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Abundances and spatial distributions of ethane in Jupiter's stratosphere were obtained 
from ultahigh-resolution (X/ .iX ~ 106) spectra of individual C2H6 emission lines in the v9 

band near 12 µm. The accuracy of the retrieved C2H6 mole fractions was evaluated in the 
context of varying stratospheric temperature profiles and C2"6 altitude distributions. A 
twofold uncertainty in the accuracy of the obtained abundances is possible. A mean 
equatorial value for the C2H6 mole fraction of 2.8 ± 0.6 x 10-6 was retrieved. Significant 
variability in the ethane line emission and retrieved mole fractions was found near the 
footprint of Io's flux tube and within the auroral regions. An increase in the ethane 
emission and abundance is obtained near the south polar region, relative to equatorial 
and northern latitudes. A significant decrease in ethane emission and abundance was 
observed in April 1983 near the known "hot spot" at 180° long (System III, 1965) and 
60°N lat, where enhanced CH4 and C2H2 emission was previously observed. We suggest 
that these observed phenomena are caused by a modification of local stratospheric chem­
istry, possibly by higher order effects of charged particles precipitating along magnetic 
field lines. © 1987 Academic Press, Inc. 

INTRODUCTION 

The composition of the upper atmo­
sphere of Jupiter is determined by photo­
chemical processes of constituent hydro­
carbons. Hydrocarbon chemistry on Jupiter 
has been studied theoretically by Strobel 
(1974), Yung and Strobel (1980), Gladstone 
(1983), M. Allen (1986, private communica­
tion, Jet Propulsion Laboratory, California 
Institute of Technology, Pasadena), and 
Atreya (1986). Ground-based (cf. Ridgway, 
1974, Combes et al. 1974, Tokunaga et al. 
1976, Kostiuk et al. 1983, Noll et al. 1986, 
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Atreya 1986) and spacecraft (cf. Hanel et 
al. 1979a,b, Atreya et al. 1981, Kim et al. 
1985, Atreya 1986) measurements in the 
ultraviolet and infrared spectral region have 
also been made on molecular spectra of 
various hydrocarbons in the Jovian strato­
sphere. These allowed retrieval of molecu­
lar abundances and atmospheric tempera­
tures and provided a test for the existing 
atmospheric models. The determination 
of altitude and spatial distributions as 
well as relative abundances of the constit­
uent molecules is particularly important 
because it can permit the extension of 
these photochemical models to multiple 
dimensions. Spatial distributions of Jovian 
stratospheric emission can also reveal local 
physical phenomena such as UV auroral 
effects in the polar regions (Clarke et al. 
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FIG. I. The location of the RR(6, 14) and RR(8, I I) C2H6 lines in the band spectra measured by 
Voyager IRIS and ground-based Fourier transform spectroscopy. Even at 0.05 cm- 1 resolution the 
lines are barely identifiable, with peak temperatures comparable to that of the continuum. 

1980) and infrared hot spots with enhanced 
emission from CH4 (Caldwell et al. 1980) 
and C2H2 (Drossart et al. 1986). 

Ethane in Jupiter's south polar region as 
measured by the Voyager I infrared inter­
ferometer spectrometer, IRIS (Hanel et al. 
1979b), at 4 cm- 1 resolution appears as a 
broad feature near 820 cm- 1 (Fig. I). The 
broad fundamental band is composed of a 
series of unresolved subbranches as shown 
in ground-based spectra obtained by To­
kunaga et al. (1979) at 0.05 cm- 1 resolution 
(Fig. 1). These spectra directly probe only 
regions of pressures greater than 30 mbar. 
To obtain direct information on higher Jo­
vian altitudes, the individual lines which 
make up the subbranches must be mea­
sured, requiring resolving powers > 105. 

We report here abundances and spatial 
distributions (vertical and horizontal) of 
C2H6 in Jupiter's stratosphere, obtained 
from ultrahigh-resolution ('A./ !:J..'A. - 106) 

spectra of individual ethane emission lines 
in the v9 band near 12 µ,m. Initial results of 
such measurements in the Jovian south po­
lar region were reported by Kostiuk et al. 
(1983). The diffraction-limited spatial reso­
lution of the heterodyne technique ( -2 arc­
sec FWHM) permitted spatial mapping of 
the planet and the study of the localized 
"hot-spot" region near the north pole of 
Jupiter (Caldwell et al. 1980). The measure­
ments were made in 1982 and 1983 using 
the Goddard Space Flight Center infrared 
heterodyne spectrometer (Kostiuk and 
Mumma 1983) at the McMath solar tele­
scope at Kitt Peak National Observatory. 

MEASUREMENT AND ANALYSIS 

Although several C2H6 lines in the v9 

band were measured, two lines were cho­
sen as probes of the Jovian stratosphere, 
the RR, K = 6, J = 14 line and the RR, K = 
8, J = I I line. Both lines are doublets 
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TABLE I 

V res t 

(cm- 1) 

858.10996 
858.10651 
858.09157 
858.0829 
859.78606 
859.78340 
859.7440 

S(2%'K) 
(cm- 2 atm- 1) 

0.0123 
0.0062 
0.0026 
0.0006 
0.0034 
0.0138 
0.0020 

211.5 
211.5 
578.9 
578.9 
216.0 
216.0 
360.0 

" All lines are in the v. band unless otherwise indicated. 
' v9 + v, - v, band. 

formed by torsional splitting with a separa­
tion of ~3 x 10-3 cm- 1 (Susskind et al. 
1982). Line rest frequencies (vres1) and abso­
lute intensities at 296°K of these doublets 
were taken from Daunt et al. (1984) and are 
given in Table I. The lower state energies 
E" used to scale line intensities to Jovian 
temperatures are also listed. These lines 
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were chosen for their favorable placement 
in the instrumental bandpass and their rela­
tively high intensities. The positions of 
these lines in the band spectra are shown in 
Fig. 1; however, intensity dilution at 0.05 
cm- 1 reduces their measured line intensities 
to nearly the continuum level. 

