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1. Introduction

Theprimarygoalof theGeospaceEnvironmentModeling
(GEM) programof theNationalScienceFoundation(NSF)
is thedevelopmentof oneor morecomprehensive,physical,
first principlesmodel(s)of Earth's geospaceenvironment.
Therearemany needsfor suchmodels,including thecodi-
ficationof our understandingof thephysicalprocesses,asa
tool for theanalysisof single(or a few) spacecraftobserva-
tions,andin anoperationalsettingfor theforecastof space
weather, to namea few. Theanalogywith atmosphericsci-
encesshowsthatsuchmodeldevelopmenttakesdecadesand
thatthequalityof modelsmostlyprogressesin small,incre-
mentalsteps.In the courseof modeldevelopmentit is im-
perativeto testthemodelsfrequentlyin realworld scenarios
in orderto documenttheprogressandto exposeshortcom-
ings.

The GEM communityhaschosento posechallengesto
modelersto testtheirmodelsagainstobservations.Although
this is nota formalmodelevaluationprogram,whichwould
requiremorecomprehensivedatasetsandwell-definedmet-
rics, it allowsmodelersto evaluatetherealismof themodel-
ing approachandto make, to a limited extent,comparisons
amongmodels,aswell aswith data.Onehasto realize,how-
ever, thatmagnetosphericandionosphericdatasetsarequite
limited in comparisonto, for example,the datasetsavail-
ablein the atmosphericor oceanographicsciences.In par-
ticular, magnetosphericdataarerestrictedto statisticalaver-
agepictures,point measurements,andionosphericsynoptic
maps.Eventhemostcomprehensive datasetshave limited
resolution. For example,the synopticmapsof convection
providedby assimilative mappingof ionosphericelectrody-
namics(AMIE) [RichmondandKamide, 1988]arestill very
coarsein their spatialandtemporalresolution.Thusmodel
evaluationcannotbecomprehensive but hasto focuseither
on certainregionsor on certainprocesses.Onealsoneeds
to recognizethatmagnetosphericmodelsarestill in anearly
phaseof developmentwhencomparedwith, for example,at-
mosphericmodels.Thelattermodelsarenowadaysusedfor

operationalweatherforecastingandfacedaily reality tests.
By comparison,magnetosphericmodelsarenow at a devel-
opmentstagewhereatmosphericmodelsweretwo to three
decadesago.Thusexpectationsshouldnot betoo high,and
significantdifferencesbetweenthemodelsandthedataare
expected. In fact, it is exactly thesedifferencesthat pose
themostinterestingquestionsandthatdrive improvements
of the models.That is to say, it is not the objective of this
challengeandotherchallengesto producethe bestlooking
resultsbut ratherto revealthemodels'shortcomingsasaba-
sisfor furtherdevelopment.

The first GEM challengespecifically addressediono-
spheric convection patternsduring intervals of relatively
stableinterplanetarymagneticfield (IMF) intervals [Lyons,
1998].Thischallengewasquitesuccessful,bothin termsof
participationandin termsof thescientificresults.In partic-
ular, it showedthatall models,rangingfrom globalnumer-
ical modelsto field mappingmodels,producedconsistently
crosspolarcappotentialslargerthanthoseobserved.Onthe
otherhand,however, thepolarcappotentialpatternsof most
modelswerequalitatively similar to theobservations.

Onthebasisof thesuccessof thefirst challenge,theGEM
communitydecidedon a muchmoreambitiouschallenge,
namely, themodelingof a substorm.Unlike theionospheric
potentialpatterns,the substormis a much more complex
phenomenon,and most researcherswould certainly agree
that key aspectsof the substormdynamicsare still unre-
solved,despiteseveraldecadesof research.While onemight
arguethat testingthe modelsagainsta phenomenonthat is
not yet understoodfrom datamay be pointless,onemight
alsohopethat themodelingefforts mayactuallyreveal im-
portantaspectsof a substormthatmaygo undetectedin the
databecauseof lack of coverage.

2. The Substorm

In choosinga suitablechallengeevent theemphasiswas
on finding an isolatedsubstormwith well-definedfeatures
followinganintervalof magnetosphericquiescence.In other
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words,thechallengesubstormshouldbeassimpleasit ever
gets. However, it was also deemedimportant that suffi-
cient datawereavailable to drive the modelsand to com-
parewith the modelresults. Specifically, continuoushigh-
quality solarwind andIMF dataneededto be availablefor
inputs to the models,while various ground, ionospheric,
and magnetosphericdatasetscould be usedfor compari-
sonwith themodelresults.This narrowedthechoicescon-
siderably, andthe November24, 1996,2230UT substorm
was chosenfor the challenge. For this substormthe fol-
lowing key datasetsweregenerouslymadeavailableby the
respective experimentergroups:Wind plasmaandIMF; In-
ternationalMonitor for Auroral GeomagneticEffects(IM-
AGE), CanadianAuroral Network for the OPENProgram
Unified Study(CANOPUS),MagnetometerArray for Cusp
and Cleft Studies(MACCS),and Greenlandgroundmag-
netometerdata; IMP 8 magnetometerdata from the mid-
tail lobe; Geotail plasmaand field data from the midtail;
geosynchronoushigh- andlow-energy plasmadatafrom the
LosAlamosNationalLaboratory(LANL) satellites;geosyn-
chronousmagneticfield datafrom theGOESsatellites;Po-
lar magneticfield data;PolarVisible ImagingSystem(VIS)
auroralimages;DefenseMeteorologicalSatelliteProgram
(DMSP) electricfield data; AMIE synopticmapsof polar
capconvectionandfield-alignedcurrents;SuperDualAuro-
ral RadarNetwork (SuperDARN) convectiondata;andthe
empiricalpotentialpatternsfrom theWeimermodel.

