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WriousmeasurementsoErainattenuationbyuseoEmeteorologicalradar
havebeenmadeoverthepastyears･Thesemethodsbyconventionalradar，
however，usedtohaveconsiderableerrorｓＤｓｉｎｃｅｔｈｅｙｎｅｅｄｅｄｔｏｅ回P1oyan
empiricalequationrelatingradarreE1ectiVitytorainartenuationEorde-
rivingrainattenuationEromthereceiveｄｒａｄａｒｅｃｈｏ．
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zPrincipleoEmeasurement

mgenera1’radarequationisexpressedby

P藩｡｡÷'r'0-0.215〔wdr，（１）
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Iftransmitpulse

Pt．h･CO２．０oz・入２
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２１０．１oge2・兀２
where

Ｐｔ：ｐｅａｋｐｏｗｅｒｏｊ
ｈ：Spatiallengl
Go：ａｎｔｅｕｍａｇａｉｎ
ｅｏ：half-power-bG

antCUm②

ｊＬ：wave1ength･

App1yingRayleigl

eroEtransmitsignal山 Ｉ２３５１０２０３０５０１００

１engthoftransmitpulse FrequencyinGHz
gain

er-beamwidtho彊ｒａｄａｒＦｉｇ･lFrequencyDepeuudenceor
EEEectiveRadarReflectivity

gth･
ｚｅ笠

leigh`sscatteringtheory，ＪＺ岳｡rconventionalradarisdenotedby

４６９

￣

￣

1５０
HrU[■

5０

￣

～
、

-－、
２Ｓ

０２s

=

ベ
ヘ
｛

２５

に三コ￣￣
￣

￣
￣

￣

、
－

￣￣戸函一門

ﾘーニヨ

ベ ､IiII1
､ｕ

１１

P0mmDOOr:ＲｑｌｎＲｍｏ６耐呵'h）
ＲＤｍＤＴｃｐＴｍＰ：ＯＰＣ

、



T…｡蟇'筈｢鑿ＭＬ“
whereE：comp1exdielectricconstantoErainwater

a：radiusoEraindrop
N(a肥sizedistributionoEraindropwithｒａｄｉｕｓａｐｅｒｕｎｉｔｖｏ１ｍｅ･

ＴｈｅｔｅｒｎｏｒＺＮ〔a)(2a〕６intheequation（3〕isknownasradarreE1ec-
tivityz．

bｧ雌:９蝋t鰯:h:識:in:H雛.::::ﾂ．霊:欄麗R:19腱.鍛馥繊勘
isinapp1icableatEreqUenciesaboｖｅｌＯＧＨｚ・Referringtotheequation(3)，
ｔｈｅｅ笠ectiveradarre笹lectivityZe透inYMie，insteado2ZinWRayleigh,ｃａｎ

`｡｡;二ｇ２ｉ臨釜|苦｢．（`）
【鑑.;譜so露a霊::;斑票･蝿c:h溌銑?s謡ingn$h:i･鑑::z:｡::鵜一
this缶igmethatZErhaslittlefrequencydepeuldenceatErequenciesbelow
Z０ＧHz、Accordingfy，査roInthecomnparisonoEreceivedechopowersat5-and
14-GHzbands，therainattemuationatl4-GHzbandcanbedetermineddirectly
byeliminatimgtheradarreE1ectivitiesatｂｏｔｈfrequencies，sincetherain
attenuationat5-GHzbandisnegligiblysmall．

３ＣＯ㎡igurationofexperimentsystem

Fig.２isab1ock

diagramoEtheexperi-
ｍｅｎｔｓｙｓｔｅｍｉｎｓｔａｌｌｅｄ
ａｔｌｂａｒａｋｉＳａte11ite

ConmunicationCenter

o彊血D･Ｔｈｅａｎｔｅｎｎａ

ｕｓｅｄｉｓｏ彊Cassegraill
typewiththeaperture
ｏＥ７ｍｉＪｌｄｉａｍｅｔｅｒ･

Theelevationangleo蚕
theantemahasbeen
usuallyfixedatlO
degrees．
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ＰｕｌＳｅｓａｔ５－ａｎｄ

ｌ４－ＧＨｚｂａｎｄｓ，ｗｉｔｈ●

duratiomo笹１．１（s，area1-
terTlativelyemitted造ｒｏｍｔｈｅ

ａｎｔｅｍｍａｔｅｖｅｒｙ３ｎｌｓ･Table

lshowstheperfbrmamceoE
dual-frequencyradarsystem．

Ｆｉｇ．２B1ockDiagramoどExperimentSystem

Tab1elPermrmanceofDual-FrequencyRadar
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ＰｅａｋＴｒａｍ目ｍｉｔＰＯｗｅｒ

PulseDuration

PulseRepititionFrequency
IFBandWidth

Max・DetectableLevel

Min･DetectableLevel

ResolutionoEAttenuation

Reso1utionorDistance

IntegrationTimeorData
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Ｆｉｇ．３showsaluexample5~5゜
｡…asur……sul…埴he質…
fixedelevationangleoE
10･ｏｎＤｅｃ、13,1974．ＴｈｅＢ－ｱｏ
ｒａｉｍｒａｔｅａｔｔｈｅｒａｄａｒｓｉｔｅ・冑
ｉｓａｂｏｕｔＺｍロハ．Ｉｔｉｓ ８－゜･
seenfromtherigurethat畠
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ＧＨｚｂａｎｄｄｅｃＴＣｎ聖ｓｗｉｔｈ