The fully resolved Jovian spectrum near 
859.8 cm- 1, modeled for 60° zenith angle 
and an ethane mole fraction of 4.5 x 1 o-6, is 
shown in Fig. 2. Several v9 lines are seen 
with a weaker v9 + v4 - v4 QQ(lO, 12, 2) hot­
band transition A (W. Blass 1986, private 
communication, University of Tennessee , 
Knoxville) near the target RR(8, 11) line. 
Note that the strong line intensities are well 
above the continuum level. The position of 
the PS transition of the 14C160 2 laser local 
oscillator, LO (solid line) , and the ±0.0533 
( ± 1.6 GHz) instrumental bandwidth 
(dashed lines) were shifted relative to the 
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FIG. 2. The fully resolved Jovian spectrum near 859.8 cm- 1 modeled for a viewing angle of 60°. The 
position of the laser local oscillator (LO) is shown for observations on the central meridian and on the 
west limb. For the limb observation the ethane spectrum is shifted 970 MHz (0.0323 cm- 1) to lower 
frequencies relative to the LO frequency by Jovian rotation. The broken lines define the instrumental 
bandwidth of ±0.0533 cm- 1 about the LO. Line A is the QQ(lO, 12, 2) line in the v9 + v4 - v, band . 
Lines B (RR(!, 26, I)) and C (RR(2 , 24, 2)) are in the v9 band (see Daunt et al. 1984). The C2H6 mole 
fraction used was 4.5 x 10- 6. 
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C2H6 rest frequency scale by an amount 
equal to the Doppler shift due to the Jovian 
geocentric velocity for April 8, 1982 of -9.8 
km/sec (~840 MHz). For observations on 
the west limb Jovian rotation shifts the 
C2H6 spectrum by ~970 MHz to lower fre­
quencies. The instrumental bandwidth and 
the laser line, as they would appear relative 
to the C2H6 rest frequency scale for this 
observing geometry, are also shown in Fig. 
2. In both cases the RR(8, 11) ethane emis­
sion line is shifted well within the hetero­
dyne bandwidth at the time of observation. 
The observed heterodyne spectrum will be 
the result of folding the spectrum about the 
local oscillator frequency, i.e., a double 
sideband spectrum (see Kostiuk et al. 1983, 
Kostiuk and Mumma 1983, Mumma et al. 
I 978). 

Figure 2 also illustrates the components 
which make up the expected observed 
spectrum: the intensity transmitted through 
the atmosphere and the self-emission of the 
atmospheric layers. The sum of the two 
contributions (total modeled emission) is 
the spectrum which is used to fit our obser­
vations. This modeled spectrum was calcu­
lated by a solution of the radiative transfer 
equation using an atmosphere consisting of 
34 layers extending from the ~ 700- to the 
~0. 14-mbar pressure level. It includes the 
upper troposphere, tropopause, and strato­
sphere of Jupiter. This encompasses the re­
gion where the contribution functions for 
the ethane line are significant (between 0 
and 500 MHz from line center). The Jovian 
atmospheric model shown in Fig. 3 and a 
Voyager 2 temperature profile (Hanel et 
al. 1979a, J. Pirraglia 1984, private com­
munication, NASA/Goddard Space Flight 
Center, Greenbelt , MD) for a latitude 
comparable to that of the observation was 
used . A constant mole fraction of C2H6 

was assumed at altitudes above a cutoff 
pressure of 100 mbar (Fig. 3). The total 
measured continuum was assumed to be 
mostly due to the opacity of H2 compris­
ing 89% of the atmosphere and to NH3 

at a constant mole fraction of 2 x 10-4 be-
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FIG. 3. The Jovian atmospheric model used in the 
analysis of the RR(8 , 11) line including the south polar 
temperature profile and the contribution functions at 
various frequency offsets from line center. 

tween 150 and ~600 mbar (the cloud tops). 
The same line measured on Jupiter in 25 

min of integration is shown in Fig. 4. The 
observed intensity converted to single side­
band brightness temperature is plotted ver­
sus frequency over the 1600-MHz receiver 
bandwidth about the laser local oscillator 
(LO) transition. In this observation the ab­
solute frequency of the Jovian ethane line is 
higher than that of the laser. The zero fre­
quency value is arbitrarily set on the center 
of the stronger component of the emission 
doublet. The spectral resolution (each step 
in the histogram) is 25 MHz (0.00083 cm- 1) 
and is determined by the width of the RF 
filters in the filter bank (cf. Kostiuk and 
Mumma 1983). The fully resolved modeled 
spectrum is shown by the dashed curve. 
Note the expected doublet structure for the 
line and the weaker hot band transition A 
folded about the LO position to within 600 
MHz of the doublet. The retrieved C2H6 

mole fraction for this measurement near the 
Jovian south pole was 4.8 x 10-6. 

