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ｗｅｒeespeciallywellexamined（Ref、１，２，３)．Nos上ｏｆｔｈｅｓｅｓ［udies，however，
Uyereon上ｈｅｃｈａｒａｃｔｅｒｉｓにｉｃｓｏｆｌｉｋｅ－ｐｏｌａｒｉｚｅｄｒｅｔｕｒｎｓ･Ａｓｔｏｔｈｅｃｒｏｓｓ－
ｐｏｌａｒｉｚｅｄｒｅ上ｕｒｎｓＤｔｈｅｄｅｐｅｎｄｅｎｃｅｏｎｍｏｉｓｔｕｒｅｃｏｎｔｅｎ上ｖａｒｉａｔｉｏｎｓｗａｓｅｘａｍｉｎｅｄ
ａｔＸ－bandinourpreviousstudies（Ref、４，５）ａｎｄ上hemechanismof上he
depolarizationwasinvestigated（Ref、５)．

Ｔｈｉｓｐａｐｅｒｐｒｅｓｅｎｔｓｒｅｓｕｌ上ｓｏｆｌａｂｏｒａｔｏｒｙｍｅａｓｕｒｅｍｅｎ上ｓｏｆｒａｄａｒｒｅＬｕｒｎ
ｆｒｏｍｒｏｕｇｈｓｏｉｌｓｕｒｆａｃｅｓａ上Wofrequencies，４．２ａｎｄ９．１ＣＨｚ･Ｔｈｅａｎａｌｙｓｉｓ
ｏｆｔｈｅｍｅａｓｕｒｅｍｅｎｔｒｅsulにｓｓｕｇｇｅｓｔｓｔｈａｔｍｕｌ上ｉｐ１ｅｓｃａヒヒｅｒｉｎｇｏｎｒｏｕｇｈｓｏｉｌ
ｓｕｒｆａｃｅｉｓｐｒｉｎｃｉｐａｌｌｙｒｅｓｐｏｎｓｉｂｌｅＥｏｒｔｈｅｇｅｎｅｒａtionofcross-polarized
radaｒｒｅ上ｕｒｎｓａｔ４ＧＨｚａｓｗｅｌｌａｓ９ＣＨｚ･エｎａｄｄｉｔｉｏｎ，theuneasurements
suggesttheusefulnessofcross-polarizedrａｄａｒｒｅにurnforsensitiveremo上ｅ
ｄｅｔｅｃ亡ｉｏｎｏｆｓｏｉｌｍｏｉｓｔｕｒｅ．
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oEpolarizaにiｏｎｓａｒｅＨＨ（horizontal上ransmit，horizonにalreceive）ａｎｄＨＶ（
horizontal上ransmi上，Verにicalreceive)．Ｔｈｅ－３ｄＢａｎｇｕｌａｒｗｉｄ上ｈｓｏｆｔｈｅ
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Ｔｈｅｍｏｄｕｌａ上ｉｏｎｏｆにhetransmittedwavesareA11･Ｔｈｅｒｅｃｅｉｖｉｎｇｃｉｒｃｕｉ上ｓ
ｃｏｎｓｉｓｔｏＥａＢｑｕａｒｅ－１ａｗｃｒｙｓｔａユｄｅｔｅｃｔｏｒ，ａｎａｍｐ１ｉｆｉｅｒａｎｄａｐｈａｓｅｓｅｎｓｉ上ｉｖｅ
ｄｅｔｅｃ上ｏｒ･TheexternalcalibrationsofthｅｓｙＢ上e､ｓｗｅｒｅｍａｄｅｂｙｕｓｉｎｇａ
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Ｒａｄａｒｂａｃｋｓｃａヒヒｅｒｄａｔａｗｅｒｅａｃｑｕｉｒｅｄｆｒｏｍｔｈｅｂａｒｅｓｏｉｌ上ａｒｇｅ上ｏｆthree
difEerentsurEaceroughness･Ｔｈｅ上ｈｒｅｅｓ上ａにesofsurEaceroughnessare
designaにｅｄｂｙＡ，BandGThesurfaceroughnessisspeciｆｉｅｄｂｙ６ａｎｄＬ（
ＳｅｅＦｉｇ・ｌａｎｄ２)，ｗｈｅｒｅ６ｉｓａｒｏｏﾋｰmean-squareheightvariationandLisa
meandistancebetweenadjacentzero-crosspointsinanarbitrarysurface
profile（Ref、５)．

Ｔｈｅｓｏｉｌ上ａｒｇｅ上ｗａｓｏｎａｒｏ上ａ上ｉｎｇｃａｒＬｏｆ２ｍｓｑｕａｒｅ･Ｔｈｅｔｈｉｃｋｎｅｓｓｏｆ
上ｈｅｓｏｉ１ｗａｓ２０ｃｍ･Ｔｈｅｓｏｉｌｉｓｃｌａｓｓｉｆｉｅｄａｓｌｏａｍ，ｎａｍｅｄＫａｎｔｏｌｏａｍ，ｗｈｉｃｈｉｓ

