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Abstract-YSCAT wasanultrawideband2-20GHz), nearcon-
stantbeamwidthscatterometeintendedto provide radarcross
sectionmeasurementat varying radarand ervironmentalpa-
rameters.YSCAT wasdeployed on the CCIW (CanadaCen-
ter for Inland Waters)tower on Lake Ontariofor a period of
six monthsin 1994. Using YSCAT data, this paperreports
1) obsenanceof a “low wind-speectutoff”, the fall-off of o,
which occursatlow wind speedsand?) theresultsof a tting
2-componentognormal/Rayleigitombinedprobability distri-
bution to the obsened backscatteregpower measurementat
C-band(5 GHz) andX-band (10 GHz). The obseredcharac-
teristic trendsof the tted pdf model parameterserseswind
speedareshovn anddiscussed.

INTRODUCTION

YSCAT wasdevelopedo studytheair-seainterfaceundervary-
ing radarandervironmentalparameter§4]. In oneof its oper
ationalmodesYSCAT collecteddataat ve principalfrequen-
ciesof 2,3.05,5.3,10.02,and14 GHz, eightincidenceangles
of 0 (nadir), 10, 20, 25, 30, 40, 50, and60°, andat both hor-
izontal and vertical polarizations. In this mode the azimuth
angleof YSCAT wasadjustedo trackthewind direction,with
both up wind and down wind measurementsbtained. Sort-
ing the recordeddataaccordingto wind speed,1600distinc-
t casesof the previous parameter&mege on which to drav
conclusionawhich may increaseunderstandingf the air-sea
interface.

Analysisof eachof the 1600casesseparatelyvould beim-
practicalin this setting;instead,an analysisof a few casesat
wind speedsf 1-10 m/sis presented.Resultswill be sum-
marizedandcomparedo othercasesandtheimplicationsdis-
cussed.

LOW WIND SPEEDCUTOFF

DonelanandPiersor[5] postulatedheexistenceof alow wind
roll off in o, versuswind speed At very low wind speedsthe
friction velocity is too smallto generatesmallwaves,resulting
in a smoothsurfaceanda small backscattecrosssection. At
higherwind speedsthewind generatesapillarywavesando,
closelyfollows apower-law relationshipwith wind speed.This
effecthasbeenobsenedin carefullycontrolledwave tankdata
wherea hysteresigffectin o, versuswind speeds obsened
[6]: asthewind speeds increasedrom zero,atatemperature-
dependenthresholdwave generationcommencesand o, in-

creasesigni cantly. As the wind speedis decreasedwaves
aremaintainedat wind speedselow the startupthresholdand
nally fall off. Thethresholdsatwhichwave generatiorbegins
andendsis very temperatur@andlongwave eld sensitve.

While this effect hasbeenobsened in wave tank data[6]
andin airshipscatterometedata[7], it hasnot previously been
reportedn tower data.However, YSCAT dataprovidesstrong
evidenceto supportthis low wind speedroll off over a wide
rangeof frequenciesFor example,Fig. 1 illustratesa typical
plot of YSCAT o, versuswind speed. This exampleis for 3
GHz at 2(° incidenceandis typical of YSCAT data. We note
that thereis a dramaticfalloff in the received power at wind
speeddessthanabout4 m/s. The broadwind speedspread
in the falloff region supportsthe hysteresisffect obsenedin
wavetankdatasincethereis arangeof longwave andtempera-
ture conditionsaswell aswind uctuationsin theuncontrolled
ervironmentof thetower experiment.We postulatghatthefall
off hasnot beenobsenredin spacebornescatterometemea-
surementslueto wind variability overthelargeareafootprints
of suchinstruments.Over the rangeof frequenciesandinci-
denceanglesobsenedby YSCAT, thefall off thresholdvaries
from3to 6 m/s.

2-COMPONENTLOGNORMAL/RAYLEIGH
DISTRIBUTION

ThompsorandGotwols[1] proposeda probabilitydistribution
for modelingmicrowave radarbackscattebasedn conditional
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Figure 1. Typical YSCAT backscatteresponséllustrating the
low wind speedroll off of ,. Datais for 3 GHz, vertical po-

larization,upwind, 20° incidenceangle.
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Figure 22 Dominantwave slope versuso, plotted from the
Donelanspectruni2]. 14GHz,wind speedBm/s,fetchis 9km.

probabilities,

o0

/p(a|ao)p(ao)dao.
0

This modelfor radarbackscattefrom waterwavesassumes
thatthe wave spectrunconsistf two scalesof waves: waves
smallerthanthe dominantwave lengthbut on the orderof the
scatterometefootprint or smaller and dominantwavelength
waveslargerthanthescatterometeiootprint. Onscaleshorter
thanthelongerdominantwaves,o, is assumedo be constan-
t with amplitudebecominga conditionalprobability p(a|o,).
Forlongerwavelengthsg,, variesyieldingtheprobabilityp(cs).