Ｆｉｇ､３EXanP1eorDatadiStancemoreraPidlythan
thatat5-GHzbaJBd･Ｉｔｉｓａｔｔｒｉｂｕｔｅｄｔｏｔｈｅｄｉ笠erencebetweenT2matteuu皿一

ationsattheabovetwoErequencieｓ･Sincerainattenuationat5-GHzbandcan
beregardedasnegligiblysmallD theabove-memtioneddiff蔀ｅｎｃｅｉｓｃｏｎ－

ｓｉｄｅＴｅｄｔｏｂｅｄｕｅｔｏｒａｉｎattenuationatl4-GHzband・Ｓｉ印Ⅱ途ｉｃｍｔｉｎｃｒｅａｓｅ
ｏｒＺａｒｍｍｄ７－ｍｐｏｉｎｔｆｒｃｍｔｈｅｒａｄａｒｓｉｔｅｗｉｌｌｂｅｄｕｅｔｏｔｈｅｅｘistenceof
intenserainrallregion･Ａｓｔｈｅｒｅｓｕｌｔ，thesuddenmcreaseofrainattemua-
ｔｉｏｎａｔｌ４－ＧＨｚｂａｎｄｉｓａｌｓｏｓｅｅｎａｒｏｕndthisregion．

Ｆｉｇ．４showsthecumlulative
timedistributioｎｏｒｌ４－ＧＨｚｒａｉｎ

ａｔｔｅｎｕａｔｉｏｎａｔｔｈｅｅlevationangle
oflOoamdrainrateｆｏｒｏｎｅｙｅａｒ
ｆｒｏｍＪｕｎｅｌ９７５ｔｏＪｎｍｅｌ９７６．The

totalamountofrainEallduring
●

Ⅲleasurmgperiodwasl649mn･
AttemuationvaluesfOrO､１ａｎｄ

0.01＄ｏ歪ｔｈｅｔｉｍｅａｒｅ１３．６ａｎｄ

２６.OdBDrespectiveｌｙ，ａｎｄalso
C

ramratesfOrtheabove-mentioned

percentagesarel9and54pm/IlD
respectively・InadditionDthe
e笠ectivepathlengths缶ｏｒｒａｉｎａｔ
Ｏｏ１ａｕｌｄＯ０Ｏ１＄ｏＥｔｈｅｔｉＪｎｅｃａｎｂｅ

ｃａｌｃｕｌａｔｅｄｔｏｂｅ１４．５２，．８．７１mD
respectively．
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Percentoftimerainattenuationan。
４．２Verticalstructureof・

ｒａｍｒａｔｅ甑ceedozdin2t⑨
rainfmlI

Fig、４CummlativeTimeDistributions

Fig、５ｓｈｏｗｓｔｈｅｙｅａｒｌｙｃｍｍｕ－oERainAttenuationatl4
latiVetimedistributionorrn化nＴ ＧＨｚ（E1=10｡）andRainRate

rerlectivityZDdeduced2romobsewationdataat5-GHzbandDBtvariousp⑥infs
alongthepropagationpathfromtheradarsite･Sincetheobservationang1e
islOoinelevationDthealtitudeoどradartargetiuncreaseswithdistance
fromtheradarsite･Accordingly，Ｆｉｇ．５ｃａｎｂｅｓａｉdtorepresentthestatisti-
ca1a1titudedependellceorradarre21ectivityZ，ＩｔｉｓｋｎｏｗｎＤ範omthefigurep
thatraiuuatthealtitudebelowabout3mhassimilarstatistica1properties
ondrop-sizedistributiontothoseattheearｔｈｓｕ途aｃｃ･ＯｎｔｈｅｏｔｈｅｒｈａｚｍＤ
ｔｈｅｃｕｒｖｅｓａroundthealtitudeor4maresuppｏｓｅｄｔｏｂｅｌａｒｇ⑧ｌｙ錘蛋ected
byhydmmeteorsatbrightband．
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ｏ笹ｓｕｃｈ嘩七、ordinaryphenmenonas
shominFig､６．Furth重considora-Distancerromr旬拙ｎＴｓｉｔｅｉＹｎ粒

tioluseemstobeneededonphysical
Ｆｉｇ．６AmExamp1eoEReceivingDatacharacteristicgo缶rain範１１media，

ｒｏｒｅｘａｍｐｌｅ，suchasfrequencydepemd⑥ｎｃｅｏ歪radarreaectivity，ｔｈｅｉｎ彊luence
orraindepolarizatione錘ｅｃｔａｍｄｓｏｏｎ･

A1soDonmeasurementdataabovebrightbandDsuchreversePhenomenonoE
rainatteｍａｔｉｏｘｕａＳｓｈｏｗｎｉｎＦｉｇ､６hasbeunfrequentlyobserved･Ｔｈｉｓｐｉｇｈｔ
ｂｅａｓｃｒｉｂｅｄｔｏｔｈｅ金equeuhcydependenceofreflectivecharacteristicsat
brightband･Howev函Dsincetheattemuationduetotheparticlesabovebright
bmdisgenera11ycmusideredtobe麺allcomp⑧rｅｄｔｏｔｈｅｏｎｏｄｕｅｔｏｒａｉｎｄｍｐｓＤ
ｔｈｉｓｉｎｆluencehasbeenomittedindata8ma1ysis．
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