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Abstract

Thisdocumentis theUserManualfor version3.0of theMarsClimateDatabase
(MCD), a databaseof atmosphericstatisticscompiledfrom GeneralCirculation
Model(GCM) numericalsimulationsof theMartianatmosphere.Thisdocument
replacespreviousdocumentswhich describedversion2.3,2.0 and1.0. Version
3.0 is a majorupdateto thedatabasecompiledfrom a new versionof theLMD-
AOPPGeneralcirculationmodel. Comparedto previousversions:1) it covers
a wider rangeof altitude,from 0 to 120km, with 32 layersin thevertical; 2) it
usesimproved topographyandthermalinertia surfacemapsfrom MarsGlobal
Surveyor; 3) it includesa new ”dust scenario”to describethedistributionof air-
bornedust in the atmospherebasedon recentobservationsfrom Mars Global
Surveyor; 4) it providesradiativefluxesat thesurfaceandat thetopof theatmo-
sphere.

Thesoftwareandsubroutinesusedto accessthe databasearesimilar to the
V2.3 subroutines,with a few improvementsalsooutlinedin this document.For
descriptionsof the contentsandstructureof files, detailsof the dust distribu-
tion scenariosanddescriptionsof thevariability models,seetheDetailedDesign
Document(Lewis et al., 2001b)and the publishedarticle entitled“A Climate
Databasefor Mars” by Lewis et al. (1999). More detailedinformationon the
mainaccesssubroutine“atmemcd”canbe found in the related“Programmer’s
Guide” .
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1 Intr oduction

The Mars ClimateDatabase(MCD) is a databaseof atmosphericstatisticscompiled
from state-of-theartGeneralCirculationModel(GCM) simulationsof theMartianat-
mosphere(Forget et al., 1999). The modelsusedto compilethe statisticshave been
extensively validatedusingavailableobservationaldataandrepresentthecurrentbest
knowledgeof thestateof theMartianatmospheregiventheobservationsandthephysi-
callawswhichgoverntheatmosphericcirculationandsurfaceconditionsontheplanet.

TheMCD containssimulateddata(temperature,wind, density, pressure,radiative
fluxes,etc.) storedon a

���������
longitude–latitudegrid1 from the surfaceup to an

approximatealtitudeof 120km(above 120km, pressureanddensitycanbeestimated
usingthedatabaseaccesssoftwares).

Five dustscenarioshave beenused,with threemainscenarioswhich providedata
throughouttheMartianannualcycle: 1) a“bestguess”thoughtto representthemoder-
atelydustyplanetMarsasobservedby MarsGlobalSurveyor (without themajordust
storms);2) a very clearyear;and3) a relatively dustyyear(madeby generalizingthe
Viking Landerdustopacityobservationsto the entireplanet,outsidethe duststorm
periods).The secondandthird annualscenariosareprovided to bracketthepossible
globalconditionsonMarsoutsideglobalduststormswhicharethoughtbehighly vari-
ablelocally andfrom yearto year. Thefinal two scenarios,4) a moderateglobaldust
stormand5) anintenseglobalduststorm,areprovidedduringtheperiodduringwhich
suchglobaleventsareknown to occur.

Fieldsarestored12 timesa day for 12 Martianseasonsto give a comprehensive
representationof the annualanddiurnal cycles. The useris referredto the Detailed
DesignDocumentfor furtherinformationandthepublishedarticleentitled“A Climate
Databasefor Mars” by Lewis et al. (1999).

This documentprovidestheuserof theMCD with a descriptionof how to access
the datain the database.Descriptionsof the modelsandof thevalidationprocedure
areavailablein otherdocumentsrelatingto theproject.

TheMCD canalsobeaccessedin a varietyof dataformatsusingtheWorld Wide
Webathttp://www.lmd.jussieu.fr/mars.html.

2 Differ encesBetweenVersion 3.0and PreviousVersionsof
the MCD

� Themaindifferencebetweenversion3.0and2.3 aremostlyrelatedto thecon-
tentof thedatabasefiles duein particularto improvementsmadein themodels

1Thegeneralcirculationmodelsusedto compilethedatabaserunwith ahigherresolutionof �	��
�����
��� 
���� . For simplicity andto reducethesizeof thedatabase,thedatawerestoredon ��������� grid.
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usedto compilethedatabase:

1. Themodelsandthederiveddatabasecoveragreaterrangeof altitude,from
0 to 120km, with 32 layersin thevertical.

2. The modelsuseimproved surfacepropertiesdatafrom the Mars Global
Surveyor spacecraft,includingtheaccuratetopographyfrom theMarsOb-
server LaserAltimeter andthenew thermalinertiamapfrom theThermal
EmissionSpectrometer.

3. The databaseincludesa morerealisticdustscenarioto describethe dis-
tribution of airbornedustin theatmospherebasedon recentobservations
from MarsGlobalSurveyor.

4. The databasenow includessolarandthermalinfraredradiative fluxesat
thesurfaceandat thetopof theatmosphere.

5. Thehorizontalresolutionof thedatabasehaschangedto
� � ��� �

.

