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A Three Part Talk

The Sound Cooperative (SoundCoop) Project: What we accomplished

The Ocean Sound Observing Network (OSON): Leveraging networked
MPAs and SoundCoop best practices

Expanding the NOAA Fisheries Passive Acoustic Monitoring Strategic
Initiative (PAM SI) to I00S: How we’re leveraging national
collaborations
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The Sound Cooperative (SoundCoop)
Project

What we accomplished
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SoundCoop

Develop a community-focused, national cyberinfrastructure capability for passive acoustic
monitoring data, technology, and best practices to promote improved, scalable and
sustainable accessibility and applications for management and science.

Co-funded by
NOAA I00S*, BOEM,
US Navy LMR and ONR

Endorsed by
UN Ocean Decade on the
" Marine Acoustic Environment

* FY21 100S DMAC Topic 2



SoundCoop

Develop a community-focused, national cyberinfrastructure capability for passive acoustic
monitoring data, technology, and best practices to promote improved, scalable and
sustainable accessibility and applications for management and science.

Objectives

1. Create comparable, standardized sound level metrics using open source software
for a variety of datasets

2. Develop a standardized file format for metric output
3. Establish workflows to access data from separate cloud repositories

4. Co-visualize sound levels and integrate with environmental data




The SoundCoop Community
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Standardized file format for sound level metric output
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SoundCoop

Visualize sound levels and integrate

S

Nearby environmental sensor stations
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with environmental data

Comparing to environmental data from: 44014 (LLNR 550) - VIRGINIA BEACH 64 NM East of Virginia Beach, VA

Use the snippet of python code below in this Jupyter Notebook to recreate these figures based on the desired dataset, frequency range, time range. and selected environmental sensor. @
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our I00S-hosted github repository, including
documentation and guidance for running the

notebooks

Tools for the Community

Published a suite of Jupyter Notebooks on

[0 README @ Code of conduct &3 BSD-3-Clause license 4

SoundCoop
This repository contains Jupyter notebooks developed by the SoundCoop project team for the passive acoustic
community.

o Key Danelle Cline, Trevor Golden, Karina I Clea Parcerisas, Carlos Rueda, John Ryan,
and Brian Stone

Overview

The SoundCoop Project was a three-year effort funded by NOAA Integrated Ocean Observing System, Bureau for
Ocean Energy Management, U.S. Navy Living Marine Resources, and the Office of Naval Research. The goal of the
project was to develop technology in collaboration with the passive acoustic monitoring (PAM) community to enable
scalable processing of comparable sound level metrics and to provide open access to centralized data for science and
management applications.

US. and international scientists contributed PAM data spanning 12 separate long-term monitoring projects. Datasets
from ten of these projects were used to calculate a specific sound level metric, hybrid millidecade (HMD) spectra,
across a diversity of labs and instruments.

The collaborative effort of the SoundCoop led to several advances in data management, processing, dissemination,
visualization, and knowledge sharing

« Two open access software toolkits were produced/enhanced by project members to process SoundCoop
datasets into one-minute HMD spectra, namely MANTA and PyPAM/PyPAM-Based Processing or PBP,

+ SoundCoop Project members, along with the NCEI passive acoustic data archive team, established a standards-
driven netCDF format, which greatly facilitated comparison and distribution of the HMD sound levels,

« The project developers at Axiom Data Science built an interactive data portal to visualize and explore the
SoundCoop datasets alongside environmental data to show the benefits of connecting acoustic and non-
acoustic information.

Jupyter notebooks were created to demonstrate how to access data from different open access dloud buckets (Step
0), process raw audio data collected from two different recording instruments into HMD spectra using PBP and
output the result in the SoundCoop netCDF standard (Step 1), read, visualize and analyze HMD netCDFs using PyPAM
(Step 2) and integrate and visualize the HMD netCDFs with enviormental data just like the visualizations v
the SoundCoop portal (Step 3)

ble in

Jupyter Notebooks

Data notebooks
I @_dounload_data/

+ download ESONS from_rw: This notebook shows how to access HMD netCDF files recorded at the ESONS
listening site from the Axiom Data Science Research Workspace.

