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ABSTRACT
First preliminaryresultsarepresentedconcerningtheretrieval of verticalcolumndensities(VC) of importantat-
mospherictracegasesfrom SCIAMACHY datacompiledfor initial verificationof theoperationalLevel 1 and2
dataproducts. Although the Level 1 spectraarenot yet fully calibrated,the spectralabsorptionfeaturesof the
majornear–infrared(NIR) absorbersCH4 andH2O (andchannel7 CO2) haveclearlybeenidentified.Thequality
of the Level 1 spectraandLevel 1 to 2 algorithms,however, needto be further improvedto enablean accurate
quantitative retrieval. At presenttheaccuracy doesnot seemto begoodenoughto clearly identify theminor NIR
absorbersCOandN2O. ThisstudyfocussesonCH4 VC retrieval usingchannel8 nadirmeasurements( � 2.3µm).
Oneof the major scientificobjectivesof the SCIAMACHY methanetotal columnmeasurementsis to derive in-
formationon methanesurfacesourcesandsinks. For suchanapplicationvery precisemeasurementscloseto the
signal–to–noiseperformanceof SCIAMACHY arerequired.

1 INTRODUCTION
Verticalcolumnsof CH4, CO, N2O, andH2O have beenretrievedfrom theSCIAMACHY channel8 nadirmea-
surementsusingdifferentalgorithms(andprocessors),e.g.,WFM–DOAS andBIAS.
WFM–DOAS (WeightingFunctionModifiedDifferentialOpticalAbsorptionSpectroscopy) is analgorithmdevel-
opedat the Universityof Bremen[1]. BIAS (BasicInfraredAbsorptionSpectroscopy) refersto the operational
(NRT andoff–line) algorithmimplementedfor Level 1c to 2 processing[2] of the SCIAMACHY Level 1c NIR
nadirmeasurements.
This studyusesinitial verificationdata(Level 1c and2) compiledandmadeavailableto theSCIAMACHY pro-
cessorsverificationteamby ESA/ESTEC.Oneobjectiveof thework presentedhereis to comparetheoperational
BIAS VC dataproductswith columnsderivedwith anindependentalgorithm.Basedon theoutcomeof theanal-
ysis of the operationaldata,the quality of the SCIAMACHY dataproductsis expectedto be improvedusingan
iterative approach.TheLevel 1c dataproducts[3] usedin this studyarenot yet fully calibrated(e.g.,wavelength
calibrationbasedon on–groundmeasurements,no polarisationcorrection).Therefore,all resultspresentedin this
studyarehighly preliminary. This studyfocusseson verificationorbit 2338(11-Aug-2002)coveringpartsof cen-
tral EuropeandwesternAfrica.

2 WFM–DOAS RETRIEVAL
WFM–DOAS is basedonfitting alinearizedradiativetransfermodelplusalow–orderpolynomialto thelogarithm
of the ratio of a measurednadir radianceandsolarirradiancespectrum.Thereferencespectraarethe logarithm
of the sun–normalizedradianceand its derivativescomputedwith a radiative transfermodel [4]. The main fit
parametersarethedesiredtracegasverticalcolumns.A detaileddescriptionof WFM–DOAS is givenin [1].
The SCIAMACHY NIR detectors(channels6–8) arecharacterizedby a relatively strongdetectorpixel to pixel
variability, e.g.,with respectto darkcurrentandquantumefficiency. Somepixelshavebeenflagged“bad” or even
“dead” duringon–groundcharacterizationandcalibration.For this studythedeaddetectorpixels(aslistedin the
socalleddead/badpixel maskfile) havenotbeenusedfor theretrieval resultsshown here.Evensomemorepixels
havebeenmaskedout asthey exhibitedunexpectedspikesin theradiance,irradianceor in thefit residuum.

2.1 Fitting window 2360.0-2368.7nm

This spectralregionhasbeeninvestigatedbecauseit coversimportantCO lines. A typical WFM–DOAS fit result
for a groundscenewith relatively high surfacealbedois shown in Fig.1. It hasto bepointedout that thequality
of thefit getsworsefor groundpixelswith low albedo,e.g.,over water. Thefit residualsaresimilar for ground
pixelswith similar surfacealbedo,i.e., they arenot dominatedby noisebut by systematic(ratherstable)spectral
featuresprobablyresultingfrom imperfectcalibration. Imperfectdark signalcorrectionmight explain this. For
mostconditionsthedarksignalis higherthanthesignalinducedby atmosphericradiation(especiallyoverwater



Figure1: Typical resultof aWFM–DOAS fit asapplied
to a SCIAMACHY nadirmeasurementover theSahara.
The spectralabsorptionfeaturesof CH4 and H2O are
clearly visible. The fit residualasshown hereis, how-
ever, larger than the expectedCO absorptionsignalof
about2-3%(seebottompanel).Notethat theresiduum
is notdeterminedby instrumentnoise.For otherSahara
groundpixelstheresiduumis nearlyidentical.

