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m Of course, noise has gone global lllil-
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Introduction |||ﬁl-

Amplification and Attenuation

Tomographic Imaging of Elastic Structure
Higher resolution with increase data coverage

Seismic attenuation tomography has lagged behind
More difficult.
Amplitude of seismic waves affected by 3D velocity, multi-
pathing, scattering, and source.



m Why is this important? Illﬁl-

Amplification and Attenuation

Recent ground motion simulations
suggest wave guide by sedi-
mentary basins and large
amplitudes in the LA Basin.

Basin for major cities (Tokyo, LA,
Mexico City, Bogota, Colombia)

How can we validate these simulations?



m Why is this important? Illil-

Amplification and Attenuation

Velocity and Quality Factor Variations
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How can we validate these simulations? """

Can we use amplitudes to monitor changes in the media?



m Amplitude information Illﬁl_

Is there reliable amplitude information in noise correlations?

Geometrical Spreading
Basin Amplification

Attenuation

YES
(under some conditions)
STILL DEBATED HOW

... Substantial and competing amplitude anomalies due to
elastic and anelastic variations ... (Savage et al., 2010)



For today ... Illﬁl_

Is there reliable amplitude information in noise correlations?

1. First suggestions on amplitude information
Some theoretical questions

A numerical example

> w b

Two recent success stories

5. Always improving, how can we do better?

... Substantial and competing amplitude anomalies due to
elastic and anelastic variations ... (Savage et al., 2010)



m Ambient noise Amplitudes and Attenuation Illﬁl-

results of previous studies are encouraging
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results of previous studies are encouraging
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m Ambient noise Amplitudes and Attenuation Illﬁl_
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UD Ambient noise Amplitudes and Attenuation IIIII

results of previous studies are encouraging
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Is there reliable amplitude information in noise correlations?

1. First suggestions on amplitude information
2. Some theoretical questions

3. A numerical example

4. 'Two recent success stories

5. Always improving, how can we do better?

... Substantial and competing amplitude anomalies due to

elastic and anelastic variations ... (Savage et al., 2010) 14
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m Theory — Weaver et al. Illﬁl-

Amplitude information present, but not simple e"

Inference of attenuation from comparison of empirical
coherencies to Jo(wr/c) exp(-o. r) is problematic (Weaver, CRG).
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m Theory — Tsai Illﬁl-

Behavior of e ™ only in special cases
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m Theory — Nakahara Illﬁl_

SPAC method in disipative media (Nakahara, GJI, 2013)

Analysis of the SPAC expressions for 2-D cases shows that the
conjecture of Prieto et al. (2009) 1s not strict but approximately
good for small attenuation.

Cl’z(l', (1)) = Jo(kor) for 2-D,
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m Theory — Nakahara |||ﬁl-

SPAC method in disipative media (Nakahara, GJI, 2013)

Analysis of the SPAC expressions for 2-D cases shows that the
conjecture of Prieto et al. (2009) is not strict but approximately
good for small attenuation.
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Is there reliable amplitude information in noise correlations?

1. First suggestions on amplitude information
Some theoretical questions

A numerical example
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Two recent success stories

5. Always improving, how can we do better?

... Substantial and competing amplitude anomalies due to

elastic and anelastic variations ... (Savage et al., 2010) 20



m Numerical Simulation

Lawrence et al. In prep.
Do simulations support our claim?

We generate

random array of sensors (red)

random location of ‘“noise” sources

3 months of synthetic data




m Numerical Simulation

Lawrence et al. In prep.
Do simulations support our claim?

We generate

random array of sensors (red)

random location of ‘“noise” sources

3 months of synthetic data

u(X,s) = fA F(s,w)eia’te‘ikrsxe‘a(w)rsx r°dA

F(s,w) — source at location s . - attenuation coefficient

r,, — source receiver distance A — integration over sources



m Numerical Simulation

Lawrence et al. In prep.
Do simulations support our claim?

We generate

random array of sensors (red)

random location of ‘“noise” sources

3 months of synthetic data
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m Numerical Simulation

Lawrence et al. In prep.