This modeled spectrum was calculated as 
described previously using the line intensi­
ties given in Table I, appropriately scaled to 
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FIG. 4. The C2H6 RR(8, 11) line measured on Jupiter 
at 25 MHz resolution (histogram), the fully resolved 
modeled spectrum (dashed curve), and the rotationally 
broadened line (solid curve) which is fit to the data are 
shown plotted as single sideband brightness tempera­
ture versus frequency from the center of the stronger 
line in the doublet. The residuals of fit and the instru­
mental sensitivity roll-off, which is responsible for in­
creasing noise level on the data as the frequency from 
the LO position is increased, are also shown. 

Jovian atmospheric temperatures. An im­
proved temperature-dependent pressure­
broadening coefficient for C2H6 on H2 of 
'YHWHM = 31.03T-1.oz cm- 1/atm, based on 
low-temperature laboratory measurements 
of Hillman et al. (1985), was also used. The 
calculated fully resolved lines are, how­
ever, broadened by -100 MHz due to plan­
etary rotation within our 2-arcsec field of 
view, making the doublet structure unob­
servable and the measured peak less bright. 

The solid curve in Fig. 4 represents the 
fully resolved lines convolved with an ap­
propriate rotational broadening function 
defined by the beamwidth. It is this solid 
curve which is fit to our data by iterating on 
the C2H6 mole fraction. The residuals of the 
fit are shown in Fig. 4 along with the instru­
mental sensitivity roll-off. This sensitivity 
roll-off is responsible for an increasing 
noise level on the data as the absolute fre­
quency difference from the LO transition is 
increased. The high spectral resolution per­
mits direct sounding of stratospheric re­
gions of pressures as low as -1 mbar, as 
illustrated by the contribution functions for 
the fitted RR(8, 11) line in Fig. 3. This 
method of analysis and the atmospheric 
model are also described in Kostiuk et al. 
(1983). 

The intensity (brightness temperature) 
calibration was done by comparison to 
measurements on the Moon and on a cali­
brated blackbody source. Measurements on 
a known point on the limb of the Moon 
were made at varying air mass over the 
night of the Jupiter observations. Lunar 
measurements were then scaled to the air 
mass of each Jovian measurement. Using 
tabulated lunar temperatures (Montgomery 
et al. 1966) and ratioing the Jupiter to Moon 
measurements removed any telluric contri­
butions and established the brightness tem­
perature scale. Similar calibration was done 
against a stable blackbody reference in our 
spectrometer. This was possible since 
Earth's atmospheric contributions are 
small at these wavelengths and the optical 
losses of system elements (including the 
telescope) are known. Results from the 
two calibration methods were in excellent 
agreement (::S3°K). Taking into account this 
relative uncertainty and the estimated un­
certainty in the knowledge of lunar temper­
ature, an absolute error in our temperature 
scale of less than ±5°K was established. 

Figure 5 illustrates a measurement on the 
RR(6, 14) line, the calculated fully resolved 
spectrum, and the rotationally broadened 
best-fit spectrum. The doublet structure is 
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FIG. 5. The measured RR(6, 14) line, the modeled 
fully resolved spectrum, the best-fit spectrum (includ­
ing rotational broadening), and the residuals of fit and 
instrumental sensitivity roll-off are shown (see Fig. 4 
caption). 

more prominent in this line due to a greater 
torsional splitting and higher relative inten­
sity of the weaker doublet component. 
Note also the two weak transitions ob­
tained in the modeled spectrum. Here 
again, the residuals and instrumental roll­
off are presented. The higher noise on the 
data is clearly shown at the frequencies far 
from the laser transition. This C2H6 line ap­
pears at an absolute frequency below that 
of the laser LO. 

This method of analysis and atmospheric 
model were used to study the spatial distri­
bution of ethane on Jupiter and its variabil­
ity in the north polar region. 

RESULTS AND DISCUSSION 

Spatial Distribution 

The geometry for the observations as 
well as actual data obtained at various posi­
tions on the planet are presented in Figs. 6 
and 7. The 2-arcsec diameter (FWHM) in­
strumental field of view is shown on a plan­
etary disk of -40-arcsec diameter at the 
time of observation. Qualitatively the data 
behave as expected for a stratospheric con­
stituent. The C2H6 emission line is much 
more pronounced near the planetary limbs 
where a greater stratospheric column is ob­
served along our line of sight. As the obser­
vations approach disk center the measure­
ment is of a thinner stratospheric layer and, 
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FIG. 6. Spatial map of Jupiter in the C2H6 RR(6, 14) 
line. The retrieved mole fractions at each position are 
given. The geometry of the observations is also shown 
with the 2-arcsec instrumental field of view on the 40-
arcsec-diameter Jovian disk. Jovian rotation velocity 
Doppler shift permitted only the east limb to be mea­
sured using this ethane transition. 
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the east and west limbs were not possible 
using the same C2H6 transition, since the 
Doppler shift due to planetary rotation 
shifts the observed line out of the instru­
mental bandpass. Full coverage is possible 
with one line along the central meridian, 
where the rotational Doppler shift is zero. 
Results obtained along both N-S and E-W 
directions are consistent in both sets of 
measurements. The lower signal-to-noise 
ratio on the data in Fig. 7 is due to "wind 
shake" of the heliostat in the N-S direction 
during the measurements on April 8, 1982. 

