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Introduction

üScatterometersmeasure ocean surface wind vectors

ÃRemotely infers winds from ocean radar backscatters (sigma-0) 

at multiple azimuth directions

ÃGlobal measurements for all weather & day/night

Hurricane

Katrina



Current Issues for TC Wind Vectors Measurements

üUnderestimatespeak wind speeds estimations in TC

ÃOccasionally overestimates winds because of rain contamination

ü Incorrect wind direction selection

ÃSelects wrong solution in presence of rain

ÂMiss-locates hurricane eye

üUnreliable rain flags

ÃDiscards both rain contaminated data & desired high wind data



Dissertation Objective

üTo develop robust hurricane wind vector retrieval algorithm 

for QuikSCATthat uses existing JPL data products to:

Ã Improve wind vector retrievals

ÂTailored to extreme wind events

Â Incorporates rain attenuation & rain volume scattering

ÂProvides reliable rain flags

ÃProvide near real-time data products for operational hurricane 

surveillance



Microwave Scatterometry: Scatterometer
Scatterometer: Special radar to measure ocean s0
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ü Pr = received power

ü Pt = transmitted power

ü G = antenna gain

ü R = range

ül= wavelength

üs0 = normalized radar cross section

(NRCS)
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üOcean sigma-0, s0, response

Ã Resonant Bragg scatterings

Â Capillary waves (2-3 cm wavelength)

Ã Increases with wind speed

Ã Varies with relative wind directions (anisotropic)

üSigma-0 & wind vector relates through geophysical 

model function (GMF)

Microwave Scatterometry: Principle
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Ocean Sigma-0 Response to Wind

Wind Speed Response Wind Direction Response
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SeaWinds on QuikSCAT

Name: QuikSCAT

Date: 1999 - Present

Frequency: 13.4 GHz

Spin rate: 18 RPM

Orbit period: 101 min



üRadiometer measures blackbody spectral radiance

where k  ¹Boltzmannôs constant

Tb¹Brightness temperature

B¹Receiver bandwidth

üBy Rayleigh-Jeans approximation, linear relationship 

between received power & emissivity, e, in m-wave region

Microwave Radiometry: Principle
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SeaWinds as a Radiometer

üQuikSCAT Radiometer (QRad) is radiometric function

implementedthroughgroundprocessing

ÃTrained & externally calibrated using collocated SeaWinds & 

TRMM Microwave Imager (TMI)

ÃNot optimum radiometer (DT ~ 27 K/pulse)

ÃUsed to derive rain rate called QRad rain ratealgorithm

ÃQRadTb & QRadrain rate are included in L2A & L 2B products



QRad Tb & QRad Rain Rate

50 100 150 200 250 300 350
0

500

1000

1500

2000

2500

3000

3500

4000

4500

Tb H-pol (K)

Rain

Ocean Tb

(no rain) Ocean Tb

(with rain)



( )ä
=

-=
n

i

i xx
n 1

21
Ĕs Solution = min(S(.)2)

2

12

1
ln)2ln(

2
ln ä

=
ö
ö

÷

õ

æ
æ

ç

å -
---==L

n

i

i xx
n

n
L

s
sp

( ) ö
ö

÷

õ

æ
æ

ç

å

ö
ö

÷

õ

æ
æ

ç

å -
-= ä

=

n

i

i

nn

xx
xxxxL

1

2

21
2

1
exp

2

1
),|,...,,(

sps
sn

­
L

üStandard process for wind vectors measurements

ÃZero-mean Gaussian measurements noise

ÃStatistical process, e.g., maximum likelihood estimation (MLE)

ÃMulti -azimuth looks observation

üMaximum Likelihood Estimation

ÃEstimates parameters that maximize likelihood probability

Wind Vector Retrieval Algorithm
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üMLE Objective Surface, x

ÃN = number of measurements

Ãs0
Meas= Measured ocean s0 value

Ãs0
Mod = Modeled s0 from GMF table

MLE Wind Vector Retrieval
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Hurricane Formation

üThunderstorms develop into hurricane when 

conditions are favorable

ÃWarm water, open sky, away from land

üHurricane sustains by heat transfer process



Anatomy of Hurricane

üHurricane comprises of

ÇCalm eye

ÇEye-wall

ÇSpiral rain bands

Rain bands

Eye

Eye-wall

Courtesy of NASAôs Observatorium



Current Ocean Vector Winds

(OVW) Products

ÅHRD H*Wind Surface Analysis

ÅNASA JPL L2B Data Product



NOAA HRD H*Wind Surface Analysis

üHurricane Wind Analysis System ñH*Windò

ÃReal-time integrated TC observation system from multiple wind 

measurement platforms

ÂAircraft

ÃSFMR *

ÃGPS dropsondes *

ÃTail Doppler Radar

ÂSatellite

ÃQuikSCAT

ÃASCAT

ÃWindSat

* denotes high quality data

üCurrent most trustable surface truth

GPS Dropwindsonde

SFMR on NOAA WP-3D

Hurricane Hunter Aircraft



NOAA HRD H*Wind Surface Analysis (cont.)

