2-#! 1,!7*-)! 5#*42+9! 2-! *! 9#+#4*$! @5#+,7#+,+! *Z4,--!7*+'!7*77*$2*+! -@#Z2#-! H-##! /*'!
=QBB:!G*4%:!=QQRIF!K07#4,0-!-10%2#-!5*U#!#a*72+#%!15#!27@*Z1-!,3!7*-)2+9:!*+%!4#$*1#%!15#24!32+%2+9-!
1,! Z,+Z#4+-! 4#9*4%2+9! $,D.34#`0#+Z'! +,2-#! 34,7! -52@@2+9! H#F9F:! \*'+#!i!G#88! =QR=:! C48#! i! /*47#4!
=QQB:!<AAA:!6,015*$$!!"#$%F!<AAA:!2+!@4#--:!C48#!<AA<:!L,42-*)*!!"#$%F!<AAN:!K,D*Z#)!!"#$%F!<AARIF!]#Z#+1!
%*1*!,+!K,415!\*Z232Z!8$0#!D5*$#-!H&$%$!'()"!*$#+,-.,%,-I!*+%!K,415!?1$*+12Z!42951!D5*$#-!H/,0$%$!'$#
1%$.2$%2-I! 2+%2Z*1#!15*1!15#-#!-@#Z2#-!*%f0-1!15#24!U,Z*$2c*12,+!H34#`0#+Z'!*+%!$,0%+#--I!2+!15#!@4#-#+Z#!
,3!U#--#$!+,2-#! HLZO,+*$%!!"#$%F!<AAP:!\*4)-!<AASIF!?!Y0U2#4_-!8#*)#%!D5*$#! H32)42,-#.$*52*(-"*2-I!D*-!
3,0+%!1,!4#%0Z#! 21-!@4,%0Z12,+!,3!-,0+%-!*--,Z2*1#%!D215!3,4*92+9! 2+!4#-@,+-#!1,!*!@*--2+9!Z*49,!-52@!
H?902$*4!6,1,!!"#$%F!<AAPIF!

?$15,095!-,7#!-@#Z2#-!7*'!8#!*8$#!1,!*$1#4!15#24!Z,770+2Z*12,+!-29+*$-!1,!*U,2%!8#2+9!7*-)#%!8'!U#-.
-#$!+,2-#:!15#!#a1#+1!,3!-0Z5!*$1#4*12,+-!2-!Z,+-14*2+#%!8#5*U2,4*$$':!@5'-2,$,92Z*$$'!*+%!#+U24,+7#+1*$$'F!
^5#-#!*$1#4+*12,+-!*$-,!4#@4#-#+1!-08.,@127*$!8#5*U2,4-!-2+Z#!7*42+#!7*77*$!Z,770+2Z*12,+!-'-1#7-!
#U,$U#%!1,!7*a272c#!15#!*82$21'!3,4!-@#Z2#-!1,!4#Z,9+2c#!82,$,92Z*$$'!7#*+2+930$!-,0+%-!4#$*12U#!1,!8*Z).
94,0+%!+,2-#F!^5#4#3,4#:!15#!*$1#4*12,+-!Z*+!8#!@4#-07#%!1,!8#!Z,-1$'!1,!-04U2U*$!*+%W,4!4#@4,%0Z12U#!
-0ZZ#--F!L*42+#!7*77*$-:!D52Z5! *4#! *%*@1#%! 1,! @#4Z#2U#! *+%! Z,770+2Z*1#!D215! -,0+%-! 0+%#4! @4#.
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-52@@2+9! *782#+1! +,2-#! Z,+%212,+-:! 5*U#! Z#41*2+$'! +,1! 5*%! 127#! 1,! *%*@1! 1,! *! +,2-2#4! ,Z#*+! 4#-0$12+9!
34,7!15#!4*@2%!42-#!2+!-52@@2+9!+,2-#!H\*'+#!i!G#88!=QR=IF!/2904#!>!-5,D-!*+!#a*7@$#!,3!@4#%2Z1#%!%#.
Z4#*-#%!Z,770+2Z*12,+!4*+9#-!3,4!8*$##+!D5*$#-:!,D2+9!1,!2+Z4#*-#-!2+!*782#+1!+,2-#!%0#!1,!-52@@2+9F!

!

<;=96>)[3)<6>D9>4:M)%>K?5;74BI;JB)\>5E>>4)1?6;4>)&4;@?K),7948B)?48),7948B)C67@),I;JJ;4=3)<;=96>)
:7965>BM)7C)\3),795I?KKU)"1<,Y"'&& 

!
!

!!!!!!!! !

<;=96>)]3)$B5;@?5>8)6>89:5;74);4)A?K>>4)EI?K>):7@@94;:?5;74)6?4=>)C67@)RK>C5T)J6;76)57)5I>)?8L>45)7C)
:7@@>6:;?K)BI;JJ;4=)57)R6;=I5T)5I>)>VJ>:5>8)6?4=>B)7C)578?M3)<;=96>):7965>BM)7C)Z3)*3)ZK?6HU)Z764>KK)

N4;L>6B;5M3 
!

2.2 Behavioral Effects of Vessel Noise 

K,2-#!5*-!8##+!,8-#4U#%!1,!*33#Z1!15#!8#5*U2,4!,3!7*42+#!7*77*$-!2+!D*'-!4*+92+9!34,7!-081$#!1,!-#.
U#4#!H]2Z5*4%-,+!!"#$%F!=QQNIF!/,4!#a*7@$#:!4#*Z12,+-!1,!+,2-#!7*'!4*+9#!34,7!*!-5231!2+!,42#+1*12,+!1,.
D*4%!*!-,0+%!-,04Z#:!1,!*+!#-Z*@#!,4!3$2951!4#-@,+-#F!^5#-#!Z5*+9#-!2+!8#5*U2,4!5*U#!%24#Z1!#+#49#12Z!
Z,-1-!*+%!@,1#+12*$!$,+9.1#47!#33#Z1-!,+!3,4*92+9:!+*U29*12,+:!*+%!4#@4,%0Z12U#!*Z12U212#-F!

6#U#4*$!-10%2#-!5*U#!-5,D+!15*1!%,$@52+-!*+%!D5*$#-!#a@,-#%!1,!+,2-#!34,7!U#--#$!*@@4,*Z5!7*'!*$1#4!
15#24!8#5*U2,4-!HE*+2)!i!^5,7@-,+!=QQP:!K,D*Z#)!!"#$%F!<AA=:!G2$$2*7-!!"#$%F!<AA<:!"*-12#!!"#$%F!<AASIF!
L*+*1##-!H6*2.4!.4,-#+$'$",-I!5*U#!8##+!-5,D+!1,!4#-@,+%!1,!*@@4,*Z52+9!U#--#$-!8'!Z5*+92+9!15#24!

Fish 

\?K>>4)*I?K>B)

Seals & Sea Lions  

10 kHz 100 kHz 

200 kHz 

 1 Hz 10 Hz 100 Hz 1 kHz 

Primary Shipping Noise 

Dolphins and Toothed Whales 
Porpoises 

Manatees and Dugongs 
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3$0)#!4*1#:!5#*%2+9:!*+%!%2U#!%#@15:!*-!D#$$!*-!8'!-D2772+9!1,D*4%!%##@#4!D*1#4!2+!*+!*@@*4#+1!3$2951!
4#-@,+-#!HK,D*Z#)!!"#$%F!<AA>IF!&#$09*!D5*$#-!H7!%)42'$)"!*,-#%!,.$-I!*4#!)+,D+!1,!1*)#!#U*-2U#!*Z12,+!
D5#+!#a@,-#%!1,!2Z#84#*)#4!+,2-#!*1!%2-1*+Z#-!,3!SN.NA!)7!H/2+$#'!!"#$%F!=QQA:!Y,-#+-!i!O0#Z)!=QQSIF!!

J+!4#-@,+-#!1,!U#--#$-:!7*42+#!7*77*$-!7*'!7,%23'!,4!Z#*-#!@4,%0Z2+9!-,0+%-!15*1!15#'!0-#!1,!Z,7.
70+2Z*1#:!3,4*9#:!*U,2%!@4#%*1,4-:!,4!9*2+!*D*4#+#--!,3!15#24!#+U24,+7#+1!H?0!i!;4##+!<AAA:!o*+!\*42f-!
i!Y,4)#4,+!<AA=IF!/,4! 2+-1*+Z#:!8#$09*!D5*$#-!5*U#!8##+!,8-#4U#%!1,!4#%0Z#!15#24!Z*$$2+9!4*1#-!D5#+!
U#--#$-!*4#!*@@4,*Z52+9! He#-*9#!!"#$%F!=QQQI:!*+%!-5231! 15#! 34#`0#+Z'!8*+%!,3! 15#24!Z*$$-! He#-*9#!!"#$%F!
=QQQI! ,4! 2+Z4#*-#! Z*$$! -,04Z#! $#U#$! H6Z5#23#$#! !"# $%F! <AANI! D5#+! U#--#$-! *4#! 2+! Z$,-#! @4,a2721'F! j2$$#4!
D5*$#-! H8*.2',-# (*.$I! 5*U#! 8##+!,8-#4U#%! 1,! 2+Z4#*-#! 15#! $#+915! ,3! 15#24! Z*$$-! 2+! 15#!@4#-#+Z#! ,3! 2+.
Z4#*-#%!D5*$#.D*1Z5!8,*1!+,2-#!H/,,1#!!"#$%F!<AA>I:!*+%!8,11$#+,-#!%,$@52+-!H6,*-2()-#"*,'.$",-I!5*U#!
8##+!4#@,41#%!Z5*+92+9!15#24!U,Z*$2c*12,+!4*1#-!D5#+!#a@,-#%!1,!8,*1!+,2-#!H&0Z)-1*33!<AA>IF!!

2.3 Physiological Effects of Vessel Noise 

K,2-#! Z*+! *$-,! 4#-0$1! 2+! *! 4*+9#!,3! @5'-2,$,92Z*$! #33#Z1-! ,+!7*42+#!7*77*$-F! ^5#4#! *4#! @5'-2,$,92Z*$!
Z,+-14*2+1-!,+!5,D!D#$$!7*42+#!7*77*$-!Z*+!Z,@#!D215!5295#4!+,2-#!$#U#$-F!]#%0Z#%!,U#41!8#5*U2,4*$!
4#-@,+-#!1,!$,+9.1#47!+,2-#!#a@,-04#!7*'!+,1!8#!*--,Z2*1#%!D215!*+!27@4,U#7#+1!2+!@5'-2,$,92Z*$!H,4!
@-'Z5,$,92Z*$I!-1*1#F!/,4!#a*7@$#:!*+!*+27*$!15*1!5*-!$#*4+#%!1,!1,$#4*1#!#a@,-04#!1,!*!-,0+%!2+!,4%#4!1,!
3##%!,4!4#@4,%0Z#!7*'!-12$$!2+Z04!@5'-2,$,92Z*$!27@*Z1-F!

e,+9.1#47!+,2-#!#a@,-04#!*$-,!7*'!Z*0-#!-14#--!4#-@,+-#-!2+!7*42+#!7*77*$-:!*-!15#-#!4#-@,+-#-!*4#!
15,0951!1,!8#!5295$'!Z,+-2-1#+1!*Z4,--!-@#Z2#-!HG42951!#1!*$F!2+!@4#--IF!J1!2-!@,--28$#!15*1!7*42+#!7*77*$-!
#a@,-#%!1,!,7+2@4#-#+1!-52@@2+9!+,2-#!-033#4!34,7!Z54,+2Z!-14#--!4#-@,+-#-!2+!*!7*++#4!-272$*4!1,!50.
7*+-!D5,!$2U#!+#*4!80-'!5295D*'-!,4!*24@,41-!HCU*+-!<AA=:!-##!4#3#4#+Z#-!2+!G42951!#1!*$F!2+!@4#--IF!

[3 ,J?5;?K)?48)5>@J76?K):74B;8>6?5;74B)

Y,77#4Z2*$!U#--#$-!*4#!*!082`021,0-!-,04Z#!,3! $,D.34#`0#+Z'!H@4#%,72+*1#$'!pSAA!"cI!+,2-#:!D215!@,.
1#+12*$!27@*Z1-!,U#4!,Z#*+.8*-2+!-@*12*$!-Z*$#-F! J+!15#!*8-#+Z#!,3!+#*48'!-52@-:!$,D.34#`0#+Z'!*782#+1!
+,2-#!2-!%,72+*1#%!8'!+,2-#!34,7!%2-1*+1!-52@-F!^5#!Z,+1428012,+!,3!-52@@2+9!1,!*782#+1!+,2-#! 2-!#-@#.
Z2*$$'!5295!+#*4!7*f,4!@,41-!*+%!5#*U2$'!14*U#$$#%!-52@@2+9!$*+#-F!L,%#$-!3,4!-52@@2+9!%#+-21'!H"#217#'#4!
!"#$%F!<AA>I!-099#-1!15*1!0@!1,!1#+!-52@-!@#4!%#94##.-`0*4#!*4#!3,0+%!*1!)#'!Z,*-1*$! $,Z*12,+-:!-0Z5!*-!
*$,+9!15#![6!C*-1#4+!6#*8,*4%F!J+!Z,+14*-1:!,+#!-52@!,4!$#--!@#4!%#94##.-`0*4#!2-!1'@2Z*$!3,4!7,-1!%##@.
D*1#4!K,415!\*Z232Z!*+%!K,415!?1$*+12Z!4#92,+-F!^5#4#!2-!*+!*-'77#14'!2+!-52@@2+9!%#+-212#-!8#1D##+!15#!
K,415#4+! "#72-@5#4#! *+%! 6,015#4+! "#72-@5#4#:! D215! 94#*1#4! $#U#$-! ,3! -52@! 14*332Z! ,ZZ0442+9! 2+! 15#!
+,415F!;4#*1#4!K,415#4+!"#72-@5#4#!-52@@2+9!#a@$*2+-!D5'!*782#+1!+,2-#!*1!-,7#!-21#-!2+!15#!6,015#4+!
"#72-@5#4#!7*'!8#!<A!%&!$#--!15*+!15#!+,415#4+!5#72-@5#4#!*U#4*9#!HY*1,!=QRPIF!"295!-52@@2+9!%#+-2.
12#-!2+!15#!L#%21#44*+#*+!4#-0$1!2+!5295!$#U#$-!,3!*782#+1!+,2-#!H],--!<AANIF!^5#4#3,4#:!*4#*-!3,4!D52Z5!
7*42+#!7*77*$!%2-1428012,+-!,U#4$*@!D215!5295.%#+-21'!-52@@2+9!*4#!,3!@*412Z0$*4!Z,+Z#4+F!6@#Z232Z*$$':!
-52@@2+9!$*+#-!*+%!@,41!*4#*-!154,095!D52Z5!7*42+#!7*77*$-!7294*1#!,4!2+!D52Z5!15#'!Z,+94#9*1#!1,!
84##%:!+04-#!*+%W,4!3##%!*4#!15#!3,Z0-!,3!*Z12U#!4#-#*4Z5!#33,41-!H"*1Z5!!"#$%F!2+!@4#--IF!

/0104#!14#+%-!2+!-52@@2+9!2+%0-14'!H#F9F:!15#!42-2+9!0-#!,3!-5,41.-#*!-52@@2+9!*+%!*!@4#%2Z1#%!2+Z4#*-#!2+!
14*+-.?4Z12Z! 14*332Z!D215! 15#! ,@#+2+9! ,3! 15#! ?4Z12Z! (Z#*+I! *4#! #a@#Z1#%! 1,! Z5*+9#! 15#! %2-1428012,+! ,3!
+#*4.32#$%!*+%!3*4.32#$%!-52@@2+9!+,2-#!*Z4,--!*+%!8#1D##+!,Z#*+!8*-2+-!H6,015*$$!<AANIF!

]3 Z74:K9B;74B)

J+Z4#*-2+9! +,2-#! 34,7!Z,77#4Z2*$! -52@@2+9! +,D! %,72+*1#-! 0+%#4D*1#4! *782#+1! +,2-#! *1! 34#`0#+Z2#-!
8#$,D!SAA!"c! 2+!7*+'! 23!+,1!7,-1!,Z#*+!#+U24,+7#+1-:!@*412Z0$*4$'! Z,*-1*$! *4#*-!D215! 4#$*12U#$'!5295!
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*80+%*+Z#!,3!7*42+#!$23#F!&*$##+!D5*$#-!*+%!7*+'!,15#4!7*42+#!7*77*$-!@#4Z#2U#!*+%!@4,%0Z#!-,0+%!
2+!15#!=A.SAA!"c!34#`0#+Z'!4*+9#:!4#$'2+9!5#*U2$'!,+!15#24!5#*42+9!*+%!15#24!U,Z*$!Z,770+2Z*12,+!Z*@*.
82$212#-! 1,! -04U2U#! *+%! 1,! 4#@4,%0Z#F!]#%0Z2+9! $,D! 34#`0#+Z'!*782#+1!+,2-#! $#U#$-!D,0$%! 150-!8#+#321!
7*+'!7*42+#!7*77*$-:!*-!D#$$!*-!-,7#!32-5!*+%!2+U#41#84*1#!-@#Z2#-F!?!4#%0Z12,+!2+!*782#+1!+,2-#!8#.
$,D!SAA!"c!Z,0$%!8#!*Z52#U#%!8'!$27212+9!15#!*7,0+1!,3!-,0+%!@4,%0Z#%!8'!2+%2U2%0*$!-52@-!2+!15#!=A.
SAA!"c!34#`0#+Z'!4*+9#F!

!

!H*I!

!H8I!

<;=96>)^3)#I>)8;B56;A95;74)7C)R?T)5E7)@745IB)7C)K?6=>):7@@>6:;?K)L>BB>K)56?4B;5B)?48)RAT)7L>6)SF)M>?6B)7C)
6;=I5)EI?K>)B;=I5;4=B)R"765I)&5K?45;:)%;=I5)*I?K>)Z74B765;9@T)7CC)5I>)4765I>?B5>64):7?B5)7C)5I>)N3,3))!4)
RATU)5I>)A7948?6M)7C),5>KKE?=>4)\?4H)"?5;74?K)1?6;4>),?4:59?6MU)?4)?6>?)I>?L;KM)95;K;G>8)AM)@9K5;JK>)
L7:?KKMW?:5;L>)?48)>48?4=>6>8)@?6;4>)@?@@?KB)?B)E>KK)?B)B74;C>679B)RB7948WJ6789:;4=T)C;BI)?48);4W
L>65>A6?5>B);B)795K;4>8);4)EI;5>U)E;5I)5I>)#6?CC;:),>J?6?5;74),:I>@>)?::>BB;4=)5I>)J765)7C)\7B574)795W

K;4>8);4)J;4H3))<;=96>):7965>BM)7C),\"1,Y"'&& 
!
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^3 %>C>6>4:>B)

?902$*4!6,1,:!KF:! E,5+-,+:!KF:!L*%-#+:!\F^F:!^'*Z):!\FeF:!&,ZZ,+Z#$$2:!?F!i!&,4-*+2:! EF/F! H<AAPIF!O,#-! 2+1#+-#!-52@!
+,2-#!%2-40@1! 3,4*92+9! 2+!%##@.%2U2+9!Y0U2#4_-!8#*)#%!D5*$#-! H32)42,-# .$52*(-"*2-Iq!9$*2'!#9$++$%# :.2;
!'.!:!SSHSI:!PQAkPQQF!

