
Figure 9. Comparison of the number of active nodes N for the baroclinic instability when adapting on the trend or adapting on the solution.

The relative error threshold was set to " = 0.04 when adapting on the solution and " = 2.6 when adapting on the trend. In both cases the

active scales are j = 5,6,7 and there is no additional diffusion. The tolerances were set to achieve similar compression ratios at 9 days. The

total number of available grid points is 8.6 ⇥ 105, and so the minimum grid compression ratio is 3.6 when adapting on the solution and 1.5

when adapting on the trend. The average compression ratio is 5.2 when adapting on the solution and 2.1 when adapting on the trend.

time scales of O(102) days. For example, Liu and Schneider (2010) have used simple Held–Suarez type physics to realisti-15

cally model the general atmospheric circulation of Saturn. This model uses height-dependent Rayleigh damping to represent

boundary-layer friction and a height- and latitude-dependent Newton cooling relaxation of potential temperature to a prescribed

radiative-convective equilibrium. The temperature relaxation includes parameters accounting for cooling at the surface and top

of the atmosphere as well as a tropopause. The Held–Suarez general circulation experiment adds a qualitatively new aspect to

the Rossby wave and baroclinic instability tests we considered above: it includes physics source terms for the temperature and5

momentum equations. None of the previous simulations have included these sorts of physics terms, either in three dimensions

or in two dimensions on the sphere or on the plane. Nevertheless, we expect the grid adaptation to track the effect of the source

terms either directly through their effect on the trend, or indirectly through their effect on the prognostic variables.

We compare low and high resolution runs since previous work has suggested that the choice of coarsest can affect the result.

We also want to explore how grid compression changes with resolution (as in the baroclinic test case). The low resolution run10

has coarsest scale Jmin = 4 and finest resolution J = 6 (about 120 km or 1�) with tolerance "= 0.04. The high resolution run

has coarsest scale Jmin = 6 and finest resolution J = 8 (about 30 km or 1/4�) with tolerance "= 0.02. The low resolution

case is run on 40 cores and the high resolution case is run on 320 cores. As in Wan et al. (2013), both cases start from the

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 then15
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