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ABSTRACT 

Fully cloudy stratocumulus layers sometimes exhibit convective organization at a single domi­
nant length scale with an aspect ratio (width/height)~ 1. We present a linear stability analysis 
of a radiatively-cooled cloud beneath a capping inversion and show that small aspect ratio 
modes are energetically favored over a broad range of inversion strengths and cooling depths. 
The integrated mode energy budgets indicate that, given a vertically limited region of radiative 
cooling, highly dissipative, localized convective modes can grow through efficient buoyancy 
production beneath the inversion. Including the effect of decoupling on the sub-cloud layer 
enhances this scale selection, but as the depth of the unstable layer is increased beyond 20 % of 
the boundary layer depth, the critical Rayleigh number and the aspect ratio of the fastest 
growing mode approach that of a layer capped by a no-slip rigid lid. 

1. Introduction 

A series of observations has shown that convec­
tive plumes of descending cold air produced by 
radiative cooling at cloud top tend to be spaced at 
regular intervals in some stratocumulus clouds. 
Nicholls and Leighton ( 1986) observed hexa­
gonally shaped patterns in the top of a solid sheet 
of stratocumulus cloud with a horizontal length 
scale of ~ 1 km and an aspect ratio (width/height) 
of approximately one. Balloon observations by 
Caughey and Kitchen ( 1984) show regularly 
spaced downdrafts near cloud base with a hori­
zontal spacing of 500--750 m and an aspect ratio of 
0.5-0.75 (see Fig. 1 ). Nicholls (1989) reported the 
observation of conditionally sampled downdrafts 
in five flights through solid stratocumulus cloud, 
and showed that the downdraft spacing was con­
sistent with horizontal penetrations through a 
randomly oriented field of hexagonal cells with a 
mean aspect ratio of 0.5 to 0.75. This length scale 
is also typical of the plume spacing found in large­
eddy simulations of stratocumulus convection 
driven by a combination of cloud-top cooling and 
surface fluxes (Moeng and Schuman, 199la). 
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While gravity waves trapped in the inversion 
layer may produce wave-like features at cloud top 
(Carruthers and Moeng, 1986), the three-dimen­
sional character of the patterns seen by Nicholls 
suggests that convective scale selection can also 
play a role. Theoretical and laboratory studies of 
parallel plate convection have shown that the 
stability of a quiescent base state to infinitesimal 
perturbations can yield useful information about 
the preferred aspect ratio and vertical mode profile 
of finite amplitude perturbations. A radiatively 
cooled stratocumulus cloud is substantially more 
complicated than any laboratory analog, but the 
observed convective regularity indicates that a 
coherent circulation can at times dominate in these 
clouds. We will assume here that the laboratory 
model of growing perturbations on a marginally 
unstable base state has validity for at least some 
instances of radiatively driven convection at cloud 
top, and will focus on the influence exerted by a 
cloud top inversion on the most rapidly growing 
linear modes. 

Below we develop linearized equations for the 
energy and velocity perturbations, given an inver­
sion-capped base state that is unstable over a 
































