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ABSTRACT

A setof regionalmapsof peakelectrondensityin the northernpolar capwas deducedfrom aeronomical
computationsfor southward~MFexecutedatUtahStateUniversity (USU)/1/. Eachof the 12 mapsholdsfor
invariantlatitudesgreaterthan500 N, covering24h bothin magneticlocal time andin UT. Themapsfor two
parametersareanalyzedin termsof EmpiricalOrthogonalFunctions(EO}~).Thedependenceonotherparameters
is describedby continuousfunctions. In the northernpolarcap, thesemapsmight beusedas a partially
substitutingsupplementofthe world widemapsrecommendedby theCCIR/2/.

INTRODUCTION

TheUtah StateUniversity (USU) databaseis a setof numericaltablescalculatedusingaeronomicaltheory
/1/.The ‘casestudies’dependon afew empiricalinputs,inparticular,thetotal corpuscularenergyinput/3/ and
the distributionof horizontalelectricfields /4/. Thesetwo factorscausethehigh latitude ionosphereto differ
fundamentallyfromthat atlowerlatitudes.In orderto supplementthe ionizationmapsoftheCCIR/2/ athigh
northernlatitudes,we haveanalyzedthe USU databaseby Dvinskikh’s methodof EmpiricalOrthogonal
Eigenfunctions.Thispermitsadequatesmoothingand aconsiderablereductionin thedatathat mustbestored

MATRIX REPRESENTATIONAND SMOOTHING

Theoriginal datachartsconsistof matrices(Ne) of 20 x 24 datapoints giving thepeakelectrondensityas
functionof invariantlatitude (MLAT) and magneticlocal time (ML1). Following/6/, we first constructa
symmetricmatrix

DNe*NeT (1)

usingthetransposedmatrixNeT.

Theeigenvaluesandtheassociatedeigenvectorsof D provideaneigenvectormatrixU, with theeigenvectorsas

columnsin the orderofdecreasingeigenvalues.Defining amatrixV by

VUT*Ne (2)theoriginal matrixcanbewrittenas

Ne=U*V (3)
Thesmallereigenvaluesareignoredwhensmoothing,i.e.,onlythek first columnsin U andthefirst k linesinV
areretained,giving

N~=Uk*Vk (4)

Thedifferencebetweensquaresumof NeandNekequalsthe sumoftheeigenvaluesof the omittedeigenvectors.

Figure 1 showsthesmoothingeffectofdifferentvaluesk (= 2,6, 14) relativeto theoriginal map. Reasonable
smoothingwith goodreproductionof significantfeaturesisobtainedfork =6. Thestandarddeviationfrom the
originalmatrix isabout1%,while thestoragecapacityneededisreducedfrom480 to264.

UNIVERSALTIME DEPENDENCE

Forprescribedseason,magneticactivity and solarlevel, 12eigenvaluematricesU andDvinskikhmatricesare
foundasafunctionof UT. Everymatrixelementof U andV isFourier-analyzedinuniversaltime. Theoriginal
dataoccasionallyshowsignificantnoise,whichis minimizedby takingthemedianvaluesfor theUT-profiles.
Figure2 showsthe Fourierapproximationsusing 13(original),7,5 and3 coefficients. Theoriginaldatacanbe
representedwith sufficientaccuracyby five Fourier-coefficients.Thefive Fourier-coefficientsfor all elementsof
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theeigenvector-andtheDvinskikh-matrixdescribefive matrices,whichdefinethe.UT-dependence.Theoriginal
datasetwith 480 * 12=5760valuesisnow reducedto 1320 values(23%).

MAGNETIC LOCAL TIME DEPENDENCE

ThevariationinMLT is shownby theDvinskikhdefinitionmatrix V or its UT Fourier-analyzedversionFCV.
TheFourieranalysisof thecorrespondingmatrixadequatelyreproducestheperiodicfeatures.Foroneselected
dataset(UT = 1, medium magneticactivity, highsolaractivity,winter) theapproximationis extremelygoodfor
thefirst fourmatrixelements(Figure3), evenwithonlyfive Fouriercoefficients. Thelasttwo ordersarenotso
well representedbuthavelittle numericalimportance.CalculatingNmF2-mapswithdifferentnumbersofFourier
coefficientsthegrossfeaturesof this particularmapwere well representedwith only five coefficients.The
numberof original datapointsisreducedfrom5760pointstofinally 750numbers(13%).

DEPENDENCEONMAGNETIC ACTIVITY AND SOLARLEVEL

No straightforwardprocedureto introducethemagneticactivity andsolarleveldependenciescouldbefound.
Differencemaps,obtaindby subtracting,e.g.,themapfor Kp = 6 fromthat for Kp = 3.5 (Figure4) showthe
complexity.

ComplexMLAT-MLT patternswerefound for changesin thesolarlevelorseason.We,therefore,adopta binned
Kp treatmentfor mediumandhighmagneticactivity andabinnedFlo.7treatmentfor low andhighsolarlevel.
For intermediateKp andFiO.i values,theNmF2densityis foundby linearinterpolation. Seasonaleffectsare
includedusingwinter,equinoxandsummerdescriptions.Theinitial amountofdatais thusfmally reducedfrom
69,120to 9,000datapointsor 13%.

APPLICATION

While the USU datasetis tabulatedin theMLAT-MLT frame,the low- and mid-latitudemodel17/ actually
appliedby ESOCusesgeodeticcoordinatesasneededin applications.

Fromgivengeographiclatitudeandlongitudewecalculatemagneticlocaltime,MLT, after/8/. Mdlllwain’s L-
shellparameterfor arepresentativealtitudeof 300 km isderivedfromtheinternationalgeophysicalreferencefield
IGRFfrom 1945to 1985,extrapolatedto theperiod1985to 1990/9/. The shellparameterL finally givesthe
invariantlatitude/10/.

Thesecoordinatetransformationsgive thepolarNmF2-valuesin the original frame. Therefore,we first compose
theDvinskikh matrix by two Fourier synthesesin MLT and UT andthe eigenvectormatrix by oneFourier
synthesisin UT. Theapproximatedmodeldensityvaluesarederivedfromthe productof U andV accordingto
equation(4).

Theoriginal and theapproximatedmapforUT = 1 are comparedin Figure5. Theaverageerror isbelow4%.
Theoccasionalerrorsgreaterthan10% areduetosmoothing(by takingthemedianvaluesin theUT-variationof
theFourier-components).Suchisolatedpeaksoccasionallyobservedin theoriginal data,are alwayseliminated
forpredictionpurposes.The model is availablefrom NASA WDC-A, R&S in Greenbelt,MD. 20771,USA
(alsofromSPAN).
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Fig. 1. Approximatedelectrondensitymapsfor different iteration cut-offs ITMAX comparedto theoriginal
data.
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Fig. 2. Different approximationsfor thesix componentsof the first cigenvectorusing13,7,5 and3 Fourier-
coefficients. Theoriginalnoiseof thehighestordertermsis eliminatedby usingmedianvalues.
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Fig. 3. Approximationfor UT-Fouriermatrixusingtheindicatednumberof MLT-Fouriercoefficients. Input
parametersareUT =1, mediummagneticactivity, highsolarlevelandwinter.
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Fig.4. Differencedensitymap,summerseasonandhighsolarlevel, for Kp = 3.5andKp =6.
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Fig.5. OriginalandmodeldensitymapforUT =3,mediummagneticactivity,highsolarlevelandwinter.


