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Duringrecen上yearBborealregionshaveexperiencedeverincreasingdev-
e1opme､にｄｕｅ上oenergyrec1amaLionpmjects，ｔｈｅｃｏ西tructionoEoi1/gas-pipe-
ｴines，high-energyhydroelectricgenerationp1an七ｓ，ＥＨＶｐｏｗｅｒにranSmssionBys-
tems，andcommunicationByB上ems･Theconvergenceof上heearthusmagneticEield
above上ｈｅｓｅｒｅｇｉｏｎｓｄｉｃｔａ上e日上ｈｅｒｅｴativelyhighionosphericandmagnetospberic
energydenBitiesintheauroraエＺｏｎｅ･soｴarstormsreachouヒヒｏ上ｈｅｅａｒｔｈａｎｄ
ｃｏｕｐｴeener8yin上ｏthemagnetosphereandionosphere・Thesestorms，ａｎｄｓｕｂ－
ｓｔｏｒｍｓｄｕｅｔｏｓｔｏｒｅｄｅｎergyinthemagzletosphereproducedramaticchangesin
electrojeにcurren上sandauroralacに、iにy，anda1soproducesignificantvaria-
tionsof上hegeomagne上ｉｃｆｉｅﾕdsandmagneto-teUuriccurren上ｓ･Thesechanges
inturninterac上ｗｉｔｈnatura1andman-madesystemsonにｈｅｅａｒにhossurEace-上he
interactionbecomingstronger上hｅcloserweapproachandpenetratetheauroral
zone（52．ｔｏ６２゜latitudesinourcentralCanadianPrairieregions)．Thus，dur-
ingperiodsoEhighsun-spo上activiにywhichcausesubstantia1changｅｓｏｆｔｈｅ
ｅａｒｔｈＩｓｍａｇｎｅ上ｉｃＥｉｅ１ｄＤｓｙｓｔｅｍｄｉｓ上ｕｒｂａｎｃｅｓｄｕｅ上ogeomagneticallyinducedcur-
renｔｓｉｎｍａｎ－頤desystemsoccurU]･Ｆｏｒexample，ma8neにo-teｴｴuriccurrentsin-
ducedalong上heconductingpipesoEoil/gas-pipeｴineshaveledtoincreasedcor-
rosionorweakeningoEweldingjoinとs；geomagneticallyinducedcurxenにｓｉｎｅﾕec-
tricpowergeneration/tranBformaにion化ransmission/distributionsystemshavecaus-
edseriousdamagestotranBformers，上ｒｉｐｐｉｎｇｏＥｐｒｏ上ｅｃ上ionrelays9andphaseim-
balancing；ａｎｄｒadio-tele-communicationinvariousspeciEicfrequencybandsare
heavilyinにerrupにedduetoradionoise，ｅとc･【２]・エnaddition，ｉにｈａｓｂｅｅｎＥｏｕｎｄ
ｔｈａ上ｔｈｅｅａｒｔｈｏＢｃｏｎｄｕｃｔｉｖｉｔｙｉncreaBesappreciablyaEにergeomagnetics上ormswhich
intumaffectsman-madｅｓｙｓ上ems･Similarly，にhereseems上ｏｂｅａｎｉｎｃreaseoE
overa1181obalelectｒｉｃＳ上ormactivitiesassocia上ｅｄｗｉｔｈｇｅｏｍａｇｎｅにicstormswhich
noton1yaffecにｓ上heweatherbuにa1soe1ectrictransmssionSystems【3小

ConverBeｴｙ，veryrecenﾋｴｙｉｔｈａｓｂｅｅｎｒｏｕｎｄ上hatnaturalandman-madesig-
na1s，generatedclose上ｏｏｒｗｉ上hin上heauroraエＺｏｎｅ，strong1yｉｎｔｅｒａｃにｗｉ上hthe
magnetosPhere･Forexamp1e，harmonicsoEtheEundalnen上a1ACErequencyradiaにed
Erome1ectricpower1inescｌｏｓｅ上otheauroraユｂｅｌ上intothemagnetoBpherecou1d
causeseriousafter-eEfectsonenergyexchangesbetweentheionoBphereand上he
lnagnetosphere【4】，Ｗｈｉｃｈｍｙエeadtolatiにuda1reloca上ionoEtheauroraエe1ec上ro-
jetcurrents･エnaddition，ｔｈｅＡＣ/DC-HVにransmsBionsysにｅｍｓｏＥｏｖｅｒ５００ｋｍｉｎ
エｅｎｇｔｈｃｏｕﾕｄＢｅｒｖｅａｓｅＥｆｅｃｔｉｖｅｒａｄｉａ上ｉｏｎｓｏｕｒｃｅｓｏｆＶＬＦｓｉｇｎａｴｓｏｒｃｏＪｄｂｅｅｆ－
ｆｅｃｔｉｖｅ１ｙｕｓｅｄａｓＶＬＦｒｅｃｅｉｖｉｎｇａｎｔｅｎｎａＢｙｓｔｅｍｓ･

