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Figure 11. Grid compression ratios at the beginning of the baroclinic instability for maximum resolutions J = 7 (1/2 ), J = 8 (1/4 ), J = 9
(1/8 ) and J = 10 (1/16 ). In all cases the coarsest resolution is J = 5 (2 ). The grids are adapted on the trend and there is no diffusion.
Note that the J = 10 uses a higher relative error threshold " = 4 than the others, which use " = 2. Compression ratios increase significantly
with increasing resolution, reaching as high as 200 times at day 9 for the maximum resolution case. Even at J = 7 the code achieves a
compression ratio of about 20 at day 9.

Jablonowski and Williamson (2006) zonally symmetric initial condition with random noise of magnitude 1 m/s added to
the zonal wind. In both cases the simulations are first run non-adaptively for 200 days at at the coarsest resolution and then
restarted adaptively with the maximum resolution. The time step is adaptive with CFL criterion one. The maximum possible
grid compression ratio for both cases is 21.
5

We use 19 vertical

pressure levels concentrated at the top and bottom of the atmosphere. The vertical grid is remapped

using a piecewise parabolic method with WENO limiting every ten time steps.
Small scale noise is damped with p = 2 hyperdiffusion with diffusion constant K = 3.48⇥1015 m4 /s, K = 3.48⇥1016 m4 /s,
K! = 2.17⇥1014 m4 /s for the low resolution run and K = 2.33⇥1014 m4 /s, K = 5.98⇥1014 m4 /s, K! = 1.46⇥1013 m4 /s.
The diffusion is applied each time step in the main trend routine. The source terms for the potential temperature and the velocity
10

representing cooling and Rayleigh damping are implemented as a separate Euler step.
Mean and variance statistics are calculated using a parallel version of Welford’s inline algorithm (Chan et al., 1983) by first
interpolating the solution to the finest grid from checkpoints saved every 24 hours. The second-order statistics are essentially
converged after 200 days (the first order statistics converge much more quickly).
A typical low resolution result is shown in figure 12 (top). The average grid compression ratio at this low resolution is only

15

1.9 ± 0.1 with " = 0.04. The adaptive algorithm is able to track the development and evolution of the fine scale filamentary

vortex structures over long times. Note that since the adapted grid is the union of adapted grids over all vertical levels, the
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