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IIntroduction

EARTH
OBSERVIN6
SYSTEM (EOS)

nthenextcentury,planetEarthfacesthepotentialhazardofrapidenvironmentalchange,includingclimatewarming,rising
sealevel,deforestation,desertification,ozonedepletion,acid

rain,andreductioninbiodiversJty.Suchchangeswouldhavea
profoundimpadonallnat/ons,yet manyimportantscientific
questionsremainunanswered.Forexample,whilemostscientists
agreethatglobalwarmingislikely,itsmagnitudeandtiming
(especiallyattheregionallevel)arequiteuncertain.Additional
informationontherate,causes,andeffectsofglobalchangeis
essentialtodeveloptheunderstandingneededtocopewithit. The
NationalAeronauticsandSpaceAdministration(NASA)isworking
withthenationalandinternationalscientificcommunitiestoestablish

a soundscientificbasisforaddressingtheseissuesthroughresearch
effortscoordinatedundertheU.S.GlobalChangeResearchProgram
(USGCRP),theInternationalGeosphere-BiosphereProgram(IGBP),
andtheWorldClimateResearchProgram(WCRP).

THE NEED FOR THE MISSION

ScientificresearchshowsthattheEarthhaschangedovertime,and
continuestochange.Humanactivityhasalteredtheconditionofthe
Earthbyreconfiguringthelandscape,bychangingthecompositionof
theglobalatmosphere,andbystressingthebiosphereincountless
ways.Therearestrongindicationsthatnaturalchangeisbeing

acceleratedbyhumanintervention.Initsquestforimprovedquality
oflife,humanityhasbecomea forceforchangeontheplanet,
buildingupon,reshaping,andmodifyingnature--oftenin
unintendedways.

Carbondioxide,methane,nitrousoxide,andothergasestrapheat
emittedfromtheEarth'ssurface,thuswarmingtheglobal
atmosphere.Measurementsoverthepastseveraldecadeshave
documenteda rapidriseinconcentrationsofthesegreenhousegases,

butthelong-termtrendofglobaltemperatureisnatyetpredictable
(seeFigure1). Changesinothervariables(e.g.,globalcloudiness,
concentrationof atmosphericdustparticles,oceancirculation
patterns)alsohaveanimpactonglobaltemperature.Theexisting
space-basedsystemsfarglobalmonitoringlackthespatial,temporal,
andspectralcoverageneededto provideobservationsofsufficient
accuracyandprecisiontointerprettheinteractionsamongthese
variables,andtheirindividualandcombinedcontributionstoglobal
climate.Furthermore,currentmodelingoftheseinteractive

processesisnotsufficientlyaccuratetogeneratereliablepredictions
ofthemagnitudeandtimingofglobalclimatechange.

Onlythroughresearchcanscientistsfurtherknowledgeof climate
change,providingguidancetopolicymakerswhomustbalancethe
needsofconstituentswiththewelfareoftheplanetandthespecies
thatinhabitit. ThestudyofozonelevelsbytheUpperAtmosphere
ResearchProgram(UARP)illustrateshowEarthscienceresearch
yieldsa clearpictureofhuman-inducedglobalchange.Inthe1970s,
scientistsfirstproposedthechemicalprocessesbywhichhuman-
madechlorofluorocarbons(CFCs)depletestratosphericozone.After
a long-termresearchprogrambasedoninsituandspace-based
observations,theinternationalscientificcommunityreacheda
consensusonglobalozonedepletion.Theevidenceand
understandinggainedfromthisresearchledtotheMontrealProtocol
forworldwidereductionintheproductionofCFCsinthe1990s.

MISSION OVERVIEW

MissiontoPlanetEarth(MIPE)iso NASA-initiatedconceptthatuses
space-andground-basedmeasurementsystemstoprovidethe
scientificbasisforunderstandingglobalchange.NASA'scontributions

toMTPEincludeongoingandnear-termsatellitemissions,new
missionsunderdevelopment,plannedfuturemissions,management

.2................................................................................................................................................



Introduction

andanalysisofsatelliteandinsitudata,anda continuingbase
researchprogramfocusedonprocessstudiesandmodeling.The
space-basedcomponentsofMTPEwillprovidea constellationof
satellitesto monitortheEarthfromspace.Sustainedobservations
willallowresearcherstomonitorclimatevariablesovertimeto

determinetrends;however,space-basedmonitoringaloneisnot
sufficient.Acomprehensivedataandinformationsystem,a
communityofscientistsperformingresearchwiththedataacquired,
andextensivegroundcampaignsareallimportantcomponents.
Morethananyotherfactor,thecommitmenttomakeEarthscience
dataeasilyavailabletotheresearchcommunityprovescriticalto
missionsuccess.Briefdescriptionsofthevariouselementsthat

comprisetheoverallmissionareprovidedinthefollowing
subsections.
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earlyinthenextcenturybygeostationary
satellitesplannedbyNASAandits

internationalpartners.EachNASAflight
programincludesa dedicatedscienceteam,
andthedatafromeachwillbemade

availabletotheglobalscientificcommunity
onafullandopenbasis.

Table1 delineatesNASA'scontributionsto

PhaseI ofMTPE,andTable2 identifiesthe
internationalsuiteofEarthobservations

satellitesthatwillbeinplaceduringthis
period.

Mission to Planet Earth: EOS Era

TheEarthObservingSystem---aseriesof
polar-orbitingandlow-inclinationsatellitesfor
long-termglobalobservationsoftheland
surface,biosphere,solidEarth,atmosphere,
andoceans--isthecenterpieceofMTPE.In
tandemwithEOS,thepolar-orbitingandmid-
inclinationplatformsfromEurope,Japan,and
theU.S.NationalOceanicandAtmospheric
Administration(NOM)formthebasisfora

comprehensiveInternationalEarthObserving
System(IEOS).NASA,Japan,andthe
EuropeanSpaceAgency(ESA)programswill
establishaninternationalEarth.observing

Figure !. Global Carbon Emissionsand Mean Temperatures capabilitythatwilloperateforat least15
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Table I. MTPE Phase h NASA ContrJbutions

NASASatellites(LaunchStatus)

ERBS(Operating)
EarthRadiationBudgetSatellite

TOMS/Meteor-3 (Operating)
TotalOzoneMappingSpectrometer

UARS (Operating)
UpperAtmosphereResearchSatellite

NASA SpacelobSeries (1992 on)

TOPEX/Poseidon (Operating)
OceanTopographyExperiment

LAGEOS-2(Operating)
LaserGeodynamicsSatellite

SeaWiFS (August1993)
Sea.ViewingW_deFieldSensor

TOMS/Earth Probe (July 1994)
TotalOzoneMappingSpectrometer

NSCAT/AOEOS(February19961
NASAScatterometer

TOMS/ADEOS (February1996)
TotalOzoneMoppingSpectrometer

TRMM (August1997)
Tropical RainfallMeasuringMission

Landsat-7 (December1997)
LandRemote-SensingSatellite

MissionObjectives

Radiationbudgel,aerosol,andozonedatafrom57°
inclinationorbil

Ozonemoppingandmonitoring(jointwithRussia)

Stratosphericandmesosphericchemistryandrelated
processes

AseriesofShuttle-basedexperimentstomeasure
atmosphericandsolardynamics(ATLAS)atmospheric
aerosols(LITE)andsurfaceradarhackscatter,
polarization,andphaseinformation[SIR-CandX-SAR
(jointwithGermany)]

Oceancirculation(jointwithFrance)

Satellitelasercangingtargetfor monitoringcruslal
motionsandEarthrolotionvariations(jointwithlie)y}

Purchaseofoceancolordatatomonitorocean
productivity

Ozonemappingandmonitoring

Oceansurfacewindvectors(jointwithJapan)

Ozonemappingandmaniloring(jointwithJapan)

Precipitationcloudsandradiationprocessesinlower
atitudes(jointwithJel_n)

Highspatialresolutionvisibleandinfraredradiance/
reflectanceIn monitorlandsurface(jointwithDaD)

years.IEOSwillallowscientiststoobtaininformationatmanylevels
ofdetail,coveringallmajorEarthsystemprocesses.

Table3 identifiestheNASA,otherU.S.,andinternational
contributionsofEarthobservationssatellitesduringtheEOSperiod.
AdditionaldetailsonthesesatellitesarepresentedintheMission
ElementssectionofthisHandbook.EOSwillcarrytwoclassesof
instruments:FacilityinstrumentssuppliedbyNASAinresponseto
generalmissionrequirements,andPrincipalInvestigator(PI)
Instrumentsselectedthrougha competitiveprocessandaimedatthe
focusedresearchinterestsoftheselectedinvestigators.Ofcourse,
thelatterarealsoresponsivetooverallEOSobjectives.TheEOS
instrumentssectionprovidesdetailsonthesciencetobe

accomplishedandengineeringspecificationsforthe23instruments
remainingaspartoftheEOSProgram(exceptfortheasyettobe
determinedJapaneseinstrumenttobeaccommodatedontheEOS-
CHEMseries).

] EOSscienceobjectivesaddressthefundamental
physical,chemical,andbiologicalphenomenathat
governandintegratetheEarthsystem.EOS
observationswillpermitassessmentofvariousEarth
systemprocesses,includingthefollowing:

• Hydrologicprocesses,whichgovernthe
interactionsoflandandoceansurfaceswith

theatmospherethroughthetransportofheat,
mass,andmomentum

• Biogeochemicalprocesses,whichcontributeto
theformation,dissipation,andtransportof
tracegasesandaerosols,andtheirglobal
distributions

• Climatologicalprocesses,whichcontrolthe
formationanddissipationofcloudsandtheir
interactionswithsolarradiation

• Ecologicalprocesses,whichareaffectedby
and/orwillaffectglobalchange,andtheir
responsetosuchchangesthroughadaptation

• Geophysicalprocesses,whichhaveshapedor
continuetomodifythesurfaceoftheEarth
throughtectonics,volcanism,andthemelting
ofglaciersandseaice.

ThegoaloftheEOSmissionistoadvancescientific
understandingoftheentireEarthsystemby
developinga deepercomprehensionofthe
componentsofthatsystemandtheinteractionsamong

them.ToquantifychangesintheEarthsystem,EOSwillprovide
systematic,continuousobservationsfromlowEarthorbitfora
minimumof 15years.Missionobjectivesinsupportofthisgoalare
listedbelow:

• Createanintegratedscientificobservingsystemthatwill
enablemultidisciplinarystudyoftheEarth'scritical,life-
enabling,interrelatedprocessesinvolvingtheatmosphere,
oceans,landsurfaces,polarregions,andsolidEarth,and

thedynamicandenergeticinteractionsamongthem
• Developa comprehensivedataandinformationsystem,

includinga dataretrievalandprocessingsystem,toserve
theneedsofscientistsperforminganintegrated,
multidisciplinarystudyofplanetEarth

• SupporttheoverallUSGCRPbyacquiringandassembling
a globaldatabaseofremote-sensingmeasurementsfrom
space;prioritiesforacquiringthesedatawillconformto

_4 Introduction • 1993 EOS Reference Handbook



Introduction

thesevenissuesidentifiedbyUSGCRPandthe

IntergovernmentalPanelonClimateChange(IPCC)askey
to understandingglobalclimatechange(seeFigure2),
including:

Theroleofclouds,radiation,watervapor,and
precipitation
Theproductivityoftheoceans,theircirculation,and
air-seaexchange
Thesourcesandsinksofgreenhousegases,andtheir
atmospherictransformations
Changesinlanduse,landcover,primaryproductivity,
andthewatercycle
Theroleofpolaricesheetsandsealevel
Thecouplingofozonechemistrywithclimateandthe
biosphere
Theroleofvolcanoesinclimatechange.

Toreachtheaboveobjectives,theEOSProgramhaspursueda
numberofinitiativesbeyondthedevelopmentofEOSspacecraftand
instruments.Theseessentialelements--theEOSDataand

InformationSystem(EOSDIS),interdisciplinaryresearch,education,
andinternationalcoordination--receivecoverageelsewhereinthis
Handbook.

TheEOSInvestigatorWorkingGroup(IWG)---whichincludesall
selectedInterdisciplinaryScienceInvestigationPIs,InstrumentPIs,Lead

U.S.Co-Investigatorsfornon-U.S,investigations,andFacililyInstrument
TeamLeaders--eslablishesEOSscienceobjectivesincoordinationwith
thenationalandinternationalEarthsciencecommunity.IWGandthe
followingpanelsprovideNASAwithrecommendationsrelatedtothe

designandimplementationofallelementscomprisingEOS:

I Table2. MTPEPhaseI: Non-NASAContributions

Non-NASASatellites(LaunchStatus)

NOAA-9 through-J(U.S.---0porational)

Landsat-4/5/6 (U.S.--0perational)
LandRemote-SensingSotellila

DMSP(U.S.---Oparalionel}
DefenseMeteorologicalSatelliteProgram

ERS-! (ESA--Pre-Operationa])
EuropeanRemote-SensingSatellite

JERS-I (Japan--Pre-Operotional)
Japan'sEarthResourcesSatellite

ERS-2(ESA--1994)
EuropeanRemote-SensingSatellite

Rodarsat(Canada--1995)
RadarSatellite

NOAA-K through-N (U.S.--1994 on)

MissionObjectives

Visibleandinfraredradiance/reflectance,infrared
atmosphericsounding,andozonemeasurements

Highspatialresolutionvisibleandinfrared
rodion(e/refleclance

Visible,infrared,andpassivemicrawaveatmospheric
and surfacemeasurements

C-bendSAR,microwavealtimeter,scafieramater,and
seesurfacetemperature

L-bendSARbockscaflerendhighspatialresolution
visibleandinfraredradiance/reflectance

SameasERS-I,plusozonemoppingandmonitoring

C-bendSARmeasurementsofEarth'ssurface(joint
U.S./Canedianmission)

Visible,infrared,andmicrowaverndiance/reflectonce;
infraredatmosphericsounding;andozone
meesoremeats

Visibleandnear-infraredradiance/reflertance,
scatterometry,andtroposphericandstratospheric
chemistry(jointwithUS.andFrance)

ADEOS(Japan--February1996)
AdvancedEarthObservingSatellite

DisciplinaryPanels
- Atmosphere

- BiogeochemicalCycling
- Land/Biosphere
- Oceans
- SolidEarth

InterdisciplinaryPanels
- Modeling
- PhysicalClimateandHydrology
FunctionalPanels

- Calibration/Validation

- EOSDISAdvisory
- Instruments

- PayloadAdvisory
- PrecisionOrbitDetermination/MissionDesign.

J ThedatacollectionsegmentofMTPE--EOS,Earth

Probes,geostationarysatellites,andground-
basedprograms---willprovidethe
comprehensiveglobalobservationsnecessaryto
understandhowtheprocessesthatgovernglobal
changeinteractaspartsoftheEarthsystem.
Throughthisrefinedknowledge,modelswillbe
developedtohelppredictfutureenvironmental
changeonlocal,regional,andglobalscales.For
thosewhomakeobservationsoftheEarthsystem
anddevelopmodelsofitsoperation,Earthsystem
sciencemeansthecreationofinterdisciplinary

modelsthatcoupleelementsfromformerly
disparatesciences,suchasecologyand
meteorology.Figure3 providesa conceptual
modeloftheEarthsystem.

TheEOSProgramprovidesresourcesto support
thescientificresearchrequiredtoturnsatellite
measurementsintosciencedataproductsfor

inclusioninorvalidationofmodels;specifically,

1993 EOS Reference Handbook * Introduction 5



Table3. EOSEraRemote-SensingSatellites

Satellites(LaunchStatus)

EOS-AMSeries(1998)
EarthObservingSystem
MorningCrossing

EOS-COLOR{1998)
EOSOceanColorMission

POEM-ENVISATS_es (ESA--1998)
Polar-OrbitEarthObservationMission
EnvironmentalSatellite

ADEOSIla and fib(Japan_-1999} . .
AdvancedEarthObservingSatelliteIlaandlib

EOS-PMSeries(2000)
EarthObservingSystem
AfternoonCrossing

EOS-AEROSeries(2000)
EOSAerosolMission

POEM-ME'TOPSeries(ESA--2000)
Polar-OrbitEarthObservationMission
MeteorologicalOperationalSatellite

TRMM-2(JapanandNASA_ProI_)sedfor2000)
TropicalRaiofallMeasuringMission

EOS-ALTSeries(2002)
EOSAltimetryMission

EOS-CHEMSeries(2002)
EOSChemistryMission

MissionObjectives

Clouds,aerosolsandradiationbalance,
characterizationoftheterrestrialecosystem;landuse,
soils,terrestrialenergy/moisture,tropospheric
chemicalcomposition;contributionofvokonoesto
climate,andoceanprimaryproductivity(includes
CanadianandJapaneseinstruments)

Oceanprimaryprad_ivily

Environmentalstudiesinatmosphericchemistryand
marinebiology,andcontinuationofERSmission
objectives

Visibleandnear-infraredmicrowaveradiance/
reflectance,scalterometry,infraredandlaser
atmosphericsounding,troposphericandstratnspherk
chemistry,andaltimetry[mayincludeFrenchandU.S.
instruments)

Cloudformation,precipitation,andradiative
properties;air-seafluxesofenergyandmoisture;and
sea-iceextent(includesEuropeaninstruments)

Distributionofaerosolsandgreenhousegqsesin the
lowerstratosphere(spocecra/tIobeprovidedthrough
internationalcooperation)

Operationalmeteorologyandclimatemonitoring,with
thefutureabjediveofoperationalclimatology(l'oiat
withEUME'TSATendNO/_}

PrecipitationandrelatedvariablesandEarthradiation
budgetintropicsandhigherlatitudes

Oceancirculationandicesheetmassbalance(may
includeFrenchinstruments)

Atmosphericchemkalcomposition;chemistry-dimate
interactions;air-seaexchangeof chemicalsandenergy
(toincludeanasyettohedeterminedJapanese
instrumenl)

EOSsupportsscientificinvestigationsthroughitsInterdisciplinary
ScienceInvestigationsandinstrumentteams:

• EOSInterdisciplinaryScienceInvestigationsare
scientificstudiesselectedthrougha competitiveprocessto
developandrefineintegratedEarthsystemmodels,which
willhelpinunderstandingtheEarthasa system(seethe
EOSInterdisciplinaryScienceInvestigationssectionfordetails
onthe29studieschosenaspartoftheEOSProgram)

• EOSInstrumentTeams,alsoselectedthrougha
competitiveprocess,helpdefinethescientificrequirements
fortheirrespectiveinstruments,andgeneratethealgorithms
thatwillbeusedtoprocessthedataintousefuldataproducts.

RefertotheEOSDISArchitecturesectionfora discussion

ofthedifferenttypesofproductsto bemadeavailable
asEOSDISevolvestoa fulloperationalcapability.

EOSinvestigationsareintendedtocharacterizethe
Earthsystemasanintegratedwhole,whilealso

quantifyingtheregionalprocessesthatgovernit.
Researchwillbebasedinitiallyontheexistingsources

ofground-andspace-basedobservations(see
PathfinderDataSetssection),andwillcontinuethrough
andbeyondthelaunchoftheEOSsatellites.Effortsto
understandtheseEarthsystemelementswillshedlight

onhowtheEarthfunctionsasa coupledandintegrated
system,howitrespondstohuman-induced

perturbations,andhowthisresponsemanifestsitselfas
globalclimatechange.

Missionto PlanetEarth:FuturePlans

NASA'slong-rangeplanningcoilsforcontinuationof
MTPEintothenextcentury.Theseplansincludea new
generationofsatellitesingeostationaryorbitand
additionalEarthProbesatellitesaddressingspecific
Earthscienceinvestigations.Ofcourse,thedatasystem
aspectsofMTPEwillcontinuethroughoutandbeyond
thelifetimeoftheEOSmission.

InadditiontotheapprovedEarthProbesmissions
identifiedinTable1 (i.e.,TOMS,NSCAT,andTRMM),
severalmissioncategorieshavebeenidentifiedtoprovide
criticalEarthsciencemeasurementsnotprovidedbythe

internationalconstellationofsatellites.NASAintendsto pursue
collaborationswithdomesticand/orinternationalpartnersinthe

followingdisciplines:Gravityandmagneticfields,solidEarth
topography,andoceantopography.Afallow-antoTOPEX/Pnseidanis
beingactivelysoughttosatisfythelattercategory.Specific
instrumentationandplatformshaveyettobeidentifiedfortheother
lwo.AdditionalEarthProbeswillbelaunchedasparticularobservations

arerequestedbytheinternationalsciencecommunity,orasdatagaps
develop.Themaindriverbehindthisprogramistoprovidefocused
missionsinafaster,better,andcheapermanner,alleviatinglengthy
procurements.Thesesmall-tomoderate-sizedsatelliteswillhave
extremelyfocusedobjectives,andobtainmeasurementsthatarenot
passiblewithEOSorotherinstrumentsuites.
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STRATEGIC PRIORITIES

• SupportbroadU.S. andinternationalscientificeffort
• Identifynaturaland human-inducedchanges

Focuson interactionsand interdisciplinaryscience
• Sharefinancialburden,usethe bestresources,and encouragefull participation

I
INTEGRATING PRIORITIES

• Documentationof Earth systemchange
- Observationalprograms
- Datamanagementsystems

• Focusedstudieson controllingprocessesand improvedunderstanding
• Integratedconceptua_andpredictivemodels

I

INCREASINGPRIORITY

Figure2. USGCRPGlobalChangeSciencePriorities I

= IN'rEPACliON IARROW KEY

I Figure3. IntegratedModelof theEarthSystem I
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Ascurrentlyenvisioned,NASA'sGeostationaryPlatformProgram
entailsa constellationoffivesatellitesmakingcontinuous
observationsconcurrentwiththepolar-orbitingEOSsatellites.The
GeostationaryEarthObservation(GEO)platformsarerequiredto
resolvedynamicprocessesthatoperateonthescaleofminutesto
hours,to detectunpredictableshort-termevents,andtoobserve
weaksignalsthatcanonlybedetectedbyinstrumentscapableof

"staring"forrelativelylongperiods.Muchasgeostationaryweather
satellitestrackstormsystemstoday,theseplatformswillmonitor
dynamicshort-termphenomenathatcannotbeobservedfrompolar

orlow-inclinationorbits.Thescienceobjectivesfor thegeostationary
platformswillcomplementthoseofthepolar-orbitingandinclined
orbitmissionsbyimprovingunderstandingof short-termprocesses,
whichwillthenbeincorporatedintoglobalEarthsystemmodels.

EOSandEarthProbeswillprovidehighspatialresolutionglobal
information,andgeostationaryplatformswillprovideotime-
continuousdatabaseoverthefullEarthdisk.Thevariousorbitsof

thesespace-basedelementsofMTPEwillgiveEarthscientistsas
cohesivea setofobservations--atallspatialandtemporalscales--
aspossibleonEarthsystemprocesses.

MISSION OUTLOOK

MTPEoffersa newperspediveonthefunctioningofplanetEarth
throughcoordinated,long-term,space-basedandinsitu
observations,anda programofinterdisciplinaryresearchaddressing
priorityissuesofEarthsystemscience.ThisPresidentialInitiativeis

supportedbyCongress,whichgrantedNASAa "newstart"budget
lineitemfortheEOSProgramin 1990.Followingthismandatefrom
theAdministrationandCongress,NASAhasplaceditselfatthe
forefrontof Earthobservationssatellitetechnologydevelopmentand
datamanagement.Theimprovedmeasurementandmodeling
capabilitiesthatresultdirectlysupporttheU.S.andinternational
globalchangeresearchprograms,andreinforceNASA'spositionas a
worldleaderinspace-basedremotesensing.

TheremainderofthisHandbookdescribestheelementscomprising
theEOSmissioningreaterdetail--itsscientificfoundationsandthe
specificplansforbringingmissionconceptstoreality.

TheEOSProgramhasundergonemajorrevisionsincethelastedition
ofthisHandbookwaspublished.TheEOSChronologysection
providesanoverviewofthereconfigurationoftheprogram,which
resultedfroma Congressionalmandatetosubstantiallyreducethe
budgetthrough2000.TheEOSSciencesectionaddressesthe
interdisciplinaryfocusonglobalclimatechange,a consequenceof
honingoverallprogramobjectives.APathfinderDataSetsectionhas
beenaddedtoinformreadersofwhatisbeingdonenowtofurther
globalchangeresearch.InteragencycooperationinEOShasbeen
strengthenedthroughNotionalSpacePolicyDirective7, which
establishedtheSpace-BasedGlobalChangeObservationSystem(S-
GCOS).TheInteragencyCoordination/Cooperationsectionaddresses
thisrecentdevelopment,finally,thereadershouldpayparticular
attentiontotheMissionElementssection,whichprovidesdetailsof
theinternationalinstrumentsuitesthatcompriseIEOS.Thissedion
providesascomprehensiveandup-to-datecoverageaspossible
giventhetransientnatureofpayloadconfigurationsimposedby
constrainednationalbudgetstheworldover.Thissectionandthe
EOSInstrumentssectiondescribethecurrentEarthremote-sensing
satellitescenarioandtheinstrumentationthatwillyieldthe
observationsneededtofurtherglobalchangeresearch.

__'8 ............................................................................................................'iniroducilon' • 'i'993 EOS Reference Handbook



EOSProgramChronology

EOSPROGRAMCHRONOLOGY
BACKGROUND

lanningfortheEOSmissionbeganintheearly1980s,and
anAnnouncementofOpportunity(AO)fortheselectionof
instrumentsandscienceteamswasissuedin1988.458

proposalswerereceivedinresponsetotheAO.Earlyin1990,NASA
announcedtheselectionof 30instrumentstobedevelopedforEOS,
alongwiththeirscienceteams;29 InterdisciplinaryScience
Investigationteamswerealsoselectedatthistime.

seriesspacecraft,andforflightasattachedpayloadsonSpace
StationFreedom.Instrumentselectionswerealsomadeforthe

proposedJapaneseandEuropeanpolar-orbitingsatellites,then
referredtoastheJapanesePolar-OrbitingPlatform(JPOP)andthe
EuropeanPolar-OrbitingPlatform(EPOP).Table4 providesthe
majormilestonesoftheEOSProgramtodate.

THE NEED FOR RESTRUCTURING

EOSwasrecognizedaspartofthePresidentialinitiativeMissionto
PlanetEarthin1990,receivingits"newstart"fromCongressin
October.TheEOSProgramwasfundedundera continuing
resolution,andrampedupto itsfullfundingwiththeapprovalofthe
FY91budgetinJanuary1991. Atthattime,planscalledforthe
instrumentsto bedividedintothreegroups---theEOS-AandEOS-B

I Table 4. EOS Program History I

MissionPlanning 1982-87

Announcementof Opportunity 1988

PeerReviewProcess 1988-89
LetterReview(Academia/Government)
PanelReview(Academia/Government)
PrioritizationPanel(Government)

Announcementof Selection 1989

DefinitionPhase 1989-1990

NewStart 1990

ExecutionPhase 1990on

RestructuringProcess 1991-92

RestructuringConfirmation 1992

RescopingProcess 1992

NationalSpacePolicyDirective7 1992

RescopingConfirmation 1993

In1991,asdirectedbytheU.S.CongressionalCommitteeon
Appropriations,theoriginalplansforEOSwererestructuredforthree
principalreasons:

• FocusthescienceobjectivesofEOSonthemostimportant
problemofglobalchange---globalclimatechange

• IncreasetheresilienceandflexibilityofEOSbyflyingthe
instrumentsonmultiplesmallerplatforms,ratherthana
seriesoflargeobservatories

• ReducethecostofEOSacrosstheboard(i.e.,spacecraft,
instruments,datasystem,andscience),fromS17to11

billionthroughFY2000.

Tomeettheseconstraints,NASArestructuredtheEOSProgramviaa
thoroughreviewbyanexternalengineeringcommittee,evaluation
bythescientistswhowillusetheEOSdata,andsystematic
engineeringstudiesofspacecraftconfigurationsandlaunchoptions.
Thebasicguidingprinciplesforrestructuringfollow:

• Ensurecontinuityofobservationsfor 15years(though
someinstrumentsmaybesupersededorflyonlyonce)

• Usethereportsof IPCC,theEnvironmentalProtection
Agency(EPA),andtheinteragencyCommitteeonEarth
andEnvironmentalSciences(CEES)toprJoritizepolicy-
relevantsciencequestions

• Identifya minimumcomplementofinstrumentstoaddress
eachquestion

• Identifythoseinstrumentswhosemeasurementobjectives
canbemetbyexistingand/orpotentialinstruments
providedbyothers

• Deselectinstrumentswherepossibleandasappropriate.
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InJuly1991,anEOSExternalEngineeringReview(EER)Committee
wasconvenedinLaJolla,California.NASAandselected

InterdisciplinaryScienceInvestigationPIsbriefedtheEERCommittee
ontheCongressionalconstraints,theiropinionsregarding
reconfiguratJon,andoptionsthattheyshouldconsider.TheEER
Committeeendorsedthepresentedoptionsinitsreportasa "proof-
of-concept"foranEOSthatcontainsa "favorablemeasureof
resiliency."InAugust1991,NASAdiscussedpayloadoptionsatthe
SeattleEOSIWGmeeting;inOctober,a formalreviewwasconducted
bytheEOSPayloadAdvisoryPanelinEaston,Maryland.Thislatter
bodyiscomposedoftheEOSInterdisciplinaryScienceInvestigation
PIs,andisformallychargedwithexaminingandrecommendingEOS
payloadstoNASAbasedonthescientificrequirementsandpriorities

establishedbytheEarthsciencecommunityat large.Concurrently,
extensiveengineeringstudieswereconductedatGoddardSpace
FlightCenter(GSFC)todeterminethemosteffectivespacecraft
configurationssothattheinstrumentscouldbeaccommodatedon
smallerplatforms.InDecember1991,theNASAAdministrator
conductedathoroughreviewandapprovedtherestructuredEOS
Program.

OnMarch9, 1992,NASAsubmitteda reportontherestructuringof
EOSto theCommitteesonAppropriationsof theHouseof
RepresentativesandSenate.Congressendorseditscontentsasboth
comprehensiveandfiscallyresponsible,withthefinalpayload
configurationsfortherestructuredEOSsatisfyingallCongressional

constraints.EOSfocusedonclimatechange;theobservatories
originallyslatedforlaunchaboardTitanIVexpendablelaunch
vehicles(ELVs)weretobelaunchedonmultiplesmallerplatformsvia
smallerELVs;andtheprogramwastohavea totalcostof$11billion

throughFY2000.Thefinalpayloadswereverysimilartothose
endorsedbytheEERCommitteeandwhollyconsistentwithits
recommendations.SeeFigure4 forthepayloadsandlaunchdates
oftherestructuredEOS.Thesepayloadssatisfiedthe
recommendationsoftheEOSPayloadAdvisoryPanel,withthecaveat
thatsomeoftheinstrumentswouldflylaterthanrecommendeddue
to budgetaryconstraints.RefertotheEOSScienceObjectivessection
fortherationaleleadingtothesepayloadconfigurations.

THE NEED FOR RESCOPING

TherecommendationsmadebytheEERCommitteeandtheconsequent
restructuringoftheEOSProgramwerebasedonanintegrated1992-
2000budgetof$11billion,downfromthe$17billionprojectedin
1990.InOctober1992,theFY93appropriationsbillpassedbythe
U.S.Congressreducedthedecadalbudgetto$8billion;thus,in2
years,thebudgetwasessentiallycutinhalf.Eachcuthasreducedthe
scopeandrer_JienceoftheEOSProgram.Obviously,lowerfunding
requireslhatNASApursueonlythehighestpriorityscienceandpolicy
issues,significantlyreducingthebreadthofobservationsthatwereto
becollectedunderthebaselineplanof 1990.

1999 2001 ?002

2002
2002 CHEM1

ALT1 Cf_,,mtk_n
cqm_'et

MELV IELV

ALT HIRDLS
GGI TES
GLRS-A SAGEIII

STIKSCAT

2003 I 2004 I 2005

6/03 2003

AER02
AM2 _s7oInc..)

IELV SELV

CERES SAGEIII CERES
MODIS-N MODIS-N
MISR AMSU
HIRIS MIMR
EOSP

CERES SeaWiFS-type SAGEIII CERES
MODIS-N instrument MODtS-N
MISR AIRS
ASTER AMSU
MOPITT MHS

MIMR

Notes: • CERESandLISerefundedforTRMM-Iin 1997

• ACRIM,SOLSTICE,EOSP,anddescopedMLSor SAFIREareavailablefor missions-of-opportunity

j _ Launchcyclerepeatsuntieeachflight(exceptCOLOR)hasflownthreetimes

AIRS/MHS
orsubstitute

I Figure4. RestructuredEOSLaunchProfile(March1992) I
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RescopingstudieshadbegunsoonaftertherestructuredEOS

ProgramwasendorsedbyCongress.Aspartof an internal

examinationof allmajorprograms,theNASAAdministrator

established"Red" and"Blue" TeamsinMay 1992, to reviewcontent,

schedule,andcost. TheBlueTeamconsistedof NASAemployees

(HeadquartersandGSFC)who"own" theprogramandbudget

resources;theRedTeamwascomposedof NASAemployees

[augmentedbyJetPropulsionLaboratory(JPL)personnel]with

projectmanagementexperienceoutsideofthe programinquestion.

TheRedTeamwaschargedwithchallengingthe currentapproach

andsuggestinginnovationsto helpNASAstreamlineitsprograms--
that is, makethemfaster,better,andcheaper.TheAdministrator

hadalsoseta 30 percentreductionin budgetasa target(i.e., from
$11 to S8billion),whichwastoactasa stimulusfortheteamsto

reassessEOScontentandconfigurations.RedandBlueTeam

recommendationsfocusedonthe budgetfor the lateryears,notthe

FY93requestwhichhadalreadybeenparedbackconsistentwiththe

above-mentionedCongressionaldirective.NASAHeadquarters

carefullyconsideredtheinputof both I

Launch NOTES:
1998
2003

2008
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2000
2003

Spacecraft

AM1
AM2
AM3

COLOR

AER01

AER02
2006 AER03
2009

2012

2000

2005
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2002

AER04
AEROS

PM1
PM2
PM3
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ALT3

CHEM1

Lifetime

5

5

3
3
3

3

5

5
5

5

5
2007 CHEM2 5
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the RedandBlueTeamsandthe EOSPayloadAdvisoryPanelto

arriveat therescopedpayloadslistedinTable5. Ascanbe seen,
mostchangeswereconfinedto the EOS-ALTand-CHEMseries

payloads.Referto theEOSScienceObjectivessectionformoredetail

aboutinstrumentconfigurationsandtheimpactthatthe rescoped
programhasonthesciencereturn.

EOSretainsitsemphasisoncollectingobservationsovera 15-year
period,butmanyimportantmeasurementshavebeencancelledor

deferredduetothe factthat it isnowa "cost-driven"program.As

canbeseeninTable5, severalinstrumentchangesare anticipated
for the later launchesinthe EOS-AMand-PMseries.Some

instrumentsmustnowbeprovidedby internationalpartners,aswill
the spacecraftforthe EOS-AEROseries.

Thedescopeto an $8 billionthresholdrequireddifficulttradeoffs to

minimizetheadverseimpactonEOSscienceobjectives.Onekey

choiceinvolvedreducingtheamountof contingencyfundsheldto

Table5. RescopedEOSProgram I handleunexpectedproblemsin

InstrumentComplement

MODIS MISR CERES(2)MOPITT ASTER
MODIS MISR CERES EOSP TES
MODIS MISR CERES EOSP TES

MOPITT*

SeaWiFS-Type

SAGEIII
SAGEIII

SAGEIII
SAGEIII
SAGEIII

MODIS..... AMS.U MIMe _AIRS MHS CERES(2)
MODIS AMSU MIMe AIRS MHS CERES
MODIS AMSU MIMe AIRS MHS CERES

GLAS TMR SSALT DORIS

GLAS TMR SSALT DORIS
GLAS TMR SSALT DORIS

HIRDLS SOLSTICEII ACRIM MLS SAGEIII TBD(J)
HIRDLS SOLSTICEII ACRIM MLS SAGEIII TBD(J)
HIRDLS SOLSTICEII ACRIM MLS SAGEIII TBD(J)

• AIRS,_SU,HIRDLS,

MHS,MIMR,and
MODISdataavailable

viadirectbro,edc_
. ASTERdoleavailable

viadirectdownlink
* CERESandLISfunded

forTRMM-1in1997

* NSCATIIplannedfor

flightonADEOSII

* EOS-AEROspacecraft
tobeprovided

throughinteraatio,nal

ce_peration

*Accommodationof

MOPITTonEOS-AM2
tobeconfirmed

TBD(J):Jap0nese
InstrumentToBe
Determined
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instrumentdevelopmentduetoengineeringanddesignchallenges,
and/ortoaccommodatechangesinsciencerequirementsthatdrive
specificationsforthe instrumentsanddatasystem.Thiscontingency
hadtobebalancedagainstsavingsthatwouldresultfromcomplete
eliminationof instrumentsandtheirassociatedscientificinformation.

TheRedandBlueTeamsandtheEOSPayloadAdvisoryPanel
recommendedthatNASAreduceprogramcontingencyfundsinfavor
ofa lossinfutureEOSdesignflexibility.

ThePayloadAdvisoryPanel,whichrepresentstheEOSinvestigators,
believesthata properlystructured$8billionfundingprofilethrough
therestofthisdecadeisenoughtodesignandputinplacetheinitial
componentsofEOS.Theincreasedriskassociatedwitha reductionin
contingencyisimplicitlymitigated,becauseEOSisa long-term
measurementprogramwithinstrumentsflownon5-yearintervals.
Assuch,instrumentdevelopmentproblemsorchangesinscience
specificationscouldbehandledinthenextversionsofthe
instruments.Obviously,somelevelof resilienceandflexibilitymust
bemaintainedto guaranteethata fullyfunctionalEOSbecarriedout
regardlessofever-changingbudgets,andtoallowforthenecessary
technologydevelopmentsthatbenefitU.S.competitiveness.Figure5
showstheoverlappingcoveragethatthephasedlauncheswill
provide,andprojectsthetotalnumberofinstrumentsinorbitatany

giventimeoverthefirst12yearsoftheEOSProgram.

Thefundingprofiledevelopedundertherestructuredprogram
alreadyreducedEOStoa minimumsetof instrumentstopursuethe
focusedobjectiveofglobalclimatechange.Themeasurement
capabilitiesoftheremaininginstrumentshavebeenoptimizedto the
maximumlevelpossible,andfurtherreductionsproveunfeasible.At
S8billion,EOSmustdependincreasinglyontheinternational

partners.Failuretoaccomplishplannedinternationalcooperationon
theAdvancedEarthObservingSystem(ADEOS),Polar-OrbitEarth
ObservationMission(POEM),TropicalRainfallMeasuringMission
(TRMM),andtheirfollow-onmissionswillleavegapingholesinIEOS.
Undoubtedly,furtherbudgetcutswouldrequirewholesale
eliminationofinstruments,thusinformationcriticaltounderstanding
globalclimatechange.

ENDORSEMENT BY THE

NATIONAL SPACE COUNCIL

coveringthespace-basedelementsofUSGCRP.Thisdocument
directedNASAtoimplementtherestructuredEOSProgramaspartof
anoverallspace-basedglobalchangeobservationsystem.
Specifically,thepolicydirectiveformalizedthefollowing:

• Establisha comprehensive,multiagencyeffort to
collect,analyze,andarchivespace-based
observationsonglobalchange--Theeffortisledby
NASA,withparticipationfromotherGovernmentagencies.

• Developthe EOSProgramusingsmall-and
intermediate-sizedsatellites--Throughtheuseof

advancedtechnologyandreduceddesigncomplexity,
thesesatellitescanbeacquiredmorequicklyandatless

costthanpreviouslyplanned,allowingthetimetablefor
obtainingcriticaldataonglobalchangetobeaccelerated.

* Assignglobalchangeobservationfunctions--This
categoryincludesthedevelopmentoftechnology,the
collectionofdata,andthearchivalofdata,tobe
accomplishedthroughthecombinedeffortsofNASA,the
DepartmentofEnergy(DOE),theDepartmentof
Commerce(DOC),theDepartmentoftheInterior(DOI),
andtheDepartmentof Defense(DAD).

• Encourageinternationalcooperationinglobal
changeobservationfromspace--Thiselement
directstheDepartmentof State(DOS)tosupportthe
implementingagencies.

NSPD7 establisheda focusednationalefforttoimprovemultiagency
collaborationindeveloping,collecting,analyzing,andarchivingspace-
basedobservationsoftheEarth,withtheultimategoalofimproving
theworld'sabilitytodetectanddocumentchangesinglobalclimate.

NSPD7 directedNASAtocoordinateproductionofaninteragency
programplanentitled"TheSpace-BasedGlobalChangeObservation
System(S-GCOS)ProgramPlan:AnAssessmentof CurrentStatus
andInteragencyCooperation,"whichwasfirstreleasedinOctober
1992.Inaddition,NSPD7 stipulatedthattheworkinggroup
preparingthisdocumentidentifyanintegratedplanforthe
developmentofnewEarthremote-sensinginstruments,missions,and

associatedtechnologiesthatinvolveNASA,DOE,andDaD.Tomeet
theirjointresponsibilities,theparticipatingagenciesagreedonthe
followingguidelines:

TheNationalSpaceCouncil(NSpC),chairedbytheVicePresident, • Establishaninteragencycoordinatingcommitteetoguide
issuedNationalSpacePolicyDirective7 (NSPD7)inJune]992, thedevelopmentandoperationofS-GCOS
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• Coordinateinteragencyactivitiesrelatedto space-based
globalchangeobservations,andprovideanintegrated
S-GCOSannualreporl

• ParticipatewithUSGCRPinthedevelopmentoftheGlobal
ChangeDataandInformationSystem(GCDIS),ofwhich
EOSDISisanintegralelement

• Assistinthereviewof USGCRPmilestonesrelatedtospace-

basedobservationsanddatamanagement
• Reviewagencyprogramsandbudgetsrelatedtospace-

basedobservationsanddatan_anagement
• Coordinatespace-relatedactivitieswiththeappropriate

oversightbodies
• ServeasliaisonbetweenS-GCOSandappropriatebodies

oftheNationalAcademyofSciences(NAS),andwith
othernationalandinternationalbodieswithinterestsin

space-basedglobalchangeobservationsanddata
management

• Managetheprogramsoftheirrespectiveagenciessoasto
meeteachagency'smissionrequirements,whileproviding
plannedsupportforS-GCOSactivities.

InMarchofeachyear,theannualprogramplanwillbesubmittedto
CEESthroughtheFederalCoordinatingCouncilforScience,
Engineering,andTechnology(FCCSET)toNSpC,theNationalSecurity
Council(NSC),theOfficeofScienceandTechnologyPolicy(OSTP),
andtheOfficeof ManagementandBudget(OMB).Theannual
reportwilladdresstheS-GCOSarchitecture,existingandplanned
S-GCOSsatellitesystems,technologydevelopmentactivities,sensor
suites,launchsystems,supportingagencycontributions,anddata
andinformationsystems.Specifically,theplanwillidentify
innovativeflightalternatives(e.g.,smallsatellites,orpiggybackson
commercialormilitarylaunches)andsensoroptionsthatmight
providetheearliestpossibleavailabilityofhigh-priorityobservations
orthatfillcriticalgapsintheexistingobservationplan.

Atpresent,theS-GCOSProgramPlanWorkingGrouphasidentified
threeprimaryEarthremote-sensingareaswherejoint-use
requirementsand/orassociatedresearchandtechnology
developmentprovesuitableforcollaborationbetweenNASA,DOE,
andDaD:Laserremotesensingofatmosphericwinds,high-
resolutionmultispectralimagingoftheEarth'ssurface,andsynthetic
apertureradar(SAR)imagingoftheEarth'ssurface.InDecember
1992,workinggroupswereestablishedto reviewcoordination
amongagencyprogramsandschedules,sciencematters,data
managementmatters,andtechnologyimprovementneeds--oilof
whichwillbeaddressedinthefirstS-GCOSAnnualReportslatedfor
releaseinMarch1993.

Ascanbeseenintheabovediscussion,theEOSProgramhashelped
decisionmakersrecognizethevalueofspace-basedglobaldimate
observations.Overthepastdecode,politicians--bathatthe
nationalandinternationallevelmhavebecomeincreasinglymore
awareoftheurgencyofcollectingsuchinformationona globalscale.
NASAanditsinteragency/internationalpartnershaveundertakenan
excitingchallengetoprovidethenecessarydataandknowledge
requiredtoestablishsoundpolicydecisionsonhumanactivities,
whichhavea directeffectontheglobalenvironment.Informedand
timelydecisionsareneededtoguidethestewardshipofplanetEarth
andensureitshabitabilityforfuturegenerations.

......_ 14 EOS Program Chronology • 1993 EOS Reference Handbook
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EOSSCIENCEOBJECTIVES

heprimarygoaloftherescopedEOSProgramremainsthat
oftherestructuredEOS---thatis,todeterminetheextent,
causes,andregionalconsequencesofglobalclimate

change.Theextent(e.g.,thechangeinaveragetemperatureand
thetimescaleoverwhichitwilloccur)ispresentlyunknown.Causes
canbeeithernaturalorhuman-induced.Bothmustbeunderstoodto

determinehowtoalterhumanbehaviorandavoidclimatechanges
thatprovemostdetrimentaltotheenvironment.Theregional
consequences(e.g.,changesinprecipitationpatterns,lengthof

growingseasons,severityofstorms,sealevel)mustbeunderstoodto
determinewhichaspectsofclimatechangearemostharmful,and
howtoadapttothosechangesthatthehumanspeciescannotavoid.

EOSIWGdefinedthefollowingscienceandpolicyprioritiesforEOS
observations,basedonIPCC,EPA,andCEESrecommendations:

1) WaterandEnergyCycles
• Cloudformation,dissipation,andradiativeproperties,

whichinfluenceresponseoftheatmospheretogreenhouse
forcing

• Large-scalehydrolagyandmoistureprocesses,including
precipitationandevaporation

2) Oceans
• Exchangeofenergy,water,andchemicalsbetweenthe

oceanandatmosphere,andbetweentheupperlayersof
theoceananddeepocean(includesseaiceandformation
ofbottomwater)

3) ChemistryofTroposphereandLowerStratosphere
• Linkstothehydrologiccycleandecosystems,

transformationsofgreenhousegasesintheatmosphere,
andinteractionsinducingclimatechange

4) LandSurfaceHydrologyandEcosystemProcesses
• Improvedestimatesofrunoffoverthelandsurfaceand

intotheoceans

• Sourcesandsinksofgreenhausegases
• Exchangeofmoistureandenergybetweentheland

surfaceandatmosphere
• Changesinlandcover

5) GlaciersandPolarIceSheets

• Predictionsofsealevelandglobalwaterbalance

6) ChemistryoftheMiddleandUpperStratosphere
• Chemicalreodions,solar-atmosphererelations,and

sourcesandsinksofradiativelyimportantgases
7) SolidEarth

• Volcanoesandtheirroleinclimaticchange.

RESTRUCTURED EOS PROGRAM

TheinstrumentsflyingaspartoftherestructuredEOSProgramwere
chosentoaddressthesekeyscientificissuesassociatedwithglobal

climatechange.TheoriginalEOSProgramcovereda broaderrange
ofglobalchangeissues,includingstudiesaf stratosphericchemistry
anditscontrollinginfluenceonozonedepletion,andaspectsofsolid
Earthphysicsandtheexosphere.ThebaselineEOSProgramincluded
a totalof30selectedinstruments.Byfocusingonclimatechange,
therequiredinstrumentswerereducedto 17thatneededto fly
before2002.Sixweredeferred,andsevenweredeselectedduring
therestructuringprocess.

WithinputfromtheEERCommitteeanddetailedrecommendations
fromtheEOSPayloadandScienceAdvisoryPanels,NASA
reconfiguredEOStoflythe17instrumentsrequiredforglobal
climatechangestudies,asfollows:1)Threeintermediatespacecraft
seriestobelaunchedonIELVs,2)onesmallerspacecraftseriestobe
launchedonMELVs,and3) twosmallspacecraftseriestobelaunched
onSELVs.Thenamesofthespacecraftseries,initiallaunchdate,

launchvehicleclass,anddisciplinaryfocusfollow:

• EOS-AM(June1998,IELV)--Characterizationofthe
terrestrialandoceanicsurfaces;clouds,radiation,and
aerosols;andradiativebalance

• EOS-COLOR(1998,SELV)mOceancolorand
productivity

• EOS-AERO(2000,SELV)--Atmosphericaerosolsand
ozone

• EOS-PM(2000,IELV)---Clouds,precipitation,and
radiativebalance;terrestrialsnowandseaice;sea-surface
temperature;terrestrialandoceanicproductivity;and
atmospherictemperature
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• EOS-ALT(2002,MELV)---Oceancirculation,icesheet
massbalance,andland-surfacetopography

• EOS-CHEM(2002,IELV)--Atmosphericchemicalspecies
andtheirtransformations,andoceansurfacestress.

ThelaunchofthefirstEOS-AMspacecraftwasrescheduledtoJune
1998,6 monthsearlierthantheoriginallyplannedlaunchofthefirst
largeEOSobservatory(i.e.,EOS-A).Byreducingthesizeof the

spacecraftanditspayload,itbecamepossibleto launchearlier.The
launchdatesoftheremainingEOSspacecraftwerescheduledtooccur
overtheensuing4 years,throughtheyear2002. Referbackto
Figure4 fora timelJneandlistingofinstrumentsmakingupthe
restructuredEOSProgram.

TherestructuredprogramhadtheEOS-AMand-PMsatelliteseries
bothemployingsun-synchronouspolarorbits,butwithdifferent
crossingtimes.TheEOS-AMspacecraftprimarilywouldobserve
terrestrialsurfacefeatures;thus,a morningcrossingtime(whencloud
coverisata minimumoverland)provedpreferable.Incontrast,
EOS-PMincludeda next-generationatmosphericsounder--a
candidatefordeploymentonfutureNOMoperationalsatellites.The
instrumentsonthisplatformweresuitableforanafternooncrossing
time.BothEOS-AMand-PMwouldobservecharacteristicsof

terrestrialandoceanicsurfaces,andtheatmosphere.Byhaving
measurementsattwodifferenttimesofday,itwouldbepossibleto
studydiurnalvariationsinthesefeatures.EOS-COLOR,-ALl,and
-CHEMwerealsoslatedforsun-synchronouspolarorbits,andEOS-
AEROwastohavea 57° inclination.

Certaininstrumentswereto beflownonmorethanonespacecraft.
TheMederate-ResalutionImagingSpectrarediameter(MODIS),which

iscapableofobservingboththeEarth'ssurfaceandatmosphere,was
includedonbothEOS-AMand-PMbecauseofitssynergywithother
instrumentsontheseplatforms.Thatis,MODISobservationsobtained
simultaneouslythroughthesameatmosphericcolumnareimportant
ininterpretingdatafromtheotherinstruments.Byflyingontwo
separatespacecraft,MODIS--nowthecentralinstrumentofEOS---
wouldprovideimportantredundancytotheprogram.MODISwould
yieldcloudinformationtocomplementtheradiationbudget
observationstakenbytheCloudsandEarth'sRadiantEnergySystem
(CERES)instrument,whichalsowasscheduledtoflyonboththeEOS-
AMand-PMsatellitesaswellasTRMM.TwoMODISinstruments

wouldprovidecompleteglobaloceancolormeasurementsbyavoiding
sunglintoverthenorthernhemisphereoceansandthe lackof
illuminationoverthesouthernoceans,tobeaccomplishedthrough

theircomplementaryascendinganddescendingorbits.Thecontinuity
ofoceancolordatabeyond2000wouldbeassuredbyincluding
MODISonbothplatforms.ByflyingonTRMMandbothEOS-AMand
-PM,CERESwouldprovideEarthradiationbudgetfromthreedifferent
orbitsatdifferenttimesoftheday,thuscapturingdiurnalchanges.

TheStratosphericAerosolandGasExperimentIII (SAGEIII)
instrument,whichmeasuresatmosphericaerosols,wouldbeflownon
EOS-AEROand-CHEMto providemeasurementsfromtwodifferent
orbits(57° inclinationandpolar,respectively).Thisstrategywould
alsoguaranteecompleteglobalcoverage.

Asstaledearlier,thescienceobjectivesresultingfromtherestructuring
exercisenarrowedtheoverallstudyofglobalchangedowntoan
examinationofglobalclimatechange.Theextent,causes,and
regionalconsequencesofglobalclimatechangeweretobe
determinedby1)providinga continuouscalibrateddatasetofkey
Earthsciencevariablesinordertomonitorvariabilityanddetect
trends;2)observationsthatwillleadtoanenhancedunderstandingof

processesinordertoimprovepredictivemodels;and3)an
informationsystemforthereceipt,processing,arcbiving,and
disseminationofdatatothescientificcommunityandpolicymakers.
ThelattertworemainedvirtuallyintactfromthebaselineEOS
Programapproach;rather,theobservationsto becollectedandthe
instrumentsthatweretotakethemeasurementscameunderscrutiny.
TheselectedEOSinstrumentsandspacecraftensuredcontinuityof
importanttimeseriesof climatemeasurements,addressedthehigh-
priorityscienceandpolicyissuesidentifiedbyIPCC,andwere
consistentwithtechnical,budgetary,andscheduleconstraints.

Theprogramplansthatcameoutoftherestructuringexercisewere
temperedbythecaveatthatfollow-onEOSspacecraftpayload
configurationscouldchange,dependingontheevolutionofscientific
understandingand/ortechnologicaldevelopments.Forexample,the
AdvancedSpaceborneThermalEmissionandReflectionRadiometer
(ASTER)instrumentonthefirstEOS-AMplatformpossiblywasgoingto
bereplacedbytheHigh-ResolutionImagingSpectrometer(HIRIS)on
EOS-AM2.ThePayloadAdvisoryPanelstipulatedthatactualdecisions
oninstrumenlstoflyonfollow-onspacecraftdidnotneedtobemade
immediately;rather,theirrationalewastocontinuetechnology
developmenteffortstoensurethatsubsequentgenerationinstruments
wereavailablewhenneeded.Thisprovedawiseapproach,giventhat

thetherestructuringrecommendationswereapprovedbyCongressin
March1992,andtheRedandBlueTeamreviewswereinitiatedbythe
NASAAdministratora mere2 monthslater.

.................................................................................................................• i
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RESCOPED EOS PROGRAM

TherescopedEOSProgramretainsthefocusonglobalclimatechange
institutedintherestructuringexercise.TheEOSProgramstill
emphasizesdatacollectionovera 1S-yearperiod;however,many
importantmeasurementswerecancelledordeferredduetothehigh-
risktechnologiesinvolvedandassociatedcost.ThedescopeofEOSto
an$8billionthresholdrequireddifficulttradeoffstomaximize
science.AsstatedintheEOSChronologysection,theamountof
contingencyfundsheldtohandleunexpectedproblemshadtobe
reducedsubstantially.Thiscontingencyhadtobebalancedagainst
thesavingsthatresultedfromcompleteeliminationofinstruments
andtheirassociatedscientificinformation.Thissectionidentifiesthe

principalfactorsconsideredbythePayloadAdvisoryPanelandthe
RedandBlueTeamsintherescopingeffort.Resolutionisexpected
in1993.Abriefsynopsisofkeyrescopingdevelopmentsfollows:

Table6 listsareasofscientificuncertaintyidentifiedbyIPCCandthe
rescopedEOSPrograminstrumentsthatwilladdresseachissue.EOS
remainsa long-termprogram,providingcontinuousobservationsof
thecausesof globalclimatechange;therefore,eachEOSspacecraft
willberepeatedtwiceon5-yearcenterstoprovideat least1S-year

coverage.TheonlyexceptionsinvolveEOS-AERO(fourfollow-on
launcheson3-yearcenters)andtheone-timeEOS-COLORmission
becauseofthelifetimelimitationsassociatedwithsmallELVs.The

developmentaf EOSDIS,itssupportofprecursordatasets,and
provisionofa reducedsetofessentialdataproductsat thelaunchof
eachEOSelementhasbeenmaintained.

• Allcommitmentstoflyinternationalinstrumentsandthe
June1998launchdateofEOS-AMhavebeenmaintained.

• Totheextentpossible,thesciencerequirementsidentified
bytheEOSrestructuringhavebeenpreserved.

• ThereductionintheEOSbudgethasincreasedrelianceon
interagencyandinternationalcooperation.

