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ABSTRACT 

The NCAR Community Climate Model, Version 2, uses the spectral transform method for the 
underlying dry dynamical fluid flow component, and a monotonic, semi-Lagrangian transport 
algorithm for water vapor specific humidity. The reasons for this choice of 2 different approaches 
for these different components are reviewed, and the details of the implementation of the trans­
port algorithm are presented. The properties of the transport scheme are described in the context 
of a 20-year control simulation. This simulation is also compared to one using the spectral 
transform method for water vapor transport. Neither numerical approach is perfect. The semi­
Lagrangian method requires arbitrary corrections to conserve mass, and the spectral method 
requires the filling of nonphysical negative values of specific humidity. The analysis shows that 
the balance of processes that produces the climate of CCM2 is very sensitive to the discrete water 
vapor transport algorithm. The spectral transport method clearly has shortcomings. The 
negative filler is a dominant process in significant regions and leads to an incorrect balance of 
the moisture budget. The mass conservation adjustment of the semi-Lagrangian method seems 
to be cosmetic and has no identified adverse effect on the simulation. 

1. Introduction 

Water vapor plays a fundamental role in many 
atmospheric processes, the combination of which 
produces the delicate balance yielding a climate 
equilibrium. It provides a direct transfer of energy 
between components of the climate system such 
as land, sea-ice, ocean, and atmosphere. It is the 
primary greenhouse gas in the atmosphere provid­
ing a strong influence on the radiative balance 
of the overall system and, in particular, on the 
radiative heating of the atmosphere. The clouds 
that form when it is transformed to liquid or ice 
phase strongly modulate the radiative heating. 
There is no hope in modeling the climate of the 
atmosphere correctly if water vapor is not well­
modeled. 

Despite the crucial importance of water vapor in 
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the climate system, it has often been poorly treated 
in three-dimensional atmospheric climate models. 
Schemes developed, and which are ideal for model­
ing large, global scale dynamical motions have 
simply been adapted to water vapor almost as an 
afterthought, without concern for whether they 
actually provide a satisfactory basis of approxima­
tion. The popular spectral transform method 
provides an example of such an application. The 
spectral transform method is an extremely good 
method for approximating large scale, global 
atmospheric dynamical motion, hence its well 
deserved popularity. The fields involved (wind, 
temperature, and pressure) are relatively smoothly 
varying, or seem to be, when small scale features, 
such as fronts, are smoothed to be consistent with 
the scales retained in the underlying discrete 
representation. This implicit smoothing does not 
seem to be detrimental to the simulation of the 
larger scale features. 

Water vapor, on the other hand, is poorly 
treated by the spectral transform method. Its 
characteristics are vastly different from those of 
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