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Abstract. SCIAMACHY (SCanningImaging Absorption
spectroMeterfor AtmosphericCHartographY)is a space
basedspectrometerdesignedto measuresunlight transmit-
ted, reflectedandscatteredby the Earthatmosphereor sur-
face. It is a contribution to the Envisat-1 satellite to be
launchedin late1999.

SCIAMACHY measurementswill provide amountsand
distributionof O� , BrO, OClO,ClO, SO� , H � CO,NO� , CO,
CO� , CH� , H � O, N � O, pressure,temperature,aerosol,ra-
diation,cloudcover andcloud top heightfrom atmospheric
measurementsin nadir, limb andoccultationgeometry.

By the combinationof the near simultaneouslimb and
nadirobservationsSCIAMACHY is oneof a limited number
of instrumentswhich is able to detecttroposphericcolumn
amountsof O� , NO� , CO, CH� , H � O, N � O, SO� , H � CO,
andBrO down to the planetaryboundarylayerundercloud
freeconditions.

1 Intr oduction

1.1 Whatis SCIAMACHY?

The SCIAMACHY (SCanningImaging Absorption spec-
troMeter for AtmosphericCHartographY)instrumentis a
space-basedspectrometerdesignedto measureboth the ex-
traterrestrialsolarirradianceandtheupwellingradiation,i.e.
sunlightwhich is transmitted,reflectedandscatteredby the
Earth’satmosphereor surface.Thesemeasurementsyield in-
formationabouttheamountsanddistributionof atmospheric
tracegases,clouds,aerosol,andthespectralreflectance(or
albedo)of theEarth’ssurface.

The SCIAMACHY instrumentwasproposedin summer
1988 by the SCIAMACHY ScienceTeam(Burrows et al.,
1988). After peerreview, SCIAMACHY was selectedby
ESAfor flight on thePolarPlatform,now known asEnvisat-
1, which is plannedto be launchedin late 1999. As a
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so-called‘Announcementof Opportunity’ (AO) instrument,
SCIAMACHY is a national contribution to the Envisat-1
missionfundedby theGerman(DLR Bonn,formerlyDARA
GmbH)andDutch(NIVR) spaceagencies,includinga Bel-
gian(IASB) contribution. SCIAMACHY complementswell
the otherEnvisat-1atmosphericchemistrypayload,namely
theGOMOS,MIPAS, andMERIS instruments.A descoped
versionof SCIAMACHY, theGlobalOzoneMonitoringEx-
periment(GOME), is currentlyoperatingsuccessfullyfrom
the ERS-2satellitewhich was launchedin April 1995(see
e.g.Burrowsetal., 1997).

This paperprovides an overview on the capabilitiesof
SCIAMACHY with a specialemphasison the troposphere.
A moredetaileddescriptionof the instrumentandthe mis-
sioncanbefoundin Burrowset al. (1995)andBovensmann
etal. (1999).

1.2 Advantagesof SCIAMACHY to GOME

Thereare two main advantagesof SCIAMACHY with re-
spectto GOME: its enhancedspectralrangeandadditional
atmosphericobservationgeometries.WhereasGOME con-
centratesonmeasurementsin theUV andvisiblewavelength
range(240nm – 785nm),SCIAMACHY alsomeasuresthe
solar part of the infrared spectralregion. SCIAMACHY
measureslight continuouslyfrom 240nmupto 1750nmand
in two spectralwindowsin theNIR (1940nm– 2040nmand
2265nm – 2380nm). This enablesSCIAMACHY to detect
importantatmospherictracegaseswith absorptionfeatures
in the IR, mostnotablyCO, CO� , CH� , andN � O. Pressure,
temperature,watervapourandaerosolinformationcanalso
beobtainedfromthisspectralregion.As anoverview, Figure
1 displaystheatmosphericconstituentswhich show signifi-
cantabsorptionfeaturesin thewavelengthrangecoveredby
GOMEandSCIAMACHY.

