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Abstract— We have quantified the impact that the ionosphere
would have on a L-band interferometric Synthetic Aperture
Radar (SAR) mission using a combination of simulation, model-
ing, Global Positioning System (GPS) data collected during the
last solar maximum, and existing spacebone SAR data.

Using the Jet Propulsion Laboratory’s Global lonospheric
Maps (GIM) total electron content (TEC) estimatesderived from
the worldwide array of GPS stations, we determined that the
sun synchronousorbit which would minimize TEC at the time of
imaging hasdawn and dusk equator crossings.Suchan orbit also
avoids the equatorial post-sunsetirr egularities. We usedthe GIM
data to examine the day-to-day variability in the background
ionosphere and to quantify the impact of the background
ionosphere on single passSAR performance. With the exception
of Faraday rotation related effectson single polarization systems,
degradation due to the background ionosphere can be avoided if
a reasonablemodel for the ionospher is usedduring processing
Our studiesreveal that Faraday rotation anglesrarely exceeded
the 10° thresholdthat impacts biomassretrieval and that repeat
passinterferometric SAR decorrelation due to variations in the
background ionosphere causing variable Faraday rotations is a
negligible effect.

Even a dawn-dusk orbit will not avoid high latitude iono-
spheric irr egularities. We evaluated the strength of the iono-
spheric irr egularities using GPS scintillation data collected at
Fairbanks, Alaska and modeledthe impact of theseirr egularities
on azimuth resolution, azimuth displacement,peak sideloberatio
(PSLR), and integrated sideloberatio (ISLR). Our examination
of ionospheric artifacts in INSAR data has revealed that the
artifacts occur primarily in the polar cap data, not auroral zone
data as was previously thought.

I. INTRODUCTION

L-band spaceborneSARs provide critical earth science
measurementsSolid earth studies of seismic and volcanic
deformationbenefit from the low temporal decorrelationof
L-band data, a critical performanceelementfor repeatpass
interferometricSAR (INSAR). L-band’s demonstratedhbility
to penetrateinto dry sandand vegetationmales it a valu-
able tool for diversefields suchas archaeologyand biomass
retrieval. However, radar performancedegradationdueto the
ionosphereemainsa concernfor L-bandandlower frequeny
spaceborneradars, despite the successof previous L-band
spaceborneSARs such as SeaSA, the JERS-1SAR, and
the Shuttle Imaging Radar (SIR-A/B/C). (See,for example,
the recentcomprehensie review by Xu et al. [1] and the
referencesherein.)Herewe examineseveral of thoseconcerns

andconcludethat, exceptat high latitudes,theionospherewill
not significantlyimpactthe performanceof an L-bandInSAR
mission.

Il. ORBIT SELECTION

An ideal orbit would minimize the backgroundonosphere
total electroncontentfor both the ascendingand descending
passesminimize the day to day varianceof the background
ionospheretotal electron content for both the ascending
and descendingpassesand minimize the probability of en-
counteringionosphericrregularities.We considerednly sun
synchronousorbits with a 506 km altitude at the equator
0.00127%ccentricity 90° argumentof periapseb day ground
trackrepeatand97.4 inclination. Thelocal times(LT) of the
ascendingodesfor thetestedcasesvere4:00a.m.,5:00a.m.,
6:00a.m.,7:00a.m.,and 8:00 a.m.

We excluded from considerationorbits with ascending
equatorialcrossingdrom 0:00 - 3:00 LT sincethedescending
passeswould passthroughthe peakof the daily ionization.
The mostsevereirregularitiesoccur at low latitudes,nearthe
earths magneticequator Equatorialscintillationoccursalmost
exclusively in the post-sunsetperiod sometimesextending
until dawn [2] [3]. To avoid equatorialirregularities on the
descendingarcs, orbits with equatorial crossingtimes from
9:00to 12:00LT were excluded.

