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ABSTRACT

SCIAMACHY (ScanningImagingAbsorptionSpectrometerfor AtmosphericCHartographY)is a contribution to the
ENVISAT-1 satellite,which is to be launchedin late 2000. The SCIAMACHY instrumentis designedto measure
sunlighttransmitted,reflectedandscatteredby the Earth’s atmosphereor surface. The instrumentmeasuressimul-
taneouslyfrom the UV to the NIR spectralspectralregion (240 – 2380 nm). Observationsaremadein alternate
nadirandlimb viewing geometriesandalsofor solarsunriseandlunarmoonriseoccultation.Inversionof theSCIA-
MACHY measurementswill provide thefollowing: theamountanddistributionsof someimportanttracegasesO� ,
BrO, OClO,ClO, SO� , H � CO,NO� , CO,CO� , CH� , H � O, N � O, p, T, aerosol,andradiationflux profiles,cloudcover
andcloud top height. Combinationof the nearsimultaneouslimb andnadir observationsenablesthe tropospheric
columnamountsof O� , NO� , CO,CH� , H � O, N � O, SO� , andH � CO to bedetected.SCIAMACHY will provide new
insightinto theglobalbehaviour of thetroposphereandthestratosphere.

INTRODUCTION

SCIAMACHY (ScanningImagingAbsorptionSpectrometerfor AtmosphericChartography) is a space-basedspec-
trometerdesignedto measureboththeextraterrestrialirradianceandsunlightwhich is transmitted,reflectedor scat-
teredby theEarth’satmosphereor surface.It will provideinformationabouttheamountsanddistributionof numerous
atmosphericconstituentsby inversionof theratio of theupwellingradianceto theextraterrestrialirradiance.Thein-
strumentwasproposedin 1988by theSCIAMACHY ScienceTeam(Burrows et al., 1988).SCIAMACHY is funded
by Germany, TheNetherlands,andBelgiumasa nationalcontribution to ESA’s ENVISAT-1 satellitewhich will be
launchedin late 2000. A smallerversionof SCIAMACHY, the Global OzoneMonitoring Experiment(GOME), is
currentlyoperatingsuccessfullyon theERS-2satellite(seee.g.Burrows et al., 1999).
SCIAMACHY will measureboththesolarirradianceandtheEarthshineradiancecontinuouslybetween240nm and
1750 nm and at two spectralwindows in the NIR (1940 nm to 2040 nm and 2265 nm to 2380 nm) with a high
radiometricaccuracy andspectralstability. Thecharacteristicsof the SCIAMACHY instrumentaresummarisedin
Table1. A pictureof theSCIAMACHY OpticalBenchModuleis shown in Figure1.
Theprimaryscientificobjective of theSCIAMACHY missionis to improveourglobalknowledgeandunderstanding
of the Earth’s atmospherefrom the mesosphereto the troposphere.This will enablethe origin of any changesin
atmosphericcomposition,resultingeitherfrom anthropogenicactivity or naturalphenomena,to be established.As
ENVISAT will fly duringtheperiodwhenit hasbeenpredictedthatthestratospherichalogenloadingwill decrease,a
specialemphasiswill beplacedon theinvestigationof stratosphericozone(with foci on thebehaviour of the‘ozone
hole’ and on mid-latitudeozone). One uniqueapplicationfor SCIAMACHY is the global study of tropospheric
pollution arisingfrom both industrialactivity andbiomassburning. Similarly the observation andinterpretationof



Table1. Characteristicsof theSCIAMACHY Instrument
UV-Vis-NIR imagingdoublespectrometer, cooledandtemperaturestabilised
Spectralrange 240– 2380nm
Spectralresolution 0.2– 1.5nm
Straylightsuppression � 10

�
Relative radiometricaccuracy � 1%
Absoluteradiometricaccuracy � 2–4%
Spectralstability 0.015– 0.005nm
Dynamicrange 10

�
– 10

�

specialeventslikevolcaniceruptions,solarprotonevents,andrelatedregionalandglobalphenomenawill beof great
importance.
This studydescribestheSCIAMACHY dataproductsandaspectsof thealgorithmsusedto derive theseproducts.A
moredetaileddescriptionof theinstrumentandthemissioncanbefoundin Burrows et al. (1995)andBovensmann
etal. (1999).

