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[A-3]COURSE SYLLABUS

1. COURSE DESCRIPTION (Approximately 100 words)

This course deals with the numerical methods, formulation and parameterizations used in
models of the circulation of the atmosphere and ocean will be described in detail. Widely used
numerical methods will be the focus but we will also review emerging concepts and new
methods. The numerics underlying a hierarchy of models will be discussed, ranging from
simple GFD models to the high-end GCMs. In the context of ocean GCMs, we will describe
parameterization of geostrophic eddies, mixing and the surface and bottom boundary layers.

2. COURSE GOALS AND OBJECTIVES (Approximately 100 words)

This course discusses numerical modelling techniques for simulating atmospheric and oceanic
circulations. By the end of the course, the students will have an understanding of the review of
governing equations; finite difference, finite element, and spectral methods; Eulerian, semi-
implicit and semi-Lagrangian time integration techniques; accuracy and stability analyses;
data assimilation and ensemble prediction methods; and boundary treatment for ocean
models. The main objective of this course is to teach students on methodologies of
transforming a set of differential equations that describe motion in atmospheres and oceans
into a set of algebraic statements that can be calculated in an electronic computer.

3. TEXTBOOK (Title, Author, Publisher, Year of Publication, etc.)

Atmospheric and Oceanic Fluid Dynamics: Fundamentals and Large-scale Circulation 1st
Edition by Geoffrey K. Vallis

Atmospheric Science, Second Edition: An Introductory Survey (International Geophysics) 2nd
Edition by John M. Wallace, Peter V. Hobbs

4. REFERENCE

Atmospheric and Oceanic Fluid Dynamics: Fundamentals and Large-scale Circulation 1st
Edition by Geoffrey K. Vallis
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5. COURSE REQUIREMENTS AND GRADES

Examination = 70%
Continuos assessment test = 30%
Total = 100%

6. COURSE CALENDAR

Week Main Content
1 The finite difference method
2 Spatial discretization and numerical dispersion
3 Series expansion methods
4 Time-stepping methods
5 Space-time discretization
6 Discretization in more than one dimension
7 Discretization in more than one dimension
8 Barotropic models
9 Quasi-geostrophic equations and models
10 Eddy parameterization and the primitive equations
11 CONTINUOUS ASSESSMENT TEST
12 Vertical coordinates and boundary layer parameterizations
13 Parameterizing geostrophic eddies and overview of GCM issues
14 EXAMINATION
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