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Summary: Approaches to subgrid-scale physical parameterization in atmospheric modeling are reviewed
by taking turbulent combustion flow research as a point of reference. Three major general approaches are
considered for its consistent development: moment, distribution density function (DDF), and mode de-
composition. The moment expansion is a standard method for describing the subgrid-scale turbulent flows
both in geophysics and engineering. The DDF (commonly called PDF) approach is intuitively appealing as
it deals with a distribution of variables in subgrid scale in a more direct manner. Mode decomposition was
originally applied by N. Aubry et al. [J. Fluid Mech. 192, 115–173 (1988; Zbl 0643.76066)] in the context
of wall boundary-layer turbulence. It is specifically designed to represent coherencies in compact manner
by a low-dimensional dynamical system. Their original proposal adopts the proper orthogonal decom-
position (empirical orthogonal functions) as their mode-decomposition basis. However, the methodology
can easily be generalized into any decomposition basis. Among those, wavelet is a particularly attractive
alternative. The mass-flux formulation that is currently adopted in the majority of atmospheric models
for parameterizing convection can also be considered a special case of mode decomposition, adopting
segmentally constant modes for the expansion basis. This perspective further identifies a very basic but
also general geometrical constraint imposed on the massflux formulation: the segmentally-constant ap-
proximation. Mode decomposition can, furthermore, be understood by analogy with a Galerkin method
in numerically modeling. This analogy suggests that the subgrid parameterization may be re-interpreted
as a type of mesh-refinement in numerical modeling. A link between the subgrid parameterization and
downscaling problems is also pointed out.
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