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Recording geometry

1 a 15 x 15 array of 225 stations

2 200 m station spacing stretching
2800 m x 2800 m

3 3-components recorded at 500 Hz

4 this dataset is 48 continuous hours
starting 18:00 on day 1 gy  [

m]0

10
00

-1000-1000

0

1000

gx  [m]

N

∆y = 200 m∆x = 200 m

Sjoerd de Ridder Low frequency passive SI



Ambient seismic wavefield
Seismic interferometry

Spatial and temporal variability
Dispersion curve analysis

Conclusions and future direction

Recording geometry
Frequency spectrum
Frequency-wavenumber spectrum
Beamforming

Frequency spectrum

0        20        40        60        80       100
frequency  [H

z]

hour
18         24          6           12         18         24          6          12         18

0         4         8         12        16        20
frequency  [H

z]

hour
18         24          6           12         18         24          6          12         18

Sjoerd de Ridder Low frequency passive SI



Ambient seismic wavefield
Seismic interferometry

Spatial and temporal variability
Dispersion curve analysis

Conclusions and future direction

Recording geometry
Frequency spectrum
Frequency-wavenumber spectrum
Beamforming

Frequency spectrum

0        20        40        60        80       100
frequency  [H

z]

hour
18         24          6           12         18         24          6          12         18 0         4         8         12        16        20

frequency  [H
z]

hour
18         24          6           12         18         24          6          12         18

Sjoerd de Ridder Low frequency passive SI



Ambient seismic wavefield
Seismic interferometry

Spatial and temporal variability
Dispersion curve analysis

Conclusions and future direction

Recording geometry
Frequency spectrum
Frequency-wavenumber spectrum
Beamforming

Frequency spectrum

0 1 2 3 54 6 7

4000
8000

0

Ambient Field

frequency  [Hz]

am
plitude

Sjoerd de Ridder Low frequency passive SI



Frequency-wavenumber spectra

0       1       2       3       4       5       6
f  [H

z]
 2       1       0      -1      -2

k
x   [1/km

]

-2       -1        0        1        2
kx  [1/km]

N

20:00 - 21:00
on day 1

-2       -1        0        1        2
ky  [1/km]

0       1       2       3       4       5       6
f  [H

z]
 2        1        0      -1       -2

k
x   [1/km

]

-2       -1        0        1        2
kx  [1/km]

-2        -1         0         1         2
ky  [1/km]

N
20:00 - 21:00

on day 1



Frequency-wavenumber spectra

0       1       2       3       4       5       6
f  [H

z]
 2       1       0      -1      -2

k
x   [1/km

]

-2       -1        0        1        2
kx  [1/km]

N

20:00 - 21:00
on day 1

-2       -1        0        1        2
ky  [1/km]

0       1       2       3       4       5       6
f  [H

z]
 2        1        0      -1       -2

k
x   [1/km

]

-2       -1        0        1        2
kx  [1/km]

-2        -1         0         1         2
ky  [1/km]

N
20:00 - 21:00

on day 1



Ambient seismic wavefield
Seismic interferometry

Spatial and temporal variability
Dispersion curve analysis

Conclusions and future direction

Recording geometry
Frequency spectrum
Frequency-wavenumber spectrum
Beamforming

Frequency spectrum

0 1 2 3 54 6 7

4000
8000

0

Ambient Field

0 6 71 2 3 4 5

4000
8000

0

Beamforming

frequency  [Hz]

am
plitude

Sjoerd de Ridder Low frequency passive SI



Ambient seismic wavefield
Seismic interferometry

Spatial and temporal variability
Dispersion curve analysis

Conclusions and future direction

Recording geometry
Frequency spectrum
Frequency-wavenumber spectrum
Beamforming

Beamforming

20:00-21:00 on day 1

-0.8     -0.4       0       0.4      0.8
py  [ms/m]

0.8      0.4       0      -0.4     -0.8
p

x   [m
s/m

]

N

11:00-12:00 on day 2

-0.8     -0.4       0       0.4      0.8
py  [ms/m]

0.8       0.4       0     -0.4     -0.8
p

x   [m
s/m

]

N

Sjoerd de Ridder Low frequency passive SI



Ambient seismic wavefield
Seismic interferometry

Spatial and temporal variability
Dispersion curve analysis

Conclusions and future direction

Virtual sources by cross correlation
Virtual source at array center
Long offset Green’s function quality

Virtual sources by cross correlation

1 Virtual sources from interferometry
d(xr , xs , ω) = r(xr , ω) r∗(xs , ω)

2 Crosscorrelate 2 minute time series; stack over a certain time
interval

3 Lowpass filter to 6.5 Hz and subtract mean

4 Crosscorrelation retrieves positive and negative time lags
d(xr , xs , t) = F−1 { d(xr , xs , ω) }

5 Crosscorrelation by calculation of the Slepian multitaper
cross-spectrum
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Bessel function shape
Dispersion image and curve

Dispersion curve extraction

Extract an average 1D dispersion curve

1 1D Stack d(hr , ω) =
∑

m d(m, hr , ω)

2 Model for surface wave at each frequency
d̃(hr , ω) = d(0, ω) J0(2 ω

cω
hr )

3 Dispersion image at each frequency given as

I(cω, ω) =
∣∣∣∣∣∣d(ω)− d̃(cω, ω)

∣∣∣∣∣∣2
2

4 Phase velocity at each frequency from
c(ω) = min |I(cω), ω)|cω
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Conclusions

1 Convergence rate of the correlations depends on the strength
of the ambient seismic field

2 Rayleigh waves can succesfully be extracted from several
hours of passive seismic data

3 Radiation pattern of virtual sources is highly directional and
consistent with directivity in the background ambient seismic
field

4 Rayleigh waves show spatial variation and are dispersive,
revealing lateral and depth velocity variation
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Future directions

1 Extraction of dispersion curves as a function of midpoint

2 Love waves from horizontal components

3 Multichannel analysis of surface waves for dispersion curves

4 1D inversion of dispersion curves
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