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ABSTRACT

TheEuropearenvironmentakatelliteENVISAT wassuccessfulljaunchedn 1stof March2002. TheUV/visible/near
infrared grating spectrometeSCIAMACHY is part of ENVISAT's atmosphericsciencepayload. SCIAMACHY
obseresthe atmospherén nadir, limb, and solarandlunar occultationviewing geometrieswith moderatespectral
resolution(0.2-1.5nm). At the University of Bremena modifiedDOAS algorithm(WFM-DOAS) is beingdeveloped
primarily for theretrieval of CH4, CO, COy,, HyO, N3O, andO, total columnamountdrom ratiosof SCIAMACHY
nadirradianceandsolarirradiancespectran the nearinfraredandvisible spectralregions. First preliminaryresults
concerninghis actvity arepresentedSCIAMACHY is currently (Sept.2002)in its commissioningphaseandonly
preliminary i.e., notyetfully calibratedlevel 1 dataproductsareavailable,generatednainly for initial Level 0to 1
processingerificationpurposes A methodaimedatimproving theretrieval in caseof systematiartifactsresulting
from, e.g.,residualcalibrationerrors,is presented.This studyfocuseson methanevertical columnretrieval using
channel8 (2260-23851m). One of the major scientificobjectives of the SCIAMACHY methanemeasurements
to derive information on methane(surface) sourcesand sinks. Suchan applicationrequiresa relative radiometric
accuray closeto the signal-to—nois@erformancef the instrument(S/N ~ 50-100in channel8 for albedo0.1 and
solarzenithangle60’) andanaccurateandfastretrieval algorithm. This studypresentdirst stepsundertaknto reach
this ambitiousgoal,focusingon theretrieval algorithm.

INTRODUCTION

WFM-DOAS (WeightingFunctionModified DifferentialOptical AbsorptionSpectroscog is amodifiedDOAS
algorithm(Buchwitzetal.,2000a)mainly beingdevelopedfor theretrieval of tracegasverticalcolumndensitiefrom
SCIAMACHY (Bovensmanretal., 1999)and GOME/ERS-2(Burrows et al., 1999)nadirradianceandsolarirradi-
ancespectra.Thetermvertical columndensity(or simply vertical column)refersto the vertically integratedconcen-
tration profile of a giventracegas(unit: numberof moleculesperarea).|nitial resultsconcerninghe applicationof
this algorithmto preliminarySCIAMACHY Level 1c nadirspectraSlijkhuis, 2000)are presentedWFM—-DOAS is
independenof the official ESA/DLR ENVISAT operationalevel 1 to 2 algorithmsandLevel 2 dataproductswhich
arenotdiscussedhere.Analysisof simulatedSCIAMACHY nadirmeasuremenisdicatesasshavn by Buchwitz et
al. (2000a) thatthe retrieval precision(definedasmeasuremerdrrordueto instrumentnoise)is about1% for CHy,
H,0, andCO,, andabout10% for the weakabsorbersCO andN5O. In orderto obtaina retrieval accurag closeto
thesevalues,systematiaetrieval errorsresultingfrom, e.g.,residualcalibrationerrorsor retrieval algorithmlimita-
tions, needto be minimizedasmuchaspossible.This studyfocuseson orbit 2338 (11-Aug-2002)covering partsof
centralEuropeandwesternAfrica.



DESCRIPTION OF THE WFM-DOAS RETRIEVAL ALGORITHM

WFM-DOAS is basedon fitting a linearizedradiative transfermodel I7°? plus a low—orderpolynomial P; to
the logarithmof the ratio of a measuredhadirradianceandsolarirradiancespectrumj.e., obsered sun-normalized
radiancel?%*. Index i refersto the centerwavelength); of (linear diode array) detectorpixel numberi. Provided
thereexistsanappropriatespectrafitting window, I?* depend®n thetruebut unknavn verticalcolumnsof thetrace
gaseof interest(componentsf vectorv?’). The WFM-DOAS equationcanbewritten asfollows:
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A derivative, or weightingfunction, with respecto a vertical columnrefersto the changeof theradiancedueto
achangescaling)of a pre-selectetracegasverticalprofile. To simplify the notation thedependencef theradiance
on otherimportantparameterge.g.,temperaturgrofile or albedo)hasbeenomittedin Eq. (1). In the following the
termin squarebracletsis calledthe WFM-DOAS model. The WFM-DOAS referencespectraarethe logarithmof
the sun—normalizedadianceandits dervatives. They are computedwith the radiatve transfermodel SCIATRAN
(Buchwitz et al., 2000b)for assumede.g., climatological)“mean” columnsV. The fit parametergunderlinedin
Eq. (1)) arethedesiredracegasverticalcolumnsf/j andthe polynomialcoeficientsa,,. An additionalfit parameter
alsousedin this studyis the temperaturegorofile shift. Thefit parametersre determinedby minimizing (in least—
squaresense}hedifferencebetweerobsenationandWFM-DOAS model,i.e., fit residuumRES;.

