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TURBULENCE+WAVES IN THE VERY STABLE 

ATMOSPHERIC SURFACE LAYER: 8 pm to 4 am 
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MOTIVATION 

 
• Stratified stable boundary-layers (SBLs) are ubiquitous in the 

atmosphere and ocean 

 

• Climate projections and weather forecasts are (very) sensitive to 

their SBL parameterization (Holtslag et al, 2013) 

 

• Vertical layering from refractive index turbulence  in SBLs 

impacts all forms of propagation, light beams, radio waves, 

sounds (Wyngaard et al, 2001) 

 

• Air quality (Weil, 2012) 

 

• Nocturnal low level jets and stratified turbulence are often the 

design point for loads on wind turbines over the Great Plains 

(Kelley et al, 2004) 

 

• … 



SBL MODELING: 

Single-Column Models vs LES 

Cuxtart et al (2006), Beare et al (2006) 

Operational: 1st order closure, 
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Flow is horizontally homogeneous, what makes net 

horizontal scalar fluxes? 



FLUCTUATIONS IN THE TEMPERATURE FIELD  



POTENTIAL TEMPERATURE CONTOURS IN AN XZ PLANE 

Low Level Jet 

Tilted Temperature Fronts !  zi / L = 1.7 60 s of real time 



POTENTIAL TEMPERATURE CONTOURS IN AN XZ PLANE 



TEMPERATURE FIELD IN X-Y PLANE 

Wind 

direction 





DECREASING STRATIFICATION ?  



CONTOURS OF PASSIVE SCALAR C IN STABLY 

STRATIFIED NEUTRAL FLOW 



Flow separation 

TEMPERATURE CONTOURS IN STABLY STRATIFIED 

FLOW OVER 2D BUMPS, ak = 0.3 



OBSERVATIONS OF TEMPERATURE PROFILES 

FROM A ``VIRTUAL” TOWER 



CONTOURS OF VERTICAL TEMPERATURE GRADIENT 

Bulk Gradient 

30 m 
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INSTANTANEOUS VERTICAL PROFILES OF TEMPERATURE 





92 seconds of data 

INSTANTANEOUS TEMPERATURE PROFILES 

OBSERVED FROM THE TALL TOWER IN CASES-99 





3D ISOSURFACE OF SWIRL COLORED BY VERTICAL VORTICITY 

U 
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3D ISOSURFACE OF SWIRL COLORED BY VERTICAL VORTICITY 
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3D ISOSURFACE OF SWIRL COLORED BY VERTICAL VORTICITY 
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3D ISOSURFACE OF SWIRL COLORED BY VERTICAL VORTICITY 
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3D ISOSURFACE OF SWIRL COLORED BY VERTICAL VORTICITY 



CONDITIONAL HORIZONTAL FLOW VECTORS OVERLAYING 

TEMPERATURE FIELD NEAR A FRONT z/zi = 0.2 

Q2 event  
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Fronts! 

velocity aligned with 

mean wind 





EPILOGUE: VERTICAL VORTICITY 

FILTERED 

NEAR PEAK IN 

ENERGY 

SPECTRUM 