� Themaindifferencebetweenversion2.3and2.0wastheuseof themainsubrou-
tine ATMEMCD which computesmeteorologicalvariablesfrom MarsClimate
Database(MCD). This new subroutinehasbeenespeciallydesignedfor atmo-
spherictrajectorycomputation,andis usefulfor otherpurposes.

� The principal differencebetweenversion2.0 and 1.0 of the MCD was that
thelarge-scalevariability modelnow makesuseof two-dimensional,multivari-
ateEmpiricalOrthogonalFunctions(EOFs),which describecorrelationsin the
modelvariability asa functionof bothheightandlongitude(ratherthansolely
of heightasin version1.0). Thesearedescribedin theDetailedDesignDocu-
mentwhich accompaniesthis report. The 2-D EOFsallow realisticvariability
to bemodelledfor trajectorieswhich spana rangeof longitudes.As in version
1.0,EOFsarestoredfor a rangeof latitudebands,but insteadof retaining6 1-D
EOFsat eachhorizontallocationfor eachof 12 seasons,now 722-D EOFsare
storedfor eachlatitudebandandtheir amplitudeis modelledby a setof princi-
pal componentstabulatedonceperday(669times)throughoutthemodelMars
year. This procedureis no morecostly to the end-userin termsof eitherdisk
storageor CPU time, but givesa muchimproveddescriptionof thevariability
asa functionof bothspaceandtimeanda largervariancecapture.

Therehave alsobeennumeroussmall improvementsanderror correctionsto the
climatedatabaseaccesssoftwaresinceversion1.0 wasreleased,which arenow all
incorporatedinto version3.0.

3 Contentsof the Mars Climate database

Thecontentsof eachsubdirectoryof theMCD aresummarizedhere.
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docs Thisdirectorycontainsfilesin variousformatswhichcanbeusedto print further
copiesof thedocumentation:

– UserManual(user manual.ps or .pdf) of thedatabaseV3.0

– DetailedDesignDocument(detailed design.ps or .pdf) of the
databaseV3.0

– Programmer’sguidefor theatmemcd FORTRAN subroutine( program guide.ps,
.pdf or .doc)

– Postscriptor pdf versionsof the scientificreferencearticlesLewis et al.
(1999)andForgetetal. (1999)describingtheMarsclimatedatabaseV1.0
andtheGeneralCirculationmodelsusedto compileit arealsoprovided.

emcd ThiscontainsFORTRAN sourcecodefor theclimatedatabaseaccesssoftwares
(seeSections5.3and5.2,andtheREADME file in thedirectory):theATMEMCD
subroutine,the MCDGM interfaceanda testprogram. Also includedis sub-
directorytestcase containinga simpletool to testtheresultsfrom thesoft-
wareafterinstallation.

grads SomesampleGrADSscriptswhichplot MCD data,seeSection5.5.

data Thefull MCD datasetderivedfrom modelruns. Thedatabaseis split between
2 CD-ROMs. CD-ROM #1 includesa directorydata containingtheMGSand
duststormsscenarios.CD-ROM #2 includesa directorydata containingthe
Viking (relatively dusty)andlow dustscenarios.To have a completedatabase,
the entirecontentsof eachdirectorydata on CD-ROM #1 andCD-ROM #2
couldbecopiedto thesameplaceonharddisk (see4.2)

drs This containsthe DRS library (with somedocumentation)usedto read the
databasefiles. Seesections4.1and4.2.

Thefile structureof thedatadirectoryis discussedin theDetailedDesignDocu-
mentfor the MCD (Lewis et al., 2001b). Tableswhich show the variablesavailable
arereproducedherefor convenience:meandatafiles (me) contain12 seasonalmean
values(correspondingto 12Solartimesof day)for thevariablesshown in Table1 and
standarddeviation datafiles (sd) containseasonalstandarddeviation valuesof the
variablesin Table2.

4 Installation

4.1 SoftwareRequirements

� TheMCD is primarily designedto operatein theUNIX environmentonawork-
station. Accesssoftwareis written in FORTRAN77, for which a compiler is
needed.

5



Meanvariable symbol units 2-D or 3-D
CO� icecover co2ice kg m� � 2-D
Surfaceemissivity emis none 2-D
Surfacetemperature tsurf K 2-D
Surfacepressure ps Pa 2-D
LW (thermalIR) radiativeflux to surface fluxsurf lw W m� � 2-D
SW (solar)radiativeflux to surface fluxsurf sw W m� � 2-D
LW (thermalIR) radiativeflux to space fluxtop lw W m� � 2-D
SW (solar)radiativeflux to space fluxtop sw W m� � 2-D
Atmospherictemperature t K 3-D
Zonal(East-West)wind u m s��� 3-D
Meridional(North-South)wind v m s��� 3-D
Atmosphericdensity rho kg m��� 3-D
Boundarylayereddykineticenergy q2 m� s� � 3-D

Table1: Variablesstoredin databasemeandatafiles.

