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Executive Summary
This report presents a study of the contrinution of ship noise to ambient sound levels at a location along
the outer coast of British Columbia. Underwater acoustic measurements and satellite AIS data were
collected to analyze shipping noise contribution to ambient levels and sound propagation characteristics
in the Sgaan Kinghlas-Bowie Seamount (SK-B) Marine Protected Area (Study Area) located around 180
km west of Haida Gwaii. This study was funded by the Marine Environmental Observation Prediction and
Response (MEOPAR) network as part of the Noise Exposure to Marine Environments from Ships
(NEMES) project.
The Cetacean Research Program at the Pacific Biological Station (DFO) collected acoustic data with an
automated underwater sound recorder (AURAL-M2, Multi-Électronique Inc.) deployed at the Study Area
between 2011-2013. All acoustic data were processed using JASCO Applied Science's acoustic analysis
and automated acoustic ship detection software to determine ambient sound levels and ship contributions
to ambient sound levels. Satellite point AIS data, was gathered for the same time period and ship tracks
estimated by Casey Hilliard (exactEarth and Dalhousie University). To account for seasonal variation in
sound levels and possible ship density, one representative summer month (August 2011) and one
representative winter month (February 2012) were selected and manual analyzed in addition to automed
analysis. AIS vessel track data within a 50 km radius of the recorder were compared with the acoustic
detections to assess accuracy of the two data sets. Acoustic propagation modelling was conducted to
estimate the local transmission loss in a 80km area around the recorder and to calculate the acoustic ship
detection radius and seasonal variation in detectability.
The acoustic and satellite AIS data sets were compared for potential false and missed detections in either
data set. The comparison, however, concluded that time stamps of the closest point of vessels to the
recorder in the two data sets could not be aligned for the chosen time periods. This made it impossible to
calculate the actual contribution of vessel noise to the received levels at the recorder during these times.
One identified issue in the methodology was a non-systematic time stamping error in the calculation of
AIS track data, which likely resulted from poor AIS satellite coverage. Tracks needed to be extrapolated
by exactEarth from very few data points, which likely led to inaccuracies of time stamps along the track.
Another limitation was the variable sound propagation conditions around the seamount, which produced
an inconsistent acoustic detection radius around the recorder. Furthermore, in winter, high ambient sound
levels from natural sources such as wind, rain and waves further reduced the acoustic detection range to
a distance that was rarely intersected by passing vessels. In addition, there may have been an error in
the reported time by the acoustic recorder, which seemed to have increased with deployment time. AIS
point data accury improved after the manual analysis was finished. The procedure described in the report
shows, however, the appropriateness of the comparison method to assess ship noise contribution to
ambient sound level with the areas of acoustic detectability of vessels.
The acoustic recordings identified vessel presence when no AIS detection was available and also
provided information on naturally occurring variation in ambient sound levels. During the winter months
when storms occurred regularly natural ambient sound was likely the main contributor to received sound
levels in the study area and likely influenced acoustic detectability of ships. Acoustic detections can
provide an appropriate measure for ship presence and allows assessing ship traffic density within the
acoustic detection radius. The actual radius can become very narrow during tiems with natual ambient
noise (e.g. < 500m). With an appropriate recorder location and recording schedule, autonomous acoustic
monitoring will collect ambient sound, marine mammal presence and ship presence accurately. To
improve acoustic vessel detection comparison at SK-B, the acoustic recorder should be deployed in a
location that is characeterized by a more consistentand reliable acoustic transmission loss conditions in
all directions. Recordings should be done during times with higher AIS coverage. AIS data accuracy
improved within the time period of the recorder deloyment but after the manual comparison of AIOS
tracks and acoustic signals was finshed.
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1. Introduction
This technical report has been prepared for the Noise Exposure to Marine Environments from Ships
(NEMES) project and describes sound level assessments and sound propagation modelling conducted in
the Northeast Pacific around the Sgaan Kinghlas-Bowie (SK-B) Seamount. The NEMES project is a
collaboration of researchers from multiple universities, government agencies, and private enterprises with
the goal to investigate the impact of shipping noise on the marine environment along the coast of British
Columbia and is funded by NCE MEOPAR. Ship tracking data gathered via satellite Automated
Identification System (AIS) was compared to underwater sound data to determine the contribution of ship
noise to the ambient sound levels at SK-B.

1.1. Underwater Noise and Shipping
The adverse effect of underwater noise on marine wildlife due to commercial shipping is a growing
concern worldwide (Nowacek et al. 2007, Tyack 2008, Allen et al. 2012), and possibly even greater in
areas that show high levels of commercial and recreational vessel traffic. Due to distant shipping noise
travelling uninhibited over great distances in open water, offshore areas may experience higher sound
levels than quieter inshore areas (Curtis et al. 1999, McDonald et al. 2006, Chapman and Price 2011),
such as the north and central coasts of British Columbia. This may be a problem for offshore conservation
areas, such as SK-B MPA, that was established to protect marine species.
It is expected that the construction of new marine terminals along the Canadian Pacific coast will increase
commercial and fishing vessel traffic. Larger numbers of vessels will generate increased levels of
underwater sound that otherwise would not occur. One of the concerns is that many of the shipping
routes of the new projects pass through key habitat of endangered, threatened or otherwise at-risk marine
fauna. It is especially important to assess the potential impact of increased vessel traffic noise on marine
fauna in marine protected areas to determine whether fauna is effectively protected (Williams et al. 2013).
Recent advances in computerized underwater noise modelling have led to the development of tools that
can accurately predict the accumulation of sound levels from many vessels over time. A landmark
computer modelling study (Erbe et al. 2012) examined yearly cumulative (integrated over a year) noise
levels from all shipping activity over a large area of British Columbia’s coast. That study used relatively
low-resolution vessel density data and its results were limited in its suitability to accurately assess noise
effects on marine wildlife. However, Erbe et al.’s paper demonstrated that underwater noise models using
higher-resolution vessel density data can be applied for that purpose.
For this study, JASCO Applied Sciences (JASCO) employed an advanced acoustic propagation model,
Marine Operations Noise Model (MONM, by JASCO), in combination with satellite AIS vessel tracking
data to assess ambient sound levels including ship contributions at the SK-B Marine Protected Area.

1.1.1. Underwater Ship Noise Assessment at Sgaan Kinghlas–Bowie
Seamount (SK-B) Marine Protected Area
To assess underwater noise from ships, ambient sound level variation, acoustic propagation conditions,
and the contribution of shipping noise to the ambient sound levels need to be determined. Acoustic
propagation modelling estimates sound level loss (known as transmission loss) with distance, which can
then be used to calculate the vessel source levels if the source location is known. Acoustic data between
2011 and 2013 from a single acoustic recorder at SK-B (henceforth referred to as the Study Area) were
supplied by DFO (Cetacean Research Program, Pacific Biological Station). The acoustic data were
processed with JASCO’s automated vessel detector to try and determine when vessels were present in
the Study Area. A comparison of acoustic ship detections with vessel AIS tracking records was
undertaken to determine the fraction of vessel passes that are not identified in AIS records, thereby
providing a direct measure of the accuracy of AIS record as a tool for determining vessel traffic density in
an area.
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The Study Area is located 180 km west of Haida Gwaii, off the coast of northern British Columbia,
Canada (Figure 1). This area supports a rich biological community, including 16 taxa of calanoid
copepods and many other zooplankton, which are important prey species for mysticetes such as Sei and
bowhead whales (Carroll et al. 1987, Baumgartner and Fratantoni 2008, Baumgartner et al. 2008).