• CommonspacecraftwillbedevelopedforEOS-PM,-CHEM,
and-AM2/-AM3(EOS-AEROand-ALTremainunique).

• 1heHIRISinstrumenthasbeeneliminated,ahhoughfundingfor
descienceteamwillbemaintainedthrough1994tohelp
addresskeyscientificquestionsanddearlydefineobservational

requirements. I

Theprincipalreductionsincostresultfromtheinitiationofa common
busdevelopment,a decreasednumberofat-launchdataproducts,
increasedinternationalandinteragencycooperation,increasedrisk,
andrescopedpayloads.Therescopedpayloadsprimarilyaffectthose
platformsplannedbeyond2000--namelyEOS-ALTand-CHEM.The
EOS-AM1,-PM1,-AERO,and-COLORscienceobjectiveshavebeen
preservedbymaintainingtheirinstrumentcomplementsconsistent
withtherecommendationsoftheEOSPayloadAdvisoryPaneland
therestructuredprogram.Figure6 providesa graphic
representationoftherescopedEOSsatellitesandthescience
objectivessought.

Therescopedprogramplacesa greaterdegreeof riskonmeeting
thescienceobjectivesbeyond2000,becauseincreasedreliance
onotheragencyandinternationalcollaborationshasbeen

assumedwherefirmcommitmentsarestillbeingnegotiated.In

Table 6. EOS Links to IPCCAreas of Scientific Uncertainty [ particular,the

IPCCCategory

Sourcesandsinksof greenhousegases,whichaffectpredictionsof
theirfutureconcentrations

Cloudsandradiativebalancewhichstronglyinfluencethemagnitude
ofclimatechangeatglobalandregionalseaes

Oceans,whichinfluencethetimingandpatternsofclimatechange

Landsurfacehydrology,whichaffectsregionalclimatechangeand
wateravailability

Polaricesheets,whichaffectpredictionsofglobalsealevelchanges

Ecologicaldynamics,whichoreaffectedbyandrespondtoclimate
change

COSInstrumentComplement

AIRS/AMSU/MHS,ASTER,HIRDLS,MIMR,MLS,MODIS,
MOPITT,NSCATII,SAGEIII,SOLSTICEII,andTES

ACRIM,AIRS/AMSU/MFlS,CERES,EOSP,MIMR,MISR,
MODIS,andSOLSTICEII

CERES,MIMR,MISR,MODIS,NSCATII, SSALT,TMR,and
COSCOLOR

AIRS/AMSU/MHS,ASTER,MIMR,MISR,andMOOTS

DORIS,GLAS,MIMR,andSSALT

AIRS/AMSU/MHS,ASTER,MISR,MODIS,andEOS-COLOR
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deletionofHIRISwaspredicatedonthejointDaD/NASApartnership
in Landsat.ThisactionhasbeenresolvedsinceinitiationoftheRed

andBlueTeamreviews,withmanagementresponsibilitytobe

completelytransferredfromNOAAtotheintegratedDaD/NASAteam
withthelaunchofLandsat-7.

Developinga commonspacecraftbuspreservesthescienceobjectives
byincreasingpayloadflexibility,bysimplifyinginstrumentdesign
througha knowninterface,andbyallowingfora launchopportunity
every18to30months.Thisapproachwillonlyberealizedif
minimalredesignisrequiredforeachspacecraftandinstrument
grouping.ThechiefconcernoftheRedandBlueTeamsandEOS
PayloadAdvisoryPanelwastodetermineoptimumcharacteristics
thatbestsupportthegroupingsidentifiedinTable5. Thisresultedin
EOS-AM1havinga uniquedesign,with-PM1thefirstcommonbusto
beusedonallsubsequentspacecraft(exceptEOS-AERO,-COLOR,and
-ALT).IELVsremainthelaunchvehiclesofchoice,becausethisclass

bestaccommodatesthepayloadneedsdevelopedduringthe
restructuringandrescopingdeliberations.TheEOS-ALTand-AERO
seriescanbeaccommodatedonsmallerELVs.

ContinuingthecurrentEOS-AM1developmenteffortprovidesthe
greatestassuranceof meetingtheJune1998launchreadinessdate.
TheEOSProgramnolongerrequiresEOS-AM2tohavethesame
performancecharacteristicsas-AM1.Thisdevelopmenteffortshould
natbeconsideredfornaught,becausethisspacecraftcouldserveas
thebasisforfutureLandsat-classmissions.Thisspacecraftwillbe
abletohandlemultiplehigh-resolutioninstruments,whichrequire
morepower,pointing,anddata-handlingcapabilitiesthanotherEOS
missions.

Thepayloadsafter2000wereshiftedprimarilytotakeadvantage
of ongoingdiscussionsbetweenNASAandtheinternational
community.Thismayallowscatterometermeasurementsto be
advancedbyapproximately2 years,if sufficientresourcesare
madeavailabletoaccommodatetheNASAScatterometerfollow-on

(NSCATII) onJapan'sADEOSII. Thisprovidesgreaterassurance
ofthecontinuityofoceanwindstressandtopography
measurementsneededtostudyoceancirculationandair-sea
exchangeofenergyandchemicals.TheNSCATaccommodationon
theoriginalEOS-CHEM1payloadwasconsidereda flight-of-
opportunityinorderto continuetheobservationsbegunwith
ADEOSI, whichisscheduledforlaunchin1996. Sucha scenario
wouldhaverequiredthatNSCAToperateforat least6 yearsprior
tothe launchoftheEOS-CHEM1mission.Therescopedscenario

assumesflightof NSCATII in1999,significantlyreducingrisk ofa
gapinscatterometrydata.

TwoFrenchinstrumentspresentlyonboordtheTOPEX/Poseidon
mission[i.e.,Solid-StateAltimeter(SSALT)andDopplerOrbitography
andRadiopositioningIntegratedbySatellite(DORIS)]willprovide
neededaltimetricobservationsbyreplacingtheU.S.Altimeter(ALT)
andGPSGeoscienceInstrument(GGI),respectively.However,the
sciencereturnwillbereduced.SSALTcurrentlydoesnotoperatein
twofrequencies(requiredforthecorrectionofionosphericeffects),
andthesubstitutionof DORISprovidesprecisetrackingbut
eliminatesthesparse,accurate,atmospherictemperatureprofiles
thatGGIwouldgenerate.BoththeRedandBlueTeamsandPayload
AdvisoryPaneltookthesefactorsintoconsiderationwhenweighing
sciencereturnagainstthecostsinvolved.

Thecontinuationof theLandsatProgramallowedtheplacementof
theTroposphericEmissionSpectrometer(TES)--insteadofHIRIS_
onEOS-AM2,togetherwithMODISandpossiblytheMeasurementsof
Pollutionin theTroposphere(MOPITT)instrument.This
reconfigurationalsoallowedtheinclusionofseveralflight-of-
opportunityinstruments[i.e.,ActiveCavityRadiometerIrradiance
Monitor(ACRIM),SolarStellarIrradianceComparisonExperimentII
(SOLSTICEII), andMicrowaveUmbSounder(MLS)]ontheEOS-CHEM
series.Theseinstrumentswillgeneratemeasurementsof
atmosphericchemicalcomposition,radiation,anddynamics
complementarytoobservationscurrentlybeingcollectedbytheMLS
andSOLSTICEII instrumentsaboardUARS.

Asin therestructuredEOSscenario,SAGEIII measurementswillbe

providedbybothEOS-AEROand-CHEMsatellites,whichwillflyin
57° inclinedandpolarorbits,respectively.Byplacingthis
instrumentindifferentorbits,fullglobalcoveragecanbe
guaranteed.ThespacecraftfortheEOS-AEROmissionhasyetto be
determined;however,NASAnegotiationsforaninternational
partnershipintheaerosolsseriesshouldbecompletedin1993.

Throughtherescopingexercise,theEOSProgramhasdecreased
instrumentcontingencyfundstobemorerepresentativeofa
multiplecopyprocurement,andhasphasedinstrument
developmentsto controlinitialcostsandbringtheoverallbudget
withintheCongressionallymandatedceiling.Asa result,thetotal
numberofinstrumentsto flyontheEOSplatforms(including
internationalcontributions)hasbeenreducedto 22,ofwhich15
willflybefore2003. ASTERisslatedforonlyoneflight,and

1993 EOS Reference Handbook • EOS Science Objectives 19



EOSScienceObectives

negotiationsarestillunderwayto accommodateMOPITTonthe
secondEOS-AMplatform;a slotforanasyetto bedetermined

Japaneseinstrumentforflightonthe EOS-CHEMserieshasbeen
heldasreciprocationfortheflightof NSCATII ontheADEOS
series.Ofcourse,instrumentcomplementscouldchangewiththe
evolutionof scientificunderstandingand/ortechnological
enhancements.Referto the EOSInstrumentssectionfor

descriptionsof thoseinstrumentsthatremainpartoftheEOS
Program.

ThereconfigurationoftheEOSpayloadshasbothbenefitsand
pitfalls;yet,intheprevailingbudgetenvironment,decisionmakers
havetobalancethesciencereturnagainstcostsincurred.Any

rearrangementsrequirereviewbyEOSIWGtodetermineif they
representanacceptablesolutiontowardssatisfyingtheidentified
IPCCscienceandpolicypriorities.Furthermore,thepotentialof

achievingtheinternationalcommitmentsassumedintherescoped
programmustbequantifiedtodeterminetheconsequencesofdata
gapsshouldthesecollaborationsnotberealized.

 '2o .................................................................................................................
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INTERNATIONALCOOPERATION

heEarthObservationsInternationalCoordinationWorkingGroup(EO-ICWG)isthe forumwithinwhichtheU.S.,
Europe,Japan,andCanadadiscuss,plan,andnegotiatethe

internationalcooperationessentialforimplementationofthe
InternationalEarthObservingSysteminthe1990sandbeyond.The
delegationstoEO-IONGareledbytheEarthobservationsofficesof
theirrespectivespaceagencies:TheHationalAeronauticsandSpace
Administration(NASA);theEuropeanSpaceAgency(ESA);the
ScienceandTechnologyAgency(STA),theNationalSpace
DevelopmentAgency(NASDA),andtheMinistryof International
TradeandIndustry(MITI);andtheCanadianSpaceAgency(CSA).
Thedelegationsalsoincluderespectiveoperationalenvironmental
monitoringagencies:TheNationalOceanicandAtmospheric
Administration(HOAA),theEuropeanOrganisationforthe
ExploitationofMeteorologicalSatellites(EUMETSAT),theJapan
MeteorologicalAgency(JMA),andtheAtmosphericEnvironment
Service(AES).Thegroupmeetstwotothreetimesperyear,
addressingafullrangeoftechnicalandpolicyissues,whichinclude
payload,operations,datamanagement,datapolicy,andinstrument
interfaces.EO-ICWGhasdefinedtheelementslistedbelowasthe

space-basedcomponentofIEOS:

• NASA'sEarthObservingSystem(EOS)missions
• Japan'sAdvancedEarthObservingSystem(ADEOS)missions
• NASA/NASDATropicalRainfallMeasuringMission(TRMM)

andfollow-ons

• ESA'sPolar-OrbitEarthObservationMission(POEM)satellites

• NOM'sPolar-OrbitingOperationalEnvironmentalSatellite
(POES)series.

Table7 liststheIEOSsatellitesandtheirrespectiveinstrument
complements.Giventhetransienceofnationalbudgetscenarios
(consequentlyscheduling),thischartshouldbeconsidereda planning
document.RefertotheMissionElementssectionformoredetailon

thevariousspacecraftthatcompriseIEOS.Theparagraphsbelow
offerbriefsynopsesofthepartnernationcontributions.

EUROPE

Originallya singlepolar-orbitingplatformseriesconcept,ESA'sPOEM

environmentalmonitoringandatmosphericchemistry(EHVISAT),and
oneforoperationalmeteorologicalandclimatemonitoring(METOP).
Thespacecraft,instrumentation,launch,operations,andassociated
datasystemareprovidedthroughESA,individualmemberstate
contributions,andEUMETSAT.ESA'splanscallforthefirstflightof
POEM-EHVISATinmid-1998,witha follow-onflightin2003.This
satelliteserieswillcontributetoenvironmentalstudiesinlandsurface

properties,atmosphericchemistry,aerosoldistribution,andmarine
biology.Thesecondsatelliteseries--POEM-METOP--willflyan
operationalmeteorologicalpackageandclimatemonitoring
instrumentationincooperationwithEUMETSATandNOM. Thisseries
willtakeovermorningoperationalsatellitecoveragefromtheNO/O,
POESsystemin2000.

Asa resultoftherescopingexercise,Francemaycontributetwo
TOPEX/Poseidon-heritageinstrumentsforflightontheEOS-ALTseries
(i.e.,DORISandSSALT).Aninternationalscienceteamwillhe
formedto conductglobalclimatechangeresearchusingdatafrom
theseinstruments.

FurtherEuropeancontributionsto IEOSincludeprovisionofthe
MultifrequencyImagingMicrowaveRadiometer(MIMR)byESAfor
flightontheEOS-PMseries;theMicrowaveHumiditySounder(MHS)
byEUMETSATforflightontheEOS-PMseries;andtheHigh-
ResolutionDynamicsUmbSounder(HIRDLS)---njointU.S./U.K.
instrumentinvestigation--forflightontheEOS-CFIEMseries.
Europeanscientistsparticipateintheseandotherinstrument
investigationteams.Finally,FranceandtheU.K.aresponsoring
severalEOSInterdisciplinaryScienceInvestigations(seepages115,
122,and129).

JAPAN

ADEOS,TRMM,andtheirfollow-onsaretheEarthobservation

missionsdesignatedastheJapanesecontributionstoIEOS.In
tandemwiththeirpredecessors[e.g.,Japan'sEarthResources
Satellite-1(JERS-1)],thesesatellitesconstitutetheJapaneseEarth
ObservingSystem(JEOS).Japanplanstolaunchthepolar-orbiting
ADEOSmissioninFebruary1996,intoa sun-synchronous98.6°
inclinationorbit,withan~800-kmaltitude.TheobjectivesofADEOS

missionrecentlywassplitintotwosatelliteserie_ne for includeEarth,atmospheric,andoceanographicremotesensing.
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NASAwillprovidetheNSCATandTOMSinstrumentsastheU.S.
contributiontothepayload,andwillacquireADEOSdatadirectlyat

itsgroundstationinFairbanks,Alaska.Afterthefirst6 monthsof
missionoperations,datawillbecollectedona routinebasisforNOAA

atNASA'sWallopsFlightFacility(WFF).Theconceptualdesignofthe
ADEOSfollow-on--ADEOSII--is stillunderway.Oneproposalcalls

fordividingADEOSII intotwoseparatemissions,withthefirst
satelliteto belaunchedin1999.ADEOSII wouldcarrya global

monitoringpayload,whileanADEOSII follow-onwouldhavehigh-
resolutionvisibleandmicrowavesensors.PlanscallforNASAto

provideNSCATII forthefirstADEOSII payload.

TheTRMMsatellite,whichwillflyina 35° inclinationorbit,willbe
launchedinAugust1997.Thepayloadwillbeprovidedjointlyby
NASDAandNASA.NASAwillprovidetheTRMMspacecraft,the
TRMMMicrowaveImager(TMI),theVisibleInfraredScanner(VIRS),
theUghtningImagingSensor(LIS),a radiationbudgetinstrument
(i.e.,CERES),andinstrumentintegration.Japanisprovidingthe
PrecipitationRadar(PR)andlaunchonanH-IIELV.ATRMMfollow-
on(TRMM-2)isbeingproposedforlaunchin2000,intoa 55°
inclinationorbit.

Withregardto EOS,MITIisprovidingASTERforflightonEOS-AM1.
Inaddition,anasyettobedeterminedJapaneseinstrumentwillbe
accommodatedontheEOS-CHEMseries.Japanisalsosponsoring
oneoftheEOSInterdisciplinaryScienceInvestigations(seepage
121).

OTHER

OtherinternationalinvestigatorswereselectedbyNASAthroughthe
EOSAnnouncementofOpportunity.PrincipalInvestigatorsfor
InterdisciplinaryScienceInvestigationswerechosenfromBraziland
Australia(seepages105,112,and117). Co-investigatorsforthe
scienceinvestigationsandEOSinstrumentteammembersrepresent
10countries.TheseinternationalEOSinvestigatorsarefundedby
theirrespectivenationalagencies,butwillhavefullaccessto
observationsacquiredbyEOS,andotherservicesmadeavailable
throughEOSDIS.

TheGraduateStudentFellowshipinGlobalChangeResearchinvolves
substantialinternationalparticipation(seetheGlobalChange
FellowshipProgramsection).From1990-1992,33fellowshipshave
beenawardedtoforeignstudents,representing18countries.The
totalnumberoffellowshipswillincreasepriortolaunchoftheEOS
satellites,therebyensuringa poolofhighlyqualifiedEarthscientists
to disseminatethedatageneratedduringthe15-yearmission
lifetime.

CANADA

CSAisprovidingMOPITTforflightonEOS-AM1andpossiblereflight
onEOS-AM2.Thisinstrumentwillmeasureatmosphericcarbon
monoxideandmethane.CSAisalsosponsoringtwoEOS
InterdisciplinaryScienceInvestigations(seepages107and128).
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nterogencycooperationinthedevelopmentandimplementationof EOScontinuestobeextensive,especially
amongthoseagencieswithspaceprogramsned/orsignificant

responsibilitiesforor(hivingEarthsciencedata. NationalSpace
PolicyDirective7 furthercementedtheseagencyrelationshipsby
establishingtheSpace-BasedGlobalChangeObservationSystem
(S-GCO$)PrograminJune1992. Intandemwithotherstudies
coordinatedthroughUSGCRP,S-GCOSwillprovidetheglobal
observationsthathelpresearchersunderstandtheEorlhasa syslem.
TheU.S.GovernmenthasplacedS-GCOSintheforefrontofUSGCRP
toensurecollectionofcomprehensive,integratedsetsofconsistent
ground-andspace-basedobservations;thespacecomponentof
S-GCOShasMissionto PlanetEarthasitscenterpiece.NASA'sMission
toPlanetEarthProgramhasbeenplannedtobenefitfromand
complementthecapabilitiesofitsFederalpartners,whichore]isled
below,withspecificrolesinEOSdevelopmentdefinedinthefollowing

paragraphs:

• DeportmentofCommerce/NationalOceanicand

AtmosphericAdministration(DOC/NOAA)
• DepartmentofDefense(DAD)
• DepartmentofEnergy(DOE)
• DepartmentoftheInterior/U.S.GeologicalSurvey

(DOI/USGS).

RefertotheMissionElementssectionfordescriptionsoftheS-GCOS
satelliteandinstrumentcontributionsthatfallundertherubricofthe

InternationalEarthObservingSystem.

DEPARTMENT OF COMMERCE

NOAAconductsU.S.civilprogramsforoperationalEarthremote

sensing.Since1960,satelliteobservationsoftheglobal
environmenthavebeenprovidedbyNOAA'sPOESsystem.Coverage
oftheWesternHemispherehasbeenprovidedbyNOAA's
GeostationaryOperationalEnvironmentalSatellite(GOES)system
since1974. ThecurrentandfuturesatellitesofthePOESandGOES

systemsareanessentialportof USGCRP.Thesesatellitesprovide
valuableprecursordata,andwillyieldcomplementaryobservations
duringtheEOSmissionlifetime.Furthermore,NOAA'slong-term

datarecordwillbeusedto establishbaselineconditionsandtodetect
trends.

ThepresentPOESProgrammaintainstwooperationalsatellitesin
polarorbit---oneprovidingmorning(AM)coverageandtheother
afternoon(PM)coverage.TheU.S.andEurope(i.e.,EUMETSATand
ESA)haveagreedinprinciplethatEuropewill takeover
responsibilityfortheAMglobalcoveragemissioninthe2000time
frame.NOAAwillprovideAMcoveragethrough2000,andwill
continuePMcoverage.ThroughNOM,theU.S.willprovidea suite
offourprimarysensorsfortheEuropeanAMmission.EUMETSAT
andotherswillreciprocatebysupplyingsensorsandsubsystemsfor
flightonboththeAMandPMsatellites.

PlanningforthecooperativeprogramofglobalcoveragebytheU.S.
andEuropeincludesarrangementstofly theNOAA/EUMETSAT
operationalpayloadinmorningorbitandEUMETSAT'sestablishment
ofnhigh-latitudegroundstationtoreadoutdatafromboththeAM
andPMplatforms.Thislatteragreementensuresthatdataare
downlinkedeachorbit,minimizingdatalatencyanddependenceon
dataaveraging.WithoneEuropeanandtwoU.S.high-latitude
stations,NOAAandEUMETSATwillessentiallyeliminatedatadelays
associatedwiththerecordingofmultipleor"blind"orbits.NOM
andEUMETSAThaveagreedtoestablishsystemsandproceduresto
ensurethetimelyandfullexchangeofoperationalmissiondata.

Long-termimprovementsinNOAAsatellite,instrument,andspace
subsystemdesignareexpectedtoresultfromtechnologyadvances
associatedwiththeEOSProgram.Tothisend,coordinationin

technologydevelopmentextendstoNASAdesignatingsomeEOS
instrumentsas"prototypes"forfutureoperationalenvironmental
satellites.ThismeansthatNOMandNASAareagreeingondesign
featuresthatwouldenabletheseprototypestobetransferredto
NOMspacecraftafterbeingspace-provenin NASAresearch/
demonstrationefforts.

DataproductsderivedfromPOESandGOESobservationsare
providedtousersin real-timeandfromor(hiveddatasetsbyNOAA;
inaddition,PathfinderdatasetsareprovidedjointlybyNASAand
NO.AA(seethePathfinderDataSetssection).Asa participantinthe

EOSDISProgram,NOAAwillserveasthelong-termarchivefora
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majorportionofEOSdata,andwillcontinuetomakeavailableinsitu
datafromitsdatacenters.NOAAactivelyparticipatesinEO-ICWG
andtheCommitteeonEarthObservationsSatellites(CEOS);in

addition,NOAAchairstheInteragencyWorkingGrouponData
ManagementforGlobalChange(IWGDMGC),whereinteragency
dataexchangearrangementsandpoliciesareplannedand
coordinated.

DEPARTMENT OF DEFENSE

DaD'sDefenseMeteorologicalSatelliteProgram(DMSP)maintains
satellitesinpolarorbittogatherglobalenvironmentaldata.DMSP
dataandderivedproductshavebeenmadeavailabletonon-DaD

usersthroughflOAA.DaDwillcontinueDMSPintotheforeseeable
future,andDMSPdatawillbeavailabletoglobalchangeresearchers
instandardformatsviaglobalchangedatanetworks.

Inaddition,responsibilityforLandsatprogrammanagementwas
assignedtotheNASAAdministratorandtheSecretaryofDefenseby

theLandRemote-SensingPolicyActof 1992(PL102-555).ThisAct
stipulatesthatNASAandDaDaretoproceedwiththeprocurement,
launch,andoperationsofLandsat-7--providingdatacontinuitywith

andbeyondLandsat-6,whichisscheduledforlaunchin]993. The
Ad providesfortheorderlytransferofLandsatresponsibilitiesfrom
theSecretaryofCommercetotheNASA-DaDLandsatProgram

ManagementTeam,aswellastherequirementfora programof
research,development,anddemonstrationofadvancedlandremote-
sensingtechnology.TheLandsatProgramManagementTeam
awardeda contractforLandsat-7inthefallof 1992;a researchand
developmentprogramplantodemonstratenewtechnologiesis
currentlybeingprepared.

DaDplansfuturesatellitesandinstrumentsthatwillprovide
additionalEarthsystemobservations.Missionsunderconsideration
addressoceanconditions,ozoneandtracegasdistributions,
ionosphericairglow,andsolarenergyinteractionswiththe
atmosphere.DaDparticipatesin planningforUSGCRPandits
associateddatasystems.IncooperationwiththeotherFederal
agenciesinvolvedinEOSDISandrelateddatasystems,DaDis
seekingworkableapproachestomakemoreofitsrelevantdata

available.Otherworkinggroupsarebeingestablishedtoexplore
potentialenvironmentalremote-sensingcollaborationsbetween
NASAandDaD.

DEPARTMENT OF ENERGY

DOEdevelopsandusesremote-sensingtechnologyinmanyofits

programs.Theagencydevelopsandtestsclimatemodels,and
assessestheimpadsassociatedwithincidentalenvironmentalforcing
functions.Forinstance,DOEhasconducteda decade-longprogram
toimprovegeneralcirculationmodelsandtoprovidereliable

predidionsofregionalclimatechangein responseto increasesin
atmosphericgreenhousegases.DOEholdsdatabasesacquiredfrom
a multitudeofsourcesastoolsforcondudingitsmodelingand
climate-predictionactivities.

Withrespecttohardware,DOEhassuccessfullyminiaturizedkey
componentsof space-basedinstrumentation,whichaddsa greatdeal
offlexibilitytoEarthremote-sensingprograms.Recent
developmentsnowenablethedeploymentoflow-mass,low-volume
sensorsonconventionalorsmallsatellites.Miniaturization

technologycontributestotheeffectivenessofUSGCRPbyallowing
earlydeploymentofsmallsatellites.Inanefforttoexploitsuch
technologyadvances,NASAandDOEhavecreateda Joint
DevelopmentandDemonstrationPrograminAdvancedRemote-
SensingTechnology,whichhastheobjediveofloweringthecostand
improvingtheperformanceofremotesensors.Theultimategoal
involvesthedevelopmentof remote-sensingtechnologiesand
conceptsforspace-basedenvironmentalapplications.Fourareasare
currentlyunderinvestigation:Laserdetectionofwinds,high-
resolutionmultispectralimaging,syntheticapertureradar,and
unmannedaerospacevehicle(UAV)sensing.

AlongwiththeinvolvedU.S.agencies,DOEisdevelopingthe
networkingcapabilitiestomakeitscurrentandfutureglobalchange
archivesmoreconvenientlyaccessibletousers.IntheEOSDIS
framework,DOEhasagreedtomanagetheEOSbiogeochemical
dynamicsdatabase,anddatafromcoordinatedfieldexperiments.
ThisdatabasewillresideattheOakRidgeNationalLaboratory
(ORNL).

DEPARTMENT OF THE INTERIOR

ManagementresponsibilityfortheNation'snaturalecosystem,
energyandwaterresources,andpubliclandsisvestedinDOI.
WithinDOI,USGSisaddressingthecollection,maintenance,analysis,
andinterpretationofinsitushort-andlong-termland,water,
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biological,andothernaturalresourcedataandinformation.USGSis
developingadvancedinformationsystemsto provideenhanced
accesstoexistingandfuturearchivesofEarthsciencedatathrough

itsprimaryarchiveforglobalchangedata--theEarthResources
ObservationSystem(EROS)DataCenter(EDC).

EDChousestheworld'slargestcollectionofspace-andaircraft-based
imageryoftheEarth'slandsurface,includingover2 millionimages
acquiredfromLandsatandothersatellites,andover8 millionaerial
photographs.AspartoftheEOSProgram,EDCisresponsibleforthe
following:

• Operatingthedatacenterresponsibleforlandprocesses
information

• CommunicatingwiththeEOSscienceandinstrumentteams
toensuredeliveryofland-relatedproductsrequiredfor
EOSinvestigations

• LinkingtheUSGSGlobalLandInformationSystem(GLIS)
totheEOSDISInformationManagementSystemriMS).

GLIS--anon-linedatadirectory,guide,andinventorysystem---is
beingdevelopedbyUSGStorespondtothelanddataandaccess

needsoftheglobalchangeresearchcommunity.

BythetimeofEOS-AM1launchin1998,LondsatdatahousedatEDC
willprovidea 25-yearbaselineofinformationaboutlandsurface

conditionsandchanges.AstheoperatoroftheNationalSatellite
LandRemote-SensingDataArchive,USGShasembarkedupona
majorprogramtoconverttheLandsatdataarchivetonext-
generationdurablestoragemedia,therebyavoidinglossofdata
storedondeterioratingmagnetictapes.Inaddition,EDCwillserve
astheprocessing,distribution,andarchivalfacilityforLandsat-7
data.
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EOSDATAANDINFORMATION
SYS'I'I M(EOSD! __

OSDISwillmanagethedataresultingfromNASA'sEarth
scienceresearchsatellitesandfieldmeasurement

programs,andotherdataessentialfortheinterpretationof
thesemeasurements.EOSDISwillsupplydataarchive,distribution,
andinformationmanagementservices;forEOSsatellites,EOSDISwill
alsoprovidedataproductgenerationandcommandandcontrol

functions.EOSDISwillprovidedatasetsgeneratedbyassimilationof
applicableobservationsintoglobalclimatemodels.Tothisend,
EOSDISmustperformawidevarietyoffunctions,supporting
individualslocatedinvariousorganizationsandcarryingonseveral
distincttypesofactivity,including:

• Missionplanning,scheduling,andcontrol
• Instrumentplanning,scheduling,andcontrol
• Resourcemanagement
• Communications

• Computationalfacilitiesat investigatorsites
• Generationofstandarddataproducts
• Generationofspecialdataproducts
• Archivingofdata,products,andresearchresults
• Dataandinformationcataloging,searching,browsing,and

ordering

• Effectivedistributionofall informationholdings
• Usersupport.

Thesegroupingsoffunctionsandactivitiestogetherwiththeir
interrelationshipsareillustratedinFigure7. Multipleboxesindicate
distributedcapabilities.Forinstance,datauseinresearch,algorithm
developmentandmaintenance,anddataproductgeneration,
archiving,anddistributionarecarriedoutin manydifferent
locations,whilemissionplanning,scheduling,andcontroltakeplace
atonesite[i.e.,theEOSOperationsCenter(EOC)].

EOSDIS COMPONENTS

NASAisimplementingEOSDISusinga distributed,opensystem
architecture.ThisallowsforthedistributionofEOSDISelementsto

variouslocationsto takebestadvantageofdifferentinstitutional

capabilitiesandscienceexpertise.AlthoughEOSDISisphysically
distributed,it willappearasinglelogicalentityto theuser.EOSDIS
willconsistof anEOSDISCoreSystem(ECS)toprovidecentralized
missionandinstrumentcommandandcontrolfunctions,and
distributed(butcommon)productgeneration,archive,and
informationmanagementfunctions.Capabilitiesalsoexistoutsideof
thecore,includingsite-uniqueextensionstocorecapabilities,
computingfacilitiesforEOSresearchers,andsoon.Ascanbeseen

inFigure7,theEOSDISarchitectureiscomposedofseveraltypesof
elements,mostofwhichwillbegeographicallydistributed,thereby
providinga resilientprogram.Thefollowingparagraphsprovide
detailsoneachofthecomponentsmakingupthedatasystem.They
shouldnotbeconsidereda prioritizedranking;rather,eachfunction
provesinvaluableinthesuccessfulimplementationof EOSDIS.

InternalandExternalNetworks. Thelarge,distributed
communityof Earthscientistsandotherusersrequireslargenetwork
capacityandbroadlyavailable,easyconnectivity.Thisisthefunction
oftheEOSDISExternalNetwork.Inimplementingtheexternal
network,NASAiscurrentlyusingNASAScienceInternetandits
connectionstotheNationalScienceFoundation(NSF)Internet,and
willmakemaximumuseof theNationalResearchandEducation

Network(NREN)asitdevelops.TheinterconnectionoftheEOSDIS
elementsrequiresa secure,high-bandwidthnetworkfunctioningina
controlledmannertoenablethevariouselementstosupportone
anotherina timelyfashionandtosupportcommunicationwiththe
satellites.TheEOSDISInternalNetworkwillmeetthese

requirements.Figure8 illustratestheinternalandexternalnetwork

connectionsthatmustbemade,butnotnecessarilytheactual
architectureofbackboneandtailcircuits.

ScienceComputingFacilities(SCFs).Afternetworks,thekey
itemdeterminingthenatureof EOSDISaccesswillbethetypeof
equipmentrequiredtosupporttheuserinterface.Fortheprimaryuser
communityofenvironmentalresearchers,SCFswillprovidethis
capability.SCFswill rangefrompersonalworkstationstosupercompute_
supportingalgorithmdevelopmentandotherEOSDISfunctions.To
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\
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Facilities for data capture, Level 0
processing, and backup archive

enableaccessfromawidevarietyof I
researchers,EOSDISwillmake t

availabletouserssoftwaretoolkitsthatcanberunoncomputersreadily
affordablewithintypicalresearchgranls,lbesetoolkitswillfacilitate
accesstoEOSDISservicesand,insomecases,allowlocalprovisionof
EOSDISservices.EOSI)ISwillprovideaccessandasmanyservicesas
possibletouserswhopossessaslittleasa personalcomputerand
modem.Manyothersources,bothwithinandexternaltoNASA,will

Figure 8. EOSDIS Networking Strategy I provideresearchfundingfor
computingequipmentand

communicationstosupporttheneedsoftheEarthsciencecommunity.

QualityControl(QC)SCFs.QCSCFswillJndudespecialso|lworeto

enableinvestigatorsrespom_forstandardproductolgori_mstoperform
scientificqualityconlroloftheirproducts.Locatedattheinvestigators'home
instilatinas,theseSCFswillbeconnectedtotheEOSDISinternalne'_verk.
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Distributed ActiveArchiveCenters(DAACs).EightDAACs
coveringvarioustypesofEarthsciencedatahavebeenselectedby

NASAtocarryouttheresponsibilitiesforprocessing,archiving,and
distributingEOSandrelateddataandforprovidinga full rangeof
usersupport.Theseinstitutionsensurethatdatawillbeavailable
indefinitelyinaneasilyusableform.Actingin concert,DAACswill
supportglobalchangeresearcherswhoseneedscrosstraditional
disciplineboundaries,whilecontinuingtosupporttheparticular

needsof thedisciplinecommunity.DAACassignmentswerebased
primarilyonthecurrentdistributionof scientificexpertiseand
institutionalheritageandcapability(seeFigure9);theplanned
responsibilitiesofthesecentersarelistedinTable8. EachEOSDAAC
containsfunctionalelementsthatincludea ProductGeneration

System(PGS),a
DataArchive Asf
andDistribution _. ....dPolar Processes Imagery

System(DADS),
andon
Information _,

Management

System(IMS). JpL
Theseelements _oc,rco_o,_.... d

Air-SeQ Interaction

includea
common"core"

setoffunctions

providedbythe "°

distributedECS, _ i Nslocandalsosome
Cryosphere

DAAC-unique _oo_AR_
extensions

requiredtosupporteachDAAC's
disciplineusercommunity.Other I

FederalagenciesmaysharemanagementandFunding
responsibilitiesfortheactivearchivesundertermsofagreements
negotiatedwithNASA.DuringtheEOSoperationallifetimeand
beyond,NASAmaymakearrangementsto transferresponsibilityfor
someorallEOSdataandproductsfromEOSactivearchivesto
permanentarchives.

similartothosecarriedoutbytheeightDAACs;however,SEDACis
connectedto EOSDISonlyviatheexternalnetwork.Figures7 and8
illustratetheroleofCIESINwithintheoverallframeworkofEOSDIS.

EOSData andOperationsSystem(EDOS).Thisdistributed
componentof EOSDISprovidesforcommanduplinkanddatacapture
throughNASA'sTrackingandDataRelaySatelliteSystem(TDRSS)at
theWhiteSandsComplexinNewMexico,andproductionprocessing
ofEOSdataata FacilityinFairmont,WestVirginia.Production
processinginvolvestheseparationofcompositedownlinktransfer
framedatastreamsintoindividualpayload/instrumentdatapacket
streams(i.e.,Level0 processing).EDOSalsoprovidesa long-term
backuparchiveoftheLevel0 processeddata.Theuplinkingof

commandsto

i EDC
Land Processes

Imo_lery

i I

ORNL
CIESIN G_ound-BasedData Relatir',g

Soclo-Economic i to Biogeochemical L_lcs I
Applications I I
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_ob(_l BiOSl_ere , ancl"
C-eop1_ysics

I

LeRC
Rodiat_n_.

AerosoJs, ancI

Tropospheric Chemistry

andthe

acquisitionof
Level0 data
fromEOS

instrumentsan
theinternational

partnersatellites
willbehandled
viainterfacesto

therespective
groundsystems.

EOS

Operations
Center|EOC).
"[hiscenteris

responsibleformissioncontrol,
Figure 9. Geographical Distribution of EOSDIS I missionplanningandscheduling,

instrumentcommandsupport,andmissionoperations.All
communicationswiththeplatformsandinstrumentsgothroughEOC.

InternationalPartnerOperationsCenters(IPOCs).These
centersperformfunctionssimilartothoseofEOCforthe
internationalpartnerobservatories.

Socio-EconomicData andApplicationsCenter(SEDAC).An
additionalcenter--ConsortiumforInternationalEarthScience

InformationNetwork(CIESIN)--receivesfundingfromNASAtoact
asa linkbetweentheEOSProgramandthesocio-
economic/educationalusercommunity.Thedataacquisition,
processing,archival,anddatadistributionfunctionsatCIESINare

SystemManagementCenter(SMC). Incoordinationwiththe
DAACs,SMCensuresappropriatedataflows,andmanagesproduction
schedulesandresourceusage.Itsfunctionsincludeconfiguration
management;high-levelschedulingofsystem,site,andelement
activities;monitoringofproductionandperformance;resolving
Faults;security;andaccountingandbilling.
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InstrumentControlFacilities(ICFs).Thesefacilitiesconsistof

severalInstrumentControlCenters(ICCs).EachICCplansand
schedulesinstrumentoperations,generatesandvalidatescommand
sequences,providesthecapabilityto forwardcommandsandto
storethemforlatertransmission,monitorsthehealthandsafetyof
instruments,andprovidesinstrumentcontrollerswithstatus
informationontheirinstruments.TheinternationalpartnerICCs
willperformsimilarfunctionsfortheirinstrumentsonEOS
spacecraft.

InstrumentSupportTerminalsfiSTs). Residingat InstrumentPI
andTeamLeadersites,ISTsareusedtoaccessICCsforinformation

onthehealthandsafelyofindividualinstruments.TheyenablePIs
andtheirengineeringsupportteamstoprovidecommandinputsto
theICCs,andtoparticipatewithinstrumentandmissioncontrollersin

thediagnosisandresolutionofperformanceanomalies.

FieldSupportTerminals(FSTs).FSTswillprovidemobile
communicationstocoordinateplatformdataacquisitionwithfield
experimentsandthenecessarydisplaycapabilitiesto supportfield

I Table8. EOSDIS-SponsoredDataCenters

DistributedActiveArchiveCenters

DisciplineResponsibilities

Upperatmosphere,atmospheric
dynamics,globalbiosphere,and
geophysics

Radiationbudget,aerosols,and
troposphericchemistry

Center Initial Systems

GSFC NCDS,PLDS,
GoddardSpace CDDIS
FlightCenter

LaRC ERBEprocessing
Langley
ResearchCenter

EDC GLIS,Landsot Landprocessesimagery
EROS processing
DataCenter

UAF ASFsystem
Universityof
Alaska-Fairbanks

Seaiceandpolarprocessesimagery

CU CDMS Cryosphere(non-SAR)
Universityof
Colorado

JPL NODS Oceancirculationandair-sea
JetPropulsion interactions
Laboratory

EOSand Other
Missions/Instruments

AIRS/AMSU/MHS,CZCS,GLAS,
HIRDLS,MIMR,MLS,MODIS,SAGE
III,SeaWiFS,TOMS,andTMI

ACRIM,ASTER,CERES,EOSP,ERBE,
MOPITT,MISR,SAGEIII,SOLSTICE
II,andTES

ASTER,AVHRR,Landsot(MSSand
TM),MISR,SAR(land),and
airbornesensors

ERS-1JERS-1,ERS-2,Radarsat,
andongoingroeasgroundstation

DORIS,GLAS,MIMR,SSALT,OLS,
SMMR,andSSM/I

MIMR,NSCAT,Seasat,SSALT,and
TMR

MIME,TMI,PR,LIS,andSSM/I

Insitutracegasandgasfluxdata

MSFC WelNet Hydrology
MarshallSpace
FlightCenter

Socio-ecenomkdata

ORNL TGDDIS Biogeochemkaldynamics
OakRidge
National-Laboratory

Socio-EconomkDataandApplicationsCenter
CIESIN _ Hamandimensionsofglobalchange
ComarliumforInter- andpolicymakingappfications
nationalEarthScience
InformationNetwork

i campaigns.

ProductGenerationSystem
(PGS). ThisDAACelement

performsdataprocessing
functions,includingroutine
generationofstandardproducts,
quick-lookproducts,metadata,
andbrowsedatasets.These

operationsalsoextendto
reprocessingofdataand
retrospectiveproductionofnew
standardproducts.Computational
supportforotheractivities,
includingresearchandspecial
producttrials,canalsobeincluded
inthesefacilities.

DataArchiveandDistribution

System(DADS).ThisDAAC
elementisresponsiblefor
archivinganddistributingEOS
dataandinformation,including
Level0 andhigherdata
products,ancillaryand
correlativedata,metadata,
commandhistories,algorithms,
anddocumentation.Datawillbe
distributedfromDADSto EOS

scientists,otherEOSfacilities,
andotherresearchusers

electronicallyvianetworksoron
high-densitystoragemedia(e.g.,
opticaldisks),dependingonthe
requestedvolume.
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InformationManagementSystem(IMS). Astheuser
interface,IMSprovidesinformationaboutEOSDISdataholdingsona
24-hourbasis;providespointerstoexternalarchiveswithwhich
EOSDISinteroperates;acceptsuserordersforEOSdata;provides
informationaboutfuturedataacquisitionandprocessingschedules;
acceptsandforwardsdataacquisitionandprocessingrequests;and

maintainsinformationansystemstatus,management,and
coordination.TheIMSwillbedistributedtoindividualDAACs;
however,inkeepingwiththetransparentuserinterface,researchers

accessingIMSwillseethesamecomprehensive"Earthscience"view
oftheoverallEOSDISdatabase,spanningtheholdingsofallthe
DAACs.

AffiliatedDataCenters(ADCs).Thesenon-EOSdatacenterswill
providespecialaccesstonon-EOSdataortospecialnon-EOSDIS
servicesrequiredbytheEOSProgram.ExamplesofplannedADCs
includeNOAA/NationalEnvironmentalSatellite,Data,and
InformationService(NESDIS)nationaldatacenters,andtheNESDIS
GOESarchiveattheUniversityofWisconsin.

A PermanentArchive.FundedindependentoftheEOSbudget,
thistypeoffacilitymaytakeresponsibilityforthepermanent
archivinganduserservicesforEOSdataandproductsduringand
beyondthescopeoftheEOSmission.Agreementswiththese
archiveswillbenegotiatedbyNASAHeadquarters,withEOSProject
coordination,andtheseagreementswillbecomeportoftheEOS
ProjectDataManagementPlan.Examplesofpermanentarchives
includeUSGS/EDCandNOAA/NESDIS.

EOSDIS EVOLUTION

UserneedsforEOSDISwillbecomemoreclearlyunderstoodas
researchersworkwithandrespondtoearlyversionsofthesystem;
undoubtedly,userneedswillchangeovertime.Newinformation
systemstechnologywillcontinuallyemerge,includingnewdatabase
andinformationmanagementtechnologyapplicableto Earthscience
dataaswellasfasterprocessorsandmorecapablenetworks.To
succeedoveritslifetime,EOSDISmustberesponsivetochange;its
designandtheimplementationprocessmustfacilitatechangeeven
whilesupportingongoingoperationsanduserservices.Development
andpratotypingwillcontinuethroughoutthelifeofthesystem.

TheEOSDISdesignwillmaximizeopennesstochangethroughthe
incorporationoflayeringandstandards,andvendorindependenceto

thefullestextentpossible.Theprototypingprogramwillallownew
features,functions,andimplementationsofnewtechnologytobe
testedandevaluatedina near-operationalsetting,withsuccessful
prototypesimplementedintheoperationalEOSDIS.EOSDIS
evolutionhasalreadybegunwithworkonVersionO,andwill
continuewiththesubsequentversionsdescribedbelow.

EOSDISVersionO. Thisworkingprototype(withsomeoperational

elements)isbeingdevelopedbetween1991and1994.Thissystem
interconnectsexistingEarthsciencedatasystemsviaelectronic
networks,interoperablecatalogs,andcommondatadistribution

procedurestoprovidebetteraccesstoexistingandpre-EOSdata.
StartingwithexistingheterogeneousEarthsciencedatasystems,
Version0 willevolvetowardthefullEOSDISbytakingmaximum
advantageofexistingexperienceandbyensuringthatnodisruption
incurrentuserservicesoccurs.ThroughJnterconnectionofthe
existingsystems,Version0 servesasa functionalprototypeof
selededkeyEOSDISservices.Asa prototype,itdoesnothaveallthe
capabilities,faulttolerance,orreliabilityoflaterversions;however,
EOSDISVersionOsupportsusebythescientificcommunityinday-to-
dayresearchadivities.Suchusetestsexistingservicestodetermine
whatadditionalorallernativecapabilitiesarerequiredofthefull
EOSDIS.OperationaluseofVersion0 isexpectedinmid-1994.

EOSDISVersion!. Thisversionwillbeimplementedinstepsover

the1995-1997timeframe.Itwillbedesignedanddevelopedwhile
Version0 isoperating,thusbenefitingfromVersion0 userfeedback.
Version1willbephysicallydistributed,butthesystemwillappear
completelyintegratedto usersandwillprovideresearcherswithlhe
completesetofcapabilitiesneededforEOSscienceandmission
operations.ThenewcapabilitiesoftheVersionI dataand

informationsystemwillprogressivelyreplace(aftera periodof
paralleloperations)theVersion0 systemtoprovidesmoothand
transparenttransitiontoenhancedservices.

EOSDISVersion 2. EOSDISVersion2 willbeimplementedbefore
launchofthefirstEOSsatellitein1998.Themissionandinstrument

commandandcontrolfunctionsandproductgenerationfunctions
discussedabovewillbegreatlyenhanced,andfullcapacitywillbe
availabletosupportallfunctionsforthefirstEOSplatform.

SubsequentversionsofEOSDISwillsupplementcapacityandservices
asrequiredbyEOSspacecraftlaunches.EOSDIScapabilitieswillbe
evaluatedcontinuallybytheresearchcommunity,andtechnology
willberefreshedoraugmentedastheneedarises.
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KEY EOSDIS TERMINOLOGY

StandardDataProducts.Dataproductsthataregeneratedas
partofa researchinvestigationusingEOSdata,areofwideresearch
utility,areroutinelygenerated,andingeneralareproducedfor
spatiallyand/ortemporallyextensivesubsetsofthedataaretobe
consideredstandarddataproducts.AllEOSinstrumentsmusthave
standardLevel1dataproducts,andmostwillhavestandardLevel2

dataproducts.SomeEOSInterdisciplinaryScienceInvestigationswill
alsogeneratestandarddataproducts.Specificationsfor thesetof
standarddataproductstobegeneratedbytheEOSProjectwillbe

reviewedcontinuouslyby EOSIWGandNASAHeadquartersto ensure
completenessandconsistencyinprovidinga comprehensivescience
dataoutputfortheEOSmission.Standarddataproductswill
normallybegeneratedintheEOSPGSelements.Thelistofdata

productstobeavailablepriortolaunchofthevariousEOSplatforms
iscurrentlyunderrevision,andwillbeincludedinthe1994edition
oftheEOSReferenceHandbook.

SpecialDataProducts.Dataproductsthataregeneratedaspart
ofa researchinvestigationusingEOSdataandthatareproducedfor
a limitedregionortimeperiod,orproductsthatarenotacceptedas
standardbyEOSIWGandNASAHeadquarters,arereferredto as

specialdataproduds.Specialdataprodudswillnormallybe
generatedat investigatorSCFs.Specialproductsmaybereclassified
laterasstandardproductsuponreviewandapprovalbyEOSIWG

andNASAHeadquarters;inwhichcase,thealgorithmsand
processingwillmigratetothePGSelementsandbeplacedunderthe
appropriateconfigurationcontrols.

LevelDefinitions.Thevariouslevelsofdatareferredtointhis

documentoreidenticaltothosedefinedbytheEOSAdvisoryPanelin
itsreportandareconsistentwiththeCommitteeonData

Management,Archiving,andComputing(CODMAC)definitions.For
someinstruments,therewillbenoLevel1Bproductthatisdistind

fromtheLevel1Aproduct.Inthesecases,thereferencetoLevel]B
datacanbeassumedtoreferto Level1Adata.Briefdefinitions
follow:

• LevelObReconstructedunprocessedinstrument/payload
dataatfullresolution;anyandallcommunications
artifacts(e.g.,synchronizationframes,communications
headers)removed

• Level1A--Reconstructedunprocessedinstrumentdataat
fullresolution,time-referenced,andannotatedwith

ancillaryinformation,includingradiometricandgeometric
calibrationcoefficientsandgeoreferencingparameters
(i.e.,platformephemeris)computedandappended,but
notapplied,totheLevel0 data

• Level1BmLevel1Adatathathavebeenprocessedto
sensorunits(notallinstrumentswillhavea Level1B

equivalent)
• Level2--Derivedgeophysicalvariablesatthesame

resolutionandlocationastheLevel1sourcedata

• Level3--Variablesmappedonuniformspace-timegrid
scales,usuallywithsomecompletenessandconsistency

• Level4---Modeloutputor resultsfromanalysesoflower
leveldata(i.e.,variablesderivedfrommultiple
measurements).
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PATHFINDERDATASETS

hePathfinderdatasetconceptwasinitiatedbytheEOSProgramOfficeatNASAHeadquartersinanswertothe
question"Whatcanbedonenowtofurtherglobalchange

research?"Pathfinderswillprovideaccesstolargeremote-sensing
datasetsapplicabletoglobalchangeresearchpriortothe
availabilityofdatafromtheEOSsatellites.Fromtheselongtime-
seriesof globaland/orregionaldatasets,higherlevelgeophysical
productswillbederivedinsupportof USGCRPobjectives.Themain
goalofthePathfinderProgramistomakeresearch-qualityglobal
changedatasetseasilyavailabletotheEarthsciencecommunity.Of
course,experiencegainedinprocessing/reprocessing,archiving,and
distributingstandardscientificdataproductsprovesa boonaswell.
Asscientificunderstandingdevelopsandproductretrievalalgorithms
areimproved,thesedatasetsmayrequireadditionalreprocessing,
whichwouldbeprovidedbythisprogram.

GeostationaryOperationalEnvironmentalSatellite(GOES)
dataheldbytheUniversityofWisconsinundercontract
withNOAA.

In1991,theSpecialSensorMicrowave/Imager(SSM/I)datasetwas
addedasa NASA/NOAAPathfinder.SSM/Idataarecurrently
archivedbyNOMundera SharedProcessingAgreementwiththe
NavyandtheAirForce.LandsatMultispectralScanner(MSS)and
ThematicMapper(TM)data--heldprimarilybyUSGS/EDC--were
addedto thePathfinderadivityin1992.TheLandsatPathfinder
effortinvolvesNASA,EPA,andUSGS.Alsoin1992,NASA'sScanning
MultispectralMicrowaveRadiometer(SMMR)datasetwasaddedas
thefirstNASA-onlyPathfinder.Otherexistingdatasetsarecurrently
beingevaluatedtodeterminetheirutilitywithintheoverall
objedivesofthemultiagencyPathfinderProgram.

AllPathfinderdatasetsinvolvespace-basedobservations,andare
subjecttothefollowingrequirements:1)Stablecalibrationofthe
rawdatashouldbeattainable;2)whendatafrommultiple
instrumentsareinvolved,consistentintercalibrationamong
instrumentsina seriesshouldbepossible;and3) archivemay
includetransferringthedatato a moreaccessiblemedium.
Pathfinderactivitiesincludereprocessingofthesedatausing
community-consensusalgorithmsasrecommendedbydesignated
ScienceWorkingGroups(SWGs).Theresultantdatasetswillbe
availablethroughDAACsunderEOSDISVersionO.

ABenchmarkPeriod(April1987toNovember1988)hasbeen

chosentofacilitatecomplementaryanalysesandintercomparison
studies.Whereverpossibleorapplicable,Pathfinderdataprocessing
willbeginwiththistimeperiod.Inpursuitofthemostefficient
processingmethod,differentproceduresmaytakeplaceatseparate
facilities,requiringdatatransferamongthem.

InOctober1990,NOAAandNASAsignedanagreementestablishing
threejointNASA/NOAAPathfinderstobegeneratedfromexisting
NOMdatasets,asfollow:

OneormoreSWGshavebeenformedforeachoftheidentifieddata

setstoproviderecommendationsforspecificPathfinderactivities.
SWGreportstotheinvolvedpartneragenciesconsistofthe
following:

• DeterminationofthescientificneedsforPathfinderdata

andhowtheseneedstranslateintospecificproducts
• Identificationofcommunity-consensusalgorithmsfor

generatingPathfinderproductsanddeterminationofthe
datarequiredtogeneratetheseproducts

• Recommendationonhowtheseproductsareto be
generated,validated,stored,andmaintained

• Identificationofthedataservicesrequiredbyusersof
Pathfinderdata(includingcatalogandbrowsefunctions,
metadata,anddataaccess).

Pathfinderdataproductswillbetreatedasnewdatasetsandwillbe
archivedatoneormoreEOSDISDAACsaccordingtodiscipline
responsibilities.Copieswillalsobearchivedbythecollaborating
agencies.Table9 liststhecurrentPathfindereffortsandtheDAACs
currentlyplanningtohousethereprocesseddata.

• AdvancedVeryHigh-ResolutionRadiometer(AVHRR) AVHRRPathfinderscientificdataproductsconsistofglobalvegetation
GlobalAreaCoverage(GAC)dataheldbyNOAA andradiancedataforthelandcommunity,globalsea-surface

• TelevisionInfraredObservingSatellite(TIROS)Operational temperaturedatafortheoceancommunity,andglobalclouds,
VerticalSounder(TOVS)dataheldjointlybyNOAAandNASA radiation,andaerosolsdatafortheatmosphericsciencescommunity.
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ThesedataareproducedfromGACobservationsmadebythefive-
channelAVHRRinstrumentsonbaardNOAA-7/9/11,andwillcover

thetimeperiodofmid-1981through1992andbeyond.Processing
ofland,ocean,andatmosphereproductsisscheduledto beginin

I:t'1993,withthelandproductsprocessingbeginninginFebruary
1993.TheAVHRRLevel1BGACdatathatservesastheprocessing
input(includingnewcalibrationtablesdesignedtostabilizethe
calibrationandprovideinter-instrumentcalibration)arealsoa
Pathfinderproduct.TranscriptionteamsatNASAandNOAAhave
copiedmorethan30,000magnetictapestoalmost400opticaldisks,
eachholding6 GBofdata.Thiseffortwascompletedattheendof
1992.

APathfinderstudyconcerningthequalityofexistingGOESdatahas
beencompleted,anda summaryreportisbeingprepared.An
intensivedevelopmenteffortisunderwayattheUniversityof
Wisconsin'sSpaceScienceandEngineeringCenter(SSEC)tocreatea
productgenerationsystemthatcaningestdataat3.6timesthe
presentreal-timecapability.InitialGOESPathfinderproduct
generationwillbegininthespringof1993.

ATOVSimplementationteammeetingwasheldinJune1992.Aset
ofgeophysicalparametersforspecificspatial/temporalscaleswas
selectedforinclusionintotheNOAA-IOBenchmarkPerioddataset.

Inaddition,itwasdecidedthattheLevel3 productsfromthefirst

Table 9. Pathfinder Data Availability

Data Set

AVHRR
AdvancedVery
High-ResolutionRadiometer

DAAC (Discipline Focus)

GSFC[Almosphere,Land)
JPt(Ocean)

TOVS GSFC(Atmosphere)
TIROSOperational
VerticalSounder

GOES
GeoslolionaryOperational
EnvironmentalSatellite

Universityof Wisconsin(ADC)
LaRC(CloudsandRadiation)

SSM/I MSFC(Hydrology)
ecialSensor ./PL(Ocean)
crowave/Imager NSIDC(Cryosphere)

SMMR MSFC(Hydrology)
ScanningMulti'spectral JPL(Ocean)
MicrowaveRadiometer NSIOC(Cryesphere)

Landsat EOC(Land)
LandRemote-SensingSatellite

monthoftheperiod(i.e.,April1987)willbeusedasa qualitycheck
usingthreedistinctprocessingmethodologies:PathAatGSFC,Path
BattheLaboratoiredeMeteorologieBynamique/Atmospheric
RadiationAnalysisGroup(LMD/ARA)atEcc,lePolytechniqueinParis,
France,andPathCatbothNOAA/NESDISandMarshallSpaceFlight
Center(MSFC).Thereafter,theremaining19monthsofthe
BenchmarkPerioddatawillbeprocessedbythefourteamsby
September1993,forintercomparisonandvalidationoftheresults.
TheGSFCDAACwillarchiveanddistributefinalproducts.