A summary of the results obtained from 
measurements during three observing peri­
ods, April 1982, May 1982, and April 1983, 
is given in Fig. 8. The coordinates of each 
observation are plotted on a latitude-longi-
tude grid (System III, 1965). The retrieved 
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4

o• mole fraction for the measurement is given 

BEAM FIELD OF VIEW 

FIG. 7. Spatial map of Jupiter in the C2H6 RR(8, 11) 
line taken April 8, 1982. The instrumental field of view 
and the geometry of the observations are also given. 
This ethane line could be used to observe the west 
limb, but not the east limb, due to the Doppler shift in 
line frequency as a result of Jovian rotation. 

thus, the emission-line intensity is reduced. 
The measured continuum, however, in­
creases, indicating that we are probing 
deeper into the atmosphere below the tro­
popause where it is hotter. The retrieved 
C2H6 mole fractions are given for each mea­
surement. Note that, with the exception of 
the 40° north measurement and the south 
polar region, the retrieved mole fractions 
are close to -3 x 10-6 . The south polar 
emission lines appear to be narrower and 
brigher compared to lines measured on the 
other limbs. This is consistent with the 
brighter retrieved C2H6 mole fractions of 
-5 X 10-6 . 

Data displayed in Fig. 6 are of the RR(6, 
14) line taken April 5, 1982, and those 
shown in Fig. 7 are of the RR(8, 11) line 
taken April 8, 1982. Measurements on both 

at each plotted point. In the equatorial re­
gion the retrieved mole fractions are rela­
tively constant with an average value of 2.8 
± 0.6 x 10-6. One value was slightly higher 
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FIG. 8. Summary of the mole fractions obtained 
from our measurements during observing periods in 
April 1982, May 1982, and April 1983. The result of 
each observation is plotted at the appropriate beam 
coordinates on Jupiter on a latitude-longitude grid 
(System III, 1965). The extent of the field of view cov­
ered by each measurement (-25 min integration) is 
shown by the error bars at the equator and at 60° lat. 
The auroral oval is defined by the solid curves and the 
footprint oflo' s flux tube is defined by the broken line 
(Connemey et al. 1981). 
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(3.8 x 10-6), whereas a lower result of 1.8 
x 10-6 was obtained from measurements 
taken during a different observing run. The 
mole fractions retrieved from our total data 
set remain close to the average equatorial 
value everywhere on the planet outside the 
auroral oval (Fig. 8, solid curve), and the 
footprint of Io's flux tube (Fig. 8, broken 
line) (Connerney et al. 1981). Greater vari­
ability of the retrieved C2H6 mole fractions 
is observed at these boundaries and inside 
the auroral region. Higher values (-5 x 
I o-6) are obtained near these boundaries 
and, as will be discussed later, some very 
low values are found within the north auro­
ral region. Due to the position of the Jovian 
rotation axis at the time of observation and 
the defined auroral regions, the instrumen­
tal field of view in the south polar measure­
ments almost always included the auroral 
zone and flux-tube boundary. In those mea­
surements the emission line and retrieved 
C2H6 mole fractions were found to be 
greater than elsewhere on the planet. 

Measurement and Retrieval Uncertainities 

The precision in the retrieval of C2H6 
mole fractions for a given set of input pa­
rameters is about ±20%, determined pri­
marily by the signal-to-noise ratio on the 
measurement. The accuracy of the re­
trieved values is, however, dependent on 
the accuracy of the input parameters. 
These parameters are the molecular line pa­
rameters for C2H6; the Jovian atmospheric 
model, including the temperature profile 
and the assumption of constant mixing ratio 
of C2H6 above the 100-mbar level; and the 
knowledge of the coordinates of the mea­
surement on the planet. 

The molecular line parameters are given 
in Table I. The line frequencies are accu­
rate to ± 0.001 cm - 1. This uncertainty per­
mits unambiguous identification of the lines 
and does not affect the Jovian retrievals, 
since the modeled profile line center is fit to 
the center frequency of the measured line. 
A very precise (1 : 107) relative frequency 
scale is established by the heterodyne mea-
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FIG. 9. Temperature profiles derived from Voyager 
IRIS data used to model our observations. 

surement (RF filters) and a highly accurate 
(1 : 108) absolute frequency is determined 
by the laser transition. The uncertainty in 
line intensities is ± 10%, which translates 
into - ± 10% error in the retrieved C2H6 
mole fractions. The temperature-dependent 
pressure-broadening coefficient was mea­
sured specifically for this investigation 
(Hillman et al. 1985) and is an improvement 
over the previously used value (Kostiuk et 
al. 1983). It should contribute insignificant 
error in the present analysis. 

The accuracy of the retrieved C2H6 abun­
dance values is mostly dependent on the 
accuracy of the atmospheric model used, 
specifically the temperature profile and ver­
tical ethane distribution. This can be illus­
trated by considering the effect of changes 
of the atmospheric model (Fig. 3) on the 
retrieved ethane abundance. 