Figure 1. Sgaan-Kinghlas Bowie Seamount Marine Protected Area (marked by red polygon), off the coast
of northern British Columbia (modified from World Wildlife Fund website 2017). The star marks the
position of the DFO recorder.
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2. Methods
Underwater acoustic data collected by Fisheries and Oceans Canada (DFO) at SK-B was received and
processed using JASCO’s automated detection software. Concurrently, satellite AIS signals were
analyzed by Casey Hilliard (exactEarth Ltd.) and reported as point and track data. ). The two datasets
were automatically analyzed and compared to assess whether vessels could be simultaneously detected.
It is expected that the natural ambient sound levels will vary between the summer and winter months due
to the influence of the weather; therefore, one representative summer month (August 2011) and one
representative winter month (February 2012) were selected to undergo a more extensive manual data
analysis to determine any potential seasonal variation.
Detailed analysis of SK-B data involved four parts, each described further in the sub-sections that follow:
processing of acoustic data (both automatically and manually), processing of satellite AIS data,
comparison of the two datasets with one another, and acoustic modelling.

2.1. Acoustic Data Collection and Analysis at SK-B
Acoustic data was collected at SK-B with an Autonomous Underwater Recorder for Acoustic Listening
(AURAL) M2 equipped with HTI96 hydrophone (High Tech, Inc), which was deployed by John Ford’s
working group from the Pacific Biological Station of DFO. Data discussed herein was collected during
three deployments; the first from July 24, 2011 (13:00:00 PST) to January 2, 2012 (4:54:00 PST), the
second from January 16, 2012 (00:08:00 PST) to April 22, 2012 (23:02:00 PST), and the third from July
31, 2012 (20:15:00 PST) to July 15, 2013 (7:04:30 PST). For each deployment, the recorder was
deployed at 53.306°N, 135.308°W, at approximately 230 m depth (Figure 1).
Acoustic data was received from DFO in uncompressed digital file format (WAV). Recordings collected
from the first two datasets were made on a 60% duty cycle (nine minutes on, six minutes off) and
recordings from the third dataset were made on a 30% duty cycle (four and a half minutes on, 10.5
minutes off), each 36 and 18 minutes of recording represent one full hour of effort, respectively. Due to
the duty cycle, each WAV file for the first two datasets contained four, 9-minute recordings, for a total of
36 minutes of recording per file. For the third dataset, each WAV file contained four, 4.5-minute
recordings, for a total of 18 minutes of recording per file. Recordings for all three deployments spanned
each deployment period, except for between December 17, 2011 (20:54:00 PST) and January 1, 2012
(23:00:00 PST) (first deployment), at which point no acoustic data was collected. The reason for this data
gap is unknown, but is likely due to instrument or battery malfunction.
All three AURAL M2 recorders were not calibrated before or after deployment and hence required postrecording calibration as part of the data processing procedure. According to DFO staff (John Ford,
personal communication, February 9, 2015), all recorders (i.e., serial numbers 0000020BC23C,
000001F6B9E4 and 000001B7DE62) were deployed with factory default settings (JP6 jumper, 16 dB
amplification gain). Thus, to calibrate the recorders, the mean sensitivity at each frequency point from 39
of JASCO’s previously deployed calibrated AURAL M2 recorders was derived (Figure 2) and applied as a
proxy for the sensitivity (i.e., −165.33 dB re 1 V /μPa at 200 Hz) of the AURAL M2 recorders at SK-B. All
AURAL M2 recorders were set to record at 16384 samples per second using a 16 bit density and a
digitalization gain of −6 dB re FS/V (i.e. acquisition range of +/- 2 V). These settings allow recording of
sound levels between 70 and 165 dB.
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Figure 2. Sensitivity of various frequency points for 39 of JASCO’s previously deployed AURAL M2
recorders; The sensitivities of these reference recorders have approximately the same shape and at each
freqeucny point the sensitivities are normally distributed around a mean. The curve representing the
approximatemean sensitivity at each tested frequency is depicted in black.

2.1.1. Acoustic Processing
To identify vessels within the SK-B acoustic dataset, the recordings were analyzed with JASCO’s
automated vessel detection software. JASCO’s vessel detection software employs overlapping Fast
Fourier Transforms (FFTs) to detect tones created by vessels’ propulsion system (Martin, 2013). Vessel
presence is detected by JASCO’s automated software when several conditions are true. Specifically,
each minute of data was identified as having a possible vessel detection if the sound pressure level (SPL)
within the defined shipping-band, (integrated sound pressure in 40-315 Hz band), was at least 3 dB
above the median SPL (median of the integrated sound pressure over the whole recorded frequency
range), andwithin 12 dB of the total SPL (broadband sound pressure level over recorded frequency), as
well as at least three shipping tonals were present (Martin 2013). When the aforementioned conditions
were true for at least five minutes, the detector declared a vessel as being present. The vessel’s closest
point of approach (CPA) was defined as the one-minute period with the maximum SPL in the 40-315 Hz
1/3-octave bands. An octave or actave band is a standardized division of sound frequencies based on
how humans or other mammals perceive loudness changes when the sound frequency doubles. 1/3octave bands are fractions of octave bands that simulate the ability of the mammalian ear to distinguish
sound level changes by frequency. The bands are proportional and increase in size with increases in
sound frequency. For more details, please refer to (Richardson et al. 1995). Listings of frequency
bandwidths falling into 1/3 octaves can be found via internet searches.
Due to sound masking, tones can be difficult to distinguish when the background noise level in the
shipping frequency band is high. In that case, a comparison between the SPL in lower and higher 1/3octave frequency bands was performed instead of reliance on ship tonal detections. For example, when
the SPL in the 630 Hz 1/3-octave-band exceeded the SPL at the 6300 Hz 1/3-octave-band by at least
10 dB, the software recognized the event as a vessel detection (Martin, 2013). The 10 dB difference
threshold is based on the typical decay of ambient sound levels with increasing frequency because higher
freqeucnies attenuate quicker than lower frequencies with distance from source.
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2.1.2. Manual Validation of Automated Acoustic Detections
Upon completion of the automated processing of acoustic data, extensive manual analysis was
conducted to validate vessel detections from JASCO’s automated software. The manual analysis
included an assessment of false-positives (i.e. for each wav file determine the number of automated
detections of a vessel that were wrongly assigned) and an assessment of false-negatives (i.e. for each
wav file determine the number of missed vessels when satellite AIS data showed a vessel within 50 km of
the recorder).
As noted previously, the manual review of WAV file recordings was limited to August 2011 and February
2012 data. Selected WAV files were reviewed both audibly and visually. Audibly, WAV files were
analyzed using high quality headphones with sound-cancelling technology to give the faintest vessel
noise the best chance of being detected. Concurrently, the spectrogram of each recording was analyzed
visually, allowing the analyst to see vessel signatures and thus confirm (or reject) potential detections that
would otherwise be difficult to decipher.

2.2. Satellite Automatic Identification System (AIS) Data
Multiuple iterations of satellite AIS point data were manually organized to create ship tracks by Casey
Hilliard (exactEarth 2016). Publicly available information, such as vessel type, vessel dimension, year
built was used to complement the supplied satellite AIS data set. It was predicted that the maximum
distance to which vessels are detectable acoustically cannot exceed 50 km from the source based on the
maximum vessel source level, sound propagation loss in an oceanic environment, and the prevalent
ambient sound levels (Wenz 1962). Only AIS vessel data within a 50 km radius of the recorder was
analyzed.
The consecutive satellite AIS data points from ships in the area around the MPA were coarsely spaced
due to low satelleit coverage, so interpolation was performed to provide time-stamped ship tracks, which
was then used to calculate the closest point of approach (CPA) to the recorder for each track. Times at
which either a vessel was detected in the acoustic data or a vessel CPA was flagged in the satellite AIS
data were then analyzed and compared, as discussed in the following section (Section 2.2.1).

