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ABSTRACT

Initial resultsarepresentedconcerningthe verificationof operationalSCIAMACHY near–infrared(NIR) Level
1 nadir radiancespectraandcorrespondingLevel 2 near–realtime(NRT) BIAS dataproductssuchasCH4, CO,
andH2O total columnamounts.Thefocusof this studyis channel8 (2265–2380nm). Theverificationapproach
usedhereis basedon applyinganindependentretrieval method(WFM–DOAS) to theLevel 1 datafollowedby a
comparisonof theretrievedtracegascolumnswith thecorrespondingoperationalBIAS products.Theanalysesis
basedon orbits beingpart of the “verificationorbitsdatasets”madeavailableby ESA/ESTECfor initial opera-
tional dataproductsverificationpurposes.They reflectstate–of–the–artoperationalprocessingof SCIAMACHY
data. VerificationdataVERSION1 weremadeavailableendof August2002. VERSION 2 datahave beendis-
tributedon25November, 2002.Thespectralabsorptionfeaturesof thestrongNIR absorbersCH4, H2O, andCO2
areclearlyvisible in thesespectra.Theaccuracy of thesespectra,however, doesnot seemto begoodenoughto
enablea high quality quantitative retrieval andto identify the weakabsorbersCO andN2O. The corresponding
NRT BIAS products(CH4, CO,H2O, N2O) cannotbeconsideredscientificallyusefulat present.They suffer sig-
nificantly from thequality of thespectra(e.g.,from residualdarksignalcalibrationerrorsanddead/badpixelsnot
rejectedby pixel mask)andprobablyalsofrom Level 1–2processingproblems.In comparison,theaccuracy of
the WFM–DOAS derivedcolumnsis significantlyhigher. In orderto improve the darksignalcorrectionspecial
nadirstates(“nadir/dark–states”)havebeenexecutedonNovember24,2002.They providequasireal–time(within
approx.1 minute)darksignalmeasurements.An initial investigationusingthesemeasurementsis alsopresented.

1 INTRODUCTION

Vertical columndensitiesof importantatmospherictracegases(CH4, CO, CO2, H2O, andN2O) canbe derived
from theSCIAMACHY near–infrared(NIR) nadirmeasurements.Operationaldataproductsarederivedwith the
BIAS (Basic InfraredAbsorptionSpectroscopy) retrieval algorithm[1]. A numberof scientific institutionsare
working on scientificalgorithmsin order to generatescientificdataproducts. Scientificdataproductshave the
potentialfor higheraccurayandprecisionneededfor importantscientific applications,e.g., to betterconstrain
surfacesourcesandsinksof greenhousegases.For suchanapplicationtheaccuracy of theretrievedCH4 andCO2
columnshasto beon theorderof a few percentor betterfor a singlemeasurement.
Scientificdataproductscanalsobe usedto verify the operationaldataproducts.This is the focusof this study
usingtheWFM–DOAS algorithm[2,3,4]. WFM–DOAS (WeightingFunctionModified DifferentialOpticalAb-
sorptionSpectroscopy) is amodifiedDOAS algorithmmainlybeingdevelopedfor theretrievalof tracegasvertical
columndensitiesfrom SCIAMACHY andGOME/ERS-2nadirradianceandsolarirradiancespectra.An overview
aboutthespectralfitting windowsusedfor thisstudyis givenin Tab. 1. BothBIAS andWFM–DOAS useLevel 1
spectra,generatedby operationalLevel 0–1processing[5], asinput. WFM–DOAS hasalsobeenappliedto Level
0 datain thisstudy(nadir/dark–statesanalysis).

Table1: BIAS andWFM-DOAS spectralfitting windows.