Sensitivity to changes in the temperature 
profile. In all the analyses we have used 
temperature profiles derived from Voyager 
IRIS data at latitudes corresponding closely 
to those of our heterodyne observations 
(Fig. 9). These profiles can vary considera­
bly (- l0°K) in the stratosphere over the 
planet, even at positions of nearly equal lat­
itude. Fitting a given set of data using the 
two most extreme temperature profiles, 
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FIG. 10. A standard ( + 59.3°) temperature profile (0) varied by 10°K increments at the top of our 
model (0.14 mbar). The altitude scale is for the standard temperature profile (0). These profiles were 
used to investigate the sensitivity of Jovian ethane emission to changes in the stratospheric tempera­
ture (see text). 

-68.6° and +59.3°, yields a twofold differ­
ence in the retrieved mole fraction. Due to 
the noise level of the data, no significant 
difference is observed between the two 
cases in the quality of the fits. 

To test the ethane emission-line depen­
dence on stratospheric temperature alone, 
line profiles were modeled starting with a 
fixed C2H6 mole fraction and a standard 
temperature profile. The stratospheric tem­
perature was then varied. Figure 10 illus­
trates the profiles used. The temperature in­
version point was fixed and the maximum 
incremental temperature change was at the 
top of our model (-0.14 mbar). Line pro­
files for the RR(6, 14) line calculated for 
varying statospheric temperatures (in 10°K 
increments at 0.14 mbar) are shown in Fig. 
l la. An increase in stratospheric tempera­
ture of -5°K at 2 mbar (-l0°K at 0.14 
mbar) would increase the line brightness 
temperature by -5°K. This is about the 
uncertainty in our temperature calibration. 
Much greater increases in stratospheric 
temperature are, therefore, outside our ex­
perimental uncertainty. As we decrease the 
stratospheric temperature profile similar ar­
guments hold and a -10°K model top (5°K, 

2 mbar) decrease is the maximum change 
consistent with this data set. Note that, in 
order for the line to be undetectable at our 
signal-to-noise ratio (and the fixed mole 
fraction) the stratospheric temperature at 2 
mbar would have to be decreased by >20°K 
(-30°K in Fig. 1 la, peak line brightness 
temperature :s 135°K; compare to the actual 
data plotted from Fig. 5). 

Sensivitiy to change in C2H6 abundance 
and mixing pro.file. Figure 11 b illustrates 
how the observed ethane line would change 
with changing C2H6 mole fraction for a 
given temperature profile. The mole frac­
tions used in the modeled lines were varied 
from one-quarter to four times the value re­
trieved from the measured data in Fig. 5 
(2.6 x 10-6). The curves are labeled by the 
factors multiplying the standard mole frac­
tion value. From Fig. 1 lb it is seen that a 
twofold change in C2H6 mole fraction 
would exceed our absolute uncertainty in 
the brightness temperature scale (-5°K). 

Comparing peak brightness temperatures 
to those in Fig. 1 la, a twofold decrease in 
C2H6 abundance is consistent with -15°K 
maximum decrease in the upper strato­
spheric temperature profile ( -8°K at 2 
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mbar). For the given atmospheric model 
the retrieved C2H6 mole fraction would 
have to decrease by more than a factor of 4 
to be undetectable at the noise level on the 
data (compare to data plotted from Fig. 5). 

fraction is -3.5 x 10-6 with a value of -1 x 
10-6 at 30 mbar. The total normal C2H6 

column obtained was 0.52 cm-am compared 

All data analysis and uncertainty consid­
erations assume a constant mole fraction of 
C2H6 in the Jovian stratosphere (above the 
100-mbar level). This assumption approxi­
mates existing photochemical models (Stro­
bel 1974, Yung and Strobel 1980, Gladstone 
1983). To investigate the changes in the re­
trieved C2H6 abundances that a noncon­
stant mixing profile would introduce, the 
RR(6, 14) line was fit using an altitude dis­
tribution model obtained by Allen ( 1986). 
The shape of his altitude distribution was 
preserved during our integration while the 
mole fraction value in each layer was var­
ied. The resultant vertical distribution pro­
file for our standard 59.3° temperature pro­
file is shown in Fig. 12. The peak mole 
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FIG. 12. The nonconstant altitude distribution model 
for Jovian ethane derived by Allen (1986) is given 
along with the constant stratospheric model used in 
the analysis of our data. 
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to 1.1 cm-am retrieved for the constant 
mixing profile. Due to the distribution of 
the contribution functions little information 
is obtained below the ~ 30-mbar level. 
Therefore, the differences between the re­
trieved total column density for the constant 
mixing profile and the variable vertical dis­
tribution mixing profile are not significant. 

Contribution functions are dependent on 
the atmospheric temperature profile and 
viewing angle through the atmosphere as 
well as the ethane altitude distribution. In 
principle, measurements at various viewing 
angles can provide information on the alti­
tude distribution, if the temperature profile 
is known. We investigated our ability to re­
trieve such information by comparing the 
altitudes at which our modeled contribution 
functions peak at the viewing angles of our 
observations (70, 60, 40, and 0°). For a 
given temperature profile and C2H6 mole 
fraction (2.6 x 10-6), the pressure levels for 
the peaks of the 0-MHz contribution func­
tions varied by a factor of :S2 (e.g., 2-2.7 
mbar for the +59.3° profile; 1.2-2.2 mbar 
for the colder -68.6° profile). The contribu­
tion functions are found to be not very sen­
sitive to our range of viewing angles. Even 
at our high spatial resolution we cannot 
make measurements at a high enough view­
ing angle (true limb scanning) to obtain 
meaningful altitude shifts. Variation in the 
assumed mole fraction shifted the pressure 
levels of the contribution function peaks, at 
most, proportionally. These altitude varia­
tions are not significant since the implied 
changes in ethane abundance with altitude 
are comparable to or less than the accuracy 
in our retrieved C2H6 mole fractions. These 
contribution functions were for the fully re­
solved spectrum. If the rotational broaden­
ing function and noise on the data is folded 
in, even less altitude information is obtain­
able from our data. From these consider­
ations we conclude that information on eth­
ane altitude distribution on Jupiter cannot 
be extracted from our data. 

