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1. INTRODUCTION

The EuroSTARRS campaignof the EuropeanSpaceAgeng (ESA) is an aircraft campaignde-
signedto helpscientistdo prepareghe SMOS(Soil Moisture and OceanSalinity) Mission,which
will be launchedearlyin 2006 (Figure 1), to acquireglobal measurementsf soil moistureand
oceansalinity which aretwo parametershatplay a key role in the determinatiorof climate. Be-
sidesgettingdataof thesetwo quantitiesscientistawill beableto incorporatehesemeasurements
in NumericalPredictionModelsandClimate Modelsin orderto significantlyimprove their anal-
ysesandpredictions.

The EuroSTARRS-2001campaigntook placefrom 17 to 23 November2001 implying a total

numberof six sitesin Europe betweenand surfacesof differentnatureandoceansurfaces.The
objective of the campaignasregardssoil moistureestimationwasto investigatethe effect of dif-

ferentvegetateccoversontheL-bandpassive microvave signalrecevedatthe STARRS (Salinity
Tempeature and RoughnesfemoteScanne)y sensor(Figure 2) underdifferentobsenation an-
gles. As far asoceanmeasurementare concernedthe objective wasto measurehe influence
of differentmeteorologicaparametersamongotherwind speed,on the measuremernf ocean
salinity. Theresultsof the campaignare of fundamentaimportanceto finish the preparatiorof

thealgorithmsthatwill permitthe estimationof soil moisturecontentandocearsalinity from the
microwave measurementacquiredfrom spacepeforethe satelliteis actuallylaunched.
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Figurel: Artist vision of the SMOSMission.

Figure2: The STARRS sensolanda sketchof themeasuremerdcquisitionfrom theaircraft.

Differentland surfacesiteswereselectedn Europefrom NezerForestin LesLandegFrance)to
studyconiferousforests,Agre ForestnearToulouse(France) to studydeciduoudorests the city
of Toulouse to studyurbanervironments,andan areaof matorraland Mediterranearforestsin
theRequenarea(Valencia,Spain)(Figure3).

In the transitflight from Franceto Spain,the Dornier 228 aircraft from the GermanAermspace
Cente (DLR, Germaly) (Figure4) over flew anareaof the Pyreneedo getsomeacquisitiongo
preliminarystudytheinfluenceof topographyon the brightnessemperature.



THE EUROSTARRS-2001 AIRCRAFT CAMPAIGN OF THE EUROPEAN SPACE AGENCY IN 451
SUPPORT OF THE SMOS MISSION

Figure3: Landsurfacestudyareas(in red),andoceansites(in green).

Figure 4: Dornier 228 aircraft from DLR holding the STARRS sensor(left), and detail of the
transitflight acrosghe Pyreneegright).

Thesalinity siteswerechosenpntheonehand,in theBay of Biscay aroundthe FrenchGascogne
buoy, to study the effect of strongchangesn salinity from the coastto the inner part of the
Atlantic Ocean,andon the otherhand,aroundthe Casablancail rig, nearthe end of the Ebro
river (Tarragona)to mainly study the effect of wind speedon the salinity measurementand
investigateazimuthdependenceffects(Figure3).
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2. THE STARRS INSTRUMENT

The STARRS instrumentwas provided by the Naval Reseath Laboratory (NRL, USA) andin-
stalledonboardthe Dornier aircraft. The radiometemrmeasureshe passve microwave radiation
emittedby the land surfaceor the seasurface at a wavelength(L-band, 1,40-1,426GHz) that
enablesscientiststo estimatethe respectre soil moisturecontentor seasurfacesalinity. In its
normaloperationmode,the radiometemmeasuresix crosstrackeamssimultaneouslyFigure2)
andbuilds a 2-D imageasthe aircraft movesalongtrack In additionto the L-bandradiometera
nadirviewing C bandradiometel(5-7 GHz) anda thermalinfrared(TIR) 2-bandradiometercan
alsoacquiredataat the sametime. The antennavas mountedat right anglesto the direction of
flight andtilted by 12° to acquirea wider rangeof incidenceangles(Figure5). This could sim-
ulate SMOSangularobsenationswhich will have a maximumincidenceangleof 55°. STARRS
usuallyacquiressix tracksof dataalongeachflight track.