ÇHigh resolution (6 km) 

hurricane surface wind field, 

(1-min average)



JPL QuikSCAT L2B & L2B-12.5km OVW

üStandard OVW product derived from measured s0ôs for 

global scale

üMeasures synoptic-scale winds

üNo rain correction

üAvailable in 25 & 12.5 km

Longitude Index



Q-Winds Hurricane

Retrieval Algorithm

ÅRain Effects Correction

ÅGMF Development for TC

ÅAliases Selection

ÅQuality Control Flagging



Q-Winds Highlight Features

üQ-Winds is the only wind retrieval algorithm that uses Tb

ÃCombined active/passive measurements to estimate ocean 

surface backscatter

üSpecial GMF exclusively developed for TCôs

üñSmartò wind direction selection

üEffective ñexcess-rainò flagging

Q-Winds



Q-Winds Hurricane OVW Algorithm
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Q-Winds Hurricane OVW Algorithm

Correct  s0:

s0
,surf = (s0

,meas-s
0
,vol)/Ŭ
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Wind direction
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Rain Effects Correction

üRain affects ocean s0 in three ways

ÇAttenuation

ÇRain volume backscatter

ÇSplash effect
a

ss
s

00
0 RainMeas
Surf

-
=

Transmitted

Power
Attenuated

Power

Scattering



Rain Effects Correction

üTransmissivity, T, is ñopaquenessò of atmosphere

Ç Integrated rain effects (attenuation & volume backscatter)

ÇEstimated ocean surface s0, s0
Est, from H*Wind

ÇModeled as ratio of s0
Est & s0

Measwith Tb

Transmissivity-H Transmissivity-V

Tb-H Tb-V



Extreme Winds GMF (XW-GMF)

üCurrent Ku-band scatterometer GMFôs are not well-suited 

for TC wind conditions

ÃTrained using ñsynoptic-scaleò (~100 km) wind from numerical 

weather models

Â99% of ocean winds are < 15 m/s

ÂExhibits strong  s0 saturation when wind speed > ~30 m/s

üXW-GMF Development

ÃCollocate QuikSCAT & H*Wind data from 18 hurricane events

ÂSpatial resolution of 12.5 km

ÂHigh quality surface truth includes SFMR & GPS 

dropwindsonde

ÂRestricted to rain-free & light rain



30 m/s

Sigma-0 Response Modeling
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C2 XW-GMF
H-Pol
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XW-GMF & QS-GMF Comparison
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Hurricane OVW Retrieval
MLE Objective Surface
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Spiral Wind Direction De-aliasing

üTC in northern hemisphere rotates counter-clockwise 

(CCW) about storm center

ÃStorm center from NHC

üMajority of incorrect solutions can be eliminated by 

comparing to CCW direction model

üRemainder of solutions are ranked according to residue

üLowestaccumulative residue in WVC selected as 

ñsolutionò
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Spiral De-aliasing

All Aliases After Spiral De-aliasing



Ambiguity Removal in TC

1st Solution Wind Vectors Selected Wind Vectors



üQuality control ñexcess-rainò flagging algorithm was 

developed to discard low confidence retrieved WVCôs

Excess-rain Flagging

H*Wind (m/s)

Tb-H (K)

C1 C2 C3 C4 C5



Optimal Rain Flagging Threshold
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Results

ÅWind Speed Comparison

ÅWind Direction Comparison

ÅContribution of GMF

ÅEffectiveness of Rain Correction

ÅRain Flagging

ÅTC radii Comparison



Wind Speed Evaluation
Hurricane Cat-4 Fabian September 2nd 2003

H*Wind Q-Winds

L2B-12.5km Wind Speed Scatter Plot

Land



Wind Speed Evaluation
Hurricane Cat-3 Katrina August 28th 2005

H*Wind Q-Winds

L2B-12.5km Wind Speed Scatter Plot

Land

Land



H*Wind Direction ( )̄
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Contributions from GMF & Rain Correction

GMF Rain Correction



Rain Flags Comparison

Q-Winds L2B-12.5km

Excess-rain Flag Multidimensional Histogram

(MUDH)

Land

~11% ~36%
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Q-
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H*Wind

Rain flag
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