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As the numberof groundand space-basedreceivers tracking the global positioningsystem
(GPS)steadilyincreases,and the quantity of other ionosphericremotesensingdatasuchas
measurementsof airglow alsoincreases,it is becomingpossibleto monitorchangesin theiono-
spherecontinuouslyandonaglobalscalewith unprecedentedaccuracy andreliability. However,
in orderto makeeffectiveuseof sucha largevolumeof datafor bothionosphericspecification
andforecast,it is importantto developa data-drivenionosphericmodelthat is consistentwith
theunderlyingphysicalprinciplesgoverningionospheredynamics.
A fully 3-dimensionalGlobalAssimilativeIonosphereModel (GAIM) is currentlybeingdevel-
opedby a joint Universityof SouthernCaliforniaandJPL team.GAIM usesa first-principles
ionosphericphysicsmodelandKalmanfiltering or a 4DVAR techniqueto not only solve for
densitieson a 3D grid but alsoestimatekey driving forceswhich areinputsto the theoretical
model,suchastheExB drift, neutralwinds,andproductionterms.Thedriving forcesareesti-
matedby usingtheadjointequationto computetherequiredpartialderivatives,therebygreatly
reducingthecomputationaldemandscomparedto othertechniquessuchasfinite differencing.
For estimationof thegrid densities,GAIM usesanapproximateKalmanfilter implementation
in which the portionsof the covariancematrix that are retained(the off-diagonalelements)
aredeterminedby assumedbut physicalcorrelationlengthsin theionosphere.By selectinghow
sparseor full thecovariancematrix is overrepeatedKalmanfilter runs,onecanfully investigate
thetradeoff betweenestimationaccuracy andcomputationalspeed.
The effectivenessof ionosphericoccultationsfor specifyingthe ionosphereis assessedby as-
similatingCHAMP, SAC-CandIOX occultationsintoGAIM andvalidatingtheelectrondensity
field againstindependentmeasurements.A seriesof suchGAIM retrievalswill bepresentedand
validatedby comparisonsto: verticalTECdatafrom theTOPEXaltimeter, slantTECdatafrom
groundGPSsites,anda globalnetwork of ionosondes.