A secondsignificantadvantageof SCIAMACHY is thatin
additionto the nadir viewing geometrySCIAMACHY will
observe the atmospherein limb andsolarand lunar occul-
tation geometry. The different viewing geometriesare il-
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Fig. 1. Atmosphericconstituentswith absorptionfeaturesin the spectral
rangecoveredby GOMEandSCIAMACHY.

lustratedin Figure2. Limb andoccultationmeasurements
will provide height-resolvedinformationaboutatmospheric
constituentson a regular basis. The combinationof nadir
andlimb measurementswill be usedto derive tropospheric
concentrationsof severalatmospherictracegasesonaglobal
scale.Thisapproachis describedin moredetailbelow.

2 Mission Objectives

Ozonemeasurementsperformedthroughoutthe last years
have shown that the lossof stratosphericozoneis not only
confinedto the antarctic region where the effect is most
commonlyreferredas the ‘ozone hole’. A significantde-
creaseof stratosphericozonehasalso beenobserved over
mid-latitudes(WMO, 1995) and the arctic region (Müller
et al., 1997;Newmanet al., 1997).Thelossof stratospheric
ozoneis accompaniedby a global increaseof tropospheric
ozoneand of other troposphericgreenhousegasessuchas
CO� , CH� , andN � O (IPCC,1996).Therecognitionof these
dramaticchangesin the compositionand behaviour of the
atmospherehave emphasisedthe needfor global measure-
mentsof atmosphericconstituentsin thestratosphereandthe
troposphere.

Although in-situ measurementscan provide highly re-
solvedinformationabouttheatmosphere,theonly possibil-
ity to achieve atmosphericdataon a globalscaleis givenby
satellite-basedremotesensingtechniques. In this context,
greatprogresshasbeenmadeover the lastyearsin measur-
ing global distributionsof stratospherictracegases.How-
ever, obtainingtroposphericinformationfrom satellitemea-
surementsstill remainsdifficult becauseof theinterferences
by the Earth’s surfaceand due to the presenceof clouds.
Thereforein the pastvery few satellitesensorswere able
to measuretroposphericconstituentson a globalscale.One
of thesesensorsis the MAPS (Measurementof Air Pollu-
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Fig. 2. Nadir mode(top): The atmosphericvolumedirectly underthe in-
strument(i.e. thespacecraft)is observed. Eachscancoversanareaon the
groundof up to 960km acrosstrackwith a maximumresolutionof 26 km½ 15km.
Limb mode(middle): The instrumentlooksat theedgeof theatmosphere.
Scansatdifferenttangentaltitudesovera rangeof up to 960km in horizon-
tal directionareperformedwith ageometricalverticalresolutionof approx-
imately3 km.
Occultationmode(bottom): Measurementsareperformedusingthe same
geometryasin limb mode,but with thesunor themoonin theinstrument’s
field of view.

tion from Satellites)experimentwhich hasmeasuredglobal
COdistributionduringsomeflightsof theSpaceShuttledur-
ing the last years. A further MAPS missionfrom the Mir
station is plannedfor mid 1998. Measurementsof tropo-
sphericconcentrationsof methane,N � O, andCO werealso
foreseenfrom the IMG (InterferometricMonitor of Green-
houseGases)instrumentwhich was flown on the japanese
ADEOS satellite. Unfortunately, ADEOS is no longerop-
erating, thus there is currently no operationalsatellite in-
strumentwhich canprovide global measurementsof tropo-
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Fig. 3. Schematicview of SCIAMACHY light path.

sphericconstituents(althoughtherearesomeefforts to de-
rive troposphericozoneinformationout of existing data,see
e.g.Munroetal. (1998)).

This situationwill most likely becomebetterin the near
future when within the NASA/EOS project the MOPITT
(MeasurementsOf PollutionIn TheTroposphere)instrument
(on AM-1; launchforeseenmid 1998)andtheTES(Tropo-
sphericEmissionSpectrometer;launchon EOS-CHEMin
late2002)will measureseveral troposphericgases.A main
objective of SCIAMACHY is to derive troposphericinfor-
mationona globalandregularbasis.

The overall aim of the SCIAMACHY missionis to im-
proveourglobalknowledgeandunderstandingof theEarth’s
atmosphere,i.e. the mesosphere,the stratosphere,and the
troposphere,andto investigatepotentialchangeswhich may
resultfrom anthropogenicactivity or naturalphenomena.

