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1.0 Introduction
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1.2 Relevance of study
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Table 1.1 Matrix listing different types of acoustic spaces that can be affected by noise
masking. NA: not applicable (copied from Table 1 of Clark et. al., 2009)
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2.0 Background

2.1 Vessel ocean noise

; < 19 98A >»B»»@719 ; 8: <9 ;<B 9A;8E9 8 TA 19 ; <A /
@ <A<A< A 87<979: <A 19 A;7 19= <N: <96 B AA > 899<= :
1890 71571898 A;7 9= <MM: 8< 19 98A ;<A719: <A 6 8> B »A 719 A8

ZI189A ;< < 5 8 6 < 8B 9<5< <:D=8596 98/A ! 8@6 et. al.}

% ; 98/A 865: 6 @B AACATA I 9AB ; 85=;85 ; 8: <9A <96
I<»A 68 719<9>0 < »8E? F5 9:1 A> AA ;<9 & CI" ::;<9 et. al$ %

8E B § E;b 68 719<9>0 BE & C$ A;1 79= 98IA 865: A

8<6 <96 981A EI; 9 =@ <:;9=E »<88 D C! <96 < $

% ;J/A 8B A ? FE 9:7TA ;< < 1 8<9 2 8; < 9 <9
8689 8: : <I <9A<AE »<AS8; <19 < <A 1 A<96T7A;! =5

%

I Baleen Whales

I Fish —=$=<
’/Seals & Sea Lions
é“ Dolphins & Toothed Whales
"“% Porpoises
Manatees and Dugongs K
200 kHz

L
1 I | 1 1
1 Hz 10Hz 100|Hz 1 kHz 10 kHz 100 kHz

' . l . t
Primary Shipping Noise

Figure 2.1 Bandwidth of sound produced by shipping noise displayed with bandwidth of species
vocalizations (reproduced from ""<><D8%%§ ! %).
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2.4 Use of AIS data
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3.0 Methods

3.1 AlIS Data — acquisition and analysis

""<O@ 8919 A85: A 8BI6 B <:: AA 8 6<< B8E B ; <8 7@ 8?

; A AB5: A F51 <A5 A<9i<? 8 <67 <:: AA8 ;1 ;A8

6<< <A 7?8 5 E<6A 8 Z0$ 1% 89:8 § A :8 $ K
t'f A:8 $ b

A;7 19=6<<E<A8 <9 678 ; 89 ; 87 5=5A -78 ; <189

1 <971 <96 8A ; 7: 6 T19A <189! h 5O EEE <19 :<6<A =8B$
E;i:; 8Bi6 A? 8 9A85: <:: AA 8 6<<?8 ; <:M: - <9
IABG<<A A< A @ 8; 17 (89 <96 89 ; 8 68E98<6

<8 <1 <»A 596 ** C89 $E;I:; :8B A<»<B<I< > 1978 <189
8 ; EA 8<A 8 8 ; i< ; 89 ; 8 5=5A - :89</9 6 8B
™89 819 A <A8 8BI6 A <9 <6639 ?8 : ! $ -

L 88N 1; ) <79 :<6<A =8Bt 16 <5 <A 1% ;A <A 9

< 6 8 <»8E H5A A 8 <A@ :8 > AT M <96 <97 5<189

8: AA A89 ; 6<< ; A 71956 8B19=B AA YA E; 1978 < 189%
E;7:; F51 A <9519 5 @ A;7 BA A§ ;<A 979:8 :50 9 6 8
A 979= A;T A ;< A MM::7 I<Ab:; <AA ©68B =859 ;

183 E<ABA6 8 »<9 ; A;TA*TT 8 9A5 < E 98

19:8 : 16 9M:<789 95 AT9 ; 6<<A <A ; A E << 859 8

16 97@19=B AA )A<96 ; 7 :;<<: JAT:A?8 8919 A;1 =A A

;. <E 6<<?8 68 A98 61A <@><756 8 »89=156 719’8 <189
M <:; 89 19 ; <15 <> ; A ;<6 8 <66 6 HA/9= 9< B
=8 8: AAIO=<:88A! <5 A[ 664 88619< A E;i:; 16 91 A <96
19:8 8< 6 :886/9< 7198 <189198 ; < 15 <> 18 <:I; 819

