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Course Description (4 credits): In this course, our goal is to learn about model fitting, calibration, and uncertainty analysis in earth science. The objective is to develop and apply methods for the extraction of information from data collected in the laboratory and field. Students will work in groups to complete exercises that demonstrate proper application of parameter estimation and uncertainty techniques using real-world examples. Students will review statistics and probability, learn about forward and inverse modeling, estimators, least-squares, gradient and genetic algorithms, measures-of-fit, parameter space, and sensitivities; understand advantages, limitations, and pitfalls associated with information, weighting, and regularization; evaluate model quality and performance indicators; apply data mining by genetic programming; evaluate parameter nonuniqueness and uncertainty using forward and inverse Monte Carlo and other techniques; and discuss future directions including null space Monte Carlo and joint inverse methods and the shift in paradigm. 
This course is designed for earth scientists with problems selected from ecological, geological, geophysical, geotechnical, and water resource fields. While statistical perspective will be investigated and useful probability based tools will be developed, this course is not an applied statistics course. Rather this course is meant to develop the techniques, tools, and methodologies for parameter estimation and analysis in earth science.
Prerequisites: Knowledge of computers, MS Excel, and basic statistics and probability. An understanding of differential equations, linear algebra, and numerical analysis would be helpful to understand the supplemental reading material, but it is not necessary for completion of this course material.
Estimation software: Linear optimization (SOLVER, Microsoft add-in), nonlinear regression (PEST, Doherty, 2004), and genetic algorithm (OPTQUEST, Decisioneering, 2006); random variables (Excel and CRYSTAL BALL add-in, Decisioneering, 2006); groundwater model (MODFLOW, 2006); coupled variably saturated zone flow and transport (FEHM, 2004); there may be others too.
Text editor: TXTPAD32, 2002.

Textbook:  There is no text book. This course will be based on the instructor’s notes and presentations taken from his experience while working as a researcher for the U.S. Geological Survey. 
Agenda
Day 1 – Estimation
Morning: 8:00 am to 12:00 noon
Lecture  - introduction 
Lab  – Text Pad (text editor), DOS window (command line), Excel (functions)
Lecture  – statistics, probability, random variables 

Lab – simulating random variables using Excel and Crystal Ball 
Thought problem 2 – (a) statistical summary of borehole particle size data,                   (b) soil led assay data using Excel

Lecture - estimates, estimators, and expected value
Afternoon: 1:00 pm to 5:00 pm

Lab – least-squares solution to nonlinear polynomial and power 
equations using SOLVER (Excel add-in)

Lecture – multivariate estimation methods 
Lab - Netwon-Raphson solution to multiple nonlinear equations using 
Taylor series expansion, matrix algebra, and Excel 
Lecture – introduction to numerical modeling 
Day 2 - Calibration
Morning: 8:00 am to 12:00 noon
Lecture - model calibration I
Table top - review questions 
Lecture - model calibration II 

Table top - review questions 

Lecture - model calibration III 

Table top - review questions 

Afternoon: 1:00 pm to 5:00 pm

Lecture – Advanced residual analysis
Lecture – Model independent algorithm for parameter estimation (PEST) 

Lab 5 – (a) Simultaneous fitting of two straight lines to laboratory soil 
moisture data using Levenberg-Marquardt (PEST) (Reference manual: 
Doherty, 2004); (b) model fitting or calibration of student problems using 
PEST 
Table top - review inverse modeling results
Day 3 - Regularization
Morning: 8:00 am to 12:00 noon
Lecture - regularization 
Lecture – geostatistics – hard prior information
Lab - calculate experimental variogram values and fit analytical 
equations to soil thickness data using PEST
Afternoon: 1:00 pm to 5:00 pm

Lecture – soft prior information as regionalization estimator (ungaged 
surface water basins); balance between model calibration constraints, 
complexity, and bias 

Lecture – hypothesis testing for borehole leakage using inverse 
methods - variably saturated media flow and transport model (FEHM) 
and L-M estimation algorithm (PEST)
Lab – hypothesis testing for borehole leakage using inverse 
methods - 
variably saturated media flow and transport model (FEHM) 
and L-M 
estimation algorithm (PEST); and (b) model fitting or 
calibration of 
student problems using PEST
Table top - review inverse modeling results

Lab – model fitting or calibration of student problems using PEST 
Day 4 - Uncertainty
Morning: 8:00 am to 12:00 noon
Lecture - Nonlinear confidence intervals

Table top – Review questions
Lecture - Prediction uncertainty 

Table top – Review questions
Lecture – stochastic modeling of reservoir quantity and quality 
(predicting the probable effects of operations for proposed reservoir)
Afternoon: 1:00 pm to 5:00 pm

Lecture – coupled ground-water recharge (evaluating the benefits 
of 
coupled information) 
Lab – estimate prediction limits in two lines fitted to laboratory soil 
moisture data using PEST (Reference manual: Doherty, 2004)

Lecture – Recent developments in predictive uncertainty analysis
(Handout – exercise on model regularized Inversion and predictive 
error 
variance analysis using MODFLOW (flow) and PEST (L-M)) 
Lecture – evolutionary algorithms, model fitting, and discovery
Lab – data mining and evolution of debris flow equations with GP 

Day 5 - Group Projects
Morning: 8:00 am to 12:00 noon
1. Linear estimation problem

· goal: use least-squares model estimation principles

· objective: derive approximation to parameters for a line

· approach: minimize objective function using least-squares 
2. Ecological risk evaluation for fish reproduction
· goal: understand the risk of pollution to inhibit reproduction in trout in the Lake Erie river basin, USA
· objective: quantify risk and cumulative distribution function
· approach: use Monte Carlo technique and multiparametric linear regression equation to produce stochastic output


3. Forecast probable fish index of biotic integrity
· goal: understand distribution of water quality in the Illinois river basin, Illinois, USA
· objective: predict probable fish index of biotic integrity
· approach: use Monte Carlo technique and multiparametric linear regression equation to produce stochastic output


12:00-1:00
Lunch


Afternoon: 1:00 pm to 5:00 pm
4. Minimize risk for ground water mining
· goal: understand allowable groundwater pumping
· objective: optimization of well pumping





· approach: linear programming - SOLVER

5. Student estimation and prediction uncertainty problem 

· goal: apply principles to your own estimation problem
· objective: estimate model parameters and uncertainty for your data set 
· approach: fit equation (or calibrate model) using PEST