Figure5: Situationof the STARRS radiometeuunderthe Dornier228fuselage.

3. SCIENCE OBJECTIVES

Thederivationof soil moisture(SM) andseasurfacesalinity (SSS)productsfrom multi- angular
STARRS datawill supportthe developmentof retrieval algorithmsfor SMOS. In addition the
EuroSTARRS-2001Campaigrwill provide othermainbenefits asfollows:

The campaignwill be a valuableopportunityto obtain datasetsrom multiple siteswith
differentsurfacecharacteristics.Subsequenanalysiswill help characteriseghe effects of
look angleon brightnesgemperature.

The datacollectedfor SSSanalysiswill provide informationrelatingto the effect of per
turbingfactorssuchasseastateandtemperature.
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More specificscientificobjectvesaresummarisedn Tablel.

Tablel: EuroSTARRS-2001ScientificObjectves.

Characterisé¢he 1 (vegetationoptical depth)/ look anglerelationships
for arangeof vegetationtypes

Validatethe proposedSMOSSM retrieval algorithms especiallyin con-
text with awider rangeof vegetationtypes

Estimatespecificmulti-angularmicrowave signaturesrom low altitude
flights over differentland cover typeswith varyingwetnessonditions

Studytheeffect of topographyon radiometricsignalfrom homogeneous
vegetationin areaf differenttopography

Vegetation Validatethe retrieval of mixed pixels throughcomparisonof dataac-
quiredatlow altitudewith dataacquiredat high altitude

Provide datafor a variety of foresttypesandvariationswithin stands

Explore the implications of mixed pixels for retrieving SM within
forestedareas

Investigatethe sensitvity of the retrieval algorithmsto pixel sizevaria-
tion resultingfrom multi-angleobsenation

Acquiredatafrom urbanareado investigateheemissiongrom different
landuseclassesanddetermingheimpactof RFI

ProducesSSgradientshy operatingSTARRS from the coastout to sea
Oceans ) _
Investigateazimuthdependenceffects

4. EUROSTARRS OPERATIONS

4.1. Calibration

The STARRSInstruments generallystableandrelatively minor calibrationactivities arerequired
to checkthe IR, L- andC-bandsensors.A split window techniqueis employed to accountfor
atmospheriwariations.

Calibrationis bestcarriedout at the startandatthe endof thecampaign Consideringherequired
instrumentintegrationtime, the operatingspeedof the Dornier 228 andotherfactors,it wasesti-
matedthatthe sizeof calibrationwaterbodiesto be usedneedto bein the orderof 2 km by 1 km.
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Calibrationflights were madeprimarily down the long dimensionof a waterbody (small lake),
with someflights at right anglesto this axis. This latter caseis to ensurethatall tilted antenna
componentgeceve emissionsfrom the water at the sametime. In situ measurementsf lake
temperaturend an estimateof wind strengthwas madeat the sametime of the overflight. It is
importantthattemperatureneasurementarerepresentatie of thelake andthis is why they were
taken at a depthof 10cms. In orderto avoid sunglint calibrationflights were conductedduring
hoursof darknesshowever, early morning and late afternoonwere alsoaccepted.Threelakes
wereidentifiedasbeingsuitablefor the calibrationactiities, namely:

Sanguinet-Cazauake (nearNezer LesLandessite),N44 30.00W1 10.00
Lac deRieumgnearToulouse)N43 25.02E00109.25
Contreras Reservoir(nearValenciasite),N39 33.560W1 30.237
During the first testflight in Germaly, calibrationactvities were also conductedover the lake

’Ammersee’. During the campaigntherewasa calibrationflight over the Lac de Rieumeon 19
Novemberandoverthe ContreradReservir on 21 November(Figure6).

Figure6: Sketchof the Dornier228flight lines over the ContrerasReserwir (ValenciaSite) and
detail of the calibrationmeasuremerdver the lake surface.

