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Abstract. We useglobal simulationsof Earth's magnetospherto assesshe
expectedscientificreturnfrom a multi satellitemissionin the magnetosphera\Ve
examine4 differentscenarioswith 20, 40, 80, and 160 satellites,respectiely.
The satelliteorbitsarerandomizedvith perigeedistancesangingfrom 2 to SR,
apogedlistancedetweernl0 and50R g, andwithin +5R 5 of thegeocentricsolar
ecliptic (GSE)equator For eachof thesesatelliteconfigurationsve examinethe
expectedbsenationsduringatypical substornby usingtime tracesobtainedrom
aglobalsimulationat the satellitepositions.The 160 satelliteconfigurationyields
sufficientinformationto distinguishbetweendifferentsubstormmodelswithout
ary temporal/spatiabmbiguities. A 80 satellite configurationstill provides
sufficientinformationfor this task,however for fewer eventswith goodsatellite
conjunctionsaandwith lessstatisticalcertainty For constellationsvith 40 satellites
or lesstime - spaceambiguitiesarelik ely to remainin the obsenation. However,
ary multi satelliteconstellationwould be a quantumleapin magnetospheric
researctbecausef the unprecedentethe coverageof otherregions, because
it would enablenev measuremertechniguegshat are uniqueto multi satellite
missions,andbecauseét would enablethe useof dataassimilationtechniquesn

globalmodelsfor thefirst time.

1. Intr oduction

During the past30 yearsthe study of Earth's magneto-
sphereand its interactionwith the solarwind hasmainly
beenbasedon obsenationsmadeby oneor a few satellites
at a time. Despitethis limitation, thesemissionshave pro-
videdawealthof informationandallowedto mapoutEarth's
spaceervironmentfor thefirsttimeandin greatdetail. How-
ever, thesemissionshave alsotaughtusthat the interaction
betweerthe magnetospherandthesolarwind is avery dy-
namicone, andthat substantiakpatio- temporalambigui-
ties remainwithout multi - satellitecoverage. This hasin
mary caseprecludedathoroughunderstandingf the solar
wind - magnetosphereouplingprocessesyne of the more
prominentexamplesbeingthe physicalprocesshatleadsto
auroralsubstorms.The useof only oneor a few satellites

hasbeenshawvn to beinsufficient for the developmeniof an
unambiguouphenomenologicahodel. For studyingsingle
substormeventsthe few obsenation pointsdo not allow a
uniguedeterminatiorof the propagatiordirectionof distur
bances.Similarly, statisticalstudiesare plaguedby sparse
databaseghatleave too muchroomfor ambiguitiesin the
interpretation.As a consequencehe startinglocationof a
substormJet alonethe underlyingphysicalprocessof sub-
storminitialization in thetail, is still very muchsubjectof
debate. Similar agumentscan be madefor other critical
magnetospheriprocessesuchasmagnetopausegconnec-
tion, or plasmaentryinto the magnetosphere.

The currentISTP missiongoesa stepfurther, and pro-
vides at tixmes abouta dozenspacecrafto study the in-
teraction. However, becausef the orbital dynamics,good
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conjunctiondetweerthesatellitesarefortuitousandfar be-

tween.While ISTPR, with its coordinatedneasurement$ias

helpedto answermary questionsiit is still not adequate
to addresghe abose mentionedproblemswith sufficiently

enoughdetail.

Recenttechnologicaladvancesmake it now possibleto
build satellitesthat are one to two orders of magnitude
smallerthan the typical satellitesof the ISTP era. Thus,
missionswith tens,and maybehundredsof satelliteshave
becomeareal possibility Suchsizereductionalsorequires
simplerpayloadswhich at a minimumwould be a magne-
tometerandasmallion spectrometelAlso, thedataratesper
satellitewould be relatively small, on the orderof onevec-
tor magnetidield measuremergersecondanda setof ion
momentsavery 5-10 seconds.At a first glance,this seems
to be a stepbackfrom our currentcapabilities. However,
for mary of thefundamentaproblemsmentionedabore, no
more thantheseparametergessentiallthe MHD parame-
ters)arerequired. For example,the studyof substormini-
tializationrequireghetrackingof fronts,suchasthedipolar
izationfront andthe spatialboundarie®f bursty bulk flows
(BBFs). Similarly, studyingthe daysidereconnectiortopol-
ogy requiresmagneticfield andplasmaflow measurements
in the first place,concurrenwith monitoringthe magnetic
field conditionsin the adjacentmagnetosheathn fact, for
mary studiesmagnetometeralonemaybe sufficient, if em-
ployedin largeenoughnumbers.

