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FoⅡowingthessc,theHcomponenttypicallyremainsaboveitsaveragelevelfbrafewhours；
thisphaseiscalledthe腕j”ﾉｐ加ｓｅｏｆｔｈｅｓｔｏＩｍ・ＴｈｅｎalargeglobaldecreaseinHbegins，
indicatingthedevelopmentofthemainphaseofthestorm・ThemagnitudeofthedecIeaseinH
IepresentstheSeverityofdisturbance・Althoughtheabovedescriptiongivesstatisticalaverage
featulesofmagneticstorms,thevariationsinindMdualcasesdiffergreatlyfromonestormto
another．

1．ｌＮＴＲＯＤＵＣＴＩＯＮ

Ithaslongbeenlmownthatthehorizontalcomponent,Ｈ,ofthegeomagneticfieldisdepressed

duringperiodsofgreatmagneticdisturbancesandthattherecoverytoitsaveragelevelis

gradual(Broun,１８６１；Adams,１８９２；Moos，1910).Comprehensiveanalysesofmagnetic

stormmoIphologyhavebeenmadebyChapman(1935,1952andeaxlierpapersIeferrcdto

therein),Vestineetal.（1947),SugiuraandChapman(1960),andmanyothers(seeAkasofU
andChapman,1972)．
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ThesestudieshaveshownthatatequatorialandmidlatimdesthedecreaseinHduringa

magneticstoImcanapproximatelybeIepresentedbyaunifbrmmagneticfieldparalleltothe

geomagneticdmoleaxisanddirectedtowardsouth､Themagnitudeofthisaxiallysymmetric
disturbancefieldvarieswithstorm-time,definedasthetimemeasuredfmmthestonnonset・

TheonsetofamagnetlcstonnisoftencharacterizedbyaglobalsuddenincIeaseinH,whichｉｓ
唾ferredtoasthes””sJ4daE〃ＣＯ加加e"Ｃｅ碗e〃anddenotedbyssc・Thelistofstormsudden

commencementisestablishedbytheObservatorｉｄｅｌ‘Ebre,ItispublishedinthelSGIMonthly
Bmletins(preliminarylist)andthelAGABuUletinNo32series;thelatterseriesalsoliststhe

timｅｏｆｔｈｅｓｓｃ，s､ThesestormsuddencommencementsareindicatedbytrianglesintheKp
musicaldiagramsestablishedbythelnstitutfiirGeOphysikderUniverSitatG6ttingen,and
publishedinlheIAGABulletinNo32series．

ｗｅdenotebyDstthedisturbancefield,whichisaxiallysymmetricwithreSpecttothedipole
axis,ａｎｄｗｈｉｃｈｉｓにgaIdedasafimctionofstorm-time､IfanindexmonitoringtheDstinHis
derivedcontinuouslyasafmctionofUT,thisvariationwillcleaxlyindicatetheoccun℃ncesof
magneticstormsandtheirseveritywhentheyoccur､FurtheImore,evenintheabsenceof
distinctmagneticstoIms,thisindexwmcontmuouslymonitordisturbancesthataIesmallerin
magnitudethanthoseusuallycalledmagneticstorms,ordismrbancesthatbegingradually
withoutaweu-definedcommencement､Thus,ｔｈｅＤｓtvariationsoderivedwnlpmvidea
quantitativemeasureofgeomagneticdisturbancethatcanbecorrelatedwithothersolarand
geophysicalparameters・ItisfbrthesepuIposesthattheDstindexisderivedandpublished
lhroughthelAGAonacontinuousbasis．
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2.2Derivationprocess

2､2.1.Ｂａｓｅｊ伽ｅ

2．ＭＥＴＨＯＤＯＦＤＥＲＩＶＡＴＩＯＮＯＦＴＨＥＤｓｔＩＮＤＥＸ
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１
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2.1．Ｔｈｅnetwork

ForthederivationoftheDstindexpresentedinthisreport,fburmagneticobservatories，

Hennanus,Kakioka,Honolulu,andSanJUanareused・TheseobservatoilBswerechosenon

thebasisoftheqUalityofobservationandfbrtheIeasonthattheirlocationsaIesufficiently

