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ABSTRACT

Initial resultsare presentedconcerningthe verification of operationalSCIAMACHY nearinfrared(NIR) Level
1 nadir radiancespectraandcorrespondind-evel 2 nearrealtime(NRT) BIAS dataproductssuchasCH,, CO,
andH,0 total columnamounts.The focusof this studyis channel8 (2265-2380hm). The verificationapproach
usedhereis basedon applyinganindependentetrieval method(WFM-DOAS) to the Level 1 datafollowedby a
comparisorof theretrievedtracegascolumnswith the correspondingperationaBIAS products.Theanalysess
basedon orbits beingpart of the “verificationorbits datasets”madeavailable by ESA/ESTECfor initial opera-
tional dataproductsverificationpurposesThey reflectstate—of—the—axperationaprocessingpf SCIAMACHY
data. VerificationdataVERSION 1 were madeavailableendof August2002. VERSION 2 datahave beendis-
tributedon 25 November 2002. The spectralbsorptiorfeaturesof thestrongNIR absorber€£H,, H,0,andCO,
areclearlyvisible in thesespectra.The accuray of thesespectrahowever, doesnot seemto be goodenoughto
enablea high quality quantitatve retrieval andto identify the weakabsorberCO andN,O. The corresponding
NRT BIAS products(CH,, CO, H,0, N,O) cannotbe consideredcientificallyusefulat present.They suffer sig-
nificantly from the quality of the spectrge.qg.,from residualdark signalcalibrationerrorsanddead/bagixelsnot
rejectedby pixel mask)and probablyalsofrom Level 1-2 processingproblems.In comparisonthe accurayg of
the WFM—-DOAS derived columnsis significantly higher In orderto improve the dark signalcorrectionspecial
nadirstateq“nadir/dark—states"have beenexecutedon November24,2002. They provide quasireal-time(within
approx.1 minute)dark signalmeasurement#n initial investigatiornusingthesemeasuremenis alsopresented.

1 INTRODUCTION

Vertical columndensitiesof importantatmospheridracegasegCH,, CO, CO,, H,0, andN,O) canbe derived
from the SCIAMACHY nearinfrared(NIR) nadirmeasurementperationablataproductsarederivedwith the
BIAS (Basic Infrared Absorption Spectroscoyp) retrieval algorithm[1]. A numberof scientificinstitutionsare
working on scientificalgorithmsin orderto generatescientific dataproducts. Scientific dataproductshave the
potentialfor higheraccurayand precisionneededfor importantscientific applications,e.g., to betterconstrain
surfacesourcesandsinksof greenhousgasesFor suchanapplicationtheaccurag of theretriecvedCH, andCO,
columnshasto beontheorderof afew percentbor betterfor a singlemeasurement.
Scientificdataproductscanalsobe usedto verify the operationadataproducts. This is the focus of this study
usingthe WFM—-DOAS algorithm[2,3,4]. WFM—-DOAS (Weighting FunctionModified Differential Optical Ab-
sorptionSpectroscoy) is amodifiedDOAS algorithmmainly beingdevelopedfor theretrieval of tracegasvertical
columndensitiefrom SCIAMACHY andGOME/ERS-2nadirradianceandsolarirradiancespectraAn overview
aboutthe spectrafitting windows usedfor this studyis givenin Tah 1. Both BIAS andWFM-DOAS uselLevel 1
spectrageneratedby operational evel 0—1 processing5], asinput. WFM—-DOAS hasalsobeenappliedto Level
0 datain this study(nadir/dark—stateanalysis).

Tablel: BIAS andWFM-DOAS spectrafitting windows.

ID Channel Spectrakegion[nm] Main verticalcolumnfit parameters
WFM_DOAS 0 6 1558.0-1594.0 Co,

WFM_DOAS 1 8 2281.7-2284.6 CH,

WFM_DOAS 2 8 2360.0-2368.7 CO(driver),CH,, H,O

BIAS_1 8 2269.0-2275.0 N,O (driver),CH,, H,O

BIAS_2 8 2360.0-2366.0 CO (driver),CH,, H,O

Theorbitsanalysedn this studyare: VERSION1: orbits2337and2338from August11,2002,covering partsof
EuropeandAfrica. VERSION 2: orbit 2509from August23, 2002, which hasa similar coverageasorbit 2337.
Combinednadir/dark—statesorbit 3840,November24,2002(coveragesimilar as2509).