?+%4#D:!]FjF:!",D#:!&FLF!i!L#4Z#4:!EF?F!H<AA<IF!(Z#*+!*782#+1!-,0+%V!Z,7@*42+9!15#!=QPA-!D215!15#!=QQA-!3,4!*!
4#Z#2U#4!,33!15#!Y*$23,4+2*!Z,*-1F!<.(,-"2.-#=!-!$*.4#>!""!*-#8'%2'!:![:!PN.RAF!

?0:!GF!GF!eF!H=QQSIF!64!#-('$*#(?#@(%)42'-F!6@42+9#4.o#4$*9:!K#D!r,4)F!

?0:!GFGFeF!i!;4##+:!LF!H<AAAIF!?Z,0-12Z!2+1#4*Z12,+!,3!507@8*Z)!D5*$#-!*+%!D5*$#.D*1Z52+9!8,*1-F!9$*2'!#/'52;
*('+!'"$%#=!-!$*.4:!]O:!>PQ.>B=F!

&*Z57*+:!]F:!6Z5#':!^F:!\52$2@:!GF:!&,,15:!KF(F!i!]'*$:!/FEF!H=QQPIF!;#,*Z,0-12Z!%*1*8*-#-!3,4!7*1Z5#%.32#$%!@4,Z.
#--2+9V!@4#$272+*4'!4#-0$1-!2+!-5*$$,D!D*1#4!,33!6*+!O2#9,:!Y*$23,4+2*F!A(,*'$%#<.(,-"2.$%#:(.2!"B#(?#<+!*;
2.$:!]:!<ARR.<ABNF!

&0Z)-1*33:!YF!H<AA>IF!C33#Z1-!,3!8,*1-!,+!%,$@52+!U,Z*$!8#5*U2,4F!9$*2'!#9$++$%#:.2!'.!:!SF:!RAQ.R<NF!

Y*1,:!OF"F! H=QRPIF!?782#+1!-#*!+,2-#! 2+!D*1#4-!+#*4!?0-14*$2*F! A(,*'$%#(?# "4!#<.(,-"2.$%# :(.2!"B#(?#<+!*2.$:!PA:!
S<A.S<BF!!

Y*1,:!OF"F!i!LZY*0$#':!]FOF!H<AA<IF!?0-14*$2*+!4#-#*4Z5!2+!*782#+1!+,2-#F!<.(,-"2.#<,-"*$%2$:![F:!=S.<AF!

Y$*4):! YFGF! H=QQAIF! ?Z,0-12Z! 8#5*U2,4! ,3! 7'-12Z#1#! D5*$#-F! J+! :!'-(*B# <02%2"2!-# (?# C!"$.!$'-! HEF! ^5,7*-! i! ]F!
j*-1#$#2+:!#%-FIF!\$#+07!\4#--F!@@F!NR=.NBSF!

Y$*4):!YF!GF!i!C$$2-,+:!GF^F!H<AA>IF!\,1#+12*$!0-#!,3!$,D.34#`0#+Z'!-,0+%-!8'!8*$##+!D5*$#-!3,4!@4,82+9!15#!#+U2.
4,+7#+1V!#U2%#+Z#! 34,7!7,%#$-!*+%!#7@242Z*$!7#*-04#7#+1-F! J+!/.4(%(.$"2('# 2'#&$"-#$'@#7(%)42'-! ! HEF!
^5,7*-:!YF!L,--!i!LF!o*1#4:!#%-FIF!^5#![+2U#4-21'!,3!Y52Z*9,!\4#--F!\@F!NP>.NB<F!

Y,-#+-:! 6FCF!i!O0#Z):! eF\F! H=QQSIF! JZ#84#*)#4!K,2-#! 2+! e*+Z*-1#4! 6,0+%:!KG^:!Y*+*%*V! J7@$2Z*12,+-! 3,4!L*42+#!
L*77*$!&#5*U2,4F!9$*2'!#9$++$%#:.2!'.!:!O:!<BN.SAAF!

C%%-.G*$1,+:!\FeF!H=QQRIF!?Z,0-12Z!Z,770+2Z*12,+!-29+*$-!,3!7'-12Z#1#!D5*$#-F!&2($.(,-"2.-:!_:!>R.PAF!

C48#:!YF!H<AA<IF![+%#4D*1#4!+,2-#!,3!D5*$#.D*1Z52+9!8,*1-!*+%!@,1#+12*$!#33#Z1-!,+!)2$$#4!D5*$#-!H8*.2',-#(*.$I:!
8*-#%!,+!*+!*Z,0-12Z!27@*Z1!7,%#$F!9$*2'!#9$++$%#:.2!'.!:!2_:!SQ>.>=BF!

C48#:! YF! i! OFLF! /*47#4F! H=QQBIF!L*-)#%! 5#*42+9! 154#-5,$%-! ,3! *! 8#$09*!D5*$#! H7!%)42'$)"!*,-# %!,.$-I! 2+! 2Z#.
84#*)#4!+,2-#F!7!!)#:!$#=!-!$*.4:!]^:!=SRSk=SBRF!

C48#:!YF!i!OFLF!/*47#4F!H<AAAIF!l,+#-!,3!27@*Z1!*4,0+%!2Z#84#*)#4-!*33#Z12+9!8#$09*!D5*$#-!2+!15#!&#*03,41!6#*F!
A(,*'$%#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!2F_:!=SS<.=S>AF!

CU*+-:!;FGF!H<AA=IF!C+U24,+7#+1*$!-14#--!*+%!5#*$15F!J+!D$'@0((E#(?#D!$%"4#F-B.4(%(1B!H?F!&*07:!^F!]#U#+-,+!i!
EFCF!62+9#4:!#%-FIF!C4$8*07:!L*5D*':!KEF!!

CU*+-:!;FGF!i!C+9$2-5:! jF! H<AA<IF! ^5#!#+U24,+7#+1!,3!@,U#41'V!L0$12@$#! -14#--,4! #a@,-04#:! @-'Z5,@5'-2,$,92Z*$!
-14#--:!*+%!-,Z2,#7,12,+*$!*%f0-17#+1F!C42%@#7!5!%()+!'":!`[H>I:!=<SB.=<>BF!

/*':!]F]F!H=QBBIF!D!$*2'1#2'#5!*"!0*$"!-G#<#)-B.4()4B-2.-#@$"$0((EF!"2$$./*'!?--,Z2*1#-:!G2++#1)*:!JeF!

/2+$#':!jFEF:!L2$$#4:!;FGF:!O*U2-:!]F?F:!i!;4##+#:!YF]F!H=QQAIF!]#*Z12,+-!,3!8#$09*-:!7!%)42'$)"!*,-#%!,.$-:!*+%!+*4.
D5*$-:!9('(@('#+('(.!*(-:!1,!2Z#.84#*)2+9!-52@-!2+!15#!Y*+*%2*+!5295!*4Z12ZF!C$'$@2$'#&,%%!"2'#(?#H2-4!*;
2!-#$'@#<I,$"2.#:.2!'.!:!SS]:!QR.==RF!
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/,,1#:!?FOF:!(-8,4+#:!]FGF!i!",#$c#$:!?F]F!H<AA>IF!G5*$#.Z*$$!4#-@,+-#!1,!7*-)2+9!8,*1!+,2-#F!J$",*!:!]S_:!Q=AF!

"*-12#:!;FOF:!G2$-,+:!&F:!^0331:!eF"F!i!^5,7@-,+:!\FLF!H<AASIF!&,11$#+,-#!%,$@52+-!2+Z4#*-#!-'+Z54,+'!2+!4#-@,+-#!
1,!8,*1!14*332ZF!9$*2'!#9$++$%#:.2!'.!:!2O:!R>.B>F!

"*1Z5:! eF^F:! Y$*4):! YFGF:! L#442Z):! ]F:! o*+! \*42f-:! 6F:! \,+24*)2-:! OF:! 6Z5D#54:! jF:! ^5,7@-,+:!LF! i!G2$#':! OF! H?Z.
Z#@1#%IF!Y5*4*Z1#42c2+9!15#!4#$*12U#!Z,+1428012,+-!,3!$*49#!U#--#$-!1,!1,1*$!,Z#*+!+,2-#!32#$%-V!!*!Z*-#!-10%'!
0-2+9!15#!;#44'!CF!610%%-!61#$$D*9#+!&*+)!K*12,+*$!L*42+#!6*+Z10*4'F!/'52*('+!'"$%#9$'$1!+!'"F!

"#217#'#4:!]FLF:!6FYF!G*$#-!*+%!eF?F!\3$09F!H<AA>IF!652@@2+9!+,2-#!@4#%2Z12,+-V!Z*@*82$212#-!*+%!$2721*12,+-F!9$*2'!#
6!.4'(%(1B#:(.2!"B#A(,*'$%:![`:!N>.PNF!

E*+2):!oFLF!i!^5,7@-,+:!\FLF!H=QQPIF!Y5*+9#-! 2+!-043*Z2+9!@*11#4+-!,3!8,11$#+,-#!%,$@52+-! 2+!4#-@,+-#!1,!8,*1!
14*332ZF!9$*2'!#9$++$%#:.2!'.!:!2S:!NQR.PA<F!

e#-*9#:!oF:!&*44#11#:!YF:!j2+9-$#':!LFYF6F!i!6f*4#:!&F!H=QQQIF!^5#!#33#Z1!,3!U#--#$!+,2-#!,+!15#!U,Z*$!8#5*U2,4!,3!8#.
$09*-!2+!15#!61F!e*D4#+Z#!]2U#4!C-10*4':!Y*+*%*F!9$*2'!#9$++$%#:.2!'.!:!2^:!PN.B>F!

LZO,+*$%:!LF?F:!"2$%#84*+%:!EF?F!i!G2992+-:!6FLF!H<AAPIF!J+Z4#*-#-!2+!%##@!,Z#*+!*782#+1!+,2-#!2+!15#!K,415#*-1!
\*Z232Z!D#-1!,3!6*+!K2Z,$*-!J-$*+%:!Y*$23,4+2*F!A(,*'$%#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!2SFH<I:!R==.R=BF!

L,42-*)*:!^F:!652+,5*4*:!LF:!K*)*5*4*:!/F!i!?)*7*1-0:!^F!H<AANIF!C33#Z1-!,3!*782#+1!+,2-#!,+!15#!D52-1$#-!,3!J+%,.
\*Z232Z!8,11$#+,-#!%,$@52+!@,@0$*12,+-F!A(,*'$%#(?#9$++$%(1B:!_P:!N>=.N>PF!

K]Y!.!K*12,+*$!]#-#*4Z5!Y,0+Z2$!,3!15#![6!K*12,+*$!?Z*%#72#-F!H<AASIF!8.!$'#J(2-!#$'@#9$*2'!#9$++$%-F!K*.
12,+*$!?Z*%#7'!\4#--:!G*-52+91,+:!O2-142Z1!,3!Y,$0782*:!=Q<!@@F!

K]Y!.!K*12,+*$!]#-#*4Z5!Y,0+Z2$!,3!15#![6!K*12,+*$!?Z*%#72#-F!H<AANIF!9$*2'!#9$++$%#F(),%$"2('-#$'@#8.!$'#
J(2-!G# 7!"!*+2'2'1#K4!'# 8.!$'# J(2-!# C$,-!-# &2(%(12.$%%B# :21'2?2.$'"# /??!."-F! K*12,+*$! ?Z*%#7'! \4#--:!
G*-52+91,+:!O2-142Z1!,3!Y,$0782*:!=<P!@@F!

K,D*Z#):!6FLF:!G#$$-:!]F6F!i!6,$,D:!?F!H<AA=IF!65,41.1#47!#33#Z1-!,3!8,*1!14*332Z!,+!8,11$#+,-#!%,$@52+-:!6,*-2()-#
"*,'.$",-:!2+!6*4*-,1*!&*':!/$,42%*F!9$*2'!#9$++$%#:.2!'.!:!2`:!PRS.PBBF!

K,D*Z#):!6FLF:!G#$$-:!]F6F:!(D#+:!CFYF;F:!6@#*)7*+:!^F]F:!/$*77:!]F(F!i!K,D*Z#):!OF\F!H<AA>IF!/$,42%*!7*+*1##-:!
6*2.4!.4,-#+$'$",-#%$"2*(-"*2-:!4#-@,+%!1,!*@@4,*Z52+9!U#--#$-F!&2(%(12.$%#C('-!*5$"2(':!22O:!N=R.N<SF!

K,D*Z#):!OF\F:!^5,4+#:!eF"F:!E,5+-1,+:!OFGF!i!^'*Z):!\FeF!H<AARIF!]#-@,+-#-!,3!Z#1*Z#*+-!1,!*+154,@,9#+2Z!+,2-#F!
9$++$%2$'#=!52!L:![`H<I:!B=.==NF!!

\*4)-:!6FeF!i!Y$*4):!YFGF!H<AANIF!o*42*12,+!2+!*Z,0-12Z!*Z12U21'!,3!K,415!?1$*+12Z!42951!D5*$#-!2+!154##!Z4212Z*$!5*821*1!
*4#*-!2+!<AA>F!A(,*'$%#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!22`:!<>PQF!

\*'+#:!]F!i!G#88:!OF!H=QR=IF!(42#+1*12,+!8'!7#*+-!,3!$,+9!4*+9#!*Z,0-12Z!-29+*$2+9!2+!8*$##+!D5*$#-F!<''$%-#(?#
"4!#J!L#M(*E#<.$@!+B#(?#:.2!'.!-:!2__:!==A.=>=F!

]2Z5*4%-,+:! EFGF:!;4##+#! E4F:!YF]F:!L*$7#:!YFJF!i!^5,7-,+!OF"F! H#%-FIH=QQNIF!9$*2'!#9$++$%-#$'@#J(2-!F!?Z*.
%#72Z!\4#--:!J+ZF!6*+!O2#9,:!Y*$23,4+2*:!NRP!@@F!

],--:!OF!H=QRPIF!9!.4$'2.-#(?#N'@!*L$"!*#J(2-!F!\#49*7,+:!K#D!r,4):!K#D!r,4):!SRA!@@F!

],--:!OF!H<AANIF!652@!6,04Z#-!,3!?782#+1!K,2-#F!O///#A#8.!$'2.#/'12'!!*2'1:![F:!<NR.<P=F!

6Z5#23#$#:!\FLF:!?+%4#D:!6F:!Y,,@#4:!]F?F:!O*44#:!LF:!L0-2#):!/FCF:!i!L*a:!eF!H<AANIF!J+%2Z*12,+!,3!*!e,78*4%!U,Z*$!
4#-@,+-#!2+!15#!61F!e*D4#+Z#!]2U#4!8#$09*F!A(,*'$%#(?#"4!#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!22`:!=>BPF!

6,015*$$:!&FeF!H<AANIF!:42))2'1#J(2-!#$'@#9$*2'!#9$++$%-G#$#H(*,+#?(*#:.2!'.!P#9$'$1!+!'"P#$'@#6!.4'(%(1BF!
/2+*$!]#@,41!,3!15#!K*12,+*$!(Z#*+2Z!*+%!?17,-@5#42Z!?%72+2-14*12,+!HK(??I! J+1#4+*12,+*$!6'7@,-207F!
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[F6F! K(??! /2-5#42#-:! ?4$2+91,+:! o2492+2*:! L*'! =B.=Q:! <AA>:! >A! @@F!
511@VWWDDDW+73-F+,**F9,UW@4W*Z,0-12Z-W-52@+,2-#F517F!

6,015*$$:!&FeF!HJ+!@4#--IF!F("!'"2$%#<))%2.$"2('#(?#Q,2!"2'1#6!.4'(%(1B#('#>$*1!#C(++!*.2$%#R!--!%-F!/2+*$!]#@,41!,3!
15#!K*12,+*$!(Z#*+2Z!*+%!?17,-@5#42Z!?%72+2-14*12,+!HK(??I!J+1#4+*12,+*$!6'7@,-207F![F6F!K(??!/2-5.
#42#-:!62$U#4!6@42+9:!L*4'$*+%:!L*'!=.<:!<AARF!

6,015*$$:!&FeF:!6Z50-1#47*+:!]FEF!i!j*-1*):!OF!H<AAAIF!L*-)2+9!2+!154##!@2++2@#%-V!0+%#4D*1#4:!$,D.34#`0#+Z'!Z4212.
Z*$!154#-5,$%-F!A(,*'$%#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!2F_:!=S<<.=S<P!

6,015*$$:! &FeF:! &,D$#-:! ?FCF:! C$$2-,+:!GF^F:! /2++#4*+:! EFEF:! ;#+14':! ]FeF:! ;4##+#! E4F:! YF]F:! j*-1*):! OF:! j#11#+:! OF]F:!
L2$$#4:!EF"F:!K*Z5129*$$:!\FCF:!]2Z5*4%-,+:!GFEF:!^5,7*-:!EF?F!i!^'*Z)!\FeF!H<AARIF!L*42+#!7*77*$!+,2-#!#a.
@,-04#!Z421#42*V!J+212*$!-Z2#+1232Z!4#Z,77#+%*12,+-F!<I,$"2.#9$++$%-:![[:!>==.N<=F!

U*+!\*42f-:!6FLF!i!Y,4)#4,+:!\FEF! H<AA=IF!&,*1!14*332Z!*33#Z1-!15#!*Z,0-12Z!8#5*U2,4!,3!\*Z232Z!507@8*Z)!%,$@52+-:!
:(,-$#.42'!'-2-F!A(,*'$%#(?#9$*2'!#&2(%(1B#<--(.2$"2('#2'#"4!#N'2"!@#S2'1@(+:!_2:!NSS.NSBF!

G*4%:!GFOF! H=QQRIF! C33#Z1-!,3! 5295.2+1#+-21'! -,0+%F! J+!/'.B.%()!@2$#(?# $.(,-"2.-P#R(%,+!# OOO! HLFEF! Y4,Z)#4:! #%FIF!
E,5+!G2$#'!i!6,+-:!K#D!r,4)F!@@F!=>QR.=NARF!

G*41c,):!OF!i!j#11#+:!OF]F!H=QQQIF!L*42+#!7*77*$!-#+-,4'!-'-1#7-F!J+!&2,$,9'!,3!7*42+#!7*77*$-!HEFCF!]#'+,$%-!
JJ!i!6F?F!],77#$:!#%-FIF!67215-,+2*+!J+-121012,+!\4#--:!G*-52+91,+:!OYF!@@F!==R.=RNF!