In orderto avoid time consumingon-line radiative transfersimulations,a look-up tableapproacthasbeenim-
plementedThereferencespectrehave beengeneratedor cloudfreeconditionsassuminga US Standarditmosphere
(CH4 andCO, scaledto currentconcentrations)a tropospherianaritime andstratospherikackgroundaerosolsce-
nario, a surfacealbedoof 0.1, anddirect nadir obsenation. The scanangledependences taken into accountusing
a simple geometricalcorrection(Buchwitz et al., 2000a). The takulatedreferencespectradependon solar zenith
angle(0°-90Cr in stepsof 5°), surfaceelevation (0, 1, 2, 3 km) andwatervaporcolumn(scalingfactors:0.5,1.0, 1.5,
2.0,4.0). WFM-DOAS hasbeenimplementedasan iterative schememainly to accountfor the high variability of
atmospheriavatervapor

The (fast) look-up table approachintroduceserrors. Most of the CHy4 retrieval resultspresentedn this study
have beengeneratedising a small fitting window (2281.7-2284.61m) in channel8. The errorintroducedby the
currentlyimplementedook-uptablehasbeenestimatedy applyingthealgorithmto simulatedmeasurement§able
1 summarizesheresults.As canbeseentheerroris belov 1% in mostcases.

APPLICATION OF WFM-DOAS
Water vapor vertical column retrieval using GOME data

Beforethe first SCIAMACHY datawereavailable, WFM-DOAS wastestedusing GOME nadir spectraBur-
rows etal., 1999). Thefirst four channelof GOME andSCIAMACHY arenearlyidentical. The maindifferenceis
the spatialresolution,which is betterfor SCIAMACHY. WFM-DOAS hasbeenappliedto the 685-710nm spectral
region (channel4) to retrieve water vaportotal columnamounts(seeFig. 1). In additionto H,O, Oy (to account
for clouds)andtemperatureto improve the accurag of the retrieved HoO columns)hasbeenincludedin the fit.
The GOME derived H,O columnshave beencomparedwith the Daily GriddedIntegratedWater Vapordataprod-
uct routinely generatedrom SSM/I microvave measurementé=ig. 2). The comparisorhasbeenlimited to cloud
free scenegGOME limitation) over water(SSM/I limitation). Goodagreemenhasbeenfound betweenGOME and
SSM/I. However, the GOME derived columnsare~15%too low comparedo SSM/I. Thisis probablydueto albedo
effects(seeTah 1) in combinationwith (now improved) spectroscopidata(Rothmaretal., 1998).
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Fig. 1. Example of a WFM-DOAS fit as applied to a
GOME channel 4 nadir spectrum obtained over the
Atlantic Ocean near Ireland.

Fig. 2. Typical result of the comparison of GOME
and SSM/| derived HyO columns. The GOME de-
rived columns have been enhanced by 15%. Bot-
tom panel: same data but different representation
(smoothed for better visibility).

Table 1. WFM-DOAS CH, vertical column retrieval error estimated using simulated measurements
(solar zenith angle (SZA) 30°, except No. 6). Difference between error A and B: For B a temperature
profile shift parameter is included in the fit.

No. Investigatederrorsource TrueCH; RetrievedCH; RetrieredCH,
[10mol./cn?] errorA [%] errorB [%]
1 Simu.measurement referencescenario 3.65 0.0 0.0
(testof, e.g.,wavelengthinterpolation)

2 Albedo0.025 3.65 -0.7 -0.4
3 Albedo0.05 3.65 -0.3 -0.1
4 Albedo0.4 3.65 0.6 0.6
5 Line—of-sightscananglecorrection 3.65 -1.0 -0.9
6 SZAinterpolation(SZA=32.5) 3.65 0.0 0.0
7 Surfaceelevation0.75km 3.33 -0.5 -1.0
8 No aerosoin atmosphere 3.65 -0.6 -0.6
9 Enhancedvatervapor(x 1.8) 3.65 0.0 0.0
10 Reducedvatervapor(x 0.6) 3.65 0.0 0.0
11 Tropicalatmosphere 3.66 -4.5 1.0
12 Midlatitude summeratmosphere 3.51 -3.3 -0.5
13 EnhancedCH4 in BL (1.75— 2 ppmv) 3.74 0.2 -0.3