Standarddeviation symbol units 2-D or 3-D
CO� icecover sdco2ice kg m� � 2-D
Surfaceemissivity sdemis none 2-D
Surfacetemperature sdtsurf K 2-D
Surfacepressure sdps Pa 2-D
Atmospherictemperature sdt K 3-D
Zonal(East-West)wind sdu m s��� 3-D
Meridional(North-South)wind sdv m s��� 3-D
Atmosphericdensity sdrho kg m��� 3-D

Table2: Variablesstoredin databasestandarddeviationdatafiles.
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� The datain the MCD arewritten usingthe DataRetrieval andStorage(DRS)
librarydevelopedfor theProgramfor (Terrestrial)ClimateModelDiagnosisand
Intercomparison,or PCMDI (seeDetailedDesignDocumentfor moredetails).
Thelibrary, availablefrom theLawrenceLivermoreNationalLaboratoryWorld
WideWebserver (http://www-pcmdi.llnl.gov/drach/DRS.html)
is providedonCDROM#1alongwith thedatabase.Seebelow someinstructions
onhow to install thelibrary if it is notyetavailableonyoursystem.DRSworks
on thefollowing systems: DEC ALPHA, HP, IBM, NSL, SGI,SOL,SUN (Os
andSolaris),UNICOS.

� We also recommendthat you install the Grid Analysis and Display System
(GrADS) which is an excellent systemfor displayinggraphicaloutput from
geophysicaldatasets.GrADS canreadDRSfiles anddisplaytheir contentsus-
ing a few easyinstructions.GrADS canbedown loadedfrom the Institutefor
GlobalEnvironmentandSocietyWorld WideWebserverat

http://grads.iges.org/grads

4.2 Installing the MCD fr om the CD-roms

1. Createaworkingdirectorymcd ona diskwhereyou wish to usethedatabase.

2. Copythefollowing directoryfrom theCD-romto this location:at leastemcd,
and,if you needthem: drs, grads anddocs.

3. If possible,you shouldcopythedatafrom theCD-ROM to harddisk. Thedata
canbeaccesseddirect from theCD-ROMS (seebelow), but this last solutions
is slower and lessconvenient. We suggestthat you copy the directorydata
from CD-ROM #1 to theworkingdirectorymcd for instance,or to anotherdisk
if therearenot enoughdisk spaceavailablethere(seehow to link datafilesand
softwarebelow). To have a completedatabase,the entirecontentsof the di-
rectorydata on CD-ROM #2 shouldthenbecopiedto the sameplaceasthe
otherfileswhichwerein thedirectorydata whichwasonCD-ROM #1. A full
installationof the MCD takesabout1 Gb of disk space.The amountof disk
spaceneededcouldbereducedfurtherby only retaininga limited rangeof dust
scenariosor seasonsof interestwithin thedata subdirectory.

4. In theworkingdirectory(e.g.mcd) it is recommendedto setupaEMCD DATA
symboliclink in thesamedirectoryto point to thedatadirectory, whereverit has
beenstored:

ln -s /full/path/to/mcd/data EMCD DATA

For instance,if onewant to accessthe datadirect from the CD-ROMs, ensure
that thecorrectCD-ROM is mountedat the time of runningtheprogram(CD-
ROM #1for accessto theMGSandduststormsdustscenarioandCD-ROM # 2
for theotherdustscenarios).if theCD-ROM is mountedas/dev/cdrom then
createthelink :
ln -s /dev/cdrom/data EMCD DATA
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This link is requiredby themcdgm programas it stands(see5.3). In theat-
memcd subroutine,thepathto thedirectorycanbesetusingthedset variable
(e.g. dset=’/dev/cdrom/data’) althoughby defaultthesubroutinewill
useEMCD DATA if dset is not initializedor setto’ ’.

5. If DRSis notavailableonyoursystem,you mustinstall the DRS library .

(a) In thedrs/lib directory, type:
make -f Makefile.<machine>
where<machine> is eitherSUN, HP, UNICOS, IBM, or SGI (for
examplemake -f Makefile.SUN).

(b) Edit Makefile.<machine> to set valuesfor INSTALL LIB (direc-
tory to containlibdrs.a)andINSTALL INC (directoryto containthe in-
cludefiles,usuallythesame).

(c) type: make -f Makefile.<machine> install

(d) In theemcd directory, editMakefile to initialize thevariableDRS INC
andLIB DIR with theaddresscorrespondingtoINSTALL LIB andIN-
STALL INC, respectively.

More informationcanbe found in drs/lib/README andin the DRSdocu-
mentationin drs/doc.

BecauseIt wasdesirableto declareall thevariablesusedin drsdef.h (oneof
the includefiles suppliedwith the DRSdistribution) beforethey areused(this
permitsuseof implicit none in routineswhichmakeuseof DRS),aheader
file, drsdeclare.h, hasbeenaddedin emcd to do this.

5 AccessingData

5.1 Choosinga Method of DatabaseAccess

Therearefour mainwaysof accessingdatafrom the MCD which have beenimple-
mentedto date.

