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ABSTRACT
Data collectedby groundmagnetometersandhigh latitude radarsduringa small isolatedsubstormarediscussedin
termsof theglobal changesin convectionduringthesubstorm.This substormwasobservedduringthe international
GISMOS (Global IonosphericSimultaneousMeasurementsof Substorms)Experimentof 1 - 5 June 1987 and the
arrayof observationsdiscussedherespanthenightsectorfrom approximatelyduskto dawn. Thesubstorm,observed
by the Sondrestromradar and auroraland midlatitude magnetometersis associatedwith a polar cap contraction
observednearduskby the EISCAT radar.

INTRODUCTION

The goalsof the GISMOS (Global IonosphericSimultaneousMeasurementsof Substorms)experiments are “to
obtain simultaneous,synergistic,and global measurementsof the ionosphereand magnetosphere;to analyzeindi-
vidual eventsin detail to understandthe time varyingaspectsof the coupling betweenthe magnetosphereand the
ionosphere;to provide realistic inputs and boundaryconditions for modeling magnetosphericprocesses;to provide
observationsagainstwhich the model predictionscan be tested;and to foster comparisonsand interconnections
amongthemodels” /1/. A particulargoalof thecoordinatedmulti-instrumentGISMOS data collectionand analy-
sis effortsis to delineatetheflow ofenergyfrom the solarwind throughthemagnetosphereto its ultimatedissipation
in the ionosphere.Sincethe ionosphereforms one of the electrical boundariesof the solar wind - magnetosphere

- ionospheresystem,variousmanifestationsof the transmissionof the energy throughthe magnetosphereappear
in the ionosphericplasma.Primary amongthesemanifestationsis the dynamicbehaviorof the high latitude iono-
spheric electricfields,currentsandconductivity. Theparticularorganizationof the June1 - 5, 19S7 GISMOSradar
operationsfocused upon obtaining high ladtude electrodynamicmeasurementsat high time resolution in order
to investigatehigh latitude largescale electrodynamicparametersduring time varying conditions and substorm
activity.

The processeswhich influencesubstormactivity begin on the daysideof the Earthwhere the solarwind and inter-
planetarymagneticfield first encounterthe n~gnetosphere.A few percentof the kinetic powercarriedby the solar
wind plasmaimpingingupon the daysidemagnetopause(betweenio~’and 1012 Watts) entersthe magnetosphereto

drive currents,energizeplasma,and producea complexpatternof plasmaconvection/2,3/. Much of theextracted
solar wind energyis thought to be ultinlatcly dissipatedasheat in the Earth’s upper atmosphere,while another
portion of theextractedenergyis thought to be returnedto the solar wind by plasmoidswhich are ejecteddown
the magnetotailduringintervalsof substorrnactivity.
The coupling processeswhich occurat the rnagnetopausecan be divided roughlyinto two categories.The first is
electromagneticcoupling which involves interactionsbetweenthe solar wind magneticfield and the geomagnetic
field (eg. reconnection).The secondcoupling is non-magneticand is generallyreferredto as a “viscous interac-
tion” (eg. Kelvin-Helmholtz driven waves,crossfield diffusion, impulsivepenetration,or gradient-drift entry). It
appears,however,that electromagneticcoupling providesthe major momentumexchangebetweenthe solar wind
and the magnetosphere/4,5/, though thereremainsconsiderabledebateregardingthe possibility that the viscous
interactionscould be an important or dominantcoupling mechanismundersomeconditions /6.7/ and references
therein). The rateof energycoupling, and hencethe strengthand orientationof the associatedelectrical current
systems,vary with the velocity andorientationof theIMF. Geomagneticactivity andparticularlysubstormsappear
to result from both increasedenergycoupling and alsofrom suddenchangesin the coupling rate /8.9/.
In this report we provide a preliminary discussionof a setof spatially separateddata which describethe global
dynamicsof the auroraloval and polar cap prior to and during a smallisolatedsubstorm.