Becauseof the differencesin instrumentationmulti -
satellitemissiong(MSMs) shouldbe viewed ascomplimen-
tary to the fully instrumented|STP - like missions. Many
plasmaphysicaprocesseslike compositiondynamicsor
plasmawaves, cannotbe addressedby a MSM. However,
theMSM wouldremovetheambiguitieghataresopainfully
inherentto the dataobtainedby the currentmissions. The
samecanbesaidfor theupcomingmagnetospheritnaging
missionsJike IMA GE. While certainlyanimprovementye-
moteimaginghasinherentlimitations asto the spatialand
temporalresolution,aswell asto the spatialcoverage.Like
with the ISTP classmissions,MSM would rarely overlap,
but excellentlycomplementmagingmissions.

In spite of the excellent prospectsof a MSM, several
guestiongemainstill to be answeredn orderto assesdts
feasibility andvalue. In particular one needsto determine
how mary satellitesareneededhow they shouldbe placed
into orbit, and how the datashould be analyzedin order
to yield maximuminformationof the stateof the magneto-
spherejts dynamicsandthe physicalprocessesOf course,
it is ratherdifficult to anticipatethe scientificreturnof such
amission.We thereforeusein this paperglobalsimulations
of Earth's magnetospherandionosphergo addresssome
of the questiongnvolved. We first calculateorbits for sev-

eral differentMSM scenarios We thenlet the satellitesfly
throughthe model for a brief time period and samplethe
modeledparametersBecausehe simulationmodelis based
ontheMHD approximationthe simulatedsatelliteresponse
is very similar to what is expectedfrom a real MSM. We
thenusethe simulatedtime tracesto evaluateif the virtual
satellitescan see'whatthe global simulationpredicts. For
thispurposat is notcritical thattheglobalsimulationis cor-
rectin every detail, but it is mainly importantthat the sim-
ulationpredictsthe grossfeaturesof themagnetospherand
its dynamics.Previousstudieqd Raeder, 1995;Raeder et al.,
1997;Frank et al., 1995;Berchem et al., 1998] have shovn
thatcurrent stateof theartglobalmodelsarewell capableof
predictingthe stateof the magnetospherandits dynamics
to therequiredaccurag.

In the following, we briefly introducethe modelandthe
orbital parametersisedfor this study We the analyzethe
resultsfrom onesetof orbital parametersr moredetail,and
finally summarizeour resultsanddiscusgheimplications.

2. The Model

For this studywe usea global MHD codewhich is cou-
pled with an ionosphericmodel for the closure of field-
alignedcurrents.The modelfeaturesa large simulationvol-
ume, reachingseveral hundredRg in the anti-sunvard di-
rectionandabout50 Rg in the directionstrans\erseto the
sun- Earthline. Although the modelbasicallysolvesthe
ideal MHD equationgfor the magnetosphereumericalef-
fects,suchasdiffusion, viscosity andresistvity, areneces-
sarily introducedby the numericalmethods. Thesepermit
viscousinteractionsandto a limited extent magneticfield
reconnectionTheonly explicit diffusivetermis theanoma-
lous resistvity that is includedin Ohm's law. This term
wasin previousstudieg Raeder, 1995;Raeder et al., 1996]
foundto be necessaryo producethe correctsubstormdy-
namics.

The MHD equationsare only solved to within 3.5 Rg
geocentricdistancefrom Earth. Closerto Earth a static
dipole field is assumedvhich connectghe magnetosphere
with the ionosphere. Field aligned currentsthat are gen-
eratedin the magnetospherare mappedalong the dipole
field from 3.5 Rg into theionosphereThetwo-dimensional
ionosphersubmodetakesthemappedield alignedcurrents
asinputandcomputegheionospherigotentialpattern.The
potentialis thenmappedbackto the 3.5 R boundaryand
usedasboundaryconditionfor the MHD electricandveloc-
ity field.

