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Background

Method

• Jupiter stratosphere is mostly composed of H2 (86.2%), He (13.6%) and CH4 (0.18%)

• The incoming solar UV-radiation initiate a set of chemical reactions by first photo-dissociating

4methane (CH ) [1,2]
• The set of chemical reactions leads to the formation of more complex hydrocarbons, among 

which C2H2 and C2H6 are the most abundantones

• These compounds, once produced, sink down to the lower stratosphere

Results

Future work
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Jupiter Stratospheric Chemistry

2  2 2 6• C H and C H have been monitored with Earth-based observatories (e.g. [3]) as well as with

•

•

space probes

• The Cassini spacecraft flew by Jupiter on December 2000, and the CIRS instrument recorded  
numerous spectra in the mid-IR

• Cassini-CIRS provided constraints on the following abundances as a function of latitude and  
altitude[4,5]:
✦C2H2 at 0.1-200mbar

✦C2H6 at 5-200 mbar

According to early photochemical modeling works, both the C2H2 and C2H6 abundances are  

expected to decrease with latitude, along with the decrease in the mean annual insolation level  
[e.g., 2]
At 5 mbar, the C2H2 and C2H6 distributions were found to beanti-correlated:

✦The zonally-averaged C2H2 abundance globally decreased with latitude

✦The zonally-averaged C2H6 was found to increase with latitude

• Differences in the observed abundances might be indicating of:
✦ Missing chemical pathways (e.g. aerosol chemistry, ion-neutral chemistry)
✦ Chemistry-dynamics coupling

Observational constraints

Modeling approach

Model description
• A seasonal 2D (altitude-latitude) photochemical model was developed.  

The chemical species abundances are computed through:

•

• It was previously applied to study the seasonal effects on Saturn [7,8],  
and uses a reduced chemical network [9]

• As expected from the smaller obliquity of Jupiter compared to Saturn,  
the seasonal variations are globally less pronounced on Jupiter
At 1 mbar, the seasonal variations of the C2H2 abundance are 1.3  
times greater on Saturn that on Jupiter

• The purpose of this work is to  
investigate whether a  
chemistry-dynamics coupling

could cause the C2H2 and

2 6C H to exhibit such different
meridional trends

• Jupiter, with only a 3˚  
obliquity, is expected to have  
significantly less pronounced  
seasonal variability than the  
one caused by the 26.7˚  
obliquity of Saturn
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2D-model results (chemistry only)  

seasonal effects on Jupiter vs Saturn

C2H2 Column  

density
Jupiter

at P = 0.01 mbar

Saturn
at P = 0.01 mbar
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Constraints on diffusive transport

• Pure 1D-photochemical models can not explain the meridional distribution of C2H2 and C2H6

• In this paper, we investigate whether the meridional distribution of C2H2 and C2H6 is a signature of atmospheric transport [10]

• We distinguished two types of transport mechanism:
✦ Diffusive transport (meridional eddy mixing)
✦ Advective transport through wind (e.g. circulation cell)
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• Transport constraints come from various sources:
✦ Post-SL9 observations (dust migration and  

molecular abundance distribution over time)
✦ Cassini-CIRS observations

• Meridional diffusion coefficient at ~0.5-1 mbar  
ranges between 5x109 to 3x1011 cm2 s-1

Modeling results (chemistry only)

• The predicted seasonal variability of the 
C2H2 and C2H6 abundances are maximum 

at 3x10-3 mbar and sharply decrease at  

higher pressure levels

• At all seasons, the C2H2 and C2H6  

abundances maximum at the equator and  
decrease at higher latitudes

• Without meridional eddy mixing, C2H2 and C2H6 follow the mean  
annual insolation level

• Adding meridional eddy mixing homogenises the meridional  
distribution

C2H2 at 5mbar
(rescaled)

C2H6 at 5mbar

Kyy = 0

Kyy from Lianget al. (2005)

Result with meridional eddy  
diffusion only

Result with meridional eddy diffusion
+ advective transport

C
2
H

6 
at 5mbar

Kyy = 105 x Kzz

Kyy = 2 x 1011 cm2 s-1 (Lellouch et al. 2002)

