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Abstract

This document is the User Manual for version 4.3 of the Maim@le
Database (MCD) developed by LMD (Paris), AOPP (Oxford), D&hysics
& Astronomy (The Open University) and IAA (Granada) with thepport
of the European Space Agency and the Centre National d'Et8gdatiales.
This is a database of atmospheric statistics compiled freme@l Circula-
tion Model (GCM) numerical simulations of the Martian atrphsre. This
document replaces previous documents which describedbusrd.x, 3, 2,
and 1. and includes a thorough description of the accessa@ftprovided
to extract and postprocess data from the database.

The database extends up to about 250 km in altitude; in addii statis-
tics on temperature, wind, pressure, radiative fluxes,dvigles data such as
atmospheric composition (including dust, water vapor amddontent) and
make use of improved “dust and Extreme UltraViolet (EUV) reéos” to
represent the variation of dust in the atmosphere and sdJ& &onditions.
Linear interpolation in time of datafiles data is used to restnuct variables
at user-specified time of day and solar longitude and vatkos of vertical
coordinates may be specified as input. The data sets of nets3are similar
to those of the previous version (exept for the files whichtaimminforma-
tion for large scale perturbation reconstruction, whickéhbeen updated).
As of version 4.2, the major improvement is in the MCD accest\are,



the Fortran routine “calmcd” which now include a “high resolution mode
via postprocessing of MCD data which combines high resmutViOLA
(32 pixels/degree) topography and atmospheric mass d¢mmefcom Viking
Lander 1 pressure records. Examples of interfaces for ustgsested in
calling subroutine “calimcd” from C or C++ programs or IDL, Matlab and
Scilab softwares are also given.

Two seperate light tools, “pres0”, which yields high redwo surface
pressure and “heights”, which converts various verticalrdoates are also
provided.

For descriptions of the contents and structure of the dagfdetails on
the dust distribution scenarios, a description of the \mlitg models, and
of the high resolution postprocessing, see Bretailed Design Document
Comparisons of MCD outputs with available measurementa@dadeessed in
theValidation Document.
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1 Introduction

The Mars Climate Database (MCD) is a database of atmospsigtistics com-

piled from state-of-the art General Circulation Model (GL8imulations of the

Martian atmosphere (Forget et al., 1999). The models usednpile the statis-
tics have been extensively validated using available ebtienal data and repre-
sent the current best knowledge of the state of the Martiamostbhere given the
observations and the physical laws which govern the atmey&phirculation and

surface conditions on the planet.

Minor enhancements and additions may be performed aftatdliery of this
version of the database. Such changes are given iRERDMEHile available on
line athttp://www.Imd.jussieu.fr/"forget/dvd/
where the up-to-date contents of DVD is always available.

The MCD can also be accessed in a variety of data formats osinigteractive
Live Access Sever from our WWW site at
http://www-mars.Imd.jussieu.fr

1.1 Available Data.

The MCD contains several statistics on simulated datadtonea5.625° x 3.75°
longitude—latitude grid from the surface up to an approxereititude of 300 km:
temperature, wind, density, pressure, radiative fluxespaphere composition and
gases concentration, G@e surface layer, turbulent kinetic energy, etc...

Fields are averaged and stored 12 times a day, for 12 Mantieomths” to give
acomprehensive representation of the annual and diurnal cyles Each month
covers 30 in solar longitude L), and is typically 50-70 days long. In other words,
at every grid-point, the database contains 12 “typical’sjayne for each month. In
addition, information on the variability of the data withime month and the day
to day oscillations are also stored in the database. Sddttemls are provided to
reconstruct and synthetize this variability (section 6.1)



1.2 Database scenarios.

Eight combinations of dust and solar scenarios have beahhesause these are
the two forcings that are highly variable from year to year.

e On the one hand, the solar conditions describe variatiottgeifExtreme UV
input which control the heating of the atmosphere above 180 wWhich
typically varies on a 11 years cycle. Depending on the séesyasolar max-
imum average and/or minimum conditions are provided.

e Onthe other hand, the major factor which governs the vdiiglm the Mar-
tian atmosphere is the amount and distribution of suspeddstd Because of
this variability, and since even for a given year the detikhe dust distribu-
tion and optical properties can be uncertain, multi-anmoadiel integrations
were carried out for the database assuming various “dusasics”, i.e. pre-
scribing various amount of airborne dust in the simulatedcsiphere. 4 dust
scenarios are proposed :

1. The"*Mars Year 24" (MY24) scenario was designed to mimic Mars as
observed by Mars Global Surveyor from 1999 to june 2Q@Imartian
year thought to be representative of one without a globat siigsm.
The dust fields were derived from MGS TES observations usatg d
assimilation technique. The MY24 scenario is provided \@tkolar
EUV conditions: solar min, solar ave, solar max.

2. Thecold scenariocorresponds to an extremely clear atmosphere (“Low
dust scenario”; dust opacity = 0.1), topped with a solar minimum
thermosphere.

3. Thewarm scenariocorresponds to "dusty atmosphere for the season”
scenario (but not a global dust storm), topped with a solaximam
thermosphere.

4. Thedust storm scenario represents Mars during a global dust storm
(dust opacity set te = 4). Only available when such storms are likely
to happen, during northern fall and winter (Ls=180-360)t Wwith 3
solar EUV conditions: solar min, solar ave, solar max.

This corresponds to the 24th martian year according to ttemdar proposed by R. Todd Clancy
(Clancy et al.Journal of Geophys. Rd95, p 9553, 2000) which starts on April 11, 1955 (LSk0



The “cold” and “warm” annual scenarios are provided to beddke possible
global conditions on Mars outside global dust storms whighthought to
be highly variable locally and from year to year.

1.3 High resolution mode

The Mars Climate Database has been compiled from the outpugeneral circula-
tion model in which the topography is very smoothed becafige low resolution.

In addition, the pressure variations due to the CO2 cycladeasation of atmo-
spheric CO2 in the polar caps) that is computed by the modsilisbased on the
simulation of the actual physical processes. The polar bgpipal properties have
been tuned to somewhat reproduce the observations, butrecton was added.

As of version 4.2, access software includes a “high resmititmode which
combines high resolution (32 pixels/degree) MOLA topogpsapnd the smoothed
Viking Lander 1 pressure records (used as a reference teatdite atmospheric
mass) with the MCD surface pressure in order to compute ceiffgessure as ac-
curately as possible. The latter is then used to reconstertical pressure levels
and hence, within the restrictions of the procedure, yiédghmesolution values of
atmospheric variables.

The procedure by which high accuracy surface pressure iguated is also
implemented as a light and autonomous tpoksO (see section 11).

2 Differences Between Version 4.3 and Previous Versions
of the MCD

Differences between version 4.3 and version 4.2

e The main upgrade in MCD version 4.3 is the improvement of &ngd scale
perturbation model. Version 4.3 thus uses the same datatzaéles as
version 4.2, except for a subset which contains updatedrdgtared for the
large scale perturbation model.

e Other changes that have been introduced are:



— An additional vertical coordinate (‘zkey’ parameter) mag bsed to
specify vertical coordinate as altitude above referendausa(arbitrar-
ily set t03.396105 m).

— The output unit to which messages are written is now a paemtieat
can be set by the user (the default output unit is set to 6,wihiplies,
in conformance with Fortran standards, the standard output

— In order for the whole MCD to fit in a single DVD, some datafiled (
those which contain data about dust storm sceanarios, les. ifi the
data directory with names starting wititrm ) have been compressed
(gzipped) and should be un-compressed (gunzipped) beéomg hised.

Differences between version 4.2 and version 4.1

e \ersion 4.2 uses the same database datafiles as versioreeft or a small
subset (the files which contain variability); most improwats, changes and
new features are in the access and postprocessing software.

e The main new features and differences are:

1. The main Fortran subroutine to retrieve data from thelztega is now
called “calLmcd” andsignificant changes to the argument listcom-
pared to its predecessor “atmemcd”, have been introduced:

— A new high resolution procedure (based on the integratidmgif
resolution 32 pixels per degree MOLA topography) has been im
plemented.

— Input and output arguments which are floating numbers are now
declared asingle precision(i.e. Fortran REAL), except 'xdate’,
which is double precision, (i.e. Fortran REAL*8).

— The way by which users impose date and local time has changed.

— Input longitude and latitude must now be given in degrees
Longitude is interpreted as degrees east (as before).

— Input arguments used to signal and generate perturbatians h
been changed.