A currentlimitation of the modelis the lack of a ring
currentandplasmaspherayhich makesresultswithin about
5 Rg in generalmeaninglessHowever, for this studythe
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innermagnetospheris of noimportance A morethorough
discussionof the model can be found elsavhere [Raeder,
1995;Raeder et al., 1996,1997,1998].

3. Satellite Orbits

The scientificreturnof a MSM critically dependon the
choice of the satellite orbits. The orbit selectionis con-
strainedby several factors, mainly by the way in which
the satellitesarelaunchedwhetheror not the satellitespro-
vide their own propulsionwhetheror not the satelliteorbits
shouldbe orderedand controlled, and by the selectionof
magnetospheriegionsthataretargetedfor investigation.

For this studythe assumedbjective is the study of the
tail andsubstormsThuswe wish to placethe satellitesinto
orbits nearto the ecliptic planeand spreadthe apogedlis-
tancesbetweenabout10 Rg and50 Rg. We assumehat
thesatellitesarereleasedrom a mothershipwith its perigee
at2 Rg geocentriadistance.In orderto spreadthe apogee
distancesthe satellitesare groupedinto 4 clusterswhich
arereleasedt perigeewith differentvelocitiesin orderto
attain the desiredapogeedistances. For a given apogee
distanceR 4 and perigeedistanceRp this velocity canbe
easily calculatedby usingthe formula V' = (7.9 km/s) x
V/(2/R4) —2/(Ra + Rp). The apogeesvere chosento
be 14, 20, 30, and45 Rg, respectrely. Thereleaseof the
satellitescommencest fall equinox(SeptembefR1) from
the position(0,2,0) Rg in GeocentricSolarEcliptic (GSE)
coordinates.The satelliteorbits werethenfurther random-
ized by giving eachsatellitea 200m/s”kick” in randomdi-
rectionsat the first perigeepassafterrelease Thedirection
of this kick was further restrictedto increasethe satellites
velocity, i.e., not to lower perigee becausetherwisesome
satelliteswould end up having very low perigeesand ex-
cessive atmospheriarag. With theseparametershe orbits
quickly randomizeandspreadthe satellitesover a substan-
tial areaof the GSEequatoriaplane.

Figure 1 showvs snapshot®f the satelliteorbits approxi-
mately9 monthsafterlaunchfor four scenariosvith 20,40,
80,and160satellitesyespectrely. After thistime the orbits
have precesseduchthattheir apogeesiow lie closeto the
tail center Exceptfor the numberof satellitesall parame-
tersare kept the samefor eachof the scenarios.The dots
shav the instantaneougosition, while the lines shov one
hour of the orbit. The perigeedistancesangefrom about2
to 5 R andtheapogedaistancesangefrom about10to 50
REg , with orbital periodsof 0.8to 7.5 days. The orbits ex-
tendto about+15 Rg in theY directionandabout+5 Rg
in the Z direction, and thus cover the mostinterestingre-
gionsfor substormstudies.Of courseduringthecourseof a
yeartheorbitssweephroughall localtimesandprovide op-

portunity for numerousotherstudies,suchasthe boundary
layers,the magnetopauséhe magnetosheattand the bow

shock. For this study however, we concentrateon the tail

andsubstorms.

Becaus¢hesatelliteamoveveryslowly nearapogeethey
arevirtually stationaryin the tail comparedo typical sub-
stormtime scales.Theorbitaldynamicsalsoassureshatthe
satellitesspendmostof theirtimein thetail, thusfor alarge
numberof satellitesat least80% of the satellitesarein the
tail atary giventime.