Theamountanddistributionof stratosphericozonewill be
measuredwith a focuson thebehaviour of the ‘ozonehole’
and on mid-latitudeozone. The coupling betweenstrato-
sphereandtropospherewill beinvestigatedby measurements
of thedownwardtransportof stratosphericozoneandtheup-
wardtransportof precursormoleculessuchasH � O andN � O.
Theseoriginatein theplanetaryboundarylayerandprovide
thefeedstockfor ozone-destroying HO� andNO� radicals.

As SCIAMACHY is oneof asmallnumberof instruments
which will be able to derive troposphericcolumns(seebe-
low), oneof themajorobjectivesis theinvestigationof tropo-
sphericpollution from industrialactivity andbiomassburn-
ing.

Specialeventslikevolcaniceruptions,solarprotonevents,
and relatedregional and global phenomenawill also be a
mainfocusof theSCIAMACHY project.

3 Instrument Characteristics

SCIAMACHY is a passive hyperspectralUV-VIS-NIR sen-
sor. It comprisesaUV-Vis-NIRimagingdoublespectrometer
whichis operatedatatemperatureof 253K with astabilityof
0.25K. Eachof its eightdetectorsconsistsof an1024pixel
diodearray. Thedetectorsarecooledandstabilisedto 0.02K
attemperaturesbetween150K and235K. Themainfeatures
of SCIAMACHY areahighstraylightsuppression( � 10� ), a
moderatelyhighspectralresolutionof 0.2nmto 1.5nm(de-
pendingon thespectralregion)anda high radiometricaccu-
racy (absolute� 2–4%,relative � 1%) in combinationwith
a spectralstability between0.015nm and 0.005nm. The
largedynamicrangeof SCIAMACHY covers7 to 8 orders
of magnitude.

Thespatialresolutionin nadirmodeis typically 30 km �
60km. Thelimiting factorin thiscaseis for mostof theorbit
(i.e. latitudesbetweenabout60� N and60� S) not given by
thesensitivity of theinstrumentto incomingradiationbut by
themaximumalloweddataratewhich requiresanon-board
coaddingof data.

In limb andoccultationmode,a typicalverticalresolution
of about3 km will beachieved.

Figure 3 shows a schematicview of the SCIAMACHY
light path. Incominglight entersthe instrumentvia oneof
threeports:

(i) For nadir measurementsthe light falls via the
nadir/elevationmirror on theentranceslit.

(ii) For limb andoccultationmeasurementsthe limb port
and an additionalmirror (the limb or azimuthmirror) are
used.

(iii) Thesubsolarport providesthe possibility to observe
directly thesunat a specificpositionin theorbit. This mea-
surementandalsospectraobtainedfrom the internal lamps
(a spectralanda white light source)areusedfor calibration
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andmonitoringpurposes.
A diffuserplate is mountedon the backsideof the nadir

mirror. The diffuser is usedfor solar irradiancemeasure-
mentswhich are performedvia the limb port after a solar
occultationmeasurementwhenthesunis well above theat-
mosphere.

Thetelescopemirror focusesthelight on theentranceslit.
Partof thelight whichfallsontheentranceslit is reflectedto
thesunfollower.

At the predisperserprism a fraction of the light with a
well-definedpolarisationis distributed to the Polarisation
MeasurementDevices(PMDs) 1 to 6. The PMDs arepho-
tometerswith alow spectralbut hightemporal/spatialresolu-
tion. Theirmainpurposeis to provide informationto correct
themeasuredradiancesfor thepolarisationpropertiesof the
instrument,but they arealsousefulfor clouddetection.The
light leaving the predisperserprism is spectrallyresolved.
Mirrors arethenusedto separatethetwo UV channels1 and
2 and the IR channels7 and 8 from the beamwhich then
compriseslight between394nm and1075nm. A smallpart
of this light is directedby abeamsplitterto PMD 7, whichis
sensitive to 45� polarisedlight. Dichroicmirrorsperforman
additionalspectralseparationof themainbeaminto thesin-
gle channels3 to 8. Eachchannelcontainsa gratingwhich
further dispersesthe light anddirectsthe final spectrumto
thedetectors.

