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Introduction:

The Mars thermosphere (~100-200 km) is an interme-
diate atmospheric region strongly impacted by coupling
below with the lower atmosphere (e.g. seasonal infla-
tion/contraction, gravity waves, planetary waves and tides,
dust storms) and coupling above with the Sun (solar soft
X-ray, EUV, UV and near IR fluxes, and solar wind par-
ticles) [e.g. Bougher et al., 2008 review]. A wide assort-
ment of modeling studies have been conducted in recent
years to investigate the role of upward propagating plane-
tary and tidal waves upon the upper atmosphere structure
and dynamics [e.g. Forbes et al., 2002; Bell et al., 2007,
Gonzalez-Galindo et al., 2009a,b; Moudden and Forbes,
2010]. It is evident that the lower-middle (~0-90 km) at-
mosphere thermal and wind structure regulates this upward
propagation of planetary waves and tides, thereby modify-
ing the upper atmosphere thermal and wind structure as
well. One prominent manifestation of this coupling is the
observed winter polar warming at lower thermospheric
altitudes [e.g. Keating et al., 2003; Bougher et al.,20006;
Gonzalez-Galindo et al., 2009b].

Recent temperature datasets spanning MY28-29 are
now available for the lower-middle atmosphere of Mars
(up to ~90 km) from the Mars Reconnaissance Orbiter
(MRO) Mars Climate Sounder (MCS) experiment [e.g.
Kleinbéhl et al, 2009; McCleese et al. 2008; 2010]. These
datasets are ideal to constrain atmosphere thermal struc-
ture as a function of season, and specifically to investigate
the changing atmospheric patterns of winter polar warm-
ing [McDunn et al., 2011]. These datasets also provide for
the first time detailed constraints for General Circulation
Models (GCMs) that couple the lower and upper atmos-
pheres of Mars.

Numerical studies using the coupled MGCM-MTGCM
framework [e.g. Bougher et al., 2004; 2006; 2008; 2009]
have recently utilized these MCS datasets to constrain
lower-middle atmosphere temperatures (up to 90 km). In
so doing, it has become clear that gravity wave (GW)
momentum deposition is missing from the numerical for-
mulation. A Palmer-type GW momentum deposition
scheme (tuned for Martian conditions) has been added
recently to the Ames MGCM, thereby enabling the ob-
served atmosphere temperature structure (e.g. winter polar
warming features) to be more accurately simulated
throughout the Martian year. The associated impacts of
these improved Ames MGCM temperature and wind fields
upon the MTGCM thermospheric structure and dynamics
are investigated in this presentation. The Ls =270 solstice
season is initially selected for study.

New MRO/MCS Atmosphere Datasets:

The Mars Climate Sounder (MCS) is a passive infra-
red radiometer onboard NASA’s Mars Reconnaissance
Orbiter (MRO). MRO entered its science-phase, near-
polar, sun-synchronous orbit on September 24, 2006 (L,
111°, MY28). The sun-synchronicity of MRO’s orbit de-
termines that MCS repeatedly observes the atmosphere at
two local times as the planet rotates underneath the orbit-
ing spacecraft. In other words, each time the spacecraft
passes over the dayside, it does so at approximately 3PM
(except near the poles, where where the LST varies rapidly
as the spacecraft passes over the pole itself) and each time
it passes over the nightside it does so at approximately 3
AM. Meanwhile the planet spins beneath, effectively vary-
ing the longitude observed on each pass. The near-polar
trajectory of the orbit combined with the orbital period
allows MCS to map nearly all latitudes during each pass.
In its 4+ years of operations, MCS has accumulated nearly
2 million profiles [McCleese et al 2008; 2010].
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Figure 1. MRO/MCS temperatures (Ls = 260-
270 on the nightside) arranged as a function of lati-
tude at distinct pressure levels from 10-Pa to 0.01 Pa
(~30 to 85 km). Cyan line indicates averages in 0.5-
degree latitude bins. From McDunn et al. (2011).