Both this orbit selectionstudy and the backgroundiono-
sphereFaradayrotation study usedthe global TEC mapsin-
ferredfrom GPSdata.The JPL GPS-basedjlobalionospheric
maps(GIM) usedual-frequeng (L-band) GPSmeasurements
from over 100 groundrecever locationsto producea global
mapof verticalionospheridotal electroncontent{TEC). There
is an alundanceof stationsin Europeandthe continentalUS
anda sparsityof stationsin Africa, in the oceansandat high
latitudes. The quality of the GIM TEC is poorerthe farther
the geographidocationis from a station. The GIM provides
a measureof integratedcolumn density up to GPS altitudes
(20,200km). For this studywe usedyear2000data,nearthe
last solar max. GIM global estimatesof TEC are provided
every 15 minutes

Becausdhe low earthorbits consideredaresignificantlybe-
low the GPSsatellites’altitude, the fraction of theionospheric
TEC above the spacecrafheedsto be excluded.Roughly half



of the ionosphericelectronsare abose 500 km. The fraction
of the TEC to exclude is calculatedusing the International
Referencelonosphere(IRI). At eachtime and location for
which a GIM TEC was extracted, the IRl model was run
producinga vertical electrondensity profile. The fraction of
the TEC below the spacecraftvas calculatedfrom the profile,
andthe GIM estimatethe TEC was correspondinglyreduced.

Figurel showvs the meanscaledTEC for the ascendingarcs
which image the low and mid-latitudesnear dawn. Figure 2
shavs the meanscaledTEC for the descendingarcs which
imagethelow andmid-latitudesneardusk. Thesefigureswere
accumulatedby simulating the flying of the spacecrafin a
given orbit for a year Usingthe GIM dataandthe IRl model,
the TEC belov the spacecraftwas extracted eachtime the
spacecrafentereda new 1° cell.

Comparingthe TEC plots for different orbits in Figure 1,
the dominantfeatureis the increasein the TEC for the orbits
imagingthe earthlaterin the morning.Similarly the dominant
featurein Figure 2 is the decreasan the TEC of the orbits
imaging the earthlater in the evening. The enhancementef
ionization above and below the magneticequator known as
the equatorialanomaly areclearly visible in the eveningdata.

Table!| shows the summarystatisticsfor the five candidate
orbits consideredFor eachorbit arc, the averageworld grid
of meanTECsandthe averagestandardieviation of the world
grid of meanTECsis listed. In generalthe higherthe average
scaledTEC, the higher the averagestandarddeviation. The
standarddeviation reflectsthe day to day variability in the
backgroundonosphereat a given location andtime of day.

If the goal wasto selectan orbit that minimized the TEC
on one arc, the best choice orbit would be the 4:00 a.m.
equatorial crossing since its ascendingarc has the lowest
average mean TEC of 8.01TECU. The best compromise
choice with reasonableTEC for both arcs and the lowest
overall TEC is the 6:00 a.m. equatorialcrossingorbit with
an averageof 18.73TECU.

Orbit Time of Arcs Time of Average Average
AscendingNode EquatorCrossing TEC Standard
[LT] [TECU] Deviation
4 AM asc 4 AM 8.01 3.88
5AM asc 5AM 8.04 4.28
6 AM asc 6 AM 10.41 5.40
7 AM asc 7 AM 15.91 6.30
8 AM asc 8 AM 22.12 6.90
4 AM desc 4 PM 33.72 9.42
5 AM desc 5PM 30.87 9.00
6 AM desc 6 PM 27.06 8.65
7 AM desc 7 PM 22.64 8.10
8 AM desc 8 PM 19.30 7.60
4 AM both 4 AM + PM 20.86
5AM both 5AM + PM 19.46
6 AM both 6 AM + PM 18.73
7 AM both 7 AM + PM 19.27
8 AM both 8 AM + PM 20.71
TABLE |

SUMMARY TABLE COMPARING TEC FOR VARIOUS CANDIDATE ORBITS.
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Fig. 1. Mean scaled TEC value for the ascendingarcs for the orbits
with equatorialcrossingsat 4:00 a.m, 5:00a.m, 6:00a.m, 7:00 a.m, and
8:00 a.m. Color indicatesscaledTEC with dark red indicating50 TECU.
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Fig. 2. Mean scaled TEC value for the descendingarcs for the orbits
with equatorialcrossingsat 4:00 a.m., 5:00 a.m, 6:00a.m, 7:00 a.m, and
8:00 a.m.. Color indicatesscaledTEC with dark red indicating 100 TECU.

