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Why are we interested by noise ?

 One aim of seismology is to image the Earth 

interior.

 People use earthquake records to that end. 

 => These implies several limitations.



Motivation 

- The spatial resolution of seismic tomography is mainly limited by 
the uneven distribution of Earthquakes. 

- Surface waves whose period < 20s have a strong attenuation 
preventing us to study the crust with a good resolution. 

- It is not possible to use earthquakes records to monitor temporal 
changes of the medium.



Active seismology

 Alternatively it is possible to use waves emitted 

by explosions. But :

 1) This is no possible in urban area

 2) It is not possible to study the deep Earth.

 3) It is costful !



Correlation and Greens function 

The time derivative of the correlation of the displacement field 
recorded by two stations A and B is proportional to the complete 
Green function of the medium between A and B.

A B



Correlation and Green function

 No assumption on the medium is needed to establish 

this result. 

 We need to assume that the noise is isotropic.
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Application in seismology

 The seismic noise is dominated by 
surface waves.  

 In the 5-50s period band it originates from 
the oceans. 

=> The seismic noise is not isotropic.

 To overcome this  we consider long time 
series (> 1 yr). 



Spectrum of two days of noise 

recorded in California 

 There are two peaks at ~7s and 15s => noise 

characteristic depends on the period.



Noise spectrum vs Time

 Noise spectrum changes with the season in the 

northern hemisphere, but not at the equator

Northern Hemisphere

Equator

Stutzmann et al., G3, 2009



Correlation between MLAC and 

PHL

 We used one year of 

records. 

 The data are filtered 

between 5 and 10s.

 The records are correlated 

days per day and stacked 

month per month.

Southern California



Monthly correlations of noise recorded 

by MLAC and PHL in 2002 filtered 

between 5-10s

1) The cross-correlations doesn’t change with time. 
2) The amplitude of the anticausal part of the cross correlations is much 

larger than the one of the causal part.

=> Most of the noise comes from the coastline

noise propagation during  the winter

noise propagation in the summer



During winter most of the Rayleigh wave energy propagates from MLAC to 

PHL. During the summer  the noise is dominated by waves going from PHL 

to MLAC

noise propagation during the winter 

noise propagation in the summer

Monthly correlations of noise recorded 

by MLAC and PHL in 2002, filtered 

between 10-20s



Stations used



Amplitude of the correlations at the arrival 

time of Rayeigh waves vs Azimuth

5-10s

Winter Summer
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Networks used



Is the noise between 10-20s localy 

generated ?

Winter Summer



 Our aim is to identify the source region that 
generates the 10-20s noise consistently 
recorded by all the networks. 

 We use a back projection procedure: for every 
considered pair of stations we trace the great 
circle connecting the stations.

 We then define a 2x2 grid on the surface of the 
Earth and take the mean value of the correlation 
amplitude associated with all great circles 
crossing every cell.



Origin of the seismic noise between 

10-20s during the winter 

Origin of the noise between 10-20s



Comparison between the origin of 

the noise and ocean wave height 

map

Origin of the noise between 10-20s Mean ocean wave height map from 

(TOPEX POSEIDON)



Origin of the seismic  noise                ocean wave height map

winter

summer

Stehly et al, JGR 2006



 Between 5 and 10s the seismic noise is stable 

and always originates from the nearest 

coastline. 

 Between 10 and 20s, the noise originates from 

the northern hemisphere during the winter, and 

from the southern hemisphere during the 

summer.

 Most of the noise in the 10-20s period band 

seems to come from the deep ocean. 



Is there any body waves ? 
Landes et al JGR 2010



P-waves on the Parkfield network 1-10s

Stations map CC vs distance

Roux et al, GRL 2005





CC vs distance at the ETSE network 

10-20s 5-10s



 Waves with an apparent velocity of 10 km. s-1 

are visible on the correlations. 

 Using 3 components correlations it is possible to 

study their polarization, incidence angle, and 

their azimuth 



Exemple of particle motion of a 

noise correlations

 These fast waves are polarized like body waves



Incidence angle and Azimuth of 

body waves visible on correlations
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It is possible to back-project the body waves 

visible on noise correlation in a 1D Earth model



 The incidence angle and azimuth of the body 

waves visible on the correlations are evaluated.

 => It is possible to back propagate these body 

waves assuming a 1D Earth Model.



distribution of body waves source in 

the 5-10s period band



5-10s 10-20s



10-20s

winter

summer



Conclusion

 Ambiant noise is dominated by surface waves 

but also contains body waves. 

 Body and surface waves are generated by the 

ocean. 

 The distribution of noise sources changes with 

the season in the 5-20s period band. 

 However because of attenuation, surface wave 

seems to come always from the same place in 

the 5-10s period band.



How does the 5-20s period band 

noise relates to the hum?


