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Introduction:  As insight and understanding of gi-
ant planet atmospheres continues to expand and com-
puters  continue  to  become more  powerful,  scientists
are  able  to  produce  increasingly  complicated  photo-
chemical [1], seasonal [1,2], and multidimensional cir-
culation models to explain the chemical makeup, tem-
peratures and dynamics observed on the outer planets.
However,  testing  of  these  models  is  limited  by  the
amount  of  information  observers  are  able  to  extract
from their observations.  

We began an observational program in September
of  2002,  near  Saturn’s  southern  summer  solstice,  to
monitor  meridionally  resolved  seasonal  variations  of
temperature and hydrocarbon abundances in Saturn’s
stratosphere.   These detailed observations could then
be used as stringent constraints on current [1] or up-
coming [2] model developments.  We chose to study
Saturn rather than Jupiter because Saturn exhibits  an
axial tilt of 27° compared to Jupiter’s modest 3° axial
tilt.   Saturn’s  large  axial  tilt  causes  it  to  experience
seasonal variations in insolation much like occurs here
on Earth.  The insolation variations with season cause
variations  in temperature  and  photochemistry,  which
governs  the  hydrocarbon  abundances,  with  latitude
and time.  With a year equal to ≈30 Earth years, an ob-
servational study of Saturn’s seasonal effects is forced
into the regime of a monitoring program.  However,
this does not mean one has to wait for 30 years to de-
rive interesting results, ie. [1,3,4,5].  

As Saturn continues to move towards its autumnal
equinox, we have retrieved our 3rd set of comprehen-
sive  mid-infrared  observations.   These  observations
taken  in  December  2005  coupled  with  our  previous
observations from September 2002 and October 2004
offer the opportunity to measure the thermal variations
over a little less than half of a Saturn season.  They
also allow us to test if the vertical and latitudinal vari-
ations  of  C2H2,  C2H6,  and  C3H8 have  changed  since

2002 [3,4].  The new data set contains our first mea-
surement of C2H4, a molecule with a much shorter life-

time than either C2H2 or C2H6, which makes it a better

probe  of  the  instantaneous  photochemistry  occurring
on Saturn [1].

Observations:  All the observations from Septem-
ber  2002,  October  2004,  and  December  2005  were
taken  using  the  NASA  Infrared  Telescope  Facility
atop Mauna Kea in Hawaii.  Using the high-resolution
mid-infrared  instrument  TEXES,  the  Texas  Echelon
cross Echelle Spectrograph [6], we retrieved spectra at
many different wavelength settings for use in deriving
temperatures  and  hydrocarbon  abundances.   In
September  2002  the  spectral  settings  covered  were
1228-1232.5  cm-1 (CH4),  729.1-732.7  cm-1 (C2H2),
747.3-751.7 cm-1 (C3H8) and 816.2-822.7 cm-1 (C2H6).
In  October  2004  we  were  only  able  to  retrieve  two
spectral  settings,  1228-1232.5  cm-1 (CH4)  and  1245-
1250.5  cm-1 (CH4),  due  to  very  poor  weather  condi-
tions  during  the  observing  run.   During  out  last  ob-
serving run in December 2005, we had time to retrieve
data  at  1228-1232.5  cm-1 (CH4),  1245.2-1251  cm-1

(CH4),  1305-1313  cm-1 (CH4),  728.9-732.7  cm-1

(C2H2),  746-750.4  cm-1 (C3H8),  816.9-823.4  cm-1

(C2H6), 947.3-953.2 cm-1 (C2H4), 585-588.8 cm-1 (H2)
and 413.7-416.7 cm-1 (continuum).  All of the observa-
tions above were taken with the slit oriented along the
celestial north/south direction, and nodded on and off
of  Saturn  at  different  places  along  Saturn’s  central
meridian  to  collect  data  at  all  visible  Saturnian  lati-
tudes.  In addition we made scan maps of Saturn dur-
ing the December 2005 observing run at wavelengths
corresponding to the C2H2,  C3H8,  C2H6 and H2 emis-
sion features.  These maps give us near instantaneous
coverage of both latitudinal and longitudinal emission
variations.

Modeling:  The observations are modeled using a
line-by-line  radiative  transfer  code  assuming  local
thermodynamic  equilibrium (LTE)  everywhere.   The
model assumes plane parallel geometry and spans 1 ×
10-7 to 1.8 bar with 75 layers separated equally in log
(pressure)  space.   The  spectroscopic  line  parameters
for all modeled molecules come from the GEISA data-
bank [7].  H2-H2 and H2-He collision induced opacity
is solved for following the formalism of Borysow  et
al. [8].

Results  and Conclusions:  Due to the timing of
the 2005 observations we only have tentative results.
The first  is that  it  appears the CH4 emission seen in
2005 is fairly close in intensity and meridional varia-
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tion as that seen in 2004.  This suggests that the strato-
spheric temperature hasn’t changed much between Oc-
tober of 2004 and December of 2005.  This leads to
the conclusion that we are within a year of the maxi-
mum  equator  to  pole  temperature  variation  for  the
southern hemisphere.  If this is truly the case, then we
can  say  that  the  seasonal  phase  lag  for  the  Saturn’s
stratosphere is between 2-3 years.  This is inconsistent
with  the  predictions  of  Bezard  and  Gautier  [9]  and
those of Conrath et al. [10].   

We also observe  a strong  self-absorption core  in
the R (0) CH4 emission line at the equator and other
latitudes.  This self-absorption core is indicative of a
cool  atmospheric  level  overlying  the  hotter  strato-
sphere,  a mesosphere.   This effect  was first  reported
by Greathouse et al. [5].  However, at that time the ef-
fect was only detected at the south pole due mostly to
the nature of the 2004 observations.  The 2005 obser-
vations are much more sensitive to the mesosphere.

The  results  of  the  measured  hydrocarbon  abun-
dance measurements do not lend themselves to curso-
ry analysis since they depend so strongly on the tem-
peratures that have to be inferred by line-by-line radia-
tive transfer modeling of the methane data.

This is currently an extremely exciting time to be
working on Saturn.   The Cassini  orbiter is  returning
information about Saturn’s atmosphere with exquisite
spatial  resolution.   They are able to retrieve data on
the dark side of the planet and within the ring shad-
owed  regions.   These  regions  are  inaccessible  from
Earth.  The Cassini observations coupled with longer
termed  ground  based  observing  programs,  such  as
those  discussed  here,  will  revolutionize  our  under-
standing of Saturn and the Giant Planets in general.  
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