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1 Intr oduction

Thisdocumentdescribesa comparisonof recentspacecraftobservationsof Marswith
resultspredictedat similar locationsandtimesin theMarsClimateDatabase(MCD)
version3.0. TheMarsClimateDatabaseV3.0 is a databaseof statisticsdirectly com-
piled from a recentversionof the LMD-AOPPGeneralCirculationModel (GCM).
Thus,thisdocumentcanalsobeconsideredasanevaluationof theGCM.

Comparedto previous versions,the new GCM anddatabasecover a wider rangeof
altitude,from 0 to 120km in thevertical,they useimprovedtopographyandthermal
inertia surfacemapsfrom Mars Global Surveyor (MGS), and include a new “dust
scenario”to describethedistributionof airbornedustin theatmospherealsobasedon
recentobservationsfrom MGS.

Mostof theobservationsof Marsrelevantfor comparisonwith theclimatedatabaseare
measurementsof thethermalstructureof theatmosphereandits density. Of particular
interestarethe recentobservationsfrom Mars GlobalSurveyor. MGS reachedMars
in september1997.For thenext 18monthsits orbit wasalteredusingthetechniqueof
aerobrakinguntil it reachedits so-calledmappingphasein April 1999. OneMartian
yearof mappingobservationshave thusbeencompletedat the time of thewriting of
this report,althoughnotall theobservationsareavailableyet.

Threekind of MGSobservationsareusedin thisreport1) Temperatureprofilesderived
fromradio-occultionof theMGSspacecraftby theMartianatmosphere2) Temperature
profilesderived by inverting the atmosphericthermalinfraredemissionasobserved
by the ThermalEmissionSpectrometer3) in-situ densitymeasurementobtainedin
the upperatmosphere(120 km) during the aerobrakingof MGS. In addition,(4) we
alsouseherethe in-situ temperatureprofilesmeasuredby the threeprobesthathave
succesfullylandedon Marsso far : Viking Lander1 (1976),Viking Lander2 (1976)
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Figure1: A typical temperatureprofileobservedby radio-occultation(thick solid line,
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E, local time : 4:30) comparedto tempera-
ture profilespredictedby the databaseat the sametime andlocation. Profilesfrom
the“MGS” scenarioweredesignedto becloseto theMGS observations,whereasthe
“Viking” and“low dust”scenariosusuallyyield warmerandcoldertemperaturespro-
files in theloweratmosphere,respectively.

andPathfinder(1997),aswell assurfacemeasurementsfrom Pathfinder.

2 Comparison with Mars Global Surveyor Radio Occulta-
tions

The RadioscienceinstrumentaboardMGS employsan ultra-stableradio oscillator.
Thesignalfrom theoscillatortoEarthis refractedby theMartianatmosphere,allowing
retrievalof profilesof atmosphericdensity, pressure,andtemperatureversusradiusand
geopotential(Hinsonetal., 1999,2001).

Table1 shows a list of theoccultationsavailablefor this reportfor the various“sea-
sons”of theMarsClimatedatabase,with somegeneralcommentson thecomparison
MCD-observations. The datawereseparatedin two kinds : on the onehandthe oc-
cultationsperformedat sunlit latitudes(608 profiles),on the otherhandoccultations
obtainedin or nearthesouthernwinterpolarnight (491profiles).

It mustbe notedherethat the so-called“Mars Global Surveyor” dustscenarioused
asa referencein thedatabase(Seethe“Mars ClimateDatabaseV3.0 DetailedDesign
Document)hasbeenpartlydesignto matchtheMGSobservations,includingtheradio-
occultations.As a result,the simulationsperformedwith this scenarioaregenerally
closeto theobservations,whereasthe“Viking” and“low dust”scenariosyield warmer
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Sunlit atmosphere observations
Season ��� number latitude Comments
number (deg) of profiles (deg)

3 74. - 78. 36 64. - 67. Springpolaratmosphere
Goodmatch,but MGSscenario10K toowarmat30km
(very goodmatchwith low dustscenario)

4 111.- 115. 48 68. - 73. Summerpolaratmosphere.Verygoodmatch.
Low atmosphere(0-5km) slightly too warm
(5-10K). SeeFig. 5.