4 Sequenceof Measurementsin Orbit

Envisat-1will fly in a polar, sun-synchronousorbit with a
periodof about100min, similar to theERS-2orbit but with
anequatorcrossingtime of 1000 LT. Figure7 shows which
measurementsareperformedduringa typical orbit. Thelat-
ter comprisesmainly alternatinglimb and nadir measure-
ments. Every orbit during sunrise,solar occultationmea-
surementsincludingmeasurementsof thesolarirradianceare
performed. Over the year, solaroccultationmeasurements
cover tangentlatitudesbetween90� N and65� N. Whenthe
moon is visible (which is the casefor aboutoneweekper
month), lunar occultationmeasurementswill be performed
everysecondorbit. Thepositionin theorbit wherethemoon
is visible variesstronglyover theyear. Thus,moonocculta-
tion will covera latituderangeup to about30� on thesouth-
ern hemisphere.During eclipse,calibrationmeasurements
will beperformed;this includesdarkcurrentmeasurements
andmeasurementswith the on-boardlamps. For the nom-
inal measurementpatterncomprisingalternatinglimb/nadir
measurementsglobalcoverageis achievedwithin 6 days.

5 Retrieval Methods

Thefollowingsubsectionsdescribebriefly theretrievalmeth-
ods which will be usedto derive atmosphericinformation
from measuredspectra.
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Fig. 4. Typical sequenceof scientificmeasurementsduringoneorbit. The
orbit startswith limb measurementsprior to sunrise;during sunrisesolar
occultationmeasurementsareperformed.Mostof thesunlitpartof theorbit
consistsof alternatinglimb/nadir measurements.Whenthe moon is visi-
ble for SCIAMACHY (which is the casefor aboutone weekper month)
moonoccultationmeasurementsare performedevery secondorbit on the
southernhemisphere;the actualorbital positionof thesemoonoccultation
measurementsvariesstronglyover theyear. Theeclipsephaseis dedicated
to calibrationmeasurements(mainly dark currentmeasurementsandmea-
surementswith the internallamps).For thedisplayedmeasurementpattern
globalcoverageis achievedwithin 6 days.

5.1 NadirTotalColumns

Thedeterminationof verticaltotal columnsfrom nadirmea-
surementsis basedon the well-known DOAS (Differential
OpticalAbsorptionSpectroscopy) approach,whichhasbeen
originally developed for on-groundobservations (Brewer
et al., 1973;PernerandPlatt, 1979;Solomonet al., 1987)
but hasproven to be applicablealso for space-basedmea-
surements(Burrowsetal., 1997).

The DOAS technique seperatesthe measuredsignal
(which is normalisedto the unattenuatedsolar irradiance)
into two parts:Thefirst componentwhichvariesslowly with
wavelength(this includesRayleighandMie scatteringand
broadbandabsorptionfeatures)and the differentialabsorp-
tion componentwhich shows significantspectralstructures.
The slowly-varying componentis approximatedby a low-
order polynomial which is subtractedfrom the data. This
is illustratedin Figure5. Theresultantdifferentialsignalis
convertedinto a slant column amount,i.e. the amountof
absorber(s)integratedalongthelight paththroughtheatmo-
sphere.This is determinedby a least-squares-fitto a linear
combinationof differential referenceabsorptioncrosssec-
tions.Subsequently, aradiativetransfermodel(RTM) is used
to convert theslantcolumnsinto verticalcolumns.This last
steprequiresa-priori climatologicalinformationfor shorter
wavelengthswheremultiplescatteringis significant.

The greatadvantagesof the DOAS methodare its ready
implementationandthehighcomputationalspeed,especially
whenusinglook-uptablesinsteadof RTM calculations.This
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êìë¹í îðïÔêÔñóò¾ôöõ ï ÷�ø

ùìúðû ü ý�þ�ý�ÿ �����������öü û 	�


��
�� ����
���� ���

����� � �� ��"! � #%$&#�� '%(
� ��)*�,+ �"!�)�-�(�./� ! 0�1

2�3�4 5 687�3"9 4 :%;&:�5 <%=
4 6�>*6,? 3�9�>�@�=�A�4 9 B�C

D E
FHGI J
K LJ
MNK O

PRQ�S�T�U T,V�W�X Y

Z [
\H]^ _
` a_
bc` d

eRf�g�h�i h,j�k�l m

n�o�prq�s t�u v q,w

x y
zH{| }
~ �}
��~ �

�R�/�%�,� ���%��� �

Fig. 5. Principleideaof DOAS: The earthshineradianceis normalisedto
the extraterrestrialsolarirradiance.Fromtheresultingsignal,components
which vary slowly with wavelengthareapproximatedby a polynomial;ab-
sorptioncrosssectionsarefitted to theremainingdifferentialstructure.

makes DOAS extremely useful for operationalprocessing.
In fact, this methodhasbeenshown to work successfully
for GOME O� andNO� on anoperationalbasis,but alsoin
casestudiesfor BrO,OClO,SO� , andH � CO(Burrowsetal.,
1997).