Application to SCIAMA CHY channel8

Typical resultsof WFM—-DOAS asappliedto SCIAMACHY spectran theregion 2281.7-2284.6im areshavn
in Figures3 and 4 which refer to fits with and without including a correctionspectrum(seebelow), respectely.
WFM-DOAS (performedwithoutary correction)revealeda clearcorrelationbetweerthe quality of theretrieval and
theradiancdevel, whichin turnis primarily determinedy the surfacereflectvity of the correspondingroundpixel:
Thehighertheradiancgor reflectiity), the betterthefit. Over sand(Sahara}he quality of thefit is best(reasonable
albeitunderestimatethethanecolumns relatively smallfit residualshut over water(Atlantic Ocean Mediterranean
Sea)significantlyworse. However, thefit residualsarerathersystematicj.e., not dominatedby noise. Non-optimal
darksignalcorrectionmight explain the obsered systematiartifacts. Especiallyin channel the dark signalis high
(mainly resultingfrom thermalemissionof the opticalbench)anda smallerrorin darksignalcorrectioncanresultin
arelatively large (relative) radianceerror, especiallyover low albedoscenes.

Basedon this and relatedstudiesperformedduring the commissioningphasethe needto improve the dark
signal calibration- especiallyof the NIR channels- had beenrecognized.As a result, betterin—orbit dark signal
measurementsave beenperformedsinceDecembef002. Optimaluseof thesemeasurementequiresmodification



of Level 0—1processindgSlijkhuis, 2000)followed by reprocessingexpectedfor 2003).

In orderto dealwith the spectralartifactspresenin thetestspectraavailablefor this study a correctionscheme
hasbeendeveloped.lt is basedn anestimationof the spectrabehaior of the systematianeasuremergrrorusinga
smallnumberof nadirpixels. Theresulting“correctionspectrumhasbeenincludedin thefit, leadingto anadditional
term (including fit parameterjn Eq. (1). The correctionspectrumconsistsof basicallytwo terms. Onetermis the
fit residuumRESF determinedor groundpixel & by applyinga WFM—DOAS fit without ary correction. This term
is orthogonalto the subspacef measuremenspacespannedyy the weighting functions. The secondterm lies in
weightingfunction spaceandis estimatedusing pre—defineotolumnstt appropriatdor thetime andlocationof the

measurementhere: reasonableguess).vf canbe — but doesnot needto be — identicalwith V] (seeEg. (1)). The
correctionspectrum(seealsoFig. 3) is definedasfollows (i refersto wavelength):
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The averagingsymbol < > refersto averagingK correctionsfunctionsCOR% determinedndividually for K
groundpixels. Here K=8 consecutie groundpixels over the Atlantic Oceanat approx.15°S latitude have been
chosen A WFM-DOAS retrieval (withoutarny correction)hasbeenappliedto eachof the K groundpixels resulting
in K fit parametewaluesf/j’C for eachof the J tracegasesonsideregimultaneouslyn thefit (hereJ=3: CH, (main
absorber) H,O andN,O (weak)). Including this correctionspectrumsignificantlyimproves the quality of the fit,
resultingin smallerfit residualsandmoreaccurateeolumns(comparerigures3 and4), basicallyfor all groundpixels
alongthe orbit (Fig. 5), but especiallyover water Note thatthe correctionspectrumpotentially not only accounts
for measurementrrorsbut might also help, at leastto a certainextent, to correctfor algorithminaccuraciese.g.,
interpolationerrors,convolution errors(slit functionuncertaintiespr errorsof the spectroscopidata.

Cloud contaminatedyroundpixels have beenidentifiedusingsub-pixel (approx.30x 7 km?) PolarizationMea-
suremenDevice (PMD) measurementsSCIAMACHYs UV PMD hasbeenselectetbecausef its high sensitvity
to scatterindoy (nottoo low) cloudsin combinationwith its relatively low sensitvity to otherparametergalbedogas
absorption) A simplethresholdalgorithmhasbeenusedfor this studyto generatea cloud mask.

Figure7 shawvs an otherexampleof a WFM—-DOAS fit. Herea fitting window in the CO absorptiornregion of
channel8 hasbeenselected. The spectralabsorptionfeaturesof CH, and H,O have clearly beenidentified. The
fit residuum,however, exceedsthe ratherweak (~2%) absorptionsignal of CO. It is expectedthat an improved

radiometriccalibrationand/orfurtherretrieval algorithmrefinementswill resultin betterfits.