I11. IMPACT OF FARADAY ROTATION

Given concernsthat the ionospherewould corrupt tar
gets’ polarimetricsignatureq4] [5] and causeinterferometric
decorrelation,we have examined the impact of a realistic,
variable,backgroundionosphereon a single passand repeat
passinterferometricL-band SAR flying in a realistic orbit.
The purposeof the simulationis to establishthe magnitude
of the errors introduced by the backgroundionosphereon
INSAR measurementfesultsarereportedfor a right looking
80 MHz bandwidthrepeat-pass.-band INSAR with a 50 m
long antennaviewing a 200 km wide swath with a 45° near
range look angle and a 2° squint angle flying in a sun-
synchronousrbit.

The dispersionrelation of radio waves in a magnetized
plasmawas usedto computethe point spreadfunction (PSF)
of focusedSAR dataacquiredin the presencef a temporally
and spatially dependenbackgroundonospherederived from
Global Positioning System(GPS) data. The formulation as-
sumesthat the radar signal propagateslong pathsdescribed
by thelaws of geometricabpticsin free-spaceTheionosphere
affectsthis free-spaceropagatiorthrougha frequeng, polar
ization,andpathdependenphasedelay The path-dependence
of the phasedelaysis obtainedby using a thin shell model
for the ionosphere Other ionospherescatteringeffects such
asdiffraction, refraction,andinterferenceof waveswithin the
antennaperturearenot takeninto accountDefocusingeffects
within the syntheticapertureare consideredo first order The
resulting PSF containsionosphericeffects such as azimuth
and rangedisplacementspulse broadening,defocusing,and
Faradayrotation. The simulationconsistsof computing,ana-
lyzing, and collecting the PSFsof the focusedSAR datafor
ionosphericconditionssampledat five sitestwice a day for
two years.All simulation parametersexcept the ionospheric
conditionsare kept constantthroughoutthe time series.

The backgroundonospheralatausedin the studyare GPS-
derived TEC mapsupdatedevery 15’ (GIM). The width of
the smallestfeaturesobsenedin the horizontaldistribution of
TEC is about500 km. The vertical structureof theionosphere
was modeled using the International Referencelonosphere
(IRI), and the International GeomagneticReferenceField
(IGRF) was usedto modelthe Earth's magneticfield.

Five study siteswere consideredArequipa, Peru; Bogota,
Colombia; Santiago,Chile; North Liberty, lowa; and Fair-
banks,Alaska. Thesesites were selectedbecausetheir geo-
graphic distribution representdifferent types of phenomena
expectedwith varying geomagnetidatitude and becausehey
are co-locatedwith someof the GPSrecevers usedby the
GIM. Approximatetimes-of-dayfor imaging during the as-
cendinganddescendingpassedor theselocationsaregivenin
Tablell. Thesetimesarecomputedusingthe sun-synchronous
orbit describedoreviously which intersectghe equatorat local
timesnear06:00 (ascendingland 18:00 (descending).

Single passpoint target responsedegradationswere eval-
uated and shavn to be small. The PSF broadeningand
PSLR/ISLRreduction,arelessthan 10% of their unperturbed



Site Latitude Longitude LST davn LST dusk
[deg] [deg] pass pass
Arequipa -16.46 288.50 6:09:00 17:54:00
Bogota 4.64 285.92 5:57:36 18:00:00
Santiago -33.15 289.33 6:19:48 17.42:00
North Liberty 41.77 268.42 5:33:36 18:24:00
Fairbanks 64.98 212.50 4:54:36 19:06:00
TABLE 1

POSITIONSAND LOCAL SOLAR TIME (L ST, HH:MM:SS) FOR THE DAWN
(ASCENDING) AND DUSK (DESCENDING) PASSES.

valuesif the processinggnoresthe ionosphericmedium.If a
realisticmodelfor the TEC wereusedin the SAR processing,
much of the point target responsedegradation would be
removed.

