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Predicting animal sound exposure

Required knowledge:
Dynamic soundscape

Ship position
Ship radiated noise source level
Propagation conditions

Mysterious receivers
Animal position
Hearing sensitivity
Thresholds for disturbance or injury

Frequency dependent

Spatially variable

Highly variable

Not well characterized



Mapping soundscape

uncertainty (Trigg et al., 2018). The shipping noise model used spatial
grids at two resolutions: a lower resolution grid with latitude-
longitude spacing of 3′ x 5′ (approximately 5 × 5 km) for coverage of
the entire domain, as well as a high-resolution grid of 0.75′ × 1.25′ (ap-
proximately 1.3 × 1.3 km) for selective coverage of smaller areas near

the coast and in areas of high shipping density, since this significantly
improved accuracy at relatively low computational cost (see Supple-
mentary Material for further details).

To improve computational efficiency, the bathymetry-dependent
component of propagation loss was pre-computed and stored for each

Fig. 1. Construction of total noise and ship noise excess maps. (a) sAIS ship-tracking data frame; (b) Wind speed data frame; (c) Ship noise frame corresponding to (a); (d) Wind noise
frame corresponding to (b); (e) Total noise frame, sum of (c) and (d); (f) Excess level of ship noise above wind, (e) minus (d). Such frames were computed at 10-min intervals for
calendar year 2017.

3A. Farcas et al. / Science of the Total Environment 735 (2020) 139509

• Turn best input data into a minute-
by-minute noise map.

• Compute sound exposure with a 
model of animal motion.

• Computationally expensive as 
space (3D) and time are so vast…

• Verifiable by measurement

Farcaset al. (2020)



Mapping sound exposure

these reasons, appropriate adaptive management measures for the re-
duction of cumulative noise from shipping in the Salish Sea should be
adopted. For example, although speed is generally correlated with the
noise emitted by commercial ships, the relationship between speed and
noise varies among vessel types and propulsion systems (Wales and
Heitmeyer, 2002; McKenna et al., 2012), suggesting that the effec-
tiveness of improving SRKW habitat via vessel slowdown needs to be
tested and compared with other methods. It may turn out that, in ad-
dition to slowdowns, other strategies are needed to address this com-
plex issue. For example, modifying existing shipping routes, as sug-
gested by IMO's guidelines (International Maritime Organization,
2014), represents another possible strategy for the reduction of vessel

noise.
However, in the absence of a regulatory framework addressing the

issue of oceanic anthropogenic noise and its impacts, the successful
application of quieting measures is dependent on voluntary compliance
by noise producers. Although noise has been included in SRKW re-
covery strategy as a source of disturbance (Fisheries and Oceans Canada
(DFO), 2016), currently no law limiting chronic anthropogenic noise
output in the ocean exists in Canada. Yet, a regulatory infrastructure
that recognizes noise as a marine pollutant already exists. The United
Nations Convention on the Law of the Sea (UNCLOS) is at the core of
many national and international regulations for the protection of
marine environments (Boyes and Elliott, 2014; Firestone and Jarvis,

Fig. 16. Maps showing exposure levels for ferries (A), tugboats (B), recreational vessel (C), vehicle carriers (D), containers (E) and bulkers (F). Low exposure levels
(green) correspond to Leq ≤ 60 dB re 1 μPa, medium exposure levels (yellow) correspond to 60< Leq≤ 90 dB re 1 μPa while high exposure levels (red) correspond to
Leq>90 dB re 1 μPa. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Turn best input data into: 

a probabilistic noise map
and
animal map.

Use to compute exposure risk.

Cominellie et al. (2018)



Case study:  Tugs in transit in the Salish Sea

How can we translate a reduction in radiated noise level into a 
Southern Resident Killer Whale (SRKW) habitat relevant metric?

1. Compute a reference ‘acoustic footprint’

2. Translate into ‘detection’, call masking, echo location 
masking, sound exposure level.

(3. Compare individual tugs against the reference)



A Monte-Carlo approach
Choosing randomly (from best available data)

Ship position
Ship radiated noise source level

Speed
Propagation conditions
Animal position

(lat, lon)
depth

and repeating many many times.

For a large number of runs, 
these interrelated factors will 
converge to a 
‘canonical environment’



The canonical environment in the Salish Sea
• Isovelocity SSP
• Depth

250 m
• Seabed

1700 kg/m3
1640 m/s

• Whale depth

b fit from data
• Ship source level

• from data
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Acoustic footprint algorithm
For a single realization
1. Choose source level from library and probabilistic source 

characteristics (speed)
2. Choose receiver depth according to parameterized whale depth 

cumulative distribution function (CDF)
3. Compute field at receiver at 100, 500, 1000, 10,000 and 30,000 Hz
From the ensemble
• Compute PDFs of received level (detection range), communication 

and echolocation space reduction.
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Vessel speed dependence
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Random speed chosen from 
speed PDF

SSpeed dependence added to 
randomly chosen source 
sound level using empirical 
relationship.



SRKW receive level probability at 100 Hz 
500 realizations, 160 source spectra

Probability



Compute probability of tug detection vs range

Noise level derived from ONC ‘COVID-19 anthropause’ data with a Gaussian fit at each frequency

Natural noise level

Can the whale hear a tug?

Ship noise level

100 m 10 km

100 Hz 100 Hz



Detection probability as a comparison metric

Louder tug

Quieter tug

A direct comparison of the ‘acoustic 
footprint’ as an area in a Salish Sea 
type environment

Further reduce dimensionality of 
result by applying a detection 
threshold.

e.g. “The louder tug pollutes to a 4x 
greater range than normal”

“The quieter tug pollutes ½ as much 
as a normal one”

Reference curve

Detection 
threshold
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Comparison of received levels: masking
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Ship noise

Whale call

I can’t hear you



Communication masking

Ship noise

Typical call level

Natural noise level

Probability 
whale call is 
heard



Reference: Maximum SKRW communication range

Quieter Tug

Louder Tug

Reference curve



Sound exposure level
from a single ‘normal’ tug pass

Assuming a stationary 
whale & transiting tug
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24-hour SEL thresholds for hearing loss:
178 dB re 1 µPa s (temporary)
198 dB re 1 µPa s (permanent)

Constant tugs passing for 24 hours 
would not reach these thresholds.

Useful as a comparison metricQuieter tug

Louder tug



Conclusions
Predicting absolute acoustic impacts is computationally expensive with 
many accumulating uncertainties

Monte-Carlo acoustic footprints to compute reference metrics:
Detection range
Maximum communication (masking) range
Single vessel pass sound exposure levels

Echolocation masking ranges were very small (10’s m)