Figure2 shavs arenderingof themagnetosphergst af-
ter a substormonset. The coloredplanes(at X gsg=-40R g
and Y @sg=0Rg) showv color codedthe plasmapressure,
clearly depictingthe bow shock,the magnetopausehe tail
lobes,andthe plasmasheet. The sphereat the coordinate
centershavstheinnerboundaryof thesimulationat3.5 Rg.
Thesetof light bluefield linesoriginatesrom 66° magnetic
latitudeandindicatesthe dipoletilt. Thefigure alsoshavs
the satellitepositions(red dots)for the 80 satellitescenario.
For eachsatellitethefield line thatintersectghe satellitepo-
sitionis alsodravn. Becausehedipole,andthustheplasma
sheet;s tilted with respecto the GSEequatorialplane,not
all of thesatellitesarelocatedn theplasmasheetputanum-
berof themalsooccuyy thetail lobes. By inspectionof the
satellitepositionsrelative to the plasmaboundariesandthe
magnetictopologyof thefield linesthatthe satellitesinter
cept,it is clearthatall relevantregionsfor the substormpro-
cessaresampled.In particular the satellitesin the plasma
sheetsampleareaswheredipolarizationoccurs,the inflow
region of magnetiaeconnectiomround-25 R, theoutflow
regionsof reconnectiorboth earthvard andtailward of the
X-line, aswell asthe adjacentegionsin thetail flanksand
in thetail lobes.Furthermoretherearenumerouslosecon-
junctionswhere2-5 satellitesclusterwithin 2-3 Ry distance
from eachother Suchconjunctionsprovide excellentop-
portunitiesto measureboundarylayer thicknessesandthe
propagatiorspeedanddirectionsof disturbancesln mary
casestheseclustersshouldalso provide the opportunityto
measurehe currentvectordirectly from V xB, like it has
beenproposedfor the four satellite Clustermission[Khu-
rana et al., 1996;Kepko et al., 1996;Khurana et al., 1998].
Usingthe global modelto assesshe measurementapabil-
ities with theseclustersis not quite possibleyet with the
currentglobal modelsbecausef limited resolution. How-
ever, anassessmeiff thecapabilityto reconstructheglobal
magnetosphericonfigurationand temporalevolution from
multi-point measuremenisanbedone.
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Figure 1. Satellitepositionsabout9 monthsafterlaunch. The dotsshaw theinstantaneousatellitepositionswhile thelines
shawv 1 hourof orbit.
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Figure 2. Renderingof the magnetosphergust after a substormonset. The colored planes(at Xgsg=-40Rg and
Y ase=0Rg) showv color codedthe plasmapressure.The sphereat the coordinatecentershavs the inner boundaryof the
simulationat 3.5 Rg. Thesetof light bluefield linesoriginatesfrom 66° magnetidatitudeandindicateshedipoletilt. The
red dotsshaw the satellitepositionsfor the 80 satellitescenario.For eachsatellitethe field line thatintersectshe satellite
positionis alsodrawn.
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Figure 3. Timetracedor the 160satellitescenario Seetext
for details.

4. The Global MagnetosphericConfiguration
and Dynamicsfrom Multipoint Measurements

Figures3-6 shav time seriesof several MHD variables
aroundthe substormeventfor the four differentconfigura-
tions with 20, 40, 80, and 160 satellites,respectrely. In
orderto examinethe propagatiorof substormfeaturesasa
function of distancefrom Earthonly satelliteswith Xgsg
< -7TRg and| Ygsge | < 5Rg areshawn. This selection
reduceghe availablesatellitesto 8, 12, 32, and62, respec-
tively, thusonly about30 to 40 % of the availablesatellites
areused.Thetime tracesarefurtherorderedby the satellite
distancerom Earth,with the mostearthvardsatellitesplot-
tedatthe bottomof thefigures,andthe mosttailward at the
top. The panelsshaw, from left to right, the B, component
of the magneticfield, the B, componentof the magnetic
field, theV, componenbf the plasmavelocity, andtheloga-
rithm of the plasmapressuréog(P). Thevaluesof P range
from approximatelyl0to 1000 x 10~'2 pascal.Thevalues
of V,, B,, andB,, arescaledo theirmaximumabsoluteval-
uesfor eachof the time serieswhile preservingheir sign,
in orderto make the importantfeatureswhich areall tem-
poralchangeén therespectie quantitiespettervisible. The
blackline at 2030UT marksthe onsetof a substorm.This
onsetis not only determineddy thetail signaturesbut also

by ionosphericignaturessuchasauroralbrighteninganda
sudderdropof the AL index (notshawn here).