Firstly , if youknow FORTRAN, thebestway to retrieveenvironmentaldatafrom
the Mars climatedatabaseat any given locationsandtimesis to usethe subroutine
modeof thesoftwaresuppliedwith theMarsClimateDatabase.In practice,oneonly
hasto call a main subroutinenamedatmemcd from within any programwritten in
FORTRAN. A simpleexampleof sucha program(test emcd), whichcanbeeasily
modified,is provided.This modewasdeveloppedwith aparticularattentionto trajec-
tory simulationapplication,but It shouldalsobeusedfor otherpurpose.A atmemcd
programmer’sguideis availablein aseparatedocument.

Secondly, aninterface,MCDGM, issuppliedwith theMarsClimateDatabase(asa
setof FORTRAN sourcecodein theemcd) TheMCDGM interfaceperformsin avery
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similar way to MarsGRAMversion3.5. It is intendedto makethe databaseaseasy
to useaspossiblefor thosewith prior experienceof MarsGRAMaswell asproviding
possibleaccessfor all usersto the completedatabase,It canbe run in interactive or
batchmode.

Thirdly , it is possibleto accessthe databasedirectly from within any program,
written in FORTRAN or C, by usingtheDRS library . Thisgivesthemostflexibility
for particularapplications(e.g.whenonewanttohandleglobalfields),althoughit does
demandagreaterunderstandingof how thedatabaseandvariability models,if they are
required,shouldbeused.Someexamplesof programs(includedin atmemcd.F or
mcdgm.F sourcefiles) which openandreadthedatabasefiles aregiven,alongwith
someusefulgeneralpurposeroutines.

Fourthly , controlfiles, instructionsandexamplescripts(in themcd/grads sub-
directory),areprovidedfor accessingthedatabaseusingGrADS. GrADS is a freely
availablepackagefor access,manipulationanddisplayof earthsciencedatawhich
runson many computingplatforms.This providesa very easymethodof examining
andplotting meanandstandarddeviationdatafrom theMCD in a varietyof formats.
It is not straightforwardat presentto usethe variability modelor orographicwave
modelfrom within aGrADSscript;thoughGrADSor any othervisualizationpackage
could,of course,beappliedto theoutputfrom eitherof thefirst two accessmethods
when thesefeaturesare required. A seconddisadvantageis that GrADS requiresa
uniformverticalgrid. Sincethedatabasehasbeenstoredin terrain-following � levels
( � �"!$#�!&% , where ! is the pressureand !$% is the surfacepressurewhich variesasa
functionof positionandtime) in orderto retainthemodel’s high resolutionnearthe
surface,thismeansthatit isnotpossiblefor GrADSto displaydataonatrueheightco-
ordinatewithoutwriting externalroutinesto readtheentiredatabase,convert to height
coordinatesby integratingthehydrostaticequationfor eachprofile,addtheheightof
the local surfaceabove the geoid, interpolateonto a uniform heightcoordinategrid
andthenre-write thedatabaseandcontrolfiles in this new form. This processis per-
fectly feasibleusingtheFORTRAN routinessuppliedwith theMCD, but requiresdisk
spaceto storethenew dataandresultsin losingnearlyall thehigh-verticalresolution,
near-surfaceinformation. For simple data visualization, this is not worthwhileand
thedatacanbelookedatonsigmasurface.In practice,two kindsof grads.ctl files
areprovided.

- The onesof the form name.ctl will yield graphicon �'�(!&#�! % surfacewith �
varyingfrom 1 (surface)to near0 (upperlayer).

- The onesof the form name a.ctl accessthe samedata,but provide a pseudo-
heightverticalcoordinateinsteadof sigma,which maybemoreconvenientfor
quickplotting(very roughlyfor Mars, )+*-,/.�0�132�45��6 km) andsoa 172�48��6 axisis
adequatefor mostplots).Notethatthepseudo-heightis basedona10km scale
heightandis particularlyinaccuratein theupperatmosphere(Seetableof layers
in DetailedDesignDocument).
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The fortranaccesssoftwarecalculatesheightmoreaccuratelyby integratingthe
hydrostaticequation.If accurateheightis apriority thenaccessto thedatabaseshould
be madethrougheither of the first two methods. Nevertheless,GrADS is recom-
mendedasawayof producingreasonablequalitygraphicaloutputquickly andis ideal
for examiningone,two or threedimensional“slices” throughthedata.

5.2 Using the atmemcd subroutine

5.2.1 What is atmemcd subroutine ?

Thesubroutineatmemcd is containedin theemcd directory. TheFortransubroutine
ATMEMCD allowscomputationof thefollowingbasicmeteorologicalvariablesuseful
in particularfor atmospherictrajectorycalculations:

� pressure

� temperature

� density

� zonalandmeridionalwind velocity

� Meanshortwave (solar)and longwave (thermalIR) radiative fluxesat surface
andat thetopof theatmosphere.

Thevaluesaredependentof thelocation(definedby its altitude,latitudeandEast
longitude),of thetime(definedby Earthdateor Marsdate),aswell asthechosendust
scenario.Above the top level of the databasedensityandpressureareestimatedby
integrationof thehydrostaticequationassuminga prescribedtemperatureprofile (see
“programmer’s guide”).

