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mTRODUCTｴoN8AnEngineeringTestSatelliｔｅＴｙｐｅエエ(ETS-I工）wasstationed
a上130.ＥｏｆｔｈｅｇｅｏｓｔａｔｉｏｎａｒｙｏｒｂｉｔｏｎＭａｒｃｈ５，１９７７．Ａ、elevationang1e
EromKashlmaearEhsta上ionoEtbeRadioResearchLaboratoriesisabout47｡、

PuEopagationexperimentsarecarriedoutsinceearlyMayoEエ９７７atthe
Kashimａｓ亡ationreceiving上hreefrequenciesof1．７，１１．５，ａｎｄ３４．５ＣＨｚ
ｅｍｉｔｔｅｄｂｙＥＴＳ－エエ．Thispaperdescribesaヒヒenuationandcross-polariza上ion
characteristicsdueにoprecipita上ｉｏｎａｔエエ.５ａｎｄ３４．５GHzsigna1s．

RAｪNATTENUATI0N：ｍＦｉｇ．1，にhedashedlineshowscumulati]Fedistribution
of3４.５ＧＨｚａヒヒｅｎｕａｔｉｏｎｂａｓｅｄｏｎｔｈｅｄａｔａｄｕｒｉｎｇｔｈｅｐｅｒｉｏｄｏｆＢｌａｙ上oNovem-

ber，１９７７．TheattenuationsexceededlO，１，ａｎｄ0.エ％oEthetotalobserva-
tionoE4095ｈｏｕｒｓａｒｅ３Ｄ６，ａｎｄｌ８ｄＢ，respec上iveｴｙ・usually，ｍｏｒｅｔｈａｎ
ｈａｌｆｏｆｔｈｅｗｈｏｌｅｒａｉｎａｒｏuｎｄｙｅａｒｉｓｒｅｃｏｒｄｅｄｉｎｔｈｅｓｅ７ｍｏｎｔｈｓｉｎJapan・
ＡｒａｍｙｓｅａｓｏｎｅｘｉｓｔｓｏｖｅｒｅａｚｌｙＪｕｎｅ上omiddleJu1y･エｎａｄｄｉｔｉｏｎ，heavy
rainsareaccompaniedwiththunderstorms｣ｎｓｕｍｍｅｒｓｅａｓｏｎａｎｄｔｙｐｈｏｏｎＢｉｎ
室Dmmuorandau1r1mmseasons，Thecumuﾕativedis上ｒｉｂｕｔｉｏｎｏＥ３４､５GHzattenua-

tionateachmonｔｈｉｓａｌｓｏｓｈｏｗｎｉｎＦｉｇｏ１．ＴｈｉｓＥｉｇｕｒｅｓｈｏｗｓｔｈｅｔｅｎｄｅｎｃｙ
ｔｈａヒヒｈｅｐｅｒｃｅｎｔｏｆｔｉｍｅｏｆｄｅｅｐａｔ亡ｅｎｕａｔｉｏｎｓｉｎＪｕｎｅａｎｄＪｕｌｙａｒｅｓｍａ11
comparedwiththeothermon上ｈｓ･ＴｈｉｓＥａｃｔｓｕｇｇｅｓｔｓｔｈａｔｉｎａｒａｉｎｙseasonof
JapanD1ightrainispredominantandmDanyraineven上ｓｄｏｎｏにaffectseverely
amillimeteゼｗａｖｅＷｈｉｃｈａｒｅｂｅｉｎｇｕｓｅｄｆｏｒｅａｒｔｈ－ｔｏ－ｓｐａｃｅｃｏｍｍｎｉｃａｔｉｏｎｌｉｎｋ･
ｏｎｔｈｅｏｔｈｅｒｈａｎｄＤＡｕｇｕｓｔｉｓｔｈｅｗｏｒｓ上、ｏｎ上hinthese7monthsbeing
obsewed･Ｆｉｇ．２showscumu1ativedistributionBoflユ．５ａｎｄ３４．５ＧＨｚａ上ten-
uationsinthiswors上month･Ｔｈｅ３４．５GHz(ｴﾕ.５ＧHz）attenuationisfDundto

be9(2)，２４(5)，３２(8)ｄＢＥｏｒｌ，０．１，ａｎｄ0.01％ｏｆtime，respectively･
Ｄｕｒａｔｉｏｎ亡ｉｍｅｏ定ａｔとｅｎｕａとｉｏｎｉｓ上ｈｅ｡上ｈｅｒｉｍｐｏｒにａｎｔｐａｒａｎｌｅにｅｒｉｎ

