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SENI-ENPIRICALRELATIONSFORTHEPREDICTIONOFRAINDEPOLARIZATION

STATISTICS：THEIRTHEORETICALANDEXPERINENTALBASIS

Ｒ､Ｌ、ＯﾕｓｅｎａｎｄＷ.Ｌ･Nowｴand

CommunicationsResearchCentre，Ｐ.Ｏ･ＢｏｘユユＬＩ９０，StationvuHuI，
Ottawa，Canada･Ｋ２Ｈ８Ｓ２

ｍｔｍｄ“tfO冗：Withtheintroduc上ionofsatelli上eandterresにrialcomnunicat-

ionssystemsemployingorthogonal-polarizationfｒｅｑｕｅｎｃｙ－ｒｅｕｓｅｔｏｉｎｃｒｅａｓｅ
ｃａｐａｃｉとｙＤｉ上ｈａｓｂｅｃｏｍｅｎｅｃｅｓｓａｒｙｔｏｄｅにｅｒｍｉｎｅｔｂｅｓｔａ上isticsordepolarizat-
ionresulにingEromhydrometeors（ｅ､９．，rain，ｓｴeeに，snow，icecrystals）ａｎｄ
ｒｅｆｒａｃｔｉｖｅｌａｙｅｒｓａﾕｏｎｇ上ｈｅｐｒｏｐａｇａ上ｉｏｎｐａｔｈ･Ａ１上houghseveraエextensive
lneasuremen亡Ｐｒｏｇｒａｍｓａｒｅｂｅｉｎｇｃｏｎｄｕｃ上ｅｄｔｏｏｂ亡ａｉｎｌｏｎｇ－ｔｅｒｍｓｔａｔｉｓにics，上ｈｅ
ｄａｔａａｒｅａｐｐｌｉｃａｂｌｅｆｏｒａ１ｉｍｉｔｅｄｎｍｎｂｅｒｏｆｆｒｅｑｕｅｎｃｉｅｓ，elevationangles，
ｐｏｌａｒｉｚａｔｉｏｎｓ，ａｎｄｃｌｉｍａｔｉｃｃｏｎｄｉ上ｉｏｎｓ・エ、ｏｒｄｅｒ上ｏｐｒｅｄｉｃｔｄｅｐｏ１ａｒｉｚａｔｉｏｎ
Ｓｔ…垂i⑥sforconditionsotherthan上hoseusedexperimentally，ageneral

modeェｉｓｒｅｑｕｉｒｅｄｔｈａｔＥｉにstheexperimenにａｌｄａｔａａｎｄｕにｉ１ｉｚｅｓｒｅａｄｉｌｙｏｂｔａｉｎ－
ｅｄｓｔａｔｉｓｔｉｃｓｏｆｍｅ上ｅｏｒｏｌｏｇｉｃａｌｏｒｏｔｈｅｒｐｒｏｐａｇａｔｉｏnquanti上ｉｅｓ。

ｍｔｈｅｃａｓｅｏｆｄｅｐｏｌａｒｉｚａｔｉｏｎｄｕｅ上ｏｒａｉｎ，ageneraltheoryhasbeende-
velopｅｄｂｙＯｇｕｃｈｉｕ】ｔｈａｔｃａｎｂｅｕｓｅｄａｓａｂａｓｉｓＥｏｒｓｉｍｐｌｅ，approximatepre-
dictionequa上ｉｏｎｓｅｍｐｌｏｙｉｎｇｐａｔｈａｔｔｅｎｕａｔｉｏｎｏｒｐｏﾕｎｔｒａｉｎｒａとｅｓｔａｔｉｓｔｉｃｓ･
Thetheore上ｉｃａｌｂａｓｉｓＥｏｒ上heapproximaterelationbetweenにｈｅｃｒｏｓｓ－ｐｏｌａｒ
ｄｉscrimination（XPD）ａｎｄｃｏ－ｐｏ１ａｒａにtenuation（CPA）

ＸＰＤ＝Ｕ１－Ｖユエog(CPA）（n

hasrecent1ybeenanalyzedbyNowlande上ａｌ．［２］andexpressionsgivenforUl
andV1･ＡｎｏｔｈｅｒｒｅｌａＬｉｏｎｉｎ上ermsoftherainraにｅＲａｎｄｅｆｆｅｃ上ｉｖｅｐａにｈｌｅｎｇｈＬ