G#+c:!;FLF!H=QP<IF!?Z,0-12Z!*782#+1!+,2-#!2+!15#!,Z#*+V!-@#Z14*!*+%!-,04Z#-F!A(,*'$%#(?#"4!#<.(,-"2.$%#:(.2!"B#(?#
<+!*2.$:![]:!=QSP.=QNPF!

G#+c:!;FLF! H=QPQIF! e,D.34#`0#+Z'! %##@.D*1#4! *782#+1! +,2-#! *$,+9! 15#! \*Z232Z! Y,*-1! ,3! 15#![+21#%! 61*1#-F!N:#
J$5B!A(,*'$%#N'@!*L$"!*#<.(,-"2.-:!2O:!><S.>>>F!

G2$$2*7-:! ]F:! ^421#-:! ?FGF! i! &*2+:! OFCF! H<AA<IF! &#5*U2,04*$! 4#-@,+-#-! ,3! )2$$#4! D5*$#-! H8*.2',-# (*.$I! 1,! D5*$#.
D*1Z52+9! 8,*1-V! ,@@,410+2-12Z! ,8-#4U*12,+-! *+%! #a@#427#+1*$! *@@4,*Z5#-F! A(,*'$%# (?# 3((%(1B# >('@(':!
S^P:!<NN.<RAF!

G,4$#':!]FOF!i!G*$)#4:!]F?F! H=QB<IF! e,D.34#`0#+Z'! *782#+1!,Z#*+!+,2-#! *+%! -,0+%! 14*+-72--2,+!,U#4! *! 152+$'!
-#%27#+1#%!4,Z)!8,11,7F!A(,*'$%#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!`2:!BPS.BRAF!

G42951:!?FEF:!?902$*4!6,1,:!KF:!&*$%D2+:!?FeF:!&*1#-,+:!LF:!&#*$#:!YF:!Y$*4):!YF:!O#*):!^F:!C%D*4%-:!CF/F:!/#4+s+%#c:!?F:!
;,%2+5,:!?F:!"*1Z5:!eF:!j*)0-Z5)#:!?F:!e0--#*0:!OF:!L*412+#*0:!OF:!],7#4,:!eFLF:!G#2$9*41:!eF:!G2+1$#:!&F:!
K,1*48*41,$,.%2.6Z2*4*:!;F!i!L*412+:!oF!HJ+!@4#--IF!?4#!L*42+#!L*77*$-!614#--#%!&'!?+154,@,9#+2Z!K,2-#q!
O'"!*'$"2('$%#A(,*'$%#(?#C(+)$*$"25!#F-B.4(%(1BF!

l*)*4*0-)*-:!\F:!Y5*@7*+:!OFLF/F!i!61**$:!\F]F!H=QQAIF![+%#4D*1#4!*Z,0-12Z!*782#+1!+,2-#!$#U#$-!,+!15#!#*-1#4+!
Y*+*%2*+!Z,+12+#+1*$!-5#$3F!A(,*'$%#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!_`:!<AP>.<AR=
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[+%#4D*1#4!]*%2*1#%!K,2-#!,3!(Z#*+.;,2+9!L#4Z5*+1!652@- 

 

?!&*Z)94,0+%!\*@#4!\4,%0Z#%!8'!\*412Z2@*+1-!,3!15#!
J+1#4+*12,+*$!G,4)-5,@!,+!652@@2+9!K,2-#!*+%!L*42+#!L*77*$- 

"#$%!&'!()#*+,-V!/,0+%*12,+!3,4!15#!6#*!
"*78049:!;#47*+':!<=-1.<>15!?@42$!<AAB!

  

Purpose 

J+! <AA>:! 15#![F6F! O#@*417#+1! ,3! Y,77#4Z#_-! K*12,+*$! (Z#*+2Z! *+%! ?17,-@5#42Z! ?%72+2-14*12,+! HK(??I!
*+%! *!+078#4!,3! ,15#4! 9,U#4+7#+1:! 2+%0-14':! *+%! *Z*%#72Z! @*41+#4-! Z,+U#+#%! 15#! 324-1! 3,47*$!7##12+9!
Hg652@@2+9!K,2-#!*+%!L*42+#!L*77*$-V!?!/,407!3,4!6Z2#+Z#:!L*+*9#7#+1:!*+%!^#Z5+,$,9'hI!1,!Z,+-2%#4!
15#!#33#Z1-!,3!-,0+%-!34,7!$*49#!U#--#$-!,+!7*42+#!$23#!H-##V!DDDF+73-F+,**F9,UW@4W*Z,0-12Z-WIF!^52-!7##1.
2+9!D*-!3,$$,D#%!8'!*!-#Z,+%!K(??.-@,+-,4#%!*+%!2+1#4+*12,+*$$'!*11#+%#%!-'7@,-207!5#$%!2+!L*'!<AAR:!
D52Z5!%2-Z0--#%!@,1#+12*$!*@@$2Z*12,+-!,3!U#--#$.`02#12+9!1#Z5+,$,92#-!,+!$*49#!Z,77#4Z2*$!U#--#$-F!J+!?@42$:!
<AAB:!()#*+,-!.!612310+9!3b4!%*-!L##4!H/,0+%*12,+!3,4!15#!6#*I:!*!+,+.@4,321!,49*+2c*12,+!Z4#*1#%!1,!@4,.
1#Z1!15#!,Z#*+!*+%!7*42+#!$23#:!Z,+U#+#%!*!D,4)-5,@!2+!"*78049:!;#47*+':!3,Z0-#%!,+!-52@@2+9!+,2-#!*+%!
7*42+#!7*77*$-F!^52-!D,4)-5,@!Z,+Z#+14*1#%!,+!#+9*92+9!7#78#4-!,3!15#!2+1#4+*12,+*$!7*42127#!14*+-.
@,41! 2+%0-14':!@*412Z0$*4$'!-52@!802$%#4-!*+%!*4Z521#Z1-F!?11#+%##-!,3!152-!D,4)-5,@!Z4#*1#%!152-!4#3#4#+Z#!
@*@#4!1,!*--2-1! 2+!#%0Z*12+9!-1*)#5,$%#4-!*-!1,!15#!-1*10-!,3!Z044#+1$'!*U*2$*8$#!1#Z5+,$,9'!3,4!*%%4#--2+9!
15#!#33#Z1-!,3!-52@@2+9!+,2-#!*+%!7*42+#!7*77*$-F 

23 !456789:5;74)

(Z#*+! 8*Z)94,0+%! +,2-#! 4#-0$1-! 34,7! 8,15! *+154,@,9#+2Z! *+%! +*104*$! -,04Z#-n! %233#4#+1! -,04Z#-! D2$$!
%,72+*1#!-@#Z232Z! 34#`0#+Z'!8*+%-F!61*+%*4%!-52@!,@#4*12,+-!@4,%0Z#!0+%#4D*1#4!+,2-#!*1!*! 4*+9#!,3!
34#`0#+Z2#-F! e,D! 34#`0#+Z'! -,0+%! D*U#-! #a@#42#+Z#! $211$#! *11#+0*12,+! *+%! D2$$! @4,@*9*1#! ,U#4! $,+9!
4*+9#-!H=AA-!)7IF!?-!*!4#-0$1:!+,2-#!34,7!-52@@2+9!*Z12U21'!%,72+*1#-!$,D!34#`0#+Z'!Hp!SAA!"cI!*782#+1!
+,2-#!$#U#$-!154,095,01!15#!,Z#*+!H/2904#!=IF!&*-#%!,+!%##@.D*1#4!-10%2#-! 2+!15#!K,415#*-1#4+!\*Z232Z:!
15#!Z,+1428012,+!,3!-52@@2+9!1,!*782#+1!+,2-#!5*-!*@@4,a27*1#$'!%,08$#%!H2F#F:!*+!2+Z4#*-#!2+!@,D#4!,3!S!
%&I!2+!#*Z5!,3!15#!@*-1!3,04!%#Z*%#-F!^52-!5*-!4#-0$1#%!2+!*1!$#*-1!*!=N.<A!%&!2+Z4#*-#!2+!*782#+1!+,2-#!
Z,+%212,+-!Z,7@*4#%!1,!@4#.2+%0-142*$!$#U#$-F!(15#4!-10%2#-!5*U#!@4,%0Z#%!-272$*4!#-127*1#-!,3!15#!Z,+.
1428012,+-!,3!-52@@2+9!1,!15#!$,D.34#`0#+Z'!+,2-#!#$-#D5#4#!2+!15#!D,4$%:!2+%2Z*12+9!*!9$,8*$!2+Z4#*-#!,3!
,Z#*+!+,2-#!%0#!1,!-52@@2+9:!D215!5295#4!$#U#$-!2+!15#!+,415#4+!5#72-@5#4#!*+%!2+!@4,a2721'!1,!-52@@2+9!
$*+#-! ,4! ,15#4! 14*332Z! Z,+Z#+14*12,+-F! /0415#4! 2+Z4#*-#! 2+! 9$,8*$! 8*Z)94,0+%! +,2-#! $#U#$-! 2-! #a@#Z1#%!
D215,01!15#!2+212*12,+!,3!Z,0+1#47#*-04#-!1,!2+Z2%#+1*$!@4,%0Z12,+!,3!0+%#4D*1#4!+,2-#!8'!-52@@2+9!*Z.
12U21'F!

^5#!#$#U*1#%!,Z#*+!+,2-#!$#U#$-!34,7!-52@-!Z*+!2+1#43#4#!D215!-,0+%-!@4,%0Z#%!*+%W,4!0-#%!8'!7*42+#!
,49*+2-7-:! #-@#Z2*$$'! 7*42+#! 7*77*$-! H/2904#! <IF! 6,0+%! 2-! *+! #332Z2#+1! D*'! 1,! @4,@*9*1#! #+#49'!
154,095!15#!,Z#*+F!L*42+#!7*77*$-!4#$'!,+!-,0+%!*-!*!7#*+-!,3!Z,770+2Z*12,+:!3,4!32+%2+9!3,,%!*+%!
7*1#-:! *+%! 3,4! %#1#Z12+9!@4#%*1,4-F! J+Z4#*-2+9! 15#!8*Z)94,0+%!+,2-#! $#U#$-! %#Z4#*-#-! Z,770+2Z*12,+!
4*+9#-:!*+%!7*'!@,1#+12*$$'!*$-,!7,%23'!8#5*U2,04!*+%W,4!2+%0Z#!*!-14#--!4#-@,+-#F!!

652@-!*4#!)+,D+!1,!4*%2*1#!+,2-#!2+!*$$!34#`0#+Z'!8*+%-:!D215!15#!5295#-1!-,0+%!$#U#$-!*1!15#!$,D#-1!34#.
`0#+Z2#-!H8#$,D!=NA!"cIF!604U#'-!,3!-52@@2+9!+,2-#!2+!15#!$*-1!%#Z*%#-!@4,U2%#!-,7#!2+3,47*12,+!*8,01!
+,2-#!$#U#$-!0+%#4!U*42,0-!-52@!Z,+%212,+-!H#F9F!-@##%:!-52@!1'@#I:!801!7#*-04#7#+1-!5*U#!8##+!7*%#!2+!
+07#4,0-!D*'-:!2+!%233#4#+1!*4#*-!*+%!D215!U*42,0-!@04@,-#-:!7*)2+9!Z,7@*42-,+-!%2332Z0$1F!^5#-#!@*4.
12Z0$*4!-10%2#-!5*U#!+,1! -@#Z232Z*$$'!*%%4#--#%!15#! 27@*Z1-!,3! -52@@2+9!+,2-#!,+!7*42+#!7*77*$-:!801!
-,7#! ,15#4-! 5*U#! 8#90+! 1,! 2+U#-129*1#! 15#-#! 27@*Z1-F! j+,D$#%9#! *8,01! 15#! Z5*4*Z1#42-12Z-! ,3! +,2-#!
34,7!-52@-!*+%!21-!%2-1428012,+!4#$*12U#!1,!$,Z*12,+-!*+%!7,U#7#+1-!,3!7*42+#!,49*+2-7-!2-!27@,41*+1!3,4!
0+%#4-1*+%2+9!15#!@,1#+12*$!27@*Z1-!,+!7*42+#!7*77*$-F!
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!

!

<;=96>)23)':>?4)?@A;>45)47;B>)C76)C6>D9>4:;>B)A>5E>>4)2F)-G)?48)2FF)H-G3)#I;B)JK75)I?B)5I>)B?@>)
C76@)?B)5I>)948>6E?5>6)47;B>):96L>B)8>L>K7J>8)AM)5I>)N),)"?LM);4)5I>)2OPFQB)R*>4G)2OPSTU)A95);5)
I?B)A>>4)@78;C;>8)57)6>CK>:5)@78>64)K>L>KB)7C)BI;JJ;4=)47;B>)RBI?8>8)?6>?TU)EI;:I)>V:>>8)4?596?K)
E;48W47;B>U)>L>4)C76)I;=I)B>?WB5?5>B)R49@A>6>8):96L>BT3)<;=96>):7965>BM)7C)X3)-;K8>A6?48U),:6;JJB)

!4B5;595;74)7C)':>?47=6?JIMYNZ,03 
!

!

<;=96>)S3)<6>D9>4:M)%>K?5;74BI;JB)\>5E>>4)1?6;4>)&4;@?K),7948B)?48),7948B)C67@),I;JJ;4=3)<;=W
96>):7965>BM)7C)\3),795I?KKU)"1<,Y"'&& 

!

S3 ,I;JJ;4=)47;B>)K>L>KB)?48)5I>;6):?9B>)

^5#!@4#%,72+*+1!-,04Z#-!,3!0+%#4D*1#4!+,2-#!@4,%0Z#%!8'!*!-52@!*4#!15#!@4,@#$$#4!*+%!15#!7*Z52+#4'!
4#`024#%!3,4!@4,@0$-2,+!*+%!@,D#4!9#+#4*12,+F!^5#!7*Z52+#4'!+,2-#!*+%!,15#4!-140Z104#.8,4+#!-,04Z#-!

Fish 

\?K>>4)*I?K>B)

Seals & Sea Lions  

10 kHz 100 kHz 

200 kHz 

 1 Hz 10 Hz 100 Hz 1 kHz 

Primary Shipping Noise 

Dolphins and Toothed Whales 
Porpoises 

Manatees and Dugongs 
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,3!+,2-#!4*%2*1#!2+1,!15#!D*1#4!154,095!15#!50$$!,3!15#!-52@:!D5#4#*-!+,2-#!34,7!15#!@4,@#$$#4!2-!9#+#4.
*1#%!2+!15#!D*1#4F!

1.1 Propellers 

652@.9#+#4*1#%!+,2-#!*1!$,D#4!34#`0#+Z2#-!H8#$,D!NA!"cI!2-!%,72+*1#%!8'!-,0+%!@4,%0Z#%!154,095!)*(;
)!%%!*# .$52"$"2('F! Y*U21*12,+! 2-! *! Z,+-#`0#+Z#! ,3! 5295! 1540-1! $,*%2+9=! *+%W,4! 15#! +,+.0+23,47! 2+3$,D!
HD*)#I!,3!D*1#4! 2+1,! 15#!@4,@#$$#4F! ^5#!@4#-#+Z#!,3! 15#!-52@! 2+! 34,+1!,3! 15#!@4,@#$$#4!Z*0-#-! 15#!+,+.
0+23,47!2+3$,DF!^540-1! $,*%2+9!*+%!+,+.0+23,47!2+3$,D!9#+#4*1#!Z,+%212,+-!*1!Z#41*2+!@,2+1-!*$,+9!15#!
@*15!,3!15#!4,1*12+9!@4,@#$$#4!8$*%#-!D5#4#!D*1#4!U*@,4!8088$#-!*4#!45'1572Z*$$'!3,47#%F!614,+9!@0$-#-!
,3!-,0+%!*4#!@4,%0Z#%F!^5#!@0$-#-!,3!-,0+%!2+%0Z#!U284*12,+-!2+1,!15#!-52@!-140Z104#!*8,U#!15#!@4,@#$$#4!
*+%!15#!-140Z104#!14*+-721-!15#!U284*12,+-!1,!U*42,0-!@*41-!,3!15#!-52@F!^5#!U284*12,+-!Z*+!4*%2*1#! 2+1,!
15#!*24!*-!+,2-#!D215!Z,+-#`0#+Z#-!3,4!Z4#D!*+%!@*--#+9#4!Z,73,41F!

^,!$2721!,+8,*4%!+,2-#!$#U#$-!34,7!15#!@4,@#$$#4:!4#$2*8$#!@4#%2Z12,+!@4,Z#%04#-:!7,%#$!1#-12+9!7#15,%-!
*+%!U#4232Z*12,+!@4,Z#%04#-!5*U#!8##+!%#U#$,@#%!*+%!*4#!*@@$2#%!,+!*!4,012+#!8*-2-F!G215!-,7#!7,%232.
Z*12,+-:! *-!D#$$! *-!*! %*1*8*-#!,3!@*4*7#1#4-!*+%!U*$0#-! -@#Z232Z! 1,!0+%#4D*1#4!+,2-#! 4*%2*12,+:! 15#-#!
@4,Z#%04#-!Z*+!8#!*%,@1#%!1,!@4#%2Z1!8,15!0+%#4D*1#4!4*%2*1#%!+,2-#!*+%!15#!#33#Z12U#+#--!,3!7,%232.
Z*12,+-!1,!-52@!%#-29+F!!

?1! 5295#4! -@##%-:! ,4! 0+%#4! 0+3*U,4*8$#! ,@#4*12+9! Z,+%212,+-:! @4,@#$$#4! Z*U21*12,+!7*'! *$-,! %,72+*1#!
15#!-@#Z1407!*8,U#!NA!"cF!^5#4#!2-!+,1!'#1!-0332Z2#+1!%*1*!*U*2$*8$#!1,!%#-Z428#!15#!4#$*12,+-52@!8#1D##+!
,@#4*12+9!-1*1#-!*+%!15#!$#U#$-!,3!+,2-#!@4,%0Z#%!154,095!Z*U21*12,+F!",D#U#4:!,04!)+,D$#%9#!2-!@,1#+.
12*$$'!*%#`0*1#!#+,095!1,!72129*1#!Z*U21*12,+!+,2-#!2+!152-!34#`0#+Z'!4#92,+!2+!-,7#!Z*-#-F!

^5#!D,4)2+9! Z,+%212,+-!,3! 15#!@4,@#$$#4!*4#! -14,+9$'!%#@#+%#+1!,+! -52@! 3,47!%#-29+! H2+3$0#+Z2+9!0+2.
3,4721':!,4!t5,7,9#+#21'_:!,3!15#!2+3$,D!1,!15#!@4,@#$$#4I!*+%!@4,@#$$#4!%#-29+F!\4,@#$$#4-!*4#!9#+#4*$$'!
%#-29+#%!3,4!,@12707!30#$!#332Z2#+Z':!D52Z5!2+!7,-1!Z044#+1!%#-29+-!2-!2+!Z,+3$2Z1!D215!15#!+##%!1,!$2721!
Z*U21*12,+! 8#Z*0-#!,3! -52@8,*4%! +,2-#! $#U#$-! *-! %2-Z0--#%! *8,U#F!",D#U#4:! Z*U21*12,+! +,2-#! $2721*12,+!
Z*+!*$-,!8#!2+Z$0%#%!2+!15#!@4,@#$$#4!%#-29+!@4,Z#--F!

