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•  Solve different governing equations   

•  Study different physical phenomena 

(LES) turbulence simulation (CRM) 

“Conventional ” GCM, CRM and LES models 



       “Conventional” LES; 
              grid box~ O(100m) 
             ~ a football stadium 



200 km  • 

grid size~200 km 

•  Scales > grid resolution:  ‘resolvable scales GS’  
•  Scales < grid resolution:  ‘subgrid-scale SGS’  

: Solving discretized eqs. on a discretized globe 

courtesy David Randall 

GCM 

predict wind, temp, cloud…  
at each grid point 

 • 
 • 

 • 
 •  • 

SGS processes are crudely represented   
by simple theories (“parameterizations”). 



        GCM scales 
    (resolvable GS) 

microphysics 

shallow cumulus 

cloud-scale interactions missing in most GCMs. 

  deep convection  PBL turbulence   

radiation 



However, cloud-scale interactions 
are many and crucial: 



Thus, allow for many cloud-scale 
interactions on the model grid meshes. 



Still ? 

Dynamical-Framework Team 

Physical-Process Team 



low-level stratocumulus  

fair-weather cumulus 





My research topic: 

Models with a grid spacing 
of  about a small city size. 





Giga-LES 

CRM resolvable scales 

CRM SGS scales 



much finer grid size ~ football field   

needs ~ 10^6 grid points 

needs ~ 10^9 grid points! 

Giga-LES 

CRM 



Take advantage of ever-increasing 
massive-parallel-computer power  

and  
a skillful modeler 

    Marat consumed ~ 400,000 hours (~ 46 years!) 
of a supercomputer time; completed the run in 
just two weeks; used 2048 MPI processors 
simultaneously. 



Vertical cross-section of  
the Giga-LES cloud field 

horizontally averaged cloud field  
during the last 12 hours of simulation 

cloud top height  



Horizontal view: “satellite” image  

from Marat Khairoutdinov 
205 km (~ a GCM grid cell) 

N ↑ 





z ~1 km 

z ~1 km 

z ~1 km 

z ~5 km 

z ~5 km 

z ~5 km 

w-spectra 

q-spectra 

wq-cospectra 

typical CRM grid 

small scales large scales 
100 km 100 km 10 km 1 km 



  Using a smoothing function G: 

GS SGS 

where 



SGS is the difference. 

apply  
“smoothing” 

CRM resolvable Giga-LES 



large scales small scales 



smoothing width =10 km 

What’s needed in CRMs are  
SGS fluxes---at every CRM grid points. 

CRM grid mesh 





τwc ≡ wc − wc
using 

After Germano (1986), Leonard (1974) 

Leonard term cross term Reynolds term 

and 



The L term represents contribution from 
the largest SGS eddies. 

L 



τwq

total SGS q-flx 

filter width=4 km 

at z~ 5 km 

-300 ~ 20000 W/m2 -100 ~ 4000 W/m2 

-1000 ~ 5000 W/m2 -200 ~ 16000 W/m2 
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RHS: 
•  good approximation for L-term; 
•  in terms of the bar variables; 
•  easy to compute in CRMs;  
•  no closure assumptions. 

Computed from Giga-LES 



Does the C-term correlate well with the L-term? 

It is reasonable to set C ~ L. 
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w& c are CRM resolvable-scale variables. where 

Assume C = L. 

commonly-used K model 

new term representing the large SGS eddies 



How well do they correlated?  



solid curves: filter width = 4 km 
dotted curves: filter width = 10 km 





solid curves:  4 km dotted curves: 10 km 



Depending on the smoothing function? 

 Results are very similar. 

avg. over 10 km x 10 km area 