TheSSM/IPathfinderwillcreatea suiteofproductsatbothLevels2
and3. TheLevel1antennatemperaturesvtillbeconvertedto
HierarchicalDataFormat(HDF),andtheswathproductswillbe
generatedatMSFCbeginninginFebruary1993;theLevel3 gridded
productswillbegeneratedattheNationalSnowandIceDataCenter
(NSIDC)inJuly1993.Archiveoftheproductsuiteswillvaryby
disciplineinterestinspecificproducts.ACD-ROMcontainingselected
productsisplannedforearlydistribution.

ThegoaloftheLandsatLandCoverPathfindereffortisto establish
long-term,medium-tohigh-resolutiondatasetsforparticular
regionalandglobalapplicationstoglobalchangeresearch.The
LandsatPathfinderSWGhasdefinedseveralprojectstoaddressland
coverchange.WithintheTropicalDefarestc_tionProject,NASAand
EPAarefundingselecteduniversitiestoproducea 3-epochforest/no-
forestdatasetshowingareasof deforestation,derivedfromeachof
themoisttropicalforestedregions(i.e.,theAmazon,CentralAfrica,
andSoutheastAsia).EPAhastakenthelea_lina secondprojectto
produce3 epochsofwall-to-wallcoveragec,fconterminousNorth
America.ThePathfinderProgramexpectstocreateadditionaldata
setsrelatedtoglobalchangemonitoringissJesinsuchareasas
biology,ecology,geology,hydrology,atmosphericsciences,andsocial
sciences.Lastly,workisunderwaytocompiletime-seriesdatasetsof
selectedsiteschosenbecauseofhistoricaldatarichnessorforother

characteristicscontributingtoglobalchangeresearch.

APathfinderInteruseWorkshopwasheldinJuly1992,to determine
standardsandtoidentifysolutionstoproblemsassociatedwith
formats,projections,resolution,andbinning;theobjectivewasto
facilitatePathfinderdataproductintegration.Theworkshopresulted
intheresolvetouse,whenpossible,theEO°.iDISVersion0 prototype
standard(i.e.,HDF)asthecommondataformat.Asmallertechnical

groupisbeingformedto workintensivelyontheremaining
problemsofbinning,resolution,andprojection,withresultsexpected

in1 to2 years.
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DATAANDINFORI ATIONPOLICY

heEOSdatapolicyisdesignedto beconsistentwiththeU.S.NationalDataPolicyandtofurthertheEOSobjectivesof
acquiringocomprehensiveglobal,long-termdataset;

maximizingdatautilityforscientificpurposes;andsimplifyingaccess
to andanalysisof EOSdata.Acommonsetofdataexchange
principleswillcovertheJapanese,European,andU.S.missions
comprisingIEOS(seetheInternationalCooperationandMission
Elementssections).Inrealizingthisgoal,NASAhasadoptedthe
followingdatapolicy:

• DatafromEOSinstrumentswillbeacquiredaccordingto

prioritiesrecommendedbyIWGandEO-ICWG,and
confirmedbyNASAHeadquarters.

• WhereEOSsensorsmakesite-specificobservations,EOS
willbean"acquire-on-demand"system.Datawillonlybe
takenincaseswherethereisanidentifieduserwhohas

requestedandwillanalyzethedata.
• AllacquiredEOSdatawillbeprocessedatLevel0 orata

higherlevelfromwhichLevel0 mayberecovered.
• Rawdatafrominstrumentsdesignatedashaving

operationalpotentialwillbemadeavailableto NOAAas
soonastheyarereceivedontheground.

• RoutineprocessingandreprocessingofEOSdatabythe
EOSProjecttostandardproductsatLevels2 andabove
willbedoneaccordingtosciencerequirementsandusing
algorithmsapprovedbyIWG.

• Followingthepost-launchcheckoutperiod,allLevel0 data
willbeavailablewithin21hoursofreceiptontheground.
Level1 standardproductswillbeprocessedandmade
availablebyEOSDISwithin24hoursaftertheLevel0
inputdataareavailable;Levels2 and3standardproducts
willbemadeavailablewithin24hoursafterreceiptofthe
requiredinputdata.Thesehigherlevelproductswillbe
archived.

• EOSdataandproductswillbeavailabletoallusers;there
willbenoperiodofexclusiveaccess.

• Alldatarequestsforapprovedresearch,non-commercial
operational,andapplicationsdemonstrationpurposeswill

incura modestchargeconsistentwiththeactualmarginal
costsoffillingtherequest.Thissystemwillensure
reasonableallocationofEOSDISresources,whilenot

discouragingfulluseofEOSdata.Datawillbeprovided
forotheruses,includingcommercialactivities,onthe
sametimescalesandatnon-discriminatorypricesand
termstobeestablishedbytherelevantinstrument
providerandplatformoperator.

• EOSDISwillprovidethecapabilityforarchivingand
makingavailableallsciencedataproducts,models,
algorithms,anddocumentationgeneratedaspartofthe
EOSmission.AllproductsderivedfromEOSdataprovided
forresearchpurposesatthemarginalcostoffillingthe
userrequest,andwhicharethebasisforrefereed
articles--includingmodels,algorithms,andassociated
documentation--mustbemadeavailabletotheresearch

community.
• EOSDISwill includeandmakeavailableinformationabout

thedata,suchasqualityassessments,supporting
literaturereferences,andcataloganddirectoryentries.

• EOSDISprojectmanagement,inconsultationwithIWG,will
establishprotocolsandstandardstoencourageand
facilitatedatasoftwareexchangeandinteroperability.

FourgeneralcategoriesofusersareexpectedInaccessEOSdata:
Researchusers,includingU.S.Government-sponsoredandother
researchers;non-commercialoperationalandenvironmental
monitoringpublicsectoragencyusers(e.g.,NO_ andEUMETSAT);
applicationsdemonstrations(limitedproof-of-conceptresultingina
publishedlechnicalreport);andotherusers(primarilycommercial).

ResearchUsers.TheseuserswillbedesignatedthroughanAOor
similarmechanismbasedona briefproposaldescribingtheresearch
activity.Designatedresearchusers,whetherfundedbytheEOS
Programorthroughotherchannels,mustsigna "research
agreement"andaregrantedaccesstothedataappropriateforthe
proposedresearchfromEOSanditsforeignpartnerprogramsatno
morethanthemarginalcostoffillingthespecificuserrequest.The
researchagreementincludesa briefdescriptionoftheproposed
research,andconfirmsthatthedataareto beusedina studyor
investigation1) thaiaimstoeslablishfactsorprinciples;2)where
thedatamaynotbesold,andmaybereproducedorprovidedonly
tootherresearcherscoveredbya researchagreementandforwhom
theresearchertakesresponsibility;3)wheretheresultsofthe
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researchwillbesubmittedforpublicationJnthescientificliterature;
and4) wheredetailedresultsmincludingdata,algorithms,and
models--willbemadeavailabletotheresearchcommunityatthe
timetheyareacceptedforpublication.

PublicSectorAgencyUsers.Operationalandenvironmental
monitoringinvolvesnon-commercialroutineuseofdatatocarryout
a mandateofenvironmentalobservationandpredictionaspartofan

agency'sresponsibilitiesto provideforthegeneralwelfare.Such
usersincludethoseGovernmentagenciesaffiliatedwiththeparties
thatconductenvironmentalmonitoringand/oroperational
observations,andcanincludelargeragenciestowhichtheparties
belong,suchastheWorldMeteorologicalOrganization(WMO).
Operationalagenciesmayobtainreal-timeaccessthroughtheirown
directreadoutfacilitiesand/orviarelaysatellites,orasavailable
fromtheappropriatedataandinformationsystems.Operational
usersmaybeaskedtoreportperiodicallyontheiractivities.

ApplicationsDemonstrations.Userswhofallintothiscategory
areinvolvedinlimitedproof-of-conceptstudiestodemonstratenew
techniquesortotestthefeasibilityofoperationalapplications.

Resultsofapplicationsdemonstrationsmustbepublishedastechnical
reportsandbeprovidedtothedatasystemthatsuppliedthedata.
Datarequestsforapplicationsdemonstrationsmustincludea brief
proposaldescribingtheintendeduse.Selecteduserswillberequired
tosignanagreementconfirmingthatthedatawillbeusedonlyfor
theproposedapplicationsdemonstration,thatthedatawillnotbe
usedforcommercialpurposes,thatthedatawillnotbereproduced
orprovidedto thirdpartieswithoutpermission,andthattheresults
willbepublishedasa technicalreport.

CommercialUsers. Commercialagreementswillbeestablishedfor
eachsensorordatasettoserveuserswhodonotfitintooneofthe

abovecategories.ProcedureswillbeinplacepriortoEOSlaunchfor
commercialdistributionofallEOSdataona non-discriminatorybasis
for"other"users.

Thedataexchangeprinciplesdescribedabovewillbeincludedin
eachofthebilateralMemorandaofUnderstanding(MOUs)that
NASAwillhavewithitsinternationalpartners,anda joint
implementationplanisbeingdevelopedtodefinethe

implementationoftheseprinciplesintheparticipatingagencies.
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GLOBALCHANGE
FELLOWSHIPPROGRAM

ASAhasestablishedtheEarthSystemScienceEducation
Programtoenhanceawareness,interest,andknowledgeof
Earthsystemsciencebyteachersandstudents(preschool

throughgraduate-studentlevel),andthegeneralpublic.Aspartof
thisprogram,NASAhaspromotedtheGraduateStudentFellowshipin
GlobalChangeResearch.

TheEOSbudgetcontainsa specialfundearmarkedforeducationin
Earthsystemscience.TheGraduateStudentPrograminGlobal
ChangeResearchwasestablishedin1990,tosupportgraduate
studentspursuinga Ph.D.degreeinEarthsystemscience.
Fellowshipsareawardedforaninitial1-yeartermandmaybe
renewedannuallyforupto2 moreyears,basedonsatisfactory
progressasreflectedinacademicperformanceandevaluationsmade
byfacultyadvisors.Theamountofawardis$20,000,whichmaybe
usedasa stipendto defraylivingexpenses,tuition,travel,booksand
supplies,andfees.Anadditional$2,000isavailablebyrequestfor
thefacultyadvisor'suseinsupportofthestudent'sresearch.Atotal
of37fellowshipswereconferredin1990,and60fellowshipswere
awardedin1991. In1992,thesefellowshipswererenewed,andan
additional63 newfellowshipsawarded.Thetotalnumberof
fellowshipswillincreasepriortolaunchoftheEOSsatellites,thereby
ensuringa poolofhighlyqualifiedEarthscientiststo disseminatethe
datageneratedduringthe1S-yearmissionlifetime.Eventually,the
programwillfundupto200graduatestudentsperyearforthe
durationofthemission;ofcourse,theavailabilityoffundsdictates

thefinalnumberofscholarships.

Candidatesmustbeadmittedtooralreadyenrolledinfull-timePh.D.

programsataccreditedU.S.universitiesorotherinstitutionsof
highereducation.Studentsmayalsoapplyintheirsenioryearprior
toreceivingtheirbaccalaureatedegree,butmustbeenrolledina
Ph.D.programata U.S.universityatthetimeofaward.Applications
willbeconsideredforresearchonclimateandhydrologicsystems,

ecologicalsystemsanddynamics,biogeochemicaldynamics,solid
Earthprocesses,humaninteractions,dataandinformationsystems,
andsolarinfluences.Atmosphericchemistryandphysics,ocean

biologyandphysics,ecosystemdynamics,hydrology,cryospheric

processes,geology,andgeophysicsarealsoacceptableareasof
study,providedthattheresearchtopicisrelevantto HASA'sglobal
changeefforts--specifically,theEarthObservingSystemand
MissiontoPlanetEarth.

Petitionsfora GraduateStudentFellowshipinGlobalChange
Researchentaila completedapplicationform,copiesof

undergraduateandgraduatetranscripts(if applicable),a letterof
referencefromtheacademicadvisor,anda titledfive-pageresearch
proposalforthosealreadyenrolledina programofstudyora
statementofresearchinterestforthosejustenteringgraduate
school.Instructionsforpreparingtheresearchproposalandthe
ancillaryformscanbeacquiredbysendingwrittenqueriesto:

NASAGlobalChangeFellowshipProgram
CodeSE-44(GC)

NASAHeadquarters
Washington,D.C.20546

GlobalChangeFellowshipinformationpacketsareavailableeach
January,andmustbecompletedbyApril1 tobeconsideredforthe
followingacademicyear.Tencopiesoftheapplicationform,proposal,
transcripts,andletterofreferenceneedtobeforwardedasa package
totheaboveaddress.Incompletepackagesand/orthosereceived
aftertheApril1 deadlinearenotconsideredintheselectionprocess.

Applicationsarereviewedona competitivebasisthrougha two-step
process.Thefirststepinvolvesa mailreview,whichweansout
deficientproposalsbyassessingthecalibreofstudent,qualityof
research,andrelevancetotheNASAGlobalChangeResearch
Program.Thoseapplicationsthatpasstheinitialscreeningarethen
evaluatedbya panelcomposedofmembersofprofessionalscientific
societies,academicinstitutions,NASACenters,andNASA
Headquarters.ResultsofthecompetitionareannouncedbyJune
30th,withtheanticipatedstartingdateofawardedfellowships
September1st.Studentsreceivingstipendsmustnotreceiveother
Federalfunding,includingmoniesfromotherFederalfellowships,
traineeships,oremployment.



GlobalChangeFellowshipProgram

Competitionfora GraduateStudentFellowshipinGlobalChange
Researchisquitefierce.Over1,000applicationshavebeen
submittedsinceprograminceptionin1990.Todate,159fellowships
havebeenawarded,withthechosenstudentsrepresenting61
universitiesand19countries.RefertoTable10fora listingofthe
fellowshiprecipientsspanningthe1990to 1992timeframe;a grey
screenhighlightsthosestudentswhohavecompletedtheirgraduate
studies.U.S.citizensandresidentaliensaregivenpreferenceinthe
reviewprocess;however,thisdoesnotprecludeforeignnationals
whoarepursuingtheirgraduatestudiesintheU.S.fromapplying.

Nooneshallbedeniedconsiderationorappointmentongroundsof
race,creed,color,nationalorigin,age,orsex.

AstudentreceivingsupportundertheGlobalChangeFellowship
ProgramdoesnotincuranyformalobligationtotheGovernmentof
theUnitedStates;however,theobjectivesofthisprogramwill
clearlybeservedbestif thestudentisencouragedtoactivelypursue
globalchangeresearchaftercompletionofgraduatestudies.By
offeringtheopportunitytoparticipateinthisprestigiousprogram,
NASAhopestoaltracttheworld'smostoutstandingscientists,both
intheroleofgraduatefellowsandfacultyadvisors.Theultimate
goalistoincreasethenumberofwell-trainedEarthscientistsinthe
EOSera.
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Figure10. U.S.andInternationalPartnerEarth-ObservingMissions
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MissionElements

MISSION/EMENTS

y hissectionprovidesspecificsonthespace-basedelementsthatmakeuptheInternationalEarthObservingSystem.
RefertoFigure10onthefacingpageforascheduleof

ongoingandplannedU.S.andinternationalpartnerEarth-observing
missions.ThistimelineisnotconfinedtoIEOS;rather,itprovidesa
fairlycomprehensivelistingofrelevantEarthremote-sensing
satellites,manyofwhichdonotreceiveattentioninthefollowing
pages.Thetimelinepurposefullyencompassesmissionsbeyondthe
scopeofIEOStoshowhowIEOSfitsintothelargerschemeof Earth
observationssatellites.Giventhevolatilenatureofplatform
configurationsandscheduling,thischartshouldbeconsideredmore
of a planningdocument,accuratethroughFebruary1993.

ThefollowingmissiondescriptionscorrespondtoTable7 inthe
InternationalCooperationsection.Eachspace-basedelementmakes
uniquecontributionstooverallIEOSobjectives,sotheorderof
discussionshouldnotconnotea rankingorpriorJtizationofanykind:

• EarthObservingSystem(EOS)missions
• AdvancedEarthObservingSystem(ADEOS)missions
* TropicalRainfallMeasuringMission(TRMM)
• Polar-OrbitEarthObservationMission(POEM)satellites

• Polar-OrbitingOperationalEnvironmentalSatellite(POES)series.

Forthesakeof brevity,instrumentacronymsarenotdefinedherein
(seetheAcronymListonpage142).

EOS MISSIONS

EOSremainsa long-termprogramtoprovidecontinuous
observationsofglobalclimatechange.Repeatingflightsofthe
principalEOSspacecrafton5-yearcenterswillensureadequate
coverageforat least15years;however,payloadsofthefollow-on
EOSspacecraftcouldchange,dependingontheevolutionofscientific
understandingandthedevelopmentoftechnology.

TheEOSProgramincludesnineintermediate-sizedspacecraftthree
ofwhichwillbemorningsun-synchronous(EOS-AMseries),three
afternoonsun-synchronous(EOS-PMseries),andthreesun-

synchronouspolar(EOS-CHEMseries).TheEOS-AM,-PM,and-CHEM

spacecraftwillbeplacedinto98.2° inclined,705-km,16-day,233-
orbitrepeatcycles,withtheEOS-AMserieshavinga 10:30a.m.
descendingnodalcrossing,theEOS-PMseriesa 1:30p.m.ascending
nodalcrossing,andtheEOS-CHEMseriesa 3:30p.m.descending
nodalcrossing.ThethreesmallerspacecraftthatcomprisetheEOS-
ALTserieswillbeplacedintosun-synchronouspolarorbits,andfive
verysmallspacecraftwillhave57° inclinedorbits(EOS-AERO
series).

Thespacecraftineachofthethreeprimaryserieswillbe
functionallyidentical,withonlyminorchangesexpectedinthe
instrumentcomplements.EOS-AM1istheonlyexception.The
rescopingdeliberationsresultedintheinitiationofa common

spacecraftbusdesigntoreducetotalprogramcost(seetheEOS
ScienceObjectivesandEOSChronologysectionsformoredetail).It
wasdecidedthatadheringtothecurrentEOS-AM1development

scheduleprovidedthegreatestassuranceofmeetingtheJune1998
launchreadinessdate.Assuch,theEOS-PM1instrument
complementwillbethefirsttobeintegratedontothecommon
spacecraftbus,whichwillbeusedonoilsubsequentmissions
(exceptforEOS-AERO,-COLOR,and-ALT).TheEOS-AEROspacecraft
willbeprovidedviaaninternationalpartner.EOS-COLORinvolvesa
one-timeacquisitionofoceanprimaryproductivityobservationsvia
a datapurchase,aswillbedonefor theSea-ViewingWideField
Sensor(SeaWiFS)whichisscheduledforlaunchonboardSeaStarin

late1993. Figure11illustratestherescopedprogram-level
architecture,andoffersthedata-handlingrequirementsexpected
forEOSeraremote-sensingsatellites.

AsstatedearlierintheEOSScienceObjectivessection,thepresence

ofMODISonboththeEOS-AMand-PMspacecraftprovescentralto
theprogram.MODIShasimportantsimultaneityrequirementswith
otherinstrumentsonbothEOS-AMand-PM;furthermore,flying
MODISoneachofthesespacecrafteliminatestheneedfor
complicatedformationflying.MODISredundancyyieldscomplete
globaloceancolormeasurementsbyavoidingsun-glintoverthe
northernoceansandthelackofilluminationoverthesouthern

oceans.Bytakingfurtheradvantageoftheircomplementary
ascendinganddescendingorbits,MODISprovidescloudobservations

neededtointerpretCERESradiationbudgetmeasurements,which
alsoarecollectedbybothEOS-AMand-PMplatforms.Inaddition,
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MissionElements

SAGEIII isflownonbothEOS-AEROand-CHEMtoprovide
observationsofaerosolsandtemperaturefromtwodifferentorbits

(i.e.,57° inclinationandpolar,respectively).

Theinstrumentsassignedto EOS-CHEM,-ALT,-AERO,and-COLOR
werecarefullyselectedto provideoverlapandsupplementaldatain
conjunctionwiththeEOS-AMand-PMflights.Theyalsoprovide
continuityforcertaintypesofmeasurements.TheEOS-COLOR
missionisbasedona SeaWiFS-typeinstrumentdesign.EOS-COLOR
datawillbeplacedintoEOSDISforarchiveanddistribution,
providingresearcherswithobservationsonoceanbiogeochemistry,
itsroleintheglobalcarboncycle,anditsroleinthefeedbackof
physicalphenomenasuchasheatstorageintheupperoceanand

cloudalbedo.Sincethismissionwillnotinvolvea seriesoflaunches,
refertoitswriteupintheEOSInstrumentssectionforfurther
information.Thecontinuityofoceancolordatabeyond2000is
ensuredbyhavingtwoormoreMODISinstrumentsinorbitonEOS-
AMand-PMspacecraftfrom2001untiltheendoftheEOS

observationallifetime(referbackto Figure5 fora listingofEOS
instrumentson-orbitduringthefirst12yearsoftheEOSmission).

ThedescriptionsoftheEOSsatelliteseriesthatfollowemphasizethe
firstplatformintheseries,sincerequirementsmaychangeasthe
programevolves.Detaileddescriptionsofall instrumentsthat
remainaspartoftherescopedEOSProgramcanhefoundintheEOS
Instrumentssection.

MOPITT

I

MISR

ASTER-SWlR

ASTER-TIR

EOS-AM Series

PlannedforlaunchinJune1998,theEOS-AM1flight
includesfiveinstrumentstobeplacedintoa polar,sun-
synchronous,705-kmorbitbyanIELV.Thelaunchwill
takeplacefromtheU.S.AirForceWesternSpaceand
MissileCenter(WSMC).ThepayloadconsistsofASTER,
CERES(dualscanner),MISR,MODIS,andMOPITT.As

statedabove,theEOS-AM1spacecraftwillhavea
uniquedesign.

EOS-AM1willhoveanequatorialcrossingtimeof
10:30a.m.,whendailycloudcoveristypicallyata
minimumoverlandsuchthatsurfacefeaturescanbe

moreeasilyobserved.Theinstrumentcomplementis
intendedtoobtaininformationaboutthephysicaland
radiativepropertiesofclouds(ASTER,CERES,MISR,

MODIS);air-landandair-seaexchangesofenergy,
carbon,andwater(ASTER,MISR,MODIS);vertical

profilesofimportantgreenhousegases(MOPITT);and
volconology(ASTER,MISR,MODIS).CERES,MISR,and
MODISareprovidedbytheU.S.;MOPITTisprovided
byCanada;andASTERisprovidedbyJapan.TheEOS-

AM1spacecraftdesign(seefigure12)willsupportan
instrumentmassof1,120kg,anaveragepowerfor
spacecraftandinstrumentsof3 kW(3.5kWpeak),
andanaveragedatarateof 16Mbps(150Mbps
peak).Onboardsolid-staterecorderswillcollectat
leastoneorbitworthofdataforplaybackthrough
TDRSS,eventhougha playbackoneachorbitis
planned.Figure12. TheEOS-AM!SatelliteandPayload1
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ThemissionplanincludesthreeAMflJghts_EOS-AM1to be
launchedinJune1998,EOS-AM2inJune2003,andEOS-AM3in

June2008. SincetheEOS-AM1spacecraftisunique,changesinthe
follow-onflightshavealreadybeenscheduled.MODIS,MISR,and
CERESremainonboardEOS-AM2,thoughthelatterinstrumentwill
carryonlya singlescanner.Negotiationsarestillunderwayto
accommodateMOPITTonEOS-AM2.ASTERwillbedroppedinfavor
ofTESandEOSP,bothofwhichprovidetroposphericaerosoland
chemistrydata.WiththepossibleexceptionofMOPITT,EOS-AM3is
expectedtobearthesamepayloadasEOS-AM2.

TheEOS-AM1spacecraftwillalsoincludetheDirectAccessSystem
(DAS),whichiscomposedoftheDirectPlayback(DP)subsystem,the
DiredBroadcast(DB)subsystem,andpossiblytheDirectDownlink
(DDL)subsystem.Whileit isplannedthatallEOSdatawillbe
recordedandplayedbackviaTDRSS,DASwillprovideabackup
optionfordirecttransmittalofonboarddatatogroundreceiving
stationsviaanX-bandtransmitter(DPsubsystem)shouldthe
satelliteloseitsTDRSSlink.DASwillalsosupporttransmissionto
groundstationsofqualifiedEOSusersaroundtheworldwhorequire
directdatareception.Theseusersfallintothreecategories:

• EOSteamparticipantsandinterdisciplinaryscientistswho
requirereal-timedatatoconductorvalidatefield
observations,to planaircraftcampaigns,ortoobserve
rapidlychangingconditionsinthefield

• Internationalmeteorologicalandenvironmentalagencies
thatrequirereal-timemeasurementsoftheatmosphere,
stormandfloodstatus,watertemperature,and
vegetationstress

• Internationalpartnerswhorequirereceiptofdatafrom
theirhigh-volumeEOSinstrumentsattheirownanalysis
centersforengineeringqualitychecksandscientificstudies.

TheDBsubsystemwillbroadcastMODISdataat 11Mbps.Atthis
rate,properlyequippedgroundstationscanreceive,process,and
displaytheswathdataastheEOSobservatorypasseswithinrange.
ThesegroundstationswillbesimilartocurrentLandsatfacilities.

EOS-PMSeries

CurrentplanscallforEOS-PM1tobelaunchedinDecember2000.
Thissatelliteserieswill includesixinstrumentstobeplacedintoa

polar,sun-synchronous,70S-kmorbit.TheEOS-PMinstrument
complementswillbeintegratedontothecommonsatellitebus
describedearlier,withthespacecraftboostedintoorbitbyanIELV

launchedfromWSMC.ThepayloadconsistsofAIRS,AMSU,CERES,
MHS,MIMR,andMODIS.TheEOS-PMseriesspacecraftwillhavean
afternooncrossingtimetoenhancecollectionofmeteorologicaldata
bytheatmosphericsoundersonbeard.Theinstrumentcomplement
isdesignedto provideinformationoncloudformation,precipitation,
andradiativeproperties(AIRS,AMSU,CERES,MHS,MODIS);air-sea
fluxesofenergy,carbon,andmoisture(AIRS,AMSU,MHS,MIMR,
MODIS);andsea-iceextent(MIMR,MODIS).AIRS,_SU, CERES,
andMODISareprovidedbytheU.S.;MHSisprovidedbyEUMETSAT;
andMIMRisprovidedbyESA.TheEOS-PMseriesspacecraftwill
includetheDBandDPcapabilitiesofDAS(seetheEOS-AMSeries
wrJteup),withtheDBsubsystemtransmittingallinstrumentdata
savethatfromCERES.

Currently,theplanisforallEOS-PMsatellitestobeidentical,except

thatCERESwillconsistoftwoscannersonEOS-PM1anda single
scanneronthefollow-onflights.EOS-PM2isscheduledfor launchin
December2005,followedby EOS-PM3in December2010. TheEOS-

PMspacecraftdesignwillsupportaninstrumentmassof1,100kg,
averagepowerfortheinstrumentsof 1,200W(1,630Wpeak),and
anaveragedatarateaf7.7Mbps(12.5Mbpspeak).

EOS-AEROSeries

Atpresent,SAGEIII istheonlyinstrumentassignedtotheEOS-AERO
series,whosefirstflightisscheduledfarlaunchin2000onanSELV.
Currentplanscallfortheuseofoninternationallycontributed
spacecraftto beplacedintoa 57° inclined,705-km(orslightly
lower)orbittooptimizecollectionofoccultationdatain the

equatoriallatitudes.Thisseriesinvolvesfivespacecraftlaunchedon
3-yearcenterstoprovidetherequired15-yearcoverage.The
follow-onflightsarescheduledfor2003,2006,2009,and2012.
SAGEIII iscapableofmakinglong-termtrendmeasurementsof
aerosols,ozone,watervapor,andcloudsfromthemiddle
tropospherethroughthestratosphere--impartantparametersfor
radiativeandatmosphericchemistrymodels.

Theinstrumentmassisexpectedtobe40kg,withanaverage
instrumentpowerof15W(60Wpeak)andanoveragedatarateof
26 kbps(100kbpspeak).
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EOS-ALTSeries ADEOS MISSIONS

CurrentplanscallforEOS-ALT1tobelaunchedintoa sun-
synchronouspolarorbitbyanMELVin2002. Subsequentlaunches
areslatedfor2007and2012. TheEOS-ALTpayloadwas

dramaticallyreconfiguredduringtherescopingexercise,withthe
U.S.ALTandGGIinstrumentseliminatedtoreducetotalprogram

cost;NASAmustnowrelyonsubstantialinternationalparticipation.
TheinstrumentcomplementthatresultedconsistsofGLAS,TMR,
DORIS,andSSALT-_-theformertwoareU.S.instrumentsandthe
lamertwoareprovidedbyFrance.Inadditiontopreciseorbit

tracking(DORIS,TMR)andaltimetercalibrationandorbit
determination(SSALT),theEOS-ALTserieswillprovidemeasurements
ofseaiceandglaciersurfacetopography,cloudheights,andaerosol
verticalstructure(GLAS).

Theinstrumentmassisexpectedto be300kg,withanaverage
instrumentpowerof 290W(320Wpeak)andanaveragedatarate

of215kbps.

EOS-CHEM Series

TheEOS-CHEMserieswillemploythesamecommonsatellitebusthat
willbeusedfortheEOS-AM2/3and-PMflights.AswiththeEOS-ALT
series,therescopingoftheEOSProgramhada significantimpacton
thismission.STIKSCATandTESwereremovedfromthisplatform,

withtheformertoflyastheNSCATfollow-on(NSCATII)anADEOSII
andthelattershiftedtoEOS-AM2and-AM3.Theinstrument

complementnowconsistsofACRIM,HIRDLS,MLS,SAGEIII,SOLSTICE
II, andanasyettobedeterminedJapanesecontribution.This
payloadwillbelaunchedanIELVsinto705-km,sun-synchronous
orbits.Thefirstlaunchisslatedfor2002,withthefollow-onstobe
launchedin2007and2012. EOS-CHEMinstrumentswillprovide

measurementsofsolarenergyflux(ACRIM);solarultraviolet
radiation(SOLSTICEII);atmosphericaerosols,ozone,andwater

vapor(SAGEIII);atmospherictracegases(HIRDLS);andozone,
basedonchlorinemonoxide,bromineoxide,andwatervapor(MLS).
TheEOS-CHEMspacecraftwillincludetheDBandDPcapabilitiesof
DAS(seetheEOS-AMSerieswriteup);theDBsubsystemwillservice
onlytheHIRDLSandMLSinstruments.

Instrumentmassisexpectedtobe940kg,withanaverage
instrumentpowerof980W(1,080Wpeak)andanaveragedata
rateof1.1Mbps(1.2Mbpspeak).

Japanplanstolaunchthepolar-orbitingADEOSmissioninFebruary
1996.TheobjectivesofADEOSincludeEarth,atmospheric,and

oceanographicremotesensing.ADEOSwillbelaunchedintoa sun-
synchronous,98.6° inclinationorbitwithan~800-kmaltitude,and
anequatorialcrossingtimeof 10:30a.m.Thesatellitewillhavea

ground-trackrepeatcycleof41days,providingglobalOCTS
coverageevery3 daysanddailycoverage(sampled)forAVNIR.
ADEOSisdesignedfora 3-yearmissionlifetime;anADEOSfollow-on

isexpectedtobelaunchedin1999. ADEOSwillflythefollowing
instruments:

• AVNIR--Fivevisible/near-infraredbands(0.420to0.890

_); 16-or8-mresolution;80-kmswath;_+40° across-
trackpointing;stereocapability.Observationofsunlight
reflectedbyEarth'ssurface.DevelopedbyNASDA.

• ILAS---Infraredoccultationdevice;onevisiblebandat

0.753-0.781_, andtwoinfraredbandsat6.21-11.77
and5.99-6.78_ (16-cm"1resolution);2 x 10kmIFOV;
observationsfrom10-60km,approximately4-km
verticalresolutionexpected;retrievalofstratospheric
ozoneandrelatedspeciesathighlatitudes.Providedby
Japan'sEnvironmentalAgency.

• IMG--Nadir-lookingFouriertransforminfrared
spectrometer;range3.3-14.0_, witha spectral
resolutionof0.1cml; ~10km2 footprint;vertical
resolution-2-6 kmdependingonspecies;observationof

carbondioxide,methane,andothergreenhousegases.
ProvidedbyMITI.

• NSCATm14GHz(Kuband)operation;resolutionof25
km;two600-kmswaths.Usedforretrievalof wind

speedanddirectionovertheoceans.ProvidedbyNASA.
• OCTS---Sixvisiblebandscenteredon0.412,0.443,

0.490,0.520,0.565,and0.670_, 20-nmbandwidth,
S/N= 450-500;twonear-infraredbandscenteredon
0.765and0.865_m,40-nmbandwidth,S/N= 450-500;
fourthermalinfraredbandscenteredon3.7,8.5,11.0,

and12.0_, 330-to1,000-nmbandwidth,NEDT0.15to
0.20Kat30OK;700-mresolution;1,400-kmswath;+_20°

along-tracktilting;measurementofoceancolorandsea-
surfacetemperature.DevelopedbyNASDA.

° POLDERmViews+_55° (cross-andalong-track);5-km2

nadirfootprint;eightbandsinthevisibleandnear-
infrared,0.443to0.910_ with10-to20-nm
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bandwidth;all-polarizationmeasurementsinthreeofthe
eightbands.ProvidedbyCNES.

• RIS---O.5-mdiametercorner-cuberetro-refledorto

derivecolumndensityofozoneandtracespeciesfrom
laserabsorptionmeasurements.Agroundstationinthe
Kontoareawilltransmitandreceivelaserpulsesinthe
wavelengthregionfrom0.4to14_. Providedby
Japan'sEnvironmentalAgency.

• TOMS--Sixwavelengthbandsintheregionfrom0.309-
0.360_, with1-nmbandpass;IFOV50kmatnadir;
cress-trackscan105° (35 3° steps);retrievesdailyglobal
ozone.ProvidedbyNASA.

ADEOSII willbethemainJapanesecontributiontoIEOS,sinceADEOS
fallsmorewithintheframeworkofMTPEPhaseI thantheEOSera.

TheconceptualdesignofADEOSII isstillunderway;however,one
proposalcallsfordividingADEOSII intotwoseparatemissions,with
thefirstsatellitetobelaunchedin1999. Bothsatelliteswouldhave

orbitalspecificationssimilartotheADEOSmission.AMSRandGLI
wouldbethecoreglobalimagingsensorsforADEOSIla,
complementedbyIMG-2andtheU.S.NSCATII (next-generation
instrumentsofthosedescribedabove):

• AMSR--Multifrequencymicrowaveradiometerto
observeatmosphericandoceanicwatervaporprofiles,
suchasprecipitation,watervapordistribution,cloud
water,seasurfacetemperature,seaice,andseasurface
windspeed;employssixfrequenciesinthe6 to90 GHz
range,withverticalandhorizontalpolarization,tosecure
atemperatureresolutionof0.2to1Kat1K(goal)
radiometricaccuracy;instrumentdesignemploysa 2-m
antennaaperture,andisbasedonMSR(MOS-1)heritage.

• GLl--lmogJngspectrometerforglobalmonitoringof
biologicalandphysicalprocessesandstratosphericozone
inthespectralrangefromtheultraviolettothethermal
infrared;20bands,witha bandwidthof10-20nmanda

signal-to-noiseratioof lessthan1,000;1,800-kmswath;
instantaneousfield-of-viewoflessthan1 km;instrument
designbasedonVTIR(MOS-1)andOCTS(ADEOS)
heritage.

TRMM

ConductedincooperationwithJapan,TRMMisa jointNASA/NASDA
missionwiththesoleobjectiveofmeasuringprecipitation--
undoubtedlythemostdifficultatmosphericvariabletoquantify,
andthecrucialdriverofthehydrologiccycleandatmospheric
dynamics.TRMMwillmeasurediurnalvariationof precipitationin
thetropicsfroma low-inclinationorbitusingovarietyofsensors.
Thegoalofthismissionistoobtaina minimumof 3 yearsof
significantclimatologicalobservationsofrainfallinthetropics;in
tandemwithcloudmodels,TRMMobservationswillprovide
accurateestimatesofverticaldistributionsof latentheatinginthe
atmosphere.

NASAwillprovidetheTRMMspacecraft,a microwaveimager,a
visible/infraredimager,a lightningimagingsensor,a radiation
budgetinstrument,andinstrumentintegration.Japanisprovidinga
precipitationradarandtheH-IIrockettolaunchthesatellitein
August1997.TRMMwillhavea 350-km,35° orbit.Thepayload
consistsofthefollowinginstruments:

• CERES--SeeEOSInstrumentssectionfora detailed

description.
• LIS_See EOSInstrumentssectionfora detailed

description.

• PR--An electronicallyscanningradaroperatingat13.8
GHz;4.3km2 instantaneousfield-of-viewat nadir;220-

kmswath.ProvidedbyNASDA.
• TMI--A five-channelpassivemicrowaveimager

makingmeasurementsfrom10to91 GHz.Providedby
NASA.

• VIRS--A five-channelimagingradiometer(0.63, 1.6,
3.75,10.7,and12.0_) withnominal2-kmresolution
atnadirand1,500-kmswath;similarindesignto NOAA's
AVHRR-3.ProvidedbyNASA.

ATRMMfollow-on(TRMM-2)isbeingconsideredforlaunchin2000.
Thepayloadcomplementforthisproposedmissioniscurrentlybeing
discussedbytheinternationalEarthsciencecommunity.

TheentireADEOSlibpayloadmconsequentlyitslaunchdate---has POEM SATELLITES
yettobedetermined.StrongcandidatesforADEOSlibincludea

next-generationversionofAVNIR(AOEOSheritage)anda radarto ThePOEMsatelliteswillmakecomprehensiveresearchand
ensurecontinuitywithSANdataderivedfromJERS-1. operationalobservationsoftheEarth.POEMwillbeimplementedas
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twospacecraftseries--oneforenvironmentalmonitoringand
atmosphericchemistry(ENVISAT),andoneforoperational
meteorologicalandclimatemonitoring(METOP).POEM-METOPwill
contributesignificantlytooperationalmeteorologybyprovidinga
long-termvenuefortheoperationalpackagein themorningorbit.
BothsatelliteswillusetheColumbuspolarplatform,andbothwillbe
equippedtoworkwiththeEuropeanDataRelaySatelliteSystem
(DRSS).Amajoreffortisbeingmadeongroundsegment
development,basedonexperiencegainedfromERS-1and-2. The
flightandgroundsegmentis beingdevelopedthroughthe
participationofESA,EUMETSAT,andtheEuropeanCommunity(EC);

cooperationwiththeU.S.andJapanisalsobeingpursuedthrough
exchangeofinstrumentationanddata.IntheoutyearsofthePOEM

Program,advancedinstrumentationwillbeintegratedontothe
platforms,withcandidatesincludinga lidar,a multifrequencySAR,
anda high-resolutionthermalinfraredradiometer.

POEM Environmental Satellite

POEM-ENVISAThasthedualobjectivesof continuingERS
measurementsandcontributingtoenvironmentalstudiesin land
surfaceproperties,atmosphericchemistry,aerosoldistribution,and
marinebiology.TheinstrumentpackagewillconsistoffiveESA-
fundedinstrumentsandfourinstrumentsprovidedbyindividual
ESAmemberstates.TheESAfacilityinstrumentsincludeASAR,
GOMOS,MERIS,MIPAS,andRA-2,whichincludesa microwave

sounder.Thefollowingnationalcontributionsarealsoincludedon
thePOEM-ENVISATmanifest:AATSR,PRAREE,SCARAB,and
SCIAMACHY.ThefirstPOEM-ENVISATlaunchisscheduledformid-

1998,withthelaunchofa secondplannedfor2003. Brief
instrumentdescriptionsfollow,withthefacilityinstruments
precedingtheAOcontributions:

ASAR--A high-resolution,all-weatherimagingSARthat
willprovideinformationonoceanwaves,surface
topography,landsurfaceproperties,snowandiceextent,
andseaiceextentandmotion;operatesin twomodes

(imagingmodeandwavemode).Theimagingmode
takesmeasurementsintheC-band(5.3GHz),witha
bandwidthof15.55MHz,30-mspatialresolution,and
lO0-kmswathwidth;thewavemodeoperatesat5.3GHz
andhasa spatialresolutionof30m,generating5 x 5 km
imagesofthesurfaceat regularintervalstodetermine
oceanwavefeatures.

• GOMOS---Monitorsglobalozone,enhancingknowledge
ofozonedepletionanditsimpactonthegreenhouse
effect;providesstablereferencedataonglobalozone,

plusobservationsofH20,NO2,NO3,CIO,BrO,OCIO,
temperature(02), andaeroso]sthroughtheuseoftwo
bore-sightedtelescopes,eachwithitsowngrating
spectrometer[spectrometerAcoversthespectralranges
of0.25-0.45_ and0.425-0.65_ (0.6-nmresolution);
spectrometerBcoverstherangesof0.758-0.772_mand
0.926-0.943_m (O.07-nmresolution)];limb-viewing
modeoperatesovera verticalrangeofapproximately20-
1O0km,andhasa verticalresolutionof~2 km;

synergisticwithMIPASandSCIAMACHY.
* MERIS---Measuresoceancolorandbiological

componentsoftheocean,lendinginsightintotheocean's
contributiontothecarboncycle;provideshighspectral
resolution(5-20nm)measurementsinupto15selectable
channelsfrom0.405to1.030Izn(channelselection
programmableinorbit);channelsarecompositesofsolar
spectrummeasuredoveradjacentChargedCoupledDevice
(CCD)detectors;-600 CCDdetectorsavailableinthe
spectraldimension,anduptoaboutone-thirdofthesecan
besampled;1,500-kmswathwidth;spatialresolution
programmableto250x 250m and1,000x 1,000m
(+_20° along-tracktilt);synergisticwithRA-2,ASCAT,and
_TSR.

• MIPAS--limb soundertomeasurethecomposition,
dynamics,andradiationbalanceofthemiddleandupper
atmosphere(i.e.,atmosphericchemistry,ozonemapping,
andmonitoringofthegreenhouseeffed/global
warming);heightrangeof 8-100km,and3-km
vertical/30-kmhorizontalresolution;veryhighspectral
resolution(0.025nm),rapid-scanningcapabilitypermits
retrievaloftemperature,watervapor,ozone,and

numeroustracegases(e.g.,CH4, CCI4, HN03);sensitivity
rangesfrom4.15to 14.6_ infourspectralbands;
synergisticwithGOMOSandSCIAMACHYfor
complementarymeasurements(i.e.,three-dimensional

temperaturefield,aerosolloading,polarstratospheric
clouddetection,andatmosphericchemistry).

• RA-2--Providessignificantwaveheightandsealevel
determination,oceancirculation(dynamics),icesheet
topography,andlandmappingdata;adaptivepulse-
limitedradaraltimeterpossessesa transmitcenter
frequencyof 13.8GHz,andanoptional3.2GHztransmit
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frequencytomeasureandcorrectforionosphericdelays;
onadoptiverangewindowresolution(withbandwidthup
to330MHz)isusedforautomaticgaincontrol;synergistic
withASCAT,MERI$,andAATSR;ensurescontinuityofERS-
1/2 dataproducts.

• AATSR--Provideshigh-precisionseasurfacetemperature
retrievalandland-surfacebidirectionalmeasurementsfor

oceandynamicsandradiationinteractionstudies;imaging
radiometerwith10channels(bandwidthlisted

parenthetically)[0.470l.m(20nm),0.550Fin(20 nm),
0.670pm(20nm),0.870pm(20 nm),1.240pn (20
nm),1.610_ (60 nm),3.750,urn(400nm),4.0pm
(TBD),]0.85 lxn(1,000nm),12.0_ (1,000nm)];
signal-to-noiseratioequals20forthevisible/near-infrared
channels,800at 270Kforthe12-and10.85-pm
channels,and227at270Kfor the3.75-_ channel;500-
kmswathwidth;500-mfield-of-view(FOV)atnadirfor

channelsupto1.6_ anda ]-kmFOVforchannels
beyond1.6pro;twoviewingangles(nadirand47°
forwardfromnadir);synergisticwithRA-2,ASCAT,and
MERIS;providescontinuitywithERS-1/2dataproducts.

• PRAREE--Provideshigh-precisionorbitography,geodesy,
platetectonics,andoceantopographydata,refines
satellitepositiontowithinmillimeters,studiesplatemotion,
andmonitorsseismicdeformationthroughtheuseofo
two-way,three-frequency(X,$,andUHFbonds)tracking
syslem,complementedbylasercorrections;operateswith
atleast20groundstations;complementsRA-2.

• SCARAB--Providesglobalmeasurementsofthe
radiationbudget;4-channel(0.2-4,0.2-50,0.5-0.7,and
10.5-12.5/.m)mechanicalcross-trackscannerthat
includesbroadband,total,andshortwavechannelsfor
radiationbudgetdeterminationsandnarrow-hand

infraredwindowandvisiblechannelsforimprovedcloud
detection.Allfourchannelswill hovea 60-kinspatial
resolutionando field-of-viewof 100°.

• SaAMACHY--Meosuresthetotalconcentrationand

verticaldistributionofatmospherictracegasspecies(i.e.,

H20,O3, C114,!t20, NO,NO2,NO3,CIO,502,BrO,OCIO,
HCHO,CO,C02),temperature(02 andCO2 bonds),and
aerosolsinthetroposphereandstratosphere,twoidentical
opticalpathscapableofviewinginlimb-scanning
(includingoccultation)ornadirmodes,usingarray
detectorsandgratingspectrometersinthespectralranges
of0.240-0.295pm(0.11nm),0.290-0.405pm(0.12

nm),0.400-0.700_ (0.15nm),0.650-1.050pm(0.20
nm),0.940-1.350pm(0.20nm),1.980-2.020pn (0.08
nm),and2.2S0-2.390pm(0.09nm);signal-to-noise
ratiocanbeupto5,000intheultraviolet/visibleand500
inthe infrared;possessesoverticalresolutionof 1 km
from20-100kminlimb-soundingmode(3-kmretrievals
expected);scans_+40° innadir-viewingmode;0.25x 25
kmfield-of-viewatnadir;synergisticwithMIPASand
GOMOS.

ASAR,RA-2,MERIS,andAATSRestablisha uniqueobservationand
measurementcomplementforthebiophysicalcharacterizationof
oceansandcoastalzones(>70%oftheEarth'ssurface),thus
givinganimportantkeyto climateandglobalenvironmental
monitoring.

MIPAS,GOMO$,andSCIAMACHYcomprehensivelymonitor
greenhousegases,therebystudyingglobalwarming,ozone
depletion,andclimaticinfluence.TogetherwithSCARAB,they
providea tooltocharacterizeboththelowerandupperatmosphere,
inviewofitsdynamics,radiativetransfer,interactions,andthe
weather.

RA-2andPRAREEmustbeflownonthesameplatform.

POEMMeteorologicalOperationalSatellite

ThiscollaborativeventurebetweenESA,NOAA,andEUMETSAThas

thecurrentobjectiveofoperationalmeteorologyanddimate
monitoring,anda futureobjectiveofoperationalclimatology.A
preparatoryprogramforMETOPwasapproved01theNovember
1992ESAMinisterialConference.Thecompletepayloadwillbe

determinedin1994,whenfinalprogramapprovalandfundingis
expected.Thecoreoperationalmeteorologypayloadconsistsofsix
instruments:AMSU-A1/2,AVHRR-3,DCS(ARGOS+),HIRS-3,IASI,

andMHS.TheoperationalmeteorologicalpackagealsoincludesMCP,
S&R,andSEM.Inaddition,thefollowinginstrumentshavebeen
proposedforclimatologicalmonitoring:ASCAT,MTSR,GOMI,MIMR,
andSCARAB.OriginalplanscalledforcertainNOAAoperational
instruments(i.e.,AVHRR-3,AMSU-A1/2,andHIRS-3)tobereplaced
bytheirnext-generationsuccessors.Atpresent,NOAAdoesnot
believethatitcanmeetESAandEUMETSAT'sambitiousdevelopment
andintegrationrequirementsintimefora 2000launch;instead,
NOAAplanstocontributetheversionsthatflyonthePOESseries,
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withsubsequentMETOPflightscarryingtheadvancedIRTS,MTS,and
VIRSRinstrumentsintheirplace.PlanscallforasecondPOEM-
METOPsatellitetobelaunchedin2005.Thefollowingsubsections
addressthediscreteelementsthatmakeupthecurrentPOEM-METOP
payloadconfiguration,andanticipatedenhancementstohe
integratedontofollow-onflights.

OperationalMeteorologicalPackage

TheOperationalMeteorologicalPackagewillreplaceNOAA'smorning
satelliteseries.Thisinstrumentpackagewillmakeoperational
weatherobservationsona regularbasis.Thispackageissynergistic
withallotherinstrumentsonthePOEM-METOPsatellite,andwill
facilitatecalibrationofotherinstrumentssubjecttoatmospheric
interference(e.g.,AATSR).Briefdescriptionsoftheinstrumentsthat
comprisetheoperationalmeteorologicalpackagefollow:

• AMSU-A1/2--15 channels(23-90GHz)to measure
temperatureprofilesfromgroundlevelto45 km,with
4S-kmnadirresolution(14-bitresolution);scanlinetime
of8 secincludesfullaperturecalibration.

• AVHRR-3--Sixspectralchannels(fivefull-time)at
0.58-0.68_, 0.72-1.0_m,1.58-1.64_ (sun-side
readout)/3.55-3.93_ (dark-sidereadout),10.3-11.3
_, and11.5-12.5_, withanimageresolutionof1-4
km(effectivel 1-bitresolution);infraredcalibration
capability,butnovisiblecalibration.

• DCS(ARGOS+)--Relaysmessagesfromdatacollection
platformsat401.0and136.77MHz;receivesplatform
andbuoytransmissionson401.65MHz;monitorsover
4,000platformsworldwide;outputsdataviaVHFlinkand
staresthemontape.

• HIRS-3--20 channelsat0.2-15_ to coverthesurface
tothetroposphere,with21-kmnadirresolution(12-bit
resolution),ascanlinetimeof6.4sec,andfullaperture
calibration.

• IASI--Providesatmospherictemperatureandhumidity
profileswithhighverticalresolutionandaccuracy,and
continuousmonitoringofglobalradiation,dynamics,and
energyflux;high-resolutionspectrometerwithaspectral
bandof3.4-15.5_manda spectralresolutionof0.25
cml; 1-kmverticalresolution;1Ktemperatureaccuracy.

• MCP--Providesdirectdatahandlingandbroadcastof
operationalinstrumentdatastreamstogroundstations.

• MHS--Measuresprecipitationandwatervaporprofiles
with_o channelsat89and150GHz,andthreeat
183.31GHz(1,3,and7 GHzbandwidths);scanlinetime

willbe8 and3 sec,respectively;possessesfullaperture
calibrationand15-kmnadirresolution(14-bitresolution);

providedbyEUMETSAT.
• S&R--Receivesbeaconsignalsat 121.5,243,and

406.05MHz(-154dBmsignaldetectionlevel);transmits
inreal-timeat 1,544.5MHztagroundstationsaroundthe
world.

• SEM--Monitorsparticlesandfieldstomeasureand
predictsolarevents.

Thenext-generationmeteorologicaloperationalinstrumentsslated
forflightonPOEM-METOP2andsubsequentspacecraftinclude:

• IRTS--Scanningradiometertoprovideglobal
atmospherictemperatureprofiles,atmosphericwater
content,cloudproperties,andEarthradiationbudget
data;20channelscoveringthegroundtothe
troposphere,from0.2to15_m;2,250-kmswathwidth,
with21-km(12-bit)resolutionatnadirandfullaperture
calibration;scanlinetimeof8 secincludescalibration;

instrumentdesignbasedonHIRS-3heritage.
• MTS--Employs21channelscoveringgroundlevelto73

km,includingupperatmospheresoundings;providesfull
aperturecalibrationand45-kmnadirresolution(14-bit
resolution);scanlinetimeof8 secincludescalibration.

• VIRSR--Providesglobalmonitoringofclouds,sea
surfacetemperature,vegetation,andice;2,200-kmswath
width,with1.1-km(12-bit)resolutionatnadir;employs
sevenfull-timespectralchannels(0.605-0.625,0.860-
0.880,1.580-1.640,3.620-3.830,8.400-8.700,10.30-
11.30,and11.50-12.50_), plusonboardvisibleand
infraredcalibration;scanmodereversedfromtraditional

imagers;signal-to-noiseratioonallinfraredchannelswill
be0.1° and30OK.
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ClimatologicalMonitoringPackage

Thefollowingfacilityinstrumentshavebeenproposedfor
climatologicalmonitoring,witheventualtransitiontooperational
climatology:

• AATSR--SeedescriptioninPOEM-ENVISATsubsedion.
• ASCATmMeasuresoceansurfacewindspeedand

direction,andoceancirculationanddynamics;accurateto
2 m/see(directionto20°);provides25x 25km
resolution;hasa doubleswath(2x 500km)capability;
operatesat14GHz;synergisticwithRA-2,MERIS,and
AATSRforbiophysicalcharacterizationoftheocean,ocean
dynamics,andenergyexchange;ensurescontinuitywith
ERS-1/2dataproducts.

• GOMI--A gratingspectrometerthatwillretrieveglobal
ozonedistributionsfrombothsolarradiationbackscatter

anddifferentialopticalabsorptionspectroscopy;operates
overfourspectralchannels(0.240-0.295,0.290-0.405,
0.400-0.605,0.590-0.790_) ata moderatelyhigh
spedralresolutionof0.2-0.4nm;pixelsizeontheground
of40x 1.7km,andspatialresolutionbetween40x 40
kmand40x 320km.

• MIMRDSee EOSInstrumentssectionfora detailed

description.
• SCARAB---SeedescriptioninPOEM-ENVISATsubsedion.

NOAA-K;NOAA-Kthrough-N'willemploytheAMSU-A1/2and
AMSU-Bsounderpair.

TheU.S.andEuropehaveagreedinprinciplethatEuropewilltake
overresponsibilityforthemorningsatelliteofthePOESglobal

coveragemissioninthe2000timeframe.Planningforthis
cooperativeprogramincludesflightoftheNOA._'EUMETSAT
operationalmeteorologicalpayloadaboardthePOEM-METOPseries.
Also,EUMETSATwillestablisha high-latitudeEuropeangroundstation
toreadoutdatafromboththeEuropeanandU.S.(NOAA)satellites.
Fullexchangeofdata,inotimelymannerconsistentwithoperational
objectives,willbeconductedbetweenNOAAandEUMETSAT.Current
plansareforthesetwoagenciestoprovidemorning(EUMETSAT)and
afternoon(NOM)polarsatelliteglobalcoverage,witheachusingthe
samebasicinstrumentcomplements.TheU.S.willprovidethe
AMSU-A1/2,AVHRR-3,HIRS-3,andSEMinstrumentstobeflownon
POEM-METOP1;EUMETSATwillprovidetheAMSU-Binstrumentsfor
NOAA'sPOESseries;FrancewillprovidetheARGOSsystemsforboth
theNOAAandEUMETSATmissions;andCanadaandFrancewill

jointlyprovidetheS&RsystemsforbothHOAAandEuropeanpolar
missions.Eachmeteorologicalagencymayaddotherinstruments
suitabletoitsparticularorbittimeandneeds.

Diredbroadcastof POESdatawillcontinue,withEuropeanpolar
satellitesalsoprovidingdirectdatabroadcastservices.Inaddition,
datafrompotentialoperationalinstrumentsontheEOSsatelliteswill
beaccessedanddisseminatedbyNO_.

POES SERIES

NOAA'sprimaryagencydirediveistoprovidedailyglobaldatafor
operationalforecastsandwarnings,withveryhighreliability.NOAA
normallyhastwo POESinoperationatthesometime,oneina
morningandoneinanafternoonorbit;eachisreplaceduponfailure
orsignificantdegradationofoneofitsprimarysensorsor

subsystems.Over120countriesdependonthedatafromthePOES
directbroadcast.

