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HIGH RESOLUTION GLOBAL SIMULATION 

Courtesy J. Hurrell and CGD/NCAR 

AN ABUNDANCE OF TIME AND SPACE SCALES! 



Stably stratified 

turbulent flow just 

above a walnut orchard 

during the Canopy 

Horizontal Array 

Turbulence Study 

(CHATS) 

Provided by Shane Mayor 

& Ned Patton 

BOUNDARY-LAYER PROCESSES 

3 km 

4 km 

REAL 



SCALES OF TURBULENCE RELATIVE TO NWP SCALES 

Courtesy Anton Beljaars (ECMWF) 

Kolmogorov viscous 

dissipation scale 

1mm 

? 

Forcing 

large to 

small 



LOW LEVEL FLIGHT IN HURRICANE ISABEL Courtesy M. Black 



CD  Donelan etal, 2004 

Maximum azimuthal wind 

speed (Emanuel, 2004) 

Oceanic value? 



SPIRALS ON THE SEA 

Photograph of a cyclonic spiral-eddy street off the coast of the Egyptian/Libyan 

border. Eddy radii are ≈ 5 km, and scum convergence lines are ∼ 100s m wide. 

The street configuration suggests a recent vortex roll-up from an unstable 

submesoscale front or wake. (Scully-Power, 1986), courtesy J. McWilliams. 

~ 10 km 



Simulated vertical vorticity normalized by f illustrating the interaction between 

fronts, instabilities and vortices in the ocean. Courtesy J. McWilliams (UCLA) 

OCEAN WEATHER SYSTEMS 



Resolved flow computations stop! 

Courtesy Jim McWilliams (UCLA) 



AN EXAMPLE OF AN MPAS MESH BASED ON SPHERICAL 

CENTROIDAL VORONOI TESSELLATIONS 

http://public.lanl.gov/ringler/Voronoi.html 

A need for scale aware parameterizations? 



What are the appropriate (LES) 

equations for Terra-Incognita? 



Resolved field Subgrid (or subfilter) field 

? 





0 





Classic LES 

dissipation 



Wyngaard 2004 

Suggested behavior of the length scale    of the 

unresolved turbulence as function of        for a K-model  

In PBL surface layer 



Resolved energy 

SGS energy 

Filter scale 

? 



Energy transfer term 

Resolved energy 

SGS energy 

Molecular dissipation 

> 0 ! 



DO HIGH-Re ROUGH-WALL LES STATISTICS 

CONVERGE WITH MESH REFINEMENT? 



Local time Noon 8 am 

Courtesy Shane Mayor 

Daytime Convective BL 



Momentum 

Scalar 

TKE 



DO LES STATISTICS CONVERGE WITH MESH 

REFINEMENT? 



FREE CONVECTION 5123 W-FIELD 



LES OF CONVECTIVE PBL, 4096 CPUS, 

10243 GRIDPOINTS 



DUST DEVILS in TALAMAKAN DESERT OF CHINA 

Courtesy of Don Lenschow NCAR 



Dissipation 

Large eddy 

Reynolds number 

DO LES STATISTICS CONVERGE WITH MESH REFINEMENT? 





No SGS 

skewness!  



Can we use targeted observations to 

provide insight as to the nature of SGS 

motions in high Re PBLs?  





HATS CONFIGURATIONS 

Wide 

Narrow 





U 

``2D plane of turbulence” 

AN EXAMPLE OF LATERAL (Y) FILTERING 



U 

AN EXAMPLE OF LATERAL (Y) FILTERING 



U 

AN EXAMPLE OF LATERAL (Y) FILTERING 





Isotropic 

HATS 

ARRAYS 

Measure of scale separation 



OHATS 

HATS 





Isotropic production 

Anisotropic deviatoric production Pressure destruction 

Germano (1992) 



Rotta model 

Time scale 
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0 0 



OHATS 

HATS 

RANS Ideal LES 

Measure of scale separation 