For thesevariables,the subroutinedeliversmeanvaluesand, if requested,adds
differentkind of perturbationto thesemeanvalues(except for the radiative fluxes).
Theavailableperturbationkindsare:

� Small scaleperturbationsdueto the upwardpropagationof gravity wavesfor
any altitudes(therearenosmallscaleperturbationfor surfacepressure)

� Largescaleperturbationsdueto themotionof baroclinicweathersystems.These
perturbationsarecorrelatedin longitudeandaltitude,

� Perturbationequalto n timesthestandarddeviationsfor all thevariables.
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A comprehensive explanationof theperturbationsis includedin theDetailedDe-
signDocument.

5.2.2 How to useatmemcd subroutine ?

A “Pr ogrammer’s Guide” is availablefor thosewho wish to includetheatmemcd
subroutinein their program(Forgetetal., 2001a).

A simpleprogramusingtheatmemcd subroutinenamedtest emcd is provided
in the emcd directory. The programfirst hasto be compiled. The Unix command
make canbeused:

> make test emcd

> test emcd

Then,justanswerthequestions...

In theemcd/testcase sub-directory, atool to testthatatmemcd is runningac-
curatelyonyourcomputer(usingtest emcd) isprovided.Pleasereademcd/testcase/README
for furtherinformation.

To compileyourown program,you canusemake like for test emcd by adapt-
ing thefile makefile (just mimic whatis donefor test emcd.

5.3 MCDGM – the MarsGRAM-Style Interface

5.3.1 Interactive Mode

Giventhewidespreaduseof MarsGRAMin thecommunityaMarsGRAM-styleinter-
faceissuppliedwith theMCD. Thesoftwarefor thisiscontainedin theemcd directory
andthe mainprogramis calledmcdgm. It now usestheatmemcd subroutine.The
programfirst hasto becompiled.TheUnix commandmake canbeused:

make mcdgm

The MCDGM interfaceperformsin a very similar way to MarsGRAM version
3.5 with regardsto input andoutputand is self-explanatoryin its usage.A sample
interactivesessionis shown here.

> mcdgm
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Mars Climate Database Version 3.0 - MarsGRAM style interface
Enter file name for full output listing (CON for screen listing):
con
Enter file name for tabulated output:
list
Enter month, day of month, 4-digit year,
and maximum number of positions (all integers) - Enter zero
number of positions to read positions from TRAJDATA file
7,20,1976,4
Enter initial GMT Time in Hours, Minutes, Seconds (all integers)
12,50,00
Date = 7/20/1976 Julian Date = 2442980.0 GMT Time = 12:50: 0.0
Ls = 98.9 degrees for this date.
Select dust scenario (1) MGS dust scenario (2) Viking dust scenario
(3) Low dust scenario (4) Dust storm, tau=2 (5) Dust storm, tau=5
1
Enter perturbation model: 1=none, 2=large scale
3=small scale, 4=large scale and small scale
1
Enter seed for random number generator (any positive in-
teger < 30,000)
1

Select x-code and y-code for plotable output versus desired parameter(s):

Code Parameter
---- -------------------------------------------------

1 Height (above reference ellipsoid, km)
2 Height (above local terrain, km)
3 Latitude (deg.)
4 Longitude (deg.)
5 Time from start (Earth seconds)
6 Time from start (Martian Sols)
7 Areocentric Longitude of Sun, Ls (deg.)
8 Hour Angle for Local Time (Mars hours * 15)

Use y-code = 0 for plotable output vs x-code variable only
2,0
Enter 0 for normal (MKS) units for density,
1 for log-base-10 or 2 for % difference from COSPAR
0
Enter initial latitude and west longitude in degrees
22.,48
Surface elevation = -3.446668 km at this location
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Enter Initial Height relative to zero datum (km)
-3.446668
Enter Increments in Height (km), Latitude (deg.),
West Longitude (deg.), and Time (sec.)
10.,0.,0.,0.

5.3.2 Output Produced

The above exampleproducesthe following outputat the console(Viking Lander1
entryprofile). Theusercanfirst try this exampleto checkthattheMCDGM interface
hasbeeninstalledcorrectly. Therewill of coursebe differencesin the datavalues
outputif anotherdataset,or any of thevariability modelsareused.

Time (rel. to T0) = 0.0 sec. ( 0.000 sols) Ls = 98.9 deg.
Height = 0.00 km ( 3.45 km) Scale Hgt H(p) = 11.23 H(rho) = 11.23 km
Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.640 AU
Sun Longitude = 111.31 deg. Local Time = 16.22 Mars hours
Temperature = 218.4 K Pressure = 5.303E+02 N/m**2
Density (Low, Avg., High) = 1.224E-02 1.269E-02 1.315E-
02 kg/m**3
Departure, COSPAR NH Mean = -21.1 % -18.1 % -15.1 %
Density perturbation = 0.84 % of mean value
Eastward Wind = -2.5 m/s Northward Wind = 5.5 m/s
--------------------------------------------------------------