OBSERVATIONS
The periodof particularinterestin this analysis is the interval from 01 - 05 UT on 5 June 1987. It is an interval
characterizedby a weakly southwardIMF and a small, isolatedmagnetosphericsubstormonsetat about03:45 UT.
Prior to this substorm,anothersmall, isolatedsubstormoccurredat about00 UT following anotherinterval of
southwardIMF.
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Figure 1 shows magnetogramsfrom two auroralzone stations: Leirvogur. Icelandand Postede Ia Baleine.Canada.
Leirvogur is near local midnight at the onsetof the first substormprior to the event underconsiderationand the
characteristicnegativebay signatureof both substormscan be seenin the Leirvogur H component. Tile onsetof
the substormunder considerationhereis onservedat Leirvogur (0-1 MLT) atO3:45 UT. Postede Ia Baleine. near
23 MLT, observesthe onsetat 03:55 UT. The maximumperturbation in the H componentduring the substormis
about150 nT andoccurs atabut 0-1:30UT in the Postedo In Baleinemsgnetogranl.Thus, in termsof the strength
of the substormexpansionphasewestwardelectrojetobservednearmagnetic midnight,this is a moderatelysmall
substorm.Mid-latitude stationsin the midnightsector recordedpositivehays ifl tile Fl componentof about 10 uT.
The cnd of tile recoveryphaseof thesubstormoccursat about 05:00UT.
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Fig. 1. Magnetogramsfrom Leirvogur, Iceland (top) and Postede la Baleine,Canada(bottom) for
June5, 1987. A Substorrnonsetis observedin the H componentof Leirvogurat03:45 UT andin the
X componentat Postede la Baleineat 03:55UT.
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Fig. 2. Interplanetarymagneticfield measuredby the IMP-S satellitefrom June4, 19-87 12 UT to
June5, 1987 12 UT in GSM coordinates.
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The interplanetarymagneticfield measuredby IMP-S is shown ;rl GSM coordinatesin Figure 2. Tile first sustorm
expansionat 00 CI followed a roughly 2 hour interval of south yard [MF (B

2 —3.5nT). The 03:45 UT sv’storm

was precededby about2.5 hours of weakly southwardIMP (jI~ —2rsT). The Onsetof the substormex::ansion
is proximate to the sudden northward fluctuations ill B- obs~~vedat 03:48 UT. The expectedpropagatio.udelay,
assumingthe positive fluctuation to lie in a plane alignedal.:ng tile Parkerspiral or othogonalto the Earth-sun
line, betweenIMP-S andtile magnetopauseis about5 - S minutes. Therefore,unlessthe northwardfluctuation lies
in the plane normal to the Parkerspiral, it is an unlikely trigger for tile substormonset. Unfortunately,a datagap
in the IMP-8 data follows 04:13 UT.
In Figures 3 and 4 we show the ionosphericplasmaconvectionmeasuredrespectivelyby the SondreStromfjord and
EISCAT incoherentscatterradars.Theseareclock dial plots with local time shownaround tile outsideof tue plot
and universaltime sholvn aroundthe interior of the dial. Invariant latitude formstile radial dimension. A vectorin
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Fig. 3. F-region ion convectionmeasuredby the Sondrestromradarin a ciockdial format with UT
measuredaround the inner circle andgeographicLT measuredaround theouter circle. In thebottom
panel we addschematicmarkingson the datato aid the viewerin observingthe featuresdescribedin
the text.

thedirection of thevelocity is shownateachmeasurementpoint. We haveindicated the 03:45 - 05:00 UT substorm
interval on both plots with radiallines. During the substorm.theSondrestromradar is located in the post midnight
local time sectorand EISCAT is locatedneardawn.
Prior to the substormexpansiononset,Sondrestromappearsto observea gradualequatorwardmotion of the
convectionreversalboundaryfrom 75°inva~iantto about730 invariantduringthe interval 02:30 to 0:3:-IS CT. This
equatorwardmotion of the polar cap boundaryis taken to representtile expansionof the polar cap and to be
associatedwith the accumulationof magneticflusx in tho tail lobesas a resultof davsidereconnection.At EISCAT
near dasvn,theconvectionreversalbounda,yis observedto be locatedbetween72.5°and 72.6°invariant latitude
prior to the 03:4SUT and to begin a rapid 7olesvardlcontrationat this time.

