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Abstract: Odin is a 250 kg classsatellitebuilt in co-operationbetweenSweden,Canada,
France,andFinlandandlaunchedin February2001.It carriestwo instruments:a 4-band
sub-millimetreradiometerusedfor both astronomyandatmosphericscienceandan optical
spectrometerandinfraredimagingsystemfor purely atmosphericobservations.As part of
the joint missionOdin will observe the atmosphericlimb for 50% of the observation time
producingprofilesof many speciesof interestin the middle atmospherewith a vertical
resolutionof 1–2 km. Thesespeciesinclude,amongothers,ozone,nitrogendioxide, chlorine
monoxide,nitric acid,watervapour, andnitrousoxide.An overview of the missionandthe
plannedmeasurementsis given.

PACS Nos.: 42.68Mj, 94.10Dy, 95.55Fw

Résumé: Odin estun satellitede la classedes250 kg construiten collaborationpar la
Suède,le Canada,la Franceet la Finlande.Il a été lancéen février 2001.Il transporte
deuxinstruments: un radiomètresous-millimétriqueà quatrebandespour desmesures
atmosphériqueset astronomiqueset un spectromètreoptiqueavec systèmed’imagerie
infrarougepour desmesuresde l’atmosphère.Dansce projet conjoint, il estprévu qu’Odin
observe le limbe atmosphériquependant50% du tempsd’observation,afin de déterminerles
concentrationsde composésintéressantsdansl’atmosphèremoyenne,avec uneprécisionde
1–2 km. Cescomposésincluent,parmi d’autres,l’ozone, le bioxyded’azote,le monoxydede
chlore,l’acide nitrique, la vapeurd’eauet l’oxyde nitreux.

[Traduit par la Rédaction]

Introduction

Thegenesisof theOdinprojectwastheresultof discussionsbetweenanumberof radioastronomers
and atmosphericscientistsin 1990 of a possiblesynergism betweenthe respective needsof radio
astronomyandEarthobservation from space.For astronomy, with the exceptionof a few windows,
the sub-millimetrespectralregion is only accessiblefrom spaceand at the sametime the spectral
region offers increasedsensitivity for the measurementof importanttracegasesin the stratosphere.
Initial discussionsfocusedon watervapourandcarbonmonoxide,both importantmoleculesin the
mesosphereandtheinterstellarmedium,andgraduallyexpandedto embraceothermoleculessuchas
chlorine monoxidein the stratosphere.During thesediscussionsit also becameclear that a second
instrument,anopticalspectrograph,would berequiredto measuresomeof thespeciesthatcannotbe
measuredin thesub-millimetreregion.

Thus,aftera feasibilityandphase-Astudythatresultedin a joint mission,Odinbecamethethird in
aseriesof SwedishsmallsatellitesfollowingViking (Geophys. Res. Lett. 14(4) (1987),J. Geophys. Res.
95(A5) (1990),andFreja(Space Sci. Rev. 70(3–4)(1994);bothof theseearliersatelliteswerededicated
to magnetosphericresearch.The Odin missionbecamea reality with the launchof the satelliteon
20February2001,from Svobodny in easternSiberia.

The goalsof the atmospheric mission
Themajorquestionin atmosphericscienceatthetimeof theinitial discussionsfor theOdinproject,

andstill is today, istheextenttowhichhumansarechangingtheatmosphericenvironment.Thediscovery
of theozoneholeover Antarctica[1] illustratedin a very dramaticmannerthathumaneffectscanbe
considerableandquiteunexpected.The increasein thechlorineburdenin thestratospherecausedby
CFC(chloro-fluoro-carbons)releasesproducesa nonlinearresponsein theozoneconcentrationin the
australspring.This reductionin ozoneconcentrationis dueto thetransformationof chlorinereservoir
speciestophotochemicallyactiveformsthroughinteractionwith polarstratosphericclouds(PSCs).The
restrictionson CFCreleasesthathave now beenadoptedby theinternationalcommunityhave already
ledto areductionin thetroposphericchlorinevaluesandthestratosphericvaluesappearto bepeaking.
However, thedownwardtemperaturetrendin thestratospheredueto thereducedozonevalues,aswell
asincreasedamountsof CO2 andothergreenhousegases,may leadto an increasedPSCoccurrence,
andfasterheterogeneousreactionratesat lower temperatures,maydelaytherecoveryof ozone[2,3].