Channel8 (andalsochannel?) shavs a significantdecreasef transmissiowith time probablydueto a growing
ice layeronthedetector Beginningof August2002thetransmissionvasbroughtbackto its maximumvalueduea
specialdecontaminatioprocedureOn August11thechanneB transmissiorfascomparedo its maximumvalue)
wasapprox.0.9 andon August23 approx.0.7. For orbit 3840the transmissiorwasalsocloseto its maximum
valuedueto a previousdecontaminationA hightransmissions importantasthe channelB (and7) signalto noise
performances roughly proportionalto transmissionThe channeB darksignalis dominatecdby thermalemission
of the opticalbench.Especiallyat the endof channel8 (i.e., towardslongerwavelength)the dark signalis much
higherthanthe signal originating from atmospherighotons. Therefore,a small error in dark signal correction
may resultin a large radianceerror. All dataanalysedn this study correspondo nearly maximumchannel8
transmissioni.e., thetransmissionossissueis not specificallyaddressetiere.

2 DESCRIPTION OF WFM-DOAS RETRIEVAL ALGORITHM

WFM-DOAS is basedon linear least—squarefitting a linearizedradiatve transfermodelplus alow—orderpoly-

nomialto thelogarithmof theratio of a measuredhadirradianceandsolarirradiancespectrum2,3,4]. Themain

differencewith respecto standardOAS is thatthe WFM—-DOAS referencespectraarederivativesof theradiance
ratherthantracegasabsorptioncross—sectionsThe fit parametersirethe desiredvertical columnsdirectly, i.e.,

thereis no explicit airmassfactor corversion. For reasonsof computationakpeedthe WFM—DOAS reference
spectrahave beenpre-computedThe error on the retrieved columnsintroducedby this (very fast)look-up table

approacthasbeenestimatedo abouta few percentusingsimulatedneasurementd].

3 WFM-DOASASAPPLIED TO LEVEL 1DATA (VERSION 1)

Fromthe WFM—-DOAS analysisof VERSION 1 channel8 nadir spectrathe following conclusionsanbe dravn
[3,4]: Thefit residualsarelarge,especiallyfor low albedoscenege.g.,overoceanandattheendof channeB (CO
window), i.e., for low radiancdevels. Theretrieved columnsaresignificantlyunderestimateth mary casegand
sometimever waterevennegative). The amplitudesof thefit residuumaredifferentfor differentgroundpixels
but the spectrabehaiour is similar. This could be explainedby residualdark signalcalibrationerrors.In orderto
dealwith this a“CorrectionFunction”hasbeendeterminedandincludedin thefit, resultingin significantlybetter
fits andmoreaccurateolumng4]. A “CorrectionFunction”hasbeenincludedfor all resultsshovnin thissection.

Figuresl-6shav examplesof WFM-DOAS fits andpreliminarymapsof columnamountsof CH,, COandCO,.

The cloud mask(grey pixels) hasbeengeneratedisingPMD 1 measurementé-ig. 7). Thetotal columnsof the
well mixed gasesCH, and CO, shouldbe highly correlatedwith Earthsurfacetopography(~ -10%/kilometer;
Fig. 8). In Fig. 2 and6 the Atlas mountaingn north-westAfrica areclearlyvisible in the retrieved CH, andCO,

columnfields. Columnvariability dueto, e.g.,inte—hemispherigradientssurfacepressurezariationsandsurface
sourcesandsinks,is generallysmaller(1-10%or below). A detailedvalidationhasnot yet beenperformed.As

shawvn in Fig. 3, thefit residualof about5% exceedsthe ratherweak (approx.2%) absorptionsignalof CO. The
COfit erroris typically around80% (bestvaluesareapprox.30%). Theretrieved CO columnsareshovnin Fig. 4.

Especiallybecaus®f theverylow quality of the COfits it is presentlynot clearif the“red areas"shovnin Fig. 4

arecorrelatedvith enhancedO levelsdueto, e.g.,biomasshurningin Africa.
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Figure1l: Exampleof a WFM—-DOAS fit asappliedto a channel8 nadir measurementver the Mediterranean
Sea(fitting window: WFM_DOAS _1). The retrieved methanecolumnis 4.27x10° molec./cnt + 6% (without
correctionfunction: 1.15x13° molec./cn? £22%).
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Figure2: Preliminarymethanecolumnsasderived with WFM—-DOAS. Expectedstructuresin the columnfield
resultingfrom surfacetopographyareclearlyvisible (e.g.,Atlas mountains) Examplefit: Fig. 1.
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Figure3: Exampleof a WFM-DOAS fit asappliedto a channeB nadirmeasuremeraverthe Mediterranearsea
(fitting window: WFM_DOAS_2). Theretrieved CO columnis 1.28x13® molec./cnt +134%(without correction

functionthe columnwasnegative).
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Figure4: PreliminaryCO columnsasderived with WFM—-DOAS. Thefit errorsaretypically 80% (bestvalues

