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Introduction: Titan’s polar regions, and its hydro-

carbon lakes in particular, are of interest for future 
exploration. Exploration requires atmospheric models 
to support the mission design process. The Huygens 
mission developed such a model to aid in the design 
process. However, new information from the Cassini-
Huygens mission is available, which reduces uncer-
tainty and determines the seasonal variability associ-
ated with the polar regions. This paper describes a new 
engineering model of Titan’s atmospheric structure to 
guide studies of entry and descent, with particular ref-
erence to the proposed Titan Mare Explorer (TiME) 
mission in the period 2023-2025, although this model 
may also be of use for orbital lifetime, aero-capture 
and other studies. 

Model description: Titan’s atmosphere is 
primarily composed of N2 followed by CH4, and H2. 
CH4 is a condensable, having a nearly uniform mole 
fraction in the stratosphere ~0.015, and then increasing 
in the troposphere with decreasing altitude; at the 
Huygens landing site (10° S), it was 0.057 near the 
surface. The mole fraction of H2 is 0.001, presumably 
uniform in the troposphere and middle atmosphere.  
Titan’s atmosphere also has an extensive distribution 
of trace organics—complex hydrocarbons and nitriles. 
In our empirical model, we represent this atmospheric 
composition and structure by a temperature versus 
altitude profile, a mass density versus altitude profile, 
and mixing ratio profiles for the major constituents: 
N2, CH4, and H2. 

We use data collected by the Cassini-Huygens 
Atmospheric Structure Investigation (HASI), the Gas 
Chromatograph Mass Spectrometer (GCMS), the Ra-
dio Science Subsystem (RSS), the Composite Infrared 
Spectrometer (CIRS), the Ultraviolet Spectrometer 
(UVIS), the Ion Neutral Mass Spectrometer (INMS), 
and the Attitude Articulation Control System (AACS), 
as well as past Voyager Radio Science Subsystem 
(VRSS) and the Visual-Infrared Mapping Spectrometer 
(VIMS) to provide a new empirical model of Titan’s 
atmosphere that extends from the surface to the 
exobase (~1500 km altitude). We also use the extended 
temporal coverage of the mission to account for the 
seasonal variability and the variability associated with 
the interaction of the upper atmosphere with Saturn’s 
magnetospheric particle distributions.  

Such extensive use of the different data sets is 
twofold beneficial. Most importantly, the various data 
sets have limited altitude coverage and, secondly, alti-
tude overlap that does occur allows a better assessment 

of the uncertainty and variability associated with the 
measurements. The HASI data coverage spans the 
complete altitude range covered by the model, but for a 
specific date and location. The other data sets provide 
extended temporal coverage, but over more limited 
ranges of altitude. The altitude region from the surface 
to 200 km is covered primarily by RSS and VRSS ra-
dio occultations and from a composition and boundary 
condition point of view by GCMS is situ mass spec-
trometry and CIRS infrared remote sensing. The alti-
tude range from 100 to 300 km is covered by CIRS 
both from a compositional (CIRS supports the GCMS 
value of 1.48% for the methane mixing ratio.) and 
thermal structure perspective (CIRS is sensitive to 
temperatures between ~100 and 200 km in nadir view-
ing mode, and ~125 to 400 km in limb viewing (both 
in the methane band at 7 microns). Figure 1 provides a 
graphic representation of the various data sets used and 
an indication of the altitude range they cover.  

The composition and the thermal structure in 
the region from 600 to 1100 km are measured by UVIS 
ultraviolet remote sensing. Finally, the density struc-
ture and by inference the thermal structure in the alti-
tude region from 950 to 1500 km is covered primarily 
by INMS and in a more limited altitude range by 
AACS (1000 to 1200 km). The composition in this 
altitude range is measured by INMS. 

 
 

Figure 1: This figure shows the previous Titan Huy-
gens Yelle et al engineering model1and its correspon-
dence to the HASI Huygens decent data set in the left 
portion of the panel. The Yelle et al mass densities are 
plotted with the green dashed line and the correspond-
ing temperatures with the black dashed line. The HASI 
temperature, mass density, and pressure are plotted 
with the black, green, and blue solid lines, respec-
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tively. The right panel indicates the new Cassini data 
sets that have been applied over various altitude ranges 
to construct a new Cassini-Huygens Titan Atmospheric 
Model (CHTAM) to be used in future mission engi-
neering studies. 
 

Results and Conclusions: Figure 2 shows the 
mass densities integrated from the surface to the 
exobase at 70° S, which corresponds most closely to 
the seasonal and geographic conditions anticipated 
during the TIME mission.  On that same figure, we 
show three mass density profiles extracted from the 
empirical model:  Recommended, Minimum, and 
Maximum.  These three cases are derived from altering 
the relative abundances of methane in the empirical 
model between extreme values that bracket the current 
observations. At high altitudes, the temperatures in the 
thermosphere are altered to reflect the geophysical and 
temporal variations measured by INMS.  These three 
black curves are meant to completely bracket the po-
tential variations in density throughout the atmosphere 
during the TIME mission timeframe. 

 
 
Figure 2.  Mass  densities from the surface to the 
exobase.  Data from several instruments are shown.  
The Empirical model’s minimum and maximum pro-
files represent extreme assumptions about the methane 
mixing ratios. 

Figure 3 compares the current empirical model fields 
with those of the Yelle et al. empirical model1.  This 
figure contains ratios relative to the Yelle et al. rec-
ommended model1, which is why the magenta solid 
line is a constant value of 1.0.  We note that, in gen-
eral, the updated empirical model fields possess a 
smaller overall variational envelope relative to the 
Yelle et al. model1.  This is due primarily to improved 
uncertainties in the methane composition throughout 
the whole atmosphere, along with better constraints on 
the temperature structure from the surface up to 500 
km.  Even above 1000 km, where significant density 
variations are seen, the new empirical models still lie 
within the envelope spanned by the Yelle et al. curves.  
The systematic increase in the black lines above 300 

km is due to the fact that, in Yelle et al., there was a 
deep and pronounced mesopause near 500 – 600 km, 
whereas the current empirical model does not have 
such a pronounced “mesopause.”  
 The model is available upon request to the 
authors in available upon request in digital form from 
the authors and has been submitted for publication2. 

 
Figure 3.  Ratio of densities in the current empirical 
models (black lines) to those in the recommended 
model of Yelle et al.1 Also shown are similar ratios of 
the RSS (cyan) and HASI (grey) mass densities. 
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