— Day to day variability of atmospheric variables is now gistier
pressure-wise or altitude-wise, depending on the vertioardi-
nate selected by the user.

2. Examples of interface software for C, C++ and Scilab yderge been
added (in addition to the pre-existing IDL and Matlab ones).
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3. Computation of solar longitude (from a given Julian ddte} been
made more accurate. Computation of local time (given in toiar
time) has been improved by using an appropriate equatiomef t

4. The “pres0” tool has been updated.

Lists of changes and improvements of previous versions of EMCD

e Version 4.1 is similar to beta version 4.0 with some improeais and a few
problems fixed.

e The main differences between version 4 and previous vefsibare:

1. The database now extends up to the thermosphere and niablear
(upper atmospheric composition: GN,, CO, O, K, and, in the lower
atmosphere: water, water ice, ozone, dust) are available.

2. Different vertical coordinates may be specified as injmatuding pres-
sure level.

3. Alinear interpolation in timels) for mean variables between seasons
was added.

4. For some variables, an estimation of the “day to day” vameis pro-
vided (root mean square values).

5. There is a significant re-arrangement of arguments of mirdeso that
all the input variables are followed by all the output vakéh

6. We suggest the use of direct compilation rather than usiadJNIX
command “make”.

7. Variables are now saved in atmemcd to fix problems with Fofpil-
ers which don't store values of variables between subreutalls.

8. The database now has a more accurate representationvidf/gthe
fact that it varies following an inverse square law is acdedrior when
integrating the hydrostatic equation. The variation of kg gas con-
stant, with altitude is also taken into account.

9. The horizontal resolution of the database has changed26° x 3.75°
(longitude x latitude).

10. We now provide the separate tool to compute surface ymessgith
high accuracy.

11. We now provide some tool to use the database softwarelidhm
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A major change in Version 3.1, compared to version 3.0 of @walhse, is
the change from DRS data format to NetCDF. A bug was also figethe
calculation of large scale variability in the upper atmasgh(above 120
km).

e The main differences between version 3.0 and 2.3 are madtyed to the
content of the database files, due in particular to improvesmade in the
models used to build the database, including an extensitimeafodel top
from 80 to 120 km, improved surface properties and a dustasaenfrom
Mars Global Surveyor.

e The main difference between version 2.3 and 2.0 is the us@eohtain
subroutine ATMEMCD which computes meteorological vargbfrom the
Mars Climate Database (MCD).

e The main difference between version 2.0 and 1.0 of the MChag the
large-scale variability model now makes use of two-dimemai, multivari-
ate Empirical Orthogonal Functions (EOFs). These now dssaorrela-
tions in the model variability as a function of both heightdaongitude
(rather than solely of height as in version 1.0).

3 Contents of the Mars Climate database

The contents of each subdirectory of the MCD provided on ti®[re summa-
rized here.

docs This directory contains files in pdf formats which can be usearint further
copies of the documentation:

— The User Manualyser _manual.pdf ) of the database; this docu-
ment.

— pdf versions of the scientific reference articles Lewis e{&999) and
Forget et al. (1999) describing earlier Mars Climate dasakend the
General Circulation models used to compile it are also plewi

mcd This directory contains Fortran source code for the clinddtabase ac-
cess softwares (see section 6, and RieADMEile in the directory): the
CALL _MCD subroutine, and a test program.
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Subdirectorytestcase  contains a simple tool to test the results from the
software after installation.

SubdirectorypresO contains an autonomous tool to compute surface pres-
sure in the context of high resolution topography (see sereti2).
Subdirectoriesdl , matlab , scilab andc_interface contain exam-
ples of interfaces of the Fortran subroutine with other laages and soft-
wares.

data The full MCD datasets derived from model runs. The databssemtained
in one DVD-ROM. You can (should) copy the entire databaseaur pard
disk (and also decompress some of the data files, see se@ijon 4

4 Installation

4.1 Software Requirements

e The MCD is primarily designed to operate in thaix/Linux environment
on a PC or a workstation . Access software is writterortran77, for
which a Fortran compiler (77, 90, 95 etc...) is needed.

Because the NetCDF libraries (see below) are also availadglerWindows
systems, several users have succefully compiled and usedtiess software
as undetUnix/Linux . Nevertheless, it has not been fully tested by the our
team but we can confirm that it compiles fine under@ygwin environment

on Windows using the GNU g77 compiler.

e The data in the MCD are written using the Network Common Datarf
(NetCDF) software. It was developed as part of Unidata , a Nationerse
Foundation-sponsored program (see Detailed Design Dautufioremore de-
tails). The libraries are freely available from the Unidateb site :

http://www.unidata.ucar.edu/software/netcdf/

NetCDF works on most current operating systems, including:
— AIX
— HPUX
— IRIX
— Linux
— MacOS X
— OSF1
— Sun0S-4, Solaris (Sparc and i386)
— MS Windows
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4.2 Installing the MCD from the DVD-rom

1. Create a working directory, e.qars, on a disk where you wish to use the
database.

2. Copy the following directory from the DVD-rom to this ldgan: at least
mcd, and if neededlocs .

3. If possible, you should copy the data from the DVD-ROM taroard disk.
The data can be accessed directly from the DVD-ROM (see helaw this
last solution is slower and less convenient. We suggestythatcopy the
directorydata from the DVD-ROM to the working directorynars for in-
stance, or to another disk if there is not enough disk spaagate there
(see how to link datafiles and software below). Moreoverf&$@D version
4.3, storage requirements have imposed that some of thdildathe com-
pressed (gzipped) and should be uncompressed (gunzipgedjunzip
file.gz on Unix machines; any of the many standard (de-)compression
tool will do on other platforms) prior to being used. Only §ileontaining
data for dust storm scenarios (i.e. files in thegda directory whith a name
starting withstrm ) have been compressed. This way the MCD can still
be run with all the data remaining on the DVD (the dust scenalviously
cannot be used then). A full installation of the MCD takeswlh5 Gb of
disk space. Note that the amount of disk space needed maylbeect by
only retaining a limited range of dust scenarios or seasbirga@rest within
thedata subdirectory (see Appendix A for a quick description of thaise
file contents).

4. In the working directory (e.gnars) it is convenient to set up ICDDATA
symbolic link in the same directory to point to the data directory, whereve
it has been stored:

In -s /full/path/to/mcd/data MCD _DATA

For instance, if one wishes to access the data directly fresDvVD-ROM,
If the DVD-ROM is mounted a&dev/dvdrom then create the link :
In -s /dev/dvdrom/data MCD DATA

N.B In thecall _mcd subroutine , the path to the directory can be given as
an input using thelset argument (e.gdset="/dev/cdrom/data/’ )

2This "symbolic link” strategy unfortunatelgioes not workvith Windows where the full path to
the data directory must be used.
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although by default the subroutine will usCDDATA/ if dset is not ini-
tialized or set tgd ’

5. If NetCDF is not available on your system, you must instiai NetCDF
library following the instructions given on their www sitege above). For
this purpose, you have the choice either to build and instell NetCDF
package from source, or use prebuilt binary releases if éineyavailable for
your platform (check the "Frequently Asked Question”).

Ideally, you can install the full NetCDF package as recomeanon the
web site. In practice, the minimum you need to run the acoefbeare are
only two files : an include file namedketcdf.inc and a Fortran library
file namedibnetcdf.a . The version of the files depends of the machine
and of the compiler. An easy way to get them is to go to the uaidatcdf
web page, click omprecompiled binariesdownload a compressed file cor-
responding to your operating system, uncompress the filerliand the
netcdf.inc in theinclude directory, and thdibnetcdf.a in the
lib directory. You'll need to provide the path to these two fildsan com-
piling applications (see theompile files in the database). Unfortunately,
this does not always work : if your compiler doesn’t work witte precom-
piled library, you will have to recompile Netcdf with it, aridllow the web
site instructions.

5 Ways to access the database

There are three main ways of accessing data from the MCD wiagk been im-
plemented to date.

Firstly, if you know Fortran, thdest wayto retrieve environmental data from
the Mars climate database at any given locations and tintesise thesubroutine
mode of the software supplied with the Mars Climate Database.r#tte, one
only has to call a main subroutine nameall _mcd from within any program
written in Fortran. A simple example of such a programs{ _mcd.F), which
can be easily modified, is provided. This mode was developll particular
attention to trajectory simulation applications, but incalso be used for most
other purposes. Further information on the usealf _mcdare available below.
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Secondly users who prefer usintpPL , Matlab or Scilab software, or who
program inC and/or C++ will find examples of how to interface their favorite
tools with the Fortran subroutineall _mcd in corresponding subdirectories (see
sections 7 to 10).

