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Abstract—The ScanningImaging Absorption spectroMeter for
Atmospheric CHartographY (SCIAMA CHY) is a hyperspectral
space-basedspectrometer covering almost continuously the spec-
tral rangebetween240nm and 2380nm. SCIAMA CHY will mea-
sure both the extraterrestrial irradiance and the earthshine ra-
diance, i.e., sunlight which is transmitted, reflectedor scattered
by the Earth’ s atmosphere or surface.Measurementswill be per-
formed in nadir, limb, and both solar and lunar occultation geom-
etry. Inversion of the SCIAMA CHY measurementswill provide
the amount and distrib utions of a large number of atmospheric
constituentsin the stratosphere and tr oposphere (O3, NO2, H2O,
CO2, CH4, N2O, BrO, CO, O2, NO, SO2, H2CO, OClO, and pos-
sibly ClO).

I . INTRODUCTION

SCIAMACHY (ScanningImagingAbsorptionSpectrometer
for AtmosphericChartography) is a space-basedspectrometer
which is part of the atmosphericchemistrypayloadof ESA’s
environmentalsatelliteEnvisat which is scheduledfor launch
in 2001.

The SCIAMACHY instrumentwas conceived to improve
our globalknowledgeandunderstandingof a varietyof issues
of importancefor the chemistryandphysicsof theEarth’s at-
mosphere(troposphere,stratosphereandmesosphere)andpo-
tentialchangesresultingfrom eitheranthropogenicbehavior or
naturalphenomenasuchas:

• StratosphericOzone:thefocusbeingthebehavior of the
‘ozonehole’ andmid-latitudeozoneasthehalogenload-
ing of thestratospherereachesits maximum

• Troposphericpollution arising from industrial activity
andbiomassburning

• Troposphere-stratosphereexchange
• Specialeventssuchasvolcanic eruptions,solarproton
events,andrelatedregionalandglobalphenomena

The SCIAMACHY project is funded by Germany, The
Netherlands,and Belgium. A smaller version of SCIA-
MACHY, theGlobalOzoneMonitoring Experiment(GOME),
is alreadyoperatingsuccessfullyon theERS-2satellite,which
waslaunchedin 1995(seee.g.[1]). A detaileddescriptionof
theSCIAMACHY missionandinstrumentis givenin [2].

Fig. 1. Typicalsequenceof SCIAMACHY measurementsduringoneEnvisat
orbit.

I I . SCIAMACHY MEASUREMENTS

SCIAMACHY will performmeasurementsof both the ex-
traterrestrialirradianceandthe Earthshineradiance,i.e., sun-
light which is transmitted,reflectedor scatteredby theEarth’s
atmosphereor surface.Themeasuredspectrawill coveralmost
continuouslythe wavelengthrangefrom 240 nm to 2380nm.
Recentcalibrationmeasurementshaveshown thatthis spectral
rangemayevenbeextendeddown to about215nm. Measure-
mentswill beperformedin nadir, limb, andbothsolarandlu-
naroccultationgeometry. Fig. 1 shows thetypical sequenceof
measurementsduringoneorbit.

During most of the sunlit part of the orbit limb and nadir
measurementswill alternate.Solaroccultationmeasurements
will be performedonceper orbit on the northernhemisphere.
At times when the moon is visible for SCIAMACHY also
moonoccultationmeasurementswill be performed.This will
bethecasefor aboutoneweekpermonthonthesouthernhemi-
sphere.Theeclipsepartof theorbit is filled mainly with cali-
brationmeasurements.Theadditionof dedicatedauroralmea-
surementson thenightsideis currentlyunderdiscussion.With
thismeasurementpatternglobalcoveragewill beachievedin 6



days.

A. Nadir Measurements

Thenadirobservationalmodeis usedby many otherspace-
borne remotesensinginstruments,also by GOME. In nadir
modeSCIAMACHY is lookingdownwardsto theEarth.Scans
perpendicularto the flight directionareperformed.Thenom-
inal groundswath size is 960 km, but thereis alsothe possi-
bility to usea smallerswath sizeof 120 km. The integration
timesandthusthespatialresolutionin nadirmodeis for most
of theorbit not limited by thesensitivity of the instrumentbut
by the availabledatarate. To overcomethis problem,a flex-
ible instrumentconcepthasbeendevelopedwhich allows to
definespectralregionswith shorterintegration times (higher
spatialresolution)thanothers. The actualdefinition of these
spectralregionsis currentlyunderdiscussion.Thereforeit is
at themomentnot possibleto specifythespatialresolutionfor
eachindividual dataproduct.However, usingthis featureit is
expectedthatfor mostdataproductsa typical nadirspatialres-
olution of about30 km (along track) × 60 km (acrosstrack)
will beachieved.

