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Abstract

We have quantifiedthe impact that the ionospherewould have on a L-band interferometricSyntheticApertureRadar
(SAR) missionusinga combinationof simulation,modeling,GlobalPositioningSystem(GPS)datacollectedduringthe
last solarmaximum,andexisting spaceborneSAR data. We concludethat,exceptfor high latitudescintillation related
effects,theionospherewill not significantlyimpacttheperformanceof anL-bandInSARmissionin anappropriateorbit.
We evaluatedthestrengthof theionosphericirregularitiesusingGPSscintillationdatacollectedatFairbanks,Alaskaand
modeledtheimpactof theseirregularitieson azimuthresolution,azimuthdisplacement,peaksideloberatio (PSLR),and
integratedsideloberatio (ISLR). Although we predict that lessthan5% of auroralzonedatawould show scintillation
relatedartifacts,certainsitesimagedneartheequinoxescouldbeeffectedup to 25%of thetimebecausethefrequency of
occurrenceof scintillationis is astrongfunctionof seasonandlocal timeof day. Ourexaminationof ionosphericartifacts
observedin InSAR datahasrevealedthat theartifactsoccurprimarily in thepolarcapdata,not auroralzonedataaswas
previously thought.

1 Introduction

L-band spaceborneSARs provide critical earth science
measurements.Solidearthstudiesof seismicandvolcanic
deformationbenefitfrom the low temporaldecorrelation
of L-banddata,a critical performanceelementfor repeat
passinterferometricSAR(InSAR).L-band’sdemonstrated
ability to penetrateinto dry sandandvegetationmakesit
a valuabletool for diversefields suchasarchaeologyand
biomassretrieval. However, radarperformancedegrada-
tion dueto the ionosphereremainsa concernfor L-band
andlowerfrequency spaceborneradars,despitethesuccess
of previousL-bandspaceborneSARssuchasSeaSAT, the
JERS-1SAR,andtheShuttleImagingRadar(SIR-A/B/C).
(See,for example,therecentcomprehensivereview by Xu
et al. [1] andthe referencestherein.) We have examined
severalof thoseconcernsandhave concludedthat,except
at high latitudes,the ionospherewill not significantlyim-
pacttheperformanceof anL-bandInSARmission.
UsingtheJetPropulsionLaboratory’sGlobal Ionospheric
Maps (GIM) total electroncontent(TEC) estimatesde-
rived from the worldwide array of GPSstations,we de-
terminedthatthesunsynchronousorbit whichwouldmin-
imizeTECatthetimeof imaginghasdawn andduskequa-
tor crossings.Suchanorbit alsoavoidstheequatorialpost-
sunsetirregularities. We usedthe GIM datato examine
the day-to-dayvariability in the backgroundionosphere
andto quantify the impactof the backgroundionosphere
on singlepassSAR performance.With the exceptionof
Faradayrotationrelatedeffectson singlepolarizationsys-
tems,degradationdue to the backgroundionospherecan
be avoided if a reasonablemodel for the ionosphereis
usedduring processing.Our studiesreveal that Faraday
rotationanglesrarelyexceededthe10

�
thresholdthat im-

pactsbiomassretrieval andthat repeatpassinterferomet-

ric SAR decorrelationdueto variationsin thebackground
ionospherecausingvariableFaradayrotationsis a negli-
gible effect. Thesetopicsarediscussedin moredetail in
[2].

2 Impact of Auroral Zone
Scintillation

Althoughtheorbit canbeselectedto avoid thepost-sunset
equatorialionosphericscintillation, auroralzoneandpo-
lar capionosphericirregularitiesmay still createartifacts
in L-bandspaceborneSAR data. We investigatedthe im-
pact auroralzone scintillation would have on SAR per-
formanceusingGPSL1 phasescintillationmeasurements
[3] collectedat Fairbanks,Alaska,during the peakof so-
lar activity of the lastsolarcycle, the year2000. For this
work, we assumedthat the ionosphericirregularitieswere
350km above the surfacein a layer 50 km thick, that the
anisotropicirregularity axis ratio was 5, that the irregu-
laritiesobeyeda two-slopespectrumwith innerandouter
spectralindicesof 1.5 and 2.5, that the inner scaleand
breakscalewere 100m and 500m, that the outer scale
for theGPSphasescintillationmeasurementswas10 km,
and that the outer scalefor the radarmeasurementswas
30km. We developeda methodof estimatingthestrength
of the irregularity spectrumfrom eachGPSphasescintil-
lationmeasurement[4] usingtheseassumptionsandusing
aphasescreenmodelwith ananisotropicirregularityspec-
trum with irregularitieselongatedalong the geomagnetic
field lines [5]. We thenusedeachspectrumto calculate
theimpacton radarperformancefor anL-bandradaron a
spacecraft506km above thesurfacewith a 10 m long an-
tennaviewing targetsata look angleof

��� �
. Theimpactof



ionosphericscintillation on the azimuthresolution,range
resolution,andpulsebroadeningwascalculatedbasedona
publishedmodel[6] [7] while a modelfollowing Tartarski
[8] wasusedto estimatetheeffectsonradarimageazimuth
displacement.Thethousandsof estimatesof radarperfor-
mancedegradationwereaccumulatedto producestatistical
measuresof theimpactof scintillation.

