/. Using noise for tomography

Noise, cross correlation,
phase velocities, and tomography




a sine wave




probability density function for a sine wave




Starting point:

Much of the “noise” recorded at a station is
fundamental mode Rayleigh and Love waves
arriving from different directions




Two stations, P and Q,
separated by L km

L
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What is the cross
correlation of noise
signals recorded at

P and Q!
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Plane wave of noise

distance: L=200 km incident on two
speed: c=3 km/s stations, P and Q
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Cross-correlation function, P and Q
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Plane wave of noise
incident on two
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one noise source
station azimuth 180 deg.
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Spectrum of cross-correlation function
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one noise source
station azimuth 45 deg.




Cross-correlation function, P and Q
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Cross-correlation function, P and Q
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two noise sources
station azimuth O deg.
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four noise sources
station azimuth O deg.
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|0 noise sources
azimuth O deg.
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Cross-correlation function, P and Q
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| 80 noise sources
azimuth 0 deg.
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Cross-correlation function, P and Q
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sine function pdf of sine function
y=sin(9) x=p(y)
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What about the Fourier transform?




What about the Fourier transform?




Spectrum of cross-correlation function

1.000 ! ! '
real
0.800H

0.600}- —
0.400}- —

0.200}-

_z:zzz_ fiy \/”'\/W A

—0.400_ Re {s(w)} = COJO . _
C

—0.600}- —

—0.800}- —

—1.000- -
| | |

0.000 0.050 0.100 0.150
frequency (Hz)




180 noise sources i
: 00
azimuth 0 deg.

azimuthally O0e,

: : %0000
varying amplitudes

]




Cross-correlation function, P and Q

1,000 I I h I I I I I |

0.500}- -

me

o.ooo%va,JM

~0-500r 100 hours of noise data -
red:/theoretical prediction
~1.000} _
| | | | | | |
-200 -150 —100 -50 O 50 100 150 200

time delay (seconds)




1.000

0.800

0.600

0.400

0.200

0.000

—0.200

—0.400

—0.600

—0.800

—1.000

Spectrum of cross-correlation function
| | |

]

real B

I{e{s —-con -
c

Im {s(w)} = cljl(“’cL) _

0.000 0.050 0.100 0.150

frequency (Hz)




spectral amplitude

amplitude

Real data
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Real data, reversed
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Love waves, reversed
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_ o
r,wy) = J y
p(r,wo) = Jo (w0

“This formula clearly indicates that i1f one measures p(7, wy)
for a certain » and for various wy’s, he can obtain the
function c(wy), 1.e., the dispersion curve of the wave for the

corresponding range of frequency wy™.

Aki, 1957

(made fashionable again by Ekstrom, Abers, and Webb, 2009)
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Some results from processing the
USArray data 200601-201403




Beginning 2014
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Station removal
follows in 24 months




The crust of North America

Chulick and Mooney, 2002




Recipe for success:

|. Correlate continuous recorded signals at all
pairs of USArray stations in 4-h windows
(note - this is a big calculation)

2. Stack all correlation functions for each pair

3. Determine zero crossings of stacked
cross-correlation spectra

4. Determine phase velocities using Aki’s formula

5. Invert phase-velocity observations to determine
phase-velocity maps
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Observed and predicted dispersion
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|. Noise tomography is a powerful tool to
investigate shallow Earth structure using
data from a regional network

2. There are different algorithms that are used --
Aki’s method is perhaps the simplest

3. Noise tomography requires continuous data




