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Goals of elastic FWI

S−waves

P−waves

Surface waves

Benefits

1 Improved resolution: ≈ λ
2 �

2 Multi-parameter reconstruction:
a P-wave velocity
b S-wave velocity
c (Attenuation passive)
d (Anisotropy passive)
e Density

3 Improved petrophysical characterization
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Elastic FWI

Elastic forward and adjoint modeling

required if S-waves or surfaces should be inverted

Advantages
1 Improved characterization by Vp and Vs

2 Improved resolution of S-waves

Challenges
1 Higher computational cost
2 Higher non-linearity
3 Parameter cross-talk
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Gradients for elastic FWI (adjoint method)

The derivation of gradients for elastic FWI follows the
same procedure as for the acoustic case:

1 Take elastic wave equation
2 Perturbation approach for model parameters and wave field properties gives

a wave equation for background fields
b wave equation for perturbed (scattered) fields

3 Formulation of wave equations in terms of Greens functions
4 Apply Born approximation (≡ Linearization of forward operator)
5 Identify Frechét derivatives ∂ui

∂mi

6 Insert Frechét derivatives into formula for the gradient ∂E
∂mi

Detailed derivations can be found in (Köhn 2011, Köhn et al. 2012, Mora 1987). In the
following I copied parts of slides prepared by Daniel Köhn (Kiel University) Köhn (2018).
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1. Elastic wave equation

Köhn (2018)
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2. Perturbation approach

Köhn (2018)
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2. Perturbation approach

Köhn (2018)
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3. Greens functions

Köhn (2018)
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3. Greens functions
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3. Greens functions

Köhn (2018)
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4. Born approximation
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5. Frechét derivatives

Köhn (2018)
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6. Gradient

Köhn (2018)
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6. Gradient
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FWI algorithm

Köhn (2018)
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Marmousi model

Submarine thrust fault system with
small hydrocarbon reservoirs (Martin
et al. 2006)

shallow gas (A)

shallow oil (B)

faulted trap gas sands (C1-C4)

faulted trap oil sands (D1, D2)

deep oil and gas (E1, E2)

water wet sand
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Acquisition geometry - acoustic sources and re-
ceivers

Köhn (2011)
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Wavefield

Köhn (2011)
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Wavefield
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Initial and true model

Köhn (2011)
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2Hz, 50 It.

Köhn (2011)
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2-5 Hz, 75 It.

Köhn (2011)
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2-5-10 Hz, 90 It.

Köhn (2011)
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2-5-10-20 Hz, 70 It.

Köhn (2011)
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2-5-10-20 Hz, 70 It.

Köhn (2011)
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Vertical profile at x=6.4 km

Köhn (2011)
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Shot gather

Köhn (2011)
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Shot gather
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