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Context  The skill and the predictive power of current GCMs are limited by the low horizontal resolution 

and by the imprecise representation of several physical processes. Among them, the simulation of the 

coupling between the atmospheric circulation and the hydrological cycle, and more specifically the 

representation of clouds, is still to date one of the largest issues. 

 

Objectives / scientific questions The project aimed at re-addressing the representation of convection and 

clouds in GCMs. In this project we addressed specifically the physical processes leading to the 

formation of stratocumulus clouds, with the goal of informing an improved parameterization. 

Main results (1) A method to track and quantify the transport within the Stratocumulus topped boundary 
layer (STBL) has been developed. The method uses two different passive tracers added into a Large 
Eddy Simulation model (UCLA LES, Stevens et al 1999 JAS) to distinguish between different coherent 
structures of the STBL. A tracer is emitted above the inversion and has a fixed decay time, and another 
is emitted at all levels and restored with a Newtonian relaxation to a reference value dependent on 
height. The values of the tracers compared to a horizontal mean, and the value of vertical speed, allows 
to characterize the structures. (2) A quantitative measure of evaporative cooling and condensation 
heating is done in the case of a LES of STBL. Their impact on the dynamic is evaluated.  

 

Figure 1 

 

 

 

Figure 2 

 

  

Figure 1 is an illustration of main result (1) above. A vertical cut of a LES integration (DYCOM 2 nighttime STBL; 

10m horizontal resolution, 1m to 4m vertical resolution) shows (Above) liquid water showing the stratocumulus 

clouds and the clouds holes locations, (center) vertical velocity, and (below) a classification of the coherent 

structures revealed. In red the updrafts, in blue the downdrafts, in light green the entrained free tropospheric air. 

Orange and light blue show the turbulent shells on the sides of drafts. Yellow and dark green are turbulent areas 

in the upper part of the inversion layer. Notice the correspondence of entrainment with the clouds holes. For 
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each of these structures fluxes of mass, water and heat have been quantified.  

Figure 2 illustrates main result (2). It is a horizontal cut of a LES integration in the same case as in Fig.1 at a 

vertical level in the center of the inversion layer. It is a smaller domain than the integration in Figure 1, but it can 

be seen that the areas of positive vertical velocity, corresponding to the upper part of the updrafts are 

characterized by a high condensation heating (compare up-right and down-right panels) reaching the order of ten 

K/hour. In an analogous way, the downdraft areas are created in the inversion layer corresponding to cloud holes 

(compare up-left and up-right panels), in the downdrafts, evaporative cooling reaches values at the same 

amplitude as the condensation heating, with opposite sign.  

Future of the project: The diagnostic method of evaporation and condensation heating is being applied to shallow 

and deep convection as well. Also, the sensitivity of fluxes corresponding to the different coherent structures to 

different physical parameters is being systematical explored. The goal is obviously to inform the construction of a 

physical parameterization of STBL.  
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