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ABSTRACT

First preliminaryresultsarepresentedoncerningheretrieval of vertical columndensitieqVC) of importantat-
mospheridracegasedrom SCIAMACHY datacompiledfor initial verificationof the operationalevel 1 and2
dataproducts. Although the Level 1 spectraare not yet fully calibrated,the spectralabsorptionfeaturesof the
majornearinfrared(NIR) absorber€H, andH,O (andchannel7 CO,) have clearly beenidentified. The quality
of the Level 1 spectraandLevel 1 to 2 algorithms,however, needto be furtherimprovedto enablean accurate
guantitatve retrieval. At presentheaccuray doesnot seemto be goodenoughto clearlyidentify theminor NIR
absorber€OandN,O. This studyfocussemn CH, VC retrieval usingchanneB nadirmeasurementg-2.3 um).
Oneof the major scientificobjectvesof the SCIAMACHY methangotal columnmeasurements to derive in-
formationon methanesurfacesourcesandsinks. For suchan applicationvery precisemeasurementsloseto the
signal-to—nois@erformancef SCIAMACHY arerequired.

1 INTRODUCTION

Vertical columnsof CH,, CO, N, 0, andH,0 have beenretrieved from the SCIAMACHY channel8 nadir mea-
surementsisingdifferentalgorithms(andprocessorskg.g., WFM-DOAS andBIAS.

WFM-DOAS (WeightingFunctionModified DifferentialOptical AbsorptionSpectroscoy) is analgorithmdevel-
opedat the University of Bremen[1]. BIAS (BasicInfrared AbsorptionSpectroscoyp) refersto the operational
(NRT andoff-line) algorithmimplementedor Level 1cto 2 processing2] of the SCIAMACHY Level 1c NIR
nadirmeasurements.

This studyusesinitial verificationdata(Level 1c and2) compiledandmadeavailableto the SCIAMACHY pro-
cessoryerificationteamby ESA/ESTEC Oneobjective of thework presentedhereis to comparehe operational
BIAS VC dataproductswith columnsderivedwith anindependenalgorithm. Basedon the outcomeof the anal-
ysis of the operationadata,the quality of the SCIAMACHY dataproductsis expectedto be improvedusingan
iterative approach.The Level 1¢ dataproductg3] usedin this studyarenotyet fully calibrated(e.g.,wavelength
calibrationbasedn on—groundmeasurementsio polarisationcorrection). Therefore all resultspresentedh this
studyarehighly preliminary This studyfocusse®n verificationorbit 2338(11-Aug-2002)covering partsof cen-
tral EuropeandwesternAfrica.

2 WFM-DOASRETRIEVAL

WFM-DOAS is baseddnfitting alinearizedradiative transfemodelplusalow—orderpolynomialto thelogarithm
of the ratio of a measuredhadir radianceandsolarirradiancespectrum.The referencespectraarethe logarithm
of the sun—normalizedadianceandits derivatives computedwith a radiative transfermodel[4]. The main fit
parametergrethe desirediracegasverticalcolumns.A detaileddescriptionof WFM—DOAS is givenin [1].

The SCIAMACHY NIR detectorqchannel$6—8) are characterizedby a relatively strongdetectorpixel to pixel
variability, e.g.,with respecto dark currentandquantumefficiency. Somepixelshave beenflagged‘bad” or even
“dead” duringon—groundcharacterizatiomndcalibration. For this studythe deaddetectormixels (aslistedin the
socalleddead/bagixel maskfile) have notbeenusedfor theretrieval resultsshavn here.Evensomemorepixels
have beenmasledout asthey exhibitedunexpectedspikesin theradiancejrradianceor in thefit residuum.