ＸＰＤ＝Ｕ２－Ｖ２１ｏｇＲ－Ｗ２１ｏｇＬ（２）

resultsfromthesameapproximations［２，３]・エｎｔｈｅｕにilizationof亡heseequa-
tionsforPredic上ｉｏｎｓ，上ｈｅｃｏｅｆｆｉｃｉｅｎｔｓＵ１，Ｖ１，ｅｔｃ．，ｃａｎｂｅｏｂにainedfrom
direct上abula亡ｉｏｎｓ［3Lfromtheirequationsandtabulationsofconstituent
parameters【2,3]，fromgraphs［3]，orEromsemi-empiricalequati。ns･A1though
slighﾋｴｙｌｅｓｓａｃｃｕｒａｔｅｔｈａｎｔｈｅｏｔｈｅｒｔｅchniques，ｔｈｅｕｓｅｏｆｓｅｍｉ－ｅｍｐｉｒｉｃａエ
ｅｑｕａ上ｉｏｎｓｉｓａｄｅｑｕａｔｅｆｏｒｍｏｓｔｄｅｓｉｇｎｐｕｒｐｏｓｅｓ･Consequently，ｓｕｃｈequations
forthecoeEficienにｓｉｎ（ﾕ）basedonthenumericaldatain［２，３］haverecenﾋｴy
beenadoptedattheFinalMee上ｉｎｇｏＥＣ.Ｃ､１．Ｒ･StudyGroup5［４，５】・Thispaper
sumarizesとhetheoreticalandexpermentalｂａｓｉｓｏＥ上ｈｅｓｅｅｑｕａｔｉｏｎｓ，andpre-
sen上sslight1ymoregeneralforms，ユ､cludingasemi-empiricalfor、ｏｆ(1)．

meOret…ZBaCk9rO以冗α：Ａｓｓｈｏｗｎｉｎ［2,3〕，Oguchi，sgeneraltheory（ｌｌｃａｎ
ｂｅａｐｐｒｏｘｉｍａｔｅｄｂｙにｈｅｒｅｌａｍｏｎｓ

ＸＰＤ＝－２０ユ｡g(mLcRdcos2gsinZ'○一Ｔｌ/2）（dBLＣＰＡ＝ａＲｂＬ（｡B）（３）
whereＥｉｓｔｈｅｐａｔｈｅｌｅｖａｔｉｏｎａｎｇｌｅ，ＴｉｓｔｈｅｐｏｌａｒｉｚａｔｉｏｎにｉｌＥａｎｇｌｅｏｆｔｈｅ
ｉｎｃｉｄｅｎＬｗａｖｅｒela上ｉｖｅ亡ｏ亡hehorizontal，｡ｉｓ上heefEectivecanにingang1eoE
theraindropsDandmisaoocan上ing-angledistributionfactoruLThela上terre-
1ationisにhefamﾕｴiarapproximateEormEorthepathａｔにenuation［6]，butheIe
generalizedforamediu、ｏＥｎｏｎ－ｓｐｈｅｒｉｃａｌｒａｉｎｄｒｏｐｓｗｉｔｈ

ａ＝［(ａｘ＋ａｙ）＋ｍ(ａＸ－ａｙ)ｃｏＳ２ＣＣｏＳ２(・－T)】／２
－４７７－
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Eqns．（３）canbecombined上ｏｙｉｅｌｄ

ＸＰＤ＝Ｕ３－Ｖ３１０ｇ(CPA）－Ｗ３１０ｇＲ（５）

Ｕ３＝-201.9(msin21｡‐て|）－２０ユ｡g(ccos2Eにa)，Ｖ３＝２０，Ｗ３＝２０(d-b）
A1though（５）couｴdbeuBedforpredicmonpurpoBes，itiscomp1icatedby上ｈｅ
ａｄｄｉ亡ional上erminvolvin8R･However，にhis上ｅｒｍｃａｎｂｅｕｓｅｆｕｌﾕｙｃｏｍｂｉｎｅｄｗｉとh
tha上involvingCPAtogiveeqn．（１）ｓｉｎｃｅｉ上issmallincomparisonandsince
CPAandRarecorrelated･Theadditionalapproximaとionrequired，ｊＺ＝ｕＲｖＤ
ｒｅｓｕｌにｓｉｎ

Ｕ，＝－２０１．８(cucos2Emsin21｡-丁|/2）＋２０[(｡+v)/(b+v)］1.9(au）

Ｖ，＝２０(｡+V)/(b+v）（６）

Furtliermoreod=bforarangeofErequenciescenteredabout12GHz（seeＦｉｇ．１）
ｓｏにhatuandvareeliminatedandeqn．（１）becomes