B. Limb Measurements

SCIAMACHY will be one of only a few instrumentsper-
forming limb measurementsin the UV-VIS-NIR spectralre-
gion,amongthesetheOSIRISinstrumentonODIN, whichwas
launchedin early2001.In limb geometrytheinstrumentlooks
tangentiallyto the Earth’s surfacetowardsthe edgeof the at-
mosphere.While probingtangentaltitudesfrom 0 to 100km,
SCIAMACHY will performscansin horizontal(across-track)
direction with a swath size of about 960 km at the tangent
point. The vertical resolutionof the limb measurementswill
beabout3 km. Thelimb viewing geometryis especiallysuited
to deriveinformationontheverticaldistributionof atmospheric
constituents.

C. OccultationMeasurements

SCIAMACHY will performsolaroccultationmeasurements
aswell aslunar occultationmeasurementson a regular basis.
The viewing geometryin theseobservationalmodesis simi-
lar to limb. In solar occultationthe sun is observed directly
throughtheatmosphere,in lunaroccultationthemoon.

The opportunitiesfor solar occultation measurementsby
SCIAMACHY arelimited by thesun-fixedorbit of Envisatand
the forward viewing direction. SCIAMACHY will perform
measurementsof the rising sunthroughthe atmosphereonce
perorbit over thenorthernhemisphere.Solaroccultationmea-
surementswill cover the tangentaltitudesfrom thesurfaceup
to about100km. During theoccultationmeasurement,vertical
scansover thecompletesunwill beperformedwith a vertical
resolutionat thetangentpointof approximately2.6km. Dueto
thisscanningthesametangentaltitudeis probedseveraltimes.

Fig. 2. Retrieval of troposphericcolumnsfrom the combinationof near-
simultaneouslimb andnadirmeasurements.

During lunar occultationmeasurements,SCIAMACHY di-
rectly observesthe rising moonthroughthe atmosphere,cov-
eringtangentaltitudesfrom about17 km to 100km. Thereare
alsolunaroccultationmeasurementsbelow 17km planned,but
thesemeasurementswill most likely be affectedby the pres-
enceof clouds. Thereforethe quality of theselow-altitude
moonoccultationmeasurementshasto be assessedon an in-
dividual basis. Lunar occultationmeasurementsplacea spe-
cial challengeonmissionplanning,asthemoonis only visible
(with a phaselargerthan0.5) for aboutoneweekpermonthin
the southernhemisphere.Moreover, the actualstartandend
times of theselunar observation opportunitiesvary strongly
from month to month, and they differ for eachyear. Based
on thecurrentoperationalconceptit is foreseento performlu-
naroccultationmeasurementsat leasteverysecondorbit during
timeswhenthemoonis visible for SCIAMACHY.

The largevariability of the lunaroccultationmeasurements
is of specialscientific interest,becauselarge regions of the
southernhemisphere(about20 °S to 90 °S) arecoveredby lu-
naroccultationmeasurements,whereassolaroccultationmea-
surementsare limited to a small latitudinal range between
about50°N and70 °N.

D. TroposphericMeasurements

SCIAMACHY is oneof only a few space-borneinstruments
which will be able to retrieve troposphericinformation for a
large numberof atmosphericspecieson a global scale. This
will be achieved by a specialcombinationof nadir and limb
measurements.For thispurpose,thelimb observationsareper-
formedin sucha way that the observedatmosphericvolumes
in limb closelymatchthoseobservedduringasubsequentnadir
measurementwhen the identical areaon the groundis over-
flown. The delaybetweenthis measurementsis just about8
minutes.

Thecombinationof thesenear-simultaneouslimb andnadir
measurementsenablestheretrieval of troposphericcolumnsby
subtractingthe limb stratosphericcolumnfrom the total nadir
column,asillustratedin Fig. 2. This approachis similar to the
oneusedby Fishmanetal. whodeterminedtroposphericozone



Fig. 3. SCIAMACHY operationalgeophysicalproducts.

columnsfrom the combinationof TOMS total nadir columns
with SAGEII occultationprofilesorSBUV nadirprofiles[3,4].
Thegreatadvantageof SCIAMACHY is that thesameinstru-
mentwill be usedfor the derivation of both the stratospheric
profile andthetotal column,andthat theSCIAMACHY oper-
ationsareespeciallyoptimizedfor the troposphericresearch.
Becausealternatinglimb andnadirmeasurementswith appro-
priatelimb-nadirmatchingwill beperformedthroughoutmost
of the sunlit partof the orbit, it will be possibleto derive tro-
posphericcolumnsnotonly for O3 but alsofor NO2, CO,CH4,
H2O, N2O, SO2, H2CO,andBrO, andaerosolparameters.