The distribution of p(a|o,) hasbeendebatedwith Thomp-
sonandGotwols[1] concludingthatfor theirdata,p(a|o,) was
Rayleighdistributed. YSCAT's backscattesamplingfrequen-
cy of 10 Hz is too low to testits databy remaoving the un-
derlying p(c,) dependencasdoes[1]. The presentanalysis
assumeshatp(a|o,) is indeedRayleighdistributed.

The distribution of p(o,) canbe derived by startingat the
theoreticakesultfor o, givenby smallperturbatiortheory[1]

oo = 167k |9::(0:)|? ¥ (2k,, sin 8;,0). 2)

Thewave heightspectrablensity(?) is assumedio beaDonelan
spectrunsinceit wasdevelopedby Donelanusingwave staf
datatakenatthe samesitewhereYSCAT wasdeployed. Using
thede nitions givenin [2], andwriting p(o,) in termsof p(s;)
usingthetransformatioaw

p(sz)
pa) = oo /ds.] ®3)
wheres, is the dominantwave slope,yields the relationship
betweens, ando, illustratedin Fig. 2. The shapeof these
cunvesfor mid-rangeincidenceanglescanbe reasonablyap-
proximatedby a rst or seconcbrder t in log spacel]. Thus,
in generalg, maybeexpressedsatwo componenexponen-
tial
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Figure 3: Weibull andRayleigh/Lognormabistributions tted

to YSCAT data. Weihull distribution shavn as dashedine.
The Rayleigh/lognormadistribution is obscuredby the data
dueto theexcellent t. Datais 5 GHz, v-pol, downwind, 20°,
2m/s.Rayleigh/lognormgbarameterarea; =17.57 a,=-5.58,
0,=0.0914,andC=5.85e4.

wherep is eitherv or h, andp(o,) maybeexpressedisingEq.

3as[1]:
1 —(Inoop — InC)? }
oh) = e - 5
p(oon) A10400pV 2T xp{ 2a302 ©)

for horizontalpolarization,and
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for vertical polarization,with s, de ned by Eq. 4 assuming
p(sz) is normallydistributed.

FITTING THE DISTRIBUTION
Knowing functionalformsfor bothp(a|o,) andp(s,), anda-
gainusingEg. 3, Eq. 1 maybewritten as:
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Theanalyticalsolutionto thisintegralhasnot beenfoundby
theauthors.However, this integral may successfullybe evalu-
atednumerically For ary givenvaluesof a, as, 0., andC,
thisintegral canbe numericallyapproximatedor ary valueof
a. Whentahulatedfor asufcient numberof a's, adistribution
emeges. This distribution canthenbe t to actualdata. An
exampleis givenin Fig. 3.

In the majority of casesthe Rayleigh/lognormatombined
distribution ts YSCAT dataextremelywell. Distributionswere
t to YSCAT databy minimizingtheKullback-Leiblerdistance
[3], which providesa measureof the “distance” betweentwo
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Figure 4. Backscattedistributions for 5 GHz, v-pol, down-

wind, 20°, 2 and 6 m/s. Lower curve is for 2 m/s. Param-

etersfor 6 m/s caseare a;=19.2, a»=-14.8, ¢,=0.0914,and
C=2.14¢e4.

distributionsandis givenby

p(fllg) = / f(x)logi; g; d.

All of the YSCAT datahasbeenparameterizedith this dis-
tribution. Caremust be taken becausén four variables,aq,
a2, 04, andC, Eq. 7 is degeneratg(i.e. it hasnon-unique
solutions). However, o, may be calculatedfrom in situ wave
staf measurementsChoosingo, guarantees uniquesolu-
tion. For simplicity, all casegresentedn this paperuseos,, =
0.0914.0Oneexampleof the tted distributionis showvn in Fig.
3, anotheiin Fig. 4 with the previousdistribution includedfor
reference.

The two distributions are signi cantly differentwith the 6
m/s casehaving a much longertail and greatermean. This
differenceis re ectedin the tted parametersvith increasing
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Figure5: ay, as, andC valuesfor 5 GHz, v-pol, downwind,
20°,1-10m/s. C valuesarescaledby therelation20log;o(C)—
100.
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Figure6: ay, as, andC valuesfor 10 GHz, v-pol, dovnwind,
20°, 1-10m/s. C valuesarescaledby therelation10log1o(C)—
100.

a1 anddecreasing, andC. Thisisacommortrendin YSCAT
data. Figures5 and6 shav parametewaluesfor dataat 5 and
10 GHzrespectiely.

DISCUSSION

Backscattedistributionsfrom YSCAT at5 and10GHz, v-pol,
downwind, 20°, 1-10m/swereshawn to exhibit characteristic
trendswhenparameterizedy acombinedRayleigh/lognormal
distribution. Thesetrendscould prove usefulin increasingour
understandingf theeffectof environmentalparametersnradar
backscatter
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