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Introduction:   
 

 The existing Mars Global Ionosphere-
Thermosphere Model (M-GITM) is currently under-
going final stages of development at the U. of Mich-
igan.  This effort essentially combines the terrestrial 
GITM framework [e.g. Ridley et al., 2006] with 
Mars fundamental physical parameters, ion-neutral 
chemistry, and key radiative processes in order to 
capture the basic observed features of the thermal, 
compositional, and dynamical structure of the Mars 
atmosphere from the ground to ~250 km.  This com-
prehensive 5-year model development, testing and 
validation effort has been ongoing since 2006. The 
objectives for this new M-GITM code are three-fold: 
(a) to investigate the thermal and dynamical coupl-
ing of the Mars lower and upper atmospheres, and 
(b) to provide an accurate representation of the ob-
served thermosphere-ionosphere structure and its 
variations over the Mars seasons and solar cycle, and 
(c) to link M-GITM (thermosphere-ionosphere struc-
ture) with other exosphere and plasma models in 
order to address Mars atmospheric escape processes 
and determine modern escape rates. These objectives 
are designed to support MAVEN mission planning 
and data analysis activities. 
 
 
 The GITM code is a 3-D spherical model 
that was developed originally to simulate the terre-
strial thermosphere - ionosphere system (~100-500 
km) using an altitude based vertical coordinate [e.g. 
1, 2]. This allows for the relaxation of the assump-
tion of hydrostatic equilibrium and enables the mod-
el to resolve sound and gravity waves in both the 
vertical and horizontal directions.  GITM solves for 
the bulk horizontal neutral winds, while in the ver-
tical direction, the momentum equation is solved for 
each of the major species and the bulk vertical wind 
is specified as a mass density weighted average of 
the individual vertical velocities. The model is fully 
parallel and utilizes a block-based 2-D (latitude and 
longitude) domain decomposition that allows the 
model to have a flexible horizontal resolution.  For 
parallel computation, GITM uses the message pass-
ing interface (MPI) standard to allow for platform 
independence when passing information between 2-
D blocks.  The earth GITM code is typically used to 
address neutral and ion temperatures, composition 
and wind fields from ~100 to 500 km for numerous 
space weather modeling applications [e.g. 1, 2, 3, 4, 
5].  
 
 Unlike at Earth, M-GITM simulates the 
conditions of the Martian atmosphere all the way to 

the surface.  The formulations and subroutines re-
quired for incorporation into the new M-GITM code 
have largely been taken from existing Mars GCM 
codes. For the Mars lower atmosphere (0-80 km), a 
state-of-the-art correlated-k radiation code was 
adapted from the NASA Ames MGCM [6] for in-
corporation into M-GITM. This provides solar heat-
ing (long and short wavelength), seasonally variable 
aerosol heating, and CO2 15-micron cooling in the 
LTE region of the Mars atmosphere (below ~80 km). 
In addition, dust opacity distributions (horizontal) 
are typically prescribed based upon empirical dust 
opacity maps obtained from several Martian years of 
MGS/TES, and Odyssey/THEMIS measurements 
[e.g. 7, 8]. Finally, a simple (fast) formulation for 
Mars surface temperatures was implemented and 
tested within the M-GITM code.  This scheme is 
based upon Mars empirical temperatures and is 
shown to match seasonal, latitude, and local time 
variations in temperatures reasonably well. These 
surface temperatures are needed for proper computa-
tions by the correlated-k radiative transfer code.  
 
 
 For the Mars upper atmosphere (~80 to 300 
km), a fast formulation for NLTE CO2 15-micron 
cooling was implemented into the M-GITM code 
[see 9 and 10], along with a correction for NLTE 
near-IR heating rates (~80-120 km) using an exten-
sion of the same correlated-k radiation code.  In ad-
dition, the earth GITM thermospheric EUV-UV 
heating routines have been modified for a CO2 at-
mosphere, by incorporating an expanded set of cross 
sections and yields.  These additions specify the in-
situ heating (EUV-UV), dissociation, and ionization 
rates spanning ~80 to 250 km. Finally, a comprehen-
sive set of 30+ key ion-neutral chemistry reactions 
and rates has been incorporated into the M-GITM 
code [11], based upon those used in the modern 
Mars Thermospheric General Circulation Model 
(MTGCM) [e.g. 10 and 12]. In order to calculate 
chemical sources and losses, M-GITM utilizes a sub-
cycling technique whereby several chemical time 
steps may be taken during a single advective time 
step. At this point, M-GITM assumes photochemical 
equilibrium when solving for the ionosphere (above 
~80 km).   
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Figure 1.  Mars GITM simulations, illustrating the 
exobase for: (top) solar maximum, perihelion condi-
tions, and (bottom) solar minimum, aphelion condi-
tions [16]. These extreme conditions reveal dayside 
(low SZA) exospheric temperatures that range from 
~175 to 340 K. Superimposed wind vectors show 
divergent flow away from the dayside subsolar lati-
tude (in mid-afternoon), and convergence in the win-
ter hemisphere (at low latitudes) just after mid-night 
(around 0200 to 0400 LT). 
 
