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1. INTRODUCTION

The EuroSTARRS campaignof the EuropeanSpaceAgency (ESA) is an aircraft campaignde-
signedto helpscientiststo preparetheSMOS(Soil Moisture andOceanSalinity) Mission,which
will be launchedearly in 2006(Figure1), to acquireglobal measurementsof soil moistureand
oceansalinity which aretwo parametersthatplay a key role in thedeterminationof climate.Be-
sidesgettingdataof thesetwo quantities,scientistswill beableto incorporatethesemeasurements
in NumericalPredictionModelsandClimateModelsin orderto significantlyimprovetheir anal-
ysesandpredictions.

The EuroSTARRS-2001campaigntook placefrom 17 to 23 November2001 implying a total
numberof six sitesin Europe,betweenlandsurfacesof differentnatureandoceansurfaces.The
objectiveof thecampaign,asregardssoil moistureestimation,wasto investigatetheeffectof dif-
ferentvegetatedcoverson theL-bandpassivemicrowavesignalreceivedat theSTARRS(Salinity
Temperature and RoughnessRemoteScanner) sensor(Figure2) underdifferentobservationan-
gles. As far asoceanmeasurementsareconcerned,the objective was to measurethe influence
of differentmeteorologicalparameters,amongotherwind speed,on the measurementof ocean
salinity. The resultsof the campaignareof fundamentalimportanceto finish the preparationof
thealgorithmsthatwill permittheestimationof soil moisturecontentandoceansalinity from the
microwavemeasurementsacquiredfrom space,beforethesatelliteis actuallylaunched.
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SALEH CONTELL, J. BOUTIN, T. PELLARIN, J. WESSON AND B.E. MAIN

Figure1: Artist vision of theSMOSMission.

Figure2: TheSTARRSsensoranda sketchof themeasurementacquisitionfrom theaircraft.

Dif ferentlandsurfacesiteswereselectedin Europefrom NezerForestin LesLandes(France),to
studyconiferousforests,Agre ForestnearToulouse(France),to studydeciduousforests,thecity
of Toulouse,to studyurbanenvironments,andan areaof matorralandMediterraneanforestsin
theRequenaarea(Valencia,Spain)(Figure3).

In the transitflight from Franceto Spain,the Dornier 228 aircraft from the GermanAerospace
Centre (DLR, Germany) (Figure4) over flew anareaof thePyreneesto getsomeacquisitionsto
preliminarystudytheinfluenceof topographyon thebrightnesstemperature.
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Figure3: Landsurfacestudyareas,(in red),andoceansites(in green).

Figure 4: Dornier 228 aircraft from DLR holding the STARRS sensor(left), anddetail of the
transitflight acrossthePyrenees(right).

Thesalinitysiteswerechosen,ontheonehand,in theBayof Biscay, aroundtheFrenchGascogne
buoy, to study the effect of strongchangesin salinity from the coastto the inner part of the
Atlantic Ocean,andon the otherhand,aroundthe Casablancaoil rig, nearthe endof the Ebro
river (Tarragona),to mainly study the effect of wind speedon the salinity measurementsand
investigateazimuthdependenceeffects(Figure3).



452 E. LÓPEZ-BAEZA, M. BERGER, P. WURSTEISEN, J.C. CALVET, J. ETCHETO, J.FONT, Y.
KERR, J. MILLER, J.P. WIGNERON, L . SIMMONDS, C. ANTOL ÍN TOMÁS, J.F. FERRER, K.
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2. THE STARRS INSTRUMENT

The STARRS instrumentwasprovidedby the Naval Research Laboratory (NRL, USA) andin-
stalledonboardthe Dornier aircraft. The radiometermeasuresthe passive microwave radiation
emittedby the land surfaceor the seasurfaceat a wavelength(L-band, 1,40-1,426GHz) that
enablesscientiststo estimatethe respective soil moisturecontentor seasurfacesalinity. In its
normaloperationmode,theradiometermeasuressix crosstrackbeamssimultaneously(Figure2)
andbuilds a 2-D imageastheaircraftmovesalongtrack In additionto theL-bandradiometer, a
nadirviewing C bandradiometer(5-7 GHz) anda thermalinfrared(TIR) 2-bandradiometercan
alsoacquiredataat the sametime. The antennawasmountedat right anglesto the directionof
flight andtilted by 12o to acquirea wider rangeof incidenceangles(Figure5). This couldsim-
ulateSMOSangularobservationswhich will have a maximumincidenceangleof 55o. STARRS
usuallyacquiressix tracksof dataalongeachflight track.