Thirdly , it is possible to access the database directly from withinggogram
written in any high level language or software which can rel@dCDF files. This
gives the most flexibility for particular applications (ewghen one wants to handle
global fields), although it does demand a greater undernstgrd how the database
contents are organised (see appendix A), as well as of hovatiability models, if
these are required, should be used. The Fortran subrouissesby theeall _mcd
routine (included in fileall _mcd.F ) illustrate how to open and read the database
files.

If you are interested in inspecting/plotting mean and saathdleviation data
from the raw database datafiles, you can install the Grid ysigland Display
System GrADS) or Ferret which are fine free softwares for displaying graphical
output from geophysical datasets. GrADS and Ferret can Ked@DF files and
display their contents using a few easy instructions. Batinke/ onUnix/Linux
andWindows environments, and can be downloaded from their respectiodd/V
Wide Web servers:

http://grads.iges.org/grads
http://ferret.pmel.noaa.gov/Ferret

There are also freely available plotting tools such as neaencBrowse which
can be used to visualize NetCDF files. IDL users can also reddiizplay the raw
datafiles using the “readcdf.pro” IDL function available on many websites.

Please note that the vertical coordinate in the datafiledemrain-following
“sigma-pressure” hybrid coordinates. The “altitude” adioate given in the datafiles
is merely an approximation of the real altitude of the datiae Fortran access soft-
ware calculates heights accurately by integrating the dstdtic equation directly
on the hybrid coordinates.
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6 Using the CALL_MCD subroutine

6.1 Whatis the CALL_MCD subroutine ?

The purpose of theall _mcd subroutine is to extract and compute meteorolog-
ical variables useful for atmospheric trajectory compota as well as scientific
studies. Data which may thus be obtained includes:

e Atmospheric and surface pressure
e Atmospheric and surface temperature
e Density

¢ Radiative fluxes (Solar and thermal IR) on the ground andetdp of the
atmosphere

¢ Wind speed defined by two components the meridional winditjpesvhen
oriented from south to north) the zonal wind (positive wheiemted from
west to east)

e Vertical wind

e The main atmospheric composition : gM,, O, CO volume mixing ratio

e Water vapour and water ice content

e Dust aerosol content

e Ozone (Q) content

e Air viscosity, heat capacity and,/C, ratio

The Fortran subroutineall _mcd retrieves database data at any date (Earth
date or Mars season and time) and at any point in space defyrlatitbde and east
longitude and a vertical coordinate which can be a distarara the planet center,
an altitude, or a pressure level. The returned values of ongltegical variables
are computed by interpolation in space, time of day and mfyath data stored in
the MCD. As of version 4.2 of the MCD an additional high res$ian interpolation
procedure (which uses 32 pixels/degree MOLA topographg}ieen implemented
to simulate local pressure and density as accurately aghpmss

Above the top level of the database density and pressurestineaged by inte-
gration of the hydrostatic equation assuming a constarnpéeature.

15



For these variables, the subroutine delivers mean valudsfaequested, adds
a different type of perturbation to density, pressure, terajure and winds. The
available types of perturbation are :

e Small scale perturbations due to the upward propagatiorrafity waves
for any altitudes (there is no small scale perturbation tofege pressure).

e Large scale perturbations due to the motion of barocliniativer systems
and other transient waves. These perturbations are ctadeia longitude
and altitude, and are reconstructed from the actual systedigbed by the
model.

e Perturbations equal tetimes the RMS day to day variation for all variables.

The two first types of perturbation have a random componerntoprehen-
sive explanation of the perturbations is included in theslded Design Docume#t

%In summary the perturbations are calculated as follow :

e The gravity wave perturbation of a meteorological variable is calculated by considering
vertical displacements of the form

5z = Shsin (Qi; n ¢>o) )
where \ is a characteristic vertical wavelength for the gravity wandg, is a randomly
generated surface phase angle. surface anfyds the amplitude of the wave depending
on the height. 6h is the sub-grid scale surface roughness (the variabilitgaaies smaller
than the explicit database resolution) and is a functiorooéfion on the Martian surface.
If z is higher than 100 km, the amplitude of the wave is taken tochmleto the amplitude
at 100 km.The amplitude of the wave is limited g2/ to saturate the amplitude of the
perturbation when it becomes statically unstable.

e Thelarge scale perturbationin the Mars Climate Database is represented using a tealniqu
that is widely used in meteorological data analysis, naptetypirical Orthogonal Function
(EOF) analysis. A two-dimensional, multivariate EOF of tih@in atmospheric variables
(surface pressure, atmospheric temperature and wind aoen) is used which describes
correlations in the model variability as a function of botidht and longitude. 200 EOFs
have been retained in the series in order to reproduce thabiléty of the original fields.
Above the top level of the database, the perturbation reptssa constant percentage of the
mean value this percentage is equal to those at the top obthbake.

e For the last type of perturbation (i.e. times the standard deviation), the standard deviation
is interpolated from the day to day RMS variabilities stoiethe database. If the user works
with pressure as the vertical coordinate, then the addedbibties are pressure-wise, and
altitude-wise otherwise. Above the top level of the datab#se standard deviation represents
a constant percentage of the mean value ; this percentageas ® those at the top of the
database.
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6.2 Software Package

Thecall _mcdsubroutine is in directoryncd. This directory includes:

¢ READMEA short text file which summarizes the information contdihere.

e File call _mcd.F, which contains the CALLMCD main subroutine and
most of the subroutines and functions it calls.

¢ theincludefile constants _mcd.inc used bycall _mcdand subsidiary
routines.

e Filetest _mcd.F which contains a simple and straightforward illustration
of a program usingall _mcd andjulian

e Thecompile file which contains an example of the (Unix) command line
to compile the subroutine and program.

e The filetest _mcd.def contains a list of input data faest _mcd (see
section 6.3).

e A subdirectorytestcase containing test cases used to test the accuracy of
your installation of the database

e thejulian.F file, which contains a subroutine which computes the Julian
date corresponding to a given calendar date.

e the heights.F  file which contains the subroutines necessary to convert
distances expressed as distance to planet center, heigh¢ alpeoid and
height above local surface. Given any of these, this routiomputes the
other two, either at GCM grid resolution or using high (1/3ycke) resolu-
tion (see section 12¢all _mcddoes these conversions using these routines
So users need not use it. These routines are nonethelessegegrate from
the main filecall _mcd.F for specialists who might want to use it seper-
ately.

e subdirectorypresO which contains theres0O tool (see section 11).

e subdirectoriesdl , matlab ,scilab andc_interfaces which contain
examples of interfaces.
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6.3 Compiling and running CALL _-MCD

A simple program using theall _mcd subroutine (as well as the complementary
subroutingjulian ) calledtest _mcdis provided in themcd directory. You can
easily modify it or use part of this code for your own purposSk compile the
program, edit thecompile file and make the necessary changes (ie: compiler
name, path to NetCDF library and include file). Then, Foranst, to compile and
runtestmed type*:

> compile

> test _mcd

Then, just answer the questions...

Alternatively you can edit the fileest _mcd.def and redirectittdest _mcd:
> test _mcd < test _mcd.def

In the mcd/testcase  sub-directory, a tool to test thatll _mcd is run-
ning accurately on your computer (usitgst _mcd) is provided. Please read
mcd/testcase/README for further information.

If your machine runs undaNindows you have 2 solutions:

1. Install a Unix environment emulator for Windows. The mpapular isCyg-
win, which you can download frorhttp://www.cygwin.com . This
emulator includes most Unix features and softwares. NetGib&ries can
be built on Cygwin as easely as on other Unix systems. As farfaw tests
have shown, requirements and steps necessary to installdre Climate
Database and use the provided access software under Cygimfact the
same as those for 'standardhix systems.

2. Port the Mars Climate Database to Windows. We have noy telsted
that possibility, but several users have done so succlssfliletCDF li-
brairies for Windows can be dowloaded from the NetCDF offisi@bsite at:
http://www.unidata.ucar.edu/packages/netcdf Note that, with
Windows, the "symbolic link strategy” to the Mars Climate tBbaselata

“In the examples given here, that the begining of command lines is the Unix session command
prompt.
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directory described in section 4.2 will not work; the ‘trygath to that direc-
tory must be used in the Fortran routines and programs (s&bi@adset
in the description otall _mcdarguments in section 6.4).