ＥｆＥｅｃｔｓｏｎＰｏ軒erTraTD巳、返巳iＯｎ

ＯｕｒｍａｉｎｏｂｊｅｃｔｉｖｅｉｎｔｈｅｓｔｕｄｙｏｆLheefEectsofsolarmagneticsにｏｒｍｓ
ｏｎｔｈｅｔｒａｎＢｍＢｓｉｏｎｏｆｐｏｗｅｒｉｓ上ｏｄｅ上ｅｒｍｉｎｅｔｈｅｅｘｐｅｃｔｅｄｎｕｍｂｅｒｏｆｓｉｇniEicant
storms，ｏｖｅｒａｌｌｙｅａｒｐｅｒｉｏｄｏＥｓｕｎＢｐｏ上activity，thatinterEerewiththeop-
ezationofManiにobaHydroospowersys上ｅｍ，orinterEerewithcommunica上ionｓｗｈｅｎ
ｐｏｗｅｒ１ｉｎｅｓｒａｄｉａｔｅ，andsubsequent1yproduceeconoｍｉｃｌｏｓｓｅｓ･Ｗｅｈａｖｅｉｎｉ上ｉａにｅｄ
ａｓｔｕｄｙｏｆとransEormerneutra1-上o-groundcurrentda上ａａｎｄｃｏｒｒｅＢｐｏｎｄｉｎｇｍＳｍａｇ－
ｎｅｔograms（Walker〔51）ａｎｄｐｅｍ垣nen上Canadianmagneticfie1dobserva上orydataob-
taineddurings上ｏｒｍｓｏｒｓｕｂｓｔｏｒｍｓ･Ｄａｔａｈａｖｅｂｅｅｎａｎａ１ｙｚｅｄＥｏｒａｓｔｒｏｎｇｓＵｂｓにor、
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。、２エSep上emberユ９７７，ａｎｄａｎａｎａｴｙｓｉＢｉｓｉｎｐｒｏｇｒｅＢＢＥｏｒａｓｔｏｒｍｏｎ４Jan四ｒｙ
エ９７８．ＯｕｒａｎａﾕysiBBhows上haにmodel1ing上heinductionprocessinpowerエユnes
wiUrequﾕremoreImderstandingoE上heeEfectsoEthespatia1variationof上he
inducingEie1dsoverthepoⅣersystemnetwork･Theusuaユｃｴrcuﾕatingcurrｅｎｔｓ
ｉｎｔｈｅｅａｒｔｈｅｎｔｅｒｔｈｅｐｏｗｅｒｓｙｓ上emsthroughgroImdpointsin上ｈｅｎｅｕｔｒａ１ｓｏｆ
上ransformers･エヒｈａｓａﾕsobeenproposedbyourse1vesandKisabeth上ha上non-
circu1ating，osciUatorycurrentsdirecにlyinducedinthe上ransmission1ines
canbeappreciabﾕｅ（'v280A)，ｉｆ上hegomldpointsactaschargesourcesorsinks・