667789<»@ ; A5 1 6 76 9< B B AA> 6< <96 7 1978 <189
' <A < 1 %8 <:;BAA> 89 ;<6 8 A5 AI5 6/198<9 E :85 9
<A ; 76 9< :89<9A 88 <90 :;<<: A A19=1719 <>8AA 8? ; I
1978 <71896579= 1 <:189 8<66 AA ;JA<9 E:85 9E<A: < 619 ;

17


http://www.marinecadastre.gov/
http://marinecadastre.gov/AIS/default.aspx

< 15 <> El;<A;8 9< <96<7M%6 @ 86 W ;9 ; < 15
<> M :<:5<8 E<ABA 6 85 6< ; :85 9A:89 9AA89 E :85 9
FS5<A ; B<5 A9 <A < 1] B5 9 9= < 859A 8 6<<
;A 8: AAA9 668 5988 <9. 8 ;85 186

1 <:7189 8 ; ™»BAA> <>A 85A 19 I 9 8=< A A5:; <A
""7: 8A8? I: > 1"": 8A8?$ h <96 ""7: 8A8? :: AA I""]: 8BA8? h E<A
BAAT> 5 89@ 78 C89 AA <» ;<9 ; B> 89 << ; <B@
< <A A5:; <A ;A :89<9 8B . ™89 89 A E;i:; =8 A Al=9177:<9>0

@896 ; 8E> 718? ; A :8 89@5A 6A8?E< 8=< A ; 28§
88=> "< AE<ASA 6 876 9770 89A ;< E > A98 ;$A85 ;5§ <A
<96 E A 8 ; ;068 ;89 8:<7189 ; A <156 <96°89=156 89AE
<66 6 <A :<»85 8/19A89 ; < 19 : » 3 89A19 ; A5 3
A 6< <E:9 »PA8 ; 83 »8:<189 E A> : 6 BAI9= ;
:<»85 819A8 ? 9: <96 ; 9 I <: 6?8 : <SA<B<< <A 167
mh I <: 6 198 <789 E<A7 8 6198 ""<9186 A8? E<

1""<O"86 . § <A ;o "T<OM86 F5 @ 759: 7189 E<A5A 689 ; 6<< 8
69707 8 <9 89A 9 ""<9M86 ; < < 8 89A <859 ; 8 35
86 65: 6 8< /3 P <6B5AF<A98/A AET ;19 ;A =189< D »@ 8

D65 89 ; ;068 ;89 I"":# 99< et. al.$ h <96 8 9A5 ;< 98
8<A 819 A <AA9= ;85=; < 8B 88D 6 ; 6<< E<A ; 9 <=9
18 6 8<6?™ 2 1 8<1897198 1I:> 1:> 6639 8759: 4<
I <<D § HhE<ABA 6 8 :<:B<  ; 6/A<9: 199<57:<> DA E 9 ;
<156 <96>89=156 >8:<189A 8?B AA > 89A<9%6 ; 83 :86
<968 A > :789 8?7796B165<>  <A5 9AE 685> :; :D6 ; <=</9A
<A5 19= 88 <96 8979 67A <9: 10:5<8A

I; WMEEE. 9<5 65+:B #<>89=6IA ; >\’8 <Ak

3.2 Acoustic Data Analysis

:85A7: 6<<E<A8 <9 67?8 < 83 ;068 ;89 86 <: 6719 <8
<I§ TIA; 85 I<§ <9<6<I(. (-*. $3 & -(/-% <8 <1 TA< B5AQ
E< E<@ E 9 7:81< ! <9:85B  A<96% <96 ; <9 J5<9 A<96AS

