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ABSTRACT

Decoupling of the marine boundary layer beneath stratocumulus clouds and the formation of cumulus clouds
at the top of a surface-based mixed layer (SML) have frequently been observed and modeled. When such
cumulus clouds penetrate the overlying stratocumulus layer, the cloud microphysics and hence the radiative
properties of the cloud are altered locally. Observations made during a series of Lagrangian experiments in the
Azores as part of the Atlantic Stratocumulus Transition Experiment (ASTEX, June 1992) have been analyzed
to ascertain how the properties of a stratocumulus layer with which cumulus clouds are interacting differ from
those of an unaffected cloud layer. The results suggest that in regions where cumulus clouds penetrate the cloud
layer, the stratocumulus is thickened as the cumuli spread out into its base. Transport of air from the SML into
the cloud by convective updrafts is observed, and the increase in available moisture within the penetrating
cumulus clouds results in increased liquid water content and hence changes in the droplet size spectra. The
greater liquid water path results in a larger cloud optical depth, so that regions where cumulus are interacting
with the stratocumulus layer can be observed in satellite measurements. Therefore, it is likely that the surface
energy budget may be significantly altered by this process, and it may be necessary to parameterize these effects
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in large-scale numerical models.

1. Introduction

Marine stratocumulus clouds have an important in-
fluence on the global radiation budget and consequently
the earth’s climate. Their large horizontal extent and
high albedo relative to that of the sea surface mean that
it is important to understand the processes that control
the radiative properties of these cloud layers. Extensive
semipermanent sheets of marine stratocumulus are lo-
cated off the western coasts of North and South Amer-
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ica and the southern part of the African continent. In
these regions, strong subsidence associated with the
subtropical anticyclones occurs over the relatively cool
ocean currents, and stratocumulus clouds form beneath
the resulting temperature inversion. Although the most
persistent stratocumulus sheets are found in these
regions, there are several other significant areas of
marine stratocumulus clouds. In the area around the
United Kingdom, stratocumulus is by far the most often
reported cloud type (Nicholls 1984).

Simple descriptions of marine stratocumulus clouds
(e.g., Hanson 1991; Nicholls 1984; Nicholls and
Leighton 1986; Rogers and Telford 1986; Nicholls
1987) show a uniformly thick cloud layer forming at
the top of the marine boundary layer beneath a subsi-






