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Abstract— The Scanninglmaging Absorption spectroMeter for
Atmospheric CHartographY (SCIAMA CHY) is a hyperspectral
space-basedpectrometer covering almost continuously the spec-
tral range between240nm 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’ satmosphele or surface. Measurementswill be per-
formed in nadir, limb, and both solar and lunar occultation geom-
etry. Inversion of the SCIAMA CHY measuementswill provide
the amount and distrib utions of a large number of atmospheric
constituentsin the stratosphere and troposphee (O5, NO,, H,0,
CO,, CH,4, N,0, Bro, CO, 0,, NO, SO,, H,CO, OCIO, and pos-
sibly CIO).

I. INTRODUCTION

SCIAMACHY (ScanningimagingAbsorptionSpectroneter
for AtmosphericChartography is a space-basespectrometer
which is part of the atmospherichemistrypayloadof ESAs
ervironmentalsatelliteEnvisat which is scheduledor launch
in 2001.

The SCIAMACHY instrumentwas conceved to improve
our globalknowledgeandunderstandingf a variety of issues
of importancefor the chemistryand physicsof the Earth’s at-
mosphergtropospherestratospherandmesospheredndpo-
tentialchangesesultingfrom eitheranthropogenibehaior or
naturalphenomenauchas:

 Stratospheri©zone:thefocusbeingthe behaior of the
‘ozonehole’ andmid-latitudeozoneasthe halogenload-
ing of the stratosphereeachests maximum

» Troposphericpollution arising from industrial activity
andbiomassburning

» Troposphere-stratosphesechange

« Specialeventssuchas volcanic eruptions,solar proton
events,andrelatedregionalandglobalphenomena

The SCIAMACHY project is funded by Germary, The
Netherlands,and Belgium. A smaller version of SCIA-
MACHY, the Global OzoneMonitoring Experimen{GOME),
is alreadyoperatingsuccessfullyon the ERS-2satellite,which
waslaunchedn 1995(seee.g.[1]). A detaileddescriptionof
the SCIAMACHY missionandinstrumenis givenin [2].
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Fig.1. Typicalsequencef SCIAMACHY measurementduringoneEnvisat
orbit.

Il. SCIAMACHY MEASUREMENTS

SCIAMACHY will perform measurementsf both the ex-
traterrestrialirradianceandthe Earthshineradiancej.e., sun-
light which is transmittedreflectedor scatteredy the Earth's
atmospherer surface.Themeasuredpectrawill coveralmost
continuouslythe wavelengthrangefrom 240 nm to 2380 nm.
Recentcalibrationmeasurementsave shovn thatthis spectral
rangemay evenbe extendeddown to about215nm. Measure-
mentswill be performedin nadir, limb, andboth solarandlu-
naroccultationgeometry Fig. 1 shows thetypical sequencef
measurementduringoneorbit.

During most of the sunlit part of the orbit limb and nadir
measurementwill alternate.Solaroccultationmeasurements
will be performedonceper orbit on the northernhemisphere.
At times when the moon is visible for SCIAMACHY also
moonoccultationmeasurementwill be performed. This will
bethecasdor aboutoneweekpermonthonthesoutherrhemi-
sphere.The eclipsepart of the orbit is filled mainly with cali-
brationmeasurements he additionof dedicatechuroralmea-
surement®n the nightsideis currentlyunderdiscussion With
this measuremergatternglobalcoveragewill beachievedin 6



days.

A. Nadir Measuements

The nadirobsenationalmodeis usedby mary otherspace-
borne remote sensinginstruments,also by GOME. In nadir
modeSCIAMACHY is looking downwardsto theEarth.Scans
perpendiculato the flight directionare performed. The nom-
inal groundswath sizeis 960 km, but thereis alsothe possi-
bility to usea smallerswath sizeof 120 km. The integration
timesandthusthe spatialresolutionin nadirmodeis for most
of the orbit not limited by the sensitvity of the instrumentbut
by the available datarate. To overcomethis problem,a flex-
ible instrumentconcepthasbeendevelopedwhich allows to
define spectralregions with shorterintegrationtimes (higher
spatialresolution)than others. The actualdefinition of these
spectralregionsis currently underdiscussion.Thereforeit is
atthe momentnot possibleto specifythe spatialresolutionfor
eachindividual dataproduct. However, usingthis featureit is
expectedthatfor mostdataproductsatypical nadirspatialres-
olution of about30 km (alongtrack) x 60 km (acrosstrack)
will beachieved.

