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ABSTRACT 

This paper addresses the problem of predicting cloud cover and its radiative impact in a large­
scale atmospheric model. A convective and stratiform condensation scheme including cloud 
water content as a predictive variable is implemented in the Canadian global spectral model. 
An important aspect of the scheme is that the cloud amount estimation is a part of the condensa­
tion scheme and is a key element in the sub-grid scale stratiform condensation parameterization. 
The cloud cover from the scheme is verified quantitatively using satellite data. The dependence 
of the grid-scale relative humidity threshold on the horizontal and vertical resolutions is 
examined. The possibility of parameterizing stratiform clouds as vertically sub-grid clouds and 
its verification is investigated. It is shown that the total cloud cover is better estimated as the 
sum of separate estimates of convective and stratiform cloudiness within the framework of the 
condensation processes parameterized in the model. The convective cloud cover is found to be 
very important to the radiative budget. An improvement in the model forecast, hydrological 
balance and cloudiness prediction is noticed when the stratiform relative humidity threshold 
decreases with height. The study also presents a new 3-dimensional view of the cloudiness 
estimated by the original scheme and provides a simple vertical and horizontal sub-grid scale 
cloud cover parameterization. Vertically sub-grid stratiform clouds combined with horizontally 
sub-grid convective clouds provide a remarkable improvement in the estimation of total cloud 
cover. 

1. Introduction 

The planet Earth when visualized from space is 
seen to be dominated by clouds and their patterns. 
Cloudiness greatly complicates the dynamics of 
the atmosphere. The presence of clouds affects the 
atmospheric heating through reflection, absorp­
tion and emission of radiation, and the surface 
heat balance through modification of the solar and 
infrared fluxes reaching the ground. Changes in the 
distribution of cloudiness can, therefore, alter tem­
perature gradients and vertical stability and thus 
affect circulation patterns. For over a decade, a 
number of observational and theoretical studies 
have established that clouds produce radiative 
heating and cooling effects that are comparable to 
the latent heating and fluctuate on dynamically 

Tellus 46A ( 1994 ), 5 

active space and time scales (Albrecht and Cox, 
1975; Stephens and Webster, 1979; Webster and 
Stephens, 1980; Ramanathan, 1987). On the inter­
annual time scale, the interaction between cloud 
processes and radiative processes is of fundamen­
tal importance to the mechanisms of climatic 
change. Changes in the radiation balance at the 
top of the atmosphere are mainly controlled by the 
distribution of water in its various forms, which 
are water vapor and clouds of ice and/or liquid 
water. The change in cloudiness that results from 
the increase of concentrations of atmospheric 
trace gases may play an important role in the 
climate sensitivity. Related problems such as the 
"greenhouse effect" have been extensively studied 
in the last decade (e.g., Manabe and Stouffer, 1980; 
Washington and Meehl, 1983; Wetherald and 








