Figure 3 shaws the variation in TEC belov the space-
craft's orbit at the dusk imaging time at Santiagoover a 2
year interval overlappingthe 2000 solar maximum. Thereis
considerabledaily and seasonalariation of the ionospheric
TEC. The TEC maximaoccurnearthe equinoxesandminima
occur aroundthe summerand winter solstices,althoughthe
minimum is deeperduring australwinter. For eachsite, the
dawn imaging time has both a lower TEC and lower TEC
variability than the dusk imaging time. Figure 3 shows the
TEC derived only from the IRI and the scaledGIM TEC
measurementThe meanand root meansquare(RMS) TEC
differencesbetweenthe two TEC time seriesare 3.9 TECU
and 10.7 TECU, respectiely. The day to day variationsas
well asthe seasonalariationsare significantly larger in the
GIM datathanin the IRl model.

Santiago: GIM and IRI (red) TEC at 17:42:00
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Fig. 3. The GIM (black) and IRI (red) datafor the height-adjustedrEC
abore Santiagofor a two year period starting on the 13 Septemberl999
sampleddaily at the time of the dusk pass(17:42:00local solartime).

Table Il summarizeghe key ionosphericparametersde-
rived from the GIM, the IRI, andthe IGRF for the two years

studied for the five sites and the two imaging times. The

TEC for all sitesand passeswvas always belov 100 TECU.

At the equatorfor the evening imaging time, the TEC was
typically 50 TECU. The primary variationin the TEC is the

seasonatrend,which is capturedn the standardnodelssuch
asthe IRI. TheionosphericTEC generallydecreasesandthe

magneticfield strengthgenerallyincreasesoward the poles.
The magneticangle is the angle betweenthe look vector
from the radarto the target andthe geomagnetidield vector,

Be. Nearthe magneticequator the imagingis approximately
perpendiculato the magneticfield while at high latitudesthe

imaging direction is better aligned with the magneticfield

lines.

Site and Pass Scaled Magnetic || B || lonospheric
TEC Angle Height
[TECU] [deg] [gauss] [km]
ArequipaAM 151+8.1 1103+0.1 0.20 3229+8.9
ArequipaPM 386+109 1098+0.1 0.20 3947+81
BogotaAM 123+4.0 851+0.1 0.25 3317456
BogotaPM 528+152 847+0.2 0.25 3613+1.2
SantiagoAM 179+109 1220+0.1 0.20 3320+ 7.6
SantiagoPM 364+167 1220+0.1 0.20 33894106
North Liberty AM 7.0+34 558+0.3 0.43 3466+19.1
North Liberty PM 187+5.8 558+0.1 0.43 3465+7.2
FairbanksAM 6.0+3.2 46.9+0.3 0.45 3665+228
FairbanksPM 7.1+34 471401 0.45 3532+112
TABLE I

AVERAGES AND RM S VARIATIONS OF SOME |ONOSPHERE PROPERTIES
OVER THE TWO YEAR PERIOD FOR THE DAWN (AM) AND DUSK (PM)
IMAGING TIMES.

The dependencef the backgroundTEC on time of day,
latitude, and time of year also appliesto the distribution of
Faradayrotationanglesobsened. However anotherimportant
factor in the geographicsensitvity of the Faradayrotation
comesfrom the magnitudeand orientationof the Earth mag-
netic field Be. Of the sitesand passesonsideredthe largest
Faradayrotationangleswvereseenn theduskpassat Santiago,
shawvn in Figure4, andtheduskpassat North Liberty. TablelV
lists the averageFaradayrotationanglefor eachsite andpass.

