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Symmetries are important properties admitted by almost all differential equations arising in
natural sciences. These symmetries are traditionally used for several purposes, such as the reduc-
tion of the order of an ordinary differential equation, the reduction of the number of independent
variables in a partial differential equation, the construction of exact solutions and the computa-
tion of conservation laws. We show that symmetries can also serve as a guiding principle to
determine general ansatzes for the unknown subgrid-scale terms that arise in the course of ave-
raging a nonlinear differential equation. The methods we apply are based on techniques of direct
and inverse group classification, which were originally developed to determine symmetry proper-
ties of differential equations that contain arbitrary functions or parameters. A main idea in the
proposed framework is to replace the unknown subgrid-scale terms by functions of the (differen-
tial) invariants of the symmetry group that is admitted by the original (unaveraged) differential
equation. These (differential) invariants can be computed algorithmically and are the elementary
building blocks, which can ultimately be assembled to yield a parameterization scheme that has
prescribed invariance properties. We give examples for such invariant parameterization schemes
by parameterizing the eddy vorticity flux in the Reynolds-averaged inviscid barotropic vorticity
equation. The parameterizations constructed are invariant under various subgroups of the sym-
metry group of the vorticity equation, which includes scale transformations, generalized Galilean
transformations, rotations and time-space translations. It is then shown that the method is also
able to systematically reproduce the well-known down-gradient parameterization ansatz for the
eddy vorticity flux.
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