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Abstract

We have quantifiedthe impactthat the ionospherenvould have on a L-band interferometricSyntheticAperture Radar
(SAR) missionusinga combinationof simulation,modeling,Global PositioningSystem(GPS)datacollectedduringthe
last solarmaximum,andexisting spaceborn&AR data. We concludethat, exceptfor high latitude scintillation related
effects,theionospherevill not significantlyimpactthe performancef anL-bandInSAR missionin anappropriateorbit.

We evaluatedthe strengthof theionospheridrregularitiesusingGPSscintillationdatacollectedat Fairbanks Alaskaand
modeledtheimpactof theseirregularitieson azimuthresolution,azimuthdisplacementpeaksideloberatio (PSLR),and
integratedsideloberatio (ISLR). Although we predictthat lessthan 5% of auroralzone datawould showv scintillation

relatedartifacts,certainsitesimagednearthe equinoxescould be effectedup to 25%of thetime becaus¢hefrequeny of

occurrencef scintillationis is a strongfunctionof seasorandlocal time of day. Our examinationof ionosphericartifacts
obsenedin INSAR datahasrevealedthatthe artifactsoccurprimarily in the polar capdata,not auroralzonedataaswas

previously thought.

1 Introduction

L-band spaceborneSARs provide critical earth science
measurementsolid earthstudiesof seismicandvolcanic
deformationbenefitfrom the low temporaldecorrelation
of L-banddata,a critical performanceslementfor repeat
passnterferometricSAR (INSAR).L-band'sdemonstrated
ability to penetratento dry sandand vegetationmakesit
avaluabletool for diversefields suchasarchaeologyand
biomassretrieval. However, radarperformancedegrada-
tion dueto the ionospheraemainsa concernfor L-band
andlowerfrequeng spaceborneadarsdespitedhesuccess
of previousL-bandspaceborn&ARssuchasSeaSA, the
JERS-1SAR,andthe ShuttlelmagingRadanSIR-A/B/C).
(Seefor example therecentcomprehensie review by Xu
etal. [1] andthereferencesherein.) We have examined
several of thoseconcernsaandhave concludedhat, except
at high latitudes,the ionospherewill not significantlyim-
pactthe performancef anL-bandInSAR mission.
Usingthe JetPropulsionLaboratorys Global lonospheric
Maps (GIM) total electroncontent(TEC) estimatesde-
rived from the worldwide array of GPS stations,we de-
terminedthatthe sunsynchronousrbit which would min-
imize TEC atthetime of imaginghasdawvn andduskequa-
tor crossingsSuchanorbit alsoavoidstheequatoriapost-
sunsetirregularities. We usedthe GIM datato examine
the day-to-dayvariability in the backgroundionosphere
andto quantify the impactof the backgroundonosphere
on single passSAR performance.With the exceptionof
Faradayrotationrelatedeffectson singlepolarizationsys-
tems, degradationdue to the backgroundonospherecan
be avoided if a reasonablanodel for the ionosphereis
usedduring processing. Our studiesreveal that Faraday
rotationanglesrarely exceededhe 10° thresholdthatim-
pactsbiomassretrieval and that repeatpassinterferomet-

ric SAR decorrelatiordueto variationsin the background
ionospherecausingvariable Faradayrotationsis a negli-
gible effect. Thesetopicsarediscussedn moredetail in

2].

2 Impact of Auroral Zone
Scintillation

Althoughthe orbit canbe selectedo avoid the post-sunset
equatorialionosphericscintillation, auroralzoneand po-
lar capionospheridrregularitiesmay still createartifacts
in L-bandspaceborn&AR data. We investigatedhe im-
pact auroral zone scintillation would have on SAR per
formanceusingGPSL1 phasescintillation measurements
[3] collectedat Fairbanks,Alaska, during the peakof so-
lar activity of the lastsolarcycle, the year2000. For this
work, we assumedhattheionospheridrregularitieswere
350km above the surfacein alayer 50 km thick, thatthe
anisotropicirregularity axis ratio was 5, that the irregu-
larities obeyed a two-slopespectrumwith innerandouter
spectralindicesof 1.5 and 2.5, that the inner scaleand
break scalewere 100m and 500m, that the outer scale
for the GPSphasescintillation measurementaas 10 km,
andthat the outer scalefor the radarmeasurementwas
30km. We developeda methodof estimatingthe strength
of theirregularity spectrumfrom eachGPSphasescintil-
lation measuremer#l] usingtheseassumptionandusing
aphasescreemmodelwith ananisotropidrregularity spec-
trum with irregularitieselongatedalong the geomagnetic
field lines [5]. We thenusedeachspectrumto calculate
theimpacton radarperformancdor anL-bandradaron a
spacecrafb06 km above the surfacewith a 10 m long an-
tennaviewing targetsatalook angleof 35°. Theimpactof



ionosphericscintillation on the azimuthresolution,range
resolution andpulsebroadeningvascalculatechasedna
publishedmodel[6] [7] while amodelfollowing Tartarski
[8] wasusedto estimateheeffectsonradarimageazimuth
displacementThethousand®f estimate®f radarperfor

mancedegradationvereaccumulatedio producestatistical
measuresf theimpactof scintillation.

