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FESOM-2 is a finite volume ocean circulation and sea ice model developed by the Alfred Wegener
Institute (AWI). It solves the primitive equations using the hydrostatic and Bousinessq
approximations on an unstructured grid, allowing seamless mesh resolution increase towards
eddy-resolving scales in regions of high variability or along coast lines. FESOM-2 is a highly
optimized MPI-parallel Fortran code that displays excellent scaling to tens of thousands of cores.
In the context of ESiWACE-2 services, we have explored the benefits of GPU acceleration of
FESOM-2 in a six-month engineering effort. We have determined the flux-corrected tracer
transport, and in particular the advection of temperature and salinity, to be a dominant factor in
the application profile and we have ported this routine to GPUs using both OpenACC and CUDA-C.
We conclude that the memory access patterns in FESOM-2 are suitable to map onto GPU
accelerators and that both strategies are viable options, giving significant speedups for tracer
advection in high-resolution mesh configurations. We have benchmarked the ported application
on Nvidia Kepler, Volta and Ampere architectures and observe that our tuned kernels can
approach the peak memory bandwidth, and we also see that OpenACC offers a competitive
performance with less development and maintenance effort. We conclude that an expansion of
the OpenACC directives is the most promising road to utilize upcoming GPU-equipped exascale
machines for FESOM-2.
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