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1 Intr oduction

Thisproposalrequestsnew fundingto supportanextensionto theEuropeanSpace
Agency ContractNo. 11369/95/NL/JG, MartianEnvironmentModels,which has
beenundertakenjointly by Laboratoirede Mét́eorologieDynamiqueof CNRS,
Paris,France(hereafterLMD), the Atmospheric,OceanicandPlanetaryPhysics,
Departmentof Physics,Universityof Oxford,UnitedKingdom(hereafterAOPP),
andthe InstitutodeAstrofisicadeAndalucia(IAA), CISC,Granada,Spain. Un-
der the original contractandits previous extensions,an advancedgeneralcircu-
lation modelof the Martianatmospherefrom 0 to 120 km wasdevelopedtaking
into accountpreliminaryinput from theMarsGlobalSurveyor mission(e.g.accu-
ratetopography).andsetsof multi-annualsimulationswereconductedin orderto
compilea databaseof climatestatistics(version3.0) for usein futureengineering
studies.

This proposalseeksfurthersupportin orderto test,improve andextendtheprod-
uctsof the contractso far. The currentdatabasewill be improved in important
respectsrelatingto theextensionof themodelinto thethermosphereup to at least
200km, theuseof new data(mostlycomingfrom theMarsGlobalSurveyor Space-
craft) to improve andvalidatethe model,plusvariousotherimprovementsin the
software.
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Thefollowing work packages,in two deliverablestages,areproposedto beadded
to the existing ESA Contract,No. 11369/95/NL/JG.The packagesareproposed
to improve and to extend the GeneralCirculationModel and Climate Database
developedunderthat contract. The GeneralConditions(Part II) of the original
contractwill continueto applywithout furtherchanges.

2 Deliverables

2.1 Extension of the General Cir culation Model into the thermo-
sphere up to at least200km

In its currentversion,the Generalcirculationmodel is reliableup to about120
km. Above this level (thehomopause)theatmosphereis not well mixedanymore.
Lighterspeciestendto have largerscaleheights.In addition,thethermalstructure
andthusthecirculationis controlledby othersourcesof heat,lossprocessesand
transportmechanismsspecificof thehighestpartof a planetaryatmosphere.The
largestheatsourceis theUV andExtremeUV solarradiationabsorption(with pho-
todissociation,partial ionizationandsubsequentreactionsthat liberateheat).The
maindirectheatlossin theMartianupperatmosphericlayersis radiationto space
by non-thermalemissionin the 15 micronsCO� band. Radiationtransferis very
importantin this spectralregion, andtogetherwith this molecule’s nearinfrared
solarabsorptionsthey dominatethe energy balanceof the uppermesosphereand
lower thermosphereof Mars. Transportprocessesarealsoknown to play relevant
roles in the thermosphere.Among these,moleculardiffusion is increasinglyef-
fective with height,andwasmentionedabove. Molecularconductionis alsovery
important,andit possiblydominatesover eddymixing at all layersabove theho-
mopause.Largescalewindsandthewave-meanflow interactionarealsoexpected
to bevery important.

On this basis,we proposeto extendtheGCM into the thermospherewith the fol-
lowing steps:

� Inclusion of hybrid coordinates.

In thecurrentversion,themodelverticalcoordinateis basedontheterrainfollow-
ing sigma-coordinate( �������	��
 ). In theupperatmosphere,andespeciallyin the
thermosphere,thesurfacetopographymaycreatesartificial gradients.To improve
thisaspectof themodel,weproposeto use“hybrid” coordinates( � layersnearthe
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surfacemergedwith pressurelevelshigherin theatmosphere)asin state-of-the-art
EarthGeneralCirculationmodels. The principal effort will be directedtowards
modifying the LMD model, thoughAOPPwill also investigatethe feasibility of
adaptingthespectraldynamicalcodefor usewith similarhybridcoordinates.