21 Fitting window 2360.0-2368.7/m

This spectrakegion hasbeeninvestigateecausét coversimportantCO lines. A typical WFM—DOAS fit result
for a groundscenewith relatively high surfacealbedois shovn in Fig.1. It hasto be pointedout thatthe quality
of thefit getsworsefor groundpixelswith low albedo,e.g.,over water Thefit residualsare similar for ground
pixelswith similar surfacealbedo,i.e., they arenot dominatedby noisebut by systematiqratherstable)spectral
featuresprobablyresultingfrom imperfectcalibration. Imperfectdark signal correctionmight explain this. For
mostconditionsthe darksignalis higherthanthe signalinducedby atmosphericadiation(especiallyover water
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Figurel: Typical resultof aWFM-DOAS fit asapplied
to a SCIAMACHY nadirmeasuremeraverthe Sahara.
The spectralabsorptionfeaturesof CH, and H,O are
clearlyvisible. Thefit residualasshavn hereis, how-
ever, larger thanthe expectedCO absorptionsignal of
about2-3% (seebottompanel). Note thatthe residuum
is notdeterminedy instrumentoise.For otherSahara
groundpixelstheresiduumis nearlyidentical.
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Figure2: Typical resultof aWFM-DOAS fit asapplied
to aSCIAMACHY nadirmeasuremerdverthe Sahara.
Theretrievedmethanecolumnis 2.5 10%molec./cn? +
7%.
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Figure 3: Methane vertical columns retrieved with
WFM-DOAS. The column over the cloud free Sahara
region is underestimatedy approx.25%. Note that
centralEuropeandthe region approx.0°-15°N latitude
(approx.the last quarterof the part of the orbit shovn
here)are partially coveredby cloudsandthatno cloud
correctionor filtering hasbeenapplied.
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Figure 4: Top panel: Reflectvity (divided by the co-
sineof the line—of-sightzenithscanangle)at 2282nm
asa function of groundpixel number As canbe seen,
the reflectvity shaws a high frequeng variability cor-
relatedwith the (5 s) scanningsequencell alongthe
orbit. The last four panelsshav partsof this datain
more detail along with the retrieved methanecolumn.
The verticallines mark the mosteastvard groundpixel
indicatingthebeginningof anew (5 s) scan.Thedashed
linesshav thesun—normalizedadiancewithoutary co-
sine divisions to demonstratehat the radianceshows
the samescanangledependencasthereflectiity. The
samescanangledependencés alsovisible in the raw
data(not shovn). Theretrieved methanecolumncorre-
lateswith theradiance.



andattheendof channel). A smallerrorin darksignalcorrectioncanresultin arelatively largeradianceerror.

This errorincreasesvith decreasingurfacealbedoasthe relative importanceof the dark signalcorrectiongets
larger for decreasingatmospheriaadiancelevels. Anotherimportantfinding is that the presentlyusedspectral
calibration(which is still basedon on—groundmeasurementsjeedso be adjustedoy approx.-0.3 nm (3 pixels)
in this spectrakegion.

2.2 Fitting window 2281.5-2284.8im

This is the spectralregion alsocontainingsome(week) N, O lines. The driver for the selectionof this window is
CH, (seeFig.2). Methanevertical columnsderived alongthe orbit areshaovn in Fig.3. Fig.4 basicallyshavs the
samedataasa function of groundpixel numberalongwith the (normalized)radiance.As canbe seentheradi-
anceaswell asthe methanecolumnsshow alarge (unexpected)variability relatedto the nadir scanningsequence,
probablyresultingfrom imperfectcalibration.Note thatthe absolutevalueof thereflectivity seemgo betoo high,
probablydueto too low values(~50%) of the solarirradiance(sunmeanreferencespectrumD1), and probably
alsodueto imperfectcalibrationof the nadirradiances.

3 LEVEL 2BIAS PRODUCTS

The BIAS derived trace gasvertical column densitiesof CH,, CO, N, O, andH,O givenin the initial Level 2
verificationdataproductlargely deviate from climatologicalvaluesandcannotbe consideredcientificallyuseful
atpresentThisis mostprobablydueto theimperfectcalibrationof the Level 1 spectra.

4  CONCLUSIONS

Initial SCIAMACHY Level 1c and?2 dataproductscompiledfor verificationpurposeave beenusedandinves-
tigatedin this study Although the spectraarenot yet fully calibrated the spectralsignaturesof CH, andH,O
(andchannel7 CO,) have clearly beenidentified. At presenthe fit residualsare, however, too large to clearly
identify the weak NIR absorber€CO andN,O. The fit residualsare currently dominatedby systematiqrather
stable)spectrafeaturesnot by instrumentoise. This studysuggestshatthe spectralandradiometriccalibration
of the channel8 (and probablyalsochannel6 and7) nadir and solar spectraneedsto be significantlyimproved
to enablethe retrieval of accuratevertical columnamountsof, e.g.,CH, and CO. The initial Level 2 (BIAS)
CH,, H,0, CO, andN,,0 vertical columndataproductscompiledfor verificationpurposestronglydeviate from
climatologicalvalues.They cannotbe consideredscientificallyusefulat present.This is probablydueto the still
incompletecalibrationof the Level 1c spectrgimperfectspectrakalibration,missingpolarisationcorrection etc.).
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