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ABSTRACT 

Several approaches to parameterize the turbulent transport of momentum, heat, water vapour 
and cloud water for use in a general circulation model ( GCM) have been tested in I-dimensional 
and 3-dimensional model simulations. The schemes differ with respect to their closure assump
tions (conventional eddy diffusivity model versus turbulent kinetic energy closure) and also 
regarding their treatment of cloud-turbulence interactions. The basic properties of these 
parameterizations are discussed first in relation to column simulations of a stratocumulus
topped atmospheric boundary layer (ABL) under a strong subsidence inversion during the 
KONTROL experiment in the North Sea. It is found that the K-models tend to decouple the 
cloud layer from adjacent layers above and below because the turbulent activity is calculated 
from local variables. The higher-order scheme performs better in this respect because internally 
generated turbulence can be transported up and down through the action of turbulent diffusion. 
Thus, the TKE-scheme provides not only a better link between the cloud and the sub-cloud layer 
but also between the cloud and the inversion as a result of cloud-top entrainment. In the 
stratocumulus case study, where the cloud is confined by a pronounced subsidence inversion, 
increased entrainment favours cloud dilution through enhanced evaporation of cloud droplets. 
In the GCM study, however, additional cloud-top entrainment supports cloud formation 
because indirect cloud generating processes are promoted through efficient ventilation of the 
ABL, such as the enhanced moisture supply by surface evaporation and the increased depth of 
the A.BL. As a result, tropical convection is more vigorous, the hydrological cycle is intensified, 
the whole troposphere becomes warmer and moister in general and the cloudiness in the upper 
part of the ABL is increased. 

1. Introduction 

According to ground-based cloud observations 
(Warren et al., 1986, 1988), it is estimated that 
nearly 30 % of the Earth are covered with low-level 
stratus and stratocumulus clouds. Extensive areas 
of low-level stratiform clouds are observed in 
regions with suppressed convection, for example 
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over the cold ocean currents off the west coasts of 
the continents or in the Arctic during summer. Due 
to their widespread and persistent occurrence, low
level clouds are important for the energy budget of 
the planet. Their influence on climate is basically 
twofold: First, they cool the Earth's surface by 
reflecting a substantial fraction of the incoming 
solar radiation back to space. Second, they modify 
the fluxes of heat, moisture and momentum at the 
surface and within the atmospheric boundary layer 
(ABL) and provide a stronger link between the 
ABL and the free atmosphere through enhanced 
turbulent entrainment which is closely related to 
















































