Adjoint-Based Sensitivity Analysis using Automatic

Jacob Frasunkiewicz!, Anton Popov?!, Boris Kaus!

Differentiation for Geoscientific Multiphysics Problems

1 Johannes Gutenberg Universitat Mainz, Institute of Geosciences (jafrasun@uni-mainz.de)

z[m]

z[m]

What are Sensitivity Kernels?
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Sensitivity kernels
parameter observation.

Geothermal Heat Extraction

0 (a) Geological cross-section

(b) Temperature [t = 100.66 yr] 7'
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(Advective sensitivity: Permeability large scale flow
thermal diffusivity
local recharge.
Diffusive sensitivity: Adjoint variable
\_ J

1.) Solve forward problem & evaluate cost function

How Does This Work?
Applying the Discretize-then-Optimize Method

Three Step Procedure:

R(u,m) =20 F(u) =

2.) Solve adjoint problem

J%:(

3.) Compute sensitivity kernels

T
Z—F> where J = B_R
u

OR

K=—y"B where B = —

om

Geometric Interpretation

This method can be used to
evaluate gradients of a given
cost function F w.r.t. the
input parameters m. In our
multiphysics problems, the
cost function depends on the
observations that we have.
Check out the different
examples to see how we
solve different problems
using the same method!
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To understand how the kernels are calculated, we visualize the assembled equations
and gradients on the residual- and cost function-surfaces.

(a) Forward solve: Jéu= — R (b) B=0R/0Om

(c) Tangent plane geometry at (u,m,)

Newton Iterations
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Petrological Experiment
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(c) Diffusion Coefficient [m? s~ ]
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1 (b) Heat Flux Magnitude [m °C s~ 7]
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(d) Sensitivities dF/dD [°C s m~2]
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== J=0R/Ou == B=0R/Om ==di/dn= —J 'B
== R(u,my) == R(u,m) = R=0 o0 u

(a) Newton iterations to solve the forward problem.
(b) Gradient of Residual w.r.t. material parameters, B. Note how nonlinearity changes B when solution changes
(c) Tangent plane that describes sensitivity calculation in the case that F = u -60
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(a) Sensitivity — driven inversion
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(b) Cost landscape and gradient
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(a) R=0 contour colored by cost
function value and 9F/du.
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(b) Orange arrows show 9dF/du,
projected onto R=0 as w. Green
arrows show K = —w’B — the -80
parameter update om. White lines
trace the inversion toward u_obs.
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