DO README  ® Codeof conduct &% BSD-3-Clause icense 7z
Jupyter Notebooks

Data notebooks
In 6_download_data/

« download ESONS from_rw: This notebook shows how to access HMD netCDF files recorded at the ESONS
listening site from the Axiom Data Science Research Workspace.

 download JOMOPANS from_rw: This notebook shows how to access one-third octave sound levels recorded at a

listening site in the North Sea as part of the JOMOPANS project. Originally accessed from the ICES database, the
HDF files were translated into netCDF and are hosted on the Axiom Data Science Research Workspace.
» use_minio_to_access GCP This notebook shows how to download files from Google Cloud Platform, specifically

5803 HMD netCDFs from the NCEI SoundCoop bucket on GCP.

Processing notebooks
In 1_process_to_HD_pbp/

« In WaRs gen HMD MARS icListen.ipynb: Access data recorded from the Monterey Bay Aquarium Research
Institute (MBARI) Monterey Accelerated Research System (MARS) undersea cabled observatory from the Amazon
Web Services (AWS) Registry of Open Data, read in processing metadata, create calibrated one-minute HMD
spectra for one day and output the results as as a netCDF.

o In mBos gen HMD_MBOS SoundTrap.ipynb: Access data recorded in the Monterey Bay National Marine
Sanctuary from the Amazon Web Services (AWS) Registry of Open Data, read in processing metadata, create
calibrated one-minute HMD spectra for one day and output the results as as a netCDF.

* In NRS11 gen HMD_NRS11_Haruphone.ipynb: Access data recorded from the NOAA-National Park Service
Ocean Noise Reference Station Network (NRS) from the NCEI Passive Acoustic Data Archive Google Cloud
Platform (GCP) bucket available through the NOAA NODD Program. read in processing metadata, create
calibrated one-minute HMD spectra for one day and output the results as as a netCDF.

Example summary plot of HMD from NRS11 (click on the image for a larger view)

Analysis notebooks
In 2_analysis_of_HMD_pypan/

 data_analysis_with_pypam: Access one year of one-minute HMD recorded in the Cordell Bank National Marine
Sanctuary as part of the NRS project (NRS11) on GCP and one month of MBARI-MARS one-minute HMD from
AWS, read in and plot LTSA and SPD where data quality tags are set to ‘Good, extract and plot the blue and fin
whale call index (C), co-plots PSD for both listenting stations, and reprocess and plot as broadband and
decidecade sound levels.

o dimension_reduction_and_clustering: Using one year of NRS11 and MBARI-MARS HMD data, this notebook
conducts dimension reduction using UMAP.

In 3_HWD_environmental

ata/

« plot_sound, and_climatology_data: Access two months of HMD recorded at Monhegan Island site
in the Gulf of Maine from the GCP bucket, access associated wind speed and wave height recorded at the 44007
environmental sensor station located ~72 km from the listening site from October 23, 2021 to November 17,
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Tools for the Community

Published a suite of Jupyter Notebooks on our
|OOS-hosted github repository, including
documentation and guidance for running the
notebooks

Published guidance on formatting, metadata,
and submitting passive acoustic data to the
NCEI archive

Published a website on SoundCoop describing
goals, partners, accomplishments, and best
practices

SoundCoop manuscript in prep

Home = Products = Passive Acoustic Data

Passive Acoustic Data

Passive acoustic monitoring is a powerful observational tool that NOAA uses to detect and
characterize sounds produced by fish and marine mammals, ambient noise from physical

ic processes, and ic noise sources that contribute to the overall
ocean noise environment. NCEI established an archive for passive acoustic data to
support the stewardship of these valuable data collected by NOAA line offices and
partners. The archive staff developed PassivePacker, a data packaging tool to facilitate
passive acoustic data submissions to the archive.

Sanctuary Soundscape Monitoring Project Launch Passive Acoustic Data Story Map Credit: National Marine Sanctuaries

Data Access About Archive Resources Sound Cooperative (SoundCoop)

Introduction to the Archive

Passive acoustic monitoring is a powerful observational tool that NOAA and its partners use to detect and characterize sounds produced
by fish and marine mammals, ambient noise from physical oceanographic processes, and anthropogenic noise sources that contribute to
the overall ocean noise environment. The NOAA NCEI Passive Acoustic Data Archive was established in 2017 to support the stewardship of
the valuable data NOAA line offices and partners collect.

This page describes the recommendations for the passive acoustic community on formatting, metadata, and submitting passive acoustic
data to the NCEI archive.