Theinitial goalsfor theOdinmission,expressednearly10yearsago[4] wereasfollows:
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Stratospheric ozonescience:To elucidatethegeographicalextentof andmechanismsrespon-
sible for ozonedepletionin the “ozonehole” region andto studydilution effectsandpossible
heterogeneouschemistryevenoutsideof thepolarregionsdueto sulphateaerosols.

Mesosphericozonescience:To establishthe relative role of odd hydrogenchemistryandthe
effectsof orderedandturbulenttransportandcorpuscularradiation.

Summermesospherescience:Toestablishthevariabilityof mesosphericwatervapourincluding
anassessmentof therequiredfluxesfor aerosolformationin thepolarmesosphere.

Coupling of atmospheric regions:To study someof the mechanismsthat provide coupling
betweenthe upperandlower atmosphere,e.g.,downward transportof aurorallyenhancedNO
with its effectsonozonephotochemistryandtheverticalexchangeof minorspeciessuchasodd
oxygen,CO,andH2O.

Although our scientificunderstanding,particularlyof the stratosphere,hasadvancedsincethese
goalswerefirst definedtherehavebeenonly minormodificationsfor theactualmission.Odinwill pro-
videthree-dimensionaldistributionsof ozonefrom about14km throughto theuppermesosphere/lower
thermosphere,near100km,with 1.5kmverticalresolution.Fourdifferentmeasurementtechniqueswill
beemployed:sub-millimetrespectroscopy usingseveral lines [5], limb DOAS [6], comparative limb
radianceof theRayleigh-scatteredsunlight[7,8], andthe1.27µm emissionfrom theozonephotolysis
productO2(

11g) [9]. Thesemeasurementtechniqueshave very differentphysicalbasesandoverlap-
pingaltituderegions.ThusOdinwill provideacontinuousinternalvalidationof boththemeasurements
andanalysistechniques.Odin will alsomaptheglobaldistribution of ClO with muchhigheraccuracy
than hasbeenpreviously possible(<20% uncertaintyin single scans).Although Odin is unableto
measurethereservoir speciesfor chlorinetheseshouldbeavailablefrom othermissions,notablyESA’s
ENVISAT missionthat is duefor launchlate in 2001,andso will provide opportunitiesfor budget
studies.Thedeterminationof ozonelossrateswill alsobesimplifiedby themeasurementsof N2O as it
will bepossibleto unambiguouslyseparatedynamicaleffectsandchemicaleffects.This is particularly
importantin thenorthernpolarregionasthevortex break-upis controlledby dynamics.Theroleof odd
nitrogenwill alsobedeterminedthroughthemeasurementof NO2 with theopticalspectrograph,and
HNO3 andNO with the microwave radiometer. Dataassimilationstudieswill be very significantfor
animproved understandingof all of theseprocesses.As Odin is flying at thetime of thesolar/auroral
maximumit will alsobepossibletostudytheeffectsof particleprecipitationonthelowerthermospheric
concentrationof NO.

The recentdiscovery of layersof excesswatervapour[10] in the mesospherehasincreasedour
interestin this part of the Odin mission.Odin will make importantglobal measurementsof the odd
hydrogencomponentsH2O2 andHO2 at thesametime asit measureswatervapourandozone.In the
summermesopauseregion the combinationof accuratewatervapourmeasurementsandnoctilucent
cloud(NLC) particleobservation,togetherwith temperature,shouldprovidenew informationonthose
factorsthatcontrolNLC formationandthusthesignificanceof theobservedtrendsin theoccurrence
of theseclouds[11–18].

The Odin satellite

Thedualnatureof theOdinmission(astronomyandaeronomy)hasdictatedthedesignof boththe
satelliteplatformandthepayload.

Theastronomyrequirementsincludeaccuratethree-axispointing, thehighestpossiblesensitivity
for thesub-millimetrereceivers,thermalstabilityof theplatformto minimizedrift in thereceivers,both
high (150kHz) andmedium(1 MHz) spectralresolution,anda low-lossantenna.