Figure5: Situationof theSTARRSradiometerundertheDornier228fuselage.

3. SCIENCE OBJECTIVES

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

� The campaignwill be a valuableopportunityto obtain datasetsfrom multiple siteswith
differentsurfacecharacteristics.Subsequentanalysiswill help characterisethe effectsof
look angleon brightnesstemperature.

� The datacollectedfor SSSanalysiswill provide informationrelatingto the effect of per-
turbingfactorssuchasseastateandtemperature.
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Morespecificscientificobjectivesaresummarisedin Table1.

Table1: EuroSTARRS-2001ScientificObjectives.

Vegetation

� Characterisethe τ (vegetationoptical depth)/ look anglerelationships
for a rangeof vegetationtypes

� ValidatetheproposedSMOSSM retrieval algorithms,especiallyin con-
text with a wider rangeof vegetationtypes

� Estimatespecificmulti-angularmicrowave signaturesfrom low altitude
flightsoverdifferentlandcover typeswith varyingwetnessconditions

� Studytheeffectof topographyonradiometricsignalfrom homogeneous
vegetationin areasof differenttopography

� Validatethe retrieval of mixed pixels throughcomparisonof dataac-
quiredat low altitudewith dataacquiredat highaltitude

� Providedatafor a varietyof foresttypesandvariationswithin stands

� Explore the implications of mixed pixels for retrieving SM within
forestedareas

� Investigatethesensitivity of the retrieval algorithmsto pixel sizevaria-
tion resultingfrom multi-angleobservation

� Acquiredatafrom urbanareasto investigatetheemissionsfrom different
landuseclassesanddeterminetheimpactof RFI

Oceans

� ProduceSSSgradientsby operatingSTARRSfrom thecoastout to sea

� Investigateazimuthdependenceeffects

4. EUROSTARRS OPERATIONS

4.1.Calibration

TheSTARRSinstrumentis generallystableandrelatively minorcalibrationactivitiesarerequired
to checkthe IR, L- andC-bandsensors.A split window techniqueis employed to accountfor
atmosphericvariations.

Calibrationis bestcarriedoutat thestartandat theendof thecampaign.Consideringtherequired
instrumentintegrationtime, theoperatingspeedof theDornier228andotherfactors,it wasesti-
matedthatthesizeof calibrationwaterbodiesto beusedneedto bein theorderof 2 km by 1 km.
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Calibrationflights weremadeprimarily down the long dimensionof a waterbody (small lake),
with someflights at right anglesto this axis. This latter caseis to ensurethat all tilted antenna
componentsreceive emissionsfrom the water at the sametime. In situ measurementsof lake
temperatureandan estimateof wind strengthwasmadeat the sametime of the overflight. It is
importantthat temperaturemeasurementsarerepresentativeof thelake andthis is why they were
taken at a depthof 10cms. In orderto avoid sunglint calibrationflights wereconductedduring
hoursof darkness,however, early morningand late afternoonwerealsoaccepted.Threelakes
wereidentifiedasbeingsuitablefor thecalibrationactivities,namely:

� Sanguinet-Cazauxlake (nearNezer, LesLandes,site),N44 30.00W1 10.00

� Lac deRieume(nearToulouse),N43 25.02E00109.25

� ContrerasReservoir(nearValenciasite),N39 33.560W1 30.237

During the first test flight in Germany, calibrationactivities werealsoconductedover the lake
’Ammersee’. During thecampaign,therewasa calibrationflight over theLac deRieumeon 19
Novemberandover theContrerasReservoir on21 November(Figure6).

Figure6: Sketchof theDornier228flight linesover theContrerasReservoir (ValenciaSite)and
detailof thecalibrationmeasurementover thelake surface.