/,4!Z#41*2+!1'@#-!,3!-52@-!-@##%!2-!+,1!Z,+14,$$#%!8'!*%f0-12+9!15#!4*1#!,3!@4,@#$$#4!4,1*12,+:!801!4*15#4!
8'! *%f0-12+9! @4,@#$$#4! @21Z5! *+%! )##@2+9! -5*31! -@##%! Z,+-1*+1F!^52-!7*'! $#*%! 1,! Z*U21*12,+! *1! -@##%-!
,15#4!15*+!15,-#!3,4!D52Z5!15#!-52@!D*-!-@#Z232Z*$$'!%#-29+#%F!^5#!4#$*12,+-52@-!8#1D##+!@4,@#$$#4!@21Z5!
-#112+9-:!@4,@#$$#4!$,*%2+9:!*+%!,15#4!@4,@#$$#4!%#-29+!@*4*7#1#4-!+##%!1,!8#!2+U#-129*1#%!D215!4#-@#Z1!
1,!0+%#4D*1#4!4*%2*1#%!+,2-#F!

^'@2Z*$!7#*-04#-! 1,! 4#%0Z#! @4,@#$$#4! +,2-#! 34,7! Z*U21*12,+! *4#! 27@4,U#%! 50$$! 3,47!%#-29+:! 27@4,U#%!
@4,@#$$#4!*44*+9#7#+1:!27@4,U#%!@4,@#$$#4!%#-29+!*+%!*11*Z57#+1!,3!D*)#!32#$%!5,7,9#+2c2+9!*@@#+%.
*9#-!H#F9F!%0Z1-:!10480$#+Z#!9#+#4*1,4-!#1ZFIF!J+!-,7#!Z*-#-!*!7,%232#%!@4,@0$-2,+!Z,+Z#@1:!-0Z5!*-!1D2+.
-Z4#D!2+-1#*%!,3!-2+9$#.-Z4#D:!7*'!8#Z,7#!0-#30$F!

^5#! 7,%#$! 1#-12+9! *+%! +#D! Z,7@01#4.8*-#%! Z*$Z0$*12,+! 1,,$-! -5,0$%! 8#! *@@$2#%! 2+! 15#! #*4$'! %#-29+!
@5*-#!,3!-52@-!D215!@,1#+12*$$'!5295!+,2-#!$#U#$-F!u0*$21'!*--04*+Z#!*+%!`0*$21'!Z,+14,$!,3!15#!@4,@#$$#4!
%#-29+! 2-! @,--28$#! 8'! +07#42Z*$! Z*$Z0$*12,+-! *+%!7,%#$! -Z*$#! 1#-12+9F! Y421#42*! 3,4! *ZZ#@1*8$#! $#U#$-! ,3!
+,2-#!@4,%0Z#%!8'!@4,@#$$#4!Z*U21*12,+!-5,0$%!8#!%#42U#%!3,4!8,15!7,%#$-!*+%!30$$.-Z*$#!U#--#$-F!

                                                
1 High thrust loading refers to the large amount of thrust required to propel a ship with a comparatively small propeller.  
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1.2 Machinery 

\427*4'!-,04Z#-!,3!7*Z52+#4'!+,2-#!*4#!@4,@0$-2,+!#+92+#-!*+%!-52@!-#4U2Z#!9#+#4*1,4-F!O2#-#$!#+92+#-!
*4#!#7@$,'#%!2+!*$7,-1!*$$!-52@-!3,4!8,15!@04@,-#-F!

^5#!7*f,421'!,3!$*49#!-52@-!*4#!@4,@#$$#%!8'!*!$,D!-@##%:!<.-14,)#!%2#-#$!#+92+#!%24#Z1$'!%42U2+9!*!-2+9$#!
@4,@#$$#4F!^5#-#!#+92+#-!D,4)!*1!$,D!4#U,$012,+-!HRA!1,!=<A!4@7I!*+%!*4#!5#*U'!H#F9F:!*!=<.Z'$2+%#4:!PA!
LG:!*@@4,aF!<NAA!1IF!O0#!1,!15#!-2c#:! 15#!#+92+#-!*4#!4292%$'!Z,++#Z1#%!1,!8,15!15#!-52@!50$$!*+%! 15#!
@4,@#$$#4!-5*31F!o284*12,+-!9#+#4*1#%!8'!15#!#+92+#!D2$$!U284*1#!15#!50$$!,3!15#!-52@!*+%!14*+-721!2+1,!15#!
,Z#*+F!?1! @4#-#+1:! 15#24! Z,+1428012,+! 1,! 0+%#4D*1#4! 4*%2*1#%! +,2-#! 2-! +,1! *%#`0*1#$'! )+,D+:! 801! 15#!
$*49#!-52@-!*4#!@,1#+12*$$'!`02#1!8#Z*0-#!,3!15#!$,D!-@##%F!^5#!Z,+1428012,+!1,!4*%2*1#%!+,2-#!Z,0$%!8#!
2%#+1232#%!154,095!*!-140Z104#.8,4+#!+,2-#!2+U#-129*12,+!,+!-52@-!Z044#+1$'!2+!,@#4*12,+F!

(15#4!%2#-#$.@,D#4#%!-52@-!#7@$,'!7#%207!-@##%:!>.-14,)#!%2#-#$!#+92+#-:!D52Z5!Z,++#Z1!1,!15#!@4,.
@#$$#4!-5*31!U2*!4#%0Z12,+!9#*4F!^'@2Z*$!-@##%-!,3!15#-#!#+92+#-!*4#!*4,0+%!NAA!4@7F!^5#!#+92+#-!Z*+!8#!
4292%$'!,4! 4#-2$2#+1$'!7,0+1#%F<! !Y,+1428012,+-!,3!7#%207!-@##%!#+92+#-! 1,! 4*%2*1#%!0+%#4D*1#4!+,2-#!
Z*+!8#!2%#+1232#%!2+!4#Z,4%2+9-F!J+!-,7#!4#Z,4%2+9-!15#!7*Z52+#4'!+,2-#!%,72+*1#-!15#!-,0+%!@4,%0Z#%!
*Z4,--!*!D2%#!4*+9#!,3!34#`0#+Z2#-:!801!15#!Z,+1428012,+-!Z*+!8#!7*-)#%!8'!@4,@#$$#4!Z*U21*12,+!+,2-#:!
@*412Z0$*4$'!*1!15#!$,D#4!34#`0#+Z2#-F!

?$7,-1!*$$!-52@-!0-#!7#%207!-@##%!%2#-#$!#+92+#-!1,!%42U#!9#+#4*1,4-!3,4!-0@@$'2+9!*$1#4+*12+9!Z044#+1!
3,4!-52@!-#4U2Z#-!H#F9F:!15#!#$#Z142Z*$!+##%-!,3!15#!Z4#D!*+%!@*--#+9#4-IF!&#Z*0-#!,3!15#!+##%!1,!%#$2U#4!
Z,+-1*+1! *$1#4+*12+9! Z044#+1:! 15#! -#4U2Z#! #+92+#-! *$D*'-! ,@#4*1#! *1! ,+#! -@##%! 2+%#@#+%#+1! ,3! -52@!
-@##%F!^5#!%2#-#$!9#+#4*1,4!Z*+!%,72+*1#! 4*%2*1#%!+,2-#!*Z4,--!*!D2%#!4*+9#!,3! 34#`0#+Z2#-!3,4!-52@-!
@4,@#$$#%!8'!*!$,D!-@##%!%2#-#$!#+92+#:!%#@#+%2+9!,+!15#!-@##%!,3!15#!-52@F!

G52$#!+,!1#Z5+,$,92#-!#a2-1!1,!2-,$*1#!15#!$,D!-@##%!%2#-#$!#+92+#-!34,7!15#!-140Z104#!,3!*!-52@:!*8*1#.
7#+1!7#*-04#-!#a2-1!15*1!4#%0Z#!4*%2*1#%!+,2-#! 2+!7#%207!-@##%!%2#-#$!#+92+#-F!^5#!7,-1!@,@0$*4! 2-!
15#! 4#-2$2#+1! 3,0+%*12,+:!*$4#*%'!#7@$,'#%!D215!*$$!7,%#4+!%2#-#$!9#+#4*1,4-!*-!D#$$!*-! 3,4!-,7#!7#.
%207!-@##%!@4,@0$-2,+!%2#-#$!#+92+#-F!^5#!3,0+%*12,+-!4#-0$1!2+!*!4#%0Z12,+!,3!4*%2*1#%!+,2-#!8'!=N!1,!
<A!%&F!?%%212,+*$!%#-29+!27@4,U#7#+1-!*4#!@,--28$#!*+%!2+3,47*12,+!Z*+!8#!%#42U#%!34,7!#a@#42#+Z#-!
D215!72$21*4'!-52@!%#-29+F!u0*$21'!*--04*+Z#!*+%!`0*$21'!Z,+14,$!,3!-52@8,*4%!+,2-#!4#%0Z12,+!7#*-04#-!
Z*+!*$-,!8#!%#42U#%!34,7!72$21*4'!-52@!,@#4*12,+-F!

[3 '5I>6)J67J9KB;74B)BMB5>@B)?48)BJ>:;?K)BI;JB)

^D2+.-Z4#D!-52@-!7*'!5*U#! -7*$$#4!@4,@#$$#4! $,*%2+9!*+%!*!7,4#!5,7,9#+#,0-!D*)#! 32#$%:! 15#4#3,4#!
8#11#4!D,4)2+9! Z,+%212,+-! 3,4! 15#! @4,@#$$#4-F! ?-! *! 4#-0$1:! @4,@#$$#4! Z*U21*12,+:! *+%! 5#+Z#! 15#! +,2-#! 21!
@4,%0Z#-:!2-!4#%0Z#%!Z,7@*4#%!1,!-2+9$#.-Z4#D!-52@-F!

6@#Z2*$!-52@-!7*'!5*U#!,15#4!@4,@0$-2,+!-'-1#7-!-0Z5!*-!@07@.f#1-:!o,215.6Z5+#2%#4!@4,@#$$#4-:!D*1#4.
f#1-:!-0@#4.Z*U21*12+9!@4,@#$$#4-!,4!-043*Z#!@2#4Z2+9!@4,@#$$#4-F!]*%2*1#%!+,2-#!,01@01-!,3!15#-#!-'-1#7-!
+##%!1,!8#!2+U#-129*1#%!30415#4F!

]3 ,@?KK)BI;JB)

L*+'!-7*$$!-52@-!Hp!=AAA!1!%2-@$*Z#7#+1I!%,!+,1!0+%#49,!*!%#-29+!@4,Z#--!D5#4#!+,2-#!*+%!U284*12,+!2-!
Z,+-2%#4#%F!/0415#47,4#:!@4,@#$$#4-!7*'!+,1!8#!7*1Z5#%!D215!15#!50$$!3,4!,@12707!@#43,47*+Z#F!^5#!
+,2-#!Z,+1428012,+-!,3!15#-#!-52@-!*+%!7,%232Z*12,+-!+#Z#--*4'!1,!4#%0Z#!+,2-#!+##%-!1,!8#!2+U#-129*1#%F!

                                                
2 Resilient mounting isolates the engine from direct contact with the hull through the use of flexible mounts. 
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^3 'K8)BI;JB)

?!-04U#'!,3!#a2-12+9!-52@-!2-!+##%#%!1,!2%#+123'!-52@!1'@#-:!2+%2U2%0*$!-52@-!,4!%#-29+!@42+Z2@$#-!15*1!*4#!
*--,Z2*1#%!D215!*8,U#.*U#4*9#!+,2-#!$#U#$-F!\,--28$#!4#%0Z12,+!7#*-04#-!*4#!+#D!@4,@#$$#4-:!D*)#!27.
@4,U2+9!*@@#+%*9#-:!*24!2+f#Z12,+:!#1ZF!!

P3 'J>6?5;74?K)@>?B96>B)

?@*41! 34,7!%#-29+:!+,2-#! 4*%2*12,+! 2-!*$-,! 2+3$0#+Z#%!8'! 15#!,@#4*12+9! Z,+%212,+!,3! 15#!-52@F!^5#!7,-1!
27@,41*+1!3*Z1,4-!*4#!-@##%!*+%!$,*%2+9!Z,+%212,+F!

L,-1!-52@-!D215!Z*U21*12+9!@4,@#$$#4-!D2$$!8#!`02#1#4!D5#+!@4,@#$$#4!-5*31!-@##%!2-!4#%0Z#%F!?-!*!4#-0$1:!
t-$,D.-1#*72+9_!*-!*+!*24!#72--2,+-.4#%0Z2+9!7#*-04#!7*':! 2+!-,7#!Z*-#-:! *$-,! 4#%0Z#! 15#!*7,0+1!,3!
+,2-#! 2+14,%0Z#%! 2+1,! 15#!7*42+#! #+U24,+7#+1F! ",D#U#4:! +,2-#! 4#%0Z12,+! 2-! $2721#%! 8'! +,2-#! -,04Z#-!
15*1!%,!+,1!%#@#+%!,+!-52@!-@##%!H2F#F!%2#-#$!9#+#4*1,4-IF!

^5#!#33#Z1!,3!%233#4#+1!D,4)2+9!Z,+%212,+-!,3!15#!@4,@#$$#4!,+!4*%2*1#%!+,2-#!5*-!+,1!'#1!8##+! 2+U#-12.
9*1#%!2+!-0332Z2#+1!%#1*2$F!J+U#-129*12,+!,3!4*%2*1#%!+,2-#!U*42*12,+!,3!4#@4#-#+1*12U#!-52@-!D215!-@##%!*+%!
$,*%2+9!Z,+%212,+-!-5,0$%!8#!7*%#F!

`3 !@JK>@>45?5;74)7C)47;B>)K;@;5B)76)=9;8>K;4>B)C76);48;L;89?K)BI;JB)

Y,+14,$$#%!4#%0Z12,+!,3!9$,8*$!-52@@2+9!+,2-#!-5,0$%!8#!*Z52#U#%!8'! 27@$#7#+1*12,+!,3!+,2-#! $2721-!,4!
902%#$2+#-!3,4!2+%2U2%0*$!-52@-:!D52Z5!D2$$!$2)#$'!8#+#321!15#!5#*$15!*+%!D#$$8#2+9!,3!15#!Z4#D-!*8,*4%!15#!
U#--#$-!*-!D#$$!*-!7*42+#!7*77*$-!*+%!,15#4!7*42+#!*+27*$-F!?+'!+,2-#!Z421#42*!0+%#4!15#-#!$2721-!,4!
902%#$2+#-!D,0$%!+##%!1,!8#!%#32+#%!D215!Z,+-2%#4*12,+!,3!#a2-12+9!1#Z5+,$,9'F!^,!*Z52#U#!+,2-#!4#%0Z.
12,+:!15#!Z421#42*!-5,0$%!8#!2+Z,4@,4*1#%!2+1,!-52@!802$%2+9!-1*+%*4%-!*+%!2+1#94*1#%!2+1,!15#!%#-29+!*+%!
802$%2+9!@4,Z#--!,3!*!-52@F!o#4232Z*12,+!,3!*Z52#U2+9! 15#!+,2-#! -1*+%*4%!*+%!72+272c*12,+!,3!#Z,+,72Z!
27@*Z1!,+!-52@!Z,+-140Z12,+!*+%!,@#4*12,+!-5,0$%!8#!2+Z$0%#%!2+!15#!27@$#7#+1*12,+!@4,Z#--F!

_3 ">:>BB?6M)?:5;L;5;>B)57);8>45;CM)?48)8>L>K7J)>4=;4>>6;4=)@>?B96>B)C76)6>89:5;74)7C)J67J>KK>6)
?48)@?:I;4>6M)47;B>)

L#*-042+9!4*%2*1#%!+,2-#!34,7!-52@-! 2-!*!4,012+#!1*-)!2+!72$21*4'!-52@!5*+%$2+9F!K,2-#!*8*1#7#+1!1#Z5.
+,$,9'!2-!@*41!,3!15#!%#-29+!@4,Z#--F!6,7#!,3!15#!0+%#4-1*+%2+9!*+%!7*+'!,3!15#!Z,+Z#@1-!,3!+,2-#!4#.
%0Z12,+!#+92+##42+9!Z,0$%!8#!1*2$,4#%!1,!15#!7#4Z5*+1!3$##1F!",D#U#4:!92U#+!15*1!15#!%#-29+!,3!*!7#4.
Z5*+1!-52@!*+%!15#!@4,@0$-2,+!*+%!@,D#4!9#+#4*12+9!-'-1#7-!2-!U#4'!%233#4#+1!34,7!15,-#!,3!*!72$21*4'!
U#--#$:!$211$#!,3!15#!@4,U#+!+,2-#.4#%0Z12,+!%#-29+!1#Z5+,$,9'!,3!72$21*4'!-52@-!Z*+!8#!*@@$2#%!%24#Z1$'!1,!
7#4Z5*+1!-52@-F!

6#U#4*$! -10%2#-!70-1! 15#4#3,4#!8#!Z,+%0Z1#%! 1,!#-1*8$2-5!*! 4#$2*8$#!8*-2-! 3,4!-1*+%*4%-!,3!0+%#4D*1#4!
4*%2*1#%!+,2-#! 34,7!7#4Z5*+1!-52@-!*+%!#33#Z12U#! 27@$#7#+1*12,+:! 2+Z$0%2+9!#Z,+,72Z!Z,+-2%#4*12,+-F!
?Z12,+-!15*1!*4#!+##%#%!2+Z$0%#V!

• ]#U2#D!,3!#a2-12+9!*Z,0-12Z!%*1*!,+!-52@-!2+!15#!34#`0#+Z'!4*+9#!2+!`0#-12,+!H=A!1,!SAA!"cIF!O*1*!
@4,Z#--2+9!-5,0$%!2+Z$0%#!2%#+1232Z*12,+!,3!-,04Z#-!,3!+,2-#!9#+#4*1#%!8'!15#!-52@!*+%!-52@!,@#4.
*12+9!-1*10-F!Ca@*+-2,+!,3!Z044#+1!-10%2#-!1,!2+Z$0%#!15#!4#$#U*+1!34#`0#+Z'!4*+9#!Hp!SAA!"cIF!!

• L#*-04#7#+1-!,3!,+.8,*4%!-140Z104#.8,4+#!+,2-#!34,7!7*Z52+#4'!3,4!Z*$Z0$*12,+!,3!0+%#4D*1#4!
+,2-#!4*%2*12,+F!