2.2.1. Comparison of Acoustic Vessel Detection with Interpolated Satellite
AIS Tracks of Ships
Time stamps of acoustic detections were compared with the time stamps of AIS vessel tracks to assess
whether a vessel track was present in both datasets (i.e. “double-detection”). The systematic process for
comparing the two datasets was guided by Table 4 and Table 5.
First, it was necessary that the two datasets were converted to the same standardized time format. Given
that satellite AIS data was received in coordinated universal time (UTC), it was decided that acoustic data
(originally collected in pacific daylight savings time, PDT) be converted to the same time standard.
The number of false-positive detections and false-negative detections was then determined. Falsepositives are those recordings in which a vessel is positively detected by the automated acoustic software
but is not present in the satellite AIS data. When the automated acoustic software indicated that a vessel
detection occurred, the WAV file recording was manually reviewed to verify (or reject) the detection.
Automated vessel detections were then marked as being “confirmed”, “rejected”, or “undetermined”. A
detection was defined as undetermined if the acoustic data contained a signature of a potential vessel
that could not be verified.
False-negatives are those recordings in which an acoustic detection is expected based on the satellite
AIS track data, but is not in the acoustic record. The review of false-negatives was guided by the CPA of
the AIS vessel track. Where the satellite AIS data indicated that the CPA to the recorder of a given vessel
occurred, the acoustic recording that corresponded to that time was manually reviewed to confirm
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whether the vessel signature could be detected acoustically. Given that the AIS point data associated
with the CPA of vessel tracks had to be interpolated to create ship tracks, the time stamps of the CPA
were an approximation of the actual closest point of approach. To account for this approximation,
acoustic recordings within three hours of either side of the AIS CPA time were reviewed to ensure that no
vessel signature was missed. Vessel CPAs documented in the AIS data were then marked as having the
corresponding acoustic detection “confirmed”, “rejected,” or “undetermined”.
During the comparison of CPAs in acoustic and satellite AIS data sets it was discovered that the
interpolated AIS tracks had a non-systematic time stamp error due to the unreliable reporting of the ship
position from very few satellites. Furthermore, the acoustic data time stamp also may have been
hampered by an error that increased with recorded time. The two errors could not be resolved to create a
match between reported AIS vessel tracks and sound level variation in acoustic recordings. This rendered
the comparison between data sets not possible for the manual review of false-positive and false-negative
detections. The daily vessel detections for both the AIS and acoustic data for the time periods chosen are
presented in Table 4 and Table 5 in Appendix A. These tables reveal the time mismatch between the two
data sets; for example, the first vessel detection on Day 3 in the August 2011 dataset (Table 4) was at
03:46 am in the acoustic data and at 07:09 am in the AIS data. AIS data accuracy improved after 2012
but comparing acoustic and AIS data manually for another set of months was beyond the scope of this
project.

2.3. Acoustic Propagation Modelling at SK-B
Acoustic propagation modelling is an advanced modelling procedure that describes the influence of the
local physical environment on acoustic signals travelling through the environment. Propagation model
results estimate the transmission loss (signal energy decay with distance from source) which can then be
used to estimate source levels of sounds, such as ships, if the distance and direction from a receiver (e.g.
the AURAL M2 recorder) to the sound source is accurately measurable. Due the above mentioned nonsystematic errors in satellite AIS point data during the time of the manual verification of vessel presence
via comapraison of acoustic and AIS data sets, the model results shown here could not be used to
estimate source levels of vessels. Nevertheless, the results allowed estimation of detectability of vessels
around the recorder under different ambient sound conditions.
Acoustic propagation at Bowie Seamount was modelled using JASCO’s Marine Operations Noise Model
(MONM). MONM computes acoustic propagation via a wide-angle parabolic equation solution to the
acoustic wave equation (Collins 1993). The model is based on a version of the U.S. Naval Research
Laboratory’s Range-dependent Acoustic Model (RAM), which has been modified to account for a solid
seabed (Zhang and Tindle 1995). The parabolic equation method has been extensively benchmarked and
is widely employed in the underwater acoustics community (Collins et al. 1996).
Sound propagation in 1/3-octave-bands was modelled up to 80 km (to be certain to capture the maximum
propagation range) in the four cardinal directions from the recorder for February and August. 1/3-octave
bands represent typical auditory filter bandwidths of most mammals and are used as one of the standard
metrics for ambient sound description. The model inputs included the estimated depth of the recorder, a
typical source depths of a transiting vessels (6 m, representing the large commercial tankers and carriers
that commonly use AIS), bathymetry, water properties, and seabed geoacoustics (see Appendix B for
details). Sound speeds for these two months were taken from previous measurements supplied by the
Institute of Ocean Sciences (DFO), not from the acoustic measurement years (2011 and 2012).
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3. Results
The results from the acoustic and satellite AIS data comparison at SK-B are presented here.

3.1. Acoustic Data
3.1.1. Acoustic Vessel Detection
The results from JASCO’s automated vessel detector for the full dataset (2011-2013) are presented
below (Table 1, Figure 3, and Figure 4) and show that there were more vessels detected in the summer
than in the winter. This may be related to better sound propagation during the summer or a higher
presence of vessels without AIS during the summer versus the winter.
Table 1. Vessel detection results at SK-B generated from JASCO’s automated vessel detector (20112013).
Not Normalized for Effort
Date

Normalized for Effort

Percent of time with
vessel present (%)

Recording days
Total Ship
hours

Total CPA*
flags

Total Ship
hours

Total CPA* flags

Dataset 1
Jul 2011

8

30.5

41

50.9

68

27

Aug 2011

31

49.2

76

82.0

127

11

Sep 2011

30

33.7

55

56.2

92

8

Oct 2011

31

17.2

31

28.6

52

4

Nov 2011

30

12.6

26

20.9

43

3

Dec 2011

17

8.3

12

13.8

20

3

Jan 2012

16

13.0

26

21.6

43

6

Feb 2012

29

9.9

17

16.5

28

2

Mar 2012

31

15.4

31

25.6

52

3

Apr 2012

22

20.5

32

34.2

53

6

Aug 2012

31

34.4

95

115

317

17

Sep 2012

30

25.2

70

84

233

13

Oct 2012

31

8.2

31

27

103

4

Nov 2012

30

8.4

27

28

90

4

Dataset 2

Dataset 3
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Not Normalized for Effort
Date

Normalized for Effort

Percent of time with
vessel present (%)

Recording days
Total Ship
hours

Total CPA*
flags

Total Ship
hours

Total CPA* flags

Dec 2012

31

5.9

12

20

40

3

Jan 2013

31

15.1

43

50

143

8%

Feb 2013

28

5.2

10

17

33

3%

Mar 2013

31

15.2

52

51

173

8%

Apr 2013

30

17.8

53

59

177

9%

May 2013

31

34.7

91

116

303

17%

Jun 2013

30

38.0

99

127

330

20%

Jul 2013

15

15.9

43

53

143

17%
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Figure 3. Daily presence of vessels at SK-B for the period of July 24, 2011 - April 22, 2012.(Top) Matrix plot depicts vessel detections per hour.
(Bottom) Bar plot depicts the percentage of 9-minute windows in which a vessel was detected. No data was collected between December 17,
2011 and January 2, 2012 due to unknown issues, and again between January 2, 2012 and January 16, 2012 due to a time lag between the two
deployments.
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Figure 4. Daily presence of vessels at SK-B for the period of July 31, 2012 - July 15, 2013. (Top) Matrix plot depicts vessel detections per hour.
(Bottom) Bar plot depicts the percentage of 9-minute windows in which a vessel was detected.