6.4 CALL _MCD input and output arguments

A Fortran call to subroutineall _mcdshould look something like:

call_mcd(zkey,xz,xlon,xlat,hireskey,
datekey,xdate,localtime,dset,scena,
perturkey,seedin,gwlength,extvarkey,
pres,dens,temp,zonwind,merwind,
meanvar,extvar,seedout,ier)

Ro Ro Ro Ro

All the input arguments (ie: values which must be set befaléng the routine
and which are not altered by it) are described in table 1. (istpre described in
table 2.

As call _mcd runs, it writes informational (and error) messages to siahd
output. Users who wish to ruzall _mcd silently (i.e. without any messages sent
to standard output) should edit filnstants _mcd.inc and change the value
of parameteputput _messages to .false.

As of version 4.3 the "standard output” unit number which wé used byall _mcd

is setto the value of theut parameter, also defined in fdenstants _mcd.inc .
The default value obut is 6, which is the standard value preconnected to the
screen (on most systems). Settimgt to any other positive integer value (ex-
cept 5 which is the usually preconnected to standard inpilitsend messages to
the corresponding file. It is thus advised to open the comeding file (using For-
tran commandpen(unit=  n,file="myfilename") ) prior to any call to
call _mcd otherwise default fildort. n will be used (this behaviour is possibly
system-dependent).
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Table 1:CALL _MCD Input arguments

Name Type Description

zkey integer Flag to set the type of vertical coordinate is given as:
1. xzis the radial distance from the center of the planet (m).

2. xz is the altitude above the Martian zero datum (Mars
geoid or “areoid”), in meters.

3: xz is the altitude above the local surface (m).
4. xzis the pressure level (Pa).

5: xz is the altitude above reference radiBds396 106 m)

(m).

N.B. The zero elevation is defined as the gravitational equipoten
tial surface whose average value at the equator is equal ®| th
mean radius as determined by MOLA. For more informationse [se
http://Itpwww.gsfc.nasa.gov/tharsis/mola.html .
Depending on the value of fldgreskey , references to areoid and topogr
phy are with respect to GCM grid or high resolution MOLA data.

D
I

XZ real Vertical coordinate of the requested point. Its exact didini
depends on the value of input argumekey .

xlon real East Longitude (planetocentric), in degrees.

xlat real Latitude (planetocentric), in degrees.

hireskey integer Flag to set the resolution at which data retrieval and postpr

cessing should be done:
0: Interpolate data from GCM grid.

1: Use high resolution (32 pix/deg.) MOLA topography and
areoid, as well as some internal post-processing scheme
to reconstruct data (see section 1.3).
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Table 1:CALL MCD Input arguments (continued)

datekey

integer

Flag to set the way dategdate andlocaltime ) should be
interpreted:

0: “Earth time”; xdate is given in Julian days. With

datekey=0 , thelocaltime  argument, although un
used,must be set to zero

1: “Marstime”; xdate is the value of the solar longitude Lis
andlocaltime is the local true solar time at longitude

lon , given in martian hours.

xdate

double
precision
(REAL* 8)

o if datekey=0 :the Julian date.

e if datekey=1 : the solar longitude Ls (in degreed)s €
[0 : 360]

N.B. The subroutingulian.F can be used to compute the Julian date co
sponding to a given calendar date (day, month, year, houmsites, seconds
on Earth.

localtime

real

Local true solar time at longituden , in martian hours. Shoulg
only be specified ifdatekey=1 and must be set to zero
datekey=0

N.B. Local true solar time is such that the sun is highest in theagkyoon. A
martian hour is defined 35/24th of a sol (a martian day, which B8775.245
s long).

dset

character
string
dim(x)

Path to the directory where the datafiles are to be found.

dset may be of any size. Ifiset is an empty string, then the

path to the datasets is set the default pd@DDATA/.
N.B. the given path must end with a “/” (e.ghome/data/ ) on Linux and
“\ " on Windows.

)
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Table 1:CALL MCD Input arguments (continued)

scena

integer

Dust and solar EUV input scenario:

1 = MY24 dust Scenario, solar minimum conditions
2 = MY24 dust Scenario, solar averaged conditions
3 =MY24 dust Scenario, solar maximuml conditions
4 = dust stormr = 4, solar minimum conditions

5 = dust stormr = 4, solar averaged conditions

6 = dust stormr = 4, solar maximum conditions

7 = warm scenario: Viking lander dust, solar max

8 = cold scenario: low dust , solar min.

N.B. The solar conditions describe variations in the Extreme bt which
control the heating of the atmosphere abevE0 km, which typically varieg
on a 11 years cycle. The different dust scenarios differ kst dmnount and
distribution used to create the data files (dust is highlyaide on Mars from
year to year).

The “Mars Year 24" (MY24) scenario was designed to mimic Mars as ¢
served by Mars Global Surveyor in from 1999 to june 2001, atiauar
year though to be typical.

The warm and cold scenario are provided to bracket the possible dust ¢
tent of the atmosphere, outside global dust storms.

b-

on-

dust storm 7 = 4 represents Mars during a global dust storm (dust opacity

set to 4). Only available when such storms are likely to hapgaring
northern fall and winter (Ls=180-360).

Please see thRetailed Design Document for further information.

perturkey

integer

Flag to set the type of perturbation to add.
1: None.
2: Add large scale perturbations (using EOFs).
3: Add small scale perturbations (gravity waves).
4: Add small and large scale perturbations.
5: Addseedin times the standard deviation.

N.B. For the small scale or large scale perturbations, a seedérandom
number generator must be specified (seedin argument). When large
scale perturbation is requested, as longesdin remains the same, no ne
random vector is generated and you work with the same ctéeckigerturbed

h

atmosphere.
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Table 1:CALL MCD Input arguments (continued)

seedin

real

e if perturkey=1 ,2, 3 or4: Random number generat
seed and flag.
For the first call tocall _mcd, this value (in fact its in-|
teger part) is used to seed the random number genel
If the value ofseedin is changed between subsequg
calls tocall _mcd, it triggers the reseeding of the ra
dom number generator and subsequently the regener
of a new perturbed atmosphere (see section 6.5.1).

e if perturkey=5 : coefficient by which the standard d
viation should be multiplied before being added to
mean valueseedin is then not allowed to be more tha
4 or less than-4.

gwlength

real

Wavelength of the vertical gravity wave (in meters).

Used for small scale perturbations (iepiérturkey=3  or4).
Should be betweeP000 and30000 m; if set to0 then a default
value of16000 m is used.

N.B. Feature for specialistsChanging the value @jwlength between calls
to call _mcd triggers the generation of a new random phase for the grg
wave (and without altering the large scale perturbatiorthd later is also
requested, i.e. in theerturkey=4  case).

ator.
bt
‘\-
ation

U
]

C

he
N

vity

extvarkey

integer

Flag to request extra variables on output

0 = extra variables not computed (only the 7 first element
output arrayextvar  will be filled). Faster computations

1 = extra variables computed and returned in output argur
arrayextvar

5 of

nent
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Table 2:CALL _MCD output arguments

Name Type description
pres real Atmospheric pressure(Pa)
dens real Atmospheric density (kg/m?)
temp real Atmospheric temperature (K)
zonwind real Zonal component of wind, in m/s ¢ 0 if eastward)
merwind real Meridional component of wind, in m/s (> 0 if northward)
meanvar real “mean” atmospheric values
(dim 5) e meanvar(1l) = mean atmospheric pressure

e meanvar(2) = mean atmospheric density
e meanvar(3) = mean atmospheric temperature
e meanvar(4) = mean zonal wind

e meanvar(5) = mean meridional wind
This array contains the unperturbed valuespoés , dens,
temp, zonwind andmerwind (i.e.: In theperturkey=1
case, where no perturbation are requestedntbanvar array
will contain these).
N.B. Close to the surface (i.e. below the lowest MCD level, whichround
4.5 m above the ground, and down to the aerodynamic rougheegth of
1 cm) the horizontal winds fall logarithmically to zero, lmling classical
boundary layer theory. If you want near-surface winds, tsemple at a range

h

of non-zero heights close to the surface as appropriatediar gpplication.
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Table 2:CALL MCD output arguments (continued)

extvar

real
(dim 100)

Supplementary variablesarray

(extvar(1) to extvar(7) provides time and space coordindtieh
are always computed and are therefore always set. extv
to extvar(50) are only computed and set if input argum

ar(8)

ent

extvarkey=1 . These are otherwise set to zero. The rest of

the array, extvar(51) to extvar(100) is unused (yet) anchgs
set to zero.