ThepresentPOESsystemwillcontinuethrough2000.Thecore
instrumentsforthePOESmissionsareAVHRR-3andHIRS-3--an

imagerandaninfraredsounder,respedively.POESspacecraftare
alsoequippedwiththeARGOSdatacollectionsystem,S&R,andSEM.
POESsatellitesinafternoonorbit(i.e.,NOAA-11/I/K/M/N')also
carrySBUV.Thestratosphericandmicrowavepairofsoundersnow

inuse(i.e.,SSUandMSU)arebeingupgraded,beginningwith

Theestablishmentanduseof a high-latitudeEuropeanground

stationunderthecooperativeNOAA-EUMETSATagreementwill
eliminateblindorbitsincoveragebypolar-orbitingmeteorological
satellites.Thisenhancedgroundnetworkwilleliminateorbits
whereinthesatellitefailstopasswithinline-of-sightfordata
transmissiontoitsgroundstation.BothNO_ andEUMETSAT's
meteorologicalpayloadswillbeabletodownlinka fullorbit'sworth

ofdataatfullresolutioneachorbit.Assuch,therewillnolongerbe
a needforlow-resolutionGACdatatoconservePOESonboarddata

storagecapacity.AllPOESdatainthecooperativeprogramwill be
full-resolutionLocalAreaCoverage(LAC)data.Thelow-resolution,
analogAutomaticPictureTransmission(APT)aswellastheDirect

SoundingBroadcast(DSB)ofthecurrentNOAAsystemwill be
replacedwithLow-ReselutionPictureTransmission(LRPT)broadcasts.
TheHigh-ResolutionPictureTransmission(HRPT)dataratewillbe
changedfrom667kbpsto3.5Mbps,andtheHRPTfrequencywillbe
changedto1,704.5MHz.
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NOAA-K/L/M/N/N' Instruments

• ARGOS--Relaysmessagesfromdatacolledion

platformsat401.0and136.77MHz;receivesplatform
andbuoytransmissionson401.65MHz;monitorsover

4,000platformsworldwide;outputsdataviaVHFlinkand
storesthemontape.

* AMSU-A1/2m15 channels(23-90GHz)tomeasure

temperatureprofilesfromgroundlevelto45 km,with
45-kmnadirresolution(14-bitresolution);scanlinetime
of8 secincludesfullaperturecalibration.

• AVHRR-3--Sixspedralchannels(fivefull-time)at
0.58-0.68pm,0.72-1.0pm,1.58-1.64pm(sun-side
readout)/3.55-3.93pm(dark-sidereadout),10.3-11.3
pm,and11.5-12.5,um,withanimageresolutionof 1-4
km(effectivel 1-bitresolution);infraredcalibration
capability,butnovisiblecalibration.

• AMSU-B--Measuresprecipitationandwatervapor
profileswithlwochannelsat89 and157GHz,andthree
at183.31GHz(1, 3,and7 GHzbandwidths);scanline
timeis8/3 sec,respectively;15-kmnadirresolution(14-

bitresolution)andfull aperturecalibrationcapability.

• HIRS-3--20 channelsat0.2-15_ tocovertheground
tothetroposphere,with21-kmnadirresolution(12-bit

resolution),a scanlinetimeof6.4sec,andfullaperture
calibration.

• SBUV-2(NOM-K/M/N'only)--12spectralchannelsto
measurefrom0.252-0.322_, witha 1-nmbandpass;
256-secspedralscan;11.33° x 11.33° instantaneous
field-of-view;14-bitresolution;diffuserplatecalibration
accomplishedwithanonboardspectralreflectance/
transmittancemeasurementsystem;operatesonlyonthe
daysideoftheorbit,andperformsspedralcalibrationon
thenightside.

• S&R--Receivesbeaconsignalsat 121.5,243,and
406.05MHz(-154dBmsignaldetectionlevel);transmits
in real-timeat 1,544.5MHztogroundstationsaroundthe
world.

• SEM--Monitorsparticlesandfieldstomeasureand
predidsolarevents.

i • ...................................................................................................................................SS
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ACRIM
ACTIVECAVITYRADIOMETER

IRRADIANCEMONITOR

THREETOTALIRRADIANCEDETECTORS:ONETOMONITORSOLARIRRADIANCE,
TWOTOCALIBRATEOPTICALDEGRADATIONOFTHEFIRST

HERITAGE:ACRIMII (UARS)

MONITORSTHEVARIABILIIYOFTOTALSOLARIRRADIANCE

SOLARIRRADIANCEUNCERTAINTYOF0.1%;
LONG-TERMPRECISIONOF5 PPMPERYEAR

SAMPLINGINTERVAL~2 MINUTES

SENSORASSEMBLYMOUNTEDONTWO-AXISTRACKER
TOOBSERVESOLARDISKDURINGEACHORBIT

heACRIMexperimentwillsustaintheNASAlong-termsolar

luminositydatabase.Theprimaryobjectiveof ACRIMisto
monitorthevariabilityoftotalsolarirrodiancewithstate-

of-the-artaccuracyandprecision,therebyextendingthehigh-
precisiondatabasecompiledbyNASAsince1980. OtherACRIM
experimentshavebeenincludedaspartoftheEarthradiation
budget"principalthrust"intheNationalClimateProgram.An
overlapstrategyhasbeenpursuedtomaintainthecontinuous

observationofsolarirradiancewithACRIMandotherspace-based
solaroutputmonitoringinstruments.Successfulcompletionofthe
overlapstrategyforACRIMoverthelifetimeoftheEOSmissionwill
providethelasthalfofa NASA/ACRIMsolarluminositydatabase3
decadesinlength,withbetterthan50ppmprecision,including
uncertaintiescausedbysensordegradation.

TheACRIMinstrumentcontainsthreeindependentactivecavity
radiometer(ACR)solar-monitoringsensorsanda sun-position
sensor.OneoftheACRsmonitorsthesolarirradianceona full-time

basis,andtheothertwoareusedtocalibrateopticaldegradationof

thefirst.TheACRsarestate-of-the-artpyrheliometerscapableof
definingtheradiationscalewithonlya 0.1percentuncertainty.The
sun-positionsensorisusedinthesciencedatastreamtocorred

ACRIMresultsforoff-sunpointing.TheACRpyrheliometerconsists
oftworightcircularconicalcavitydetectorsthatarethermally
connededtoa heatsink.Thecavityinteriorsarecoatedwitha
specularblackpaint.Theprimarycavityisirradiatedthrougha
preciselymachinedandaccuratelymeasuredprimaryaperture.The
primarycavitydetectorismaintainedata slightlyhigher(1°C)
temperaturethantheheatsinkatalltimes.Thesecondarycavity
driftswiththesensorheatsink,automaticallysubtractingitseffects
fromthemeasurements.Thebasicprincipleisthattheheating
effedofirradiantsolarfluxona detedoriscomparedwiththatof
eledricalpowerdissipatedina heatingelementinintimatethermal
contactwiththesamedetectorstructure.Knowledgeoftheeffective
absorptanceofthedetectorfortheirradiantflux,theareaof
detectorillumination,andtheelectricalheatingpowermake
possibletheaccurateandhighlyprecisemeasurementsofirradiant
solarflux.
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ACRIMdataproductswillconsistoftheaveragetotalsolarirradiance
atoneAstronomicalUnit,inunitsofwattspersquaremeter,foreach
ACRIMshutter-opencycle.Resultswillbecorrectedforvariationsin

satellite-sundistanceandtherelativisticeffectoftheplatform's
orbitalvelocitytowardandawayfromthesun.Measurementswill

bemadecontinuouslyduringdaylightpasses,withintegratedresults
atapproximately2-minuteintervals.Dailymeanresultswillbe
compiledandaddedtothedatabaseforuseinclimateandsolar

physicsinvestigations.ACRIMdataproductswillprovide
measurementsofthetotal(bolometric)solarirradianceabovethe

atmosphere,withabsoluteaccuracyof0.1percentandlong-term
precisionof0.0005percentperyear.

I(eyA(RIMFacts:
° In-houseJPLde,ak:pnmt

• _inPh_e8

Fvk_lmr_
WIsan,R.CandH.S.Hudsan,1heSun__ overa_

SolarCyde,N_re,351,42-45,May2,1991.

ACRIMParameters

MeasurementApproach
Threeactivecavityradiometersmonitortotalsolarirradianceto

99.9%accuracy

Swath:n/a (looksatsun)
Spatialresolution:n/a (looksatsun)

AccommodationIssues

Mass:39kg(excludingtrackingplatform)
Dutycycle:100%(daylightonly)
Power:35W(average),40W(peak)
Datarate:1 kbps
Thermalcontrolby: Heater,centralthermalbus,radiator

Thermaloperatingrange: 10-30°C
FOV:+_2.5°

InstrumentIFOV:n/a

Pointingrequirements(platform+instrument,3c_):
Control:

Knowledge:
Stability:
Jitter:

Physicalsize:

360arcsec/axis
180arcsec/axis
360arcseJaxis
360arcsoJaxis

38x 14x 18cm(sensorassembly);
13x 15x 25cm(instrumentelectronics)

Requirespointingplatformtobeprovidedbyspacecraft

PrincipalInvestigator--RichardC.Willson

ichardC.Willsonholdsa doctoraldegreeinAtmospheric
SciencesfromtheUniversityofCalifornia-LosAngeles,and
B.S.andM.S.degreesinPhysicsfromtheUniversityof

Colorado.Heisa seniormemberofthetechnicalstaffandSupervisor
oftheSolarIrradianceMonitoringGroup,AtmosphericandCometary
SciencesSection,EarthandSpaceSciencesDivision,attheJet

PropulsionLaboratory(JPL).Hiscareer,whichbeganatJPLin1963,
hasinvolvedprimarilythedevelopmentof state-of-the-artACR

pyrheliometryforuseinsolartotalirradianceobservationson

balloon,soundingrocket,SpaceShuttle,andsatelliteplatforms.He
hasbeenthePrincipalInvestigatorfortheSolarMaximumMission
ACRIMI, SpaceShuttleSpacelabI, AtmosphericLaboratoryfor
ApplicationsandScience(ATLAS)ACRIMs,andUpperAtmosphere
ResearchSatellite(UARS)ACRIMII experiments.

Co-Investigator

HughS.Hudson,UniversityofHawaii
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AIRS,AMSU,andMHS
ATMOSPHERICINFRAREDSOUNDER_

ADVANCEDMICROWAVESOUNDINGUNIT, _

ANDMICROWAVEHUMIDITYSOUNDER

AIRS
ATMOSPHERICINFRAREDSOUNDER

HERITAGE:HIRS2,HIS

MEASURESTHEEARTH'SOUTGOINGRADIATION

BEIWEEN0.4TO1.7AND3.4TO15.4

AtmosphericInfraredSounder

AMSU
MICROWAVERADIOMETER

HERITAGE:MSU

PROVIDESATMOSPHERICTEMPERATUREMEASUREMENTS
FROMTHESURFACEUPTO40KM

AdvancedMicrowaveSoundingUnit

MHS
MICROWAVERADIOMETER

HERITAGE:MSU

PROVIDESATMOSPHERICWATERVAPORPROFILEMEASUREMENTS

MicrowaveHumiditySensor
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IRShasbeenselededbyNASAtoflyontheEOS-PM1satellite.Thesameplatformwillalsocarrytwooperational
microwavesounders:NOAA'sAMSUandEUMETSAT'sMHS.

AIRSisdesignedtomeettheNOAArequirementofa high-resolution
infraredfiR)soundertoflyonfutureoperationalweathersatellites.
AIRS,AMSU,andMHSmeasurementswillbeanalyzedjointlytofilter
outtheeffectsofcloudsfromtheIRdatainordertoderivedear-

columnairtemperatureprofilesandsurfacetemperatureswithhigh
verticalresolutionandaccuracy.Together,theseinstruments
constitutetheadvancedoperationalsoundingsystem,relativetothe
High-ResolutionInfraredSounder/MicrowaveSoundingUnit
(HIRS/MSU)systemthatcurrentlyoperatesonNO_ satellites.

ResearchProducts

-Fortheatmosphere,AIRS/AMSU/MHSwillprovidea
precipitationestimate,andtropopauseandstratopause
height.AIRSwillprovideoutgoingIongwavespectral
radiationandcloudopticalthickness.AMSUwillprovide
cloudthermodynamicphase(ice/water)andcloudwater
content.

-For theland,AIRS/AMSUwillprovidesurfacespectral
emissivity,surfacealbedo,andnetshortwaveflux.

-For theocean,AIRSwillprovidenetshortwaveflux.
AMSUwillprovidesea-icecover(old/new)andsurface
(scalar)windspeed.

ThedataretrievedfromtheAIRS/AMSU/MHSinstrument

complementwillimproveglobalmodelingefforts,numericalweather
prediction,studyoftheglobalenergyandwatercycles,detectionof
theeffectsofgreenhousegases,investigationofatmosphere-surface
interactions,andmonitoringofclimatevariationsandtrends.These
objediveswillbemetthroughimprovementsin theaccuracyof
severalweatherandclimateparameters,includingatmospheric
temperatureandwatervapor,landandoceansurfacetemperature,
clouddistributionandspedralproperties,andoutgoingIongwave
radiation.Simultaneousobservationsoftheatmosphereandclouds
fromAIRSwillallowcharacterizationofthespectralpropertiesof
cloudsforenhancedunderstandingoftheirroleinmodulatingthe
greenhouseeffect,andtheincreasedresolutionandnumberof
infraredsoundingchannels(anincreaseoftwoordersofmagnitude
beyondcurrentoperationalsounders)willimprovetheaccuracyof
weatherforecasting.

AIRS,AMSU,andMHStogetherconstitutea singlefacilityinstrument
program,soAIRSproductsareoftentheresultofjointoperations.
Standardandresearchdataproductsforthecomplementare
delineatedbelow:

StandardProducts
-For theatmosphere,AIRS/AMSUwillprovidea

temperatureprofile,humidityprofile,totalprecipitable
water,fractionalcloudcover,cloudtopheight,andcloud
toptemperature.

-For theland,AIRS/AMSUwillprovideskinsurface
temperature,plusdayandnightlandsurface
temperaturedifference.AIRSwillprovideoutgoing
day/nightIongwavesurfaceflux.

-For theocean,AIRS/AMSUwillprovideskinsurface
temperature.AIRSwillprovideoutgoingday/night
Iongwovesurfaceflux.

Standardproductsaredistinguishedfromresearchproductsinthat
thelatterwillrequirepost-launchverification.

AIRS

AIRSisa high-resolutionsoundercoveringthespectralrange
between0.4 and15.4_, measuringsimultaneouslyinover
2,300spectralchannels.Thespectralresolution(_./,_)is 1,200.
Thehighspectralresolutionenablestheseparationofthe
contributionofunwantedspectralemissionsand,inparticular,
providesspectrallyclean"superwindows,"whichareidealfor
surfaceobservations.Allchannelswillbedownlinkedona routine

operationalbasis.

Temperatureprofileswill bederivedinthepresenceof multiplecloud
layerswithoutrequiringanyfield-of-viewto becompletelyclear.
Humidityprofileswillbederivedfromchannelsinthe6.3-_ water
vaporbandandthe11-_ windows,whicharesensitivetowater
vaporcontinuum.Determinationofthesurfacetemperatureand
surfacespedralemissivityisessentialforobtaininglow-levelwater
vapordistribution.

LandskinsurfacetemperatureandthecorrespondingIRemissivity
oredeterminedsimultaneouslywiththeretrievaloftheatmospheric
temperatureandwaterprofiles.Shortwavewindowchannelsare
usedto derivethesurfacetemperatureandcorrespondingspectral
emissivity,andtoaccountforreflededsolarradiation.Oncethe
surfacetemperatureisdetermined,theIongwavesurfaceemissivity
forthe11-,umregioncanbedetermined,thenusedtoretrievethe
waterdistributionnearthesurface.

Cloud-topheightsandeffedivecloudamountaredeterminedbased
anthecalculatedatmospherictemperature,humidity,andsurface
temperature,combinedwiththecalculatedclear-columnradiance
andmeasuredradiance.Thespectraldependenceoftheopacityof
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thecloudswilldistinguishvariouscloudtypes(includingcirrus
clouds).Ozoneretrievalisperformedsimultaneouslywiththeother
parametersusingthe9.6-_ ozoneband.

AIRSvisibleandnear-IRchannelsbetween0.4and1.0_s willbe
usedprimarilyto discriminatebetweenlow-levelcloudsanddifferent
terrainandsurfacecovers,includingsnowandice. Inaddition,the
visiblechannelswillallowthedeterminationofcloud,land,and
oceansurfaceparameterssimultaneouswithatmosphericcorrections.
Currentimplementationcallsforfourchannels.Onebroadband
channelfrom0.4to1.0_ willbeusedfortheestimationof
reflectedshortwaveradiation(i.e.,albedo).Otherchannelswillbe
usedforsurfacepropertiessuchasiceandsnowamountand
vegetationindex.

AMSUandMHS

AMSUisdesignedprimarilytoobtainprofilesofstratospheric
temperatureandtoprovidea cloud-filteringcapabilityfor
troposphericobservations;MHSisdesignedto obtainprofilesof
atmospherichumidityandto detectprecipitationundercloudswith
15-km(nadir)resolution._SU andMHShavea totalof20

channels:15oreassignedtoAMSU,eachhavinga 3.3° beamwidth,
andfiveareassignedtoMHS,eachhavinga 1.1° beamwidth.
Channels3to 14onAMSUaresituatedonthelow-frequencysideof
theoxygenresonanceband(50-60GHz)andareusedfor
temperaturesounding.Successivechannelsinthisbandaresituated
at frequenciesw'dhincreasingopacity,thereforerespondingto
radiationfromincreasingaltitudes.Channel1[locatedonthefirst
(weak)watervaporresonanceline]isusedtoobtainestimatesof
totalcolumnwatervaporintheatmosphere.Channel2 (at31GHz)
isusedtoindicatethepresenceofrain.

Channel15onAMSUandchannel16onMHSarebothat89GHz,
andarealsousedtoindicateprecipitation(i.e.,at89GHzicemore
stronglyscattersradiationthanitabsorbsoremits).Channels17to
20arelocatedonthewingsofthestronglyopaquewatervapor
resonancelineat 183.3GHz.Again,successivechannelsinthis
grouphavedecreasingopacity;therefore,theycorrespondto
humiditiesatdecreasingaltitudes.Channels17to20,alongwith
inputsfromchannel16andchannels1 and2, togetherwiththe
temperatureprofilefromAIRS/AMSU/MHS,areusedtoobtain
profilesofatmospherichumidity(i.e.,watervapor). _,

AIRS Parameter_

MeasurementApproach
Highspectra!resolution,multispectralIRsounder
OperateswithAMSUforall-weathercapability
1Ktemperatureretrievalaccuracy
0.05emissivityaccuracy
Arraygratingspectrometer(3.74!o 15.4_), witha

spectralresolutionof 1200(_/A_,)

Swath:1,650km
Spatialresolution:13.5kmhorizontalatnadir,1 kmverlical

AccommodationIssues
Mass:140
Dutycycle:_go0%

Power:224W
Datarate:1.42Mbps
ThermaJcontrolby:Redundant6OKStirlingcyclecoolers,heater,

minithermalbus,two-stageradiator
Thermaloperatingrange:20-25°C
FOV:_+49.5° cross-track
InstrumentIFOV:1.1° circular
Pointingrequirements(platform+instrument,3c):

Control: 900orcsec
Knowledge: 900arcsec
Stability: 360/60sec
Jitter: TBD

Physicalsize: 116.5x 80x 95.3cm(stowed);
116.5x 158.7x 95.3cm(deployed)

AiISFac_
*l_ossibletransitiontoNOAA-P/Oseries

* PhaseC/DstartMarch1991
• PrimeContractor:LORAL
• RespomibleCenter:JPL

_MISUFnm:
• OnboardI_AA-K/L/MandscheduledfortlOAA-O/I'/Q
• PhaseC/DstartDecember1992
• PrimeContractor:Aero'letGeneralCorporation
• Respond'hieCenter:.GSFC

KeyMIlSFacls:
• OnbonrdNOAA-K/L/MandscheduledforNOAA-O/P/Q

• PhaseC/DstartexpoclndJune1994
• I'haseBraeaUors:Matinttnd andgdlshAerospace
• EUMETSATprovidestheinstrument

Fwr_l_
AIRSScienceTeam,TheAtmosphericInfraredSounder(AIRS)Science
andMeasurementRequirements,JPLDocument_D6665.

................................................................................................................................................•
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AMSU Paramet_,,rs

MeasurementApproach
Passivemicrowaveradiometerthatmeasuresatmospherictemperature

Swath:1,650km
Spatialresolution:40kmhorizontalatnadir

AccommodationIssues
Mass:100kg
Dutycycle:100%
Power:125W
Datarate: 3.2kbps

Thermalcontrolby:Heater,centralthermalbus,radiator
Thermaloperatingrange:0-20°C
FOV:_+49.5°
InstrumentIFOV:3.3°
Pointingrequirements(platform+instrument,3a):

Control: 720arcsec
Knowledge: 360arcsec
Stability: 360arcsec/sec
Jitter: 360arcsec/sec

Physicalsize: 65.5x 29.9x 59.2cm(A1);
54.6x 64.9x 69.7cm(A2)

MHS Parameters

MeasurementApproach
Passivemicrowaveradiometerforhumidityprofiling,consistingof

fivechannels:1at89GHz,1at 166GHz,and3 at183.3GHz

Swath:1,650km
Spatialresolution:13.5kmhorizontalatnadir

AccommodationIssues
Mass:66kg
Dutycycle:100%
Power:85W(average),190W(peak)

Datarate: 4.2kbps
Thermalcontrolby: Radiator
Thermaloperatingrange:0-40°C
FOV:_+49.5cross-t_ackf_mnadir(+90to-49.5° forcalibration)
InstrumentIFOV:1.1°
Pointingrequirements(platform+instrument,3a):

Control: 3,600arcsec
Knowledge: 360arcsec
Stability: 74 arcsec/sec
Jitter: TBD

Physicalsize: 77.4x 99x 56cm

Team Leader--Moustafa Chahine

M oustafaChahinewasawardeda Ph.D.inFluidPhysicsfromtheUniversityofCaliforniaatBerkeleyin1960.He
isChiefScientistattheJetPropulsionLaboratory(JPL),

wherehehasbeenaffiliatedfornearly30years.From1978to
1984,hewasManageroftheDivisionof EarthandSpaceSciencesat
JPL;assuch,hewasresponsibleforestablishingtheDivisionand
managingthediverseactivitiesofits400researchers.For20years,
Dr.Chahinehasbeendirectlyinvolvedin remote-sensingtheoryand
experiments.HisresumereflectsrolesasPrincipalInvestigator,
designeranddeveloper,andanalystinremotesensingexperiments.
HedevelopedthePhysicalRelaxationMethodforretrieving
atmosphericprofilesfromradianceobservations.Subsequently,he
formulateda multispectralapproachusinginfraredandmicrowave

dataforremotesensingin thepresenceofclouds.Thesedata
analysistechniquesweresuccessfullyappliedin1980toproducethe
firstglobaldistributionoftheEarthsurfacetemperatureusingthe
HIRS/MSUsoundersdata.Or.Chahinewasintegrallyinvolvedin the
designstudyofAMTS,theprecursortothecurrentAIRSspectrometer.
Dr.Chahineservedasa memberoftheNASAEarthSystemSciences
Committee(ESSC),whichdevelopedtheprogramleadingtoEOS,and
currentlyisChairmanoftheScienceSteeringGroupofa closely
relatedeffort,theWorldMeteorologicalOrganization'sGlobalEnergy
andWaterCycleExperiment(GEWEX).Dr.Chahineisa Fellowofthe
AmericanPhysicalSocietyandtheBritishMeteorologicalSociety.In
1969,hewasawardedtheNASAMedalforExceptionalScientific
Achievementsand,in1984,theNASAOutstandingLeadershipMedal.

Team Members

HortmutH.Aumann,JetPropulsionLaboratory
AlanI. Chedin,CentreNationald'.EtudesSpatJales
HenryE.Fleming,NQAA/NationalEnvironmental

Satellite,Data,andInformationService
CatherineGautier,UniversityofCalifornia-SantaBarbara
JohnELeMarshall,BureauofMet_rologyResearch.Centre
LarryM.McMillin,NOAA/NationalEnvironmental

Satellite,Data,andInformationService

RalphA.Petersen,NOAA/Nationa!WeatherService
HenryE.Revercomb,UniversityofWisconsin .
RolandoRizzi,EuropeanCede_ Medium-RangeWeather
PhilipRasenkrqnz,Massochu_ttsInstituteof_echnology
WilliamL Sm!th,UniversityofWisconsin
DavidH.Staelin,MassachuseltsInstituteofTechnology
L.LarrabeeStraw,UniversityofMaryland
JoelSusskind,GoddardSpaceFlightCenter
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ASTER
ADVANCEDSPACEBORNETHERMAL

EMISSIONANDREFLECTION

RADIOMETER

VNIR

IMAGINGRADIOMETER

HERITAGE:MESSR,OF'S,LANDSAT,ANDSPOT

PROVIDESHIGHSPATIAlRESOLUTIONIMAGESOFTHELANDSURFACE,
WATER,ICE,ANDCLOUDS

SAME-ORBITSTEREOCAPABILITY

14MULTISPECTRALBANDSFROMVISIBLETHROUGHTHERMALINFRARED

II I

STER--formerlyknownastheIntermediateThermalInfraredRadiometer(ITIR)--isa facilityinstrument
providedfortheEOS-AM1platformbytheJapaneseMinistry

ofInternationalTradeandIndustry(MITI).ASTERwilloperatein
threevisibleandnear-infrared(VNIR)channelsbetween0.5and0.9

' ith15-mresolution;sixshortwaveinfrared(SWIR)channels
een1.6and2.5l-'n,with30-mresolution;andfivethermal

infrared(TIR}channelsbetween8 and12_, with90-mresolution.
Theinstrumentwillacquiredataovero60-kmswathwhosecenteris
pointablecross-track_.5 ° intheSWIRandTIR,withtheVNIR
pointableoutto_4 °. Anadditionaltelescope(afipointing)covers
thewavelengthrangeofChannel3. Bycombiningthesedatawith
thoseforChannel3,stereoviewscanbecreated,witha base-to-
heightratioof0.6. ASTER'spointingcapabilitieswillbesuchthatany
pointontheglobewillbeaccessibleatleastonceevery16daysinoil
14bandsandonceevery5 daysin thethreeVNIRchannels.

ASTERdataproductswillexploitcombinationsofVNIR,SWIR,andTIR
forcloudstudies,surfacemapping,soilandgeologicstudies,volcano
monitoring,andsurfacetemperature,emissivity,andreflectivity
determination.VNIRandSWIRbandswillbeusedforinvestigationof
landusepatternsandvegetation,VNIRandTIRcombinationsforthe
studyofcoralreefsandglaciers,andVNIRfordigitalelevation

SWlR

TIR

evopatranspiration,andlandandoceantemperature.The
stereoscopiccapabilitywillyieldlocalsurfaceDEMsandallow
observationsoflocaltopography,cloudstructure,volcanicplumes,
andglacialchanges.

ASTERwillprovide!ighspatialresolution(15-to90-m)multispectral
imagesoftheEarthssurfaceandcloudsinordertobetterunderstand
thephysicalprocessesthataffectclimatechange.WhiletheModerute-
ResolutionImagingSpectrorodiometer(MODIS)andMufti-AngleImaging
g_oeCtro-Rndiometer(MISR)willmonitormanyofthesomevariables

ballyandona dailybasis,ASTERwillprovidedataatascalethatcan
bedirectlyrelatedtodetailedphysicalprocesses.Thesedotewillbridge
thegapbetweenfieldobservationsanddataacquiredbyMODISand
MISR,andbetweenprocessmodelsandclimateand/orforecastmodels.
ASTERdatawillalsobeusedforlong-termmonitoringoflocaland
regionalchangesontheEarthsurface,whicheitherleadtoorarein
responsetoglobalclimatechange(e.g.,landuse,deforestation,
desertification,lakeandplayawaterlevelchanges,andotherchangesin
vegetationcommunities,gladalmovement,andvokanicprocesses).

Cloudsareoneofthemostimportantvariablesin theglobalclimate
system.Withitshighspatialresolution,broadspectralcoverage,and
stereocapability,ASTERwillprovideessentialmeasurementsofcloud

models(DEMs).TIRchannelswillbeusedforstudyof amount,type,spatialdistribution,morphology,andradiative
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properties.Thesedatawillhelpvalidatethecloudmonitoringof
MODISandMISRbyprovidingsubpixel-levelinformation.

ASTERwillprovidesurfaceradiative(brighlness)temperature,andthe
muhispectralTIRdatacanbeusedtoderivesurfacekinetictemperature
andspectralemissivity.Thishighspatialresolutiontemperature/
emissivityinformationcanbeusedtoverifysimilarprocedures
employingMODISdata.Surfaceradiativetemperatureisanelementin
theradiativeheatbalance.Surfacekinetictemperaturecanbeusedto
determineelementsofsurfaceprocessmodels,sensibleheatflux,latent
heatflux,andgroundheatconduction.Surfacetempermresarealso
relatedtothermophysicalproperties(suchasthermalinertia),
vegetationhealth,soilmoislure,temporallanddass'_cation(e.g.,wet
vs.dry,vegetatedvs.baresoil),andevapatranspiration._r

KeyAS1ERFacts:
• Notscheduledforfurtherflights
. Japan(Mffl)toprovidethe instrument
• PdmeConlmc_.NEC(_integralklnandVNIR)
• Subcoatractors:MELCO(SWIR)andFujitsu(11Randcryocooler)

ForF_kfna_
Fuiisada,H.andM.Ono,OverviewofASTERDesignConcept,

Proceedingsof theSocietyofPhoto-OpticalInstrumentation
Engineers,vo].1490,April1991.

MeasurementApproach
Mutfispeclralimagerforreflectedandemi,edrodia_,andmeasuremerdsofEodh'ssurface
4%absoluteradiometricaccuracyinVNIRandSWIRbonds
Absolutetemperatureaccuracyis3Kin200-240Krange,2Kin240-270Krange,

1Kin270-340Krange,and2Kin340-370KrangeforTIRbands

Swath:60kmatnadir,swathcenterispointublecross-track
+106kmforSWIRandTIR,and+_314kmforVNIR

Spatialresolution:VNIR(0.5-0.9_), 15m[stereo(0.7-0.9_),
15mhorizontal,25mvertical];SWIR(1.6-2.5_), 30m;TIR(8-12_), 90m

AccommodationIssues
Mass:400kg
Dutycycle:8%(VNIRandSWIR,daylightonly),16%(TIR)
Power:449W(average),674W(peak)
Oatarate:8.3Mbps(average),89.2Mbps(peak)
Thermalcontrolby:80KStirlingcyclecoolers,heaters,cold
plate/capillarypumpedloop,andradiators
Thermaloperatingrange:10-28°C

FOV(oilpointingisneronadir,exceptVNIRbalhnndirand27.6° backwardfromnadir):
TIR= SWIR= 4.9° (nadir)xIFOV
VNIR= 6.09° (nadir)xIFOV,5.19° (backward)xIFOV

InstrumentIFOV:

SWIR= 43prad(nadir)
TIR= 128txad(nadir)
VNIR= 21,urad(nadir),18.1txad(backward)

Pointingrequirements(platform+instrument,3a):
Control:1kmonground(allaxes)
Knowledge:422monground(peraxes)
Stability:2pixelsper60sac(roll=8.8,pitch= 8.8,yaw-15arcsec)
Jitter:1-2pixelsper9sec(roll=8.8,pitch=4.4,yaw=52arcsec)

Physicalsize:
VItlR= 53.8x65.1x 83.2cm
SWIR= 73x124x95cm
TIR= 54x140x 120cm
CSP/VEL(electronics)= 33.4x54x 31.5cm
MPS(electronics)= 30x50x 32cm

Opticsaresensilivetocontamination

TeamMembers

HirojiTsu,GeologicalSurveyofJapan(TeamLeader)
AnneB.Kahle,JetPropuldonLaboratory(U.S.TeamLeader)
KoheiArai,SagaUniversity
FrancoisBecker,UniversiteLouisPasteurdeStrasbourg
PhilipR.Christensen,ArizonaStateUniversity
HJroyukiFujisada,ElectrotechnicalLaboratory
KiyonariFukue,TokaiUniversity
AndyGabell,CSIRO
AlanR.Gillespie,UniversityofWashington
IkohiroHayoshi,ERSDataAnalysisCenter
JonathanHuntington,CSIRO
YoshinoriIshii,TokyoUniversity
HughH.Kieffer,U.S.GeologicalSurvey
MotoekiKishino,InstituteofPhysicalandChemicalResearch
ShoichiMasuda,ERSDataAnalysisCenter

AkiraOno,NationalResearchLaboratoryofMeteorology
FrankPalluconi,JetPropulsionLaboratory
DavidPieri,JetPropulsionLaboratory
ShuichiRokugawa,TokyoUniversity
LawrenceC.Rowan,U.S.GeologicalSurvey
JohnW.Salisbury,TheJohnsHopkinsUniversity
IsaoSara,GeologicalSurveyofJapan
ThomasSchmugge,USDA/HydrologyLaboratory
PhilipN.Slater,UniversityofArizona
TeruyoshiTogawa,ERSDataAnalysisCenter
TsutomuTakashima,MeteorologicalResearchInstitute
HiroshiWatanabe,JapanGeoscienceInstitute,Inc.
RaidWelch,Sou_DakataSchodofMinesandTechnology
YasushiYamaguchi,GeologicalSurveyofJapan
YoshifumiYasuoka,NationalInstituteforEnvironmentalStudies

YoshinariMiyazaki,GeologicalSurveyofJapan
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Selectedfor FlightonEOS-AMand-PM Series

CERES
CLOUDSANDEARTH'SRADIANT

ENERGYSYSTEM

1WOBROADBAND,SCANNINGRADIOMETERS:ONECROSS-TRACK
MODE,ONEROTATINGPLANE

HERITAGE:ERBE

MEASURESEARTH'SRADIATIONBUDGETANDATMOSPHERICRADIATION

FROMTHETOPOFTHEATMOSPHERETOTHESURFACE

THREECHANNELSINEACHRADIOMETER:TOTAlRADIANCE(0.3TO

>50_),SHORTWAVE(0.3TO5_),ANDIONGWAVE(8TO12_)

heinstrumentsoftheCERESinvestigationwillprovideEOS
withanaccurateandself-consistentcloudandradiation
database.Cloudandradiationfluxmeasurementsare

fundamentalinputsto modelsofoceanicandatmosphericenergetics,

andwillalsocontributetoextendedrangeweatherforecasting.These
datahavebeenrequestedforinternationalprogramsoftheWorld
ClimateResearchProgram(WCRP),includingtheTropicalOcean
GlobalAtmosphere(TOGA)campaign,WorldOceanCirculation
Experiment(WOCE),andtheGlobalEnergyandWaterCycle
Experiment(GEWEX).

Cloudsareoneofthelargestsourcesofuncertainlyinunderstanding
climate.CERESwillpermitretrievalofcloudparametersintermsof
measuredarealcoverage,altitude,liquidwatercontent,and
shortwaveandIongwaveopticaldepths.CERESwillusea Iongwave
andshortwavethresholdtechniquefor21-kmresolutioncloud

retrievals.Aretrievalwith4.5-_mbandCO2 radiancesfromother
instrumentmeasurementswillimprovedetectionofcirrus.Also,
spatialcoherence,hybridbispectralthreshold,andtextureanalysis

willbeusedforfurtherimprovingcloudpropertyretrievals.

atthetopof theatmospherefromCERESandtheshortwavefluxat
theEarth'ssurface.Radiativetransfercalculationsandsatellite

measurementsofatmosphericpropertieswillbeusedto determine
atmosphericfluxdivergenceprofiles;satellite-derivedsurface

temperatureandestimatesofalbedoandemissivitywillbeusedto
obtainIongwaveandshortwavecomponentsoftheradiativefluxes
attheEarth'ssurface.

Radiationw111beprovidedasfluxesatthetopoftheEarth'satmosphere,
altheEarth'ssurface,andasfluxdivergenceswithintheatmosphere.
Thus,theseinstrumentswillcontinuethelong-termmeasurementofthe
Earth'sradiationbudget,andprovidecontinuitywiththeEarthRadiation
BudgetExperiment(ERBE)andpre-ERBEmeasurements.Measurementof
clear-skyfluxeswillaidintheunderstandingofhypothesizeddimate
forcingandfeedbackmechanismsinvolvingsurfaceradi_ve
characteristics.

Geostationarysatellitedatawillbeusedtofill inmissingtimesand
regions.Improvedmethodsof time-spaceassimilationand
interpolationacrossdatavoidswillalsobeused.

Surfaceradiationbudgetandatmosphericshortwavefluxdivergence
willbecomputedusingtherelationshipbetweentheshortwaveflux



Selectedfor Flighton EOS-AMand-PM Series

CERESParameters

MeasurementApproach

MeasuresIongwaveandshortwaveinfraredrad!ationusing
thermistorbolometerstodeterminetheEarthsradiationbudget

Firstinstrument(cross-trackscanning)willessentiallycontinuethe
ERBEmission

Secondinstrument(biaxiallyscanning)willprovideangularflux
informationthatwillimproveaccuracyofcurrentmodels

Swath:Limbtolimb

Spatialresolution:21 kmatnadir

AccommodationIssues
Mass:90kg[twoscanners]
Dutycycle:100%
Power:95W(average),171W(peak)[twoscanners]
Datarate:20 kbps[twoscanners]
Thermalcontrolby: Heaters,radiators
Thermaloperatingrange:-15-35°C(electronics),

37-39°C(detectors)
FOV:+_78° cross-track,360° azimuth
InstrumentIFOV:14mrad

Pointingrequirements(platform+instrument,3c):
Control:

Knowledge:
Stability:

Physicalsize:

720arcsec
180arcsec
79arcsec/6.6sec
60x 60x 57.6cm/unit(stowed);
60 x 60x 70cm/unit(deployed)

KeyCBtESFa_
• AlsoscheduledfortheTRMM-1mission(1997)

* DualscannersonEOS-AM!and-PM1,singlethereafter
• PhaseC/DstartJanuary1991
• PrimeContractor:TRW

• ResponsibleCenter:LaRC

ForFflher InimmalkH

Barkstrom,B.R.,Long-TermMonitoringoftheEarth'sRadiation

Budget,inProceedingsof theSocietyofPhoto.Optical
InstrumentationEngineers,vol.1299,Bellingham,WA,1990.

Principal Investigator--Bruce Barkstrom

ruceBarkstromreceiveda B.S.inPhysicsfromthe
UniversityofIllinois.HereceivedanM.S.andPh.D.in
AstronomyfromNorthwesternUniversity.Followinga

positionasResearchAssociatewiththeNationalCenterfor
AtmosphericResearch,hehada 5-yearteachingassignmentwith
GeorgeWashingtonUniversity.In1979,Dr.Barkstromjoined

NASA/LangleyResearchCenter.HeservesastheERBEExperiment
ScientistandScienceTeamLeader.Assuch,hewasdirectly
responsiblefortheERBEinstrumentdesignandcalibration,aswellas
theERBEdatainterpretation.Hewasalsoresponsibleforscience
projedmanagementoftheERBEteamof 17Principaland40Co-

Investigators.

Co-Investigators

MauriceL Blackmon,NOAA/EnvironmentalResearchLaboratory
RobertD.Cess,StateUniversityof NewYork-StonyBrook
ThomasP.Charlock,LangleyResearchCenter
JamesA.Coakley,OregonStateUniversity
DominiqueCrommelynck,RoyalMeteorologicalInstitute
WayneL.Darnell,LangleyResearchCenter
RichardN.Green,LangleyResearchCenter
EdwinF.Harrison,LangleyResearchCenter
RobertS.Kandel,EcolePolytechnique
MichaelD.King,GoddardSpaceFlightCenter

RobertB.LeeIII, LangleyResearchCenter
AlvinJ.Miller,NOAA/NationalWeatherService

PatrickMinnis,LangleyResearchCenter
VeerabhadranRamanathan,ScrippsInstitutionof Oceanography
DavidA.Randall,ColoradoStateUniversity

G.LouisSmith,LangleyResearchCenter
LarryL.Stowe,NOAA/NationalEnvironmentalSatellite,Data,and

InformationService

RonaldWelch,SouthDakotaSchoolofMinesandTechnology
BruceA.Wielicki,LangleyResearchCenter
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Selectedfor FlightonEOS-ALTSeries

DORIS,SSALT,and_TMR.............................
DOPPLERORBITOGRAPHYANDRADIOpOSITIONINGINTEGRATEDBYSATELLITE,,

SOUD'STATEALT!METERt...........................

ANDTOPEX MICROWAVERADIOMETER

DORIS
PRECISIONORBITDETERMINATIONSYSTEM

HERITAGE:TOPEX/POSEIDON,SPOTo2

PROVIDESORBITALPOSITIONINGINFORMATIONAND
IONOSPHERICCORRECTIONFORSSAL'I'

SSALT
SINGLE-FREQUENCYRADARALTIMETER

DopplerOrbitographyand

RadiopositioningIntegratedbySatellite

HERITAGE:TOPEX/POSEIDON

MAPSTHETOPOGRAPHYOFTHESEASURFACEANDPOLARICESHEETS

Solid-StateAltimeter

MEASURESOCEANWAVEHEIGHTANDWINDSPEED,ANDPROVIDESINFORMATIONON
THEOCEANSURFACECURRENTVELOCITY

TMR
MICROWAVERADIOMETER

HERITAGE:TOPEX/POSEIDON,SEASAT,NIMBUS-7

PROVIDESATMOSPHERICWATERVAPORPROFILEMEASUREMENTSFORSSALT

TOPEXMicrowaveRadiometer



Selectedfor FlightonEOS-ALTSeries

DORIS

DORISisa dualdopplerreceivertrackingsystemoperatedbythe
CentreNationald'EtudesSpatiales(CNES).TheDORISreceiver

acquiresprecisiontrackingdatabylisteningattwofrequenciesfor
signalsfromaworldwidenetworkofCNESDORISorbit
determinationbeacons.Theinstrumentdeterminesthesatellite

velocitybymeasuringthedopplershiftsoftwoultra-stable
microwavefrequencies(401.25and2,036.25MHz),whichare
transmittedbytheFrenchbeacons.Positionsoftheground-based
beaconsareknownwithina fewcm.Approximately50globalall-
weatherradiobeaconsarecurrentlyinoperation.

TheDORISsystemmeasuresone-wayrange-ratefromtheground
slationtothesatellite.Thegroundstationstransmitatfrequencies
of2 GHzand400MHz.Theseparationofthetwotransmitting
frequenciesmakesitpossibletoreducetheionosphericeffectto
aroundthecentimeterlevel.Troposphericrefractionismodeled
usingsurfacemeteorologicaldatafromthegroundstationswhich
aredirectlytransmittedto thesatellite.

DORISwasvalidatedbya prototypeflownontheSystemepour
I'ObservationdelaTerre-2(SPOT-2)satellite,launchedinJanuary

1990. Ithasalreadyprovidedover6 millionmeasurements,which
havebeenusedtorefinedata-processingmethodsandtoimprove

modelsoftheEarth'sgravityfield.ADORISinstrumentnow
operatesaboardtheOceanTopographyExperiment
(TOPEX)/Poseidonspacecraft,a jointmissionbetweentheU.S.and

FrancelaunchedinAugust1992.

TheDORISinstrumentsslatedfortheEOS-ALTserieswillbesimilarto

thoseaboardTOPEX/Poseidon.ExperiencewithSPOT-2and
TOPEX/Poseidonhasshownthattheinstrumentoperatesmost
efficientlyatanaltitudebetween750and1,500km. However,
DORIScanoperatefrom300kmtoseveralthousandkm.

SSALT
SSALTiso nadir-lookingradaraltimeterthatmapsthetopographyof
theseasurfaceandpolaricesheets.Theshapeandstrengthofthe
radarreturnpulsealsoprovidemeasurementsofoceanwaveheight
andwindspeed,respectively.Throughthemappingofseasurface
topography,SSALTprovidesinformationontheoceansurfacecurrent
velocity,whichwhencombinedwithoceanmodels,canleadtoa
four-dimensionaldescriptionofoceancirculation.Theheatand
biogeochemicalfluxescarriedbyoceancurrentsholdthekeyto
understandingtheocean'sroleinglobalchangesinclimateand

biogeochemicalcycles.Secondaryresearchcontributionsincludethe
studyofthevariationsinsealevelandicesheetvolumeinresponse
to globalwarming/coolingandhydrologicalbalance;thestudyof
marinegeophysicalprocesses(suchascrustaldeformation)fromthe
seasurfacetopography;andthemonitoringofglobalseastatefrom
thewaveheightandwindspeedmeasurement.

SSALTwasdevelopedbyAlcatelEspaceSystems(ATES)undercontract
fromCNESToulouseSpaceCenter.Thisaltimeterisbeingflownon
TOPEX/Poseidonasanexperimentalinstrumenttoallowvalidationof
theaccuracy,operation,andsignalprocessingofa small-volume,
lightweight,low-poweraltimeter.SSALTusesthesameantennaas
theNASAAltimeter(ALT)aboardTOPEX/Poseidon,butoperatesat
thesinglefrequencyof 13.6GHz.Theionospheric-electroncorrection
isprovidedbya modelthatmakesuseofthesimultaneousdual-
frequencymeasurementsoftheDORIStrackingsystem.Boththe
operatingprinciplesandtheexpectedperformanceoftheNASAand
CNESaltimetersaresimilar;however,SSALThasonlyone-fourththe
mass,volume,andpowerconsumptionoftheNASAinstrument.
Moreover,thetelemetrydatarateisreducedbya factorofseven
becauseofmoreextensiveonboardprocessing.SSALTshouldbe
considereda prototypeinitspresentapplication,buta flight-proven
conceptbythetimeofthefirstEOS-ALTlaunchin2002.

Altimetricmeasurementbyradardeterminesthedistanceofthe
satellitefromthesurfaceofthesea.Theslopeofthesurfacecan
thenbeinferred,whichisdirectlyrelatedtothespeedofocean
currents.Informationonwaveheightandwindspeedcanalsobe
obtained.SSALTwillhelpestablishglobal,long-termtrendsofocean
currents,whichwillassistinweatherpredictionandunderstandingof
thehydrologiccycle.

TMR
Altitudeaccuracy(asdeterminedbythealtimetersaboardEOS-ALT)
isaffectedbythevariablewatercontentoftheatmosphere,mainly
thetroposphere.TheprimaryTMRobjectiveinvolvesmeasuringthe
radiometricbrightnesstemperaturerelatedtowatervaporand
liquidwaterinthesamefield-of-viewasthealtimeter.Inturn,these
brightnesstemperaturesareconvertedtopath-delayinformation
requiredbythealtimeterforprecisetopographymeasurements.In
ordertoachievetherequired1.2-cmpath-delay,theabsolute

accuracyrequiredofTMRisO.5K.

TMRwillcontinuouslymeasuremicrowaveradiation,andderived
datawillbeusedtodeterminewatervaporandliquidwatercontent
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inthealtimeterfield-of-view.TMRconsistsofa collectingaperture,

whosepointingaxisisalignedcollinearwiththepointingaxisofthe
altimetersensor;a multifrequencyfeedassemblythatilluminatesthe
collectingaperture;multichannelmicrowavereceivers;a dataunit;

powersupplies;andgroundsupportequipment.

DevelopedbytheJetPropulsionLaboratory(JPL),TMRoperatesat
frequenciesof18,21,and37GHztoprovideestimatesoftotal
atmosphericwatervaporcontent.Byoperatingsimultaneouslyon

threefrequencies,thecolumnarpath-delayisderivedfrom
microwavebrightnesstemperature.The21GHzfrequencyisthe
primarymeasurementchannel;the18and37GHzchannelsareused
toremovetheeffectsofwindspeedandcloudcover,respectively.The
21 GHzchannelisredundant.Eachchannelalsohasredundant

powersupplies.Thesedataallowreductionofthewatervapordelay
errorto1 cm,permittinganoverallahJmetricprecisionof3 cm.
Thethreeradiometerchanneloutputsarecombined,alongwith

engineeringdata,ina redundantdigitalprogrammer.TheTMR
instrumentutilizesmodifiedandrefurbishedhardwarefromthe

Nimbus-7ScanningMultkhannelMicrowaveRadiometer(SMMR);
however,thedatachassis(i.e.,digitalprogrammer,analogmultiplexer,
andsatelliteinterfacecircuitry)isnew.In-flightcalibrationisprovided
byperiodicallymeasuringthebrightnesstemperatureofthecosmic
background(2.7K)andthebrightnesstemperatureofaninternal
matchedmicrowavetermination(~30OK).Post-launchverificationis

performedthroughtheuseofanupward-lookingwatervapor
radiometerlocatedatselectedverificationsites.

DORIS Parameters

MeasurementApproach
OnboardDORISreceiveraccuratelymeasuresthedopplershifton

bothtransmittedfrequencies(401.25and2,036.25MHz)
receivedfromanorbitdeterminationbeacon(ODB)station

Networkof-50 ODBslocatedworldwide

AccommodationIssues

Mass:44 kg
Dutycycle:100%
Power:17.6W(receiver,14.3W;USO,3.3Wat20°C)
DCsupplybus:Unregulated23-35V
Datarate:31.25bps

Thermalcontrolby:Heattransferbyconductiontomountingsurface
andbyradiationwithintheinstrumentmodule

Thermaloperatingrange:-10-50°C
IFOV:120° cone(centeredonnadir)

Pointingrequirements(platform+instrument,3c_):
Control: 1.5°

Knowledge: 0.2° (dependingonthedistancebetweenthe
antennaphasecenterandthesatellitecenterofmass)

Physicalsize: 28x 40 x 21cm(receiver);
8 x 16x 8 cm(USO);
33x 35x 4 cm(baseplatefortwoUSOs)

Antennaenvelope:39cmlongx 32cmcylindrical

Kq DOlUSFuI:
• AlsofliesonTOPEX/PoseidonandSPOT-2

• ReadyforlaunchonSPOT-3andinstallationonSPOT-4
• PrimeContractors:DessouhElectronique(receiver),CEISEspace

(beacons),OSAandCEPE(USOs),andSTAREC(antennas)
• ResponsibleCenter:CNES

KqWFam:
•AisofliesonTOeEX/eosogon
• PrimeContractor:ATES

• ResponsibleCenters:CNES

KqgIRFa:
• JUsoll_on_
• In-houseJPLdevelopment

FwFulh,rInimmbm

TOPEX/PoseWonProiect,SpecificSensorInterfaceSpecifkation

(SSIS)fortheDORISReceiver,968-GR1017,Rev.B.

TOPEX/PoseidonProject,SpecificSensorInterfaceSpecification
(SSIS)fartheSolid-StateAltimeter(SSALT),968-GR1016,Rev.B.

Roizonville,P.etal,PoseidonRadarAltimeterFlightModeland

DesignTestResults,ProceedingsoftheInternationalGeoscienceand

Remote-SensingSymposium,Washington,DC,1992.

TOPEX/PoseidonProject,MicrowaveRadiometerFunctional

Requirements,633-446,Rev.A(JPLD-5640,Rev.A).
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SSALTParameters

MeasurementApproach
Transmittedpulsewidthof 105_ec
Nominalradiofrequencyoutputpowertoantennaof +37dBm
Pulserepetitionfrequencyof1.7kHz

AccommodationIssues*

Mass:25kg(12 kg,PU;13kg,MU)
Dutycycle:100%
Power:49W

DCsupplybus:Unregulated23-35V
Transmissionfrequency:13.65GHz
Datarate: 1.375kbps(operating),11.5kbps(calibrating)
Thermaloperatingrange:-5-35°C

Thermalcontrolby:Heattransferbyconductiontomountingsurface
andbyradiationwithintheinstrumentmodule

IFOV:20° cone(centeredonnadir)
Pointingrequirements(platform+instrument,3_):

Control: <0.2°

Knowledge: <0.1°
Physicalsize: 36.5x 28.8x 23.2cm(MU);

35.5x 25.5x 20.3cm(PU)

*Note: OnTOPEX/Poseidon,SSALTsharedanantennawithALTm
a 1.5-mparabolicreflectorwitha circular,linear-polarized
beam,antennamassof 17.5kg

TMR Parameters

MeasurementApproach
Totalwatervaporalongthepathviewedbythealtimeters
Correctsaltimeterdataforpulsedelayduetowatervapor
Derivedbymeasuringthebrightnesstemperaturesinthenadir

columnat 18,21,and37GHz
Beamwidth:1.8° at 18GHz,1.5° at21GHz,and1.3° at37GHz
Temperatureresolution:__0.3K
Systemtemperature:800K

AccommodationIssues
Mass:50kg
Dutycycle:100%
Power:26W
DCsupplybus:Unregulated23-35V
Datarate:125bps

Thermalcontrolby:Titaniummountingstrutsthatthermallyisolate
theinstrumentfromthespacecraft;controlmaintainedbythermal
blanketsandvariablelouvrestospace;heatersavailablefornon-
operatingconditions

Thermaloperatingrange:5-40°C
Pointingrequirements(platform+instrument,3_):

Control: <0.3° (electricalboresighttoSSALTboresight)
Knowledge: <0.5°
Stability: <0.5°
Jitter: <0.5°

Physicalsize: 35x 51x 61cm(electronics);
30x 91cm(sunshieldenvelope)

Calibrationhornhas60° conecenteredatnadiranda 80° coneto

coldspace(shouldnotviewEarth)

Team LeadermTa Be Determined (U.S.)

heEOS-ALTmissionisa collaborativeeffortbetweenNASAandCNES,withthedetailsofthepartnershipcurrently
beingnegotiated.NASAwillselecttheU.S.TeamLeaderand

scienceteammembersthrougha competitivepeerreviewprocess,
evaluatingthemeritofU.S.proposalstousedatafromthese
instrumentstoaddresskeyissuesinglobalclimatechange.CNESwill
identifytheFrenchscientistswhowillparticipateasteammembers
andtheindividualtoserveastheFrenchTeamLeader.Intheinterim

period,Dr.Lee-LuengFu,whoiscurrentlytheTOPEX/PoseidonTeam
Leader,willserveastheU.S.Point-of-Contactforscientificissues
relatedtotheseinstruments.

Lee-LuengFureceiveda B.S.inPhysicsfromtheNationalTaiwan
Universityin1972,anda Ph.D.inOceanographyfromMITand
WHOIin1980.HehasbeenwithJPLsince1980,andiscurrently
SupervisorofthePhysicalOceanographyGroup,Atmosphericand
OceanographySciencesSection.Dr.Fu'sresearchinterestsinvolve
analyzingsatelliteremote-sensingobservationsfor thestudyof
oceancurrentsandwaves.Dr.Fuisa PrincipalInvestigatoronthe
scienceteamsoftheNSCATProjectandtheTOPEX/Poseidonmission.
Inrecognitionofhisresearch,hewastherecipientoftheJPL
Director'sResearchAchievementAwardin1986.

Team Members

U.S.teammembershipwillbedeterminedthrougha competitive, theseinstruments.Theselectedinvestigatorsandthoseidentifiedby

peer-reviewprocessofscientificinvestigationsthatrequiredatafrom CNESwillcomprisetheinternationalscienceteam.
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SelectedforFlightasEOS-COLOR

EOS-COLOR
EOS OCEANCOLORiNSTRUMENT

ADVANCEDOCEANCOLORIMAGER

FURTHERSUNDERSTANDINGOFTHEROLEOFOCEANSINTHEGLOBAL

CARBONCYCLE,FLUXESOFTRACEGASESATTHEAIR-SEAINTERFACE,
ANDOCEANPRIMARYPRODUCTIVIff

HERITAGE:CZCS,SEAWIFS

FOLLOW-ONTOTHESEASTAR/SEAWIFSMISSION(1993LAUNCH)

ALSOADATAPURCHASE(1998LAUNCH}

heEOSOceanColorInstrumentisa secondgeneration
sensor,basedontheCoastalZoneColorScanner(CZCS)on

Nimbus-7andtheSeaStor/Seo-ViewingWideFieldSensor
(SeoWiFS)plannedforlaunchin1993. SeaSlor/SeaWiFSisbeing
conductedasa NASAdatapurchasefromocommercialsatellite

operator.TheEOS-COLORmission(withosoleSeoWiFS-type
instrumentasitspayload)hasbeenapprovedtomaintaincontinuity
ofthedataset.EOS-COLORwillhavethesomebasicspecifications
astheSeaStar/SeaWiFSmission;however,theinstrumentdeveloper
and/oroperatorhaveyettobedetermined.Instrument
specificationsincludethefollowing:

• Near-polar,sun-synchronous,descendingorbit;705-km
altitude;noon+15rainequatorialcrossingtime

• Visible,near-infraredoceancolorimager,with+20°, 0°,
and-20° scanplanetilt,fourgainsettings(xl, x2, lunar,
andsolardiffuser),solardiffuser,andlunarview
calibration

• 100percentdutycycleoverdaylightportionsoftheEarth
• 1.l-kinglobalcoverageatnadir,witha swathof+_58.3°

(2,800kin)
• Directbroadcastina High-ResolutionPictureTransmission

(HRPT)-Iikeformat.