5 134.- 149. 305 -6. - +36. Oftengoodmatch(especiallyabove 20� N)
with discrepency dueto waves.
Aroundequator, largediscrepency locally because
of tides,gravity wavesand/orclouds(Fig. 6).

6 150.- 161. 135 -30. - -6. Goodmatchbut largediscrepency locally
becauseof tides,gravity wavesand/orclouds.

9 264.-270. 8 -5. - +30. Good(andoftenverygood)match,
with mall differences( ��� � ) dueto gravity
wavesandlocaldustdistribution.

10 270.- 300. 65 -65. - -9. Good(andoftenverygood)match(seeFig 3)
with mall differences( ��! � ) mostlydueto gravity
wavesandlocaldustdistribution (Fig 4).

11 300.- 308. 11 -43. - -19. Very similar structurebut MCD profiles
systematicallyabout10K colderdueto
dustdistribution(Fig 4).

Polar night atmosphere observations
Season � � number latitude Comments
number (deg) of profiles (deg)

4 111.- 115. 49 - 75. seefigure7
5 134.- 150. 302 -69.5- -66.8 idem
6 150.- 161. 140 -67.1- -66.6 idem

Table1: A list of theMGSradio-occultationstemperatureprofilesavailablefor thisre-
portbinnedinto MarsClimatedatabase“seasons”.The“Comments”columnindicates
the typical behavior of theGCM Mars ClimateDatabasesimulationwhencompared
with observationsat thesametimeandlocation.
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Figure2: Exampleof very goodfits to theobservationsthatcanbeobtainedwith the
databaseMGSscenarioatvariousseasonsin thetropics(Observation:blacksolid line
; Model: reddashedlines). Usingthis scenario,themodelcanusuallywell simulate
thevariationsof thetemperatureprofilesdueto changein dustloadingandinsolation.
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Figure3: Exampleof very good fit of the observationsthat canbe obtainedin the
loweratmospherewith thedatabaseMGSscenarioatvariouslocal time(Observation:
blacksolid line ; Model: reddashedlines)duringsummerin thesouthernhemisphere.
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andcoldertemperaturesprofilesin theloweratmosphere,respectively (Figure1). Be-
low, weshallfoccuson thecomparisonbetweenthe‘MGS” scenariodatabaseandthe
observations.

In general,very goodagreement:

UsingtheMCD MGS scenario,thesimulatedtemperatureprofilesareusuallywithin
10K from theobservations.Very often,themodelis ableto predictthedetailedther-
mal structureof the atmospherewith a striking accuracy (Figure2). This is true for
variousseasonsandlatitudes,correspondingto very differentdust loadingandinso-
lation. This shows the ability of the modelto simulatethe impactof the dustonthe
atmosphericthermalstructure.Similarly, figure3 illustratetheability of themodelto
simulatethediurnalchangesin theloweratmospherethermalstructureasafunctionof
local time for 3 profiles,hereobtainedduringsummerin thesouthernhemisphere.In
fact,for almostall theprofilesobtainedduringsouthernsummer(season9,10,11),the
low atmospherethermalstructurecanamazinglybewell reproducedby themodelin
spiteof a largerangeof behavior. This is interesting:in their recentpaperaddressing
thecomparisonof NASA AmesMarsGCM with this southernsummerradioscience
dataset,Joshiet al. (2000)notedthat their modelwasnot ableto matchsuchstruc-
tures. For instance,unlike our model,the AmesGCM doesnot at all reproducethe
temperatureinversionpeakingat 6 km shown on Figure2, right (seeFig. 3 in Joshi
et al. 2000),leadingtheAmesteamto suggestthatwaterice clouds,annon-uniform
vertical distribution of the dustor enhancedgravity wave activity wasnecessaryto
explain theobservations.