XPD＝0.005302-201.9(sin21｡-てＩ)-201.9(c/2a)-401.9(COSS)-201.9(CPA）（７）

Here，上ｈｅｆａｃｔｏｒ－２０１ｏｇ(､）＝0.005302（oindegreeB）ｈａｓａｴsobeenseparaLed
fromtheユmprovemenと，Ｉ＝－２０１．９(sin21｡-Ｔｌ)，oflinearpolarﾕzaにｉｏｎｏｖｅｒｃｉｒ－
ｃｕｌａｒｐｏｌａｒｉｚａｔｉｏｎ･I、上hedevelopmentofBemi-empiricａｌｐｒｅｄｉｃにionequationsD
thecoefficientａｉｎ（７）canbeapproximaにｅｄｗｴﾋｈｌｉｔｔ１ｅｅｒｒｏｒｂｙ上hecoeffi-
cient，ａｃ＝（a工十ay)/２，app1icabﾕetocircularpolarizaにion･

Sbmf-E)7PfrfCaZPredfc亡Z｡〃駒z4a亡fO題：Eqns．（６）ａｎｄ（７）suggesヒヒhepossibi1ity
ofsemi-empirｉｃａｌｐｒｅｄｉｃｔｉｏｎｅｑｕａにｉｏｎｓｏｆｔｈｅｆｏｒｍ

ＸＰＤ＝0.OO53C2-201og(sin21｡-Tl）＋Ａ＋Ｂ１ｏｇ(f）－Ｃ１ｏｇ(ＣＯＳＳ）－Ｖ11.8(CPA）（８）
ｗｉｔｈｄｉＥｆｅｒｅｎ上ｖａｌｕｅｓｆｏｒｔｈｅｃｏｎｓｔａｎｔｓＡ，Ｂ，Ｃ，ａｎｄＶｌｉｎｅａｃｈｆｒｅｑｕｅｎｃｙｂａｎｄ･
Thefunc上ionaldependenceonErequencyEfoUowsfrom（７）andtbefac上ｔｈａ上ａｃ
ａｎｄｃｃａｎｂｅａｐｐｒｏｘｉｍａｔｅｄｂｙｐｏｗｅｒ－１ａｗｓｉｎｆｏｖｅｒａＥａｉｒｌｙｗｉｄｅｒａngeoEfre-
quencies１６，３]・RegreBsionsofXPDonlog(CPA）havebeencarriedoutusingthe
wexact00equationsandPruppacher-PitterscatteringamplitudesofOguchi［１】，
上helawsandParBonsdropsizedistribution［６]，andanempiricalequaLionfor
とheeEEectivepathlengにｈＬｏｎａｎｅａｒにh-spacepa上ｈ【２】・Withaslightround-
ingofcoefficients，theｓｅｒｅｓｕｌｔｓｃａｎｂｅｓｕｍｍａｒｉｚｅｄｂｙ

ＸＰＤ＝0.0053.2-201.8(sin21○一Ｔｌ）＋３０１｡g(f）－４０１．９(COSE）－Ｖ，1.9(CPA）
（９）

Ｖ，＝２０，８＜ｆ＜１５ＧＨｚ；Ｖ，＝２３，１５＜Ｅ＜３５ＧHｚ

－４７８－



Acomparisonofcalculationsbaｓｅｄｏｎ（９）andOguchi1sooexactI1equatioｎｓｌｌ］
showＢｉｔｔｏｂｅａｃｃｕｒａｔｅｔｏｗｉｔｈｉｎａｂｏｕｔｌ･ｓｄＢｏＳｉｎｃｅｔｈｅｅｆＥｅｃ上ｏｆｔｈｅｐａｒにi-

cularmodelforL［2］isnegligibleinthelowerfrequencyrange，ｈｅｒｅとｈｅ
ｅｑｕａｔｉｏｎｃａｎｂｅｕＢｅｄｆｏｒｂｏ上ｈｅａｒｔｈ－ｓｐａｃｅａｎｄｔｅｒｒｅｓ上ｒｉａｌｐａｔｂｓ．

Ｔｈｅｕｓｅｏｆ（９）forpredictionsispreferablewhenattenuationsLatistics
areavａｉ１ａｂｌｅｂｅｃａｕＢｅｏｆｉ上ｓｍｉｎｉｍａｌｓｅｎｓｉｐｖｉｔｙ上ｏｅｆピｅｃ上ｉｖｅｐａｔｈｌｅｎｇｔｈａｎｄ

