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ABSTRACT 

The conditions for the generation of broad convection cells in a cloud-topped, convective, 
marine atmospheric boundary layer are studied with an idealized two-dimensional model of 
non-precipitating moist convection. The inversion layer is represented by an elastic upper 
boundary rather than by the rigid lid that is often employed in these sorts of studies. A necessary 
condition for the formation of broad cells in the model is that either the convection penetrates 
the inversion by a distance at least half the average depth of the convecting atmospheric 
boundary layer, or that the rate of entrainment of dry inversion air is substantially reduced 
above cloud tops. The penetrative solutions display some similarity with mesoscale cellular 
convection observed during KONTUR, while the non-penetrative solutions display some 
similarity with AMTEX observations. 

1. Introduction 

Mesoscale cellular convection (MCC) is a ubiq
uitous phenomenon, yet a theoretical explanation 
for all instances of its development is still lacking. 
Nevertheless, there have been some advances in 
recent years. The fact that conditionally unstable 
convection tends to select broad scales is now 
fairly well established (Huang, 1990; Bretherton, 
1988; Brugge and Moncrieff, 1985). However, a 
theory for the development of non-penetrative 
MCC in a convective atmospheric boundary layer 
(CABL) has not been widely accepted. The 
motivation for continuing to look for one is the 
same as in Fiedler ( 1984) and ( 1989 ), and will not 
be repeated here. 

A two-dimensional numerical model is used to 
investigate the development of broad convective 
cells in a CABL. The model is very similar to that 
of Bretherton (1988) in that it uses constant eddy 
diffusivities and models non-precipitating convec
tion that conserves mixing ratio and liquid water 
potential temperature. A novel feature of the 
model is that pressure forces within the convecting 
layer deflect the upper boundary. The model is 
idealized in the sense that the simplified construc
tions of physical processes allow for efficient design 
and computation of experiments that isolate cause 

and effect relationships. An alternative approach 
might be to use a three-dimensional model with a 
higher-order turbulence closure scheme like Hsu 
and Sun (1991 ). Such models are expensive to use, 
and, if broad cells do emerge in the model, the 
cause of their emergence is not necessarily easy 
to discern. Furthermore, such three-dimensional 
models are also approximate (that of Hsu and Sun 
is hydrostatic) and validation is still a major issue. 
Both idealized, two-dimensional models and state
of-the-art, three-dimensional models have a role to 
play in the science of atmospheric convection, just 
as they do in many other aspects of dynamical 
meteorology. 

The first cell-broadening mechanism elucidated 
here requires that the overlaying inversion be weak 
enough to allow convection to penetrate into the 
inversion by a distance on the order of0.5 H where 
H is the depth of the convective atmospheric 
boundary layer ( CABL ). (Excursions of cloud-top 
a distance of 0.3 H or more into the inversion will 
be referred to as "penetrative" in this paper. 
"Broad cells" will here mean a spacing between 
convective updrafts of at least 10 H). Compen
sating subsidence prevents weaker convective cir
culations from developing clouds and limits the 
number of convection cells. This mechanism is 
similar to that studied by Bretherton ( 1988, 1987 ), 
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