Someproblems,locally

Local variations in dust loading. During someseasons,the dust loadingcan be
highly variablespatiallyandtemporally. For instance,this is thecaseduringsummer
in thesouthernhemisphere,leadingto slight disagreementbetweenobservationsand
model,with modeledtemperatureswarmeror colderthantheobservations(Figure4).
However, theobservedtemperatureprofilesgenerallystaywithin therangecoveredby
the“Viking” and“Low dust”scenario,exceptin majorduststorms.In Fig4, theprofile
predictedby thedatabaseat

�-��	/.�0�� �
(right) is quitecolderthantheobservations.In

this particularcase,this alsoresultfrom the fact that the databaseprofile correspond
to theaverageprofile simulatedfor theperiod

�-�1	2.�0�0435.�.�0��
. During this period,

thedustloadingprescribedin thesimulationquickly decrease.Thus,whencompared
with an actualprofile obtainedat the beginning of the period, it is not surprisingto
obtainrelativy coldertemperaturescorrespondingto a cleareratmosphere.

Low atmosphere in northern polar regionsin summer. A small, systematicdis-
agreementbetweentheobservationsandthesimulationsof thelow atmospherethermal
structure( 6 � km) is observedin thenorthernsummerpolarspectra(Figure5). This
couldbedueto non-realisticsurfacepropertiesin themodel(localice)or to theimpact
of watericeclouds.
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Wavesand inversionsin the Northern summer sub-tropics. Among the profiles
observed during northernsummerin the sub-tropicsare found profiles containing
suprisinglystrong inversions(Figure 6). They are particularly found nearpavonis
MonsandTharsis.Theseinversionsarealmostnot reproducedby themodel. Small
“bumps” in the meantemperatureprofilesat altitudesimilar to the observed inver-
sionscansometimebe simulated,but the magnitudeis muchsmallerthanin reality
(Figure6). Theseinversionsmayresultsfrom dynamicalphenomenons(tidal waves
not well representedin themodels,tidal wavesinteractingwith subgrid-scalegravity
waves)and/orthepresenceof watericeclouds.Watericecloudsareexpectedto create
local inversionsby radiativelycoolingtheatmospherelocally. Theobservedinversions
arefoundwhereandwhenthe thickestwaterice cloudsareobservedon Mars. Their
signaturesis thusexpected.However, it is unlikely thatcloudscanlocally warmthe
profilesasit is oftenobserved(e.g.bottomleft profile in Figure6).

Southern winter polar temperature. Figure7 shows a subsetof temperaturepro-
filesobtainedaround

�0 �
Slatitudeatvarioustimeduringsouthernwinter. Discrepen-

ciesbetweenobservationsandmodelsareobvious, especiallytowardthe endof the
winterwhenatmospherictemperaturearegettingwarmerastheedgeof thepolarnight
receedtowardthepole.Suchdifferencesareunexpected,althoughthey maypartly re-
sult from thefact thatthedatabasecontainsfieldsaveragedover 30

�
SolarLongitude.

Furtherwork is requiredto betterunderstandthe disagreementbetweenmodeland
observations.

3 Comparison with the The MGS Thermal Emission Spec-
tr ometer temperatureretrieval

Infraredspectrareturnedby the ThermalEmissionSpectrometeraboardMGS have
beenusedfor retrieval of the thermalstructureof the Martian atmosphere(Conrath
et al., 2000; Smith et al., 2001). Combinednadir- andlimb-viewing spectraallow
globalmonitoringof theatmosphereup to 0.01mbar(65 km). Unfortunately, aswe
arewriting thisreport,only temperatureprofilesretrievedfrom nadirspectra(andthus
limited to theloweratmosphere)have beenreleasedto thesciencecommunityin dig-
ital form. Nevertheless,threetemperaturecross-sectionsusingboth nadir and limb
TESobservationshave beenpublishedby Smithet al. (2001),alongwith zonalwind
field estimatedby assuminggradientwind balancein the horizontalandhydrostatic
balancein thevertical(notethatgradientwindscannotbecomputedneartheequator
sincetheassumedforcebalance,i.e pressuregradient,Coriolisandcentrifugal,is not
valid at low latitudes).Figure8, 9, 10show suchtemperatureandwind cross-sections
at variousseasonscomparedto zonalandtime meanfieldspredictedby thedatabase
usingtheMGS dustscenarioat thesameseasons.A directcomparisonis not straigh-
forward. First, the TES retrievals correspondto a very low vertical resolutionsince
theweightingfunctionarevery broad(seeConrathet al. 2000).As a result,theTES
thermalstructuremay appearartificially “isothermal” between1 and 0.1 mbarand
nearthe surface.Second,the ClimateDatabaseplots aretrue zonalandtime means
(overa30