ｅｖａﾕuatingacomunicationエユnｋ．Ｆｉｇ．３showscumulativedistribu上ｉｏｎｏｆ
ｔｈｅｄｕｒａｔｉｏｎｔｉｍｅｆｏｒｔｈｅ３４､５GHzattenuatiolloE5，ユ０，ユ５，２０，ａｎｄ２５ｄＢ

１ｅｖｅｌｓｓｕｍｍａｒｉｚｅｄＥｏｒｔｈｅｄａにａｏｖｅｒＭａｙｔｏＮｏｖｅｍｂｅｒ･Ｔｈｅｄｕｒａに１ｏｎｔｉｍｅｏｆ
ｄｅｅｐａｔｔｅｎｕａ上ｉｏｎｉｓｍｕｃｈｓｈｏｒ上ｅｒｍａｎｔｈａｔｏｆａｓｍａｌｌｆａｄｅ，
ThiscorrespondBthataheavyrainvFhichcausessevereattenuaLionsdoesnot
continueduringlongperiodandエightrainmaycon上inueduringユoｎｇｐｅｒｉｏｄ
ｏｆｔｌｍＢ

ＣｂａｎｄｒａｉｎｒadarWhichisinstal1edattｈｅＸａｓｈｉｍａｓにａｔｉｏｎｈａｓｍａｎｙ

ｃａｐａｂｉｌｉｔｉｅｓｆｏｒｍｅａｓｕｒｉｎｇｒａｉｎｃｅＵｓｃｒｕｃｔｕｒｅ．Ｗｅｃａｎｍｅａｓｕｒｅｒａエロrate
alongtheearth-to-spacepathbyuBingthisradar･ＲａｉｎｒａｔｅＲ(、/h）is
derivedEromtheradarreflec上ivityZ(画ら/鵠）throughthefo11owing
empiricａ１ｍｒｍｕﾕａ；

Ｚ＝２００ＲＬ６（１）
Ｆｉｇ．４showsthescattergzamoEatにenua上ionversusinにegratedrainrate
alongthepathupにobrightbandEorthedataobtainedduring5:００－９:OOLT，
August１４．１９７７．solidユineswユヒｈｌｅｔｔｅｒＢＡａｎｄＢｓｈｏｗｔｈｅｂｅｓ上ｆｉｔｃｕｗｅｓ
ｂｙｍｅａｎｓｏｆｔｈｅｌｅａｓﾋｰmean-squareerrormethodbasedonｔｈｅｒａｉｎｒａｔｅａｎｄ
ｔｈｅａ上ｔｃｎ皿且ｔｉＥｍ．
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ＴｈｅＢｅｃａｎｂｅｒｅｐｒｅｓｅｎにedbythefollowingEormula；

Ａ画一“､1.値･‘（２）
ｗｈｅｒｅＡｍｉｓａｍｅａＢｕｒｅｄａｔｔｅｎｕａｔｉｏｎａｎｄＲｉｎｔｅｇｉｓａｎｉｎ上ｅｇｒａｔｅｄｒａｉｎｒａｔｅ･
Thecoefficientso<ａｎｄＰｆｏｒ３４･ｓａｎｄ11.5ＣＨｚａｒｅｌｉｓｔｅｄｉｎＴａｂｌｅｌ･on
theotherhandoLhetheoreticaエrelaとionsbetu9eenattenua上ｉｏｎＡ(｡Bﾉk､）and
rainrateRforthesphericaユraindropscanbewrittenasEollowＢ【１】，

Ａ＝０．２３６９Ｒ１゛０２２ｆｏｒ３４．５ＧＨｚ （３）

Ａロ0.0185Ｒ1．１６７８ｒｏｒｌＬ５ＧＨｚ （４）

whereMarBhallandPalmerraindropｓｉｚｅｄｉｓｔｒｉｂｕｔｉｏｎｉｓａＢｓｕｍｅｄ･Ｔｈｅｂｅｓｔ
ｆｉ上ｃｕｒｖｅｓｆｏｒ３４、５ＣＨｚａｒｅａｌｍｏｓｔｓｉｍｉｌａｒ上othosederivedfrom上ｈｅ
上heory，ｗＭ１ｅｔｈｅｂｅｓ上ritcurvesfor11.５ＣＨｚａｒｅｄｉｆｆｅｒｅｎｔｆｒｏｍｔｈｅ

