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Introduction

A Remotely infers winds from ocean radar backscatters (sthma
at multiple azimuth directions

A Global measurements for all weather & day/night
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Current Issues for TC Wind Vec

Underestimatepeak wind speeds estimations in TC
A Occasionally overestimates winds because of rain contamin:e

Incorrect wind direction selection
A Selects wrong solution in presence of rain
A Miss-locates hurricane eye

Unreliable rain flags
A Discards both rain contaminated data & desired high wind de
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DissertatiorObjecti

To develop robudturricane wind vector retrieval algorith
for QuIkKSCATthatuses existing JPL data products to:
A Improve wind vector retrievals

A Tallored to extreme wind events

A Incorporates rain attenuation & rain volume scattering

A Provides reliable rain flags

A Provide neareakltime datgproducts for operational hurricane
surveillance
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Microwave Scatterometry:
Scatterometer: Special radar to measure oséan
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Pr = received power
Pt = transmitted power
G = antenna gain
R = range
| =wavelength
s® = normalized radar cross section
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Microwave Scatterometry:

Ocean sigmd#®, % response
A Resonant Bragg scatterings
A Capillary wavesZ-3 cm wavelength)
A Increasesvith wind speed
A Varies with relative wind directions (anisotropic)

Sigma0 & wind vector relateshroughgeophysical
model functionGMF)

[50 = f (ws ¢, freq,q._., pcl)}
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Wind Speed Response
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Ocean Sigmd@ Response

Wind Direction Response
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H-pol GMF Response at 13 GHz, 46incidence Angle
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SeaWinds on Quik

. Name:QuikSCAT
ngﬁfﬂ Date:1999- Present
Frequencyl3.4 GHz
) Seanni Spin rate18 RPM
= »canning _ _ _
~ Antenna Orbit period:101min

o 1400 km . 11*"'5“"
) 1800 km ?




Microwave Radiometry:

Radiometemeasureblackbody spectral radiance

[Pr:kf%Tb?*BJ

where k 1Bol t z manstantd S
T, Brightness temperature
B!l Receivemandwidth

By RayleighlJeansapproximationlinear relationship
between received power & emissivig,in mwave region
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SeaWinds as a RadiOi

QuikSCAT Radiometer (QRad is radiometric function
Implementedhroughgroundprocessing

A Trained & externally calibrated using collocated SeaWinds &
TRMM Microwave Imager (TMI)

A Not optimum radiometeidT ~ 27 K/pulse)
A Used to derive rain rate call€Rad rain ratealgorithm
A QRadTb & QRadrain rate are included in2A & L 2B products
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Wind Vector Retrieval AlGC

Standard process for wind vectors measurements
Zero-mean Gaussian measurements noise
Statistical process, e.g., maximum likelihood estimation (MLE
Multi-azimuth looks observation

Maximum Likelihood Estimation
Estimates parameters that maximize likelihood probability




MLE Wind Vector R

MLE Objective Surfacex
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Hurricane Formatic

Thunderstorms develop into hurricane when
conditions are favorable

A Warm water, open sky, away from land
Hurricane sustains by heat transfer process
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Anatomy of Hurricat

Hurricane comprises of
¢ Calm eye

C Eyewall

C Spiral rain bands

Courtesy ObservhtéyiGnAo s



Current Ocean Vector Winds
(OVW) Products

HRD H*Wind Surface Analysis
NASA JPL L2B Data Product
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NOAA HRD H*Wind Surface

Hurricane Wind Analysis SystentH*Windo

Reattime integrated TC observation system from multlple WIn:
measurement platforms

A Aircraft
SFMR*
GPS dropsondes
Tail Doppler Radar

A Satellite
QuikSCAT
- =
AS_CAT SFMR on NOAA WR3D
WindSat Hurricane Hunter Aircraft
* denotes high quality data GPS Dropwindsonde

mnt most trustable surface truth
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- NOAA HRD H*W,ind Surface A

S Hurricane Fabian 2149 UTC 02 SEP 2003

QCSet Operations Tools Help

Max 1-min sustained surface winds (kt)

24.0

Valid for marine exposure over water, open terrain exposure over land
Analysis based on GPSSONDE_MBL from 1826 - 2300z SHIP from 1818 - 0000z AFRC from 1730 - 2009 z;
DRIFTING_BUGY from 1800 - 0000 z; METAR from 1755 - 0000 z;