3.1.2. Ambient Sound
The folowing two figures describe the variation in sound levels over the period that the DFO was deployed and recorded. The diagrams in Figure 5
and Figure 6 present the statistical distribution of of the ambient sound levels for the three recording periods: July 24, 2011 to January 2, 2012,
January 16, 2012 to April 22, 2012, and July 31, 2012 and July 15, 2013 as sound pressure levels (SPL) in decade bands (top panel of each
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diagram) and spectrograms (sound freqeuncy change over time) with power spectral sound density levels (PSD) below spectrograms (lower panel
in each diagram).

Figure 5. Ambient sound levels (measured in 1 Hz bin over second intervals; not integrated) recorded at SK-B for the period of July 24, 2011–
January 2, 2012 (left) and January 16, 2012–April 22, 2012 (right). Spikes in frequencies above 50 Hz may indicate vessels passing the
hydrophone. However, naturally occurring ambient sound events are also registered. The light blue specks between 100 and 1000 Hz are likely
marine mammal calls given the frequency and duration of the sounds.
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Figure 6. Ambient sound levels (measured in 1 Hz bin over second intervals; not integrated) recorded at SK-B for the period of July 31, 2012–July
15, 2013. Spikes in frequencies above 50 Hz may indicate vessels passing the hydrophone. However, naturally occurring ambient sound events
are also registered. The light blue specks between 100 and 1000 Hz are likely marine mammal calls given the frequency and duration of the
sounds.
The spectrograms with PSD levels show that during the fall and winter months (approximately September to March), there are more high level
sound events (spikes in the 0 -100 Hz band) than during the spring and summer months (approximately April to August). The in-band SPL plots
more clearly examine the difference between the amount of energy in these various frequency bands. The high energy during the fall and winter
months is represented by high levels in the blue coloured frequency band (10-100Hz) and to a lesser degree the red coloured band (100-1000Hz).
While shipping noise is present in both the 10-100Hz and 100-1000Hz bands most sound generated from vesselscan be found in the 100–
1000 Hz band (i.e., red coloured band) while much of the sound generated from natural ambient sound events (i.e., wind, rain, waves, etc.) is in
the 10–100 Hz band (i.e. blue coloured band). Therefore, many of the spikes in the spectrogram (<100 Hz) in the winter are likely attributed to the
increase in stormy weather during that time, while those spikes that are also present in higher freqeuncies ( > 100 Hz to 1000 Hz and higher) in
the winter and summer may correspond to vessels passing through or near the Study Area, especially during the spring and summer months
when storms are less frequent. The breakdown of the amount of energy in the different frequency bands with season is more clearly shown in the
median hourly in-band SPL plots (Figure 7 and Figure 8).
The median sound levels show typical variation in bands influenced by shipping noise better than the total in-band total SPL, because the median
levels depict temporal variation better, ie. when levels are 50% of the time very high or very low. Figure 7 and Figure 8 present the median hourly
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in-band SPL for the three recording periods. The plots show that the sound in frequencies dominated by natural ambient noise events (10-100Hz,
blue levels) is consistently higher during the months of October to March in all recorded periods, while those frequencies that would have vessel
noise as one important source of sound (100Hz to 1000Hz, red levels) also correspond to weather-driven noise during the months October to
March, particularly during the fall and winter 2012/2013 (Figure 11), and there is less separation between the blue and red bands during the spring
and summer months which means the ambient sound levels are more broadband. During the spring and summer months, however, sharp
increase in sound levels in the red band (spikes) are likely driven by vessel noise.

Figure 7. Variation in sound pressure levels in various frequency bands at SK-B MPA for the period of July 24, 2011–January 2, 2012 (top) and
January 16, 2012–April 22, 2012 (bottom).
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Figure 8. Variation in sound pressure levels in various frequency bands at SK-B MPA for the period of July 31, 2012–July 15, 2013.

3.1.3. Acoustic Propagation Modelling
Acoustic propagation modelling was performed at SK-B to determine the transmission loss of the local underwater environment, and in turn the
vessel detection range of the AURAL recorder. This information provides a better understanding of why some vessels were not detected in the
acoustic data set but were present in the satellite AIS data set. The model assesses the acoustic propagation characteristics of the geographic
area by considering the environmental parameters that influence underwater sound propagation (see Appendix B for details). Propagation
modelling was performed in the four cardinal directions from the recorder in February and August at 6 m source depth, representative of the
propeller depth for large commercial vessels (Figure 9 to Figure 12). The plots show that frequencies between 400 and 1000 Hz propagate
furthest toward the north, east, and south for both modelled months due to a sound channel effect. The model also reveals that the mid-range
frequencies (200-600 Hz) propagate further in February (to 50 km) than in August (to 35 km), likely due to a change in the sound speed profile.
Figure 12 reveals that frequencies < 400 Hz are suddenly attenuated at 25 km to the west of the recorder, which is likely due to the steep drop in
bathymetry in this direction. This plot also reveals that sound levels actually increase after approximately 60 km range due to upwards refraction,
which is particularly strong in August.
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Figure 9. Modelled transmission loss north of AURAL with 6 m source depth for (left) February and (right) August.

Figure 10. Modelled transmission loss east of AURAL with 6 m source depth for (left) February and (right) August.
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Figure 11. Modelled transmission loss south of AURAL with 6 m source depth for (left) February and (right) August.

Figure 12. Modelled transmission loss west of AURAL with 6 m source depth for (left) February and (right) August.
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3.2. Satellite AIS data
Figure 13 and Figure 14 show the interpolated satellite AIS tracks from August 2011 and February 2012, respectively. There is almost three times
more vessel tracks in the February 2012 dataset than the August 2011 one due to better AIS coverage. Vessel tracks are oriented in the
northwest/southeast direction, on either side of the Bowie Seamount.

Figure 13. Interpolated vessel tracks (n=18) from satellite AIS, within 50 km of the hydrophone/recorder at SK-B during August 2011. Small red
polygon indicates boundary of the SK-B MPA and the cyan circle around the hydrophone represents the maximum acoustical detection range (50
km) of vessels.
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Figure 14. Interpolated vessel tracks (n=52) from satellite AIS, within 50 km of the hydrophone/recorder at SK-B during February 2012. Small red
polygon indicates boundary of the SK-B MPA and the cyan circle around the hydrophone represents the maximum acoustical detection range (50
km) of vessels.
Figure 15 and Figure 16 show the different vessel types present in the Study Area within 50 km from the recorder in August 2011 and February
2012, respectively. This information was obtained from the satellite AIS data, and therefore does not include vessels that may have been present
but did not transmit satellite AIS data. In the August 2011 dataset, the commercial carrier vessels (container ship, bulk carrier, vehicle carrier) were
the most numerous type of vessels, with approximately four detections for each. In February 2012, bulk carriers and container ships were the most
numerous type of vessel in the AIS dataset, with 23 and 16 detections respectively. The next frequent vessel type was the vehicle carrier, with 9
detections.
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Figure 15. Vessel presence within a 50 km radius of the AURAL stationed at SK-B in August 2011.
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Figure 16. Vessel presence within a 50 km radius of the AURAL stationed at SK-B in February 2012.

