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Underwater soundscape components

Anthropo-phony Geo-phony

Photo credit: Reinhard Dirscherl/Alamy Stock Photo

Bio-phony

Earthquakes, waves, rain, thermal, ...Shipping, oil and gas, naval operations, 
fishing, research, construction, icebreaking, 
recreational boating, ...

Sounds produced by fish and marine mammals
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Image credit:  https://dosits.org/

Adapted (after National Research Council, 2003) from 
Wenz, G. M. (1962). Acoustic ambient noise in the 
ocean: Spectra and sources. The Journal of the 
Acoustical Society of America, 34(12), 1936–1956. 
Copyright Acoustical Society of America

Above ≃ 100 Hz, bubble/spray noise (waves) 
and precipitation are the major sources of 
ambient ocean noise.

https://dosits.org/


Kadlu - at a glance
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Main features:

● Automated fetching and interpolation of environmental data

● Accurate numerical treatment of sound propagation

● Model output saved to structured database

An open-source Python package for ocean ambient noise modelling



Kadlu - at a glance
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Waves, wind, currents, tides, ...

Seafloor lithology

Bathymetry

Sound propagation 
modelTemperature 

and salinity
Transmission loss (TL)

Environmental data

Local 
database
(SQLite)

Source 
levels 
(SL)

Automated fetching 
and interpolation

Model output
(NetCDF)

SPL = SL - TL



Sound propagation model
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● Nx2D Thomson-Chapman Parabolic Equation

● Valid for acoustic environments that exhibit weak range 
dependence

● Split-step Fourier algorithm on a regular grid

● Implemented in Python



Data sources
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Source Variable(s) Notes

ERA5 – Copernicus Climate Datastore ● Wind speed and direction
● Wave height, direction, period
● Precipitation type and flux
● Energy fluxes and stress

0.5° resolution
Global coverage
GRIB data format

HYCOM ● Salinity
● Temperature
● Ocean currents

0.08° resolution
Global coverage
NetCDF data format

WWIII – NOAA/NCEP WaveWatch Gen 3 ● Wind speed and direction
● Wave height, direction, period

0.5° x 0.5° global resolution
Global coverage
GRIB data format

GEBCO ● Bathymetry 15 arc-second resolution
Global coverage
NetCDF data format



Software package

● Written in Python

● GNU GPLv3 license - freely available to use and modify

● Hosted on GitLab: 
https://gitlab.meridian.cs.dal.ca/public_projects/kadlu

● Fully documented code, including examples: 
https://docs.meridian.cs.dal.ca/kadlu

● Step-by-step tutorials

● Available on the Python Package Index (PyPi) - the official 
third-party software repository for Python

copyleft license
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https://gitlab.meridian.cs.dal.ca/public_projects/kadlu
https://docs.meridian.cs.dal.ca/kadlu


Etymology

In Inuit mythology, Kadlu refers to one of the 
trinity of sisters, the three goddesses creating 
thundery weather. She creates thunder by 
jumping on hollow ice.
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Main dependencies
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Numerical routines, data interpolation
Loading/storing data

pygrib

Data visualization

gsw
(Python implementation of TEOS-10)



Documentation  -  https://docs.meridian.cs.dal.ca/kadlu/

￼
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https://docs.meridian.cs.dal.ca/kadlu/


Summary
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Main features:

● Automated fetching and interpolation of environmental data

● Accurate numerical treatment of sound propagation

● Model output saved to structured database

Check it out at  https://docs.meridian.cs.dal.ca/kadlu/

An open-source Python package for ocean ambient noise modelling

https://docs.meridian.cs.dal.ca/kadlu/