Local,high-resolutiondatawillbeavailableviadirectbroadcast;
recordedglobaldatacoveragewillbetransmittedtoa ground
station,thenforwardedtoGoddardSpaceFlightCenter(GSFC)for
analysisanddistribution.Thesedatawillbeusedtostudyocean
hiogeachemistryanditsroleintheglobalcarboncycleandasa
feedbackonphysicalphenomena,suchasheatstorageintheupper
oceanandcloudalbedo.Specificscienceobjectivesareto:

• Determinethemagnitudeandvariabilityoftheannual
cycleofprimaryproductionbymarinephytoplanktonon
a globalscale

• Quantifytheroleofoceansintheglobalcarbonand
biogeochemicalcycles

• Quantifyrelationshipsbetweenoceanphysicsandlarge-
scalepatternsofproductivity

• Determinethedistributionandtimingofspring
phytoplanktonblooms

• Visualizethephysicsbehindmixingof oceanandcoastal
currentsandeddies

• Advancescientificandtechnicalcapabilityinsatelliteocean

colorobservation,dataprocessing,andanalysis._r

..............................................................................................................................................................
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EOS-COLOR _arameters

MeasurementApproach
Singleeight-channelopto-mechanica[scannerwithviewinganglesof

+20°, 0°, and-20° inthevelocitydirection
Eightspectralbandsintherange402-885nm
Radiometricaccuracy<5%absoluteeachband
Frequentsolarcalibration;monthlylunarcalibration
Relativeprecision<1%linearityofsignaloutputtoradiance
Precision<5%bandtoband(over0.5-0.9fullscale)

Polarizationsensitivity<2%worstcase,allscanandtilt angles
Brighttargetrecovery<10samples
Dynamicrangeof10bits;fourgainsettingsineachchannel(0.75,

1.0,1.5,2.5)
Pixellocationknowledge1.0km
Noon+15minuteequatorialcrossingtime,descendingorbit

Swathwidth:2,800km(+_.58.3°) providesdailyglobalcoverage
Spatialresolution:1.1km(LAC)and4.5km(GAC)

SpectralBands(minimumspecification)

Wavelength Saturation Input
Band Range(rim) Radiance* Radiance* SNR**

1 402-422 13.63 9.10 499
2 433-453 13.25 8.41 674

3 480-500 10.50 6.56 667
4 500-520 9.08 5.64 640
5 545-565 7.44 4.57 596

6 660-680 4.20 2.46 442
7 745-785 3.00 1.61 455
8 845-885 2.13 1.09 467

* mW/cm2 _msteradian,gain1

** Measuredat inputradiance,atalltiltandsunangles
SNRisthemeanof100samplesdividedbythestandarddeviation

ofthesamplesata specifiedinputradiance

EOS-COLOR ScienceTeam

hemembersoftheModerate-ResolutionImagingSpectroradiometer{MODIS)ScienceTeamwhopossessan
oceanresearchemphasisarecurrentlyadvisingNASAon

oceancolormissions,andwill becomemembersoftheEOS-COLOR
ScienceTeam.NASAwillsolicitadditionalproposalsand,througha

peerreviewprocess,selectthescientistsandPrincipalInvestigator
whowillleadstudiesusingEOS-COLORdata.Intandem,these
investigatorswillformtheEOS-COLORteam,advisingNASAonocean
colormissionrequirementsandassumingresponsibilityforalgorithm
developmentfortheEOS-COLORmission.

Key[OS-COLORFacts:
• Datapurchasemission
• Launchscheduledfor1998

• Instrumentdeveloperand/oroperatoryettobedetermined

Forr_ln_

NASAResearchAnnouncement,Sea-ViewingWideField-of-View
Sensor(SeaWiFS)GlobalOceanPrimaryProduction,Officeof
SpaceScienceandApplications,NRA-92-OSSA-7,April29,1992.

........................................................................................ .................................................................................................................................................................
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EOSP
EARTHOBSERVING

SCANNINGPOLARIMETER

CROSS-TRACKSCANNINGPOLARIMETER

HERITAGE:PIONEERVENUSCPP,GALILEOPPR

GLOBALLYMAPSRADIANCEANDLINEARPOLARIZATIONOFREFLECTED
ANDSCATTEREDSUNLIGHTFOR) 2 SPECTRALBANDSFROM0.41TO

2.25/._

PROVIDESGLOBALAEROSOLDISTRIBUTION

PROVIDESCLOUDPROPERTIESSUCHASOPTICALTHICKNESSAND
PHASE

OSPwillprovideglobalmapsofcloudandaerosol
propertiesfromretrievalsof 12-channelradiance(0.41to
2.25_) andpolarizationmeasurementsinthevisibleand

near-infrared.EOSPemployscross-track,limb-to-limbscanningwith
contiguouslO-kmnadirinstantaneousfield-of-view.The
polarizationandradiancemeasurements,combinedwithphaseangle
information,willbeusedtoretrievecloudandaerosolproperties,

includingopticalthickness,particlesize,liquid/icephase,andcloud-
toppressure.EOSPmeasurementswillalsobeusedtoretrieve
globalaerosoldistributionandopticalthicknessinthetroposphere
andstratosphere.Thesedatawillprovideatmosphericcorrectionsfor
dear-skyoceanandlandobservations,andwillalsobeappliedtothe
studyofvegetationandlandsurfacecharaderistics.

ThesignificantfeatureofEOSPascomparedtootherEOSinstruments
isitsuseofpolarimetryinadditiontointensitymeasurements;
previousinstrumentationreliedsolelyonradianceintensity
measurements.Polarizationissignificantlymoresensitivetoparticle
sizeandopticalpropertiesthanisintensity.AnalysisofEOSPsignals
willproceedintwophases,inthefirstphase,a "cloud"algorithm
willbeusedtodividedataintothetwoopticaldepthrangesthat
generallyseparatewatercloudsfromotheraerosols.Thisseparation
willmakeuseofintensityandpolarizationinformationinall12
EOSPspectralbands.Acombinationofintensityandpolarization

measurementswillleadto determinationofcloudopticalthickness.

Foropticallythinclouds,polarizationisknowntobea muchmore
sensitivemeasureofopticalthickness.Cloud-toppressure
determinationsarebasedonmeasurementsofRayleighscattering,
whichisproportionaltothepressure.Watercloudsgivea distinct
"rainbow"polarizationsignal,whereasicecloudsdonot,thus
providingthebasisforparticle-phasedetermination.Forwater
clouds,thestrengthandpreciselocationinphaseangleofthe
rainbowfeaturedeterminecloudparticlesize.

Aerosolopticalthicknesswillbecalculatedfrommeasurementstaken
ofcloud-freeareas.Thedeterminationwillbebasedonthe

characteristicbehaviorofpolarization(i.e.,opticallythinnerlayers
exhibithigherpolarizationdegree).Thisisparticularlytrueinthe
expectedregionshavingopticalthickness0.01to1. The
quantificationofaerosolpropertiesalsoprovidesatmospheric
correctioninformation,osignificantby-productofimportancetothe
surfaceimagersontheEOSplatform.EOSPwillcomplementthe
Moderate-ResolutionImagingSpedroradiometer(MODIS),
exchangingthehigh-accuracypalarimetryofEOSPforthemore
extensivespectralcoverageandhigherspatialresolutionobtainedby
MODIS.Ontheotherhand,MODISobservationsmaybeusedtodeal
withthescenevariabilitythatwillbeencounteredinthebroader
EOSPfield-of-view.Thetechniqueusedherewillbetocompilea
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globalaerosolclimatology,thenparameterizethecorrectionsfora
limitednumberoftypicalsituations.Theuseofpolarimetryfor
characterizationofvegetationandlandistobethesubjectof

exploratoryinvestigation.

EOSPprodudswillfallintothreemajorcategories:Atmospheric
cloudproperties,aerosolproperties,andatmosphericcorredion
radiancesto befurnishedtotheothersurfaceimagersontheEOS
platform.EOSPdataproductswillincludethefollowing:

• Cloud-toppressure,with30-mverticalresolutionand40-
kmhorizontalresolution

• Cloudparticlephaseatcloudtop,withl O0-kmhorizontal
resolution

• Cloudparticlesizeatcloudtop,withlO0-kmhorizontal
resolution

• Cloudopticalthickness,with40-kmhorizontalresolution

• Aerosolopticalthicknessesatanaltituderangeof0 to35
km,with40-kmhorizontalresolution

Atmosphericcorrectionradiancescoveringthespectral
regionfrom0.41to 2.25pm,with40-kmhorizontal
resolution.

OneglobalmapperdaywillbefurnishedforeachoftheEOSPproducts._-

KeyEOSPFacts:
• PhaseC/Dstartexpectedsecondquarterof 1994
• Algorithmdevelopmenttotakeplaceforthenext2 years
• ResponsibleCenter:GSFC

ForFur_ Infmma_

Brown,EG.andE.E.Russell(SantaBarbaraResearchCenter),
EarthObservingScanningPolarimeter,PhaseBFinalReport,
Centrad#NAS5-30756,DMLB870016,December1990.

EOSP Parameters

MeasurementApproach
Simultaneousmeasurementof radianceandlinearpolarization

degreein12spedralbandsfrom0.41to 2.25pm
Spectralbidirectionalreflectancedistributionfunctionaccurateto5%
Polarizationaccurateto0.2%

Swath:_-+65° (limb-to-limbscan)
Spatialresolution:10kmatnadir

AccommodationIssues
Mass:19kg
Dutycycle:100%
Power:14W(normal),22W(peak)

Datarate: 44kbps(orbitaverage),88kbps(peak,daylightonly)
Thermalcontrolby: Heatersandradiators;185KradiatorforSWIR

detectorcoldfocalplane
Thermaloperatingrange:0-40°C
FOV:_+65° cross-track
InstrumentIFOV:14.2mrod
Pointingrequirements(platform+instrument,3a):

Control: 3,600orcsec
Knowledge: 150arcsec
Stability: 100arcsecper10arcsec
Jitter: 100arcsecper10sec

Physicalsize: 51x 26x 81cm(stowed);
51x 56x 81cm(deployed)

Principal Investigator--Larry D. Travis

orryD.TravisreceivedaPh.D.fromPennsylvaniaState
Univer_lyin1971.HeiscurrentlytheAssociateChiefatthe
NASAGoddardInstituteforSpaceStudies.Hisresearchinterests

induderadiativetransfersingleandmultiplescatteringtheory,theoretical
interpretationofplanetarypolarization,andsatelliteplatform

measurementsofplanetarypolarization.Dr.TravisservesasPrincipal
InvestigatorforthePioneerVenusCloudPhotopolarimeterExperiment
andasa Co-InvestigatorfortheGalileoPhotopalarimeterRadiometer
Experiment.

Co-Investigators

EGeraldBrown,SantaBarbaraResearchCenter
AndrewLacis,GoddardInstituteforSpaceStudies

WilliamB.Rossow,GoddardInstituteforSpaceStudies
EdgarE.Russell,SantaBarbaraResearchCenter
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Selectedfor FlightonEO!;-ALTSeries

GLAS
GEOSCIENCELASER

ALTIMETERSYSTEM

NADIR-POINTEDLASERALTIMETER

HERITAGE:AIRBORNEANDSPACEBORNELASERALTIMETRYANDLIDAR

SYSTEMS;SATELLITELASERRANGINGSYSTEMS

MEASURESICESHEETTOPOGRAPHYANDTEMPORALCHANGESIN

TOPOGRAPHY;CLOUDHEIGHTS,PLANETARYBOUNDARYHEIGHTS,AND
AEROSOLVERTICALSTRUCTURE;ANDLANDANDWATERTOPOGRAPHY

G LASisa laseraltimeterdesignedtomeasureice-sheettopographyandassociatedtemporalchanges,aswellas
cloudandatmosphericproperties.Inaddition,operationof

GLASoverlandandwaterwillprovidealong-tracktopography.GLAS
isa descopedversionoftheGeoscienceLaserRangingSystem
(GLRS),focusingsolelyonthelaseraltimetrysciencemission.For
ice-sheetapplications,thelaseraltimeterwillmeasureheightfrom
thespacecrafttotheicesheet,withanintrinsicprecisionofbetter
than10cmwitha 70-msurfacespotsize.Theheightmeasurement,
coupledwithknowledgeoftheradialorbitposition,willprovidethe
determinationoftopography.Characteristicsofthereturnpulsewill
beusedto determinesurfaceroughness.Changesinice-sheet
thicknessata levelofa fewtensofcm(anticipatedtooccurana
subdecadaltimescale)willprovideinformationaboutice-sheetmass
balanceandwillsupportpredictionanalysesofcryospherJcresponse
tofutureclimaticchanges.Theice-sheetmassbalanceand
contribuliontosealevelchangewillalsobedetermined.The
accuracyofheightdeterminationsoverlandwillbeassessedusing
groundslopeandroughness.Theheightdistributionwillbedigitized
overatotaldynamicrangeofseveraltensofm.

Along-trackcloudandaerosolheightdistributionswillbedetermined
witha verticalresolutionof75to200m anda horizontalresolution

from150m fordensecloudto50kmforaerosolstrudureand

planetaryboundarylayerheight.Unambiguousmeasurementsof
cloudheightandtheverticalstructureofthincloudswillsupport

I

studiesontheinfluenceofcloudsforradiationbalanceandclimate

feedbacks.Polarcloudsandhazewillbedetectedandsampledwith
muchgreaterreliabilityandaccuracythancanheachievedby
passivesensors.Planetaryboundarylayerheightwillbedirectlyand
accuratelymeasuredforinputintosurfacefluxandair-seaandair-
landinteractionmodels.Directmeasurementsofaerosolvertical

profileswillcontributetounderstandingofaerosol-climateeffects
andaerosoltransport.

TheGLASlaserisa frequency-doubled,cavity-pumped,solid-state
Nd:YAGlaserwithenergylevelsof 120mJ(1.064pro)and60mJ
(0.532pm).Thepulserepetitionrateis40pulses/see,andthebeam
divergenceisapproximately0.1mrad.Theinfraredpulseisusedfor
surfacealtimetry,andthegreenpulseisusedforatmosphere
measurements.Thealtimeterusesa 90-cmdiametertelescope._r

KeyGLASFacts:
• GSFCin-housedevelopment
• PhaseC/Dstartexpededfirstquarterof 1995

ForFmlerkl_

Cohen,S.,J.Degnan,J.Button,J.Garvin,andJ.Abshire,The
GeoscienceLaserAltimetry/RangingSystem,life Trans.
GeoscienceRemoteSensing,GE-25,581-592,1987.

S s
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GLAS Parameters

MeasurementApproach
UsesNd:YAGlaserwith1.064-and0.532-t.moutput
Heightmeasurementsoredeterminedfromtheround4rippulsetime

oftheinfraredpulseflight
"Cloudandaerosoldataareextractedfromthegreenpulse

Swath:Nadirviewing
Spatialresolution:At40pulsespersecond,thecentersof 70-m

spotsareseparatedin thealong-trackdirectionby188m fora
705-kmaltitudeorbit;thecross-trackresolutionisdeterminedby
theground-trackseparation

AccommodationIssues

Mass"125kg
Dutycycle:50%average,100%capabilityforextendedperiods

Power:175Waverage
Datarate: <200kbps

Thermalcontrolby:Radiatorssupplementedbyheaters
Thermaloperatingrange:0-25°C
FOV:Nadironly
InstrumentIFOV:~70-mlaserfootprintatnadirat 1.064
Pointingrequirements(platform+instrument,30):

Control:-90 arcsec(allaxes)

Post-processingknowledge:5arcsec(allaxes,tobeprovidedby
instrument-mountedstartrackers)

Real-timeknowledge:10arrsec
Stability:2 arcsec/sec
Jitter:<2 arcsecforperiodslessthan1 sec

Positionrequirements:Post-precessingdeterminationofradialorbit
foricesheetto -10 cmandalong-trackpositionto-3 m (tobe
providedbyinstrument-mountedGPSreceiverandSLRarray)

Physicalsize:100x 100x 80cm
Contaminationconcernsexistregardingaltimetertelescopeandlaser

opticstrain

Team LeadermBob E. Schutz

obSchutzreceiveda Ph.D.in1969.Currently,heis
ProfessorofAerospaceEngineeringandEngineering
MechanicsattheUniversityofTexas-Austin,andholdsthe

GulfOilFoundationCentennialFellowshipinEngineering.Heisalso
AssociateDirectoroftheCenterforSpaceResearchanda memberof
theAppliedResearchLaboratorystaff,bothofwhicharecomponents
oftheUniversityofTexas-Austin.

Dr.Schutzisactiveinresearchpertainingtotheapplicationof
satellitedatatotheareasofgeodesy,geophysics,andoceanography.
Hehasextensiveexperienceintheanalysisoflaserranging
measurementsfromtheLaserGeodynamicsSatellite(LAGEOS)and
othersatellites,radaraltimetermeasurementscollectedfromSeasat

andGeosat,andmeasurementsobtainedfromtheGlobalPositioning
System(GPS).Hehasbeeninstrumentalinthedevelopmentof
softwarefor studiesincrustalmotions,seasurfacetopography,
orbitaldynamics,variationsinEarthrotation,andtemporalchanges

intheEarthgravityfield.

Or.SchutzservesasthePresidentoftheInternationalAssociationof

GeodesyandCOSPARCommissionontheInternationalCoordination
ofSpaceTechniquesforGeodesyandGeodynamics.Heisalsothe
SatelliteLaserRangingCoordinatorfortheInternationalEarth
RotationServiceanda memberoftheInternationalAstronomical

UnionCommission19.

Team Meml_ers

GLASisa descopedcomponentofGLRS-A.Thescienceteammembers
identifiedduringthedefinitionphasewereselectedtoconduct
investigationsin theareaoflaseraltimetryandranging.Sincethe
rangingcomponentofthisinstrumentwasdeleted,theinvestigations
focusingonthissubjectarenolongerrelevantandwillbedeselected.

ThefollowinglistoffersthescienceteamchosenforGLRS-A,with
ultimatecompositionto bedeterminedbythespringof 1993:

CharlesR.Bentley,UniversityofWisconsin-Madison

JackL.Bufion,GoddordSpaceFlightCenter
StevenCohen,GoddardSpaceFlightCenter
ThomasA.Herring,MassachusettsInstituteofTechnology
Jean-BernardMinster,ScrippsInstitutionofOceanography
WilliamH.Prescott,U.S.GeologicalSurvey
RobertE.Reilinger,MassachusettsInstituteofTechnology
JamesD.Spinhirne,GoddardSpaceflightCenter
RobertH.Thomas,NASAHeadquarters
H.JoyZwally,GoddardSpaceFlightCenter

MichaelG.Bevis,NorthCarolinaStateUniversity

Faciltiy Instrument• GLAS 77



HIRDLS
HIGH'RESOLUTION

DqNAMICs--LiMBS;UNDER..............

OBSERVESGLOBALDISTRIBUTIONOFTEMPERATUREAND

CONCENTRATIONSOF03,H20,CH4,N20, NO2,HN03,N205,CFC11,
CFCl_, CrON02,ANDAEROSOLSINTHEUPPERTROPOSPHERE,
STRATOSPHERE,ANDMESOSPHERE

SPECTRALRANGE6TO18

STANDARDPROFILESPACING4° LONGITUDEx4° LATITUDE,AND1-_
VERTICALRESOLUTION;PROGRAMMABLETOOTHERMODESAND
RESOLUTION

HERITAGE:LRIR(NIMBUS-6),LIMSANDSAMS(NIMBUS-7),ISAMSANDCLAES(UARS)

I

IRDLSisaninfraredlimb-scanningradiometerdesignedto
soundtheuppertroposphere,stratosphere,andmesosphere
todeterminetemperature;theconcentrationsof0_, flgO,

CH4,NgO,NO9,HNO_,NgO_,CFC11,CFC19,andaerosols;'an_the
Iocdtion"sofpolarstraf'ospfferTccloud_andcloudtops.Thegoalsare
toprovidesoundingobservationswithhorizontalandvertical
resolutionsuperiortothatpreviouslyobtained;toobservethelower
stratospherewithimprovedsensitivityandaccuracy;andtoimprove
understandingofatmosphericprocessesthroughdataanalysis,
diagnostics,anduseoftwo-andthree-dimensionalmodels.

HIRDLSperformslimbscansintheverticalatmultipleazimuthangles,
measuringinfraredemissionsin21channelsrangingfrom6.12to
17.76_. FourchannelsmeasuretheemissionbyCO2. Taking
advantageoftheknownmixingratioofC09,thetransmittanceis
calculated,andtheequationofradiativetransferisinvertedto
determinetheverticaldistributionofthePlanckblackbodyfunction,
fromwhichthetemperatureisderivedasafunctionofpressure.Once
thetemperatureprofilehasbeenestablished,it isusedtodeterminethe
Planckfunctionprofileforthetracegaschannels.Themeasured
radianceandthePlanckfunctionprofilearethenusedtodeterminethe
transmittanceofeachtracespeciesanditsmixingratiodistribution.

Windsandpotentialvocticilyaredeterminedfromspatialvariationsof
theheightofgeopetentialsurfaces.Thesearedeterminedatupper
levelsbyintegratingthetemperatureprofilesverticallyfromaknown
referencebase.HIRDLSwillimproveknowledgeofdata-sparseregions

bymeasuringtheheightvariationsofthereferencesurfaceprovidedby
conventionalsourceswiththeaidofa gyropackage.Thislevel(near
thebaseofthestratosphere)canalsobeintegrateddownwardusing
nadirtemperaturesoundingstoimprovetroposphericanalyses.

Overallscience!ioalsofHIRDLSaretoobservetheglobaldistributionsof
temperaturean]severaltracespedesinthestratosphereandupper
troposphereathighverticalandhorizontalresolution.Specificissuesto
beinvestigatedinclude:

• Fluxesofmassandchemicalconstituentsbetweenthe
troposphereandstratosphere

• Chemicalprocesses,transport,andmixingbydayand
night(particularlyinthelowerstratosphere)

• Momentum,energy,heat,andpotentialvorticitybalances
oftheuppertroposphereandmiddleatmosphere

• Geographicallyandseasonallyunbiasedlong-term
climatoiogiesandinterannua/variabilityofmiddle
atmospheretemperature,constituents,dynamicalfields,
andgravitywaves

• Troposphericcloud-topheights
• Tropospherictemperatureandwatervaporretrievals(by

providinghigh-resolutionlimbdataforjointretrievalwith
EOSnadirsounders)

• Diagnosticstudiesofatmosphericdynamics,chemistry,
andtransportprocessestotessandimprovemodelsof
theseprocesses.



Theinstrumenthasa longheritageextendingbackto Nimbus-4,and
willobtainprofilesovertheentireglobe,includingthepoles,bothday
andnight.CompleteEarthcoverage(includingpolarnight)canbe
obtainedin12hours.Highhorizontalresolutionisobtainedwitha
commanda.bleazimuthscanwhich,inconjunctionwitha rapidelevation
scanprovidesa 2,000-to3,000-km-wideswathof profilesalongthe
satellitetrack.Verticalprofilesarespacedevery4° in latitudeand

longitude,with1- to 1.5-kmresolution.Observationsof thelower
stratosphereareimprovedthroughtheuseof specialnarrowandmore
transparentspectralchannels.11reinstrumentisprogrammable;thus,a
varietyofobservationmodescanbeused,andmaybeadaptedinflight
toobserveunexpectedgeophysicalevents. _r

KeyItlRI_ Facts:

• JointprogrambetweenOxfordUniversityandNCAR;Phase

C/D initiatedby theformerSeptember1991, and

postponedbythelatteruntil1995

• PrimeContractor:LORAL(U.S.)andMatin-MarconiSpace(U.K.)

Gille,J. andJ. Barnett,TheHigh-ResolutionDynamicsLimb

Sounder(HIRDLS),in TheUseolEOSto StudyArmosphoric
Physics,NorthHolland,1992.

HIRDLSParameters

MeasurementApproach
Scanninginfraredlimbsounder
21photoconductiveHgCdTedetectorscooledto80K
Eachdetectorhasnseparatebandpassinterferencefilter

Swath:Typicallysixprofilesacross2,000-to3,000-km-wideswath
Spatialresolution:Profilespacing400x400kmhorizontally(equivalentto4°

longx4° Int)x 1kmvertically;,averagingvolumeforeachdatasample1
kmverticalx 10kmacrossx400kmalongline-of-sight

AccommodationIssues

Mass:150kg
Dutycycle:100%
Power:180W (average),230W(peak)

Datarate:40 kbps
Thermalcontrolby: Paired80KStirlingcyclecoolers,centralthermalbus,

heaters,sunbaffle
Thermaloperatingrange:20-30°C
FOV(scanrange): Elevation,+_2.5° about-25.3° belowhorizontal;

azimuth,-20° (sunside)to+50° (anti-sunside)
DetectorIFOV:1kmverticalx 10km(2.5°) horizontal
Pointingrequirements(platform+instrument,3c_):

Control: 900arcsec(allaxes)
Knowledge: 250arcsec(allaxes)
Stability: 30arcsec/secperaxis
Jitter: TBD

Physicalsize: 130x80x 100cm(stowed);
130x 90x 120cm(deployed)

Co-Princi Investigators--JohnBarnettandJohnGille

r. BarnettreceivedanM.A.inNaturalSciences,withfirstclasshonors,fromCambridgeUniversityanda Ph.D.inAtmospheric
PhysicsfromOxfordUniversity.HeiscurrentlyaUniversity

ResearchLecturerfortheDepartmentofPhysicsatOxford.Dr.Barnett
servedasamemberofdataprocessingteamsforthesuiteofNimbus
instruments,asCo-InvestigatorforImprovedStratosphericandMesospheric
Sounder(ISAMS),andasco-chairmanoftheCOSPARgrouponthe
ReferenceMiddleAtmosphere.HeistherecipientoftheCOSPARWilliam
NordbergAwardandtheRoyalMeteorologicalSocietyL.ERichardson
Award.

lohnGtllereceivedaB.S.inPhysics,magnaaJmlaude,fromYaleUniversity,anM.A.inPhysicsfromCambridgeUniversity,andaPh.D.inGeophysics
fromMIT.S_nce1977,hehasservedasHeadoftheGlobalObservations,

Modeling,andOpticalTechniquesSectionofNCAR.Dr.GdlewasCo-SeniorScionti_
onUMS,launchedonNimbus-7in1978,andwasPrindpelInvestigatoronLAIR,
whichflewonNimbus-6in1975.HehasbeeninvolvedinCLAEScollebecation

since1982,withNOAA'sdevelopmentofGOMILandonseveralinvestigations
analyzingsatellitedata.Heisa FellowoftheAmericanMeteorolagicolSatietyand
theAmericanAssociationfortheAdvancementofScience,andwastherecipientof
theNCARTechnologyAdvancementAwardin1978andtheNASAExceptional
ScientificAchievementMedalin1982.

Co-Investigators
Davi_, ClarendonLaboratory
PaulBailey,NationalCenterforAtmosphericResearch
ByronBoville,NationalCenterforAtmosphericResearch
GuyBrasseur,NationalCenterforAtmosphericResearch
MichaelCoffey,NotionalCenterforAtmosphericResearch
RobertS.Horwood,UniversityofEdinburgh
JamesR.Holton,UniversityofWashington
ConwoyB.Leovy,UniversityofWashington
WilliamMankin,NationalCenterforAlmosphericResearch

ChristopherT.Muflow,RutherfordAppletonLaboratory
AlanO'Neill,BritishMeteorologicalOffice
JohnA.Pyle,CambridgeUniversity
CliveO.Rodgers,OxfordUniversity
JohnSeeley,UniversityofReading
FredericTaylor,OxfordUniversity
GeraintVougbon,UniversityCollegeofWales
RobertJ.Wells,OxfordUniversity
JohnG.Whitney,OxfordUniversity

MichaelE.Mclntyre,UniversityofCambridge E.J.Williamson,OxfordUniversity
HeinzG.Muller,UniversityofSheffield



LIS
LIGHTNINGIMAGING SENSOR

STARINGTELESCOPE/FILTERIMAGINGSYSTEM

UNDERDEVELOPMENTFORGEOSTATIONARYORBIT;
FLOWNONNASAAIRCRAFT

ACQUIRESANDINVESTIGATESTHEDISTRIBUTIONANDVARIABILITYOF
LIGHTNINGOVERTHEEARTH

90%DETECTIONEFFICIENCYUNDERBOTHDAYANDNIGHTCONDITIONS
USINGBACKGROUNDREMOVERANDEVENTPROCESSOR

r'l f't ]_..CL r-J r't

r-;

E

[..:

ElectronicsAssembly

STORM-SCALE(5-KM)SPATIALRESOLUTION;
2-mECTEMPORALRESOLUTION

SensorHeadAssembly

hecalibratedopticalLISwit investigatetheglobalincidenceoflightning,itscorrelationwithrainfall,andits
relationshipwiththeglobalelectriccircuit.Conceptually,

LISisa simpledevice,consistingofa staringimageroptimizedto
locatebothintracloudandcloud-to-groundlightningwithstorm-scale
resolutionovera largeregionoftheEarth'ssurface,tomarkthe
timeofoccurrence,andtomeasuretheradiantenergy.Itwill
monitorindividualstormswithinthefield-of-view(FOV)for80

seconds,longenoughtoestimatethelightningflashingrate.
Locationof lightningflasheswillbedeterminedtowithin5 kmovera
600x 600kmFOV.

TheLJSdesignusesonexpandedopticsw/de-FOYlens,combined
witha narrow-bandinterferencefilterthatfocusestheimageona
small,high-speed,charge-coupleddevicefocalplane.Thesignalis
readoutfrom thefocalplaneintoa real-timedotuprocessorfor
eventdetectionanddatacompression.Theparticularcharacteristics
ofthesensordesignresultfromtherequirementtodetectweak
lightningsignalsduringthedaywhenthebuckgrounclillumination,
producedbysunlightreflectingfromthetopsofclouds,ismuch
brighterthantheilluminationproducedby thelightning.

Acombinationoffourmethodsisusedtotakeadvantageofthe

significantdifferencesinthetemporal,spatial,andspectral
characteristicsbetweenthelightningsignalandthebackground

noise.First,spatialfilteringisusedtomatchtheinstantaneousFOV
ofeachdetectorelementintheLISfocalplanearraytothetypical
cloud-topareailluminatedbyolightningevent(about5 kin).
Second,spectralfilteringisapplied,usinga narrow-bondinterference
filtercenteredaboutthestrongOIemissionmultipletinthelightning
spectrumat777.4nm.Third,temporalfilteringisapplied.The
lightningpulsedurationisoftheorderof400_ec,whereasthe
backgroundilluminationtendstobeconstantonatimescaleof

• lqmeC/1)startJamm/1991
• E_fund_insfrumenfslet_forIounchonl"bf_-I
• u.dw___od_t

_ hmlm'ldmmlm:
(]tristian,HJ., Li. Blakedee,andSJ.Goodman,TheDet_
ofUohtningfrom6eostmimryOrl_t,Joumo/of_
Research,voL94,13,329-13,337,1989.

Christkm,HJ.,L[ elokes!ea,andSJ.G_dnm,Ughtmng
tmngingSensor(US)fortheEarthObservingSystem,NASA
Technical_ 4350,MSFC,Huntsville,AI.,February
1992.



seconds.Thelightningsignal-to-noiseratioimprovesasthe
integrationtimeapproachesthepulseduration.Accordingly,an
integrationtimeof 2 msecischosentominimizepulsesplitting
betweensuccessiveframesandtomaximizelightningdetectability.
Finally,a modifiedframe-to-framebackgroundsubtradionisusedto
removetheslowlyvaryingbackgroundsignalfromtherawdata
comingofftheLISfocalplane.If,offerbackgroundremoval,the
signalfora givenpixeJexceedsa specifiedthreshold,thatpixelis
consideredto containa lightningevent.

LISinvestigationswill furtherunderstandingofprocessesrelatedto,
andunderlying,lightningphenomenain theEarth/atmosphere

systemTheseprocessesincludetheamount,distribution,and

structureofdeepconvedionono globalscale,andthecoupling
betweenatmosphericdynamicsandenergeticsasrelatedtothe
globaldistributionoflightningactivity.Theirtvestigationswill

contributeto severalimportantE0Smissionobjectives,including
doudchoroderizationandhydrologiccyclestudies.Ughtningodivity
iscloselycoupledtostormcanvedion,dynamics,andmicrophysics,
andcanbecorrelatedtotheglobalrotes,amounts,anddistribution
ofprecipitation,tothereleaseandtransportoflatentheat,andto
thechemicalcyclesofcarbon,sulfur,andnitrogen.LISstandard
productswillbeintensities,timesofoccurrence,andlocationsof

lightningevents. _r

LIS Parameters

MeasurementApproach
Staringimogerthatdetedstherate,position,andradiantenergyof

lightningflashes
Spectralfiltertoimageat0.777pmontoa 128x 128CCDarraydetector
Eventprocessortosubtrodoutthebrightbackgroundduringdaylight

(instrumenttakingdntodayandnight)

Swath:600x 600km

Spatialresolution:5 km

AccommodationIssues

Mass:20 kg
Dutycycle:100%
Power:33W

Datarate: 6 kbps
Thermalcontrolby:Heater,radiator

Thermaloperatingrange:0-40°C
FOV:80° x 80°
InstrumentIFOV:0.7°

Pointingrequirements(plntform+instrument,3o'):
Control: None

Knowledge: 1 kmonground
Stability: TBD
Jitter: TBD

Physicalsize:
Sensorheadassembly(cylindrical)--20x 30cm;
Eledronicsassembly--30x 20x 30cm

Principal Investigator--Hugh Christian

ughChristianisa graduateoftheUniversityofAlaska,and
receivedanM.S.andPh.DinSpacePhysicsandAstronomy
fromRiceUniversityHehasservedinvariousgovernment,

privateindustry,andacademiccapacities,primarilywithinhisareaof
expertise:Thunderstorms,atmosphericeledricity,lightningdata

acquisitionsystems,andairborneinstrumentation.Since1980,Dr.
Christianhasbeena SpaceScientistattheMarshallSpaceFlight
Center.

Co-Investigators

RichardBlokeslee,MarshallSpaceFlightCenter

StevenJ.Goodman,MarshallSpaceFlightCenter
DouglasM Math,UniversityofAlabama

InstrumentInvestigation • LIS 8,1



MIMR
MULTIFREQUENCYIMAGING

MICROWAVERADIOMETER

HIGH-RESOLUTIONMICROWAVESPECTROMETER

HERITAGE:SSM/IANDSMMR

MEASURESPRECIPITATIONRATE,CLOUDWATER,WATERVAPOR,SEA
SURFACEROUGHNESS,SEASURFACETEMPERATURE,ICE,SNOW,AND
SOILMOISTURE

FREQUENCIESBETWEEN6.8AND90GHz

EXTERNALCALIBRATION

1.6-MPARABOLICANTENNAANDROTATINGDRUMAT-26 ePM

M IMRisa passivemicrowaveradiometerprovidedundera
Memorandumof UnderstandingwiththeEuropeanSpace
Agency(ESA).Theinstrumentbuildsuponthesuccessful

designoftheSpecialSensorMicrowave/Imager(SSM/I},but
providesgreaterfrequencydiversity,improvedspatialresolution,
increasedswathwidth,andimprovedantennaperformance--

allowingcompleteglobalcoveragein lessthan3 days.MIMRwill
providea 20percentgreaterswathwidththanavailablewithcurrent
passivemicrowaveradiometers.SlatedfortheEOS-PMsatellite
series,theinstrumentwiflobservenumerousatmosphericand
oceanicparameters,includingprecipitation,soilmoisture,globalice
andsnowcover,seasurfacetemperatureandwindspeed,
atmosphericcloudwater,andwatervapor.

MIMRdatawillbeusedinconjunctionwithdatafromotherEOS
instruments.Overland,MIMRobservationscomplementvisible,
infrared,andactivemicrowaveobservationsofvegetationstatus,
biomoss,andsoilmoisture,whichorealsoimportantforevaporation

andtranspirationstudies.Oversnow-andice-coveredareas,passive
microwavedatawillcomplementhigh-resolutiondataavailableon
surfaceroughnessfromsyntheticapertureradar,thermaldata,and
visiblemuhispectralmeasurementsresponsivetograinsizeto

I III II III II

supportextractionofmoistureequivalence.Overoceans,passive
microwavedata,inconjunctionwithscofleromeferand
meteorologicalsounderdata,conbeusedinstudiesofheat
exchangeacrosstheair-seasurface,whichorestronglydependenton
measurementsofseasurfacetemperature,wind,andatmospheric
humidityintheoceanboundarylayer.MIMRalsowillprovidedata
onatmosphericwatercontentandprecipitation,tobeinterpretedin
combinationwithAdvancedMicrowaveSoundingUnit(AMSU)and
MicrowaveHumiditySounder(MHS)data.

MIMRoperatesatsixfrequencies,eachwithhorizontalandvertical
_olarizotion:6.8,10.65,18.7,23.8,36.5,and90GHz.MIMR

KqMIIItF_

• I_mBC_. Aim
• I_ospomibloComor:_C

_r_lzi_
EuropeanSpaceAgency,MIMRInstrumentPanelReport,
Publication_P-1138, ParisCEDEX15,France.



Selectedfor Flighton EOS-PMSeries

employsninefeedhorns,yielding20availablechannels.The
frequencieswerechosento maximizesensitivityto particular
parametersofinterestandtooperatein protectedregionsof the
spectrum.MIMRisdesignedtohavea cross-trackswathof 1,400
kmat anincidenceangleof50°, whichprovidesa 3-dayglobal

coverageoftheEarth.Athighlatitudes(i.e.,>45°),theoverlap
betweenconsecutiveswathsincreasesanddailycoverageisprovided.
MIMRdataprodudswillincludemeasurementsinits20channels

coveringdualpolarizationfrom6.8to 90GHzwithcorresponding

60-to5-kmresolution,1to 1.5Kaccuracy,and0.2to0.7K
radiometricstability.Channelswillbeconvertedtodoilyspectral
mapsono1° grid;monthlyaveragemapson1° gridswillbe
producedforprecipitationindex,seasurfacetemperature,snow
coverparameters,seaiceparameters,atmosphericwatervapor
burdenoveroceans,atmosphericcloudwaterburdenoveroceans,
oceansurfacewindstress,andsoilmoistureindex.

MIMR Parameters

MeasurementApproach
Passivemicrowaveradiometer

Retrievalofatmosphere,ocean,cryosphere,andlandparameters
Multiplefeedhorns(9) tocoverbandsfrom6.8to90GHz

0.2 to 0.7Kradiometricstability
Minimum1.6-mreflector

I to1.5Kaccuracy

Swath:1,400km
Spatialresolution:4.86km(90GHz),11.62km(36.5GHz),
22.3km(23.8GHz),22.3km(18.7GHz),38.6km(10.65

GHz),60.3km(6.8GHz)

AccommodationIssues

Mass:223kg
Dutycycle:100%

Power:171.4W(average),200W (peak)

Datarate: 67kbps
Thermalcontrolby:Radiator
Thermaloperatingrange:-10-50°C
FOV:Forward-lookingconicalscan
InstrumentIFOV:_+60° cross-track

Pointingrequirements(platform+instrument,3a):
Control: 720orcsec

Knowledge: 108arcsec
Stability: 36arcsec/sec
Jitter: TBD

Physicalsize: 180x 170x 130cm(stowed);
300x 170x 170cm(deployed)

Antennarotatesatapproximately26 rpm

U.S. Team LeadermRoy W. Spencer (pending negotiation with ESA)

oyW.Spencerreceiveda B.S.inAtmosphericSciencefromtheUniversityofMichigan,andbothanM.S.andPh.D.in
MeteorologyfromtheUniversityofWisconsin.Currently,

Dr.Spencerisa SpaceScientistattheMarshallSpaceFlightCenter,
wherehedirectsa programofsatellitepassivemicrowaveresearch
focusingontheDefenseMeteorologicalSatelliteProgram(DMSP)
SpecialSensorMJcrowave/Imager(SSM/I),theNimbus-7Scanning
MuhispectralMicrowaveRadiometer(SMMR),andtheTIROS-N

MicrowaveSoundingUnit(MSU);andthedevelopmentandflightof
a high-altitudeaircraftfive-frequencyscanningmicrowave
radiometer.Dr.Spencerhasbeena memberofseveralNASA-
sponsoredcommittees,includingtheTropicalRainfallMeasuring
Mission(TRMM)ScienceSteeringGroup,theEarthScience
GeostationaryPlatformCommittee,andtheEarthSystemScience
SubcommitteeonWindsandPrecipitation.

Team Members (pending he! otiation with ESA)

AlthoughRoySpencerhasbeenproposedasU.S.TeamLeader,his
acceptanceaswellasotherU.S.TeamMembersispending
negotiationwithESA.Agreementonteamcompositionawaitsthe
AnnouncementofOpportunity(AO)process,withthefollowing
candidatestoserveastheU.S.membersoftheMIMRscienceteam.

RobertAdler,GoddardSpaceFlightCenter
JohnAlishouse,NOAA/NESDIS
DonCavalieri,GoddardSpaceFlightCenter
JosephComiso,GoddardSpaceFlightCenter
JamesShiue,GoddardSpaceFlightCenter
ThomasWilheit,TexasA&MUniversity
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MISR
MULTI-ANGLEIMAGING

SPECTRORADIOMETER

HERITAGE:GLL,WIDE-FIELD/PLANETARYCAMERA

PROVIDESTOP-OF-ATMOSPHERE,CLOUD,ANDSURFACEANGULAR
REFLECTANCEFUNCTIONS

PROVIDESGLOBALMAPSOFPLANETARYANDSURFACEALBEDO,AND
AEROSOLANDVEGETATIONPROPERTIES

I I I

M ISRistheonlyEOSinstrumentthatwillroutinelyprovidemulti-angle,continuouscoverageoftheEarthwithhigh
spatialresolution.Theinstrumentwillobtain

multidiredionolobservationsofeachscenewithinotimescaleof

minutes,therebyundervirtuallythesameatmosphericconditions.
MISRusesnineseparatechargedcoupleddevice(CCD)-basod
pushbroomcamerastoobservetheEarthatninediscreteview
angles:Oneatnadir,plusfourothersymmetricalfore-aftviewsup
to+_70.5° forwardandaftwordofnadir. Imagesateachanglewill
beobtainedin fourspectralbandscenteredat0.443,0.555,0.67,
and0.865_. Eachofthe36 instrumentdatachannels(i.e.,four
spedrolbandsforeachoftheninecameras)isindividually
commandableto providegroundsamplingof 240m,480m,960m,
or1.92km. TheswathwidthoftheMISRimagingdatais356km,
providingmulti-anglecoverageoftheentireEarthin9 daysatthe
equatorand2 daysatthepoles.

MISRimageswill beacquiredin twoobservingmodes:Globaland
Local.GlobalMadeprovidescontinuousplanet-wideobservations,
withmostchannelsoperatingatmoderateresolutionandselected
channelsoperatingatthehighestresolutionforcloudscreening,
imagenavigation,andstoreo-photogrammotry.LocalModeprovides
dataatthehighestresolutioninallspectralbandsandallcameras
forselected300x 300kmregions.

anglewillbeusedtoretrieveopacity,absorptivity,andphase
function.Overocean,theshapeoftheobservedphasefunctionswill
provideconstraintsonthephysicalpropertiesofthescattering
particles.Therelianceonangularsignaturesmakessuchtechniques
unavailabletonadirimagers.Aerosolinformationderivedfrom
MISRandradiativetransferalgorithmsdevelopedaspartofthe
MISRinvestigationwillalsobeusedtoassistintheatmospheric
correctionofAdvancedSpaceborneThermalEmissionandRefledion
Radiometer(ASTER),andMaderate-ResolutionImaging
Spectrorudiometer(MODIS}data.

Multi-angleradiancesobtainedbyMISRwillbeclassifiedby scene
type.Themeasuredradianceswillbedirectlyintegratedtoyield
estimatesofreflectedflux,hencealbedo.Insomecases,physical
radiativetransfermodelswillbeusedtoimprovetheaccuracyofthe
integrations.Fordeterminationsofthesequantitiesatthesurface,
radiativetransferinversionsofthetap-of-atmusphereradianceswill
beusedto retrievemulti-anglesurfacereflectances,usingaerosol
informationalsoderivedfromMISRdata.Automatedstereoimage
matchingalgorithmswillbeusedtoderivesurfacetopographyand
cloudelevationsFrommulti-anglestereoscopicobservations.Over
cloudfields,themuhi-anglaradiometricandphotogrammatric
measurementswillbeusedtoinvestigatehowspatialandseasonal
variationsofdifferentcloudtypesaffecttheplanetarysolarradiation
budget,andtodevelopcloudradiativeparameterJzationsfor

MISRwill beusedtomonitorglobalandregionaltrendsin rudiatively
importantopticalproperties(i.e.,opacity,singlescatleringalbado,
andscatteringphasefunction)ofnaturalandanthropogenic
aerosols,includingthosearisingfromindustrialandvokank
emissions,slash-and-burnagriculture,anddesertification,andto
determinetheireffedonsolarradiationbudget.Overland,the

representingheterogeneouscloudsystemsingeneralcirculation
models.Overthelandsurface,thesedatawiflaidstudiesofthe
impactoflandsurfaceprocessesonclimatevariables.Bidirectional
reflectancedistributionfunction(BRDF)measurementsofvarious
scenetypeswillbeusedfor thedevelopmentandvalidationof
modelsrelatingsoil,snow,andiceangularroflectancestosurface



relatedtocanopystruduralparameters,willprovideimproved
vegetationcoverclassifications,andwillbeusedtoretrievesurface
hemisphericalolbedos.Thisinformationwillbeusedto derive
absorbedphotosyntheticallyactiveradiationandimproved
measurementsofvegetationcanopyphotosynthesisandtranspiration
rates.Incontrasttosingle-viewdirectionimagers,MISRdatawillbe
usedtoderiveovegetationindexbasedonredandnear-infrared

fluxes,ratherthanradiances.Themulti-an_leobservationswillalso
provideinformationnecessarytointerpretdiredionalvegetation
indicesacquiredbywide-rangeanglescanners,suchasMODIS.

MISRwillalsobeabletosupplementEOSstudiesofthebiogeochemical
cyclewithintheEarth'saquaticsystems.Oceanphytoplanktonpigment
concentrationwillbederivedusingalgorithmssimilartothose
envisionedforMODIS.Theconcentrationisestimatedbyformingthe
ratioofthewater-leavingradiancesat0.443and0.555_.
MISRimageswillberadiometricallycalibratedusingmonthlyin-
flightobservationsofdeployablesolardiffuserpanels.The
reflectancestabilityofthepanelswillbemonitoredusinganarrayof
radiation-resistantandquantum-efficientdiodes.Semi-annualfield
calibrationexercisesareplannedto provideground-truthcalibration
ofthediodes.StandardMISRdataproductswillincludecalibrated

imagesin GlobalandLocalModes,andseveralotherdataproduds
asdelineatedbelow:

• Multi-anglebidirectionalreflectancedataforvarioustypes
ofcloudandsurfacecoverswith1 to2 percentangle-to-
anglerelativeaccuracymappedonto2-kmgrids

• Globalmapsofspectralplanetaryandsurfacehemispherical
albedowithaccuraciesof:!:0.03on2-kmgrids

• Retrievedaerosolopacitiesoverlandandoceanwith
accuraciesof_.05 or10percent,whicheverislarger,aswell
asotherscatteringproperties,mappedonto16-kmgrids._.

KeyMISRFacts:
• In.houseJPLdevelopment
• PhaseC/DstartJanuary1991

ForFurtherIdGem_on:

Diner,OJ.e__,AMulti-angleImagingSpactroRadiometerfor
TerrestrialRemoteSensingfromtheEarthObservingSystem,
InternationalJournalofImagingSystemsandTechnology,3, 92.
107,1991.

MISR Parameters

MeasurementApproach
NineCCDcamerasfixedatnineviewinganglesoutto+_70.5°

forwardandaftofnadir,includingnadir
FourspectralbandsdiscriminatedviafiltersbondedtotheCCDs
Globalcoveragein9 days
0.03hemisphericalalbedoaccuracy
Largerof0.05or10%aerosolopacityaccuracy
1-2%angle-to-angleaccuracyinbidiredionalrefledonce

Swath:370km(nadircamera),408km(non-nadircamera)
Spatialsampling:240m,480m,960m,or1.92km
Bestresolution:250m(nadir),275m(non-nadir)

AccommodationIssues
Mass:106kg(includinghardmountinterfacehardware)
Instrumentdutycycle:50%
Power:67W(average),107W(peak)
HeaterPower:14W
Thermalcontrolby:Passivecoolingandactivetemperaturestabilization
Thermaloperatingrange:-20to+40°C
FOV:+_59° down-trackby+15° cross:track
Datarate: 3.8Mbps(average),6.5 Mbps(peak)
Pointingrequirements(spacecraft):

Control: 240arcsec
Knowledge: 108arcsec
Stability: 7 orcsecpersec,16arcsecper420sec

Physicalsize: 127x 78x 92cm

Principal InvestigatornDavid J. Diner

avidJ.Dinerreceiveda B.S.in PhysicswithhonorsfromtheStateUniversityofNewYorkatStonyBrook,andan
M.S.andPh.D.inPlanetarySciencefromtheCalifornia

InstituteofTechnology.HejoinedtheJetPropulsionLaboratoryasa
NationalResearchCouncilResidentResearchAssociatein 1978,and

iscurrentlya TechnicalGroupSupervisorintheAtmosphericand
CometarySciencesSection.HehasbeeninvolvedinnumerousNASA
planetaryandEarthremote-sonsinginvestigations,asPrincipaland
Co-Investigator.Heisalsoa memberoftheAmericanAstronomical
SocietyDivisionforPlanetarySciences.

Co-Investigators

ThomasP.Ackerman,PennsylvaniaStateUniversity HowardR.Gordon,UniversityofMiami
CarolI. Bruegge,JetPropulsionLaboratory JohnV.Martonchik,JetPropulsionLaboratory
RogerDavies,McGillUniversity Jan-PeterMuller,UniversityCollegeLondon
SiegfriedGerstl,LosAlamosNationalLaboratory PiersSellers,GoddardSpaceFlightCenter
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MLS
MICROWAVE

LIMBSOUNDER

PASSIVERADIATIONALLYCOOLEDMICROWAVELIMB-SOUNDING
RADIOMETER/SPECTROMETER

HERITAGE:UARSM[5

MEASURESTHERMALEMISSIONFROMTHEATMOSPHERICLIMB

SPECTRALBANDSCENTEREDAT215,440,AND640GHzAND2.5THz

SPECTRALRESOLUTION:1 MHz

INSTANTANEOUSFIELD-OF-VIEWAT640GHzANDHIGHERFREQUENCIES:
1.2t_ VERTICALx3 _ CROSS-TRACKx 300_ ALONG-TRACKATTHE
LIMBTANGENTPOINT

hescientificprioritiesandobjectivesoftheMLSinvestigationaretostudyandmonitorthefollowing
processesandparametersvitaltoglobalchangeresearch:

• Chemistryofthelowerstratosphereandupper
troposphere---M[5measureslowerstratospheric
temperatureandconcentrationsofH20,03, CIO,HCI,QH,
HN03,NO,N20,HI:,andCOfortheireffectson(and
diagnosesof)transformationsofgreenhousegases,
radiativeforcingofclimatechange,andozonedepletion.
M[5measuresuppertroposphericH20and03fortheir
effectsonradiativeforcingofclimatechangeanddiagnoses
ofexchangebetweenthetroposphereandstratosphere.

• Chemistryof themiddleandupperstratosphere---MLS
monitorsozonechemistrybymeasuringradicals,
reservoirs,andsourcegasesin allthechemicalcyclesnow
thoughtsignificant.Certainisotopicandexcitedstateswill
alsobemeasuredtoprovideadditionalinsightinto
stratosphericchemistry.

• Theeffedofvolcanoesonglobalchange--MLSmeasures
SO2, andothergasesmentionedabove,involcanic
plumestoinvestigatetheeffectsofvolcanicinjedionsinto
theatmosphere.

AveryimportantcontributiontotheEOSProgramisthatMLS
measurementsarenotdegradedin regionscontainingiceclouds
(includingpolarstratosphericclouds)oraerosols.Thisissignificant

becausephenomenaaffectingglobalchange(e.g.,watervapor
distributionnearthetropopauseandheterogeneouschemistry)occur
intheseveryregions.MLScontainsaninfraredradiometerthat
allowsdetectionofcloudsandaerosols;inconjundionwiththe
millimeter/submillimeterradiometers,thesedatawillprovide
informationonwaterinallitsphysicalphases(i.e.,gaseous,liquid,
solid).

Measurementsoreperformedcontinuously,atoiltimesofnightand
day,andcancoverthealtituderangefromtheuppertroposphereto
thelowerthermosphere.Theverticalscanischosentoemphasize
thelowerstratosphereanduppertroposphere,whicharenowof
highestpriority;however,thescancanbereprogrammedto
emphasizeotherregionsshouldprioritieschange.Completelatitude
coverageisobtainedeachorbit.Pressure(from02lines)andheight
(froma gyroscopemeasuringsmallchangesin the_ield-of-view
direction)aremeasuredto provideaccurateverticalinformationfar
thecompositionmeasurements.

................................................................................................................................................................................



TheEOSversionofthisinstrumentcontinuesthesuccessful

internationaleffortstartedontheUpperAtmosphereResearch
Satellite(UARS)MLS.Theheterodyneradiometersystemsusedby
MLSarecapableofefficientmeasurementofatmosphericthermal
emissionsuptothefrequenciesofapproximately3 THz.Moreover,
instrumentmodulescanbeeasilychanged(includingadditionsand
deletions)toaccommodateevolvingmeasurementpriorities,
resourceavailabilities,andtechnologyadvances.Radiationalcooling
providesexcellentsensitivitysothatmechanicalcoolersand/or

cryogensarenotrequired.MLScontainsfiveheterodyne
radiometers:The215GHzbandisprimarilytocontinueUARSMLS

measurementsofCIOand03,andtoprovideuppertropospheric
H20andtemperature;the440GHzbandisprimarilyfor
stratosphericnitrogenchemistry;the640GHzbandisprimarilyfor
stratosphericchlorinechemistry;the1.2THzbandisprimarilyfor
HF;andthe2.5THzbandisprimarilyforOH. _r

KeyMI.Shxts:
• In-houseJPLdevelopment

_ r'mllmrId_

Waters,J.W.SubmillimeterWavelengthHeterodyne
SpectroscopyandRemoteSensingof Earth'sUpperAtmosphere,
Proceedingsof theIEEE:SpecialIssueonTerahertzTechnology,
1992.

Waters,J.W.MicrowaveLimbSounding,chapter8 in
AtmosphericRemoteSensingbyMicrowaveRadiometry,M.
Jansseneditor,Wiley& Sons,1992.