3.2.1. Comparison of Acoustic Vessel Detections with AIS Tracks
As mentioned in the Methods section the interpolated AIS tracks had a non-systematic time stamp error due to the unreliable reporting of the ship
position from very few satellites. The AIS time stamp issue was amplified by uncertainty in accuracy of acoustic data time stamp reported by the
AURAL M2. The two errors made the comparison between acosutc and AIS based CPA data unreliable for the purpose of this investigation, which
was to detect false-positive detections in the acoustic data set (the automated detector reported a vessel but manual analysis did not confirm the
detection and no AIS signal was present) and false-negative detections in the AIS data set (no vessel was reported in the AIS data but the
acoustic data reported a vessel signature). If a vessel was detected and manually confirmed in the acoustic recordiong a vessel must have been
present. If no vessel was reported in the AIS data but an acoustic detection was confirmed this could either mean the vessel did not emit an AIS
signal. The AIS point data accuracy improved after 2012 but that was after the manual comparison was completed for this project.To do another
manual comparison of the later data sets was beyond the scope of this project.
To provide a depiction of what the results of the manual comparison could have provided if the AIS and acoustic recorder time stamps were
synchronized, the daily vessel detections for both the AIS and acoustic data for the two time periods chosen for manual comparison are presented
in Table 4 and Table 5. These numbers are based on more detailed descriptins of CPA comparsions presented in Appendix A. The tables in
Appendix A reveal the time mismatch between the two data sets; for example, the first vessel detection on Day 3 in the August 2011 dataset
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(Table 4) was at 03:46 am in the acoustic data and at 07:09 am in the AIS data. The table are presented here and in the Appendix to illustrate the
value of the analysis method.
Table 2 and Table 3 present summaries of the acoustic and AIS detections for August 2011 and February 2012, respectively. In August 2011 and
February 2012 67% and 17%, respectively, of the AIS tracks were positively detected by the acoustic detector.
Table 2. Summary of vessel track analysis for August 2011.
Description

Number of Tracks Percent of Total (%)

Total AIS tracks (within 50 km radius of recorder)

18

N/A

AIS tracks with associated acoustic detections (within 3-hour acoustic detection period)

12

67%

AIS tracks with associated negative acoustic detections

3

17%

AIS tracks with associated undetermined acoustic detections

3

17%

Table 3. Summary of vessel track analysis for February 2012.
Description

Number of Tracks

Percent of Total (%)

Total AIS tracks (within 50 km radius of recorder)

52

N/A

AIS tracks with associated acoustic detections (within 3-hour acoustic detection period)

16

31%

AIS tracks with associated negative acoustic detections

9

17%

AIS tracks with associated undetermined acoustic detections

27

52%

Version 1.0

27

JASCO APPLIED SCIENCES Vessel Traffic and Related Noise at the Sgaan Kinghlas-Bowie Seamount Marine Protected Area
4. Discussion and Conclusion
Although the comparison of AIS tracks and acoustic detections did not produce acceptable results, the report shows that the methodology is
appropriate to investigate the influence of ship noise on the acoustic environment in the SK-B MPA and other areas. The acoustic analysis
provided results of an investigation of the variation in ambient sound levels due to natural sources, such as wind, precipitation, waves etc. and the
influence of ship noise. Ship noise from vessels travelling near the seamount (up to 35 km around the recorder under naturally quiet conditions)
influenced the ambient sound levels at the mount but distant shipping and other anthropogenic noise in low frequencies (<100 Hz) may also have
caused higher ambient sound levels than expected during times that no vessel was detected near the seamount. Natural sound sources appear to
raise the ambient sound levels considerably during the fall and winter months when storms occur more frequently than during the summer. It
appears that ship noise is masked by much higher natural sound levels during parts of the fall and winter. Because the natural sounds occur within
the same frequency bands as the ship noise, this likely renders the influence of ship noise on the fauna SK-B MPA negligible at distances of more
than a couple of hundred metres from the source, especially during major weather events. During the summer, ship noise appears to have a larger
impact on the sound levels in the SK-B MPA. While noise contributions from specific vessels on ambient sound levels could not be determined the
temporal increases in sound in freqeuncy bands that are dominated by vessel sounds were detected. When thes increases occurred during low
natural ambient sound conditions the source of the increase is likely vessel noise. A number of the vessels acoustically detected during the
summer were, however, not associated with received satellite AIS signals.

There are a number of reasons for these false negative AIS detections as presented in Table 7 and 8:
•

Incorrect satellite AIS data transmitted from the vessel due to improper installation, sensor input or user entries

•

Vessels passing through the area not using AIS (AIS is not required on all vessels)

•

Satellites not picking up all AIS broadcasts. The satellite coverage may miss transmitted AIS messages

•

The vessel’s AIS system didn’t transmit while in the satellite AIS data coverage area

•

The number of satellite AIS detections used to interpolate tracks was too low and caused unreliable track extrapolation

There are also reasons for missing acoustic detections:
•

Acoustic recorder wasn’t recording when vessel was present

•

Sound propagation between vessel and recorder reduced acoustic detectability

Acoustic detectability near Bowie Seamount was investigated by computing the transmission loss with JASCO’s acoustic propagation model
MONM (Section 3.1.3). According to AIS records, most vessels passed to the east or to the west of the acoustic recorder (Figure 13 and
Figure 14). As shown in Figure 12, sound propagation west of the acoustic recorder is substantially less than the other directions at the
frequencies commonly emitted by large vessels; therefore, vessels would have to transit closer to the recorder to be acoustically detected.
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There was a higher percentage of positive acoustic detections in August 2011 than in February 2012. This is likely due to the greater ambient
sound levels in winter compared to summer, which means a vessel needed to transit closer to the recorder to be detected above the underlying
ambient levels.
Most of the vessels did not pass close to the recorder, with CPAs usually occurring over 30 km from the recorder. High ambient sound levels from
storms and strong acoustic propagation loss to the west of the recorder reduced the detectibly range of the acoustic recorder and therefore a
reduced number of positive acoustic detections.
To increase the detectability range of the acoustic recorder at the Bowie Seamount in both seasons, the recorder should be deployed at the top of
the seamount on a bottom-mounted tether such that the recorder is within the surface sound channel. A change of the recording schedule of the
AURAL to focus on recording transiting vessels and ambient noise, rather than marine mammal calls (which was the original purpose of this
recorder deployment), may also increase acoustic vessel detections.
Unfortunately, a positive acoustic detection (acoustic detection within 3 hours of CPA determined via AIS) did not necessarily indicate good
acoustic data. As shown in Figure 17, when plotting sound levels versus range (calculated from satellite AIS data), this data often did not produce
reliable results. The received sound levels were very scattered and the propagation loss fit curve produced an unrealistic source level estimation
(243.7 dB). The majority of commercial vessel source levels lie between 170 and 190 dB.

Figure 17. Received sound pressure levels from the Trade Star transiting near the AURAL.
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6. Glossary
1/3-octave-band
Non-overlapping passbands that are one-third of an octave wide (where an octave is a doubling of frequency). Three adjacent 1/3-octave-bands
comprise one octave. One-third-octave-bands become wider with increasing frequency. Also see octave.
absorption
The conversion of acoustic energy into heat, which is captured by insulation.
ambient noise
All-encompassing sound at a given place, usually a composite of sound from many sources near and far (ANSI S1.1-1994 R2004), e.g., shipping
vessels, seismic activity, precipitation, sea ice movement, wave action, and biological activity.
attenuation
The gradual loss of acoustic energy from absorption and scattering as sound propagates through a medium.
audiogram
A graph of hearing threshold level (sound pressure levels) as a function of frequency, which describes the hearing sensitivity of an animal over its
hearing range.
audiogram weighting
The process of applying an animal’s audiogram to sound pressure levels to determine the sound level relative to the animal’s hearing threshold
(HT). Unit: dB re HT.
broadband sound level
The total sound pressure level measured over a specified frequency range. If the frequency range is unspecified, it refers to the entire measured
frequency range.
compressional wave
A mechanical vibration wave in which the direction of particle motion is parallel to the direction of propagation. Also called primary wave or Pwave.
decibel (dB)
One-tenth of a bel. Unit of level when the base of the logarithm is the tenth root of ten, and the quantities concerned are proportional to power
(ANSI S1.1-1994 R2004).
duty cycle
The time when sound is periodically recorded by an acoustic recording system.