[LMD to takeprimaryresponsibility,with input fromAOPP]

� Newphysical parameterization

We needto developnew parameterizationsincluding:

� UV/EUV absorptionandphotodissociation,includingsolarvariability,

� Non-LTE emissionin the15micronsCO� band,includingimprovementsto
the parameterizationdevelopedin the previous phaseof the projectfor the
Martianmesosphere,

� molecularconductionandmoleculardiffusion

� A simplephotochemicalmodeltosimulatetheevolutionof themajorspecies
of theneutralatmosphere(CO� , N � , O andif necessaryotherspeciesto be
determinedetc.)

In practice,aonedimensionalcompletemodelincludingall radiative transferpro-
cessesandchemistrymentionedabovewill bedevelopedin parallelwith theGCM
to beusedasa referenceandto developcomputer-efficientparameterizations.

Furtherstudieswill alsobeperformedto estimatetheimpactof somepoorlyknown
processeslike theenergy input from thesolarwind or themomentuminput from
theionosphericcirculation.

[IAA to takeprimaryresponsibilityfor thedevelopmentof thereference1-D energetics-
chemistrycode]

[LMD and IAA jointly developingthe radiativetransferand chemicalmodelpa-
rameterizationsuitablefor theGCM ]

[LMD to takeprimary responsibilityfor otherprocessesandtheparameterisation
of all processesfor theGCM]
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� NewAtmosphere-Thermosphere GeneralCir culation modeland database

Thenew physicalparameterizationswill thenbeincludedin ahierarchyof models:
1D and3D “simple” model,1D and3D state-of-the-artmodel.

Theoutputof themodelwill becomparedwith theavailableobservations(analysis
of UV airglow andIR emissionsavailable)

Theoutputfrom theatmosphere-thermospheregeneralcirculationmodelfor vari-
ousperiodof thesolar11 yearcycle will thenbeincludedin a new versionof the
database

[LMD to takeprimaryresponsibilityfor thethermospheremodelandthedatabase
simulations]

[IAA to takeprimary responsibility for thevalidationtool for thecomparisonwith
theavailabledata]

[AOPPto takeprimary responsibility for theupdateof thedatabasesoftware ]

2.2 Impr ovementof the databaseusing Mars Global Surveyor and
other newobservations

Althoughwe have doneour bestto improve themodels’performancefrom a the-
oreticalpointof view in thepastyears,we areonly startingto beableto compare
theresultswith actualobservations.Indeed,thelarge-scalereleaseof MarsGlobal
Surveyor atmosphericdata(Thermalinfraredsoundingandradiooccultation)has
only startedrecently. Thesearethe first datafrom which we canstart to really
validateour model. In comparison,datafrom the previous missions,Viking and
Mariner 9, werevery sparsein both spaceand time. Obviously, validatingand
developingour model to reproduceandunderstandthe observed featuresof the
meteorologyof Marsshouldgreatlyimproved it, andallow usto producea much
moreaccurateandrepresentativedatabase.

� Model improvements

Our betterunderstandingof the Martian climate systemin the light of the new
datawill leadusto improve thefollowing partsof themodel:1) radiative transfer
parametrizationsanddustproperties;2) dustdistributionscenarios;3) inclusionof
waterice aerosol(seebelow); 4) CO� condensationandsublimationin the polar
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caps;5) wave-meanflow interaction(crucialfor Mars’ middleatmosphere).

[LMD to takeprimaryresponsibility,with contributionsfromAOPP]

� ReproducingMars asobservedby Mars Global Surveyor usingdata assim-
ilation

In terrestrialmeteorologyand numericalweatherprediction(andmost recently,
in oceanography),observationsareregularly analysedby direct assimilationinto
a large-scalecirculation model of the atmosphere(or oceans). By this means,
anaccurate,dynamicallyself-consistentandcontinuouslyupdatedestimateof the
evolving stateof the entireglobalatmosphereis obtained,duringwhich a model
predictionis perturbedat regular intervalsby theintroductionof measurementsin
orderto reducethe modelmisfit to the data. The atmosphericstaterecoveredis
thusoptimally consistent(in a statisticalsense)with both the availableobserva-
tions (typically noisy andincompletebothparametricallyandin spaceandtime)
andthe physicalconstraintsrepresentedby the dynamicalmodel. This sophisti-
catedtechniqueis widely usedonEarthbothto initialisedaily operationalweather
predictionsystems,andto compileweather/climatedatabasesover periodsfrom
daysto decades.