5.2 Profilesfrom NadirMeasurements

In additionto thetotalcolumnit is alsopossibletoderivever-
tical profilesof tracegasdensitiesfrom nadirmeasurements
usingtheso-calledFUll Retrieval Method(FURM).

Physically, thismethodis basedonthefactthat(for exam-
ple for ozonein the UV) the penetrationdepthof radiation
is a functionof wavelength.Becauseof this, anddueto the
temperaturedependency of theabsorption,altitudeinforma-
tion is containedin themeasurednadirspectra.Theprinciple
ideato retrievethis informationis illustratedin Figure6.

The FURM algorithmconsistsof two parts: A radiation
transfermodelis usedto calculatetheradiancefor thegiven
geometryandaspecificatmosphericstate.Thenaninversion
schemematchesin iterative stepsthis calculatedradianceto
themeasuredspectraby modificationof atmosphericparam-
eters.

In the end, this processrevealsheight-resolved informa-
tion aboutthe distribution of tracegases;however, the cal-
culation is rathertime-consuming,andalsoa-priori clima-
tological informationis required.FURM is only applicable
for strongabsorberslikeozoneandfor thesamereasongives
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Fig. 6. Derivation of profile information from nadir measurementswith
FURM.

only limited vertically resolvedinformationaboutthetropo-
sphere.

This approachhasbeensuccessfullyusedfor casestudies
with GOMEdata(seeBeeket al., 1997),usingtheradiation
transfermodelGOMETRAN(Rozanov etal.,1997,1998)in
combinationwith aninversionschemebasedon theoptimal
estimationmethod(Rodgers,1976).

5.3 Limb andOccultationProfiles

Thealgorithmsfor theretrieval of verticalprofilesfrom limb
or occultationgeometryarecurrentlybeingdeveloped,the
basicideaswill begivenhere.

Themostaccuratemethodis the‘global fitting’ approach.
Theconceptusedin ‘global fitting’ is to iteratemodelledra-
diancesto matchthemeasuredvaluessimultaneouslyfor all
atmosphericlayers.In thissense,‘global fitting’ is quitesim-
ilar to FURM, with the differencethat limb or occultation
geometryis usedinsteadof nadirdata.

Anotherpossiblemethodis the ‘onion peeling’approach
whichcomputestheverticalcolumnfor eachindividuallayer
startingfrom thetopof theatmosphere.Thiswill mostlikely
be doneby scalingappropriatereferencespectraobtained
from radiative transfermodelcalculations. The columnof
the lower layersis computedthe sameway by subtracting
the uppercolumns. ‘Onion peeling’ is probablyfasterthan
‘global fitting’ but lessfavouredbecausecontributionsto the
measuredspectrumfrom altitudesbelow the tangentheight
are not considered.Thus, ‘onion peeling’ is certainly not
adequatefor limb measurements,andits feasibility for oc-
cultationmeasurementshasto beinvestigated.

Limb andoccultationmeasurementswill result in atmo-
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Fig. 7. Derivation of troposphericcolumnsfrom combinedlimb andnadir
measurements.

spherictracegasprofileswith highverticalresolution.Solar
occultationmeasurementsareexpectedto have a highpreci-
siondueto thehigh intensitiesof theincominglight andthe
comparablysimpleobservationalgeometry.

Major problemsarisefrom the fact that a full spherical
geometryhasto beconsidered.For limb it is alsonecessary
to take multiple scatteringinto account.A radiative transfer
model for limb and occultationgeometrywith appropriate
featuresis currentlyunderdevelopmentin Bremen.

