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Point data are everywhere. Are we using them well?
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Data Assimilation is an Inverse Problem:
‘Control Method’ or Constrained Optimisation
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Key Question: Which model-data misfit?
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Point Evaluate u(X;)
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e.g. J[p]= > /n (" = 6P)- (N —uP)dA (Shapero et al., 2016)
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& Firedrake
Mathemataics... ..as (differentiable) code

from firedrake import *

R _ _ 1. q(2)
v kvu - f k T koe omega = UnitSquareMesh (20, 20)

P2CG = FunctionSpace(omega, family="CG", degree=2)
u = Function(P2CG)
v = TestFunction(P2CG)

f = Constant(1.0)

kO = Constant(0.5)

g = Function(P2CG).assign(...)

bc = DirichletBC(P2CG, 0, "on boundary")

/kofiqvu(ﬂf) VU — f?) dr =0 F = (kO * exp(q) * inner(grad(u), grad(v)) - £ * v) * dx
e Yo € P20G(9) solve(F == 0, u, bc)
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Which Misfit To Use?

scipy.interpolate.LinearNDInterpolator

scipy.interpolate.CloughTocher2DInterpolator
(fill value=0.0)

scipy.interpolate.Rbf
(Gaussian Radial Basis Function)
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Posterior Consistency:
Do more points give me more accurate results?
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Cross Validation Data Assimilation —Larsen C & ICE PACK

Log-fluidities at different regularisation
Optimal Regularisation Over Regularised
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Stated error on velocity data from true . .
remote sensing seems too low... ~ 3.4 X o), —) Bad Data: Bad Physics:




Advantages of Using a Point Evaluation Approach
with & Firedrake and & ICE PACK

Data Models
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Accurate Data? Accurate Physics?
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For much more see the paper!
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& ICE PACK

Solve simple and Customizable Inverse solvers
complex ice flow stress balance for data icepack.github.io
models models assimilation
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From https://icepack.github.io/notebooks/tutorials/03-larsen-ice-shelf
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