Theaeronomyobservationsdemandanantennawith low-sidelobes,scanningof boththeradiometer
andopticalspectrographfieldsof view throughtheatmosphericlimb, from 5–120km tangentaltitude,
with goodrealtimeandreconstructedknowledge.In additionthespectrographslit mustbemaintained
parallelto theEarthlimb. Finally, themissionlifetime mustbeat least2 years.

Theserequirementshave resultedin a compactsmallsatellitewith dimensions2 × 3.8 × 3.8 m in
flight configuration(seeFig.1).Thesatelliteincludesa1.1mGregoriantelescope,with lessthan10µm
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Fig. 1. Explodedview of theOdinSpacecraft.

rmssurfaceroughness,an80K mechanicalcoolerandanadvancedattitudecontrolsystem(ACS)that
moves theentiresatelliteto performthelimb-scansrequiredfor theaeronomyobservations.

The ACS usesstar trackers as the main sensorswith backupfrom gyros, magnetometers,and
Sunsensors.Reactionwheelsandmagneticcoils serve as actuators.TheACS hasseveralmodesthat
includeaninertial pointingmodewith 10′′ pointingaccuracy, a limb-scanningmodewith 5′ real time
knowledge,andmuchbetterthan1′ reconstructedknowledge,aswell asa limb-trackingmode.The
gyrodrift betweenaccuratestar-trackerfixeslimits thepointingknowledge.

Although the satelliteis small all systemunits, with the exceptionof the mechanicalcoolerand
the solarpanels,have full redundancy. The variousrequirementsof the combinedmissionhave also
impactedontheorbit selection.Maximumpowerfrom thesolararrayandmaximumthermalprotection
is affordedby an0600–1800Sun-synchronousorbit andthefinal choiceof an18:00LT ascendingnode
was dictatedby theaeronomyemphasison thenorthernhemisphere.

The sub-millimetre radiometer (SMR)

The radiometerconsistsof 4 sub-millimetrechannelsand 1 mm wave channel.The choiceof
frequenciesis describedin anaccompanying paper[19].

Theincomingradiationis directedby amoving mirror to eitherof thetwo blocksof receiversA or
B andC (seeFig.2).TheseparationbetweenthemillimetrechannelC andthesub-millimetrechannels
B1 andB2 is achieved with adichroicfilter. Within asub-millimetreblockseparationis achieved using
polarizationwhileMartin–Pulpettinterferometersareemployedtoprovidesinglesidebandfilteringand
injection into the Schottky mixers.The local oscillatorsarevaractor-tunedGunndiodesfollowed by
doublerandtriplerstages.ThemixersandIF amplifiersareinsideacryostatandcooledtoapproximately
130K by a80 K Stirling cyclecooler. Themeasureddetectornoisetemperaturesarecloseto 3000K for
thesub-millimetrechannelsand600K for themillimetrechannel.Detectionisachievedusingtwohybrid
autocorrelatorspectrometers(AC1andAC2)andanacousto-opticalspectrometer(AOS)any of which
canbeconnectedto any of thefront ends(receivers).In addition,AC1 is hard-wiredthrougha single
combinerto theA1 andA2 mixerssothata400MHz blockin eachbandcanbesimultaneouslymeasured
usinga singlespectrometer. Similarly AC2 is hard-wiredto mixersB1 andB2. TheAC spectrometers
have selectableresolutionsfrom 150kHz to 1.2MHz andcorrespondingspectralcoverageof 100and
800MHz. OneACincludesa3-unitfilterbankthatispermanentlyconnectedto the119GHzchannelfor
temperature/pressuredetermination[20,21].TheAOShasaspectralcoverageof 1GHzandaresolution
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Fig. 2. Block diagramof theOdin radiometer.

of approximately1 MHz. Severalreadoutmodeshavebeenimplementedto reducethevolumeof data
from theAOSby appropriatebinningof spectralchannels.Datafrom all of thespectrometersarestored
in a120MB massmemoryuntil thenext downlink transmissionopportunity.

Eachof thesub-millimetreunits is tunableover a 17 GHz rangeby usingbothsidebandsandthe
tunabilityof theGunndiodes.Spacequalifiedmechanisms,with failsafepositionsatthemostimportant
frequency settings,areusedto tunethe sidebandfilters andthe LO injection.This flexibility allows
coverageof mostof thespectralregionsthatareof interestfor bothastronomyandaeronomy.