Kyy = 2 x 1010 cm2 s-1 for p > 5mbar (Lianget al. 2005)

= 2 x 109 cm2 s-1 for p < 5mbar
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2
H

2 
at 5mbar

(rescaled)

• C2H2 has a shorter chemical  
timescale than C2H6, and is less  
sensitive than C2H6 to meridional 

homogenisation through diffusion
• Using meridional diffusion  

constrained from post-SL9  

observations, a better agreement  
with the Cassini/CIRS observations
is found for C2H6

• However, adding the diffusion  
degrades at the same time the
agreement for the predicted C2H2  

abundances

• Wind fields are defined assuming a non-divergent flow

• Wind fields derived from a stream function: nv = rot( )

• Circulation cell between 30 mbar and 10-2 mbar with  
upwelling winds at the equator and downwelling at the  
poles

div(nv)= 0 v✓ vr

Dissociation of 

methane by  

sunlight

Horizontal  

transport (?):

- Advective  

(winds)

- Diffusive

Photochemical  

production +  

sedimentation

• The meridional distribution of C2H6 can be, for the first time, 
explained using two large equator-to-pole circulation cells

• The horizontal and vertical winds required to explain the

C2H6 meridional distribution are ~ 1-2 cm s-1 and 0.2-0.3 mm  
s-1, respectively, when coupled with the eddy meridional

coefficient derived by Liang et al. (2005)

• No wind fields can explain at the same time both the C2H6

and C2H6 distributions [10]

The strength of the winds needed to reproduce the meridional distribution  
of C2H6 is highly dependent on the assumed meridional eddy mixing  

coefficient:

=> The stronger the meridional eddy mixing, the stronger the wind field to

be able to reproduce the observed C2H6 trends

•

• Nixon et al. (2007, 2010) initially retrieved the meridional distribution using  
the zonally averaged spectra recorded by Cassini/CIRS
Recent ground-based observations using IRTF/TEXES showed that, at  
high latitudes, there is a significant spatial variability as a function of  
longitude [11]

• Below the Jupiter’s main oval, the abundances of C2H2, C2H4 and C2H6  

are locally enhanced

2 2• Outside of the aurora, C H is depleted
• This suggests that a local mechanism is responsible for producing the

enhancement in the C2H6 abundance at high latitudes

Transport
• The particule fluxes in the continuity equation are defined as:

• Kyy represents the eddy meridionaldiffusion

• Vθ and vr represent the meridional and vertical winds

•

•

• Using analogies with Titan (e.g., [12]), we expect an increased production of both 
unsaturated hydrocarbons (C2H2, C2H4) as well as saturated hydrocarbons (C2H6) when 

accounting for the ion-neutral chemistry
The production of unsaturated and saturated hydrocarbons involve the C2H5+ ion,  
expected to be produced through reaction between H+ and CH + ions with methane3

Recombinaison of the C2H5+ ion would lead to the formation of C2H2 and C2H6, through  
these dominant chemical pathways:

Missing chemical pathways?

Ion-neutral chemistry

Sinclair et al. (2018)

Aerosol chemistry

C2H6 production

•

•

C2H2 and C2H4 production

Based on analogy with Titan, the reactions leading to the production of C2H2 and C2H4,  
are more than 2 orders of magnitude greater than those leading to C2H6 [11]
Although C2H2 and C2H4 participate in the production of C2H6 through the production of  
CH3, it is not clear whether this could explain the hydrocarbon abundance distribution  

observed over the auroral region

Investigating ion-neutral chemistry will be proposed at the next SSW program call for proposal

• Benzene was initially detected by Voyager [13]
• The formation of Benzene and higher aerosols are initiated by additive reaction

involving C2H2 and other unsaturated hydrocarbons (e.g., [14, 15]), as welll as ion-
neutral chemistry [16]

• Co-addition of unsaturated hydrocarbons could provide a way to preferentially  
deplete these types of hydrocarbon compared to the saturated ones
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