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Summary: We have developed an updated global 

topographic model of Titan using the full ~6% areal 

coverage of elevation data from the Cassini mission. 

Introduction: Titan is the only place in the solar 

system, other than Earth, to have an active hydrologic 

cycle that drives complex meteorologic processes in 

the atmosphere [1] and on the surface [2].  As on Earth, 

topography is influential in driving such processes as 

dune orientation, cloud formation and volatile 

transport.  An accurate map of Titan’s topography is 

necessary to understand these processes from local to 

global scales.  

An updated topographic product is timely given the 

near completion of the Cassini mission and greater 

complexity of 3D general circulation models (GCMs) 

that are now ready for topographic inputs to more real-

istically model Titan’s climate [3]. Recent develop-

ments in mapping Titan’s polar and equatorial regions 

[4,5] will also benefit from the context provided by 

best effort estimates of global topography. 

The model presented here build on previous topo-

graphic products [6]  and uses the complete dataset 

from the Cassini RADAR, excluding only the final 

flyby to occur in April 2017. 

Methods:  Topographic data of Titan is generated 

by Cassini  in three ways: through use of overlapping 

beams of the Cassini antenna known as SARTopo [7],  

the use of the RADAR’s altimetry mode [8], and stereo 

radargrammetry [9].  These data, acquired throughout 

various Titan flybys, provide a sparse and non-uniform 

sampling of Titan’s topography.  To date, topographic 

observations cover ~6% of Titan’s 

surface area, calculated by the area of 

the SARTopo/altimetry foorprints in 

a 32 pixel/degree (PPD) projection, 

which fully resolve the footprint size, 

and accounting for the variation of 

pixel areas with latitude.  At a 1°x1° 

(1 PPD) spacing, this corresponds to 

SARTopo covering ~23% of the sur-

face with an average vertical error of 

~150 m, while altimetry covers only 

~2%, but with better average vertical 

error at ~35 m.  This provides a total 

coverage of ~25%, compared to pre-

vious work at ~11%, again at 1 PPD 

[6] (see Figure 1). The increased 

coverage results partly from the addi-

tion of later flybys, but also from improvements in 

SARTopo processing that increase the coverage from 

each encounter. The greatest distance of a grid point 

from the nearest observation is reduced by 40 km. 

However, this still provides only a sparse and non-

uniform sampling of Titan’s topography.  In order to 

interpolate areas with no data, we make use of radial 

basis functions (RBFs) for the interpolation as they are 

computationally convenient.  Because of the sparseness 

of the data, simple linear basis functions were used 

here so as to limit artifacts  that can result from the 

Fig. 2: Top panel: Earth’s topography at .5°x.5° resolution;  Bottom left: To-

pography from the previous 11% data coverage [6]; Bottom right: Interpolated 

from the new 28% data coverage.  Improvements can be seen in areas such as 

Greenland, the Tibetan Plateau, and the west coast of Africa. 

Fig. 1: Top panel: Previous coverage map [6] of Titan 

at 1°x1° resolution, covering 11% of Titan’s surface;  

Bottom panel: Updated coverage at 25%.  Many addi-

tional regions have been observed, allowing for near 

complete coverage at minimum distance <1000km 
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interpolation (see Figure 2). We note that interpolation 

artifacts will nevertheless be included in the final prod-

uct, but our analysis is limited by the available data.   

Finally, because of erroneous variations in slope 

that can be generated in SARTopo due to offsets be-

tween beams, we have run an updated global minimiza-

tion to minimize the variations between both the beams 

in a single SARtopo swath as well as the variations 

between overlapping SARtopo swaths.  Digital terrain 

models (DTMs) were also used as an additional source 

of relative topography for this minimization.  Fig. 3 

shows preliminary topographic maps in global 

Equirectangular and Polar Stereographic projections.    

Results and Discussion:  Since the initial topo-

graphic product published by [6], coverage has been 

significantly increased covering a broader area of Ti-

tan’s surface and filling in a number of former sparsely 

populated regions (see Figure 1).  Greater coverage is 

particularly apparent in the polar regions.   

By interpolating Earth’s topography as a verifica-

tion, we find that RBFs do an adequate job of interpo-

lating this sparse and non-uniform dataset.  With the 

increased coverage, we find an averaged global error of 

930m, compared to 1145m using the old coverage, a 

20% improvement.  For example, the Tibetan Plateau 

and the Bering Strait are now more clearly defined. 

Comparing the previous and updated topographic 

maps of Titan (see Figure 3), we find that many of the 

original landmasses are appear consistent, but that 

there are some noteable differences.  First is the in-

creased detail in structure at the polar regions.  Second, 

it is noted that the previously defined chain of moun-

tains [6] in the southeastern quadrant, while still pre-

sent in the updated map, are no longer as prominent.   

While our map is still largely interpolated, it will be 

useful an a best-effort input for modeling and anlaysis.  

Recent work on understanding the extent and transport 

of liquids between Titan’s poles will be better con-

strained given the increased coverage in Titan’s polar 

regions (see Abstract #2598, this meeting). Further, the 

most up to date topography esimates allow for better 

determination of the global distribution of volatiles on 

the surface of Titan for comparison with GCMs [8,10]. 

Understanding the topography is a crucial compo-

nent for understanding atmospheric properties and the 

interaction of the atmosphere with the surface.  Local 

topography plays a fundamental role in understanding 

winds in GCMs, which are necessary for understanding 

dune orientations [3,11], which cover ~20% of Titan. If 

used carefully, with its limitations well understood, the 

presented map will be very useful to these studies. 

Finally, more direct connections can be made be-

tween the surface and atmosphere through observations 

of clouds.  As on Earth, topography can influence the 

formation and locations of clouds [12].  This is only 

possible with the more complete topography of the 

polar regions, where most clouds on Titan are observed 

[13].  We are therefore now able to make claims of 

orographic clouds on Titan over the south polar terrain 

(see Corlies et al. this conference). 
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Fig. 3: Top panels: Stereographic projections of 

Titan’s north (left) and south (right) poles; Bot-

tom left: Previous Equirectangular projection of 

the global topgography [6]; Bottom right: Up-

dated topography smoothed to remove sharp 

variations.  The updated maps presented here do 

not yet include the global minimization de-

scribed in the text. 

2703.pdfLunar and Planetary Science XLVIII (2017)


