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Outline
● Automated LES cloud tracking
● Entrainment and detrainment calculations for 

individual LES clouds from mass flux through the 
cloud surface

● Comparison of directly calculated entrainment with 
the entrainment calculated from changes in 
conserved variables

● Conclusions

Thanks to Marat Khairoutdinov for use of SAM 6.7.5



  

Automated Cloud Tracking
Heus et al. (2009) manually selected clouds; we have constructed an algorithm that tracks 
clouds through their lifecycles.

We do this by breaking clouds into 'cloudlets', then reassembling the cloudlets into clouds.  
Cloudlets that overlap a cloud at a previous time step are assumed to be the same cloud. 

This allows the clouds to merge and split by dividing clouds along cloudlet boundaries.

Timestep 1 Timestep 2



  

Result for a 12 hour GCSSARM run: 4429 clouds
Clouds that only exist for one save time are classified as noise.



  

Entrainment/Detrainment for
Individual Clouds
Usually entrainment and detrainment are calculated in LES models 
using the method of Siebesma and Cuijpers (1995):

This method is problematic with individual clouds.  Instead, we 
calculate entrainment and detrainment directly from the mass flux.
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Direct Entrainment Calculations
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Direct Entrainment Calculations

To try to calculate the movement of the cloud surface, we can 
interpolate between the q points to find the point at which the cloud 
begins to condense.



  

Direct Entrainment Calculations

Then we can interpolate between those points to define a cloud surface.



  

Direct Entrainment Calculations

But doing the full interpolation is really hard, so for now we are faking it.

We split each grid cell into 6 pyramids, two in each direction.



  

Direct Entrainment Calculations

We have done this calculation for the cloud entrainment and detrainment.

We have also done this for the core, but we haven't analyzed it yet.



  

Effect of surface interpolation on global entrainment



  

Conserved Variable Entrainment/Detrainment
Compared to Direct Calculation

Half-hour average during middle of GCSSARM run



  

Are we doing it right?
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The Continuity Equation



  

What's going on?

The terms on the right of the equation are all 
exact.  The left side, however, calculates the 
entrainment that would explain the vertical 
fluxes and tendency if the fluid being 
exchanged had the mean properties of the 
cloud/environment.

The true difference of the properties at the 
cloud edge is smaller than the mean 
properties, which would tend to increase the 
entrainment values.

Other possible explanations:
● Fluid recirculation
● Coarse cloud surface interpolation



  

qt Radial Structure and Entrainment



  

Life History of Cloud Entrainment



  

Conclusions
● Direct calculations of entrainment and detrainment that 

do not interpolate the cloud surface position overestimate 
entrainment and detrainment by at least a factor of ~2.

● Direct entrainment is larger than the entrainment 
calculated using bulk conserved state variables by a 
factor of ~5 -10.
● Most of this is likely due to advection and interpolation errors.

● However, the bulk tracer method underestimates entrainment and 
detrainment near cloud base.

● We have a viable method for calculating the entrainment 
of individual clouds.
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