Figure 1 shavs summaryhistogramsof the frequeng of
occurrenceof variouslevels of ionosphericdegradation.
The histogramswere built usingall of the available GPS
scintillation datawithout sortingthe datain time or by ge-
omagneticactiity level. An azimuthresolutiondegrada-
tion of 10% indicatesthat the resolutionwas 10% worse
thanthe azimuthresolutionexpectedn the presencef no
ionosphere.Similarly, an azimuthdisplacementiegrada-
tion of 10% indicatesthat a target would be displacedby
onetenthof anazimuthresolutionelement It is clearfrom
the figure that only a small percentagelessthan 5%, of
thedatashows ary significantdegradationin performance.
Theprobabilityof azimuthresolutiondegradatiorby more
than2% of theidealvalueis lessthan4%. Thelikelihood
of PSLRor ISLR degradationlargerthan2 dB is lessthan
3%. The probability of azimuthdisplacementtargerthan
10%is lessthan5%.
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Figure 1: Normalizedhistogramsshowing the frequeny
of occurrenceof degradationsn radarperformancealueto
ionosphericscintillation. Only thetails areplottedfor clar
ity. The systemresolution,PSLR,andISLR if no iono-
spherewverepresentare5 m, -13.26dB, and-10.69dB.

Auroral zone scintillation hasa well known dependence
ontime of day, time of year andgeomagnetiactiity —an
effectthatis averagedoverin Figurel. In particular scin-
tillation is more commonat night, especiallyin the mid-
night to dawn sectornearthe equinoxes. Figure 2 showvs
how frequentlythe azimuthdisplacements one tenth of
anazimuthpixel or greaterasa function of local time of
day andmonth. Becauseuroralzonesitesimagedin the
pre-davn hourshave a non-ngligible probability of be-

ing corruptedwith ionospheridrregularity artifacts,care-
ful planningof dataacquisitionswith respecto seasorand
ascendingss. descendingpassis recommendedFor ary
sun-synchronousrbit, scintillationwill be moreprobable
for someauroralzonelongitudesthan othersbecause¢he
local time of imagingwill vary dueto the offsetbetween
geographiandgeomagnetitatitude.
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Figure 2: Frequeng of occurrencehat the azimuthdis-
placementueto ionosphericscintillation exceedsl0% (a
tenth of an azimuthresolutionelementwhich is 50 cm)
plottedasa functionof time of yearandlocal time.

The ionospheric irregularities at auroral latitudes are
closelycorrelatedo spacaveatheiconditionsthatenhance
the auroralelectrojetcausingmagneticfield perturbations
in theionosphereandon the ground. Thesemagnetidield
perturbationganbe anindicatorof the effectson possible
degradationof radarimages. Thereis a clear correlation
betweerthedegradatiornof spaceébasedadarperformance
in the auroral zone passesand auroral electrojetactiity
characterizedby the AE index. Thelattersignificantlyin-
creasewvith disturbedspaceweatherconditions.Figure3
shavs the meandegradationof radarazimuthresolution



vs. theauroralelectrojetindex (AE). To obtaintheplot, the
estimatedazimuthresolutiondegradation(R) was binned
at 50+ intervals andthenaveraged. As AE increasego
the 1000~ level, the averagedegradationof azimuthres-
olution canbe largerthan2%. A quadraticfit is alsoin-
cludedin the plot. It is clearthatthe AE index could be
usedto predictwhich auroralzone SAR sceneamight be
corruptedby ionospheridrregularities.
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Figure 3: Meandegradatiorof theazimuthresolutiondue
to ionosphericscintillationversugheauroralelectrojetac-
tivity ascharacterizetby the AE index.