Following the expansionphaseonset, theSondrestromradar measuresplasmaflow out of tile polar cap during the
first half of the substorminterval. During the secondhalf of the interval, Sondrestromobservesthe convection
reversalboundaryto be locatedinitially at r.bout 73°invariant and to then suddenlyjump to 76°invariant at the
end of the substorm. At EISCAT neardawn, the effect. t~ ~ is a polewardmotion of the convection
reversalboundaryduringthe entiresubstorminterval from 72°to 76°insariant. The contractionof the polar cap
duringthesubstormexpansionandrecoveryphasesindicatesan imbalancebetweentile mergingrateson the dayside
andnightsidewith moreflux leavingthepolar cap on the uightsidethan enteringit on the dayside/10, 11, 12. 13/.
Since the polar cap contractionis observedto continueat EISCAT and tile magneticmeasurementsof substorm
activity at auroral and midlatitude observatoriesindicate that the substormcontinues,it is possible that the
observedhalt to outflow from the polar cap bservedby Sonduestromin the middle of the substorminterval is the
resultof Sondrestromrotating pastthe outflow region. This maybe equivalentto moving beyondthe ionospheric
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projection of the substormmerging line in the tail. This is very interesting becauseit appearsthat thelocation of
the convectionreversalboundary at Sondrestromis still near 73°invariant and this may indicate a stationary(in
position down the tail) merging line at leastthrough the expansionphaseof the substorm.The suddenpoleward
motion of tIle convectionreversalboundary at Sondrestromduring tile final 10 minutes of the substortnmay be
relatedto the tailward retreatof the mergingline.
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Fig. 4. F-region ion convectionmeasuredby the EISCAT radar in a clockdial format similar to the
one in Fig. 3. The 03:45UT substorminterval is marked by radial lines and during this interval the
convectionreversalis observedto move poleward.

A simplecalculationis possibleto determinethe amountof flux removedfrom thepolar cap duringtile contraction
assuminga circularpolar cap centeredon the invariant poleand a dipole representationof the geomagneticfield.

~=fB.da (1)

The polar cap boundary,initially locatedat A = 72.40 movespoleward4.1°to A = 76.5°in 75 minutes. This
amountsto a changein flux of 2.882’ 108 Webers.The flux rateof changeis then given by the outflow acrossthe
mergingline projectionin the ionosphere.

(2)

whereV~is the velocity normal to the boundary(equatorwardcomponentof the flow) and I is the length of the
mergingline projectionin theionosphere.Knowing thatthecontractiontakes75 minutes,and usingtheequatorward
componentof the flow measuredatSondrestrom(V~. 500 ni/sec.) we can solve for I and find I = 2.167• iO6m.
This is equivalent to about5 hoursin local time. This gives a potential drop alongthe neutralline of about64 kV.
A detailedanalysisof theEISCATobservationsoftheconvectionreversalboundaryduringthis polarcapcontraction
is presentedby Lockwood et al., /13/. They finch that during the contractionobservedat EISCAT, tise pohesvard
componentof theplasmavelocity exceedsthe contractionvelocity. That is, thereis flow into tile polar cap observed
at EISCAT. The flow is equivalentto a 7 kV potentialdrop over abouttwo hoursof local time and is attributedto
viscousprocessesat the flanks of the magnetosphere.This observationplus the possibility of additional flow into
the polar cap from the daysidemerging regionindicates that the aboveestimatesof the length of the substorm
mergingline and potential drop are probablylower limits.
Magnetic recordsof the substormare consistentwithl the large local time extentof tile substormcurrentsystems
suggestedby tile aboveestimates. Following the ideasof Clauer and McPherron,/14,1.5/ who usemidlatitude
magnetograrnsto psrameterizethe location,extentandmagnitudeof isolatedsubstormdisturbanceswe find positive
baysin midlatitudemagnetogramsareobservedat Tucsonat 21 MLT, Fredericksburgat 23 hILT and San Juanat
23:45 MLT. A positivebay is alsoobservedat tile sub auroralstation at St. Johnslocatedat 01 MLT. A delayed
negativebayis observedat the auroralstationFort Churchlill locatedat 21 MLT andno baydisturbanceis observed
at Yellow Knife at 19 MLT. Thus tile extentof the substormcurrentwedgeis roughly from 21 MLT to 03 MLT.

SUMMARY
A small, isolated substormobservedby the Sondrestromradar and by ground magnetometersat auroraiand
midhatitudesis associatedwith a polar cap contractionobservedneardusk observedby the EISCAT radar. Tile
longitudinal extentof the substormdisturbancespansroughly21 MLT to 03 MLT. Basedupon the flow out of the
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polar capobservedby the Sondrestromradar at 02:00MLT we estimatethat the length of tile outflow regionmust
be 5 or 6 hoursof local time to accountfor tile contractionof anassumedcircularpolar capobservedby EISCAT.
Thus is consistentwith the extentof the disturbancededucedfrom the magneticrecords.
These observationsare consistantwith a modelof magnetosphericsubstormsin lvhichl flux is accumulatedin the
tail lobesduring an interval of enhanceddaysidereconnectionassociatedwith a southwardIMF. This resultsin an
expansionof the polar cap. The contractionof thepolar cap and the associatedniglltside substormdisturbance
are the result of an enhancedreconnectionrate in the magnetotail,probably at a new near-Earthmerging line.
The local time extentof the merging line is very broad, and tile observation that the night side position of the
convectionreversalboundary appearsto remain constantduring the contractionobservedat dusk, suggeststhat
tile radial positionof thle merging line also remainsfixed until tile end of the recoveryphase,~vhenwe observea
suddenpoieward motionof theconvectionreversalat Sondrestrom.We note that this sceneriois outlined for only
simple isolatedsubstormsand may not be the casefor more complexperiodsof continuousactivity.