I I I . SCIAMACHY PRODUCTS

From the inversionof the variousmeasurementsdescribed
above the amountsanddistribution of numerousatmospheric
constituentsin the stratosphereand troposphere(O3, NO2,
H2O, CO2, CH4, N2O, BrO, CO,O2, NO, SO2, H2CO,OClO,
andpossiblyClO) canbe derived. A list of operationaltrace
gasproductsis shown in Fig. 3. Nearreal-timeproductswill
be availableafter about3 hours,off-line productstypically 2
weeksafter sensing.In additionto the tracegascolumnsand
profilesgiven in Fig. 3 thecalibratedEarthshineradianceand
solar irradiancespectrawill alsobe operationalproducts.All
operationalproductswill be regularly processed,quality con-
trolled,andarchived.

Therewill alsobea largenumberof scientificproductsde-
rived on a casestudybasis,amongthesetracegasconcentra-
tionsdeterminedfrom occultationmeasurementsandthetropo-
sphericproductsmentionedabove. Typicalprecisionestimates
for theSCIAMACHY productsderivedfrom sensitivity studies
aresummarizedin TableI. Notethatactualvaluesfor thepro-
file precisionsdependon altitude.A moredetaileddescription

of the precisionestimatesfor occultationandlimb is given in
[5,6].

ACKNOWLEDGMENTS

SCIAMACHY is a nationalcontribution to theESA Envisat
project, fundedby Germany, The Netherlands,andBelgium.
This work hasbeenfundedby the BMBF via GSF/PT–UKF,
by DLR–Bonn,andby theUniversityof Bremen.

REFERENCES

[1] J. P. Burrows, M. Weber, M. Buchwitz, V. Rozanov, A. Ladstätter-
Weißenmayer, A. Richter, R. de Beek,R. Hoogen,K. Bramstedt,K.-U.
Eichmann,M. Eisinger, andD. Perner, “The Global OzoneMonitoring
Experiment(GOME): Missionconceptandfirst scientificresults,” J. At-
mos.Sci., vol. 56,no.2, pp.151–175,1999.

[2] H. Bovensmann,J. P. Burrows, M. Buchwitz, J. Frerick, S. Noël, V. V.
Rozanov, K. V. Chance,andA. H. P. Goede,“SCIAMACHY — Mission
objectives andmeasurementmodes,” J. Atmos.Sci., vol. 56, no. 2, pp.
127–150,1999.

[3] J. Fishman,C. E. Watson,J.C. Larsen,andJ.A. Logan, “Distribution of
troposphericozonedeterminedfrom satellitedata,” J. Geophys.Res., vol.
95,pp.3599–3617,1990.

[4] J.Fishman,V. G. Brackett,E. V. Browell, andW. B. Grant,“Tropospheric
ozonederived from TOMS/SBUV measurementsduring TRACE A,” J.
Geophys.Res., vol. 101,pp.24069–24082,1996.

[5] A. Rozanov, V. V. Rozanov, M. Buchwitz, and J. P. Burrows, “SCIA-
MACHY occultationmode: Forward modelandretrieval algorithm,” in
Proc. SeventhGOME and SCIAMACHY Data and Algorithm Scientific
WorkingSessions,ESRIN,Frascati,Italy, 6–7April 1998,pp.469–476.

[6] J. Kaiser, K.-U. Eichmann,V. V. Rozanov, andJ. P. Burrows, “Precision
estimatesfor SCIAMACHY limb retrievals,” in Proc.IGARSS, 2001,this
issue.

TABLE I
PRECISION ESTIMATES FOR SCIAMACHY PRODUCTS.

Nadir VerticalProfile Nadir–Limb
Molecule Total Occultation Tropospheric

Column Solar Lunar Limb Column
O3 1%# 1% 2% 1% 5%

NO2 2%# 5% 10% 10% 10%
NO3 5% 50% 10% ? –

(day) (twilight)
BrO 5%# 20% ? 50% –

OClO 5%# 10% 20% 25% –
ClO& 20% 50% ? 50% –

H2CO†§ 20%# – – 25%
SO†

2 10%# – – 10%
H2O 1% 1% 10% 5%
N2O 5% 2% 50% 10%
CO 5–10% 2% 50% 10%
CO2 1% 1% 10% 5%
CH4 1–5% 1% 10% 5%
NO‡ 20% 1% 10% –
O4 5% 10% 20% 10%
O2 1% 1% 10% 10%

O2(1∆g) 1% 1% 10% –

† in thepollutedtroposphere
§ e.g.for biomassburning
‡ columndensitiesabove 40km
& underozoneholeconditions
# feasibility shown with GOMEdata


