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1D Reference Model STW105
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Starting 3D Mantle Model: S362ANI
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Current & Future Research

(Choices that need to be made in adjoint tomography)

e Model parameterzation (transverse isotropy, Q, more general anisotropy)
o Misfit
J Measurement type (cross-correlation traveltime, frequency-dependent phase & amplitude)

J Window selection (steadily increase number of windows; FLEXWIN, Maggi et al.)

o Band pass filtering (steadily increase frequency content)
e Model basis
e Regularization/smoothing
e Preconditioning
e (Conjugate-gradient algorithm

e Sampling the posterior model distribution (square-root variable metric
algorithm; Tarantola)

e \alidation (e.g., separate earthquake data set, Tape et al. 2009, 2010;
resolution tests, Chen et al. 2007, Fichtner et al. 2009)




Choice of Model Parameterization: Radial Anisotropy
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Choice of Model Parameterization: Radial Anisotropy
(Transverse Isotropy)

TAM.G

DIST: 20.77 N
BCAZ: 53.14
EVDP: 13.66
EVLO: 25.49
EVLA: 33.99
STLO: 5.53
STLA: 22.79

20'W 0 20'E o

209 418 627 836 1045 1254 1463 1672 1881 2090
Time (s)

Rayleigh wave Love wave




Choice of Misfit
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Choice of Misfit
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Optimization

Given a model m = {m;}, we seek to minimize the misfit function

x(m)

Its gradient is

gt (m) = 52X (m)

Find a new model m + Am such that

5,
gk(m+Am)=6—nfk(m+Am)=0

which is the condition for stationarity of y. We have

ox e Xy Ox
m, (m + Am) =~ . (m) + () Ay

Define the Hessian
&*x

6mk3mk'
Then we seek model update Am such that

Hkkl i

Hypr Ay = — gy
In matrix notation we obtain the Newton method
HAm= —g

and naively
Am= —H g

Steepest descent:
Am=~ —ag

for some positive step length .

Nolet (1987)



Optimization
Given a model m = {m;}, we seek to minimize the misfit function

x(m)

Its gradient is

gt (m) = 52X (m)

Find a new model m + Am such that

5,
gk(m+Am)=6—"fk(m+Am)=0

which is the condition for stationarity of y. We have

x e Xy Ox
m, (m + Am) =~ . (m) + () Ay

Define the Hessian
&*x

6mk8mk'
Then we seek model update Am such that
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In matrix notation we obtain the Newton method
HAm= —g

and naively
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Steepest descent:
Am=~ —ag

for some positive step length .

Nolet (1987)



(Preconditioned) Conjugate Gradient Method

Let 7 denote the iteration.

Nondimensionalize the model parameters with the symmetric, positive-
definite model covariance matrix:

S _ —1/2 i
m' =C_"“m

Use nondimensional, logarithmic model parameters, ideally
with minimal cross-covariance.

Calculate the value of the misfit function x(m')
Compute the gradient g* = dx/0m' based on the adjoint method
Nondimensionalize the gradient:
g =ClY2g
(Preconditioning:
§' = Pigi=PpiCcl?4
for some symmetric, positive-definite preconditioner P“'.)

Determine the current descent direction:
ﬁi - _ gi +ﬁiﬁ’i—l

For the first iteration, i = 0, set 3° = 0 and p° = — §°; other-
wise calculate 3' based on the Fletcher-Reeves, Pola-Ribiere, or the
Hestenes-Stiefel formula.

Model update

1At

Am' = a'p

for some positive step length a.



Choice of Basis & Smoothing

One can choose to expand the model in a known basis:

One can damp the model, e.g., by adding a norm,
gradient or second derivative term to the misfit

Instead, we ‘polish’ the gradient based on the
shortest vertical and horizontal wavelengths of the
waves in the dataset




Choice of Preconditioning

For all source-receiver combinations, calculate

.
P(x) = f d%s(x,t)dzs*(x, T — t)dt
0

Effectively, this yields a ‘ray density’ map which is
used to precondition the gradient, thereby
‘undoing’ some of the geometrical spreading

Yang Luo
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Choice of Step Length: Line search




Choice of Step Length: Line search
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Reduction in Misfit: First lteration
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Reduction in Misfit: First lteration

Vertical Transverse
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Depth 75 km
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Conclusions

o “Adjoint tomography” is feasible
e (Goal: whole seismogram (frequency-dependent phase & amplitude)
e Europe (Hejun Zhu)
e Middle East (See Daniel’s poster)

e Entire globe! (See Ebru’s poster)

e [yuture extensions:

e |nclude amplitudes
e Shear attenuation

e More general anisotropy
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