------------
Time (rel. to T0) = 0.0 sec. ( 0.000 sols) Ls = 98.9 deg.
Height = 10.00 km ( 13.45 km) Scale Hgt H(p) = 9.96 H(rho) = 9.96 km
Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.640 AU
Sun Longitude = 111.31 deg. Local Time = 16.22 Mars hours
Temperature = 193.8 K Pressure = 2.055E+02 N/m**2
Density (Low, Avg., High) = 5.279E-03 5.529E-03 5.779E-
03 kg/m**3
Departure, COSPAR NH Mean = -18.4 % -14.5 % -10.7 %
Density perturbation = -0.16 % of mean value
Eastward Wind = -9.5 m/s Northward Wind = 3.4 m/s
--------------------------------------------------------------

------------
Time (rel. to T0) = 0.0 sec. ( 0.000 sols) Ls = 98.9 deg.
Height = 20.00 km ( 23.45 km) Scale Hgt H(p) = 8.98 H(rho) = 8.98 km
Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.640 AU
Sun Longitude = 111.31 deg. Local Time = 16.22 Mars hours
Temperature = 174.7 K Pressure = 7.071E+01 N/m**2
Density (Low, Avg., High) = 2.008E-03 2.103E-03 2.198E-
03 kg/m**3
Departure, COSPAR NH Mean = -23.6 % -20.0 % -16.4 %
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Filename Contents
DENSAV Meandensity
DENSHI High valueof density
DENSLO Low valueof density
DENSRM Percentagedensitystandarddeviation
DENSRP Largescaledensityperturbation
DENSWA Smallscale(gravity wave)densityperturbation
EWWIND East-West(zonal)wind
HGTrho Densityscaleheight
NSWIND North-South(meridional)wind
PRES Pressure
TAVG Meangroundtemperature
TEMP Meanatmospherictemperature
TMAX Maximumgroundtemperature
TMIN Minimum groundtemperature
list (userspecifiedfilename) Tabulatedoutput(seetext)

Table3: Outputfilesproducedby theMCDGM interfacesoftware.

Density perturbation = -0.03 % of mean value
Eastward Wind = -18.3 m/s Northward Wind = 4.0 m/s
--------------------------------------------------------------

------------
Time (rel. to T0) = 0.0 sec. ( 0.000 sols) Ls = 98.9 deg.
Height = 30.00 km ( 33.45 km) Scale Hgt H(p) = 7.92 H(rho) = 7.92 km
Latitude = 22.000 degrees West Longitude = 48.000 degrees
Sun Latitude = 25.00 deg. Mars Orbital Radius = 1.640 AU
Sun Longitude = 111.31 deg. Local Time = 16.22 Mars hours
Temperature = 154.1 K Pressure = 2.100E+01 N/m**2
Density (Low, Avg., High) = 6.785E-04 7.064E-04 7.342E-
04 kg/m**3
Departure, COSPAR NH Mean = -30.8 % -27.9 % -25.1 %
Density perturbation = -0.48 % of mean value
Eastward Wind = -24.3 m/s Northward Wind = 7.6 m/s
--------------------------------------------------------------

------------

In additionto theoutputshown above, which maybedirectedto theconsoleor a
file, thedatafiles shown in Table3 areproduced,holdingthedataindicatedtabulated
againsta userspecifiedcoordinate.Dataarepresentedin SI units unlessotherwise
stated.

Theuserspecifiedlist file containstabulatedoutputin a column-wisebasisof the
followingvariables:time,height,latitude,longitude,density, temperature,zonalwind,
meridionalwind, percentagedensitystandarddeviation, small-scale(gravity wave)
densityperturbationand 9:% .
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5.3.3 Running the MCDGM in Batch Mode

Alternatively the usercanrun the MCDGM interfacein batchmodeusinga simple
Unix script.Thisscriptcouldbeexecutedasa backgroundjob or at a latertimeusing
somebatchqueueingsoftware.

#

# Script to run the Mars Climate Database MarsGRAM style inter-

face (mcdgm)

#

set workdir = "/YOUR/WORK/DIRECTORY"

set mcddir = "/FULL/PATH/NAME/mcd"

#

cd $workdir

#

cat >! mcdgm.in << eof mcdgm.in

vl1 ent.list

vl1 ent.out

7

20

1976

100

12

50

00

1

3

9999

2

0

0

22.

48.

-1.21

1.

0.

0.

0.

eof mcdgm.in

#

$mcddir/mcdgm < mcdgm.in > mcdgm.out

#
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5.4 Using the DRSLibrary

Datain theMCD arewritten in DRSformat. If you arenot usinga package(suchas
GrADS)whichcanreadDRSformatyoucanwrite aprogramin FORTRAN (or some
other language,suchasC or IDL) to accessthe datausingthe DRS library. Some
generaldocumentationon DRS is availablein directorydrs/doc. Within theat-
memcd.F or mcdgm.F sourcefiles we alsosupplyseveral FORTRAN subroutines.
For mostapplications,usingtheatmemcd subroutineshouldbegoodenoughto ac-
cessthedatabase,but if you wantto processto theglobalfields,it maysometimebe
easierto useDRS.

5.4.1 Openingand ClosingFiles

To accessthe datayou mustfirst openthefile. An exampleof openinganMCD file
within aFORTRAN programis shown here.

.

.

#include "drsdef.h"

.