• L#*-04#7#+1-!,3!0+%#4D*1#4!4*%2*1#%!+,2-#!34,7!4#@4#-#+1*12U#!-52@-!3,4!*--#--7#+1!,3!15#!2+.
3$0#+Z#!,3!-@##%:!$,*%2+9:!@21Z5!-#112+9:!#1ZF!
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• Ca1#+-2,+!,3!7,%#$!-Z*$#!@4#%2Z12,+!,3!@4,@#$$#4!+,2-#!Z044#+1$'!0-#%!3,4!,+.8,*4%!U284*12,+! 1,!
0+%#4D*1#4!4*%2*1#%!+,2-#F!

• J+U#-129*12,+!,3!7,%#$! -Z*$#!*+%!+07#42Z*$!%#-29+!@*4*7#1#4-! 15*1! 2+3$0#+Z#! 4*%2*1#%!+,2-#!,3!
-52@-!*+%!@4,@#$$#4-F!

• O#U#$,@7#+1:!#a1#+-2,+!*+%!U*$2%*12,+!,3!+07#42Z*$!Z,7@01#4!7,%#$-!3,4!@4#%2Z12,+!,3!+,2-#!4*.
%2*12,+F!

• C-1*8$2-57#+1!,3!%#-29+:!Z,+-140Z12,+!*+%!142*$-!@4,Z#--#-!3,4!4#$2*8$#!@4#%2Z12,+!*+%!Z,+14,$!,3!
+,2-#!4*%2*12,+F!!

• J+U#-129*12,+!,3!#Z,+,72Z!Z,+-#`0#+Z#-!,3!1#Z5+2Z*$!Z5*+9#-!1,!-52@-!3,4!+,2-#!4#%0Z12,+:!D215!
4#9*4%!1,!802$%2+9!*+%!,@#4*12+9!Z,-1-!!

• O#32+#!*!-1*+%*4%!7#*-04#7#+1!@4,Z#%04#!3,4!0+%#4D*1#4!4*%2*1#%!+,2-#!1,!*$$,D!15#!Z4#*12,+!
,3!Z,7@*4*8$#!%*1*!8*-#-!*+%!Z421#42*!

O3 ,796:>B)

?Z,0-12Z*$!6,Z2#1'!,3!?7#42Z*:!G;.>R!Y,77211##F! HO4*31IF!Q,$'"2"2!-#$'@#F*(.!@,*!-# ?(*#7!-.*2)"2('#$'@#9!$-;
,*!+!'"# (?#N'@!*L$"!*#J(2-!# ?*(+# :42)-:! ?7#42Z*+!K*12,+*$! 61*+%*4%:! ?K6J! 6=<FP>.<AAvF! ]#U2-2,+! A=:!
/#840*4'!<AABF!?Z,0-12Z*$!6,Z2#1'!,3!?7#42Z*:!L#$U2$$#:!K#D!r,4):!<A@@F!

?+%4#D:!]FjF:!",D#:!&FLF!i!L#4Z#4:!EF?F!H<AA<IF!(Z#*+!*782#+1!-,0+%V!Z,7@*42+9!15#!=QPA-!D215!15#!=QQA-!3,4!*!
4#Z#2U#4!,33!15#!Y*$23,4+2*!Z,*-1F!<.(,-"2.-#=!-!$*.4#>!""!*-#8'%2'!:![:!PN.RAF!

?4U#-,+:!\F!i!o#+%2112-:!OF!H<AAAIF!]*%2*1#%!+,2-#!Z5*4*Z1#42-12Z-!,3!*!7,%#4+!Z*49,!-52@F!A(,*'$%#(?#"4!#<.(,-"2.$%#
:(.2!"B#(?#<+!*2.$:!2F`H=I:!==B.=<QF!

Y*1,:!OF"F!i!LZY*0$#':!]FOF!H<AA<IF!?0-14*$2*+!4#-#*4Z5!2+!*782#+1!+,2-#F!<.(,-"2.#<,-"*$%2$:![F:!=S.<AF!

"*1Z5:! eF^F:! Y$*4):! YFGF:! L#442Z):! ]F:! o*+! \*42f-:! 6F:! \,+24*)2-:! OF:! 6Z5D#54:! jF:! ^5,7@-,+:!LF! i!G2$#':! OF! H?Z.
Z#@1#%IF!Y5*4*Z1#42c2+9!15#!4#$*12U#!Z,+1428012,+-!,3!$*49#!U#--#$-!1,!1,1*$!,Z#*+!+,2-#!32#$%-V!!*!Z*-#!-10%'!
0-2+9!15#!;#44'!CF!610%%-!61#$$D*9#+!&*+)!K*12,+*$!L*42+#!6*+Z10*4'F!/'52*('+!'"$%#9$'$1!+!'"F!!

"#217#'#4:!]FLF:!6FYF!G*$#-!*+%!eF?F!\3$09F!H<AA>IF!652@@2+9!+,2-#!@4#%2Z12,+-V!Z*@*82$212#-!*+%!$2721*12,+-F!9$*2'!#
6!.4'(%(1B#:(.2!"B#A(,*'$%:![`:!N>.PNF!

"2$%#84*+%:! EF:!LZO,+*$%:!LF:!Y*$*78,)2%2-:! EF!i!&*$Z,78:!jF! H<AAPIF!G5*$#!D*1Z5!U#--#$!*782#+1!+,2-#! 2+! 15#!
"*4,! 614*21F! E,2+1! J+-12101#! 3,4!L*42+#! (8-#4U*12,+-! ]#@,41! ,+! Z,,@#4*12U#! *94##7#+1:! KL/6! Y,+14*Z1!
K?=R]E=<S=F!H?U*2$*8$#!34,7![+2UF!Y*$23,4+2*!6*+!O2#9,:!6Z42@@-! J+-121012,+!,3!(Z#*+,94*@5':!E,2+1!J+-12.
101#!3,4!L*42+#!(8-#4U*12,+-:!QNAA!;2$7*+!O4F:!e*!E,$$*:!Y?!Q<AQSFI!

j2@@$#:!&F!i!;*842#$#:!YF!H<AA>IF!;$*Z2#4!&*'!G*1#4Z4*31!K,2-#!k!K,2-#!Y5*4*Z1#42c*12,+!3,4!^,04:!Y5*41#4:!\42U*1#:!
*+%! ;,U#4+7#+1! o#--#$-F! K*U*$! 6043*Z#! G*43*4#! Y#+1#4! k! O#1*Z57#+1! &4#7#41,+! ^#Z5+2Z*$! ]#@,41!
K6GYYO.R=.^].<AA>WN>NF! >R@@F! H?U*2$*8$#! *1V!
DDDF+@-F9,UW9$8*W+*104#-Z2#+Z#W0@$,*%Wj2@@$#X;*842#$#<AA>;&G*1#4Z4*31K,2-#]@1F@%3I!

LZO,+*$%:!LF?F:!"2$%#84*+%:!EF?F!i!G2992+-:!6FLF!H<AAPIF!J+Z4#*-#-!2+!%##@!,Z#*+!*782#+1!+,2-#!2+!15#!K,415#*-1!
\*Z232Z!D#-1!,3!6*+!K2Z,$*-!J-$*+%:!Y*$23,4+2*F!A(,*'$%#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!2SFH<I:!R==.R=BF!

],--:!OF;F!H=QRPIF!9!.4$'2.-#(?#N'@!*L$"!*#J(2-!F!\#49*7,+:!K#D!r,4):!K#D!r,4):!SRA!@@F!

6Z4279#4:! \F! i! "#217#'#4:! ]FLF! H=QBBI! ?Z,0-12Z! -,04Z#.$#U#$! 7#*-04#7#+1-! 3,4! *! U*42#1'! ,3! 7#4Z5*+1! -52@-F!
6?Ye?K^YCK.]#@,41!6].=>S!
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G*$#-:!6FYF!i!"#217#'#4:!]FLF!H<AA<IF!?+!#+-#78$#!-,04Z#!-@#Z14*!7,%#$!3,4!7#4Z5*+1!-52@.4*%2*1#%!+,2-#F!A(,*;
'$%#(?#"4!#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!222HSI:!=<==.=<S=F!

l*)*4*0-)*-:!\F:!Y5*@7*+:!OFLF/F!i!61**$:!\F]F!H=QQAIF![+%#4D*1#4!*Z,0-12Z!*782#+1!+,2-#!$#U#$-!,+!15#!#*-1#4+!
Y*+*%2*+!Z,+12+#+1*$!-5#$3F!A(,*'$%#(?#"4!#<.(,-"2.$%#:(.2!"B#(?#<+!*2.$:!_`HNI:!<AP>.<AR=F!
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!
\*412Z2@*+1-!

!

23 .?65;:;J?45B)RZI?;6U)5I>4);4)?KJI?A>5;:?K)768>6T)

• Y5*24!k!e#2$*!"*1Z5:!\5FOF:!]#92,+*$!L*42+#!&2,*Z,0-12Z!Y,,4%2+*1,4:!61#$$D*9#+!&*+)!K*12,+*$!L*42+#!
6*+Z10*4':![6!K*12,+*$!(Z#*+2Z!*+%!?17,-@5#42Z!?%72+2-14*12,+:!=RN!C%D*4%!/,-1#4!],*%:! 6Z210*1#:!
L?:!A<APP:![6?F!

• JD#4!?-70--#+:!O2@$F! J+9F:!Ca#Z012U#!6#Z4#1*4'!,3!^5#!;#47*+!6,Z2#1'!3,4!L*42127#!^#Z5+,$,9':!;#4.
7*+'F!
o ?--2-1#%! 8'! Y542-1,3!G#2w#+8,4+:! \5FOF:! \4,f#Z1! C+92+##4:! ;#47*+2-Z5#4! e$,'%:! "*78049:!;#4.

7*+'F!

• L2Z5*#$!&*512*42*+:!JKYC!&%F!Y#41F:!o2Z#!\4#-2%#+1:!K,2-#!Y,+14,$!C+92+##42+9!J+ZF:!&2$$#42Z*:!L?![6?F!

• Y542-!Y$*4):!\5FOF:!O24#Z1,4!&2,*Z,0-12Z-!]#-#*4Z5!\4,94*7:!Y,4+#$$!e*8!,3!(4+215,$,9':!Y,4+#$$![+2U#4.
-21':!=NQ!6*@-0Z)#4!G,,%-!]%F:!J15*Z*:!Kr!=>BNA![6?F!

• ?a#$!/42#%42Z5:!"#*%!,3!C+U24,+7#+1!*+%!^4*+-@,41:!K,2-#!O2U2-2,+!2+!15#!;#47*+!/#%#4*$!C+U24,+7#+1!
?9#+Z':!;#47*+'!

• E0#49#+!/42#-Z5:!L*+*92+9!O24#Z1,4:!"*78049!652@!L,%#$!&*-2+:!;#47*+'F!

• Y*@1F!G,$39*+9!"2+1c-Z5#:!&F6ZF:!K*012Z*$!i!^#Z5+2Z*$!L*+*9#4!W!?%U2-,4!*1!;#47*+!652@,D+#4-_!?--,.
Z2*12,+:!;#47*+'F!

• O#1$#3! j0415:! O2@$F.J+9F:! 6#+2,4! L*+*9#4:! L?K! O2#-#$! 6C:! ;4,0@! C+92+##42+9! L#Z5*+2Z-! k! ;CL:!
61*%18*Z5-14*w#!=:!O.BP<<>!?09-8049:!;#47*+'F!

• "#++2+9!e057*++:!LCrC]!GC]/^:!;#47*+'F!

• L#9*+!LZj#++*:! \5FOF! -10%#+1! H]#@$*Z2+9! E,5+!"2$%#84*+%:! \5OI:! 6Z42@@-! J+-121012,+!,3!(Z#*+,94*.
@5':![+2U#4-21'!,3!Y*$23,4+2*!6*+!O2#9,:!e*!E,$$*:!Y?!Q<AQS.A<AN:![6?F!

• j*15'!L#1Z*$3:!EFOF:!O24#Z1,4:!L*42127#!?33*24-:!Y5*78#4!,3!652@@2+9!,3!?7#42Z*:![6?!

• CZ)5*4%!\4*#3)#:!O2@$F.J+9F:!6Z5*334*+!\4,@#$$#4T6#4U2Z#!;78":!eb8#Z):!;#47*+'F!

• ^0$$2,!6Z,U*cc2:!\4,3#--,4!,3!J+1#4+*12,+*$!e*D:![+2U#4-21'!,3!L2$*+,.&2Z,ZZ*:!L2$*+:!J1*$'F!
o ?--2-1#%W4#@$*Z#%!8'!J42+2!\*@*+2Z,$,@0$0:![+2U#4-21'!,3!L2$*+,.&2Z,ZZ*:!L2$*+:!J1*$'F!

• &4*+%,+!6,015*$$:!\5FOF:!O24#Z1,4:!K(??!(Z#*+!?Z,0-12Z-!\4,94*7:!K*12,+*$!(Z#*+2Z!*+%!?17,-@5#42Z!
?%72+2-14*12,+!HK(??I:!K*12,+*$!L*42+#!/2-5#42#-!6#4U2Z#!HKL/6I:!(332Z#!,3!6Z2#+Z#!*+%!^#Z5+,$,9'!

• ^5,7*-!61,'#:!K*U*$!?4Z521#Z1:!&*-2Z!O#-29+:!/$#+-8049#4!6Z52338*0.;#-#$$-Z5*31!78"!i!Y,F!j;:!&*11#4.
2#-14*w#!N<:!O.<>QSQ!/$#+-8049:!;#47*+'F!

• ],$3!^52#$#:!\5FOF:!O24\4,3!/G;!*FOF:!<>=AN!j2#$:!K2#7*++-D#9!=P<!*:!;#47*+'F!

• e2+%'!G#2$9*41:!\5FOF:!O#@*417#+1!,3!&2,$,9':!=SNN!(a3,4%!61F:!O*$5,0-2#![+2U#4-21':!"*$23*a:!K,U*!6Z,.
12*!&S"!>E=:!Y*+*%*F!

• O2#142Z5!G211#)2+%:!\5FOF:!OG.652@Y,+-0$1:!e2+%#+-14*--#!<A:!O.<><<S!6Z5D#+12+#+1*$:!;#47*+'F!
!

S3 &88;5;74?K).6>B>45>6B)R;4)?KJI?A>5;:?K)768>6T)

• ?+%4#*-!Y54'-,-1,7,0:!Y5*24! ,3!L*42+#! C+U24,+7#+1*$! \4,1#Z12,+!Y,77211##! HLC\YI:! J+1#4+*12,+*$!
L*42127#!(49*+2c*12,+!HY'@40-IF!

• &$*24!j2@@$#:!LF6ZF:!K*U*$!6043*Z#!G*43*4#!Y#+1#4:![F6F!K*U':![6?F!
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!
G,4)-5,@!\4#-#+1*12,+-!

!

23 ,>BB;74)2a),7948);4)5I>),>?)b)&4)!456789:5;74)

• ],$3!^52#$#V!?+!2+14,%0Z12,+!1,!+,2-#!@4,@*9*12,+!2+!15#!-#*V!=N!72+-!

• e2+%'!G#2$9*41V!j+,D+!#33#Z1-!,3!0+%#4D*1#4!+,2-#!,+!7*42+#!7*77*$-V!*!4#U2#D!*+%!*!-077*4'!,3!
15#!D,4)-5,@!,+!+,2-#.4#$*1#%!-14#--!2+!7*42+#!7*77*$-V!=N!72+-!

• O2#142Z5!G211#)2+%V!?+! 2+14,%0Z12,+!1,!@4,@#$$#4-!*+%!,15#4!-,04Z#-!,3!+,2-#!34,7!-52@-V!+,2-#!4*%2*.
12,+!,3!Z,77#4Z2*$!-52@-V!=N!72+-!

S3 ,>BB;74)Sa),7948U)"7;B>)?48)1?6;4>)1?@@?KB)

• &4*+%,+!6,015*$$V!C33#Z1-!,3!+,+.@0$-#%!+,2-#!,+!7*42+#!7*77*$-V!=N!72+-!

• Y542-!Y$*4)V!C33#Z1-!,3!+,2-#!,+!7*42+#!7*77*$-V!4#-0$1-!34,7!4#Z#+1!gD5*$#.-Z*$#h!4#-#*4Z5!*+%!7212.
9*12,+!#33,41-V!=N!72+-!

• e#2$*!"*1Z5V!652@-!*+%!G5*$#-V!Z5*4*Z1#42-2+9!*+%!7*+*92+9!+,2-#!-@*12*$$'V!=N!72+-!

[3 ,>BB;74)[a)Z966>45),;59?5;74)

• j*15'!L#1Z*$3V!^5#!-1,4'!-,!3*4!k![F6F!J+%0-14'!@#4-@#Z12U#V!=N!72+-!

• ^0$$2,!6Z,U*cc2V!J+1#4+*12,+*$!#33,41-!2+!15#!4#90$*12,+!,3!-52@@2+9!+,2-#V!=N!72+-!

• O2#142Z5!G211#)2+%V!?!6077*4'!,3!15#!e0#8#Z)!L##12+9V!=A!72+-!

• ?+%4#*-!Y54'-,-1,7,0V!K,2-#!*+%!15#!JL(V!=N!72+-!

]3 ,>BB;74)]a),I;J)"7;B>)?48)&;6).7KK95;74)

• ?a#$!/42#%42Z5V!(U#4$*@@2+9!*-@#Z1-!,3!+,2-#!*+%!*24!@,$$012,+!34,7!-52@-!*+%!15#24!4#90$*12,+! 2+!;#4.
7*+'!*+%!C04,@#V!<A!72+-!

^3 ,>BB;74)^a),796:>B)7C),I;J)"7;B>)?48)#I>;6)1>?B96>@>45)

• L#9*+!LZj#++*!i!E,5+!"2$%#84*+%V!?+!,U#4U2#D!,3!,Z#*+!*782#+1!+,2-#!34,7!-52@@2+9V!=N!72+-!

• CZ)5*4%!\4*#3)#V!K,2-#!9#+#4*1#%!8'!7#4Z5*+1!-52@!@4,@#$$#4-V!=N!72+-!

• Eb49#+!/42#-Z5V!^5#!2+3$0#+Z#!,3!Z*U21*12,+!,+!@4#--04#!3$0Z10*12,+-!*+%!+,2-#V!=N!72+-!

• &$*24!j2@@$#V!L#*-04#%!4*%2*1#%!-,0+%! 34,7! $*49#!Z,77#4Z2*$!U#--#$-V!%,72+*+1!-,04Z#-!,3! 4*%2*1#%!
+,2-#!34,7!$*49#!7,%#4+!Z402-#!-52@-!*+%!%#@#+%#+Z#!,+!@4,@0$-2,+!1'@#!*+%!U#--#$!-@##%V!=N!72+-!

