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Abstract

Westudiedthreesuddenimpulse(SI) eventsthattookplacein September
1999during the InternationalSpaceWeatherCampaign.The threeSIs oc-
curredon15

���
, 12

���
and22

���
at2019,0400and1220UT, respectively. Clear

shockswereobservedin thesolarwind by ACE, WIND, IMP-8 andGEO-
TAIL. SuperDARN, ScandinavianTwin AuroralRadarExperiment(STARE)
and several magnetometerchainsin different magneticlocal time sectors
wereusedto monitor ionosphericprocesses.During thefirst two eventsthe
IMF B � waspositive or weaklynegativeandonly minor ionosphericeffects
wererecorded.During thelasteventwhentheIMF B � turnedfrom positive
to negative at the shockfront, our instrumentationobserved a clear iono-
sphericresponse.Propagationandintensificationof thepulsewasrecorded
by thedaysidemagnetometers.Both SuperDARN andSTARE lost thesig-
nal,whichwasdueto adecreasein theE-fieldbelow thethresholdvalueasa
consequenceof enhancedprecipitation.MagnetometersmeasuredPc5 type
pulsationsaftertheSI, andvariationswith thesameperiodwerepresentalso
in theSTARE signal-to-noiseratio (SNR).

1 Introduction and data description

Threesuddenimpulse(SI) eventswereobserved in September1999during the
InternationalSpaceWeatherCampaign.SIs took placeon 15

��	
, 12

��	
and22


��
at

2019,0400and1220UT accordingto theground-basedmagnetometers.
Solarwind parametersweremeasuredby ACE,WIND, IMP-8 andGEOTAIL.

For all threeSIs the satellitesrecordeda shock: a suddenincreasein pressure,
protonnumberdensity, protontemperature,bulk velocity andthetotal magnitude
of IMF.

In thisstudyweusedfour magnetometerchainsoperatingin thenorthernhemi-
sphere: IMAGE (Scandinavia), CANOPUS(Canada),GIMA (Alaska) and the
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Greenlandchain.Thesamplingratesof thechainsarethefollowing: 10sfor IM-
AGE, 5s for CANOPUS,2s for GIMA and20sfor Greenland.We alsousedthe
provisionalDst-index to monitortheactivity beforeandaftertheSI.

CANOPUSphotometerdatawereavailablefor oneevent (Sep12), while the
other two eventsoccurredduring daylight in Canada. The operatingseasonof
the Scandinavian all-sky cameras(Syrjäsuoet al. [1998]) hadnot startedyet in
September1999.ThewholeSuperDARN network wasnaturallyoperatingduring
thecampaignandrunningthecommonmodeprogram(timeresolution2 minutes).

The Scandinavian Twin Auroral RadarExperiment(STARE) consistsof two
coherentradarstationslocatedin Midtsandan(10.7



E, 63.4



N) in Norway, and

in Hankasalmi(26.9


E, 62.3



N) in Finland.Thecommonfield-of-view (FOV) of

theradarsextendsroughlyfrom 68


N to 72



N in latitudeandfrom 15



E to 25



E

in longitudeandcoversa geographicareaof about200000km
�

in the E-region.
Theradarsoperateat frequencies140MHz and143.8MHz, respectively, andare
sensitive to E-region irregularitiesof thescalesizeof aboutonemeter. Thespatial
andthetemporalresolutionsof STARE areabout20 km � 20 km and20 seconds,
respectively (Greenwaldet al. [1978]). STARE datawereavailable for the last
event(Sep22).

In the following sectionswe describeeachSI event separatelystartingfrom
thesolarwind conditionsfollowedby themostimportantfeaturesobservedby the
ground-basedmagnetometersandcoherentradars.

2 Observations

2.1 Sep 15

In Sep15theshockin thesolarwind wasrecordedby ACE(GSEX � 239R� , Y � -
32 R� , Z � 19R� ), WIND (GSEX � 70 R� , Y � -35R� , Z � -3 R� ) andGEOTAIL
(GSEX � 0 R� , Y � 12R� , Z � 2 R� ). GEOTAIL wasinsidethemagnetopauseand
it observed theshocksimultaneouslywith thefirst magnetometerson theground,
at 2019UT. Accordingto ACE andWIND theIMF B � andB � werebothpositive
onbothsidesof theshockfront but therewasaclearincreasein theIMF magnitude
of about5 nT.