Clearly, the 160 satellite configuration(Figure 3) pro-
videsthe mostinformationandwill thusbe discussedirst.
Most of the substormfeaturescan be identifiedin the B,
time traces. All satellitescloserto Earththanaboutl4Rg
obsenea B, increasatsubstornonsetjndicatingthedipo-
larizationof the nearEarthfield. Fromtheresolutionof the
simulationit is notpossibleto determinéf thedipolarization
is propagatingearthvard or tailward. However, by using
real spacecraftlatawith aboutone secondtime resolution
it shouldbe possibleto determinethe propagatiordirection
without any ambiguities. Beyond 18 Rg the B, signature
is distinctively different. The B, valuesfirst becomenega-
tive for abrief period,andthendipolarizeto positive values.
Thisis thesignatureof asmallplasmoidor flux ropethatde-
velopsbecaus®f the formationof a new nearEarthX-line
ataround-17Rg, andthe subsequentetreatof this X-line.
Note,thatthe two satellitedocatedfurtherat davn (36 and
37) obsenrethisfeatureaboutl5 minuteslater, shaving that
theX-line isinitially of verylimited extent,but spreadsater
in the dawvn-duskdirection. Anothertransitionoccursbe-
yond-26Rg. Here, B, is alreadynegative beforethe onset.
However, just beforethe onsetB, approachegeroandbe-
comespositive at mostsatellites thusthe "distant” X-line,
which waslocatedaround-26R g beforeonsetmovestail-
ward during the growth phase.At onset,B, thenbecomes
stronglynegative dueto formationof the nearEarth X-line
andtheplasmoid/fluxropeejection.

The B, valuesare negative at mostsatellites,i.e., they
arelocatedsouthof the neutralsheet. At all distancesut
to about-32R g the substorngrowth phasds evidentby an
increaseof the | B, | values,exceptfor somesatellitesthat
areapparentlyery closeto the neutralsheet(21,22,35-38).
At distance®f -35Rg andbeyondthevariationsin B, ap-
pearto be mainly dueto the motionof thetail. At substorm
onset,the | B, | valuesstartto decreaseat most satellites,
indicating the removal of tail flux dueto the departureof
the plasmoid/fluxrope. Dueto thelimited resolutionof the
simulationit is difficult to determinethe loading-unloading
inflection point for eachof the time traces. By usinghigh
resolutionmagnetometedata,however, this shouldbe pos-
sible. Tracingthe deflectionpoint throughthe satelliteposi-
tionswould thengive anaccurataleterminatiorof the plas-
moid/flux ropemotion.

Cleartransitionsarealsopresentin the V,, velocity com-
ponentwith increasingdistancefrom Earth. Within 16Rg
from Earththeflows areearthvarddirectedandbursty. The
smallflow bursts,reminiscentf BurstyBulk Flows (BBFs)
[Baumjohann et al., 1990;Angelopoulos et al., 1992,1994]
seenat satellites2-7 occurringat around2010 UT corre-
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Figure 4. Time tracesfor the 80 satellitescenario.Seetext
for details.

spondto a pseudo-breakufike featurein the ionosphere
(smalldip in AL, notshonn here). As with the dipolariza-
tion frontit is presentlynotpossibleo resohethesefeatures
good enoughto determinetheir propagationdirection, but
with 5-10secondesolutionflow measurementsneshould
certainlybeableto doso.BeyondX sk = -16R g theflows
arealmostentirely tailward. Somesatellitesobsene a tail-
wardflow thatappearsiotto changevery muchat substorm
onset.Thesesatellitedendto belocatedfurtherto theflanks.
At the other satellitesthe tailward flow strongly increases
at onset,coincidentwith the formationanddepartureof the
plasmoid/fluxrope.

Thetimetracesof the plasmgpressuralsoshavsanum-
berof signatureshatareoftenobsenedatsubstormsCloser
to Earththanaboutl6R g, thepressuréncreaseatsubstorm
onset,coincidentwith the field dipolarization. This is at
somesatellitesprecededdy a pressuradecreasebut never
by a plasmasheetdrop out. This may be dueto the fact
thatthe satellitesareall very closeto the neutralsheetand
in partalsodueto lack of resolutionin the model. Further
tailward, several satellitesobsene a plasmasheetdropout,
however, only well after substormonset. Apparently the
postplasmoidplasmasheebecomewerythinto allow these
satelliteso enterthelobe.