MEASUREMENTSTRATEGY

SCIAMACHY will performmeasurementsin nadir, limb, andsolar/lunaroccultationgeometry.
In nadir modethe atmosphericvolumedirectly underthe instrument(i.e. the spacecraft)is observed. The spatial
resolutionof nadirobservationsdependsonthesolargeometry, i.e. theintensityof theincominglight, andits spectral
range.For all majoratmosphericconstituents,a typical spatialresolutionof � 60 km � 30 km (across/alongtrack)
will beachieved.
In limb modetheinstrumentobservestheedgeof theatmosphere.At differenttangentaltitudesscansof upto 960km
in horizontalacrosstrackdirectionwill beperformedhaving averticalresolutionof approximately3 km.
As canbeeseenfrom Figure2, alternatinglimb andnadirmeasurementswill cover themajority of thesunlit partof
the orbit. This strategy is intendedto provide an optimal amountof informationfrom the lower atmosphere.This
approachis discussedin moredetailbelow.
During eachsunrisesolaroccultationmeasurementswill beperformed.Thesamegeometryasin limb modewill be
used,but with thesunin the instrument’s field of view. Thevertical resolutionwill besimilar to the limb case.As
theENVISAT-1 orbit will be sun-synchronous,solaroccultationmeasurementswill cover a latitudinal rangeat the
tangentpointsbetween90	 N and65	 N over theyear. Whenthemoonis visible for SCIAMACHY (whichwill bethe
casefor aboutoneweekpermonth)lunaroccultationmeasurementswill alsobeperformedeverysecondorbit. These
measurementswill cover latitudesbetween30	 Sand90	 S.On theeclipsesideseveralcalibrationmeasurementswill
beperformed,includingdarkcurrentmeasurementsandmeasurementswith theon-boardlamps. Themeasurement
patterndescribedabove will resultin aglobalcoverageat theequatorafter6 days.

RETRIEVAL METHODS

This sectionprovidesa shortoverview of the retrieval methodswhich have beenproposedfor applicationto SCIA-
MACHY datato derive atmosphericinformationfrom themeasuredspectra.Detailsabouttheoperationalalgorithms
arelaid down in theAlgorithm TheoreticalBaselineDocument(Spurr,1998).

DOAS

TheconceptunderlyingtheDifferentialOptical AbsorptionSpectroscopy (DOAS) is theseparationof themeasured
signalinto slowly varyingcomponents,whichresultfrom RayleighandMie scatteringandbroadbandabsorption,and
a rapidly varyingcomponent,comprisingthedifferentialabsorptionstructures.Thebroadbandspectralfeaturesare
approximatedby a low-orderpolynomial,which is subtractedfrom thedata.Differentialreferencecrosssectionsare
thenfitted to the resultantspectrumfor selectedwavelengthregions. This resultsin theso-calledslantcolumn(i.e.
thedensityintegratedalongthemeanlight path)which maybeconvertedinto a vertical total columndensityby the
useof anair massfactor(AMF) derived from a radiative transfercalculation.DOAS is only appropriatefor regions



Fig. 1. SCIAMACHY OpticalBenchModule.

having relatively weakabsorptionswherethe AMF is to a goodapproximationconstant.The main applicationof
DOAS is the derivation of total columns. DOAS wasoriginally developedfor long pathtroposphericobservations
(seee.g.Brewer et al., 1973;PernerandPlatt,1979)but it hasproven to be applicablealsofor both groundbased
zenithsky andspace-basednadirmeasurements(Burrows et al., 1999). DOAS is a genericterm,originally applied
to UV spectralregion. However thegeneralapproachor its optimisedvariantsareequallysuccessfulassumingthe
above limitationsin visibleor infraredspectralwindows.