A form of this techniquehasrecentlybeenappliedby AOPPto the analysisof
MGS/TESobservationsof atmospherictemperatureanddust. This approachwill
continueto beusedduringtheperiodof thisphaseof thecontractto analyseasub-
stantialportionof theMGS/TESobservationsduringthecurrentmappingphaseof
themission. It is anticipatedthat this will resultin a virtually completerecordof
the synopticevolution of Mars’ atmosphere(from the surfaceto 40km altitude)
for almosta completeMars year. This recordwill beusedin thepresentcontext
to definea new climatescenariowhich will form thebaselinescenariofor Mars’
currentatmosphericstateandits seasonalevolution anddiurnal variability. The
definitionof this scenario(in termsof atmosphericvariablesandanevolving dis-
tribution of dust loading)will be usedby LMD to run the definitive simulations
(with thenew troposphere/thermospheremodel)which will form thebasisof v4.0
of thedatabase.

[AOPPto takeprimary responsibility]
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� Inclusion of aerosolstatisticsin the database

Theknowledgeof thecharacteristicof theaerosol(concentration,sizedistribution,
composition)at a given time and placein the Martian atmospherecan be very
useful for missiondesignscientific studies. To provide suchdatain the future
database,we proposeto continuethe developmentof a GCM-dustcycle model.
The availableMars Global Surveyor data(TES observationsand MOC images)
now allow us to constrainsuchmodelsmuchmorerigorously;modelcalibration
for dustwasfoundto bedifficult duringthepreviousphaseof thecontractbecause
of the lack of observations. This modelcould alsobecomplementedby a water
cycle modelwhich wouldbeusedto predicttheformationof waterice cloudsand
hazein the atmosphere.Suchmodelswill be calibratedandvalidatedasclosely
aspossibleusingthe relevantMars Global Surveyor data(TES observationsand
MOC images).

[LMD to takeprimaryresponsibilitywith contributionsfromAOPP]

2.3 Software improvements

� NewGCM and databasefile format

The previous versionsof the Databasefiles, as well as the Generalcirculation
model input-outputfiles, were all written using the Data Retrieval and Storage
(DRS)library developedfor theProgramfor (Terrestrial)ClimateModel Diagno-
sisandIntercomparison(PCMDI). In futureversions,it seemsdesirableto adopt
a new, more universalformat suchas NetCDF(networkCommonData Form),
recentlydevelopedby the UniversityCorporationfor AtmosphericResearchand
Unidata. WhereasDRS seemsto have beenlessand lessusedby other institu-
tionsin recentyears,thelatter format is evidently becomingthenew standardfor
theEarthclimatesciencecommunity. Adoptionof this formatwould allow us to
takeadvantageof themostrecentdevelopmentsin atmosphericsciencedataanal-
ysis software. In particular, NetCDFis readily portableto mostof the currently
availablecomputersystems.This would allow us to run the modelon new pow-
erful super-computers(e.g. NEC) which areincompatiblewith DRS.Above all,
thisnew formatwouldallow usto makethedatabaserunonIBM-compatiblePCs,
which is not currentlypossiblewith DRS.