PAD Archive Best Practices >
Metadata and Documentation >
Preparation for Submission to the Archive 5
DOI Minting and Citations >
Additional Archive Guidelines >

NCEI Passive Acoustic Data Portal Demo >


https://www.ncei.noaa.gov/products/passive-acoustic-data#tab-3561
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Tools for the Community

Published a suite of Jupyter Notebooks on our
|OOS-hosted github repository, including
documentation and guidance for running the
notebooks

Home  Products  Passive Acoustic Data

Passive Acoustic Data
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ocean noise environment. NCEI established an archive for passive acoustic data to
support the stewardship of these valuable data collected by NOAA line offices and
partners. The archive staff developed PassivePacker, a data packaging tool to facilitate
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archive 2 R 1

Passive acoustic monitoring (PAM) data collection has grown
exponentially over the past decade, resulting in very large
datasets that document the changing dynamics of ocean

d sound p g life. are

50 large that new approaches to curation, processing and sharing
are needed

The Sound Cooperative (SoundCoop) project was created to
hallenges by

oriented tools and processes that make it easier and more

efficient to extract information from large datasets and compare

Published a website on SoundCoop
describing goals, partners, accomplishmen ewsereese ..

Living Marine Resources, and the Office of Naval Research. SoundCoop was led by:

Workd Map of SourdCoop List

Community Best Practices

natural and ound in the ocean, and to compare underwater soundscapes globally, standard methods of
analysis must be applied to PAM data. HMD offers 2 robust et versatie foundational sound level metric product. However, these key

-
I: t ractl ces o A A (R e hto your dataset. Also below are a few tips on using MANTA and PyPAM to
a I . ‘ I e s The Soundcons Community o process audio data into HMD spectra.
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SoundCoop manuscript in prep 4
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Tools for the Community

Big Data, Sound Science, Lasting Impact: a
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documentation and guidance for running the

notebooks
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submitting passive acoustic data to the NCEI 2
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Published a website on SoundCoop describing
goals, partners, accomplishments, and best

practices

SoundCoop manuscript in prep
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SoundCoop End Products

D at a Comparable 1-min hybrid millidecade spectra in netCDF standard

Acces S Interactive portal to visualize acoustic data with env data

Kn OW I e d g e Best practices guidance, tutorials and notebooks




The Ocean Sound Observation Network:
Leveraging networked MPAs and SoundCoop best practices




Opportunities for coordination: national marine sanctuaries
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Dolphins

Sights & Sounds Time series Monthly Patterns Hourly Patterns

Each bor represents one day. The taller the bar, the more times this sound source was detected that day

more detections
Number of Detections

less detections
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2019 Sept oct

Of the four time periods of analyzed data at the shipping lanes listening station on the northern end of D O | p h | n S
Olympic Coast sanctuary, only one recorded dolphins acoustically active: July through October 2019.

Sights & Sounds Time series Monthly Patterns Hourly Patterns

Each bar represents one week. The taller the bar,

‘more detections

Dolphins
Easy

Sights & Sounds Time series Monthly Patterns

Number of Detections

Each bar represents one day. The taller the bar,

I \‘“’“ ||||\||m|\| LA

Aol Ty 0w ' an o Apl i) A
P 2018 1 o g™ i ik Y

less detections

Flower
Garden Banks
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Dolphins were detected over the entire deployment at our listenting station off the north shore of
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Dolphins were often detected south of Key West in Florida Keys sanctuary over the three year project.
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PAM Supporting Management

Daily Sound Exposure Level for Ship Noise on 17-Oct-2016
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Opportunities for coordination: national marine sanctuaries
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54 57 Other Sources Horizon
Navy 8
ADEON ADEON 117.8
= AEON
DCLDE 111 5
131 BOEM 103.9
Boem A _
162 NMFS 59.4
NMFS NRQ.17.7
221
Na\'y.16.5
pcLoe [l 12.0
ONMS Other Sourcesl5-3
2,213
100S 0.2
AEON 0.0
SanctSound, Noise Reference Station (NRS), and OSON data 0 20 40 60 80 100 120 140 160 180 200 220 240 260

makes up the majority of the archive as of March 2025. Data Size TB =



Focus on Dissemination of Data & Products:
Continuum to Match Target Audience

NCEI Passive NOAA (OOS/Fisheries) Sanctuary Soundscape Sanctuary Ecosystem
Acoustic Data Archive dashboards/portals Inventory Reports Tracking Tool

Human Connections

Audio data and products
archived at NCEl;
SanctSound’s data products

: ) Provides access to all Site-specific tracking information
also available via ERDDAP periodically updating reports; pulled from periodically updating
compare certain indicators reports

Data exploration &
: across system
comparison platforms J. Brown, Sanctuary Watch

Level %
el of Technical expertise I g




Expanding the NOAA Fisheries Passive Acoustic
Monitoring Strategic Initiative (PAM SI) to I00S

How we’'re leveraging national collaborations

{1 (e N\ SO e

—== INSTITUTION
NERACOOS Our Ocean. Our Planet. Our Future.