MLS Parameters

MeasurementApproach
Passivelimbsoundermeasuringthermalemission
Spectralbandscenteredat 215GHz,440GHz,640GHz,and2.5THz

Spatialresolution:3 x 300kmdiameterhorizontalx 1.2kmvertical

AccommodationIssues

Mass:500kg
Dutycycle:100%
Power:540W

Datarate:5 kbps
Thermalcontrol:Vialouvrestospaceorcoldplate

Thermaloperatingrange:10-35°C
FOV:BoresJght62-74° relativetonadir
InstrumentIFOV:+_2.5° (half-cone,along-track)
Pointingrequirements(platform+instrument,3a):

Control:

Knowledge:
Stability:
Jitter:

Physicalsize:

1,800arcsec
180arcsec

10arcsecper0.5sec,100arcsecper30sac
TBD

160x 80cm(parabolicantenna);
160x 180x 160cm(firstadd'lmodule);
150x 60x 130cm(secondadd'lmodule)

Principal InvestigatormJoe W. Waters

B r.Watershasledthedevelopmentof microwavelimbsoundingsinceits inceptionin1974.HisPh.D.fromthe
MassachusettsInstituteofTechnology(MIT)focusedon

microwavesensingoftheupperatmosphere.Afterwardshewason
theMITresearchstaffasnCo-InvestigatoronNimbusmicrowave
experiments.HemovedontotheJetPropulsionLaboratory(JPL)in

1973,andhasbeenPrincipalInvestigatoronaircraft,balloon,and
UpperAtmosphereResearchSatellite(UARS)microwavelimb
soundingexperiments.Heiscurrentlya seniorresearchscientistat
JPL,andgroupsupervisorfortheMicrowaveAtmosphericScience
andUpperAtmosphereExperimentDevelopmentgroups.

Co-Investigators

RichardE.Cofield,JetPropulsionLaboratory
LucienFroidevaux,JetPropulsionLaboratory
RobertS.Harwood,UniversityofEdinburgh
RobertF.Jarnot,JetPropulsionLaboratory
BrianJ.Kerridge,RutherfordAppletonLaboratory

DavidN.Matheson,RutherfordAppletonLaboratory
GordonE.Peckham,Heriot-WattUniversity
WilliamG.Read,JetPropulsionLaboratory
PeterH.Siegel,JetPropulsionLaboratory
WilliamJ.Wilson,JetPropulsionLaboratory
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MODIS
MODERATE-RESOLUTION

IMAGINGSPECTRORADIOMETER

MEDIUM-RESOLUTION,CROSS-TRACK,MULTISPECTRAL
SCANNINGRADIOMETER

HERITAGE:AVHRR,HIRS,LANDSATTM,ANDNIMBUS-7CZCS

MEASURESBIOLOGICALANDPHYSICALPROCESSES

M ODISisanEOSfacilityinstrumentdesignedtomeasurebiologicalandphysicalprocessesona globalbasisevery
1 to2 days.SlatedforboththeEOS-AMand-PM

satelliteseries,theinstrumentwillprovidelong-termobservations
fromwhichto deriveanenhancedknowledgeofglobaldynamicsand
processesoccurringonthesurfaceoftheEarthandinthelower
atmosphere.Thistrulymuhidisciplinaryinstrumentwillyield
simultaneous,congruentobservationsofhigh-priorityatmospheric
(cloudcoverandassociatedproperties),oceanic(seasurface
temperatureandchlorophyll),andlandsurfacefeatures(landcover
changes,landsurfacetemperature,andvegetationproperties).The
instrumentisexpectedtomakemajorcontributionstounderstanding
oftheglobalEarthsystem,includinginteractionsbetweenland,
ocean,andatmosphericprocesses.

TheMODISinstrumentemploysa conventionalimagingradiometer
concept,consistingofa cross-trackscanmirrorandcollectingoptics,
anda setoflineardetectorarrayswithspectralinterferencefilters
locatedinfourfocalplanes.Theopticalarrangementwillprovide
imageryin36discretebandsbetween0.4and15_ selectedfor
diagnosticsignificanceinEarthscience.Thespectralbandswillhave
spatialresolutionof250m,500m,or1 kmat nadir;signal-to-noise
ratioofgreaterthanSO0at1-kmresolution(ata solarzenithangle
of70°);andabsoluteirradianceaccuracyof+_5percentfrom0.4to
3 _ (2%relativetothesun)and1percentorbetterinthethermal
infrared(3 to 15_). EachMODISwillprovidedaylightreflection
andday/nightemissionspectralimagingofanypointontheEarthat
leastevery2 days,withcontinuousdutycycle.

MODISwillprovidespecificglobalsurveydataproducts,which
includethefollowing:

• Surfacetemperaturewith1-kmresolution,dayandnight,
withabsoluteaccuracyof0.2Kforoceansand1Kforland

• Oceancolor,definedasocean-leavingspectralradiance
within5 percentfrom415to653nm,basedonadequate
atmosphericcorrectionfromnear-infraredsensorchannels

• Chlorophyllfluorescencewithin50gercentatsurface
waterconcentrationsof0.5mg/m3

• Concentrationofchlorophyllawithin35percent

• Vegetation/landsurfacecover,conditions,andproductivity
- Netprimaryproductivity,leafareaindex,and

interceptedphotosyntheticallyactiveradiation
- Landcovertype,withchangedetectionandidentification
- Vegetationindicescorrectedforatmosphere,soil,and

directionaleffects
- Snowcoverandreflectance

• Cloudcoverwith250-mresolutionbydayand1,000-m
resolutionatnight

• Cloudpropertiescharacterizedbyclouddropletphase,optical

thickness,dropletsize,doud-toppressure,andemissivity
• Aerosolpropertiesdefinedasopticalthickness,particle

size,andmasstransport
• Fireoccurrence,size,andtemperature
• Globaldistributionoftotalprecipitablewater.

MODISwillflyonboththeEOS-AMand-PMsatellitestomaximize
cloud-freeremotesensingoftheEarth'ssurfaceandtoexploit
synergismwithotherEOSsensors.

 '8"8 .....................................................................................................................................................................................



MODIS Parameters

MeasurementApproach
36spectralbands--2Owithin0.4-3.0/.m;16within3-15
Continuousglobalcoverageevery1to2 days
Polarizationsensitivityislessthan2%forthevisibleoutto2.2
Signal-to-noiseratio830:1(443nm),745:1(520nm),and503:1

(865nm)
Absoluteirradianceaccuracyof 5%for<3 _ and1%for>3
Absolutetemperatureaccuracy0.2Kforoceansand1Kforland
Daylightreflectionandday/nightemissionspectralimaging

Swath:2,300kmat110° (_5 °)

AccommodationIssues

Mass:250kg
Dutycycle:100%
Power:225W(average),275W (peak)
Datarate:6.2Mbps(average),11Mbps(day),2.5Mbps(night)
Thermalcontrolby:Radiator
Thermaloperatingrange:TBD
InstrumentIFOV:250m(2bands),500m(5bands),1,1300m(29bands)
FOV:+_55° cross-track

Pointingrequirements(platform+instrument,3a):
Control:

Knowledge:
Stability:
Jitter:

Physicalsize:

3,600arcsec
141arcsec
28arcsec/sec
1,031arcsec/sec(yawandroE),47orcsec/sec(pitch)
95.2x 158.3x 133.6cm(stowed)

.l_aseMO_(f'ads:_/OstartAugust1991
• PrimeContractor:SantaBarbaraResearchCenter
• ResponsibleCenter:GSFC

_F_ld_
Salomonson,V.V.andD.LToll,TheModerateResolution
ImagingSpectrometer-Nadir(MODIS-N)FacilityInstrument,
AdvancesinSpaceResearch,vol.11(3),231-236,1991.

King,M.D.,Y.J.Kaufman,W.P.Monzel,andD.Tanr6,Remote
SensingofCloud,Aerosol,andWaterVaporPropertiesfrom.
MOOlS,IEEETransactionsinGeoscienceandRemoteSensing,vol.
30(1),2-27,1992.

Team LeadermVincent Salomonson

incentSalomonsonhasover25yearsofexperienceinthe
fieldsofmeteorology,agriculturalengineering,atmospheric
science,andhydrology.Hewasawardeda Ph.D.in

AtmosphericSciencefromColoradoStateUniversityin1968,the
yearhejoinedGoddardSpaceFlightCenter(GSFC).Hewasrecently
appointedDirectorofEarthSciencesatGSFC.

Dr.SalomonsonbringssubstantialexperiencetohisroleasTeam
LeaderofMODIS.Hehasfunctionedinformallyandformallyasthe
MODISTeamLeaderforthepast5 years.Healsoservedfor12years
astheLandsat-4,5ProjectScientist,includingtheleadershipand
managementoftheLandsatImageDataQualityandAnalysis(LIDQA)
InvestigatorTeamandThematicMapperresearchintheEarthSciences
InvestigatorTeam.Additionalexperienceindudesover17yearsasa

linemanagerofresearchgroupsatGSFCandtheleadershipofthe
NASAWa!erResourcesSubdisciplinePanelandProgramforseveral
yearsinthe1970s.Hehaspublishedresearchmaterialsdirectly
relevanttotheinvestigation,andhasover100refereedpublications,
conferenceproceedings,andNASAreportstohiscredit.

Citedonnumerousoccasionsforhisoutstandingresearchand
scientificachievement,Dr.SalomonsonistherecipientofeightNASA
awardsforexceptionalachievement,service,andperformance;the
DistinguishedAchievementAwardof theIEEEGeoscienceandRemote
SensingSociety;theWilliam1.PecoraAward;andtheDistinguished
AlumnusAwardfromColoradoStateUniversity.Inadditiontohis
presentdutiesatGoddard,herecentlyservedasthePresidentofthe
AmericanSocietyforPhotogrammetryandRemoteSensing.

Team Members

MarkR.Abbott,OregonStateUnive.rsily ChristopherO.Justice,GoddardSpac.eF.lightCenter
WilliamBarnes,Goa"dardSpaceFlightCenter Yoram]. Kaufman,GoddardSpac.eF)ig_htCenter
lanBarton,CSIRO _ MichaelD.King,GoddardSpaceFlightCenter
UtisB.Browa,UniversityofMiami. . . W.PaulMenze[,NOAA/UnJvors!tyofWisconsin-Madison
KendallL Corder,Universi.tyofSouthFlorida.... . Ja.n-Peter.Muller,UniversityCollegeLonaon
DennisK.Clark.NOAA/NahonalEnvironmentalSatellite,Uata,and JohnParslow,CSIRO .

InformationService. . _ St.e.venW.Running,UniversityofMontana
WayneEseias,GoddardSpace_FlightCenter PhilipN.Sla.te.r,Universit_ofArizona
RobertH. Evans,UniversityofMiami AlnnH.Strahler,B_to.nUniversity .
How.ordR.Gordon,.Unive.rsi.tyof.Miami DidierTaqre,C.NRS/Laboratoired'OptiqueAtmospherique
FronkE.Hoge,WallopsFlight.l-acility VernVonderbilt,AmesResearchCenter _ ,

AlfredoR.Ifuete,UmversityofArizona ZhengmingWon,UniversityofCalifornia-SantaIiarbaro
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MOPITT
MEASUREMENTSOFPOLLUTION

IN THETROPOSPHERE

FOUR-CHANNELCORRELATIONSPECTROMETERWITHCROSS-TRACK
SCANNING

HERITAGE:PRESSURE-MODULATEDCELLELEMENTSUSEDINTNEPMR,
SAMS,ANDISAMSINSTRUMENTS,USINGSIMILARCORRELATION
SPECTROSCOPYTECHNIQUES

MEASURESUPWELLINGRADIANCEAT2.3,2.4,AND4.7p_

USESPRESSUREMODULATIONANDLENGTHMODULATIONCELLSTO

OBTAINCOCONCENTRATIONSIN3-KMLAYERSANDCH4 COLUMN

heMOPITTexperimentisprovidedunderoMemorandum
of UnderstandingwiththeCanadianSpaceAgency(CSA).
MOPITTwillmeasureemitledandreflectedinfrared

radianceintheatmosphericcolumn,which,whenanalyzed,permits

retrievaloftroposphericCOprofilesandtotalcolumnCH4.

BothCOandCH4 areproducedbybiomasssystems,oceans,and
humanactivities.COisintimatelyconnectedwiththeOHchemical
cycleinthetroposphere,andmovesbothverticallyandhorizontally

withinthetroposphere.CH4 isa greenhousegasandisincreasing
onanannualbasis.MOPITTmeasurementswillpermitstudiesofthe
globaland'temporaldistributionsthatdrivebudgetandsource/sink
studies.Sincethehumanspecieshasa significantinfluenceonboth

COandCH4 concentrations,a betterunderstandingoftheroleof
theseconstituentsisessentialinunderstandinganthropogeniceffects
ontheenvironment.

MOPITToperatesontheprincipleofcorrelationspectroscopy(i.e.,
spectralselectionofradiationemissionorabsorptionbya gasusinga
sampleofthesamegasasafilter).Theinstrumentmodulates
samplegasdensitybychangingthelengthorthepressureofthegas
sampleintheopticalpathoftheinstrument.Thismodulation

changestheabsorptionprofileinthespectrallinesofthegasinthe
cellasobservedbya detector.Thus,theACoutputofthedetector,
measuredatthefrequencythatthegassampleismodulated,willbe

equaltotheradiationdetectedif thegascellanditsmodulatorwere
replacedbyanopticalfilterwitha profilethatexactlymatchesthe
absorptionfeaturesofthesamplegasinthemodulatorcell.

AtmosphericsoundingandcolumnCOaremappedbyusingthermal
andreflectedsolarchannelsintheregionsof4.7and2.3pro,

respectively.ColumnCOandCH4 aremeasuredusingsolarchannels
viewedthroughmodulationcellstosensesolarradiationreflected
fromthesurface.Thesolarchannelsoreduplicatedinthe
instrumentatdifferentcorrelationcellpressures,toallowa failurein
onechannelwithoutcompromisingthecolumnmeasurement.

• FlightonEOS-AM-2tobeconfimed
• PhaseC/l)start0cl_ 1992

° CSAtoprovidetheinslrumem
• PrimeConlructor:C_DEV

rwr._id_
Drummond.,J.R.,MeasurementsofPollutionintheTroposphere
(MOMTT),in TheUseolEOStoStudyAtmosphe_Physics,J.Gille
andG.V'ecanti(ed.),NorthHolland,1991.

 .9.o ........................................................................................................................................................................



Selectedfor FlightonEOS-AM1

MOPITTisdesignedasa scanninginstrument.It hasa field-of-view
of 1.8°, whichisequivalenttoanapproximately22-kmfootprintat
nadir.Theinstrumentscanlineconsistsof29pixels,eachat 1.8°

increments.Themaximumscanangleis26.1° off-axis,whichis
equivalenttoaswathwidthof640km. Thisswathleavesgapsin
coveragebetweensuccessiveorbitsusingthenominal705-km
altitudeand98.2° inclinationorbit.

COsoundingswillberetrievedwith10percentaccuracyin three
verticallayersbetween0 and15km. Thesesoundingswillbetaken
at laterallyscannedsampledlocationswith22-kmhorizontal
resolution.ColumnCOabundancewillberetrievedandgriddedwith
22-kmhorizontalresolution.Scientificstudieswillemploythesedata
toderivethree-dimensionalglobalmapsaspartofaneffortto
modelglobaltroposphericchemistry.

MOPITTdataproductswillincludegriddedretrievalsofCH4 witha
horizontalresolutionof22kmanda precisionof 1percent.Gridded

MOPITT Parameters

MeasurementApproach
Correlationspedroscopyutilizingbothpressure-andlength-

modulatedgascells,withdetectorsat2.3,2.4,and4.7

MeasuresverticalprofileofCOandtotalcolumnofCH4
COconcentrationaccuracyis10%

CH4 columnabundanceaccuracyis1%

Swath:616km

Spatialresolution:22x 22km

AccommodationIssues

Mass:120kg
Power:200W

Dutycycle:100%
Datarate:6 kbps
Thermalcontrolby: 80KStirlingcyclecooler,centralthermalbus
Thermaloperatingrange:25°C(instrument),lOOK(detectors)
FOV:22 x 638km(scanned,29fields)
InstrumentIFOV:22x 22km(1.8x 1.8°)

Pointingrequirements(platform+instrument,3a):
Control:

Knowledge:
Stability:

Physicalsize:

500arcsec
500arcsec

322arcsec/12.47sec
102.9x 72.9x 43.6cm(stowed);
102.9x 75.1x 43.6m (deployed)

Principal InvestigatormJames Drummond

amesDrummondhastaughtinthePhysicsDepartmentatthe
UniversityofTorontosince1979,asAssociateProfessorsince
1984.HestudiedatOxfordUniversitywhereheobtainedhis

B.A.andD.Phil.degreesinPhysics.Hewasa VisitingScientistinthe
AtmosphericChemistryDivisionoftheNationalCenterfor

AtmosphericResearchin1987.Hisresearchinterestsareinthefield
ofatmosphericmeasurementsandmodeling,andhehasparticipated
inseveralballoonandspacecraftexperimentsinsaidareas.Dr.
Drummondhaspresentedresearchpapersat internationalmeetings
andsymposia,andinrefereedjournals.

Co-Investigators

GuyBrasseur,NotionalCenterforAtmosphericResearch
G.R.Davis,UniversityofSoskatoon
JohnC.Gille,NationalCenterforAtmosphericResearch
JackMcConnell,YorkUniversity

GuyPeske'd,OxfordUniversity
HenryG.Reichle,LangleyResearchCenter
N.Roulet,YorkUniversity
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NSCATII
NASASCATTEROMETERII

SCATTEROMETERWITHSIXSLOTTEDWAVEGUIDEKu-BAND
"STICK"FAN.BEAMANTENNAS

HERITAGE:SEASAT,NSCAT

ONBOARDDIGITALDOPPLERFILTERINGFORALONG-BEAMRESOLUTION

ACQUIRESALL-WEATHERMEASUREMENTSOFSURFACEWINDSPEED
ANDDIRECTIONOVERTHEGLOBALOCEANS

N SCATII isdesignedtoacquireaccurate,high-resolution,continuous,all-weathermeasurementsofnear-surface

vectorwindsovertheice-freeglobaloceans.Astheonly
instrumentcapableofacquiringmeasurementsofwindvelocityn
bothspeedanddirection---underall.weatherconditions,NSCATII
dataarecrucialforstudiesoftroposphericdynamicsandair-sea
momentumfluxes.

NSCATII transmitspulsesofmicrowaveradiationat 14GHzand
measuresthebeckscatteredsignalfromtheocean.Withknowledge
oftherangeandinstrumentparameterssuchasantennagain,the
backscatteredpowerdatacanbeusedtodirectlycalculatethe
normalizedradarcrosssectionoftheseasurface.At moderate

incidenceangles,thereceivedpowerisprimarilya resultofBragg
scatteringfromcentimetricoceanwaveswhoseamplitudesand
directionaldistributionsareinapproximatelocalequilibriumwiththe
localwind;thus,thebockscatteredpowerwillvaryasa functionof
windspeedandwinddirectionrelativetotheradarbeam.An

empiricallybasedgeophysicalmodelfunctionrelatesthenormalized
radarcrosssectiontowindspeedandrelativedirectionasofunction

ofincidenceangle,polarization,andfrequencyoftheincidentand
backscatteredradiation.Multiplemeasurementsofthenormalized
radarcrosssedionofthesameareaontheseasurface,hutfrom
differentdirectionsrelativetothewind,areusedtoinvertthemodel
functiontoderivebothwindspeedandwinddirection
simultaneously.

NSCATII usesa totalofsixslottedwaveguidefan-beamantennas,
threeoneachside,toacquiremeasurementsintwocontinuous,600-
kmwideswathsseparatedbya 325-kmgapatnadir.Allsix
antennatransmitandreceiveverticallypolarizedradiation;one
antennaoneachsidealsotransmits/receiveshorizontalpolarization.

Themultipleantennasarealignedatdifferentazimuthanglesto
acquirethemulti-directionaldataneededtoinvertthemodel
function.OwingtospacecraftorbitalvelocityandEarthrotation,the
beckscatteredpowerisdopplershiftedasa functionofspatial
location.ForNSCATII, along-beamresolutionisachievedusingon
onbaarddigitalprocessorthatFouriertransformsthereceivedsignal
into25-kmresolutionmeasurementcells.

DataproductsNSCATII will consistofglobalmulti.azimuth
normalizedradarcresssectionmeasurements;25-km2 resolution

oceanvectorwinds(~12%speedand20° directionaccuraciesfor
windspeedsof3-50m/sac)ineachoftheswaths;andspatiallyand
temporallyaveragedwindfieldmapswith1° spatialresolutionand
2-daytemporalresolution.NSCATII willmeasurevectorwindsover
-79% oftheglobaloceanseachday,withvirtuallycomplete
coverageinevery2-dayperiod.ThewindvelocitydatafromNSCAT

II willbeusedforcalculatingallair-soufluxes,formodelingupper
oceancirculationandtroposphericdynamics,andfor improving
globalweatherpredictions._r

.....................................................................................................................................................................



NSCAT Follow-On Par,Jmeters

MeasurementApproach
Activemicrowaveradarat 13.995Gflz

Sixfan-beamantennasusedtodetermineradarscatteringcross
sectionandinferwindvelocityovertheocean

All-waathercapability
Windspeedsbetween3-50msec"1accurateto12%
Windvectordirectionsaccurateto 20°

Swath:Two600-kmwidths,separatedby325-kmnadirgap
Spatialresolution:25x 25km

AccommodationIssues

Mass:270kg
Power:290W

Dutycycle:100%
Datarate: 5.1kbps
Thermalcontrolby: Centralthermalbus
Thermaloperatingrange:5-50°C
FOV:Complexfan-beamfromantennas,resultingintwo600-km-

wideswathsseparatedby325-kmnadirdatagap
InstrumentIFOV:+_50° fromeachantenna

Pointingrequirements(platform+instrument,3a):
Control: 324arcsec

Knowledge" 216arcsec
Stability: 396arcsecper1,800sec
Jitter: TBD

Physicalsize: 318x 20 x 18cm(antennas);
122x 91x 25cm(RFS/REU);

84x 48x 25cm(DSS);
38x 48x 25cm(RES/DIU)

Requiresspatiallyandtemporallyco-locatedmulti-channel
microwaveradiometermeasurementsfarraincorrection

Key16cArI Fncls:
* Follow-ontoNSCAT,whichwiUflyonADEOSin1996
• in-houseJPLdevelqxnent,wilhsubcmdrods_ RFsubsystmm
• I_ (/0 mrttobe_mned

rwr_kl_
Ilodmi,F.&,M.a.Freilich,_ D.G.Lo_Sp_eborneradar
measurementofwindvelocityovertheocean:Anoverviewoflbe
NSCATscattmometersystem,ProceedingsoftheInst/tuteforE/ec/ron/cs
o_ Elec_colEngineer,June1991.

Principal Investigator--Michael Freilich

ichaelFreilichreceiveddegreesinPhysics(honors)andChemistryfromHaverfordCollege,anda Ph.D.in
OceanographyfromScrippsInstitutionofOceanography

in1982.From1982-83,hewasanassistantprofessorattheMarine
SciencesResearchCenterattheStateUniversityofNewYork.He

joinedtheJetPropulsionLaboratoryin 1983,asa memberofthe
OceanographyGroupstudyingscatterometryandsurfacewave
dynamics.Currently,heisa professorintheSchoolof Oceanography

andAtmosphericSciencesatOregonStateUniversity.Inaddition,he
isa PrincipalInvestigatorandCoordinatingInvestigatoranthe
EuropeanSpaceAgency(ESA)EuropeanRemoteSensingSetellite-1
(ERS-1)ScienceWorkingTeamand,since1983,hasbeenProject
ScientistfartheNSCATProject.HechairstheNSCATScienceWorking
Teamandisresponsibleforallscience-relatedaspectsoftheNSCAT
Project.

Co-Investigators

RobertM.Atlas,GoddardSpaceFlightCenter
RobertA.Brown,UniversityofWashington
PeterCornillon,UniversityofRhodeIsland
DavidHalpern,JetPropulsionLaboratory
RossN.Haffman,AtmosphericandEnvironmentalResearch

Fuk-KwohLi,JetPropulsionLaboratory
W.TimothyLiu,JetPropulsionLaboratory
RichardK.Moore,UniversityofKansas
JamesJ.O'Brien,FloridaStoleUniversity
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SAGEIII
STRATOSPHERICAEROSOL

ANDGASEXPERIMENTIII

EARTHLIMB-SCANNINGGRATINGSPECTROMETER

HERITAGE:SAMII, SAGEI, ANDSAGEII

OBTAINSGLOBALPROFILESOFAEROSOLS,03,H20,NO2,NO3,OCLO,
CLOUDS,TEMPERATURE,ANDPRESSUREINTHEMESOSPHERE,
STRATOSPHERE,ANDTROPOSPHERE

i

.J

-r-

1-TO2-_ VERTICALRESOLUTION

AGEIII isa naturalandimprovedextensionofthe
successfulStratosphericAerosolMeasurementII (SAMII),
SAGEI, andSAGEII experiments.Theadditional

wavelengthsandlunaroccultationthatSAGEIII provideswill improve
aerosolcharacterization;improvethegaseousretrievalsof03, H20,

andNO2;addretrievalsofNO3 andOCIO;extendtheverticalrnn-ge
ofmeasurements;andprovidea totallyself-calibratinginstrument
independentfromanyexternaldataneededforretrieval.The
instrumentwillaccomplishtheFollowingscienceobjectives:

• Retrieveglobalprofiles(I- to 2-kmverticalresolution)of

atmosphericaerosols,ozone,watervapor,NO2, NO3,
OCIO,temperature,andpressurein themesosphere,
stratosphere,andtroposphere

• Investigatethespatialandtemporalvariabilityofthe
measuredspeciesinordertodeterminetheirrolein
climatologicalprocesses,biogeochemica)cycles,the
hydrologiccycle,andatmosphericchemistry

• Characterizetroposphericandstratosphericaerosolsand
uppertroposphericandstratosphericclouds,and
investigatetheireffectsontheEarth'senvironment,

includingradiative,microphysical,andchemical
interactions

• ExtendtheSAMII, SAGEI, andSAGEII self-calibrating
solaroccultationdatasets(begunin1978),enablingthe
detectionoflong-termtrends

Provideatmosphericdataessentialforthecalibrationand
interpretation/correctionofothersatellitesensors,
includingEOSandground-basedsensors.

SAGEIII takesadvantageofbothsolarandlunaroccultationsto
measureaerosolandgaseousconstituentsoftheatmosphere.Most
oftheobjectivesrelyonthesolaroccultationtechnique,which
involvesmeasuringtheextinctionofsolarenergybyaerosoland
gaseousconstituentsinthespectralregionfrom0.29to1.55pm
duringspacecraftsunriseandsunsetevents.Forexample,duringa
sunsetevent,exoatmosphericsolarlimbdataareobtainedwhenthe
sun-satellitevectorishighabovetheEarth'satmosphere.Asthesun
sets,a seriesofscansthroughtheatmosphereisperformedduring
whichmeasurementsofthesolarextinctionbytheatmosphereare
made.Becauseallatmosphericmeasurementsareratioedtothe
exoatmosphericsolarlimbprofilestakenduringthesameevent,the

KqS_IIIFB
• EOS-AERO_,_ tobeprovidedbyinternationalpartner
* PrimeContractor:.BallAerospace
• Respmm_Center:LoRC

rvF_ld_
McCormick,M.P.,SAGEIII CapabilitiesandGlobalChange,in
29thAerospaceSciences,44eetingoftheAmericanInstituteof
Aerona_'csandAstronautics,Washington,D.C.,1991.



Selectedfor FlightonEOS-AEROand-CHEMSeries

instrumentisself-calibrating,andtheretrieveddataarenot
susceptibletolong-terminstrumentdegradation.

usedalongwiththeextinctioncrosssectionsofallabsorbingspecies
inanoptimalfittothemeasurements.

Themoonwillbeusedasanothersourceoflightforoccultation
measurements.Inthespectralregionfrom0.4to0.95_, the
moonhasa relativelyflat(i.e.,grey)albedo.Adeterminationofthe
averagelunarspectralalbedoisobtainedbyratioingthe
exoatmosphericscansofthemoontoanappropriatesetof

exoatmosphericscansofthesun,therebyratioingoutthestructurein
thesolarspectrum.Thisaveragelunarspectralalbedocanthenbe

Presentplanscallforconcurrentflightoftwoinstruments--onein
aninclinedorbit(57°) andoneina sun-synchronousorbit--to

obtainnear-globalcoverage.Thiscomprehensiveapproachwillallow
SAGEIII tomakelong-termmeasurementsandtoprovidethe
congruentaerosolandclouddataimportanttoradiativeand

atmosphericchemistrystudies.

SAGE III Parameters

MeasurementApproach
Serf-calibratingsolarandlunaroccultation,withninespectralchannels

(290-1,550nm)tostudyaerosols,ozone,OCIO,NO2,NO3,water
vapor,temperature,andpressure

Swath:n/a(looksatsonand/ormoonthroughEarth'slimb)
Spatialresolution:1-2kmvertical

AccommodationIssues

Mass:40kg
Dutycycle:DuringsolarandlunarEarthoccultation

Power:15W(average),60W(peak)

Datarate: 100kbpsfor8 min,threetimesperorbit
Thermalcontrolby:Heatersandthermalelectriccooler
Thermaloperatingrange:10-30°C
FOV:_+180° azimuth,19to29° elevation
InstrumentIFOV:<0.5kmverticalat20-kmtangentheight
Pointingrequirements(platform+instrument,3(_):

Control: 3600arcsec/sec

Knowledge: 900arcsec/axis
Stability: 30arcsec/secperaxis
Jilter: TBD

Physicalsize: 25x 25x 42cm
34-cmdiameterx 74cm

Principal Investigator--M. Patrick McCormick

M PatrickMcCormickreceivedanM.A.andPh.D.inPhysicsfromtheCollegeofWilliam&Mary.Hehas
• beenwithNASA/LangleyResearchCentersince1967,

andispresentlyHeadoftheAerosolResearchBranch.Dr.McCormick

isPrincipalInvestigatoronSAMII, SAGEI, SAGEII,andLITE
spaceflightexperiments,aswellasnumerousotheratmospheric

remate-sonsinginstrumentanddataanalysisexperiments.He

receivedtheArthurS.FlemmingAwardforOutstandingYoungPeople

inFederalServicein1979,theNASAExceptionalScientific

AchievementMedalin1981,theAmericanMeteorologicalSociety's

JuleG.CharneyAwardin1991,andnumerousNASAGrouporSpecial

AchievementAwards.Inaddition,hereceivedanHonoraryDoctorof

SciencedegreefromtheWashington&JeffersonCollegein1981,and
hasservedontheirBoardofTrustees.Dr.McCormickisa memberof

theInternationalRadiationCommission,theAmericanMeteorological

Society,andtheAmericanGeophysicalUnion,andchairsthe

InternationalCoordinationGrouponLaserAtmosphericStudies.

Co-Investigators

BarryBodhoine,NOAA/aimateMonitoringandDiagnosticsLaboratory
WilliamP.Chu,LangleyResearchCenter
DerekM.Cunnold,GeorgiaInstituteofTechnology
JohnDeluisi,NOAA/EnvironmentolResearchLaboratory
PhilipA.Durkee,NovelPostgraduateSchool
BenjaminM.Herman,UniversityofArizona
PeterV.Hobbs,UniversityofWashington
GeoffreyKent,ScienceandTechnologyCorporation
JacquelineLenoble,UniversitedesSciencesetTechniquesdeUlle

VolkerMohnen,StateUniversityofNewYork
VenkatacholamRomoswomy,PrincetonUniversity
DavidH.Rind,GoddardInstituteforSpaceStudies
PhilipB.Russell,AmesResearchCenter
VinodK.Saxena,NorthCarolinaStateUniversity
EricShettle,NavalResearchLaboratory
GaborVali,UniversityofWyoming
StevenWofsy,HarvardUniversity
JosephM.Zawodny,LangleyResearchCenter

AlvinJ.Miller,NOAA/NationalWeatherService
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SOLSTICEII
SOLARSTELLARIRRADIANCE

COMPARISONEXPERIMENTII

FOUR-CHANNELULTRAVIOLETSPECTROMETER(TWO-AXISSOLARTRACK)

COMPOSEDOFANULTRAHIGH-RESOLUTIONSPECTROMETER,
LOW-RESOLUTIONSPECTROMETERS,AND
ANEXTREMEULTRAVIOLETPHOTOMETER

HERITAGE:UARSSOLSTICE

RANGEOF115TO440NM

THREECHANNELSHAVEASPECTRALRESOLUTIONOF

0.2NM;THEFOURTHCHANNELHASARESOLUTIONOF0.0015NM

PROVIDESDAILYMEASUREMENTOFFULL-DISKSOLARULTRAVIOLETIRRADIANCE,
WITHCALIBRATIONMAINTAINEDBYCOMPARISONTOBRIGHT,EARLY-TYPESTARS

SOLSTICEII providesprecisedailymeasurementsofthefull-
disksolarultraviolet(UV)irradJancebetween5 and440

nm.Thesun'sUVradiationisthedominantenergysource
totheEarth'satmosphere,wheresmallchangesintheradiationfield
haveanimportanteffectonatmospherictemperature,chemistry,
structure,anddynamics.Moreover,evensmallalterationsinthe
atmosphere(e.g.,smallchangesintotalozone)canproduce
dramaticdifferencesin thesolarradiationreachingtheEarth's

surface.MeasuringsmallchangesinsolarUVirradiancewillimprove
understandingofcorrespondingchangesin thephotochemistry,
dynamics,andenergybalanceofthemiddleatmosphere.Changes
resultingfromthe27-daysolarrotationandthe11-yearsolarcycle
willreceiveemphasis,aswillthosearisingfromsolarflareincidents.
SOLSTICEII willcontinuetheUVobservationsinitiatedbyits
predecessoraboardtheUpperAtmosphereResearchSatellite(UARS).

TheSOLSTICEII instrumentconsistsofa five-channelspectrometer
togetherwiththerequiredgimbalsystemtopointtheinstrumentat
thesunandselectedstars.Thestellartargets,observedwiththe
sameopticsanddetectorsasthosedirectedatthesun,areessential
fortheydeterminethelong-termdriftcorrectiontotheSOLSTICEII
calibration.Theensembleaveragefluxfromthese30orsobright

early-typestarsshouldremainabsolutelyconstantoverarbitrarily
longtimeperiods.Thisuniquemethodtherebyestablishesthe
instrumentresponseasa functionoftimethroughouttheEOS
missionandyieldstimeseriesofsolarvariabilitythatarecompletely
correctedforinstrumentaldrift.

Theinvestigationwillalsomodelthepenetrationofsolarradiation
downintotheEarth'satmosphereandestablishtheradiationfieldat
alllocationsandaltitudes,includingtheEarth'ssurface.Incertain
wavelengthintervals,thedepthofpenetrationvariesdramatically
duetodetailsintheatmosphericabsorption,andcalculationsrequire
solardatawithveryhighspectralresolution.Toaccommodatethese
measurements,a separate,high-resolutionspectrometerchannelis
included.ThestandardSOLSTICEII dataproductwillbea daily
averageofthesolarUVirradiancefrom5 to440nm.More
specifically,dataproductswillconsistofsolarUVirradiancefrom30
to440nm,thesolarUVirradiancefrom115to 320nmatmuch
higherresolution,andextremeUVirradiancebetween
Sand20nm. _r



Selectedfor FlightonEOS-CHEMSeries

SOLSTICEII Parameters

MeasurementApproach
Spectralrangefrom5-440nm
Photometricaccuracybetlerthan5%absolute(1%relative)
Spectralresolution:0.2nmand0.0015nm

Swath:n/a
Spatialresolution:n/a

AccommodationIssues

Moss:99.5kg
Dutycycle:74%datataking
Power:34W(99%oftime),42W(1%oftime)

Datarate: 5 kbps(average),8 kbps(peak)
Thermalcontrolby:Passiveradiator

Thermaloperatingrange:0-30°C(15° average)
FOV:1.5°

InstrumentIFOV:n/a

Pointingrequirements(celestialpointer,3a):
Control: _ arcmin

Knowledge: 60arcsec
Stability: 15arcsecper15min
Jilter: 15arcsecpersec

Physicalsize: 121x 88x 61cm

Key_ HFacls:
• ResponsibleCenter:NCAR

Forr._l_

Rotlman,G.J.andT.N.Woods,In-flightCalibrationofSolar
IrradianceMeasurementsbyDirectComparisonwithStellar
Observations,inRecentAdvancesinSensors,Radiometry,and

DataProcessingforRemoteSensing,136-143,Socielyof Photo-
OpticalInstrumentationEngineers,Bellingham,WA,1988.

Principal InvestigatormGary Rottman

aryRottman,whoholdsanM.S.andPh.D.inPhysicsfromTheJohnsHopkinsUniversity,hasspentmostofhis
professionalcareerattheUniversityofColorado;however,

hepresentlyservesasSeniorScientistat theHigh-Ahitude
ObservatoryoftheNationalCenterforAtmosphericResearch.His

spaceresearchincludesrolesasPrincipalorCo-Investigatoron
numeroussolarandatmosphericinvestigations,includingSolar-
MesosphereExplorer,theUpperAtmosphereResearchSatellite
(UARS)SOLSTICEProgram,andsolarextremeultravioletSpartan
androcketprograms.

Ca-Investigators

ElaineR.Hansen,UniversityofColorado
GeorgeM.Lawrence,UniversityofColorado
JuliusLondon,UniversityofColorado

RaymondG.Roble,NationalCenterforAtmosphericResearch
PaulC.Simon,BelgianInstituteofSpaceAeronomy
TomN.Woods,UniversityofColorado

Instrument Investigation • SOLSTICE II 97



Selectedfor FlightonEOS-AM2and-AM3

TES
TROPOSPHERICEMISSION

SPECTROMETER

HIGHSPECTRALRESOLUTIONINFRAREDIMAGINGFOURIER
TRANSFORMSPECTROMETER

HERITAGE:ATMOS,SCRIBE

GENERATESTHREE-DIMENSIONALPROFILESONAGLOBALSCALEOF
VIRTUALLYALLINFRAREDACTIVESPECIESFROMEARTH'SSURFACETO
THELOWERSTRATOSPHERE

MAXIMUMSAMPLINGTIMEOF8 SEC,
WITHASIGNAL-TO-NOISERATIOOFUPTO600:1

LIMBMODE:HEIGHTRESOLUTION= 2.3_, HEIGHTCOVERAGE= 0-32w

ESisa high-resolutioninfraredimagingFouriertransformspectrometerwithspectralcoverageof2.3to15.4pmat a
spedralresolutionof0.025cm1, thusofferingline-width-

limiteddiscriminationofessentiallyallradiativelyactivemolecular
speciesintheEarth'sloweratmosphere.TEShasthecapabilityto
makebothlimbandnadirobservations.Inthelimbmode,TEShasa
heightresolutionof2.3km,withcoveragefrom0 to32km. Inthe
down-lookingmodes,TEShasaspatialresolutionof50x 5 km
(global)or5 x 0.5km(local),witha swathof50x 180km(global)
or5 x 18km(local).TESisa peintobleinstrumentandcanaccess
anytargetwithin45° ofthelocalvertical,orproduceregional

transectsupto 1,700kmwithoutanygapsincoverage.

TESemploysboththenaturalthermalemissionofthesurfaceand
atmosphereandreflededsunlight,therebyprovidingday-night
coverageanywhereontheglobe.

ObservationsfromTESwillfurtherunderstandingoflong-term

variationsinthequantity,distribution,andmixingofminorgasesin
the troposphere,includingsources,sinks,troposphere-stratosphere
exchange,andtheresultingeffectsonclimateandthebiosphere.
TESwillprovideglobalmapsoftroposphericozoneandits

photochemicalprecursors.Theseobservationswillserveasprimary
inputstoa databaseofthethree-dimensionaldistribution(onglobal,
regional,andlocalscales)ofgasesimportanttotropospheric
chemistry,troposphere-biosphereinteractions,andtroposphere-
stratosphereexchange.Otherobjectivesinclude:

• SimultaneousmeasurementsofNOv,CO,0_1,andH20for
usein thedeterminationoftheglobaldistributionotOH,
anoxidantofcentralimportanceintroposphericchemistry

• MeasurementsofSO2 andNOv asprecursorstothestrong
acidsH2SO4 andHN03,whicfiarethemaincontributors
toaciddeposition

• Measurementsof gradientsofmanytroposphericspecies
inordertounderstandtroposphere-stratosphereexchange

• Determinationoflong-termtrendsinradiativelyactiveminor
constituentsintheloweratmospheretoinvestigateeffectson
globalradiativebalanceandatmosphericdynamics.

TESmeasurementswillhelpdeterminelocalatmospherictemperature
andhumidityprofiles,localsurfacetemperatures,andlocalsurface
refledonceandemittance.TESobservationswillalsobeusedtostudy

volcanicemissionsforhazardmitigation,indicationsofthechemical

_ .....................................................
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Selectedfor FlightonEOS-AM2and-AM3

stateofthemagma,eruptionprediction,andquantificationoftherole
ofvolcanoesassourcesofatmosphericaerosols.

Theaforementioneddatabasewillcalibratemodelsofthepresent
andfuturestateoftheEarth'sloweratmosphere.Thesemodelswill

investigatetopicssuchas:

• Biogeochemicalcyclesbetweentheloweratmosphereand
biosphere(primarilycarbonmonoxideandmethane)

• Globalclimatemodificationcausedbyanincreasein
radiativelyactivegases

• Distributionandlifetimesofchlorofluorocarbons(CFCs)

andhalons,whichcontributesubstantiallytothedepletion
ofstratosphericozone

• Changesintheoxidizingpowerofthetroposphereandthe
distributionoftroposphericozonecausedbyurbanand
regionalpollutionsources,particularlycarbonmonoxide,
nitrogenoxides,methane,andotherhydrocarbons

TES Parameters

MeasurementApproach
Nadirandlimbviewing(fullytargeltable)
Spectralregion2.3to 15.4_, withfoursingle-linearrays

optimizedfordifferentspectralregions

Swath:n/a
Spatialresolution:0.75x 7.5mrad(narrowangle),7.5x 75 mrad

(wideangle)

AccommodationIssues

Mass:340kg
Dutycycle:,: 2%annually
Power:430W(overage),460W (peak)
Datarate:3.24Mbps(average),19.5Mbps(peak)

Princil_alInvestigator--Reinhard Beer

r.Beerreceiveda B.Sc.andPh.D.inPhysicsfromtheUniversityofManchester,UnitedKingdom.Hehasbeen
associatedwiththeJetPropulsionLaboratorysince1963;

hiscurrentpositionisthatofSeniorResearchScientistandSupervisor
oftheTroposphericScienceGroup,EarthandSpaceSciencesDivision,
andManageroftheAtmosphericandOceanographicSciences
Section.Dr.BeerwaschairmanoftheNASAInfraredExperiments

Co-Investigators

ShepardA.Clough,AtmosphericandEnvironmentalResearch
DanielJ.Jacob,HarvardUniversity
JenniferA.Logan,HarvardUniversity
JackS.Margolis,JetPropulsionLaboratory
JohnV.Martonchik,JetPropulsionLaboratory

• Aciddepositionprecursors

• Sourcesandsinksofspeciesimportantto thegeneration
oftroposphericandstratosphericaerosols

• Naturalsourcesoftracegasessuchasmethanefrom
organicdecay,nitrogenoxidesfromlightning,and
sulphurcompoundsfromvolcanoes.

Key'IESFal_:
• In-houseJPLdevelopment

FeFir_ln_

Giavich,T.A.andR.Beer,TroposphericEmissionSpectrometer
fortheEarthObservingSystem,in InfraredTechnology)(Vll,vol.
1540,]48-159,SocietyofPhoto-OpticalInstrumentation
Engineers,Bellingham,WA,1991.

Thermalcontrolby:Stirlingcyclecooler,heater,centralthermalbus,
radiator

Thermaloperatingrange:0-30°C
FOV:+45° to -71° along-track,+_71°cross-track
InstrumentIFOV:24x 7.5mrad(narrowangle),240x 75mrad

(wideangle)
Pointingrequirements(platform+instrument,3a):

Control: 108arcsec
Knowledge: 108arcsec
Stability: 36arcsec/sec
Jilter: TBD

Physicalsize: 140x 130x 1O0cm(stowed);
220x 130x 100cm(deployed)

WorkingGroupandnowservesasCo-Investigatoronthe
AtmosphericLaboratoryforApplicationsandScience(ATLAS)
AtmosphericTraceMoleculesObservedbySpectroscopy(ATMOS)
experiment.HehasbeenawardedtheNASAExceptionalScientific
AchievementMedalforthediscoveryofextraterrestrialdeuterium,
threeNASAgroupachievementawards,andnumerouscertificatesof
recognition.

DavidG.Murcray,UniversityofDenver
CurtisP.Rinsland,LangleyResearchCenter
StanleyP.Sander,JetPropulsionLaboratory
FredricW.Taylor,OxfordUniversity
StevenC.Wofsy,HarvardUniversity
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Interdisciplinary
Science Investigations

MarkAbbott
EricJ.Barron
GetulioT.Batista/

JeffreyE.Richey
PeterG.Brewer
JosefCihlar
RobertDickinson
JeffDozier
WilliamGrose
JamesE.Hansen
GrahamPaulHarris
DennisL.flartmann
BryanL.Isacks
YannH.Kerr/

SorooshSorooshian
WilliamK.M.Lau

JohnLeMarshall
W.TimothyLiu
BerrienMooreIII
PeterMouginis-Mark
MasatoMurakami
JohnA.Pyle
RichardB.Rood
DrewRothrock
DavidS.Schimel
MarkR.Schoeberl
PiersSellers
R_jeanSimard
MericSrokosz
ByronD.Tapley
BruceA.Wielicki
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InterdisciplinaryScience

Coupled Atmosphere-Ocean Processesand
Primary Production in the Southern Ocean

PrincipalInvestigator--MarkAbbott

r.Abbott'sinvestigationfocusesonthedynamicsoftheSouthernOcean--itscirculation,biology,andinteraction
withtheatmosphere.SincetheSouthernOceanplaysa

criticalroleintheglobalheatengineaswellastheglobalcarbon
cycle,understandingofitsfundioningmustbeimproved.The
AntardiccircumpolarcurrentdominatescirculationintheSouthern
Oceanbyregulatingtheoceaniccomponentofthepalewardheat
flux;furthermore,thisregionservesasa largesinkofatmospheric
carbondioxide.Knowledgeofthemagnitudeandvariabilityofboth
processesneedsstrengthening.

TheSouthernOceanischaraderizedbystrongeddyactivity.Present
oceanmodelsdonotadequatelyresolvetheseeddies,whicharea
significantcomponentofregionalcirculation;thus,biogeochemical
processes(generallynonlinear)will beincorporatedintoocean
dynamicsmodels.Thecomputationalpowerrequiredtoresolve
oceaneddiesandtheinclusionofrapidlyvaryingbiologicalprocesses
exceedsthecapabilitiesofconventionalmachines.Soconsiderable
efforthasbeeninvestedinthedesignandimplementationofmodels
onmassivelyparallelcomputers.

TwomaingoalsdrivethisInterdisciplinaryScienceInvestigation:1)
Understandingtheprocessesthatregulateatmosphericandoceanic
heatandmomentumfluxintheSouthernOcean,andhowtheyvary
intimeandspace;and2) understandingthetemporalandspatial
patternsofprimaryprodudion,howtheyareregulatedbyphysical

forcing,andhowthesepatternsarecoupledwithfluxesof biogenic
carbon.Thisstudywillusepre-EOSmeasuremenlsfromU.S.,
Japanese,andEuropeansatellites,aswellasEOS-erooceanand
atmosphereobservations.Manyofthesedatasetswillbeusedin
modeldevelopmentandindataassimilationmodels.Inadditionto
models,thisinvestigationwillgenerateseveraldatasetsrelevantto
hiogeochemicalandphysicaldimatestudies.

Dr.Abbotthasbeeninvolvedinthefieldsofoceanographyand
ecologyfor12years.Hereceivedhisundergraduatedegreein
ConservationofNaturalResourcesfromtheUniversityof
California-Berkeley,anda Ph.D.inEcologyfromtheUniversityof
California-Davis.HehasbeenaffiliatedwithOregonState
Universitysince1988,currentlyasAssociateProfessorintheCollege
ofOceanography.Dr.AbbotthasservedonnumerousEOS-related
committees,includingtheEOSScienceSteeringCommitteeandthe
Moderate-ResolutionImagingSpectroradiometer(MODIS)Panel.His
researchinterestsincludestudiesofcoupledbiological/physical
processesintheupperoceanandphyfoplonktonphotosynthesis.Dr.
AbbotthasbeenselectedasoMODISTeamMember,andisa

memberofthe InternationalGeosphere-BiosphereProgram(IGBP)
GlobalOceanEuphoricZoneStudyWorkingGroup.

Co-Investigators

A_rew Bennelt,OregonStateUniversity
DudleyB.Chehon,OregonStaleUniversity

S_venEr,bensen,Oregon StateUniversity
Gad Levy,Oregon StateUniversity
JamesRichman,OregonStateUniversity
P.TedStrub,OregonSlateUniversity
Andrew C. Thomas,Adanlic Centerfor RemoteSensingof lheOcean
LeonardJ.Walstad,OregonStateUniversity
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InterdisciplinaryScience

Global Water Cycle: Extension Across the Earth Sciences

PrincipalInvestigator--EricJ. Barron

hisInterdisciplinaryScienceInvestigationfocusesontheglobalwatercycletodeterminethescopeofitsinteractions
withallcomponentsoftheEarthsystem,andtounderstand

howitstimulatesandregulateschangeonbothglobalandregional
scales.Dr.Barronplanstoconvertpatternsobservedfromspaceinto
knowledgeofthe linkedprocessesthatdeterminetheevolutionof
waterintheEarthsystem.Hisresearchstrategyinvolvesgenerating
a hierarchyofsimulationmodels-fromgeneralcirculationto
mesoscaleandbasin-scalehydrologicmodels--assimilatingEOS
observationstoproduceinformationonphysicalandbiological

variablesandprocessrates.Themodelswillbeverifiedthroughfield
studiestoensurepropercalibration.Overthedefinitionphase,these
modelswillprovidea methodologyforresolvingthepresently
unknownsources,sinks,andfluxratesoftheglobalwatercycle.The
consequentdatawillbeusedtodocumentsignificantaspectsofthe
watercycleandto enhanceunderstandingofpastvariations.Such

knowledgewillhelpdevelopa predictivecapability.

Dr.BarronreceivedM.S.andPh.D.degreesinOceanographyand
ClimatologyfromtheUniversityofMiami,andwasa postdoctoral
fellowattheNationalCenterforAtmosphericResearch(NCAR).Dr.
BarronjoinedPennsylvaniaStateUniversityasDirectoroftheEarth
SystemScienceCenterin1986,andpresentlyservesasa Professor
ofGeosciencesaswell.Hisresearchinterestsfocusgenerallyon
globalchangeandmorespecificallyonnumericalmodelingofthe
climatesystemandthestudyofchangethroughouthistory.Heisa
memberofnumerousworkinggroupsrelatedtotheseinterests;in
addition,heservesasEditorofGlobalandPlanetaryChange._r

Co-Investigators

ThomasAckerman,PennsylvaniaStateUniversity
BruceAlbrecht,PennsylvaniaStateUniversity
TobyCarlson,PennsylvaniaStateUniversity
JohnR.Christy,Universityof Alabama
RobertG. Crane,PennsylvaniaStateUniversity
KevinFurlong,PennsylvaniaStateUniversity
ThomasGardner,PennsylvaniaStateUniversity
StevenJ.Goodman,MarshallSpaceFlightCenter
LeeR.Kump,PennsylvaniaStateUniversity

Arlhur Miller,PennsylvaniaStateUniversity
TimothyL Miller,MarshallSpaceFlightCenter
Gary Petersen,PennsylvaniaStateUniversity
DonnaPeuquet,PennsylvaniaStateUniversity
FranklinR.Robertson,MarshallSpaceFlightCenter

RudySlingerland,PennsylvaniaStateUniversity
ThomasWarner,PennsylvaniaStateUniversity
PeterWebster,PennsylvaniaStateUniversity
BrentYarnal,Pennsyk,ania StateUniversity
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btemationdCo-Sponsor:Brazil InterdisciplinaryScience

Long-TermMonitoringof the Amazon Ecosystems
through EOS: From Patternsto Processes

PrincipalInvestigator--GetulioT.Batista• LeadU.S.Co-Investigator--JeffreyE.Richey

A mazoniaprovesuniqueamongterrestrialecosystems
becauseofitsspatialextent,theintimateinteractionwith
thelargestriverontheplanet,andtherateofchange

causedbyhumanactivity.ChangesintheAmazonwillcertainly
modifyregionalhydrologyandchemistry,withsignificantpotential
to influenceglobalclimatepaMerns.Understandingtheprocess
dynamicsoftheAmazonsystemundernaturalconditionsisofhigh
scientificpriorityandisanessentialprerequisiteformodelingglobal
change.Thegoalof thisinvestigationistodescribetheroutingof
wateranditschemicalloadfromprecipitationthroughthedrainage
system,tothemainstreamandocean,andbacktotheatmosphere
underconditionsofchanginglanduse.Dr.Batista'sgroupwillmodel
thelandphaseofthehydrologiccycleinundisturbedanddeforested
experimentalbasins,andwillexamineeutrophicationprocessesin
thenewlycreatedreservoirs.Dr.Richey'sgroupwillperform
regional-scalehydrologicmodelingbycouplingforeststructure,
biogeochemicalcycling,andsedimenttransportmeasurements.Data
forthesestudieswillcomefromEOSsensors,climatological
networks,andthefieldobservations.

Witha Ph.D.inAgronomyandRemoteSensingconferredbyPurdue
Universityin1981,Dr.Batistahasfocusedhisresearchintheareas
ofcropidentificationandconditionsassessment,yieldprediction
modeling,scenecharacteristicsandclassificationaccuracy,andcrop
fieldradiometry.Since1971,hehasbeenaffiliatedwiththe

InslitutoNationaldePesquJsasEspaciais.HewastheHeadofthe
RemoteSensingDepartmentfrom1982to1987,andDeputy
DirectoroftheirRemoteSensingDirectoratefrom1985to1987.

Dr.RJcheyisa ProfessorofOceanographya!theUniversityof
Washington.Heholdsa B.A.inBiologyfromStanfordUniversity,an
M.S.inEnvironmentalEngineeringfromtheUniversityofNorth
Carolina,anda Ph.DinEcologyfrom!heUniversityof
California-Davis.Dr.Richeyisbestknownforworkinecosystem
analysisandaquaticbiogeochemistry.Since1982,hehasbeen
PrincipalInvestigatorofthejointU.S./BrazilCAMREXprojectonthe
hydrology,biogeochemis!ry,andsedimenttransportoftheAmazon
Riversystem. _.'_

Co-Investigators

JohnB. Adams,Universityof Washington
DiogenesS. Alves,InstitutoNacionalde PesquisasEspaciais
MarcioN. Barbosa,InstitutoNacionalde Pesquisas

Espaciais
"rhomasDunne,Universityof Washington
BruceR.Forsberg,InstitutoNacionalde Pesquisasda

Amazonia

HermannKux, InstitutoNacionalde PesquisasEspaciais
JohnM. Metack,Universityof California-SantoBarbara
CarlosNobre,InstitutoNacionalde PesquisasEspaciais

EvtynM.L.M. Novo, InstitutoNacional de Pesquisas
Espaciais

YosioE.Shimabukuro,InstitutoNacional de Pesquisas
Espaciais

JoaoV. Soares,InstilutoNacional de PesquisasEspaciais
ComptonJ. Tucker,Goddard SpaceFlightCenter
Jos_C. Tundisi,Universidadede S_ Paulo

DaltonValeriano,InstitutoNacional de PesquisasEspaciais
ReynaldoL.Victoria, Universidadede S_o Paulo
JohnM. Wallace, Universityof Washington

1993 EOS Reference Handbook • Interdisciplinary Science 105



BiogeochemicalFluxesat the Ocean/Atmosphere Interface

PrincipalInvestigator-PeterG.Brewer

r.Brewer'sinvestigationfocusesonthefateofsolarradiationincidentontheoceanswithitspronounced
chemical,physical,andbiologicalconsequences,andthe

feedbackofthegaseousproductsoftheseinteractionsthroughthe
agencyofwind,waves,andcirculationtothemarineatmosphere.
Topicstobecoveredincludeoceanicphotochemistry,pigments,ocean
biologicalprocesses,surfaceslicksandchemicalmodificationof
surfaces,surfacewavesandmomentumtransfer,andbiogenicgas
fluxesandtheirlinkagethroughmodels.Theoverarchingthemeis
toderiveEarth-scaleconstraintsintheseimportantprocessesthrough
thecombinationoflocaldatasetswithsatelliteimagery.Afurther
benefitwillbetheconstructionof global-scaleviewsofcritical
processesfromthecomplexinterplayoffielddataandsatellite
observables.Cooperationwithmajorfieldprogramssuchasthe
JointGlobalOceanFluxStudy(JGOFS)andWorldOceanCirculation
Experiment(WOCE)willtakeplace.