Accurate phase velocity and
amplitude decay observed in
simulated cross-correlations.
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Numerical Simulation
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UD Numerical Simulation
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n)] Numerical Simulation

Lawrence et al. In prep. Uniform Uniform Shell
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UD Numerical Simulation
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DD Attenuation from noise — C3 I"ﬂ]'

Amplitude decay — line-array examples
18 sec

geometric spreading corrected
clear EGF, yet biased attenuation (Zhang and Yang., 2013)
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UD Attenuation from noise — C3 I"“

Amplitude decay — line-array examples

18 sec
geometric spreading corrected
clear EGF, yet biased attenuation (Zhang and Yang., 2013)

May this bias be due to
noise intensity?
noise directivity?




m Attenuation from noise — C3 Illﬂl

Amplitude decay — line-array examples

(Zhang and Yang., 2013)
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Attenuation from noise — C3
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m Attenuation from noise — C3 I"ﬂ'

Amplitude decay — line-array examples (Zhang and Yang., 2013)
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[’D Attenuation from noise — C3 lll[ﬂ

Amplitude decay — line-array examples

a preliminary tomography using C3

Zhang & Yang SSA 2013

<10 Lawrence & Prieto, JGR 2011
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Seismic Amplification and Ground Motions
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Weak coherent
ambient
seismic field
recorded at stations

Extract impulse response
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Depth and mechanism correction
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Depth and mechanism correction

[,(0,w) = disp eigenfunction, surface

[,(h,w) = disp eigenfunction at depth

M Trapsyerse
— 3309' ; '4300

3000.  - ] E . - 60
27o°---..:’4. : : ' 90
A 240°\ = .l‘}. —t : o 120°
AI 00 Fimeins 2 2100‘ 1580 o
\_/ —T=5s -=-=T=7s  emea- T=10s
@ 4 1 A N
A . % " AAN
i (h,w) = 00 —ik, M, ()], (h,w)+ I (h,w)M,, (a)]].TTT (W)
\1 , N .




STANFORD/ D

UNIVERSITY

12/06/08 M5.1

Validation against real data




STANFORD

UNIVERSITY

Love Waves o5 mm

; BBR
SVD

M\/\/\,\f\l\’\w
DEV

PDU

n BFS

MLS
RIO
LGB
RPV
0 50 100 150

Timeins

-%wm-v Displacement T (4-10s)



STANFORD ¢ &

UNIVERSITY

Love Waves
=Ty |0.5 mm BBR
<® ~ HEC o SVD
S0 ‘i DEV

D

Timeins

-'Jw:'ww-w Displacement T (4-10s) ““W"’W VEAT (4-10s)



STANFORD ()

UNIVERSITY

Point Source 1 (x,t — 1)

Representation theorem
to extend the source

Ui(x,t) = Efuj((xj,z'),t —t,)dz?

j=10

A: A: A; A,




STANFORD (30

UNIVERSITY

Deploy seismic stations

Use the VEA to predict ground motion
from large events

Olsen et al. (2006) D .

() [ 2 4.0 m/S




STANFORD

UNIVERSITY

Love waves — PGD for 4-10s

Latitude

Longitude



&

STANFORD

UNIVERSITY

Love waves — PGD for 4-10s

apnine’

Longitude



STANFORD¢ ;0

UNIVERSITY

Rayleigh Vertical components

A : Time50s




For today ... |||ﬁl-

Is there reliable amplitude information in noise correlations?

1. First suggestions on amplitude information
2. Some theoretical explanations

3. A numerical example

4. 'Two recent success stories

5. Always improving, how can we do better?

... Substantial and competing amplitude anomalies due to

elastic and anelastic variations ... (Savage et al., 2010) 51



m Can we do better? |||ﬁl-

Standard practice suggests that we can
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m Can we do better? |||ﬁl-

Standard practice suggests that we can
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m Can we do better? Illﬁl_

In a multiple Input/Output system (Bendat and Piersol, 2010)

G1y(f) = Hi1(f)G11 + H2G12

Goy(f) = Hi1(f)G21 + HaGoo

]
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H, — Transfer function
54



m Can we do better? Illﬁ

In a multiple mnput/Output system (Bendat and Piersol, 2010)

Giy(f) = Hi(f)G11 + HaG12

Goy(f) = H1(f)G21 + HaG2o
Transfer Function is based on coherent signal
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DD Can we do better?

In a multiple input/Output system (Bendat and Piersol, 2010)

Giy(f) = Hi1(f)G11 + H2G12

Goy(f) = H1(f)G21 + HaG2o
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m Can we do better?
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1
Conclusions II I I

Ambient-noise Green’s functions can be used for
Attenuation Tomography
Long-Period Ground Motion Predictions.

But, we can do better using improved signal processing

- Correct directivity and source intensity
- Apply C3 methods
- Impulse response functions, with coherency constraints.
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