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Wavelength: Larger-scale structures ~ 700 to 5000 m 

                     Smaller-scale structures ~ 300 to 700 m 

Velocity Perturbations: +/- 7 m s-1 typical 

                        DOW +/- ñ10s ofò m s-1 

Orientation: Typically along-mean TCBL wind, wide variability 

Prevalence: Roll-scale structures ~ unknown, (35% to 70%) 

                    Streak-scale structures: Most likely usually present 



Roll Effects 

ÅTCBL connects surface fluxes with storm interior 

ÅLargest component is along-roll (roughly along-wind) 

near-surface wind modulation 

ÅRolls induce non-local & non-gradient transport of 

momentum and heat across TCBL 

 



Hypothesis: Roll fluxes are a Significant 

Unparameterized Feature of TCBLs  

ÅTC Intensity is, in part, related to net compensation 
between the downward sink of TC momentum into the 
ocean and the upward flux of enthalpy from the ocean 
into the TC interior.  

ÅCurrent emphasis is on ratio of bulk flux coefficients 
ïCD/Ck tends to decrease in high winds, what compensates? 

ÅRolls induce inherently non-gradient (i.e. non-local) downward 
transport of momentum across the depth of the TCBL 

ïModels only parameterize local, down-gradient momentum flux 

ï Is non-gradient flux important to numerical models? 



Wurman and Winslow (1998)  

Science, 280, 555-557 

~30 m/s mean +/- 15 m/s  

across-roll variation in 

low-level wind 



Example: 

J. Wurman, Doppler on Wheels, Hurricane Rita, 2005 

Å1.2o slices every 12 seconds  

ÅRadial Velocity 

ÅGate Spacing 25 m 

ÅAzimuthal Resolution 0.25o 

Å2 km Range Rings (8 km shown) 



Parameterization Strategy 

ÅNumerical models use a range of local closures 

Å Develop roll flux model consistent with existing closures  
ïNo change to existing parameterizations 

ïAdded non-gradient flux contribution only if mean flow conditions 
are consistent with roll formation 

ÅUse simple theoretical models é 
ïNonlinear similarity mean TCBL model (local, gradient fluxes) 

ïNonlinear roll stability model 

Åé in conjunction with observational data 
ïSAR 

ïDoppler Wind Lidar (on NOAA P-3) 

ïRadar 

ï?? 



Scales 

))(
2

(2

r

Vg

r

gV
f

r

gV
fI

Parameters 

(inertial stability) 

K

gV
eR

g

o

V
R

f

e

r
r

1
0

oR

Reynolds Number 

Richardson Number 

Rossby Number 

ND Radius 

Velocity: Vg 

Length:  
I

K2

1

3

5

g

g

g

e

z
U V r y

z
V V r y

V r z
W y

r r

Similarity Assumption 



Nonlinear Mean TCBL 

Similarity Model 
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Nonlinear Similarity Equations (ODEs) 

Note: Parameters only appear as ratios (e.g. Re/re). 

Easy system to solve numerically 

Radial Advection 
Vertical Advection Curvature 

(residual) 

Coriolis 

(residual) 

(Plus Temperature equation) 



Boundary Conditions 
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Entrainment Flux at PBL top is easy to implement:  

small effect on what follows 

CD is Large & Pond, max = 0.0025 

(Can use any parameterization) 
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ñCross-Flow Instabilityò 

Triggered by instability in cross-

stream component of 3D profile 



Turbulence Closure 

Å(Almost) Any eddy viscosity parameterization 

ÅHave Implemented 

ïK = const 

ïK-Profile (ala Troen & Mahrt (1986), MRF) 

ïSmith (1968) 

ïMellor-Yamada 2.0 

  

KPP 

S68 

MY 



R = 40 km 

Radial Azimuthal 

Black Dots are Nonlinear Kepert and Wang (2001) Numerical Model 

Blue dotted line is Similarity Model Driven by Kepert & Wang K(z) (39 m/s) 

Ą Similarity Model reproduces results of time-stepping numerical model! 



Nonlinear Roll  

Instability Model 



Nonlinear Stability 

ÅñStretchò eigenvalue, 0, in powers of nonlinear amplitude, A(t). 

ÅExpand eigenfunction, q10, in harmonics of fundamental 

wavenumber, . 

ÅFind equilibrium solution (dA/dt = 0). 



Growth Rate 

Angle from Azimuthal Wind 

Wave Number 

Particular scale/orientation 

Depend on mean shear profile 



Mostly fixed near-surface roll fluxes 

Improved version of Foster (2005) TCBL roll model &  

Parameterization development 

Cannot just ñbump upò K 

, .local existing PBL param non local

z z z


