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Outline of this talk
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1. Ocean and seismic waves : 
more extra-curricular geosciences

2.  The « hum » : a mysterious signal 

3. Wave-wave scattering processes,  
     G + G → S   and  G + T → S
 « secondary »                « primary »  (Hasselmann, RG 1963 ; 1966)

4. Perspectives & conclusions
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Introduction : 
Ocean & seismic waves
(more extra-curricular geosciences)
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1. Why would an oceanographer 
care about « seismic noise » ?

(JGR Oceans 2012)

Can we explain these 

Observations ?

And hence learn something 
about waves ?  

See also 

  Farrell and Munk (2010) :    
    « booms  and busts »

… well, seismo-acoustic noise is the only true data that contains a 
broadband signature of ocean waves …  

Median spectra, bottom 
pressure @ 5 km depth

Wind 
speed
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The hum : a mysterious 
signal
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2. Earth's hum : what makes it ?

 

First measurements from 
supercondundcting gravimeters

(Suda et al., Science 1998)

→ the Earth's oscillates even 
without earthquakes. 

→ Spheroidal modes of the Earth
f=3.8 mHz : 0S29 
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Wave-wave scattering 
processes : 

How short turns into long ...
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Hasselmann (1963) : 

Creating waves of frequency f and wavenumber  K  (in a homogeneous medium) 

requires a forcing at BOTH the same frequency AND  wavenumber

 

3. Wave-wave scattering processes
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Hasselmann (1963) : 

Creating waves of frequency f and wavenumber  K  (in a homogeneous medium) 

requires a forcing at BOTH the same frequency AND  wavenumber

Ocean waves → seismic waves  thus requires 

a non-homogeneous imedium 

  → primary mecanism

or 

 non-linear  waves → secondary mechanism, sum only f
1
 + f

2
 

Indeed  f
1
 - f

2
  and k

1
 - k

2
 gives speeds less than d/dk  << seismic speed

(→ theories by Uchiyama & McWilliams 2009, Traer & Gerstoft 2014 give low-frequency pressure signals, but 
these are too slow to generate seismic waves)

       Or both  

Cf Hasselmann 1966 : Feynman Diagrams and Interaction Rules of Wave-Wave Scattering Processes

– Interaction of internal and surface waves

– Interaction with topography … 

 

The interaction of  k
1
  and k

2
 

yields waves at

  K = k
1
 + k

2
 and f = f

1
 + f

2
  

3. Wave-wave scattering processes
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k
wave

Example with waves over a sinusoidal bottom 

k
bottom

K

k
wave

k
bottom

K

3. Wave-wave scattering processes

The primary mechanism
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Compressibility modifies only the mass conservation equation (Longuet-Higgins 1950)

And the momentum (Euler) equations give (Hasselmann 1963)

This forcing is equivalent to a surface pressure

This is generally negligible

3. Wave-wave scattering processes

The secondary mechanism
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Resonance with acoustic or seismic modes imposes K  << k , hence   K ~ 0 

 
This is predicted in 
numerical wave models

Defining the « overlap integral » : 

This forcing is equivalent to a surface pressure

→ evaluation of the spectrum of this « surface pressure »

3. Wave-wave scattering processes

The secondary mechanism
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What can we learn about the short wave spectrum ? 

- testing model parameterizations : OK for 0.3 Hz  (waves of 0.15 Hz). 

                   Missing effects at 1 Hz  (waves of 0.5 Hz)

Ardhuin et al. (JASA, 2013) 

3. Wave-wave scattering processes

The secondary mechanism





27wwz.ifremer.fr/iowaga 

Conclusions

1) Long period seismic waves (« hum », f < 30 mHz ) is generated by the interaction of 
infragravity waves with topography : linear « primary » mechanism
Usable for diagnosing IG wave properties … ?  Not easy … 

2) Seismic noise sources for 0.1 < f
s
 < 0.6 Hz are generally well modeled 

(except maybe in the Arctic → scattering by the sea ice?) 

3) At higher frequencies :  we should consider spectra & evolution terms used for 
remote sensing. 

Can we model the full wave spectrum ? (going above 1 Hz)
    its modulation by ocean currents ? 

… and help determine the surface currents from SWOT, using roughness ? 

4) On the seismology side: more work to be done on Love waves (horizontal 
components) & body waves,  analysis of multiple stations → estimation of seismic 
attenuation → properties of the solid Earth. 