ACKNOWLEDGEMENI S

Support to Stanford University for this researchhasbeenprovided by- the National ScienceFoundationthrougll
GrantsATM-S503105and ATM-S80.560.5and INT-8610325.Supportat SRI Internationalis through NSFCooper-
ative AgreementATM 85-16436. IMP-S magneticfield datawere kindly provided by Drs. Ron Lepping and Joe
King. Groundmagnetogramswere provided the National GeophysicalData Center GeomagneticData Services.
Tile EISCAT radar is an internationalfacility supportedby tile researchcouncilsof Finland(SA), France(CNRS),
tile FederalRepublicof Germany (MAC). Norway(NAVF), Sweden(NFR) and tile UK (SERO).Support at Lock-
heed Palo Alto ResearchsLaboratoryhasbeen provided by the NationalScienceFoundationGrant ATM 86-13357.
Supportat the Applied Physics Laboratoryhasbeen providedby the National ScienceFoundation.

REFERENCES

1. 0. de la Beaujardiere,D. S. Evans,Y. Kamide, and R. P. Leppiitg, Responseof auroraloval precipitationand
magnetosphericconvectionto chsangesin thu interplanetarymagneticfield, .4nn. Geophyysicae,.5,519, (19SS).

2. T. ~V.Hill, Solar-wind magnetospherecoupling, in Solar-Terrestrial Physics,editedby R. L. Carovihlanoand
J. L. Forbes,261 - 302, D. Reidel,Dordrecht,(1983).

3. D. N. Baker, T. A. Fritz, R. L. McPllerron, D. H. Fairfield, Y. Kamide, and ~V. Baumjohann,Magnetotail
energystorageand releaseduring the CDAW 6 substormanalysisinterval, J. Geophys.Res., 90. 1205, (1935).

4. L. C. Leeand J. G. Roederer,Solarwind energytransfertllrough themagnetopauseof anopenmagnetosphere,
J. Geophys.Res., 87, 1439, (1982).

5. 1. hi. Podgorny,E. hi. Dubinin, and Y. N. Potanin,The magneticfield on tile magnetosphericboundaryfrom
laboratorysimulationdata,Geophys.-Res.Lett., .1~207, (1978).

6. P. H. Reiffand 1. L. Burch, lb-IF By-dependentplasmaflow andBirkeland Currentsin tile daysidemagnetosphere
2. A global model for nortllward and southwardIMF, J. Geophys.Res.90,1595, (1985).

7. W. J. Heikkila, Transportof plasmaacrossthemagnetopause,in Solar Wind - MagnetosphereCoupling, Y.
Kamide andJ. A. Shavin (Eds.),337, TerraScientific Publishing,Tokyo, (19S6).

S. R. L. McPllerron, C. T. Russell,and hi. P. Aubry, Satellitestudieson August 1.5, 196S, 9: A phienomenological
model for substorms,J. Geophys.Res., 78, 3131, (1973).

9. hi. N. Caan,R. L. McPherronand C. T. Russell,Characteristicsof the associationbetweenthe interplanetary

magneticfield and substorms,J. Geophys. Res., 82, 4837, (1977).

10. C. T. Russelland R. L. McPherron,The maguetotail and substorms,SpaceSci. Rev., 15, 20.5, (1973).

11. R. L. McPherron,Magnetosphericsubstorms,Rev. Geopluys. SpacePups., 17, 657, (1979).

12. hi. Lockwood and hi. P. Freeman,Recent ionosphericobservationsrelating to solar wind - magnetosphere
coupling, Phil. Trans. Roy. Soc., (London).A, in press,(1988).

13. hi. Lockwood, S. W. H. Cowley,H. Todd,D. hi. Willis, and C. R. Clauer,lout flows andheatingat a contracting
polar cap boundary,Planet. SpaceSci.,submitted,(1938).

14. C. R. Chauerand R. L. McPherron,Mapping the local time - universal time developmentof magnetosphleric
substormsusingmidhatitudemagneticobservations,J. Geophys.Res., 79, 2811, (1974).

15. C. R. Clauerand R. L. McPherron,Variability of niidlatitude mnagoleticparametersused to characterizemag-

netosphlericsubstorms,J. Gcophys.Res., 79, 2398, (1974).