FURM

TheFUll Retrieval Method(FURM) usesaradiative transfermodelto calculatetheradiancefor aspecificatmospheric
stateandviewing geometry. Subsequentlyin the inversion,this radianceis matchedin an iterative procedureto the
measuredradianceby modificationof selectedatmosphericparameters.Theretrieval of heightresolved information
from nadirsoundingUV sensorswasfirst proposedby SingerandWentworth(1957).It wassuccessfullyexploitedby
theSBUV instruments(Bhartiaet al., 1996).This methodis basedon thewavelengthdependenceof thepenetration
depthof light within theatmosphere.During thedevelopmentof theSCIAMACHY proposalthepotentialuseof the
temperaturedependenceof the Hugginsbandsto provide moreinformationaboutO� in the lower atmospherewas
suggested(seee.g.Chanceetal., 1991,1997,for adiscussionof thisapproach).In practicetheverticalresolutionof a
tracegasprofile from suchretrievalsis determinedby theeffectivepenetrationdepthof light in theatmosphere,thea-
priori or inferredknowledgeof atmospherictemperatureandpressureprofiles,andthesignalto noiseof theinstrument
(seee.g.Rozanov etal., 1992;Munroetal., 1992).TheFURM andsimilaralgorithmshavebeenappliedsuccessfully
to GOME datausingGOMETRAN (Rozanov et al., 1997)asthefavouredradiative transfermodel(Eichmannet al.,
1997;Munroetal., 1998).Thesealgorithmsattemptto usethefull informationcontentwithin thedata.This is limited
by radiative transferthroughtheatmosphereandinstrumentalnoise.As a resultof its inherentflexibility theFURM
approachmay also be usedfor stratospheric/uppertroposphericprofiles from limb and occultationmeasurements
(limited by thepresenceof clouds)andfor the retrieval of otheratmosphericparameterssuchasinformationabout
aerosolsandclouds.FURM calculationsarein generalrathertime consuming,andthey requirea-priori information
from climatologicaldatabases.ThereforeFURM will only be usedfor scientificcasestudies.For a moredetailed
descriptionof theFURM approachandanapplicationto GOMEdataseeHoogenet al. (1999).

Limb andOccultationProfileRetrieval

Two approachesfor retrieval of verticalprofilesfrom limb or occultationgeometryarecurrentlyunderconsideration.
Thefirst andprobablymostaccuratemethodis the‘global fitting’ approachin which modelledradiancesareiterated
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Fig. 2. Typical sequenceof SCIAMACHY measure-
mentsperformedduringoneorbit.
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Fig. 3. Derivationof troposphericcolumns.

to matchthemeasuredvaluessimultaneouslyfor all atmosphericlayers. Thesecondmethodis the ‘onion peeling’
approachin whicheachlimb measurementis fittedindividually startingfrom thetopof theatmosphere.Subsequently,
thecolumnsof thelower layersarecomputedconsideringtheresultsfor theupperlayers.‘Onion peeling’is probably
computationallyfasterthan‘global fitting’ but lessfavouredbecausecontributions to the measuredspectrumfrom
altitudesbelow the tangentheightarenot considered.However, asalgorithmdevelopmentfor limb andocculation
profile retrieval is still in anearlyphase,boththe‘onion peeling’and‘global fitting’ optionsarekeptopen.

TroposphericColumns

Thederivationof troposphericcolumnsfrom SCIAMACHY will beperformedby subtractingthestratosphericcol-
umnderivedfrom limb measurementsfrom thenadirtotalcolumn(seeFigure3). Thisapproachis similar to theresid-
ual techniqueusedto determinetroposphericozonecolumnsfrom thecombinationof TOMStotalnadircolumnswith
SAGE II occultationprofilesor SBUV nadirprofiles(Fishmanet al., 1990,1996). Using thealternatinglimb/nadir
schemedescribedabove almostthesameatmosphericvolumeis observedby thesameinstrumentwithin 8 min first
in limb andthenin nadir viewing geometry. This strategy minimisestwo importantsourcesof systematicerror for
troposphericmeasurements.As aresultit will bepossibleto derive troposphericcolumnsdown to thescatteringlayer
(Earth’s surfaceor thecloudtop) notonly for O� but alsofor NO� , CO,CH� , H � O, N � O, SO� , H � CO,andBrO.