.

integer udrs ! DRS file unit number

integer ierr

character*256 datfile ! DRS data file

character*256 dicfile ! DRS dictionary file

.

.

udrs=60

datfile=’/FULL/PATH/NAME/mcd/data/viks04me.dat’

dicfile=’/FULL/PATH/NAME/mcd/data/viks04me.dic’

ierr=aslun(udrs,dicfile,udrs+1,datfile,IDRS READ)

.

.

! read some DRS data

.

.

ierr=cllun(udrs) ! close the file again

.

.
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5.4.2 Manipulating Data

Oncethe file hasbeenopenedyou canreaddatafrom the MCD eitherby usingthe
DRSroutinesdirectlyor by usingsubroutinesfrom theemcd directory. Thefollowing
routinesmayprove particularlyuseful. They canbe foundin themainatmemcd.F
file. Eachsubroutineis commentedwithin the codeto indicatethe type andsizeof
argumentswhich it expects;note that in somecasesthe numberof argumentshas
changedsinceearlierversionsof the MCD. On request,a detaileddescriptionof the
subroutinescanbeprovidedin a “Pr ogrammer’sReferenceDocument”.

� loadvar mustbecalledfirst to loadtheneededdatabasearrays.

� var2d retrieveonevalueof a2-D field atagivenlocationandtime. Usesbilin-
earinterpolationto translatethedatabasefields to theuserspecifiedlongitude,
latitudeandtime.

� var3d Retrieveonevalueof a 3-D field from theMCD. Usestrilinear interpo-
lation to translatethedatabasefields to theuserspecifiedlongitude,latitude, �
level andtime. Thesubroutinegetsi canbecalledfirst to translategeometric
heightinto the � levelsusedin theMCD.

� profiReadsaverticalprofilefrom a3-D fieldonmodel� levels.Usesbilinear
interpolationto translatethedatabasefields to theuserspecifiedlongitudeand
latitudeandtime.

� getsi Solvesthehydrostaticequationto find thevalueof � (theMCD vertical
coordinate)correspondingto theuserspecifiedheightabove thesurface.

� heightConversionbetweenradiusfrom thecentreof theplanet,heightabove
thezerodatumareoidandheightabove thelocal surface.Givenany oneof the
above, this routinefindstheothertwo

� mars ptime Thisroutineconvertslocaltimeataparticularwestlongitudeand
turnsit into databaseprimemeridiantime(universaltime)

� eofpb Thisroutinecomputesalarge-scaleEOFperturbationto avariable(den-
sity surfacepressure,temperature,zonalwind andmeridionalwind).

� grwpb Thisroutinecomputesasmall-scalegravity waveperturbationto avari-
able(density, temperature,zonalwind andmeridionalwind).

5.5 UsingGrADS

GrADS canbeusedfor simplemanipulationanddisplayof meanandstandarddevia-
tion datafrom theMCD andfor morecomplicatedcalculationsof derivedquantities,
e.g. vorticity. GrADS canalsobeusefulfor quickly translatingportionsof the DRS
formatfiles into otherformats.
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N.B.SomeGrADSroutines,in particularhdivg andhcurl whichcomputehor-
izontalderivatives,assumethatthedatarelatesto theEarth;if they areusedfor calcu-
latingderivedquantitiesfrom thedatabase,resultsfrom themshouldalwaysbemulti-
pliedby afactorof approximately1.88to accountfor therelativeradii of theEarthand
Mars.Thedatesusedfor theGrADS scriptsarein Earthformat,andarearbitrary, but
theuniversaltimeof dayis correctwith one“hour” correspondingto 1/24of aMartian
Solarday(a MartianSolardayis 88775.2seconds,sohere1 “hour” is actuallyabout
3699seconds).In thedatabase00:00is midnightand12:00is noonat0

�
longitudein

TrueSolarTime.

A simpleinteractiveGrADS sessionto plot theseasonalaveragesurfacetempera-
turefor season4 from theViking scenariosimulationmayrun like this:

ga> open viks05me

Scanning description file: viks05me

Data file viks05me.dat is open as file 1

LON set to 0 360

LAT set to -88.125 88.125

LEV set to 0.9995 0.9995

Time values set: 2001:1:1:0 2001:1:1:0

ga> set mpdraw off

ga> display ave(tsurf,t=1,t=12)

Averaging. dim = 3, start = 1, end = 12

Contouring: 150 to 230 interval 10

ga>

To producehardcopy, typeenable print filename.gx, thendisplaythe
datawhich you requireandtypeprint whenyou have what you want. A clear
commandwill start a new pageanddisable print or quit at the end of the
sessionclosesthe filename.gx file. The .gx file can be viewed againon the
screenwith thegxtran utility or convertedto PostScriptfor printing with gxps or
gxeps. Theseutilities, andinstructionsfor usingthem,areprovidedwith theGrADS
distribution (whetheryou get gxps, gxeps or otherprogramswith similar names
dependsonexactly which versionof GrADSyou obtain).