ID Channel Spectralregion [nm] Main verticalcolumnfit parameters
WFM_DOAS_0 6 1558.0–1594.0 CO2
WFM_DOAS_1 8 2281.7–2284.6 CH4
WFM_DOAS_2 8 2360.0–2368.7 CO(driver),CH4, H2O
BIAS_1 8 2269.0–2275.0 N2O (driver),CH4, H2O
BIAS_2 8 2360.0–2366.0 CO(driver),CH4, H2O

Theorbitsanalysedin thisstudyare:VERSION1: orbits2337and2338from August11,2002,coveringpartsof
EuropeandAfrica. VERSION2: orbit 2509from August23, 2002,which hasa similar coverageasorbit 2337.
Combinednadir/dark–states:orbit 3840,November24,2002(coveragesimilar as2509).
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Channel8 (andalsochannel7) shows a significantdecreaseof transmissionwith time probablydueto a growing
icelayeronthedetector. Beginningof August2002thetransmissionwasbroughtbackto its maximumvalueduea
specialdecontaminationprocedure.OnAugust11thechannel8 transmission(ascomparedto its maximumvalue)
wasapprox.0.9 andon August23 approx.0.7. For orbit 3840the transmissionwasalsocloseto its maximum
valuedueto apreviousdecontamination.A high transmissionis importantasthechannel8 (and7) signalto noise
performanceis roughlyproportionalto transmission.Thechannel8 darksignalis dominatedby thermalemission
of theopticalbench.Especiallyat theendof channel8 (i.e., towardslongerwavelength)thedarksignalis much
higher thanthe signaloriginatingfrom atmosphericphotons. Therefore,a small error in dark signalcorrection
may result in a large radianceerror. All dataanalysedin this studycorrespondto nearlymaximumchannel8
transmission,i.e., thetransmissionlossissueis not specificallyaddressedhere.

2 DESCRIPTION OF WFM–DOAS RETRIEVAL ALGORITHM

WFM–DOAS is basedon linear least–squaresfitting a linearizedradiative transfermodelplusa low–orderpoly-
nomial to thelogarithmof theratio of a measurednadirradianceandsolarirradiancespectrum[2,3,4]. Themain
differencewith respectto standardDOAS is thattheWFM–DOAS referencespectraarederivativesof theradiance
ratherthantracegasabsorptioncross–sections.Thefit parametersarethe desiredverticalcolumnsdirectly, i.e.,
thereis no explicit airmassfactorconversion. For reasonsof computationalspeedthe WFM–DOAS reference
spectrahave beenpre-computed.Theerroron the retrievedcolumnsintroducedby this (very fast)look-up table
approachhasbeenestimatedto abouta few percentusingsimulatedmeasurements[4].

3 WFM–DOAS AS APPLIED TO LEVEL 1 DATA (VERSION 1)

FromtheWFM–DOAS analysisof VERSION1 channel8 nadirspectrathefollowing conclusionscanbedrawn
[3,4]: Thefit residualsarelarge,especiallyfor low albedoscenes(e.g.,overocean)andat theendof channel8 (CO
window), i.e., for low radiancelevels. Theretrievedcolumnsaresignificantlyunderestimatedin many cases(and
sometimesover waterevennegative). Theamplitudesof thefit residuumaredifferentfor differentgroundpixels
but thespectralbehaviour is similar. Thiscouldbeexplainedby residualdarksignalcalibrationerrors.In orderto
dealwith this a “CorrectionFunction”hasbeendeterminedandincludedin thefit, resultingin significantlybetter
fits andmoreaccuratecolumns[4]. A “CorrectionFunction”hasbeenincludedfor all resultsshown in thissection.

