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A1 Derivation of Posterior Density in Equation (17)5

As the first step we rewrite the posterior density as follows using the fact that Z and W are
independent:

π(η,θ,v, σd|Z,W) =
f(Z|η,θ,v, σd,W)f(η,θ,v, σd,W)

f(Z)f(W)
.

By noting that f(η,θ,v, σd|W) = f(η,θ,v,σd,W)
f(W) and the fact that f(Z) does not depend on the

parameters (η,θ,v, σd), we can write

π(η,θ,v, σd|Z,W) ∝ f(Z|η,θ,v, σd,W)f(η,θ,v, σd|W).

Using the fact that the observational data Z is conditionally independent of (θ, σd,W) given
(η,v), we can simplify f(Z|η,θ,v, σd,W) as follows:

π(η,θ,v, σd|Z,W) ∝ f(Z|η,v)f(η,θ,v, σd|W).

Since (η,θ,W) and (v, σd) are independent by the assumption for the model in (16) and hence

f(η,θ,v, σd|W) = f(η,θ,v,σd,W)
f(W) = f(η,θ,W)

f(W) f(v, σd), we can rewrite f(η,θ,v, σd|W) as follows:

π(η,θ,v, σd|Z,W) ∝ f(Z|η,v)f(η,θ|W)f(v, σd).

By noting that f(v, σd) = f(v|σd)f(σd) and f(η,θ|W) = f(η|θ,W)f(θ) (because the prior
density of θ does not depend on W), we obtain

π(η,θ,v, σd|Z,W) ∝ f (Z|η,v) f (η|θ,W) f(θ)f (v|σd) f(σd).

To bring our notation in line with the rest of the manuscript, we substitute the density f(Z|η,v)
by L(Z|η,v) and rearrange the terms to obtain the posterior density:

π(η,θ,v, σd|Z,W) ∝ L (Z|η,v) f (η|θ,W) f (v|σd) f(θ)f(σd).
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A2 Supplementary Figures6

Figure A1: Comparison of the estimated discrepancy patterns by the procedure described in
Section 4.3 (left panels) and the true discrepancy patterns that are actually used in Section 5.1
(right panels). The upper panels show the results for one of the discrepancy patterns used in
the simple numerical example. The other 19 cases with different realizations of the discrepancy
process exhibit the similar results. The lower panels show the discrepancy patterns in the
PSU3D-ICE model calibration problem. In both cases the estimated discrepancies capture well
the overall patterns of the true discrepancy.
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Figure A2: Example of 16 model runs out of total 100 model runs used in the perfect model
experiment for the simple numerical example described in Section 5.1. The resolution of each
image is 30 × 30. The first parameter θ1 controls the overall size of the grey pattern and the
second parameter θ2 changes both the shape and the size of the pattern.
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Figure A3: The joint (upper panel) and the marginal (lower two panels) posterior densities of
the input parameters based on synthetic observational data sets with 10 different realizations
from the discrepancy process defined in Section 5.1. In most of the cases the resulting posterior
densities recover the true input parameter setting (white dashed lines in the upper panel and
black solid line in the lower panels) reasonably well. The marginal posterior distributions
have significantly smaller variation than the prior distribution, showing that the parametric
uncertainty has been significantly reduced by calibration.
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