While oneblock of mixersis observingtheatmospherethroughthetelescopetheotheris directed
towardacalibrationmechanismwhereit canview eithertheinternalambienttemperatureloador cold
spacethroughoneof twoopeningsin thespacecraft.In thisway any drift in thedetectorscanbeproperly
compensated.

The optical spectrograph and infrared imager (OSIRIS)

The optical componentof the Odin satellite,which is only usedfor the aeronomymission,is a
combinedopticalspectrographandinfraredimagingsystem(OSIRIS).Theentranceslit for theoptical
spectrographis alignedparallel to the horizon, to minimize height smearing,while the threeone-
dimensionalarraydetectorsin theinfraredimagerarealignedperpendicularto thehorizon.For theOdin
aeronomyobservationstheSMRandOSIRIS,whichareco-aligned,pointat thelimb andthenodding
of theentirespacecraftprovidestherangeof tangentaltitudesthatis requiredfor thedeterminationof
theheightdistributions.TheOSIRISdataareof two types:

1. Scatteredsunlightspectracontainingatmosphericabsorptionfeatureswithin thewavelengthrange
280–800nm— thesedatawill beprovidedby theopticalspectrograph.

2. Atmosphericemissionfeatures(airglow) in thewavelengthrange280–800nmandnear1270nm
and1530nm — thesedatawill be provided by both the optical spectrographandthe infrared
imager.

In thecaseof thescatteredsolarspectratheSunactsasalight sourceagainstwhichabsorptionby lines
anddiffusebandsof speciessuchasozoneandNO2 canbemeasured,andhencecolumnabundances
inferred.An exampleof theon-orbitscatteredlimb spectra,calculatedusingtheMODTRAN code,is
shown in Fig. 3. Thegeneraldecreasein thescatteredintensitybelow 330nm is dueto bothRayleigh
extinction andozoneabsorption,thebroadabsorptionfeaturenear550nm is alsodueto ozonewhile
thenarrow featureat762nmis dueto molecularoxygen.It is theapplicationof wavelengthcorrelation
techniquesto thesespectrathat allows the columnconcentrationsof the absorbingspeciesto be re-
coveredwith greatsensitivity. This technique,commonlycalledDOAS (differentialopticalabsorption
spectroscopy), hasbeensuccessfullyusedwith ground-basedobservationsof thepolaratmosphere[22]
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Fig. 3. Typicalon-orbit limb spectrathatwill bemeasuredwith OSIRIS.Thesespectrawerecalculatedusingthe
MODTRAN codefor high-latitudewinter conditionsandconvolvedwith a10Å slit function.

andis presentlybeingexploitedby theGOME satellite[23]. However, thehighly structurednatureof
the illuminating spectrummeansthatparticularcaremustbetakenwith theabsorptioncrosssections
usedin theDOAS retrievals.As alreadynotedthereis acomplementarynatureto theopticalandSMR
observationsand,while eachinstrumentcanoperateon its own, it is thecollaborative useof thedata
thatwill enhancetheretrievalsfrom bothinstruments.

The optical spectrograph,which operatesover the wavelengthrange280–800nm, is a modified
Ebert–Fastiewith anasphericgratingandanorder-sorterprism thateliminatesspectraloverlap.It is
the novel designof the order-sorterprism that moves the light out of the planeof the grating that
providesamajorreductionin thespectralcrosstalk. It is readilyapparentfrom themodeldatashown in
Fig. 3 that for low-tangentaltitudeobservationswavelengthsnear300nm areparticularlysusceptible
to contaminationfrom thebright visible region signals.This spectralcrosstalk is furthercomplicated
by thewavelengthdependenceof thequantumefficiency of theCCDdetector, a1353× 286array. The
actualdetectorisoperatedin aframetransferMPPmodewith only32rowsof theimagingsectionof the
arrayilluminatedby theslit image.Radiationdetectedoutsidetheslit imageprovidesinformationonthe
internalscatteringpropertiesof thespectrographandsoallows this aspectof the imagerperformance
to bemonitoredthroughouttheOdinmission.Thedetectoris cooledpassively througha largeradiator
plate,althoughit was initially plannedto usethermoelectriccooling.As OSIRISis pointedat thelimb,
theentranceslit to thespectrographsubtendsaregion30kmlongby1kmhigh,thebrightEarthisalways
closeto theopticalaxissogoodrejectionof off-axis scatteredlight is essential.For thespectrograph
theeffect of this scatteredlight hasbeenreducedthroughtheuseof a beam-foldmirror thatis located
betweenthetelescopemirror andtheentranceslit. However, thechoiceof theorbit ascendingnodeis
alsoan importantfactor. As Odin is in a Sun-synchronous18:00LT ascending-nodeorbit it operates
closeto theterminatorsothatthereis a significantreductionin thealbedocomponentof thescattered
light.