How muchinformationwould belost if fewer than160
satelliteswere employed? Figure 4 shavs the time traces
for 80 satellites.Every importantsubstornmsignaturethatis
presenin the 160 satelliteanalysisis still presenin the 80
satellitescenario However, someof theimportantpropagat-
ing featuressuchasthe dipolarizationfront andthe bursty
bulk flows may be much more difficult to analyze. One
shouldkeepin mind that thesefeaturespropagateboth ra-
dially and azimuthally Thus,if only very few (<4) such
obsenationsareavailable,ambiguitiesemainasto whether
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Figure 5. Time tracesfor the 40 satellitescenario.Seetext
for details.
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Figure 6. Time tracesfor the 20 satellitescenario.Seetext
for details.

a structuremovesradially inward or outward. In Figure4
thereareonly 2 clear BBF signaturesomparedo 9 clear
BBF signaturesn the 160 satellitecase.Thusfor this event
the determinatiorof the BBF propagatiormay not be pos-
sible, and one may have to look for a differentevent that
producesa clearersignature. For the dipolarizationfront,
however, thereappearto be enoughobsenationsto deter
mineits directionunambiguouslyn this case.

Theinformationcontentdrasticallydecreasein thecases
with 40 and20 satelliteg(Figures5 and6). Althoughthe 40
satellitecasestill shaws the transitionsin B, andV,, asso-
ciatedwith the formationof the new X-line, anexactdeter
minationof theinitial X-line locationis moredifficult, but
would still yield theright answerHowever, thereareonly 3
satellitesthat obsere dipolarization,andnonethatobsene
bursty flows. Thus,addressinghe critical questionof dis-
turbancepropagationvould still requirea fortituous satel-
lite constellationFinally, with 20 satelliteghetail coverage
becomeso poorthat concisestatementaboutthe tail evo-
lution becomevery difficult to make. ThenearEarthX-line
locationcanatbestbeconstrainedo lie somevherebetween
18RE and28 Rg, andthereis not enoughinformationto
identify eitherthe propagatiorof the dipolarizationfront or
theburstyflows.

5. Summary and Discussion

We have usedglobal simulationsof Earth's magneto-
sphereto assesshe expectedscientificreturnfrom a multi
satellitemissionin the magnetospheréie devise 4 differ-
ent scenarioswith 20, 40, 80, and 160 satellites,respec-
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tively. During the seasorwhen the satellite orbits cover
the magnetotail,we investigatewhat the satelliteswould
seein the courseof a typical substormevent. Although
it is by no meansclear or proven that the substormsce-
nario producedby the global simulationis correctin every
respect(morelikely not so), the simulatedspacecrafsce-
narioclearlyshavswhichinformationcanbeextractedfrom
multi spacecrafmissionsandhow the informationcontent
depend®nthenumberof satelliteghatareemployed.

In the caseof 160 satellitesvirtually all of the typically
obsenedsubstornsignaturesareseerby at leastonesatel-
lite. Severalkey features]ike the dipolarizationof the near
Earth field and bursty bulk flows are seenat multiple (>
5) satellites,which would allow an unambiguousietermi-
nation of the propagationdirection of thesefeatures. Al-
thoughnoneof these’substormobsenations”arearything
new, andeachof thesesignaturesrasbeenobsenedduring
typical substormsefore,new informationis to be gained
from the fact that theseobsenationsare madesimultane-
ously This allows to put the different signaturesn rela-
tion to eachotherwithout spatial or temporal ambiguity, and
thetime sequencef eventsin the courseof a substormcan
be establishedor the first time, not only for oneor a few
substormsbut for mary. In this manneyphenomenological
modelswhich at this point shouldbe bettercalledhypothe-
ses,canbe put to the test. Most likely, none of the cur-
rentmodelswould befully consistentvith the MSM obser
vations,however, a more detailedand universallyaccepted
modelis likely to emege.