曲tantfromtheauroralandeqUatorialelectrQjetsandthattheyaredistributedinlongitudeas

evenlyaspossible・ThecooIdinatesoftheobservatoriesaIegiveninTablel,ａｎｄamapofthe

nemoIkisgiveninFigmel．

1１

ｌ
ｉ

ThebaselinefbrHisdeflnedfbreachobservatoryinamannerthattakesintoaccountthe

secularvaIiation､Foreachobservatory,theannualmeanvaluesofH,calculatedbromtheoofiVe

qUietestday，，fbreachmonth,fmmthedatabasefbrthebaseline・ItshouldbeIememberedthat

thefinalDstvaluesaredeterminedaftereachcalendaryearandthattherefbreinthis

detemninationtheannualmeanvaluesareavaiM｡leonlyuptoandincludinglheyear(xefenEdto

belowasthecuxrentyear)fOrwhichtheDstiStobededuced､Thebaselineisexpressedbya

powerseriesintimeandthecoefficientsfbrteImsuptotheqUa〔haticaredeteIminedbythe

methodofleastsquaI己S,usingtheanmlalmeansfbrtheculrentyearandthefOurpxeceding
ye麺s,Ｔｈｕｓ,thebaseljne,Hbaseisexpressedas

Ｈbase(て）＝Ａ＋ＢＴ＋ＣＴ２ （１）

WhereTistimeinyearsmeasmedhomareferenceepoch．

Ｉｔｉｓｎｏｔｅｄｈｅｒｅｔｈａｔｉｆｔｈｅｐｏｌｙｎｏｍｉalexpansionofthemmualmeansismadeina

straightfbrwardmannerasdescribedabove,analtificialdiscontinuity,althoughseldomlarge
enoughtoberecognizedbyacasualinSpection,canbeintroducedbetweenthebaselinevalue

fbrthelasthourofoneyearandthatfbrthefirsthouroflhefbnowingyear,becausethesetwo

baselinevaluesaIecalculated伽mtwodiffe唾ntpobmomials・Tbminimizesuchadiscontinuity
thepolynomialdeteIminationisactuallymadeintwOsteps・Fmmthepolynomialexpansion
determinedinthefirststep,thebaselinevalueattheendofcunentyeariscalculated・Inthe

secondstep,thisvalueisincludedasanadditionaldatapointinthepolynomialfitting・This
procedmehasbeenfOundtobesatisfactory・

nebaselinevalueHbase(T)calculatedfrom(1)fbreachUThourofthecunentyearls
substmctedfmmtheobservedHvalue,Hobs(r)：

△Ｈ(Ｔ)＝Hobs(Ｔ)－Ｈbase(Ｔ）（２）

nedeviations,△Ｈ(T),fOrmthedatabaseinthefOllowingderivationfOreachofthe
observatories．，

Ｉ －９－
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ThesolarqUietdailyvariation,Ｓｑ,isderivedfbreachobservatmyasfbnows・TheaverageSq

valiationfbreachmomhisdeterminedfromthevaluesofH(T)fbrtheintemationaⅡyselected

fiveqUietestdaysofthemonth,TheseqUietestdaysaIedetermineｄｉｎＵＴ・InoIdertodeEnean

averageSqvaIiationfbrthelocaldayofeachobservatory,wefmntheaveragesfOrthelocal

homsusingfivelocaldaysthathavethemax1mumovedapwiththeintemationalfiveqUietest

days・Also，usinghomlyvaluesimmediatelybefOreandimmediatelyafterthelocaldays

selected,weevaluatelhelinearchangeandsubbractitfromtheSqvaIiation・Inthismannerwe

Iemove丘omSqthenoncyclicchange,whichispartofDstvariation,andalsoevaluateSqfmm

themidnightlevel．

Thel2setsofthemonthlyaverageSqｓｏｄｅｔｅｍ血edfOrtheyearareexpandedinadouble

FOulierserieswithlocaltime,t,andmonthnumber,ｓ,astwovaIiables：

Ｓｑ(t,s)＝ZZAmncos(mt+α､)cCs(ns+β､）（３）
ｍ、
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ThisrEPIesentationallowsustocalculateSq(r)atanyUThour,Ｔ,oftheyear､Thisprocedme

