
A Radiative Seasonal Climate Model for the Saturnian Atmosphere.  S. B. Strong1,  T. Greathouse2, and  J. 
Moses2, 1University of Texas, Austin (University of Texas at Austin, 1 University Blvd. C1400, Austin, TX 78712, 
sholmes@astro.as.utexas.edu), 2 Lunar and Planetary Institute (Lunar & Planetary Institute, 3600 Bay Area Blvd., 
Houston, TX 77058). 

 
 
Introduction:   
With an axial tilt of ~27o, Saturn exhibits seasonal 

climate variations. Observations dating back to 1975 
and going through to the present [1,2,3] show hydro-
carbon emission strengths that are dependant on lati-
tude and season. These variations could be due to 
variations in hydrocarbon abundances, thermal varia-
tions, or a combination of the two. Recent work by 
Greathouse et al. [3] show that the variations of mo-
lecular emission with latitude are due both to thermal 
variations and hydrocarbon abundance variations with 
latitude. High resolution data allowed them to infer a 
10 K increase in stratospheric temperature between the 
equator and the south pole in September 2002. This 
was very near Saturn’s summer solstice. Two years 
later, a repeat of some of the observations of 2002 
showed that the temperature gradient between equator 
to pole had increased from 10 to ~15 K [5]. These ob-
servations show that Saturn’s stratospheric temperature 
lags the seasonal forcing by at least two years.  

After the Voyager flybys, Bézard and Gautier [4] 
produced a seasonal climate model for Saturn which 
was the first of its kind to include a multilayer mono-
chromatic radiative transfer treatment at wavelengths 
beyond 7 µm. The model predicts that the maximum 
equator-to-pole temperature variation in the strato-
sphere should occur approximately five years after the 
solstices and should have an equator-to-pole variation 
of about 15 K. It also predicts that the equator should 
be slightly warmer than the summer pole at the sol-
stices. This disagreement of the predictions and the 
observations made by Greathouse et al. [3] indicate 
that the model is over predicting the thermal phase lag 
of Saturn’s stratosphere. 

In order to understand the origin of the disagree-
ment between the data and the model, we are updating 
the Bézard and Gautier [4] model. Bézard and Gautier 
assume that the mixing ratio of C2H2 and C2H6, the 
dominant coolants in Saturn‘s stratosphere, are con-
stant with altitude and latitude [4]. These molecules 
are photochemical by-products of CH4 photolysis. Pre-
dictions from seasonally varying photochemistry mod-
els and recent observations indicate that the abundance 
of these molecules is affected by seasonal deviations 
of solar insolation and meridional mixing. [3,6]. It is 
then imperative that variable mixing ratios be included 
in a comprehensive model.  

We have constructed a complete radiative seasonal 
climate model that includes crucial hydrocarbon abun-
dance variations. Like Bézard and Gautier, we incor-
porate seasonal solar insolation, ring shadowing, and 
scattering in the visible and near-infrared spectral re-
gions. However, our model spans out through the ul-
traviolet wavelengths. By improving upon the Bézard 
and Gautier model [4] we plan to provide a thorough 
examination of the effects of seasonal variations on the 
stratospheric temperature structure. 

The Radiative Transfer Model: Our stratospheric 
model consists of 124 plane-parallel layers and spans a 
wavelength range from the ultraviolet, 0.1 µm, out to 
~0 cm-1. The pressure at the top of the atmosphere is 
defined as 1.02x10-6 bar, with equal log(P) spacing. 
Local thermodynamic equilibrium (LTE) is assumed 
throughout. The scale was defined such that the bot-
tom layer has a pressure of  1.1 bar. The base of the 
model atmosphere is assumed to radiate as a black-
body.  

The thermal balance in Saturn’s stratosphere is 
governed by heating of CH4 bands in the visible and 
near-infrared, and cooling by H2-He, H2-H2 and CH4, 
C2H2, C2H6 in the mid-infrared. The H2-He and  H2-H2 
collision-induced transitions were calculated using the 
Borysow et al. formalism [7]. Scattering is an impor-
tant component at visible wavelengths and will be in-
cluded in our model. 