 
For the entire atmosphere, the M-GITM dynamical 
core solver was modified to accommodate a vertical 
coordinate system that does not require altitude to be 
constant with horizontal position. The Martian ter-
rain is being incorporated into the M-GITM code 
making use of MGS Mars Orbiter Laser Altimeter 
(MOLA) topographic data files [13].  In addition, a 
simplified gravity wave momentum deposition for-
mulation was recently included, similar to the 
scheme used by [14]. This scheme is currently being 
tested within the M-GITM code in order to examine 
the role gravity waves play in regulating zonal and 

meridional winds (and the corresponding winter 
polar warming temperatures) in the lower and mid-
dle atmospheres, and their impact (if any) on the 
upper atmosphere (above ~ 80 km).  
 
 Further improvements to the M-GITM code 
are in process. For instance, the existing NASA 
Ames MGCM CO2 condensation/sublimation and 
planetary boundary layer routines will be added.  At 
the surface, global empirical maps of albedo and 
thermal inertia will also be supplied to the corre-
lated-k radiation calculations to provide accurate 
global variations. 
 
 The M-GITM code presently simulates the 
following neutral and plasma fields around the pla-
net. Neutral temperatures are solved for self-
consistently, but ion and electron temperatures are 
presently prescribed based upon Viking measure-
ments. Key neutral species (11) include: CO2, CO, 
O, N2, O2, N(4S), N(2D), NO, Ar, He and H.  Key 
ion species (5) include: O+, O2

+, CO2
+, N2

+ and NO+. 
Plasma velocities (zonal and meridional ion veloci-
ties) are not calculated, but await the coupling with a 
solar wind interaction (plasma) code.  As mentioned, 
the M-GITM code can be run for various horizontal 
and vertical resolutions. Typically, production runs 
are conducted for a 5x5 degree regular horizontal 
grid, with a constant 2.5 km vertical resolution 
(~0.25 scale height) above the lowest ~50 km. A 
“stretched” vertical grid is used at lower altitudes to 
accommodate the variable terrain. 
 
 

Results and Model Validation Thusfar:   
 

 
 The M-GITM code can be run for various 
seasonal, solar cycle, and dust conditions.  Initial M-
GITM simulations indicate this extended model is 
stable, convergent, and captures the basic observed 
ground-to-exobase temperatures, major upper at-
mosphere neutral and ion composition, and expected 
wind structures throughout the Mars atmosphere [15, 
16].  Model validation thusfar has focused upon si-
mulations for Ls = 0, 90, 180 and 270 for both solar 
minimum (F10.7 = 70) and solar maximum (F10.7 = 
200) conditions. 
 
 

For instance, Figure 1 shows extreme solar cycle 
plus seasonal conditions for the Mars upper atmos-
phere; i.e. for Periehlion/solar maximum plus Aphe-
lion/solar minimum inputs. Neutral exosphere tem-
peratures are illustrated near ~200 km (latitude ver-
sus local time) [16]. The noontime dayside exos-
pheric temperature variation calculated is ~160 K. 
This is similar to that observed and recently calcu-
lated by the MTGCM [12]. Simulated mesopause 
temperatures (~90-110K), not shown, are also simi-
lar to those observed for these same seasons [8].  
 

Corresponding Aphelion/solar minimum hori-
zontal winds near 200 km (not shown) diverge from 
the mid-afternoon near the sub-solar latitude, are 
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quite strong over the terminators (~200-300 m/s) and 
converge on the nightside in the mid-to-high lati-
tudes of the Southern (winter) hemisphere. Winter 
polar warming at low thermospheric altitudes is mi-
nimal in this simulation, in agreement with limited 
MGS aerobraking observations [e.g. 10].  

 
 
The simulated photochemical ionosphere for 

Aphelion/solar minimum conditions (Figure 2) pro-
vides realistic dayside ion densities below ~200 km, 
similar to Viking observations [17].  Five major ions 
are calculated, and the corresponding electron densi-
ties are given. The incorporation of elevated dust 
levels (similar to Viking) would have raised the alti-
tude of the simulated ionospheric peak closer to that 
observed (~130 km).  Further improvements in io-
nosphere calculations will later include ion-transport 
and electron precipitation sources. 

 
 
 

 
 
 
 
 

Future Plans:   
 
The Mars GITM code is scheduled for numerical 

integration with the Michigan MHD (magneto-
hydrodynamic) and the DSMC (Monte Carlo, kinetic 
model, exosphere) codes for the self-consistent si-
mulation of the Mars thermosphere-ionosphere-
exosphere regions and the solar wind interaction 
with the planet. This model integration activity will 
make use of the existing Michigan Space Weather 
Modeling Framework (SWMF).  The SWMF is a 
fully functional and high performance computational 
framework developed to enable the integration of a 
number of numerical models of the entire Sun-
heliosphere-Earth system for space weather model-
ing [18].  Application to Mars will enable these three 
independent models to exchange fields with one 
another (2 and 3-way coupling). The ultimate goal is 
to address volatile escape processes and the corres-
ponding loss rates from modern Mars for compari-
son with anticipated MAVEN datasets. 
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Figure 2:  M-GITM simulated photochemical 
dayside ionosphere profiles for major species 
(#/m3). The primary ionospheric peak occurs at 
~115 km,  and is dominated by [O2+]; [O+] 
becomes comparable with [O2+] near ~240 km. 
See [16]. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