18



I <A;79=89 < § 99 6 < A8 T:<% ;85=; E;l:; <90 :8 )
<96 : <7189<>B AAA8 < 1 1=5 & %

; 83 AE 6 80 6 @ 8 Mi< A<96 ""A 19 A; E 9 ;
0’ J5@ - <96 ; * - ;@ ;068 ;89 :88 6
? F5 9:@ <96E6 ; 78 C 8 *DC 5§ ; E<A < O E;l:;
886 ; 5 ? F5 9:@ >B>A 7?8 <8596 .3 D C! M< A A
-8 $ b ; B9TA 86 6719 < :@:> :89AAT9= 8? 195 A 89 <96
(- ™©5 A8” 8 <IT 1A ; < 859 8 :86/9=A8 <9 6<9% ; < @
m 87 ; ;068 ;89 <:; :86/9= B 9 E<AA N 198 ; /3 195 5678

9 ;9= p» 8 <! h A8B596 7 A <96 A<B 6 8 < ;<636 1B 8 ;A
&036<@6 8@ 9 /%*-* :86/19=m AE =9 < 6

" < B <AABB <:85A7: 891879= 1 " A8?E<
rss $ h EXASA 6 8 59 ; < 987A 8978 <6639 865

;A 865 <A5 A98/A >B>A19 36 79 6?7 F5 9:0 <96AK719 ;1A :<A
Al 9 +& 8:<B <96 785 8<6 <96 ? F5 9:0 <96A ! <> & % ;
A@A E<AA 5 8 <D 98A <A5 9A B @ &3A :896A "

86A<» <A5 9A <D 9 8<b6<< <A 7 "": 8A8? :: AAB< <A A
E 5A 6 8 6<< <97 5<789 <96 <9<0ATA <» 981A > B>6<<E<A 8B 6
78 "T7: 8A8? i AA8"7:8A8? I:>! <:;et all b

19



Femndale

b
5%

an Saitspring
Isiand

& 4 9
S Maristia-Alderwd
, Rupcen Liggm Boy R
Camichan River o Belli
Provincial Park Belli
- Boundery
o o
Cobble Hill MNoran Bellingham
Shawnigan 5 e Iy Orgas isiand
Take  MuBay S Sidney ]
(] Narih E
Saanich) East Stna’
Saanichion sam
Brentwood ) :
Bay Haro Srait . .
e San Juan
3 Gowiland Tod fiang . -
# Provincial Park Fridauis Pacha Bay
Herbor
o e Aol
. Sautd _
 Lopsz fsfand
Langford ; Fidelge @®
3 L ssiana (W
Golwaod Victoria ;
4
A Deception Pass.
Sooke! Stote Park,
s

Safish Sea:

Figure 3.1 Map showing the location of Haro Strait and the position of the hydrophone recorder (A)
in the channel (image © GoogleMaps 2012).

Table 3.1 Frequency bands for PAMGUARD noise analysis

Frequency Band Range
Broadband 112-3548 Hz T&/(.
Broadband 100 — 3000 Hz T&
Broadband 100 — 2000 Hz T
Broadband 100 — 1000 Hz T

1/3 Octave Centred 125 Hz 112 -141Hz
1/3 Octave Centred 160 Hz 141 -178 Hz
1/3 Octave Centred 200 Hz 178 — 224 Hz
1/3 Octave Centred 250 Hz 242 - 282 Hz
1/3 Octave Centred 315 Hz 282 — 355 Hz
1/3 Octave Centred 400 Hz 355 —447 Hz
1/3 Octave Centred 500 Hz 447 — 562 Hz
1/3 Octave Centred 630 Hz 562 — 708 Hz
1/3 Octave Centred 800 Hz 708 — 891 Hz
1/3 Octave Centred 1000 Hz 891 -1122 Hz
1/3 Octave Centred 1250 Hz 1122 - 1413 Hz
1/3 Octave Centred 1600 Hz 1413 -1778 Hz
1/3 Octave Centred 2000 Hz 1778 — 2239 Hz
1/3 Octave Centred 2500 Hz 2239 -2818 Hz
1/3 Octave Centred 3150 Hz 2818 — 3548 Hz
1/3 Octave Centred 4000 Hz 3548 — 4467 Hz