[LMD to takeprimaryresponsibilityfor theGCM]

[AOPPto takeprimary responsibility for thedatabasesoftware]

6



� High resolutionpressure maps

For re-entrystudiesandthe selectionof landingsites,spaceagenciesneedhigh
resolution,accuratemapsof the atmosphericpressureat the surfaceof Mars. In
its currentversion,however, the databaseis still difficult to usefor this purpose
becauseof its relatively low spatialresolution. Furthermore,the useof a high
resolutiontopographymap to estimatesurfacepressurefrom the Viking Lander
measurementssimply usingthe hydrostaticequation,asmostengineeringteams
do now, is not sufficiently accuratebecausepressurecanvary horizontallydueto
various”meteorological”effects (including diurnal and semi-diurnaltides), and
becausethecorrectscaleheightto usefor this interpolationis difficult to estimate.
Wepropose,therefore,to providesomesimplesoftware,basedonahighresolution
accuratetopographymap(asprovidedby theMGS MOLA team),to estimateac-
curatelythesurfacepressureeverywhereontheplanet.Thesoftwarewouldusethe
databaseto estimatethe horizontal”meteorological”correctionandscaleheight,
in orderto providethebestpossiblepressureestimationatany givenplaceonMars
[consistentwith(?) theViking Landerpressurerecords?].[- canwe really achieve
this?]

[LMD to takeprimaryresponsibility]

� World Wide Web

TheinteractiveWorld WideWebsite(http://www.lmd.jussieu.fr/mars.html),which
givesaccessto theMartiandatabase,will beimprovedto reflectthelatestdatabase
improvementsand(wherepossible)userrecommendations.In particular, datawill
besuppliedin variousverticalcoordinatesystems(pressurelevel, altitude)in ad-
dition to sigmacoordinates.

[LMD to takeprimaryresponsibility]

2.4 Comparisonwith Mars GRAM

Thedatabasewill becomparedto the latestversionof theMarsGRAM software
(themainothertool usefor Marsmissiondesign)Thepurposeof thiscomparison
is to documentandpossiblyunderstandthedifferencesthatmayarisebetweenthe
two products.

[AOPPto takeprimary responsibility ]
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3 Work PackageDescription

WP8.1

Contractor: CNRS(LMD)
Start: 1 April 2001
end: 30September2002

Major tasks:

� Inclusionof hybridcoordinatesin theGCM

� New NetCDFinput-outputformatto beimplementedinto theGCM

� Parameterizationof thermosphericphysicalprocesses;First implementation
andGCM testruns

� Improvementof theatmosphericGCM usingnew observations

� GCM-aerosoltransportmodelto be improvedandvalidatedin the light of
new data.

� Developmentof thehigh resolutionsurfacepressuresoftware

� Improvementof theWorld WideWebinteractivesiteDatabase

Deliverables

� technicalreport on ”Extensionof the Mars GCM into the thermosphere”
(preliminaryversion)

� technicalreporton ”Improvementof the Mars GCM with new spacecraft
data”(preliminaryversion)

� high resolutionsurfacepressuresoftwareto be suppliedwith appropriate
documentationto beincludedin thedatabaseUM andDDD.

� InteractiveWebsitesoftwareto beimproved.
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WP8.2

Contractor: OxfordUniversity(Subcontractor)
Start: 1 April 2001
end: 30September2002

Major tasks:

� Assimilationof MGStemperatureobservationsanddesignof a correspond-
ing ”MGS year” scenario,for usein modelvalidationandtheproductionof
thedatabase

� Contributionto GCM improvementsandaerosolmodels

� New NetCDFinput-outputformattobeimplementedintov3.1of thedatabase

Deliverables

� Technicalreport : Assimilationof MGS dataandapplicationto the Mars
climatedatabase.

� Technicalreport : Comparisonof the Mars Climate database(v.3.1) with
MarsGram(preliminaryversion).

� Contribution to technicalreporton ”Improvementof the Mars GCM with
new spacecraftdata”(Preliminaryversion)

WP8.3

Contractor: InstitutodeAstrofisicadeAndalucia
Start: 1 April 2001
end: 30September2002

Major tasks:

� Modelingof thermosphericphysicsprocessesfor the1-D referencemodel.
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� Contributionto thedevelopmentof correspondingparameterizationsfor the
GCM. First implementationandGCM testruns.