上heory・ＴｂｉＢｄｉｆｆｅｒｅｎｃｅｉｎｌｌ･５GＨｚ，ｅｓｐｅｃｉａｌｌｙｉｎ上ｈｅｃａｓｅｏｆｂｅｉｎｇ
ｂａｓｅｄｏｎにｈｅａｔｔｅｎｕａｔｉｏｎ，ｃｏｍｅｓＥｒｏｍｒｏｕｇｈｑｕａｎｔｉｚａにｉｏｎｌｅｖｅｌＢｏｆ１ｄＢ･

CROSS-POLARｴZATｴONEFFECTSニエnETS-mproject，croBs-polarization
componenｔＢｏｆｌ１.５ａｎｄ３４．５GHzsignalsarerecordedwithvａｌｕｅＢｏｆｐｈａｓｅ
ｄｉＥｆｅｒｅｎｃｅｂｅにweenco-andcross-polarizationcomponentB・Ｂｕ上，上becross-
polarizationdiscrimination(XPD）。Ｅ上hetranBmittingsystemisno上ｓｏ８ｏｏｄ
にｈａにCorrectｉｏｎｏｎｔｈｅｒｅｃｅｍｅｄｄａｔａｉｓｍａｄｅ上ｏｏｂｔａｉｎｄｅｇｒａｄａｔｉｏｎｏｆＸＰＤ
ｄｕｅ上othepropaga上ｉｏｎｍｅｄｉｕｍｏＴｈｅＥｏｒｍｕｌａｆｏｒｃｏｒｒｅｃｔｉｏｎｉｓｗｒｉｔ上enas
followsU]，

麺D-2oL･壜,｡(|部|蓋'２ｺ|皆||詞COS…))''’（５）
ⅣｈｅｒｅＥＲＤａｎｄＥＬｏａｒｅ上ｈｅＥｉｅ１ｄｓｔｒｅｎｇ上ｈｏｆｔｈｅｒｉｇｈｔａｎｄｌｅｆ上ｃｉｒｃｕｌａｒ１ｙ
ｐｏｌａｒｉｚｅｄｃｏｍｐｏｎｅｎｔｓｏｎａｃｌｅａｒｄａｙ，respectively；ＥＲａｎｄＥＬａｒｅｔｈｏｓｅｏｎ
ａｒａｉｎｙｄａｙ；ａｎｄ△Ｃｉｓ上ｈｅｖａｒｉａｔｉｏｎｏＥｐｈａｓｅｄｉｆＥｅｒｅｎｃｅｂｅｔｗｅｅｎｃｏ－ａｎｄ
ｃｒｏＢＢ－ｐｏ１ａｒｉｚａｔｉｏｎｃｏｍｐｏｎｅｎｔｓｄｕｅｔｏｒａｉｎｒｅｌａｔｉｖｅ上。上ｈｅｖａｌｕｅｏｎａｃ１ｅａｒ

ｄａｙ･Usinｇ(5)，XPDinfluencedbytheprecipitationmediumcanbeobtained
wi上ｈｒｅｆｅｒｅｎｃｅｔｏｔｈｅｖａﾕｕｅｏｎａｃｌｅａｒｄａｙ･Ｆｉｇ．５shows上hecumula上ｉｖｅ
ｄｉｓｔｒｍｕｔｉｏｎＢｏｆＸＰＤｏｆｔｈｅＵ､５ａｎｄ３４．５ＧＨｚｃｏｍｐｕｔｅｄｉｎとｈｅｄａｔａｆｏｒｔｈｅ
ｐｅｒｉｏｄｏｆＡｕｇｕｓｔ・ForaoouuorstmonthooofAugus上，ｄｅｇｒａｄａｔｉｏｎｏｆＸＰＤｆｏｒ
３４､５ＧHz(11.5CHz）ｗａｓfoundとｏｂｅ２６．４(30)，２１(27)，ａｎｄｌ６(x）ｄＢｆｏｒｌ，
０．ユ，ａｎｄ0.0lxｏｆ上ime，respectively･XPDversusco-polaraﾋﾋenuation(CPA）
ｆｏｒ上ｈｅｐｅｒｉｏｄｉＢｓｈｏｌｍｉｎＦｉｇ、６．ｓｏｌｉｄユｉｎｅＢＢｈｏｗｔｂｅ上ｈｅｏｒｅ上ｉｃａエ
resultBfromOguchietaｴ｡，【２】、エｎｔｈｅｃａｓｅｏｆｌａｒｇｅＣＰＡ，thedatapoin上s
arealmos上correlatedwiththetheoretica1va1ueoEご＝30゜（SiBastandard
devia上ionofcantingangｴe)，whi1eXPDisobserved上obesmallcompared
withthe上heoreticalva1uesinthecaseofsmaユエＣＰＡ・ThiBmayreBu1tfrom
thedepolarizationdueとoicecrystalsp]．

