Submarine Environmental Sensing Over

Telecommunication Fiber Optic Cables
/hongwen Zhan (Caltech)
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Cabled Observatories Transoceanic Cables



The needs from two communities

Seismology: globally uniform coverage

Oceanography: surface waves, internal
waves, fides, currents, and temperature
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Ocean acoustic thermometry

« Use long-range observations of repeating acoustic
sources to monitor ocean temperature

« The program halted for environmental concerns Landbused
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Future of Seismic Ocean Thermometry relies
on sensor coverage, like Seismology




DAS: optical fiber as Distributed Acoustic Sensors
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Submarine DAS expands fast
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Bathymetry Shallow water
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Ide et al., EPS, 2021 500Hz sampling rate, 50km cable, 5m channel spacing, 1 TB/day



Hydro-acoustic wave on DAS
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Submarine DAS array detecits ocean waves too
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Light polarization-based long range sensing

« Telecom requires measurements of polarization to restore it

* Principle: stress to fiber causes change in light polarization
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Polarization detection of ocean swells

§0.14 -2.5 120 ‘ SM; TAM(G) |

> 0.1 | g gl .

& ..4. ‘ 33 B -160

5 0.06 { r d %) = 180

2 ‘ by j | - hum microseisms

(TR 0.02 h hnl..m ‘ ‘ll.l R M -35 0'01 0'-1 1
06/1 4 06/21 06/28 07/05 07/1 2 B H

"\01 4 r ] 4 ) '] ; ' | r . 1 requency [Hz]

Frequency (Hz
o
(asd eAnejey)oLbol

o
(asd eanejey)oLbol

06/07 06/14 06/21 06/28 07/05 07/12
Date in Year 2020



travel time anomaly (s)
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Promising future of submarine fiber sensing

Motivated by solid Earth geophysics but applies to ocean environment
Measures hydroacoustic waves, ocean waves, ocean current, etc.
Multiple emerging technologies: DAS, Phase, Polarization, SMART cable

Need collaborations among seismology, oceanography, fiber optics,
telecommunication industry, and regulatory agencies.
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Thanks! Questions?
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