MCS measures thermally emitted radiation in both
limb and on-planet geometries. From these, vertical pro-
files of pressure and temperature are retrieved using a



modified Chahine method and the Curtis-Godson approx-
imation [Kleinbohl et al, 2009]. Nominally, MCS re-
trieves temperature up to ~80-90 km. This depends some-
what on pointing (i.e. which part of the atmosphere is cov-
ered by the MCS detector array) and on temperature at
high altitudes (corresponding to signal-to-noise). Howev-
er, during MY 28 (Ls = 181-258), the lowest topsides oc-
curred near 50 km at southern winter latitudes and the
highest topsides occurred near 90 km at southern summer
latitudes. This 1-time restriction was entirely due to point-
ing as the MCS instrument was not tracking the limb dur-
ing this period. The depth to which retrievals are possible
(e.g. limb only) is mostly dependent upon atmospheric
opacity. However, in the latest version of the retrieval, on-
planet views can be simultaneously retrieved with limb
measurements. If an on-planet view is available, the tem-
perature profile typically reaches down to the surface. The
vertical resolution of the retrievals is ~5 km with uncer-
tainties on the order of 2 K [Kleinboh! et al, 2009]. Fig-
ure 1 illustrates MCS temperature retrievals as a function
of latitude at selected pressure levels for MY28. Notice
that middle atmosphere winter polar warming first be-
comes visible at about the 1.0 Pa pressure level; it be-
comes quite substantial (~60 K) at 0.1-Pa.

Coupled MGCM-MTGCM Framework:

The Mars Thermospheric General Circulation Model
(MTGCM) is a finite difference primitive equation model
that self-consistently solves for time-dependent neutral
temperatures, neutral-ion densities, and three component
neutral winds over the Mars globe [see details in Bougher
et al. 2004, 2006, 2008; 2009; Bell et al. 2007]. Briefly,
the modern MTGCM code contains prognostic equations
for the major neutral species (CO,, CO, N,, and O), se-
lected minor neutral species (Ar, NO, N(*S), 0,), and sev-
eral photo-chemically produced ions (e.g. O, , CO,", O,
and NO"). All fields are calculated on 33 pressure levels
above p=1.32 pbar, corresponding to altitudes from rough-
ly ~70 to 250 km, with a 5° resolution in lati-
tude/longitude. The vertical coordinate is log pressure,
with a vertical spacing of 0.5 scale heights. A fast non-
Local Thermodynamic Equilibrium (NLTE) 15-micron
cooling scheme is implemented in the MTGCM, along
with corresponding near-IR heating rates [Bougher et al.
2006]; these inputs are based upon the 1-D NLTE model
calculations of Lopez-Valverde et al. [1998].

The MTGCM is driven from below by the NASA
Ames Mars MGCM code [e.g. Haberle et al. 1999; 2003]
at the 1.32-pbar level (near 60-80 km). This coupling al-
lows both the migrating and non-migrating tides to cross
the MTGCM lower boundary and the effects of the expan-
sion and contraction of the Mars lower atmosphere to ex-
tend to the thermosphere. The entire atmospheric response
to simulated dust storms can also be calculated using these
coupled models. Key prognostic variables are passed up-
ward from the MGCM to the MTGCM at the 1.32-pbar
level at every MTGCM grid point: temperatures, zonal and
meridional winds, and geopotential heights. These two
climate models are each run with a 2-minute time step,
with the MGCM exchanging fields with the MTGCM at
this frequency. This MGCM-MTGCM detailed coupling
is crucial to conducting realistic simulations of the Mars
upper atmosphere structure and dynamics [e.g. Bell et al.
2007].

GW Momentum Deposition Scheme:

