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Abstract–YSCAT wasanultrawideband(2-20GHz),nearcon-
stantbeamwidthscatterometerintendedto provide radarcross
sectionmeasurementsat varying radarandenvironmentalpa-
rameters.YSCAT wasdeployed on the CCIW (CanadaCen-
ter for Inland Waters)tower on Lake Ontario for a periodof
six monthsin 1994. Using YSCAT data, this paperreports
1) observanceof a “low wind-speedcutoff ”, the fall-off of ���

whichoccursat low wind speeds,and2) theresultsof a �tting
2-componentlognormal/Rayleighcombinedprobabilitydistri-
bution to the observed backscatteredpower measurementsat
C-band(5 GHz) andX-band(10 GHz). Theobservedcharac-
teristic trendsof the �tted pdf modelparametersverseswind
speedareshown anddiscussed.

INTRODUCTION

YSCAT wasdevelopedtostudytheair-seainterfaceundervary-
ing radarandenvironmentalparameters[4]. In oneof its oper-
ationalmodesYSCAT collecteddataat � ve principalfrequen-
ciesof 2, 3.05,5.3,10.02,and14 GHz,eight incidenceangles
of 0 (nadir),10, 20, 25, 30, 40, 50, and60

�

, andat both hor-
izontal and vertical polarizations. In this modethe azimuth
angleof YSCAT wasadjustedto trackthewind direction,with
both up wind anddown wind measurementsobtained. Sort-
ing the recordeddataaccordingto wind speed,1600distinc-
t casesof the previous parametersemerge on which to draw
conclusionswhich may increaseunderstandingof the air-sea
interface.

Analysisof eachof the1600casesseparatelywould be im-
practicalin this setting;instead,an analysisof a few casesat
wind speedsof 1-10 m/s is presented.Resultswill be sum-
marizedandcomparedto othercasesandtheimplicationsdis-
cussed.

LOW WIND SPEEDCUTOFF

DonelanandPierson[5] postulatedtheexistenceof a low wind
roll off in � � versuswind speed.At very low wind speeds,the
friction velocity is toosmallto generatesmallwaves,resulting
in a smoothsurfaceanda small backscattercrosssection.At
higherwind speeds,thewind generatescapillarywavesand � �

closelyfollowsapower-law relationshipwith wind speed.This
effecthasbeenobservedin carefullycontrolledwavetankdata
wherea hysteresiseffect in � � versuswind speedis observed
[6]: asthewind speedis increasedfrom zero,ata temperature-
dependentthresholdwave generationcommencesand ��� in-

creasessigni�cantly. As the wind speedis decreased,waves
aremaintainedat wind speedsbelow thestartupthresholdand
�nally fall off. Thethresholdsatwhichwavegenerationbegins
andendsis very temperatureandlong wave �eld sensitive.

While this effect hasbeenobserved in wave tank data[6]
andin airshipscatterometerdata[7], it hasnotpreviouslybeen
reportedin tower data.However, YSCAT dataprovidesstrong
evidenceto supportthis low wind speedroll off over a wide
rangeof frequencies.For example,Fig. 1 illustratesa typical
plot of YSCAT � � versuswind speed.This exampleis for 3
GHz at 20

�

incidenceandis typical of YSCAT data.We note
that thereis a dramaticfalloff in the received power at wind
speedslessthan about4 m/s. The broadwind speedspread
in the falloff region supportsthe hysteresiseffect observed in
wavetankdatasincethereis arangeof longwaveandtempera-
tureconditionsaswell aswind �uctuationsin theuncontrolled
environmentof thetowerexperiment.Wepostulatethatthefall
off hasnot beenobserved in spacebornescatterometermea-
surementsdueto wind variability over thelargeareafootprints
of suchinstruments.Over the rangeof frequenciesandinci-
denceanglesobservedby YSCAT, thefall off thresholdvaries
from 3 to 6 m/s.

2-COMPONENTLOGNORMAL/RAYLEIGH
DISTRIBUTION

ThompsonandGotwols [1] proposedaprobabilitydistribution
for modelingmicrowaveradarbackscatterbasedonconditional
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Figure 1: Typical YSCAT backscatterresponseillustrating the
low wind speedroll off of � � . Datais for 3 GHz, verticalpo-
larization,upwind,20

�

incidenceangle.
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Figure 2: Dominant wave slope versus � � plotted from the
Donelanspectrum[2]. 14GHz,wind speed8m/s,fetchis 9km.

probabilities, ��������� 	
 � ���
��� � � ����� � � ��� � ��� (1)

This modelfor radarbackscatterfrom waterwavesassumes
thatthewave spectrumconsistsof two scalesof waves:waves
smallerthanthedominantwave lengthbut on theorderof the
scatterometerfootprint or smaller, and dominantwavelength
waveslargerthanthescatterometerfootprint. Onscalesshorter
thanthe longerdominantwaves, ��� is assumedto beconstan-
t with amplitudebecominga conditionalprobability ������� � � � .
For longerwavelengths,� � variesyieldingtheprobability��� � � � .

Thedistribution of ������� � � � hasbeendebated,with Thomp-
sonandGotwols[1] concludingthatfor theirdata,������� � � � was
Rayleighdistributed. YSCAT's backscattersamplingfrequen-
cy of 10 Hz is too low to test its databy removing the un-
derlying ��� � � � dependenceasdoes[1]. The presentanalysis
assumesthat ���
��� � � � is indeedRayleighdistributed.