All the "best-fit" line profiles obtained 
using various realistic atmospheric models 

in the analyses fit the measured data 
equally well. The retrieved ethane mole 
fractions, however, varied by as much as a 
factor of 2. We conclude that variations in 
the atmospheric models for C2H6 in the Jo­
vian stratosphere can introduce an uncer­
tainty of about a factor of 2 in the accuracy 
of the retrieved mole fraction and column 
density of ethane on Jupiter. Since the ob­
served variability is within this range, we 
cannot exclude variation in stratospheric 
temperature, instead of C2H6 abundance 
changes, as an explanation for the observed 
variation. 

Polar Variability 

Caldwell et al. (1980) reported observing 
a hot-spot region within the auroral zone on 
Jupiter, near 60°N lat and 180° long, where 
enhanced emission of methane near 7 .8 µ,m 
was observed. In order to study possible 
variability of the ethane emission within the 
north auroral region and to observe any 
changes near this polar hot-spot region we 
placed our 2-arcsec field of view on the Jo­
vian central meridian at 60°N lat and al­
lowed Jovian rotation to scan the auroral 
region as we continuously integrated on the 

FIG. 13. Measurements of the RR(6, 14) line at 60°N 
latitude and central meridian longitude (CML) on Jupi­
ter. Each spectrum represents about 18° in longitudinal 
coverage. The expected position of the ethane line is 
indicated by the arrow. The line disappears at CML = 
180° (see text). 
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source. Data were taken in April and May 
1982 and April 1983. Representative data 
taken in April 1983 are shown in Fig. 13. 
Each spectrum represents about 18° in lon­
gitudinal coverage on Jupiter. The bright­
ness temperature versus IF frequency is 
displayed for various central meridian lon­
gitude (CML) positions. The predicted fre­
quency locations of the C2H6 RR(6, 14) eth­
ane emissions are indicated by the arrows. 
The 1-a- deviation per point is also shown. 
Qualitatively the emission appears to de­
crease from 93 to -180° CML where it all 
but disappears. It then reappears and be­
comes more intense at 234° CML. Note that 
the continuum remains approximately con­
stant at a brightness temperature of 
-127°K. 

The ethane mole fraction for each data 
set was retrieved as described previously. 
The resultant mole fractions are plotted 
versus the central meridian longitude in 
Fig. 14. The mole fraction value of -1.8 x 
10-6 is retrieved from 80 to 165° CML. Near 

180° there is a sharp drop in the retrieved 
C2H6 abundance, consistent with the disap­
pearance of the emission. The mole fraction 
again increases above 200° CML, rising to a 
somewhat larger value of 6 x 1 o-6 at 235° 
CML. The latitudinal range per point ( due 
to integration time used per point) is shown 
in Fig. 14. From 160° on, the measurement 
was continuous and the points represent 
the centers of approximately half-hour 
stacks of data. The same temperature pro­
file and atmospheric model were used at 
60°N lat for analysis of all the data sets. The 
vertical error bars in Fig. 14 represent the 
precision of fit (-±20%). As discussed be­
fore, the accuracy of the retrieved values is 
limited to a factor of -2. The rapid de­
crease and reemergence of the C2H6 emis­
sion near 180° CML and 60°N lat indicates a 
localized phenomena <4 arcsec in extent. 
The location and extent of this region are 
very similar to the hot-spot region reported 
by Caldwell et al. (1980), Kim et al. (1985), 
and Drossart et al. (1986) and subsequently 
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mapped by Caldwell et al. (1987). In the 
1982 measurements no large changes in the 
ethane emission were observed and the re­
trieved C2H6 mole fractions remained ap­
proximately constant (2.9 ± 0.8 x 10-6) 

through longitudes of -184°. A discussion 
of these results and of factors (including ob­
servational limitations) that were consid­
ered in interpreting these measurements is 
given below. 

Field of view and pointing. An increase 
in the field of view on Jupiter or significant 
tracking errors on the planet could also af­
fect the degree of measured ethane emis­
sion. Jovian rotational broadening (as was 
discussed previously) could broaden the 
emission line, thereby reducing its peak in­
tensity. A diffraction limited field of view of 
2.2 arcsec was used in the data analysis. 
The seeing or tracking errors would have to 
correspond to an effective spread of the 
field of view in the longitudinal direction of 
-8 arcsec in order to reduce the emission 
peak below the noise level. Atmospheric 
seeing during the time of our observations 
was :s2 arcsec as determined by visual 
monitoring of the source and checking the 
image quality of stellar sources. Tracking 
accuracy was checked by visual monitoring 
of the planet and by monitoring the velocity 
(frequency) shift of the lines in the mea­
sured data. These effects could not contrib­
ute to the reduction in the observed line 
emission. Absolute pointing, however, was 
determined from a visual image of Jupiter 
and could be responsible for latitudinal po­
sition uncertainties of :s2 arcsec. This 
could cause us to miss the hot spot during 
some measurements, but could not, in it­
self, cause the disappearance of emission. 
This effect could also explain why no de­
crease of emission was observed in 1982. 