5.4 TroposphericColumns

It is quite unlikely that troposphericinformation can be
drawn directly out of limb or occultationmeasurements,be-
causethe presenceof cloudswill inhibit insight to the tro-
pospherein mostcases.On theotherhand,thevertical res-
olution of profilesderived from nadir measurementsis not
sufficient to derive troposphericcolumnswith anacceptable
precision.Nevertheless,this will bepossibleby thecombi-
nationof limb andnadirmeasurements.

The principle idea is to subtract the strato-
spheric/mesospheric/uppertropospheric column derived
from limb measurementsfrom thetotalcolumnderivedfrom
subsequentnadir measurementsof the sameatmospheric
volume.This is illustratedin Figure7.

This residualtechniquewasdevelopedby Fishmanet al.
(1990, 1996) for the derivation of tropospheric ozone
columnsfrom thecombinationof TOMStotalnadircolumns
with SAGE II occultationprofilesor SBUV nadirprofiles.

Retrievals usingthe combinationof nadir andlimb mea-
surementsare foreseenfor the SCIAMACHY missionand
result in several advantages.The moststriking featuresof
SCIAMACHY in this context arethatall measurementsare
performedwith the sameinstrument, andthat the timing of
measurementsis suchthatalmostthesameatmosphericvol-
umeis first viewed in limb andthenafteronly a short time
delayof about8 minutesin nadir geometry(seeFigure7).
Furthermore,alternatinglimb/nadir measurementsare per-
formed for mostof the orbit (seeFigure4) thusproviding
globalcoveragewithin 6 days.Lastbut not least,thederiva-
tion of troposphericcolumnsis possiblenot only for ozone
but also for NO� , CO, CH� , H � O, N � O, SO� , H � CO, and

¼�½ ¾ ¿ À Á�Â,Ã�ÄBÅ,Ã Æ�Ç�È+É
Ê�¾ Å�Ë À Ã ½�É

ÄDÃ Å,Æ+Ì�Í=Å,Î&Ï�½,À Ð,Ñ=¿
ÄDÃ Å,Æ=Ì&Ä�Å+Ò+½,¾ Â�Ð�½

ÓB½,¾ Å�É=Å Ã�ÔÕÎ=¿ À Á�Â Ã=Ö�½,Î=¿ Ñ

×BØ,Ù Ú Û�Ü Ø�Ý Þ�ßxàBØ+Ý Ø
á â�Ø�ß,Ú Ø,ã+ä�Þ�å�æ�ç Ü Ü Ø�ß,Ú Ø,ã�ä�Þ�å�è

é�ê�ë�ìBê+í ê
î ìBï+í ï�ð	í ñ ò,óBñ,ô�õ�í ö�÷

ø�ù�ú û ù+ü û ý,þÕÿ�� ù,þ���� �����Õý�ú	��

��
��=ý�� �=ü û ý þ���� ý����������	ü û ý þ��
��
 û �Õù�ü ý�
 ý	�,û ��ù�
���ù�ü ù���ù	���
��
 
���ú�ý���ù�ü ù���ù����
����� ý	�=ý�
���ù�ü ù���ù	���
��
 ý� +ú���ù�ü ù���ù	���

!�"�# $�% &�'�"�(	) * "�# +�, - .�/�0
* "�1�0 % '�2�3�"�0

4�/�5�% 5�670 3�% - 1�5	0 - &�"
8�9�: ; <�= 9	> ; ?�@

ACB	D E F B	G�H�I

JLK�M�K�NPO

QLR�S�R�TVU

WLX�Y�X�Z�[

Fig. 8. SCIAMACHY productLevels0 to 2.

BrO.

6 ExpectedResults

6.1 OperationalProducts

As canbeseenin Figure8, SCIAMACHY productsareor-
ganisedin differentlevels. Level 0 data(raw data,i.e. de-
tectorcounts)arecalibratedusingtheinstrumentcharacteri-
sationdatabaseobtainedfrom bothon-groundandin-flight
measurements.This resultsin radianceandirradiancespec-
tra, theso-calledLevel 1 data.

In a next step,a retrieval algorithmis usedto obtain in-
formation aboutatmosphericconstituents,suchas vertical
columnsandprofilesof tracegases,cloudtop height,cloud
coverageandaerosoloptical thickness.This requiresa ra-
diativetransfermodel,appropriateabsorptioncrosssections,
and a climatologicaldatabasewhich containsinformation
aboutalbedo,aerosolandclouds.TheresultingLevel2 prod-
uct maybe furtherprocessedto higher-level products,such
asglobalmapsof tracegascolumns,etc.