The infraredimagerpart of OSIRISis threeseparateco-alignedsingle-lensimagersoperatingat
1263,1273,and1530nm.Thespectralregionsareselectedusinginterferencefiltersandtheimagingis
achieved with one-dimensionalInGaAs(128pixel) lineararraysthatarethermoelectricallycooled.The
detectordarkcurrentis monitoredthroughtheuseof 18 maskedpixelsat oneendof eacharray. The
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spectralregionshave beenselectedto provide a redundancy in theobservationof theoxygeninfrared
atmosphericbandat 1270nm.This airglow featureis excitedin thedaytimethroughthephotolysisof
ozone.As thereis adifferentamountof self-absorptionfor eachof thetwo selectedwavelengthregions
thecomparisonof theobserved intensitiesalsoprovidesnew informationon atmosphericabsorption.
It shouldbenotedthat theoxygenairglow brightnessis so large that theRayleigh-scatteredsignalat
thiswavelengthis notsignificantaboveatangentaltitudeof 30km [24]. The1530nmimagerobserves
both Rayleigh-scatteredsunlight and the OH Meinel vibrational–rotationalbandairglow (thereare
contributionsfrom boththe3-1and4-2bands).Duringthedaytheairglow signalis closeto thelimit of
detectionbut aftersunsettheairglow is readilydetectable.Thesemeasurementscanbecombinedwith
thederivedozoneconcentrationstoderivetheatomichydrogenprofilein theatmospherein theregionof
theMeinelbandemission.Thesedatacanalsobeextendedwith thespectrographairglow observations
to allow new studiesof themesosphericairglow. However, theprimarynew capabilityaffordedby the
imageris theability to maketomographicobservationsthatcanbeusedto providehorizontalstructure
information(betterthan300kmresolution)fromthelimb observations.Thisrepresentsamajoradvance
over currentlimb-observingtechniques.

Theinfraredimagerobservationsareinvertedusinga techniquethatfollows thetomographicpro-
cedurethat was developedby membersof the Odin team[25–27]. This techniqueprovides a high
spatialresolutiontwo-dimensionalpictureof theobservedemissions.However, theactualretrieval of
theminor speciesconcentrationsfrom thetwo-dimensionalemission-ratedistributionsis complicated
by absorptionandrequirestheapplicationof anadaptive-inversionalgorithm[27].

Preliminarywork during theOSIRISphase-Astudydemonstratedthat thedevelopmentmodelof
theOSIRISinstrumentshouldbecapableof providing theDOAS measurementsrequiredfor theOdin
aeronomyobjectives.However, the variouscontributions to the radianceobserved in the limb near
twilight arequitecomplicatedandit hasbeennecessaryto develop,andtest,new retrieval algorithms
[28–32].Theunabsorbedbroad-band-scatteredlight alsocontainsinformationaboutbothatmospheric
temperatureandaerosols.Thescaleheightof theunabsorbedscatteredsunlightprovidestheatmospheric
temperatureprofile [33,34]andany significantdeparturesfrom thealtitudedistribution expectedfor a
Rayleigh-scatteringatmospherecanbeinterpretedin termsof aerosols,andaback-scatteringratio[35].

The orbit and spacecraft orientation

AsnotedtheOdinorbit iscircularSunsynchronous,at620km,with theascendingnodeat18:00LT.
This ensuresmaximumpower to the satelliteandalsoprovidesa stablethermalenvironmentsince
eclipsesonly occur for a restrictedperiodduring the year(aroundthe northernhemispheresummer
solstice).Odin will beflown sothatthesolarpanelsarealwaysorientatedwithin 35◦ of theSun.This
ensuresthat the power productionis at least80% of its maximumvalue and that the payloadand
telescopearealwaysshadedfrom directsunlight.This providesadditionalspacecraftthermalstability
thatisparticularlyimportantfor theastronomymissionasthesourcesareweakandverylongintegration
timeswill beneeded.

