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The usual assumption in the conventional convection parameterization – 
convective equilibrium:

the number of clouds in a grid box is always sufficient to represent an 
ensemble of clouds.

↔ the tendency due to convection = convective forcing

But: the grid box has a finite →
the number of clouds is also finite, the total mass flux can fluctuate.

Plant-Craig and Sakradzija & Seifert Schemes



Plant-Craig Scheme

The assumptions made in the Plant-Craig scheme

• scale separation
• a priori equal probabilities
• no interaction between clouds
• the mean mass flux per cloud is independent on the large-scale situation

Clouds appear according to a Poisson process (with the parameter λ 
dependent on the large-scale situation).

Then

the distribution of the mass fluxes of new-born clouds 
as well as instantaneous distribution of the mass fluxes 
is exponential.



To track each cloud is expensive. 

The information about each cloud or their distribution is not needed.

Only the total mass flux M (and, probably, total number of clouds N) is 
needed. 

The question: 

is it possible to average, or coarse-grain, the Plant & Craig and Sakradzija 
& Seifert schemes, so that a reduced model consists of only 2 stochastic 
equations for N und M?

The Problem



Solution: the Simplest Case
 

 

 

 



Solution: Intermediate Case (≈Plant-Craig scheme)
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Solution: Advanced Case

 

 
 

 

 

 

 



Solution: Advanced Case
 

 

 

 

 

Averaged
Generation                                                          instantaneous
rate:                                                                    distribution:
exponentialGamma(

 
  



Solution: Advanced Case
 

 



Solution: Advanced Case
 



Solution: Advanced Case
Examplesofrealizations  

Autocorrelationfunctionfor 



Solution: Advanced Case
 

 



Solution: the General Recipe

 
 

 

 

 

 



Solution: Even More Advanced Case
(the scheme of Sakradzija & Seifert)

 

Generation                                                                       Averaged
rate:                                                                               instantaneous
Weibull                                                                          distribution:
                                                                                       Generalized 
                                                                                          Gamma
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Summary and Outlook

 It seems to be possible to replace the expensive “cloud 
tracking” model of Plant&Craig and Sakradzija&Seifert with 
two stochastic differential equations for M and N only

 The proposed general strategy and the first results look 
reasonably, although 

 Further work on the formulation is needed

 When ready, the scheme can be coupled to a mass-flux or a 
subgrid-scale cloud scheme and tested in the COSMO model
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Thank you for your attention!

Thanks to Tobias Göcke, Dmitrii Mironov, 
Bodo Ritter und Axel Seifert for fruitful discussions!   
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