4.2.Land Soil Moistur eData

Whilst the STARRS antennawasfixedsoasto imagein the alongtrackdirection,STARRS ac-
quiressix parallelbeamsof dataquasi-simultaneously. Table2 showsthepotentialfor dataacqui-
sitionover landfrom asingleflight line with theconfigurationselectedfor thiscampaign(antenna
with 12o installationtilt relative to thehorizontal).
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Table2: Viewing anglesavailabledueto 12o tilt of STARRSantenna.
STARRS BeamIdentifier Incidenceangle(with 12o shift)

3L -26.5o

2L -9.0o

1L +5.5o

1R +13.0o

2R +34.0o

3R +50.5o

In orderto constructmulti-angledatasetsof individualpixels,multiplepassesof thetestsitewere
required.

Table3 providesanexample,basedon theValenciaSiterequirements,of thepotentialfor acquir-
ing multiple angledatafrom theSTARRSinstrumentinstalledonboardtheDornier228(antenna
with a 12

�

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 26.5 9 5.5 19.5 34 50.5
2 26.5 9 5.5 19.5 34 50.5
3 26.5 9 5.5 19.5 34 50.5
4 26.5 9 5.5 19.5 34 50.5
5 26.5 9 5.5 19.5 34 50.5
6 26.5 9 5.5 19.5 34 50.5
7 26.5 9 5.5 19.5 34 50.5
8 26.5 9 5.5 19.5 34 50.5

High altitude(900mpixel):
1 ...19.5 34 50.5
2 ...5.5 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 5.5...

Figure7 shows the realizationof Table3 over the ValenciaSite both for the low- andthe high-
altitudeflights.

Thespecificobjectivesfor theValenciaSitewere:

� To acquiremulti-angularobservationsover uniform vegetationcoverswithin the observed
pixel. Thehomogeneousvegetationtypesstudiedwerematorral,vineyards(baresoil at the
time of thecampaign),pinetrees,almondtreesandolive trees.
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� To acquiremulti-angularobservationsover non-homogeneouspixels in order to be able
to validatescalingalgorithms(disaggregation). The areawas very much appropriateto
carryoutmulti-angularair observationsfrom two differentaltitudesovernon-homogeneous
pixels(higheraltitudepixels)resultingfrom themixtureof homogeneousvegetatedsurfaces
correspondingto theloweraltitudeflights.

Figure7: Low altitudeflight lines(left) andhighaltitudeflight lines(right) drawn overa landuse
mapof theareaat thescale1:100,000.

Due to the mountainsclose to the study area(Sierrade JuanNavarro) and becauseof safety
reasons,the low altitudeflights (13 in total with a separationbetweenthemof 200m)couldonly
be performedat an averagealtitudeof about600m,whereasthe high altitudeflights (4 in total
with a separationbetweenthemof 500m)wereperformedat about1800m(seeFigure7). The
measurementsweredonenearmiddayin orderthatthesurfacecouldchangesoil moisturecontent
very little duringthemeasuringtime thusavoidingdew effect,

The main interestof the ValenciaSite measurementswas,on the onehand,the acquisitionsfor
the first time over matorralandotherMediterraneanecosystemspecies,andto get to know the
behaviour of the emittedmicrowave signalasa function of the observationgeometry, assuming
differentsoil moisturecontentdegreesin thedifferentsurfacesobserved. On theotherhand,the
different homogeneousland useswere chosenin sucha way that a numberof them could be
groupedin a mixed larger pixel for the high altitudeobservations,so that, to be ableto analyse
andstudy the effects of scalingchanges,specificallythe disaggregationof the complex signal
acquiredover themixedpixel into thesimpleacquisitionsof thelow altitudehomogeneouspixels
(Figure8).
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Figure8: Left: Homogeneouspixels (in red, 300 x 300 m size)definedunderthe low altitude
flight lines,andmixedpixel (in blue,900x 900m size)definedunderthehighaltitudeflight lines.
Right: Detailof themixedpixel containingsomeof thehomogeneouspixels.M1, M2, andM3 are
thematorralpixelsandP1andP2thepinetreepixels. Thegreendotsindicatetheexactposition
of thesamplingpointslocatedby GPS.