RWSC

Regional Wildlife Science Collaborative

The PAM data deluge e G

- Steep increase of PAM data collection in
the Northeast US

- Data collection from:
- NOAA

States

Industry

Academia

- Need for:
- Standardized data processing
- Computation capabilities
- Public data archival (often a requirement)
- Unified data integration and visualization

e, 'Y 1 e
y ' 4
F_:J orh
5 W i
5 . Miami w y

Current and planned PAM locations




RWSC

Regional Wildlife Science Collaborative

The PAM data deluge

- Steep increase of PAM data collection in
the Northeast US

- Data collection from

- NOAA
- States
- Industry

locations




PAM Strateqic Initiative at National Marine Fisheries Service

Creating standardized, comparable, and open source workflows for PAM data

Data

@ | Processing |
Scalable Building Moving Database Open source Streamlined
workflow that capacity and towards open ~ development packages for NCEI archiving
or test case for source : supporting standardized ‘th \CE
enterprise software and standardized visualization
cloud storage cloud data exports ‘and data

processing




Integrating sound into the Northeast Ocean Observing System

- O COASTAL OCEAN CRSEEVING SYSTEMS

NORTHEAST OCEAN
OBSERVING SYSTEM

NERACOOS: /@ NERACOOS

- Non-profit organization

- One of the eleven IOQOS regional
associations (RAs)

- Coordinates regional observing systems

- Operates various observational platforms

- Public/private partnerships with institutions
across academia, industry, and
government sectors.



Essential Ocean Variables (EOQV)

EOVs measured by NERACOOS

Physics Biochemistry Biology and Ecosystems

Sea state*

Ocean surface stress : : )
Phytoplankton biomass and diversity

Seaice . : g
. Oxygen Zooplankton biomass and diversity
Sea surface height i

Nutrient Fish abundance and distribution
Sea surface temperature ) ) )
Inorganic carbon Marine turtles, birds, mammals abundance and - — —
Subsurface temperature o distribution = =
ransient tracers istributi == IND
Surface currents " . OCEA,N SOUND \
Particulate matter Hard coral cover and composition Essential Ocean Variable
Subsurface currents ; ; 3 .
S £ init Nitrous oxide Seagrass cover and composition Implementation Plan
ea surface salini —_—
e y Stable carbon isotopes | Macroalgal canopy cover and composition
Subsurface salinity ) ) i
Dissolved organic Mangrove cover and composition
Ocean surface heat flux ; : ; . :
carbon Microbe biomass and diversity (*pilot)

Ocean bottom pressure
Turbulent diapycnal fluxes

(*pilot)

Invertebrate abundance and distribution (*pilot)

The Global Ocean
Observing System



A PAM cyberinfrastructure accessible outside of NOAA

Data providers

Data Data backups

collection

Raw PAM data with
basic metadata

QA/QC report

Data products

100S

@ 100S analyst(s)

@ Standardized PAM data
QA/QC

y

Data packaging for NCEI
(Passive Packer / PACE)
Data management

NCEI

raw data

Packaged raw data with
complete metadata

Temporary cloud storage

&S

Standardized data analysis
@ (PyPAM, LFDCS, etc)
{é} Packaging data products for NCEI
Data processing (Passive Packer / PACE)

\
\
\

-
>
A

Data products
Packaged data products
with complete metada-

l

Public data visualization

J




A PAM

cyberinfrastructure accessible outside of NOAA

Data providers 100S NCEI

) @ 100S analyst(s)
’ Raw PAM data with
E| basic metadata ® Standardized PAM data il
QA/aC ackaged raw data wi
'I f complete metadata

Data packaging for NCEI
(Passive Packer / PACE)
Data management

-
|

raw data

Data Data backups

\

\

collection QA/QC report

\

Temporary cloud storage -

&S

=
>
A

-
-
-
-
-
-
| .
Data products
Standardized data analysis Packaged data products -
@ (PyPAM, LFDCS, etc) with complete metada- u
m Data products {§} Packaging data products for NCEI u
Data processing (Passive Packer / PACE) u

l

Public data visualization



A PAM cyberinfrastructure accessible outside of NOAA

Data providers

Raw PAM data with
basic metadata

QA/QC report

Data Data backups

collection

100S

@ 100S analyst(s)