The Dst-index was increasedfrom -13 nT at 2000UT to -3 nT at 2100UT.
At theSI time IMAGE waslocatednearmagneticmidnight,theGreenlandchain
around18MLT, CANOPUScloseto middayandGIMA at about9 MLT. Both the
first andthelastSI observationweremeasuredby theGreenlandEastchainwith a
time differenceof 1 min 47 secs.TheSTARE andSuperDARN radarsmeasured
initially very little backscatter, which did not allow us to draw any conclusions
aboutthescatteringconditions.
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2.2 Sep 12

ACE (GSE X � 242 R� , Y � -32 R� , Z � 17 R� ), WIND (GSE X � 33 R� , Y � -
38 R� , Z � -4 R� ) , IMP-8 (GSEX � 30 R� , Y � -16 R� , Z � -25 R� ) andGEO-
TAIL (GSEX � 13R� , Y � -20R� , Z � -3 R� ) measureda shockshortlyafterUT–
midnightonSeptember12

��	
. All thesatelliteswerelocatedin thesolarwind. The

positionof WIND andGEOTAIL wasverycloseto themagnetopauseandthey ob-
servedtheshockfront only acoupleof minutesbeforethefirst ground-basedmag-
netometersreacted(before0400UT). In thiscasetheIMF B � wasweaklynegative
but peaked to morenegative valuesat theshockfront. The IMF B � decreasedto
morenegative values,too, after the passageof theshock,andthe increasein the
total IMF wasabout6 nT.

The ionosphericDst-index increasedby 22 nT duringanhour from theinitial
valueof -4 nT at 0400UT. At the SI time IMAGE wasaround6 MLT, Green-
landin thepost-midnightsector, CANOPUSin thepre-midnightsectorandGIMA
around17 MLT. Poker stationin GIMA recordedtheSI signaturefirst, 1 min and
23secsbeforethelastobservationby RankinInlet in CANOPUS.Again,thetime
differencewassosmallthatnosystematicpropagationeffect wasdetectable.

The magnetogramfrom Gillam stationin CANOPUSshowed a negative bay
of about130nT in thegroundB � startingat0400UT, i.e. atabout2130MLT. The
magnetometersat thestationsnext to Gillam hardlyreacted.However, theprelim-
inarydatafrom theMPA scanningphotometeratGillam recordedstructuredemis-
sion in bothgreen(557.7nm) andred(630.0nm) linesstartingfrom the impulse
at0400UT. Also thehydrogenline (486.1nm)emissionstrengthenedremarkably.

Again,STARE andSuperDARN radarsmeasuredinitially solittle backscatter
thatnoSI effectcouldbeseenin thosedata.

2.3 Sep 22

All thefour satellitesmeasureda shockon September22

��

(ACE at GSEX � 235
R� , Y � -37 R� , Z � 12 R� andWIND at GSEX � 83 R� , Y � -8 R� , Z � 1 R� ).
This timeGEOTAIL (GSEX � 9 R� , Y � -22R� , Z � -3 R� ) andIMP-8 (GSEX � -
8 R� , Y � -34R� , Z � -23R� ) werecloseto themagnetopauseobservingtheshock
one minute beforeand one minute after the first magnetometerson the ground
(1220UT). At theshockfront theIMF B � droppedfromabout+10nTto -15nTand
stayednegative for almost5 minutes.TheIMF B � wasnegativeaswell decreasing
somewhataftertheshockandtheincreasein theIMF magnitudewasabout10nT.

The Dst changedfrom about-5 nT at 1200UT to about18 nT at 1300UT.
During this SI, IMAGE waslocatednear15 MLT, Greenlandaroundmiddayand
CANOPUSandGIMA in thepost-midnightsector. Themagnetometerthatmea-
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suredthis SI first wasBrorfelde,the Greenlandchainstationin Denmark. Bror-
felde locatesat lower latitudesthanany otherstationwe used,andat theSI time,
1220UT, it wason thedaysideat about13MLT. Thelatestpulseobservationwas
recordedby Gakova stationin GIMA ( � 0130MLT), 4 minutesand22 seconds
later. This timedelayis almosttwiceaslongasin thetwo previouscases.

A moredetailedstudyrevealedtwo correlations.Includingonly the(36)mag-
netometerson thedaysidewe founda correlationbetweenthecorrectedgeomag-
neticlatitude(CGMLAT) of themagnetometerstationandtheSI observationtime
at the samestation,with a correlationcoefficient of 0.71(Figure1). In addition,
therewasa correlationbetweentheSI relatedpulsepeak-to-peakamplitude(nT)
and the observation time, with the correlationcoefficient of 0.72 (Figure2). In
thelatteranalysiswe took into accountonly theclearestpulseson thedayside(30
altogether).

Figure1: SI observation time versuscorrectedgeomagneticlatitude(CGMLAT)
of themagnetometerstation.Lengthof theerrorbrasis twicethesamplinginterval
of thedata.Correlationcoefficientbetweentheseparameters0.71.

NorthernhemisphericSuperDARN radarsdetectedastrongdecreasein backscat-
teredpower4 minutesaftertheSI (seeFigure3). After another4minutesthesignal
strengthenedagainalmostto its initial level. Thesameeffectwasfoundalsoin the
signal-to-noiseratio (SNR)of theSTARE radar, especiallyin therecordingsof the
Norwegianradarwhich looksmoreparallelto the ionosphericconvection. Three
minutesaftertheSI theradarbeganto losetheecho(seeFigure4), first from lower
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Figure2: SI observationtimeasafunctionof thepulseamplitude(nT).Correlation
coefficientof thedatais 0.72andthelengthof theerrorbarsis twice thesampling
interval.

latituderanges(68–70


), andoneminutelateralsofrom thenorthernedge( � 72



)

of theFOV.
In Figure5 wecomparethesumof SNRat latitudes69



, 70



and71



to theB �

from theSørøyamagnetometerstation(locatedin thecentralregionof theSTARE
FOV). Thesumwascalculatedoverall longitudes(from15



to25



) andoneminute

in time. TheSI relatedpulseaswell asthepulsationsafterit wererecordedbothby
themagnetometer(upperpanel)andtheradar(lower panel).Somelongerperiod
( � 10minutes)fluctuationswerealsomeasuredby theCUTLASSIcelandradarin
thebeamsnorthof theSTARE FOV (between73



and75



).