Figure 9 lists all operationalLevel 2 productsof SCIA-
MACHY, i.e. all profiles and column densitiesof atmo-
sphericconstituentswhich are regularly processed,quality
controlled,andarchived. This list resemblestherecommen-
dationsof the SCIAMACHY ScienceAdvisory Groupand
thusalsoincludessomeproductsfor which implementation
in the on-groundprocessoris currently under negotiation
with theagencies.

The dataproductsare divided into Near Real-Time and
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\�]�^ ]`_ a bdcPe c�f gh i j kldmon7prq s t�uwv7xry z
{
| {

{~}�� {��
�d{��
� }`{��
�d� {����

�
�

�
�

�
� �
�d� �

�~��� ���
�d���
� �`���

�P��� �C���C� ���

�
�

�
�

�
� �
��  �¢¡�¡

£
¤

¥§¦
¨©¦
ª ¦
ª ¥

«
«

¬V­

®§¯
°©¯
± ¯
± ¯
± ®

²P³ ´Vµ�µ·¶V³ ´
¸C´�¹»º�¼

½
½

½
¾

¿ÁÀ
Â À
Â ¿

Ã�Ä Å�Æ�ÆCÇ�Ä Å
ÈCÅ�É»Ê�Ë
Ì©À¢Í�Í
Â À¢Í�Í

Î
Î
Ï

Î

Ð�ÑVÒPÓ Ô�ÕVÖ�×7Ñ�ØVÙ�ÖPØ ÚLÛÝÜßÞ~ÛàÖPÚLÜV× á�â ãÝäàåPæ�ç7èCæ7é�ê�ëLì�í�ç�â îðïdç é�ñ�â ò í

ó�ô õ�ö·÷Vø
ù`ú�û õVø�õ�ô

ü�ý þ�ÿ����
����� þ���þ�ý

	�
�� 
���
��
� ���
� ��
�����
��

��� �
!" #
$

%�&�')(+*�, -�*�.0/�1).�*�,�(�2)*�3)4 5�673+&�1�.�4 8 4 &�19 -)&�6 3+5�1�4 3:*�, /�2+8 4 &�1�;+&�<+&�1)*0=)&�6 *�;�=)*�5)-)>:8 , &�2)&�(�2�=)*�, 4 3?2)&�6 6 /+8 4 &�1�@
, *�.�/)3+*�.BA�/)5�6 4 8 >C5�8�D�EGF 4 8 8 4 1)H?I:4 1).�&�I
%�%J, *�3+&�KBKC*�1�.�*�.L')>?MN3�4 *�1)3+*COP.�-�4 (+&�, >?QC, &�/�2�;4 KR2�6 *�KC*�1+8 5�8 4 &�1R/�1).�*�,S1)*�H�&�8 4 5�8 4 &�1TI:4 8 =?5�H�*�1)3�4 *�(

U

Fig. 9. SCIAMACHY Level 2 operationalproducts.Additional scientific
productsfor processstudiesfrom occultationand limb measurementsare
planned.

Off-Line products. Near Real-Time dataproductswill be
availablewithin a few hoursafter the measurements.Near
Real-Time processingwill employ look-up tablesfor radia-
tive transferratherthanoperationalrunningof themodels.

Off-Line dataproductswill be producedusingimproved
ancillarydatathatbecomeavailableafter spectrumacquisi-
tion, e.g.analysedtemperatureandpressurefields.

Ozone, NO� , BrO, H � O, N � O, CO, CH� , cloud and
aerosolinformationaswell asatmosphericpressureandtem-
peraturewill be availableon a global grid. Otherproducts
(OClO, SO� , H � CO) will only be observed underspecial
conditions,such as volcanic eruptions,ozonehole condi-
tions,or heavy troposphericpollution.

Pleasenotethatadditionalscientificproductsfor process
studiesfromoccultationandlimb measurementsareplanned.
This includesalso the retrieval of troposphericinformation
from combinedlimb/nadirmeasurements.

