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Wavelength: Largescale structures ~ 700 to 5000 m
Smallerscale structures ~ 300 to 700 m

Velocity Perturbations: +/7 m st typical
DOW+-A10s df o0 m s

Orientation: Typically alongnean TCBL wind, wide variability

PrevalenceRoll-scale structures unknown, (35% to 70%)
Streakscale structuredMost likely usually present



Roll Effects

A TCBL connectsurface fluxesvith storminterior

A Largest component is alofigll (roughly alongwind)
nearsurface wind modulation

A Rolls induce nofocal & non-gradient transport of
momentum and heat across TCBL




HypothesisRoll fluxes are &ignificant
Unparameterize&eatureof TCBLS

A TC 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 ocear
Into the TC interior.

A Current emphasis is on ratio of bulk flux coefficients
I Cp/C,tends to decrease in high winds, what compernates

A Rollsinduce inherently nogradient(i.e. nonlocal) downward
transport of momentum across the depth of the TCBL

I Models only parameterize local, dovgnadient momentum flux
I Is non-gradient flux important to numerical models?
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Fig. 3. Large-scale Doppler velocity structure at
23:30:19 UTC, as measured by the DOW radar.
Strong easterly flow peaking at ~60 m s~ ' is
evident both off- and onshore. The eye of the
hurricane is at the edge of radar visibility to the
south. Visibility was severely limited by attenua-
tion. Pink curved arrows illustrate average wind
flow. Scan is at 5° elevation.

Fig. 4. High-resolution image of Doppler velocity
field to the east of Wilmington at 23:58:17 UTC.
Sub-kilometer-scale streaks caused by boundary
layer rolls modulate the mean easterly flow. Near
the radar (left) at altitudes of ~100 m agl, peak and
trough wind speed values are ~40 m s~ ' and
~10 m s ', respectively. Further from the radar
(right), peak and trough wind speed values alter-
nate from ~25 to ~55 m s~'. Azimuthal shear
values are (~30ms~'/~300m) =~ 0.1 s~ ' across
many of the rolls. Scan is at 2° elevation.
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dicular to the rolls.
Radar volumes were updated every 300 s;
these intervals were too long to permit esti-

Horizontal Flow

Fig. 5. Schematic representation of observed
shear- and wind-parallel boundary layer rolls.
High-momentum air (red) is brought to the surface
in the downward legs of the rolls, while air slowed
near the surface is brought aloft in the upward

legs.
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Fig. 6. Altitude dependence of peak wind speeds
as observed by DOW and National Weather Ser-
vice KLTX radars. DOW-measured peak speeds
at 100 m agl are nearly as high as those at 1000 m
agl as a result of momentum transport in the rolls
and agree closely with surface peak wind obser-
vations. KLT X-measured peak speeds are smaller
at low altitude because of poorer resolution and
possibly because of longer overland trajectories.
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Example
J.Wurman Doppler on Wheels, Hurricane Rita, 2005

AL.2 slices every 12 seconds
MARadial Velocity

AGate Spacing 25 m
Adzimuthal Resolution 0.25

& km Range Rings (8 km shown)
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DOW and Tower Deployments in
Rita in Port Arthur 23/24 Sep 2005
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Very Approzimate Path of Edge
of Eye




Parameterization Strategy

A Numerical models use a range of local closures
A Develop roll flux model consistent with existing closures

I No change to existing parameterizations

I Added nongradient flux contribution only if mean flow conditions
are consistent with roll formation

AUse simple theoretical model s
I Nonlinear similarity mean TCBL model (local, gradient fluxes)
I Nonlinear roll stability model

Aé in conjunction with observa
i SAR
i Doppler WindLidar (on NOAA R-3)
I Radar
|
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Scales Velocity: V,

Length o = | /ZI—K

Temperature: AT = Tair — Tsfc

7Y} Vv L .
|2=(f+79)(f+ rg+ag/rg) (inertial stability)

Similarity Assumption

V
Parameters Re — VO




Nonlinear Mean TCBL
Similarity Model



Nonlinear Similarity Equations (ODES)

Vi =Y, (residual)  (residual)
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Note: Parameters only appear as ratios (e.g. Re/r,).
Easy system to solve numerically



oundary Conditions
y, O :C&F%J y

oY O .
Cp is Large & Pond, max 6.0025
K (Can use any parameterization)

0
y, O :C@OY” 0 (constant flu
0

Reynolds Number is Key Parameter
=0

Iim{yl

Z—>0 y3:1

Entrainment Flux at PBL top is easy to implement:
small effect on what follows
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Turbulence Closure

A (Almost) Any eddy viscosity parameterization
A Have Implemented
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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)
A Similarity Model reproduces results of tirmgepping numerical model!



Nonlinear Roll
Instability Model



Nonlinear Stability

Secondary Instability (?)

: 1d4d _dn 5 p
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Reynolds & Potter (1967),

A Herbert
(1983)
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Stable R.it Unstable

ARStr et choly,éniponversof aohlinear,amplituda(t).

A Expandeigenfunctiong,,, in harmonics of fundamental
wavenumber.

A Find equilibrium solutiondA/dt = 0).



Growth Rate

Particular scale/orientation
Depend on mean shear profile e
Angle from Azimuthal Wind



Improved version of Foster (2005) TCBL roll model &
Parameterization development

Re = 663.7, re = 493.1, o = 0.42, g = -1° 8‘[ az—local,existing PBL param @T
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Mostly fixed neatsurfaceroll fluxes

Typical Roll-Stress Keff/K
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