Ｔｈｅａｎａｴｙｓｉｓｏｆｔｈｅ２ユＳｅｐｔｅｍｂｅｒｌ９７７ｓｕｂｓｔｏｒｍｉｎｄｉｃａｔｅｓＵｌｅａｐｐｒｏａｃｈ
ｗｅａｒｅｕｓｉｎｇｉｎｄｅｖｅｴopingourinduc上ionmodeエ．ThemagnetogramsEromThompson，
ＬｙｍｎＬａｋｅ，ａｎｄＷｈｉ上eBhe11covermostof上ｈｅａｒｅａｏｖｅｒＷｈｉｃｈｔｈｅｐｏｗｅｒｌｉｎｅＢｅ｡←
tendandrepreBenヒヒhescaｴｅｏＥｔｈｅｆｉｅｌｄｂｙｓｉｍ１ａｒｉｔｉｅｓｉｎtheirvariation･
エnthissumaryuFehaveincludedtheZ-Eieｴdmagnetograms上ｏｓｈｏｗ上heinversion
oEthefieﾕｄｂｅ上wｅｅｎＬｙｎｎＬａｋｅａｎｄＷｈiteBheエエ．Ｔｈｉｓｉｎｖｅｒｓｉｏｎｉｎｄｉｃａｔｅｓａｓｏｕｒｃｅ
ｂｅｔｗｅｅｎＵｌｅｓｅＢ上ations･Throughtheana1ysisweaｴsowantedtoestab1iBha
strongcorreｴationbetweentheErequencyofｔｈｅｒａ上ｅｏＥｃｈａｎｇｅｉｎｓｕｒｆａｃｅｍａｇ－
ｎｅｔｉｃｆieｴdvariationsandtheErequencyoEtheobservedcurrents･Ｗｅｈａｖｅｃｏｍ－
ｐｕｔｅｄ上hｅｐｏｗｅｒｓｐｅｃｔｒａｏＥｔｈｅｉｎｄｕcedcurren上recordsfromLaVerendryestation
nearWinnipegandthemagnetogramsErom上heWhiteBheｴユ（、S）observatory･The
inductionmode1deVe1ｏｐｅｄｂｙＰｒｉｃｅ【6】，forperiodicEieldvariations，ａエayered
earth，ａｎｄｓｏｕｒｃｅｓｃａｴｅｈａＢｂｅｅｎｕｓｅｄ上ｏｅｓｔｉｍｎｔｅｔｈｅｃｏｒｒｅＢｐｏｎｄｉｎｇｎｏｒｔｈ－ｓｏｕｔｈ
ａｎｄｅａｓｔ－ｗｅｓｔｅﾕｅｃにｒｉｃｆｉｅﾕ。ｓ･Ｔｈｅｐｏｗｅｒｓｐｅｃ上rafortheinducedcurrenにｓｈｏｗＢ
ａｓにrongvariationwithaperiodoE2０ｍｎｕｔｅｓ･ＴｈｅｓｐｅｃｔｒｕｍＥｏｒ上ｈｅｒａｔｅｏＥ
ｃｈａｎｇｅｏＥ上heZ-Eie1dcomponen上ａ上WhitesheユエＤｗｈｉｃｈｉｓｃｌｏｓｅｓヒヒotheeast-wes上
powerエｉｎｅｓＤｓｈｏｗｓａｓｔｒｏｎｇｐｅａｋｗｉｔｈｐｅｒｉｏｄｏＥ５ｍｉｎｕｔｅｓｏＳｍｉｌａｒｴｙＤｔｈｅ１ａｒｇ－
ｅｓｔｐｅａｋｉｎｔｈｅ】←EieldcomponenthastheBameperiod･UBingasinglelayered
eardumode1（pl-1OOn-m，l0kmthick；ｐ２=250口､）ｗｅobtainasurfacee1ectricfieｴ。

鰍::1M選1111.°:翻織｝．｡鯉．i::.::I:.a;;:.､隠寧g:｡；遍:｡;::脇::::i::：
２５A，andthisエineresis上ance，weobtainagradien上ｏｆ0.05Ｖ/km･エヒseems上ｏ・
ｕｓ上hatanaperiodicanaｴｙＢｉＢｗｏｕｴdbemreappropriatewhen上ｈｅｎａｔｕｒｅｏｒｔｈｅ
ｍａｇｎｅｔｉｃＥie1dsisconsidered・エndeedDtheperiodicanalysisBupｐｒｅｓｓｅｓｔｈｅ
エargerratesoEChange（ｕｐｔｏエ２０Ｙ/min.）thatcanbeobtaineddirect1yfromthe
ma餌etogramSOHowever，ｔｈｅｓ上ｒｏｎｇｐｅｒｉｏｄｉｃｂｅｈａｖｉｏｕｒｏｆｔｈｅｉｎｄucedcurrentis
cｴearintheLaVerendryerecord・ThiBcomparisonsuggests上hatthereisa
meChanismthatBe1ectsezlergyfrom上hespa上iaｴﾉﾋemporaユvariaにｉｏｎｓｏｆにhemag-
neticfieldsandenhancestheintegrated（over上heextentofpowernetwork）e1ec-
上ricfieldvariationa上particularfrequencies･Theseresu1上ｓａ１ｓｏｉｎｄｉｃａｔｅ
ｍａｔｔｈｅｒｅｇｕﾕarmeasurementoEmagneticEie1dswouｴｄｂｅｍｏｒｅｕｓｅｆｕｌｉｎ上his
typeofBtudyandmodeｴｴingoEe1ectrojets，ｉｆ上hesmoothedlar8erscale上elluric
Eie1dswerea1someasure｡，aSsuggestedbyCampbeu【7]・