Two-way rotationsexceedingl(® may impact geophysical
parameterrecovery [4]. As showvn in Table IV, this 10°
thresholdis rarely exceededfor our orbit. The morning data
collectionsare always below the threshold.The thresholdis
exceededin the evening data near the geographicequator
where the TEC valuesare large and at the higher latitudes
wherethe magneticfield strengthis larger. Although Faraday
rotation can causea reductionin the signalto noiseratio of
a single polarizationradar this will not be a significanteffect
given the size of the Faradayrotationsobsened.

We evaluatedrealistic target displacements$ the datapro-
cessingwere done assumingvacuumbetweenthe radar and
the ground.This displacements primarily in rangeandcould
be compensatedor, almost entirely, by using GIM or the
equivalent data during processing.The displacement®f the
point of maximum power in the PSF from their true target
positions are larger in range than in azimuth, as seenin
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Fig. 4. Thetwo-way Faradayrotationanglein degreesfor a two yearperiod
startingon the 13 Septembefl 999 sampleddaily at the time of the duskpass
above Santiago(17:42:00local solartime).

Siteand Time Two Way Faraday Range Azimuth
RotationAngle Displacement Displacement
[deg] [m] [m]
ArequipaAM 26+14 56+3.0 0.6+0.3
ArequipaPM 6.4+1.8 1434+4.0 19416
BogotaAM 0.7+£0.2 45+15 1.0+04
BogotaPM 3.0+09 1954+5.6 0.4+14
SantiagoAM 49+30 6.6+4.0 0.6+0.4
SantiagoPM 9.9+45 134+6.2 32+13
N. Liberty AM 43+20 26+1.2 0.0+£0.2
N. Liberty PM 113435 6.9+2.1 0.61+0.6
FairbanksAM 46+25 22+1.2 0.2+0.3
FairbanksPM 54+26 26+13 0.4+0.3
TABLE IV

AVERAGES AND RM S VARIATIONS OF BACKGROUND IONOSPHERIC
EFFECTS OVER THE TWO YEAR PERIOD.

TablelV. Rangedisplacementsarecauseddy the slope(group
velocity) of the dispersionrelation at the center frequengy
andthey are proportionalto the TEC. Azimuth displacements
have two different physical origins. First, the squint angle
transformsa small fraction of the rangedisplacementnto an
alongtrackdisplacementA larger contrilbution to the azimuth
displacemenis due to small slopesin the GIM TEC in the
along track direction. A TEC gradientcreatesa phaseramp
acrosghe syntheticaperturewhich, in turn, manifestdtself as
an azimuth displacementThe largestazimuth displacements
are 6 m, abouta quarterof the azimuth resolution. Range
displacementan be as large as 36 m, 20 times larger than
the rangeresolution.

Our simulationresultsshowv that Faradayrotation induced
INSAR decorrelationsare much less than 1% for the sun
synchronousorbit considered.Table V gives the summary
decorrelationstatisticsfor all sites, both imaging times, HH

andVV polarizationlnSARs,andtwo choicesfor the rangeof

scatteringmatricesconsideredThe Faradayrotation induced
interferometricdecorrelationwas estimatedin the following

manner The one-dimensionakime seriesfor the two-way

rotation angles (as shavn for example in Figure 4) were
usedto computea two-dimensionatime-lagarray of Faraday
decorrelationsStatisticswere computedfor the decorrelation
valuesconsideringone-way lags(eachpair countedonly once)
and after eliminating lags with too few realizations(< 365).

Becausethe amount of interferometric decorrelationfor a

given Faradayrotationangledependsn the scatteringmatrix,

we allowedthe scatteringmatricesto vary within arangesuch
that they maximizedthe decorrelationWe usedtwo ranges,
one correspondingo realistic targetsand anotherunphysical
range designeddeterminethe worst casedecorrelation.Be-

causethe Faradayrotation angle differencebetweenpassess

small,lessthan10° asshawn in the variancedn TablelV, the
decorrelationcausedby the Faradayrotation angle difference
is small.

