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Abstract With the conclusion of the Cassini mission, we present an updated topographic map of Titan,
including all the available altimetry, SARtopo, and stereophotogrammetry topographic data sets available
from the mission. We use radial basis functions to interpolate the sparse data set, which covers only ∼9%
of Titan’s global area. The most notable updates to the topography include higher coverage of the poles
of Titan, improved fits to the global shape, and a finer resolution of the global interpolation. We also
present a statistical analysis of the error in the derived products and perform a global minimization on a
profile-by-profile basis to account for observed biases in the input data set. We find a greater flattening of
Titan than measured, additional topographic rises in Titan’s southern hemisphere and better constrain the
possible locations of past and present liquids on Titan’s surface.

1. Introduction

Topographic data are essential to understanding and deciphering the stratigraphic relationships and process
interactions that lead to the development of landscapes on Earth and other worlds. Titan is no exception
and plays hosts to a variety of geophysical and meteorological processes including aeolian dunes (Lorenz &
Radebaugh, 2009; Radebaugh et al., 2008), fluvial networks (Burr et al., 2013; Lorenz et al., 2008), lacustrine
processes (Hayes et al., 2008; Stofan et al., 2007), tectonic activity (Cartwright et al., 2011; Radebaugh et al.,
2007), and convective clouds (Griffith et al., 2009; Rafkin & Barth, 2015), all of which can be influenced by the
local and/or global topography. Further, comparisons between gravity and shape measurements can better
constrain Titan’s interior structure (Nimmo & Bills, 2010). Thus, obtaining the most accurate map of Titan’s
topography and shape is important for understanding the mechanisms that drive these processes.

The first spherical harmonic analysis of Titan’s shape came from Zebker, Stiles, et al. (2009) but suffered from
a lack of coverage over Titan’s south pole. To correct for this deficit, a nuisance parameter was included to not
allow estimates to deviate significantly from a sphere. Mitri et al. (2014) improved upon the estimate of Titan’s
shape, using similar techniques as Zebker, Stiles, et al. (2009), but with greater global coverage, finding an
overall flatter estimate of Titan’s shape. Complementing these efforts, Lorenz et al. (2013) made the first fit of
Titan’s topography using bicubic splines of SARtopo/altimetry data from TA-T77. Building on these previous
efforts, we present here an updated topographic map of Titan, now making use of all available data from the
now-completed Cassini mission.

While we provide initial context for some of the most interesting features observed, we leave detailed stud-
ies of geological, hydrological, and meteorologic implications of the new topography to future work. Our
topographic products are available in the supporting information of this manuscript.

2. Methods

There are a variety of well established interpolation schemes for handling sparsely and nonuniformly sampled
data, such as Titan’s topography. In this section, we present the data and interpolation methods used as well
as a description of the error analysis of our final product.
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Figure 1. (top left) Equicylindrical projection of the distance to the nearest measured data point. The largest separation
is ∼1,000 km, corresponding to ∼22∘. The average separation distance is ∼175 km or ∼4∘. (top right) Estimates of the
error in the spherical harmonic fitting to eighth order using a Monte Carlo approximation. (bottom left) Error in the
topography at 1∘ × 1∘ resolution used as inputs to the Monte Carlo simulation. The greatest error is found at the
beginning and end of SARtopo swaths. The lowest error is associated with altimetry measurements. For SARtopo the
error used is the systematic error of ∼160 m, which is larger than the relative error of ∼50 m along a given profile. The
postminimization errors, therefore, should lie between these values, and thus, we take a conservative estimate. (bottom
right) Errors on the minimized interpolations from Monte Carlo simulations. Regions of large interpolation are more
insensitive to variations in the measured topography and so appear as large, smooth regions, of lower error compared
to the input errors.

2.1. Topographic Data
Topographic data of Titan are derived from the Cassini RADAR (Elachi et al., 2004) using three methods:
SARtopo, altimetry, and stereophotogrammetry. SARtopo makes use of the relative return between overlap-
ping regions of the Cassini RADAR beams to make an estimate of the local topography (Stiles et al., 2009).
Altimetry employs a time-of-flight measurement through a nadir viewing geometry to accurately measure
the distance to the surface (Zebker, Gim, et al., 2009). Finally, stereophotogrammetry uses the spacecraft posi-
tion and viewing geometry to triangulate features observed in multiple synthetic aperture radar (SAR) images
to determine their location on Titan’s surface (Kirk et al., 2012).