6.2 PrecisionEstimates

Several sensitivity studieshave beenperformedto estimate
the precisionof the SCIAMACHY products. As theseare
describedin Bovensmannet al. (1999)only somehighlights
arementionedhere:

The precisionof nadir total columnsfor O� andNO� is
expectedto be higher than 1% and2%, respectively. Ver-
tical profiles for O� , BrO, and (under ozonehole condi-
tions) OClO obtainedfrom solaroccultationmeasurements
will have a precisionof 1%, 5%, and 2%. The combina-
tion of limb andnadirmeasurementswill yield tropospheric
columnsof ozone,NO� , andCO with anprecisionof 10%;
sincemostof theCH� is locatedin the tropospherea preci-
sion of even 5% is expectedin this case. Throughoutthe

SCIAMACHY mission, extensive validation activities are
plannedto assurethedataproductquality.

7 Summary & Curr ent Statusof Project

SCIAMACHY is a space-basedspectrometerdesignedto
measuresunlight,transmitted,reflectedandscatteredby the
Earth’s atmosphereor surfacein the ultraviolet, visible and
nearinfraredwavelengthregion(240nm– 2380nm)atmod-
eratespectralresolution(0.2nm– 1.5nm).

Theabsorption,reflectionandscatteringcharacteristicsof
theatmospherearedeterminedby measuringtheextraterres-
trial solarirradianceandtheupwellingradianceobservedin
nadir, limb, andoccultationviewing geometry. Theratio of
extraterrestrialirradianceandtheupwellingradiancecanbe
invertedto provideinformationabouttheamountsanddistri-
bution of importantatmosphericconstituents,which absorb
or scatterlight, andthespectralreflectanceof theEarth’ssur-
face.

SCIAMACHY was conceived to improve our global
knowledgeandunderstandingof a variety of issuesof im-
portancefor the chemistryand physicsof the Earth atmo-
sphere(troposphere,stratosphereand mesosphere)and to
investigatepotential changesresulting from either anthro-
pogenic behaviour or natural phenomena. Stratospheric
ozone,troposphericpollution arising from industrialactiv-
ity andbiomassburning,troposphere–stratosphereexchange
andspecialeventssuchasvolcaniceruptions,solarproton
events,andotherrelatedregionalandglobalphenomenaare
themainobjectivesof theSCIAMACHY mission.

SCIAMACHY measurementswill yield the amountsand
distributionof O� , BrO,OClO,SO� , H � CO,NO� , CO,COV ,
CH� , H � O, N � O, pressure,temperature,aerosol,radiation,
cloudcoverandcloudtopheight.

A special feature of SCIAMACHY is the combined
limb/nadir measurementmode, by which troposphericin-
formationaboutseveral tracegasescanbe derived. SCIA-
MACHY is thereby able to detect troposphericcolumn
amountsof O� , NO� , CO, CH� , H � O, N � O, SO� , H � CO,
andBrO down to the planetaryboundarylayer undercloud
freeconditionsor to thecloudtop.

Dependingon the typeof measurementsto beperformed
during the orbit, global coverageis achieved within 3 or 6
days.

SCIAMACHY will bepartof theatmosphericpayloadof
theESA satelliteEnvisat-1which is plannedto belaunched
in late1999.Thecurrentstatusof theSCIAMACHY project
is suchthat the manufacturingphaseof the instrumenthas
beenalmost completed. The calibration period will start
soon.

SCIAMACHY will providenew insightinto theglobalbe-
haviour of thetroposphereandthestratosphere.Becauseof
its wide rangeof applicationsSCIAMACHY is a goodcan-
didateinstrumentfor any futureglobalmonitoringsystem.
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Table1. WWW InformationSources

Satellite/Instrument Link

Envisat-1(incl. instruments) http://envisat.estec.esa.nl/

GOME/SCIAMACHY http://www-iup.physik.uni-bremen.de/

IMG http://www.eoc.nasda.go.jp/guide/guide/satellite/sendata/img e.html

MAPS http://stormy.larc.nasa.gov/press.html

MOPITT http://www.atmosp.physics.utoronto.ca/MOPITT/home.html

SAGEII http://www-arb.larc.nasa.gov/sage2/

TES http://tes.jpl.nasa.gov/

Appendix WebSites

Further and actual information about the satellite sensors
mentionedin thetext maybeobtainedfrom theworld-wide-
websiteslistedin Table1.
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