Version 1.0

31

JASCO APPLIED SCIENCES Vessel Traffic and Related Noise at the Sgaan Kinghlas-Bowie Seamount Marine Protected Area
ensonified
Exposed to sound.
fast Fourier transform (FFT)
A computationally efficiently algorithm for computing the discrete Fourier transform.
frequency
The rate of oscillation of a periodic function measured in cycles-per-unit-time. The reciprocal of the period. Unit: hertz (Hz). Symbol: f. 1 Hz is
equal to 1 cycle per second.
geoacoustic
Relating to the acoustic properties of the seabed.
hertz (Hz)
A unit of frequency defined as one cycle per second.
hydrophone
An underwater sound pressure transducer. A passive electronic device for recording or listening to underwater sound.
Interquartile range (IQR)
A measure of statistical dispersion, equal to the difference between the 75th and 25th percentiles.
mysticete
Mysticeti, a suborder of cetaceans, use their baleen plates, rather than teeth, to filter food from water. They are not known to echolocate, but use
sound for communication. Members of this group include rorquals (Balaenopteridae), right whales (Balaenidae), and gray whales (Eschrichtius
robustus).
noise
Any kind of disruption that interferes with the transmission and interpretation of information from a sender to a receiver.
parabolic equation method
A computationally-efficient solution to the acoustic wave equation that is used to model sound propagation and compute transmission loss. The
parabolic equation approximation omits effects of back-scattered sound, simplifying the computation of transmission loss. The effect of backscattered sound is negligible for most ocean-acoustic propagation problems.
pressure, acoustic
The deviation from the ambient hydrostatic pressure caused by a sound wave. Also called overpressure. Unit: pascal (Pa). Symbol: p.
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pressure, hydrostatic
The pressure at any given depth in a static liquid that is the result of the weight of the liquid acting on a unit area at that depth, plus any pressure
acting on the surface of the liquid. Unit: pascal (Pa).
received level
The sound level measured at a receiver.
rms
root-mean-square.
shear wave
A mechanical vibration wave in which the direction of particle motion is perpendicular to the direction of propagation. Also called secondary wave
or S-wave. Shear waves propagate only in solid media, such as sediments or rock. Shear waves in the seabed can be converted to compressional
waves in water at the water-seabed interface.
signature
Pressure signal generated by a source.
sound
A time-varying pressure disturbance generated by mechanical vibration waves travelling through a fluid medium such as air or water.
sound channel
A horizontal layer of water where due to the water properties, sound waves become “trapped” in a propagation path.
sound exposure
Time integral of squared, instantaneous frequency-weighted sound pressure over a stated time interval or event. Unit: pascal-squared second
(Pa2·s) (ANSI S1.1-1994 R2004).
sound exposure level (SEL)
A cumulative measure related to the sound energy in one or more pulses. Unit: dB re 1 µPa2·s. SEL is expressed over the summation period (e.g.,
per-pulse SEL [for airguns], single-strike SEL [for pile drivers], 24-hour SEL).
sound field
Region containing sound waves (ANSI S1.1-1994 R2004).
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sound pressure level (SPL)
The decibel ratio of the time-mean-square sound pressure, in a stated frequency band, to the square of the reference sound pressure (ANSI S1.11994 R2004).
For sound in water, the reference sound pressure is one micropascal (p0 = 1 µPa) and the unit for SPL is dB re 1 µPa:

SPL  10 log10  p 2 / p02   20 log10  p / p0 
Unless otherwise stated, SPL refers to the root-mean-square sound pressure level. See also 90% sound pressure level and fast-average sound
pressure level. Non-rectangular time window functions may be applied during calculation of the rms value, in which case the SPL unit should
identify the window type.
sound speed profile
The speed of sound in the water column as a function of depth below the water surface.
source level (SL)
The sound level measured in the far-field and scaled back to a standard reference distance of 1 metre from the acoustic centre of the source. Unit:
dB re 1 μPa @ 1 m (sound pressure level) or dB re 1 µPa2·s (sound exposure level).
spectrogram
A visual representation of acoustic amplitude compared with time and frequency.
surface duct
The upper portion of a water column within which the sound speed profile gradient causes sound to refract upward and therefore reflect off the
surface resulting in relatively long range sound propagation with little loss.
thermocline
A layer in a body of water with a steep vertical temperature gradient.
transmission loss (TL)
The decibel reduction in sound level between two stated points that results from sound spreading away from an acoustic source subject to the
influence of the surrounding environment. Also called propagation loss.
upward refraction
When sound rays bend upward while propagating through the water.
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Appendix A. Vessel Detections from AIS and Acoustic Data
Table 4. Acoustic and AIS daily vessel detections for August 2011 at SK-B. Satellite AIS data times and CPAs are likely unreliable due to
interpolation and satellite AIS data quality issues.
ACOUSTIC DATA
Day

# Vessel Detections per
Automated Acoustic
Software

1

2

3

Version 1.0

4

3

6

SATELLITE AIS DATA

Approximate time (UTC)
Start

End

7:00:00 AM

8:08:00 AM

2:38:00 PM

4:15:00 PM

5:33:00 PM

6:05:00 PM

8:04:00 PM

9:38:00 PM

7:33:00 AM

9:05:00 AM

4:03:00 PM

5:50:00 PM

9:49:00 PM

12:47:00 AM (next
day)

3:46:00 AM

4:23:00 AM

6:17:00 AM

7:31:00 AM

10:03:00 AM

10:35:00 AM

7:03:00 PM

8:06:00 PM

9:03:00 PM

9:38:00 PM

# Vessels per AIS
log (within 50 km of
acoustic recorder)

Approximate time (UTC)

CPA (km/time)

Start

End

6:09:51 AM

9:48:31 PM

Various km
@ various times

7:36:04 AM

9:30:54 AM

Various km
@ various times

5:18:01 PM

5:20:28 PM

Various km
@ various times

7:09:15 AM

9:49:11 AM

32 km @ 7:09:15 AM
(actual CPA likely 60 mins
earlier)

5:32:53 PM

10:19:21 PM

41 km @ 8:57:23 PM

1

2

2
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ACOUSTIC DATA
Day

# Vessel Detections per
Automated Acoustic
Software

4

5

6

7

8

9

Version 1.0

1

3

3

4

1

3

SATELLITE AIS DATA

Approximate time (UTC)
Start

End

10:22:00 PM

11:00:00 PM

7:48:00 AM

8:20:00 AM

3:45:00 AM

4:20:00 AM

1:16:00 PM

1:53:00 PM

5:15:00 PM

5:48:00 PM

3:48:00 AM

5:34:00 AM

10:50:00 AM

12:04:00 PM

2:15:00 PM

3:07:00 PM

3:31:00 AM

# Vessels per AIS
log (within 50 km of
acoustic recorder)

Approximate time (UTC)

CPA (km/time)

Start

End

4:15:00 AM

9:22:44 AM

10:57:28 AM

49 km @ 9:22:44 AM

5:19:00 AM

7:17:00 AM

5:07:26 PM

7:40:51 PM

35 km @ 5:07:26 PM
(actual CPA likely 60 mins
earlier)