Dr.BrewerreceivedhisundergraduateandPh.D.degreesfrom
LiverpoolUniversi_/,andhasover20yearsofexperiencein
oceanographyandmarinechemistry.From1967to1991,hewas
affiliatedwiththeWoodsHoleOceanographicInstitution(WHOI).In
1991,hewasnamedPresidentandChiefExecutiveOfficerofthe

MontereyBayAquariumResearchInstitute.Heisauthororco-
authorofmorethan70scientificpapers.From1981to1983,he
alsowasProgramDirectorof MarineChemistryattheNational
ScienceFoundation;inadditiontoteachingdutiesatWHOI,he
chairedorservedannumerouscommitteesinvolvedinmarine

researchandglobalstudies,aswellasservingaseditororassociate
editorofrelatedjournals.Dr.Brewer'scurrentresearchfocuseson

theglobalcarboncycle.HehasservedasChairmanof theU.S.
GlobalOceanFluxStudy,andwaspastViceChairmanof the
InternationalJGOFS.Heisa FellowoftheAmericanGeophysical
Unionanda FellowoftheAmericanAssociationfortheAdvancement
ofScience.

Co-Investigators

NellV. Blough,WoodsHoleOceanographicInstitution
DennisClark,NationalEnvironmentalSatellite,Data, andInformationService

JohnW.H. Dacey,WoodsHoleOceanographic Institution
Wayne Esaias,GoodardSpaceFlightCenter
NelsonM. Frew,WoodsHoleOceanographic Institution
DavidM. Glarer,WoodsHoleOceanographicInstitution
CatherineGoyet,WoodsHoleOceanographic Institution
RobertJ. Olson,WoodsHoleOceanographicInstitution
EdwardT.Pehzer,WoodsHoleOceanographic Institution
Danie_J. Repata,WoodsHoleOceanographicInstitution
AnneM. Thompson,GoddardSpaceFlightCenter
JamesA. Yoder,Universityof RhodeIsland
OliverC. Zafiriou,WoodsHoleOceanographicInstitution
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tllernational Sponsor:Canada InterdisciplinaryScience

Northern Biosphere Observation and Modeling Experiment

PrincipalInvestigator--JosefCihlar

hisInterdisciplinaryScienceInvestigationbuildsonwork
accomplishedorplannedinCanada.Teammemberswill
research,develop,anddemonstratea NorthernBiosphere

InformationSystem(NBIS)toroutinelymonitorterrestrialvegetation
fromspace,withanemphasisontheroleofterrestrialvegetationat

mid-andhigh-latitudes.Initialmodelandalgorithm
development-completewithrepresentativedataproduds(e.g.,a
vegetationmapofCanada)--willbeaccomplishedpriortolaunchof

theEOSsatellites.EOSdatawillbeoptimizedandappliedoverthe
CanadianlandmassusingNBIS,andvegetationgrowthmodelswill
bedevelopedto producedigitalmapsofnetchangeincarbon

storagefortwodifferentyearsafterEOSlaunch.Oneormore
successionmodelsanddigitalmapsoffuturevegetationdistribution
overCanadawillalsohedevelopedbasedonobservedorpostulated

changesinenvironmentalconditions.

Dr.CihlarholdsdegreesinSoilScience,PhysicalGeography,and
RemoteSensing(Ph.D.fromtheUniversityofKansas,1975),and
hasconcentratedhisresearchinterestsonrenewableresourcesand

dataacquisition/analysisforlandapplications.HejoinedtheCanada

CentreforRemoteSensing(CCRS)asanEnvironmentalScientistin
1975.Since1979,hehasbeenresponsibleforapplications
developmentatCCRS.Dr.Cihlarispresentlyinvolvedin planningthe
useofspaceobservationsforglobalchangestudies.Heleadsthe
Remote-SensingTechnicalGroup,whichreportstotheRoyalSociety
ofCanada,andisa memberoftheInternationalGeosphere-
BiosphereProgram(IGBP)WorkingGrouponDataandInformation
Systems. _r

Co-investigators

FrancisJ.Ahem, CanadaCentrefor RemoteSensing

MichaelApps,CanadianForestryService
JeanBeaubien,CanadianForestryService
TerryCarleton,Universityof Toronto
RaymondDesjardin,CentralExperimentalFarm
TerryFisher,CanadaCentreforRemoteSensing
BertGuindan,CanadaCentreforRemoteSensing
CrawfordHailing,Universityof Florida

KenLert-zman,SimonFraserUniversity
JoeLowe,CanadianForestryService
PhilippeTeillet,CanadaCentrefor RemoteSensing
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InterdisciplinaryScience

NCAR Project to Interface Modeling on Global
and Regional Scales with EOSObservations

PrincipalInvestigator--RobertDickinson

r.Dickinson'sinvestigationinvolvesmodeling,data
analysis,datasystems,andarchiving--alldirededtoward
improvingglobalandmesoscaleclimatemodelsatthe

NationalCenterforAtmosphericResearch(NCAR).Aswithother
InterdisciplinaryInvestigations,theultimategoalistodevelopmore
reliablemodelsandtopromotehigherconfidenceinglobalchange
predidions.SensitivitystudiesofhowEOSdatacanbeappliedto
modelimprovementwillbecarriedoulforseveralfocusedareas,
includingthe landsurfaceinbothglobalandregionalapplications,
theseaicecomponent,theroleofclouds,andatmosphericprofilesof
latentheatrelease.Recentlydevelopedtechniquesthatallow
assimilationofhydrologicalandsurfacefieldswilluseEOS
observationsto obtainglobaldatasets,whichwillvalidateand
provideboundaryconditionstothemodels.EOSobservationsalso
willbeusedtoimproveparameterJzationsofkeyprocesseswithin
themodels.Inaddition,theinvestigationwillengageinlong-term
monitoringofatmosphericpropertiesfromoperationalsatellitedata,
linksbetweenEOSsensorsystemsandmodel-generatedfields,data

visualizationandarchivinginthecontextofmodelrequirements,
maintenanceofanEOSdataarchive,andexplorationof new
methodologiesfororganizingandarchivingglobaldatasets.

Dr.Dickinsonhasa long-standingrelationshipwithNCAR,dating
backtohisinitialemployin1968andeventualadvancementtothe
positionofDeputyDiredor,ClimateandGlobalDynamicsDivision.
HeiscurrentlyattheUniversityofArizona.Heisamemberofthe
U.S.NationalAcademyofSciencesandisadiveineffortsofthe
NationalResearchCouncil,theAmericanGeophysicalUnion,the
InternationalGeosphere-BiosphereProgram,theWorldClimate
ResearchProgram,andtheAmericanMeteorologicalSociety.Hehas
over150refereedpublicationstohiscredit.Heisa Fellowofthe
AmericanAssociationfortheAdvancementofScience,theAmerican
GeophysicalUnion,andtheAmericanMeteorologicalSociety(AMS),
andwasawardedtheAMSJuleG.CharneyAwardin1988. _r

Co-Investigators

RichardE. Carbone,National Centerfor Atmospheric
Research

JamesA. Coakley,Oregon StateUniversity
William Emery,Universityof Colorado
RonaldM. Errico,National CenterforAtmospheric

Research

JohnC. Gille, National Centerfor AtmosphericResearch
Filippo Giorgi, National Centerfor AtmosphericResearch
DeanGraetz,CommonwealthScientificand Industrial

ResearchOrganization
RobertD. Haskins,JetPropulsionLaboratory

Ann Henderson-Sellers,MacquarieUniversity
RoyL.Jenne,National Centerfor AtmosphericResearch
Akira Kasahara,National Centerfor Atmos_eric Research
Jeffrey1".Kiehl,National Centerfor AtmosphericResearch
WilliamA. Reiners,UniversityofWyoming
KevinE.Trenberth,NationalCenterforAtmospheric

Research

WarrenM. Washington,NationalCenterfor Atmospheric
Research

RichardW. Zurek,JetPropulsionLaboratory
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InterdisciplinaryScience

Hydrology, Hydrochemical Modeling, and Remote Sensing
in Seasonally Snow-Covered Alpine Drainage Basins

PrincipalInvestigator---JeffDozier

xaminationofthehydrologiccomponentofglobalclimatechangerequiresaglobalunderstandingofthehydrologyand
hydrochemistryofalpineareas.Seasonallysnow-covered

areasoftheEarth'smountainrangesproveimportantcomponentsafthe
globalhydrologiccycle,eventhoughtheycoveronlyasmallportionof
theEarth'ssurfacearea.Forexample,snowmeltintheSierraNevada
servesasthemajorwatersupplyfortheagriculturalcommunityof
California'scentralvalley.Furthermore,manyalpinebasinswillbe
sensitivetochangesintheamountandchemistryofprecipitatian--a
resultoftheirsmall_lroundwaterreservoirs,thepredominanceof
intrusiveigneousrocksthatweatherslowly,thethinacidicsoils,thelarge
amountofprecipitation,andtheirlowbufferingability.

Knowledgeofthehydrologiccycleinthesetopographicallyrugged
basinsislimitodbypoorunderstandingoftheprocessesthatdetermine
thehydrologiccycleandtheinabilitytocollectdatainsufficient
quantitiestocharacterizeandmodeltheseprocesses.Forinstance,the
simplemeasurementofsnowpacktotalwatervolumeismadedifficult
bythelargevariationsassociatedwithruggedterrain.Wehave
establishedthatsnowaccumulationanddistributioninalpinebasinscan
beclassifiedintosimilarzonesofsnowwaterequivalencebasedon
radiation,slope,andelevation.Anotherrecentdevelopmentinvolved
theapplicationofsyntheticapertureradar(SAR)technologytodirectly
measuresnowpropertiesintheOetztalAlpsofwesternAustria.Oneof
thenextchallengesinvolvescombiningthisinformationintoa
d_ributodsnow-meltmodelthatpredictsthetimingandmagnitudeof
snow-meltrunofffromenergybalanceparameters.Sucha modelwill
provea usefulmanagementtoolforhydrologistsconcernedwith
maximizingwateryieldandminimizingtheimpactsoffloods.

Recentadvancesinthestudyofthealpinehydrologiccyde_clerived
frombothmodelsandfieldmeasurements--indicatethatsnowpacks
inalpinebasinsstorewetanddrydepositedchemicalspecies
throughoutthesnowaccumulationseason.Solutesarereleasedin
mel_vaterfromthesnowpackdifferentially,withthefirstmeltwnter
havinga chemicalconcentrationfourtotentimeshigherthanthe
mean.Typically,thefirst20percentofmeltwatercontainsabout80

percentofthesolutesstoredintheseasonalsnowpack.Numerous
studieshaveshownthatthis"ionicpulse"cancausea rapidchangein
thechemicalcompositionoflakesandstreams,withlethaleffectsonthe
localbiotainsomecases.Snowphysicsstudieshaveshownthatthe
magnitudeoftheionicpulseisa functionofboththenumberofmelt-
freezecyclesthesnowpacki,_Jdergoesandtherateofmelt.By
modelingenergyinputsintothesnowpockandsamplingthechemical
contentatthetimeofmaximumaccumulation,itmaybepossibleto
predictthemagnitudeandlengthoftheionicpulseoverlargeareas.
Tracerstudiesofairflowovermountainousregionscanidentifysource
regionsofprecipitationchemistry.

ThisInterdisciplinaryInvestigationwillusedatafromseveralEOS-era
instruments(i.e.,MODIS,ASTER,CERES,MISR,andMIMR)tomonitor
hydrologicconditionsinwatershedsandtodrivehydrologicmodels.In
theinterveningyears,datawillbeobtainedfromtheNASAaircraft
program(AVIRISandAIRSAR)andfromLandsatandSPOT.
Hydrologicalandchemicalsamplingwillbedoneinthefield,anddata
willalsobeacquiredfromotherprogramsthatareinvestigatingeffects
ofatmosphericpollutantsonhigh-elevationwatersheds.

Dr.Dozierreceiveda B.A.inGeographyfromCaliforniaState
University-flaywardin1968,anda M.Sc.in1969andPh.D.in1973
fromtheUniversityofMichigan.HehastaughtattheUniversityof
California-SantaBarbarasince1974,whereheisnowa Professorof
Geography.Hehasover100publicationstohiscredit,coveringa
diverserangeofresearchinterests:Snowhydrology,Earthsystem
science,radiativetransferinsnow,remotesensinganddatasystems,
imageprocessing,andterrainanalysis.Heisa FellowoftheAmerican
GeophysicalUnion,EditorofGeophysicalEeseorchLetters,anda
DistinguishedVisitingScientistattheJetPropulsionLaboratory.Dr.
Dozierisa PrincipalInvestigatoronseveralNASAprojects;withDr.
MichaelStonebrakeroftheUniversityofCalifornia-Berkeley,heisco-
PrincipalInvestigatoronDigitalEquipmentCorporation'sflagship
externalresearchproject."Sequoia2000: LargeCapacityObject
ServerstoSupportGlobalChangeResearch."From1990-1992,he
servedastheEOSProjectScientist.

Co-Investigators

Roger C. Bales, University of Arizona KathyA. Tonnessen,National ParkService

JohnM. Melack, Universityof California--SantaBarbara Mark W. Williams, Universityof Colorado
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Observational and Modeling Studiesof Radiative, Chemical,
and Dynamical Interactionsin the Earth'sAtmosphere

PrincipalInvestigator--William Grose

r.Groseandhisco-investigatorswillexaminetheradiative,chemical,anddynamicalprocessesthatdeterminethe
circulation,thermalstructure,anddistributionoftheEarth's

atmosphericconstituents;theinteractivecouplingamongthese
processeswillreceiveemphasis.Theinvestigationwillinvolve
observationalanalysisanddiagnosticinterpretationof
meteorologicalandconstituentdatafromEOSinstruments,in
conjunctionwithothersatellite,balloon,ground-based,andaircraft
data.Complementaryatmosphericsimulationstudieswillresultina
hierarchyofmodelsthatincorporateradiative,chemical,and
dynamicalprocessestovaryingdegreesofcomplexityforthe
troposphere,stratosphere,andmesosphere.Themodelinganddata
analysisstudieswillservea dualpurpose:1) Increaseunderstanding
offundamentalprocessesand2) aidindevelopmentofa predictive
capabilityforglobalchangestudies.

WilliamGrosereceivedonM.S.inPhysicshamtheCollegeofWilliam
andMaryanda Ph.D.inAerospaceEngineeringfromVirginia
PolytechnicInstituteandStateUniversity.Heisa SeniorResearch
ScientistandAssistantHeadoftheTheoreticalStudiesBranch,

AtmosphericSciencesDivisionatLangleyResearchCenter,wherehe
hashelpeddevelopseveralthree-dimensionalmodelsforstudying
atmosphericdynamicsandtraceconstituenttransport.Inadditionto
hisroleasPrincipalInvestigatorforthisInterdisciplinary
Investigation,heisa PrincipalInvestigatorandmemberoftheUpper
AtmosphereResearchSatellite(UARS)ScienceTeam.Dr.Grosehas
beena VisitingScientistwiththeUnitedKingdomUniversities'
AtmosphericModelingGroupattheUniversityofReading,andwas
recipientoftheNASAMedalforExceptionalScientificAchievementin
1986. _r

Co-Investigators

ThomasBlac.kshear,LangleyResearchCenter
RichardS. Eckman,LangleyResearchCenter

DuncanFairlie,LangleyR_earchC_ter
RolandoGarcia,NationalCenterforAtmosphericResearch

AlanO'Neill, British,_ical Office
R.BradleyPierce,LangleyResearchCenter
EllisE. Remsberg,LangleyResearchCen_
_rry LSalby,UniversityofColorado
SusanSolomon,U.S. _t of Commerce
RichardE.Turner,LangleyResearchCenter



InterdisciplinaryScience

Interannual Variability of the Global Carbon,
Energy, and Hydrologic Cycles

PrincipalInvestigator--JamesE.Hansen

r.Hansenandhisco-investigatorswillinvestigatetheinterannualvariabilityofkeyglobalparametersand

processesintheglobalcarbon,thermalenergy,and
hydrologiccycles.Teammemberswilldevelop,analyze,andmake
availableglobalgeophysicaldatasetsderivedfrompre-EOSandEOS
observations.Analysiswillinvolvestudiesofseveralspecific

interdisciplinaryproblems,eachfocusedoninteractionsamong
componentsoftheEarthsystem.Expectednear-termproducts
includeknowledgeofcertainEarthsystemprocessesthatcanbe
investigatedvialarge-scaleinterannualvariabilityofa numberof
observedparameters;a miniEOS-typecollectionofdatasets

availableinconvenientformtootherinvestigators;andimproved
definitionofglobalmeasurementanddatasetneedsforEOS.

Thepre-EOSstudyoftheenergy,carbon,andhydrologiccycleswill
focusonglobalchangeduringthepastdecade,includingthenatural
globalexperimentprovidedbytheeruptionofMt.PinatuboinJune

1991. Thisinfusionofstratosphericaerosolswillbeexaminedalong
withothercompetingmechanisms,suchasthe1992ElNifioand

ozonedepletion,todeterminecumulativeeffects.Thestudywill
involveanalysisofsatelliteandotherdataonforcingsand
feedbacks,theuseofthesedatainglobalmodels,andcomparisonof
modelresultswithglobaldiagnosticdata.

Dr.HansenheadstheGoddardInstituteforSpaceStudies(GISS).A
studentofAstronomyandPhysics(Ph.D.fromtheUniversityofIowa,
1967),hehasfocusedhisresearchprimarilyonradiativetransferin
planetaryatmospheresandrelatedinterpretationofremote
soundings,developmentofsimplifiedclimatemodelsandthree-
dimensionalglobalmodels,andthestudyofclimatemechanisms.In

additionto hisresearchandadministrativedutiesatGISS,heserves
asAdjunctProfessoratColumbiaUniversity.

Co-Investigators

JamesK.B.Bishop,ColumbiaUniversity
BarbaraCarlson,GoddardInstitutefor SpaceStudies

AnihonydelGenio,GoddardInstitutefor Slice Studies
InezFung,GoddardInstitutefor SpaceStudies
AndrewLacis,GoddardInstitutefor SpaceStudies
MichaelJ. Pralher,Universityof California-irvine
DavidH. Rind,GoddardInstitutefor SpaceStudies
WilliamB.Rossow,GoddardInstituteforSpaceStudies

PeterH. Stone,MassachusettsInstituteof Technology
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InternationalSponsor:.AustraliaInterdisciplinaryScience

Interdisciplinary Studiesof the Relationshipsbetween Climate, Ocean
Circulation, Biological Processes,and Renewable Marine Resources

PrincipalInvestigator---GrahamPaulHarris

hisInterdisciplinaryScienceInvestigationaddressesactivitiesextendingfrombasictoappliedresearch,allof
whichareconcernedwithinterannualvariabilityinclimate,

biologicalprocesses,ocean-atmosphereinteractions,andmarine
fisheriesresources.Dr.Harrisandhisco-investigatorswillstudythe
linksbetweentheseprocessesinAustralasianwatersandfisheries.
InteractionsbetweenclimaticElNifioSouthernOscillation(ENSO)

eventsandoceanprocesseswillreceiveemphasis,aswilloceanic
productivityintropicalwatersandthesubtropicalconvergenceregion
southofAustraliaandNewZealand.Theseprocessstudieswilluse
existingsatellitedata,datafromnewsensors,andEOSsatellite
observations.TheSea-ViewingWideFieldSensor(SeaWiFS)mission
willprovideoceancolordataintheyearsbeforelaunchofthe
Moderate-ResolutionImagingSpectroradiometer(MODIS).Suitable
algorithmswillbedevelopedatallstagestomeasurephytoplankton
biomassandproductivityfromspace.Atlongertimescales,thereisan
importantfeedbackbetweenoceanproductivityandglobalchange,
becausethesubtropicalconvergenceregionofthesouthernhemisphere
isoneofthemostimportantsitesof"new"productionintheworld's

oceans.Constructionofa high-bit-rate(X-band)receivingstationin
Hobartwillhelpstrengthenthesciencegoalsofthisinvestigation.

WithacademicpreparationinBiologyandEcology(Ph.D.from
ImperialCollege-London,1969),Dr.Harrishasdedicatedhiscareer
totheinteractionofphysicalandbiologicalprocesses,andtheir
effectonaquaticresources.HisworkfocusedontheGreatLakes
(Canada)from1969to1983;hisremate-sensingcareerbeganwith
theERTS-1simulationmissions.Since1984,hehasbeenaffiliated
withAustralia'sCommonwealthScientificandIndustrialResearch

Organization(CSIRO)DivisionsofFisheriesResearchand
Oceanography,firstasProgramLeaderthenHeadoftheFisheries
Remote-SensingGroup.Dr.HarrisisChairormemberofnumerous
advisorycommitteesandworkinggroupsonoceanremotesensing,
includingtheAustralianJointGlobalOceanFluxStudy(JGOFS)
Committee;andismemberofeditorialboardsofpublicationson
marineecologyandoceanography.HeisnowDirectoroftheCSIRO
OfficeofSpaceScienceandApplications,anda memberofthe
InternationalJGOFSExecutiveCommittee.

I Co-investigators

JohnChurch,CommonwealthScientificand Industrial

ResearchOrganization
RichardColeman,Universityof Sydney

PeterCraig, CommonweafifiScientificandIndustrial
ResearchOrganization

GeorgeCresswell,CommonwealthScientificand Industrial
ResearchOrganization

ChrisFandrey,CommonwealthScientificandIndustrial
ResearchOrganization

J.S.Godfrey,CommonwealthScientificand Industrial
ResearchOrganization

V. Lyne,CommonwealthScientificand IndustrialResearch

C_'ganization

DenisMackey,CommonwealthScientificand Industrial
ResearchOrganization

Trevor/Vk:Dougall,CommonwealthScientificandIndustrial
ResearchOrganization

Gary h,k,yers,CommonwealthScientificand Industrial
ResearchOrganization

Carl Nilsson,CommonwealthScientificandIndustrial

ResearchOrganization
M. Nunez,Universityof Tasmania
JohnParslow,CommonwealthScientificandIndustrial

ResearchOrganization
GraemeI. Pearman,CommonwealthScientificand

IndustrialResearchOrganization
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InterdisciplinaryScience

Climate Processes Over the Oceans

PrincipalInvestigato Dennis L.Hartmann

r.Hartmann'sinvestigationwillusedatafromvarioussatelliteinstruments,datafromothersources,andmodels
toconstructanintegratedviewofatmosphericclimateover

theoceans.Primaryproblemareastobeaddressedincludetherole
ofclouds,radiation,watervapor,andprecipitationinclimatechange,
andtheroleofocean-atmosphereinteractionsintheenergyand
hydrologiccycles.Thephysicalprocessesconsideredinvolve
boundarylayerdynamicsandresultingfluxes,cloud-scaleand
mesoscaledynamics,andcloudphysics.Incorporationofthe
interactionsbetweencloudsandradiativefluxesandbetweenscales

ofmotion(i.e.,fromboundarylayerturbulencetothelargestscales
ofplanetarymotion)allprovenecessarytoachievea comprehensive
understandingofclimate,enhancingresearchers'abilitytopredid
futurechange.Simultaneousmeasurementsofa varietyofphysical
variablesderivedfromEOSobservationswillbeusedtobetter

understandtheatmosphericcomponentoftheclimatesystemandits
interactionswiththeocean.

DennisHartmannreceivedhisPh.D.inGeophysicalFluidDynamics
fromPrincetonUniversityin1975. Hehasbeenonthefacultyof
AtmosphericSciencesattheUniversityofWashingtonsince1977,
andanadjunctfacultymemberoftheQuaternaryResearchCenter
since1978.Hismainresearchinterestsareintheareasofglobal
climate,large-scaledynamics,andtheradiativeenergybalanceof
theEarth;hehaspublishedover50researchpapersonthesetopics.
Dr.HartmannservedasPrincipalInvestigatorintheEarthRadiation
BudgetExperiment(ERBE)andtheAirborneAntarcticOzone
Experiment(AAOE),forwhichhereceivedNASAGroupAchievement
awards. -_

Co-Investigators

RobertA. Brown,Universityof Washington

RobertA. Houze,Universityof Washington
KristinaB. Ka_ros, IFREMER-Centrede Brest,France,and Universityof Washington

Conway B. Leovy,Universityof Washington
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InterdisciplinaryScience

Climate, Erosion, and Tectonicsin the
Andes and Other Mountain Systems

PrincipalInvestigat0r--BryanL.Isacks

hisInterdisciplinaryScienceInvestigationwillfurtherunderstandingoftheinteradionsbetweentheatmosphere
andthelithosphereinterrestrialmountainsystemswhere

thoseinteractionsaremostdynamicandcomplex.Climaticand
tedonicprocessesinmountainbeltscombinetoproducetheEarth's
highestratesofweathering,erosion,andtransportofcrustal
materialsbyice,water,andwind.TheAndesmountainbelt,
straddlinga hemisphericvariationinclimate,servesasa natural
"laboratory"forinvestigationofthisimportantpartoftheterrestrial
landsurfacesystem.Thestudyincludestwocloselyrelated
components:1)Acomprehensivedescriptionofthemodern
mountainlandsurfacesystem,and2)determinationofthechanges
inclimatefromthelastglacialtothemoderninterglacialperiod.

Thefirstcomponentwillproducea high-resolutionviewofthe
temporalandspatialvariabilityofmodernAndeanclimateandthe
associatedhydrological/erosionalregime,includingdetectionof
human-inducedchange.Timescalesoftargetedprocessesrange
fromdecadesdowndothebriefintervalscharacteristicofthelarge
meteorological,hydrological,geomarphological,andtectonic
"events"thatdominateatmosphericinteradionswiththelithosphere.

Examplesofrapidlyactingprocessesincludethefollowing:

• Catastrophicerosional,masstransport,anddepositional
fluxesassociatedwithlargestormsystems,floods,
earthquakes,orvolcaniceruptions

• Injectionoflargeamountsofmaterialintotheatmosphere
byduststormsinthearidregionsofthecentralAndes

• Changesincoastalregionsasa resultofearthquake
movementsandresultingresponsesofriversandcoastal

processes.

Seasonal,interannual,anddecadalchangesinthegeomorphological,
hydrological,andvegetationalfeatureswillalsobedeterminedand
correlatedwithclimaticparametersderivedfromavailablefour-
dimensionaldataassimilationmodels.Detedionoflongerterm,pre-
EOSchangewillbedeterminedbyanalysisofallavailablesources
coveringthelatterpartofthiscentury.

Thesecondcomponentofthisstudywillfocusonthecriticaltransition
periodfromtheLastGlacialMaximum18,000yearsagotothe
present.Featuresrecordingtheclimatesystemduringthisperiod
includeglacialandperigaciallandforms,lakepaleo-shorelines,wind
directionindicators,andfluviullyproducedtopographynotin
equilibriumwithmodernrunoff. Systematicmappingandanalysisof
thesefeaturesincomparisontothemodernregimecomplements
ground-basedstudiesofclimatechangetoestablishregional
patterns,therebyyieldinga betterunderstandingofthespatial
complexityofterrestrialmountainsystemclimates.

Thebasisforbathcomponentsinvolvesregional-scalemappingand/or
monitoringoftopography,geology,climate,hydrology,landcover,and
tectonicdeformation,allintegratedintoncomputerizedgeographic
informationsystemdesignedtodealwithchangethroughtime.An
importantoutputofthisworkwillbetheidentificationandmonitoring
ofsensitiveindicatorsofcontemporaryclimatechangesuchasglacier
extent,lakelevels,andelevation-dependentvegetationboundaries.

Dr.Isacksreceiveda Ph.D.inSeismologyandTectonicsfromColumbia
Universityin1965,joinedtheCornellfacultyin1971,andiscurrently
theWilliamandKatherineSneeProfessorofGeologicalSciencesand
theDirectoroftheInstitutefortheStudyoftheContinents.In1981,
I)r.IsacksinitiatedtheCornellAndesProjed.

Co-Investigators

RichardAIImendinger,CornellUniversity
Ar_ur L.Bloom,CornellUniversity
EricJ. Fielding,CornellUniversity

TeresaJordan,CornellUniversity
SuzanneM. Kay,CornellUniversity
WilliamPhilpot,CornellUniversity
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InternationalCo-Sponsor:France InterdisciplinaryScience

The Hydrologic Cycle and Climatic Processes
in Arid and Semi-Arid Lands

PrincipalInvestigator--YannH.Kerr• LeadU.S.Co-lnvestigator--SorooshSorooshian

hroughtheuseofremotelysenseddata,researchersare
nowabletomonitortheresponsestochangesinhydrologic

fluxes.WithaneffectivelinkaQebetweenremote-sensing
dataandhydrologicmodels,a betterunderstandingoftheprocesses
thatcontrolthechangesinhydrologicstoragesandfluxescanbe
generated.Suchknowledgewillallowscientiststobetterassessthe
roleofthehydrologiccycleina globalcontextandtopredictthe
effectsofclimaticorhuman-inducedchange.

UsingseveralsitesintheSahel,Dr.Kerr'sresearchseekstoquantify
andmonitornaturalandanthropogenicallyinducedchangesin
hydrologicallyrelevantlandsurfaceparameters.Thisregional-scale
emphasisalsowillyieldanimprovedunderstandingofthe
Earth/atmosphereresponseto changesinlandsurface
characteristics.Aglobaldatasetwillbedefinedand
algorithms/modelsdevelopedtogenerategeophysicalparameters,
whichwillthenbeusedtomonitorseasona/andyear-to-year
changes.Theseparametersincludesurfacetemperature,roughness,
moisture,vegetationcharacteristics,evapotranspiration,rainfall,
shortwaveincomingflux,andalbedo.Soil-vegetationinteractions
andhydrologicfeedbackmechanismswillalsobestudied.

Dr.Sorooshian'sresearchfocusesinitiallyonunderstanding
hydrologicprocessesat thesub-watershedandwatershedscale,then
expandingtobasinandregionalscales.Datawillbeusedtoderive
distributedbasincharacteristics,aswellasinputstowater/energy
balancesimulationmodels.Theseresultswillhelptoidentifythe
dominantprocessesthatcontrolhydrologicfluxesatvariousspatial
andtemporalscales,andtodevelopimprovedhydrologicmodeling

andpredictioncapabilitiesduringbothstormandinter-stormperiods.
Initially,observationswillbecollectedattheArizona-Sonorandesert
ofNorthAmerica;thestudywilllaterbeextendedtotheAfricansites
thatarethefocusoftheLaboratoired'EtudesetdeRecherchesen
T616d_tectionSpatiale(LERTS)group.

Dr.Kerrreceiveda Ph.D.fromtheUniversit_P.Sabatier-Toulouse,
France.From1980to1985,hewaswiththeCentreNational
d'EtudesSpatialesinToulouse;in1985,hejoinedLERTSasa
researchscientist.Hetooka leaveofabsencetoworkatthe.let
PropulsionLaboratoryfrom1987to 1988.Dr.Kerrhasworked
mainlywithMeteosat,Nimbus-7ScanningMultispectralMicrowave
Radiometer(SMMR),andAdvancedVeryHigh-ResolutionRadiometer
(AVHRR)dataconcerningtheuseofthermalinfraredandpassive
microwavesforthedeterminationofhydrologiccycleparameters.
HehasbeeninvolvedwithseveralfieldexperimentsinAfrica,aswell
asthe1987EOSSimultaneityExperiment,andisa Principal
InvestigatorforERS-1andMOS-1EMDUP.

Dr.SorooshianisProfessorofHydrologyandWaterResources(and
deportmenthead),andofSystemsandIndustrialEngineeringatthe
UniversityofArizona-Tucson.HeholdsanM.S.andPh.D.inSystems
EngineeringandWaterResourcesSystems,respectively,fromthe
UniversityofCalifornia-LosAngeles.Dr.Sorooshianisbestknownfor
hisworkonhydrologicmodeling,specificallyrainfallrunoffmodels,and
thedevelopmentofparameterestimationandcalibrationtechniques.
HehasservedasPrincipalInvestigatoronnumerousprojectsrelatedto
hydrologicmodeling,andiscurrentlytheEditorof WaterResources
Research,publishedbytheAmericanGeophysicalUnion.

Co-Investigators

Gerard Dedieu,Laboratoired'Etudesetde Recherchesen
T_i_tection S_tiale .

David C. Goodrich, USDA/A.gricultur.alRe.s?archService
MichaelD. Hudlow,NOAA/National Weather Service
Alfredo R.Huete,University.of Arizona
JacquesImbernon,Institutde Rechercheen Agronomie

Tropicale
RayD. Jackson,USDA/Agricultural ResearchService

J.P.Lagouarde,InstitutNational deRecherche.Agronomique
M. SusanMoran, USDA/Agricultural ResearchService
BemardSequin,InstitutNationalde RechercheAgronomique
PhilipN. S_ter,Universityof Arizona
JamesSmith,PrincetonL/niversity
Mike Sully,Universityof Arizona
Alain Vidal, CEMAGREF-ENGREF

DavidWoolhiser,USDA/Agricultural ResearchService
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InterdisciplinaryScience

Global Hydrologic Processesand Climate

PrincipalInvestigator---WilliamK.M.Lau

heglobalwaterandenergycycleisanintegralcomponent
oftheEarth'sclimate,providingthelinkagesbetweenthe

atmosphere,land,andocean.Tobetlerunderstandglobal
climate,athoroughknowledgeofthehydrologiccyclemustbe
developed.ThisInlerdisciplinaryScienceInvestigationwilldescribe
thephysicalprocessesthaicontributetothemeanandfluduationsof
theglobalhydrologicandenergycycle.Toachievethisgoal,the

investigationwillfocusonthreecloselylinkedscientificobjectives
aimedat improvingunderstandingofthefollowing:

• Thephysicalmechanismsofatmospherichydrologic
processes(inparticularprecipitation)andtheirinteraction
withthedynamicsandradiativepropertiesofthe
atmosphere

• Theroleofhydrologicprocessesinlarge-scale
ocean/atmosphere/landinteractionleadingtonatural
fluctuationoftheglobalclimatesystemovera varietyof
timescales

• Theroleoflandsurfaceprocesses(includingstorage)in
theglobalhydrologiccycle,withemphasisonthe
interactionandintegrationofregionalandglobalscales.

Thisresearchprojectmakesextensiveuseofdatacollectedfromboth
existingsatellitemissionsandEOS.Resultsobtainedfrompre-EOS

observationsarecurrentlybeingusedtofurtherunderstandingof
globalhydrologicprocessesthroughmodeldevelopmentanddata
analysis,andtoguideinstrumentdesignforthelaunchphase.A
synergisticapproachbasedonanalysisofdatafromspaceandnon-
spaceplatformswillbeemphasized.

Dr.Laureceiveda Ph.D.inAtmosphericSciencesfromtheUniversityof
Washingtonin1977.HewasAssistantProfessorattheNaval
PostgraduateSchooluntil1981.Sincethen,hehasbeenaSenior
ResearchMeteorologistintheLaboratoryforAtmospheresat Goddard
SpaceflightCenter.Currently,heisHeedoftheClimateandRadiation
BranchofsaidLaboratoryandisa SeniorGnddardFellow.flisareasof
researchexpertiseincludeclimatedynamics,tropicalandmonsoon
meteorology,andocean-atmosphereinteraction.Hehaspublishedover
S0researchpapersintherefereedliterature.HeisChairmanofthe
AmericanMeteorologicalSocietyCommitteeonClimateVariations,
memberoftheTropicalOceanGlobalAtmosphere(l"OGA)/Coupled
Ocean-AtmosphereResponseExperiment(COARE)ScienceWorking
Team,anda scienceteammemberoftheTropicalRainfallMeasuring
Mission(TRMM).

Co-Investigators

RobertF.Adler, Goddard SpaceFlightCenter
JohnR.Bates,Goddard SpaceFlightCenter
ThomasL Bell,Goddard SpaceFlightCenter
Wilfried H. Brutsaert,CornellUniversity
BhaskarChoudhury,Goddard SpaceFlightCenter
PrabhakaraCuddapah, GoddardSpaceFlightCenter
PeterS. Eagleson,MassachusettsInstituteof Technology
EdwinT.Engman,GoddardSpaceFlightCenter
Marvin A. GeUer,StateUniversityof New York-StonyBrook
RobertJ.Gumey,Universityof Reading
'-I.Mark Helfand,GoddardSpaceFlightCenter
N.C. Lau,NOAA/GeophysicalFluidDynamicsLaboratory
W. TimolhyLiu,JetPropulsionLaboratory

RogerLukas,Universityof Hawaii
JohnL Monteith,InternationalCropResearchInstitute
MasatoMurakami, MeteorologicalResearchInstitute
Abraham Oort, NOAA/Geophysical FluidDynamics

Laboratory
SigfreidSchubert,GoddardSpaceFlightCenter

JoanneSimpson,Goddard SpaceFlightCenter
David 0 C. Starr,GoddardSpaceFlightCenter
YogeshC. Sud,Goddard SpaceFlightCenter
JamesA. Weinman, GoddardSpaceFlightCenter
Warren J.Wiscombe,Goddard SpaceFlightCenter
EricF.Wood, PrincetonUniversity
Man-Li C. Wu, Goddard SpaceFlightCenter
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InternationalSponsor:Australia InterdisciplinaryScience

The Processing, Evaluation, and Impact on Numerical Weather Prediction of
AIRS, AMSU, MODIS, and LAWS Data in the Tropicsand Southern Hemisphere

PrincipalInvestigator--JohnF.LeMarshall

hisinvestigationinvolvesthedevelopmentofprocessingalgorithmsandtechniquestoderivegeophysical
parametersofsignificanceto atmosphericsciencefrom

theAtmosphericInfraredSounder(AIRS),AdvancedMicrowave

SoundingUnit(AMSU),andModerate-ResolutionImaging
Spectroradiometer(MODIS)instruments.Developinga
methodologytoassimilatetheseparametersintonumericalweather
prediction(NWP)modelswillreceiveemphasis,andanassessment
oftheutilityofthesedataforthispurposewillbeverified.In
tandem,intercomparisonstudieswillbeperformedwiththesatellite
data.Asa firststep,researcherswillderivesoundingdatafromthe
AMSU-Aradiancesavailablein1994;thesedatawillbeevaluatedto

determinethebenefitsprovidedtoongoingstudiesoftheSouthern
Hemisphere.Concurrently,researchwillbedirectedatproducinga
localcapacityforthesimulation,processing,andutilizationofdata
fromAIRSandMODIS,andforassimilationoftheEOSprocessed
dataintoNWPmodels.

Dr.LeMarshallreceiveda Ph.D.inPhysicsfromMonashUniversityin
1972. Hisspecialtiesincluderemotesensinganddataassimilation.
Currentactivitiesincludeland,oceanic,andatmosphericapplication
ofAdvancedVeryHigh-ResolutionRadiometer(AVHRR)data,TIROS

OperationalVerticalSounder(TOVS)data,andgeostationary
meteorologicalsatellitedata.HepresentlyservesasHeadofthe

SatelliteandRemote-SensingGroupattheBureauofMeteorology
ResearchCentreinMelbourne,Australia,andisresponsiblefor
developmentandresearchrelatedtosatellitemeteorology._

Co-investigators

William P.Bourke,Bureauof MeteorologyResearchCentre
DavidGriersmith,BureauofMeteorologyResearchCentre
GraemeA. Kelly,ECMWI:

LanceLeslie,Bureauof Meteoroloc_/ResearchCentre
GrahamMills,Bureauof MeteorologyResearchCentre
KamalK.Puri,Bureauof MeteorologyResearchCentre
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InterdisciplinaryScience

The Role of Air-Sea Exchanges and
Ocean Circulation in Climate Variability

PrincipalInvestigator--W.11mothyLiu

r. Liu'sinvestigationbuildsuponongoingstudiesofclimatechangerelatedtothehydrologicandenergybalancesof
thecoupledocean-atmospheresystem.Current

participationandleadershipinfieldexperiments,monitoring

programs,modelingefforts,andflightmissionsoftheWorldClimate
ResearchProgram(WCRP)andNASAserveasthefoundationupon
whichtofocusunderstandingofocean-atmosphereresponsesto
fluxesinmomentum,energy,andmoisture.Methodstomonitor
suchsurfaceforcingsfromspacearebeingdevelopedandimproved.
Eddy-resolvinggeneralcirculationmodels(including
thermodynamics)willbedevelopedtoprovideofour-dimensional
descriptionofthestorageandtransportofheatandgreenhouse
gasesintheocean.EOSdatawillbeincorporatedastheybecome
available.Theultimategoalistoimprovediagnosisandprognosisof
globalchange,witha discernabledifferencebetweennaturaland
anthropogenJceffectsa necessaryconsequence.

W.TimothyLiuholdsanM.S.andPh.D.fromtheUniversityof
Washington.Hehasbeena PrincipalInvestigatoronstudies
concerningair-seainteractionandsatelliteremotesensingsincehe
joinedtheJetPropulsionLaboratoryin1979. Heiscurrentlythe
leaderoftheAir-SeaInteractionandClimateTeam,andtheNASA
Scatterometer(NSCAT)ProjectScientist.Dr.Uuhasservedon
numerousscienceworkinggroupsandadvisorycommitteesfor
NASA,theTropicalOceanGlobalAtmosphere(TOGA)program,and
WorldOceanCirculationExperiment(WOCE).Dr.Uuisa Principal
InvestigatoronboththeNSCATandOceanTopographyExperiment
(TOPEX)scienceinvestigationteams,andhasparticipatedinmany
multi-nationalfieldexperiments.HereceivedtheNASAMedalfor

ExceptionalScientificAchievementin1990. _

Co-lnvestigatols

Lee-LuengFu,JetPropulsionLaboratory
CcrlherineGautier,Universityof California-SantoBarbara
WilliamR.Holland,NationalCenterforAtmosphericResearch
PaolaMalano_Rizzoli, MassachusettsInstituteof Technology
PearnP.Niiler,ScrippsInstitutionof Oceanography
William C. Patzert,JetPropulsionLaboratory
VictorZlotnicki,JetPropulsionLaboratory
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InterdisciplinaryScience

Changes in Biogeochemical Cycles

PrincipalInvestigator--BerrienMooreIII

helong-termgoalofthisInterdisciplinaryScienceInvestigationistounderstandtheprimarybiogeochemical
cyclesofplanetEarth.Thestrategyisto studyhow

elementcyclesfunction:1) Inquasi-steadystatesystemsinthe
absenceofhuman-inducedperturbations,and2) inthetransient
stateinducedbyhumanactivity.Theteamwilldevelopglobal,
geographicallyspecific,mathematicalmodelsanddatabasesthat
describeecosystemdistributionandcondition,thebiological

processesthatdeterminetheexchangeof C02andtracegaseswith
theatmosphere,andthe fluxesofcarbonantinutrientstoaquatic
ecosystems.Thissuiteofmodelswillrestwithinaninteractive

informationsystem,whichwillintegratea geographicinformation
system,a remote-sensingsystem,a databasemanagementsystem,a
graphicspackage,anda moderninterfaceshell.

Dr.Mooreearneda Ph.D.inMathematicsfromtheUniversityof
Virginiain 1969.Heisbestknowninternationallyforhiscomputer
modelingoftheglobalcarboncycle.ProfessorMoore'sspecific

researchinterestsincludetheapplicationofgeographicinformation
systemsandremotesensinginmodelingecosystemdynamics
globally,andtheuseofinversecalculationsto developoceanmodels
foruseincarboncycleinvestigations.Heiswell-publishedin
ecosystemsliteratureandinstudiesoftheroleoftheoceaninthe
carboncycle.HeisinvolvedinnumerousrelatedstudiesforNASA,
theNationalScienceFoundation,theEnvironmentalProtection

Agency,andtheDepartmentof Energy.ProfessorMooreisDirector
oftheInstitutefortheStudyofEarth,Oceans,andSpaceatthe
UniversityofNewHampshire._c

Co-Investigators

JohnAbet, Universityof New Hampshire

WilliamEmanuel,Oak RidgeNationalLaboratory
RobertC. Harriss,Universityof New Hampshire
JerryM. Melillo,MarineBiologicalLaboratory
BrucePeterson,Marine BiologicalLaboratory
BarreltN. Rock,Universityof New Hampshire
DavidSkole,Universityof New Hampshire
CharlesVorosmarty,Universityof New Hampshire
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InterdisciplinaryScience

A Global Assessmentof Active Volcanism, Volcanic Hazards,
and Volcanic Inputs to the Atmosphere from EOS

PrincipalInvestigator--PeterJ.Mouginis-Mark

heimpactofvolcanoesontheEarthsystemwasdramaticallydemonstratedin1991bytheeruptionsofMt.
Pinatubo(Philippines)andMt.Unzen(Japan).Mt.

Pinotubohashadonear-globaleffectviatheintroductionof20 to
30megatonsofsulfurdioxideandaerosolsintotheatmosphere,and
representsthesecondlargesteruptionthiscentury--secondonlyto
Mt.Katmai(Alaska)in1912.Thematerialsinjectedintothe
stratospherebyMt.PinatubocircledtheEarthinonly3 weeks,and
covered-42 percentoftheEarth'ssurfaceafteronly2 months.
Atmosphericmodelspredicta globalcoolingof0.5°Ca yearafter
theeruption.InJapan,Mt.Unzenkilleddozensofpeopleand
causedmajordisruptionstolocalpopulationsandairtraffic.

ThisInterdisciplinaryScienceInvestigation'sobjectivesarethree-fold:
1)Tounderstandthephysicalprocessesassociatedwithvolcanic

eruptions;2)toinvestigatethemannerbywhichsulfurdioxide,
watervapor,carbondioxide,andothervolcanicgasesareinjected
intothetroposphereandstratosphere;and3) to placethediverse
volcaniceruptionsintothecontextoftheregionaltectonicsettingof
thevolcano.Thedegassinghistoryofa lavafloworeruptionplume
mayhavea majoreffectonthelocalorhemisphericclimate,
dependingontherateoferuption,themagmachemistry,andpre-
eruptionstoragecharacteristicsofthemagma.Throughtheanalysis
ofongoingeruptions,datafromEOSsurfaceimagersand
atmosphericinstrumentsareexpectedtosignificantlyimprovethe
understandingofhowvolcanoeswork,andtheshort-termeffects
thateruptionshaveonweatherandclimate.

ThisInterdisciplinaryInvestigationwilldrawheavilyonmanyofthe
EOSsensors,combininghighspatialresolutionimagesofneaFvent
activityanddailyregionallow-resolutionviewsoferuptionplume
dispersal.Inordertoobserveeruptionswhiletheyareinprocess,
thisinvestigationwillcontributesignificantlytothedevelopmentofa
near-real-timeresponsecapabilityforthedifferentEOSinstruments.
Sucha capabilityisexpectedtobeofbenefittonumerousother
studiesoftransientphenomena.Thisrapidresponsewillbeachieved
viatheproductionanddistributionofalgorithmssuitableforthe
searchingofsynopticdatasets.Higherorderdatasetsthat
documentthecharacteristicsofspecificeruptions,thedispersalof
eruptionplumes,andthegeologyofindividualvolcanoeswillbethe
primaryarchivalproducts.Theseproductswillbetransferredtothe
EOSDataandInformationSystem(EOSDIS)andalsomaintained
locallyforaccessbythevokanologycommunityat large.

Academicallytrainedinenvironmentalsciences(Ph.D.fromLancaster
University,England,1977),Dr.Mouginis-Morkhasconcentratedhis
researchexperienceonvolcanicphenomena,planetarygeology,and
remotesensing.HehasbeenassociatedwiththeUnivers'dyofHawaii
since1982,andpresentlyservesasbothAssociateHeedofthePlanetary
GeosciencesDivisionandasProfessorin theDeportmentofGeologyand
Geosciences.HehasbeenactivelyinvolvedinNASAplanetaryandEarth
orbitalmissions,studygroups,andworkingcommitteeswithinhisfieldof
research.Inaddition,hehasrecentlyservedasAssociateEditorof
GeobgyondasEditorofthePlanetologySectionofEOS..;'c

Co-Investigators

JohnB.Adams, Universityof Washington
JoyA. Crisp,JetPropulsionLaboratory
PeterFrancis,Universityof Hawaii
JonathanGradie, Universityof Hawaii
KennethJones,JetPropulsionLaboratory
Anne B. Kahle,JetPropulsionLaboratory
Arlin .Krueger,GoddqrdSpaceFlightCenter
David Pieri,JetPropulsionLaboratory

William I. Rose,Michigan TechnologicalUniversity
StevenSelf,Universi.tyof Hawaii
LouisS. Walter,Goddard SpaceFlightCenter
LionelWilson, Universityof Hawaii
RobertS.Wolff, Apple Computers,Inc.
CharlesA. Wood, Universityof NorthDakota
Howard A. Zebker,JetPropulsionLaboratory
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ImlTaflemd Sponsor:Japan InterdisciplinaryScience

Investigation of the Atmosphere-Ocean-Land
System Related to Climatic Processes

PrincipalInvestigator--MasatoMurakami

r.Murakami'sInterdisciplinaryScienceInvestigationprovidesa mixtureofobservationalstudiesandclimate

modelingrelatedtotheatmosphere-ocean-landinteractions
throughheatandmomentumexchanges.Hisinvestigationconsists
ofthreecomponents.First,researcherswilldevelopalgorithmsfor
theobjediveidentificationofcloudtypesandthequantitative
measurementofprecipitation.Datavalidationofnewlydeveloped
remote-sensingtechniqueswillalsobecarriedout.Basedonthese
products,observationalstudieswillbecondudedtoexaminethe

atmosphericsystemassociatedwithvariousrainfallactivities.The
roleofatmosphericminorconstituentsinclimatechangeswillalsobe
examined.Secondly,researcherswillmonitorclimaticchangesofthe
seasurfacetemperature,sealevel,andseasurfacewindthroughthe
useofsatelliteobservations,eventuallygeneratingdatasetsthatcan
beincorporatedintheoceanmodelingstudyofseasonal/interannual
variationsofthePacificandthemid-latitudinaleddiesoftheocean.

Finally,researcherswillexaminelandsurfaceconditions,suchas
groundwetnessandsnowmass.Anatmosphericgeneralcirculation
modelwillbeincorporatedtoevaluatethe impadofanomalous

surfaceconditionsonclimatechange.Projectcomponentswill
exchangeresultsanddatawithothercomponentstoensureoverall
understandingoftheEarthsystem.

Dr.MurakamiwasacademicallytrainedinGeophysicsand
MeteorologyattheUniversityofTokyo,andearnedhisD.Sc.from
thatinstitutionin1974. Exceptfora 2-yearpositionatFloridaState
University,Dr.MurakamihasbeenaffiliatedwiththeMeteorological
ResearchInstituteforhisentireprofessionalcareer.Presently,heis
ChiefofLaboratoryintheTyphoonResearchDivision.Hisresearch
interestsincludetropical,monsoon,andsatellitemeteorology.*_

Co-Investigators

TadaoAoki,MeteorologicalResearchInstitute
MasahiroEndoh,MeteorologicalResearchInstitute
ToshifumiFujimoto,MeteorologicalResearchInstitute
MasashiFukabori,MeteorologicalResearchInstitute
ToshiroInoue,MeteorologicalResearchInstitute
MasafumiKamachi,MeteorologicalResearchInstitute
Y. Kitamura,MeteorologicalResearchInstitute
Akio Kitoh,MeteorologicalResearchInstitute
YukioMakino,MeteorologicalResearchInstitute

TetsuoNakazawa, MeteorologicalResearchInstitute
ToruSasaki,MeteorologicalResearchInstitute
Akira Shibata,MeteorologicalResearchInstitute
KenzoShuto,MeteorologicalResearchInstitute
MasatoSugi,MeteorologicalResearchInstitute
Tat_ushiTokioka,MeteorologicalResearchInstitute
OsamuUchino,MeteorologicalResearchInstitute
IsamuYagai,MeteorologicalResearchInstitute
Koji Yamazaki,MeteorologicalResearchInstitute

1993 EOS Reference Handbook • Interdisciplinary Science 121



InternationalSponsor:UnitedKingdomInterdisci)linary Science

Chemical, Dynamical, and Radiative Interactions
through the Middle Atmosphere and Thermosphere

PrincipalInvestigator--JohnA.Pyle

r.Pyle'sInterdisciplinaryScienceInvestigationwillimproveunderstandingofatmosphericdynamical,chemical,and
radiativeinteractions--hencetheabilitytopredidand

detectlong-termatmospherictrendsintheEarth'sclimaticand
chemicalenvironment.Modelinganddataanalysiseffortswillfocus
onthefollowingmiddleatmosphereandthermospherecomponents:

• Circulationandinternallygeneratedvariabilityofthe
atmosphere

• Interactionsbetweenchemical,dynamical,andradiative

processes
• Horizontalandverticalcouplingmechanisms.

Thestudywillinvolveatwo-prongedtheoreticalassaultusingEOS
dataandsophisticatednumerical,dynamical,radiative,
photochemicalmodelsofthetroposphere,stratosphere,and
mesospherenowbeingdevelopedintheUnitedKingdom.

Dr.Pyleholdsa O.Phil.inAtmosphericPhysicsfromtheUniversity
of Oxford.Since1985,hehasbeena UniversityLecturerin
PhysicalChemistryattheUniversityofCambridge.Currently,he
servesasPrincipalInvestigatorintheU.K.UniversitiesGlobal
AtmosphericModelingProjectsupportedbytheNational
EnvironmentalResearchCentre.HeisChairmanoftheU.K.

StratosphericOzoneReviewGroup,andhasservedasa consultant
totheEuropeanSpaceAgencyonthefutureofmiddleatmospheric
studiesfromspace.In1985,hewasrecipientoftheEurotracAward
oflheRemoteSensingSociety.

I Co-Investigators I

TimothyJ. Fuller-Rowel,UniversityCollege-London
LesleyJ. Gray,RutherfordAppletonLaboratory
JoannaD. Haigh,ImperialCollegeof ScienceandTechnology
RobertS. Ha_ood, Universityof Edinburgh
BrianHoskins,Universityof Reading
R.L.Jones,UniversityofCambridge
MichaelE.Mclntyre,Universityof Cambridge
RoyJ.Moffett,UniversityofSheffield
ShaunQuegan,Universityof Sheffield

DavidRees,UniversityCollege-London
AlanRodger,BritishAntarctic Survey
KeithShine,Universityof Reading



InterdisciplinaryScience

The Development and Use of a Four-Dimensional
Atmospheric-Ocean-Land Data Assimilation System for EOS

PrincipalInvestigator--RichardB.Rood

hisInterdisciplinaryScienceInvestigationwilldeveloparesearch-quality,four-dimensionalatmosphere-ocean-land
dataassimilationsystemforEOS.Theprojectwillresearch

allaspectsoffour-dimensionaldataassimilation,includingsatellite
retrievals,dataqualitycontrol,errorpropagation,objectiveanalysis,
andallcomponentmodelsoftheEarthsystem.Thegoalsareto
produceanassimilationanalysistoensurethatthemaximum
informationisgainedfromtheobservationsandtosetthe
foundationfor future"Earthsystemmodels."Analyzinghistorical
andnewdatasetsavailablein thepre-launchphaseof EOSwillserve
astheinitialbasistoconfrontEarthsystemproblems,andthe
successesandfailuresofthesediagnosticandinterpretivestudieswill
definetheevolutionofthedatasystem.Assuch,a commitmentwill
bemadetocontinuedreanalysesofthesedatasets.Datafrom
satellitessuchastheUpperAtmosphereResearchSatellite(UARS)
willbeusedtoassesstheutilityofnewdatatypes,suchaswindand
constituentdata.Continualresearchintonumericaltechniquesand
associatedEarthscienceprocessstudieswillensurethatthe
developedsystemmeetstheneedsofEOS;furthermore,theinvolved
datasetswillbemadeavailabletotheusercommunitysothatthey

canhelpdefinethesystem.Initialstudieswillconcentrateon

meteorology,withanemphasisonthehydrologicalcycleand
seasonalandinterannualvariability.Astrongemphasiswillalsobe
placedonglobaltransportprocessesandatmosphericchemistry.
Fromthiscore,the investigationwillexpandtocovermoregeneral
aspectsof Earthscienceastheproperexpertisedevelops.