Besidestheaircraftacquisitions,theotherimportantcomponentof thecampaignwastheground
measurementsperformedover thedifferentsurfacetypes,asreferencefor theSTARRSmeasure-
ments.Thus,in the landexperiments,a complex deploymentwasdisplayedfor thegroundmea-
surementsof soil moisturecontent,vegetationparameters,radiative temperature(thermal)of the
differentsurfaces,surfaceroughness,stonepercentcover, soil texture,etc. (Figure9).

4.3.SeaSurfaceSalinity Data

Given that the SMOS missionwill be able to provide datawith an up to 55o incidenceangle,
it wasdesirableto simulatethis performanceusingSTARRS.For the collectionof SSSdatathe
aircraftflew 10 circlesof 1600m radius,at anaircraftbankingangleof 22o. This resultedin the
acquisitionof datawith incidenceanglesfrom 0o upto 80o. Thesecircularflightswereperformed
nearthebuoysandtheplatformin orderto maximizethebenefitof thecorrelativemeasurements.
To avoid problemsassociatedwith sunglint, flights collectingdataover the seatook placeafter
sunset.Sunsetwasdefinedasbeing30 minutesaftertheSunhadgonebeneaththehorizon.

Over theCasablancapetrolplatformandover theseabuoys placednearby, researchersfrom the
BarcelonaInstitute of Oceanographymeasuredwind velocity and seasurfacetemperatureand
salinity at thesametime that theDornier228wasgettingtheSTARRSacquisitionsover thearea
(Figure10).
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Figure9: Soil moisturecontent,alometricvegetationparameters,roughnessandpercentcoverof
stonesgroundmeasurements(respectively, left to right andup to bottom).

5. CONCLUSIONS

Thispaperis intendedto giveageneraloverview of theEuroSTARRS-2001campaign,its motiva-
tion, rationaleandtechnicaldesign.A descriptionof theprocessingof theSTARRSdataacquired
during this campaign,its analysisandpreliminaryresultsaregivenalsoin this book (SALEH et
al., 2002).

EuroSTARRSis oneof themostcomplex campaignsESAhaseverorganised.It wasnecessaryto
make surethatvariousEuropeangroundteamscoordinate.Theeffort dedicatedto thecampaign
clearly reflectsthe importanceof the two quantitiesunderconsideration,that is, soil moisture
andoceansalinity, which shouldbe betterknown in order to be able to improve forecastsand
predictionsof thenumericalmeteorologicalandclimatemodels.

Ontheonehand,soil moisturelevelsdeterminehealthandvigourstatusof vegetationandplayan
importantrole in thecorrectdeterminationof evapotranspirationandrun-off, thusinfluencingthe
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amountof solarradiationthatis absorbedin thelandsurface.On theotherhand,oceansalinity is
definitelyresponsiblefor theoceancurrents,maindriversof theglobalclimate.

Themainscientificpartof thework is presentlybeingcarriedout,startingby thedataprocessing
andaimingat a deepanalysisandinterpretationof theresults.TheSTARRSacquisitionsarefirst
quality dataandtheir geo-referencingis highly accurate:viewing angleswereobtainedwithin 1
to 2 degrees,andtheflight linesmatchalmostperfectlyto anaccuracy of 5m. Thisshouldleadto
a valuabledata-baseincludingseveralobservationanglesover thesamepixelson theground. It
is envisagedto studytheeffect of theunderstory, litter andtheinfluenceof thepercentagestone
coverwithin theobservedarea.

TheUniversityof Valenciais collaboratingwith the Institut NationaldeRechercheAgronomique
(INRA) atBordeauxandtheCentreNationaldela RechercheMeteorologique(CNRM)atToulouse
for theanalysisof thedataset.

Figure 10: Casablancadataacquisitionby EuroSTARRS aircraft (A = Actinia Platform, C =
CasablancaPlatform). Right Transectfollowed by the Garćıa del Cid researchship from the
SpanishResearchCouncil(CSIC)aroundtheCasablancaandActinia petrolplatforms.
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