3:00:00 PM

4:08:00 PM

5:01:00 PM

5:48:00 PM

5:35:00 AM

7:21:00 AM

2:04:00 AM

2:47:00 AM

5:01:00 AM

6:16:00 AM

12:00:00 PM

12:33:00 PM

0

0

0

2

0

0
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ACOUSTIC DATA
Day

# Vessel Detections per
Automated Acoustic
Software

10

2

11

2

12

13

14

15

2

2

3

3

16

1

17

3

Version 1.0

SATELLITE AIS DATA

Approximate time (UTC)
Start

End

6:07:00 AM

7:23:00 AM

3:48:00 PM

4:23:00 PM

9:08:00 AM

9:47:00 AM

10:37:00 AM

11:17:00 AM

9:34:00 PM

10:15:00 PM

10:34:00 PM

11:06:00 PM

4:02:00 AM

5:17:00 AM

9:34:00 PM

10:17:00 PM

4:30:00 AM

5:53:00 AM

9:15:00 PM

10:06:00 PM

11:15:00 PM

11:48:00 PM

12:00:00 AM

12:32:00 AM

1:33:00 AM

2:38:00 AM

5:01:00 AM

6:33:00 AM

5:04:00 AM

5:38:00 AM

6:48:00 AM

7:53:00 AM

1:47:00 PM

2:20:00 PM

# Vessels per AIS
log (within 50 km of
acoustic recorder)

Approximate time (UTC)
Start

End

5:25:40 PM

7:40:41 PM

CPA (km/time)

0

0

1

40 km @ 5:25:40 PM
(actual CPA likely 40 mins
earlier)

0

0

0

0
0
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ACOUSTIC DATA
Day

# Vessel Detections per
Automated Acoustic
Software

18

19

20

21

22

Version 1.0

1

SATELLITE AIS DATA

Approximate time (UTC)
Start

End

2:23:00 PM

3:07:00 PM

5:21:00 PM

5:53:00 PM

1:50:00 PM

2:22:00 PM

1

4

Approximate time (UTC)
End

9:38:41 AM

11:13:30 AM

40 km @ 11:13:30 AM
(actual CPA likely 20 mins
later)

10:07:44 PM

6:22:07 AM (next
day)

27 km @ time unknown

10:25:58 PM

5:56:38 AM (next
day)

25 km @ 12:03:16 AM

10:27:38 PM

10:01:34 AM (next
day)

25 km @ 2:26:55 AM

6:00:36 PM

9:09:07 PM

14 km @ 9:09:07 PM
(actual CPA likely 30 mins
later)

0

2

5:01:00 AM

6:01:00 AM

7:16:00 AM

7:35:00 AM

7:47:00 AM

8:48:00 AM

10:05:00 PM

10:46:00 PM

4:36:00 AM

5:16:00 AM

5:50:00 AM

7:35:00 AM

12:51:00 PM

1:23:00 PM

CPA (km/time)

Start

2

0

4

# Vessels per AIS
log (within 50 km of
acoustic recorder)

1

0
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ACOUSTIC DATA
Day

# Vessel Detections per
Automated Acoustic
Software

23

24

25

3

1

Approximate time (UTC)
Start

End

10:22:00 PM

11:33:00 PM

5:30:00 AM

7:00:00 AM

1:02:00 PM

2:22:00 PM

3:06:00 PM

3:38:00 PM

7:50:00 AM

8:22:00 AM

1:00:00 AM

1:37:00 AM

2

27

28

29

Version 1.0

CPA (km/time)

Start

End

10:36:14 AM

4:57:38 PM

0 km @ 1:06:51 PM

9:34:55 AM

12:50:28 PM

35 km @ 12:50:28 PM
(actual CPA likely 40 mins
later)

9:34:59 AM

5:30:59 PM

31 km @ 1:24:18 PM

4:47:45 PM

9:34:42 PM

34 km @ 5:33:03 PM

4:47:46 PM

9:34:49 PM

8 km @ 4:47:46 PM

12:27:14 PM

9:58:15 PM

24 km @ 8:03:44 PM

0

0
1:47:00 AM

2:22:00 AM

4:19:00 AM

5:03:00 AM

5:52:00 AM

6:52:00 AM

10:53:00 PM

11:34:00 PM

1

3

Approximate time (UTC)

1

12:50:00 PM

0

3

# Vessels per AIS
log (within 50 km of
acoustic recorder)

2
11:46:00 AM

26

SATELLITE AIS DATA

0

2

3:48:00 AM

5:03:00 AM

5:07:00 AM

6:38:00 AM

1
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ACOUSTIC DATA
Day

# Vessel Detections per
Automated Acoustic
Software

30

31

4

6

SATELLITE AIS DATA

Approximate time (UTC)
Start

End

4:48:00 PM

5:30:00 PM

3:46:00 AM

5:03:00 AM

10:50:00 AM

11:22:00 AM

11:49:00 AM

12:32:00 PM

11:18:00 PM

12:46:00 AM (next
day)

6:20:00 AM

6:52:00 AM

7:00:00 AM

8:16:00 AM

11:46:00 AM

1:00:00 PM

2:01:00 PM

4:46:00 PM

4:53:00 PM

5:38:00 PM

7:50:00 PM

9:47:00 PM

# Vessels per AIS
log (within 50 km of
acoustic recorder)

Approximate time (UTC)
Start

CPA (km/time)

End

0

0

Table 5. Acoustic and AIS daily vessel detections for February 2012 at SK-B. Satellite AIS data times and CPAs are likely unreliable due to
interpolation and satellite AIS data quality issues.
ACOUSTIC DATA
Day

# Vessel Detections
per Automated
Software

SATELLITE AIS DATA

Approximate time (UTC)
Start

End

# Vessels per AIS
log (within 50 km of
AURAL)

Start

End

4:50:31 PM

10:55:08 PM

1

0

1

2

0

0

Version 1.0

Approximate time (UTC)

CPA (km/time)
48 km @ 6:55:15 PM
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ACOUSTIC DATA
Day

3

4

# Vessel Detections
per Automated
Software

Approximate time (UTC)
Start

7

0

9

Version 1.0

9:10:00 AM

5

12:28 PM

1:15:00 PM

CPA (km/time)

Start

End

5:08:13 PM

8:30:51 PM

44 km @ 5:08:13 PM
(actual CPA likely 30-50
mins earlier)

5:23:43 PM

11:32:24 PM

39 km @ 5:52:40 PM

4:49:31 AM

11:46:42 AM

35 km @ 4:49:31 AM

5:58:46 AM

1:16:07 PM

50 km @ time unknown

1:14:48 PM

9:36:11 PM

42 km @ time unknown

1:14:48 PM

6:08:24 PM

34 km @ 2:48:58 PM

5:59:47 PM

7:53:31 PM

50 km @ time unknown

2

11:55:59 AM

1:34:49 PM

43 km @ 12:21:06 PM

9:07:22 PM

12:28:39 AM

24 km @ 11:54:43 PM

6:12:52 AM

12:31:36 PM

36 km @ 8:50:09 AM

6:45:39 PM

11:49:43 PM

11 km @ 8:09:15 PM

3:33:49 AM

8:27:24 AM

18 km @ 5:47:41 AM

0

0

2

Approximate time (UTC)

0

1

1

# Vessels per AIS
log (within 50 km of
AURAL)

2

0

6

8

End

0

8:30 AM

5

SATELLITE AIS DATA

2

1:44 AM

2:01:00 AM

7
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ACOUSTIC DATA
Day

# Vessel Detections
per Automated
Software

Approximate time (UTC)
Start

End

2:12 AM

5:56:00 AM

6:40 PM
10

11

12

Version 1.0

1

0

0

SATELLITE AIS DATA
# Vessels per AIS
log (within 50 km of
AURAL)

7:14:00 PM
2

Approximate time (UTC)

CPA (km/time)