SFMR from 1740 - 2318 z;
2149 z position interpolated from 2100 OFCL_ATCF; mslp = 944.0 mb

QD 34K SOK B4K
NE 171 132 BB
SE 15&/ 101 55
sw 136 B1 52
NW 156 120 51/

C High resolution (6 km)
hurricane surface wind field,
(1-min average)

Observed Max. Surface Wind: 123 kts, 16 nm NW of center based on 1933 z GP350ONDE_MBL

Analyzed Max. Wind: 123 kts, 15 nm ME of center
Experimental research product of NOAA / AOML / Hurricane Research Division



JPL QUIkSCAT L2B & L2BE

Standard OVW product derived from measuséd s
global scale

Measures synoptscale winds
No rain correction

Avalilable in 25 & 12.5 km

QuikSCAT L2B-12.5km Rev#27217
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Q-Winds Hurricane

Retrieval Algorithm

Rain Effects Correction

GMF Development for TC

Aliases Selection
Quality Control Flagging
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Q-Winds Highlight Featt

Q-Winds is theonly wind retrieval algorithm that uses

A Combined active/passive measurements to estimate ocean
surface backscatter

Speci al GMF exclusi vely
ASmarto wind direction s
Effecti vael mMeox dd mmress
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Q-Winds Hurricane OVW Algeé

[LZA: QRad Tb}
[LZAlZZ g0 meas} Resample t
’ 12.5km
[Q-Windﬂ
* . .
Output Correct & Rain Correction
S0 U

80 .80 Arransmissivity )
surf ;meas” ol AVolume backscatters?®, )

*
*[XW—GMF} OVW _MLE
Retrieval

Spiral s Wind direction NHC Center
direction selection lat/long

Q-Winds ¥ Excessrain }

[Wspd & Wdir} OVW Flags




Rain Effects CorrectiC
Rain affects oceas in three ways

C Attenuation
¢ Rain volume backscattel

—<-Splash-effeet
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Rain Effects CorrectiC

0 TransmissivityT, | S Nopaquenes
C Integrated rain effects (attenuation & volume backscatter)
¢ Estimated ocean surfasé&, s°, from H*Wind
¢ Modeled as ratio o & SO .. sWith Th

TransmissivityV

Meas
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Extreme Winds GMF

CurrentKuband scatter omet-sUie
for TC wind conditions

ATr ail ned us-s agl180km)avedfriom rmumerical
weather models

A 99% of ocean winds are ¥5 m/s
A Exhibits strongs®saturation when wind speed 36-m/s

XW-GMF Development
A Collocate QuikSCAT & H*Wind data frorh8 hurricane events
A Spatial resolution 012.5 km

A High quality surface truth includes SFMR & GPS
dropwindsonde

A Restricted to ranfree & light rain
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MLE wind vectors retrieval
perf ormed for




Spiral Wind Direction D&

TC In northern hemisphere rotates cowtleckwise
(CCW) about storm center

A Storm center from NHC

Majority of incorrect solutions can be eliminated by
comparing to CCW direction model

Remainder of solutions are ranked according to residue

L owestaccumulative residue in WVC selected as
Nsol uti ono
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Spiral Dealiasing

30
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10 Selected éﬁ!d\t\i\on
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All Aliases

Wind Direction Ambiguities before Spiral De-aliasing
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After Spiral Dealiasing

Wind Direction Ambiguities after Spiral De-aliasing
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Ambiguity Removal |

1st Solution




Qual i t yexecessgaitor dll alggi ng
scard

devel oped

Q-Winds (m/s)
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Bin Normalized RMSE

Optimal Rain Flagging

Retrieval Accuracy & Tb H-pol Dependence
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! Th H-pol = 190 K yieldsNRMSE < 0.258 % Flag ~ 15%



Results

Wind Speed Comparison
Wind Direction Comparison
Contribution of GMF
Effectiveness of Rain Correctio
Rain Flagging
TC radii Comparison
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Wind Directions Compariso

L2B-12.5km Q-Winds

Incorrect wind direction
due to rain contamination
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Rain Flags Compar

L2B-12.5km
Multidimensional Histogram
(MUDH)
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TC Radii ComparisC
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