These supplementary variables are usually not used for-atmo

spheric trajectory computations but are useful for envirental
studies:

extvar(1)= Radial distance to planet center (m).
extvar(2)= Altitude above areoid (Mars geoid) (m).
extvar(3)= Altitude above local surface (m).

extvar(4)= Orographic height (m) (altitude of the surfg
with respect to the areoid).
N.B. Depending on the value of input flagreskey , references to
altitudes and orographic height are with respect to GCM gridigh
resolution MOLA topography and areoid.

extvar(5)= Ls, solar longitude of Mars (deg).
extvar(6)= LTST Local True Solar Time at longituttn
(in martian hours = 1/24 of a mars day).

extvar(7)= Universal solar time (LTST &n =0) (hrs).
extvar(8)=Cp: Air specific heat capacity (J.kg.K~1).
extvar(9)=y = Cp/Cv Ratio of specific heats.
extvar(10)= RMS day to day variations of dens
(kg/m?).

N.B. The given RMS is either pressure-wise ey =4) or altitude-
wise (if zkey =1, 2 or 3).
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Table 2:CALL MCD output arguments (continued)

e extvar(11)= Not used (set to zero).
e extvar(12)= Not used (set to zero).
e extvar(13)= Scale height H(p) (m).
e extvar(14)= GCM orography (m) (will be equal to
extvar(4) if input parametdrireskey =0).
N.B. Provided for specialist interested in the differences leetviow
resolution (i.e.: the GCM resolution) and high resolutio®MA to-
pography.
e extvar(15)= Surface temperature (K).
e extvar(16)= Daily maximum mean surface temperature

(K).

e extvar(17)= Daily minimum mean surface temperature
(K).

e extvar(18)= Surface temperature RMS day to day varia-
tions (K).

e extvar(19)= Surface pressure (Pa) (high resolution if
hireskey =1, GCM surface pressureliireskey =0).

e extvar(20)= GCM surface pressure (Pa) (will be equal to
extvar(19) if hireskey =0).
N.B. Provided for specialist interested in the differences leetviow
resolution (i.e.: the GCM resolution) and high resolutionface pres-
sures.
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Table 2:CALL MCD output arguments (continued)

e extvar(21)= Atmospheric pressure RMS day to day varia-
tion (Pa), ifzkey =1, 2 or 3. Otherwise set to zero.

e extvar(22)= Surface pressure RMS day to day variations
(Pa).

e extvar(23)= Atmospheric temperature RMS day to day
variations (K).

N.B. The given RMS is either pressure-wise Zkey =4) or altitude-
wise (if zkey =1, 2 or 3).

e extvar(24)= Zonal wind RMS day to day variations (m/s).
N.B. The given RMS is either pressure-wise Zkey =4) or altitude-
wise (if zkey =1, 2 or 3).

e extvar(25)= Meridional wind RMS day to day variations
(m/s).

N.B. The given RMS is either pressure-wise ey =4) or altitude-
wise (if zkey =1, 2 or 3).

e extvar(26)= Vertical wind (m/s)positive when down-

ward).

e extvar(27)= Vertical wind RMS day to day variations
(m/s).
N.B. The given RMS is either pressure-wise Zey =4) or altitude-
wise (if zkey =1, 2 or 3).

e extvar(28)= Small scale density perturbation (gravity
wave) (kg/n).

e extvar(29)= g2: turbulent kinetic energy {re?).

e extvar(30)= Not used (set to zero).
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Table 2:CALL MCD output arguments (continued)

e extvar(31)= Thermal IRX > 5um) flux to surface
(W/m?).

e extvar(32)= Solar fluxX < 5pm) to surface (W/rh).

e extvar(33)= Thermal IR flux to space (W#n

e extvar(34)= Solar flux reflected to space (W)m

e extvar(35)= Surface CQice layer (kg/m).

e extvar(36)= DOD: Dust column visible optical depth.
N.B. DOD is in fact deduced from the dust opacity retrieved by M.
Smith (GFDL) from MGS TES at 1075 cnt, multiplied by 1.65. To

estimate a trugisible extinction optical depth, we suggest to multiply
DOD by about 1.2.

e extvar(37)= Dust mass mixing ratio (kg/kg).

e extvar(38)= Dust Optical Depth RMS day to day varia-
tions.

e extvar(39)= Not used (set to zero).

e extvar(40)= Water vapor column (kg#h
N.B. If you prefer to have this value in precipitable microns (o
i.e. g/nt), then simply multiply it by1000.
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Table 2:CALL MCD output arguments (continued)

e extvar(41)= Water vapor vol. mixing ratio (mol/mol).
e extvar(42)= Water ice column (kg/m2).
e extvar(43)= Water ice mixing ratio (mol/mol).

e extvar(44)= Q (ozone) volume mixing ratio (mol/mol
(set to 0 above the 4.10 Pa level, which is around 120 ki)

e extvar(45)= [CO2] volume mixing ratio (mol/mof}et to
9.532 10~ when below the thermosphere which starts-80 km).

e extvar(46)= [O] volume mixing ratio (mol/mol).

e extvar(47)= [N2] volume mixing ratio (mol/moljset to
0.027 when below the thermosphere)

e extvar(48)= [CO] volume mixing ratio (mol/moljset to
810~* when below the thermosphere)

e extvar(49)=R : Molecular gas constant (J.k§.K~1).

e extvar(50)= Air viscosityv estimation (N s m?).
N.B.v = AT%%°/0.25(4Cp + 5R), with A = Y A,umr;, where
vmr; is the vol. mixing ratio of specy, and Aco2 = 3.07 1074,
Ao =T7.6107% An2 = 551074, Aco = 4.87107* and A4, =
3.4107%

e extvar(51) to extvar(100): Not used (set to zero).

seedout

real

The current index of the random number generator.

May be used to trigger (by settirgeedin to this value) the
generation of a new set of perturbations for the next cal
call _mcd.

29

to



Table 2:CALL MCD output arguments (continued)

ier

integer

Status code When an error occurs inall _mcd, all the out-
puts argumentspfes , dens, temp, zonwind , merwind ,
all elements ofneanvar andextvar )are set to—999 and a
message is written to the standard output. The valurof
summarises the statuscdill _mcd:

0:

O No ahkwdhR

10:

OK (no error)

Wrong vertical coordinate flazkey

Wrong choice of dust scenari@eena

Wrong value for perturbation flggerturkey

Wrong value for high resolution fldgreskey
Wrong value for date flagatekey

Wrong value for extra variables output flagtvarkey
Wrong value for latitudelat

Inadequate value for gravity wave waveleng
gwlength

Wrong value of input solar longitudedate must be in
[0:360], in thedatekey =1 case)

Given Julian datedate (in the datekey =0 case) im-
plies an Earth date outside of [1800:2200] range

yth
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Table 2:CALL _

11:

12:
13:
14.
15:
16:
17:
18:

19:

20:

21:

MCD output arguments (continued)

Wrong value of local time (in thelatekey =1 case),
which should be in [0:24]

Incompatibldocaltime  £0 anddatekey =0
Unresonable value gkedin (in perturkey =5 case)
No dust storm scenario available at such date

Could not open a database fitksét is probably wrong)
Failed loading data from a database file

Sought altitude is underground

adding fperturkey =5) perturbation yields unphysica
density

adding perturkey =5) perturbation yields unphysica
temperature

adding fperturkey =5) perturbation yields unphysica
pressure

Could not open a database file  but found that a cor
responding gzippefile.gz version of the file exists

You should got to thelset directory and de-compress|i

(e.g.gunzip file.gz on Unix systems).

6.5 The right use of the CALL_MCD subroutine

6.5.1 Perturbed atmospheres

The perturbation consisting of adding n times the standard dewtion to the

mean value (the perturkey = 5

case) must not be used to create randomly

perturbed atmospheres, but only as a mean to globally diregge or underesti-
mate the profiles of the meteorological variables. To gaeaandomly perturbed
atmospheres you must use small or large scale perturbatibich take into ac-
count some correlation of perturbations in the space ansdmet variables. Then

31
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when you use theerturkey = 5  perturbation, you have to keep the same
seedin (ie: multiplying factor) along the whole trajectory to adaintroducing
unrealistic gradients between consecutive values.

