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Abstract

The spatial  resolution of comprehensive  global  circulation numerical models (GCMs) used for weather  and climate prediction has increased  over the past several decades with advances in computing power. However these models have also become increasingly complex and now include a wide range of physical processes that also incur a substantial computational burden. Consequently all modelling groups must deal with the limitations imposed by computational resources in designing and using GCMs.  Almost all of the physical processes of importance are non-linear and frequently  have their most pronounced spatial and temporal variability on scales that are not  resolvable by the GCM. Despite this they interact with resolves processes in ways that lead to significant effects in resolved scales. Representing these effects in GCMs is the problem of parameterization and is now widely understood to be of critical importance in climate modelling and quantitative weather prediction . These lectures will address the problem of parameterization in broad terms to begin with and then illustrate the application  in the context of representing the effects of three well known and studied groups of processes, namely moist convection, boundary-layer processes, and gravity-wave drag.  

Outline of lecture topics

1. General Discussion of the Parameterization Problem

· Why is parameterization necessary?

· Examples of processes that are typically parameterized in GCMs

2. Large-scale variables and equations 

· Averaging and numerical discretization

· Basic atmospheric equations 

· Energetics and conservation constraints and their relevance to parameterization

3. Basic equations for parameterization development

· Quasi-anelastic equations for non-hydrostatic processes
4. Parameterizing the effects of moist convection in atmospheric GCMs

· Summary  and history of traditional approaches

· Entrainment/detrainment/buoyancy sorting 

· Closure assumptions and triggering concepts 

· Importance of convective coupling in large-scale tropical dynamics

5. Parameterizing boundary-layer processes and turbulent transfer in the atmosphere

· Local and non-local effects

· Links to moist convection

6. Parameterizing gravity-wave drag in atmospheric GCMs

· Basic orographic gravity-wave drag  formulation as an example

· Non-orographic GWD, sources and effects on large-scale flow (downward control concept) 

       7. Implications of energetics – dissipational heating. 