OPERATIONAL DATA PRODUCTS

All operationaldataproductswill beregularly processed,quality controlledandarchived. TheSCIAMACHY oper-
ationalproductsarestructuredin different levels. From the raw Level 0 data(countsasfunction of pixel position)
calibratedradianceandirradiancespectraarecalculated;theseLevel 1 dataserve asinput for the retrieval models
which extractthegeophysicalinformation,e.g. columns/profilesof atmospherictracegases.TheseareLevel 2 data.
An overview on SCIAMACHY operationalLevel 2 tracegasproductsandtheir potentialprecisionis given in Table
2. Theseprecisionestimatesarebasedon several sensitivity studiesperformedby a numberof peopleover the last
years. This is explainedmoredeeplyby Bovensmannet al. (1999). The valuesgiven aresupportedby previously
unpublishedestimatesof precisionsbasedon recentstudiesundertaken at the University of Bremen(M. Buchwitz,
privatecommunications)which assumethat the total informationcontentin thespectrais used.Thereforethesees-
timatesrepresentan upperlimit of the dataproductprecision. Atmosphericpressureandtemperatureprofilesand
informationaboutaerosolsandcloudswill alsoberetrievedon anoperationalbasis.For theaerosoldataproductit is
forseento generateanabsorbingaerosolindex (AAI) andanaerosolopticalthickness(AOT) valueusingexperiences
from GOMEaerosolretrieval (seee.g.Guzzietal., 1997,1998;Koppersetal., 1997;Poppet al., 1997).
Therewill be two typesof operationaldataproducts:Near Real-Time (NRT) andOff-Line (OL) products. NRT
dataproductswill beavailablewithin a few hoursafterthemeasurements.OL dataproductswill beproducedusing
improved ancillary datathat becomeavailable after spectrumacquisition,e.g. analysedtemperatureandpressure
fields.TheNRT dataprocessorwill beinstalledatESA’sgroundstations(Kiruna,Frascati)andasareferencesystem
atDLR-DFD.TheOL processorwill behostedby DLR-DFD. All tracegasproductslistedin Table2 will beavailable



Table2. SCIAMACHY OperationalTraceGasProductsandPrecisionEstimates
Total Stratospheric Total Stratospheric

Molecule Columns Profiles Molecule Columns Profiles
O� 1 % 10 % N � O 5 % 10 %́h´

NO� 2 % 10 % CO 5–10% 10 %́h´
H � O 1 % 10 % BrO 5 % 50 %́h´
CO� 1 % 10 % SO� ´ 10 % —
CH� 1–3% 10 % OClÓ 20 % —

H � CÓ 20 % —
´ observedunderspecialconditions(troposphericpollution,ozonehole)

´h´ recommendedby scientists,undernegotiationwith agencies

asOL data. In addition,NRT total columnswill becomputedfor all listed gasesexceptfor CO� . Therewill beno
NRT limb retrievals.
In addition,scientificproductsfrom occultationandlimb measurements(e.g.O� , O� ( �7µ·¶

), NO,andClO) andderiva-
tion of higherlevel products(suchastroposphericcolumns)areplannedfrom processstudieson a non-operational
basis.

SUMMARY

SCIAMACHY is a space-basedspectrometermeasuringalmostcontinuouslyfrom the UV to NIR spectralregion
in nadir, limb, andoccultationgeometry. It will provide highly-resolved radianceandirradiancespectraandmeso-
spheric/stratospheric profiles/columnsof O� , NO� , H � O, CO� , CH� N � O, BrO, CO, O� , O� ( � µ ¶

), andNO. SO� ,
H � CO, ClO, OClO profiles/columnsmaybederived underspecialconditions.Moreover, informationaboutclouds,
aerosols,atmospherictemperatureandpressurewill beobtained.
Thecombinationof near-simultaneousnadirandlimb measurementswill provide troposphericcolumnsof O� , NO� ,
CO,CH� , H � O, N � O, SO� , H � CO,andBrO down to theEarth’s surfaceor thecloudtop.
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