The GW parameterization scheme of Palmer et al
[1986] has recently been implemented into the NASA
Ames MGCM [Hollingsworth and Kahre, 2010; Kahre et
al., 2008]. The scheme accounts for the vertical propaga-
tion of topographically forced buoyancy wave activity.
This scheme has previously been one of several schemes
used in Mars GCMs [Collins et al., 1997; Forget et al.,
1999]. The surface forced waves, with an amplitude de-
pendent upon the local topographic variance, near-surface
wind speed, and near surface atmospheric stability, propa-
gate vertically. Wave momentum deposition within a
model layer, resulting in acceleration of the zonal wind
within that layer toward a speed of zero m/sec, occurs due
to both wave saturation and critical level processes. Satu-
ration arises when the thermodynamic conditions within a
layer permit some, but not all, of the wave energy to prop-
agate upward through the layer. The portion of wave
energy not permitted to traverse the layer results in an
acceleration of the flow within that layer. Complete wave
momentum deposition occurs in those layers where up-
ward propagating wave energy meets a zonal wind vector
opposite to the direction of the surface wind which forced
the wave activity. Since atmospheric density declines with
increasing height while the wave’s momentum flux re-
mains constant, the magnitude of zonal wind acceleration
can be of quite large magnitude if wave activity penetrates
to those altitudes.

MGCM simulations to date indicate that the GW ef-
fects accounted for with the GW scheme result in reduced
winter hemisphere eastward zonal jet wind speeds. These
decelerations are accompanied by warmed winter polar
temperatures as expected, and as has been demonstrated
elsewhere [Collins et al., 1997]. Sensitivity studies have
been conducted to determine proper settings for a tunable
parameter included in the calculation of the surface wave
forcing magnitude. These sensitivity studies involve an-
nual simulations forced with observed MGS TES year 1
dust opacity values. Model results are assessed via com-
parison with MCS-derived atmospheric temperatures (at
polar latitudes primarily) and with Mars atmosphere gravi-
ty wave amplitude derivations of Creasey et al [2006] and
Fritts et al [2006], as well as Creasey’s technique applied
to other data sets (e.g. MCS profiles) .

Upper Atmosphere Modeling Results:

Coupled MGCM-MTGCM simulations were con-
ducted for Ls = 270 and F10.7 = 130 conditions, making
use of dust opacities from TES Year #1. In addition, two
cases were run: (a) without GW momentum deposition,
but using Rayleigh friction at the top of the MGCM, and
(b) with GW momentum deposition, now neglecting Ray-
leigh friction. Figures 2a,b (no GW) and 3a,b (with GW)
are presented to compare zonal mean temperatures and
meridional winds; these are some key impacts of GW
momentum deposition on the upper atmosphere structure.
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Figures 2a,b: Zonal mean neutral temperatures

Coupled

MGCM-MTGCM simulation for no GW forcing;
Rayleigh friction is implemented in the MGCM.
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Figures 3a,b: Zonal mean neutral temperatures

and meridional winds (~70 to 220 km);

Coupled

MGCM-MTGCM simulation including GW forcing;
no Raleigh friction is implemented at the model top.



Conclusions and Future Plans:

These few coupled MGCM-MTGCM simula-
tions suggest that proper implementation of GW
momentum deposition in the Mars lower-middle
atmosphere has at least three effects: (a) to slow the
zonal flow in the winter polar region and to enhance
the meridional flow, thereby warming temperatures
near the same winter pole toward observed values
(~30-85 km); (b) to modify the thermal and wind
structure near the base of the thermosphere (80-110
km); and (c) to modify the zonal and meridional
winds in the thermosphere, thereby reducing the
magnitude of the winter polar warming from that
simulated previously [Bougher et al., 2006] toward
observed values.

Future work involves the incorporation of this
same GW momentum deposition scheme into the
existing Mars GITM code (0-250 km) that is pre-
sently being validated at the U. of Michigan [e.g.
Pawlowski et al., 2010; Bougher et al., 2011].

References:

Bell, J.M., S.W. Bougher, and J.R. Murphy. 2007, JGR,
112, doi:10.1029/2006JE002856.

Bougher, S.W., S. Engel, D.P. Hinson, and J.R. Murphy.,
2004, JGR, 109, doi: 10.1029/2003JE002154.

Bougher, S.W., JIM. Bell, J.R. Murphy, P.G. Withers, and
M. Loépez-Valverde. 2006, Geophys. Res. Lett., 33, doi:
10.1029/2005GL024059.

Bougher, SW., P.-L. Blelly, M. Combi, J.L. Fox, L
Mueller-Wodarg, A. Ridley, and R.G. Roble. 2008, Sp. Sci.
Rev., 139, doi: 10.1007/s11214-008-9401-9.

