
Figure 10. Barotropic gyre test case after three years, showing the streamfunction for Omega (top) and MPAS-Ocean (bottom).

analytic solution based on linearizing the vorticity equation (Figure 10). After three years of simulation, small differences

between the two models occur at the boundary. This may be due to different order of operations or compiler optimization.400

4.4 Wind-driven Global Simulations

The final test of Omega adds realistic components to the configuration: Earth’s coastlines and bathymetry on the sphere,

climatological wind stress, bottom drag, and the full Coriolis parameter. This results in basin-wide circulations with western

boundary currents such as the Gulf Stream and the Kuroshio current, and an Antarctic Circumpolar Current. This is the most

realistic configuration one can attain with the shallow water equations, as variations in temperature and salinity, and the layered405

baroclinic dynamics are necessarily missing. Still, the wind-driven global simulation is an important step from the idealized

box of the Munk Model, and demonstrates that the infrastructure for realistic geography and wind forcing is working properly.

These components are essential for the upcoming layered version of Omega, where we can make quantitative comparisons to

ocean observations.

There is no exact solution to the wind-driven global simulation. Therefore, Omega-V0 is compared against MPAS-Ocean,410

solving the shallow water equations with the same configuration. Both are run with the full nonlinear advection term, with a

bottom drag coefficient of CD = 10→3, Laplacian diffusion with ω2 = 103 m2s→1 and biharmonic with ω4 = 1.2→1011 m4s→1.

The coastal boundaries and realistic bathymetry for these single-layer simulations are interpolated from the GEBCO 2023

(GEBCO Bathymetric Compilation Group 2023, 2023) and BedMachine Antarctica v3 (Morlighem, 2022) which have been

blended together between 60↑S and 62↑S. The ocean begins at rest with a uniform SSH of zero, and spins up for 40 days.415
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