Ｗｅａｒｅｖｅｒｙｍｕｃｈｉｎｔｅｒｅｓｔｅｄｉｎ上heinverseproblem，wherethecurrents
intheauroraユe1ectrojetaredeにerminedfromobBervationsaヒヒhegroundleve1．
A1bertson［8］hasconsideredanE-Weｴectrojet1ine-currentmodel上oobtaina
rangeofsurfacefie1ds０．７６Ｗｋｍｔｏ1.52Ｖ/km，ｗｉｔｈａｎｅｴectrojetofmagnitude
lO5Aandperiodof6minutes、ｏｎｔｈｅｂａｓｉｓｏｆ上hismode1acurrentoE’し4000Ａ
(E-W）wou1dproduce上heperiodiccomponen上ＢＯＥにｈｅ粥Eielda上Whitesheｴｴｆｏｒ上ｈｅ
ｓｉｍｉｌａｒｐｅｒｉｏｄｏｆ５ｍｉｎｕｔｅｓ･ＡＮ－ＳｃｕｒｒｅｎｔｏＥｄＵＯＯＯＡｉｓｒｅｑｕｉｒｅｄｔｏｇｉｖｅ上he
obseWedY-Eield・Amode1developedbyKisabethandRostoker［gIshowBthat
上heseBirkeｴｍｄｃｕｒｒｅｎｔｓｃａｎｐｒｏｄｕｃｅＥ１ｌｎEdensitiesoEabou上300ＹＤｗｈｉｃｈｉｓｃｏ歴
parabletotheperiodicf1uxdenＢｉとｙｏｂ上ａｉｎｅｄｂｙＡﾕbertsoninhiBanalysis［８］･
ThemajorityorBtormsdoproduceN-ScurrentsinthetransmiBBioｎｌｉｎｅｓａｓ
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indicateｄｂｙｔｈｅｒｅｃｏｒｄＢＥｒｏｍＣｒａｎｄＲａｐｉｄｓ，whichiBcolmec亡ｅｄｔｏｐｒｍｎｒｉｴｙＮ－Ｓ
エineB･Thisaspecと.ｐＥｍｏｄｅエエｉｎｇｉｓｂｅｃｏｍｎｇｗｅエエｄｅｖｅ１ｏｐｅｄＤｈｅｎｃｅｗｅＢｅｅｔｈａｔ
ｉｎｔｈｅｎｅａｒｆｕｔｕｒｅｖｅｒｙｕｓｅＥｕユmodelsfor上ｈｉｓｍｗ巳ｒＢｅｐｒｏｂユemwillbeavai1able･

Ｔｈｅｐｒｉｍａｒｙｒｅｓｕ１ｔｏＥｏｕｒｗｏｒｋａヒヒｈｉｓｓｍｇｅｏＥｏｕｒｓｔｕｄｙｉＳとheeBtab-
1i亘hmenr。E､ｔｈｅｎ６ｅｄＥｏｒａｆｕﾕﾕerundersにandingofinducにionofcurren上ｓｉｎ
ｐｏｗｅｒｌｉｎｅｓＤｏｒｓｉｍｉｌａｒｃｏｎｄｕｃ上inganomalieBDand上hedeterminationoEにｈｅａＢ－
ｐｅｃ上sofinductionthatneed上ｏｂｅｉｎｃﾕｕｄｅｄｉｎａｍｏｒｅｃｏｍｐ１ｅｔｅｍＤｄｅｌｏＥ上ｈｅｓｙＢ－
上emsinvolved･ＴｈｅｍＤＢ上importantaspec上ｓｏｆ上hisinduc上ｉｏｎｍａｙｂｅｔｈｅｍａｇｎｅにiｃ
Eieldspatialvariationsandtheenergycoup1ingbetween上hesourceandthe
Powerlines．