Presently, we have implemented the Discrete Ordi-
nates Radiative Transfer Program (DISORT) to calcu-
late the change in temperature (and flux) at each layer 
as a function of time [8]. Our program runs for several 
Saturnian years (where one Saturnian year is equiva-
lent to 30 Earth years) in order to establish latitudinal 
seasonal temperature variations. DISORT outputs the 
change in flux for each atmospheric layer. Our model 
converts this change in flux to a change in tempera-
ture. The temperature change is then added to the ini-
tial temperature profile, opacities are recalculated at 
the new temperatures, and the program loops in the 
same manner for the desired seasonal time frame.  

Unfortunately, this endeavor requires a 24 hour pe-
riod of computing time for a given time step, using a 
1.80 GHz processor. For this reason, alternative meth-
ods and adaptive programming are required, specifi-
cally for our mid-infrared resolution criterion.  
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The resolving power, R, of the model is determined 
by 

                           
λ
λ
∆

=R ,                (1)          

where λ is the wavelength and ∆λ is the wavelength 
separation. We use an R of 1.8 x 10

      

6 in order to safely 
resolve the doppler cores of the emission lines. Due to  
the time and computing constraints, we have devel-
oped an adaptive binning routine for the mid-infrared 
region. There are both extensive features in the mid-
infrared for CH4, C2H2, and C2H6, and vast expanses 
with no molecular transitions. Binning ensures that the 
radiative transfer calculations will be performed at 
high resolution when needed, and not unnecessarily. 
To create an opacity bin, sequential opacities must 
differ by less than a certain pre-determined opacity 
threshold. The threshold value is chosen analytically 
for the 10 mbar level. The binned opacity, τbin, is equal 
to the average of the opacities within the bin. A single 
radiative transfer calculation is performed for the bin. 
For the spectral region 1198 to 1252 cm-1, an unbinned 
run would take approximately two hours to complete. 
Using a bin threshold equal to 1x10-6, the run time is 
9.75 minutes and provides a 2.18 percent error. For a 
coarser binning threshold equal to 1x10-5, the percent 
error is 4.46 and the run time is 4.75 minutes. There-
fore, binned data processes ~25 times faster than un-
binned at the 5% error level.  

Mid-Infrared line parameters for CH4, C2H2, and 
C2H6 were obtained from the GEISA spectroscopic 
database at http://ara.lmd.polytechnigue.fr/public/. A 
line-by-line treatment was applied to produce the opti-
cal depths, τ, as a function of wavelength and layer 
(pressure level). Visible methane absorption coeffi-
cients were acquired from Karkoschka [9]. Irwin et al. 
near-infrared methane k-coefficients are employed 
[10]. Continuum absorption of H2-He and H2-H2 from 
collision-induced dipole moments is included [7]. The 
ultraviolet cross sections used for calculating the ultra-
violet opacities have been provided by Moses et al. 
[11] and Gladstone et al. [12]. 

The solar flux incident at the top of the atmosphere 
was extracted from the SOLAR2000 program [13]. To 
address the issue of diurnal averaging, six incident 
azimuthal angles were chosen during the first quarter 
of a Saturnian day (between 0o and 90o). A full radia-
tive transfer treatment is then performed at each angle. 
Linear interpolation of an additional ninety angles in 
between 0o and 90o is executed, resulting in a well 
defined, smooth curve. The quarter-day insolation is 
calculated by integrating this function using the trape-
zoidal rule. A full day’s insolation would be two times 
the quarter-day flux. 

Results:  In developing a complete radiative sea-
sonal climate model of the Saturnian atmosphere, we 
discuss our need of an adaptive binning routine for the 
mid-infrared spectral region. We retain our 1.8 x 106 
resolving power, in order to safely resolve the doppler 
cores of emission lines, for spectral regions with mo-
lecular transitions. Consequentially, we manage to 
save an estimated 720 days in computing time for cal-
culations for a full Saturnian year with a minimal 5% 
error. Additionally, we discuss our method of diurnal 
averaging in detail. Heating rates due to absorption of 
solar flux in the different methane bands will be pre-
sented along with the cooling rate due to C2H2 and 
C2H6 emission in the mid-infrared. The first seasonal 
results for at least one Saturnian latitude will be pre-
sented at this time and compared to the Greathouse et 
al. observations and the Bézard and Gautier model 
[3,4]. 
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