3 Azimuth Shifts

RepeatpassSAR interferometryis affectedby the iono-
sphere Changedn backgroundonospherdetweerpasses
leadto phaserampswhich are generallyabsorbedy the
baselinesstimationprocedure Of more concernareiono-
sphericirregularitieswhich producehigh frequeng (kilo-
meterhorizontalscale)bandsof azimuthmis-registration
(up to half a pixel) and ripples in the interferometric
phasg9] [10]. Glaciologistshaveobsenedthesé'azimuth
streaks’in muchof the high latitudedatafrom the ERS-1,
ERS-2,RADARSAT-1, JERS-1,andENVISAT satellites.
If irregularitiesarepresenpn eitherof thetwo collections
usedfor aninterferometrigpair, the datacanbe corrupted.
A preliminaryevaluationof alreadyprocesseéh-housdn-
SARdataimagingbothAntarcticaandGreenlandevealed
that azimuth streaksoccur much more frequentlyin po-
lar cap datathanfor sitesin the auroralzone. This con-
clusion that azimuth streaksare essentiallya polar cap
phenomenoris supportedoy obsenationsof scintillation
causedby kilometer scaleirregularitiesin the polar cap
[11] andis consistentvith the auroralzoneanalysisof the
previous sectionwhich shoved that auroralzoneazimuth
displacementaretooinfrequentto accounfor thefraction
of INSAR dataeffected.

We obtainedRADARSAT-1 datacovering two polar cap

sites,PetermanrGletscherin NorthernGreenlandPeter
mann)andasitein coastalAntarcticanearMcMurdo (Mc-
Murdo). We processed5 passesnaking 11 offsetfields
at Petermanrand 5 passesnaking 7 offset fields at Mc-
Murdo. 87% (13/15)of the Petermanmairsandall of the
McMurdo pairsexhibitedstreaks For eachinterferometric
pair wherestreakswere presentwe evaluatedthe density
of streakgerkilometerof spacecraftravel alongtrack,the
width of the streaks the maximumazimuthshift, andthe
orientationof the streaks. Eachsite shaved a consistent
orientationof the azimuthstreakswvhich may be relatedto
the anglebetweerthe look vectorandthe magneticfield.
However, with only two sitesit is difficult to make firm
conclusionn this point.

We found no correlationbetweernthe presencef azimuth
streaksor the severity of azimuthstreakswith ionospheric
indicessuchasKp or the polar capindex, the orientation
of theinterplanetarymagneticfield (IMF), the corvection
mapsmeasuredoy the SuperDARN network, or fluctu-
ationsin the magnetometedata collectedat Qanaaglo-
catednearthe Petermanrsite. Thelack of correlationwith
ionosphericmeasurementis surprisinggiven the known
gualitative differencesin polar cap ionosphericphenom-
ena(patchesblobs,sun-alignedarcs,etc.) asafunctionof
theIMF drivencorvection[12] [13].

Therewasacorrelationwith seasoandTEC. Streaksvere
lessfrequentduring local winter. For the two Petermann
offsetfieldswith no streaksall four passesverecollected
in thelocal winter whenthe TEC extractedfrom the GIM
datawasverylow (< 4 TECU). Thiscorrelationis surpris-
ing giventhe pronouncedninimumin measuregolarcap
scintillation during local summer{14] [15]. Thescintilla-
tion causingthe azimuth streaksmay be associatedvith
the relative scintillation maximumobsened during sum-
mermonthsnearmagneticnoon[16]. Theseasonaliepen-
denceimpliesthatazimuthstreaksarenot associatedvith
polarcappatcheg17]. Theseasonallependencenayalso
explain the lack of correlationof the frequeng of occur
rencewith ionospherioneasurementsecausesorvection
is lessimportantin the summethemispheravhencorvect-
ing structuresdecaymorerapidly [18].

4 Conclusonsand Future Work

Ouranalysigndicateghatauroralzonescintillationwhich
could impact SAR performanceoccurslessthan 5% of
thetime. The probability of degradationis strongly cor-
relatedwith ionosphericactvity as characterizedy the
ionospheridndicesandhasa distincttime of dayandtime
of yeardependenceConsequentlythefrequeng of occur
renceof scintillationwill varyfor differentlocationsin the
auroralzonebecausé¢hey will beimagedat differentlocal
timesdueto the mis-alignmenbf geographi@andgeomag-
neticlatitude. Appropriateacquisitionplanningof auroral
zonecollectionsis recommendedAn analysisof artifacts



in JERS-1andPALSAR auroraldatato verify our conclu-
sionswould bevaluable.

Additional work characterizingpolar capscintillation and
the obsened azimuthshiftsis needed.Azimuth shifts are
morecommonlyobsenedin the polarcapthanin theau-
roral zoneand are leastfrequentduring local winter. We
obsenedno correlationbetweerthe occurrencef streaks
with the ionosphericKp or PC indicesor northward or
southvard IMF. Giventhe prevalenceof azimuthshiftsin
the existing polarcapC-bandSAR dataandtheincreased
sensitvity to scintillationexpectedatL-band,development
of aschemedo compensatéor theshiftswouldbevaluable.
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