The SARtopo data consists of 122 profiles covering ∼5.2% of Titan’s surface with an average error in eleva-
tion of ∼160 m over all 122 profiles. The altimetry data are comprised of 69 profiles covering an additional
∼1.6% of Titan’s surface. Although altimetry provides a much smaller coverage compared to SARtopo, the
vertical error is only ∼35 m (Zebker, Gim, et al., 2009). Finally, 19 digital terrain models (DTMs) made through
stereophotogrammetry cover an additional ∼2.1%, with a typical error of ∼100 m (Kirk et al., 2012).

Before the creation of the final topographic interpolation, each data set was cleaned to remove outliers and
erroneous data. For both data sets, data acquired outside a 4 km elevation range of [−2, 000 m to 2,000 m] were
removed, as this is the range of elevations considered when deriving SARtopo data products (Stiles et al., 2009)
and encompasses the majority of elevations from radarclinometry used to derive mountain heights (Rade-
baugh et al., 2007). SARtopo data were further cleaned by removing any footprint with an incident angle less
than 10∘ (Stiles et al., 2009), any footprint whose error was 2𝜎 greater than the average systematic error, and
footprint that overlapped with one of Titan’s seas (and including Ontario Lacus) by more than 30%. Altimetry
data were further cleaned by excluding any footprints with off-nadir angles greater than 0.2∘, the size of the
RADAR’s 3 dB gain pattern, and any footprint whose measured signal-to-noise ratio was 20 dB less than the
average (i.e., a 1% threshold). No bias corrections were applied to correct for the small mispointings in the
altimeter, as these are small compared to the assumed error of 35 m for the altimeter. Finally, the DTMs, pro-
vided by the U.S. Geological Survey were cleaned using the coregistration figure of merit and through a by-eye
correlation of the DTMs to the associated SAR imaging to remove any DTMs that gave nonphysical results. A
final by-hand cleaning was then done to remove isolated points or erroneous values at the beginning or ends
of swaths, where the measured topography is more uncertain.

2.2. Interpolation Scheme
Because of the limited coverage of the data, an interpolation must be used to generate a complete global
map of Titan’s topography. There are many interpolation techniques available: spline with tension (as used in
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Table 1
Spherical Harmonic Expansion Coefficients of Titan’s Shape Through
Fourth Order

Value ±1𝜎

C00 2,574,761.1845 17.7290

C10 −10.4281 26.2860

C11 22.0339 21.3546

C1−1 2.1793 28.2509

C20 −347.1055 23.8064

C21 −4.9891 13.6660

C2−1 −18.0130 26.4366

C22 63.0885 9.6314

C2−2 4.4192 6.2668

C30 −12.5366 31.5550

C31 49.4080 8.2442

C3−1 50.9231 12.2512

C32 5.7384 5.0234

C3−2 −0.9182 3.6927

C33 5.5707 1.3466

C3−3 −0.4333 1.4862

C40 −164.1297 37.5525

C41 −3.8203 7.2962

C4−1 −76.1225 12.5781

C42 −2.7712 2.5981

C4−2 −4.7037 2.1279

C43 −2.1335 0.6482

C4−3 2.1848 0.7873

C44 −0.2586 0.2156

C4−4 −1.0356 0.1681

Note. The remainder of the coefficients through eighth order can be
found in the supporting information.

(Lorenz et al., 2013)), inverse distance weighting, nearest neighbors, kriging
interpolation (Krige, 1951; Matheron, 1963), or radial basis functions (RBFs)
(Broomhead & Lowe, 1988; Powell, 1977). We have chosen here to use RBFs
for interpolating the global topography because of their flexibility and ease of
computation.

