Accepted Manuscript

Accounting for model error in Bayesian solutions to hydrogeophysical
inverse problems using a local basis approach

Corinna Koépke, James Irving, Ahmed H. Elsheikh

Pll:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

Please cite this article as: Corinna Képke, James Irving, Ahmed H. Elsheikh, Accounting for model error
in Bayesian solutions to hydrogeophysical inverse problems using a local basis approach, Advances

S0309-1708(17)30830-8
10.1016/j.advwatres.2017.11.013
ADWR 3018

Advances in Water Resources

21 August 2017
2 November 2017
12 November 2017

in Water Resources (2017), doi: 10.1016/j.advwatres.2017.11.013

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and

all legal disclaimers that apply to the journal pertain.

Advances
in Water
Resources



https://doi.org/10.1016/j.advwatres.2017.11.013
https://doi.org/10.1016/j.advwatres.2017.11.013

Accounting for model error in Bayesian solutions to
hydrogeophysical inverse problems using a local basis
approach

Corinna Kopke®*, James Irving®, Ahmed H. Elsheikh®

@ University of Lausanne, Institute of Earth Sciences, 1015 Lausanne, Switzerland
b Heriot-Watt University, Institute of Petroleum Engineering, Edinburgh EH14 4AS, United
Kingdom

Abstract

Bayesian solutions to geophysical and hydrological inverse\problems are depen-
dent upon a forward model linking subsurface physicalsproperties to measured
data, which is typically assumed to be perfectly known in the inversion proce-
dure. However, to make the stochastic solution of the inverse problem computa-
tionally tractable using methods suchias Markov-chain-Monte-Carlo (MCMC),
fast approximations of the forward.model’are commonly employed. This gives
rise to model error, which has the potential to significantly bias posterior statis-
tics if not properly accounted for. Here, we present a new methodology for deal-
ing with the model érror arising from the use of approximate forward solvers
in Bayesian solutions to hydrogeophysical inverse problems. Our approach is
geared towards theicommon case where this error cannot be (i) effectively char-
acterized“throngh some parametric statistical distribution; or (ii) estimated by
interpolating between a small number of computed model-error realizations. To
this end, we focus on identification and removal of the model-error component
of the residual during MCMC using a projection-based approach, whereby the
orthogonal basis employed for the projection is derived in each iteration from

the K-nearest-neighboring entries in a model-error dictionary. The latter is
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