Wind observationsof thesolarwind [Ogilvieetal., 1995]
andIMF [Leppingetal., 1995]areshown in Figure1 for the
periodof 1800–2400UT on November24, 1996. Wind is
duringthis time locatedat (73, � 18,8)

���
in GSEcoordi-

nates.Thedatain Figure1 arenot time-shifted.From the
Wind locationandthe prevailing solarwind speedoneex-
pectsatimeshift of � 18min to themagnetopause.Thesolar
wind velocity is almostconstantthroughouttheentireinter-
val. Thesolarwind numberdensityis somewhathigherthan
normal(10 � 12cm��� ) but fairly constant.Therearealsono
majorvariationsin thesolarwind temperature.Theperiodof
interestis from 2030to 2330UT. Prior to 2045UT theIMF
is predominantlynorthwardfor overanhour. At thattime a
majorrotationof theIMF occurs,andtheIMF becomespre-
dominantlysouthward,until � 2213UT. After that time the
IMF is predominantlynorthwardagain.Fromthesedataone
wouldexpectaquietmagnetosphereprior to 2103UT when
the southward IMF reachesthe magnetopause.After that
a substormgrowth phaseshouldcommenceandeventually
leadto a substormexpansionphaseonset. However, from
theIMF datait is impossibleto predictwhentheexpansion
will occur.

Figure2 showsthissubstormfrom agroundmagnetome-
ter perspective. Figure2 shows thenorth-southcomponent
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Figure 1. Wind interplanetarymagneticfield (IMF) andso-
lar wind datafrom (73, � 18,8)

���
GSEon November24,

1996.Fromtopto bottomareshownthemagneticfieldcom-
ponents��	 , ��
 , and ��� ; thetotalmagneticfield (all in nan-
oteslas,GSE);theflow velocitycomponents�	 , �
 , and ��
(in km s��� , GSE); the numberdensity(in cm��� ); andthe
temperature(in eV).
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Figure 2. Groundmagnetometertraces(1-min averages)
from theInternationalMonitor for AuroralGeomagneticEf-
fects(IMAGE)magnetometerchainonNovember24,1996.
Shown is the north-south(X) componentin units of nan-
oteslas. The stationsare orderedin latitude from north
to south: NAL (New Aalesund); LYR (Longyearbyen);
HOR (Hornsund);HOP(HopenIsland);BJN (BearIsland);
SOR(Sørøya);KEV (Kevo); TRO (Tromsø);MAS (Masi);
AND (Andenes);KIL (Kilpisj ärvi); MUO (Muonio); LOZ
(Lovozero);KIR (Kiruna); SOD(Sodankylä); PEL (Pello);
OUJ(Oulujärvi); HAN (Hankasalmi);NUR (Nurmijärvi).

of the groundperturbationmeasuredby the IMAGE mag-
netometerchain [Viljanen and Häkkinen, 1997] in Scandi-
navia. Thestationsareorderedfrom north to southin Fig-
ure 2. From 1800UT until � 2230UT the magnetosphere
is quiet. At � 2230UT thereis a well-definedsubstormon-
set,which beginsaboutat thestationsKIR (Kiruna),MUO
(Muonio), SOD (Sodankylä), and PEL (Pello), all located
between63� and65� magneticlatitude,and thenexpands
both northward andsouthward. The exact onsettiming is
discussedin thefollowing papersandby Petrukovich et al.,
[1999]. Thesharpfeaturesin theIMF andtheisolatedsharp
onsetmake thiseventwell suitedfor modelcomparisons.

3. Methodology

With theeventselectionandthedataavailablethestage
wasset for detailedmodelcomparison.After selectionof
the event in 1998 a mini-GEM workshopwas held at the
Fall AmericanGeophysicalUnion (AGU) Meeting in De-
cember1998,andfull workshopsessionswereheld at the
GEM meetingin June1999. Owing to the fact that sub-
stormdynamicsis still a controversialissue,theeventalso
attractedsubstantialinterestfrom theexperimentalcommu-
nity, which helpedconsiderablyto interpretits featuresand
aidedin thediscussionof themodelresultsattheworkshops.
Modelswerefine-tuned,onthebasisof discussionsanddata
comparisons.Thefollowing paperspresentbothexperimen-
tal andmodelingperspectivesof thiseventandrepresentthe
currentstateof theart.

4. Conclusions

Clearly, predicting the onsettime, location, and mag-
nitude of the substormelectrojet,along with the plasma-
dynamicprocessesin the tail, posesa significantchallenge
for any model.Thepapersin thiscollectionshow thatwhile
somesubstormfeaturescanbe modeledwith considerable
fidelity, thereis still muchroomfor improvement.The im-
portantpoint is that a basisfor suchcomparisonsis estab-
lishedon which futuremodeldevelopmentcanbebuilt. In
particular, onemight expectthat this eventwill berevisited
with refinedmodelsin thefutureto documenttheirprogress.
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