RBFs use a network of radially symmetric functions centered at nodes, whose
locations are defined by the observed data, which are then summed to gener-
ate a global approximation of the topography. The distance from the node is
defined as the Euclidean norm between observations in the projection space.
We have chosen to use linear basis functions for the global interpolation. Their
smooth dependence with distance minimizes the influence of any localized
variations on global scales. Finally, to correct for projection effects in the polar
regions, we interpolate the poles in a stereographic projection and then com-
bine them with the global projection to allow for consistent and well behaved
data across the poles. There is no additional smoothing in the data, in order to
remain as true to the data as possible. Interpolation on coarser scales or with
high-frequency filtered data would further remove fine scale variations. More
details on the interpolation scheme can be found in the supporting information
(Rippa, 1999).

2.3. Minimization
SARtopo data are initially globally adjusted with respect to the viewing geome-
tries of each Titan flyby from TA-T121 (Stiles et al., 2009) in order to minimize
relative offsets. However, it was still observed that there were discrepancies
between individual overlapping SARtopo profiles within swaths, altimetry pro-
files, and DTMs (see supporting information). To minimize these differences
between overlaps, we ran a second-order correction using a global least
squares minimization on a profile-by-profile basis to remove the relative offsets
between the SARtopo, altimetry, and DTM data sets. We determined that 160 of
the 191 profiles between SARtopo and altimetry overlapped and could there-
fore be minimized together. The remaining profiles that did not intersect any
other could not be minimized and were left unshifted. The final offsets between
these profiles follow a Gaussian distribution centered about zero and a stan-
dard deviation of∼80 m. After the profile-by-profile minimization is performed,
the DTMs are then tied down to the minimized SARtopo data at 32 pixels per

degree (32PPD) by allowing both an offset and 2-D tip-tilt to be applied to each DTM. This tip-tilt is deter-
mined by fitting a plane to the difference between the DTM and altimetry/SARtopo at the points where they
overlap. The plane is then subtracted from the DTM to minimize the offsets between the data sets. A final min-
imization is rerun with the corrected DTMs to obtain one final set of minimized offsets between all the data
products. We find the minimization further reduced the average offset between the data sets by ∼30%.

2.4. Spherical Harmonic Fitting
We model the shape of Titan using a spherical harmonic decomposition. To do so, we use a weighted least
squares approach to find the best fit coefficients for the complex spherical harmonics through eighth order
to the measured topographic data. Order 8 was chosen as this was the highest order for which there was
sufficient sampling across Titan’s surface (see Figure 1). As a result of the minimization process, errors were
taken to be independent, and no additional correlation (i.e., off-diagonal) terms were used in the covariance
matrix for the best fit solution. Details of the fitting can be found in the supporting information. The derived
coefficients for the spherical harmonic expansion can be found in Table 1.

2.5. Error Estimation
Error maps for each profile were generated at the 32PPD scale and added in quadrature to the 4PPD of
the interpolation. The application of the minimization described above acts to reduce correlations observed
along profiles and to minimize additional systematic errors and biases that result from ephemeris and
pointing uncertainty. Regardless, both uncorrelated and correlated errors are taken into account during the
error estimation.
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Figure 2. Top: Stereographic polar projections of Titan’s topography with the South Pole left and the North Pole right.
Ontario Lacus and the each of the large northern seas are found in local depressions. Bottom: Equicylindrical projection
of Titan’s topography. All maps have been corrected for the geoid, derived from the parameters defined in Table 1,
SOL1a of Iess et al. (2012). Regions of altimetry and SARtopo data that were used in the interpolation are over-plotted in
grey. Most noticeable is the asymmetry of the southern hemisphere. Xanadu is measured to be more elevated than
previously measured by Lorenz et al. (2013), more similar to its antipodal complement.