Polarization: vV vV HH HH
Scattering: Realistic Unphysical Realistic Unphysical
ArequipaAM 1510°° 1.210° 1.610° 2510°°
ArequipaPM 7.010°8 5310° 7.810°7 1.110°°
BogotaAM 1.410°° 16108 1.710°10 3.310°°
BogotaPM 431077 36106 47108 7.210°7
SantiagoAM 1.810°° 1.410% 2.010° 2.910°°
SantiagoPM 1.610°4 1.210°% 1.810° 2510
North Liberty AM  5.610°° 47105  6.410°7 95106
North Liberty PM  1.410°4 99104 1.510° 2.010*
FairbanksAM 1.210°° 8810 1.310° 1.710°°
FairbanksPM 1.310°° 1.010*  1.410°° 2.010°5
TABLE V

SUMMARY OF THE MAXIMUM 90% INSAR DECORRELATION VALUE OVER
A ONE YEAR MAXIMUM TIME LAG.

Becausethe ionosphericTEC has a strong seasonalde-
pendencethe decorrelationvariesstrongly with the temporal
separationbetweenthe two passes.n general,the highest
decorrelationsare for lags of 3 monthsand 9 months with
smallerdecorrelationgor 6 monthsand 12 months

Processingsingle passL-band SAR data as if there is
vacuumbetweenthe radarand the groundresultsin a phase
ramp acrossthe swath, the size of which is largely deter
mined by the TEC. This ramp can be up to 200 rad These
ramps are due to look angle diversity acrossthe swath. If
an interferogramis formed usingtwo passe®f data,eachof
which have different rampsbecauseof differentionospheric
conditionsat the imaging times, the interferogramwill also
have a phaseramp which could complicateunwrappingand
confuseionosphericandgeophysicakignals.The effect could
be largely eliminatedby using GIM or the equivalent data
when processinghe single passdata.

IV. IMPACT OF AURORAL ZONE SCINTILLATION

Although the orbit canbe selectedo avoid the post-sunset
equatoriaionosphericscintillation, auroralzoneandpolar cap



ionosphericirregularities may still createartifactsin L-band
spaceborn&AR data.We investigatedheimpactauroralzone
scintillation would have on SAR performanceusing GPSL1
phasescintillation measurement§t] collectedat Fairbanks,
Alaska, during the peak of solar actiity of the last solar
cycle, the year 2000. For this work, we assumedthat the
ionosphericirregularities were 350 km above the surfacein
a layer 50 km thick, thatthe anisotropicirregularity axis ratio
was 5, that the irregularities obeyed a two-slope spectrum
with inner and outer spectralindicesof 1.5 and 2.5, that the
inner scaleand break scalewere 100 m and 500 m, that the
outerscalefor the GPSphasescintillation measurementwas
10 km, andthatthe outerscalefor theradarmeasurementsas
30 km. We developeda methodof estimatingthe strengthof
the irregularity spectrumfrom each GPS phasescintillation
measuremenf7] using theseassumptionsand using a phase
screenmodel with an anisotropicirregularity spectrumwith
irregularitieselongatedalong the geomagnetidield lines [8].
We then usedeachspectrumto calculatethe impacton radar
performancdor anL-bandradaron aspacecraf606 km above
the surface with a 10 m long antennaviewing targets at a
look angleof 35°. The impactof ionosphericscintillation on
the azimuthresolution rangeresolution,andpulsebroadening
was calculatedbasedon a publishedmodel [9] [10] while
a model following Tartarski[11] was usedto estimatethe
effectson radarimageazimuthdisplacementThethousandsf
estimatef radarperformancedegradationwere accumulated
to producestatisticalmeasure®f the impactof scintillation.
Figure 5 shavs summary histogramsof the frequeny
of occurrenceof various levels of ionosphericdegradation.
The histogramswere built using all of the available GPS
scintillation data without sorting the data in time or by
geomagneti@ctivity level. An azimuthresolutiondegradation
of 10% indicatesthat the resolutionwas 10% worsethan the
azimuthresolutionexpectedin the presencef no ionosphere.
Similarly, an azimuth displacementdegradationof 10% in-
dicatesthat a target would be displacedby one tenth of an
azimuth resolution element.It is clear from the figure that
only a small percentageless than 5%, of the data shavs
ary significant degradationin performance.The probability
of azimuth resolution degradationby more than 2% of the
ideal valueis lessthan 4%. The likelihood of PSLRor ISLR
degradationlargerthan2 dB is lessthan 3%. The probability
of azimuthdisplacement$arger than 10% is lessthan 5%.
Auroral zonescintillation hasa well known dependencen
time of day, time of year andgeomagneti@ctivity — an effect
thatis averagedover in Figure5. In particular scintillation is
more commonat night, especiallyin the midnight to dawn
sector near the equinoxes. Figure 6 shavs how frequently
the azimuthdisplacements one tenth of an azimuthpixel or
greaterasa function of local time of day and month.Because
auroralzonesitesimagedin the pre-davn hourshave a non-
negligible probability of being corrupted with ionospheric
irregularity artifacts, careful planning of data acquisitions
with respectto seasonand ascendingvs. descendingpass
is recommendedFor ary sun-synchronousrbit, scintillation
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Fig. 5. Normalized histogramsshaving the frequeng of occurrenceof
degradationsin radarperformancedue to ionosphericscintillation. Only the
tails are plotted for clarity. The systemresolution,PSLR, and ISLR if no
ionospherewere presentare5 m, -13.26dB, and-10.69dB.