B. Limb Measuements

SCIAMACHY will be oneof only a few instrumentsper
forming limb measurements the UV-VIS-NIR spectralre-
gion,amongthesehe OSIRISinstrumenbn ODIN, whichwas
launchedn early2001.In limb geometrytheinstrumentiooks
tangentiallyto the Earth's surfacetowardsthe edgeof the at-
mosphere While probingtangentaltitudesfrom 0 to 100 km,
SCIAMACHY will performscansn horizontal(across-track)
direction with a swath size of about960 km at the tangent
point. The vertical resolutionof the limb measurementwiill
beabout3 km. Thelimb viewing geometryis especiallysuited
to deriveinformationontheverticaldistribution of atmospheric
constituents.

C. OccultationMeasuements

SCIAMACHY will performsolaroccultationmeasurements
aswell aslunar occultationmeasurementsn a regular basis.
The viewing geometryin theseobsenational modesis simi-
lar to limb. In solar occultationthe sunis obsered directly
throughthe atmospherein lunaroccultationthe moon.

The opportunitiesfor solar occultation measurementdy
SCIAMACHY arelimited by the sun-fixedorbit of Ernvisatand
the forward viewing direction. SCIAMACHY will perform
measurementsf the rising sunthroughthe atmospherence
perorbit over the northernhemisphereSolaroccultationmea-
surementsvill cover the tangentaltitudesfrom the surfaceup
to about100km. During theoccultationmeasurementiertical
scansover the completesunwill be performedwith a vertical
resolutionatthetangentpointof approximately2.6km. Dueto
this scanninghe sametangentaltitudeis probedseveraltimes.

Tropospheric Column = Nadlir Column - Limlb Column
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Fig. 2. Retrieval of troposphericcolumnsfrom the combinationof near
simultaneousimb andnadirmeasurements.

During lunar occultationmeasurementsSCIAMACHY di-
rectly obsenesthe rising moonthroughthe atmospherecov-
eringtangenaltitudesfrom about17 km to 100km. Thereare
alsolunaroccultationmeasurementselov 17 km plannedput
thesemeasurementwill mostlikely be affectedby the pres-
enceof clouds. Thereforethe quality of theselow-altitude
moon occultationmeasurementlasto be assessedn anin-
dividual basis. Lunar occultationmeasurementplacea spe-
cial challengeon missionplanning,asthe moonis only visible
(with aphasdargerthan0.5) for aboutoneweekpermonthin
the southernhemisphere.Moreover, the actualstartand end
times of theselunar obsenation opportunitiesvary strongly
from monthto month, and they differ for eachyear Based
onthe currentoperationatoncepiit is foreseerto performlu-
naroccultatiormeasurementstleastevery secondrbit during
timeswhenthemoonis visible for SCIAMACHY.

The large variability of the lunar occultationmeasurements
is of specialscientific interest,becausdarge regions of the
southerrhemispherdabout20 °S to 90 °S) arecoveredby lu-
naroccultationmeasurementsyhereassolaroccultationmea-
surementsare limited to a small latitudinal range between
about50°N and70 °N.

D. TropospheridMeasuements

SCIAMACHY is oneof only afew space-bornastruments
which will be ableto retrieve tropospheridnformation for a
large numberof atmosphericspecieson a global scale. This
will be achieved by a specialcombinationof nadir andlimb
measurements:or this purposethelimb obsenationsareper
formedin sucha way thatthe obsered atmospheriozolumes
in limb closelymatchthoseobsenedduringa subsequemntadir
measuremenivhen the identical areaon the groundis over-
flown. The delay betweenthis measurements just about8
minutes.

The combinationof thesenearsimultaneousimb andnadir
measuremenisnablegheretrieval of troposphericolumnsby
subtractingthe limb stratosphericolumnfrom the total nadir
column,asillustratedin Fig. 2. This approachs similarto the
oneusedby Fishmaretal. who determinedropospheriozone
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Fig.3. SCIAMACHY operationabeophysicaproducts.

columnsfrom the combinationof TOMS total nadir columns
with SAGE Il occultationprofilesor SBUV nadirprofiles[3,4].
The greatadvantageof SCIAMACHY is thatthe sameinstru-
mentwill be usedfor the derivation of both the stratospheric
profile andthe total column,andthatthe SCIAMACHY oper
ationsare especiallyoptimizedfor the tropospheriaesearch.
Becausalternatinglimb andnadir measurementsith appro-
priatelimb-nadirmatchingwill be performedthroughoutmost
of the sunlit partof the orbit, it will be possibleto derive tro-
posphericolumnsnotonly for O; but alsofor NO,, CO,CH,,
H,0,N,0, SQ,, H,CO, andBrO, andaerosoparameters.

