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ABSTRACT

SCIAMACHY (ScanningmagingAbsorptionSpectrometefor AtmosphericCHartographY)s a contrikution to the
ENVISAT-1 satellite,which is to be launchedin late 2000. The SCIAMACHY instrumentis designedo measure
sunlighttransmitted reflectedand scatteredy the Earths atmospherer surface. The instrumentmeasuresimul-
taneouslyfrom the UV to the NIR spectralspectralregion (240 — 2380 nm). Obsenationsare madein alternate
nadirandlimb viewing geometriemandalsofor solarsunriseandlunarmoonriseoccultation.lnversionof the SCIA-
MACHY measurementwill provide thefollowing: the amountanddistributions of someimportanttracegase<s,
BrO, OCIO,CIO, SG,, H,CO,NO,, CO,COy, CHy4, H2O,N>O, p, T, aerosolandradiationflux profiles,cloudcover
andcloud top height. Combinationof the nearsimultaneoudimb andnadir obserationsenableshe tropospheric
columnamountsof Oz, NO,y, CO, CHy4, HyO, N2 O, SO, andH,CO to bedetected SCIAMACHY will provide new
insightinto the globalbehaiour of thetropospherandthe stratosphere.

INTRODUCTION

SCIAMACHY (ScanninglmagingAbsorptionSpectroneterfor AtmosphericChartography is a space-basesdpec-
trometerdesignedo measuréoth the extraterrestriairradianceandsunlightwhich is transmitted reflectedor scat-
teredby theEarths atmospherer surface.lt will provide informationabouttheamountsanddistribution of numerous
atmosphericonstituentdy inversionof theratio of the upwellingradianceo the extraterrestriairradiance. Thein-
strumentwasproposedn 1988by the SCIAMACHY SciencelTeam(Burrows etal., 1988).SCIAMACHY is funded
by Germary, The Netherlandsand Belgium asa nationalcontritution to ESAs ENVISAT-1 satellitewhich will be
launchedn late 2000. A smallerversionof SCIAMACHY, the Global OzoneMonitoring Experiment(GOME), is
currentlyoperatingsuccessfullyon the ERS-2satellite(seee.g.Burrons etal., 1999).

SCIAMACHY will measuréboththe solarirradianceandthe Earthshingadiancecontinuouslybetweer240nm and
1750 nm and at two spectralwindows in the NIR (1940 nm to 2040 nm and 2265 nm to 2380 nm) with a high
radiometricaccurag andspectralstability The characteristicef the SCIAMACHY instrumentare summarisedn
Tablel. A pictureof the SCIAMACHY OpticalBenchModuleis shavn in Figurel.

Theprimary scientificobjective of the SCIAMACHY missionis to improve our globalknowledgeandunderstanding
of the Earths atmospherdrom the mesospher¢o the troposphere.This will enablethe origin of any changesn
atmosphericomposition resultingeitherfrom anthropogeni@ctivity or naturalphenomenato be established As
ENVISAT will fly duringthe periodwhenit hasbeenpredictedhatthestratospheritialogenoadingwill decreasea
specialemphasisvill be placedon theinvestigationof stratospheriozone(with foci onthe behaiour of the‘ozone
hole’ and on mid-latitude ozone). One unique applicationfor SCIAMACHY s the global study of tropospheric
pollution arisingfrom both industrial activity andbiomassburning. Similarly the obseration andinterpretationof



Tablel. Characteristicef the SCIAMACHY Instrument
UV-Vis-NIR imagingdoublespectrometercooledandtemperaturetabilised

Spectrakange 240-2380nm
Spectrakesolution 0.2-1.5nm
Straylightsuppression <10t

Relative radiometricaccurag < 1%
Absoluteradiometricaccurag < 2-4%
Spectralktability 0.015-0.005nm
Dynamicrange 100 —10°

specialeventslik e volcaniceruptions solarprotonevents,andrelatedregionalandglobal phenomenavill be of great
importance.

