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Class schedule

• Class schedule: M-W 10.30-12.00

• Bi-weakly homework assignments (60%)

• Final exam (30%)

• Questions during class (10%)

• Web page (http://mit.edu/~raffaele/www/Classes/12.803/index.html)

• Coordination with 12.804 (lab class)



Syllabus
1. Fundamental conservation principles for large-scale flow
• Mass and momentum conservations
• Beta plane
• Hydrostatic and geostrophic balance

2. Barotropic vorticity equation
• Conservation of potential vorticity
• The invertibility principle

3. Shallow water equations
• Conservation of potential vorticity
• Balance and inversion
• Geostrophic adjustment
• Separation of flow into balanced and unbalanced parts
• Quasi-geostrophic and higher-order balance equations

4. Simplified equations for the atmospheres and oceans
• Thermodynamics
• Traditional approximation
• Quasi-geostrophic equations
• The omega equation
• The Sawyer-Eliassen equation



1. Stability theory
• Linear stability theory
• The Rayleigh and Fjrtoft theorems
• Non-normal mode instability

2. Barotropic Instability
• Kelvin Helmholtz instability 
• Parallel shear flow

3. Baroclinic Instability
• The Eady model
• The Charney model
• The Phillips models
• The Charney-Stern theorem
• Ageostrophic baroclinic instability

4. Wave-mean flow interactions
• The Eliassen-Palm theorem
• The Transformed Eulerian Mean



1. Turbulence
• Three dimensional turbulence
• Two dimensional turbulence
• Coherent structures

2. Geostrophic turbulence
• Effect of differential rotation in two dimensional turbulence
• Stratified geostrophic turbulence
• Macroturbulence in the atmosphere
• Macroturbulence in the ocean



textbooks

• R. Salmon, Lectures on Geophysical Fluid Dynamics (Oxford University 
Press)

• A. E. Gill, Atmosphere-Ocean Dynamics (Academic Press)

• J. Pedlosky, Geophysical Fluid Dynamics (Springer-Verlag)

• G. Vallis, Atmospheric and Oceanic Fluid Dynamics, available from 
www.princeton.edu/~gkv/aofd (to be published by Cambridge University 
Press)



Lecture I
• Equation of motions for a rotating fluid

• Equation of motions for a rotating fluid

• Equation of motions for a rotating fluid
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N.B. Valid under the shallow fluid approximation r=R+z
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Figure 2.8: Geometry of Earth’s rotation vector, ΩΩΩe. Its direction is outward
and parallel to the north pole. A local Cartesian coordinate system has unit
vectors, (x̂, ŷ, ẑ), and the local vertical component of ΩΩΩe is ΩΩΩ = |ΩΩΩe| sin[θ] ẑ,
where θ is the latitude.
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Traditional approximation
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Beta-plane approximation
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Hydrostatic and geostrophic balance

Neglecting variations of density and rotation
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Geostrophic flow and pressure field
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Geostrophic balance in pressure coordinates
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Change of coordinates

Geostrophic balance
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Thermal wind balance in the atmosphere

Equation of state for an ideal gas

Thermal wind balance
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Thermal wind balance in the ocean
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Thermal wind balance

In the ocean density fluctuations are less than 5%
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