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LOW LEVEL FLIGHT IN HURRICANE ISABEL 

SAR Image of the Santa Barbara Channel 

110 km 

Trade wind clouds 

Density filaments 

Upper ocean mixing 

SST heterogeniety 

Teleconnections? 







U Contours in yz-plane, Ug = 10 m/s, Q* = 0.01 K m/s 
Shear-convective rolls, homogeneous SST  

Wavy boundary: Hs ~ 6 m  Grid mesh: dx~3 m, dz~1 m  





LES OF A SPATIALLY EVOLVING ABL: FRINGE METHOD 



VERTICAL VELOCITY DOWNSTREAM OF AN SST JUMP (WHITE LINE), Z = 41 m 
MESHES 
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CROSSFRONT EVOLUTION OF SCALAR FLUX 

Runs have 



Impact of 
front width 

Patterns shift to the east with increasing  



Impact of 
front width 

Patterns shift to the east with increasing  

Momentum 
flux 



DOWNFRONT  WINDS VG AND SECONDARY CIRCULATIONS 

Baroclinic effect 
reverses sign of 
surface stress! 

z 

Ekman transport to the west 

SST front 

Secondary 
circulations 



Frontogenesis and frontal arrest in the 
OBL with winds and surface waves 

Sullivan & McWilliams (JFM, 2018; to be submitted 2019) 

+ 





Cold filamentary intensification,  
McWilliams et al,  (GRL, 2009) 

Secondary 
circulations 



LES OF FILAMENT FRONTOGENESIS DRIVEN BY 
SURFACE COOLING: VERTICAL VELOCITY  

FRONTOGENETIC TURBULENCE, t = 6.1 Hrs, z = -3 m 

FULLY DEVELOPED TURBULENCE, z = -3 m 



What happened? 

TIME HISTORY OF VERTICAL VORTICITY AND TKE 

+ - 
Jets 

Normalization  



NORTH (DOWN-FRONT) SURFACE WINDS, PEAK FRONTOGENESIS 

No 
waves 

Waves 



IMPACT OF DOWN-FRONT WAVES ON 
FRONTOGENESIS: WAVE EFFECTED CURRENTS 

Jets with waves Jets no waves 

Vertical shear layer 



Spatial evolution of downwelling velocity w at z = -10 m:  
Surface forcing by down-front winds and waves  

Winds, waves 



Spatial evolution of downwelling velocity w at z = -10 m:  
Surface forcing by cross-front winds and waves  

Winds, waves 







Down front winds and waves 
Currents (w, v) in y-z plane at x = 1200 m 



FLOW STRUCTURES AT LATE TIME t ~ 9 hr 

E N C



POWER SPECTRA OF (U, V, W) FOR NORTH WINDS 

T = 6.1 HR 

z = -2.5 m z = -34.6 m 



NORTH WINDS PLUS WAVES: VERTICAL VELOCITY 

Two downwelling 
sites ! Down-front average 



SECONDARY CIRCULATIONS WITH 
DOWN FRONT WINDS 

SST front 
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CROSSFRONT EVOLUTION OF SCALAR FLUX 



(ABL, OBL) = (Atmospheric, Oceanic) Boundary Layer 



FRINGE METHOD DETAILS 

Blending (nudging) function 



Crossfront Downfront 



FRONTOGENESIS AND ARREST OF DENSE 
FILAMENTS IN A WAVY OBL 

Idealized cold filamentary 
intensification,  
McWilliams etal,  2009 