Figures1–6show examplesof WFM–DOAS fits andpreliminarymapsof columnamountsof CH4, CO andCO2.
Thecloudmask(grey pixels)hasbeengeneratedusingPMD 1 measurements(Fig. 7). Thetotal columnsof the
well mixed gasesCH4 andCO2 shouldbe highly correlatedwith Earthsurfacetopography( � -10%/kilometer;
Fig. 8). In Fig. 2 and6 theAtlas mountainsin north-westAfrica areclearlyvisible in theretrievedCH4 andCO2
columnfields.Columnvariability dueto, e.g.,inter–hemisphericgradients,surfacepressurevariationsandsurface
sourcesandsinks,is generallysmaller(1–10%or below). A detailedvalidationhasnot yet beenperformed.As
shown in Fig. 3, thefit residualof about5% exceedstheratherweak(approx.2%) absorptionsignalof CO.The
COfit erroris typically around80%(bestvaluesareapprox.30%).TheretrievedCOcolumnsareshown in Fig. 4.
Especiallybecauseof thevery low qualityof theCO fits it is presentlynot clearif the“red areas”shown in Fig. 4
arecorrelatedwith enhancedCOlevelsdueto, e.g.,biomassburningin Africa.



SCIAMACHY Nadir (LAT 38.8 LON 1.1)
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Figure1: Exampleof a WFM–DOAS fit asappliedto a channel8 nadir measurementover the Mediterranean
Sea(fitting window: WFM_DOAS_1). The retrievedmethanecolumnis 4.27x1019 molec./cm2 � 6% (without
correctionfunction: 1.15x1019 molec./cm2 � 22%).
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Figure2: Preliminarymethanecolumnsasderived with WFM–DOAS. Expectedstructuresin the columnfield
resultingfrom surfacetopographyareclearlyvisible (e.g.,Atlasmountains).Examplefit: Fig. 1.
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Figure3: Exampleof a WFM–DOAS fit asappliedto a channel8 nadirmeasurementover theMediterraneanSea
(fitting window: WFM_DOAS_2). TheretrievedCOcolumnis 1.28x1018 molec./cm2 � 134%(withoutcorrection
functionthecolumnwasnegative).
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Figure4: PreliminaryCO columnsasderived with WFM–DOAS. The fit errorsaretypically 80% (bestvalues� 30%).Examplefit: Fig. 3.



SCIAMACHY Nadir (LAT 39.0 LON 0.2)
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Figure5: Exampleof a WFM–DOAS fit asappliedto a channel6 nadirmeasurementover theMediterraneanSea
(fitting window: WFM_DOAS_0). TheretrievedCO2 columnis 8.90x1021 molec./cm2 � 7% (without correction
function: 7.08x1021 molec./cm2 � 7%).
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Figure6: PreliminaryCO2 columnsasderivedwith WFM–DOAS. Expectedstructuresin thecolumnfield result-
ing from surfacetopographyareclearlyvisible. Examplefit: Fig. 5.
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Figure 7: Broadbandsignal of SCIAMACHY’s UV PolarisationMeasurementDevice (PMD) usedfor cloud
detection.
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Figure8: AverageEarthsurfaceelevationfor orbits2338(left) and2337.

4 WFM–DOAS BIAS COMPARISON
Figures9–11 show a comparisonof the WFM–DOAS derived columnswith the correspondingBIAS derived
columns(orbit 2338 from VERSION 1). The grey rectanglesin the top andmiddle panelsshow the expected
rangeof (climatological)columns.Groundpixelsmarkedgrey in thebottompanelarecloudcontaminatedground
pixels.
As canbeenseen,theBIAS columnsaregenerallyfar outsidetherangeof reasonablevalues(this is alsotruefor
theVERSION2 datanot shown here).Notethatgroundpixel numbers� 600–1000,wheretheBIAS columnsare
closerto realisticcolumns,correspondto theSahararegion (high albedo)wheretheradiancelevelsarerelatively
highandthedarksignalcorrectionis notsocritical ascomparedto low albedoscenes.TheWFM–DOAS columns
aregenerallywithin therangeof reasonablevalues.



Fig. 9. BIAS - WFM–DOAS comparison: CH4. WFM–
DOAS fitting window: WFM_DOAS_1.

Fig. 10. BIAS - WFM–DOAS comparison: CO. WFM–
DOAS fitting window: WFM_DOAS_2.

Fig. 11. BIAS - WFM–DOAS comparison: H2O. Ver-
tical column unit: g/cm2. WFM–DOAS fitting win-
dow: WFM_DOAS_2 (optimized for CO retrieval, not
for H2O; WFM–DOAS H2O as shown here is only a
by-product with reduced quality).