Start

End

3:33:58 AM

8:28:00 AM

33 km @ 3:33:58 AM

7:54:48 AM

12:52:39 PM

11 km @ 10:52:37 AM

12:47:09 PM

1:07:25 PM (next
day)

0 km @ 7:16:46 AM (next
day)

5:33:49 PM

7:10:09 PM

33 km @ 5:33:49 PM

8:02:15 PM

11:28:26 PM

49 km @ 9:22:27 PM

10:17:42 PM

6:01:17 AM (next
day)

31 km @ 1:17:33 AM (next
day)

5:38:45 AM

1:09:58 PM

48 km @ 7:52:14 AM

10:13:17 PM

4:36:50 AM (next
day)

8 km @ 12:33:03 AM (next
day)

1:21:32 PM

7:43:30 PM

35 km @ 2:34:44 PM

1:21:35 PM

7:43:51 PM

20 km @ 2:23:10 PM

6:19:56 PM

11:10:59 PM

34 km @ 6:33:27 PM

6:20:08 PM

11:17:46 PM

50 km @ time unknown

2

3
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ACOUSTIC DATA
Day

13

# Vessel Detections
per Automated
Software

0

15

1

17

18

Version 1.0

Approximate time (UTC)
Start

End

0

14

16

SATELLITE AIS DATA

3

0

0

# Vessels per AIS
log (within 50 km of
AURAL)

3

Approximate time (UTC)

CPA (km/time)

Start

End

11:06:06 PM

4:00:08 AM (next
day)

35 km @ 12:22:29 AM
(next day)

4:55:24 AM

12:25:45 PM

32 km @ 7:43:52 AM

8:45:53 AM

6:36:24 PM

35 km @ 3:01:47 PM

5:00:45 PM

10:09:44 PM

42 km @ 5:00:45 PM

10:26:28 PM

3:52:24 AM (next
day)

41 km @ 3:07:39 AM (next
day)

9:57:12 AM

8:23:46 PM

34 km @ 1:26:53 PM

5:52:55 PM

7:33:03 PM

33 km @ 6:10:06 PM

8:18:41 PM

7:36:24 AM (next
day)

7km @ 12:05:53 AM (next
day)

11:50:38 AM

12:04:30 AM (next
day)

27 km @ 2:15:14 PM

1:27:51 PM

7:49:10 PM

24 km @ 3:21:20 PM

7:00:38 PM

12:07:06 AM (next
day)

0 km @ 7:00:38 PM (actual
CPA likely 10 minutes
earlier)

8:54:45 AM

12:15:18 PM

48 km @ 11:06:07 AM

0
12:39 AM

1:53:00 AM

12:23 AM

1:15:00 AM

12:39 PM

1:12:00 PM

1:53 PM

2:42:00 PM

1

3

3

2
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ACOUSTIC DATA
Day

# Vessel Detections
per Automated
Software

Approximate time (UTC)
Start

11:12 AM
19

SATELLITE AIS DATA

End

# Vessels per AIS
log (within 50 km of
AURAL)

11:45:00 AM

2
5:14:00 PM

20

0

1

21

0

0

22

0

1

23

0

0
3:15 AM

25

27

Version 1.0

3:55:00 AM

1

0

1

0

Start

End

6:27:25 PM

11:40:00 PM

20 km @ 8:56:39 PM

6:37:27 PM

10:01:02 PM

30 km @ 7:20:17 PM

7:58:38 PM

11:32:26 PM

33 km @ 9:14:19 PM

11:04:22 AM

12:01:07 AM (next
day)

49 km 12:06:00 PM

5:14:15 PM

10:15:52 PM

32 km @ 7:44:20 PM

6:01:29 AM

12:20:07 PM

6 km @ 8:54:16 AM

4:57:32 PM

9:48:51 PM

35 km @ 6:12:20 PM

6:56:24 PM

10:38:26 PM

33 km @ 7:19:51 PM

8:31:02 PM

12:12:29 AM (next
day)

24 km @ 9:51:41 PM

9:17:38 AM

10:37:53 PM

18 km @ 1:00:25 PM

2

0
7:53 PM

26

CPA (km/time)

2
4:24 PM

24

Approximate time (UTC)

9:01:00 PM
2

1
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ACOUSTIC DATA
Day

28

# Vessel Detections
per Automated
Software

Approximate time (UTC)
Start

End

10:11 PM

10:41:00 PM

2

7:38 AM

Version 1.0

1

# Vessels per AIS
log (within 50 km of
AURAL)

Approximate time (UTC)

CPA (km/time)

Start

End

4:44:18 AM

1:24:11 PM

39 km @ 4:44:18 AM
(actual CPA likely 40
minutes earlier)

8:03:31 AM

1:23:20 PM

42 km @ 11:01:04 AM

11:14:45 PM

12:07:27 PM (next
day)

37 km @ 4:11:36 AM

3:54:09 AM

6:20:54 PM

0 km @ 7:11:37 AM (actual
CPA likely 5 minutes later)

6:18:54 PM

4:03:07 AM (next
day)

45 km @ 6:50:23 PM

6:20:17 PM

11:41:10 PM

33 km @ 9:29:34 PM

3
10:45 PM

29

SATELLITE AIS DATA

11:31:00 PM

8:24:00 AM
3
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Appendix B. Model Environmental Parameters
B.1.1. Bathymetry
Bathymetry for the study area was obtained from BC Marine Conservation Analysis (BCMCA 2008). These data were created by SciTech
Environmental Consulting based on the source data from Living Oceans Society, U.S. Geological Survey (USGS), and Committee on the Status of
Endangered Wildlife in Canada (COSEWIC). The data are in a 100 m raster grid and was converted to a format accepted by JASCO’s acoustic
models in UTM Zone 10 coordinates with 100 m resolution.

B.1.2. Sound speed profiles
Water column sound speed profiles for February and August were computed from the mean of previously made CTD measurements performed at
the Study Area. These measurements only extend to approximately 2000 m; therefore, the trend was extrapolated to deeper depths (i.e. 4000 m)
using a constant slope (0.016z for depth z) since SSP varies with pressure when salinity and temperature do not vary significantly at such deep
water depths Depth profiles of temperature and salinity were converted to speed of sound in water (units m/s) using the following formula (Clay
and Medwin 1977):

c  1449 .2  4.6  T  0.055  T 2  0.00029  T 3  (1.34  0.01  T )( S  35)  0.016  z
In this formula, z is depth in metres, T is temperature in degrees Celsius, and S is salinity in parts per thousand.

B.1.3. Geoacoustics
The geoacoustic properties of the seabed strongly influence sound propagation because reflection and absorption of sound energy at the seabed
is a dominant loss mechanism in shallow water (Urick 1983). There is little data that exist for the sedimentary deposits present in this region.
Sediments are present between seamounts and the seamounts are composed of exposed bedrock (Beerman 1986). The seabed geoacoustic
properties for the study area were obtained from a review of the scientific literature (Hamilton 1980, Erbe et al. 2012). Based on Hamilton (1980),
the Study Area is inside the abyssal plain area which is usually covered with layers of silt-clay with thinner, intercalated layers of sand and silt.
Therefore, the geoacoustics used in this model were layers of sand and silt-clay on top of the basalt (Table 6).
Table 6. Seabed geoacoustic profile for the Study Area.
Depth (mbsf)

Sediment Type

Compressional Speed
(m/s)

Density (g/cm3)

Compressional
Attenuation (dB/λ)

0-20

Coarse sand

1733-2240

2.08

0.33-1.66

20-200

Silty clay

1565-1660

1.40-1.47

0.44-0.80

> 200

Basalt

4750

2.55

0.1
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Shear Speed (m/s)

Shear Attenuation
(dB/λ)

369

0.32
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