When generating a randomly perturbed atmosphsieg the large scale per-
turbations (perturkey = 2 or4)to simulate atrajectory, the valueséedin
should be kept constant in order to work with the same cdedlperturbed atmo-
sphere.

Reseting the large scale perturbations (by modifying theevafseedin between
calls tocall _mcd) to build profiles at a given location should only be done ia th
context of generating a range of different possibilities éxample is given in ta-
ble 3).

Whenusing the perturbation due to gravity wave propagation (smél scale
perturbation) (preturkey = 3  or4), to generate a vertical profile, the phase
(ie: the value oBeedin ), as well as the associated wavelengtfiength  should
remain fixed.

Note that if computing a group of trajectories clusteredravemall horizon-
tal distance (and at a given martian time), then perturbatshould not be reset
between the computation of each trajectory in order tomettaé underlying corre-
lation of the perturbations.

Note for specialistsit has been made possible to keep a given large scale per-
turbation whilst only changing the gravity wave small sgadgturbation between
calls. This is achieved by changing the value of input argunggvlength  be-
tween calls tacall _mcd. This feature, which should be usefull to people who
might want to generate “realistic” longitude-height oritlade-height slices over
large horizontal distances (over which indeed gravity vgesteould not correlate),
requires some sensible choices in longitude/latitudeisgand gravity waves re-
seeding. It is meant for experienced users and not advisegbfeeral use.

6.5.2 Runningtime

In order to minimize computational time, the datasets gmoading to encompass-
ing months (of sought input date) are read and loaded frordakesase at the first
call of the 'call_mcd subroutine. This initial loading is time consuming, butcen

loaded these values can then be used for further calls, gsalethe sought dates
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Table 3: Example of Fortran code to illustrate the use ofgrdting perturbations

I build a density profile at a given time and location
I with EOF and GW perturbations

perturkey=4
seedin=100 ! seed perturbations
zkey=3 ! work in "altitude above local surface" coordinate
do i=1,100
xz=(i-1) *2000.0 ! go from surface to 200km
call_mcd(zkey,xz,xlon,xlat,hireskey,

& datekey,xdate,localtime,dset,scena,
& perturkey,seedin,gwlength,extvarkey,
& pres,dens,temp,zonwind,merwind,
& meanvar,extvar,seedout,ier)
profile(1,i)=dens ! store density
enddo

. some code here...
. moved on to a different time or place 'far’ from previous
. such that perturbations should be reset

seedin=seedout ! change seedin to regenerate perturbation
I build the new density profile
do i=1,100
xz=(i-1) *2000.0 ! go from surface to 200km
call_mcd(zkey,xz,xlon xlat,hireskey,

& datekey,xdate,localtime,dset,scena,
& perturkey,seedin,gwlength,extvarkey,
& pres,dens,temp,zonwind,merwind,
& meanvar,extvar,seedout,ier)
profile(2,i))=dens ! store density
enddo
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Table 4: lllustrative example of the impact ¢dll _mcd options on its run time.

Given times were obtained on a 64-bit Linux 3.0GHz Xeon dimk computer.

Values given for “initial call” correspond to the very firsaltto the routine, while

those for “subsequent calls” corespond to the time reqdmedubsequent calls to
the routine, as long as no new data sets need be loaded.

perturkey =1
call extvar =0 extvar =1
hireskey =0 | hireskey =1 | hireskey =0 | hireskey =1
initial 0.54s 1.61s 0.73 s 1.79s
subsequent 5.010~° s 23107%s 23107%s 9.7107*s
perturkey =2
call extvar =0 extvar =1
hireskey =0 | hireskey =1 | hireskey =0 | hireskey =1
initial 0.60 s 1.74s 0.77s 1.77s
subsequent 5.5107% s 75107%s 7.3107%s 1.121073 s

do not lead to a change in bracketing months. This should kenteto account
when simulating trajectories (or maps) over more than a mapatls tocall _mcd
should be ordered so that all data is gathered within 8athange of Ls {5 to 45,
45t0 75, ...).

Similarly, only required data sets are loaded: if for ins&amo perturbations
are requested, then only mean values are loaded. Note thetstng perturbations
(perturkey  setto 2,3 or 4), as well as supplementary outpeitvarkey set
to 1), implies extra computations which will slow down th@gram.

On a 64-bit Linux 3.0GHz Xeon dual-core computer, the firittoacall _mcd
may take betweef.5 and2 seconds (depending on whether high resolution and/or
perturbations and/or extra outputs -the three most timswming options- are re-
gquested) but subsequent calls, as long as no new data sdtbenémaded, require
betweerb 10~° and1.1 10~3 seconds, as shown in Table 4.

7 Calling the CALL _MCD subroutine from IDL

The Interactive Data Language (IDL) is a commercial soferar data analysis
and visualization tool that is widely used in earth, planetzience and astronomy.
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Themcd/idl subdirectory contains two tools which show howdtadl _mcd
subroutine may be called from IDL. Note thedll _mcd is not directly called
from IDL as such, auxiliary Fortran programs are used. Tipesgrams are launched
from the IDL session, and their output (written to an intediage file) is then
loaded and used.

e mcd.idl.pro is an IDL procedure that can be used to retrieve a block of
atmospheric data from the Mars Climate database.

— inputs: Solar longitude Ls (in degrees), Local time Loct (in martian
hours), latitude lat (degrees north), east longitude Iagfees),dust
scenario dust (from 1 to 8),vertical coordinate type zkey2(13, or 4),
high resolution mode hireskey (on:1, off:0) and verticabiwbnate xz
(altitude, m or pressure level, Pajll the time and space coordinate
can be IDL arrays For instance, if you want to make a map of tem-
perature at a given local time, altitude, and Ls, then in ifgand lon
should be arrays.

— outputs: “meanvarz” and “extvarz” as defined foall _mcd, except
that they are multidimensional arrays depending on the dsian of
the inputs For instance, in our example of a map, the IDL dimension
of meanvarz will be DBLARR[5+1,nlat,nlorf] "5+1” means here that
contrary to the usual IDL convention meanvarz and extveatzneex
is only used starting at 1 to keep the same numbering thareifdin-
tran code and thus follow theall _mcd subroutine outputs” given in
section 6.4.

— How to use it:
1) Copy (you may also just use symbolic links) fimsstants _mcd.inc
call _mcdandheights.F  from parent dircetoryncd/ to the cur-
rent directory.
2) Edit the the Fortran codacd.idl.F  (which is used by IDL to call
call _mcd) and set the path (th#set variable) to the MCD data di-
rectory.
3) Compile the Fortran codencd.idl.F . You may use the script
compile _mcd.idl (after having edited it to match your needs).
4) Call mcd.idl.pro from IDL using your favorite method: File
test _idl.pro s provided as an example of an IDL program which
usesmcd.idl.pro

SWhen multidimensinal data is sought, dimensions are ae@n@s follows: mean-
varz[6,nlat,nlon,nz,nLs,nloctime]
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e profils_mcd.idl.pro is an IDL procedure that can be used to retrieve atmo-
spheric profiles for a list of horizontal coordinates ande#n This is espe-
cially useful to emulate observations of atmospheric pesfifom an instru-
ment.

— inputs: Solar longitude Ls (in degrees), Local time Loct (in martian
hours), latitude lat (degrees north), east longitude I@gfees),dust
scenario dust (from 1 to 8),vertical coordinate type zkey413, or
4), high resolution mode hireskey (on:1, off:0) and veitmaordinate
xz (altitude, m or pressure level, Pajz is the vector of altitude (m)
or pressure (Pa) defining the vertical coordinates of thefif@s. Ls,
Local time, lat and lon must be array of the same size, progidi list
of coordinate where you want to retrieve profiles

— outputs: “meanvarz” and “extvarz” as defined faall _mcd, ex-
cept that they are arrays containing the profiles for the Gthori-
zontal and time coordinated-or instance “meanvarz” has the follow-
ing dimension: DBLARR(5+1,number of profiles,number ofridn
each profile). "5+1” means here that contrary to the usual th-
vention meanvarz and extvarz left index is only used stgréihl to
keep the same numbering than in the Fortran code and thasvfdile
“call _mcd subroutine outputs” given in section 6.4.