Althougha 160satellitemissionclearlyappearso beca-
pableto addresghe substornproblemin sufficientdetail, it
may still be beyond technicaland budgetarymeans. A 80
satellitemissionwould still provide substantiatail coverage
andthe ability to obsene all critical substornmsignaturesi-
multaneouslyfor mostevents. However, with 80 satellites
muchstatisticalinformationwill belost,andit is muchless
likely that every substormeventwill yield all the required
information. In particular the determinationof propaga-
tion directionsand speedsvould suffer from poorerstatis-
tics,andthe separatiorof radialfrom azimuthalpropagation
would be moredifficult. Thus,with 80 satellitesevent se-
lectionbecomesanissue,andit may be quite possiblethat
differenteventsmaygive apparentiyconflictinginformation
on thetime sequencéhatmay be difficult to reconcilewith
onemodel.

A severe decreaseof information contentoccurswhen
only 40 or 20 satellitesareemployed. In thesecasest be-
comesvirtually impossibleto obsere all substormsigna-
turessimultaneouslyasrequiredfor the eliminationof sub-
storm models/hypothesesThe studiesthat could be done
with such missionscan be expectedto be similar to con-

temporaryanalyseslik e eventstudieswith limited scope pr
statisticalanalysishowever with muchlargerdatabases.

Of course the analysispresentedereis far from com-
plete. Althoughwe have tried to optimizethe orbitswith re-
spectto the informationthatcanbe gainedfor substormsit
is concevablethatbetterorbit configurationsanbedevised.
Also, we have only analyzednesubstormeventwhich, al-
thoughit appeargo be a typical one, may not be a good
representatie for substormsn general. A more thorough
study shouldinclude mary more substormeventsin order
to investigatethe limits of multi satellitemissions. A new
problemthat ariseswith multi satellitemissionsis the pre-
sentationand analysisof the data, which hashitherto not
recevedmuchattention.In this papemwe presentedhe data
astime serieswhichis atechniquehatis extensiely for the
dataanalysisnvolving oneor afew satellitesput whichmay
beinadequat@andimpracticalfor missionsnvolving tensor
hundredof satellites.Much more sophisticatedechniques
to representand analyzethe data (for example"objective
analysis”)exist in neighboringdisciplineslike meteorology
andoceanographjseeeg. Thiebaux and Pedder, 1987]. By
usingtheseechniquespossiblyin conjunctionwith dataas-
similation (seebelow), mostlikely moreinformationcanbe
extractedfrom multi satellitedatasets.

It shouldalso be notedthat the value of multi satellite
missionsgoesfar beyond the study of substorms. In the
courseof a yearthe orbits sweepthroughseveral otherim-
portantmagnetosphericegions, suchasthe boundarylay-
ers,the magnetopausehe magnetosheatthe bowv shock,
andthe solarwind just upstreanof the bow shock.In each
of thoseregionsa multi satellitemissionprovidesfar greater
observingcapabilitieghanany missionbefore.In particular
amulti satellitemissionwould allow for measurementhat
areotherwiseampossible suchasdirectcurrentdensitymea-
surementgKhurana et al., 1996; Kepko et al., 1996; Khu-
rana et al., 1998], or measurementsf the w - k spaceof
wave fields[Neubauer and Glassmeier, 1990].

In spiteof thelarge satellitenumberssubstantiategions
of the magnetosphereould still not be coveredby a multi
satellite mission. Thus global modeling of the magneto-
spherewould still berequiredto fill the obsenationalgaps
in orderto getacompletepictureof themagnetosphericon-
figurationanddynamics.However, a multi satellitemission
would propelinto a new eraby providing for the first time
sufficient datato use dataassimilationtechniquesn glo-
bal magnetospherimodels. Thesetechniquesarecurrently
usedwith greatsuccesdn atmosphereand oceanmodels
[e.g., Ghil and Malanotte-Rizzoli, 1991; Talagrand, 1997;
Daley, 1997]. The use of dataassimilationin magneto-
sphericmodelswould substantiallyimprove their accurag
and provide the basisnot only for improved phenomeno-
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logical models,but for the understandingf the underlying
physicalprocesseaswell.
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