For more complicatedoutput, or for repeatedapplicationswhich can be run in
batchmode,it is moreconvenientto write a GrADS script. Someareprovidedin the
mcd/grads subdirectory;it mightbenecessaryto changethepathto thedatafiles to
wherethemcd directoryhasbeeninstalledon your machineif thesescriptsareto be
run from anotherdirectory. Thefinal partof thefilenamedeterminesthedustscenario
andseasonaccordingto the codedescribedpreviously in this document.Thesecan
be changed,and the titles modified accordingly, by editing the scripts. If different
quantitiesarerequiredfrom thosewhichthey plot, it shouldbestraightforwardto write
new scriptsusingtheonessuppliedastemplates.Most of thescriptsareintendedto
produceoutputin portraitorientation,soeitherrunGrADSandanswerno to theinitial
landscapemodequestion,or specifyportraitmodefrom thecommandline,grads -
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p. It is alsousefulto run theGrADS commandset mpdraw off, which prevents
GrADSfrom drawing outlinesof countriesontheEarth,althoughthescriptsherewill
all do this explicitly whennecessary;this couldbeachievedwith a commandaliased
to grads -pc "set mpdraw off" which would run GrADS in portrait mode
with nomapoutlines.

The scriptswhich areprovided in the mcd/grads subdirectoryarebriefly de-
scribedbelow. The scriptshave beencommentedandthey shouldprovide a useful
startingpoint.

� anim tsurf.gs A simpleanimationof thediurnalcycle of surfacetempera-
turemeansduringoneseason.Usefulfor a quick checkthatthedatahave been
readcorrectly;awarmregion(localafternoon)shouldbeseento propagatefrom
Eastto Westacrossthemap.

� map ps.gs Plots mapsof the diurnal meansurfacepressureand its (non-
diurnal) standarddeviation. GrADS shouldbe run in portrait modefor this
script.

� map windt.gs Plotsmapsof thediurnalmeannear-surfacewind andsurface
temperature.GrADSshouldberun in portraitmodefor thisscript.

� profile.gs This script gives the mean,and confidencelimits at a chosen
numberof standarddeviations,for surfacevariablesandalsoplots thevertical
profile of threedimensionalvariablesfrom the Mars ClimateDatabase.It is
importantto note that the standarddeviation merelyrepresentsthe variability
betweenprofilesat thatlocationandthesamelocalTrueSolarTimeof daydur-
ing that season.It doesnot includeany diurnal variability (this is represented
in the twelve meanscontainedin the meandatafile for differenttimesof day)
norany small-scalevariability norany informationaboutcorrelationandscales
of variability within or betweenindividual profiles(the last two pointsaread-
dressedby themaindatabasesoftware).

The longitude,latitudeand local True SolarTime aresuppliedasarguments.
The longitudeshouldbe given in degreesEastandthe time in hours(00..24).
Thisscriptmustbeeditedto selectadustscenarioandseasonandto changethe
title accordingly.

A metafile,namedusingtheplot parametersiswritten,profile lon lat hr.gx
(wherelon is the longitude,lat the latitudeandhr the local time selected),
which canthenbeviewedwith gxtran or convertedto postscriptfor printing
with gxps or gxeps.

GrADSshouldberun in portraitmode.

Sampleoutputfrom theprofile.gs script is shown in Figure1 for summer
afternoonprofilesneartheViking Lander1 siteandfor contrastFigure2 shows
night-timeprofilesin awinterpolarregionat thesametime of year.

� section lat.gs This script is similar to profile.gs,except that a rangeof
latitudescanbegivento produceasigma-latitudesectionthroughthedatabase.
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Figure1: Sampleoutputfrom profile.gs: anafternoonprofileat theViking Lan-
der1 site.
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Figure2: Sampleoutputfromprofile.gs: aprofile in theSouthernpolarnight.
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Thelongitude,first andlast latitudeandlocal TrueSolarTime aresuppliedas
arguments. If the latitude rangegiven is too small, it is expandedto include
severaldatabasegridpoints;otherwiseprofile.gscouldbeused.The longitude
shouldbegivenin degreesEastandthetime in hours(00..24).This scriptmust
beeditedto selectadustscenarioandseasonandto changethetitle accordingly.

GrADSshouldberun in portraitmode.

� zonal tuv.gsPlotsthezonalmeananddiurnaltimemeantemperature,zonal
andmeridionalvelocity for oneseasonin a 132;45�<6 –latitudecoordinatesystem.
GrADSshouldberun in portraitmodefor thisscript.

Sampleoutputfrom thisscriptis givenin Figure3.

� zonal sdtuv.gs Plots the zonal meanstandarddeviation of temperature,
zonalandmeridionalvelocity for oneseason.GrADS shouldberun in portrait
modefor thisscript.

GrADS is a popularandpowerful public domainsoftwarepackagefor displaying
meteorologicalvariables.You arereferredto the manualfor a descriptionof all the
featuresavailable.AlsonotethatasGrADSis widelyusedtheremaybescriptsalready
written to performtheparticulartaskyouareundertaking.It maybeworthasearchof
theInternetandrelatednewsgroupsfor GrADS scripts.TheWorld Wide Webpageat
http://grads.iges.org/grads is a goodstartingplace.
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