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University of Aarhus, Denmark

Guest lectures

Dr. John Doherty, Watermark Numerical Computing, Australia

Professor Hoshin Gupta, University of Arizona, USA
Scope:
Mathematical modeling is used for many purposes within hydrology and hydrogeology, for example to study water balance, support groundwater management, support remediation of contamination, make flood forecasting, and to study physical and chemical system behavior. Optimization, also called calibration, of the mathematical model is usually a part of such modeling efforts. Optimization means that some unknown model parameters are estimated so the model fits for example hydrological data that depend on the parameters. Traditionally trial-and-error calibration has been used, but mathematical optimization methods have become increasingly popular within the last two decades. However, the theory and application of such methods are not straightforward. 

The scope of the course is to introduce PhD students to the theory behind two different optimization methods and to give them hands-on experience with the application and limitation of the two techniques. The first method is the nonlinear regression technique, which is the most well-known, straightforward and therefore widely used method. The second is a novel global optimization technique, the shuffled complex estimation (SCE) method, which is still undergoing development. Although these techniques can be used for any kind of mathematical modeling, the demonstration examples used and worked with during the course all have to do with hydrological modeling. 

The student will leave the course with optimization software from the public domain (for use with acknowledgement and free of charge) and hopefully also with enough experience to use these techniques for her or his own modeling purposes.

Course description and schedule:

The course starts with a brief introduction to the general ideas and concepts behind optimization. This is followed by a series of lectures and hands-on exercises, first in nonlinear regression, and then in global optimization using the SCE method. The course will also include brief introductions to related topics such as the role of regularization in the optimization process, quantification of parameter and prediction uncertainty, multi-criteria methods, and Bayesian recursive methods for processing information. 

The exercises in nonlinear regression will use the PEST optimization software, which is suitable for calibration of any type of mathematical model. The modeling examples studied in this first part of the course will include groundwater flow, unsaturated zone, plant growth and watershed models. Modeling codes used will include MODFLOW, HSPF, 3PG and SWIM.

The exercises in global optimization will use the Shuffled Complex Evolution (SCE-UA) optimization software, which is also suitable for calibration of any type of mathematical model. The global optimization modeling examples will be based mainly on a simple but typical conceptual watershed model
All software to be used in this course is in the public domain (for use with acknowledgement) and available free of charge, and can therefore be brought home by the participants for later use with their own models or problems. How to apply the techniques for such problems can be discussed with the teachers during the course. Software can be made available ahead of time along with some reference papers in case the student wishes to prepare ahead.

Course lectures run from 900 to 1200. Lunch, which can be bought in a canteen at the university, is from 1200 to 1300. Exercises run from 1300 to 1700, including one hour for group discussion and brainstorming. From 1700 to 1800 the students are requested to give a short presentation of their research.

The preliminary program for the course is: 

	Day
	Lectures (Morning)
	Exercises (Afternoon)

	Saturday
	Introduction.

JD Theory of parameter estimation

JD Use of PEST
	JD Using PEST with a simple storage model

	Sunday
	JD Calibration of groundwater models.

JD Pilot points and regularization as a device for spatial model parameterization
	JD Using PEST and associated utility software with MODFLOW and MT3D

	Monday
	JD Surface water calibration and predictive uncertainty analysis.
	JD Using PEST and associated utility software with HSPF

	Tuesday
	JD Exploration of Uncertainty in environmental models (2 hours)

HG Introduction to Global optimization (1 hour)
	HG The Downhill Simplex method for derivative free optimization (lecture & exercise involving simple problems, including a simple storage model)

	Wednesday
	HG Introduction to Global Optimization continued.

HG The Shuffled Complex Evolution (SCE-UA) global optimization method
	HG Using SCE with a conceptual watershed model

	Thursday
	HG The SCE-UA method continued.

HG The Shuffled Complex Evolution Metropolis (SCEM-UA) method – a new version of the SCE algorithm
	HG Using SCE with students own modeling problems.

	Friday
	HG Introduction to Multi-criteria methods

HG Introduction to Bayesian Recursive Estimation (BaRE)

Related topics and closing.
	??


Software to be used:

PEST nonlinear regression software

PEST Groundwater Modeling Utility Suite; 

PEST Surface Water Modeling Utility Suite

MODFLOW and MT3DMS Groundwater Flow and Transport Models

HSPF, 3PG

SCE-UA and SCEM-UA Global Optimization Software 

HYMOD and SAC-SMA Conceptual Watershed Models

Background of participants
Participants will gain more from the course if they are familiar with mathematical modeling and with Matlab programming.

Time and place

August 9-15, 2003

Department of Earth Sciences, University of Aarhus, Denmark

Guest lectures

Dr. John Doherty, Watermark Numerical Computing, Australia

Professor Hoshin Gupta, University of Arizona, USA

Organizers

Steen Christensen, University of Aarhus (email: sc@geo.au.dk)
Jacob B. Jensen Aalborg University (email: jbj@civil.auc.dk)

Henrik Madsen, DHI Water & Environment. (email: hem@dhi.dk)

Work load and credit points

Approximately 140 hours in total including the lectures and exercises during the course and preparatory reading before and during the course. The work load corresponds to 6 ECTS.

Study material

Notes and copies of references papers will be provided during the course. Software and key papers can be made available ahead of time upon request.

Admission

Applicants should submit the registration form no later than June 27. Information on admission to the course will be forwarded during the week of June 30.

The total number of participants is limited to 25. PhD students are given first priority but depending on the number of registrants we also welcome post-graduate participants. The course is free for PhD students enrolled at universities. Post-graduate participants will be charged a course fee of DKK 4.000. 

Scholarships

For PhD students FIVA can offer a limited number of scholarships to partially support travel and lodging expenses related to participating in the course. If a scholarship is requested an application should be submitted to FIVA that includes (1) a brief description of research interests and background, (2) a CV, and (3) a letter of recommendation from the research advisor.

Accommodation 

For PhD students lodging in residence facilities near the university will be offered on a first come, first served basis. Other participants and those who wish to stay in hotels are requested to make their own arrangements (a list of hotels near the university will be provided on FIVA’s homepage). 

Further information

Please contact the course organizers or FIVA.
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