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Plan of the talk

✦ Numerical background

★ Inversion techniques
★ Markov Chain Monte Carlo
★ Pseudo-spectral parametrization

✦ Relative Source Time Function

★ Information on rupture process
★ Empirical Green Function

✦ Mining Induced Events - case study

★ Local seismic network
★ Examples
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Inverse problem - Indirect Measurements

dobs =⇒ m

Solution

||dobs − dth(m)||+ λ||mml −mapr|| = min

Errors
mtrue = mml + εm

εm = ???
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Inversion Algorithms

Method Advantages Limitations

Algebraic (LSQR) - Simplicity - Only linear problems

mml = (GTG + γI)−1GT · dobs - Large scale problems - Lack of robustness

Optimization - Simplicity - Difficult error estimation

‖G(m) − dobs‖ + λ‖m) − ma‖ = min - Fully nonlinear

Bayesian - Fully nonlinear - More complex theory

σ(m) = f(m)L(m, dobs) - Full error handling - Requires efficient sampler
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Inversion algorithms

m

d d=G(m)

model parameter

da
ta

Back projection Model space search
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Bayesian Inversion - Basic Ideas

Observations

Theory

A priori

A posteriori
knowladge

ppost(m|d) =
pth(d|m)papr(m)

pobs(d)
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Bayesian Inversion

A posteriori pdf

σ(m) = f(m)L(m,d)

✦ f - A priori pdf (prob. dens. funct.)

✦ L - Likelihood function

Errors independent ofm andd

dth = G(m)

σ(m) = f(m) exp
(
−||dobs −G(m)||

)
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Probabilistic approach

A posteriori pdf σ(m, d):

✦ always exists

✦ is unique

✦ describes all information

✦ is thesolutionof an inverse problem

When and why we need to use this approach ???

ERROR ANALYSIS !!!
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Examination of σ(m)

✦ Searching Maximum Likelihood
solution

★ Gradient methods
★ Monte Carlo - Global

Optimization

✦ Sampling over regular grid

✦ Random (Monte Carlo) Sampling
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Monte Carlo sampling

Monte Carlo sampling

{m1,m2 · · · · · · · · ·mN}
N[m−∆,m+∆] ∼ σ(m)

Solution

✦ mml = mi : σM(mi) = max

✦ mavr =
∑

samples

ms

✦ εm =
∑

samples

(mavr −ms)2

Grenoble - 9 Joseph Fourier Univ., 13.I.2005



Markov Chain Monte Carlo technique
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Elements of seismic tomography

Far field:

uobs
i (t, r) =

∫
t′

∫
Σ

Gi(t− t′, r, r′)S(t′, r′) dr′ dt′

uobs
i (t) =

∫
t′

Gi(t− t′)S̄i(t′) dt′
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Seismic tomography - two step inversion

Apparent STF

S̄i(t) ≈
∫
Σ

S(t + δi(r′), r′) dr′

Two steps inversion

uobs
i (t) =⇒ S̄i(t′)=⇒ S(t, r)
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Apparent STF

uobs
i (t) =

∫
t′

Gi(t− t′)S̄i(t′) dt′

✦ AproximationG: (e.g. Empirical Green Function (EGF)

✦ DiscretizationS̄(t) =⇒ {m1,m2, . . .}

✦ Constraints

★ causality
★ finit duration
★ positivity
★ limited frequency band
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Empirical Green Function
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Discretization

S̄(t) =
∑

i

aiφi(t)

φi(t) =


δ(t− ti)

exp
(
−1

2(t− ti)2
)

sin(ωit)

S̄(t) ≡ S̄(a) ↔ {ai}
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Positivity constraint
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No constraint
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Station distribution
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STF - channel 13
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STF - channel 13
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All channels
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STF- errors
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Synthetic vs. recorded seismograms
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Moment sejsmiczny
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Rozkład k ↪atowy
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Station distribution
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Station distribution
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Empirical Green Functions
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Synthetics/Main
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Source Time Function
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Scalar Moment
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Root Mean Squares Residua

Grenoble - 32 Joseph Fourier Univ., 13.I.2005



Empirical Green Functions
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Synthetics/Main
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Source Time Function
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Scalar Moment
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Root Mean Squares Residua
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