will be more probablefor someauroralzonelongitudesthan
othersbecausehe local time of imagingwill vary dueto the
offset betweengeographicand geomagnetidatitude.
Theionospheridrregularitiesat aurorallatitudesareclosely
correlatedo spacewneatherconditionsthatenhancehe auroral
electrojet causingmagneticfield perturbationsin the iono-
sphereand on the ground. Thesemagneticfield perturbations
can be an indicator of the effects on possible degradation
of radar images. There is a clear correlation betweenthe
degradationof spacebasedradarperformancen the auroral
zone passesand auroral electrojetactiity characterizedby
the AE index [12]. The latter significantly increaseswith
disturbedspaceweatherconditions.Figure 7 shovs the mean
degradationof radarazimuthresolutionvs. the auroral elec-
trojet index (AE). To obtain the plot, the estimatedazimuth
resolutiondegradation(R) was binned at 50 y intervals and
thenaveragedAs AE increaseso the 1000y level, theaverage
degradationof azimuthresolutioncan be larger than 2%. A
guadraticfit is also includedin the plot. It is clear that the
AE index could be usedto predictwhich auroralzone SAR
sceneamight be corruptedby ionosphericirregularities.

V. AZIMUTH SHIFTS

RepeatpassSAR interferometryis affected by the iono-
sphere.Changesin backgroundionospherebetweenpasses
lead to phaserampswhich are generally absorbedby the
baseline estimation procedure.Of more concernare iono-
sphericirregularitieswhich producehigh frequeng (kilometer
horizontal scale) bands of azimuth mis-reggistration (up to
half a pixel) and ripples in the interferometric phase[13]
[14]. Glaciologistshave obsened these“azimuth streaks”in
the much of the high latitude datafrom the ERS-1,ERS-2,
RADARSAT-1, JERS-1,andENVISAT satellites.If irregular
ities are presenton either of the two collectionsusedfor an
interferometricpair, the datacan be corrupted.
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A preliminary evaluation of already processedin-house
INSAR dataimaging both Antarcticaand Greenlandrevealed
that azimuthstreaksoccurmuchmorefrequentlyin polar cap
datathan for sitesin the auroral zone. This conclusionthat
azimuth streaksare essentiallya polar cap phenomenoris
supportedby obsenations scintillation causedby kilometer
scaleirregularitiesin the polarcap[15] andis consistentwith
theauroralzoneanalysisof the previous sectionwhich shaved
that auroralzoneazimuthdisplacementsare too infrequentto
accountfor the fraction of INSAR dataeffected.

