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Outline	  

•  Seismic	  noise	  on	  the	  Earth	  
•  Some	  theore7cal	  considera7ons	  

•  Important	  ques7ons	  

•  Results/discussion?	  



Primary	  Issues	  of	  Concern	  

• How	  large	  is	  the	  noise?	  
•  How	  well	  distributed?	  

–  Isotropy?	  Depth	  of	  ‘noise	  sources’?	  	  
– Coherent	  over	  seismic	  wavelengths?	  

•  How	  much	  aTenua7on?	  
– Coherent	  at	  both	  sta7ons?	  



Seismic	  noise	  sources	  on	  Earth	  



The	  terrestrial	  noise	  spectrum	  

[Webb,	  Nature	  2007]	  
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Equa7on	  198,	  [Longuet-‐Higgins,	  1950]	  

wave-‐wave	  
interac7on	   Bathymetry	  

Seismic	  excita7on	  by	  nonlinear	  gravity-‐wave	  interac7on	  



One	  reason	  noise	  tomography	  works	  so	  well	  on	  Earth	  is	  because	  
the	  noise	  source	  is	  dominant.	  



Seismic	  noise	  sources	  on	  other	  
planetary	  bodies?	  

•  Moon	  [Larose	  et	  al,	  2005]	  
•  Mars	  [Lognonne]	  

•  Venus	  ?	  
•  Jovian	  moons?	  
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General	  Theory	  for	  Noise	  Correla7on	  

•  Noise:	  Distributed	  sources	  with	  random	  phases	  
(over	  long	  enough	  7me	  T)	  

•  u(x,t)=displacement	  

•  G(x,t;x0,t0)	  sa7sfies	  

•  Cxy(t)=cross	  correla7on	  of	  u(x,t),	  u(y,t)	  
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General	  Theory	  for	  Noise	  Correla7on	  

Equipar77on 	   	   	   	   	   	  	  	  	  	  Source	  Isotropy	  (λ<<R)	  

•  If	  assump7ons	  not	  met,	  noise	  source	  distribu7on	  
is	  wrapped	  up	  in	  measurement	  to	  some	  extent	  
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e.g.	  Lobkis	  &	  Weaver	  2001,	  
Wapenaar	  2004	  

e.g.	  Snieder	  2004,	  	  
Sanchez-‐Sesma	  &	  Campillo	  2006	  



General	  Theory	  for	  Noise	  Correla7on	  
•  If	  assump7ons	  not	  met,	  noise	  source	  distribu7on	  is	  
wrapped	  up	  in	  measurement	  to	  some	  extent	  

•  Some7mes	  s7ll	  a	  good	  approxima7on:	  

•  OK	  because	  sources	  outside	  “Fresnel	  zone”	  have	  
phases	  that	  approximately	  cancel	  	  

•  But	  source	  distribu7on	  s7ll	  must	  be	  smooth	  enough	  
•  In	  any	  case,	  source	  distribu7on	  and	  velocity	  structure	  
can	  be	  simultaneously	  determined	  (non-‐unique)	  
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General	  Theory	  for	  Noise	  Correla7on	  
•  If	  assump7ons	  not	  met,	  noise	  source	  distribu7on	  is	  
wrapped	  up	  in	  measurement	  to	  some	  extent	  

•  Some7mes	  s7ll	  a	  good	  approxima7on:	  

•  OK	  if	  only	  1	  (or	  few)	  modes	  at	  each	  frequency	  (low	  l )	  

•  In	  any	  case,	  source	  distribu7on	  and	  velocity	  structure	  
can	  be	  simultaneously	  determined	  (non-‐unique)	  

Noise sources 
coherent over 
mode shape 



One	  Poten7al	  Misconcep7on	  

•  Each	  noise	  source	  must	  be	  seen	  by	  both	  sta7ons	  
•  i.e.,	  sta7ons	  must	  share	  noise	  sources	  so	  that	  
there	  is	  coherency	  between	  sta7ons	  

ATenuated	  to	  below	  
instrumental	  threshold	  



One	  Poten7al	  Misconcep7on	  

•  Each	  noise	  source	  must	  be	  seen	  by	  both	  sta7ons	  
•  i.e.,	  sta7ons	  must	  share	  noise	  sources	  so	  that	  
there	  is	  coherency	  between	  sta7ons	  

ATenuated	  to	  below	  
instrumental	  threshold	  

ATenuated	  to	  below	  
detectable	  level	   OK…	  

provided	  T	  is	  long	  enough:	  
Coherent	  part	  
Incoherent	  part	  
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but	  T	  may	  need	  
to	  be	  quite	  long	  
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Primary	  Issues	  of	  Concern	  

• How	  large	  is	  the	  noise?	  
•  How	  well	  distributed?	  
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•  How	  much	  aTenua7on?	  
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Modelling	  results:	  P.	  Lognonne	  

NetSAG	  working	  group	   19	  
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