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My hopes with this presentation
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Some motivation for near-surface
applied environmental geophysics
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Geophysics fills a niche in terms of
resolution and subsurface coveragek
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WhatOs the catch?

geophysical
data

property -
of interest &

inversion

¥'relationship may exist on a site,
scale, and/or facies specific basis

HOWEVER...
¥'often complex and non-unique
¥'can be difficult to establish




Why do | care about uncertainty
guantification in my work?
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Challenges we face in UQ for near-surface
geophysical inverse problems
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Bayesian approach
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MCMC sampling from ! (m)

:%6(&+7+8#'61.'3"9'*
(M) Q(mi|m’)

Pacc = min 1,

L (mi) Q(m*m;)

00(&+7+8#™

. I (m® Q(m;i|m*) = Q(m’|m;)
Picc = min 1, u <

1 (m;)

V2(%"1%1*:%(&+7+8#™
D:+'%9..&1*"1*@.&."(+8.L*QWWXF*

Pacc = min 1,

| Q(mi|m"*) _ H(mj)
L(m") P GILDIRIGY

L(m;)






Dynamic geophysical measurements

geophysical hydrological
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Problem 1: Arrenaes test site
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Scholer, M., Irving, J., Looms, M., Nielsen, L., and Holliger, K. Bayesian Markov-chain-Monte-Carlo inversion of time-lapse
crosshole ground-penetrating radar data to characterize the vadose zone at the Arrenaes field site, Denmark.
Vadose Zone Journal, 11(4), 2012.



Unsaturated hydraulic properties
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Field experiment
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Linking model parameters to data
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MCMC detalls
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Flat prior distributions
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Refined prior distributions

Carsel, R.F.,, and R.S. Parrish (1988),
Developing joint probability distributions
of soil water retention characteristics,
Water Resources Research, 24, 755-769.
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Results:
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Problem 2: Saturated zone
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Irving, J. and Singha, K. Stochastic inversion of tracer test and electrical geophysical data to estimate hydraulic conductivities.
Water Resources Research, 46(11), 2010.
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Keep X% of K values from previously accepted model as hard data

Simplified inversion flowchart
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electrical resistivity data

electrical
resistivity data

A

Decision rule

accept

Accept proposed transition

Based on cascaded Metropolis algorithm
proposed by Mosegaard and Tarantola (1995)



Keep X% of K values from previously accepted model as hard data

Prior distribution (no data)
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Tracer concentration data only

| Generation of proposed binary K model
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Keep X% of K values from previously accepted model as hard data
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Based on cascaded Metropolis algorithm
proposed by Mosegaard and Tarantola (1995)
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Keep X% of K values from previously accepted model as hard data

Electrical resistivity data only
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Concentration + resistivity data

Keep X% of K values from previously accepted model as hard data

| Generation of proposed binary K model
conditional to last accepted model
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Results: Posterior facies probabillities
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Model validation
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Conclusions
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Current research directions
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Water content errors resulting from the
1D unsaturated flow assumption



Errors resulting from a 1D flow assumption
for different VGM parameter configurations



Errors plotted relative to the arrival time
of the water front at each depth



Leading 36 principal components
accounting for 98% of the error variance



Basis weight statistics for the top 10 PCs
(uncorrelated but not independent)



First try, independent component analysis
with 98% of the error variance captured



Basis weight statistics for the 36 ICs
Can we use ICA to build an error model?
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