Figure1 shows summaryhistogramsof the frequency of
occurrenceof various levels of ionosphericdegradation.
The histogramswerebuilt usingall of the availableGPS
scintillationdatawithout sortingthedatain time or by ge-
omagneticactivity level. An azimuthresolutiondegrada-
tion of 10% indicatesthat the resolutionwas10% worse
thantheazimuthresolutionexpectedin thepresenceof no
ionosphere.Similarly, an azimuthdisplacementdegrada-
tion of 10% indicatesthata target would be displacedby
onetenthof anazimuthresolutionelement.It is clearfrom
the figure that only a small percentage,lessthan5%, of
thedatashowsany significantdegradationin performance.
Theprobabilityof azimuthresolutiondegradationby more
than2% of theidealvalueis lessthan4%. Thelikelihood
of PSLRor ISLR degradationlargerthan2 dB is lessthan
3%. Theprobabilityof azimuthdisplacementslargerthan
10%is lessthan5%.

Figure 1: Normalizedhistogramsshowing the frequency
of occurrenceof degradationsin radarperformancedueto
ionosphericscintillation.Only thetailsareplottedfor clar-
ity. The systemresolution,PSLR,and ISLR if no iono-
spherewerepresentare5 m, -13.26dB, and-10.69dB.

Auroral zonescintillation hasa well known dependence
ontimeof day, timeof year, andgeomagneticactivity – an
effect thatis averagedover in Figure1. In particular, scin-
tillation is morecommonat night, especiallyin the mid-
night to dawn sectornearthe equinoxes. Figure2 shows
how frequentlythe azimuthdisplacementis one tenthof
an azimuthpixel or greaterasa function of local time of
dayandmonth. Becauseauroralzonesitesimagedin the
pre-dawn hourshave a non-negligible probability of be-

ing corruptedwith ionosphericirregularity artifacts,care-
ful planningof dataacquisitionswith respectto seasonand
ascendingvs. descendingpassis recommended.For any
sun-synchronousorbit, scintillationwill bemoreprobable
for someauroralzonelongitudesthanothersbecausethe
local time of imagingwill vary dueto the offsetbetween
geographicandgeomagneticlatitude.

Figure 2: Frequency of occurrencethat the azimuthdis-
placementdueto ionosphericscintillationexceeds10%(a
tenth of an azimuth resolutionelementwhich is 50 cm)
plottedasa functionof timeof yearandlocal time.

The ionospheric irregularities at auroral latitudes are
closelycorrelatedto spaceweatherconditionsthatenhance
theauroralelectrojetcausingmagneticfield perturbations
in theionosphereandon theground.Thesemagneticfield
perturbationscanbeanindicatorof theeffectsonpossible
degradationof radarimages. Thereis a clearcorrelation
betweenthedegradationof spacebasedradarperformance
in the auroralzonepassesand auroralelectrojetactivity
characterizedby theAE index. Thelattersignificantlyin-
creaseswith disturbedspaceweatherconditions.Figure3
shows the meandegradationof radarazimuthresolution



vs. theauroralelectrojetindex (AE). To obtaintheplot, the
estimatedazimuthresolutiondegradation(R) wasbinned
at 50 � intervals and thenaveraged. As AE increasesto
the 1000 � level, the averagedegradationof azimuthres-
olution canbe larger than2%. A quadraticfit is also in-
cludedin the plot. It is clear that the AE index could be
usedto predictwhich auroralzoneSAR scenesmight be
corruptedby ionosphericirregularities.

Figure 3: Meandegradationof theazimuthresolutiondue
to ionosphericscintillationversustheauroralelectrojetac-
tivity ascharacterizedby theAE index.

