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Passive acoustic monitoring In
the ocean

Recording technology is getting robust

High bandwidths and high sample rates
nossible

_ots of data (terabytes!)

How do we get it to shore?
In what format?



What do users really want?

* Lots of time domain time series?
— Lots of data (terabytes)

* Interpretations of the ambient sound
signal

— Detection and measurements of geophysical
guantities

— Detection and measurement of biological
guantities

 Sub-sampling in situ



Argo floats

|deal platform for passive acoustic
measurements

Widely distributed worldwide

Park depth — 1000 m

Profile duration — several days
Expected lifetime — several years
Iridium communication — 2-way



Passive Aquatic Listeners
(PALS)

Adaptive underwater recorder
Low duty cycle (~ 1 %) (variable)
Very low power consumption
High bandwidth (0-50 kHz)

Designed to monitor ocean precipitation
(and wind speed) through ambient sound

An acoustic event detector



NASA Aquarius satellite
mission

 To monitor the water budget of the
oceans

— 45 enhanced Argo floats (STS/PAL)

« SPURS

— Regional field program in North Atlantic 2012
— Another 25 STS/PAL Argo floats



STS/PAL Argo float In
production




Deployments underway'
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Acoustic products

Ambient sound levels
Geophysical interpretations
Whale detection

Shipping detection

Two-way communication to PAL
— Change sampling strategies

— Update classification and quantification
algorithms




Sound Levels (dB rel 1 uPa’Hz™")
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Ambient Sound Levels
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Acoustic Classifications

Sample Spectra - STS/PAL float
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“whale” detection

* In these data "whales” are assumed to be
producing high frequency clicking,
centered at 30-40 kHz. This is consistent
with various cetacean species including
dolphins and beaked whales. However,
recall that the depth of measurement is
1000 m.

* Thus, we suspect beaked whales, known
for deep dives to over 1000 m.




Automated classification
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Acoustic Classification

 Only a few spectral parameters are
needed to identify most sound sources

* Multivariate classification algorithms
are applied on board the float

* Once classified, quantification for wind
speed and rainfall rate



Quantification algorithms

1) Wind speed algorithm:
U =a,; SPL83 + a, SPL8? + a; SPL8 + g,

where U is wind speed (m/s), SPLS8 is the sound level at 8 kHz (dB
relative to 1 pPa?Hz1) and the coefficients are [.0005; -0.0310;
4904, 2.0871], respectively. (new, from Athos — Aegean Sea)

2) Rainfall rate algorithm:
log,(R = b; SPL; + b,

where R is rainfall rate (mm/hr), SPL; is the sound level at 5 kHz (dB
relative to 1 pPa?Hz1) and the coefficients are [.0325; -1.4416],
respectively (from Nystuen et al. 2008).



Geophysical interpretation

STS/PAL #D6862 Profile #003
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STS/PAL D6862.003 Rain Event JD119
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Spectra for Event

STS/PAL D6862.003 Rain Event JD119
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Validation?

Argo floats are not recovered

Full validation requires long-term
measurements from well instrumented
ocean moorings

Comparisons with satellite observations,
satellite products (3B42 rainfall), and
models (whatever is available).

Biological surveys (from ships)



Conclusions

/0 enhanced STS/PAL Argo floats to be
deployed in the next 2 years

Worldwide deployments — where do you
want one? We are listening.

Spectral level time series

Geophysical products: wind and rain
accumulation (water budget inputs)

Whale detection (high frequency clicking)
Adaptive sampling — changes allowed!




