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The utility of entropy as a property and process has been a contentious issue among meteorologists for more than a century, even though the derivation of the Navier Stokes equations from the kinetic theory of gasses details this property and its change to be fundamental to a complete set of deterministic equations.  See Carathéodory (1909), Chandrasehkar (1939) and Sommerfeld (1952).  In their overview on the needs for computational sciences, recently Post and Votta (2005) state that new methods of verifying and validating complex codes are mandatory if computational sciences are to achieve its promise for science and society. In their discussion, they note that a sophisticated climate simulation will include 50 or more models of different processes, the accuracy of which depends on the validity of each component model, the interaction between component models, the veracity of the solution method, the quality of input data, the grid resolution and the user’s ability of set up the problem, run it and interpret the results.

Within the thrust to establish credibility of the various models for their employment in multi-model ensemble simulations for medium range weather prediction and climate, a need exists to be able to determine strengths and weaknesses of the various models relative to the various issues raised by Post and Votta.   Of the different issues raised, one of the most if not the most troublesome is how to asses accuracy in relation to the interaction of the component parameterization models employed as well as the matter of tunable degrees of freedom.  Given the large number of combinations that emerge from statistical considerations of 50 things, taken two at a time, three at a time, four at a time, etc., recognition must be given to the complexities that emerge statistically and physically as part of efforts to validate and verify both weather and climate models.  

The focus of this presentation will be on the utilization of Carathéodory’s Principle and his statement of the Second Law to set forth a means to validate and verify models with respect to their accuracy in the simulation of reversible and irreversible processes as determined by theory and diagnostics based on classical thermodynamics.  As part of the presentation, the dilemma of the cold bias in the modeling of the climate state will be discussed and resolved within the context that if a cold bias exists then aphysical sources of entropy must exist, that is, you can’t have one without the other. 

The presentation is dedicated to the memory of Professor Heinz Lettau who within his lectures presented the derivation of the Navier Stokes equations based on the Maxwell-Boltzmann velocity distribution law from the kinetic theory of gases.  Professor Lettau not only authored the first book on atmospheric turbulence in 1939, but demonstrated through ongoing research his command of the underlying principles in enumerable applications ranging from micro to global scales of atmospheric circulation.