This studydescribeshe SCIAMACHY dataproductsandaspect®f thealgorithmsusedto derive theseproducts.A
moredetaileddescriptionof the instrumentandthe missioncanbe foundin Burrows etal. (1995)andBovensmann
etal. (1999).

MEASUREMENTSTRATEGY

SCIAMACHY will performmeasurementis nadir, limb, andsolar/lunaroccultationgeometry

In nadir modethe atmospheriovolume directly underthe instrument(i.e. the spacecraftjs obsered. The spatial
resolutionof nadirobserationsdepend®nthesolargeometryi.e. theintensityof theincominglight, andits spectral
range.For all majoratmosphericonstituentsa typical spatialresolutionof =~ 60 km x 30 km (across/alongrack)
will beachieved.

In limb modetheinstrumenibbserestheedgeof theatmosphereAt differenttangentaltitudesscanof upto 960km
in horizontalacrosdrackdirectionwill be performedhaving a verticalresolutionof approximately3 km.

As canbeeseenfrom Figure2, alternatingimb andnadirmeasurementwill cover the majority of the sunlit part of
the orbit. This stratgyy is intendedto provide an optimal amountof informationfrom the lower atmosphere. This
approachs discussedn moredetailbelow.

During eachsunrisesolaroccultationmeasurementwill be performed.The samegeometryasin limb modewill be
used,but with the sunin the instrument field of view. The vertical resolutionwill be similarto thelimb case.As
the ENVISAT-1 orbit will be sun-synchronoussolaroccultationmeasurementwill cover a latitudinal rangeat the
tangenfpointsbetweerB0°N and65°N overtheyear Whenthemoonis visible for SCIAMACHY (whichwill bethe
casefor aboutoneweekpermonth)lunaroccultationmeasurementsill alsobeperformedevery secondrbit. These
measurementsill cover latitudesbetweerB0°S and9(°S. Ontheeclipsesideseveral calibrationmeasurementsill
be performed,including dark currentmeasurementand measurementwith the on-boardlamps. The measurement
patterndescribedabore will resultin aglobalcoverageatthe equatorafter6 days.

RETRIEVAL METHODS

This sectionprovidesa shortoverview of the retrieval methodswhich have beenproposedor applicationto SCIA-
MACHY datato derive atmospheriéenformationfrom themeasuredpectraDetailsaboutthe operationahlgorithms
arelaid down in the Algorithm TheoreticaBaselineDocumentSpurr,1998).

DOAS

The conceptunderlyingthe Differential Optical AbsorptionSpectroscop (DOAS) is the separatiorof the measured
signalinto slowly varyingcomponentsyhichresultfrom RayleighandMie scatteringandbroadbandbsorptionand
arapidly varying componentcomprisingthe differentialabsorptionstructures.The broadbandpectralfeaturesare
approximatedy alow-orderpolynomial,whichis subtractedrom the data. Differentialreferencecrosssectionsare
thenfitted to the resultantspectrumfor selectedvavelengthregions. This resultsin the so-calledslantcolumn(i.e.
the densityintegratedalongthe meanlight path)which may be corvertedinto a vertical total columndensityby the
useof anair massfactor(AMF) derived from a radiatve transfercalculation.DOAS is only appropriatefor regions



Fig. 1. SCIAMACHY OpticalBenchModule.

having relatively weak absorptionsvherethe AMF is to a good approximationconstant. The main applicationof

DOAS is the derivation of total columns. DOAS was originally developedfor long pathtropospherimbserations
(seee.g.Brewer et al., 1973; Pernerand Platt, 1979) but it hasprovento be applicablealsofor both groundbased
zenithsky andspace-basedadirmeasurement@Burrows etal., 1999). DOAS is a genericterm, originally applied
to UV spectralregion. However the generalapproactor its optimisedvariantsare equally successfuassuminghe

above limitationsin visible or infraredspectrawindows.