� � �
interval)whereastheTESplotsmainlycombineobservationat2amand
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Figure4: Examplesof radio-sciencetemperatureprofiles(solid,blacklines)obtained
during summerin the southernhemisphere.The actualdust loadingseemsto vary
a lot in spaceandtime, leadingto small discrepency whencomparedto the Climate
databasepredictions(reddashedlines)which useda moreuniform dustloading.The
observedtemperatureprofilesstayswithin therangecoveredby the“Viking” (green)
and“Low dust” (blue)scenarios.
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disagreementobservedin thelow atmosphere.
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Figure7: Threesetsof 20 radio-scienceprofiles(black) obtainedin the southpolar
region in or nearthe polar night at differentdate,comparedto setsof Mars Climate
Databasepredictions(red)at thesametimeandlocation.

2pm,with a possiblebiastoward2amor 2pm. Within this context, themodelresults
apearsto be relatively consistentwith theobservations. In particular, the meantem-
peratureswouldmatchwell if onebox-averagethemon a scaleheightastheretrieval
processesactuallydoes.Onecannoticethatthesimulatedsummerpoleatmosphereat�-� 	F���0 �

is slightly coolerthanin theTESinversions,resultingin weakeror absent
simulatedeasterlywindshigh in thesummerhemisphere.This discrepency is proba-
bly dueto theoccurenceof a regionalduststormbetween

�-� 	G��H�0 �
and

�-� 	G���� �
at theedgeof thesouthpolarcapduringtheyearobservedby MGS(Smithetal. 2001,
plate3).

4 Comparisonwith lander entry profiles

Figure11showstemperaturemeasurementtakenduringtheentryphasesof theViking
landers(Seiff andKirk, 1977)andPathfinder(Magalh̃aeset al., 1999)comparedwith
MCD predictionat the samelocationand time for the MGS andViking Scenarios.
In the lower atmosperebelow 40 km, the threetemperatureprofilesareat least10 K
warmerthanour “bestguess”MGS scenario.They arebettermatchedby theViking
scenario,althoughfor Viking 1 this is still not warm enough.Theseresultsaresur-
prising sincethe Viking scenarioprofilesarealmostalwayswarmerthanthe radio-
occultationprofilesobtainedat similar locationandtime. Could this bedueto inter-
ranualvariability ? In fact, the entryprofilesappearmoreandmoreto be in conflict
with remoteobservationsobtainedsimultaneously(Clancy et al., 2000,Dave Hinson,
personnalcommunication,2001). This could be dueto local effectsand/orto some
misunderstandingin thedataanalysis.
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Figure11: Entry Temperatureprofile (thick blackline) observedin situ by theViking
andPathfinderlanderscomparedwith GCM profilesretrievedfrom theMarsClimate
databaseMGSscenario(greensolid line) andViking scenario(reddashedline).
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Figure12: Observedlongitudinalvariationsof theatmospheredensity(reddots)nor-
malizedto 125 km above the DTM areoidby Mars GlobalSurveyor during the first
Aerocapturephase(Keatinget al., 1998) comparedto predictionfrom the climate
database(MGS scenario)in similar conditions( PTfgShUjikY Z , local time : 13:00,lat-
itude: 35Z N, 123km abovetheMOLA areoid).

5 Comparison with upper atmosphere density aerobraking
measurements

Figure 12 show a comparisonof the densitymeasuredin-situ by the Mars Global
Surveyor accelerometerduring aerobrakingaround125 km during northernwinter
(Keatinget al., 1998)with the densitiespredictedat aboutthe samelocationby the
Mars ClimateDatabase.A very goodagreementis found, for two reasons: 1) on
the onehand,the absolutevalueof the densityis very well predictedin spiteof the
extremesensitivity of densityto the entireatmospherebelow. 2) the Mars Climate
databasepredict longitudinal variationscomprisingwave-like wavenumber1 and 2
structureswhich are quite similar to the observations. This observed structurehas
beeninterpretedasthe signatureof nonmigratingtideswhich owe their existenceto
Mars’ topography(ForbesandHagan,2000).

