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Ocean Soundscape Atlas

Concept:

e Web-based interactive application
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e

e 2D and 3D visualization of modeled noise levels

Purpose:

e Facilitate transfer of scientific results from
researchers to the public

e Allow managers and policy makers to monitor trends
in the ocean acoustic environment

® Ensure timely, effective, and efficient marine
environmental management

Credit: Wikipedia
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Motivation

e Fish and marine mammals use sound for navigation, habitat Zx‘
selection, mating, communication, prey detection, etc §

e

e Marine organisms may be expected to modify their behavior )
based on natural and anthropogenic background noise. %

=

® Ships are a dominant source of noise at low frequencies. §

e Significant increase in the number and size of vessels over
the past 50 years.

® Evidence suggests overall increase of ~20 dB from
pre-industrial conditions to the present.

Hildebrand, J. A. (2009). "Anthropogenic and natural sources of ambient noise in the
ocean," Marine Ecology Progress Series 395, 5-20.
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Context

Data portals

Research groups
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Soundscape components
MERIDIAN

Anthropo-phony

Shipping, oil and gas (air-guns, ships, Sounds produced by fish and marine mammals Earthquakes, waves, rain, thermal, ...
drilling), naval operations (sonars,

communications, explosions), fishing

(sonars, acoustic deterrent devices),

research (air-guns, sonars, telemetry, Credit: Reinhard Dirscherl/Alamy Stock Photo
communication, navigation), construction,

icebreaking, recreational boating, ...
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First prototype

® Estuary and Gulf of St. Lawrence
e 2013 and 2018

® Noise sources:

o Shipping
o Waves and rain

North Atlantic Blue Whale (endangered)
a few hundred individuals

A and B calls, 15-19 Hz

D call, 30-100 Hz
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Shipping noise modeling

Key ingredients:

® AIS vessel tracking data
e Realistic ship source levels
® Accurate modeling of sound propagation

Bathymetry

Seafloor acoustic properties

Water properties (temp, salinity, etc)
Numerical solution of wave equation

O O O O

e Validated by measurements

Aulanier, Simard et al. Proc. Mtgs. Acoust. 27, 070006 (2016)
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https://asa.scitation.org/doi/abs/10.1121/2.0000258

Environmental noise modeling

Modeled data:

Data sources:

Significant height of combined wind waves and swell
Mean wave direction
Mean wave period

50°N

ECMWF ERA 5
NOAA Wavewatch Ill
Env. Can. RDWPS

Open-source Python package:

Automatic retrieval of relevant environmental data 45°N
Interpolation of retrieved data

Calculation of source sound level and transmission loss

Example 1: CMC-RDWPS Sig. Wave + Swell Height from GRIB

(2019-02-21 00:00:00)
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Techmcal structure

Software stack

Infrastructure Dataflow

Modelling and mapping User interface

Geospatial Toolboxes Graphical Web server
DEIE]ENS (Backend) (Frontend)

Data

assimilation
models

PostgreSQL- B +*Map server *Open Layer *Apache
PostGIS (Geoserver) *Cesium *NGinX
*Rest API eJavascript
*Python API library plotly

Soundscape Formatting
models scripts

Acoustic data NetCDF

wav, flac CF standard °Ra.sters sqQL
| *Point cloud - WFS, WMS HTML HTML
Model inputs elso-contour °UPUL

Compute Canada Computing Servers
(Arbutus, Beluga)

Compute Canada Persistent Servers
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Risk maps SNLE
MERIDIAN
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Risk to exceed 90 dB at 40 Hz and 100 m in January 2013
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Percentile maps

[-*|  Dataset
Monthly Centilv

Frequency

M| January N

» o
e Centile

‘
d {ocvoroome |

i o

-

T &
"
' i S

NOVA
SCOTIA

MASSAGHUSETS!

Comparison between the 95th percentile of January 2013 shipping noise levels at 63 Hz (left) and 16 Hz (right)

+ f
m  pataset T

J | MonthlyCentilv“

Fequeney,

IPRINGE}
EDWARD

ISCAND,

NOVA
SCOTIA

MA'SSAGHUSETS!

OceanPredict'19, May 6-10, 2019, Halifax, NS, Canada

w—




Animation: Sound pressure level

Sound pressure level maps at 40 Hz, 10 m depth, January 4-10, 2013
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https://docs.google.com/file/d/1ZFQTF4SSEwwAI5K__-JsPyAnczyzeN0j/preview

Animation: Risk map

Google Earth

Daily risk maps to exceed 85 dB at 40 Hz, at 10m depth, from January 1st to February 23rd, 2013
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https://docs.google.com/file/d/1WFtxfQXOcAZtriv52BPFYxH9VRhDyLCe/preview
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Envisioned interface

- ~ Chute-aux-Outardes -

Ragueneau
Papinachois

Betsiamites

Colombier.

., Baietlaval

iForestville;

4
7
Portneut:sur-Mer

ile du'Bic

Googleq)

—
U.S. Geological Survey CN

b g F
< > - s
S / Airbus Data S10, NOAA, U.S. Navy, NGA, GEBCO DigitalGlobe IBCAO Landsat / Copernicus Google Appareil photo: 34 km 48°30'08°N 68°39'14'W 2

—
A Baie:Comeau

Pointe-Lebe!

Pointe-aux-Outardes

Fleuve saint

Frequency

Hnc

Visualization mode

Vertical slice

Define horizontal points
Right click to add delete/left click to move

Intensity Envelope

Add a new envelope
Select envelope intensity

).\ 3D-intensity

Statistics |
B Mean B Skewness
B Deviation @ Kurtosis

4 Percentiles

0 : 100

Jan., 18 Feb., 18 Mar., 18 Apr., 18 May, 18 Jun., 18 Jul.,, 18 Aug., 18 Sep., 18 Oct., 18 Nov., 18

Dec., 18

i | (min) (E)

Information layers
Soundscapes

B Marine traffic

B Wind/waves

B Rain

B Marine species

Impact risk

. ALCELE
).{ Threshold: > 1 muPa]
M Soundscape an{EEE—:tion

B Masking

B Behavioral response
B TTS (W PTS

Locations

® Marine mammals
B Ship




Envisioned interface
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Conclusion

e MERIDIAN is developing an web-based, interactive application for
visualizing modeled underwater noise in Canadian waters

® We call it the "Ocean Soundscape Atlas"

® The first prototype of the Atlas will focus on the Estuary and Gulf of St.
Lawrence and include noise due to shipping and waves and rain.

® We envision that the Atlas will contribute to increased ocean literacy and
ensure timely, effective, and efficient marine environmental management
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