Fig. 12. Analyis of the “dark signal” of 3 nadir/dark–
states (data set NDAS; states 11, 13, and 15; last 16
readouts for each state when scan mirror points inside
instrument). The green vertical lines correspond to
dead/bad pixels (excluded). Top panel: Overplot of the
signals of the individual readouts. Second panel: as
top panel but average signal subtracted. Third panel:
average signal for each state (mean value over all 3
states subtracted).



5 ANALYSIS OF VERSION 2 DATA AND NADIR/D ARK STATES

In thissectionVERSION1 and2 dataandnadir/dark–statesareanalysedandcompared.Theanalysisis restricted
to the CO fitting window in channel8 (WFM_DOAS_2) and threeconsecutive nadir states(onestateover the
MediterraneanSeafollowedby two statesovernorthAfrica). In orderto investigateapossiblesolutionof theNIR
darksignalcorrectionproblemmentionedabove,specialnadir/dark–stateshavebeendefined.They wereexecuted
on November24, 2002.Here,duringthelast10 secondsof eachnadirstate,thenadirscanmirror is rotatedsuch
that (ideally) no atmosphericlight canenterthe instrument.Thebasicideais to have quasireal-timedarksignal
measurements.Figure12 showsa first analysisof thesemeasurements.Fromthis figureit canbeconcludedthat:
(i) The variability (noise)of the (0.5 s) dark signalspectra(per state,i.e., within � 1 minute) is lessthanabout
30 BU (0.5%of 6000BU). (ii) Thedifferencebetweentheaveragedarksignalsof the threestatesis approx.25
BU (for eachstatethelast16 readoutshave beenaveraged).Externalstraylight seemsto significantlycontribute
to this differenceasconcludedfrom thedarksignaldifferencebetweenstates13+15(northAfrica = high albedo
scene)in comparisonwith state11 (MediterraneanSea= low albedoscene).Thesignaldifferencebetweenstate
11 andstates13+15is � 13 BU per 0.5 s (averageover fitting window). (iii) The variability of the dark signal
averagedover thefitting window is lessthanapprox.4 BU (per0.5s)within 8 seconds(last16 readoutsperstate).

In orderto assesstheusefulnessof thesedatafor retrieval, four differentsetsof datahavebeenanalysedby WFM–
DOAS (seeTab. 2). Eachsetconsistsof threeconsecutivenadirstatesasdescribedabove(stateduration65 s,0.5
s integrationtime,130groundpixelsperstate;first state:groundpixel number1–130of Fig. 13; followedby two
stateswith groundpixel numbers131–390).Thegeolocationof thecorrespondinggroundpixelsof thedatasetsis
not exactly identicalbut similar (they areexactly identicalonly for datasetsV2_A andV2_D). All groundpixels
correspondto (nearly)cloud freeconditions(asconcludedfrom the SCIAMACHY PMD measurementsor - for
orbit 3840- from TOMS reflectivity). DatasetV2_D hasbeenincludedasthe NDAS dataare(alsoonly) dark
signalcorrectedLevel 0 data(thenadir/dark–statesarenot includedin theLevel 1 files).
All four datasetshave beenidentically processedby WFM–DOAS (a “CorrectionFunction” hasnot beenin-
cluded).FromFig. 13 it canbeconcludedthatfor measurementsover landtheNDAS measurements(bluecurves)
enablethebestretrieval: comparedto VERSION2 data(which areannouncedto reflectbestcurrentoperational
Level 0–1 processing,incl. dark signalcorrection)the RMS of the fit residualsaresmallerand- alsovery im-
portant- the retrievedmethanecolumns(althoughprobablyunderestimated)show lessof thestrangescanangle
synchronizedvariability visible in all theotherdatasets(onenadirscancorrespondsto 10 nadirgroundpixel: 8
forwardpixel (pixel number1–8,11–18,.., 381–388)and2 backwardscanpixel (9–10,19–20,...)). Furtherstudy
is neededto find out if andby how muchNDAS-typemeasurementsmayhelpto improve theretrieval overwater
(nodetailedoptimizationof theretrieval hasbeendonesofar). The(blue)NDAS curveshown in thebottompanel
clearlyshows how challengingthis problemis: The rectangularbumpsof theNDAS curve (pixel numbers111–
130,241–260,and371–390)correspondto the (uncorrecteddark)signalobtainedwith thenadirmirror pointing
insidetheinstrument.They–valuesfor groundpixel numberslessthan110show the(darksignalcorrected)nadir
signalfor measurementsoverwater, they–valuescorrespondingto pixel number110show the(uncorrected)signal
whenthemirror pointsinsidetheinstrument.Thedarksignalis approx.two ordersof magnitudeslargerthanthe
nadirsignalobtainedoverwater. Notethatnotall datafor V2_A havebeenprocessedbecauseof (many irregularly
appearing)negative radiancevaluesin theLevel 1 file (thereforetheredline startsat approx.pixel number100).
Negativeradiancevaluesarealsopresentin theotherdatasets(only exception:V1_A). Fromthecloseagreement
of the (red) V2_A and the (green)V2_D curves it canbe concludedthat - at this stage- only the dark signal
correctionmatters.