Verylittle MGSaccelerometermeasurementsof thehighMartianatmospherehasbeen
publishedso far, but we know that a larger datasethasbeenobtained(J. Keating,
privatecommunication). In the future, it will be very interestingto compareother
measurements(e.g.obtainedduringduststorms)with databasepredictions.

6 Comparisonwith Pathfinder surfaceobservations.

TheAtmosphericStructureInvestigation/MeteorologyexperimentontheMarsPathfinder
spacecraft(Schofieldetal., 1997)provideshigh temporalresolutionnearsurfacedata
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from the summertropics(19Z N, 33Z W, startingat PRQlSnmoikUXZ ). In particular, obser-
vationsof surfacepressure,temperature,andwind directionover theprimary30 day
phaseof themissionallow theMCD representationof thediurnalcycle to betestedin
somedetail. Both theobservationsandtheMCD indicatevery little nondiurnalvari-
ability, otherthantheseasonaltrend,at thePathfindersiteat thetimeof yearatwhich
themissionlanded( PRp�SqmoikU Z ); however, thediurnalcycle is strong.

The seasonalmeansurfacepressurecycle is comparedwith Pathfinderdatain Fig-
ure 13 and can be seento be in good agreementwith the observations. For most
scenario,the phaseof the diurnal andsemidiurnaltides is very well predicted.The
amplitudeis sensitiveto thedustscenario.Interestingly, theMGSscenarioappearsto
underestimatethetotalamplitudeof thesurfacepressuretide,whereastheViking dust
scenarioappearsto giveabetterfit. Figure14showsthetemperatureonthePathfinder
meteorologicalmastcomparedwith MCD predictions,andFigure15shows thewind
direction;unfortunately, the wind amplitudeis still not well calibratedin the obser-
vationsat this stageandcannotbe compared.In eachcasethe MCD predictionis
relatively good,especiallyconsideringthe spatialresolutionof the databaseandthe
comparisonwith asinglepointobservation.It is thereforepossibleto haveconfidence
in therepresentationof thediurnalcycle in theMCD, at leastin asfar asit is possible
to testit at thisstage.

7 Conclusion

Although the MarsClimateDatabase(MCD) version3.0 wascompiledfrom the re-
sultsof GeneralCirculationmodelexperimentsratherthandirectlyfrom empiricalfits
to observationaldata,theMCD appearsto beconsistentwith mostof theavailableob-
servationaldatafor theatmosphereof Marscurrentlyavailable.Thepresentdocument
only providesa limited numberof comparison.In the future,we shall continuethis
validationprocesseswith thenew MGSdatathatareonly startingto befully available.
Nevertheless,this reportmotivatesfutureenhancementandextensionof theGCM. In
particular, reproducingthe detailsof theobservedvariationsof the thermalstructure
probablyrequiresthe full simulationof the dustcycle andthe inclusionof waterice
aerosols.Also, we areworking on thedirectassimilationof thetemperatureobserva-
tionsinto theGCM, asin terrestrialmeteorologyandnumericalweatherprediction.

8 Appendix : update of the GCM surface thermal inertia
map using the Mars Gobal Surveyor TES data

New thermalinertia datawasprovided by Mike Mellon (Mellon et al., 2000) from
theUniversityof Colorado,Boulder. It hasallowedusto createa new thermalInertia
map,suitablefor Climatemodelling,whichhasbeenusedto producetheMarsClimate
DatabaseV3.0.