— How to use it:
1) Copy (you may also just use symbolic links) fimsstants _mcd.inc
call _mcdandheights.F  from parent dircetoryncd/ to the cur-
rent directory.
2) Edit the the Fortran coderofils _mcd.idl.F  which is used by
IDL to call call _mcd and set the path (thdset variable) to the
MCD data directory.
3) Compile the Fortran codarofils  _mcd.idl.F . You may use the
scriptcompile _profils _mcd.idl (after having edited it to match
your needs).
4) Callprofils ~ _mcd.idl.pro  from IDL using your favorite method:
the filetest _profils  _idl.pro  is an example of an IDL program
which userofils  _mcd.idl.pro
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8 Calling the CALL -MCD subroutine from Matlab

The IDL tools described above have been translated intdasimiatlab scripts by
Kerri Kusza (Stanford University) which are available ineditory mcd/matlab

As with the IDL interfaces, data is retrieved from the databaia auxiliary
Fortran programs. Functiomcd_mat.m (along withmcd_mat.F ) can be used to
retreive a block of atmospheric data, and functwofils _mcd_-mat.m (along
with profils _mcd_.mat.F ) can be used to retrieve a vertical profile of atmo-
spheric data. See tiREADMEile in the same directory for further comments on
adapting these interfaces to your settings.

9 Calling the CALL _MCD subroutine from Scilab

Scilab is a free open source scientific software (similar tatltb) providing a
powerful computing environment for engineering and sdiergpplications.

Examples of tools similar to those mentionned above, angdtaddo Scilab by
Aymeric Spiga, are available in directoryicd/scilab . As for the Matlab and
IDL interfaces described previously, data is retreivedrfrine database via auxil-
iary Fortran programs which read and write their inputs aotpots to and from
intermediate files. The function defined in fitecd.sci  (which calls the Fortran
programmcd.sci , obtained by compilingncd_ sci.F ) is usefull for retreiving
a block of atmospheric data and the function defined inpliefils  _mcd.sci
(which calls progranprofils ~ _mcd.sci obtained by compiling Fortran source
codeprofils  _mcd.sci.F ) can be used to retreive a vertical profileof atmo-
spheric data. There is moreover a short scnijaid_plot.sci which illustrates
the use of these functions. Once the Fortran routines adlapieg:compiled (see the
READMEcompile _mcd_sci andcompile _profils _sci files), this demo
may be lauched with the following command:
scilab -f mecd  _plot.sci

37



10 Calling the CALL _MCD subroutine from C or C++
programs

Examples of C and C++ programs interfaced with the Fortrémnautinecall _mcd
are given in themcd/c _interfaces subdirectory. These files, along with the
header filemcd.h , illustrate how to call the Fortran subroutinatmemcd and
julian  from C (test _emcd.c ) and C++ {est _emcd.cpp ) main programs.

Unfortunately, inter-language calling conventions vaiyhveompilers and op-
erating systems; although the C and C++ interfaces havetbstad on our Linux
systems, using Gnu compilers (g77, gcc, g++) as well asd@witGroup compil-
ers (pgf77, pgcc, pgCC), they will certainly need to be addfb your settings.
Some examples of compiling and linking commands are givethénprovided
Makefile andREADMEHiles.

To summarize, compiling and linking in order to build the m&C or C++)
program requires the following steps:

1. Create the object files corresponding to the Fortran suioes which will
be called by the main program, e.g.:
> f77 -c julian.F
> f77 -c heights.F -l/path/to/netcdf/include
> f77 -c call _mcd.F -l/path/to/netcdf/include
which will create objectgulian.o  ,call _mcd.o andheights.o

2. Compile the main program (e.¢est _mcd.c ) with your C or C++ com-
piler:
> cc test _mcd.c call _mcd.o julian.o heights.o
-I/path/to/netcdf/include -L/path/to/netcdf/lib
-I netcdf
you will surely need to add other libraries, e.df2c  or -lg2c for the
GNU compilers, but these are extremely compiler (and ptatjalependent;
check your compiler's manual for instructions.
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11 High accuracy surface pressure togbres0O

The subdirectoryncd/pres0 contains a tool specially designed to compute sur-
face pressure (as well as surface altitude above the araioéally location and time
on Mars (outside global dust storm; data corresponding eédMiY24 scenario is
used), with the best accuracy currently possible.

As of version 4.2 of the Mars Climate Database, this featangl (ts extention
to atmospheric variables) is included in ttedl _mcd access software (by setting
input argumenhireskey=1 ).
The now redundanpres0 tool is nonetheless kept as it is a convenient light and
autonomoutool for users who only need to retreive high resolution aphy
and surface pressure.

More information on howpresO works is available in théetailed Design

Document

11.1 How to usepresO
See th(READMHile in subdirectorymcd/presO . This directory also contains :

e thefilepresO.F ,which contains th@resO main subroutine and the sub-
routines it calls and uses

e ThefiletestpresO.F  which contains a simple example of a program call-
ing presO .

e The filecompile which contains an example of a simple command to com-
pile the programs

11.2 Input/output of subroutine presO

A call to presO should be as follows:

5The only files that presO requires avé1.Is , mola32.nc andps_MY24.nc. Users inter-
ested in installing only pres0O and not the whole databasmjldltopy these files (which are in the
data directory) to their hard disk.
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call presO(dset,lat,lon,solar,loctim,pres,alt,ierr)

e Pres0 needs 5 input arguments:

— dset (character =*(*)): Path to datafile¥L1.Is , mola _32.nc
andps _-MY24.nc . These are in the same directory as all the database
datafile. Thedset string must end with a/*'.

— lat (real ): Latitude coordinate of the point (in degrees North).
— lon (real ): Longitude coordinate of the point (in degrees East).
— solar (real ): Solar longitude Ls (in degrees).
— loctim (real ): Local time (in martian hours).

e And fills 3 output values:

— pres (real ): Surface pressure (Pa) at given space and time coordi-
nates.

— alt (real ): Above areoid altitude of the surface (m) at given space
coordinates.

— ierr  (integer ): control variable (O if all is ok).

12 Theheights tool

Thecall _mcdroutine handles and converts various types of verticaldioates,

as explained in section 6.4. Users interested in havinglda bgd fast tool for

converting vertical coordinates expressed as distanchet@enter of the planet,
height above the areoid (zero datum) and height above tla $ocface may use
theheights subroutine. Given any of the three, this routine computesother

two.

Just ascall _mcd, heights can work in high resolution (i.e.: using high
resolution 32 pixels/degree MOLA topography and areoidpar resolution (i.e.:
at GCM horizontal grid resolution d§.625 x 3.75) mode. At GCM resolution,
topography and areoid are read from theuntain.nc  datafile. At high resolu-
tion, the MOLA topography filenola32.nc and spherical harmonics expansion
coefficients (in flemgm1025 are used. All these files are stored in tih&ta
directory of the DVD.

"We recomend using the same symbolic link stategy as giveediion 4.2.
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12.1 Arguments ofheights subroutine

A Fortran call to theheights  subroutine should be as follows:

call heights(dset,xlat,xlon,hireskey,convkey,
& zradius,zareoid,zsurface,ier)

where input and output arguments are:

e dset (character =*(*)): Path to the datafiles the routine needs. If left
empty (e.g.dset=" " ) the default pathtMCD_DATA/" is assumed.

e xlon (real ): East planetocentric longitude (in degrees).
e xlat (real ): North planetocentric latitude (in degrees).

e hireskey (integer ). Flag to set the resolution (0: GCM resolution, 1:
high resolution)

e convkey (integer ): Switch to indicate which distance is known and
used to find the other two:
convkey=1 :zradius is known, computeareoid andzsurface
convkey=2 : zareoid is known, computeradius andzsurface
convkey=3 :zsurface is known, computeradius andzareoid

e zradius (real ): distance to center of planet (m).
e zareoid (real ): altitude above areoid (m).
e zsurface (real ): altitude above local surface (m).

e ier (integer ): Routine status/error code (=0 if all went well, see file
heights.F ).
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A Accessing the database without using the CALLMCD
subroutine

A.1 Content of the database files

The file structure of the data directory is discussed in th&ail Design Docu-
ment for the MCD. Tables which show the variables availabdereproduced here
for convenience: mean data filesi€) contain 12 monthly mean values (corre-
sponding to 12 Solar times of day) for the variables shownahlds 5 and 6 and
standard deviation data filesd) contain the monthly standard deviation values
and the day to day root-mean-square (RMS) variability ofhef variables in Ta-
bles 7 and 8. For a gain of space, files are divided in low atimersp files and
thermospheric files (thermo or not in the file name).