Temperature us abundance. Initially, 
Caldwell et al. (1980) speculated that 
charged particle-auroral effects were re­
ponsible for the enhancements of the CH4 

emission at 7 .8 µ,m in this region. Subse­
quently, an increase of about 10°K in strato­
spheric temperature was found to be con-

sistent with increased CH4 emission, but an 
increase in abundance was needed to ex­
plain observed increases in molecular band 
intensities of several species as derived 
from Voyager IRIS data (Kim et al. 1985). 
Enhancement of line intensities of C2H2 

was also found by Drossart et al. (1986) at 
the hot-spot position. They attribute the en­
hancement to an increase in acetylene 
abundance, but do not rule out thermal or 
nonthermal effects. Drossart et al. (1985) 
noted an increase in C2H2 and C2H6 emis­
sions at the hot spot, but a lesser change 
was observed in the C2H6 emission. 

Neglecting changes in ethane abundance, 
a simple increase in stratospheric tempera­
ture would be observed by us as an increase 
in C2H6 line emission. As was illustrated in 
Fig. lla, we would easily observe a 10°K 
brightening. In fact, we see no significant 
change in the emission line near the hot­
spot region in April and May 1982, although 
our data did not cover longitudes greater 
than 184°. In April 1983 (Figs. 13 and 14) 
there appears to be a decrease in the ethane 
emission. The value of the retrieved mole 
fraction of C2H6 at 180° is at least five times 
lower than the global average. In fact, the 
value of 0.4 x 10-6 is an upper limit, since a 
127°K continuum (no ethane emission) 
would fit the measured data in Fig. 13 
equally well. From Fig. 1 la, it would re­
quire a stratospheric temperature at 0.14 
mbar more than 30°K (-20°K at 2 mbar) 
colder than our model to reduce the emis­
sion below the noise level. Both of these 
possible explanations are inconsistent with 
our knowledge of the Jovian atmosphere 
(cf. Hanel et al. 1979a,b, Gierasch et al. 
1986). 

Halthore et al. (1987) developed a ther­
mal equilibrium model for the north polar 
hot spot based on Voyager IRIS data re­
quiring upper stratospheric (pressures less 
than 1 mbar) temperatures between 220 and 
250°K. Their model explains the enhanced 
7 .8 µ,m CH4 emission. It also can be made 
consistent with the observed enhancement 
of 13.6 µ,m C2H2 emission, but requires that 
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the acetylene abundance be increased in the 
hot-spot region. Were ethane present in the 
abundances characteristic of regions out­
side the hot spot, its emission would also be 
enhanced. Since Halthore et al. (1987) do 
not observe a significant increase in ethane 
emission, they infer a depletion in the hot 
spot of -80%. Although this model applies 
to altitudes above those we normally probe 
with our heterodyne measurements, 250°K 
temperatures at pressure levels of -10-2 

mbar would still be observed by us as en­
hanced line emission. 

In an attempt to relate the hot upper 
stratospheric model of Halthore et al. 
(1987) to our observed decrease of ethane 
emission, the ethane spectrum was mod­
eled using an extreme temperature pro­
file-isothermal at 110°K above the tropo­
pause to 1 mbar (where most of the ethane 
is present) and hot, 200-250°K, at upper 
statospheric layers above the 1-mbar level 
(where the CH4 emission is observed). Un­
der these conditions the ethane line bright­
ness temperature still exceeded 145°K with 
a 200°K upper stratospheric temperature 
and 165°K with a 250°K upper statospheric 
temperature. The lines were slightly nar­
rower since pressure broadening was re­
duced and they would be easily observed 
with our instrument. Therefore, we see no 
evidence of such temperature distribution 
and there is no physical basis at this time to 
support such an exotic temperature profile 
on Jupiter. 

Solar heating. Solar radiation incident on 
Jupiter shows a seasonal variation. This 
variation was calculated by Beebe et al. 
(1986), who show that at 60°N lat the inci­
dent solar radiation varies by + 28 to - 23% 
about the mean (±3°K in blackbody radia­
tion temperature). At 60°S lat they show a 
variation of only ± 10% ( ± 1 °K temperature 
variation). These variations have a period 
of 11.36 years and are small over the rela­
tively short period when our observations 
were made. At the time of our observations 
the south pole received - 30% more solar 
radiation than the north. If the relevant Jo-

vian atmospheric time constants are short 
compared to seasonal variations in incident 
solar radiation, solar heating can play a role 
in the thermal and chemical processes in 
the Jovian stratosphere, although direct 
heating to temperatures required to explain 
hot-spot phenomena is not likely. Solar 
heating may also be significant for dynami­
cal processes (Beebe et al. 1986) which in 
turn may play a role in localized heating 
and the hydrocarbon chemistry. 