The observation modes

While theOdin radiometeris very flexible thelimited numberof receiversandspectrometerspre-
cludessimultaneousobservationsof all speciesof interest.Fourmainobservingmodeshave, therefore,
beendefined:thestratosphericmode,theoddnitrogenmode,theoddhydrogenmode,andthewateriso-
topemode.Thenameshavebeenchosento reflecttheprimary, but nottheonly, scientifictopicfor each
mode.For instancetheoddhydrogenmodewill alsobeusedto studythewatervapourconcentration
in theupperpartof themesosphereduringdedicatednoctilucentcloudstudies.

In the stratosphericmode(seeref. 19 for a list of the frequency settings),the target speciesfor
theSMR will be:ozone,nitric acid,chlorinemonoxide,andnitrousoxidewhile OSIRISwill measure
ozone,nitrogendioxide,brominemonoxide,OClO, andaerosols.The terrestriallimb is scannedat a
rateof 0.75kms−1 continuouslyfrom 7–60km with calibrationsperformedatboththetopandbottom
of eachscan.It is anticipatedthatsinglescanprofilescanbeproducedfor all species.
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In the odd nitrogenmodenitric oxide will be measuredin the middle andupperstratosphere,so
giving themodeitsname.With measurementsof thesourcegasN2Oandthereservoir HNO3, combined
with the OSIRISNO2 measurements,it will be possibleto evaluatethe partitioningof odd nitrogen
derived in models.Thismodealsoprovidesmeasurementsof ozoneandHO2.

In theoddhydrogenmodeHO2 andH2O2 arethemaintargets,togetherwith theirsourcegasH2O.
Watervapouris measuredin two frequency rangesthat allow completecoveragefrom below 15 to
90km.Unfortunatelytheoddhydrogenspeciesaredifficult to measureandconsiderableaveragingwill
berequiredto obtainagoodsignal.

In the latter two modeslimb scanningwill be performedfrom 7–100km with calibrationsagain
beingperformedat both the top andbottomof eachscan.In thewaterisotopemodeHDO andH18

2 O
will bethetargetsof interestandwill bemeasuredsimultaneouslywith N2O, HNO3, andozone.

The observation program

As hasbeennotedOdin is a two-disciplinesatelliteandtheatmosphericmeasurementshave to be
interleaved with the astronomyobservations.The basicprinciple is that eachdisciplineshouldhave
50%of theavailableobservingtime.To allow for thepossibilityof extendedperiodsof observations
the basicaeronomyobservation will be onecompletesetof 15 orbits (1 day) repeatedeach3 days
andexecutedwith thereceiverssetto thestratosphericmode.In additiontherewill beanextra dayof
observationsaftereachthird basicday. Thisextradaywill beusedfor observationsin oneof theother
modes.To facilitatestudiesof rapidlychangingsituations,aswell asmoredetailedstudies,two blocks
of seven daysarereservedduringthenorthernandsouthernhemispherespringperiods.Theseperiods
will be introducedinto theprogramwhenthegeophysicalsituationis of particularinterest.They are
nominally shown in Fig. 4, the distribution of observingtime betweenaeronomyandastronomy, as
beingat thebeginningof FebruaryandOctoberrespectively. A furtherspecialperiodhasbeenadded
in July for studiesof thenorthernhemispheresummermesopauseregion.All daysduring this period
that arenot part of the basicprogramwill be dedicatedto the observationsof the mesopauseregion
in thenorthernhemisphere.This studywill usetheoddhydrogenmodeto provide themostsensitive
measurementsof watervapourandwill havearestrictedaltitudescanfrom 70–110km to providebetter
horizontalcoverage.

