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• Introduction
• Bruit et diffraction multiple
• Mesures répétées
• ‘Coda’ des fonctions de correlations
• Suivi temporel de volcans et de failles



Networks with continuous recording =  huge amount of noise data!

From seismological (e.g. Friedrich et al. 1998, Rhie and 
Romanowicz, 2004, Stehly et al., 2006) and oceanographic (e.g. 
Kedar et al. 2008) analysis, it is likely that microseisms can be
excited both along the coasts and in the deep seas



Correlation of noise records at distant stations

Intuitive?
Existence of a form of correlation

What is the correlation function?

A B

Mathematical property for a random field
An ‘old’ theorem: the fluctuation-dissipation theorem, stated originally for 
thermal noise.

Correlation of fields in A and B Green function betweenA and B

The correlation is equivalent to the record during an activeexperiment

A
B



What forms of random fields are we dealing with?

‘Random’ distributions of sources?

‘Random’ fields produced by 
heterogeneities (scattering, 
multipathing,)?

short period



Limitations: source distributions, sources at the surface,……
but it works with long noise records (Shapiro and Campillo, GRL, 2004; Sabra et al., 2005; 

Shapiro et al., 2005,………)

If the source distribution of noise is:
-a white noise distributed everywhere in an arbitrarily complex medium, 
-such that the position and the activation time of each source are 
uncorrelated
it has been demonstrated (e.g. Colin de Verdière, 2006) that:

Correlation of fields in A and B Green function betweenA and B

The Earth complexity helps…



� the principle works with actual coda waves (Campillo and Paul, 2003, Paul et al., 2005, 
Yao et al., 2006)

Multiple scattering: coda waves.

-long time series

-energy properties well described by Radiative 
Transfer Equation and the diffusion 
approximation (e.g. Hoshiba, 1991, Margerin et 
al. 1999)

-equipartition (e.g. Hennino et al., 2001, Hong 
and Menke, 2008):

The consequence of  equipartition is (e.g. Lobkis and Weaver, 2001 or 
Sanchez-Sesma, 2006 for elastic waves): 

Cross-correlation of 
coda records from the
BEAAR Experiment

from Paul et al; 2005



Taking advantage of the correlation properties of diffuse fields towards the 
empirical reconstruction of seismograms without source

R1 R2

R2

With this (real) passive experiment:

we want to find the result of that (ideal) active one

( t?,x?,y?,z? unidentified distant sources)

t=0,x,y,z

Limitations of the technique?



From Nishida et al., JGR, 2008

The sources act at the free surface.
The distribution of intensity is not isotropic



From Nishida et al., JGR, 2008



Surface waves are clearly identified in the correlation functions..
Nevertheless, in practical applications 30% to 50% of the 
measurements are rejected when a careful quality analysis is performed
(positive vs negative time, cross polarizations,.. ).

� Need to understand the influence of the non isotropy of the incoming
field
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AN EXPERIMENT WITH REAL DATA :

(Herman and Perkins, 2006 Geophysics; Gouedard, Roux, Campillo and Verdel, 2008 Geophysics)

Oil exploration data set (courtesy of the Ministery of Oil and Gas of the 
Sultanate of Oman, P.D. Oman and Shell)



Interpretation: stationary phase (Snieder 2004; Roux et al., 2005)

AN EXPERIMENT WITH REAL DATA :

�

Time window of analysis

Direct arrivals

�



Ambient noise

Applications to imaging



Zone of magmatic
intrusion

Brenguier et al. GRL, 2007

3D Image of Piton de la Fournaise Volcano



Monitoring temporal changes of Earth's crust 
with seismic observations

The changing Earth: a new perspective

• repeated seismic tomographies

good spatial resolution but low sensitivity because of changing source-
station configurations; works well for detection of strong changes, e.g., 
related to volcanic eruptions (e.g., Patane et al., 2006)

• comparison of waveforms from repeated seismic sources

(e.g., Poupinet et al., 1984; Snieder et al., 2002) natural repeated sources 
(seismic doublets) are difficult to find

• using noise correlations as repeated seismic sources

(e.g., Sens-Schönfelder and Wegler, 2006; Stehly et al., 2007; Wegler and 
Sens-Schönfelder, 2007; Brenguier et al. 2008a,b)



Ambient noise

Repeated measurements



Time symmetric
‘physical’ signal
(reference)

Change in velocity
(symmetry is preserved)

Clock delay at one of 
the stations (dt)
(symmetry is lost!)

Problem of source
distribution and poor
reconstruction
(no symmetry)

dt dt

time0

A powerful technique to detect and evaluate instrumental time errors