P3 ,>BB;74)Pa)#>:I47K7=M)?48)'J>6?5;74B)

• ^5,7*-!61,'#V!\4,@0$-2,+!%#-29+-!3,4!],],.!*+%!],\*a.U#--#$-V!=N!72+-!

• O#1$#3!j0415i!61#33#+!61*0%#4V!K,2-#!*-@#Z1-!,3!7#%207!-@##%!#+92+#-V!=N!72+-!

• "#++2+9!e057*++V!Y,+-2%#42+9!+,2-#!2+!Z402-#!-52@!%#-29+!*+%!,@#4*12,+V!=N!72+-!

`3 ,>BB;74)`a),I;J)"7;B>)?48)ZK?BB;C;:?5;74)

• L2Z5*#$!&*512*42*+V!?!-1*+%*4%!3,4!15#!7#*-04#7#+1!,3!U#--#$!0+%#4D*1#4!+,2-#V!=N!72+-!

• JD#4!?-70--#+V!Y,+-2%#4*12,+!,3!+,2-#!2+!-52@!Z$*--232Z*12,+V!=N!72+-!

_3 ,>BB;74)_a)#I>)\9B;4>BB)7C),I;J)"7;B>)

• G,$39*+9!"2+1c-Z5#V!(U#4U2#D!,3!15#!80-2+#--!,3!-52@!,D+#4-!*+%!,@#4*1,4-V!SA!72+-!



24 

okeanos - Stiftung für das Meer         Telefon +49- 6151-918 20 23 
Auf der Marienhöhe 15         Telefax +49- 6151-918 20 19 
D-64297 Darmstadt          mail@okeanos-stiftung.org 

www.okeanos-stiftung.org 

!



25 

okeanos - Stiftung für das Meer         Telefon +49- 6151-918 20 23 
Auf der Marienhöhe 15         Telefax +49- 6151-918 20 19 
D-64297 Darmstadt          mail@okeanos-stiftung.org 

www.okeanos-stiftung.org 

!
\4#-#+1*12,+!?8-14*Z1-!

!

23 ,>BB;74)2a),7948);4)5I>),>?)b)&4)!456789:5;74)

1.1 Rolf Thiele: An introduction to noise propagation in the sea 

/0+%*7#+1*$-!,3!14*+-72--2,+!$,--!*+%!+,2-#!$#U#$-!*4#!@4,U2%#%:!-1*412+9!D215!15#!$,9*421572Z!+,1*12,+!
,3! *Z,0-12Z*$! `0*+1212#-F! ^5#! @4,@*9*12,+! 2+! *! 5,7,9#+#,0-! 34##! 32#$%! 2-! @4#-#+1#%F! ^52-! -5,D-! 15*1!
+,47*$$'!15#!34#`0#+Z'!%#@#+%#+Z#!,3!-,0+%!@4,@*9*12,+!Z*+!8#!+#9$#Z1#%!8#$,D!=!)"cF!!

^5#! %,72+*+1! #33#Z1-! ,3! %##@! D*1#4! @4,@*9*12,+! *-! e$,'%! 7244,4! #33#Z1:! -043*Z#! %0Z1! @4,@*9*12,+:!
-5*%,D!c,+#!*+%!Z,+U#49#+Z#!c,+#!*4#!%2-Z0--#%F!^5#!-5*$$,D!D*1#4!@4,@*9*12,+!2-!%#7,+-14*1#%!D215!
-,7#!#7@242Z*$!,8-#4U*12,+-F!!

/2+*$$'!D#!D2$$!-@#*)!-5,41$'!*8,01!15#!D#$$.)+,D+!G#+c!Z04U#-!,3!*782#+1!+,2-#!D215!15#!%233#4#+1!4#.
927#-!,3!+,2-#!-,04Z#-F!

1.2 Lindy Weilgart: Known Effects of Underwater Noise on Marine Mammals: A Review And A 
Summary of the Workshop on Noise-Related Stress in Marine Mammals  

L*42+#!7*77*$-!*4#!5295$'!%#@#+%#+1!,+!-,0+%F!![+%#4D*1#4!+,2-#!Z*+!5*U#!*!$*49#!4*+9#!,3!27@*Z1:!
#U#+! ,U#4!72$$2,+-! ,3! -`0*4#! )2$,7#1#4-F! ! 6,7#! ,8-#4U#%! 27@*Z1-! ,3! +,2-#! ,+!7*42+#!7*77*$-! *4#V!
Z5*+9#! 2+! U,Z*$2c*12,+-:! 4#-@24*12,+:! -D27! -@##%:! %2U2+9! *+%! 3,4*92+9! 8#5*U2,4:! %2-@$*Z#7#+1:! -14#--:!
-14*+%2+9-:!*+%!%#*15-!*1!-#*F!!652@@2+9!,4!8,*1!+,2-#!2+!@*412Z0$*4!5*-!8##+!$2+)#%!1,!Z5*+9#-!2+!U,Z*$2.
c*12,+-:! *U,2%*+Z#:! 4#%0Z#%! 3,4*92+9! #332Z2#+Z':! *+%! Z5*+9#-! 2+! %2U#-F! !L*-)2+9:! ,4!D5#+!8*Z)94,0+%!
+,2-#!,8-Z04#-!,4!2+1#43#4#-!D215!*+!*+27*$_-!*82$21'!1,!5#*4!,4!8#!5#*4%:!Z*+!8,15!4#%0Z#!15#!*I!4*+9#!,3!
14*+-72--2,+!,3!-29+*$-n!*+%!8I!-29+*$!`0*$21'!*+%! 2+3,47*12,+F! !]#*Z12,+-!,3!7*42+#!7*77*$-!1,!+,2-#!
Z*+!8#!-081$#!*+%!5*4%!1,!%#1#Z1!34,7!15#!-043*Z#F!!]#-@,+-#-!Z*+!*$-,!8#!5295$'!U*42*8$#:!%#@#+%#+1!,+!
15#!2+%2U2%0*$:!-@#Z2#-:!@42,4!#a@#42#+Z#:!8#5*U2,4*$!-1*1#:!#1ZF! !^5#4#!*4#!*$-,!Z*-#-!,3!*@@*4#+1!1,$#4.
*+Z#!1,!+,2-#:!15,095!5#*42+9!27@*247#+1!Z*+!8#!72-1*)#+!3,4!1,$#4*+Z#F!!K,2-#!2-!15,0951!1,!Z,+142801#!
1,!-,7#!-@#Z2#-_!%#Z$2+#-!,4! $*Z)!,3! 4#Z,U#4'F! !&#5*U2,4*$! 4#-@,+-#-! 1,!+,2-#!*+%!*Z,0-12Z*$$'.2+%0Z#%!
-14*+%2+9-!7*'!Z*0-#!@,@0$*12,+.$#U#$!27@*Z1-F!

?!D,4)-5,@!,+!+,2-#.4#$*1#%!-14#--!2+!7*42+#!7*77*$-!D*-!5#$%!2+!e*+c*4,1#:!Y*+*4'!J-F:!2+!E0+#!<AARF!!
?!70$12.%2-Z2@$2+*4'!94,0@!,3!#a@#41-!2+!32#$%-!-0Z5!*-!507*+!+,2-#!#@2%#72,$,9':!82,*Z,0-12Z-:!*+%!+#0.
4,-Z2#+Z#! *11#+%#%F! ! J1! D*-! Z,+Z$0%#%! 15*1! -5,41.1#47! -14#--! 4#-@,+-#-! 7*'! 5*U#! $,+9.1#47! Z,+-#.
`0#+Z#-F! ! ^5#!Z,+1#a1!,3! 15#!+,2-#!#a@,-04#! 2-!*$-,!U#4'! 27@,41*+1F! ! r,0+9!*+27*$-! -##7!@*412Z0$*4$'!
-#+-212U#!*+%!Z*+!-033#4!@#47*+#+1!+#04,$,92Z*$!%*7*9#!34,7!+,2-#F!!^5#!@5'-2,$,92Z*$!-14#--!4#-@,+-#!
*@@#*4-!5295$'!Z,+-#4U#%!*7,+9!*+27*$!-@#Z2#-!*+%!Z*+!150-!8#!#a14*@,$*1#%!1,!7*42+#!7*77*$-F!!?+.
154,@,9#+2Z!+,2-#:!8'!21-#$3!,4!2+!Z,782+*12,+!D215!,15#4!-14#--,4-:!Z*+!4#%0Z#!15#!321+#--!,3!2+%2U2%0*$-!
*+%!%#Z4#*-#!15#!U2*82$21'!,3!@,@0$*12,+-F!!",D#U#4:!70Z5!4#-#*4Z5!,+!+,2-#!-14#--!4#-@,+-#-!2+!7*42+#!
7*77*$-!2-!-12$$!+##%#%F!

1.3 Dietrich Wittekind: An introduction to propellers and other sources of noise from ships: 
Noise Radiation of Commercial Ships 

K,2-#! 4*%2*12,+! ,3! Z,77#4Z2*$! -52@-! *1! +,47*$! -#4U2Z#! Z,+%212,+-! 2-! %2-Z0--#%! 8*-#%! ,+! *!7#*-042+9!
Z*7@*29+! 2+! 15#! C+9$2-5! Y5*++#$! 2+! 6#@1#78#4! <AARF! K,2-#! $#U#$-! Z,0$%! 8#! 4#Z,4%#%! *1! 34#`0#+Z2#-!
%,D+! 1,!=A!"c!0+%#4! 3*U,4*8$#!Z,+%212,+-F!^5#! 4#-0$1-! -5,D! 15*1!-52@-!Z*+!8#!Z*1#9,42c#%! 2+!=F!652@-!
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D215! 32a#%! @21Z5!@4,@#$$#4:!D52Z5! Z,+14,$! -@##%!8'! *%f0-12+9! -5*31! -@##%F! ^5#'! -5,D!@4,+,0+Z#%! $,D!
34#`0#+Z'! $#U#$-! *1! @4,@#$$#4! 8$*%#! 4*1#! 5*47,+2Z-! *+%!7*Z52+#4'! Z,+1428012,+-! 34,7!7#%207! -@##%!
%2#-#$! 9#+#4*1,4-:! <F! 652@-! D215! Z,+-1*+1! -5*31! -@##%! *+%! Z,+14,$$*8$#! @21Z5! @4,@#$$#4-:! D52Z5! *%f0-1!
-@##%!8'!Z,+14,$$2+9!@21Z5F!^5#'!-##7!1,!Z,+142801#!*$-,!1,!$,D!34#`0#+Z'!+,2-#:!$2)#$'!2+Z4#*-2+9:!D5#+!
4#%0Z2+9!-@##%:!*+%!7*Z52+#4'!Z,+1428012,+-!34,7!7#%207!-@##%!@4,@0$-2,+!%2#-#$-!*+%!SF!652@-!D215!
5295!7#%207!34#`0#+Z'!$#U#$-!3,4!!+,!,8U2,0-!4#*-,+-F!Y,7@*42+9!4#-0$1-!D215!,15#4!7#*-04#7#+1-!*+%!
$21#4*104#!15#4#!*4#!-29+232Z*+1!Z,+14*%2Z12,+-!D52Z5!+##%!1,!8#!Z$*4232#%!8'!30415#4! 2+U#-129*12,+-F!?$-,!
15#! Z044#+1! 7,%#$-! 2+! 0-#! 3,4! +,2-#! 9#+#4*12,+:! 4*%2*12,+! *+%! @4,@*9*12,+! +##%-! 30415#4! *111#+12,+F!
",D#U#4:!15#!Z044#+1!)+,D$#%9#!7*'!-#4U#!*-! 324-1!8*-2-!1,!%#32+#!*!%24#Z12,+!3,4!+,2-#!$2721*12,+!*+%!
4#90$*12,+F!

S3 ,>BB;74)Sa),7948U)"7;B>)?48)1?6;4>)1?@@?KB)

2.1 Brandon Southall: Effects of non-pulsed noise on marine mammals 

60332Z2#+1!2+3,47*12,+!#a2-1-!1,!Z,+Z$0%#!15*1!15#4#!*4#!*!D2%#!U*42#1'!,3!Z,+-#`0#+Z#-!,3!g+,+.@0$-#%h!
H,4!g+,+.27@0$-2U#I!+,2-#!#a@,-04#!HD52Z5!2+Z$0%#-!-52@@2+9!+,2-#I!,+!7*42+#!7*77*$-:!15#24!1'@#!*+%!
7*9+210%#!%#@#+%2+9!,+!7*+'!3*Z1,4-F!!G52$#!15#4#!2-!-Z2#+1232Z!0+Z#41*2+1'!4#9*4%2+9!#--#+12*$$'!*$$!,3!
15#-#!*4#*-:!*+%!@*412Z0$*4$'!15#24! 2+1#4*Z12,+!*+%!Z070$*12U#!+*104#:!15#4#!*4#!-08-1*+12*$!%*1*! 2+!)#'!
*4#*-F!!/,$$,D2+9!*!842#3!Z,+-2%#4*12,+!,3!15#!30+Z12,+*$!5#*42+9!Z*@*82$212#-!H*+%!34#`0#+Z'!8*+%D2%15-I!
,3! 15#! 7*42+#!7*77*$! 1*a*! *-! 15#'! *4#! Z044#+1$'! 0+%#4-1,,%:! 152-! @4#-#+1*12,+! D2$$! Z,+-2%#4! 15#-#!
U*42,0-! #33#Z1-! ,3! +,2-#! #a@,-04#F! ! ",D! +,2-#! 2-! 8#$2#U#%! 1,! 2+1#43#4#!D215! 8*-2Z! 5#*42+9! Z*@*82$212#-:!
2+Z$0%2+9! 1#7@,4*4'! *+%! @#47*+#+1! $,--#-! ,3! -#+-212U21'! *+%! 15#! Z4212Z*$$'! 27@,41*+1! *-@#Z1! ,3!
Z,770+2Z*12,+! g7*-)2+9h! D2$$! 8#! %2-Z0--#%F! ! ?%%212,+*$$':! 15#4#!D2$$! 8#! -,7#! Z,+-2%#4*12,+! ,3! ,15#4!
#33#Z1-! ,3! Z54,+2Z! +,2-#! #a@,-04#! ,+! +,+.*0%21,4'! -'-1#7-:! *11#+12,+! *+%! Z,9+212,+:! *+%! Z,7@$#a!
@4,Z#--#-!-0Z5!*-!-@*12*$!,42#+1*12,+!*+%!+*U29*12,+F!

2.2 Chris Clark: Effects of noise on marine mammals: results from recent “whale-scale” re-
search and mitigation efforts 

^5#! 94#*1! D5*$#-! @4,%0Z#! *! D2%#! U*42#1'! ,3! -,0+%-! 2+! 15#! $,D.34#`0#+Z'! Hp=AAA"cI! *+%! U#4'! $,D.
34#`0#+Z'! Hp=AA"cI! 4*+9#-F! ^5#! Z5*4*Z1#42-12Z-! ,3! 15#-#! -,0+%-! *4#! D#$$! *%*@1#%! 1,! 15#! -,0+%!
@4,@*9*12,+!3#*104#-!,3!15#!5*821*1!H#F9F:!Z,*-1*$!U#4-0-!@#$*92ZI!*-!%#1#472+#%!8'!@5'-2Z*$!*Z,0-12Z-!*+%!
4#-0$1! 2+! @,1#+12*$$'! U#4'! $*49#! *Z,0-12Z! 5*821*1-! 15*1! 2+Z$0%#! U#4'! $*49#! Z,770+2Z*12,+! 4*+9#-! H7*+'!
50+%4#%-!,3!)7I:!*4#*-!H7*+'!50+%4#%-!,3!15,0-*+%-!,3!)7<I!*+%!127#!@#42,%-!H7*+'!7,+15-!@#4!'#*4IF!
^5#4#! 2-!+,D!Z,+-2%#4*8$#!#U2%#+Z#! 15*1!*+154,@,9#+2Z!-,04Z#-!,3! $,D.34#`0#+Z'!*782#+1!+,2-#! H#F9F:!
-52@@2+9!*+%!-#2-72Z!#a@$,4*12,+I!5*U#!8##+!2+Z4#*-2+9!-1#*%2$'!,U#4!15#!$*-1!5*$3!Z#+104'F!^52-!42-2+9!12%#!
,3!,Z#*+!+,2-#!15*1!2-!*!82.@4,%0Z1!,3!507*+!*Z12U212#-!2-!4#-0$12+9!2+!*!%4*7*12Z!4#%0Z12,+!2+!15#!*4#*!*+%!
127#-! ,U#4!D52Z5! *+27*$-! Z*+! Z,770+2Z*1#F! ^50-:! 15#! U#4'! -*7#!5*821*1-!D215! @5'-2Z*$! @4,@*9*12,+!
Z,+%212,+-!15*1!-#$#Z1#%!3,4!15#!#aZ#@12,+*$$'! $,+9.4*+9#!82,*Z,0-12Z!Z,770+2Z*12,+!-29+*$-! 2+!D5*$#-:!
*4#! +,D:! D5#+! 2+f#Z1#%! D215! *+154,@,9#+2Z! +,2-#:! $#*%2+9! 1,! *+! *Z,0-12Z! -7,9! *+%! *+! *Z,0-12Z!
8$#*Z52+9! ,3! 15#! D5*$#-_! $,+9.4*+9#:! $,D.34#`0#+Z'! *Z,0-12Z! 5*821*1F! e,D.34#`0#+Z'! *782#+1! +,2-#!
Z,+%212,+-! 2+!-,7#!5*821*1-!5*U#!+,D!42-#+!1,!15#!@,2+1!15*1!*!D5*$#_-!*Z,0-12Z!#Z,$,9':!7#*-04#%!*-!
15#!@4,%0Z1!,3!21-!Z,770+2Z*12,+!*4#*!*+%!15#!127#!@#42,%!,U#4!D52Z5!15*1!Z,770+2Z*12,+!2-!#33#Z12U#:!
2-!4#%0Z#%!1,!*@@4,a27*1#$'!=Ad!,3!D5*1!21!D*-!5*$3!*!Z#+104'!*9,F!!