Unfortunatelythecharacteristicsof theOdinorbit,andtherequirementthatthesolarpanelsbekept
within 35◦ of theSun,aresuchthattheregionof thesky thatisof greatestinterestto theastronomers,the
galacticplaneandcentre,is only observablein MarchandSeptember. To alleviatetheover subscription
of astronomytime someextra daysareassignedto astronomyduring September. During this period
stratosphericmeasurementsareonly madeevery sixth day. Thechoiceof theaustralspringtimerather
thanthearticspringwasmadebecausetheascendingnodeof theOdinorbit hasbeenselectedsoasto
allow opticalmeasurementsasearlyaspossiblein thenorthernhemisphere.This meansthat it is not
possibleto measurein theAntarcticstratospherein September.

Data processing and analysis

All spacecraftcommandanddatareceptionis performedby the groundstationat Esrange,near
Kiruna,in northernSweden.Approximately10of the14–15orbitsperdayaresuitablefor dataretrieval.
Dataaretransmittedin aFIFOmethodto thegroundstationwherethey areseparatedaccordingto their
origin: housekeeping,AOS,AC1,etc.They arethentransferred,usingftp, to themainOdindatastorage
centre,the paralleldatacentre(PDC) in Stockholm.The differentinstrumentgroupsarenotified via
emailwhennew datahavebeenplacedin thecentre.Level 0–1processingfor theradiometeris carried
out at ChalmersUniversity of Technologywhile the OSIRISdataareprocessedat the University of
Saskatchewan.Level 1files,in HDFformat,arereturnedto thePDCsothatLevel 1–2processingcanbe
made.For theradiometerthemainprocessingwill occurat theDepartmentof Meteorology, Stockholm
University(MISU) with validationprocessingat theObservatoiredeBordeaux.Theforwardmodeling
andinversionproceduresaredescribedin otherpapers[19,36,37]in this issue.For OSIRISthemain
processingwill occurat both the University of Saskatchewan andat the FMI facility at Sodankylä,
Finland.
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Fig. 4. Thedistributionof observingtimebetweentheaeronomyandastronomyprograms.

Conclusions

TheOdin smallsatellitecarriesa complementof new instrumentsthatwill provide uniquedataon
thecompositionof themiddleatmosphere.In particularOdinwill betheonly satellitewith acapability
to measureactivechlorinefor thenext few years.

Acknowledgements

We thankNik Kämpferandcolleagues(BernUniversity) for initial calculationsof sub-millimetre
spectraandRolf Mewe andJanWijnbergen(SRON) for helpwith instrumentrequirementsandsensi-
tivity calculationsduringthephase-Astudy. Theauthorswould alsolike to thankall of thededicated
andunnamedindividualswhohavemadetheOdinmissionareality. TheOdinprojectis fundedby the
SwedishNationalSpaceBoard(SNSB),theCanadianSpaceAgency (CSA),andtheNaturalSciences
andEngineeringResearchCouncilof Canada(NSERC),theFinnishtechnicalagency Tekes,andthe
CentreNationald’ÉtudesSpaciales(CNES)in France.

References

1. J.C.Farman,B.G. Gardiner, andJ.D. Shanklin.Nature,315, 207 (1985).
2. D.T. Shindell,D. Rind, andP. Lonergan.Nature,392, 589 (1998).
3. D.T. Shindell,G.A. Schmidt,R.L. Miller, andD. Rind. J. Geophys.Res.106, 7193(2001).
4. D.P. Murtagh,G. Witt, R. Mewe, H. van derWoerd,N. Kämpfer, P. Taalas,J. Askne,andA. Winnberg.

ReportAP-31,Departmentof Meteorology, StockholmUniversity, Stockholm.1993.
5. J. Waters.Microwave limb sounding,atmosphericremotesensingby microwave radiometery. Edited by

M.A Janssen.JohnWiley andSons,Inc., New York. 1993.
6. I.C. McDade,K. Strong,C.S.Haley, J. Stegman,D.P. Murtagh,andE.J.Llewellyn. Can.J. Phys.80

(2002).This issue.
7. D.E. Flittner, P.K. Bhartia,andB.M. Herman.Geophys.Res.Lett. 27, 2601(2000).
8. R.D. McPeters,S.J.Janz,E. Hilsenrath,T.L. Brown, D.E. Flittner, andD.F. Heath.Geophys.Res.Lett.

27, 2597(2000).