® Standardized PAM data

QA/QC
Data packaging for NCEI
Data management

(Passive Packer / PACE)

NCEI

raw data

Packaged raw data with
complete metadata
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@ Useable Data

A Compromised Data
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A PAM cyberinfrastructure accessible outside of NOAA

Data providers

Raw PAM data with
basic metadata

QA/QC report

Data Data backups

collection

100S

@ 100S analyst(s)

® Standardized PAM data
/ QA/QC

Data packaging for NCEI
(Passive Packer / PACE)
Data management

NCEI

raw data

Packaged raw data with
complete metadata

PassivePacker

PACE

Passive Acoustic Data Viewer MORE INFORMATION ®

Position: -39.27937° 26.18107°]




A PAM

cyberinfrastructure accessible outside of NOAA

Data providers 100S NCEI

) @ 100S analyst(s)
’ Raw PAM data with
E| basic metadata ® Standardized PAM data il
QA/aC ackaged raw data wi
'I f complete metadata

Data packaging for NCEI
(Passive Packer / PACE)
Data management
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Public data visualization



A PAM cyberinfrastructure accessible outside of NOAA

Data providers 100S NCEI

@ 100S analyst(s)

’ Raw PAM data with
| basic metadata Standardized PAM data R NI
QA/aC ackaged raw data wi
'I f complete metadata

raw data

Data packaging for NCEI

Passive Packer / PACE -
Data  Databackups P T ( o ) _-
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Temporary cloud storage -
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>
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-
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/ Data products
Standardized data analysis Packaged data products
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m Data products {§}

Packaging data products for NCEI
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Public data visualization
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A PAM cyberinfrastructure accessible outside of NOAA

Data

)
!

Data
collection

Arrow type

solid | works

dotted | project task
dash-dot | partner task

Processing Pathways for PAM Soundscape Analysis
DATA STORAGE

v v
ﬁ
archive

OTHER DATA

e.g AlS, VMS
biological
e.g. visualiglider surveys

PAM DATA

Arrow color

gray | level Oto 1
orange | level 1to 2
green | level 2to 3
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SOFTWARE god TRITON| [PyPAm
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I i | program OTHER PRODUCT
< | ¢ s DEVELOPERS
detections
(e s
SOFTWARE PAMsc
biol | detecti

Soundcape Metric
Visualizations
e.g. percentiles, seasonal & daily
summarnes

SOFTWARE
OPTIONS
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Soundscape Interpretation
e.g. dala integration, separated specta, acoustic scenes, indicies

NMFS
scientific
publications

COMMUNITY PRODUCTS
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Credit: Megan McKenna, Samara Haver
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A PAM cyberinfrastructure accessible outside of NOAA

Data providers 100S NCEI

Raw PAM data with

f @ 100S analyst(s)

Standardized PAM data

rA @ QA/QC Packaged raw data with
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PAMscapes




A PAM cyberinfrastructure accessible outside of NOAA

Data providers

Data Data backups

collection

Raw PAM data with
basic metadata

QA/QC report

Data products
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@ 100S analyst(s)

@ Standardized PAM data
QA/QC
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Data packaging for NCEI
(Passive Packer / PACE)
Data management

NCEI
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A PAM cyberinfrastructure accessible outside of NOAA

& NERACOOS LAAC

20.0

+ Station E01

e Central Maine Shelf
NDEC ID: 44032
Lat: 43.72 Lon: -69.35 - =

y University of Maine
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A cyberinfrastructure accessible to other IOOS RAs

|OOS Regional-Associations
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Conclusions & Discussion

The Sound Cooperative (SoundCoop) Project: Community-informed
foundational best practices and open source workflows built to create,
visualize, and disseminate standardized sound level products for comparative
analyses Carrie.Wall@noaa.gov

The Ocean Sound Observing Network (OSON): We have built it (networked
data collection infrastructure), and partners are here — opportunities now to
solidify a national OSON using SoundCoop foundation, and software, tools &
coordination PAM Sl is building Lindsey.Peavey@noaa.gov

Expanding the NOAA Fisheries Passive Acoustic Monitoring Strategic
Initiative (PAM SI) to 100S: Implementation of cyberinfrastructure, tools and
standard data processing from these previous efforts for applications beyond
NOAA. Xavier.Mouy@whoi.edu
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