Table2: Descriptionof thefour datasetsmainly usedfor nadir/dark–statesanalysis.

ID Datasetdescription Orbit
V1_A VERSION1, Level 1c, fully calibrated(exceptpolarisation) 2337(11-Aug-2002)
V2_A VERSION2, Level 1c, fully calibrated(exceptpolarisation) 2509(23-Aug-2002)
V2_D VERSION2, Level 1c,darksignalcorrectiononly (-cal 1,5) 2509(23-Aug-2002)
NDAS Level 0, darksignalfrom samenadirstate(last10seconds) 3840(24-Nov-2002)



Figure13: WFM–DOAS analysisof thefour datasetsdescribedin Tab. 2. Seesection5. for adetaileddiscussion.



6 CONCLUSIONS

Initial SCIAMACHY Level 1 andNRT Level 2 dataproductsmadeavailablefor verificationpurposeshave been
investigatedin this study(VERSION 1 and2 datasets). By applyingWFM–DOAS to VERSION 1 datait was
foundthat thefit residualsaredominatedby systematic(ratherstable)spectralfeatures,not by instrumentnoise.
Basedon this finding a “CorrectionFunction” hasbeendeterminedand includedin WFM–DOAS resultingin
betterfits andresonabletracegascolumns. ConcerningVERSION 2 Level 1 spectraonly the importantregion
of theCO bandin channel8 hasbeeninvestigatedsofar: Here,in contrastto VERSION1 data,thespectraover
water(e.g.,MediterraneanSea)suffer from many negativeradiancevaluesin theLevel 1 file. Thewavelengthcal-
ibration,however, hasbeenimprovedwith respectto VERSION1 (“0.3 nm shift” issue[3]). This studysuggests
that the radiometriccalibrationof the NIR channelsneedsto besignificantlyimprovedto enablethe retrieval of
accuratevertical columnamountsof, e.g.,CH4 andCO. The main problemseemsto be the dark signalcorrec-
tion. ThecorrespondingVERSION1 andVERSION2 CH4, H2O, N2O, andCO operationalNRT BIAS vertical
columndataproductsstronglydeviatefrom climatologicalvalues.They cannotbeconsideredscientificallyuseful
at present.In comparison,theaccuracy of theWFM–DOAS derivedcolumnsis shown to besignificantlyhigher.
First stepshave beenundertakenin analysingthespecialnadir/dark–statesexecutedon November24,2002.First
resultsindicatethat thesestatesenablea betterdarksignalcorrection,resultingin significantlybetterspectraand
moreaccuratetracegascolumns(at leastover land,for measurementsoverwatermorestudiesareneeded).
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