4.2.Land Soil Moistur e Data

Whilst the STARRS antennawasfixed so asto imagein the alongtrack direction, STARRS ac-
quiressix parallelbeam=f dataquasi-simultaneouslyfable2 shows the potentialfor dataacqui-
sition overlandfrom asingleflight line with the configuratiorselectedor this campaignantenna
with 12° installationtilt relative to the horizontal).
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Table2: Viewing anglesavailabledueto 12° tilt of STARRS antenna.

STARRS Beamldentifier

Incidenceangle (with 12° shift)

3L
2L
1L
1R
2R
3R

-26.5°
-9.0°
+5.5°
+13.0°
+34.0°
+50.9°

In orderto construcimulti-angledatasetsof individual pixels, multiple passesf thetestsitewere

required.

Table3 providesanexample,basedn the ValenciaSite requirementsof the potentialfor acquir
ing multiple angledatafrom the STARRS instrumentinstalledonboardthe Dornier 228 (antenna
with a12 tilt). Notethatpixels6/7/8areviewedin all possibleanglesat bothaltitudes.

Table3: Availability of differentviewing anglesfor landsites.

Pixel | 1 2 3 4 5 6 7 8 9 10 11| 12 13
Line

Low altitude(300mpixel):

1 |265 9 |55 195 34 ||505

2 26,5/ 9 55 195 34 505

3 265 9 55195 34 505

4 265 9 55 195 34 ||50.5

5 26.5|| 9 55 19.5| 34 505

6 265 9 55|195 34 505

7 265 9 55 19.5 34 |50.5

8 26.5|| 9 55 19.5| 34 505
High altitude(900mpixel):

1 ...19.5 34 50.5

2 ...b.5 19.5 34 50.5

3 .9 5.5 19.5 34 50.5
4 26.5 9 5.5 19.5 34
5 26.5 9 5.5 19.5...
6 26.5 9 55..

Figure 7 shows the realizationof Table 3 over the ValenciaSite both for the low- andthe high-

altitudeflights.

The specificobjectivesfor the ValenciaSite were:

To acquiremulti-angularobsenationsover uniform vegetationcoverswithin the obsened
pixel. Thehomogeneousegetationtypesstudiedwerematorral,vineyards(baresoil atthe
time of thecampaign)pinetrees,almondtreesandolive trees.
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To acquiremulti-angularobsenationsover non-homogeneoupgixels in orderto be able
to validate scalingalgorithms(disaggrgation). The areawas very much appropriateto
carryoutmulti-angularair obsenationsfrom two differentaltitudesover non-homogeneous
pixels(higheraltitudepixels)resultingfrom themixtureof homogeneougegetatedsurfaces
correspondingo thelower altitudeflights.

Figure7: Low altitudeflight lines(left) andhigh altitudeflight lines (right) drawn overalanduse
mapof theareaatthe scalel:100,000.

Due to the mountainscloseto the study area(Sierrade JuanNavarro) and becauseof safety
reasonsthelow altitudeflights (13 in total with a separatiorbetweenthemof 200m)could only
be performedat an averagealtitude of about600m, whereashe high altitude flights (4 in total
with a separatiorbetweenthemof 500m)were performedat about1800m(seeFigure7). The
measurementseredonenearmiddayin orderthatthe surfacecould changesoil moisturecontent
very little duringthe measuringime thusavoiding dew effect,

The main interestof the ValenciaSite measurement&as, on the one hand,the acquisitionsfor
the first time over matorraland other Mediterranearecosystenspeciesandto getto know the
behaiour of the emittedmicrowave signalasa function of the obsenation geometry assuming
differentsoil moisturecontentdegreesin the differentsurfacesobsened. On the otherhand,the
differenthomogeneou$and useswere chosenin sucha way that a numberof them could be
groupedin a mixed larger pixel for the high altitude obsenations,so that, to be ableto analyse
and study the effects of scalingchangesspecificallythe disaggrgationof the complex signal
acquiredoverthe mixedpixel into the simpleacquisitionsof thelow altitudehomogeneoupixels
(Figure8).
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Figure 8: Left: Homogeneougixels (in red, 300 x 300 m size) definedunderthe low altitude
flight lines,andmixedpixel (in blue,900x 900m size)definedunderthe high altitudeflight lines.
Right: Detail of themixedpixel containingsomeof thehomogeneougixels. M1, M2, andM3 are
the matorralpixelsandP1andP2the pinetreepixels. The greendotsindicatethe exact position
of thesamplingpointslocatedby GPS.