This new datasetoriginatesfrom theMarsGlobalSurveyor ThermalEmissionSpec-
trometer. At the time of the studies,the availableTESdatadid not allow to retrieve
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Figure13: A comparisonof the Mars Pathfindersurfacepressurediurnal cycle with
theMCD. Thesmallsquaresshow theMarsPathfinderpressuremeasurements,taken
51 timesperday, andthesolid line is themeanof theobservationstakenover thefirst
30 daysof the mission. The largecirclesconnectedby dashedlinesshow theMCD
meansurfacepressureinterpolatedto theMarsPathfinderlocation.Theredline is for
theMGS scenario(thelow dustscenariogivesvery similar results)andthegreenline
for the Viking scenario.In this casetheMGS scenarioappearsto underestimatethe
total amplitudeof thesurfacepressuretide,whereastheViking dustscenarioappears
to giveabetterfit. In bothcasesthediurnal-meansurfacepressurehasbeensubtracted.
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Figure15: A comparisonof theMarsPathfinderwind directionwith thatat thelowest
atmosphericlayerin theMCD. As in Figure13,thesmallsquaresshow theindividual
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scenarioin theevening.
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Figure16: Thenew m Z}| m Z mapof thermalinertia(J m~�� s~������ K ~�� ) deducedfrom
thenew TESobservationscomparedto thepreviousmap(bottom)usedfor theGCM.
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thermalinertia for latitudehiger than65Z North and60Z South. Besides,thedataob-
tainedsouthof 30Z Southwereclearlysuspicious,probablybecausethey wereobtained
duringwintertime.Therefore,wedecidedto useonlynew TESdataobtainedbetween
65Z Northand30Z South.

For therestof themapwe continueto usethecanonicthermalinertiamapfrom Pal-
luconi andKieffer (1981)extendedto the polar region usingthe morerecentresult
from Paigeet al. (1994)andPaigeandKeegan(1994). However, on thebasisof the
analysesperformedby HaberleandJakosky (1991)andHayashiet al. (1995)regard-
ing theimpactof theairborneduston thermalinertia(notproperlyaccountedin these
lessrecentanalyses),we appliedsomecorrectionto theold dataset.Overall, thenew
thermalinertiamapis built with thefollowing components:

� Between90Z N and 65Z N: We usethe datafrom Paigeet al. (1994)available
between90Z N and60Z N:. In their analyses,theseauthorssimply neglectedthe
dustin theatmosphere.On thebasisof thestudiesmentionnedabove andafter
comparingthe Paigeet al. (1994)with the new TESdatawherebothdataare
availablebetween60and65Z N, thePaigeet al. (1994)weredecreasedby 25%.

� Between65Z N and 60Z N: Linear transition(weightedaveraging)betweenthe
correctedPaigeet al. (1994)datawith theTESdata. In practice,therearenot
any big differencesbetweenthe two datasets,but we have preferredto smooth
all thesame.

� Between60Z N and 30Z S: new TESdata

� Between30Z S and 60Z S: PalluconiandKieffer (1981)data,decreasedby 8%.
This correctionwasfound to insurea smoothtransitionbetweentheTESdata
andthe old data. The correctionis lower thanthe meanplanetaryvaluesug-
gestedby Hayashiet al. [1995] (20% decrease).This is probablydueto the
factthatthis latitudebelt is mostlycomposedof highlands.In suchhighaltitude
regions,the total airmassabove the ground,andthusthe total dustcolumn,is
lower thanaverage. Thus, the correctionfor dustcanbe only 8% ratherthan
20%.

� Between60Z S and 90Z S: CorrectedPaigeandKeegan(1994).Herealso,these
authorsdid neglect the impactof the airboneduston the retrieved thermalin-
ertia. Althought this areais alsocomposedof highlands,the dust loading in
this part of the planet was probablyquite high in the Viking IRTM dataset
usedfor the retrieval sincethesewereobtainedat the endof the dustyseason
( P Q S���U�m����X� ô Z ). On this basis,andbecausethe comparisonwith the Pal-
luconi andKieffer (1981)dataaround60Z S showedthat thePaigeandKeegan
(1994)dataaremuchbelow the Palluconi andKieffer (1981)data(seefigure
11 in PaigeandKeegan,1994)which themselveswereshown to beunderesti-
matedby Hayashiet al., we have decreasedthe PaigeandKeegan(1994)data
by 28%. This allow a smoothtransitionbetweenthe correctedPalluconi and
Kieffer (1981)datawith thecorrectedPaigeandKeegan(1994).
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