~30%). Examplefit: Fig. 3.
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Figure5: Exampleof aWFM-DOAS fit asappliedto a channelb nadirmeasuremerdverthe Mediterranearsea
(fitting window: WFM_DOAS_0). Theretrieved CO, columnis 8.90x1G* molec./cn? 7% (without correction

function: 7.08x13* molec./cn? +7%).
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Figure6: PreliminaryCO, columnsasderivedwith WFM—-DOAS. Expectedstructuresn the columnfield result-

ing from surfacetopographyareclearlyvisible. Examplefit: Fig. 5.
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Figure 7: Broadbandsignal of SCIAMACHY’s UV PolarisationMeasuremenDevice (PMD) usedfor cloud
detection.
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Figure8: AverageEarthsurfaceelevationfor orbits2338(left) and2337.

4 WFM-DOAS BIAS COMPARISON

Figures9-11 shawv a comparisonof the WFM—-DOAS derived columnswith the correspondindBIAS derived
columns(orbit 2338 from VERSION 1). The grey rectanglesn the top and middle panelsshowv the expected
rangeof (climatological)columns.Groundpixelsmarkedgrey in thebottompanelarecloud contaminatedyround
pixels.

As canbeenseenthe BIAS columnsaregenerallyfar outsidethe rangeof reasonablealues(this is alsotrue for

the VERSION 2 datanot shavn here).Notethatgroundpixel numbers~600—-1000wherethe BIAS columnsare
closerto realisticcolumns,correspondo the Saharaegion (high albedo)wherethe radiancdevels arerelatively

highandthedarksignalcorrectionis notsocritical ascomparedo low albedoscenesThe WFM—-DOAS columns
aregenerallywithin therangeof reasonable@alues.
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Fig. 9. BIAS - WFM-DOAS comparison: CH,. WFM-
DOAS fitting window: WFM_DOAS_1.
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Fig. 10. BIAS - WFM-DOAS comparison: CO. WFM—
DOAS fitting window: WFM_DOAS_2.
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5 ANALYSIS OF VERSION 2 DATA AND NADIR/D ARK STATES

In this sectionVERSION 1 and2 dataandnadir/dark—statesreanalysecandcomparedTheanalysiss restricted
to the CO fitting window in channel8 (WFM_DOAS_2) and threeconsecutie nadir states(one stateover the
Mediterranearseafollowedby two statesover north Africa). In orderto investigatea possiblesolutionof the NIR

darksignalcorrectionproblemmentionedabore, specialnadir/dark—statelsave beendefined. They wereexecuted
on November24,2002. Here,during the last 10 second®f eachnadir state the nadir scanmirror is rotatedsuch
that (ideally) no atmospheridight canenterthe instrument. The basicideais to have quasireal-timedark signal
measurementdzigure 12 shows afirst analysisof thesemeasurementdsromthis figureit canbe concludedhat:
(i) The variability (noise)of the (0.5 s) dark signal spectra(per state,i.e., within ~1 minute)is lessthanabout
30 BU (0.5% of 6000BU). (ii) Thedifferencebetweenthe averagedark signalsof the threestatess approx.25
BU (for eachstatethelast16 readoutshave beenaveraged) Externalstraylight seemsgo significantlycontribute
to this differenceasconcludedrom the dark signaldifferencebetweenstatesl 3+15(north Africa = high albedo
scene)n comparisorwith statell (MediterranearSea= low albedoscene).The signaldifferencebetweerstate
11 andstates13+15is ~13 BU per 0.5 s (averageover fitting window). (iii) The variability of the dark signal
averagedverthefitting window is lessthanapprox.4 BU (per0.5s) within 8 secondglast16 readoutperstate).

In orderto assestheusefulnessf thesedatafor retrieval, four differentsetsof datahave beenanalysedy WFM—
DOAS (seeTah 2). Eachsetconsistof threeconsecutie nadir statesasdescribechbove (stateduration65s, 0.5
sintegrationtime, 130 groundpixels per statefirst state:groundpixel numberl—-130of Fig. 13; followed by two
stateswith groundpixel numbersl31-390).The geolocatiorof the correspondingroundpixelsof the datasetsis
not exactly identicalbut similar (they areexactly identicalonly for datasetsV2_A andV2_D). All groundpixels
correspondo (nearly)cloud free conditions(asconcludedrom the SCIAMACHY PMD measurementsr - for
orbit 3840- from TOMS reflectvity). DatasetV2_D hasbeenincludedasthe NDAS dataare (alsoonly) dark
signalcorrected_evel 0 data(the nadir/dark—statearenotincludedin the Level 1 files).

