
ENVR 760
Uncertainty Quantification for Environmental Systems

Spring Semester 2018

1 Course Summary

Quantitative assessment of how uncertainty in mechanistic models (subsurface, ocean, atmosphere,
global climate), parameters, and auxiliary conditions of a model is manifest in uncertainty in
model predictions. Topics include: model formulations, statistical tools, Monte Carlo methods,
moment methods, estimation methods, statistical simulation methods, reduced order models, and
data assimilation approaches.

2 General Information

Instructor: Cass T. Miller

Office: 3201 McGavran-Greenberg Hall

Office Hours: By appointment

Office Phone: 966-2643

E-mail: casey miller@unc.edu

3 Grading Bases

The bases for assigning grades are as described in the following table; additional detail about these
components is given in sections that follow.

Class Presentations: 50%

Semester Project: 50%

4 Introduction

Society benefits, and in many cases demands, that scientists, engineers, applied mathematicians,
and statisticians provide quantitative assessments of the behavior of systems of concern that are
highly complex in nature, may be only partially understood, and may be influenced by certain
aspects of the system that are not known with certainty. The technical details associated with
responding to such needs are vast and include discipline-specific model formulation, parameter
evaluation methods, numerical methods for model approximation, and statistical methods for the
analysis and minimization of uncertainty in predictions. The nexus of these perhaps seemingly
disparate technical topics falls within the purview of the rapidly developing field of uncertainty
quantification (UQ).

This course is an introduction to UQ for environmental systems. The intellectual territory for
this class of systems is expansive, so an introduction to some of the primary topics of concern is
all that is possible in a one-semester graduate-level course. Because most students are not likely
to have an adequate background in all disciplinary fields that bear upon UQ for environmental
systems, fundamental treatment of several topics will be considered to support the focus on this
interdisciplinary, quantitative field.
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Application areas will include both natural and engineered systems. Natural systems will include
subsurface porous medium systems; surface hydrologic systems involving rainfall and runoff; surface
water systems; estuarine and ocean systems; local atmospheric systems; weather applications; and
global climate models. Engineered systems will include applications such as water and waste
treatment, and indoor air quality. The principles developed in this course will be broadly applicable
to environmental systems and other applications arising in the physical and biological sciences.

The potential audience for this course includes environmental scientists and engineers, marine
scientists, applied mathematicians, statisticians, and physicists. This broad range of disciplines
parallels the breadth of the under-pinnings of the field, and the range of disciplines contributing to
one of the most important and rapidly developing areas of research in the physical and biological
sciences.

5 Course Objectives

Specific objectives for students in this course are the following:

• to understand the broad scope of problems to which the principles of UQ can be applied to
and to appreciate the commonalities that exist among widely varying systems;

• to develop a fundamental understanding of key foundational topics upon which UQ rests;

• to learn established and developing methods for predicting the state of a stochastic system;

• to examine a range of UQ applications for environmental systems;

• to understand the interaction among various topics arising in UQ; and

• to become knowledgeable regarding the limitations of existing approaches for UQ and the
opportunities that exist for methods advancements.

6 Background Required

The essential pre- or co-requisites for this course are the following:

• environmental physics;

• probability and statistics;

• numerical methods; and

• programming in one or more languages, such as MATLAB, Mathematica, or C++.

Students who are deficient in one or more of these areas are not necessarily excluded from
participation in this course and may be able to successfully complete the course. However, defi-
ciencies in some areas will require additional commitment and effort to master the material in a
way that will provide both intellectual satisfaction and a strong grade. Because of the audience,
graduate-level course work in statistics is not required. Essential statistical concepts will be covered
in class and students without prior graduate-level education in fundamental statistics courses, such
as probability theory, will need to do outside reading.

Because this is a graduate-level course, it is expected that significant time will be required
outside of class to master the material covered in the course. Also dedication to learning the
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material is assumed, including seeking additional assistance when needed, helping classmates, and
consideration of the context of the material discussed in class. Those with an “average” background,
should plan to spend about 10 hours outside of class each week. Deficiencies in background will
require additional time. However, despite these guidelines, it is important that graduate students
understand their classes as an activity designed to encourage intellectual growth. Such growth
occurs only through immersion in a subject; it does not occur by compartmentalizing course topics
to various hours of the day or using a clock to monitor engagement in a course. Students are
encouraged to try to integrate what they are exposed to in the course to what they observe in their
day-to-day lives and experiences.

7 Course Format

The course format will follow the instructor’s version of a flipped classroom. Students are expected
to read materials related to the course, including the course notes, in preparation for each course
meeting. Meeting times will consist of discussions of the material in which the students will be
given guidance on the topics for the day, and they will lead the discussion of the material. It is
expected that the preparation done by the students will involve detailed examples in which they
have developed example solutions using the methods being covered. The discussion sessions will
not merely be presentations of the material provided by the instructor but rather applications,
extensions, and in-depth analysis of that material. It has been the experience of the instructor
that this format, while somewhat unusual for technical courses of this type, is effective in helping
students master the material covered and not merely be exposed to the material. Mastery is
important for graduate education in which fundamental course work provides a foundation for a
career in research.

8 Semester Project

A semester project will be completed by each student in the course on an individually selected
project related to UQ for environmental models. Because this is an active area of research, it may
be possible for the efforts from this portion of the course to lead to a refereed journal publication,
although publication is not a requirement for the course. Topic selection should happen early
in the semester, a thorough literature review should be performed, and a high-quality document
presenting the work should be prepared. The semester project will be submitted at the end of the
semester in standard research notes format and presented orally. Computer codes, data files, and
simulation output details will be submitted electronically. The LATEX report style is a good choice
for the formatting style of the semester project.

The following outline should be used for the semester project report write-up:

1. Title Page

2. Abstract

3. Notation

4. Table of Contents

5. List of Tables

6. List of Figures
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7. Introduction

8. Background

9. Formulation

10. Results

11. Discussion

12. References

13. Appendices

9 Course Text and References

The material covered in this course does not map to any available book, so no book purchase is
required. Course notes will be prepared and distributed. References will be suggested in addition
to the notes. Students are asked to notify the instructor of any particularly helpful references
they encounter that provide either details or context for this course including journal articles, text
books, and popular media.

10 Course Topics

Material covered in this course will not follow any specific book. The topics that will be discussed
are summarized below:

1. Introduction to Uncertainty Quantification

2. Environmental Models

3. Statistical Preliminaries

4. Monte Carlo Methods

5. Spatial and Temporal Estimation

6. Moment Methods

7. Data Assimilation

8. Reduced-Order Models
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