I11. SCIAMACHY ProbuCTS

From the inversionof the variousmeasurementdescribed
above the amountsand distribution of numerousatmospheric
constituentsin the stratosphereand troposphere(O;, NO,,
H,0, CO,, CH,, N,0, BrO, CO, 0,, NO, SG,, H,CO, OCIO,
andpossiblyCIO) canbe derived. A list of operationatrace
gasproductsis shavn in Fig. 3. Nearreal-timeproductswill
be available after about3 hours, off-line productstypically 2
weeksafter sensing.In additionto the tracegascolumnsand
profilesgivenin Fig. 3 the calibratedEarthshineradianceand
solarirradiancespectrawill alsobe operationabproducts.All
operationalproductswill be regularly processedguality con-
trolled, andarchied.

Therewill alsobea large numberof scientificproductsde-
rived on a casestudybasis,amongthesetracegasconcentra-
tionsdeterminedrom occultatiormeasurementndthetropo-
sphericproductsmentionedabore. Typical precisionestimates
for the SCIAMACHY productgderivedfrom sensitvity studies
aresummarizedn Tablel. Notethatactualvaluesfor the pro-
file precisiongdependon altitude. A moredetaileddescription

of the precisionestimatedor occultationandlimb is givenin
[5,6].

ACKNOWLEDGMENTS

SCIAMACHY is a nationalcontribution to the ESA Envisat
project, fundedby Germary, The Netherlandsand Belgium.
This work hasbeenfundedby the BMBF via GSF/PFUKF,
by DLR—Bonn,andby the University of Bremen.

REFERENCES

[1] J. P. Burrows, M. Weber M. Buchwitz, V. Rozane, A. Ladstatter
WeiRenmayerA. Richter R. de Beek, R. Hoogen,K. BramstedtK.-U.
Eichmann,M. Eisinger andD. Perner “The Global OzoneMonitoring
Experiment(GOME): Mission conceptandfirst scientificresults, J. At-
mos.Sci, vol. 56,n0.2, pp.151-1751999.

[2] H. Bovensmann,J. P. Burrows, M. Buchwitz, J. Frerick, S. Noél, V. V.

Rozane, K. V. ChanceandA. H. P. Goede,"SCIAMACHY — Mission

objectves and measurementodes, J. Atmos.Sci, vol. 56, no. 2, pp.

127-1501999.

J.FishmanC. E. Watson J.C. Larsen,andJ. A. Logan, “Distribution of

tropospherimzonedeterminedrom satellitedatd; J. GeophysRes, vol.

95, pp.3599-36171990.

J.Fishmany. G. Braclett, E. V. Browell, andW. B. Grant,“Tropospheric

ozonederved from TOMS/SBJV measurementduring TRACE A" J.

GeophysRes, vol. 101,pp. 24069-240821996.

[5] A. Rozane, V. V. Rozane®, M. Buchwitz, and J. P. Burrows, “SCIA-
MACHY occultationmode: Forward modelandretrieval algorithm’ in
Proc. Seventh GOME and SCIAMACHY Data and Algorithm Scientific
Working Sessiond:SRIN Frascati,Italy, 6—7 April 1998,pp.469-476.

[6] J.Kaiser K.-U. EichmannV. V. Rozane, andJ. P. Burrows, “Precision
estimategor SCIAMACHY limb retrievals) in Proc.IGARSS$2001, this
issue.

3

—_

E

TABLE |
PRECISION ESTIMATES FOR SCIAMACHY PRODUCTS.

Nadir Vertical Profile Nadir-Limb
Molecule Total Occultation Limb Tropospheric
Column =~ Solar Lunar Column
O, 19%° 1% 2% 1% 5%
NO, 29 5% 10% 10% 10%
NO, 5% 50% 10% ? —
(day) (twilight)

BrO 59" 20% ? 50% -
OClo 5% 10% 20% 25% —
Clot 20% 50% ? 50% -

H,CO'§  20%° - - 25%

so 10%* - - 10%

H,O 1% 1% 10% 5%

N,O 5% 2% 50% 10%

CcO 5-10% 2% 50% 10%

Co, 1% 1% 10% 5%

CH, 1-5% 1% 10% 5%

NO* 20% 1% 10% -

0O, 5% 10% 20% 10%
0, 1% 1% 10% 10%
0,(*Ag) 1% 1% 10% -

t  inthepollutedtroposphere

§  e.g.for biomasshurning

t  columndensitiesabose 40 km

& underozoneholeconditions

#  feasibility shovn with GOME data