msaPPliedtoeachObservatory．
●

2.2.3.Ｈ､"fyE9”"r〃Ｄ鈍伽Ex

ForeachobservatoIythedUsturbancevariation,Ｄ(r),isdefinedby：

Ｄ(Ｔ）＝△Ｈ(Ｔ)－Ｓｑ(Ｔ）

andnomnalizedtothedjpoleeqUatorby：ThenＤ(r)isaveragedoverthefburobservatoｎｅｓ

Ｄｓｔ(T)＝｣２１工上
COS(Ｐ

(5)

whelethedenommatoristheaverageofthecoslnesoflhedjpolelatitudes,《Pi(陰1,4),ofthe

observatoriescontributingtotheaverage・ＴｈｉｓnoImalizationprocedurehasbeenfOundto

mlmmlzeundesiIBdeffects丘ommissinghouI1yvalues．

2.3．Remarks⑪ntheDstDerivation

Theaboveprocedure，includingtheproductionoftablesandplots，isautomatedtothe

maxlmumextentpossible・However,techniqueshavebeendevisedtodetectermrsatvarious

stages・Bythismethod,numemuseIrorshavebeendetectedintheobservatoIydataand

subseqUentlyconected､ThemethodofthederivationofDsthasbeenimprovedovertheyeaIs；

fbraneallierversion,seeSugiura(1964).Itmayappearthatthemethodcouldbeimproved
hmher・Forinstance,itmightbethoughtthattheselectionofthequietdaystobeusedfbrthe

averageSqcanbeimproved・However，anyselectionofqUietdayswouldintroduce

arbitrariness・Also,Sqisadynamicvariationwhichoftenchangesovertimeperiodsofafew
homstoseveraldays,andtherefbre,themodelingofSqhasastatiscalmeaningonly・Thuswe
chosetousetheintemationallyselectedfiveqUietestdaysofeachmonth・Astatisticalstudycan

1０－
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IeadilybemadeontheseqUietdaysandifnecessaxy,conectionscanbeappliedtotheDstindex

fbranymodificationsonSq．

ObtainingDstonamutinebasiswithahighertime証esolutionthanlhourwomldnotbefeasible

unlessallthemagnetometersattheDstobservatonesaxBconvertedtodigitalsystems・Evenif

themagletometersaIemadedigital,itislikelythathightime-resolutionDstdatawouldbe

worthwhiletoderiveonlyfbrSpecificperiodsorevents．

2.4．ReferenceleveIhrtheDstindex

TheIeferencelevelfbrDstissetsothatontheintemationallydesiglatedfiveqUletestdaysthe

Dstindexiszeroontheaverage・However,evenontheseqUietdaysthereexistsasouthwaId

diIectedmagmeticfieldproducedbytheequatorialcunEntsysteminthemagnetoSpheIe,which

isoftenreferredtｏａｓｔｈｅｑＵｉｅｔｔｉｍｅｒｉｎｇｃｍｒｅｎｔ・nlemagneticfielddepressioninthe

magmetoSpheIEhasbeenextensivelysurveyedbytheOGO3and5sateⅡites(e‘9.Sugiuraand

Poms,1973).AccordingtotheOGO5observations,themagneticfielddepIessionnearthe

dUpoleeqUatoratgeocentricdistancesof2,３ｔｏ３．６eaxth-radiiisstatisticallyabout45nTwhen

Dstiszero(Sugiura,1973).ThemagmitudeofthisfielddepIessionislikelytodecrasetowaId

theEarth,buttherearenodefinitiveobservationstodatetoprovidethedistributionofthe

magneticfieldatgeocentricdistanceslessthan2ealthradii､ApIeliminaIystudywithMagsat

datatakenat350to560kmaltitudesshowsthatatthesuIfaceoftheEanhtheaxiallysymmemc

extemalfieldisestimatedtobe‐25nTwhenDstiszem(Langeleta1.,1980).Ａｌthoughthis
valueseemsreasonable,theabsoluterefbrencelevelfbrtheDstvariationremainstobestRndied

inthemtuxe・Forinstance,theoffsetofDstmayvaIywithsolarcycle．

3．ＩＮＴＥＲＰＲＥＴＡＴＩＯＮＯＦＴＨＥＤｓｔＩＮＤＥＸ

TheDstindexrepresentstheaxiallysymmetricditurbancemagneticfieldatlhe〔mpoleeqUator
ontheEarth'ssurface､MajordisturbancesinDstarenegative,namelydecreasesinthe

geomagmeticfieldThesefielddecIeasesaIeproducedmainlybytheeqUatorialcurrentsystem

inthemagnetoSphere,usuallyreferredtoastheringcurrent・Theneutralsheetcurrentflowing
acmssthemagnetoSpherictailmakesasmallcontributiontothefielddecreasesneartheEaIth・