To understand the effects of these errors, we ran a Monte Carlo simulation of 1,000 realizations at 1PPD for
the topography interpolation and 4PPD for the spherical harmonic fitting. For each realization, a modulated
data set was created in two steps. First, a systematic offset was selected for each flyby drawn from appro-
priate Gaussian distributions with standard deviations equal to the average systematic error for each flyby.
Second, each observation point was further modulated using the same approach, but with a standard devi-
ation corresponding to the uncorrelated random error in the individual measurement. Error maps were then

Figure 3. As in Figure 2 but using an eighth-order spherical harmonic fit to Titan’s topography and corrected for the
geoid. Large-scale topographic variations are captured well. An eighth-order fit was chosen as it is the highest order
for which there is global sampling in the topography data set as determined from the distance between samplings
(see Figure 1). Maps of individual orders can be found in the supporting information.
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created using the standard deviation of the resulting interpolations for both Titan’s topography and shape
and are displayed in Figure 1. The same process was used for generating the error in the spherical har-
monic coefficients and best fit shape of Titan, except at the higher 4PPD. This approach is conservative as
the true error after minimization lies between the unminimized random and systematic errors used in the
error estimation.

3. Results

The final maps of Titan’s topography and shape can be found in Figures 2 and 3, respectively. We further
provide an equicylindrical projection of the geoid corrected map in the supporting information. All maps
(both with and without geoid correction for use with hydrology studies), along with their associated errors
(see Figure 1), are provided for the community as data files in the supporting information.

4. Discussion

Our interpolated topography can now be used to understand surface-atmosphere interactions, surface trans-
port processes, and geophysical processes. This data set can also be used as an input to various models that
will attempt to understand these processes and interactions on Titan (e.g., Howard et al., 2016; Neish et al.,
2016). Below, we provide an initial qualitative overview of the new features in the topographic data.

4.1. Surface Geology and Liquid Distribution
Currently, the largest liquid bodies on Titan are the three northern filled seas, which occupy local topographic
lows; similar basins are also observed at the south pole (Birch et al., 2017; Hayes et al., 2011). Recent work has
suggested these sites to be the locations of seas in the geologically recent past (Birch et al., 2017). Further,
our topography shows that the previously identified equatorial basins, Tui and Hotei Regiones, are also closed
basins like their northern and southern counterparts. This supports the hypothesis that these regions were
also formerly filled liquid basins (Moore & Howard, 2010). Additionally, the new topographic map shows that
Titan’s small lakes are within local topographic lows that themselves are contained within the higher standing
terrains at both poles, supporting a similar hypothesis in Birch et al. (2017) using geomorphologic mapping.
At finer scales, these basins are completely enclosed (Hayes et al., 2017), suggesting a different evolutionary
history than the larger seas (Hayes, 2016).

Further, surface wind patterns can be inferred through Titan’s dune morphologies and orientations
(Charnay et al., 2015; Tokano, 2010). Titan’s equatorial dunes are known to diverge around topographic obsta-
cles and are likely influenced by local topographic slopes at their margins (Lorenz & Radebaugh, 2009).
Counterintuitively, our map shows that Titan’s dunes correlate well with topographic highs over Titan’s
equatorial regions.

4.2. General Circulation Models
Topographic maps provide insights into general circulation models (GCMs) through understanding the inter-
action between the surface and atmosphere and the roles this can play on global wind patterns, superrotation
in the stratosphere, convective clouds formation, and availability of surface liquids. To date, these models have
mostly assumed a flat topography (Lora et al., 2015; Newman et al., 2016), even though initial work suggests
that the topography should have significant influences on the model results (Tokano, 2008). For example,
improved understanding of mountainous terrains, such as at the south pole, would provide additional con-
straints on atmospheric phenomena such as orographic forcing of gravity waves (Lora et al., 2015). Another
application is the incorporation of surface runoff (Newman et al., 2016), estimated from topography, to better
predict the location of surface liquids in the GCMs (Horvath et al., 2016), which has been shown to have signifi-
cant effects in the potential evolutionary tracks of Titan’s climate (Lora et al., 2015). An accurate understanding
of topography, therefore, can also provide better understanding of atmospheric and surface patterns which
can then be incorporated into (and tested against) GCMs.

