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Abstract. Long time scales in climate simulations, e.g., in simulations of pa-
leo climate, require coarse grids due to computational constraints. Coarse grids,
however, leave important smaller scales unresolved. Thus small scale processes that
signi�cantly in�uence the resolved scales need to be taken care of by di�erent means.
Such subgrid processes include (slowly) moving land-sea interfaces or ice shields as
well as �ow over urban areas or biogeochemistry. State-of-the-art dynamical cores
represent the in�uence of subscale processes typically via subscale parametrizations
and often employ a rather heuristic coupling of scales.
We aim to improve the mathematical consistency of the upscaling process that

transfers information from the subgrid to the coarse prognostic and diagnostic quan-
tities (and vice-versa). We investigate new bottom-up techniques for advection-
dominated problems whose main motivation are climate simulations [3]. Our tools
are based on ideas for multiscale �nite element methods for elliptic problems that
play a role, in oil reservoir modeling and porous media in general [1, 2]. These ideas,
however, fail in advection-dominated scenarios (which are typical for �ows encoun-
tered in climate models) since they are not based on a suitable decomposition of the
computational domain.
We present new Garlerkin based ideas to account for the typical di�culties in

climate simulations. Our idea is based on a previous work that employs a change of
coordinates based on a coarse grid characteristic transform induced by the advection
term to make its e�ect on coarse scales milder. This also accounts for appropriate
subgrid boundary conditions for the multiscale basis functions. Boundary conditions
are essential for such approaches. This is the starting point of a set of semi-Lagrangian
techniques that locally in time reconstruct subgrid variability in a Galerkin basis
through many local inverse problems. We discuss extensions and drawbacks of this
approach and present examples with rapidly varying coe�cients on several scales.
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