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Course programme
Lesson 1 (1+3 hrs)

Presentation of the real-world case, a
contaminated site in Milan.

Exercise

Building of the real-world case model. Creation of
the numerical model with MODFLOW-6: setting of
the grid, boundary conditions, properties,
observation points.

Lesson 2 (1 hour)
Introduction
•
•

What is calibration?
The PEST Roadmaps: getting oriented in
the PEST manuals and related material

Lesson 3 (1 hour)
MODFLOW input/output files
PEST input/output files

Lesson 4 (2+3 hrs)

Traditional Parameter Estimation
•
•

Well-posed inverse problem
Manual regularization

Exercise
Sensitivity analysis and zone calibration of
parameters in the previously created model.
Critical evaluation of results.

Lesson 5 (2+3 hrs)
Highly parameterized inversion
•
•
•

Subspace regularization – singular value
decomposition
Tikhonov regularization
Pilot points as a spatial parameterization
device

Exercise

Pilot point calibration of parameters in the
previously created model. Critical evaluation of
results

Lesson 6 (2 hrs)

Uncertainty analysis (part 1)
•
•
•
•
•
•

Bayes equation
Worst case analysis
Using geostatistics for prior uncertainty
analysis
Rejection Sampling
Markov chain Monte Carlo
Linear uncertainty analysis
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Uncertainty analysis (part 2)
•
•
•
•
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Null space Monte Carlo
Ensemble smoother
Direct predictive hypothesis testing
Data space inversion

Exercise

Hands-on exercise on uncertainty analysis applied
to the previously calibrated model.

Lesson 8 (1 hrs)
Decisions and Modelling
•
•
•
•

Structure of files
•
•

Lesson 7 (2 + 4 hrs)

•

Dealing with model defects
Formulation of an appropriate objective
function
The role of model validation
Metrics through which decision-support
modelling should be judged
When to calibrate and when not to
calibrate

Lesson 9 (1 hrs)
An overview of PEST++
•
•
•

Design philosophy
Current capabilities
Codes, documentation and support

Lesson 10 (2 hrs)
An overview of model-partner software
provided through the PEST and PEST++
suites
•
•
•

Optimization
Optimization under uncertainty
Review of optimal PEST settings

Lesson 11 (2 hrs)
Case Histories
These will focus not so much on modelling details,
as on the relationship between modelling and
management/decision-making. Questions to be
answered are: “was it the best modelling choice to
support the decisions that needed to be made?”
and, “if it weren’t, what would have been a better
choice?”
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