4.3. Geophysical Relations
We observed several general observations on the shape and global-scale topography of Titan. We confirm the
four previously identified topographic rises in Titan’s southern hemisphere at∼45∘S, 330∘E (Lorenz et al., 2013)
and identify fifth rise potentially associated with these. This fifth additional rise could suggest the presence of
a larger, quasi-linear mountain range that extends across Titan’s southern midlatitudes. This ridge accentuates
the overall asymmetry in Titan’s southern hemisphere topography. Further, the southeastern hemisphere sits
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∼200 m lower than the southwestern hemisphere, a dichotomy not observed in Titan’s northern hemisphere.
The origin and implications of this dichotomy is beyond the scope of this paper.

Xanadu, a prominent, enigmatic SAR bright terrain in Titan’s equatorial region is found to be higher than that
measured by Lorenz et al. (2013) by ∼125 m. However, Xanadu remains a local low relative to its surround-
ings (Lorenz et al., 2013; Radebaugh et al., 2011; Stiles et al., 2009), which include the Shangri-La and Fensal
dune fields. This is counterintuitive as it is expected that a local topographic depression should fill with aeo-
lian sands, yet this is not the case. This suggests an anomalous behavior where the absence of aeolian dunes
may result from periodic wetting and drying within Xanadu and/or unresolved morphologic/topographic fea-
tures (e.g., fluvial networks (Barnes et al., 2015)). Thus, the origin of Xanadu and its topographic/morphologic
relationship with surrounding terrains remains inconclusive.

Finally, from the derived spherical harmonic coefficients for the shape of Titan, we find the principal axes of
the shape triaxial ellipsoid defined as:

a = C00 −
1
2

C20 + 3C22 = 2, 575.124 ± .026 km (1)

b = C00 −
1
2

C20 − 3C22 = 2, 574.746 ± .045 km (2)

c = C00 + C20 = 2, 574.414 ± .028 km (3)

The values derived from the fit of a triaxial ellipsoid to the new topography are a = 2, 575.164 ± 0.013 km,
b = 2, 574.720±0.024 km, and c = 2, 574.314±0.029 km. The discrepancies between the two derivations can
be explained by the contribution from higher-order harmonics that result from the nonuniformly sampled
topographic data. We find a mean radius of Titan to be R = 2, 574.765 ± 0.018 km, a polar flattening of
f = (a − c)∕a = 1∕(3, 632 ± 202), and hydrostatic parameter h = (a − c)∕(b − c) = 2.14 ± 0.38. The newly
measured flattening is higher than measured by Mitri et al. (2014), and the hydrostatic parameter deviates
slightly more from hydrostatic equilibrium, corresponding to h = 4. This suggests an even greater amount of
hydrostatic compensation is required from the ice shell (Mitri et al., 2014) to match the gravity field and remain
consistent with hydrostatic equilibrium (Iess et al., 2010, 2012). One possible solution to this disagreement is
that perhaps the latitudinal variations in the thickness of Titan’s ice shell are greater than previously measured
by Nimmo and Bills (2010).

5. Conclusions

We present updated topographic and spherical harmonic maps of Titan making use of the complete Cassini
RADAR data set for use by the scientific community. These maps improve on previous efforts (Lorenz et al.,
2013; Mitri et al., 2014) through their increased coverage, higher resolutions, a global minimization of the
data, and incorporation of observational errors, with the intent to serve a broader range of studies within the
Titan community.

Several notable correlations and improvements can be found in the new topography. First, we find a correla-
tion between potential ancient and current liquid bodies within local depressions. Second is the correlation
with the dunes and topographic highs in Titan’s equatorial region. Third, we note an additional topographic
rise located at ∼45∘S, 330∘E, which correlates with the previously identified mountain chain in this region.
Fourth is the asymmetry in the shape of Titan’s south pole with a high eastern hemisphere and a low western
hemisphere. Fifth, Xanadu is now measured to be higher than before but is still a local depression. Finally, the
shape of Titan is updated and found to be slightly more nonhydrostatic than previously measured.
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Erratum

In the originally published version of this article, in equation (3), C20 incorrectly appeared as C20, and 2,574.414
appeared incorrectly as “2,574.415”. In addition, the data sets in the supporting information were mislabeled.
These errors have since been corrected, and this version may be considered the authoritative version of record.

CORLIES ET AL. CORLIES ET AL: TITAN’S TOPOGRAPHY 11,761


	Abstract
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