Chemistry. It has been observed using 
Voyager IRIS data that the C2H2/C2H6 mole 
fraction ratio increases from south to north 
on Jupiter (Maguire et al. 1985). Since 
there is evidence for enhancement of C2H2 
near the north pole ( outside the polar hot 
spot) and, as discussed previously, a possi­
ble increase in C2H6 emission (mole frac­
tion) in the south polar region, our results 
are consistant with the Voyager data. This 
fact and the north polar hot-spot results 
suggest that there is a changing chemistry 
in the Jovian stratosphere which, assuming 
a constant CH4 abundance, preferentially 
forms C2H2 at the expense of C2H6 . In the 
north polar hot spot this chemistry is fur­
ther enhanced and, not only is more C2H2 
present, but perhaps many minor constitu­
ent hydrocarbons are formed as well (cf. 
Kim et al. 1985). Ethane, however, may in 
fact be greatly reduced in this region. Tem­
perature may indeed play a role in this 
chemistry and the source of heat may be a 
by-product of solar heating, auroral activ­
ity, or unique dynamics. The effect may 
also be altitude dependent. At 7.8 µ,m CH4 
is observed much higher in altitude (at pres­
sures below 1 mbar) than is C2H6 (pressures 
>l mbar). 

Charged particle effects. The predomi­
nantly ultraviolet photochemistry of meth­
ane in the Jovian upper stratosphere may 
be affected by concentration of charged 
particle precipitation near the magnetic 
poles. If the secondary and tertiary prod­
ucts of charged particle collisions with at­
mospheric molecules (including resultant 
ultraviolet emission) penetrate to the strato-
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sphere, the effect on the chemistry may be 
direct, destroying molecular constituent 
(e.g., C2H6 with ~10 eV energy particles), 
or indirect by raising the local temperature 
through thermalization (as also suggested 
by Halthore et al. 1987). Direct excitation 
of molecular constituents is also possible, 
either by products of charged particle colli­
sions or ultraviolet radiation resulting from 
auroral activity, leading to enhanced non­
thermal emission. We investigated the pos­
sibility of the Io flux tube as a concentrated 
source for charged particles causing the ob­
served infrared phenomena. However, a 
comparison of the interface of Io's flux tube 
with the atmosphere (J. E. P. Connerney 
1986, private communication, NASA/God­
dard Space Flight Center, Greenbelt, MD) 
failed to show any correlation with the hot­
spot coordinates for the times of observa­
tion. 

Some of these processes may be investi­
gated in laboratory experiments. Products 
of charged particle and ultraviolet irradia­
tion of a simulated Jovian stratospheric gas 
composition at appropriate temperatures 
and pressures should be studied to deter­
mine the end products. Preliminary work 
with corona discharge only has already 
been done (B. Khare 1985, private com­
munication, Cornell University, Ithaca, 
NY), but must be pursued further to in­
clude the effects of incident charge particle 
beams and ultraviolet radiation as well. 

SUMMARY 

Our retrieved mole fractions of ethane on 
Jupiter are consistant with recent photo­
chemical models (Yung and Strobel 1980, 
Gladstone 1983, Allen 1986). They are also 
in agreement with recent observational de­
terminations within given error bounds 
(Maguire et al. 1985, Kim et al. 1985, Noll 
et al. 1986). Previous heterodyne observa­
tions on the south polar region (Kostiuk et 
al. 1983) yielded a lower C2H6 mole fraction 
using older molecular parameters. The pre­
cision of our retrieval is ±20%. The accu-

TABLE II 

Reference 

3.6 x 10-4 Ridgway (1974) 
2.7 x 10-5 Tokunaga et al. (1976) 
2.7 x 10-6 (photochemical Yung and Strobel (1980) 

model, upper limit) 
2.2 (+1.8, -1.3) x 10-6 Atreya et al. (1981) 

(mesospheric) 
1.1 (+l.J, -0.6) X 10-6 

(south pole) 
4 :!: 2.3 X 10-6 

4.4 ± 0.9 X 10-6 

4.9 :!: 1.3 X 10-6 

2.8 ± 0.6 X 10-6 

(equatorial mean) 

Kostiuk et al. (1983) 

Maguire et al. (1985) 
Kim et al. (1985) 
Noll et al. (1986) 
This work 

racy is based on the input parameters and 
the atmospheric model used. A twofold un­
certainty is possible in the absolute C2H6 

mole fractions retrieved based on reason­
able changes in the atmospheric tempera­
ture profiles and altitude distribution of eth­
ane. A comparison of our mean equatorial 
value of2.8 ± 0.6 x 10-6 to previous results 
is given in Table II. 

A spatial map of Jovian stratospheric eth­
ane indicates greater variability in emission 
and retrieved C2H6 mole fractions near the 
footprint of Io's flux tube and within the 
auroral regions. An increase in ethane 
emission and abundance is obtained near 
the south polar region. Within the north au­
roral oval at 180° long (System III, 1965) 
and 60° lat a significant decrease in ethane 
emission was observed in April 1983. This 
region coincides with the hot spot observed 
in 7.8 µ,m CH4 emission and 13.6 µ,m C2H2 
emission. Unlike the CH4 emission, the be­
havior of ethane lines cannot be explained 
purely by a possible localized temperature 
increase. We suggest that a modification of 
stratospheric chemistry, forming more 
C2H2 at the expense of ethane, is responsi­
ble for the observed effects in the northern 
hot spot. Although dynamics may play a 
role in the lower stratosphere, ultraviolet 
hydrocarbon chemistry significantly modi­
fied by higher order effects of charged parti­
cles precipitating along the magnetic field 
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lines may be the best candidate process for 
generating the observed phenomenon. 
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