The decreasein thebackscatteredsignalpower is seen4 minutesafter theSI
in CUTLASS Iceland’s beam8 (Figure6). But this effect is even clearerin the
SuperDARN parameterplot, in Figure3,whereall thenorthernradarsareincluded.

3 Summary and conclusions

We studiedthreeSI events,on 15
��	

(IMF B � > 0), 12
��	

(IMF B � weakly< 0) and
22


��
(IMF B � strongly< 0) in September1999,whichoccurredat2019,0400and

1220UT respectively. WeusedACE,WIND, IMP-8 andGEOTAIL to identify the
shockin thesolarwind, andground-basedmagnetometersandcoherentradarsto
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Figure3: Power from the northernhemisphericSuperDARN radars. Plotsfrom
two minutesbefore(top left), at theSI time (top right), two minutesafter(bottom
left) andfour minutesafter(bottomright).
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Figure4: Signal-to-noiseratio from the STARE Norway radarasa function of
geographiclatitudeandtime in minutesafter12UT.

Figure 5: B � variation at Sørøya station (purple) and summedSNR from the
STARE Norway radar(black) aroundSI observation time, 1220UT (greenver-
tical line).
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Figure6: Periodicfluctuationsin powerfrom thebeam8 of theCUTLASSIceland
radar.

investigatetheionosphericresponse.
The ionosphericeffects,dependingon the IMF B � (and IMF B � ) condition,

weredifferent: the strongernegative B � the morepronouncedeffects in ground-
baseddata. During the first two eventsminor responseswereobserved while in
the lastcasetheradarslost thesignalfor about5 minutesandthestrongpulsein
B � wasclearlydelayedandstrengthenedfrom lower to higherlatitudes.IMAGE
recordedsomemagneticpulsationsaftereachof thethreeSIs.

The pressurepulseat the magnetopausechangesthe locationof the magne-
topausecurrents,which immediately(with the speedof light) contributesto the
variationof thegroundmagneticfield. Furthermore,theIMF B � positivecase(Sep
15) givesa purecompressionof themagnetospherewhich propagatesrapidly asa
magnetosonicwave throughthewholeionosphere.Thus,thereareno remarkable
delaysin the response.The IMF B � slightly negative (Sep12) causesa pseudo-
breakupor a smallsubstorm(seenat Gillam) whena smallamountof solarwind
energy entersthe magnetosphere.Finally, whenthe IMF B � is stronglynegative
(Sep22) the solar wind energy hasa free accessto the magnetosphere.Thus,
in additionto the compressionwhich takes immediateeffect, thereis an Alfv +, n
wave travelling to the ionospherealongthe field lines. Different travel timesof
theAlfv +, n wavesalongthefield lineswith differentlengthscausethe time delay
towardshigher latitudes. A significantdelayfrom daysideto nightsidewasalso
measured.In additionto thesetwo delayswe observed the growth of the pulse
with anincreasingtime delay. Thus,theobservedpulsegrows towardsthehigher
latitudes,which indicatesthattheoutermostfield linesfeel thestrongestimpulse.

As the loss in backscatteredsignal was detectedboth by SuperDARN and
STARE we believe that it wascausedby a changein precipitation. Whencom-
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pressingthemagnetospherethepressurepulsealsoforcesthemagnetopausecur-
rentsto increase,andthusfeedsstrongerfield-alignedcurrentsto the ionosphere.
The precipitatingelectronsenhancethe ionosphericconductivity andhence,de-
creasetheE-field, which thendropsbelow the radarthresholdvalue(for STARE
� 17mV/m).

Theperiodof pulsationsin themagnetogramandSTARESNRwas3-7minutes
which is in theperiodrangeof Pc5. Thesepulsationsareoftenrelatedto field line
resonances(FLR). This finding maysuggestthat theobservedshockgeneratesan
FLR but thisneedsto beconfirmedby amoredetaileddataanalysis.

For thefutureprojectsthemagnetogramsshouldbeinvestigatedfurtherin or-
derto seeif therearephaseshiftsof thepulseevidentfor travelling convectionvor-
tices. Equivalentconvectionpatternscouldbecalculatedfrom themagnetograms
in orderto studythesmall scalechangesof theconvectiondueto SIs [Engebret-
sonet al. 1999]. Somewintertimeeventswill be neededto studythe opticalSI
signaturesproperlyusingbothphotometersandall-sky cameras.Also, theseob-
servationsshouldbecomparedto aSI modelby Araki et al. [1994].
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