The file naming convention for each file with filename extensiac’ is as fol-
lows :
Data Filename = ‘scenmon’ 'type’.filename extension’ for low atmospheric files
(up to around 130km — 30 levels)
Data Filename = ‘scedmon’_thermo _solar’_'type’.filename extension’ for ther-
mospheric files (from around 130km up to around 250km — 20d¢ve
‘scen’ denotes the dust scenario typé¢Y(24, cold, warm, strm , this last
scenario beiing the global dust storm scenario), where 'rdenotes the month
number: ‘mon’ = ‘01’ is month 1, Ls =0- 30°,
‘mon’ =‘02’ is month 2, Ls = 30 - 60°,
‘mon’ = ‘03’ is month 3, Ls = 60 - 9C°,
‘mon’ = ‘04’ is month 4, Ls =90 - 120,
‘mon’ = ‘05’ is month 5, Ls = 120 - 150,
‘mon’ = ‘06’ is month 6, Ls = 150 - 180,
‘mon’ = ‘07’ is month 7, Ls = 180 - 210,
‘mon’ = ‘08’ is month 8, Ls =210 - 240,
‘mon’ =09’ is month 9, Ls =240 - 270,
‘mon’ = ‘10’ is month 10, Ls = 270 - 300,
‘mon’ =11’ is month 11, Ls = 300 - 330,
‘mon’ =12’ is month 12, Ls = 330 - 360,
‘mon’ = ‘all’ is the whole year for the Empirical OrthogonalRctions (EOF) data
for the large-scale variability model.

‘type’ indicates the type of data in the file :
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‘type’ = ‘me’ means “mean data”,

‘type’ = ‘sd’ means “standard deviation data” and “rms data“
‘type’ = ‘e0’ means EOF data for large scale perturbations.

‘solar’ indicates the type of solar scenario for thermogptdes:

‘solar’ = ‘min’ for minimum,
‘solar’ = ‘ave’ for average,
‘solar’ = ‘max’ for maximum.

Mean variable symbol units 2-D or 3-D
Surface temperature tsurf K 2-D
Surface pressure ps Pa 2-D
LW (thermal IR) radiative flux to surface fluxsurf_lw W m—2 2-D
SW (solar) radiative flux to surface fluxsurf_sw W m—2 2-D
LW (thermal IR) radiative flux to space| fluxtop_lw W m—2 2-D
SW (solar) radiative flux to space fluxtop_sw W m—2 2-D
CO; ice cover co2ice kg m—2 2-D
Water vapor column col_h2ovapor | kg/n? 2-D
Water ice column col_h2oice kg/m? 2-D
Visible Dust optical depth dod 2-D
Atmospheric density rho kg m—3 3-D
Atmospheric temperature temp K 3-D
Zonal (East-West) wind u ms! 3-D
Meridional (North-South) wind v ms! 3-D
Vertical (up-down) wind w ms! 3-D
Boundary layer eddy kinetic energy | g2 m? s2 3-D
Water vapor mixing ratio vmr_h2ovapor| mol/mol 3-D
Water ice mixing ratio vmr_h2oice mol/mol 3-D
Ozone (Q) mixing ratio vmr_o3 mol/mol 3-D

Table 5: Variables stored in database mean data files lowsqineoe.

A.2 Using the NetCDF Library

Data in the MCD are written in NetCDF format. If you are notngsia package
(such as GrADS or Ferret) which can read NetCDF format younrée a program
in Fortran (or some other language, such as C or IDL) to adtesdata using the
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Mean variable symbol | units dimension
Atmospheric density rho kg m—3 3-D
Atmospheric temperature temp K 3-D
Zonal (East-West) wind u ms! 3-D
Meridional (North-South) wind v ms! 3-D
Vertical (up-down) wind w ms! 3-D
[O] volume mixing ratio vmr_o mol/mol 3-D
[COs] volume ratio vmr_co2 | mol/mol 3-D
[C'O] mixing ratio vmr_co | mol/mol 3-D
[N2] mixing ratio vmr_n2 | mol/mol 3-D

Table 6: Variables stored in database mean data files - tlsmimece.

Day to day variabilities (RMS) | ARMS RMS units 2-D
Pressure-wise and/or altitude-wisesymbol symbol or 3-D
Surface temperature rmstsurf | K 2-D
Surface pressure rmsps Pa 2-D
CO, ice cover rmsco2ice| kgm=2 | 2-D
Dust optical depth rmsdod 2-D
Atmospheric temperature armstemp rmstemp | K 3-D
Atmospheric density armsrho rmsrho kgm=3 | 3-D
Zonal (East-West) wind armsu rmsu ms! 3-D
Meridional (North-South) wind | armsv rmsv ms! 3-D
Vertical (down-up) wind armw rmsw ms! 3-D
Atmospheric pressure armspressure Pa 3-D

Table 7: Variables stored in database standard deviatitan fdes - lower atmo-
sphere. For 3-D variables, the ’arms’ prefix indicates aiualé-wise RMS and
the 'rms’ prefix a pressure-wise RMS.
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Day to day variabilities (RMS) ARMS RMS units 2-D
Pressure-wise and/or altitude-wisesymbol symbol or 3-D
Atmospheric temperature armstemp rmstemp| K 3-D
Atmospheric density armsrho rmsrtho | kgm™3 | 3-D
Zonal (East-West) wind armsu rmsu ms! 3-D
Meridional (North-South) wind | armsv rmsv ms! 3-D
Vertical (down-up) wind armsw rmsw ms! 3-D
Atmospheric pressure armspressure Pa 3-D

Table 8: Variables stored in database standard deviatitanfiles - thermosphere.
For 3-D variables, the 'arms’ prefix indicates an altitudisevRMS and the 'rms’
prefix a pressure-wise RMS.

NetCDF library. Some general documentation on NetCDF idaa on the web
athttp://www.unidata.ucar.edu/packages/netcdf/docs.ht mil.
Within thecall _mcd.F, heights.F  or presO.F source files we also supply
several Fortran subroutines. For most applications, usiegall _mcd subrou-
tine should be good enough to access the database, but if goutevprocess to
the global fields, it may sometimes be easier to use NetCDF.

A.2.1 Opening and Closing Files
To access the data you must first open the file. An example afingean MCD

file within a Fortran program is shown here.

#include "netcdf.inc"

integer unet ! NetCDF file unit number
integer ierr
character =256 datfile ! NetCDF data file

datfile="/FULL/PATH/NAME/mcd/data/MY 24 04 _me.nc’
ierr=NF _OPEN(datfile,NF  _NOWRITE,unet)
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I read some NetCDF data

ierr=NF _CLOSE(unet) ! close the file

A.2.2 Manipulating Data

Once the file has been opened you can read data from the MC&r éyhusing
the NetCDF routines directly or by using subroutines fromrticd directory. The
following routines may prove particularly useful. They daa found in the main
call _mcd.F file. Each subroutine is commented within the code to indithé
type and size of arguments which it expects; note that in stases the number of
arguments has changed since earlier versions of the MCD.

e loadvar must be called to load the needed database arrays.

e loadeof must be called to load EOF data (for the large scale pertiorbat
model).

e var2d retrieves the value of a 2-D field at a given location and titdses
bilinear interpolation from the database grid points valirelongitude and
latitude and linear interpolation in time (of year as welfaistime of day).

e var3d Retrieves the value of a 3-D field from the MCD. Uses trilingar
terpolation from the database grid point values in longdtuthtitude and
altitude.

e profi Reads a vertical profile from a 3-D field on model levels. Uses b
linear interpolation to compute values of variables at therwspecified lon-
gitude and latitude and time.

e getsi Solves the hydrostatic equation to find the value of pregaltitade
corresponding to the user specified input and compute ¢adrinterpolation
weights.
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orbit Computes, for a given Julian date, coresponding solar fodgiLs,
Sun-Mars distance and GCM model day.

mars _Itime This routine computes true solar time at a particular largt
for a given Julian date/Ls set.

sol2ls  This routine computes the solar longitue Ls correspondm@ t
given martian sol date.

Is2sol  This function returns the martian sol date correspondingnpait
solar logitude Ls.

eofpb This routine computes a large-scale EOF perturbation ofialve
(surface pressure, temperature, zonal wind or meridiotiad v

profi _eof This routine adds perturbations along a vertical profile.

grwpb This routine computes a small-scale gravity wave pertishab a
variable (density, temperature, zonal wind and meridiavial).

presO This routine yields high resolution MOLA topography at aejiv
location and recompute surface pressure accordingly.

molareoid This subroutine returns the radial position (ie: distaréhe
center of Mars) of the reference areoid for a given location.
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