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FDSN Action Group and You

• Goal

• Make marine seismology accessible to and usable by the largest audience

• Process

• Define standards

• Document particularities of marine seismological data

• Publicize open source, easy to use processing tools

• Mandate

• Until September 2025 IASPEI workshop, Lisbon
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Collaborative workspace

• https://github.com/FDSN/OBS-standards

• Two main files

• standards.md: meta/data standards

• software.md: available software

• An Issues page:

• Please submit any 
questions/recommendations you may 
have.
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Software

• Orientation calculation

• Clock drift calculation

• Noise removal / signal separation

• Station localization

• Metadata notation

• Clock drift correction
• msmod upgrade to correct for clock drift 

(linear, cubic, polynomial)
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Russell et al., 2019).

Hable et al., 2018 Gouedard et al., 2014

Scholz et al., 2017

https://doi.org/10.1785/0220180336
https://doi.org/10.1093/gji/ggy236
https://doi.org/10.1785/0120130157
https://doi.org/10.1093/gji/ggw426


What can you do?

• Look at the standards.md and software.md files on the workspace

• Use them if you create data/metadata

• Make comments & suggestions on the “Issues” page
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Workspace

Issues page
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Broadband seafloor seismology spectra

• Two major sources of noise below ~0.1 Hz are ocean surface gravity waves 
(“Compliance noise”) and seafloor currents (“Tilt noise”)

Crawford et al., 2006, BSSA

Microseisms

Compliance
noise
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Broadband seafloor noise reduction

• Noise reduction techniques are based on frequency response “transfer” functions

• Assumes a linear relationship between noise on the different channels

• Most accurate when noise dominates

• Tilt noise correction uses the horizontal seismometer channels as the source
• Could distort earthquake signals (by a few %)

• Transfer function interpreted as the angle of the vertical channel from true vertical
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Tilt noise reduction

• The vertical/horizontal ratio approximately equals tan𝜃 at 
low frequencies, but:

• It is not completely linear

• It does not equal tan𝜃 at higher frequencies

𝜑𝑡 dynamic rotation of the seismometer about its center of mass

𝐿 distance of the seismometer mass from the center of rotation

𝜑0 angle of the seismometer mass from the center of rotation

𝜃 Misalignment of vertical with gravitational field

𝜔 Angular frequency (rad/s)

ℎ = 𝜑𝑡  𝑔 cos 𝜃  − 𝐿𝜔2 cos 𝜃 cos 𝜑0  + ℎ. 𝑜. 𝑡.

v = 𝜑𝑡 −𝑔 sin 𝜃 +
𝜑𝑡

2
cos 𝜃 cos 𝜔𝑡 + 𝐿𝜔2 cos 𝜃 sin 𝜑0  + ℎ. 𝑜. 𝑡.

Crawford & Webb, 2000, BSSA

𝜃 = 1.8°, 𝜑0 = 𝜋/2

Gravity Vertical

Horizontal

1e-5

1e5

1
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2nd order Gravity

Gravity-
dominated

Dynamic-
dominated

Gravity “Dynamic”

tan𝜃

tan𝜑0

v

ℎ
≈  tan 𝜃 +

𝜑𝑡

2
cos 𝜔𝑡  +  tan 𝜑0  + ℎ. 𝑜. 𝑡.
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Tilt noise reduction

• Estimated transfer functions are not 
completely flat

• Could be change from the 
“Gravity” to the “Dynamic” regime

• Could be non-linear effects

• Could be measurement uncertainty
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Simple rotation

• Concept
• Before running any transfer function-based correction, ”rotate” the vertical 

channel to the angle at which the tilt noise is minimized

• Benefits
• Should reduce distortion
• Removes dilemma of whether to first remove tilt-based or compliance-based 

noise
• Might reveal other noise sources

• Method
• Define a noise metric
• Search for the correction angle  that minimizes LF 

noise (<0.01Hz)
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Results

• Noise is lower

• After rotating, can remove 
pressure-correlated noise 
first (magenta dashed 
line)
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New Zealand (ZU.NZ02): 3800m

0.01 0.1

Mediterranean Sea (Z3.A422A): 2550mCascadia (7D.J33A): 350m

0.01 0.1 0.01 0.1
Frequency (Hz)Frequency (Hz)Frequency (Hz)

MSROC Annual Meeting 15

Mayotte (1T.MAUM): 3040m Mid-Atlantic Ridge: 2150mCascadia (7D.J23B): 2650m

8 December 2024



V/H transfer function after compliance noise removal

• See non-gravity effects, possibly non-linear effects
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𝜃 = 0.9°

𝜃 ≈ 0.1° 𝜃 = ?

Mayotte (1T.MAUM): 3040m Mid-Atlantic Ridge: 2150mCascadia (7D.J23B): 2650m
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V/H transfer function after compliance noise removal

• See non-gravity effects, possibly non-linear effects
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Mayotte (1T.MAUM): 3040m Mid-Atlantic Ridge: 2150mCascadia (7D.J23B): 2650m

2nd order
Gravity
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Conclusions

• Simple rotation of the vertical channel

• Allows one to obtain lower noise levels

• Simplifies the processing

• May reduce waveform deformation

• Can reveal other noise sources (-> more efficient noise removal)

• Available in the tiskitpy module (CleanRotator class)

• https://pypi.org/project/tiskitpy/ 

• https://github.com/WayneCrawford/tiskitpy/ 

• https://tiskitpy.readthedocs.io/ 

MSROC Annual Meeting 188 December 2024

https://pypi.org/project/tiskitpy/
https://github.com/WayneCrawford/tiskitpy/
https://tiskitpy.readthedocs.io/


The BRUIT-FM Seafloor Noise 
reduction challenge
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Filthy/rich seafloor data
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• Full of signals

• Need to be 
separated

• We need better 
tools.



The Noise Reduction Challenge
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• Go to the BRUIT-FM challenge website and 
download seafloor data
• One real
• One synthetic

• Create “clean” time series:
• “seismologist-friendly” Z
• “compliance-friendly” Z 
• Something else?

• Calculate useful transfer functions
• P/Z compliance and/or admittance
• Other?

• Send us your results (and code, if possible)



Outputs
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• We will

• Compile the results and do a first-level 
comparison (signal quality, PSD levels, 
ease of use)

• Organize a workshop for in-depth 
comparison and to launch a community 
paper
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Links
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• Website with the data and information on processing/formats

• Email address to send your questions and results to 

https://www.bruit-fm.org/challenge mailto:bruit-fm-challenge@services.cnrs.fr

https://www.bruit-fm.org/challenge
mailto:bruit-fm-challenge@services.cnrs.fr%20%20?subject=Love%20your%20talk!
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