The distribution of ��� � � � canbe derived by startingat the
theoreticalresultfor � � givenby smallperturbationtheory[1]

� � ����������� � !�"#"$�&%'"(��� )+*,�
-��  /.�0#1 %'"32546� � (2)

Thewaveheightspectraldensity( * ) isassumedto beaDonelan
spectrumsinceit wasdevelopedby Donelanusingwave staff
datatakenat thesamesitewhereYSCAT wasdeployed.Using
thede�nitions givenin [2], andwriting ��� � � � in termsof ���(798��
usingthetransformationlaw�������:� ���
798��� � � �'; �6798<� (3)

where 798 is the dominantwave slope,yields the relationship
between798 and � � illustratedin Fig. 2. The shapeof these
curvesfor mid-rangeincidenceanglescanbe reasonablyap-
proximatedby a �rst or secondorder�t in log space[1]. Thus,
in general,� � maybeexpressedasa two componentexponen-
tial

� �3= �?>A@+B�C3D3E�F�BHG$D GE (4)
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Figure3: Weibull andRayleigh/LognormalDistributions�tted
to YSCAT data. Weibull distribution shown as dashedline.
The Rayleigh/lognormaldistribution is obscuredby the data
dueto theexcellent�t. Datais 5 GHz, v-pol, downwind,20

�

,
2 m/s.Rayleigh/lognormalparametersare �<I =17.57,� ) =-5.58,
� 8 =0.0914,and > =5.85e4.

where� is either J or K , and��� � � � maybeexpressedusingEq.
3 as[1]:��� � �ML ��� �� I � 8 � �$L�N -'�PORQ�SUT,V ��W&X � �ML V W�X�>Y� )-�� ) I � )8 Z (5)

for horizontalpolarization,and��� � �$[ ��� ����\I^]_-�� ) 7 8 � � 8 � �$[ N -`� ORQ�SUTaV �(7�86� )- � )8 Z (6)

for vertical polarization,with 7+8 de�ned by Eq. 4 assuming���
798�� is normallydistributed.

FITTING THE DISTRIBUTION

Knowing functionalformsfor both ������� � � � and ��� � � � , anda-
gainusingEq. 3, Eq. 1 maybewrittenas:��������� 	
b 	 -`��>A@ BcC3D�ERF�BHGMD GE @ b B G�d�e3f C5g E�h f G5g G Ei jRk l='m B`n o+p m D ERq&q @�r g G EGts GEN -`� � 8i jRk l=+m o+p m D Ecq&q ��798 � (7)

Theanalyticalsolutionto this integralhasnotbeenfoundby
theauthors.However, this integral maysuccessfullybeevalu-
atednumerically. For any given valuesof � I , � ) , � 8 , and > ,
this integral canbenumericallyapproximatedfor any valueof� . Whentabulatedfor asuf�cient numberof � 's,adistribution
emerges. This distribution canthenbe �t to actualdata. An
exampleis givenin Fig. 3.

In the majority of cases,theRayleigh/lognormalcombined
distribution�ts YSCAT dataextremelywell. Distributionswere
�t to YSCAT databy minimizingtheKullback-Leiblerdistance
[3], which providesa measureof the “distance”betweentwo
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Figure 4: Backscatterdistributions 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 � I =19.2, � ) =-14.8, � 8 =0.0914,and> =2.14e4.

distributionsandis givenby�����^�#� !\��� 

� �����3W��9! � �����!���� � ��� � (8)

All of theYSCAT datahasbeenparameterizedwith thisdis-
tribution. Caremust be taken becausein four variables, � I ,� ) , � 8 , and > , Eq. 7 is degenerate(i.e. it hasnon-unique
solutions).However, � 8 may be calculatedfrom in situ wave
staff measurements.Choosing � 8 guaranteesa uniquesolu-
tion. For simplicity, all casespresentedin this paperuse � 8 =
0.0914.Oneexampleof the�tted distribution is shown in Fig.
3, anotherin Fig. 4 with thepreviousdistribution includedfor
reference.

The two distributionsare signi�cantly differentwith the 6
m/s casehaving a much longer tail and greatermean. This
differenceis re�ected in the �tted parameterswith increasing
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Figure 5: �\I , � ) , and > valuesfor 5 GHz, v-pol, downwind,
20
�

, 1-10m/s. > valuesarescaledby therelation -`4�W��9!�I � �
>Y� V��4�4 .
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Figure 6: � I , � ) , and > valuesfor 10 GHz, v-pol, downwind,
20
�

, 1-10m/s. > valuesarescaledby therelation ��4�W��9! I � �(>Y� V�94�4 .� I anddecreasing� ) and > . Thisis acommontrendin YSCAT
data.Figures5 and6 show parametervaluesfor dataat 5 and
10GHz respectively.

DISCUSSION

Backscatterdistributionsfrom YSCAT at5 and10GHz,v-pol,
downwind,20

�

, 1-10m/swereshown to exhibit characteristic
trendswhenparameterizedby acombinedRayleigh/lognormal
distribution. Thesetrendscouldproveusefulin increasingour
understandingof theeffectof environmentalparametersonradar
backscatter.
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