6Z2#+Z#! 2-!#$0Z2%*12+9!15#!-@*12,.1#7@,4*$!-Z*$#-!,3!94#*1!D5*$#!*Z,0-12Z!#Z,$,9'!*+%!%,Z07#+12+9!15#!
%#1427#+1*$!2+Z4#*-#-!2+!,Z#*+!+,2-#:!801!15#-#!-Z2#+1232Z!9*2+-!*$,+#!*4#!$2)#$'!+,1!#+,095!1,!7,12U*1#!
-29+232Z*+1!Z5*+9#-! 2+! 30+%*7#+1*$-F! J+%2U2%0*$-!*+%!15#!8,%'!@,$212Z!70-1!Z,$$#Z12U#$'!%#Z2%#!*+%! $#*%!
15*1!Z,04-#!,3!*Z12,+F!
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2.3 Ships and Whales: characterising and managing noise spatially 

L##12+9!Z,+-#4U*12,+!*+%!7*+*9#7#+1!,8f#Z12U#-!3,4!7*42+#!@4,1#Z1#%!*4#*-!+#Z#--21*1#-! 2%#+123'2+9!
Z,+142801,4-!1,!#*Z5!*4#*_-!1,1*$!0+%#4D*1#4!+,2-#!80%9#1!*+%!#U*$0*12+9!15#24!@,--28$#!27@*Z1-!,+!15#!
-04U2U,4-52@! *+%! 321+#--! ,3! 4#-2%#+1! 7*42+#! *+27*$-F! 61#$$D*9#+! &*+)! K*12,+*$! L*42+#! 6*+Z10*4'!
H6&KL6I! 2-! 5,7#! 1,! 7*+'! *Z,0-12Z*$$'.*Z12U#! 7*42+#! -@#Z2#-F! ! \$*Z#%! 42951! 2+! 15#! 72%%$#! ,3!
L*--*Z50-#11-!&*':!152-!048*+!-*+Z10*4'!2-!*$-,!*!80-'!@$*Z#!3,4!507*+!Z,77#4Z#!*+%!4#Z4#*12,+:!8,15!
,3!D52Z5!Z,+142801#!+,2-#!1,!15#!0+%#4D*1#4!*Z,0-12Z!#+U24,+7#+1!,3!15#!-*+Z10*4'F!

62+Z#!<AAP:! $,D!34#`0#+Z'! H=A.=AAA!"cI!*Z,0-12Z!%*1*!5*U#!8##+!Z,$$#Z1#%! 154,095,01!6&KL6!D*1#4-!
*+%!0-#%!1,!*%%4#--!70$12@$#!`0#-12,+-!4#9*4%2+9!15#!%2-1428012,+-:!8#5*U2,4-!*+%!@,1#+12*$-!3,4!5#*42+9!
$,--! *+%! 7*-)2+9! *7,+9! -*+Z10*4'! -@#Z2#-F! ! J+! *%%212,+:! 15#! [+2U#4-*$! 652@8,4+#! ?01,7*12Z!
J%#+1232Z*12,+!6'-1#7!H?J6I!5*-!8##+!0-#%!1,! 14*Z)! $*49#!Z,77#4Z2*$!-52@-! 14*+-212+9!15#!-*+Z10*4'!*+%!
*%f*Z#+1!D*1#4-F! ! ?J6! *+%!*Z,0-12Z! %*1*!5*U#!8##+! 2+1#94*1#%! 1,!`0*+123'! 4#$*12U#!+,2-#! Z,+1428012,+-!
7*%#!8'!%233#4#+1! 1'@#-!,3!U#--#$-! 1,! 4#92,+*$!0+%#4D*1#4!+,2-#F! !?+*$'-2-!,3! 4#Z#2U#%! $#U#$-! H=A.=AAA!
"c:!]L6!%&!4#!=!x\*!y!-1*+%*4%!#44,4I!*1!5295!14*332Z!$,Z*12,+-!D#4#!3,0+%!1,!*U#4*9#!==QFN!y!AFS:!D215!
5295! 14*332Z! $,Z*12,+-! *U#4*92+9! %,08$#! 15#! *Z,0-12Z! @,D#4! ,3! $#--! 14*332Z)#%! $,Z*12,+-F! ^*+)#4-! D#4#!
#-127*1#%! 1,! Z,+142801#! 1D,! 127#-!7,4#!*Z,0-12Z!@,D#4! 1,! 15#! 4#92,+! *++0*$$'! 15*+!Z*49,! -52@-:! *+%!
,U#4!,+#!50+%4#%! 127#-!7,4#! 15*+! 4#-#*4Z5!U#--#$-F! ! ^5#-#! 4#-0$1-! 2+%2Z*1#%! 15*1!+,2-#!@4,%0Z#%!8'!
$*49#! Z,77#4Z2*$! 14*332Z! 2-! *1! $#U#$-! *+%! D2152+! 34#`0#+Z2#-! 15*1! D*44*+1-! Z,+Z#4+! *7,+9! 7*+*9#4-!
4#9*4%2+9! 15#!*82$21'!,3!7*+'!#+%*+9#4#%:!@4,1#Z1#%!*+%W,4! Z,77#4Z2*$$'.U*$0*8$#!7*42+#!*+27*$-! 1,!
7*2+1*2+!*Z,0-12Z!Z,+1*Z1!D2152+!94#*1#4!-*+Z10*4'!D*1#4-F! !Y044#+1!4#-#*4Z5!2-! 3,Z0-#%!,+!2+1#94*12+9!
#7@242Z*$! +,2-#! %*1*! *+%! -52@! 14*Z)2+9! 2+3,47*12,+! D215! %*1*! 34,7! *Z,0-12Z! @4,@*9*12,+!7,%#$-! *+%!
1*99#%!D5*$#-!1,!#a*72+#!D5*$#!8#5*U2,4-!2+!15#24!*Z,0-12Z!Z,+1#a1F!

[3 ,>BB;74)[a)Z966>45),;59?5;74)

3.1 Kathy Metcalf: The story so far – U.S. Industry perspective 

J+! <AAS:! 15#! [6! L*42+#! L*77*$! Y,772--2,+! #-1*8$2-5#%! *! 3#%#4*$! *%U2-,4'! Z,77211##! H?%U2-,4'!
Y,77211##! ,+! ?Z,0-12Z! J7@*Z1-! ,+! L*42+#! L*77*$-I! 2+! 4#-@,+-#! 1,! $#92-$*12,+! #+*Z1#%! 8'! 15#! [6!
Y,+94#--F! ! [+*8$#! 1,! *94##! 1,! *! Z,+-#+-0-! 4#@,41:! 15#! 32+*$! 4#@,41! ,3! 152-! Z,77211##! 1,! 15#!L*42+#!
L*77*$! Y,772--2,+! D*-! Z,7@,-#%! ,3! Z*0Z0-! 4#@,41-:! ,+#! ,3! D52Z5! D*-! -087211#%! 8'! 15#! -2+9$#!
7*42127#!2+%0-14'!4#@4#-#+1*12U#!,+!15#!Z,77211##F!!(15#4!Z*0Z0-#-!4#@,412+9!2+Z$0%#%!15#![6!3#%#4*$!
9,U#4+7#+1! *9#+Z2#-:! #+U24,+7#+1*$! 94,0@-:! #+#49'! @4,%0Z#4-! *+%! -Z2#+1232Z! 4#-#*4Z5#4-F! ! ^5#!LLY!
*$-,! Z,.5,-1#%!*+! 2+1#4+*12,+*$!D,4)-5,@!,+! -,0+%! 2+! 15#!,Z#*+-!D215! 15#! E,2+1!K*104#!Y,+-#4U*12,+!
Y,77211##!2+!6#@1#78#4!<AA>F!

\*4*$$#$! D215! 15#! D,4)! ,3! 152-! Z,77211##:! 15#! K*12,+*$! (Z#*+2Z! *+%! ?17,-@5#42Z! ?%72+2-14*12,+_-!
HK(??I!(332Z#! ,3! \4,1#Z1#%! ]#-,04Z#-! 8#9*+! 1,! *--#--! -14*1#92#-! 8'!D52Z5! 15#! U*42,0-! +,2-#! -,04Z#-!
Z,0$%!8#!*+*$'c#%!*+%!7*+*9#%F!!]#Z,9+2c2+9!15#!@,$212Z*$!U,$*12$21'!,3!*!-2+9$#!3,407!D52Z5!*11#7@1#%!
1,!*%%4#--!*$$!+,2-#!@4,%0Z#4-!D52Z5!D*-!Z$#*4$'!#U2%#+1!34,7!15#!%#$28#4*12,+-!,3!15#!3#%#4*$!*%U2-,4'!
Z,77211##:!K(??!%#U#$,@#%!*!@4,94*7!D52Z5!3,Z0-#%!,+!+,2-#!@4,%0Z12,+!34,7!Z,77#4Z2*$!-52@@2+9F!!
J+!L*'!<AA>:!21-!324-1!,014#*Z5!Z,+3#4#+Z#:!#+121$#%!g652@@2+9!K,2-#!*+%!L*42+#!L*77*$-V!?!3,407!3,4!
6Z2#+Z#:! L*+*9#7#+1! *+%! ^#Z5+,$,9'h! D*-! 5#$%! D215! *! -14,+9! 3,Z0-! ,+! -Z2#+1232Z! 4#-#*4Z5! 32+%2+9-!!!!
*+%!D*-!7,-1!U*$0*8$#!2+!$*'2+9!15#!94,0+%D,4)!*+%!@4,U2%2+9!2+3,47*12,+!3,4!30415#4!2+1#43*Z#!D215!15#!
-52@@2+9!2+%0-14'F!![+3,410+*1#$':!@4,94#--!,+!1#Z5+,$,92Z*$!-,$012,+-!D*-!-,7#D5*1!%2$01#%!%0#!1,!15#!
*8-#+Z#!,3!7*42+#! U#--#$! %#-29+!#+92+##4-! *+%!+*U*$! *4Z521#Z1-F! ! J+!L*'!<AAR:!K(??!5#$%! 21-! -#Z,+%!
,014#*Z5! Z,+3#4#+Z#:! #+121$#%! g\,1#+12*$! ?@@$2Z*12,+! ,3! o#--#$! u02#12+9! ^#Z5+,$,92#-! ,+! e*49#!
Y,77#4Z2*$!o#--#$-h!D52Z5! 4#3,Z0-#%! 15#!%2-Z0--2,+!,+!U#--#$! %#-29+! *+%!,@#4*12,+*$! Z5*+9#-!D52Z5!
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72951!8#!0-#%!1,!72129*1#!15#!27@*Z1!,3!Z,77#4Z2*$!-52@@2+9!,+!15#!9$,8*$!+,2-#!80%9#1F!!^5#!*11#+%##-!
*1! 152-! -#Z,+%! Z,+3#4#+Z#! Z*7#! 34,7! *! U*42#1'! ,3! 1#Z5+2Z*$! 8*Z)94,0+%-! 2+Z$0%2+9!7*42+#! #+92+##4-:!
+*U*$! *4Z521#Z1-! *+%!*Z,0-12Z! #+92+##4-! -@#Z2*$2c2+9! 2+! -,0+%! 4#%0Z12,+! 1#Z5+,$,92#-! 2+!8,15! $*+%!*+%!
7*42+#!*@@$2Z*12,+-F!

^5#!Y5*78#4!,3!652@@2+9!,3!?7#42Z*!HY6?I!@*412Z2@*1#%!2+!*$$!,3!15#-#!@4,94*7-:!324-1!*-!*!7#78#4!,3!15#!
3#%#4*$! *%U2-,4'! Z,77211##! *+%! $*1#4! *-! *! -1##42+9! Z,77211##!7#78#4! *+%! @4#-#+1#4! *1! 8,15!K(??!
Z,+3#4#+Z#-F! ! ^54,095,01! 15#-#!@4,Z#--#-:!Y6?!5*-!8##+!@$#*-#%! 1,! -#4U#! 2+! 15#! 4,$#! *-! 15#! 2+%0-14'!
,014#*Z5!#+121':!3,Z0-#%!,+!9#112+9!15#!7#--*9#!,01!15*1!Z,77#4Z2*$!-52@@2+9!+,2-#!D*-!*+!#7#492+9!
2--0#!1,!D52Z5!15#!2+%0-14'!70-1!4#-@,+%F!

^52-!@4#-#+1*12,+!D2$$! 842#3$'! -077*42c#! 15#!*Z12U212#-!,3! 15#! 154##! 2+212*12U#-!%#-Z428#%!*8,U#!*-! 15#'!
4#$*1#%!1,!Z,77#4Z2*$!-52@@2+9!+,2-#:!15#!4,$#!,3!Y6?!2+!15#-#!2+212*12U#-!*+%!,04!,014#*Z5!@4,94*7!1,!
,04!Z,$$#*90#-!2+!15#!9$,8*$!7*42127#!2+%0-14'F! !^5#!@4#-#+1*12,+!D2$$!15#+!4#U2#D!15#!Z044#+1!-1*1#!,3!
%2-Z0--2,+-! D2152+! 15#! 2+%0-14'! *+%! 2+! 4#$*1#%! 3,4*! *+%! 15#+! Z,+Z$0%#! D215! *! -077*4'! ,3! @,--28$#!
1#Z5+,$,92Z*$!*+%!,@#4*12,+*$!-,$012,+-!D215!D52Z5!15#!2+%0-14'!Z,0$%!*%%4#--!152-! 2--0#!2+!*!@4,*Z12U#!
7*++#4! *+%! @,--28$#! D*'-! 3,4D*4%! 1,! 30415#4! 5295$2951! 15#! 2--0#! 1,! 15#! 2+%0-14'! *+%! +*12,+*$!
9,U#4+7#+1-F!

3.2 Tullio Scovazzi: International efforts in the regulation of shipping noise  

?ZZ,4%2+9!1,!15#!%#32+212,+!,3!7*42+#!@,$$012,+!Z,+1*2+#%!2+!15#![+21#%!K*12,+-!Y,+U#+12,+!,+!15#!e*D!
,3!15#!6#*:!15#!2+14,%0Z12,+!8'!7*+!,3!+,2-#!2+1,!15#!7*42+#!#+U24,+7#+1!7*'!8#!Z,+-2%#4#%!*-!*!3,47!
,3!@,$$012,+!23!21!4#-0$1-!,4!2-!$2)#$'!1,!4#-0$1!2+!%#$#1#42,0-!#33#Z1-F!61*1#-!5*U#!*ZZ,4%2+9$'!15#!,8$29*12,+!
1,!*%,@1!7#*-04#-! 2+!,4%#4!1,!@4,1#Z1!15#!7*42+#!#+U24,+7#+1!*$-,!34,7!152-!)2+%!,3!@,$$012,+F!(15#4!
14#*12#-!4#$*12+9!1,!15#!@4,1#Z12,+!,3!7*42+#!-@#Z2#-!Z,+1*2+!-272$*4!@4,U2-2,+-F!

^5#!@4,%0Z12,+!,3!+,2-#!8'!-52@-!Z,+-12101#-!*!3,47!,3!@,$$012,+!*-!21!7*'!5*47!7*42+#!$2U2+9!,49*+2-7-!
*+%!7*'!*33#Z1!32-5#42#-F!61*1#-!*4#!15#4#3,4#!0+%#4!15#!,8$29*12,+!1,!4#%0Z#!-0Z5!+,2-#!#72--2,+-F!

]#-,$012,+-! Z*$$2+9! 3,4! 15#! 4#90$*12,+! *+%! 4#%0Z12,+! ,3! +,2-#.@4,%0Z2+9! *Z12U212#-! 5*U#! 8##+! *%,@1#%!
D2152+!U*42,0-!2+1#4+*12,+*$!Z,+1#a1-!HJGY:!?6Y(&?K6:!?YY(&?L6:!15#!C04,@#*+![+2,+IF!!

^5#4#! 2-! 5,D#U#4! +,! 2+1#4+*12,+*$! 14#*1'! -@#Z232Z*$$'! *%%4#--2+9! 15#! 2--0#F! ^5#! L?]\(e:! *-! *Z10*$$'!
34*7#%:!*@@$2#-!,+$'!1,!@,$$012,+!Z*0-#%!8'!-08-1*+Z#-!*+%!+,1!8'!#+#49'!H-0Z5!*-!+,2-#IF!^5#!JL(!5*-!
+,+#15#$#--!1*)#+!2+1,!*ZZ,0+1!15#!+##%!1,!@4,1#Z1!15#!7*42+#!#+U24,+7#+1!34,7!*Z,0-12Z!@,$$012,+!2+!
15#! <AAN! ;02%#$2+#-! 3,4! 15#! J%#+1232Z*12,+! *+%! O#-29+*12,+! ,3! \*412Z0$*4$'! 6#+-212U#! 6#*! ?4#*-:! D52Z5!
2%#+1232#-! +,2-#! *-! *! @,1#+12*$! 154#*1! 1,! 15#! 7*42+#! #+U24,+7#+1! *+%! 15#4#3,4#! *-! *! 8*-2-! 3,4! 15#!
#-1*8$2-57#+1!,3!-0Z5!*4#*-F!

CU#+! 23! 15#4#!*4#!-,7#!34*97#+1*4'! 2+1#4+*12,+*$! $*D!@4,U2-2,+-!%#*$2+9!D215! 15#! 2--0#!,3!0+%#4D*1#4!
+,2-#:!*!7,4#!,49*+2Z!4#927#!2-!+##%#%F!&01!15#!7*2+!@4,8$#7!-12$$!4#7*2+-!15#!$*Z)!,3!@,$212Z*$!D2$$!8'!
Z#41*2+!61*1#-!1,!*%%4#--!15#!2--0#!*+%!15#!%2$*1,4'!-14*1#92#-!15*1!*4#!#*-2$'!*U*2$*8$#!1,!15#7F!

3.3 Dietrich Wittekind: A Summary of the Luebeck Meeting 

(+! E*+0*4'!<<+%!<AAB!*!D,4)-5,@! 1,,)!@$*Z#! 2+!eb8#Z)!,+! -52@!#332Z2#+Z'!*+%!*24!`0*$21'! 2+!5*48,04-F!
^*$)-! Z,+Z#+14*1#%! ,+! -52@! #332Z2#+Z'! 8'! 27@4,U2+9! 50$$! *+%! @4,@0$-2,+! *+%!7#*-04#-! 1,! 4#%0Z#! 6(<:!
K(a!*+%!@*412Z0$*1#!7*11#4!#72--2,+-F!?7,+9! 15#-#!D#4#!0-#!,3!7*42+#!%2#-#$! 30#$:! eK;!*-! 30#$:!@2#4!
-2%#!@,D#4!-0@@$'!*+%!#a5*0-1!9*-!*31#4!14#*17#+1F!6@#Z2*$!#7@5*-2-!D*-!,+!15#!&*$12Z!6#*!5*48,04!,3!
eb8#Z):!^4*U#7b+%#:!D52Z5!1,%*'!2-!*!Z$27*12Z!5#*$15!4#-,41F!^4*U#7b+%#!3*Z#-!$,--!,3!152-!*1142801#!%0#!
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1,!-52@@2+9!#72--2,+-:!D52Z5!D,0$%!4#-0$1!2+!+,12Z*8$#!#Z,+,72Z!Z,+-#`0#+Z#-F!^5#!&*$12Z!6#*!2-!*$4#*%'!
*! 60$@504! C72--2,+! Y,+14,$! ?4#*! H6CY?I! D52Z5! $2721-! -0$@504! Z,+1#+1! 2+! 30#$! 1,! =FNdF! ?+,15#4! 2--0#!
*%4#--#%!8'!-@#*)#4-!D#4#!$*Z)!,3!%#U#$,@#%!1#Z5+2Z*$!-,$012,+-!*+%!Z078#4-,7#!*@@4,U*$!@4,Z#%04#!
3,4!#+U24,+7#+1*$$'!342#+%$'!#`02@7#+1F!

