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ABSTRACT 

The numerical solutions of the linear Rayleigh-Benard convection equations using the 
Arakawa B- and C-grid formulations are compared with the analytic solution. The results 
show that the C-grid simulates better the growth rates of unstable modes. A convective 
parameterization is required when the horizontal grid size is larger than the horizontal scale 
of the most unstable mode, the latter being of the same order as the depth scale of the 
unstable stratification. Non-hydrostatic effects become important when the horizontal grid 
size is smaller than the scale of the unstable stratification. 

1. Introduction 

Convective instability can occur in both the 
atmosphere and ocean. In coarse resolution 
hydrostatic numerical models, the convective 
modes are not resolved, and their mixing effects 
are usually parameterized using convective adjust­
ment. The convective scales can be explicitly 
resolved in high-resolution non-hydrostatic 
models. For the ocean, such models are usually 
formulated using the Arakawa (1972) B- and 
C-grids. In this note, we examine the effect of the 2 
horizontal grid formulations and horizontal grid 
sizes on the simulation of Rayleigh-Benard 
instability, by comparing their results to those 
obtained using analytic means. The importance of 
non-hydrostatic versus hydrostatic effects as a 
function of the horizontal resolution is also 
investigated. Martin and Pielke ( 1983) showed 
that the hydrostatic approximation remains valid 
in their study of sea-breeze modeling even when 
the aspect ratio is of order unity. A similar conclu­
sion is found in the recent review of atmospheric 
convection by Molinari and Dudek (1992). It is 
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thus of great interest to examine the role of non­
hydrostatic effects in an oceanic context as well. 

Arakawa and Lamb (1977), and Batteen and 
Han ( 1981) examined the effects of the 2 grids on 
the dispersive properties of inertial-gravity waves, 
which are essential for geostrophic adjustment. 
Their results show that for coarse grid ( > 100 km) 
ocean models, the B-grid performs better than the 
C-grid, while the opposite obtains at high resolu­
tion ( < 50 km). The critical parameter is the ratio 
of the Rossby radius of deformation to the grid 
size. Convective modes are buoyantly unstable 
modes; it is thus of interest to determine the 
performance of the 2 grids for the case of unstable 
stratification. 

Davey and Whitehead (1981) investigated 
analytically convective instability in a 2-layer 
rotating fluid, and applied the results to sinking 
events in the ocean. They suggested that the 
horizontal scale of the fastest growing mode, 
found to be of the order of 500 m, may determine 
the scale of deep convection due to surface cooling. 
The effect of the earth's rotation is not important, 
except at small growth rates. 

In this study, we use a numerical model to 
examine the effect of the B- and C-grid formula­
tions on the convective instability of the linear 
