FURM

TheFUIl Retrieval Method(FURM) usesaradiative transfemodelto calculateheradiancdor aspecificatmospheric
stateandviewing geometry Subsequentlyn the inversion,this radianceis matchedn aniterative procedureo the
measuredadianceby modificationof selectecatmospheriparametersTheretrieval of heightresohedinformation
from nadirsoundingUV sensorsvasfirst proposedy SingerandWentworth (1957). It wassuccessfullyexploitedby
the SBUV instrumentgBhartiaetal., 1996). This methodis basedon the wavelengthdependencef the penetration
depthof light within the atmosphereDuring the developmentof the SCIAMACHY proposalhe potentialuseof the
temperaturelependencef the Hugginsbandsto provide moreinformationaboutOs in the lower atmospheravas
suggeste@seee.g.Chanceetal., 1991,1997,for adiscussiorof thisapproach)In practicetheverticalresolutionof a
tracegasprofile from suchretrievalsis determinedy the effective penetratiordepthof light in theatmospherehea-
priori orinferredknowledgeof atmospheritemperatureandpressurgrofiles,andthesignalto noiseof theinstrument
(seee.g.Rozane etal., 1992;Munroetal., 1992). The FURM andsimilar algorithmshave beenappliedsuccessfully
to GOME datausingGOMETRAN (Rozanw etal., 1997)asthe favouredradiative transfermodel (Eichmannetaal.,
1997;Munroetal., 1998). Thesealgorithmsattemptto usethefull informationcontentwithin thedata.Thisis limited
by radiative transferthroughthe atmospherandinstrumentahoise. As aresultof its inherentflexibility the FURM
approachmay also be usedfor stratospheric/uppearoposphericprofiles from limb and occultationmeasurements
(limited by the presencef clouds)andfor the retrieval of otheratmospherigparametersuchasinformationabout
aerosolsaandclouds. FURM calculationsarein generakathertime consumingandthey requirea-prioriinformation
from climatologicaldatabases.ThereforeFURM will only be usedfor scientificcasestudies.For a more detailed
descriptionof the FURM approactandanapplicationto GOME dataseeHoogenet al. (1999).

Limb andOccultationProfile Retrieval

Two approachefor retrieval of vertical profilesfrom limb or occultationgeometryarecurrentlyunderconsideration.
Thefirst andprobablymostaccuratanethodis the ‘global fitting’ approactin which modelledradiancesreiterated



Tropospheric Column = Nadlir Column - Liml Column
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Fig. 2. Typical sequenceof SCIAMACHY measure- Fig. 3. Derivation of troposphericolumns.
mentsperformedduringoneorbit.

to matchthe measuredraluessimultaneoushyffor all atmospheridayers. The secondmethodis the ‘onion peeling’

approachn which eachlimb measuremens fitted individually startingfrom thetop of theatmosphereSubsequently
thecolumnsof thelower layersarecomputedconsideringheresultsfor theupperlayers.‘Onion peeling’is probably
computationallyfasterthan ‘global fitting’ but lessfavouredbecauseontrikutionsto the measuredgspectrumfrom

altitudesbelav the tangentheightare not considered.However, asalgorithmdevelopmentfor limb andocculation
profile retrieval is still in anearly phasepoththe ‘onion peeling’and‘global fitting’ optionsarekeptopen.

TroposphericColumns

Thederivation of troposphericcolumnsfrom SCIAMACHY will be performedby subtractinghe stratosphericol-
umnderivedfrom limb measuremenfsom thenadirtotal column(seeFigure3). Thisapproachs similarto theresid-
ualtechniqueusedto determingropospheri@zonecolumnsfrom thecombinatiorof TOMS total nadircolumnswith
SAGE Il occultationprofilesor SBUV nadir profiles(Fishmanetal., 1990,1996). Using the alternatinglimb/nadir
schemalescribedabore almostthe sameatmospheriazolumeis obsered by the sameinstrumentwithin 8 min first
in limb andthenin nadir viewing geometry This stratgy minimisestwo importantsourcesf systematicerror for
tropospherianeasurementg\s aresultit will be possibleto derive troposphericolumnsdown to the scatteringayer
(Earth’s surfaceor the cloudtop) notonly for Os but alsofor NO,, CO, CHy, H2O, N5 O, SO, HoCO, andBrO.