PositivevariationsinDstalemostlycausedbythecompressionofthemagnetospherefrom
windpressuIemcrcases．

ltislmownthatthedisturbancefieldisgenerallynotaxiallysymmetric・Inparticular,inthe
developingphaseofamagneticstonntheasymmetricdisturbancefieldcanbeeveng区eaterthan

thesymmetricpart(e､9.SugiuraandChapman,１９６０；AkasofUandChapman,1964).Inthe

aSymmetncdisturbancefield,thefielddecIeaseisusuallylalgestinthedusksector,Tomonitor

theasymmetricdisturbancefieldweexpandfbreachUThour,Ｔ,thedisturbancefieldD(r)in

aFourierseriesinlocaltimeanddeterminetheamplitudeandphaseofthediumalcomPonent・
DuringtheMagsatoperation,Dstanddiumalandsemi-diumalcomponentsofDwerederived

－１１



TheplotsofthehouI1yDstvaluesaxegiveninthefOnowingSection2(pagesl5‐４６).Inthe

figules,thesolarmtationnumbersaIeindicatedontheright,andthedaynumbers,１ｔｏ27,in
eachsolarmtationaleshownatthebottom．

andmadeavailkUeontheMagsatdatatape(Langeleta1.,1981).ForlhiSperiod,1hedatafmm
lhefburDstObservatmiesweresUpplementedbythosefromAlibagtoimpmvethelongimdinal

covexage・Ｔｈｅａｓｙｍｍｅ位icdisturbancefieldhasusuallybeenattributedtoapartialringcmrenｔ
(AkasofUandChapman,１９６４；Cahill,１９６６；Frank,１９７０；FukushimaandKamide,1974)．
However,ithasalsobeensuggestedthattheasymmetricdisturbancefieldmaybeproducedby

anetBilkelandcunentflowingintotheionoSpherenearnoonandflowingoutnearmidmight

(CmokerandSiscoe,1981).ThesouIcefbrasymmetricdisturbancefieldtherefbreIemainsto
be記solvedinthefmtuIe．

FormanyyearsitwastaciUyassumedthattheringcurrentiscarriedbyhydmgenions・
However,IecentsatelliteObservationhaveshownthatoxygenandheliumionsfbrmsignificant

componentsoftheringcmrentparticlesintheenergyrangebelowl7Kev,suggestingthatthe

lonosphereisamajorsourceofthestormtimeringcurrent（Sheney，1979)．Satellite
observationsofthedecayoflheringcurrentalsoseemtoindicatethepIesenceofoxygenand

helium(Smitheta1.,1881).nleringcImentionswithenergygreaterthan600Kevhavea

compositionsuggestiveofsolarwindorigin(Wmiams,1980).However,thecompositionof

theionsfbrmingｔｈｅｂｕｌｋｏｆｔｈｅｒｉｎｇｃｕｒｒｅｎｔｅｎｅｒｇｙｄensity，ｉ､e・ionswithenergies

appmximatelybetween20and600Kev,hasnotbeendixcctlymeasured(Williams,1981).For
thefbnnationofthestormtimeringcunent,suchpmcessesaslheealthwardconvectionofthe

tailplasmasheetandadiabaticinwaxdmotionoftheouterzoneradiationbeltionsbothdueto
enhanceddawn-duskelectricfields,accelerationofionosphericionsbyelectricfields,andin-

situaccelerationoftheplasmaatlheplasmaSpheIe-plasmasheetinteIfaceappeartobeinvolved．

4．ＰＲＥＳＥＮＴＡＴＩＯＮＯＦＴＨＥＢＵＬＬＥＴＩＮ

ThislAGABulletinNo40p唾sentsthevaluesoftheequatorialDstindexfbrtheyearsl957to

l986．
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