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Abstract

Introduction

• Tsunamigenic earthquakes generate sea
surface current fields directly over the source.

• We relate vertical deformation with currents
fields using a linear fluid model.

• We present a method for inverting dense sea
surface current fields induced by
tsunamigenic earthquakes to determine the
distribution of deformation at the sea bottom,
assuming a flat ocean floor and instantaneous
deformation.

Current model
• Given an instantaneous deformation field
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where d̂(kx, ky) is the Fourier transform of
d(x , y)

• We discretize and take the real part
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• We get linear systems of equations for
d̂(kx, ky) for both components

v = Gd̂ (3)

Where v ∈ RNxNy×1, G ∈ RNxNy×NxNy and
d̂ ∈ RNxNy×1.

• We solve for d̂(kx, ky) and compute the
inverse Fourier transform to get d(x , y)

Synthetic tests
• Checkerboard tests (Fig. 1).

Fig 1. Input checkerboard test (left); Recovered deformation inverted 0.1 (s) after the deformation (right). Spatial resolution is constant across inversion domain.

• Gaussian bell-shaped deformation recovery with different settings and noise levels (Fig. 2).

Fig 2. Gaussian bell input (a). Estimations from: Simultaneous inversion (b). Average (c). Inversion at 30 (s) with 2.5 % noise (d). Inversion at 30 (s) with 5 % noise (e) and soft
constraints (left panel). RMSE of inversions with different noise levels (right panel).

Real coseismic deformations
• 8.3 Mw Illapel 2015 earthquake tests (Fig. 3).

Fig 3. Current fields at 60, 120, 180 and 240 (s) after deformation (left). Inversion results of different Illapel 2015 deformation models[2,3] (center). RMSE across models (right).

• 8.8 Mw Maule 2010 earthquake test[4] (Fig. 4).

Fig 4. Maule 2010 uplift derived from slip distribution from [4] (left). Average of deformation estimations at 0.1, 1, 10, 20, 30, 60, 120, 180 and 240 (s) (center). Difference
between the input deformation model and the estimated from currents (right).

Inversion scheme
• We use p linear equality constraints on d̂ of

the form
Hd̂ = h (4), H ∈ Rp×NxNy , h ∈ Rp×1

• Rewrite (3) to account for uncertainties as
Fd̂ = f (5)

where,

F =

[
([cov e] + [covg])

−1
2 G

[covh]
−1
2 H

]
, f =

[
([cov e] + [covg])

−1
2 v

[covh]
−1
2 h

]
• We solve (5) with biconjugate gradient for

both components and obtain the deformation
with
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• We invert single time steps, multiple time
steps simultaneously and average individual
time steps (Fig. 2).

Conclusions
• Constant spatial resolution (Fig. 1).
• Extents and patterns are recovered.
• Only underwater portion of deformation is

recovered.
• Deformation tends to be underestimated.
• High spatial frequencies are not recovered.
• Errors tend to grow as time passes.
• Origin time of the earthquake has to be

known.
• Averaging individual inversions yields lower

error.
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