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Climate and weather simulations face new challenges of stagnating per-core performance and trends
towards increasing parallelism for current and future high-performance computing architectures. Overcoming
time step restrictions by exploiting additional degrees of parallelism reveals new ways to obtain results of
higher accuracy within a reduced wall clock time.

Here, we propose a high-order, implicit–explicit numerical scheme combining Spectral Deferred Correc-
tions (SDC) in time with a Multi-Level (ML) scheme in space using the Spherical Harmonics (SH), resulting
in MLSDC-SH. Here, we study the wave-propagation problems arising from the non-linear shallow-water
equations on the rotating sphere. This is based on two major components: (1) The iterative temporal in-
tegration with corrections (SDC) and (2) the coupled space–time level corrections (ML). Here, the coarse
spatial resolution allows larger time step sizes with the global spectral representation with SH providing a
canonical basis for restriction and prolongation operations to/from coarse/fine grids. Additionally, we can ex-
ploit a speculative solution over multiple time steps, based on coarser resolutions, with the solution improved
iteratively over time using finer resolutions, eventually leading to the PFASST algorithm.

First, we conduct studies with non-linear shallow-water test cases of increasing complexity, allowing to
perform studies on the impact of accuracy of the ML errors of MLSDC-SH. Studies for theoretical speedups
with MLSDC-SH as well as wall clock time studies will be presented. Second, the gains in additional accuracy
and wallclock time improvements for PFASST will be discussed. To our best knowledge, these PFASST studies
are the first parallel-in-time execution scheme(s) based an iterative multi-level approach which resulted in
gains in accuracy and wallclock-time-for-error for test cases from the “Williamson” benchmark suite. This
motivates further exploitation of this scheme for existing dynamical cores for climate and weather simulations
which are based on global spectral methods, such as ECMWF’s IFS, by overcoming their current scalability
limitations.
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