� Validationtool: Review of andfirst comparisonwith availablethermospheric
dataof relevance(airglow) for thenew physicalpackage.

Deliverables

� Technicalreporton ”Energeticsandchemistryof the neutralupperatmo-
sphereof Mars” (preliminaryversion)

� Contribution to technicalreport”Extensionof theMarsGCM into thether-
mosphere”(preliminaryversion)

WP9.1

Contractor: CNRS(LMD)
Start: 1 October2002
end: 31March2003

Major tasks:

� Final implementationof theparameterizationandfull GCM runs.

� Atmosphere– Thermospheremodelto betestedandfinalized.

� Version4 of theMarsClimatedatabasesimulationsto beperformed

� Modeldocumentationto beupdated

Deliverables

� Latestversionof MarsGCM to beinstalled

� GCM usermanualto beupdatedfor changes

� Websiteto beupdatedfor accessto MarsClimateversion4.0

10



� technicalreport on ”Extensionof the Mars GCM into the thermosphere”
(final version)

� technicalreporton ”Improvementof the Mars GCM with new spacecraft
data”(final version)

WP9.2

Contractor: OxfordUniversity(Subcontractor)
Start: 1 October2002
end: 31March2003

Major tasks:

� Comparisonof MarsClimatedatabasewith MarsGram

� Continuedassimilationof MGS temperatureobservationsfor model and
databaseevaluation

� Version4 MarsClimatedatabasetobegeneratedfromsimulationsperformed
atLMD

� Updateof thedatabasesoftwareanddocumentationfor version4

Deliverables

� MarsClimateDatabaseversion4 to beinstalled.

� ArchitecturalDesigndocument,Usermanualandprogrammingguidesfor
thedatabaseto beupdated

� Contribution to technicalreporton ”Improvementof the Mars GCM with
new spacecraftdata”(Final version)

� Technicalreport: Comparisonof theMarsClimatedatabase(inc. v4.0)with
MarsGram(Finalversion).
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WP9.3

Contractor: InstitutodeAstrofisicadeAndalucia
Start: 1 October2002
end: 31March2003

Major tasks:

� Developmentof 1-D energetic-chemistryreferencecodefor theneutralther-
mosphereof Mars.

� Parameterizationof thermosphericphysicalprocesses:Finalimplementation
into GCM.

� Developmentof validationtool: algorithmto simulateavailableobservations
(airglow) usingtheGCM outputfields.

Deliverables

� Technicalreporton ”Energeticsandchemistryof the neutralupperatmo-
sphereof Mars” (final version)

� Contribution to technicalreport”Extensionof theMarsGCM into thether-
mosphere”(final version)

� Technicalreporton “Validationof thermosphericGCM results”.

� Validation tool: Simulationof Martian airglow emissionsusing GCM re-
sults.

4 Travel Plan

Progressmeetingswill beheldapproximatelyevery threemonths,Meetingswill
beheldin rotationat Paris,Oxford andGranada,with thefinal meetingto beheld
atESTEC.At leastonepersonfrom eachcentrewill attendeachmeeting.At other
times,the contractorswill communicateprimarily throughe-mail andthe World
WideWebsitesestablishedunderthecontract.
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5 Resources

The work describedabove will requiresignificantresearchertime. In additionto
thecurrentpermanentstaff, eachgroupwill hire at leastonescientist/engineerfor
theproject.In additionto salaries,resourceswill alsoberequiredto coverconsum-
ablesnecessaryfor preparationof thedeliverables,managementandmaintenance
of thecomputingfacilitiesfor themodelexperiments,thecompilationanddissem-
ination of the new databaseanda travel budgetsufficient to cover attendanceat
projectmeetings.

The work in the contractextensionwill be conductedfor a firm fixed price of
200Keuro. LMD will contribute to the projectmostly usingseparateressources.
Theressourceswill besharedasfollow : LMD: 30Keuro,AOPP:95Keuro,IAA:
75Keuro
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