SCIAMA CHY CHANNEL 6 AND 7: COq

SCIAMACHY channels and7 cover absorptiorbandsof CO,. Fig. 8 shavs SCIAMACHY sun-normalized
radiancespectran spectrakregionsmainly foreseerfor CO, total columnretrieval. The CO, absorptiorfeaturesare
clearly visible in the SCIAMACHY spectra.Oneof the main scientific objectives of the SCIAMACHY CO, total
columnmeasurementss to constrainCO, surface sourcesand sinks (asfor CH,4) in orderto improve our current
knowledgeof the carboncycle. Therequirement®n dataandalgorithmsfor this taskare probablyeven higherthan
for methane.

OUTLOOK

RecentlyESAhasmadeavailablealimited numberof orbitswith animproveddarksignalcalibration(still notyet
fully calibratede.g.,with respecto polarizationcorrection,in—orbit pixel-to—pixel gain correctionandwavelength
calibration).Thesespectraarecurrentlybeinganalyzedy WFM—-DOAS withoutincludingary correctionfunctions.
Preliminaryresultshave beenpresentedy Buchwitz et al. at the EGS-AGU—-EUG Joint Assembly Nice, France,
6-11April 2003.An electronicversionof the postercanbedownloadedrom the University of BremenWFM-DOAS
webpageht t p: / / www. i up. physi k. uni - breren. de/ sci amachy/ Nl R_NADI R WFM _DOAS/ . Theim-
proved spectraenablethe retrieval of reasonablenethaneand CO, columns(retrieved from SCIAMACHY channel



6) without ary correctionfunction.
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Fig. 3. Example of a WFM-DOAS fit as applied to
a SCIAMACHY channel 8 nadir measurement over
the Mediterranean Sea. The agreement between
measurement and WFM—DOAS model is within 2%
as can be seen in the bottom panel. The squares in
the second panel denote the CHy fit residuum, de-
fined as fitted CH, weighting function (= derivative
times fit parameter) plus fit residuum. The retrieved
methane column is 3.76x10'® molec./cm?+6% (fit
error estimated from residuum).
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Fig. 5. Methane vertical columns retrieved from orbit 2338 (11
August 2002). The spatial resolution is approx. 30x120 km?.
The columns retrieved for cloud contaminated ground pixels
(see Fig. 6) are not shown. Clearly visible are the expected
relatively low methane columns over the Atlas mountains re-
sulting from decreasing surface pressure (i.e., air mass) with

increasing ground altitude.
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Fig. 4. As Figure 3. but without including the cor-
rection spectrum in the fit. The retrieved methane
column is 1.49x10'° molec./cm?+14% (clearly
underestimated).
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Fig. 6. Broadband signal of PMD 1 used
for generating the cloud mask for Fig. 5
(using a threshold determined by visual
inspection). Low signal corresponds to
dark-grey, high signal to light-grey (mainly
clouds). Clearly visible are the cloud
structures in the lower and upper part of
the PMD image.
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Fig. 8. SCIAMACHY nadir spectra showing spectral
regions in channel 6 and channel 7 to be used for
CO, retrieval. The dotted and dashed lines show
the absorption features of CO, and H,O (vertically
shifted and scaled).

Fig. 7. Example of a WFM-DOAS fit as applied to
a SCIAMACHY nadir measurement over the Mediter-
ranean Sea for a spectral fitting window in the second
half of channel 8.

CONCLUSIONS

First preliminaryresultshave beenpresenteatoncerninghe WFM-DOAS retrieval of total columnamountsof
importantatmospherigracegasesrom SCIAMACHY (andGOME) nearinfrarednadirmeasurementdn this study
only initial - notfully calibrated- testdatahave beenanalysedoneorbit). Neverthelessthe absorptionfeaturesof
CHy4, H20, andCO, have beenclearlyidentifiedin the SCIAMACHY nadir spectra.Thefit residualsare currently
significantlylarger thaninstrumentnoise. In orderto dealwith the rathersystematicspectralartifactspresenin the
analysedspectraa correctionspectrumhashbeendeterminedusing nadir pixels of one nadir scanin the southern
hemispherepndincludedin the fit, resultingin significantly betterfits and more accuratecolumns(all alongthe
orbit). More studies,animproved calibration,andalgorithmrefinementsare neededo enableaccurateetrievals of
CHg, H,0, CO,, CO andN,O columns.
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