All four datasetshave beenidentically processedy WFM—DOAS (a “Correction Function” hasnot beenin-
cluded).FromFig. 13it canbeconcludedhatfor measurementverlandthe NDAS measuremeniblue curves)
enablethe bestretrieval: comparedo VERSION 2 data(which areannouncedo reflectbestcurrentoperational
Level 0—1 processingjncl. dark signal correction)the RMS of the fit residualsare smallerand- alsovery im-
portant- the retrieved methanecolumns(althoughprobablyunderestimated3howv lessof the strangescanangle
synchronizedrariability visible in all the otherdatasets(onenadir scancorresponds$o 10 nadir groundpixel: 8
forwardpixel (pixel numberl—8,11-18,.., 381-388)and2 backwardscanpixel (9-10,19-20,...)). Furtherstudy
is neededo find outif andby how muchNDAS-typemeasurementsay helpto improve theretrieval over water
(no detailedoptimizationof theretrieval hasbeendonesofar). The (blue) NDAS curve shovn in thebottompanel
clearly shavs how challengingthis problemis: The rectangulabumpsof the NDAS curve (pixel numbersl11—
130,241-260,and371-390)correspondo the (uncorrectedlark) signalobtainedwith the nadir mirror pointing
insidetheinstrument.The y—valuesfor groundpixel numberdessthan110shaow the (darksignalcorrectednadir
signalfor measurementverwater they—valuescorrespondingo pixel numberl10show the (uncorrected$ignal
whenthe mirror pointsinsidethe instrument.The dark signalis approx.two ordersof magnitudedargerthanthe
nadirsignalobtainedoverwater Notethatnotall datafor V2_A have beenprocessetecaus®f (mary irregularly
appearinghegative radiancevaluesin the Level 1 file (thereforethe redline startsat approx.pixel number100).
Negative radiancevaluesarealsopresenin theotherdatasets(only exception:V1_A). Fromthecloseagreement
of the (red) V2_A andthe (green)V2_D curvesit canbe concludedthat - at this stage- only the dark signal
correctionmatters.

Table2: Descriptionof thefour datasetsmainly usedfor nadir/dark—stateanalysis.

ID Datasetdescription Orbit

V1 A VERSION1, Level 1c,fully calibrated(exceptpolarisation) 2337(11-Aug-2002)
V2_A VERSIONZ2, Level 1c,fully calibrated(exceptpolarisation) 2509(23-Aug-2002)
V2_ D VERSIONZ2, Level 1c,darksignalcorrectiononly (-cal1,5) 2509(23-Aug-2002)
NDAS Level 0, darksignalfrom samenadirstate(last10seconds) 3840(24-Nov-2002)
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Figure13: WFM—-DOAS analysisof thefour datasetsdescribedn Tah 2. Seesection5. for a detaileddiscussion.



6 CONCLUSIONS

Initial SCIAMACHY Level 1 andNRT Level 2 dataproductsmadeavailablefor verificationpurposedave been
investigatedn this study (VERSION 1 and?2 datasets). By applyingWFM—-DOAS to VERSION 1 datait was
foundthatthefit residualsaredominatedby systematidqratherstable)spectralfeaturesnot by instrumentnoise.
Basedon this finding a “Correction Function” hasbeendeterminedand includedin WFM—-DOAS resultingin
betterfits andresonabldracegascolumns. ConcerningERSION 2 Level 1 spectraonly the importantregion
of the CO bandin channel8 hasbeeninvestigatedsofar: Here,in contrasto VERSION 1 data,the spectraover
water(e.g.,Mediterranearsea)suffer from mary negative radiancevaluesin theLevel 1 file. Thewavelengthcal-
ibration, however, hasbeenimprovedwith respecto VERSION 1 (“0.3 nm shift” issue[3]). This studysuggests
thattheradiometriccalibrationof the NIR channelsneedsto be significantlyimprovedto enablethe retrieval of
accuratevertical columnamountsof, e.g.,CH, and CO. The main problemseemso be the dark signalcorrec-
tion. Thecorresponding/ERSION 1 andVERSION 2 CH,, H,0, N,O, andCO operationaNRT BIAS vertical
columndataproductsstronglydeviatefrom climatologicalvalues.They cannotbe consideredcientificallyuseful
at present.ln comparisonthe accurag of the WFM—-DOAS derived columnsis showvn to be significantlyhighet
First stepshave beenundertalenin analysingthe specialnadir/dark—stateexecutedon November24, 2002. First
resultsindicatethatthesestatesenablea betterdark signalcorrection,resultingin significantlybetterspectraand
moreaccurateracegascolumns(atleastoverland,for measurementsver watermorestudiesareneeded).
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