Mastering the Data Explosion in the
Earth and Environmental Sciences

Australian Academy of Science Elizabeth and Frederick White Conference

Kerry Gallagher

John Stephenson
Chris Holmes




Discontinuities occur in both data
and processes in the Earth and
Environmental Sciences



What is the appropriate question ?
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When was the change ?
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Standard methods may be too smooth

¢ Realisation of true data
—— True Function
—— Kiriging Fit (Gaussian)
7/

e Realisation of true data
True Function
Kriging Fit (Gaussian)




Partition Modelling

1D 2D




Formulating a Partition Model
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Generating Partition Models

o(y1D) = [ ply 10, Dfplo D)o

Posterior distribution

p(y|D)~— Zp(y\ ,D)p(8|D)
(«9\D)OC p(D | 0) p(0)



Sampling with (transdimensional) MCMC

Iterate

Acceptance Prior Likelihood Model Proposal
criterion

Jump Jacobian
proposal

Distribution of accepted models 8~ p(4D)



Likelihood
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Atmospheric dust input to peat bogs

Looking for common signature in multiple systems

Normalised Eu Normalised Pb

—— Max. Like.
—— Meant95%C.I.




Original Function with no noise added




Multiple realisations ...
ensemble average (smooth, but maintain discontinuities)

Partition Model with 2000 samples from $00 noisy data points




Partition Model
Digital Elevation Model (DEM) example

Raw ERS Sample Image Contour Plot of Partition Model
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Partition Models
Application to spatially variable
physical processes and parameters

Example from thermochronology



e.g. apatite fission track analysis

p(DI& = [(T(1).9)

Likelihood is a non-linear

function of unknown
parameters at each

Obs. AFT Age : 81.14 Ma P location within each
e partition
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(a) how to partition the samples in 2D
(i) number of partitions
(ii) location of the partitions

(b) the distribution of thermal histories
in each partition



Temperature (*C)

true
inferred Time (Ma)




e Partition models allow for unknown number of
discontinuities with unknown geometry in variable
dimensions

 Bayesian approach deals with the problem in terms
of probabilities...intuitive for model choice

* Obtain probability distributions (partitions, model
parameters, posterior predictions)

 Bayesian approach is naturally parsimonious

* Potential for self-adaptive/self regularising model
parameterisation






Traditionally, each sample is modelled
independently..

ighores spatial
relationships....




Traditionally, each sample is modelled
independently..

ighores spatial
relationships....

..iIdeally want to
group samples
with common

thermal history



Traditionally, each sample is modelled
independently..

...but the spatial
relationships
ay be unknown...
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