O O O o0
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3.3 Integration of Acoustic and AIS data
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4.0 Results
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4.2 Acoustic data
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Figure 4.1 Tug (MMSI:316004100) RL (dB) plotted over time of transit and against distance from

popup (m) across broadband and 1/3 octave frequency bands.
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Figure 4.2 Container ship (MMSI: 310398000) RL (dB) plotted over time of transit and against

distance from popup (m) across broadband and 1/3 octave frequency bands.
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Figure 4.3 Bulk carrier (MMSI: 351617000) RL (dB) plotted over time of transit and against distance

from popup (m) across broadband and 1/3 octave frequency bands.
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Figure 4.4 Fishing vessel (MMSI: 316003587) RL (dB) plotted over time of transit and against

distance from popup (m) across broadband and 1/3 octave frequency bands.
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Figure 4.5 Tug (MMSI: 367001680) RL (dB) plotted over time of transit and against distance from

popup (m) across broadband and 1/3 octave frequency bands.
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Figure 4.6 Container ship (MMSI: 477207300) RL (dB) plotted over time of transit and against

distance from popup (m) across broadband and 1/3 octave frequency bands.

33



¢ 2400
141
132 ~
“ 2300
137 b
115
+ 2000
133
181 * 1800
129
127 1600
125
- E
g 1o 1400 &
E 131 i
£
113 1200 8
% 1
? 115 ]
1000 %
114 a
111 L zod
109
0¥ * ebO
105
103 *a00
101
9% L 200
ar
95 o
11:30:03  11:30:33 113103 113133 118203 113233 118303 113333 108403 113433
Tirne

i 1 cafband £12-3548 Hr

Bandwidth

g Droaihand 100-3000 Hx
Bandwidth
=== Rroadiband 100-2000 Hx
Bandwidth
s 1| rcartfhand 100-1000 Hz
Bandwidth
S 25 Mr 1/3 Octave
Bandwidth
) 50 Hi 1/3 Ottiave
Bandwidth
sl 2 00 Mz 143 Octave
Bandwidth
a0 250 ME 13 Octave
Bandwidth
15 Mz 13 Octave
Bandwidth
0 He 143 Ockave
Bandwidth
#5000 Hr 1/3 Octave
Bandwidth
30 He 1/3 Octave
Bandwidth
& BOD M 1/3 Octave
Bandwidth
—1 000 Hz 1/3 Octave
Bandwidth
— 250 He 13 Octave
Bandwidth
e | 500 H: 13 Detawe
Bandwidth
— 000 Hi 13 Octave
Bandwidth
& 2500 Mz 1/3 Detave
Bandwidth
150 Wz 1/3 Octave
Bandwidth
W= 4000 Hz 113 Octave
Bandwidth

- Distance Ta Popup

Figure 4.7 Container ship (MMSI: 235054096) RL (dB) plotted over time of transit and against

distance from popup (m) across broadband and 1/3 octave frequency bands.
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Figure 4.8 Container ship (MMSI: 636090930) RL (dB) plotted over time of transit and against

distance from popup (m) across broadband and 1/3 octave frequency bands.
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Figure 4.9 Cargo ship (MMSI: 311098000) RL (dB) plotted over time of transit and against distance
from popup (m) across broadband and 1/3 octave frequency bands.
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Figure 4.10 Chemical/oil products tanker (MMSI: 372040000) RL (dB) plotted over time of transit
and against distance from popup (m) across broadband and 1/3 octave frequency bands.
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Appendix 1 — Manifold database queries
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Appendix 2 — Vessel position interpolation equation
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