Figure2: Typical resultof aWFM–DOAS fit asapplied
to a SCIAMACHY nadirmeasurementover theSahara.
Theretrievedmethanecolumnis 2.51019molec./cm2 �

7%.
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Figure 3: Methane vertical columns retrieved with
WFM–DOAS. The columnover the cloud free Sahara
region is underestimatedby approx.25%. Note that
centralEuropeandtheregion approx.0; -15; N latitude
(approx.the last quarterof the part of the orbit shown
here)arepartially coveredby cloudsandthatno cloud
correctionor filtering hasbeenapplied.

Figure 4: Top panel: Reflectivity (divided by the co-
sineof the line–of–sightzenithscanangle)at 2282nm
asa functionof groundpixel number. As canbe seen,
the reflectivity shows a high frequency variability cor-
relatedwith the (5 s) scanningsequenceall along the
orbit. The last four panelsshow partsof this data in
more detail along with the retrieved methanecolumn.
Thevertical linesmark themosteastwardgroundpixel
indicatingthebeginningof anew (5 s)scan.Thedashed
linesshow thesun–normalizedradiancewithoutany co-
sine divisions to demonstratethat the radianceshows
thesamescanangledependenceasthereflectivity. The
samescanangledependenceis alsovisible in the raw
data(not shown). Theretrievedmethanecolumncorre-
lateswith theradiance.



andat theendof channel8). A smallerror in darksignalcorrectioncanresultin a relatively largeradianceerror.
This error increaseswith decreasingsurfacealbedoasthe relative importanceof the dark signalcorrectiongets
larger for decreasingatmosphericradiancelevels. Another importantfinding is that the presentlyusedspectral
calibration(which is still basedon on–groundmeasurements)needsto beadjustedby approx.-0.3 nm (3 pixels)
in this spectralregion.

2.2 Fitting window 2281.5-2284.8nm

This is thespectralregion alsocontainingsome(week)N2O lines. Thedriver for theselectionof this window is
CH4 (seeFig.2). Methaneverticalcolumnsderivedalongtheorbit areshown in Fig.3. Fig.4 basicallyshows the
samedataasa functionof groundpixel numberalongwith the (normalized)radiance.As canbeseen,the radi-
anceaswell asthemethanecolumnsshow a large(unexpected)variability relatedto thenadirscanningsequence,
probablyresultingfrom imperfectcalibration.Notethattheabsolutevalueof thereflectivity seemsto betoohigh,
probablydueto too low values( � 50%)of thesolarirradiance(sunmeanreferencespectrumD1), andprobably
alsodueto imperfectcalibrationof thenadirradiances.

3 LEVEL 2 BIAS PRODUCTS
The BIAS derived tracegasvertical columndensitiesof CH4, CO, N2O, andH2O given in the initial Level 2
verificationdataproductlargely deviatefrom climatologicalvaluesandcannotbeconsideredscientificallyuseful
at present.This is mostprobablydueto theimperfectcalibrationof theLevel 1 spectra.

4 CONCLUSIONS
Initial SCIAMACHY Level 1c and2 dataproductscompiledfor verificationpurposeshave beenusedandinves-
tigatedin this study. Although the spectraarenot yet fully calibrated,the spectralsignaturesof CH4 andH2O
(andchannel7 CO2) have clearly beenidentified. At presentthe fit residualsare,however, too large to clearly
identify the weakNIR absorbersCO andN2O. The fit residualsarecurrently dominatedby systematic(rather
stable)spectralfeatures,not by instrumentnoise.Thisstudysuggeststhatthespectralandradiometriccalibration
of the channel8 (andprobablyalsochannel6 and7) nadir andsolarspectraneedsto be significantly improved
to enablethe retrieval of accuratevertical column amountsof, e.g., CH4 and CO. The initial Level 2 (BIAS)
CH4, H2O, CO, andN2O verticalcolumndataproductscompiledfor verificationpurposesstronglydeviatefrom
climatologicalvalues.They cannotbeconsideredscientificallyusefulat present.This is probablydueto thestill
incompletecalibrationof theLevel1cspectra(imperfectspectralcalibration,missingpolarisationcorrection,etc.).
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