CONCLUSｴ0Ｎ：Ｔｈｅｆｏｌ１ｏｍｍｎｇｒｅｓｕﾕtswereobtained、
1）ＦｏｒｔｈｅｐｅｒｉｏｄｏｖｅｒＭａｙｔｏＮｗｅｍｂｅｒ，1977,亡ｈｅ３４．５CHzattenuationwas
foundtobe3，６，ａｎｄｌ８ｄＢＥｏｒｌＯ，ユ，ａｎｄ0.1xoEtime，ｒｅＢｐｅｃ上iveｴｙ，ａｎｄ
ｆａｄｉｎｇｄｕｒａｔｉｏｎｔｉｍｅｗａｓｓｍｍａｒｉｚｅｄｉｎＦｉ９．３．
２）Ｆｏｒａｏｏｗｏｒｓ上monthIoofAugust，エ９７７，３４．５CHz(ﾕﾕ.５ＧHz）ａｔにenuationwas
foundtobe9(2)，２４(5)，ａｎｄ３２(8)ｄＢＥｏｒｌ，０．１，ａｎｄ０．０１％oEtime，
respecにively・Thedegrada上ｉｏｎｏｒＸＰＤＥｏｒ３４､５CHz(11.5CHz）ｗａＢＥｏｕｎｄｔｏｂｅ

２６･４(30)，２エ(27)，ａｎｄ16(X）ｄＢｆｏｒｌ，０．１，ａｎｄ0.0エXoELime0respecdve1y．

ＴｈｅａｕとｈｏｒＢｗｉｓｈ上oexpresssinceregratitude上ｏｍａｎｙｍｅｍｂｅｒｓｏｆ上ｈｅ
ＥＴＳ－エエｇｒｏｕｐｏＥ上heRadioResearchLaboratories(RRL）Eortheirsupportand
hoBpiｔａ１ｉｔｙ上otheexperiment･Ｔｈａｎｋｓａｒｅａｌｓｏｄｕｅｔｏ上ｈｅｓｔａＥＥｏＥｔｈｅ

ＥＴＳ－エエｇｒｏｕｐｏｆｔｈｅＫａｓｈｉｍａｂｒａｎｃｈｏｆＲＲＬｆortheircoopera上ｉｏｎｉｎｄａｔａ
ｃｏｌ１ｅｃｔｉｏｎｓ･ＷｅａｌｓｏにｈａｎｋｔｈｅｓｔａｆＥｏｆＮＡＳＤＡＥｏｒ上ｈｅｉｒｏｐｅｒａｔｉｏｎｏＥ
ｓａｔｅｌｌｌｔｅｃｏｎｔｒｏ１．
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【１１Fuji亡a，Ｍ､，Shinozuka，Ｔ､，エhara，Ｔ､，FuruhamaDY・oandmuki，Ｈ､，
uoETS-エェPropagationExperipents：Characteris上ｉｃｓｏＥｍｉｌｌｉｍｅｔｅｒａｎｄｑｕａｓｉ－
ｍｉｌｌｉmeterwavepropagationoo，ｔｏｂｅｓｕｂｍｉｔｔｅｄ上ｏｍＥＥＴｒａｎＢ･Ａｅｒｏ･Ｅ１ｅｃｔｒｏｎ・

謡b…,T､｡…｡…Y､,』｡…………６．．．里(,｡sﾙ”1,,－
２５９（1974)．

【3］SchuLie，Ｐ.Ｆ､，A1nutt，」.E､，andMackenzie，Ｅ､G､，E1ectron・Ｌｅ辻.，里
(1)，ｐｐｌ－２（1977）．
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