3 Azimuth Shifts

RepeatpassSAR interferometryis affectedby the iono-
sphere.Changesin backgroundionospherebetweenpasses
leadto phaserampswhich aregenerallyabsorbedby the
baselineestimationprocedure.Of moreconcernareiono-
sphericirregularitieswhich producehigh frequency (kilo-
meterhorizontalscale)bandsof azimuthmis-registration
(up to half a pixel) and ripples in the interferometric
phase[9] [10]. Glaciologistshaveobservedthese“azimuth
streaks”in muchof thehigh latitudedatafrom theERS-1,
ERS-2,RADARSAT-1, JERS-1,andENVISAT satellites.
If irregularitiesarepresenton eitherof thetwo collections
usedfor aninterferometricpair, thedatacanbecorrupted.
A preliminaryevaluationof alreadyprocessedin-houseIn-
SARdataimagingbothAntarcticaandGreenlandrevealed
that azimuthstreaksoccur much more frequently in po-
lar capdatathanfor sitesin the auroralzone. This con-
clusion that azimuth streaksare essentiallya polar cap
phenomenonis supportedby observationsof scintillation
causedby kilometer scaleirregularities in the polar cap
[11] andis consistentwith theauroralzoneanalysisof the
previoussectionwhich showed thatauroralzoneazimuth
displacementsaretooinfrequentto accountfor thefraction
of InSARdataeffected.
We obtainedRADARSAT-1 datacovering two polar cap

sites,PetermannGletscherin NorthernGreenland(Peter-
mann)andasitein coastalAntarcticanearMcMurdo(Mc-
Murdo). We processed15 passesmaking11 offset fields
at Petermannand5 passesmaking7 offset fields at Mc-
Murdo. 87%(13/15)of thePetermannpairsandall of the
McMurdopairsexhibitedstreaks.For eachinterferometric
pair wherestreakswerepresent,we evaluatedthe density
of streaksperkilometerof spacecrafttravelalongtrack,the
width of thestreaks,the maximumazimuthshift, andthe
orientationof the streaks.Eachsite showed a consistent
orientationof theazimuthstreakswhich mayberelatedto
the anglebetweenthe look vectorandthe magneticfield.
However, with only two sitesit is difficult to make firm
conclusionson this point.
We foundno correlationbetweenthepresenceof azimuth
streaksor theseverity of azimuthstreakswith ionospheric
indicessuchasKp or the polar capindex, the orientation
of the interplanetarymagneticfield (IMF), theconvection
mapsmeasuredby the SuperDARN network, or fluctu-
ationsin the magnetometerdatacollectedat Qanaaqlo-
catednearthePetermannsite.Thelackof correlationwith
ionosphericmeasurementsis surprisinggiven the known
qualitative differencesin polar cap ionosphericphenom-
ena(patches,blobs,sun-alignedarcs,etc.)asa functionof
theIMF drivenconvection[12] [13].
Therewasacorrelationwith seasonandTEC.Streakswere
lessfrequentduring local winter. For the two Petermann
offsetfieldswith no streaks,all four passeswerecollected
in the local winter whentheTEC extractedfrom theGIM
datawasverylow ( ��� TECU). Thiscorrelationis surpris-
ing giventhepronouncedminimumin measuredpolarcap
scintillationduring local summer[14] [15]. Thescintilla-
tion causingthe azimuthstreaksmay be associatedwith
the relative scintillation maximumobserved during sum-
mermonthsnearmagneticnoon[16]. Theseasonaldepen-
denceimpliesthatazimuthstreaksarenot associatedwith
polarcappatches[17]. Theseasonaldependencemayalso
explain the lack of correlationof the frequency of occur-
rencewith ionosphericmeasurementsbecauseconvection
is lessimportantin thesummerhemispherewhenconvect-
ing structuresdecaymorerapidly [18].

4 Conclusions and Future Work

Ouranalysisindicatesthatauroralzonescintillationwhich
could impact SAR performanceoccursless than 5% of
the time. The probability of degradationis stronglycor-
relatedwith ionosphericactivity as characterizedby the
ionosphericindicesandhasadistincttimeof dayandtime
of yeardependence.Consequently, thefrequency of occur-
renceof scintillationwill varyfor differentlocationsin the
auroralzonebecausethey will beimagedatdifferentlocal
timesdueto themis-alignmentof geographicandgeomag-
netic latitude.Appropriateacquisitionplanningof auroral
zonecollectionsis recommended.An analysisof artifacts



in JERS-1andPALSAR auroraldatato verify our conclu-
sionswould bevaluable.
Additional work characterizingpolarcapscintillationand
theobservedazimuthshifts is needed.Azimuth shiftsare
morecommonlyobservedin thepolarcapthanin theau-
roral zoneandareleastfrequentduring local winter. We
observedno correlationbetweentheoccurrenceof streaks
with the ionosphericKp or PC indices or northward or
southwardIMF. Giventheprevalenceof azimuthshifts in
theexisting polarcapC-bandSAR dataandtheincreased
sensitivity to scintillationexpectedatL-band,development
of aschemetocompensatefor theshiftswouldbevaluable.
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