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Motivation: -
- Groundwater modelling is notoriously Models represent reality imperfectly

Inner particle filter:

Never Data Assimilation

o okl ; For real-time applications, this drift can be corrected
limited by avilability of geological data
heard of . 4 . yolg g Assimilating observed data anchors the model in reality
filtering? Classic approach:
g: « Inverse parameter calibration with

batch of available data The system is described stochastically
Problem: Introduction of model error: predictions are scattered
«+ Computational effort: with new data, Points close to pbservations form basis for nexlt prediction
lengthy recalibration is required Common techniques: Kalman filter or particle filter

Start here!
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Surviving Poor particles

Particle Filtering in a nutshell

In deterministic systems, each variable Extension of state vector: « Metropolis-Hastings MCMC: particles are slightly are discarded,
has a single scalar value. In probabilistic g mutated, creating Outer particle filter: good particles are
systems, variables take on all possible » - Cell parameters follow data g * User may propose desired change® new diversity Aut P librati . duplicated
values at the same time. A probability q>" assimilation trend, requires 5 * Flexibility at a price: implementation uto-calibration
density function (pdf) relates probabilities =] linear relation® o requires retracing the full model history
to the full range of possible outcomes. g © during calibration step - not online ﬂ
; 5 Untargeted mutation: g ) )
= ¢ Solution hypothesis: ) Mutation follows a Kill the weak while
< -+ Small, random parameter g . Thle system |hs elrgodic: it may suffice to Markov-Chain Monte-Carlo the strong ones prosper-
i only repeat the last n time steps - thi . iy - o
Deterministic: Probabilistic: 2:?2225{ jil:l:fz;ssn’iaavlliltyytf)rom O . ot)Jlndgd computational effortp > online ?frpt; O:IC)Z-J ;’;’j a’fs;’szs’;gg’zz Z:sgg;" _ Genetic algorithms like particie filters
Absolute knowledge Anything’s possible learn’ with a scheme inspired by natural selection.

In probabilistic systems, a change in knowledge
about a variable requires updating functions. This
is done via the Rule of Bayes:
P(A)P(Bl4)
P(B)

Synthetic model Ensemble:

setup:

Results:

P(AIB) =

« 40 parameter

Algorithm quickly identifies parameter sets

Unfortunately, it is impossible to find an analytic + 2D model grid particles yielding equivalent solutions )
solution to this Baysian inference in all but the + Hexagonal cells * 30 state particles - Best performance near regions of high
most simple cases (= Kalman Filter). * North: Neumann BC gy + Prior belief: head amplitudes (e.g. north-eastern edge)
(max. 1E-7 m's™) transmissivity is
+ South: fixed head BC assumed uniform Outlook:
+ High-transmissivity « BCs: known
zone through valley precisely « Draw state observations from more

Instead, analytic expressions are often
approximated by a set of deterministic

realizations, the eponymous particles: .
Given enough of these particles, one

could draw from the set of outcomes
rather than the analytic function itself.

7 observation wells complex synthetic model (introducing true
structural error)
« Investigate performance for poorly defined

boundary conditions
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The technique of keeping this set repre- 55 maximize structural questions
sentative of the underlying analytic isotropy, tessellate

6.0 Hydraulic head isolines:

function through reweighting and re-
sampling is known as particle filtering.

perfectly and do 05 remaining?
not require ghost

node correction.
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injected flow in [m /5]

time in [h]
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