Besidegheaircraftacquisitionsthe otherimportantcomponenbf the campaigrwasthe ground

measurementgserformedover the differentsurfacetypes,asreferencdor the STARRS measure-
ments.Thus,in the land experimentsa complex deploymentwasdisplayedfor the groundmea-

surement®f soil moisturecontent,vegetationparametersradiative temperaturéthermal)of the

differentsurfaces surfaceroughnessstonepercentcover, soil texture, etc. (Figure9).

4.3. SeaSurface Salinity Data

Given that the SMOS missionwill be ableto provide datawith an up to 55° incidenceangle,
it wasdesirableto simulatethis performanceausing STARRS. For the collectionof SSSdatathe
aircraftflew 10 circlesof 1600m radius,at anaircraftbankingangleof 22°. This resultedin the
acquisitionof datawith incidenceanglesfrom 0° upto 80°. Thesecircularflights wereperformed
nearthe buoys andthe platformin orderto maximizethe benefitof the correlatve measurements.
To avoid problemsassociatedvith sunglint, flights collectingdataover the seatook placeafter
sunsetSunsetvasdefinedasbeing30 minutesafterthe Sunhadgonebeneathhe horizon.

Overthe Casablancaetrol platformandover the seabuoys placednearby, researcherrom the
Barcelonalnstitute of Oceanographyneasuredvind velocity and seasurfacetemperatureand
salinity atthe sametime thatthe Dornier 228 wasgettingthe STARRS acquisitionsover the area
(Figure10).
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Figure9: Soil moisturecontent,alometricvegetationparameters;,oughnessandpercentcover of
stonegyroundmeasurementgespectiely, left to right andup to bottom).

5. CONCLUSIONS

This paperis intendedo give agenerabverview of the EuroSTARRS-2001campaignits motiva-
tion, rationaleandtechnicaldesign.A descriptionof the processingf the STARRS dataacquired
during this campaignjts analysisandpreliminaryresultsaregivenalsoin this book (SALEH et
al., 2002).

EuroSTARRSIs oneof themostcomplex campaign€ SA hasever organisedlt wasnecessaryo

malke surethatvariousEuropeargroundteamscoordinate.The effort dedicatedo the campaign
clearly reflectsthe importanceof the two quantitiesunderconsiderationthat is, soil moisture
and oceansalinity, which shouldbe betterknown in orderto be able to improve forecastsand
predictionsof the numericalmeteorologicaindclimatemodels.

Ontheonehand,soil moisturelevelsdeterminehealthandvigour statusof vegetationandplay an
importantrole in the correctdeterminatiorof evapotranspiratiomndrun-off, thusinfluencingthe
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amountof solarradiationthatis absorbedn the land surface.On the otherhand,oceansalinity is
definitelyresponsibldor the oceancurrentsmaindriversof theglobalclimate.

Themainscientificpartof thework is presentlybeingcarriedout, startingby the dataprocessing
andaimingat a deepanalysisandinterpretatiorof theresults.The STARRS acquisitionsarefirst
guality dataandtheir geo-referencings highly accurate viewing angleswere obtainedwithin 1
to 2 degreesandtheflight linesmatchalmostperfectlyto anaccurag of 5m. This shouldleadto
avaluabledata-baséncluding several obsenation anglesover the samepixels on the ground. It
is ervisagedto studythe effect of the understory, litter andthe influenceof the percentagetone
coverwithin theobsenedarea.

The University of Valenciais collaboratingwith the Institut Nationalde Retherche Agronomique
(INRA) atBordeauxandtheCente Nationaldela RedhercheMeteoblogique(CNRM) at Toulouse
for theanalysisof thedataset.

Figure 10: Casablancalataacquisitionby EuroSTARRS aircraft (A = Actinia Platform, C =
Casablanc@latform). Right Transectfollowed by the Garda del Cid researchship from the
SpanishResearciCouncil (CSIC)aroundthe CasablancandActinia petrolplatforms.
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