Retrieving Surface Wind Directions from
NeuralNet Wind Speed Retrievals in Tropical Cyclone:

Ralph Foster, Applied Physics Laboratory, University of WA
JeromePatoux Atmospheric Sciences, University of WA

NASA Ocean Vector Winds Science Team



Based on SAR Tropical Cyclone (TC) Wind Retri
(SeeHorstmann 17:45)

* SAR: 1 km wind vector retrievals in TCs
(Horstmann, Wackerman)

— Wind directions from imprint of TC boundary layer
(TCBL) roll vortices

— Wind speeds from model functions (CMOD5N (co-
pol), Cross-pol, X-band

— ~5-6 m/s RMS at hurricane force (up to low Cat-3)

— Directions ~ 20°RMS rel. drop sondes, QuikSCAT
(no-rain flag)

— Wind retrieval quality flags



Calculate Seaevel Pressure (SLP) Patterns from SAR imagery
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Calculate Setevel Pressure (SLP) Patterns from SAR imagery
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—  Mask low confidence winds
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Calculate Setevel Pressure (SLP) Patterns from SAR imagery
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2. Standard U,y processing
—  Mask low confidence winds
3. Calculate pressure gradient vectors,
VP , from U;yq using Tropical

Cyclone Boundary Layer (TCBL)
model




Calculate Setevel Pressure (SLP) Patterns from SAR imagery

2010-09-22 20:30:36
VP
SLP Normalized to data

1. SAR
2. Standard U,y processing
—  Mask low confidence winds
3. Calculate pressure gradient vectors,

VP, from U,( using Tropical
10 Cyclone Boundary Layer (TCBL)
model

¢ 4. Least-squares fit of pressure surface
- to VP vectors

— Constraint: I/ - VGeostmphi(; =0

— Scene-wide dynamical consistency

— Normalize to observations (optional)




Calculate Seaevel Pressure (SLP) Patterns from SAR imagery
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3. Calculate pressure gradient vectors,
VP, from Uy using Tropical
Cyclone Boundary Layer (TCBL)
model

4. Least-squares fit of pressure surface
to VP vectors
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— Scene-wide dynamical consistency
— Normalize to observations (optional)

5. Use SLP pattern to force TCBL
model and derive “SLP-filtered”
surface wind vector field

—  Fill-in masked regions




TCBL: Nonlinear Mean FlowDynamics are Important

.« ” . e . I, / '
Standard” PBL Scaling: U - VU <<l,l Vu U,poy=U+u

* Typhoon TCBLscaling: U-VU~wu -Vu'

* Fully nonlinear TCBL model (Foster, 2009) currently too costly
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A Approximate nonlinear mean flow ld_P — (14 ﬁ
dynamics using gradient wind model pdn 1Y
A Stormrelative correction

R = ar; a~0.65



Two-Layer TCBL Model:

3

Analytic match of inner and outer layers -

2_

Inner (surface) layer
— COARE/CBLAST-like surface layer 1

« Cp, .. =27x1073forUjg>~30ms™> ™ ° uin 7
* Cy ~ const, when stratification is included

QOuter layer

— Nonlinear mean flow dynamics

— TCBL depth increases with radius

Assume TC interior close to gradient-wind, 1, balance

— UlU - UIU(VQ) “direct model”
- V; =1V, (Uyp) “inverse model”



TCBL: Mean boundary layer depth increases with radius

V' (m s"), contour interval =2 m s™
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height (m)
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Observations: Zhang et al. 2011,
MWR 2011,139, 25232535
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Nonlinear theory: Foster, 2009,
BoundaryLayerMeteorol, 131, 321344