RichardB.Roodobtaineda Ph.D.inMeteorologyfromFloridaState
Universityin1982.Sincethen,hehasbeenatNASA'sGoddard
SpaceFlightCenter(GSFC).Hehasbeeninvolvedinthe

developmentof atmosphericgeneralcirculationmodels,andthree-
dimensionalchemistryandtransportmodels.Hehaspioneeredthe
useofwindsandtemperaturesderivedbydataassimilationto study

atmospherictransportprocesses.In1992,hewasappointedHeadof
theDataAssimilationOfficeatGSFC--theonlycenterofdata
assimilationresearchthatisnotmaintainedwithinanoperational
weatherforecastingcenter.TheDataAssimilationOfficeproduces

research-qualitydatasetstostudyEarthsystemprocessesandglobal
change. _

Co-Investigators

RobertM. Alias, Goddard SpaceFlightCenter
Wayman E.Baker,NOAA/National MeteorologicalCenter
J. RayBates,Goddard SpaceFlightCenter
StephenCohn,Goddard SpaceFlightCenter
JohnDerber,NOAA/National MeteorologicalCenter
MichaelFox-Rabinovitz,GoddardSpaceFlightCenter
H. Mark Helfand,GoddardSpaceFlightCenter

ArthurHou,GoddardSpaceFlightCenter
DonaldR.Johnson,Universityof Wisconsin
A. JamesMiller,NOAA/National MeteorologicalCenter

EugeniaKalnay,NOAA/National MeteorologicalCenter
Masoo Kanamitsu,NOAA/National MeteorologicalCenter
David J.Lamich,Goddard SpaceFlight Center
Ants Leetmaa,NOAA/National MeteorologicalCenter
JamesPfaendtner,Goddard SpaceFlight Center
ChesterF.Ropelewski,NOAA/National Wealher Service
SiegfriedSchubert,Goddard SpaceFlightCenter
YogeshC. Sud,Goddard SpaceFlightCenter
JoelSusskind,Goddard SpaceFlightCenter
LarryTakacs,Goddard SpaceFlightCenter
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InterdisciplinaryScience

Polar Exchange at the Sea Surface (POLES):
The Interaction of Oceans, Ice, and Atmosphere

PrincipalInvestigator---DrewRothrock

OLESisaninvestigationofthefluxofheat,moisture,
momentum,andgasesacrossthesurfaceofpolaroceans,
andoftherolethesefluxesplayinglobaloceanicand

atmosphericcirculation.Eventhoughfluxesareparameterizedina
varietyofwaysinclimateandgeneralcirculationmodels,these
modelsuniformlypredictthatthelargestresponsetochanging
atmosphericcarbondioxideoccursinpolarregions.Thepurposeof
thisinvestigationistoassimilatea richarrayofobservationsinto
polarocean-atmospheremodels,notonlyrefiningthetreatmentof
surfaceexchangeprocesses,butalsoquantifyingtherolesof
horizontaltransports,oceanicmixing,anddeepconvection.With
betteruseofdata,researcherscanmovebeyondthepresent
climatologicaldescriptions--basedonsparseobservations--and
documentinterannualvariability.Polaroceanicstabilityisthoughtto
bedelicatelybalanced,allowingoccasionalepisodesofdeep
convectionwhichplaya largeroleindrivingthemeridional
circulationoftheworldocean.Therolesofprecipitation,theseaice
melt/thawcycle,andfreshwaterinputsfromlandinhigh-latitude
deepconvectionneedto befurtherclarified.

Thisinvestigationinvolvesa blendofdataassimilation,model
development,andalgorithmdevelopmentformicrowave,thermal,
andvisiblesensorsofsurfacepropertiesandatmosphericvertical

profiles.Amajorearlyfocusistheimprovementofvisibleand

thermalalgorithms,whichpresentlyareill-suitedtodistinguish
betweencloudsanda snoworicesurface.Anotherinvolvesthe

interpretationofpassivemicrowavesignalsintermsofimportant
climaticquantities(e.g.,snowcover)andtheonsetofsurfacemelt
andfreeze-up.Thelong-termsatellitepassivemicrowaverecordis
presentlybeingassimilatedintomodelsofseaicemassconservation
andsurfacebrineproduction.

Dr.RothrockgraduatedsummacumlaudefromPrincetonUniversity
in 1964,andearnedhisPh.D.fromtheUniversityof Cambridgein
1968. Since1970,hehasbeenaffiliatedwiththeUniversityof

Washington,whereheisa PrincipalResearchScientistintheApplied
PhysicsLaboratory,andanAssociateResearchProfessorinthe
Schoolof Oceanography.ttisresearchinterestsincludeseaice

dynamicsandtheremotesensingofpolargeophysicalprocesses
withactiveandpassivemicrowave,andthermalandvisiblesatellite
sensors.HehasservedasAssociateEditorfortheJournalof

GeophysicalResearch,andisa memberoftheAlaskaSARFacility
ScienceTeam.

Co-investigators

RogerG. Barry,Universityof Colorado
RobertA. Brown,UniversityofWashington
FrankCarsey,JetPropulsionLaboratory
JeffreyKey,Universityof Colorado
SeelyeMartin,Universityof Washington
MichaelSteele,UniversityofWashington
DaleP.Winebrenner,Universityof Washington



InterdisciplinaryScience

Using Multi-Sensor Data to Model Factors
Limiting Carbon Balance in Global Grasslands

PrincipalInvestigator--DavidS.Schimel

egetationresponsetoclimateoccursthroughchanging
speciescompositionandalteredphysiology.Dr.Schimel's
teamplanstocouplea simpleecosystemmodeltospectral

datafromseveralEOSsensorstomonitorchangingpatternsof
physiologyandecosystemfunctioninresponsetoclimatevariability
anddirectionalchange.TheInterdisciplinaryScienceInvestigation's
primaryobjectivewillbetodevelopandevaluatea simulationmodel
of ecosystemcontrolsoverthewater,energy,andbiogeochemical
cycles,includingtracegasemissions,withinsemi-aridecosystems
worldwide.Analyticaltechniquesandmixingmodelswillbe
developedtoseparatetheremotelysensedcanopysignalfrom

background.Canopyparameterswillheusedasinputstothe
simulationmodel.Multi-temporalremotesensingwillthenbeused
to drivesimulationsofseasonalandinterannualresponsetoclimate.

DavidSchimelreceivedhisPh.D.in1982,andhasbeenonthe

seniorstaffoftheNaturalResourcesEcologyLaboratorysince1983.
Heholdsa jointappointmentwiththeDepartmentofForestSciences.
Hisresearchaddressesbasicquestionsinbiogeochemicalcyclingand
thedevelopmentoftechniquesforextrapolatingratesofprocessesto
landscapeandregionalscales.Dr.Schimelisinvolvedwiththe
InternationalGeosphere-BiosphereProgram(IGBP)intheareasof
tracegasexchangeandglobalecosystemmodeling. ._.'c

Co-Investigators

StevenArcher, TexasA&M University

Brian Curtiss,Universityof Colorado
AlexanderF.H.Goetz, Universityof Colorado
TimothyKiltel, Colorado StateUniversity
William Patton,Colorado StateUniversity
CarolA. Wessman,Universityof Colorado
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Interdisci_linaryScience

Investigation of the Chemical and Dynamical Changes in the
Stratosphere Up to and During the EOSObserving Period

PrincipalInvestigator--MarkR.Schoeberl

hisInterdisciplinaryScienceInvestigationwillcharacterizebothanlhropegenicandnaturalstratosphericchanges.
Primaryoutputwillbethegenerationofhigh-quality,

long-termdatasetsforstratosphericozone,temperature,andtrace
gasesstartingwiththeNimbus-7measurements,continuingwith
UpperAtmosphereResearchSatellite(UARS)observations,andon
throughtheEOSandUARSmissionlifetimesusing
forecast/assimilationtechniques.Theassimilationanalyseswill
providedynamicallyandchemicallybalancedglobalrepresentations
ofsatelliteandground-baseddata.Theassimilateddatawill
significantlyimprovetheevaluationoftraceconstituentbudgetsand
meteorologicaldiagnostics,andwillhelpcharacterize

dynamical/chemical/radiativeinteractionsinthestratosphere.

MarkSchoeberlreceivedanM.S.andPh.D.fromtheUniversityof
Illinois.fiehasover15yearsof researchexperiencein
atmosphericdynamics,stratosphericphysics,andnumerical
modeling.Dr.SchoeberlhasbeenaffiliatedwithNASA/Goddard
SpaceFlightCentersince1983. Withinhisfieldof research,Dr.
Schoeberlhaschairedmultipleconferencesandcommittees,and
servedinaneditorialcapacityonnumerousoccasions.Heisa
recipientoftheNASAExceptionalScientificAchievementMedal,
NavalResearchLaboratoryPublicationAward,andNASATechnical
andGroupAchievementAwards. _c

Co-Investigators

AnneR.Douglass,GoddardSpaceFlightCenter
MarvinA. Geller,StateUniversityof Ne_ York-StonyBrook
RobertD. Hudson,Universityof Maryland-College Park
CharlesH. Jackman,GoddardSpaceFlightCenter
LeslieRobertLait,GoddardSpa .eFlightCenter
PaulA. Newman,GoddardSpc_ FlightCenter
RichardB. Rood,GoddardS_ e FlightCenter
JoanE. Rosenfield,GoddardSI:xe FlightCenter
RichardS. Stolarski,GoddardSxlce FrightCenter
AnneM. Thompson,Goddard oaceFlightCenter
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InterdisciplinaryScience

Biosphere-Atmosphere Interactions

PrincipalInvestigato Piers Sellers

r.Sellers'InterdisciplinaryScienceInvestigationwill
examinetheinteractionbetweenthelandsurfaceandthe

atmosphere,stressingthebiosphericexchangesofenergy,
water,andcarbon.Thescopeofresearchwillbeglobal,andwill
combineanextendedtimeseriesofremote-sensingdatawith
interpretivemodelsanda realisticcombinedmodeloftheterrestrial
biosphereandtheglobalatmosphere.Relatedworkwillfocuson
terrestrialecosystemprocesses,particularlytheuseofmodelsdriven

bysatellitedata.Incarryingoutthisstudy,histeamhopesto
achievesomebroadergoals.Inadditiontoimprovingthe
understandingofthecriticalcomponentsoftheEarthsystem,the
researchwillyieldnewandimprovedproductsofderivedsurfaceand

atmosphericparameters,andwillbedirectlyusefulindeveloping
methodologiestoextractmaximumbenefitfromE0Sobservations.

PiersSellersisanhonorsgraduateofEdinburghUniversity,and
receiveda Ph.D.fromLeedsUniversityin1981. Hehasover12
yearsofexperienceinthefieldsofnaturalandenvironmental
resources,computersystemsanalysis,computersimulation,
atmosphere/biosphereinteractions,andremotesensingand
meteorology.Dr.SellersisbasedatNASA/GoddardSpaceFlight
Center,BiosphericSciencesBranch.Hehasbeenextensivelyinvolved
withthe InternationalSatelliteLandSurfaceClimatologyProject
(ISLSCP),servingasStaffScientistfortheFirstISLSCPField
Experiment(FIFE). -_

Co-Investigators

JoeBerr,/,CarnegieInstitution
ChristopherField,CarnegieInstitution
InezFung,GoddardInstituteforSpaceStudies
ChristopherO. Justice,GoddardSpaceFlightCenter
PamelaA. Matson,AmesResearchCenter

HaroldMooney,StanfordUniversity

DavidA. Randall,ColoradoStateUniversity
ComptonJ.Tucker,GoddardSpaceFlightCenter
SusanUstin,Universityof California-Davis

PeterVitousek,StanfordUniversity
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InternationalSponsor:CanadaInterdisci31inaryScience

Use of a Cryospheric System (CRYSYS)
to Monitor Global Change in Canada

PrincipalInvestigator--R jeanSimard

hepolarregionsproveparticularlyimportantinmonitoring
theeffectsofglobalchangeupontheenvironment.

Changesintheatmosphereaffectseaice,landice,
permafrost,andsnowcover,whichinturncreatefluctuationsinthe
atmosphere,oceans,andfreshwater.Inordertoeffectivelymodel
theglobalclimate,bothlong-andshort-termrecordsmustbe
establishedandinterpreted.Long-terminformationcomesfromthe
reconstructionofpastclimatesusingsuchsourcesasicecoresfrom

glaciersandicecaps,andfromboreholerecordsinpermafrost;
short-termdataareprovidedbyclimatologicaldatabasesand
remote-sensingsources.Thecompatibilityofthesedatarecordsand
easyaccessibilitymustbedevelopedandsustained.Thisincludesthe
verificationofremote-sensingtechniques,anddeterminingtheutility
oftheseobservationsforuseinenvironmentalchangestudies.

TheCRYSYSteamwilldevelopandvalidatethemodelsnecessaryfor

usingcryosphericinformationintheevaluation,understanding,and
monitoringoftheeffectsofglobalchange.Thiswillbeaccomplished

bymaintaininganextensivearrayoffieldsitesincriticalareas,and
bydevelopingalgorithmsfortheextractionofgeophysicalvariables
foruseintheinitializationandvalidationoflocal,regional,and

polarmodels.

Dr.Simardreceiveda Ph.D.inGeophysicsfromtheUniversityof
Lausannein1980. Hehasbeena researchscientistattheCanada

CenterforRemoteSensingsincethattime;since1987,hehasalso

beenanAdjunctProfessoratSherbrookeUniversity.Hisexperience
includesremotesensing,geophysics,andnaturalresourcesstudies.
Hehasbeena PrincipalInvestigatoronseveralprojects,includingan
evaluationoftheSystemepourI'0bservationdelaTerre-1(SPOT-1)
satellitesystemforproductionofdigitalterrainmodelsand

geoscience-relatedapplications._r

Co-Investigators

FrancisBowkett,CanadianClimateCentre

MelindaBrugman,NationalHydrologyResearchInstitute
JosefCihlar,Canada Centrefor RemoteSensing
DemetrisDelikaraoglou,Canada Centrefor Surveying

John Falkingham,Canadian iceCentre
TerryFisher,CanadaCentrefor RemoteSensing
HughFrench,Universityof Oltawa
BarryGcxx:lison,CanadianClimateCentre
HardieGranberg,Universityof Sherbrooke
AllenJudge,GeologicalSurveyof Cana_
RoyKoemer,GeologicalSurveyof Canada

RobertLeconte,Canada Centrefor RemoteSensing
EIIsworthLeDrew,UniversityofWaterloo

MarionLewis,DalhousieUniversity
MichaelManore,CanadaCentrefor RemoteSensing

BarryMaxwell,CanadianClima_Centre
Marie-CalherineMouchot,Canada Centrefor Remote

Sensing
LawrenceMysak,McGill University
SimonOmmaney,National Hydrology Re.searchInstitute
TerryProwse,National Hydrology ResearchInstitute
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InternationalSponsor:UnitedKingdom InterdisciplinaryScience

Middle and High LatitudesOceanic Variability Study

PrincipalInvestigator--MericA.Srokosz

hisInterdisciplinaryScienceInvestigationwillbuildon
ongoingandplannedfieldworkto examinethespatial
andtemporalvariabilityoftheeasternNorthAtlanticand

SouthernOceans.Determiningthelong-termandlarge-scalemeans
andtrendsinthestructureoftheoceansreceivesmostemphasis
withintheoceaniccommunityat large;however,Dr.Srokosz
recognizestheimportanceofunderstandingvariabilityaswell.This
investigationwillmakesignificantuseofthemicrowave,visible,and
infraredEOSsensorstoinvestigatethevariabilityoftheatmospheric
forcingoftheoceans,theconsequenteffectanoceanicresponse,and
theimpactontheoceans'biologicalproductivily.Thesedatawillbe
combinedina synergisticmannerandassimilatedintoanocean
model;theresultwillbestatisticaldescriptionsofthetemporaland
spatialvariabilityoftheatmosphere-oceanbiologysystem,andtheir
interrelationshipsonspacescalesrangingfrom1to 1,000kmand
timescalesofdaystoyears.

MeritSrokoszhas12yearsofexperienceinthefieldsofapplied
mathematics,remotesensingofoceans,andradaraltimetry.He

holdsbothundergraduateanddoctoraldegreesinMathematics
fromBristolUniversity.Currently,heservesontheNatural
EnvironmentResearchCouncil(NERC)Remote-SensingApplications
DevelopmentUnitoftheBritishNationalSpaceCentre,whereheis

responsibleforcoordinationof UnitedKingdomactivitiesinremote
sensingoftheoceans,andforthedevelopmentofapplicationsand
researchonremotesensingoftheoceans.Dr.Srokoszisa

PrincipalInvestigatorfortheEuropeanRemote-SensingSatellite-1
(ERS-1)mission,andCo-InvestigatorontheOceanTopography
Experiment(TOPEX)/PoseidonandShuttleImagingRadar-C(SIR-C)
missions._r

Co-lnvestigators

PeterG. Challenor,JamesRennellCentreforOcean Circulation
Mike Fasham,JamesRennellCentrefor Ocean Circulation

TrevorGuymer,JamesRennellCentreforOcean Circulation
JohnMarshall, MassachusettsInstituteof Technology
lan Robinson,Universilyof Southampton

PeterK. Taylor,JamesRennellCentreforOcean Circulation
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InterdisciplinaryScience

Earth System Dynamics: The Determination and
Interpretation of the Global Angular Momentum Budget Using EOS

PrincipalInvestigator--ByronD.Tapley

hisInterdisciplinaryScienceInvestigationwilldevelopsystemmodelstoefficientlyusethemulti-sensor
informationobtainedfromEOS--incombinationwith

othersatelliteandinsiludata--to investigatetheinteractionsofthe
atmosphere,oceans,andsolidEarth,andtheexchangeofenergy
andangularmomentumbetweenthesecomponentsoftheEarth's
dynamicsystem.SpecificobjectivesincludetheuseofEOSprecursor
missiondatato underslandthecontributionofair,water,and

atmosphericmotiontoEarthrotationvariationsandrelatedangular
momentumexchange;establishinga terrestrialreferencesystemfor
monitoringtectonicandglobalsealevelchangeovermultiple
decades;andunderslandinghowmountaintorquesandsurface
frictioncoupleangularmomentumvariationsoftheoceans,
atmosphere,andsolidEarth.

Dr.Tapleyearneda Ph.D.inEngineeringMechanicsattheUniversity
ofTexas-Austin,andhasover30yearsofexperienceintheuseof
satellitesforEarthobservations.HehasservedontheNational

ResearchCouncil(NRC)SpaceStudiesBoard(SS8),theSSB

CommitteeonEarthStudies,andtheNRCEarthStudiesBoard

GeodesyCommittees.Hebeganteachingathisalmamaterin1958.
Since1984,hehasheldtheClareCockrellWilliamsCentennialChair

intheDepartmentofAerospaceEngineeringandEngineering
Mechanics,andheservesasDirectoroftheCenterforSpace
Research.HeisalsotheDirectoroftheTexasSpaceGrant
Consortium.Hisresearchinterestsfocusontheapplicationof
nonlinearparameterestimationmethodsto determinecrustal
motion,Earthrotation,theEarth'sgeapotentiol,andocean
circulation.HehasservedonnumerousNASAadvisorycommillees,
including/heEOSScienceSteeringCommittee.Hehasservedas
ChairmanoftheGeodesySectionfor theAmericanGeophysical
Union(AGU).HereceivedtheNASAExceptionalScientific
AchievementMedalin1983,andtheAmericanInstituteof

AeronauticsandAstronautics(AIM) MechanicsandControlofFlight
Awardin1989. Heisa memberoftheNationalAcademyof
Engineering,ando FellowofAGU,AIAA,andAAS. _

Co-investigators

RichardEanes,Universityof Texas-Aus_
JohnLundberg,Universityof Texas-Austin
RuiM. Ponte,AtmosphericandEnvironmentalResearch,Inc.
RichardD. Rosen,AtmosphericandEnvironmentalResearch,Inc.
DavidA. Salstein,AtmosphericandEnvironmentalResearch,Inc.

BobE. Schutz,Universi_of Texas-Austin
C.K. Shum,Universityof Texas-Austin
ClarkR.Wilson,Universityof Texa_Austin
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InterdisciplinaryScience

An Interdisciplinary Investigation of Clouds
and Earth's Radiant Energy System: Analysis

PrincipalInvestigator--BruceA.Wielicki

r.Wielicki'sInterdisciplinaryScienceInvestigationwillprovideEOSwitha consistentdatabaseofaccuratelyknown
fieldsofradiationandcloudproperties.Radiativedatawill

beprovidedasfluxesatthetopoftheEarth'satmosphere,atlhe
Earth'ssurface,andasfluxdivergenceswithintheatmosphere.
Cloudpropertieswillbeprovidedasmeasuredarealcoverage,cloud
altitude,shortwaveandIongwaveopticaldepths,cloudparticlesize,
andcondensedwaterdensity.Thelargesystematicdiurnalvariations
ofradiationandcloudswillberesolvedbyanalyzingdatafromthree
spacecraft:TheEOS-AMand-PMpolarplatforms,andtheJapanese
platformemployinga 55° inclinedorbit.Thecombinationof these
datawithglobalclimatemodelstudieswillallowthedeterminationof
theinteractionofcloudswiththeEarth'sclimate--o criticalissuefor

understandingglobalchange.Pre-launchstudiesofthis
investigation'sradiativetransfermodelsanddataanalysisalgorithms
willuseexistingsatellitedata[i.e.,AdvancedVeryHigh-Resolution
Radiometer(AVHRR),High-ResolutionInfraredSounder(HIRS),and
EarthRadiationBudgetExperiment(ERBE)]alongwithfield

measurementsofcloudsandradiationcollectedduringtheFirst
InternationalSatelliteCloudClimatologyProject(ISCCP)Regional
Experiment(FIRE).

Dr.Wielickiwasawardeda Ph.D.inPhysicalOceanographyfromthe
ScrippsInstitutionofOceanographyin1980. Hisresearchhas
focusedprimarilyoncloudproperties,cloudretrieval,andtheEarth
radiationbudget.Followinga 3-yearassignmentwiththeNational
CenterforAtmosphericResearch,Dr.WielickijoinedNASA/Langley
ResearchCenterasa researchscientistin1980.Whilethere,he
servedasPrincipalInvestigatorontheLandsatThematicMapper
(TM)scienceteam.OngoingprojectsincludeworkasCo-Investigator
onERBEandPrincipalInvestigatorforFIRE. _,_

Co-Investigators

BruceR.Barkstrom, LangleyResearchCenter
Maurice L.Blackmon,NOAA/EnvironmentalResearch

Laboratory
RobertD. Cess,StateUniversityof New York
ThomasR Charlock,LangleyResearchCenter
JamesA. Coakley,Oregon StateUniversity
DominiqueCrommelynck,RoyalMeteorological Institute
Wayne L.Darnell, LangleyResearchCenter
RichardN. Green, LangleyResearchCenter
EdwinF.Harrison, LangleyResearchCenter
RobertS. Kandel,EcolePolytechnique
Michael D. King,GoddardSpaceFlightCenter

RobertB. LeeIII,LangleyResearchCenter
Alvin J.Miller, NOAA/National MeteorologicalCenter
PatrickMinnis, LangleyResearchCenter
V. Ramanalhan,ScrippsInstitutionof Oceanography
David Randall,Colorado StaleUniversity
G. LouisSmith,LangleyResearchCenter
LarryL. Stowe,NOAA/National EnvironmentalSatellite,

Data,and InformationService

JohnT.Sutltes,NASA Headquarters
RonaldM. Welch, SoulhDakotaSchoolof Minesand

Technology
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Points-of-Contact

EOSINSTIIUMENTS
ACRIMPrincipalInvestigator
RichardC.Willson

JetPropulsionLaboratory
4800OakGroveDrive

MailStop171-400
Pasadena,California91109
Phone: 818/354-3529
E-Mail(l):JPL::RCWILLSON::SPAN
E-Mail(2):ACRIM/NASAMAIL
Telex: 675429

FAX: 818/354-4707

AIRS/AMSU/MHS TeamLeader
MoustafaT.Chahine

JetPropulsionLaboratory
4800OakGroveDrive

MailStop180-904
Pasadena,California91109
Phone: 818/354-6057
E-Mail(I):MCHAHINE/NASAMAIL
E-Mail(2):M.CHAHINE/OMNET
Telex: 275165
FAX: 818/393-4218

ASTERTeamLeader(Japan)
HirojiTsu
GeologicalSurveyofJapan
1-1-3HigashiIbaraki-ken
Tsukuba-shi305

Japan
Phone: 81-298543610

E-Maih tsu@gsj.go.jp
FAX: 81-298543571

ASTERTeamLeader(U.S.)
AnneKahle

JetPropulsionLaboratory
4800OakGroveDrive

MailStop183-501
Pasadena,California91109
Phone: 818/354-7265
E-Mail: [sec.326_.p.I.]
Telex: 7401843
FAX: 818/354-0966

CERESPrincipalInvestigator
BruceR. Barkstrom

NASA/LangleyResearchCenter
MailStop423

Hampton,Virginia23681-0001
Phone: 804/864-5676
E-Mail(I):brb@ceres.larc.nasa.gov
E-Mail(2):BRBARKSTROM/NASAMAIL
Telex: 8823405NASAHAMP
FAX: 804/864-7996

DORIS/SSALT/TMRTeamLeader

Lee-LuengFu(InterimU.S.)
JetPropulsionLaboratory
4800OakGroveDrive

MailStop300-323
Pasadena,California91109
Phone: 818/354-8167
E-Mail: LFU/OMNET
Telex: 675429

FAX: 818/393-6720

EOSPPrincipalInvestigator
LarryD.Travis
NASA/GoddardInstituteforSpaceStudies
2880Broadway
NewYork,NewYork10025
Phone: 212/678-5599
E-Mail: LTRAVIS/NASAMAIL
FAX: 212/678-5622

GLASTeamLeader
BobE.Schutz

UniversityofTexas-Austin
CenterforSpaceResearch
BuildingWRW,Room402C
Austin,Texas78712-1085
Phone: 512/471-4267
E-Mail(I):BSCHUTZ/GSFCMAIL
E-Mail(2):schutz@utcsr.ae.utexas.edu
Telex: 704265CSRUTXUD
FAX: 512/471-3570

HIRDLSCo-PrincipalInvestigator
JohnBarnett

OxfordUniversity
Atmospheric,Oceanic,andPlanetary
Sciences

ClarendonLaboratory
Oxford,OXl3PU
UK
Phone: 44-865272909

E-Mail(1):barnett@isams.atm.ox.ac.uk
E-Mail(2):JBARNETT/GSFCMAIL
FAX: 44-865272923



Points-of-Contact

HIRDLSCo-PrincipalInvestigator
JohnC. Gille

NationalCenterforAtmospheric
Research

AtmosphericChemistryDivision
P.O.Box3000

Boulder,Colorado80307-3000
Phone: 303/497-1402
E-Mail(1):gille@ncar.ucar.edu
E-Mail(2):JGILLE/GSFCMAIL
Telex: 989764
FAX:303/497-1492

LISPrincipalInvestigator
HughJ. Christian
MarshallSpaceFlightCenter
CodeES43
Huntsville,Alabama35812
Phone: 205/544-1649
E-Mail: HCHRISTIAN/NASAMAIL
FAX: 205/544-5760

MIMR TeamLeader(U.S.)
Pendingnegotiationwith ESA
RoyW. Spencer
NASA/MarshallSpaceFlightCenter
CodeES43
Huntsville,Alabama35812
Phone: 205/544-1686
E-Mail: RSPENCER/NASAMAIL
FAX: 205/544-5760

MISRPrincipalInvestigator
DavidJ. Diner

JetPropulsionLaboratory
4800OakGroveDrive

MailStop169-237
Pasadena,California91109
Phone: 818/354-6319
E-Mail: DJDINER/NASAMAIL
Telex: 675429
FAX: 818/393-4619

MLSPrincipalInvestigator
JoeW. Waters

JetPropulsionLaboratory
4800OakGroveDrive

MailStop183-701
Pasadena,California91109
Phone: 818/354-3025

E-Mail: [jwaters/j.p.I.]
Telex: 675429

FAX: 818/393-5065

MODISTeamLeader
VincentV. Salomonson

NASA/GoddardSpaceFlightCenter
Code900

Greenbelt,Maryland20771
Phone: 301/286-8601
E-Mail(I):VSALOMONSON/GSFCMAIL
E-Mail(2):V.SALOMONSON/OMNET
Telex: 248496/197640
FAX: 301/286-3884

MOPITTPrincipalInvestigator
JamesR. Drummond

UniversityofToronto
DepartmentofPhysics
60St.GeorgeStreet
Toronto,OntarioM5S1A7
Canada

Phone: 416/978-4723
E-Mail:

jim@atmosp.physics.utoronto.ca
FAX: 416/978-8905

NSCATII PrincipalInvestigator
MichaelH. Freilich

OregonStateUniversity
CollegeofOceanographyand
AtmosphericSciences
OceanographyAdministrationBldg.104
Corvallis,Oregon97331-5503
Phone: 503/737-2748
E-Mail(I):mhf@oce.orst.edu
E-Mail(2):M.FREIUCH/OMNET
FAX: 503/737-2064

SAGEIII PrincipalInvestigator
M. PatrickMcCormick
NASA/LangleyResearchCenter
MailStop475
Hampton,Virginia23681-0001
Phone: 804/864-2669
E-Mail: MPMCCORMICK/NASAMAIL
Telex: 823405NASAHAMP
FAX: 804/864-2671

SOLSTICEII PrincipalInvestigator
GaryJ. Rottman
NationalCenterforAtmospheric
Research

HighAltitudeObservatory
P.O.Box3000
Boulder,Colorado80307-3000
Phone: 303/497-1515
E-Mail(I):rottman@virgo.hao.ucar.edu
E-Mail(2):VIRGO::ROTTMAN
FAX: 303/497-1589

TESPrincipalInvestigator
ReinhardBeer

JetPropulsionLaboratory
4800OakGroveDrive

MailStop183-301
Pasadena,California91109
Phone: 818/354-4748
E-Mail: RBEER/GSFCMAIL
Telex: 675429
FAX: 818/393-4445
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Mark R. Abbott

PrincipalInvestigator
OregonStateUniversity
CollegeofOceanographyandAtmospheric

Sciences

OceanographyAdministrationBldg.104
Corvallis,Oregon97331-5503
Phone: 503/737-4045
E-Mail(I): mabbofl@oce.orst.edu
E-Mail(2): M.ABBOTT/OMNET
FAX: 503/737-2064

EricJ. Barron

PrincipalInvestigator
PennsylvaniaStateUniversity
EarthSystemScienceCenter
248DeikeBuilding
UniversityPark,Pennsylvania16802
Phone: 814/865-1619
E-Moil(I): eric@essc.psu.edu
E-Mail(2): E.BARRON/OMNET
Telex: 842510
FAX: 814/865-3191

PeterG. Brewer

PrincipalInvestigator
MontereyBoyAquariumResearchInstitute
160CentralAvenue
PacificGrove,California93950
Phone: 408/647-3706
E-Mail(I): P.BREWER/OMNET

E-Mail(2): brpe@mbari.org
FAX: 408/649-8587

JosefCihlar

PrincipalInvestigator
CanadaCentreforRemoteSensing
588BoothStreet
4thFloor

Otlawa,OntarioK1AOY7
Canada
Phone: 613/952-0500
E-Mail(I): cihlor@ccrs.emr.co
E-Moil(2): J.CIHLAR/OMNET
Telex: 053-3777
FAX: 613/947-I385

Jeff Dozier

PrincipalInvestigator
CenterforRemoteSensingand

EnvironmentalOptics
UniversityofCalifornia-SantaBarbara
SantaBarbara,California93106
Phone: 805/893-2309
E-Mail(I): dozier@crseo.ucsb.edu
E-Mail(2): J.DOZIER/OMNET
Telex: 89675
FAX: 805/893-2578

WilliamL.Grose

PrincipalInvestigator
NASA/LangleyResearchCenter
MailStop401B
Hampton,Virginia23681-0001
Phone: 804/864-5820
E-Mail: WLGROSE/NASAMAIL
Telex: 823405
FAX: 804/864-6326

GetufioT.Batista

PrincipalInvestigator
InstitutoNotionaldePesquisosEspaciois
C.P.515Av.DosAsfronautas

1758SaoJosedosCampos
SaoPaulo12201
Brazil
Phone: 55-123418977

E-Mail: getulio@ltid.inpe.br
Telex: 123-3530
FAX: 55-1232]8743

RobertE.Dickinson

PrincipalInvestigator
UniversityofArizona
InstituteofAtmosphericPhysics
PASBuilding,No.81
Tucson,Arizona85721
Phone: 602/621-2810
E-MaiD:
robted@air.atmo.arizona.edu
FAX: 602/621-6833

JamesE.Hansen

PrincipalInvestigator
NASA/GoddardInstituteforSpaceStudies
2880Broadway
NewYork,NewYork10025
Phone: 212/678-5619
E-Mail: JHANSEN/GSFCMAIL
FAX: 212/678-5622
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GrahamP.Harris

PrincipalInvestigator
CommonwealthScientificandIndustrial

ResearchOrganization

OfficeofSpaceScienceandApplications
G.P.O.Box3023

Canberra,ACT2601
Australia
Phone: 61-62790800

E-Mail(I): G.HARRIS/OMNET
E-Mail(2): harris@cbr.cossa.csiro.au
Telex: AA61371
FAX: 61-62790812

DennisL.Hartmann

PrincipalInvestigator
UniversityofWashington
DepartmentofAtmosphericScience
CodeAK-40

Seattle,Washington98195
Phone: 206/543-7460
E-Mail(l):

dennis@atmos.woshington.edu
E-Mail(2): D.HARTMANN/OMNE[
Telex: 328000

FAX: 206/543-0308

BryanL. Isacks
PrincipalInvestigator
CornellUniversity
SneeHall

Ithaca,NewYork14853-1504
Phone: 607/255-2307

E-Mail(I): isacks@geology.cornell.edu
E-Mail(2): BISACKS/GSFCMAIL
Telex: WU16713054

FAX: 607/254-4780

YannH. Kerr
PrincipalInvestigator
Laboratoired'EtudesetdeRecherchesen

TeledetectionSpatiale
18AvenueEdouardBelin
Toulouse,Cedex31055
France
Phone: 33-61274472
E-Mail(I): Y.KERR/OMNET
E-Mail(2): YKERR/GSFCMAIL
Telex: 531081LerFrance
FAX: 33-61281410

WilliamK.M. Lau

PrincipalInvestigator
NASA/GoddardSpaceFlightCenter
Code913
Greenbelt,Maryland20771
Phone: 301/286-7208
E-Mail(l): lau@dimate.gsfc.nasa.gov
E-Mail(2): W.LAU/OMNET
Telex: 248496/197640
FAX: 301/286-4804

JohnF.LeMarshall

PrincipalInvestigator
BureauofMeteorologyResearchCentre
SatelliteSection
G.EO.Box1289
Melbourne,Victoria3001
Australia
Phone: 61-36694420
E-Mail: BMRC.AUSTRALIA/OMNET
Telex: AA30434
FAX: 61-36694660

W. TimothyUu
PrincipalInvestigator
JetPropulsionLaboratory
4800OakGroveDrive
MailStop300-323
Pasadena,California91109
Phone: 818/354-2394
E-Moil: T.LIU/OMNET
Telex: 675429
FAX: 818/393-6720

BerrienMooreIII

PrincipalInvestigator
UniversityofNewHampshire
InstitutefortheStudyofEarth,Oceans,

andSpace
ScienceandEngineeringResearch
Building
Durham,NewHampshire03824
Phone: 603/862-1766
E-Mail: B.MOORE.UNH/OMNET
Telex: 7407346

FAX: 603/862-1915

PeterJ. Mouginis-Mark
PrincipalInvestigator
UniversityofHawaii
HawaiiInstituteofGeophysics
PlanetaryGeosciencesDivision
2525CorreaRoad

Honolulu,Hawaii96822
Phone: 808/956-3147
E-Mail: RMOUGINIS.MARK/OMNET
Telex: UNIHAW

FAX: 808/956-6322

MasatoMurakami

PrincipalInvestigator
TyphoonResearchInstitute
MeteorologicalResearchInstitute
1-1HagamineIbaraki-ken
Tsukuboshi305

Japan
Phone: 81-298517111
E-Mail: TYPHOONMRI/OMNET
FAX: 81-298511449
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JohnAdrianPyle
PrincipalInvestigator
CambridgeUniversity

DepartmentofChemistry
LensfieldRoad,CambridgeCB2IEW
UK

Phone: 44-22361188

E-Mail(1): u hjm@vaxc.nerc-bas.ac.uk
E-Mail(2): JPYLE/GSFCMAIL
Telex: 81240CAMSPLG

FAX: 44-223467390

JeffreyE.Richey
LeadU.S.Co-Investigator
UniversityofWashington

SchoolofOceanography
CodeWB-IO

Seattle,Washington98195
Phone: 206/543-7339
E-Mail(I): J.RICHEY/OMNET
E-Mail(2): jrichey@u.washington.edu
Telex: 4740096UWUI
FAX: 206/543-6073

RichardB. Rood

PrincipalInvestigator
NASA/GoddardSpaceFlightCenter
Code916

Greenbelt,Maryland20771
Phone: 301/286-8203

E-Mail(I): rood@sgccp.gsfc.nasa.gov
E-Mail(2): RROOO/GSFCMAIL
Telex: 248496/197640
FAX: 301/286-3460

Drew Rothrock

PrincipalInvestigator
UniversityofWashington
AppliedPhysicsLaboratory
PolarScienceCenter
1013NE40thStreet

MailStopHN-IO

Seattle,Washington98195
Phone: 206/685-2262
E-Mail(I): D.ROTHROCK/OMNET

E-Mail(2):
rothrock@apl.washington.edu
Telex: 740-1427

FAX: 206/543-3521

DavidS. Schimel

PrindpalInvestigator
ColoradoStateUniversity

NaturalResourceEcologyLaboratory
140GrasslandLaboratory
FortCollins,Colorado80523
Phone: 303/491-1974
E-Mail(I): schimel@niwot.scd.ucar.edu
E-Mail(2): D.SCHIMEL/OMNET
FAX: 303/991-1965

Mark R. Schoeberl

PrincipalInvestigator
NASA/GoddardSpaceFlightCenter
Code916

Greenbelt,Maryland20771

PiersSellers

PrincipalInvestigator
NASA/GoddardSpaceFlightCenter
Code923
Greenbelt,Maryland20771
Phone: 301/286-7282
E-Mail: exops@ltp.gsfc.nasa.gov
FAX: 301/286-9200

R6jeanSimard
PrincipalInvestigator
CanadaCentreforRemoteSensing
1547MerivaleRoad

Ottawa,OntarioK1AOY7
Canada
Phone: 613/952-2700
Telex: 053-3117
FAX: 613/952-7353

SorooshSorooshiaa

LeadU.S.Co-Investigator
UniversityofArizona
DepartmentofHydrologyandWater
Resources
OldGeologyBuilding11,Room122
Tucson,Arizona85721
Phone: 602/621-1661
E-Mail(I): soroosh@hwr.arizona.edu
E-Mail(2): soroosh@arizvms.bitnet
Telex: 9109521143
FAX: 602/621-1422

MericA. Srokosz

PrincipalInvestigator
JamesRennellCentreforOceanCirculation
ChilworthResearchCentre

Phone: 301/286-5819 GammaHouse

E-Mail(I): schom@odinl.gsfc.nasa.govChitworth,SouthamptonS017NS
UK

E-Mail(2): MSCHOEBERL/GSFCMAILPhone: 44-703766184
Telex: 248496/197640 E-Mail(I): MSROKOSZ/GSFCMAIL
FAX: 301/286-3460 E-Mail(2): M.SROKOSZ/OMNET

E-Mail(3): mas@uk.ac.nso.ub
FAX: 44-703767507
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ByronD. Tapley
PrincipalInvestigator
UniversityofTexas-Austin
CenterforSpaceResearch
BuildingWRW,Room402D
Austin,Texas78712
Phone: 512/471-5573
E-Mail: B.TAPLEY/OMNET
Telex: 704265CSRUTXUD
FAX: 512/471-3570

BruceA.Wielicki

PrincipalInvestigator
NASA/LangleyResearchCenter
MailStop420
Hampton,Virginia23681o0001
Phone: 804/864-5683

E-Mail(I): wielick@asdsun.larc.nasa.gov
E-Mail(2): BAWIELICKI/NASAMAIL
Telex: 823405
FAX: 804/864-7996

EOSPROGRAM/PROJECT
EOSProgramScientist
GhassemAsrar

NASAHeadquarters
MailCodeSE

300EStreet,SW
Washington,DC20024
Phone: 202/358-2559
E-Mail(I): G.ASRAR/OMNET
E-Mail(2): gasrar@sedsparc.ossa.hq.nasa.gov
FAX: 202/358-2770

EOSProjectScientist
MichaelKing
NASA/GoddardSpaceFlightCenter
Code900

Greenbelt,Maryland20771
Phone: 301/286-8228
E-Mail: king@dimate.gsfc.nasa.gov
Telex: 197640NASACOMGBLT
FAX: 301/286-3884
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AAOE
AATSR
ACR
ACRIM
AOC
ADEOS
AES
AGU
AIM
AIRS
ALEXIS
ALT
AMS
AMSR
AMSU
AMTS
AO
APT
ARA
ARGOS
ARMSAT
ASAR
ASCAT
ASF
ASTER

ATES
ATLAS
ATMOS
AVHRR

AVIRIS
AVNIR
BRDF
CCD
CCRS
CDDIS
COMS
CEES
CEOS
CERES
CFC
CIESIN

CLAES
CNES
CNRS

AirborneAntardicOzoneExperiment COARE
AdvancedAiongTrackScanningRadiometer CODMAC
ActiveCavityRadiometer COSPAR
ActiveCavityRadiometerIrradJanceMonitor CPP
AffiliatedDataCenter CRYSYS

AdvancedEarthObservingSystem CSA
AtmosphericEnvironmentService CSIRO
AmericanGeophysicalUnion
AmericanInstituteofAeronauticsandAstronautics CU

AtmosphericInfraredSounder CZCS
ArrayofLowEnergyXRayImagingSensors DAAC
Altimeter DADS

AmericanMeteorologicalSociety DAS
AdvancedMicrowaveScanningRadiometer DB
AdvancedMicrowaveSoundingUnit DCS
AdvancedMoistureandTemperatureSounder DDL
AnnouncementofOpportunity DMSP
AutomaticPictureTransmission DOC

AtmosphericRadiationAnalysis DaD
ArgosDataCollectionandPositionLocationSystem DOE
AtmosphericRadiationMeasurementSatellite DOI
AdvancedSyntheticApertureRadar DORIS
AdvancedScatterometer

AlaskaSARFacility DOS
AdvancedSpaceborneThermalEmissionandReflection DP
Radiometer DRSS

AkatelEspaceSystems OSB
AtmosphericLaboratoryforApplicationsandScience EC
AtmosphericTraceMoleculesObservedbySpectroscopy ECS
AdvancedVeryHigh-ResolutionRadiometer EDC
AirborneVisibleInfraredImagingSpectrometer EDOS
AdvancedVisibleandNear-InfraredRadiometer EER
BidirectionalReflectanceDistributionFunction ELV

ChargedCoupledDevice ENSO
CanadaCentreforRemoteSensing ENVISAT
CrustalDynamicsDataInformationSystem EOC

CryosphericDataManagementSystem EOICWG
CommitteeonEarthandEnvironmentalSciences EOS
CommitteeonEarthObservationsSatellites EOSAERO

CloudsandEarth'sRadiantEnergySystem EOS-ALT
Chlorofluorocarbon EOS-AM
ConsortiumforInternationalEarthScienceInformation EOSAT
Network EOSCHEM

CryogenicLimbArrayEtalonSpectrometer EOSDIS
CentreNationald'EtudesSpatiales EOSP
CentreNationaldela RechercheScientifique EOSPM

CoupledOceanAtmosphereResponseExperiment
CommitteeonDataManagement,ArchivJng,andComputing
CongressforSpaceResearch
CloudPhotopolarimeter
CryosphericSystem
CanadianSpaceAgency
CommonwealthScientificandIndustrialResearch

Organization
UniversityofColorado
CoastalZoneColorScanner
DistributedActiveArchiveCenter

DataArchiveandDistributionSystem

DirectAccessSystem
DirectBroadcast

DataCollectionSystem
DirectDownlink

DefenseMeteorologicalSatelliteProgram
DepartmentofCommerce
DepartmentofDefense
DepartmentofEnergy
DepartmentoftheInterior
DopplerOrbitographyandRadiopositioningIntegratedby
Satellite

DepartmentofState

DirectPlayback
DataRelaySatelliteSystem
DirectSoundingBroadcast
EuropeanCommunity
EOSDISCoreSystem
EROSDataCenter

EOSDataandOperationsSystem
ExternalEngineeringReview
ExpendableLaunchVehicle
ElNifioSouthernOscillation
EnvironmentalSatellite

EOSOperationsCenter
EarthObservationsInternationalCoordinationWorkingGroup
EarthObservingSystem
EOSAerosolMission

EOSAltimetryMission

EOSMorningCrossing(Ascending)Mission
EarthObservationSatelliteCompany
EOSChemistryMission
EOSDataandInformationSystem
EarthObservingScanningPolarimeter
EOSAfternoonCrossing(Descending)Mission
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EP
EPA
EPOP

ERBE
ERBS
EROS

ERS
ERTS-1

ESA
ESDIS
ESSC
EUMETSAT

FCCSET

FIFE
FIRE
FORTE
FOV
FST
FY
GAC
GCC
GCDIS
GEO
Geosat

GEWEX
GGI
GISS
GLAS
GLI
GLIS
GLL
GLRS
GMS
GOES
GOMI
GOMOS
GOMR
GPS
GSFC
HDF
HI
HIRDLS
HIRIS
HIES

EarthProbe HIS

EnvironmentalProtectionAgency HRPT
EuropeanPolar-OrbitingPlatform IASI
EarthRadiationBudgetExperiment IAU
EarthRadiationBudgetSatellite ICC
EarthResourcesObservationSystem ICF
EuropeanRemote-SensingSatellite ICSU
EarthResourcesTechnologySatellite-1 IEEE
EuropeanSpaceAgency IELV
EarthScienceDataandInformationSystem IEOS
EarthSystemSciencesCommittee IFOV
EuropeanOrganisationfortheExploitationof IFREMER
MeteorologicalSatellites IGBP
FederalCoordinatingCouncilforScience,Engineering,and ILAS

Technology IMG
FirstISLSCPFieldExperiment IMS
FirstISCCPRegionalExperiment IOC
FastOn-OrbitRecordingofTransientEvents IPCC
Field-of-View IPOC

FieldSupportTerminal IR
FiscalYear IRTS

GlobalAreaCoverage ISAMS
GlobalChangeCategory ISCCP
GlobalChangeDataandInformationSystem ISLSCP
GeostationaryEarthObservation IST
NavyGeodeticSatellite ITIR
GlobalEnergyandWaterCycleExperiment IWG
GPSGeoscienceInstrument IWGDMGC

GoddardInstituteforSpaceStudies
GeoscienceLaserAltimeterSystem JEOS
GlobalImager JERS
GlobalLandInformationSystem JGOFS
Galileo JMA

GeoscienceLaserRangingSystem JPL
GeostationaryMeteorologicalSatellite JPOP
GeostationaryOperationalEnvironmentalSatellite LAC

GlobalOzoneMonitoringInstrument LAGEOS
GlobalOzoneMonitoringbyOccultationofStars Landsot
GlobalOzoneMonitoringRadiometer LaRC
GlobalPositioningSystem LERTS
GoddardSpaceFlightCenter
HierarchicalDataFormat Udar
HumanInteractions LIDQA

High-ResolutionDynamicsLimbSounder LIMS
High-ResolutionImagingSpedrometer LIS
High-ResolutionInfraredSounder LifE

High-ResolutionInterferometerSounder
High-ResolutionPictureTransmission

InfraredAtmosphericSoundingInterferometer
InternationalAstronomicalUnion
InstrumentControlCenter

InstrumentControlFacility
InternationalCouncilofScientificUnions

InstituteforElectronicsandElectricalEngineering
IntermediateExpendableLaunchVehicle
InternationalEarthObservingSystem
InstantaneousField-of-View

InstitutFrancaisdeRecherchepourI'ExplorationdelaMer
InternationalGeosphere-BiosphereProgram
ImprovedUmbAtmosphericSpectrometer
InterferometricMonitorforGreenhouseGases

InformationManagementSystem
IntergovernmentalOceanographicCommission

IntergovernmentalPanelonClimateChange
InternationalPartnerOperationsCenter
Infrared

InfraredTemperatureSounder
ImprovedStratosphericandMesosphericSounder
InternationalSatelliteCloudClimatologyProject
InternationalSatelliteLandSurfaceClimatologyProject
InstrumentSupportTerminal
IntermediateThermalInfraredRadiometer

InvestigatorWorkingGroup
InteragencyWorkingGrouponDataManagementfor
GlobalChange
JapaneseEarthObservingSystem
Japan'sEarthResourcesSatellite
JointGlobalOceanFluxStudy

JapanMeteorologicalAgency
JetPropulsionLaboratory
JapanesePolar-OrbitingPlatform
LocalAreaCoverage
LaserGeodynamicsSatellite
LandRemote-SensingSatellite

LangleyResearchCenter
Laboratoired'EtudesetdeRecherchesenTeledetection

Spatiale
UghtDetectionandRanging

LandsatImageDataQualityandAnalysis
LimbInfraredMonitorof theStratosphere
UghtningImagingSensor
LidarIn-SpaceTechnologyExperiment
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LMD
LR
LRPT
MCP
MELV
MERIS
MESSR
METOP
MHS
MIMR
MIPAS
MISR
MIT
MITI
MLS
MODIS
MODIS-N
MOP
MOPITT
MOS
MOU
MSFC
MSR
MSS
MSU
MTPE
MTS
MU
NAS
NASA
NASDA
NBIS
NCAR
NCDS
NERC

NESDIS

NMC
NOAA
NODS
NRA
NRC
NREN
NSC
NSCAT
NSF

LoboratoiredeMeteorologieDynomique NSIDC
LaserRetrorefledor NSN

Low-ResolutionPidureTransmission NSpC

MeteorologicalCommunicationsPackage NSPD
MediumExpendableLaunchVehicle NWP
Medium-ResolutionImagingSpedrometer OCTS
MultispedrumElectronicSelf-ScanningRadiometer ODB

MeteorologicalOperationalSatellite ODC
MicrowaveHumiditySounder OLS

MultifrequencyImagingMicrowaveRadiometer OMB
MichelsonInterferomelerforPassiveAtmosphericSounding ORNL
Multi-AngleImagingSpedroRadiometer OSC
MassachusettsInstituteofTechnology OSTP
MinistryofInternationalTradeandIndustry PGS
MicrowaveLimbSounder PI

Moderate-ResolutionImagingSpectroradiometer PL
Moderate-ResolutionImagingSpectrometer-Nadir PLDS
MeteosotOperationalProgramme PMR
Measurementsof PollutionintheTroposphere POEM
MarineObservationSatellite POES

MemorandumofUnderstanding POLDER
MarshallSpaceFlightCenler POLES
MicrowaveScanningRadiometer PPR
MultispactrolScanner PR
MicrowaveSoundingUnit PRAREE
MissiontoPlanetEarth PU

MicrowaveTemperatureSounder QC
MicrowaveUnit RA

NationalAcademyofSciences Rodarsat
NationalAeronauticsandSpaceAdministration RF

NationalSpaceDevelopmentAgency RIS
NorthernBiosphereInformationSystem RPM
NationalCenterforAtmosphericResearch S&R
NASAClimateDataSystem SAtiRE
NationalEnvironmentalResearchCentre SAGE

NationalEnvironmentalSatellite,Data,andInformation SAMS
Service SAR

NationalMeteorologicalCenter SBUV
NationalOceanicandAtmosphericAdministration SCARAB
NASAOceanDataSystem SCF
NASAResearchAnnouncement SCIAMACHY
NationalResearchCouncil

NotionalResearchandEducationNetwork Saa.rot

NationalSecurityCouncil SeawiFS
NASAScatterometer SEDAC
NotionalScienceFoundation SELV

NationalSnowandIceDataCenter

NASASpaceNetwork
NationalSpaceCouncil
NationalSpacePolicyDirective
NumericalWeatherPrediction

OceanColorandTemperatureScanner
OrbitDeterminationBeacon
OtherDataCenter

OpticalUneScanner
Officeof ManagementandBudget
OakRidgeNationalLaboratory
OrbitalSciencesCorporation
OfficeofScienceandTechnologyPolicy
ProductGenerationSystem
PrincipalInvestigator
PublicLaw

PilotLandDataSystem
Pressure-ModulatedRadiometer
Polar-OrbitEarthObservationMission

Polar-OrbitingOperationalEnvironmentalSatellite
PolarizationandDirectionalityofEarth'sReflectances
PolarExchangeat theSeaSurface
PhotopolarimeterRadiometer
PrecipitationRadar
PreciseRangeandRangeRateEquipment--Extended
ProcessingUnit
QualityControl
RadarAltimeter
RadarSatellite

RadioFrequency
RetrorefledorIn Space
RevolutionsPerMinute
SearchandRescue

SpectroscopyoftheAtmosphereusingForInfToredEmission
StratosphericAerosolandGasExperiment
StratosphericandMesosphericSounder
SyntheticApertureRadar
SolarBockscatterUltraviolet

ScannerfortheRadiationBudget
ScienceComputingFacility
ScanningImagingAbsorptionSpectrometerfor
AtmosphericCartography
SeaSatellite

Sea-ViewingWideFieldSensor
Socio-EconomicDataandApplicationsCenter
SmallExpendableLaunchVehicle

............................................................................................................................................



Acronyms

SEM SpaceEnvironmentMonitor TOGA
S-GCOS Space-BasedGlobalChangeObservationSystem TOMS
SI SolarInfluences TOPEX

SIR-C ShuttleImagingRadar-C TOVS
SLR SatelliteLaserRanging TRMM
SMC SystemManagementCenter UAF
SMMR ScanningMultispectralMicrowaveRadiometer UARP
SNR Signal-to-NoiseRatio UARS
SOLSTICESolarStellarIrradianceComparisonExperiment UAV
SPOT SystemepourI'ObservatJondelaTerre UHF
SSBUV ShuttleSolarBackscaMerUltraviolet U.K.

SSM/I SpecialSensorMicrowave/Imager U.S.
SRL ShuttleResearchLaboratory USDA
SSALT Solid-StateAltimeter USGCRP

SSEC SpaceScienceandEngineeringCenter USGS
SSB SpaceStudiesBoard USO
SSU StratosphericSoundingUnit UV
STA ScienceandTechnologyAgency VIRS
STIKSCATStickScaMerometer VIRSR

SWG ScienceWorkingGroup VIS
SWIR ShortWavelengthInfrared VHF
TBD ToBeDetermined VNIR

TDRSS TrackingandDataRelaySatelliteSystem VTIR
TES TroposphericEmissionSpectrometer WCRP
TGDDIS TraceGasDynamicsDataInformationSystem WFF
TIR ThermalInfrared WHOI

TIROS TelevisionInfraredObservingSatellite WMO
TM ThematicMapper WOCE
TMI TRMMMicrowaveImager WSMC
TMR TOPEXMicrowaveRadiometer X-SAR

TropicalOceanGlobalAtmosphere
TotalOzoneMappingSpectrometer
OceanTopographyExperiment
TIROSOperationalVerticalSounder
TropicalRainfallMeasuringMission
UniversityofAlaska-Fairbanks
UpperAtmosphereResearchProgram
UpperAtmosphereResearchSatellite
UnmannedAerospaceVehicle
UltraHighFrequency
UnitedKingdom
UnitedStates

U.S.DepartmentofAgriculture
U.S.GlobalChangeResearchProgram
U.S.GeologicalSurvey
Ultra-StableOscillator

Ultraviolet
VisibleInfraredScanner

VisibleInfraredScanningRadiometer
Visible

VeryHighFrequency
VisibleandNear-Infrared
VisibleandThermalInfraredRadiometer

WorldClimateResearchProgram
WallopsFlightFacility
WoodsHoleOceanographicInstitution
WorldMeteorologicalOrganization
WorldOceanCirculationExperiment
WesternSpaceandMissileCenter
X-BandSyntheticApertureRadar
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