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Asextensionso這previouserfOrts［1,2LaprogramtomeasuretheraiJu
attenuationo狂theCOMSTARbeacomsignalat２８．５６GllzwasiJIp1ementedin
Marchｏ２１９７７ａｔＩＶａｌｌｏｐｓｌｓｌａｎｄ，Ｖｉｒｇｉｎｉａ･Ｄｕｒｉｎｇｔｈｅｓｕｍｍｅｒｏｆｌ９７７，simul-
taneousradaranddisdrometｅｒｍｅａｓｕｒｅｍｅｎｔｓｗｅｒｅａｌｓｏｍａｄｅａｎｄｕsｅｄｆＯｒｐｒｅ－
ｄｉｃtingpatllattemuation･Ｔｈｅｂｅｓｔ２ｉｔｖａｌｕｅｓｏｒａａｎｄｂｏｆｔｈｅｒelationk＝

ａＺｂｗｅｒｅｄｅｄｕｃｅｄ全oreachrainperiodEromtheraindroｐｓｉｚｅｍｅａｓｕｒｅｍｅｎｔｓｉ
ｗｈｅｒｅｋｉｓｔｈｅattenuationcoefficient［｡B/k､］andZisthereflectivity
Eactor［mm6/､3]、T11emeasuredk-Zrelationsandthesimultaneousradar
reflectivitymeasurementsalongthebeaconpathwereinjectedintoacomputer
programfOrestimatingthepathattenuatioｎ．Predictedattenuations，when
comparedwiththedirectlymeasuredones，showedgenerallygoodcorrelation
ｏＴｌａｃａｓｅｂｙｃａｓｅｂａｓｉｓａｎｄｖｅｒｙｇｏｏｄagreementstatistically．

ApredictiveJnethodisalsodemonstratedenablingtlueextrapolationoE
Eadestatistics（ａｒＺ８Ｃｂｌｚ）toanotherfrequency（Ｅ＝１９ＧHz）usingsimulta-
neousraingagedataａｎｄｏｖｅｒａｌｌｂｅｓｔｆｉｔｄｉｓｄｒｏｍｅｔｅｒｄａｔａ．

Theresultsdemonstratetneutilityorusingradarinconjunctionwith
disdrometerandraingagemeasurementsforpredictingEadeeventsandlong
ternlfadedistributionsassoｃｉａｔｅｄｗｉｔｈｅａｒｔｈ－ｓａｔｅｌｌｉｔｅｔｅｌｅCommunications．

SUMuARY

TheexperimentalconfigurationcoｎｓｉｓｔｓｏＥａｐｈａｓｅｌｏｃｋｅｄｌoopreceiving
systemoperatingat2８．５６ＧHz，amS-bandradar（Ｅ＝２．８４GIlz）located30】、
away，andasystemo缶threeraingagesalldtwodisdrometers（fOrmeasurﾕng
raindropsizedistributions〕locatedintheimnediatevicinityoEthe
receivinganteJma・T1Dereceivimgsystemhasamaximumｄｂｍａｍｉｃｒａｍｇｅｏｆ３３ｄＢ
ｂｅｌｏｗｔｈｅ２ｒｅｅｓｐａｃｅＣＩＶｐｏｗｅｒｒｅｃｅｉｖｅｄｗｈｉｃｈｉｓ－１０６ｄＢｍ･Boththereceiving
andradarantemlasilavebeanlwidthso2０．４．ａｎｄｌｏｏｋｉｍｔｈｅｄｉrectio1lofthe

COMSTARsatellite〔elevation室41.6.,azimuth＝210｡）．DuriJugperiodsof
raintheradarmeasuresthebackscattero歪ｒａｉｎａｌｏｍｇｔｈｅｐａｔｈｗｉｔｈａｒａｎｇｅ
ｒｅｓｏｌｕｔｉｏｍｏｒｌ５０ｎ･mereflectivityEactor，Ｚ，ｉｓｍｅａｓｕｒｅｄｗｉｔｈｔｈｅｒａｄａｒ
ａｔｅａｃｈｏｒｔｈｅｒａｎｇｅｂｉｍｓ．
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istheattenuationcoerficient，ｋ，ａｔ２８．５６ＧＨｚ･Theradarpowerrecordedin
eacho歪theadjacentrangebinsisconvertedintoreflectivity歪actorlevels，
Z，andtheseareinjectedintherormulationfOrpathattenuationgivenby，

Ｎ

ＡＲに）＝ｚｋ.△ｒ［｡B］（１）
ｉ＝１ユ
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[｡B/k､］ (2)

andwhereAR(t〕istheradarpredictedattemuationａｔｔｉｍｅ，ｔ，kiisthe
attenuationcoe麓icientpertainingtoithrangebinDＺｉｉｓｔｈｅｒｅｆｌｅｃｔｉｖｉｔｙ
ｆａｃｔｏｒａｔｉｔｈrangebin，△ristherangereso1utioninterval（150ｍ)，ａｎｄＮ
ｉｓｔｈｅｎｕｍｂｅｒｏ置rangebinsusedimthesummation･ＴｈｅｖａｌｕｅｓｏＥａａｎｄｂ

ｗｅｒｅａｒｒｉｖｅｄａｔｂysaJm1ingcontinuous30seconｄｄｒｏｐｓｉｚｅｄｉｓｔｒｉｂｕｔｉｏｎｓ
(herearterrererredtoasDSD）withtheAPLdisdrometerduringeachrain
periodandcalculatingkandZ．