©2002 NRC Canada



318 Can. J. Phys. Vol. 80, 2002

9. W.F.J. EvansandE.J.Llewellyn. RadioSci. 7, 45 (1972).
10. D.E. SiskindandM.E. Summers.Geophys.Res.Lett. 25, 2133(1998).
11. M. Gadsden.J. Atmos.Terr. Phys.52, 247 (1990).
12. M. Gadsden.J. Atmos.Solar-Terr. Phys.60, 1163(1998).
13. F.-J. Lübken.Geophys.Res.Lett. 27, 3603(2000).
14. F.-J. Lübken,K.-H. Fricke, andM. Langer. J. Geophys.Res.101, 9489(1996).
15. G.E. Thomas,J.J.Olivero,E.J.Jensen,W. Schroeder, andO.B. Toon.Nature,338, 490 (1989).
16. G.E. ThomasandJ.J.Olivero. J. Geophys.Res.94, 14673 (1989).
17. G.E. Thomas.Geophys.Monograph,87, 185 (1995).
18. G. von Cossart,J. Fiedler, andU. von Zahn.Geophys.Res.Lett. 26, 1513(1999).
19. F. Merino, D.P. Murtagh,M. Ridal, P. Eriksson,P. Baron,P. Ricaud,andJ. de La Noë.Can.J. Phys.80

(2002).This issue.
20. J.R.Pardo,M. Ridal, D. Murtagh,andJ. Cernicharo.Can.J. Phys.80 (2002).This issue.
21. M. Ridal, D.P. Murtagh,F. Merino, J.R.Pardo,andL. Pagani.Can.J. Phys.80 (2002).This issue.
22. S. Solomon,A.L. Schmeltekopf, andR.W. Sanders.J. Geophys.Res.92, 8311(1987).
23. K.V. Chance,J.P. Burrows, D. Perner, andW. Schneider. J. Quant.Spectrosc.Radiat.Transfer, 57, 467

(1997).
24. E.J.Llewellyn, D.A. Degenstein,I.C. McDade,R.L. Gattinger, R. King, R. Buckingham,E.H.

Richardson,D.P. Murtagh,W.F.J. Evans,B.H. Solheim,K. Strong,andJ.C.McConnell.Appl. Photon.
Technol.2, 627 (1997).

25. I.C. McDadeandE.J.Llewellyn. Can.J. Phys.69, 1059(1991).
26. I.C. McDadeandE.J.Llewellyn. Can.J. Phys.71, 552 (1993).
27. D.A. Degenstein.Ph.D. thesis,University of Saskatchewan,Saskatoon,Sask.1999.
28. E. Griffioen andL. Oikarinen.J. Geophys.Res.105, 29717 (2000).
29. C.A. McLinden,J.C.McConnell,E. Griffioen,andC.T. McElroy. Can.J. Phys.80 (2002).This issue.
30. C.A. McLinden,J.C.McConnell,K. Strong,I.C. McDade,R.L. Gattinger, R. King, B.H. Solheim,W.F.J.

Evans,D.A. Degenstein,andE.J.Llewellyn. Can.J. Phys.80 (2002).This issue.
31. L. Oikarinen,E. Sihvola, andE. Kyrölä. J. Geophys.Res.104, 31261 (1999).
32. K. Strong,B.M. Joseph,R. Dosanjh,I.C. McDade,C.A. McLinden,J.C.McConnell,J. Stegman,D.P.

Murtagh,andE.J.Llewellyn. Can.J. Phys.80 (2002).This issue.
33. D.P. Murtagh,J. Stegman,G. Witt , E.J.Llewellyn, andI.C. McDade.Planet.SpaceSci. 35, 1149

(1987).
34. M.G. Shepherd,A. Dudhia,M. Lopez-Puertas,andW.F.J. Evans.Geophys.Res.Lett. 24, 357 (1997).
35. W.F.J. Evans,L.R. Laframboise,K.R. Sine,R.H. Wiens,andG.G. Shepherd.Geophys.Res.Lett. 22,

2793(1995).
36. P. Baron,P. Ricaud,J. de la Noë,P. Eriksson,F. Merino, andD.P. Murtagh.Can.J. Phys.80 (2002).

This issue.
37. P. Eriksson,F. Merino, D.P. Murtagh,P. Baron,P. Ricaud,andJ. de la Noë.Can.J. Phys.80 (2002).

This issue.

©2002NRC Canada