ｗｉｄｅｴｙｄｉｓｃｒｉｂｕｔｅｄｉｎ上ｈｅＫａｎ上ｏｄｉｓｔｒｉｃ上oEJapan．

エｎｔｈｅｍｅａｓｕｒｅｍｅｎにｓ，上ｈｅ上ａｒｇｅｔｓｗｅｒｅｓｐｒｉｎｋｌｅｄｗｉｔｈｗａｔｅｒ，ａｎｄｔｈｅ

ｓｏｉｌｍｏｉｓｔｕｒｅｃｏｎｔｅｎｔｗａｓｖａｒｉｅｄ，ｓｔｅｐｂｙｓｔｅｐ，ｆｒｏｍａｌｏｗｍｏｉｓｔｕｒｅｌｅｖｅｌＬｏ

ａｈｉｇｈｍｏｉｓｍｒｅｏｎｅ･Ｔｈｅａｎｔｅｎｎａｓｏｆ４ＣＨｚａｎｄ９ＣＨｚｓｙｓｔｅｍｗｅｒｅａｔａｈｅｉｇｈ上
ｏｆＬ５ｍａｎｄ１．３ｍ，ｒｅｓｐｅｃ上ｉｖｅｌｙ･Ｂａｃｋｓｃａ上ｔｅｒｓｉｇｎａｌｓｗｅｒｅｒｅｃｏｒｄｅｄｗｈｉｌｅ
ｔｈｅcar上wasbeingroLatedwith上heangularvelocityofabout０．０５rad/sec、
F1uctuationsdue上oEadingweregreat1yreducedby上ｈｅintegration（３００，sec）

ｉｎ上ｈｅｐｈａｓｅｓｅｎｓｉｔｉｖｅｄｅｔｅｃ上ｏｒ･Ｎｕｍｂｅｒｏｆｓａｍｐｌｅｓａｖｅｒａｇｅｄｉｎｔｈｅｃａｌｃｕ－
１ａ上ｉｏｎｏｆａｓｃａヒヒｅｒｉｎｇｃｏｅＥＥｉｃｉｅｎにｗａｓａｂｏｕ上６０．

Ｆｉｇｕｒｅｌａｎｄ２ｓｈｏｗ上hemeasuremen上ｒｅｓｕｌｔｓａｔ４、２ＧＨｚａｎｄ９．１ＧＨｚ，

respecにively、TheHHandHVscaとteringcoefficienに(olHandOlV)ａｒｅｇｉｖｅｎ
ａｓａＥｕｎｃ上ｉｏｎｏＥｓｏｉｌｍｏｉｓ上ｕｒｅｃｏｎ上ｅ、上．Ｔｈｅｉｎｃｉｄｅｎ上ａｎｇｌｅｏｆｒａｄａｒｂｅａｍｗａｓ
３０ｏ・Ｔｈｅｍｏｉｓｔｕｒｅｃｏｎｔｅｎｔｉｓａｐｅｒｃｅｎｔｏｆｄｒｙｓｏｉｌｗｅｉｇｈｔ，ｉ､ｅ･ａｐｅｒｃｅｎｔ
ｒａｔｉｏｏｆｌｉｑｕｉｄｗｅｉｇｈヒヒｏｄｒｙｓｏｉｌｗｅｉｇｈ上．Ｔｈｅａｖｅｒａｇｅｍｏｉｓｔｕｒｅｃｏｎｔｅｎｔｓ

ｗｅｒｅ、ｅａｓｕｒｅｄｏｎｔｈｅｔｏｐ５ｃｍｏｆｓｏｉｌｆｏｒ４・ＺＣＨｚａｎｄｏｎ上ｈｅｔｏｐ２ｃｍｏｆｓｏｉｌ
ｆｏｒ９,１ＧＨｚ．
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ＴｈｅｒｅｓｕｌｔｓｉｎＦｉｇ、２（for９．１ＧHz）arefair1ysimilar上othemeasure-
mentresul七ｓ（a上９．０GHz）repor上ｅｄｉｎＲｅｆ、４ａｎｄ５．Furthemorethecompari-
sonofFi９．１ａｎｄ２ｓｈｏｗｓｔｈａヒヒｈｅｅ[ｆｅｃｔｏｆ上ｈｅｄｉｆｆｅｒｅｎｃｅｉｎｔｈｅＥｒｅｑｕｅｎｃｙ
ｗａｓｈotsignificantin上heseexperiments･Ｔｈｅｔｗｏｆｉｇｕｒｅｓｓｈｏｗ上ｈａ上there
isgenera1上ｒｅｎｄｏｆｌｉｎｅａｒｉｎｃｒｅａｓｅｉｎｓｃａヒヒｅｒｉｎｇｃｏｅｆＥｉｃｉｅｎｔｗｉ上hincrease
inmoisにｕｒｅｃｏｎ上eｎｔａｎｄｔｈｅｉｒｃｏｒｒｅ１ａ上ｉｏｎｓａｒｅｒａｉｒｌｙｈｉｇｈ･Andtheremark-

