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1. Introduction to seismic interferometry 

•  Aki (1957，Bull. Earthuq. Res. Inst): SPAC (spatial
 autocorrelation method) 圆形台阵噪声信号的空间－
时间互相关叠加恢复台阵下面波信号 

•  Claerbout (1968，Geophysics): 通过地表台站接收到
的信号的自相关来恢复台站下方层状介质的响应函数（格
林函数） 

•  Cox (1973, JASA): 2-D／3-D 噪声源信号（平面波假设
）的互相关理论 (JASA) 

 

…… 
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1. Introduction to seismic interferometry 

•  Ultrasonic experiment by Lobkis & Weaver (2001,
 JASA) 
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1. Introduction to seismic interferometry 

•  Coda wave interferometry 

   

(Campillo & Paul, 2003, Science) 
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1. Introduction to seismic interferometry 

•  Coda wave interferometry 

   

(Snieder et al., 2002, Science) 

	
dv
v

= − <τ >
t
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1. Introduction to seismic interferometry 

•  Ambient noise interferometry 

   

(Shapiro & Campillo, GRL, 2004) 
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1. Introduction to seismic interferometry 

•  Ambient noise interferometry 

   

 (Shapiro et al., 2005, Science) 
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1. Introduction to seismic interferometry 

Longuet-Higgins, M. S. (1950), A theory of the origin of microseisms Bromirshi,  
Webb, Gerstoft, Tanimoto, etc 
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Weaver et al.(2001), On the emergence of the Green’s function in the correlations of  
a diffuse field, Acoust. Soc. Am. 
 
Snieder(2002),Coda Wave Interferometry for  estimating Nonlinear Behavior in seismic 
velocity, Science  
 
Campilo et al. (2003), Long-Range Correlations in the Diffuse Seismic Coda, Science 
 
Campilo et al. (2003),Emergence of broadband Rayleigh waves from correlattions of the 
ambient seismic noise, GRL 
 
Snieder (2004), Extracting the Green’s function from the correlation of coda waves:  
a derivation based on stationary phase, Physical. Reiview  E. 
 
Campilo et al. (2004), High-Resolution Surface-Wave Tomography from Ambient Seismic 
 noise, Science 
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Gutenberg Medal Every Year 
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2. Extracting green function from ambient noise 

Weaver, 2005, Science 

‘noise’ cross-correlation 
function 

Real Green’s function from 
a ‘source’ at A and a receiver at B 

Empirical Green’s function (EGF) from 
 a ‘source’ at A and a receiver at B 
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CAB(t)= uB(τ +t)uA(τ )∫ dτ =GAC(−t)⊗GBC(t)⊗ f (t)
f (t)= e(−t)⊗e(t)

		GAB(t)

? 

		
GAC

C
∑ (−t)⊗GCB(t)=GAB(t)+GAB(−t)

C

A, B: receiver 
C: Scatter 

Derode et al (2003). 

2. Extracting green function from ambient noise 

Like Feymann integral and Kirchhoff theorem 
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Snieder et al (2004). 

2. Extracting green function from ambient noise 
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Snieder et al (2004). 

2. Extracting green function from ambient noise 
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   Fluctuation–Dissipation Theorem(FDT) 
  The theory connects the random fluctuation of linear system with the system response 

  to an external force , Like Brownian motion.  

“Forward”: Transfer kinetic energy to heat 
 
“Reverse”: Transfer heat to kinetic energy  

2. Extracting green function from ambient noise 

 (Shapiro et al., 2005, Science) 

That is why Green function can be extracted 
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3. The principle of noise tomography 

		ρ∂t
2s −∇⋅T = f

		n⋅T =0
		T = c :∇s

		

Cijkl = (κ − 23µ)δ ijδkl + µ(δ ikδ jl +δ ilδ jk )

Tij =Cijkl ∂k sl = (κ − 23µ)δ ij ∂k sk + µ(∂i s j + ∂ j si )

		
= (κ − 23µ)δ ijθ +2µε ij

		
T =κθI +2µ(ε − 13(trε )I)

		
T = 13(trT)I +[T −

1
3(trT)I] Istropic and deviatoric part  



17 

3. The principle of noise tomography 

Noise generated on surface, 9 components 

Only one source! 
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3. The principle of noise tomography 

Noise generated on surface 

Need note two operations! One is in regular time, the other is in time-reverse   

		< f j(x
' ,t ' ) fm(x '' ,t '' )>= E[ f j(x ' ,t ' ) fm(x '' ,t '' )]

We can extract S from the power spectrum of ensemble average noise. Or we seek the  
central limit of large samples of the cross correlation  

Symmetric can also facilitate noise cross correlation tomography   
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3. The principle of noise tomography 
a) b) 

a)Ensemble cross correlation obtained based on two numerical simulations Of 7hr 
global seismic wave propagation 
b) Ensemble cross correlation obtained by stacking 5000 synthetic cross correlation    
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3. The principle of noise tomography 

Objective function (OF): 

Making variation for misfit function   (                     ): 

Plus boundary condition and Tensor Green Theorem: 

		<C
αβ >obs ,ρ ,c ,s , f
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3. The principle of noise tomography 

The first terms on the right hand:  

The Second terms on the right hand:  
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3. The principle of noise tomography 

The first terms on the right hand  

The Second terms on the right hand  

		< g, f1⊕ f2 >=< f1⊕ g, f2 >



23 

3. The principle of noise tomography 

Previous formula: 
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3. The principle of noise tomography 

First define ” adjoint wavefild s+”: 
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3. The principle of noise tomography 
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3. The principle of noise tomography 

****** 
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3. The principle of noise tomography 
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3. The principle of noise tomography 

(The cross-correlation function, regular 
Field, equivalent correlation with two fields) 

(in reverse time) 
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3. The principle of noise tomography 

( The “ adjoint ”field  at location   ) 

( The “ adjoint ” source at location       ) 

	x β

	x β
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3. The principle of noise tomography 

Time in reverse 
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3. The principle of noise tomography 

Each kernel consists of the contribution of        and 	Cαβ 	C βα
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3. The principle of noise tomography 

Workflow 

Based on symmetric properties of regular fields and adjoint fileds, we just need  
three forward modelings 
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3. The principle of noise tomography 

Workflow(Specfem3D) 
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3. The principle of noise tomography 

1.Full waveform inversion 

2. Travel time inversion 
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4. 2-D examples 
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4. 2-D examples 

Then, 
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4. 2-D examples 
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4. 2-D examples 
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3. The principle of noise tomography 

 Some important operators 
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3. The principle of noise tomography 
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3. The principle of noise tomography 
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3. The principle of noise tomography 