ｄｒｏｐｓｉｚｅdistribuにion［２，３，８jHoⅥever，ｆｏｒＬｈｅ４－６ＧＨｚｂａｎｄｗｈｅｒｅａｃcurate

attenuations上ａｔｉｓｔｉｃｓａｒｅｎｏｒｍａＵｙｎｏ上available，ｏｒｆｏｒｈｉｇｈｅｒＥｒｅｑｕｅｎｃｉｅｓｐ

ｅｑｎ．（２）ｃａｎｂｅｕｓｅｄｗｉｔｈＷ２＝２０ａｎｄ

Ｕ２＝0.005302-201.9(Sin21｡-丁|）＋90-201.9(f）－４０１．９(ＣＯＳＥ),４≦ｆ≦３５ＧＨＺ

Ｖ２＝２５，４＜ｆ＜１５ＧHz；Ｖ２＝27-0.13ｆ，１５〈Ｅ＜３５ＧHｚ（10）

Again，comparisonofcaﾕcu1ationsbasedon（２）ａｎｄ（10）andOguchiosooexact10
equatｉｏｎｓｓｈｏｗｓｔｈｉｓｓｅｍｉ－ｅｍｐｉｒｉｃａｌｆｏｒｍｔｏｂｅａｃｃｕｒａｔｅｔｏｗｉｔｈ1,2.0ｄＢ．

且ガセｃｔｆＤｅｌｍＺ４ｅＳＯｆｔｈｅＣｔＺ，ttfllg-ﾙT9ZemrcmeterS3Themainfac上oraffecting
上ｈｅａｃｃｕｒａｃｙｏｆにｈｅｐｒｅｄｉｃ上ｉｏｎｅｑｕａｔｉｏｎｓｉＳｔｈｅｌｉｍｉｔｅｄｉｎｆｏｒmationavailable

ontheeffecmvevaluesoftheparameters中andOofthecanting-angledistri-

bution・Consequent1y，theｃｈｏｉｃｅｏｆｖａｌｕｅｓｆｏｒｕｓｅｍｐｒｅｄｉｃ上ｉｏｎｍｕｓｔｂｅｏｎ

上ｈｅｃｏｎｓｅｒｖａｔｉｖｅｓｉｄｅａヒヒｈｅｐｒｅｓｅｎｔ上ime･AcomparエＢｏｎｏｆｔｈｅＬｈｅｏｒｙａｎｄ上he

resulLsofcircularpolarizationmeasuremenにｓ［2］shows｡=Ootobeareasonab1y
conservaにｉｖｅｃｈｏｉｃｅｆｏｒｔｈｅｅｆｆｅｃｔｉｖｅｓｔａｎｄａｒｄｄｅｖｉａ上ｉｏｎ・Ｔｈｉｓｉｓｔｈｅｖａ１ｑｌ、

implicitinとheequationsadopにｅｄｂｙ上ｈｅＣ.Ｃ､１．Ｒ･【４，５小

ＩtismorediEficulttoobtamasuiにablyconservativevalueEor・because
ofthegrea上ｓｅｎＢｉｔ土ｖｉにｙｏｆＸＰＤにｏｔｈｉｓｐａｒａｍｅｔｅｒｉｎｓｙｓ上ｅｍｓｕｓｉｎｇｏｏｎｅａｒ－
ｈｏｒｉｚｏｎにａｌｏｏａｎｄＩＩｎｅａｒ－ｖｅｒｔｉｃａｌ９ｏｐｏｌａｒｉｚａＬｉｏｎｓ．Ｆ◎てｕｓｅｉｎｐ１ａｎｎｉｎｇｄｕａ１ｖｅｒ上ｉ－
ｃａｌｌｙａｎｄｈｏｒｉｚｏｎ上ａｌ１ｙｐｏｌａｒｉｚｅｄｔｅｒｒｅｓＬｒｉａｌｌｉｎｋｓＤａｖａｌｕｅｏｆエー1２．Ｂｆｏｒ上ｈｅ
ｉｍｐｒｏｖｅｍｅｎｔｏｒｌｉｎｅａｒｏｖｅｒｃｉｒｃｕｌａｒｐｏｌａｒｉｚａｔｉｏｎｗａｓａｄｏｐｔｅｄｂｙｔｈｅＣ.Ｃ･I.Ｒ･
[５LprimarilyonthebasisofmeasurementscarriedouLinJapan［９]･This
corrcspondsに。’01=7.3゜・Ｆｏｒにhep1anningofearにh-spacesysにemsinwhichT
isgeographicallydependent，’○|=Oowasadopとｅｄａｴ｡ngwi上haminimumvalue゜ｆ
ｌ=9.3dBcorresponding上◎て=10。［4】・Achoicelnoreconsistentwiththatadopt-
edforとerresにriallinks画｡ｕｌｄｂｅに。ｓｅ上’｡‐TI=|Tl+7.3゜COSE，Ｗｈｅｒｅｃｈｅｆａｃｃ｡r
cosCaccounにsapproximatelyforthedependencｅｏｆｏｏｎｅｌｅｖａｔｉｏｎａｎｇｌｅｌ２]．
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