Bougher, S.W., TM. McDunn, K.A. Zoldak, and J.M.
Forbes, 2009, GRL, 36, L05201,
doi:10.1029/2008GL036376.

Bougher, S. W., A. Ridley, D. Pawlowski, J. Murphy, S.
Nelli, 2011. Abstract, Mars Atmosphere; Modeling and Ob-
servations Workshop, Paris, February 8-11, 2011

Collins, M., S. Lewis, and P. Read, 1997, Adv. Space
Res., 19, 1245-1254.

Creasey, J, J. Forbes, and D. Hinson, 2006, GRL, 33,
L01803, doi:10.1029/2005GL024037.

Forbes, J. M., A. F. C. Bridger, S. W. Bougher, M. E.
Hagan, J. L. Hollingsworth, G. M. Keating, and J. Mur-
phy, 2002), J. Geophys. Res., 107(E11), 5113,
doi:10.1029/2001JE001582.

Forget, F., F. Hourdin, R. Fournier, C. Hourdin, O. Tala-
grand, M. Collins, S. Lewis,, P. Read, and J.-P. Huot,
1999, J. Geophys. Res., 104, 24155-24176.

Fritts, D., L. Wang, and R.Tolson, 2006, J. Geophys.

Res., 111, A12304, doi:10.1029/2006JA011897.

Gonz alez-Galindo, F., Forget, F., L opez-Valverde, M.
A., Angelats i Coll, M., & Millour, E. 2009a, Journal of
Geophysical Research (Planets), 114, 4001.

Gonz alez-Galindo, F., Forget, F., L opez-Valverde, M.
A. & Angelats i Coll, M. 2009b, Journal of Geophysical
Research (Planets), 114, 8004.

Haberle, RM., Joshi, M.M., Murphy, J.R., Barnes, J.R.,
Schofield, J.T., Wilson, G., Lopez-Valverde, M., Hol-
lingsworth, J.L., Bridger, A.F.C., Schaeffer, 1999. JGR, 104,
doi: 10.1029/1998JE900040.

Haberle, R. M., J. L. Hollingsworth, A. Colaprete, A. F. C.
Bridger, C. P. McKay, J. R. Murphy, J. Schaeffer, and R.
Freedman, 2003, Published Conference Abstract, Interna-
tional Workshop: Mars Atmosphere Modelling and Obser-
vations, Granada, Spain, January 13-15, 2003.

Hollingsworth, J.L, and M. Kahre, 2010, GRL, 37,
Lsss02, doi:10.1029/2010GL044262

Kahre, M.A., J. Hollingsworth, R. Haberle, and J. Mur-
phy, 2008, ICARUS, 195, 576-597,
doi:10.1016/j.icarus.2008.01.023

Keating, G. M., et al. (2003), Published Abstract, Mars
Atmosphere Modelling and Observations, Cent. Natl.
d’Etudes Spatiales, Granada, Spain, 13— 15 Jan. 2003.

Kleinbohl A. et al., 2009, J. Geophys. Res., 114,
doi:10.1029/2009JE003358.

Lopez-Valverde, M.A., D.P. Edwards, M. Lopez-Puertas,
and C. Roldan. 1998, ,JGR, 103, 16,799-16,812, 1998.

McCleese D. et al., 2008, Nature, doi: 10.1038/ngeo332.
McCleese D. et al., 2010, submitted, J. Geophys. Res.
McDunn, T.,S. Bougher, A. Kleinboehl,, F. Forget, 2011,
abstract, Mars Atmosphere; Modeling and Observations

Workshop, Paris, February 8-11, 2011.

Moudden, Y. and J. M. Forbes, 2010, JGR, 115, E09005,
doi:10.1029/2009JE003542.

Palmer, T., J. Shutts, and R. Swinbank, 1986, Q. Journ.
Royal Met Society, 112, 1001-1039.

Pawlowski, D., S. W. Bougher, and A. Ridley,
2010. 38™ COSPAR Assembly, Abstract # 6194,
Bremen, Germany. July (2010);




<<
  /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