OPERATIONAL DATA PRODUCTS

All operationadataproductswill beregularly processedguality controlledandarchived. The SCIAMACHY oper
ationalproductsare structuredin differentlevels. Fromtheraw Level 0 data(countsasfunction of pixel position)
calibratedradianceandirradiancespectraare calculated;theselLevel 1 datasene asinput for the retrieval models
which extractthe geophysicalnformation,e.g. columns/profile®f atmospheridracegases.ThesearelLevel 2 data.
An overview on SCIAMACHY operationalevel 2 tracegasproductsandtheir potentialprecisionis givenin Table
2. Theseprecisionestimatesare basedon several sensitvity studiesperformedby a numberof peopleover the last
years. This is explainedmore deeplyby Bovensmanret al. (1999). The valuesgiven are supportedoy previously
unpublishedestimatef precisionsbasedon recentstudiesundertakn at the University of Bremen(M. Buchwitz,
private communicationsyvhich assumehatthe total informationcontentin the spectras used. Thereforethesees-
timatesrepresentan upperlimit of the dataproductprecision. Atmosphericpressureand temperaturerofilesand
informationaboutaerosolsandcloudswill alsoberetrieved on anoperationabasis.For the aerosoldataproductit is
forseeno generateanabsorbingaerosoindex (AAl) andanaerosobpticalthicknesgAOT) valueusingexperiences
from GOME aerosoretrieval (seee.g.Guzzietal., 1997,1998;Koppersetal., 1997;Poppetal., 1997).

Therewill be two typesof operationaldataproducts: Near Real-Time (NRT) and Off-Line (OL) products. NRT
dataproductswill be availablewithin a few hoursafterthe measurementOL dataproductswill be producedusing
improved ancillary datathat becomeavailable after spectrumacquisition,e.g. analysedemperatureand pressure
fields. The NRT dataprocessowill beinstalledat ESAs groundstationgKiruna, Frascatiandasareferencesystem
atDLR-DFD. TheOL processowill behostedoy DLR-DFD. All tracegasproductdistedin Table2 will beavailable



Table2. SCIAMACHY OperationallraceGasProductsandPrecisionEstimates

Total | Stratospherig Total | Stratospherig
Molecule Columns Profiles Molecule Columns Profiles
O3 1% 10% N2O 5% 10 %**
NO, 2% 10% CO 5-10% 10 %**
H2,O 1% 10% BroO 5% 50 %**
CO, 1% 10% SO 10% —
CH, 1-3% 10% OCIo* 20% —
H,CO* 20% —

* obsened underspecialconditions(tropospherigollution, ozonehole)
** recommendedy scientistsunderngyotiationwith agencies

asOL data. In addition,NRT total columnswill be computedfor all listed gasesxceptfor CO,. Therewill be no
NRT limb retrievals.

In addition,scientificproductsdrom occultationandlimb measurementg.g. O,, 02(1Ag), NO, andCIO) andderia-
tion of higherlevel products(suchastroposphericolumns)are plannedfrom processstudieson a non-operational
basis.

SUMMARY

SCIAMACHY is a space-basedpectrometemeasuringalmostcontinuouslyfrom the UV to NIR spectralregion
in nadir, limb, andoccultationgeometry It will provide highly-resohed radianceandirradiancespectraand meso-
spheric/stratospheriprofiles/columnsof Oz, NO2, H2O, COs, CHs N2O, BrO, CO, Os, 02(1Ag), andNO. SO,
H,CO, CIO, OCIO profiles/columnsnay be derived underspecialconditions. Moreover, informationaboutclouds,
aerosolsatmospheri¢emperatur@andpressuravill beobtained.

The combinationof nearsimultaneousadirandlimb measurementwill provide troposphericolumnsof Oz, NO,,
CO, CHg4, H20, N30, SO;, H,CO, andBrO down to the Earth’s surfaceor thecloudtop.
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