Ｔｈｉｓｒｅｓｅａｒｃｈｗａｓｓｕｐｐｏｒｔｅｄｉｎｐａｒ上ｓｂｙｇｒａｎにｓＥｒｏｍ上hｅＮａｔｉｏｎ－
１ｏＥＣａｎａｄａ（A7240)，HanitobaTelephoneSystemsandHanitoba

Acknmv1edRemen上

●
●

aエＲ聖璽rchCounciloECanada（A7Z40），HanitobaIeLepnoneごysEemsanq胆nLEDD且

Hydro･

ReEerences
-

[1］Wor1dDataCenterA，CollectedDataReporにｓｏ［utheAugus上４，エ972soｴar-
Terrestria1Even上s，UAG-2且，エ973（３Ｖ｡ｴs､),SCOSTEP-mS，Boulder，Ｃｏｴ．80302．

[21Ｌ､Ｊ･Lanzeroﾋﾋ１，エmpac上soEionospheric/､agnetosphericprocessesonter-
restrialscienceandteCbnology，ＢｅエエＬａｂＢ，llurrayHiエエ，ＮｏＪ、０７９７４，Ａｐｒ､１９７７．

[３］Ｒ、Harkson，SolarmoduﾕationoratmosphericelectriEicationandpossible
impｴicationsfor上hesurwea亡herproblem，Ｎａにure（London）ニニヨ1978,ｍ
Ｐｒｉｎ上・

[４１Ｊ.Ｐ･Luette，Ｃ､Ｃ･Park，Ｒ､Ａ･Hel1iweｴｴ，Longitudina1varia上icnsofvery-
エow-Erequencychorusac上ivityindlemagne上osphere：EvidenceoEexci上ａ上ｉｏｎ
ｂｙｅ１ｅｃ上ricalpowerにransmissionlines，CeophysicalResearchLettersA(7)，
Ｊｕｙエ９７７，２７５－２７８。

【5］』.Ｋ、Walker，FortChurchillnlSmagne上ometerchaindata，Dep上．Energy，Mines
andReBourcesDDiviBionofCeomagnetism，l0bservaとｏｒｙＣｒｅｓｃｅｎｔＤＯ上taNUaD
Can･Ｘ１ＡＯＹ３．

【6］Ａ､Ｔ・Price，E1eCtromagneticinductionw土上hin上ｈｅearth，inMatushi上ａ＆
Campbell，PhyBicsorgeomagneticphenomenaDｍｔ．Ｇｅｏｐｈ･Series，Ｖｏユ．ﾕﾕｰ１，
１９６７，Ａｃａｄ･Press，ＮｅｗＹｏｒｋ．

【7］Ｗ､Ｈ･Campbeﾕｴ，Inducにionofauroraエzoneelectriccurrentswi上Ｍｎ上ｈｅ
Ａﾕaskapipeｴine，PureandApp1iedCeophysics，些些，Ｊａｎ．1978,inpress，
C1pages）．

【ＢｌＶＤ･A1ber上Son，」.Ａ・VanBaelen，E1ectricandmagneticfie1dsaヒヒheearthos
surEaceduetoauroraｌｃｕｒｒｅｎｔｓ，IEEETrans・PowerApp.＆Sys上ems，PAS-89
(4)，Ａｐｒｉｌｌ970,578-584（Aﾕsosee3エＥＥＥＴｍｎｓＰＡＳ-93,1974,1031-1044,
mEETransPAS-2且，1973,471-477andlO25-1030)．

【，］］.Ｌ、Kisabe上ｈａｎｄＣ･Rostoker，ModellingoEthree-dimensionalcurrenにｓｙｓ－
ｔｅｍＳａＢｓｏｃｉａｔｅｄｗｉｔｈｍａｇnetosphericsUbstorms，Geophys．］.Ｒ･Ａｓにｒｏ・ＳＯＣ．，
里，1977,655-683.
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