ＩｎＦｉｇ･lisdepictedanexa叩leofanattenuationeventwithinthesame
intervalortimeasthedisdrometersmlp1ing（z0hrs，３ｍｉｎｔｏ２０ｈｒｓ，３１min
GMT)．Theverticalscalerepresentsthepathattenuationduetora1nand
hoｒｉｚｏｎｔａｌｓｃａｌｅｔｈｅｔｉｍｅｉｎ⑩ｌＴ･Thesolidcurverepresentsmeasuredatten-
uationatthesatellitereceiver（sanp1edevery3seconds)．medashedcurve
representsthepredictedattenuationusingtheradarrerlectivitiesandthe
determinedｖａｌｕｅｓｏどaandbobtainedviathedisdrometermeasurementsfor

thatrainperiod（ａ＝３．４７xlO-3，ｂ＝0.733)．A1sop1otted（dot-dashcurve）
isthepredictedattenuationusingtheradarre21ectivitiesandthevaｌｕｅｓｏｒ

ａａｎｄｂｄｅｒｉｖｅｄｆｒｏｍｗｅｌｌｋｎｏｗnMarshall-Palmer〔hereafterre企ｒｒｅｄｔｏａｓＭ－Ｐ）
distributiomnamelya＝２.ＯｌｘｌＯ－３Ｄｂ＝０．７７３．Theradarpredictedlevels
wereｓａｍｐ１ｅｄｅｖｅｒｙ１０ｓｅｃｏⅢｄｓ･Wenotethereceiverresultsappeartoreach
saturationatZ９ｄＢ･Ｔｈｉｓｒｅｐｒｅｓｅｎｔｓａｌｏｓｓｏ２１ｏｃｋｃｏｎｄitionwherethe
overallreceiverdynamicrangeo全３３ｄＢｉｓｅｘｃｅｅｄｅｄ；ｔｈｅａｄｄｉｔｉｏｎａｌ４ｄＢ
ｂｅｉｎｇｄｕｅｔｏｔｈｅｄiurmalvariationoどｔｈｅｓａｔｅｌｌｉｔｅａｓｗｅｌｌａｓｗａｔｅｒｏｎｔｈｅ
antenna定eedhorm．ｌＩｅｎｏｔｅｆｏｒｔｈｅｃａｓｅｓｈｏｗｎｔｈａｔｔｈｅdisdrometerderived

andtheM-Presultsaresimilarandagreegenerallｙｗｉｔｈｔｈｅ定adesbelow29
dBattenuation･Ａｂｏｖｅｔｈｉｓｌｅｖｅｌｎｏｏｎｅｔｏｏｎｅｃｏｒｒｅｌａｔｉｏｎｉｓｐｏｓｓｉｂｌｅ･It
isinterestingtonotethatotherdaysexistshowinggoodagreementWiththe
DSD-radarpredictedcasebutpoorcorrelationwiththeM-P-radarcase．
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ＡｍｅｔｈｏｄｗａｓａｌｓｏｅⅢｐ１ｏｙｅｄｕｓｉｎｇａｍｅａｓｕｒｅｄ２８ＧＨｚＥａｄｅｄistribution
withsimultaneousrainratedistributionanddisdrometeｒｄａｔａｔｏｐｒｅｄｉｃｔｆａｄｅ

－４６６－



ｓｔａｔｉｓｔｉｃｓａｔｌ９ＧＨｚ･Ｔｈｉｓｍｅｔｈｏｄｅｍｐ１ｏｙｓｔｈｅｃｏｎｃｅｐｔｏどｅどfectiveraimrate
amdreflectivityoveranegfectivepathlengthwhichestablishthemeasured
Z8GHzattenuationsatgivenprobabilitylevels･Ｏｎｃｅｔｈｅｅ這隼ctivevalues
arecalculated，ｔｈｅｙｍａｙｂｅｕｓｅｄａｔｔｈｅｓａｍｅ］probabilitylevelstopredicｔ
ｔｈｅｌ９ＧＨｚｆａｄｅｓ･Ｔｈｅｐｒｅｄｉｃｔｅｄｆａｄｅｓｔａｔｉｓｔｉｃｓａｔｌ９GHzwerechecked
againsttheindependentlyarrivedatstatisticsobtaｉｎｅｄｕｓｉｎｇｒａｄａｒ･The
resultingcolTparisonsareshowninＦｉｇ．３．Ｔｈｅｉｎｄｉｃａｔｅｄｔａｂｌｅｓｈｏｗｓａｎｒｌｍｓ
ｄＢdeviationbetweenthetwocurvesoどｌｅｓｓｔｈａｎｌ･Oandanaverageprobabil-
itｙratio，（P1/P2)ａｖｇｏｆ1.14．Evensignificantlycloseragreeme､twas
achievedwhenradarpredictedattenuationstatisticsat28GHzwereuse。〔q4

dBrmsdeviationand〔P1/P2〕avg＝1.04〕・

Theaboveresultsdemonstratetheutilityo彊usingradarinconjunction
withdisdrometerandramgagemeasuremenｔｓＥｏｒｐｒｅｄｉｃｔｉＪ１ｇＥａｄｅｅｖｅｎｔｓａｓｗｅｌｌ
ａｓｌｏｎｇｔｅｒｍ定adedistributionsassociatedwithsatellitecomnunications
throughｒａｉｎ．
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