ablefacにｉｓ上heolVhasamuchhigherdependenceonmoiscureconにe､仁，
c･mparedに。ｏｌｈｌ，ａｔ４．２ＧＨｚａｓｗｅｌｌａｓａ上９．１ＧHz、TheslopesoEthelinear
regressioｎｌｉｎｅｓｉｒｌ上ｈｅｆｉｇｕｒｅｓｉｎｄｉｃａｔｅ上ｈａ上ｔｈｅｓｅｎｓｉ亡ｉｖｉ上ｙｔｏｓｏｉｌｍｏｉｓｔｕｒｅ
ｃｏｎｔｅｎｔ。ＥｏＩＶｉｓａｂｏｕヒヒhreeにimes，indecibel，ａｓｌａｒｇｅａｓにhaと。Ｅ○(hl，ａＣ
ｂｏＥｈＥｒｅｑｕｅｎｃｉｅｓ．

上ｈｅｓｕｒｆａｃｅｒｏｕｇｈｎｅｓｓｉｓａｌｓｏｎｏ上

iとseemsとhaとａｓ上。。1Ｖとｈｅｓｌｏｐｅｏｆ上he
surEace（A）dataiss1ightlylargerthan
datａ，ａｔｂｏｔｈｆｒｅｑｕｅｎｃｉｅｓ．

ＴｂｅｅｆＥｅｃｔｏｒ上ｈｅｄｉｆｆｅｒｅｎｃｅｏｆ

ｓｉｇｎｉＥｉｃａｎＬｉｎｔｈｅｓｅｒｅｓｕｌ上ｓ，亡ｈｏｕｇｈ
ｌｉｎｅａｒｒｅｇｒｅｓｓｉｏｎｌｉｎｅｏＥ上ｈｅｓｍｏｏｔｈ
ｍｏｓｅｏｆにheroughsurface（ＢａｎｄＣ）

３．Ｄｉｓｃｕｓｓｉｏｎｓｏｎ亡ｈｅＭｅｃｈａｎｉｓｍｏｆＤｅｐｏｌａｒｉｚａｔｉｏｎ

ＷｅｒｅｃｏｎｓとｒｕｃｔＦｉｇ･ｌａｎｄ２ｂｙｒｅｐｌａｃｉｎｇｔｈｅｍｏｉｓ上ｕｒｅｃｏｎｔｅｎとｗｉｔｈｔｈｅ
ｐｏｗｅｒｒｅｆｌｅｃｔｉｏｎｃｏｅＥｆｉｃｉｅｎｔａｔａｐｌａｎｅｓｏｉｌ－ａｉｒｉｎｔｅｒｆａｃｅｆｏｒｔｂｅｖｅｒ上ical
incidence･ThisisthesameprocedureasusediｎｔｈｅａｎａｌｙｓｅｓｉｎＲｅｆ４ａｎｄ
５．ThepowerreE1ec上ioncoefficienにｓｗｅｒｅｃａｌｃｕｌａｔｅｄｕｓｉｎｇ上hecomplex
dielectricconstantsmeasuredonKanとｏｌｏａｌｎ（Ref、４）．Thereconstructed

figureisFi９．３，ｗｈｅｒｅｏｎｌｙｌｉｎｅａｒｒｅ８ｒｅｓｓｉｏｎｒｅｌａ上ｉｏｎｓ，ａｌｏｎｇｗｉｔｈｔｈｅ
ｐｏｗｅｒｄｅｐｅｎｄｅｎｃｅｓ，ａｒｅgiven．
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…::::;．｡;;鵬Ｆ１.:にIWBa;;遷魯::;に識§2P8w::;渦蕊h:::1F)iBa:h：
abso1utevalue（no上indecibeﾕ）ｏＥとhepowerreE1ectioncoefficient，andthat
thepowerofFdependeｎｃｅｏｆＨＨｓｃａｔ上eringcoeEEicientsislessthanｏｎｅ．

Tbeimportan上ｆａｃ上ｉｓｔｈａｔｔｈｅｐｏｗｅｒｏｆｒｄｅｐｅｎｄｅｎｃｅｏＥとｈｅｃｒｏｓｓ－
ｐｏｴａｒｉｚｅｄｂａｃｋｓｃａヒヒｅｒｉｓ１ａｒｇｅｒｔｈａｎｌ９ａｃ上ｕａｌｌｙｎｅａｒ２ｉｎｔｈｅｍｏｓ上ｃａｓｅｓ・
Thisisnearlythesameresu1上ｓａｓｏｂｔａｉｎｅｄｉｎＲｅｆ，５．Ｓｏｗｅｍａｙｃｏｎｃｌｕｄｅ
にhaヒヒhemul上ip1escatteringatsoil-airinterfaces（scatteringtwicemaybe
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