3.4 Andreas Chrysostomou: Noise and the IMO1 

^5#!@4#-#+1*12,+!#a@$*2+#%!15#!@4,Z#%04#-!15*1!5*U#! 1,!8#!3,$$,D#%!3,4!*!-0872--2,+!3,4!*!+#D!D,4)!
@4,94*7!21#7!2+!15#!LC\Yz-!D,4)!@4,94*7F!

6@#Z232Z*$$':!15#!%,Z07#+1!@,2+1#%!,01!15*1!15#!Y,77211##!Z*+!%#Z2%#!1,!2+Z$0%#!*!+#D!21#7!2+!21-!D,4)!
@4,U2%#%! 15*1! 15#! +##%! 3,4! 15#! 7#*-04#! @4,@,-#%! 5*-! 8##+! %,Z07#+1#%! *+%:! 2+! Z*-#! ,3! @4,@,-*$-!
Z*$$2+9! 3,4! +#D! Z,+U#+12,+-! ,4! *7#+%7#+1-! 1,! #a2-12+9! Y,+U#+12,+-:! 5*-! *! Z,7@#$$2+9! +##%! 8##+!
%#7,+-14*1#%! *+%! *$-,! 15#! -08f#Z1! *%%4#--#%! 8'! 15#! @4,@,-*$! Z,+-2%#4#%! 1,! 8#!D2152+! 15#! -Z,@#! ,3!
JL(_-!,8f#Z12U#-n!

/0415#4! 15#! @4#-#+1*12,+! #a@$*2+#%! 15*1! LC\Y! 5*-! 1,! #a*72+#! *$-,! D5#15#4! *%#`0*1#! 2+%0-14'!
-1*+%*4%-! #a2-1! ,4! *4#! 15#'! 8#2+9! %#U#$,@#%n! 2+! 15#! #U#+1! 15*1! 152-! 2-! 140#! 15#+! 15#! Y,77211##! -5*$$!
%#1#472+#!D5#15#4!30415#4!*Z12,+!8'!JL(!2-!+#Z#--*4'F!

^5#!@4#-#+1*12,+!#+%#%!#a@$*2+2+9!15*1!2+!*$$!Z*-#-!8#+#321-!U2-.{.U2-!#+5*+Z#%!@4,1#Z12,+!,3!15#!7*42+#!
#+U24,+7#+1! -5*$$! 8#! #a@#Z1#%! 1,! 8#! %#42U#%! 34,7! 15#! 2+Z$0-2,+! ,3! 15#! +#D! 21#7! @4,@,-#%! *+%! 15#!
*+*$'-2-! ,3! 15#! 2--0#! -0332Z2#+1$'! *%%4#--#-! 15#! Z,-1! 1,! 15#!7*42127#! 2+%0-14'! *-! D#$$! *-! 15#! 4#$#U*+1!
$#92-$*12U#!*+%!*%72+2-14*12U#!804%#+-!

]3 ,>BB;74)]a),796:>B)7C),I;J)"7;B>)?48)#I>;6)1>?B96>@>45)

4.1 Megan McKenna & John Hildebrand: An Overview of Ocean Ambient Noise from Shipping 

?782#+1!+,2-#! 2+! 15#!%##@D*1#4! H|!=AAA!7I!K,415!\*Z232Z!8*-2+!5*-!8##+!-5,D+!1,!8#! 2+Z4#*-2+9!*1!*!
4*1#!,3!*8,01!S!%&!@#4!%#Z*%#!,U#4!15#!@*-1!3,04!%#Z*%#-F!!]#@#*1!*782#+1!+,2-#!7#*-04#7#+1-!*1!15#!
6*+!K2Z,$*-!*+%!\1F!604!6(6[6!*44*'!-21#-!H,33-5,4#!-,015#4+!*+%!Z#+14*$!Y*$23,4+2*I:!4#U#*$!*8,01!=<!%&!
,3!2+Z4#*-#%!+,2-#!2+!15#!$,D!34#`0#+Z'!8*+%!H=A.BA!"cI!8#1D##+!15#!#*4$'!=QPA_-!*+%!15#!#*4$'!<AAA_-F!!
K,2-#! $#U#$-! *1! 15#-#! -21#-! *4#! @427*42$'! %0#! 1,!%2-1*+1! -52@@2+9:! *+%! +,1! -29+232Z*+1$'! *33#Z1#%! 8'! 15#!
@4#-#+Z#! ,3! $,Z*$! -52@-F! ^5#-#! %*1*! -099#-1! 15*1! 8*-2+.D2%#! 2+Z4#*-#-! 2+! 15#! +078#4! ,3! Z,77#4Z2*$!
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15#!%##@D*1#4!K,415!\*Z232Z:!,D2+9!1,!Z,77#4Z2*$!-52@@2+9F!!

]#@#*1!*782#+1!+,2-#!7#*-04#7#+1-! *1! *! -5*$$,D.D*1#4! H==A!7I! -21#!+#*4! 6*+!Y$#7#+1#! J-$*+%!D#4#!
Z,+%0Z1#%! 1,! %#1#472+#! 23! +,2-#! 2+Z4#*-#-! *$-,! #a1#+%! 2+1,! Z,*-1*$! D*1#4-F! ^52-! 2-! *+! *4#*! ,3! K*U*$!
*Z12U21':!801!D215!$211$#!Z,77#4Z2*$!-52@@2+9F!!e,Z*$!-52@!+,2-#!D*-!,8-#4U#%!*1!15#!6*+!Y$#7#+1#!J-$*+%!
-21#! 3,4! S=!@#4Z#+1!,3! 15#! 4#Z,4%2+9-! 2+! =QPS!*+%! 3,4! BQ!@#4Z#+1!,3! 15#! 4#Z#+1! 4#Z,4%2+9-:! -099#-12+9!
2+Z4#*-#-! 2+! +,2-#! *--,Z2*1#%!D215! -52@! @4#-#+Z#F! ! ",D#U#4:!D5#+! +,2-#! 34,7! $,Z*$! -52@-! 2-! #aZ$0%#%!
34,7!15#!4#Z#+1!4#Z,4%2+9-:!7#%2*+!-,0+%! $#U#$-!D#4#!15#!-*7#!1,%*'!*-!15,-#!,8-#4U#%! 2+!=QNB!*+%!
=QPS!*1!152-!-21#:!-099#-12+9!15*1!%##@.D*1#4!+,2-#!%,#-!+,1!@4,@*9*1#!1,!152-!-5*$$,D!D*1#4!-21#F!

                                                
1 The views expressed in this paper are the views of the author and shall not be considered as been the views of the 
International Maritime Organisation or its Secretariat, or of the speaker’s employer in this case the Government of the 
Republic of Cyprus. 
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4.2 Eckhard Praefke: Noise Generated by Merchant Ship Propellers 

&#-2%#! 15#! 7*2+! *+%! *0a2$2*4'! 7*Z52+#4':! @4,@#$$#4-! *4#! *! 7*2+! -,04Z#! ,3! +,2-#! ,+!7#4Z5*+1! -52@-F!
\4,@#$$#4! +,2-#! 2-! 9#+#4*1#%!*1! 34#`0#+Z2#-! 1'@2Z*$$'! 4*+92+9! 34,7!SA!"c! 1,!SA! )"cF! ^5#4#! *4#! -#U#4*$!
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Z*U21*12,+F! ^5#! $*11#4! 1D,! *4#! 7,-1! 27@,41*+1! *+%:! *1! 15#! -*7#! 127#:! 15#! 7,-1! @4,72-2+9! 32#$%-! ,3!
27@4,U#7#+1!D215!4#9*4%!1,!4*%2*1#%!+,2-#!$#U#$-F!

G52$#!21!2-!Z,77,+!@4*Z12Z#!1,!*11#+0*1#!7*Z52+#4'!9#+#4*1#%!+,2-#!8'!%*7@2+9!,4!2-,$*12+9!15#!+,2-#!
-,04Z#! *9*2+-1! 15#! #+U24,+7#+1:! 15#! -*7#! *@@4,*Z5! 27@$2#-! -#U#4#! #332Z2#+Z'! @#+*$12#-! 3,4! 7,-1!
7#4Z5*+1! -52@! @4,@#$$#4-:! $27212+9! 15#! 0-#! ,3! -54,0%#%! @4,@#$$#4-! 1,! -@#Z2*$! *@@$2Z*12,+-F! ?-! *!
Z,+-#`0#+Z#:!15#!@4,@#$$#4!4*%2*1#-!21-!+,2-#!%24#Z1$'!1,!15#!#+U24,+7#+1:!*+%!@4,@#$$#4!+,2-#!4#%0Z12,+!
-5,0$%!*27!*1!15#!+,2-#!9#+#4*12,+!7#Z5*+2-7-:!+,1!*1!+,2-#!@4,@*9*12,+F!

^5#!*015,4!@4,U2%#-!*!-5,41!2+14,%0Z12,+!2+1,!8*-2Z!@4,@#$$#4!15#,4'!*+%!g+,47*$h!%#-29+!Z421#42*!1,%*'F!
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4.3 Jürgen Friesch: The influence of Cavitation on Pressure Fluctuations and Noise 
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4.4 Blair Kipple: Measured radiated sound from large commercial vessels: Dominant sources 
of radiated noise from large modern cruise ships and dependence on propulsion type and 
vessel speed 

^5#! 4*%2*1#%! 0+%#4D*1#4! -,0+%! 34,7!#2951! $*49#! Z402-#! -52@-!D*-!7#*-04#%!*+%! Z5*4*Z1#42c#%! *1! 15#!
[F6F! K*U'_-! 6,015#*-1! ?$*-)*! ?Z,0-12Z! L#*-04#7#+1! /*Z2$21'! H6C?/?YIF! Y402-#! -52@! -,0+%! $#U#$:!
Z5*4*Z1#4:!*+%!Z,+14,$$2+9!*Z,0-12Z!-,04Z#-!D#4#!-29+232Z*+1$'!U#--#$!%#@#+%#+1F!\4,@0$-2,+!-'-1#7!1'@#!
*+%!U#--#$! -@##%!D#4#! 1'@2Z*$$'! 27@,41*+1! 3*Z1,4-F!(+#.1524%!,Z1*U#!8*+%! $#U#$-!,3!0@! 1,!=<N!%&! 4#!=!
72Z4,\*!*1!NAA!'*4%-!D#4#!7#*-04#%F!^5#!@42+Z2@$#!-,04Z#-!,3!*Z,0-12Z!#+#49'!D#4#!1'@2Z*$$'!4#$*1#%!1,!
15#!@,D#4!9#+#4*12,+!*+%!@4,@0$-2,+!-'-1#7-:!*+%!34,7!15#!-52@_-!@4,@#$$#4-F!6,0+%!34,7!-,7#!U#--#$-!
#a52821#%! -29+232Z*+1! -@##%! %#@#+%#+Z#:! @*412Z0$*4$'! D215! 4#9*4%! 1,! @4,@#$$#4! 4#$*1#%! #+#49'F! 6,0+%!
34,7!,15#4!U#--#$-!-5,D#%!$211$#!-@##%!%#@#+%#+Z#!,U#4!15#!4*+9#!,3!-@##%-!15*1!D#4#!1#-1#%F)

^3 ,>BB;74)^a)#>:I47K7=M)?48)'J>6?5;74B)

5.1 Thomas Stoye: Propulsion designs for RoRo- and RoPax-vessels 

^5#!@4#-#+1*12,+!D2$$!#a@$*2+!*-@#Z1-!,3!15#!%#-29+!,3!],],!*+%!],\*a.U#--#$-!D215!3,Z0-!,+!@4,@0$-2,+!
Z,+Z#@1-F!^5#!2+3$0#+Z#!,3!#+U24,+7#+1*$!*+%!Z0-1,7#4-!4#-142Z12,+-!,+!15#!-52@!%#-29+!*+%!Z421#42*!3,4!
15#!*--#--7#+1!,3!@4,@0$-2,+!Z,+Z#@1-!D2$$!8#!@4#-#+1#%F!O#-29+!7#15,%-!*+%!Z421#42*!D2$$!8#!%2-Z0--#%!
D215!3,Z0-!,+!+,2-#!*+%!U284*12,+-!D215!4#-@#Z1!1,!15#!Z*@*82$21'!,3!@4#-#+1!+07#42Z*$!7#15,%-F!

5.2 Detlef Kurth & Steffen Stauder: Noise aspects of medium speed engines 

^5#! 21#7! !7#%207! -@##%! #+92+#-g! Z$*--232#-! %2#-#$! ,4! 9*-! #+92+#-! !D215! +,72+*$! -@##%-! 2+! 15#! 4*+9#!
8#1D##+!SAA!4@7!*+%!*@@F!=AAA!4@7F!^5#'!*4#!0-#%!*-!@427#!7,U#4!3,4!Z,+1*2+#4!-52@-!H/##%#4!-52@-I:!
3#442#-:!Z402-#!U#--#$-:!80$)!Z*442#4:!109!8,*1-!#1ZF!?$-,!-52@-!D215!%233#4#+1!@427#!7,U#4-!H#F9F!^D,!-14,)# !
#+92+#-I!5*U#!,31#+!7#%207!-@##%!#+92+#-!2+!7*42+#!9#+-#1-!3,4!@,D#4!-0@@$'F!!
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4*+9#!8#1D##+!P!"c!*+%!*@@F!=NA!"cF!^5#!+,2-#!2+!152-!4*+9#!2-!9#+#4*1#%!8'!7*--!3,4Z#-!,3!15#!7,U#%!
@2-1,+-:!Z,+4,%-!!*+%!Z4*+)-5*31-!*+%!8'!9*-!3,4Z#-!*42-2+9!34,7!15#!2+1#4+*$!Z,780-12,+!@4,Z#--F!^5#!
+,2-#! -29+*$! -5,D-! %2-12+Z1! 34#`0#+Z2#-!D52Z5! *4#! 2+1#9#4!,4! 5*$3! 2+1#9#4!70$12@$#!,3! 15#! *Z10*$! -@##%!
34#`0#+Z'F!^52-! 2-! 15#!4#*-,+!D5'!15#!2%#+1232Z*12,+!%2#-#$!#+92+#!+,2-#! 2-!-,!#*-'F!K*U'!-@#Z2*$2-1-!*4#!
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/,4! 5295#4! 34#`0#+Z2#-! #+92+#! +,2-#! 2-!7,4#! 84,*%! 8*+%F! CaZ21#%! 8'! 15#! 2+1#4+*$! Z,780-12,+:! 1507@!
+,2-#!,3!@2-1,+-:!9#*4!D5##$-!*+%!U*$U#-F!(+$'!^048,!Z5*49#4-!92U#!*!1,+*$!+,2-#F!^5#!1048,!Z5*49#4!+,2-#!
Z,0$%!,ZZ04!2+!15#!4*+9#!,3!<AAA!"c!1,!NAAA!"c!*+%!7,4#F!
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^5#4#!*4#!154##!D*'-!,3!+,2-#!14*+-72--2,+!8#1D##+!#+92+#!*+%!#+U24,+7#+1F!

^5#! 324-1! ,+#! H7,-1! 27@,41*+1! 3,4! 0+%#4D*1#4! +,2-#I! 2-! 15#! -140Z104#! 8,4+#! +,2-#! 14*+-7211#%! U2*!
3,0+%*12,+! *+%! *$$! @2@#-! *+%! Z,0@$2+9-F! L,-1! ,3! 15#! @427#! 7,U#4-! *4#! 4292%$'! 7,0+1#%F! "#+Z#! 2-!
+#9$2928$#!2-,$*12,+!*+%!%*7@2+9!,+!15#!D*'!1,!15#!-52@!50$$F!^5#!-52@!-140Z104#!7*'!5*U#!Z#41*2+!+*104*$!
34#`0#+Z2#-!,3!15#!50$$!,4!2++#4!-140Z104#F!J3!152-!34#`0#+Z2#-!Z,7@$'!D215!*+!#+92+#!34#`0#+Z':!15#4#!D2$$!
8#!*!+,2-#!*7@$232Z*12,+F!

^5#! -#Z,+%! D*'! ,3! +,2-#! 14*+-72--2,+! 2-! 15#! *24! 8,4+#! +,2-#F! ^52-! 2-! 7,-1! 27@,41*+1! 3,4! 15#! @#,@$#!
D,4)2+9!+#*4!15#!#+92+#F!^5#!#7211#%!+,2-#!,3!*!4#90$*4!%2#-#$!#+92+#!2+!=!7!%2-1*+Z#!Z,0$%!#aZ##%!==A!
%&?F!",D#U#4!15#!#33#Z1!,3!152-!+,2-#!1,!15#!,01-2%#!*4#*!,3!15#!-52@!2-!U#4'!$,DF!J1!2-!4#%0Z#%!2+!*!4*+9#!
,3!<N.SA!%&!,01-2%#!,3!15#!#+92+#!4,,7F!

^5#!$*-1!+,2-#!14*+-72--2,+!D*'!2-!U2*!15#!#a5*0-1!9*-!Z527+#'F!^52-!+,2-#!2-!7,-1!-29+232Z*+1!*8,U#!15#!
D*1#4!-043*Z#F!

/,4! 15#!7,-1! 127#!7#%207! -@##%! %2#-#$! #+92+#-! %,! 40+! *1! +,72+*$! -@##%F! "#+Z#! +,2-#! 34#`0#+Z2#-!
9#+#4*1#%!8'! 15#!7*--! 3,4Z#-! H2F#F! -@##%! 34#`0#+Z'! *+%!%,08$#! -@##%! 34#`0#+Z'I! 4#7*2+! -1*82$#F! ^5#!
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*+%!,ZZ0@*12,+*$!-*3#1'F!

5.3 Henning Luhmann: Considering Noise in Cruise Ship Design and Operation 
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P3 ,>BB;74)Pa),I;J)"7;B>)?48)ZK?BB;C;:?5;74)

6.1 Iwer Asmussen: Consideration of noise in ship classification 
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6.2 Michael Bahtiarian: A Standard for the Measurement of Vessel Underwater Noise 
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8##+!15#!#aZ$0-2U#!-@#Z2*$1'!,3!15#!K*U'F!!",D#U#4:!+,+.+*U'!U#--#$-!*4#!$,,)2+9!1,!8#!f0-1!*-!`02#1!-,!
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`3 ,>BB;74)`a),I;J)"7;B>)?48)&;6).7KK95;74)

7.1 Axel Friedrich: Overlapping aspects of noise and air pollution from ships and their regula-
tion in Germany and Europe 

K,!?8-14*Z1!\4,U2%#%F!
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8.1 Wolfgang Hintzsche: Overview of the business of ship owners and operators 
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K,1!1,!3,49#1!15#!+#D!D,4)!21#7!*1!15#!JL(.L*42127#!6*3#1'!Y,77211##!HL6YI!3,4!K,2-#!,+W34,7!-52@-F!
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