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Introduction:  Knowledge of the structure and 

composition of the upper atmosphere of the giant plan-
ets is critical to a better understanding of thermos-
pheric heat sources, radiative transport, methane pho-
tochemistry, and chemical-dynamical balance in the 
atmospheres of these planets, as well as being critical 
for planning future missions that involve deep atmos-
pheric probes or aerobraking.  Although the middle 
and lower stratosphere of Saturn is probed relatively 
easily at ultraviolet, visible, infrared, and microwave 
wavelengths, the upper stratosphere and thermosphere 
are more difficult regions to access from remote-
sensing methods.  Two techniques, ground-based ob-
servations of stars being occulted by Saturn and space-
craft ultraviolet observations of stars or the Sun being 
occulted by the planet, have provided our only con-
straints on Saturn’s upper atmospheric thermal struc-
ture and chemistry.  However, deriving temperatures 
and densities from ground-based stellar occultations 
[e.g., 1] requires several assumptions about atmos-
pheric properties that are not well known.  Further-
more, the analyses of the Voyager 1 and 2 Ultraviolet 
Spectrometer (UVS) occultations published to date 
[2,3] differ greatly in their derived density and thermal 
structures.  Therefore, we have combined new photo-
chemical modeling [e.g., 4] with a careful and thor-
ough reanalysis of the UVS occultation dataset [5] to 
better constrain Saturn’s upper atmospheric thermal 
structure, composition, and chemistry.  We have de-
veloped one-dimensional photochemical models for 
Saturn using the Caltech/JPL KINETICS code [6] that 
are consistent, to the highest extent possible, with all 
available Earth-based and spacecraft observations con-
cerning the temperature structure and altitude variation 
of H2, H, He, and hydrocarbons.  We then compare 
synthetic light curves generated from the photochemi-
cal model results with the UVS occultation light 
curves from [5]. 

To set up the background atmospheric structure for 
the photochemical models, we solve the hydrostatic 
equilibrium equation for a rapidly rotating, non-
spherical planet with strong zonal winds, as in [1].  
The tropospheric helium abundance and temperature 
profile are assumed to be consistent with that derived 
by [7]; note that this reanalysis of the Voyager IRIS 
data [7] indicates that the helium abundance on Saturn 
is higher than was previously believed.  The higher He 
abundance will cause the stratospheric temperatures 
derived by [1] to be shifted to higher temperatures.  
We assume a stratospheric temperature profile such 
that the equatorial refractivity-radius profile derived 

from the 28 Sgr stellar occultation [1] is reproduced; 
the T profile so derived is also in line with recent 
thermal infrared observations of the ν4 methane band 
[e.g., 8,9].  In the upper stratosphere and thermo-
sphere, the temperatures are iterated such that the H2 
density profile from [5] is reproduced.  When solving 
the hydrostatic equilibrium equation, we also allow the 
atmospheric mean molecular mass to vary with alti-
tude, using the photochemical/diffusion model to help 
prescribe this variation. 

 
Figure 1.  Temperatures derived from our reanalysis of the Voyager 
2 solar ingress occultation [5] (triangles) compared with those used 
in our photochemical model (red line) and various other datasets and 
models (light blue squares, [3]; orange circles, [7]; dotted magenta 
line, [1]; dotted green line, W. B. Hubbard, personal communication, 
2005; dark blue line (29o S latitude) and black line (80o S latitude) 
from [8]; dashed black line, [10]; light blue line, [4]).  

 Results:  The temperature profiles derived from 
inverting the data from the cleanest solar occultation 
(Voyager 2 solar ingress, 29o N latitude) are shown in 
Fig. 1 (black triangles, from [5]), along with the profile 
used in the photochemical model (solid red line) and 
various other constraints.  The pressures for the occul-
tation data are determined from the derived H2 densi-
ties and temperatures using the ideal gas law and as-
suming that H2 is the major constituent at these alti-
tudes.  The temperatures derived from the ground-
based 28 Sgr occultation are from W. B. Hubbard 
(personal communication, 2005); the dotted magenta 
curve is directly from [1], but the dotted green curve 
differs from that presented in [1] and was generated 
assuming a higher atmospheric mean molecular mass 
[see 7].  Although not shown in this plot, the thermos-
pheric temperatures derived from Vervack’s reanalysis 
of all the Voyager solar and stellar occultations [5] lie 
in the 400-500 K range.  Compare these values with 
the previous derivations of ~800 K [3] and ~420 K [2].  
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As is discussed by [5], the previous 800-K derivation 
may result from anomalous performance of the Voy-
ager 1 UVS.  One other thing to note from Fig. 1 is 
that the stratospheric temperatures used in previous 
models [e.g., 4] may be too cold. 

The variation in composition with radius from the 
Voyager 2 solar ingress occultation is shown in Fig. 2 
[5], and some corresponding light curves are shown in 
Fig. 3.  The results from the photochemical model are 
shown in both plots for comparison.  The temperature 
structure in the photochemical model was selected 
such that the H2 density profile from [5] could be re-
produced.  The eddy diffusion coefficient from [4] was 
then adjusted in the photochemical model such that the 
CH4 profile provided a reasonable fit to the CH4 den-
sity data from [5], while the lower-stratospheric C2H6 
and C2H2 abundances still remained consistent with 
infrared observations [see 4,8].  

 
Figure 2.  H2 (top) and CH4 (bottom) number densities derived 
from [5] (blue lines) for the Voyager 2 UVS solar ingress occulta-
tion compared with those from the photochemical model (red 
lines).   

Conclusions:  The comparison between the photo-
chemical model and the UVS solar occultation data is 
quite good, but there is room for improvement.  The 
fact that the model H2 density profile reproduces both 

the derived H2 profile and the light curve for channels 
25-45 suggests that the temperature profile, although 
nonunique, is reasonable.  The CH4 homopause in the 

 
Figure 3.  Light curves from the reanalysis of the Voyager 2 UVS 
solar ingress occultation [5] (black lines) compared with synthetic 
light curves generated from the photochemical model results (red 
lines).  The light curves in the top panel represent UVS channels 
25-45 in which the opacity is largely due to H2 and H.  The middle 
panel is for UVS channels 65-85 in which the opacity is largely 
due to CH4.  The bottom panel is for UVS channels 95-115 in 
which the opacity is largely due to the complex hydrocarbons 
C2H6, C2H2, and C2H4. 

model lies at approximately the correct level (Fig. 3b), sug-
gesting that the magnitude of the eddy diffusion coefficient 
is correct in the homopause region.  The model-data com-
parisons in Fig. 3c suggest that the model has insufficient 
C2H6 absorption, which suggests a possible problem with the 
chemistry in the model.    

We have also looked at the other Voyager UVS occulta-
tions from different latitudes and times.  Some differences in 
the atmospheric structure do exist between the occultations, 
suggesting that parameters such as the eddy diffusion coeffi-
cient vary with time or location on the planet. 
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