We obtainedRADARSAT-1 datacaoveringtwo two polarcap
sites,PetermaniGletscheiin NorthernGreenlandPetermann)
andasitein coastalAntarcticanearMcMurdo (McMurdo). We
processed5 passesnaking 11 offsetfields at Petermanrand
5 passesnaking 7 offset fields at McMurdo. 87% (13/15) of
the Petermanmairs and all of the McMurdo pairs exhibited
streaks. For each interferometric pair where streaks were
presentwe evaluatedthe density of streaksper kilometer of
spacecrafttravel along track, the width of the streaks,the
maximum azimuth shift, and the orientation of the streaks.
Each site shaved a consistentorientation of the azimuth
streakswhich may be relatedto the angle betweenthe look
vectorandthe magneticfield. However, with only two sitesit
is difficult to make firm conclusionson this point.

We found no correlationbetweenthe presenceof azimuth
streaksor the severity of azimuth streakswith ionospheric
indices such as Kp or the polar cap index, the orientation
of the interplanetarymagneticfield (IMF), the corvection
mapsmeasuredby the SuperDARN network, or fluctuations
in the magnetometedatacollectedat Qanaadocatednearthe
Petermanrsite. The lack of correlationwith ionospheriomea-
surementss surprisinggiventhe known qualitative differences
in polar cap ionospheric phenomena(patches,blobs, sun-
alignedarcs,etc.) asa function of the IMF driven corvection
[16] [17].

There was a correlation with seasonand TEC. Streaks
werelessfrequentduring local winter. For the two Petermann
offset fields with no streaks,all four passeswere collected
in the local winter when the TEC extracted from the GIM
datawas very low (< 4 TECU). This correlationis surpris-
ing given the pronouncedminimum in measuredpolar cap
scintillation during local summer[18] [19]. The scintillation
causingthe azimuthstreaksnaybeassociatedvith therelative
scintillation maximum obsened during summermonthsnear
magneticnoon [20]. The seasonaldependencemplies that
azimuth streaksare not associatedwith polar cap patches
[21]. The seasonabependencenay also explain the lack of
correlationof the frequeng of occurrencewith ionospheric
measurementdecausecorvection is less important in the
summerhemispherewvhen corvecting structuresdecay more
rapidly [22].

VI. CONCLUSIONS AND FUTURE WORK

We have determinedthat a dawn-dusk sun-synchronous
orbit minimizes the ambientionosphericdensity below the
spacecraftThe dataproducedby an L-band INSAR in such



an orbit will not be corruptedby significantartifacts due to

the presenceof the variable backgroundionosphere.Most

of the artifacts, such as the small degradationin the point

target responsecould be removed by using a background
ionospheremodel during processingEvaluatingthe required
model accuray and developing processingechniqueswvhich

apply the modelwould be valuablenext steps.

Our analysisindicatesthat auroralzonescintillation which
could impact SAR performanceoccursless than 5% of the
time. However, the frequeng of occurrenceof scintillation
will vary for differentlocationsin the auroralzone because
they will be imagedat different local times becauseof the
mis-alignmentof geographicand geomagnetidatitude. The
probability of degradationis strongly correlatedwith iono-
spheric activity as characterizecby the ionosphericindices

and hasa distinct time of day andtime of year dependence.

Appropriate acquisition planning of auroral zone collections
is recommendedAn analysis of artifacts in JERS-1 and
PALSAR auroral data to verify our conclusionswould be
valuable.

Additional work characterizingpolar cap scintillation and
the obsened azimuth shifts is needed.Azimuth shifts are
more commonlyobsenedin the polar capthanin the auroral
zoneand are leastfrequentduring local winter. We obsened
no correlation betweenthe occurrenceof streakswith the
ionospheridkp or PCindicesor northward or southvard IMF.
Giventhe prevalenceof azimuthshiftsin the existing polarcap
C-bandSAR data,developmentof a schemeo compensatéor
the shifts would be valuable.
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